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SECTION I 

CONCLUSIONS 

In order to establish uniformly applicable effluent limitations 
and standards~ groupings can be established within each 
industrial category based on certain criteria. These criteria 
include raw ~~aste characteristics. manufacturing processes. raw 
materials used, product type and/or production volume, size and 
age of facility, number of employees, water usage, and individual 
plant characteristics. 

After consideration of these factors as applied to the metal 
finishing industry, it was concluded that a single metal 
finishing subcategory could be established. Thus, all process 
wastewaters in the Metal Finishing Category are amenable to 
treatment by a single system. One set of discharge limitations 
and standards results from the use of a single waste treatment 
technology system. 

Effluent limitations and standards are expressed in concentration 
units (mg/1) without accompanying production based units. Basing 
limitations and standards on production based units was rejected 
after numerous attempts failed to find production related factors 
which could be correlated in a statistically reliable manner with 
wastewater flow. This lack of correlation is understandable in 
light of the number and complexity of metal finishing 
manufacturing operations. 



SECTION II 
RECOMMENDA'r IONS 

On the basis of the toxic pollutant analysis and the evaluation 
of applicablE! teqhnologies for discharge control and treatment. 
it is recommEmded that effluent limitation guidelines. new source 
performance s;tandards and pretreatment standards for new and 
existing soui:ces be promulgated for the Metal Finishing Point 
Source Ca tego1:y. 

Tables 2-1 through 2-5 summarize the regulations for Best 
Practicable Control Technology Currently Available (BPT). Best 
Available Tec:hnology Economically Achievable (BAT). Pretreatment 
Standards for Existing Sources (PSES). Pretreatment Standards for 
New Sources (PSNS) and New Source Performance Standards (NSPS). 

BCT limitations for this industry were proposed on October 29. 
1982 (47 FR 4,9176). They were accompanied by a proposed method
ology for the general development of BCT limitations. BCT limits 
for this industry will be promulgated with. or soon after the 
promulgation of the final methodology for BCT development. At 
that time EPA will respond to relevant comments filed in either 
that rulemaking or in this one. 
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Pollutant or 
Pollutant Parameter 

Cadmium 
Chromium. total 
Copper 
Lead 
Nickel 
Silver 
Zinc 
Cyanide. total 
TTO 
Oil and Grease 
TSS 

TABLE 2-1 
BPT LIMITATIONS 

Daily 
Maximum 

0.69 
2.77 
3.38 
0.69 
3.98 
0.43 
2.61 
1.20 
2.13 

52 
60 

pH Within the range of 6.0 to 9.0 

Alternative to total cyanide: 
Cyanide. amenable to chlorination 0.86 

TABLE 2-2 
BAT LIMITATIONS 

Pollutant or 
Pollutant Parameter 

Cadmium 
Chromium. total 
Copper 
Lead 
Nickel 
Silver 
Zinc 
Cyanide. total 
TTO 

Alternative to total cyanide: 

Daily 
Maximum 

0.69 
2.77 
3.38 
0.69 
3.98 
0.43 
2.61 
1.20 
2.13 

Cyanide, amenable to chlorination 0.86 

II-2 

Maximum Monthly 
Average 

0.26 
1. 71 

. 2. 07 
0.43 
2.38 
0.24 
1.48 
0.65 

26 
31 

0.32 

Maximum Monthly 
Average 

0.26 
1. 71 
2.07 
0.43 
2.38 
0.24 
1.48 
0.65 

0.32 



Pollutant or 
Pollutant Parameter 

Cadmium 
Chromium. total 
Copper 
Lead 
Nickel 
Silver 
Zinc 
CyanidE!. tota 1 
TTO {interim) 
TTO (final) 

TABLE 2-3 
PSES LIMI~rATIONS 

Daily 
Maximum 

0.69 
2.77 
3.38 
0.69 
3.98 
0.43 
2.61 
1. 20 
4.57 
2.13 

Alternative to total cyanide: 
Cyanide. amenable td chlorination 0.86 

Pollutant or 
Pollutant Parameter 

Cadmium 
Chromium. total 
Copper 
Lead 
Nickel 
Silver 
Zinc 
CyanidE~. total 
TTO 

TABLE 2-4 
PSNS LIMI'rATIONS 

Daily 
Maximum 

0.11 
2.77 
3.38 
0.69 
3.98 
0.43 
2.61 
1.20 
2.13 

Alternative to total cyanide: 
Cyanid~. amenable to chlorination 0.86 

II-3 

Maximum Monthly 
Average 

0.26 
1. 71 
2.07 
0.43 
2.38 
0.24 
1.48 
0.65 

0.32 

Maximum Monthly 
Average 

0.07 
1. 71 
2.07 
0.43 
2.38 
0.24 
1. 48 
0.65 

0.32 



TABLE 2-5 
NSPS LIMITATIONS 

Pollutant or 
Pollutant Parameter 

Cadmium 
Chromium. total 
Copper 
Lead 
Nickel 
Silver 
Zinc 
Cyanide. total 
TTO 
Oil and Grease 
TSS 
pH Within the range of 

Alternative to total cyanide: 
Cyanide. amenable to chlorination 

Daily 
Maximum 

0.11 
2.77 
3.38 
0.69 
3.98 
0.43 
2.61 
1. 20 
2.13 

52 
60 
6.0 to 9.0 

0.86 

Maximum Monthly 
Average 

0.07 
1. 71 
2.07 
0.43 
2.38 
0.24 
1.48 
0.65 

26 
31 

0.32 



SECTION III 

INTRODUCTION 

LEGAL AUTHORI'rY 

This document is written under authority of Sections 301, 
304, 306, 307, 308, and 501 of the Clean Water Act (the Federal. 
Water Pollution Control Act Amendments of 1972, 33 usc 1251 et 
seq., as amended by the Clean Water Act of 1977, P.L. 95-217) 
(the "Act"). The document is also in response to the Settlement 
Agreement in Natural Resources Defense Council, Inc. et al 
v. Train, 8 ERC 2120 (D.D.C 1976), modified Marc~ 197~ 

The Federal Water Pollution Control Act Amendments of 1972 
established a comprehensive program to "restore and maintain the 
chemical, physical, and biological integrity of the Nation's 
waters," Sec·tion lOl(a). By July 1, 1977, existing industrial 
dischargers were required to achieve "effluent limitations 
requiring the application of the best practicable control technology 
currently available"· ("BPT")~ Section 30l(b)(l)(A); and by July 1, 
1983, these dischargers were required to achieve "effluent limita
tions requiring the application of the best available technology 
economically achievable ••• which will result in reasonable 
further progr~ss toward the national goal of eliminating the 
discharge of all pollutants" ("BAT"), Section 301 (b)(2)(A). New 
industrial direct dischargers were required to comply with Section 
306 new source performance standards ("NSPS"), based on best 
available demonstrated technology, and new and existing dischargers 
to publicly or.vned treatment works ( "POTWs") were subject to 
pretreatment :standards under Sections 307(b) and (c) of the Act. 
While the requirements for direct dischargers were to be incor
porated into National Pollutant Discharge Elimination System 
(NPDES) permi·ts issued under Section 402 of the Act, pretreatment 
standards wen~ made enforceable directly against dischargers to 
POTWs (indirect dischargers). 

Although section 402 (a)(l) of the 1972 Act authorized the setting 
of requirements for direct dischargers on a case-by-case basis, 
Congress intended that, for the most part, control requirements 
would be based on regulations promulgated by the Administrator of 
the EPA. Section 304(b) of the Act required the Administrator to 
promulgate regulations providing guidelines for effluent limita
tions setting forth the degree of effluent reduction attainable 
through the application of BPT and BAT. Moreover, Sections 304(c) 
and 306 of the Act required promulgation of regulations for NSPS, 
and Sections 304(f), 307(b), and 307(c) required promulgation 
of regulations for pretreatment standards. 
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In addition to these regulations for designated industry categories, 
Section 307(a) of the Act required the Administrator to promulgate 
effluent standards applicable to all dischargers of toxic pollu
tants. Finally, Section 50l(a) of the Act authorized the 
Administrator to prescribe any additional regulations 11 necessary 
to carry out his functions 11 under the Act. 

The EPA was unable to promulgate many of these regulations by 
the dates contained in the Act. In 1976, EPA was sued by several 
environmental groups, and in settlement of this lawsuit EPA and the 
plaintiffs executed a 11 Settlement Agreement 11 which was approved by 
the Court. This Agreement required EPA to develop a program and 
adhere to a schedule for promulgating for 21 major industries BAT 
effluent limitations guidelines, pretreatment standards, and new 
source performance standards for 65 11priority11 pollutants and classes 
of pollutants. See Natural Resources Defense Council, Inc. et al 
v. Train, 8 ERC 2120 (D.D.C. 1976), modif1ed March 9, 1~----

On December 27, 1977, the President signed into law the Clean Water 
Act of 1977. Although this law makes several important changes in 
the Federal water pollution control program, its most significant 
feature is its incorporation into the Act of several.of the basic 
elements of the Settlement Agreement program for toxic pollution 
control. Sections 30l(b)(2)(A) and 30l(b}(2)(C) of the Act now 
require the achievement by July 1, 1984 of effluent limitations 
requiring application of BAT for 11 toxic 11 pollutants, including the 
65 "priority" pollutants and classes of pollutants which Congress 
declared "toxic 11 under Section 307(a) of the Act. Likewise, EPA's 
programs for new source performance standards and pretreatment 
standards are now aimed principally at toxic pollutant controls. 
Moreover, to strengthen the toxics control program, Section 304(e) 
of the Act authorizes the Administrator to prescribe 11 best 
management practices 11 

(
11 BMPs 11

) to prevent the release of toxic 
and hazardous pollutants from plant site runoff, spillage or 
leaks, sludge or waste disposal, and drainage from raw material 
storage associated with, or ancillary to, the manufacturing or 
treatment process. 

In keeping with its emphasis on toxic pollutants, the Clean Water 
Act of 1977 also revises the control program for non-toxic pollutants. 
Instead of BAT for "conventional 11 pollutants identified under 
Section 304(a)(4) (including biochemical oxygen demand, suspended 
solids, fecal coliform and pH), the new Section 30l(b)(2)(F} 
requires achievement by July 1, 1984, of 11 effluent limitations 
requiring the application of the best conventional pqllutant 
control technology .. ( 11 BCT11

). The factors considered in assessing 
BCT for an industry include the costs of attaining a reduction 
in effluents and the effluent reduction benefits derived compared 
to the costs and effluent reduction benefits from the discharge 
of publicly owned treatment works (Section 304(b)(4)(B)). For 
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non-toxic, nonconventional pollutants, Sections 30l(b)(2)(A) and 
(b)(2)(F) require achievement of BAT effluent limitations within 
three years after their establishment or July 1, 1984, whichever 
is later, but not later than July 1, 1987. 

GUIDELINE DEVELOPMENT SUMMARY 

The Metal Finishing Category (MFC) encompasses 46 unit operations 
involved in the machining, fabrication and finishing of products 
primarily aspociated with.SIC groups 34 through 39. The effluent 
guidelines for the Metal Finishing Category were developed from 
data obtained from previous EPA studies, literature searches, 
plant surveys and evaluations, and long term self-monitoring data 
supplied by industry. Initially, all existing information from 
EPA records and data from literature searches were collected. 
This information was then compiled in a format that summarized 
the individual plant descriptions for the following information: 
manufacturing unit operations performed, water usage, process 
water discharges, wastewater treatment practices, and wastewater 
constituents. 

In addition to providing a quantitative description of the Metal 
Finishing Category, this existing information was used to 
determine if the wastewater characteristics of the industry as a 
whole were uniform and thus amenable to one set of discharge 
standards. The discharge characteristics of all plants in the 
existing data base were not uniform; however, the discharge from 
these plants was amenable to the application of a common end-of
pipe treatment technology. Therefore, the entire Metal Finishing 
Category is represented by a single subcategory and is subject to 
one set of effluent discharge limitations. Seven classifications 
of raw waste, are present and were studied to establish treatment 
requirements. These seven waste types are: 

Co1mmon Metals 
Precious Metals 
Complexed Metals 
Hexavalent Chromium 

Cyanide 
Oils 
Toxic Organics 

To supplement existing data, data collection portfolios (DCP's) 
under the authority of Section 308 of the Federal Water Pollution 
Control Act as amended were transmitted by the EP.A to a large 
number of manufacturing facilities in the Metal Finishing 
Category. In addition to the existing data base and the plant 
supplied information (via the completed DCP's), a sampling 
program was conducted at selected plant locations. The sampling 
program was used to establish the sources and quantities of 
pollutant parameters in the raw process wastewater and the 
treated effluent. The sites visited were chosen on the basis of 
either the specific manufacturing operations performed or the 
particular waste treatment technology employed. Historical 
effluent information in the form o:E long term self 
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monitoring data, was requested by the EPA and was responded to by nearly 
100 plants. All of the data collected were analyzed to correlate the 
pollutants generated with the manufacturing processes p~rformed by 
each facility. 

In addition to evaluating pollutant constituents and discharge 
rates, the full range of control and treatment technologies 
within the Metal Finishing Category was identified and examined. 
This was done considering the pollutants to be treated and their 
chemical, physical, and biological characteristics. Special 
attention was paid to in-process technology such as the recovery 
and reuse of process solutions, the recycle of process water, and 
the reduction of water use. 

This information was then evaluated in order to determine the 
levels of technology appropriate as bases for effluent limitations 
for existing sources after July 1, 1977, ("Best Practicable 
Control Technology Currently Available") and after July 1, 1984 
("Best Available Technology Economically Achievable"). Levels 
of technology appropriate for direct discharge and pretreatment 
of wastewater to POTW's from both new and existing sources were 
also identified as were the demonstrated control technology, 
processes, operating methods, or other alternatives. Various 
factors were considered in the evaluation of these technologies. 
These factors included demonstrated effluent performance of 
treatment technologies, the total cost of application of the 
technology in relation to the pollution reduction benefits to 
be achieved, the production processes employed, the engineering 
aspects of the application of various types of control techniques 
and process changes, and non-water quality environmental impact 
(including energy requirements). 

SOURCES OF INDUSTRY DATA 

Data for the Metal Finishing Category were gathered from literature 
surveys, previous studies of the industry by the EPA, inquiries to 
professional contacts, seminar and meeting attendance, the survey 
and evaluation of manufacturing facilities, and long term self
monitoring data provided by industry. 

Literature Study 

Published literature in the form of books, periodicals, reports, 
papers, and promotional materials was examined. These sources 
are listed in Section XV. The material researched included 
manufacturing processes, recycling/reclamation techniques, 
pollutant characteristics, waste treatment technologies, and 
cost data. 

III-4 



~revious E~A Studies 

Previous EPA studies that contributed technical information 
to the Metal Finishing Category study were: 

Machinery & Mechanical Products Manufacturing 
Category 

Electroplating Category 

Electroless Plating & Printed Circuit Board 
Manufacturing Segments of the Electroplating 
Category 

Printing & Publishing Category 

Mechanical & Electrical Products Category 

Copper & Copper Alloy Manufacturing Category 

Aluminum & Aluminum Alloy Manufacturing Category 

Iron & Steel Manufacturing Category 

These EPA studies provided information on the process raw wastes 
generated by each of the metal finishing operations listed in 
Table 3-1 and the treatment utilized by industry to control the 
pollutants in these wastes. Information from the Machinery and 
Mechanical Products Manufacturing study was used specifically to 
.identify plants with segregated wastes for particular manufac-
turing unit operations and with treatment technology to control 
these wastes. Applicable plants were selected for sampling to 
establish waste characteristics and performance of existing 
wastewater treatment components and systems. Plant data from 
earlier studies of electroplating, electroless plating, and 
printed circuit board manufacturing were examined and incorpor
ated into the current Metal Finishing data base. Data from the 
Printing and Publishing Category study were examined with the 
intent of including lithography and metallic plate making in the 
Metal Finishing Category. Plant data files from the Mechanical 
and Electrical Products study were incorporated directly into the 
Metal Finishing data base. Selected data from the copper, alumi
num, and iron and steel studies were used to determine character
istics of oily raw waste· streams and to determine performance of 
oily waste treatment technologies. Most of the preceding infor
mation was obtained directly from EPA files or EPA contractors 
rather than from published reports. 
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. TABLE 3-1 
METAL FINISHING CATEGORY UNIT OPERATIONS 

UNIT OPERATIONS 

1. Electroplating 
2. Electroless Plating 
3. Anodizing 
4. Conversion Coating 
5. Etching (Chemical Milling) 
6. Cleaning 
7. Machining 
8. Grinding 
9. Polishing 
10. Tumbling (Barrel Finishing) 
11. Burnishing 
12. Impact Deformation 
13. Pressure Deformation 
14. Shearing 
15. Heat Treating 
16. Thermal Cutting 
17. Welding 
18. Brazing 
19. Soldering 
20. Flame Spraying 
21. Sand Blasting 
22. Other Abrasive Jet Machining 
23. Electric Discharge Machining 
24. Electrochemical Machining 
25. Electron Beam Machining 
26. Laser Beam Machining 
27. Plasma Arc Machining 
28. Ultrasonic Machining 
29. Sintering 
30. Laminating 
31. Hot Dip Coating 
3 2. Sputtering 
33. Vapor Plating 
34. Thermal Infusion 
35. Salt Bath Descaling 
36. Solvent Degreasing 
37. Paint Stripping 
38. Painting 
39. Electrostatic Painting 
40. Electropainting 
41. Vacuum Metalizing 
42. Assembly 
43. Calibration 
44. Testing 
45. Mechanical Plating 
46. Printed Circuit Board Manufacturing 



Professional Contacts 

All Federal EPA regions and several state environmental agencies 
were contacted to obtain permit and monitoring data on plants 
that performed metal finishing processes. 

Numerous suppliers and manufacturers for the metal finishing 
industry were contacted to collect information regarding the 
use and properties of materials, constituents of process 
chemicals, waste treatment equipment, waste contract haulers, 
and possible applications of process modifications to minimize 
the generation of pollutants. 

Seminars and Meetings 

An Advanced Wastewater Treatment Seminar provided methods for 
accurately estimating waste treatment costs. The American Electro
platers Society Intensive Training Course in Electroplating and 
Surface Finishing was taken. The Eastern Plant Engineering Con
ference on lubricant management, conservation, recycling, and 
disposal was also attended. 

In addition, jointly sponsored EPA/American Electroplaters' 
Society conferences on Advanced Pollution Control for the 
Metal Finishing Industry were attended. At these conferences 
various papers on metal finishing technology and waste treatment 
were presented by the industry and the EPA. A meeting of the 
Continuous Coil Anodizing Association was also attended. The 
EPA sponsored an informational meeting with the Association of 
Home Appliance Manufacturers, the Electrical Industries of 
America, the Motor Vehicles Manufacturers Association of the 
United States, the National Association of Manufacturers, and 
the National Electrical Manufacturers Association. 

Plant Survey and Evaluation 

The collection of data pertaining to facilities in the metal 
finishing industry was accomplished via two primary mechanisms. 
The EPA conducted a survey wherein data collection portfolios 
(DCPs) in questionnaire form were mailed to production facili
ties. Also, a plant visit and sampling program was implemented 
to accumulate the specific data necessary for each waste charac
teristic subcategory. 

Data Collection Portfolios - Data collection portfolios of three 
types were sent to various industries within the Metal Finishing 
Category. The first DCP was utilized during the Machinery and 
Mechanical Products Industries Study. Data were obtained from 
339 production facilities that were selected from a group of 1,422 
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plants originally contacted by telephone. Requested information 
included general plant data, principal raw materials consumed, 
specific production processes employed, composition of effluent 
streams and wastewater treatment in use. 

The second DCP, used during the M&EP study was sent to 900 facilities 
that were randomly selected from approximately 160,000 manufacturers 
listed in recent Dun & Bradstreet data. This DCP requested informa
tion pertinent to general plant characteristics, unit operations 
performed (including quantity, frequency, and method of liquid dis
posal), data related specifically to plating type operations, 
wastewater treatment facilities, and the contract hauling of wastes. 
A total of 365 useful responses resulted from the mailing of this 
questionnaire. 

The third DCP was used during the Electroplating study. It was 
mailed to 1883 companies believed to operate plating facilities. 
This mailing list was randomly selected from among the approxi
mately 13,000 facilities that perform plating {n the United 
States. There were approximately 1190 usable responses (from 
419 companies) to this questionnaire mailing. This survey re
quested information regarding general plant characteristics, pro
duction history, manufacturing processes, process and waste treat
ment, wastewater characteristics, treatment costs, and economic 
analysis data. 

Plant Sampling Visits - During the study of the metal finishing 
industry, a total of 322 manufacturing facilities were visited. 
The criteria used to select plants for sampling visits were: 

1. A large percentage of the plant's effluent discharge should 
result from the manufacturing processes listed in Table 3-1. 

2. The physical layout of plant plumbing should facilitate 
.sampling of the wastewater type under study. 

3. The plant must have waste treatment and control 
technology in place. 

4. The mix of plants visited should contain dischargers to 
both surface waters and publicly owned treatment works 
( POTW) • 
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5. The selected plants should provide a representative 
geographical distribution to avoid a data base that 
concentrates on a unique geographical condition. 

The plant visits consisted of two major activities: collection 
of all pertinent technical information related to both the 
manufacturing processes and the treatment techniques and collec
tion of wastewater samples. The technical data gathering effort 
entailed completion of the applicable data collection portfolio 
and obtaining information in the following specific areas: 

1. Rinsing operations and their effect on water use and waste 
characteristics. 

2. Water conservation techniques, both practiced and planned. 

3. Overall performance of the waste treatment system and 
future plans or changes anticipated. 

4. Current regulations under which the plant is 
operating and any difficulties in meeting them. 

5. Process modifications which significantly alter the 
characteristics of the wastewater generated. 

6. Particular pollutant parameters which plant personnel 
believe will be found in the waste stream. 

7. Any problem or situation peculiar to the plant being 
visited. 

The object of plant sampling was to determine by analysis which 
pollutants were present in the plant wastewater for each sub
category. The wastewater collection at the visited plants con
sisted of a composite sampling program performed over a two or 
three day period. Prior to the sampling visit, all available 
data pertaining to manufacturing processes and waste treatment 
were reviewed. Representative sample points were selected for 
the raw wastewater entering the treatment systems and for the 
final treated effluents. Finally a detailed sampling plan 
showing the selected sample points and the overall sampling 
procedure was prepared, reviewed, and approved by the EPA. 
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Composite samples (24 hour composites) were taken at each 
sample point. The planbs which were sampled were divided 
into two sample analysis groups. Within each analysis group 
the samples were subjected to various levels of analysis 
depending on the stability of the parameters to be analyzed. 
These analysis groups and the various levels of analysis 
within were: 

1. On-site analysis, local laboratory analysis, Chicago EPA 
laboratory analysis, GC/MS laboratory analysis, and 
central laboratory analysis. 

2. On-site analysis, local laboratory analysis, EPA contracted 
laboratory metals analysis and EPA contracted laboratory 
organics analysis. 

In the first analysis group, on-site analysis performed by the 
sampler at the facility determined flow rate, pH, and temperature. 
Several liters of water from each sample point were delivered to 
a laboratory in the locality of the subject plant and analyzed 
for total cyanide, cyanide amenable to chlorination, TSS, oil 
and grease, and phenols. This analysis was performed by local 
laboratories within a 24 hour period after the composite sample 
was prepared. Two liters of water from each sample point were 
sent to an EPA laboratory where screening analysis was run to 
establish metals present in the samples. Water samples 
from each point were also sent to a laboratory with GC/MS capa
bilities to determine organics that were present. The remainder 
of the wastewater was shipped to a central laboratory where 
analysis was performed to verify the levels of metals, organics, 
and total dissolved solids as appropriate. For some sampling 
visits the Chicago EPA laboratory and the GC/MS laboratory were 
eliminated. Analysis for certain special parameters such as 
palladium and rhodium was performed only if the facility being 
sampled utilized such materials in their process lines. Samples 
from electroless plating plants were also analyzed for the 
complexing agents which were being used by the plants. In 
addition to this sampling and analysis, special grab samples 
were collected from certain plants to obtain data related to 
specific unit operations, process variations, or rinsing opera
tions. In the second analysis group, the on-site analysis 
remained the same as in the first group. The local laboratory 
analyzed for total cyanide, oil and grease, ammonia nitrogen, 
TOC, TSS, BOD, and phenols. These were analyzed within 24 hours 
after the composite or grab composite sample was prepared. Two 
liters of water were sent to an EPA contracted laboratory to 
perform analysis to determine metals present in the water samples. 
Additional water was sent to a second EPA contracted laboratory 
for analysis to determine organics present in the wastewater. 

The acquisition, preservation, and analysis of the water samples 
were performed in accordance with methods set forth in 40 CFR Part 
136. Sampling parameters are presented in Table 3-2. 
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Table 3-2 

SAMPLING PARAMETERS 

Toxic Pollutants 

1 acenaphthene 
2 acrolein 
3 acrylonitrile 
4 benzene 
5 benzidine 
6 carbon tetrachloride (tetrachloromethane) 
7 chlorobenzene 
8 1,2,4-trichlorobenzene 
9 hexachlorobenzene 

10 1,2-dichloroethane 
11 1,1,1-trichloroethane 
12 hexachloroethane 
13 1,1-dichloroethane 
14 1,1,2-trichloroethane 
15 1,1,2,2-tetrachloroethane 
16 chloroethane 
18 bis(2-chloroethyl) ether 
19 2-chloroethyl vinyl ether (mixed) 
20 2-chloronaphthalene 
21 2,4,6-trichlorophenol 
22 parachlorometa cresol 
23 chloroform (trichloromethane) 
24 2-chlorophenol 
25 1,2-dichlorobenzene 
26 1,3-dichlorobenzene 
27 1,4-dichlorobenzene 
28 3,3'-dichlorobenzidine 
29 1,1-dichloroethylene 
30 1,2-trans-dichloroethylene 
31 2,4-dichlorophenol 
32 1,2-dichloropropane 
33 1,2-dichloropropylene (1,3-dichloropropene) 
34 2,4-dimethylphenol 
35 2,4-dinitrotoluene 
36 2,6-dinitrotoluene 
37 1,2-diphenylhydrazine 
38 ethylbenzene 
39 fluoranthene 
40 4-chlorophenyl phenyl ether 
41 4-bromophenyl phenyl ether 
42 bis(2-chloroisopropyl) ether 
43 bis(2-chloroethoxy) methane 
44 methylene chloride (dichloromethane) 
45 methyl chloride (chloromethane) 
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Table 3-2 (CONT.) 
SAMPLING PARAMETERS 

46 methyl bromide (bromomethane) 
47 bromoform (tribromomethane) 
48 dichlorobromomethane 
51 chlorodibromomethane 
52 hexachlorobutadiene 
53 hexachlorocyclopentadiene 
54 isophorone 
55 naphthalene 
56 nitrobenzene 
57 2-nitrophenol 
58 4-nitrophenol 
59 2,4-dinitrophenol 
60 4,6-dinitro-o-cresol 
61 N-nitrosodimethylamine 
62 N-nitrosodiphenylamine 
63 N-nitrosodi-n-propylamine 
64 pentachlorophenol 
65 phenol 
66 bis(2-ethylhexyl) phthalate 
67 butyl benzyl phthalate 
68 di-n-butyl phthalate 
69 di-n-octyl phthalate 
70 diethyl phthalate 
71 dimethyl phthalate 
72 1,2-benzanthracene (benzo(a)anthracene) 
73 benzo (a) pyrene (3,4-benzo-pyrene) 
74 3,4-benzofluoranthene (benzo(b)fluoranthene) 
75 11,12-benzofluoranthene (benzo(k)fluoranthene) 
76 chrysene 
77 acenaphthylene 
78 anthracene 
79 1,12-benzoperylene (benzo(ghi)-perylene)· 
80 fluorene 
81 phenanthrene 
82 1,2,5,6-dibenzanthracene (dibenzo (a,h) anthracene) 
83 indeno (1,2,3-cd) pyrene (2,3-o-phenylene pyrene) 
84 pyrene 
85 tetrachloroethylene 
86 toluene 
87 trichloroethylene 
88 vinyl chloride (chloroethylene) 
89 aldrin 
90 dieldrin 
91 chlordane (technical mixture and metabolites) 
92 4,4 1 -DDT 
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Table 3-2 (CONT.) 
SAMPLING PARAMETERS 

93 4,4 1 -DDE (p,p'-DDX) 
94 4,4'-DDD (p,p'-TDE) 
95 alpha-endosulfan 
96 beta-endosulfan 
97 endosulfan sulfate 
98 endrin 
99 endrin aldehyde 

lOO heptachlor 
101 heptachlor epoxide 
102 'alpha-BHC (BHC=hexachlorocyclohexane) 
103 beta-BHC 
104 gamma-BHC (lindane) 
105 delta-BHC 
106 PCB-1242 (Aroclor 1242) 
107 PCB-1254 (Aroclor 1254) 
108 PCB-1221 (Aroclor 1221) 
109 PCB-1232 (Aroclor 1232) 
110 PCB-1248 (Aroclor 1248) 
111' PCB-1260 (Aroclor 1260) 
112 PCB-1016 (Aroclor 1016) 
113 toxaphene 
114 antimony 
115 arsenic 
116 .asbestos 
117 beryllium 
118 •cadmium 
119 chromium, total and hexavalent 
120 copper 
121 cyanide, total & amenable to chlorination 
122 lead 
123 mercury 
124 nickel 
125 selenium 
126 silver 
127 thallium 
128 ·zinc 
129 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 

Conventional Pollutants 

oil & grease 
TSS 
pH 
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Table 3-2 (CONT.) 
SAMPLING PARAMETERS 

Nonconventional Pollutants 

gold 
fluoride 
phosphorus 
aluminum 
barium 
iridium 
magnesium 
molybdenum 
osmium 
palladium 
platinum 
rhodium 
ruthenium 
sodium 
tin 
titanium 
vanadium 
yttrium 
total phenols 
bis (chloromethyl) ether 
trichlorofluoromethane 
dichlorodifluoromethane 

Other Parameters 

flow 
temperature 
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Long-Term Self-·Moni toring Data - During the study of the metal 
f1n1sh1ng 1ndustry, a request for long-term self-monitoring 
data was sent to various industries within the Metal Finishing 
Category. More than 50 plants responded with a full year of 
daily data that had been analyzed by an approved EPA method. 
The criteria used to select plants from whom data were requested 
were: 

1. The plant was believed to monitor, via analysis, 
their effluent. 

2. The plant was known to discharge wastewater that 
contained cadmium, chromium, copper, lead, nickel, 
silver, zinc, cyanide, or oils at levels that re
quired treatment. 

3. The plant had combinations of the following waste 
treatment control technologies in-place: 

a. Hydroxide precipitation and sedimentation 
b. Precipitation/sedimentation followed by fil-

tration 
c. Emulsion breaking/oil separation for oily wastes 
d. Cyanide destruction 
e. Hexavalent chromium reduction 

4. A large percentage of the wastewater discharge re
sulted from the manufacturing processes listed in 
TablE~ 3-1. 

5. The rnix of plants contained discharges to both sur
face waters and publicly owned treatment works {POTW). 

6. The selected plants covered a wide geographical dis
tribution to avoid any geographical uniqueness. 

Post Proposal Data - After publication of the proposed regulation, 
industry and control authorities submitted data as part of the 
comments. The data were not included in the derivation of the final 
limits. The rE~asons for exclusion were: inadequate treatment, i.e., 
high TSS; technology different from regulatory basis; and incomplete 
information. However, all the data were examined and a comparison 
made between the submitted data and the effluent limits. Where 
reasonable evidence was presented, modifications were made to the 
analysis of the data to address the comment. 

UTILIZATION OF INDUS.TRY DATA 

Data c?llected f~om the previously described sources are used through
out th1s report 1n the development of a basis for limitations. Sub
categorization was not deemed necessary because all wastes were amen
able to the same treatme~t sc::heme. However, seven dist~nct types of 

III-15 



process raw wastes were found to occur 1n the Metal Finishing Category. 
These seven process raw waste types are: common metals, precious metals, 
complexed metals, hexavalent chromium, cyanide, oils, and solvents. 
The water usage and raw waste characteristics for each raw waste type, 
presented in Section V, were obtained from the analysis of raw waste~ 
water samples taken from the process wastes discharged by the manufac
turing unit operations. Selection of the pollutant parameters for 
control (Section VI) was made from these plant sampling results. 
This selection required that two criteria be met: first, the 
pollutant nature of the parameter must be significant; and second, 
it must be discharged at a significant concentration level. 
Based on the amount and types of pollutants requiring control, 
applicable treatment technologies were studied and are discussed 
in Section VII of this document. Wastewater treatment technolo-
gies utilized by the Metal Finishing Category plants and observed 
during plant visits were used to identify applicable treatment 
technologies. All performance data presented are for existing 
treatment installations. Both in-process control and end-of-pipe 
wastewater treatment were studied and are included in the discus-
sion. Actual sampling data are used in Section VII to define 
treatment system performance and for the presentation of actual 
achievable effluent concentration levels for various treatment 
options. The cost of treatment (for both individual technolo-
gies and systems) based on literature surveys, on-site surveys, 
and data from equipment manufacturers is contained in Section 
VIII of this document. The guidelines and limitations for the 
Best Practicable Control Technology Currently Available (BPT) are 
presented in Section IX. Section X contains the guidelines and 
limitations for the Best Available Technology Economically 
Achievable (BAT). New Source Performance Standards (NSPS) are 
presented in Section XI. Pretreatment guidelines and limita-
tions are discussed in Section XII. Innovative technologies and 
the provisions for their use in the regulations are detailed in 
Section XIII. 

INDUSTRY DESCRIPTION 

The Metal Finishing Category is defined by manufacturing processes. 
The industries covered by the Metal Finishing Category are generally 
included in Standard Industrial Classification (SIC) Major 
Groups 34 through 39 and are those that perform some combination 
of the 46 manufacturing unit operations listed in Table 3-1. The 
specific industries covered by these Major Groups are listed in 
Table 3-3. Industries listed in Table 3-3 which are not exclu
sively in the Metal Finishing Category include porcelain enamel
ing, coil coating, batteries manufacturing, electrical and elec
tronic components, photographic equipment and supplies, iron and 
steel, aluminum and aluminum alloys, copper and copper alloys, 
and shipbuilding. For example, all of the industries liste·d 
under Major Group 36 are covered under both the Electrical and 
Electronics Component Category and the Metal Finishing Category. 
The Electrical and Electronic Components Category covers 
processes unique to electronics, and the Metal Finishing Category 
covers the remaining processes used to manufacture the products 
in Major Group 36. 
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TABLE 3-3 
INDUSTRIES WITHIN THE METAL FINISHING CATEGORY 

Major Group 34 Fabricated Metal Products, Except Machinery and Transportation Equipment 

341 Metal Cans and Shipping Containers. 
342 Cutlery, Hand Tools, and General Hardware. 
343 Heating Equipment (except Electric and Warm Air, Plumbing Fixtures). 
344 Fabricated Structural Metal Products. 
345 Screw Machine Products, and Bolts, Nuts, Screws, Rivets and Washers. 
346 Metal Forgings and Stampings. 
347 Coating, Engraving and Allied Services. 
348 Ordnance and Accessories, except Vehicles and Guided Missiles. 
349 Miscellaneous Fabricated Metal Products. 

Major Group 35 Machinery, Except Electrical 

351 Engines and Turbines. 
352 Farm and Garden Machinery and Equipment. 
353 Construction, Mining and Materials Handling Machinery and Equipment. 
354 Metalworking Machinery and Equipment. 
355 Special Industry Machinery, except Metalworking Machinery. 
356 General Industrial Machinery and Equipment. 
357 Office, Computing, and Accounting Machines • 
358 Refrigeration and Service Industry Machinery. 
359 Miscellaneous Ma6hinery, except Electrical. 

Major Group 36 Electrical and Electronic Machinery, Equipment and Supplies 

361 Electric Transmission and Distribution Equipment. 
362 Electrical Industrial Apparatus. 
363 Household Appliances. 
364 Electric Lighting and Wiring Equipment. 
365 Radio and Television Receiving Equipment, except Communication Types. 
366 Communication Equipment. 
367 Electronic Components and Accessories. 
369 Miscellaneous Electrical Machinery, Equipment, and Supplies. 

Major Group 37 Transportation Equipment 

371 Motor Vehicles and Motor Vehicle Equipment. 
372 Aircraft and Parts. 
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TABLE 3-3 (Cont.) 

Major Group 37 Transportation Equipment (Cont.) 

373 Ship and Boat Building and Repairing. 
374 Railroad Equipment. 
375 Motorcycles, Bicycles, and Parts. 
376 Guided Missiles and Space Vehicles and Parts. 
379 Miscellaneous Transportation Equipment. 

Major Group 38 Measuring, Analyzing and Controlling Instruments: Photographic, Medical and 
Optical Goods~ Watches and Clocks 

381 Engineering, Laboratory, Scientific, and Research Instruments and Associated Equipment. 
382 Measuring and Controlling Instruments. 
383 Optical Instruments and Lenses. 
384 Surgical, Medical, and Dental Instruments and Supplies. 
385 Opthalmic Goods. 
386 Photographic Equipment and Supplies 
387 Watches, Clocks, Clockwork Operated Devices, and Parts. 

Major Group 39 Miscellaneous Manufacturing Industries 

391 Jewelry, Silverware, and Plated Ware. 
393 Musical Instruments. 
394 Dolls. 
395 Pens, Pencils, and Other Office and Artists' Materials. 
396 Costume Jewelry, Costume Novelties, Buttons and Miscellaneous Notions, Except 

Precious Metal. 
399 Miscellaneous Manufacturing Industries. 



Based upon industry journal mailing lists, there are approximately 
13,500 manufacturing facilities in the United States which are covered 
by the Metal Finishing Category. These plants are engaged in the 
manufacturing of a variety of produc·ts that are constructed 
primarily by using metals. The operations performed (Table 
3-1) usually begin with materials in the form of raw stock 
(rods, bars, ~heet, castings, forgings, etc.) and can progress 
to the most sophisticated surface finishing operations. These 
facilities vary greatly in size, age, number of employees and 
number and type of operations performed. They range from 
very small job shops with less than 10 employees to large 
facilities employing thousands of production workers. Because of 
the differences in size and processes, production facilities are 
custom-tailored to the specific needs of each individual plant. 
Figure 3-1 illustrates the variation in number of unit operations 
that can be performed depending upon the complexity of the product. 
The possible variations of unit operations within the Metal Finishing 
Category are extensive. The unit operations (and their sequence) 
presented in Figure 3-1 are not actual plants but are representa-
tive of possible manufacturers within the Metal Finishing Category. 
Some complex products could require the use of nearly all 45 unit 
operations, while a simple product might require only a single 
operation. 

Many different raw materials are used by the plants in the 
Metal Finishing Category. Basis materials are almost exclusive-
ly metals which range from common copper and steel to extreme-
ly expensive high grade alloys and precious metals. The 
solutions utilized in the various unit operations can contain 
acids, bases, cyanide, metals, complexing agents, organic 
additives, oils and detergents. All of these raw materials· can 
potentially enter wastewater streams during the production sequence. 

Water usage within the Metal Finishing Category, the processes that 
utilize water and the quantities of process wastewater generated by 
metal finishing are presented in Section v. Plating and cleaning 
operations are typically the biggest water users. While the · 
majority of metal finishing operations use water, some of them are 
completely dry. The type of rinsing utilized can have a marked 
effect on water usage as can the flow rates within the particular 
rinse types. Product quality requirements often dictate the 
amount of rinsing needed for specific parts. Parts requiring exten
sive surface preparation will generally necessitate the use of larger 
amounts of water. 
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UNIT OPERATIONS DESCRIPTIONS 

This subsection describes each of the 46 individual unit opera
tions that are included in the Metal Finishing Category. 

1. Electroplating is the production of a thin surface 
coating.of one metal upon another by electrodeposition. 
This surface coating is applied to provide corrosion 
protection, wear or erosion resistance, anti-frictional 
characteristics, or for decorative purposes. The electro
plating of common metals includes the processes in which 
ferrous or nonferrous basis material is electroplated with 
copper, nickel, chromium, brass, bronze, zinc, tin, lead, 
cadmium, iron, aluminum or combinations thereof. Precious 
metals electroplating includes the processes in which a 
ferrous or nonferrous basis material is plated with gold, 
silver, palladium, platinum, rhodium, indium, ruthenium, 
iridium, osmium, or combinations thereof. 

In electroplating, metal ions in either acid, alkaline or 
neutral solutions are reduced on cathodic surfaces. The 
cathodic surfaces are the workpieces being plated. The 
metal ions in solution are usually replenished by the 
dissolution of metal from anodes or small pieces con
tained in inert wire or metal baskets. Replenishment 
with metal salts is also practiced, especially for 
chromium plating. In this case, an inert material must 
be selected for the anodes. Hundreds of different 
electroplating solutions have been adopted commercially 
but only two or three types are utilized widely for a 
particular metal or alloy. For example, cyanide 
solutions are popular for copper, zinc, brass, cadmium, 
silver, and gold. However, non-cyanide alkaline solu
tions containing pyrophosphate have come into use 
recently for zinc and copper. Zinc, copper, tin and 
nickel are plated with acid sulfate solutions, especially 
for plating relatively simple shapes. Cadmium and zinc 
are sometimes electroplated from neutral or slightly aci
dic chloride solutions. The most common methods of plating 
are in barrels, on racks, and continuously from a spool or 
coil. 

2. Electroless Plating is a chemical reduction process which 
depends upon the catalytic reduction of a metallic ion 
in an aqueous solution containing a reducing agent and 
the subsequent deposition of metal without the use of 
external electrical energy. It has found widespread use 
in industry due to several unique advantages over con
ventional electroplating. Electroless plating provides a 
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uniform plating thickness on all areas of the part 
regardless of the configuration or geometry of the part. 
An electroless plate on a properly prepared surface is 
dense and virtually non-porous. Copper and nickel 
electroless plating are the most common. The basic 
ingredients in an electroless plating solution' are: 

1. A source of metal, usually a salt. 
2. A reducer to reduce the metal to its base state. 
3. A complexing agent to hold the metal in solution 

(so the metal will not plate out indiscriminately). 
4. Various buffers and other chemicals designed to 

maintain bath stability and increase bath life. 

Electroless plating is an autocatalytic process where 
catalysis is promoted from one of the products of a 
chemical reaction. The chemistry of electroless plating 
is best demonstrated by examining electroless 
nickel plating. The source of nickel is a salt such as 
nickel chloride or nickel sulfate, and the reducer is 
sodium hypophosphite. There are several complexing 
agents can be used, the most common ones being citric 
and glycolic acid. Hypophosphite anions in the presence 
of water are dehydrogenated by the solid catalytic 
surface provided by nickel to form acid orthophosphite 
anions. Active hydrogen atoms are bonded on the catalyst 
forming a hydride. Nickel ions are reduced to metallic 
nickel by the active hydrogen atoms which are in turn 
oxidized to hydrogen ions. Simultaneously, a portion 
of the hypophosphite anions are reduced by the active 
hydrogen and adsorbed on the catalytic surface producing 
elemental phosphorus, water and hydroxyl ions. Elemental 
phosphorus is bonded to or dissolved in the nickel making 
the reaction irreversible. At the same time hypophosphite 
anions are catalytically oxidized to acid orthophosphite 
anions, evolving gaseous hydrogen. The basic plating 
reactions proceed as follows: 

The nickel salt is ionized in water 

NiS04 = Ni+ 2 + so4- 2 

There is then a reduction-oxidation reaction 
with nickel and sodium hypophosphite. 

Ni+ 2 + so4- 2 + 2NaH 2Po2 + 2 H20 = 

Ni + 2NaH2Po3 + H2 + H2so4 

The sodium hypophosphite also reacts in the 
following manner: 
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As can be seen in the equations above, both nickel and 
phosphorus are produced, ~nd the actual metal deposited 
is a nickel-phosphorus alloy. The phosphorus content can 
be varied to produce different characteristics in the 
nickel plate. 

When electroless plating is done on a plastic basis material, 
catalyst application and acceleration steps are necessary as 
surface preparation operations. These steps are considered 
part of the electroless plating unit operation. 

Immersion plating is a chemical plating process in which a 
thin metal deposit is obtained by chemical displacement of 
the basis metal. Unlike electroless plating, it is not an 
autocatalytic process. In immersion plating, a metal will 
displace from solution any other metal that is below it in 
the electromotive series of elements. 

The lower (more noble) metal will be deposited from solution 
while the more active metal (higher in the series) 
will be dissolved. A common example of immersion plating 
is the deposition of copper on steel from an acid copper 
solution. Because of the similarity of the wastes pro
duced ancl the materials involved, immersion plating is 
considered part of the electroless plating unit operation. 

3. Anodizing is an electrolytic mddation process which con
verts thi surface of the metal to an insoluble oxide. 
These oxide coatings provide corrosion protection, decora
tive surfaces, a base for painting and other coating pro
cesses, ancl special electrical and mechanical properties. 
Aluminum is the most frequently anodized material, while 
some magnesium and limited amounts of zinc and titanium 
are also treated. 

Although the majority of anodizing is carried out by 
immersion of racked parts in tanks, continuous anodizing 
is done on large coils of aluminum in a manner similar to 
continuous electroplating. For aluminum parts, the for
mation of the oxide occurs when the parts are made anodic 
in dilute sulfuric acid or dilute chromic acid solutions. 
The oxide layer begins formation at the extreme outer sur
face, and as the reaction proceeds, the oxide grows into the 
metal. The last formed oxide, known as the boundary layer, 
is located at the interface between the base metal and the 
oxide. The boundary is extremely thin and nonporous. The 
sulfuriq acid process is typically used for all parts fab
ricated from aluminum alloys except for parts subject to 
stress or containing recesses in which the sulfuric acid 
solution may be retained and attack the aluminum. Chromic 
acid anodic coatings are more protective than sulfuric acid 
coatings and have a relatively thick boundary layer. For 
these reasons, a chromic acid bath is used if a complete 
rinsing of the part cannot be achieved. 
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4. Coating - This manufacturing operation includes 
chromating, phosphating, metal coloring and passivating. 
These coatings are applied to previously deposited 
metal or basis material for increased corrosion protection, 
lubricity, preparation of the surface for additional 
coatings or formulation of a special surface appearance. 
In chromating, a portion of the base metal is converted to 
one of the components of the protective film formed by the 
coating solution. This occurs by reaction with aqueous 
solutions containing hexavalent chromium and active organic 
or inorganic compounds. Chromate coatings are most frequent
ly applied to zinc, cadmium, aluminum, magnesium, copper, 
brass, bronze and silver. Most of the coatings are applied 
by chemical immersion although a spray or brush treatment 
can be used. Changes in the solutions can impart a wide 
range of colors to the coatings from colorless to irides
cent yellow, brass, brown, and olive drab. Additional 
coloring of the coatings can be achieved by dipping the 
parts in organic dye baths to produce red, green, blue, 
and other colors. 

Phosphate coatings are used to provide a good base for 
paints and other organic coatings, to condition the sur
faces for cold forming operations by providing a base for 
drawing compounds and lubricants, and to impart corrosion 
resistance to the metal surface by the coating itself or 
by providing a suitable base for rust-preventative oils or 
waxes. Phosphate conversion coatings are formed by the 
immersion of iron, steel, or zinc plated steel in a dilute 
solution of phosphoric acid plus other reagents. The 
method of applying the phosphate coating is dependent upon 
the size and shape of the part to be coated. Small parts 
are coated in barrels immersed in the phosphating solution. 
Large parts, such as steel sheet and strip, are spray coated 
or continuously passed through the phosphating solution. 
Supplemental oil or wax coatings are usually applied after 
phosphating unless the part is to be painted. 

Metal coloring by chemical conversion methods'produces a 
large group of decorative finishes. This operation covers 
only chemical methods of coloring in which the metal surface 
is converted into an oxide or similar metallic compound. 
The most common colored finishes are used on copper, steel, 
zinc, and cadmium. 

Application of the color to the cleaned basis metal involves 
only a brief immersion in a dilute aqueous solution. The 
colored films produced on the metal surface are extremely 
thin and delicate. Consequently, they lack resistance to 
handling and the atmosphere. A clear lacquer is often used 
to protect the colored metal surface. A large quantity of 
copper and brass is colored to yield a wide variety of 
shades and colors. Shades of black, brown, gray, green and 
patina can be obtained on copper and brass by use of appro
priate coloring solutions. The most widely-used colors for 
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ferrous metals are based on oxides which yield black, brown, 
or blue colors. A number of colors can be developed on zinc 
depending on the length of immersion in the coloring solu
tion. Yellow, bronze, dark green, black and brown colors 
can be produced on cadmium. Silver, tin, and aluminum are 
also colored commercially. Silver is given a gray color by 
immersion in a polysulfide solution such as ammonium 
polysulfide. Tin can be darkened to produce an antique 
finish of pewter by immersion in a solution of nitric acid 
and copper sulfate. 

Passivation refers to forming a protective film on metals, 
particularly stainless steel and copper, by immersion in 
an acid solution. Stainless steel is passivated in order 
to dissolve any imbedded iron particles and to form a thin 
oxide film on the surface of the metal. Typical solutions 
for passivating stainless steel include nitric acid and 
nitric acid with sodium dichromate. Copper is passivated 
with a solution of ammonium sulfate and copper sulfate 
forming a blue-green patina on the surface of the metal. 

5. Etching and Chemical Milling - These processes are used to 
produce specific design configurations and tolerances or 
surface appearances on parts (or metal-clad plastic in the 
case of printed circuit boards)-by controlled dissolution 
with chemical reagents or etchants. Included in this classi
fication are the processes of chemical milling, chemical etch
ing and bright dipping. Chemical etching is the same process 
as chemical milling except the rates and depths of metal 
removal are usually much greater in chemical milling. Typical 
solutions for chemical milling and etching include ferric 
chloride, nitric acid, ammonium persulfate, chromic. acid, 
cupric chloride, hydrochloric acid and combinationsofthese 
reagents. Bright dipping is a specialized form of etching 
and is used to remove oxide and tarnish from ferrous and 
nonferrous materials and is frequently performed just prior 
to anodizing. Bright dipping can produce a range of surface 
appearances from bright clean to brilliant depending on the 
surface smoothness desired for the finished part. Bright 
dipping solutions usually involve mixtures of two or more 
of sulfuricr chromic, phosphoric, nitric and hydrochloric 
acids. Also included in this unit operation is the 
stripping of metallic coatings. 

·6. Cleaning involves the removal of oil, grease and dirt from 
the surface of the basis material using water with or 
without a detergent or other dispersing agent. Alkaline 
cleaning (both electrolytic and non-electrolytic) and acid 
cleaning are both included. 
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Alkaline cleaning is used to remove oily dirt or solid 
soils from workpieces. The detergent nature of the 
cleaning solution provides most of the cleaing action 
with agitation of the solution and movement of the 
workpiece being of secondary importance. Alkaline 
cleaners are classified into three types: soak, spray, 
and electrolytic. Soak cleaners are used on easily 
removed soil. This type of cleaner is less efficient 
than spray or electrolytic cleaners. Spray cleaners 
combine the detergent properties of the solution with 
the impact force of the spray which mechanically 
loosens the soil. Electrolytic cleaning produces the 
cleanest surface available from conventional methods of 
alkaline cleaning. The effectiveness of this method 
results from the strong agitation of the solution by 
gas evolution and oxidation-reduction reactions that 
occur during electrolysis. Also, certain dirt parti
cles become electrically charged and are repelled from 
the surface. Direct current (cathodic) cleaning uses 
the workpiece as the cathode, while for reverse current 
(anodic) cleaning the workpiece is the anode. In 
periodic reverse current cleaning, the current is 
periodically reversed from direct current to reverse 
current. Periodic reverse cleaning gives improved smut 
removal, accelerated cleaning and a more active surface 
for any subsequent surface finishing operation. 

Acid cleaning is a process in which a solution of an· 
inorganic (mineral) acid, organic acid, or an acid 
salt, in combination with a wetting agent or detergent, 
is employed to remove oil, dirt, or·oxide from metal 
surfaces. Acid cleaning is done with various acid 
concentrations can be referred to as pickling, acid 
dipping, descaling, or desmutting. The solution may or 
may not be heated and can be an immersion or spray 
operation. Agitation is normally required with soaking, 
and spray is usually used with complex shapes. An acid 
dip operation may also follow alkaline cleaning prior 
to plating. Phosphoric acid mixtures are also in 
common use to remove oils and light rust while leaving 
a phosphate coating that provides a paint base or 
temporary resistance to rusting. Strong acid solutions 
are used to remove rust and scale prior to surface 
finishing. 

7. Machining is the general process of removing stock from 
a workplace by forcing a cutting tool through the 
workpiece, removing a chip of basis material. Machining 
operations such as turning, milling, drilling, boring, 
tapping, planing, broaching, sawing and cutoff, shaving, 
threading, reaming, shaping, slotting, bobbing, filing, 
and chamfering are includ.ed in this definition. 
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8. Grindin~ is the process of removing stock from a workpiece 
by the use of a tool consisting of abrasive grains held by 
a rigid or semirigid binder. The tool is usually in the 
form of a disk (the basic shape of grinding wheels}, but 
may also be in the form of a cylinder, ring, cup, stick, 
strip, or belt. The most commonly used abrasives are 
aluminum oxide, silicon carbide, and diamond. The processes 
included in this unit operation are sanding (or cleaning to 
remove rough edges or excess material}, surface finishing, 
and separating (as in cut-off or slicing operations}. 

9. Polishing is an abrading operation used to remove or smooth 
out suriace defects (scratches, pits, tool marks, etc.} 
that adversely affect the appearance or function of a part. 
Polishing is usually performed with either a belt or wheel 
to which an abrasive such as aluminum oxide or silicone 
carbide is bonded. Both wheels and belts are flexible and 
will cqnform to irregular or rounded areas where necessary. 
The operation usually referred to as buffing is included in 
the polishing operation. 

10. Barrel Finishing or tumbling is a controlled method of 
processing parts to remove burrs, scale, flash, and oxides 
as well as to improve surface finish. Widely used as a 
finishing operation for many parts, it obtains a uniformity 
of surface finish not possible by hand finishing. For 
large quantities of small parts it is generally the most 
economical method of cleaning and surface conditioning. 

Parts to be finished are placed in a rotating barrel or 
vibrating unit with an abrasive media, water or oil, and 
usually some chemical compound to assist in the operation. 
As the barrel rotates slowly, the upper layer of the work 
is given a sliding movement toward the lower side of the 
barrel, causing the abrading or polishing action to occur. 
The same results may also be accomplished in a vibrating 
unit, in which the entire contents of the container are 
in constant motion. 

11. Burnishing is the process of finish sizing or smooth 
finishing a workpiece (previously machined or ground} by 
displacement, rather than removal, of minute surface 
irregularities. It is accomplished with a smooth point 
or line-contact and fixed or rotating tools. 
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12. Impact Deformation is the process of applying an impact 
force to a workp1ece such that the workpiece is permanently 
deformed or shaped. Impact deformation operations include 
shot peening, peening, forging, high energy forming, 
heading, and stamping. 

13. Pressure Deformation is the process of applying force (at 
a slower rate than an impact force) to permanently deform 
or shape a workpiece. Pressure deformation includes 
operations such as rolling, drawing, bending, embossing, 
coining, swaging, sizing, extruding, squeezing, spinning, 
seaming, staking, piercing, necking, reducing, forming, 
crimping, coiling, twisting, winding, flaring or weaving. 

14. Shearing is the process of severing or cutting a 
workpiece by forcing a sharp edge or opposed sharp edges 
into the workpiece stressing the material to the point of 
shear failure and separation. 

15. Heat Treating is the modification of the physical properties 
of a workpiece through the application of controlled heating 
and cooling cycles. Such operations as tempering, carburi
zing, cyaniding, nitriding, annealing, normalizing, austen
izing, quenching, austempering, siliconizing, martempering, 
and malleabilizing are included in this definition. 

16. Thermal Cutting is the process of cutting, slotting or 
piercing a workpiece using an oxyacetylene oxygen lance 
or electric arc cutting tool. 

17. Welding is the process of joining two or more pieces of 
material by applying heat, pressure or both, with or with
out filler material, to produce a localized union through 
fusion or recrystallization across the interface. Included 
in this process are gas welding, resistance welding, arc 
welding, cold welding, electron beam welding, and laser 
beam welding. 

18. Brazing is the process of joining metals by flowing a thin, 
capillary thickness layer of nonferrous filler metal into 
the space between them. Bonding results from the intimate 
contact produced by the dissolution of a small amount of 
base metal in the molten filler metal, without fusion of the 
base metal. The term brazing is used where the temperature 
exceeds 425°C (800°F). 

19. Soldering is the process of joining metals by flowing a 
thin (capillary thickness) layer of nonferrous filler metal 
into the. space between them. Bonding results from the in
timate contact produced by the dissolution of a small amount 
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of base metal in the molten filler metal, without fusion 
of the base metal. The term soldering is used where the 
temperature range falls below 425°C (800°;F). 

20. Flame Spraying is the process of applying a metallic coating 
to a workpiece using finely powdered fragments of wire, 
togethE~r with suitable fluxes, are projected through a cone 
of flame onto the workpiece. 

21. Sand Blasting is the process of removing stock, including 
surface f1lms, from a workpiece by the use of abrasive 
grains pneumatically impinged against the workpiece. The 
abrasive grains used include sand, metal shot, slag, silica, 
pumice, or natural materials such as walnut shells. 

22. Abrasive Jet Machining is a mechanical process for 
cutt1ng hard brittle materials. It is similar to sand 
blasting but uses much finer abrasives carried at high 
velocities (500-3000 fps} by a liquid or gas stream. Uses 
include frosting glass, removing metal oxides, de
burring, and drilling and cutting thin sections of metal. 

23. Electrical Discharge Machining is a process which 
can remove metal with good .dimensional control from any 
metal. It cannot be used for machining glass, ceramics, 
or other nonconducting materials. The machining action 
is caused by the formation of an electrical spark between 
an electrode, shaped to the required contour, and the 
workpiece. Since the cutting tool has no contact with 
the workpiece, it can be made from a soft, easily worked 
material such as brass. The tool works in conjunction with 
a fluid such as mineral oil or kerosene, which is fed to 
the work under pressure. The function of this coolant is 
to serve as a dielectric, to wash away particles of eroded 
metal from the workpiece or tool, and to maintain a uniform 
resistance to flow of current. 

Electrical discharge machining is also known as spark 
machining or electronic erosion. The operation was de
veloped primarily for machining carbides, hard nonferrous 
alloys, and other hard-to-machine materials. 

24. Electrochemical Machining is a process based on the 
same pr1nc1ples used 1n electroplating except the workpiece 
is the anode and the tool is the cathode. Electrolyte is 
pumped between the electrodes and a potential applied with 
the result that metal is rapidly removed. 

In this process, electrode accuracy is important since 
the suiface finish of the electrode tool will be reproduced 
in the surface of the workpiece. While copper is frequently 
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used as the electrode, brass, graphite, and copper-tungsten 
are also used. The tool must be an electrical conductor, 
easy to machine, corrosion resistant, and able to conduct 
the quantity of current needed. Although there is no 
standard electrolyte, sodium chloride is more generally 
used than others. 

25. Electron Beam Machining is a thermoelectric process. 
In electron beam machining, heat is generated by high 
velocity electrons impinging on part of the workpiece. At 
the point where the energy of the electrons is 
focused, it is transformed into sufficient thermal 
energy to vaporize the material locally. The process is 
generally carried out in a vacuum. While the metal-removal 
rate of electron beam machining is approximately 0.01 
milligrams per second, the tool is accurate and is 
especially adapted for micro-machining. There is no heat 
affected zone or pressure on the workpiece and extremely 
close tolerances can be maintained. The process results 
in X-ray emission which requires that the work area 
be shielded to absorb radiation. At present the 
process is used for drilling holes as small as 0.0508 
mm (0.002 in.) in any known material, cutting slots, 
shaping small parts, and machining sapphire jewel bearings. 

26. Laser Beam Machining is the process whereby a highly 
focused monochromat1c collimated beam of light is used to 
remove material at the point of impingement on a workpiece. 
Laser beam machining is a thermoelectric process, and material 
removal is largely accomplished by evaporation although some 
material is removed in the liquid state at high velocity. 
Since the metal removal rate is very small, they are used 
for such jobs as drilling microscopic holes in carbides 
or diamond wire drawing dies and for removing metal in 
the balancing of high-speed rotating machinery. 

Lasers can vaporize any known material. They have small 
heat affected zones and work easily with nonmetallic hard 
materials. 

27. Plasma Arc Machining is the process of material removal or 
shap1ng of a workpiece by a high velocity jet of high 
temperature ionized gas. A gas (nitrogen, argon, or 
hydrogen) is passed through an electric arc causing it to 
become ionzied and raised to temperatures in excess of 
16,649°C (30,000°F). The relatively narrow plasma jet melts 
and displaces the workpiece material in its path. Because 
plasma machining does not depend on a chemical reaction 
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between the gas and the work material and because plasma 
temperatures are extremely high, the process can be used 
on almost any metal, including those that are resistant to 
oxygen-fuel gas cutting. The method is of commercial im
portance mainly for profile cutting of stainless steel and 
aluminum alloys. 

28. Ultrasonic Machining is a mechanical process designed to 
effect1vely mach1ne hard, brittle materials. It removes 
material by the use of abrasive grains which are carried in 
a liquid between the tool and the work and which bombard 
the work surface at high velocity. This action gradually 
chips away minute particles ·of material in a pattern 
controlled by the tool shape and contour. A transducer 
causes an attached tool to oscillate linearly at a 
frequency of 20,000 to 30,000 times per second at an 
amplitude of 0.0254 to 0.127 mm (0.001 to 0.005 in). The 
tool motiop is produced by being part of a sound wave energy 
transmission line which causes the tool material to change 
its normal length by contraction and expansion. The tool 
holder is threaded to the transducer and oscillates linearly 
at ultrasonic frequencies, thus driving the grit particles 
into the workpiece. The cutting particles, boron carbide 
and similar materials, are of a 280-mesh size or finer, 
depending upon the accuracy and the finish desired. Opera
tions that can be performed include drilling, tapping, coin
ing, and the making of openings in all types of dies. 
Ultrasonic machining is used principally for machining 
materials such as carbides, tool steels, ceramics, glass, 
gem stones, and synthetic crystals. 

29. Sintering is the process of forming a mechanical part from 
a powdered metal by fusing the particles together under 
pressure and heat. The temperature is maintained below 
the melting point of the basis metal. 

30. Laminating is the process of adhesive bonding layers of 
metal, plastic, or wood to form a part. 

31. Hot Dip Coating is the process of coating a metallic 
workpiece with another metal by immersion in a molten bath 
to provide a protective film. Galvanizing (hot dip zinc) 
is the most common hot dip coating. 

32. Sputteri~ is the process of covering a metallic or non
metallic workpiece with thin films of metal. The surface 
to be coated is bombarded with positive ions in a gas 
discharge tube, which is evacuated to a low pressure. 
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33. Vapor Plating is the process of decomposition of a metal or 
compound upon a heated surface by reduction or decomposition 
of a volatile compound at a temperature below the melting 
point of either the deposit or the basis material. 

34. Thermal Infusion is the process of applying a fused zinc, 
cadmium, or other metal coating to a ferrous workpiece by 
imbuing the surface of the workpiece with metal powder or 
dust in the presence of heat. 

35. Salt Bath Descaling is the process of removing surface 
oxides or scale from a workpiece by immersion of the 
workpiece in a molten salt bath or a hot salt solution. 
Molten salt baths are used in a salt bath - water quench -
acid dip sequence to clean hard-to-remove oxides from 
stainless steels and other corrosion-resistant alloys. 
The work is immersed in the molten salt (temperatures range 
from 400- 540 degrees C), quenched with water, and then 
dipped in acid. Oxidizing, reducing, and electrolytic 
baths are available, and the particular type needed is 
dependent on the oxide to be removed. 

36. Solvent Degreasing is a process for removing oils and grease 
from the surfaces of a workpiece by the use of organic 
solvents, such as aliphatic petroleums (eg-kero~ene, naptha), 
aromatics (eg-benzene, toluene), oxygenated hydrocarbons 
(eg-ketones, alcohol, ether), halogenated hydrocarbons 
(eg-1,1,1-trichloroethane, trichloroethylene, methylene 
chloride), and combinations of these classes of solvents. 
Solvent cleaning can be accomplished by either the liquid or 
vapor phase. Solvent vapor degreasing is normally quicker 
than solvent liquid degreasing. However, ultrasonic vibra
tion is sometimes used with liquid solvent so as to 
decrease the required immersion time with complex shapes. 
Solvent cleaning is often used as a precleaning operation 
such as prior to the alkaline cleaning that precedes plating, 
as a final cleaning of precision parts, or as a surface pre~ 
paration for some painting operations. 

Emulsion cleaning is a type of solvent degreasing that uses 
common organic solvents (eg-kerosene, mineral oil, glycols, 
and benzene) dispersed in an aqueous medium with the aid of 
an emulsifying agent. Depending on the solvent used, clean
ing is done at temperatures from room temperature to 82°C 
(180°F). This operation uses less chemical than solvent 
degreasing because of the lower solvent concentration 
employed. The process is used for rapid superficial clean
ing and is usually performed as emulsion spray cleaning. 
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37. Paint Stripping is the process of removing an organic coating 
from a workp1.ece. The stripping of such coatings is usually 
performed with caustic, acid, solvent, or molten salt. 

38. Painting is the process of applying an organic coating 
to a workpiece. The application of coatings such as paint, 
varnish, lacquer, shellac, and plastics by processes such 
as spraying, dipping, brushing, roll coating, lithographing, 
and wiping are included. Spray painting is by far the most 
common and can be used with nearly all varieties of paint. 
The paint can be sprayed manually or automatically, hot 
or cold, and it may be atomized with or without compressed 
air to force the paint through an orifice. Other processes 
included under this unit operation are printing, silk 
screening and stenciling. 

39. Electrostatic Painting is the application of electrosta
tically tharged paint particles to an oppositely charged 
workpiecce followed by thermal fusing of the paint particles 
to form a cohesive paint film. Usually the paint is applied 
in spray form and may be applied manually or automatically, 
hot or cold, and with or without compressed air atomization. 
Both waterborne and solvent-borne coatings can be sprayed 
electrostatically. 

40. Electropainting is the process of coating a workpiece by 
either making it anodic or cathodic in a bath that is 
generally an aqueous emulsion of the coating material. The 
electrodeposition bath contains stabilized resin, dispersed 
pigment, surfactants, and sometimes organic solvents in water. 
Electropainting is used primarily for primer coats because 
it gives. a fairly thick, highly uniform, corrosion resistant 
coating in relatively little time. 

41. Vacuum Metalizing is the process of coating a workpiece 
with metal by flash heating metal vapor in a high-vacuum 
chamber containing the workpiece. The vapor condenses on 
all exposed surfaces. 

42. Assembly is the fitting together of previously manufactured 
parts or components into a complete machine, unit of a 
machine, or structure. 

43. Calibration is the application of thermal, electrical, or 
mechanical energy to set or establish reference points 
for a component or complete assembly. 

44. Testins is the application of thermal, electrical, or 
mechan1.cal energy to determine the suitability or function
ality of a component or complete assembly. 
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45. Mechanical Plating is the process of depositing metal coatings 
on a workpiece via the use of a tumbling barrel, metal powder, 
and usually glass beads for the impaction media. The operation 
is subject to the same cleaning and rinsing operations that are 
applied before and after the electroplating operation. 

46. Printed Circuit Bo~rd Manufacturing involves the formation of 
a circuit pattern of conductive metal (usually copper) on 
nonconductive board materials such as plastic or glass. 
There are five basic steps involved in the manufacture of 
printed circuit boards: cleaning and surface preparation, 
catalyst and electroless plating, pattern printing and masking, 
electroplating, and etching. 

After the initial cutting, drilling and sanding of the boards, 
the board surface is prepared for plating electroless copper. 
This surface preparation involves an etchback (removal of 
built-up plastic around holes) and an acid and alkaline 
cleaning to remove grime, oils, and fingerprints. The board is 
then etched and rinsed. Following etching, the catalyst is 
applied, and rinsing operations following catalyst 
application. The entire board is then electroless copper 
plated and rinsed. 

Following electroless copper plating, a plating resist is 
applied in non-circuit areas. Following application of a 
resist, a series of electroplates are applied. First the 
circuit is copper plated. A solder electroplate is applied 
next followed by a rinse. For copper removal in non-circuit 
areas, an etch step is next. After the etch operation, a 
variety of tab plating processes can be utilized depending on 
the board design requirements. These include nickel · 
electroplating, gold electroplating, rhodium electroplating, 
and tin immersion plating. 

There are presently three main production methods for printed 
circuit boards: additive, semi-additive, and subtractive. The 
additive method uses pre-sensitized, unclad material as the 
starting board: the semi-additive method uses unclad, 
unsensitized material as the starting board: and the 
subtractive method begins with copper clad, unsensitized 
material. 
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SECTION IV 
INDUSTRY CATEGORIZATION 

INTRODUCTION 

The primary purpose of industry categorization is to establish 
groupings within the Metal Finishing Category (MFC} such that 
each group (subcategory) has a uniform set of effluent limita
tions. This requires that the elements of each group be cap
able of using similar treatment technologies to achieve the 
effluent limitations. Thus, the same wastewater treatment and 
control technology is applicable within a subcategory and a uni
form treated effluent results from the application of a specific 
treatment and control technology. This section presents the sub
categorization established for the Metal Finishing Category and 
explains the selection rationale. 

Proper industry subcategorization defines groups within an 
industrial category whose wastewater discharges can be controlled 
by the same concentration or mass based limitations. The 
subsections which follow deal with these considerations as 
they apply to the Metal Finishing Category. 

CATEGORIZATION BASIS 

The following aspects of the Metal Finishing Category were 
considered for the bases of establishing subcategories: 

1. Raw waste characteristics 
2. Manufacturing processes 
3. Raw materials (basis and process) 
4. Product type or production volume 
5. Size and age of facility 
6. Number of employees 
7. Water usage 
8. Individual plant characteristics 

After examination of the potential categorization bases, a single 
metal finishing subcategory was established. All process waste
waters in the Metal Finishing Category are amenable to treat
ment by a single system and one set of discharge standards 
results from the application of a single waste treatment 
technology. 

Seven distinct types of raw wastes are present in metal finishing 
wastewaters. These raw wastes can be divided into two constituents, 
namely: inorganic and organic wastes. These can then be further 
subdivided into the specific types of waste that occur in each of 
the two major areas and are identified in Table 4-1. 
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TABLE 4-1 
METAL FINISHING CATEGORY RAW WASTE CLASSIFICATIONS 

MAJOR SUBDIVISION RAW WASTE TYPE 

1. Common metals 
2. Precious metals 

INORGANIC WASTES 3. Complexed metals 
4. Chromium (hexavalent) 

5. Cyanide 

ORGANIC WASTES 6. Oils 
7. Toxic organics 

Figure 4-1 presents the waste treatment requirement for the Metal 
Finishing Category and illustrates the effect of raw waste type 
upon the treatment technology requirements. All of the process raw 
wastes resulting from each of the 46 individual unit operations, 
previously defined and described in Section III, are encompassed by 
one or more of the raw waste types. Table 4-2 presents a tabulation 
of the manufacturing unit operations and the types of the raw waste 
that they have the potential to generate. Thus a direct relationship 
exists between the treatment system requirements and the unit opera
tions performed at a manufacturing facility. Subsequent sections of 
this document further describe the specifics of the relationship be
tween the unit operations performed, the wastes they produce, and 
the various levels of treatment technology and systems applicable 
to guideline limitations. 

The following paragraphs discuss other approaches that were con
sidered as bases for further subdividing the metal finishing sub
category and the rationale for f~rther subdivision being unneces
sary. 

Manufacturing Processes 

The manufacturing processes employed by the Metal Finishing Cate
gory are fully represented by the 46 unit operations that were 
defined in Section III. Unit operation subdivision would be 
overly complex as a subcategorization basis due to the number of 
combinations of processes that exists in this category. In addition, 
subdivision on the basis of each of the unit operations is not unique 
since many operations generate the same waste constituents. Unit 
operations with similar waste characteristics could be combined to 
form individual subcategories and thus effectively provide a cate
gorization based upon waste characteristics. However, as explained 
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TABLE 4-2 

WASTE CHARAcrERISTIC DISTRIBUTIGl 

I IOORGANICS I ORGANICS 

UNIT I Camon Precious Corrplexed Chromium I Toxic 
OPERATION Metals Metals Metals (Hexavalent) Cyanide Oils Organics 

1. Electroplating X X X X 
2. Electroless Plating X X X X 
3. Anodizing X X 
4. Conversion Coating X X X X 
5. Etching (Chern. Milling) X .. X X X 
6; Cleaning X X X X X X X 
7. Machining X X 
8. Grinding X X 
9. Polishing X X X 

1 10. Tumbling X X X X 

~ 11. Burnishing X X X X 
12. Impact Deformation X X 
13. Pressure Deformation X X 
14. Shearing X X 
15. Heat Treating X X X X 
16. Thermal Cutting X 
17. Welding X 

18. Brazing X 

19. Soldering X X 
20. Flarre Spraying X 

21. Sand Blasting X 

22. Other Abr. Jet Machining X X 
23. Elec. Discharge Machining X X 
24. Electrochemical Machining X X X X 
25. Electron Beam Machining X 
26. Laser Beam Machining X 

27. Plasma Arc Machining X 
28. Ultrasonic Machining X 



TABLE 4-2 

WASTE CHARAcrERISTIC DISTRIBIJriON 
(CONI'.) 

I 
~ .••.• ~ .... _jJk e: -·-···-·., 

WASTE I INORGANICS ORGANICS 
CHARA{"''!i'OTC!I11Tf'C! \...1 ~.LL:IJ.'\..LV.L.L"""U 

UNIT ~ CoiilliDn Precious Corrplexed Chromium I Toxic 

OPERATION Metals Metals Metals (Hexavalent) Cyanide Oils organics 

29. Sintering X 

30. Laminating X 

31. Hot Dip Coating X 

32. Sputtering X 

33. Vapor Plating X 

34. Thermal Infusion X 

~ 3.5. Salt Bath Descaling X X 

I 36. Sol vent Degreasing X X X .. 

U1 37. Paint Stripping X X X 

38. Painting X 
.., .., 
A .... 

39. Electrostatic Painti119 X X X X 

40. Electropainting X X 

41. Vacuum Metalizing X 

42. Assenbly X X X 

43. Calibration ~ X 

44. Testing X X 

45. Mechanical Plating X X 

46. Printed Circuit Board X X X X X X 

Manufacturing 



previously, a direct correlation exists between the unit 
operations performed and treatment technology needed via 
the selected metal finishing subcategorization. Therefore, 
manufacturing process variations are inherently accounted 
for by their waste characteristics and no further subdivision on the 
basis of manufacturing process is required. 

Raw Materials 

There is a wide variation in basis materials, process materials, 
and process chemicals used within this industry and all wastes are 
a direct result of this material usage. Subcategorization 
on the basis of raw material usage would not result in industry 
subgroups whose wastes are amenable to treatment by different 
systems. 

Product Type or Production Volume 

The products manufactured by the Metal Finishing Category cover 
virtually the entire spectrum of metallic goods. There are 
specific differences in manufacturing operations and many vari
eties of raw and process materials are used throughout the cate
gory. However, wastewaters resulting from the manufacture of many 
different products have the same waste treatment requirements and 
this is accounted.for by the single metal finishing subcategory. 

The production volume influences the mass of pollutants discharged 
but does not alter the waste constituents. Therefore, the quantity 
of work processed is not appropriate as a basis for subcategoriza
tion. 

Size and Age of Facility 

The nature of the manufacturing processes for the Metal Finishing 
Category is the same in all facilities regardless of their size. 
Size is an insufficient criterion for further subdivision since the 
waste characteristics of a plant depend on the raw materials and 
the unit operations employed. Size, however, is an important 
consideration in determining the mass of pollutants dis-
charged. 

The relative age of plants is important but is not a suitable basis 
for subdividing the metal finishing subcategory because it does not 
consider those items which affect the effluent discharged. The age 
of a plant has no bearing on the resulting waste characteristics or 
the required waste treatment. 

Number of Employees 

The number of employees is n9t an appropriate basis for subdivision 
since identical manufacturing operations can be performed manu-
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ally or by automatic machinery. For example, a specific operation 
might be accomplished manually by several machine operators for a 
particular production level or, if automated, it might reguire only 
one operator to produce an equivalent production output. In both 
cases, the resul~ing waste characteristics are identical if all 
other factors are the same. 

Water Usage 

Variations in water usage will not alter the identity of waste
water constituents but may affect their concentrations in the 
waste stream. These variations are due mainly to the different 
rinsing operations employed (i.e. single stage rinsing, series 
rinsing, countercurrent rinsing, etc). Since wastewater treat
ment systems are designed to remove groups of pollutants (having 
similar physical or chemical properties), subcategorization 
on the basis of water usage would not be appropriate. 

Individual Plant Characteristics 

Individual plant characteristics, including geographical loca
tion, do not provide a proper basis for subcategorization 
because they do not affect the process wastewater charac
teristics of the plant. 

Summary of Categorization Bases 

For this stud~{, a single metal finishing subcategory which includes 
seven types of raw waste was established. The primary division of 
waste characteristics is the grouping of wastes into inorganic and 
organic compounds. These two groups are then subdivided into four 
inorganic and three organic raw waste types. The seven raw 
waste types encompass the pollutants contained in the wastewaters 
generated by all combinations of unit operations, raw materials, 
and process materials and chemicals employed in the Metal 
Finishing Category. 

EFFLUENT LIMITATION BASE 

In addition to determining the necessity for subdividing the 
Metal Finishing Category, subcategorization also involves the 
selection of a parameter on which to base limitations. 
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Since pollutants are measured in terms of their concentration 
(mg/1), concentration itself is the obvious primary considera
tion for quantification of the limitations. Utilization of 
concentration has the following advantages: 

1. Concentration is a directly measurable parameter 
using fundamental sampling and analysis techniques. 

2. Industry, via its self-monitoring data, has the 
opportunity to rapidly recognize and respond to 
deviations from a given set of limitations. 

3. Application of pertinent treatment and control 
systems to either new or existing manufacturing 
facilities is straightforward because these systems 
are designed to provide reduction to specific effluent 
concentration levels for specific pollutants. 

A production related parameter for this industry, such as a 
combination of the product surface area and the number of 
particular wastewater producing operations performed, can be 
used in conjunction with the concentration and process flow 
rate to provide mass discharge limitations (e.g. limitation 
in terms of mg/operation-sq.m. for electroplating operations). 
Based on previous electroplating studies, the application 
of this type of parameter to quantify limitations has proven 
to be difficult to understand, implement, and enforce. Several 
specific problems associated with the use of a production re
lated parameter for the Metal Finishing Category are: 

1. Differences in part configuration are not 
accounted for by merely using a surface 
area basis such as was used in the past for 
electroplating. 

2. It is often difficult to determine the pro
duction level. For example, the overall 
area of barrel plated items such as miscel
laneous jewelry varies constantly throughout 
a normal production day. To determine pro
duction (surface area plated) requires measure
ment of each individual part. 
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3. Mass based limitations are difficult to implement 
if either the production sequence or processed 
parts are constantly changing, as is especially 
the case for job shops. 

4. It is often difficult to establish what constitutes 
a single wastewater producing operation since 
operations may be dry or wet and the sequence of 
performing operations is subject to variation. 

The use of concentration alone as the limitation criterion allows 
direct measurement and analysis of the treated effluent to verify 
compliance with the regulations. Thus concentration is selec
ted as the limitations basis for the Metal Finishing Category. 
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SECTION V 
WASTE CHARACTE:RIZATION 

INTRODUCTION 

This section presents the water uses. identifies the waste 
constituents. and quantifies the pollutant parameters that 
originate in the Metal finishing Category. Published literature. 
data collection. portfolio responses. and actual sampling data were 
reviewed in order to obtain data for this section. In general. 
·quantitative raw waste information was not included in the data 
collection portfolios. When such information was included. it was 
fragmented. incomplete and nearly impossible to correlate. 
Therefore. the raw waste data presented are derived from an 
analysis of samples taken at visited plants. downstream of the 
manufacturing sources. and prior t.o waste treatment. All 
parameters analyzed were measured as total rather than dissolved 
and are expressed in terms of milligrams per liter (mg/t). 

This section is organized in the following manner. First is a 
discussion of water usage within the Metal Finishing Category. 
This is followed by a discussion of waste characteristics for each 
of the forty-six unit operations. Finally •. there is a description 
of the parameters found in the total plant process wastewaters 
discharged prior to end-of-pipe treatment. and a description of 
the parameters found in each of the seven waste types that were 
outlined in Section IV: 

o Common metals 
o Precious metals 
o Complexed metals 
o Hexavalent chromium 
o Cyanide 
o Oils 
o Toxic organics 

WATER USAGE IN THE METAL FINISHING CATEGORY 

Water is used for rinsing workpieces. washing away spills. air 
scrubbing. process fluid replenishment. cooling and lubrication. 
washing of equipment and workpieces. quenching. spray booths. and 
assembly and testing. Descriptions of these uses follow. 

Rinsing· 

A large propottion of the water usage in the Metal Finishing 
Category is for rinsing. This water is used to remove the film 
(fluids and solids) that is deposited on the surfaces of the 
workpieces during the preceding process. As a result of this 
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rinsing, the water becomes contaminated with the constituents of 
the film. Rinsing can be used in some capacity after virtually 
all of the unit operations covered by the Metal Finishing Cate
gory and is considered to be an integral part of the unit operation 
that it follows. 

Spills and Air Scrubbing 

Water is used for washing away floor spills and for scrubbing of 
ventilation exhaust air. In both cases these wastewaters are 
contaminated with constituents of process materials and dirt. 

Process Fluid Replenishment 

As process fluids (e.g. - cleaning solutions, plating solutions, 
paint formulations, etc.) become exhausted or spent, new solu
tions have to be made up, with water a major constituent of these 
solutions. When a fluid is used at high temperature, water must 
be added periodically to make up for evaporative losses. Exhaus
ted or spent process solutions to be dumped are either collected 
in sumps for batch processing or are slowly metered into dis
charged rinse water prior to treatment. 

Cooling and Lubrication 

Coolants and lubricants in the form of free oils, emulsified oils, 
and grease are required by many metal removal operations. The 
films and residues from these fluids are removed during cleaning, 
washing, or rinsinq operations and these constituents contaminate 
other fluids. In addition, spent fluids in the sumps represent a 
further waste contribution that is processed either batchwise 
(segregated) or is discharged to other waste streams. 

Water from Auxiliary Operations 

Auxiliary operations such as stripping of plating or painting racks 
are essential to plant operations~ waters used in these operations 
do become contaminated and require treatmente 

Washing 

Water used for washing workpieces or for washing equipment such as 
filters, pumps and tanks picks up residues of concentrated process 
solutions, salts, or oils and is routed to an appropriate wastewater 
stream for treatment. 

Quenching 

Workpieces which have undergone an operation involving intense heat 
such as heat treating, welding, or hot dip coating are frequently 
quenched or cooled in aqueous solutions to achieve the desired pro-
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.perti7s or to facilitat7 subsequent handling of the part. These 
solut1ons become contam1nated and require treatment. 

Spray Booths 

Plants which employ spray painting processes use spray booths in 
order to capture oversprayed paint in a particular medium. Many 
of these booths use water curtains to capture the paint 
overspray. The paint is directed against a flowing stream of 
water, which scrubs the air so that paint and solvents are not 
exhausted to the outside atmosphere. The paint collected in the 
water is removed by skimming or by use of an ultrafilter and the 
water is reu~ed in the curtain. This water will periodically be 
dumped. 

Testing and ~:al ibration 

Many types of testing such as leak, pressure, and performance 
testing, make use of large quantities of water that become con
taminated. 

WATER USAGE BY OPERATIONS 

Table 5-l is a listing of the unit operations covered in the 
Metal Finishing Category and shows the operations that tend to 
utilize water. The table is broken down according to degree of 
water use: significant water usage, minimal water usage and zero 
discharge. The operations found te> have zero discharge were 
determined by an analysis of visited plants in the Metal 
Finishing Category data base; the data are shown in Table 5-2. 
The data shown include total number of occurrences of each unit 
operation, number of zero discharges ahd the percentage of the 
total occurrence with zero discharge. The unit operations which 
tend to have zero discharge are electron beam machining, laser 
beam machining, plasma arc machining, ultrasonic machining, 
sintering, sputtering, vapor plating, thermal infusion, vacuum 
metalizing and calibration. Table 5-3 shows the zero discharge 
data from the! DCP data bases for comparison. While an operation 
may tend to be zero discharge, associated preparatory operations, 
i.e., cleaning, may have discharges. 

Figures 5-la and 5-lb display the ranges of flows which may be 
found within the Metal Finishing Category. This figure is based 
on flow information obtained from visited plants and the majority 
of the plants fall within a flow range of zero to 100,000 gallons 
per day, which is expanded in the fi.gure. 
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Table 5-l 
WATER USAGE BY METAL' FINISHING OPERATIONS 

Unit 
Operation 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 

Electroplating 
Electroless Plating 
Anodizing 
Conversion Coating 
Etching (Chemical Milling) 
Cleaning 
Machining 
Grinding 
Polishing 
Tumbling (Barrel Finishing) 
Burnishing 
Impact Deformation 
Pressure Deformation 
Shearing 
Heat Treating 
Thermal Cutting 
Welding 
Brazing 
Soldering 
Flame Spraying 
Sand Blasting 
Other Abr. Jet Machining 
Elec. Discharge Machining 
Electrochemical Machining 
Electron Beam Machining 
Laser Beam Machining 
Plasma Arc Machining 
Ultrasonic Machining 
Sintering 
Laminating 
Hot Dip Coating 
Sputtering 
Vapor Plating 
Thermal Infusion 
Salt Bath Descaling 
Solvent Degreasing 
Paint Stripping 
Painting 
Electrostatic Painting 
Electropainting 
Vacuum Metalizing 
Assembly 
Calibration 
Testing 
Mechanical Plating 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. Printed Circuit Board Manufacturing 
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Major 
Water 
Usage 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Minimal 
water 
Usage 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Zero 
Discharge 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



TABLE 5-2 
DETERMINATICN OF ZERO DISCHARGE OPERATICNS 

Number of 
'tbnber of zero 

Unit: Operation Occurences Dischar~ers 

* 1. Elec:troplating 32 0 
* 2. Elec:troless Plating 9 0 
* 3. Anc:x:lizing 12 0 
* 4. Conversion Coating 11 0 
* 5. Etching & Chemical Milling 8 0 
* 6. Cleaning 41 0 

7 •. Machining 60 8 
. a. Grinding 62 31 

9. :Eblishing 42 30 
10. Tumbling (Barrel Finishing) 53 20 
11. Burnishing 16 10 
12. Impact reformation 20 18 
13. Pressure reformation 39 34 
14. Shearing 37 33 
15. Heai: Treating 37 17 
16. 'lhe1:mal Cutting 18 17 
17. W:!lding 52 46 
18. Bra:dng 28 25 
19. Soldering 38 33 
20. Flame Spraying 5 3 
21. Sand Blasting 20 18 
22. othE~r Abrasive Jet Machining 20 18 
23. El~~trical Discharge Machining 12 9 
24. Electrochemical Machining 9 3 
25. Electron Beam Machining 6 6 
26. La~~r Beam Machining 5 5 
27. Plasma Arc Machining 4 4 
28. Ultrasonic Machining 2 2 
29. Sintering 4 4 
30. Laminating 11 10 
31. Hot Dip Coating 4 3 
32. Spu1:tering 2 2 
33. Vapor Plating 3 3 
34. Thermal Infusion 3 3 
35. Salt Bath rescaling 13 2 

**36. Solvent tegreasing 
37. Paint Stripping so 
38. Painting 18 
39. Elec::trostatic Painting 15 
40. Elec::tropainting 15 
41. Vacuum Metalizirtg 7 
42. Assc:!Illbly 61 
43. Calibration 24 
44. Testing 70 

***45. Mechanical Plating 

*These data are fran a 41 plant sampled data base. All other 
data are fran a separate 99 plant sampled data base. 

**Not included in the 99 plant data base. Other data indicate 
that this operation consistently generates wastewater. 

***Not included in survey at time of plant visits. 
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3 
0 
0 
0 
7 

57 
24 
40 

Percentage of 
zero 

Discha~ers 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

13.3 
50.0 
71.4 
37.8 
62.5 
90.0 
87.2 
89.2 
45.9 
94.4 
88.5 
89.3 
86.8 
60.0 
90.0 
90.0 
75.0 
33.3 

100.0 
100.0 
100.0 
100.0 
100.0 

91.0 
75.0 

100.0 
100.0 
100.0 
15.4 
o.o 
6.0 
o.o 
o.o 
o.o 

100.0 
93.4 

100.0 
57.0 



TABLE 5-3 
DETERMINATIOO OF ZERO DISCHARGE OPERATIOOS 

(JX:P DATA BASES) 

Nunber of Percentage of 
Nlmlber of zero zero 

Ulit Operation Occurences Dischargers Discha~ers 

* 1. Electroplating 1100 0 o.o 
* 2. Electroless Plating 207 0 0.0 
* 3. Anodizing 233 0 o.o 
* 4. Conversion Coatin] 490 0 o.o 
* 5. Etching & O!emical Milling 177 0 o.o 
* 6. Cleanin:J 1221 0 0.0 

7. Machining 241 200 83.0 
8. Grinding 204 166 81.5 
9. lblishing 80 79 98.8 

10. TUmbling (Barrel Finishing) 41 15 36.6 
11. Burnishing 11 8 72.·7 
12. Impact ~formation 36 35 97.2 
13. Pressure ~formation 48 46 95.8 
14. Shearin] 96 95 98.9 
15. Heat TreatiD:J 38 29 76.3 
16. 'lhermal CUtting 32 30 93. 7· 
17. t'Elding 162 158 97.5 
18. Brazing 75 75 100.0 
19. SolderiD:J 87 82 94.2 
20. Flame Spraying 7 7 100.0 
21. Sand Blasting 44 44 100.0 
22. Other Abrasive Jet Machining 8 7 87.5 
23. Electrical Discharge Machining 12 9 75.0 
24. Electrochemical Machining 3 1 34.0 
25. Electron Beam Machining 0 0 
26. Iaser Beam NachiniD:J 1 1 100.0 
27. Plasma Arc l-lachining 4 4 100.0 
28. m. trasonic Z.!achining 2 0 100.0 
29. Sinterin:J 3 3 100.0 
30. LaminatiD:J 17 16 94.1 
31. lbt Dip Coating . 7 3 42.8 
32. SputteriD:J 1 1 100.0 
33. Vapor Plating 0 0 
34. 'Ihermal Infusion 0 0 
35. Salt Bath ~scaling 2 1 50.0 
36. Solvent ~asin] 77 28 36.4 
37. Paint Stripping 16 8 50.0 
38. Paintin:J 97 84 86.6 
39. Electrostatic Painting 9 9 100.0 
40. Electropainting 2 2 100.0 
41. Vacullll Metalizing 2 2 100.0 
42. Assembly 167 165 98.8 
43. Calibration 46 45 97.8 
44. TestiD:J 93 82 88.0 

* 45. Mechanical Plating 2 0 o.o 
*'Ihese data are fran a 1221 plant JX:P data base. All other data 
are fran a separate 365 plant JX:P data base. 
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WATER USAGE BY WASTE TYPE 

Tables 5-4 through 5-9 present data on the contribution of the 
various types of waste streams toward the total flow of a plant. 
For each visited plant where flows of discrete types of waste 
streams could be measured, the tables present total wastewater 
flow, waste type stream flow and percentage contribution of the 
waste type stream flow. 

Table 5-4 shows flow data for those visited plants which had 
common metals waste streams measured prior to mixing with other 
pretreated wastewaters. The average contribution of these streams 
to the total wastewater flow is 67.6% (range of 1.4-100%). All 
of the plants visited and sampled had a waste stream requiring 
common metals treatment. 

Table 5-5 contains flow data for those plants with precious 
metals wastewater. Of the plants in the data set used for these 
tables, 6.3% of them had production processes which generated 
precious metals wastewater. The typical precious metals waste
water flow contribution is 20.1%. 

Table 5-6 presents flow data for those plants with segregated 
complexed metals waste streams. Although additional plants have 
processes which generate complex metal wastes, their wastes are 
not segregated. The average contribution of the complexed metal 
streams at those plants listed in the table is 11.9%, and 13.9% 
of the plants in the data set used for these tables have com
plexed metal streams. 

Table 5-7 presents the flow contribution of hexavalent chromium 
wastewater streams. Of the plants in the data set used for these 
tables, 24.1% have segregated hexavalent chromium waste streams. 
The average flow contribution of these waste streams to the total 
wastewater stream is 23.4%. Of the plants having hexavalent 
chromium streams, 100% segregate those streams for treatment. 

Table 5-8 presents flow data on cyanide bearing waste streams. As 
shown on the table, at those plants with cyanide wastes, the 
average contribution of the cyanide bearing stream toward the 
total wastewater generated is 14.6% (range: 1.4-29.6%). Of the 
plants in the data set used for these tables, 13.9% have segre
gated cyanide bearing wastes. 

Table 5-9 presents data for the flow of segregated oily waste
water. Segregated oily wastewater is defined as oil waste col
lected from machine sumps and process tanks that is kept segre
gated from other wastewaters until it has been treated by an oily 
waste removal system. The plants identified in Table 5-9 , which 
make up 12.9% of the plants in the data set used for these tables, 
are known to segregate their oily wastes. The average contribu
tion of their oily wastes to this total wastewater flow is 6.4%, 
with a range of nearly zero to 31.7%. 
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TABLE 5-4 
CCMMON METAIS STREAM CONI'RIBUTION 

Corrnnon Metals 'lbtal Process Percent Of 
Plant ID Stream Flow ( gpd) Water Discharge (gpd) 'Ibtal Flow 

1003 16,590 16,590 100.0 
2032 56,987 77,995 73.1 
2033 37,680 59,136 63.7 
2062 18,000 50,400 35.7 
4069 145,800 183,816 79.3 
407.1 93,600 194,320 48.2 
6091 53,280 244,080 21.8 
6110 304,800 304,800 100.0 
6679 8,269 8,269 100.0 
6960 24,280 42,780 56.8 
7001 165,000 825,000 20.0 
8006 3,200 3,200 100.0 
8007 3,600 4,880 73.8 
9052 272,400 272,400 100.0 
11103 152,912 186,712 81.9 
11108 83,536 83,536 100.0 
12061 252,822 593,280 42.6 
12065 50,400 723,432 7.0 
12075 719,248 5,352,000 13.4 
15608 80,827 95,634 84.5 
17050 5,280 5,280 100.0 
17061 255,672 292,080 87.5 
18538 151,264 829,192 18.2 
19068 6,421 8,117 79.1 
20022 599,232 603,786 99.2 
20083 65,067 89,840 72.4 
21003 1,600 13,360 12.0 
21066 55,600 82,576 67.3 
25010 400 400 100.0 
27046 46,080 50,400 91.4 
30054 303 21,842 1.4 
33028 1,320 1,320 100.0 
36048 6,241 6,819 91.5 
38052 5,000 14,750 33.9 
40060 76,320 76,320 100.0 
40063 9,080 103,522 8.8 
41051 210,880 217,280 97.1 
44062 54,800 74,320 73.7 
46025 96 96 100.0 

Average common metals stream contribution = 67.6% 
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TABLE 5-5 
PRECIOUS METALS STREAM CONTRIBUTION 

Precious ~tals 'lbtal Process Percent Of 
Plant ID Stream Flow ( 9);X:l) 'Water Discharge (gpd) 'lbtal Flow 

02033 12,720 59,136 21.5 

06090 2,400 171,600 2.8 

21003 4,080 13',360 30.5 

30054 5,406 21,908 24.7 

36623 77,040 364,560 21.1 

Average precious metals stream contribution = 20.1% 
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TABLE 5-6 
Ca.1PLEXED METAlS STREAM CONTRIBUTION 

Complexed Metals 'lbtal Process Percent Of 
Plant ID Stream Flow ( gpd) water Discharge (gpd) 'lbtal Flow 

02032 6,080 77,995 7.8 

02033 7,667 59,136 13.0 

04069 20,016 183,816 10.9 

04071 100,720 194,320 51.8 

06097 5,232 61,424 8.5 

12065 17,280 723,432 2 .• 4 

15608 10,768 95,634 11.3 

17061 10,320 292,080 3.5 

20083 11,773 89,840 13.1 

34051 960 14,400 6.7 

36048 131 6,819 1.9 

Average ccn1plexed metals stream contribution = 11.9% 
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TABLE 5-7 
HEXAVALENT CHRCMIUM STREAM CONl'RIBtJriON 

Hexavalent Cllromium 'IPtal Process Percent Of 

Plant ID Stream Flow (gpd) Water Discharge (gpd) 'Ibtal Flow 

06072 9,480 51,720 18.3 
06091 106,560 244,080 43.7 
06960 10,175 42,780 23.8 
12075 147,480 5,384,072 2.7 
18538 172,016 829,192 20.7 
20082 91,609 129,859 70.5 
20083 5,187 89,840 5.8 
21066 14,528 82,576 17.6 
30050 7,308 564,000 1.3 
30054 1,680 21,908 7.7 
30074 25,920 43,392 47.2 
31050 600 4,600 13.0 
33024 2,952 34,896 8.5 
35061 70,000 785,000 8.9 
38052 9,750 14,750 66.1 
40061 48,600 59,400 81.8 
40062 2,160 571,680 0.4 
44050 11,040 113,760 9.7 
44062 15,752 74,320 21.2 

Avera~e hexavalent chromium stream contribution = 23. 4% 
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TABLE 5-8 
CYANIDE BEA!q:NG STREAM CONTRIBUI'ION 

Cyanide Bearing 'Ibtal Process Percent Of 
Plant ID Stream Flow ( gpd) Water Discharge (g~) 'Ibtal Flow 

02033 17,496 59,136 29.6 
06072 3,280 51,720 6.3 

·06090 2,400 171,600 1.4 
11103 21,704 186,712 11.6 
19050 3,480 25,264 13.8 
20083 3,960 89,840 4.4 
21066 12,448 82,576 15.1 
30022 11,520 48,960 23.5 
33024 5,256 26,688 15.1 
35061 150,000 785,000 19~1 
36623 77,040 364,560 21.1 

Average cyanide stream contribution = 14.6% 
./ 
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TABLE 5-9 
SEGREGATED OILY WASTEWATER CONTRIBilliON 

Plant ID 

01058 
03043 
04892 
06019 
11477 
12078 
13042 
13324 
14062 
15010 
15055 
19462 
20005 
20103 
23041 
28699 
30012 
30166 
30516 
30698 
31031 
33050 
33692 
38040 

Segregated 
Oily Waste 

Discharge ( gpcl) 

125,000 
2,081 

33,600 
30,800 
21,600 
15,300 
60,000 
14,400 
14,362 
13,000 
30,000 

2,200 
174,990 
11,100 

3,090 
190,280 

4,845 
249 

31,700 
2,500 

286 
2,558 

68,000 
693 

'Ibtal Plant 
Discharge ( gpd) 

2,590,000 
118,650 
285,200 

1,810,000 
1,090,000 
1,064,900 

223,400 
144,900 
609,700 

1,100,000 
600,000 
250,000 

1,500,000 
150,000 
900,000 
600,000 
312,440 
11,250 

20,000,000 
20,000 

2,160,000 
320,000 
500,000 
117,000 

Average segregated oily waste contribution = 6.4% 
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Percent Of 
'Ibtal Flow 

4.83 
1.75 

11.8 
1. 70 
1.98 
1.44 

26.9 
9.94 
2.36 
1.18 
s.oo 
0.88 

11.7 
7.42 
0.34 

31.7 
1.55 
2.21 
0.16 

12.5 
0.01 
0.80 

13.6 
0.59 



WASTE CHARACTERISTICS FROM METAL FINISHING UNIT OPERATIONS 

The waste constituents most commonly found in wastewaters gener
ated by the forty-six metal finishing unit operations are des
cribed in th•e following subsections. Information from 1, 048 
data collection portfolios on the presence of priority pollutants 
in metal finishing wastewaters are summarized in Tables 5-10 and 
5-11. Table 5-10 shows the number and type of responses given 
for each of ·the 129 pollutant parameters. (KTBP is known to be 
present, BTBP is believed to be present, BTBA is believed to be 
absent, and KTBA is known to be absent.) Table 5-11 indicates 
reported sources of the pollutants known to be present. Table 
5-12 summari:zes the waste characteristic distribution for the 46 
unit operations. Operations which have been designated as 
generally zero dischargers are omitted from this discussion. 
Included in «:ach of the unit operation presentations is a listing 
of each waste type to which the particular operation's wastewater 
could contribute. 

ELECTROPLATING 

Electroplating baths contain metal salts, acids, alkalies, and 
various bath control compounds. All of these materials contri
bute to the 'wastewater stream either through part dragout, batch 
dump, or floor spill. Electroplating baths can contain copper, 
nickel, silv•er, gold, zinc, cadmium, palladium, platinum, chrom
ium, lead, iron and tin. In addition to these metals, common 
cationic components of plating baths are ammonia, sodium and 
potassium. lmions likely to be present are chromate, borate, 
cyanide, carbonate, fluoride, fluoborate, phosphates, chloride, 
nitrate, sulfate, sulfide, sulfamate and tartrate. 

Many plating solutions contain metallic, metallo-organic and 
organic additives to induce grain refining, leveling of the 
platinq surface and deposit briqhtening. Arsenic, cobalt, 
molybdenum and selenium are used in this way, as are saccharin 
and various aldehydes. These additives are generally present 
in a bath at concentrations of less than one percent by volume 
or weight. Table 5-13 presents a selection of platinq baths 
and their major constituents. The processes covered under the 
electroplatinq unit operation and the type of wastewater are 
listed below: 

' Common metals - Electroplating of aluminum, brass, 
bronze, cadmium, acid copper, flue
borate copper and copper pyrophos
phate, iron, lead, nickel, solder, 
tin and zinc. 

Precious metals - Electroplating of gold, silver, 
rhodium, palladium, platinum, 
indium, ruthenium, iridium, and 
osmium. 

Cyanide wastes - Cyanide plating of copper, cadmium, 
zinc, brass, gold, silver, indium, 
and irridium. 

He~avalent chromium wastes - chromium plating. 
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Table 5-10 

POLLUTANT PARAMETER QUESTIONNAIRE 
DCP RESPONSES 

Number of 
Pollutant Parameter Responses KTBP BTBP BTBA KTBA 

001 Acenaphthene 1011 0 2 762 221 

002 Acrolein 1011 0 1 760 224 

003 Acrylonitrile 1013 2 12 755 218 

004 Benzene 1014 9 16 734 229 

005 Benzidine 1011 1 5 746 233 

006 Carbon tetrachloride 
(tetrachloromethane) 1012 3 10 737 236 

007 Chlorobenzene 1010 1 8 751 224 

008 1,2,4-trichlorobenzene 1010 0 9 749 226 

009 Hexachlorobenzene 1010 0 4 756 224 

010 1,2-dichloroethane 1011 2 11 752 220 

011 1,1,1-trichloroethane 1020 53 77 666 198 

012 Hexachloroethane 1010 0 7 752 225 

013 1,1-dichloroethane 1010 1 8 758 217 

014 1,1,2-trichloroethane 1010 5 17 742 220 

015 1,1,2,2-tetrachloroethane 1010 0 12 746 226 

016 Ch1oroethane 1010 9 14 744 217 

017 Bis(chloromethyl) ether 1010 0 1 756 227 

018 Bis(2-chloroethyl) ether 1009 0 1 755 227 

019 2-chloroethyl vinyl ether (mixed) 1009 1 1 7.56 225 

020 2-chloronaphthalene 1009 0 3 758 222 

021 2,4,6-trichlorophenol 1008 1 4 754 222 

022 Parachlorometa cresol 1009 0 4 756 223 

023 Chloroform (trichloromethane) 1009 7 13 743 221 
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Table 5-10 (Continued) 

Number of 
Pollutant Parameter Responses KTBP BTBP BTBA KTBA 

02'4 2-chlorophenol 1008 1 3 760 218 

025- 1,2-dichlorobenzene 1009 1 2 756 223 

026 1,3-dichlorobenzene 1009 0 2 758 223 

027'. 1,4-dichlorobenzene 1009 1 3 756 223 

028 3,3-dichlorobenzidine '1009 0 1 755 227 

029 1,1-dichloroethylene 1010 2 2 763 217 

030 1,2-trans-dichloroethylene 1010 1 2 760 221 

• 
031 2,4-dichlorophenol 1009 0 4 757 222 

032 1,2-dichloropropane 1010 1 1 756 226 

033 1,2-dichloropropylene 
(1,3-dichloropropene) 1010 0 .1 760 223 

034 2,4~dimethylphenol 1008 0 3 757 222 

035 2,4-dinitrotoluene 1008 0 1 759 222 

036 2,6-dinitrotoluene 1008 0 1 759 222 

037 1,2-diphenylhydrazine 1008 1 ·1 758 222 

038 Ethylbenzene 1010: •3 :5 758 fl8 

039 Fluoranthene 1006 0 2 758 221 

040 4-chlorophenyl phenyl ether 1007 0 2 755 225 

041 4-bromophenyl phenyl ether 1010 0 2 755 225 

042 Bis(2-chloroisopropyl) ether 1009 0 2 756 225 

043 Bis(2-chloroethoxy) methane 1010 0 4 755 225 

044: Methylene chloride 
(dichloromethane) 1015 38 49 695 206 

045 Methyl chloride (chloromethane) lOll 5 11 747 223 

046 Methyl bromide (bromomethane) 1012 2 1 759 224 
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Table 5-16 (Continued) 

Number of 
Pollutant Parameter Responses KTBP BTBP BTBA KTBA 

047 Bromoform (tribromomethane) 1014 0 2 759 227' 

048 Dichlorobromomethane 1014 1 2 758 227' 

050 Dichlorodifluoromethane 1014 4 15 748 2211 

051 Chlorodibromomethane 1014 1 1 759 227 
I 

052 Hexachlorobutadiene 1014 0 2 761 225 

053 Hexachlorocyclopentadiene 1012 0 1 760 2251 

054 Isophorone 1012 1 9 755 22J! 

055 Naphthalene 1015 2 14 748 225) 

056 Nitrobenzene 1015 0 9 755 225 

057 2-nitrophenol 1013 0 2 758 227 

058 4-nitrophenol 1013 0 2 758 227 
: 

059 2,4-dinitrophenol 1013 0 2 757 228 
i 
•. 

060 4,6-dinitro-o-cresol 1012 0 1 759 226 

061 N-nitrosodimethylamine 1012 0 1 762 224' 

062 N-nitrosodiphenylamine 1014 0 1 762 224 

063 N-nitrosodi-n-propylamine 1014 0 2 759 227 

064 Pentachlorophenol 1012 0 8 754 224~ 

065 Phenol 1020 71 40 677 206 
! 

066 Bis(2-ethylhexyl) phthalate 1014 2 4 760 222 

067 Butyl benzyl phthalate 1014 2 4 759 223 

068 Di-n-butyl phthalate 1014 2 4 758 223~ 

069 Di-n-cetyl phthalate 1013 1 4 758 224 

070 Diethyl phthalate 1012 2 2 759 223 
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Table 5-10 (Continued) 

Number of 
Pollutant Parameter Responses KTBP BTBP BTBA KTBA 

071 Dimethyl phthalate 1014 2 2 759 225 

072 1,2-benzanthracene 
(benzo(a)anthracene) 1014 1 2 759 226 

073 Benzo(a)pyrene 
(3,4-benzo-pyrene) 1014 0 2 757 229 

074 3,4-benzofluoranthe~e 
(benzo(b)fluoranthene) 1014 0 1 759 228 

075 11,12-benzofluoranthene 
(benzo(k)fluoranthene) 1014 0 1 759 228 

: 

076 Chrysene 1014 0 1 760 227 
! 

077 Acenaphthylene 1014 0 1 759 228 
I 

078 Anthracene 1012 0 2 756 227 

079 1,12-benzoperylene 
(benzo(ghi)-perylene) 1012 0 1 759 226 

080 Fluorene 1011 1 1 760 223 

081 Phenanthrene 1010 0 1 759 224 

082 1,2,5,6-dibenzanthracene 
(dibenzo(a,h)anthracene) 1009 1 1 755 225 

083 Indeno ( 1, 2, 3--cd) pyrene 
(2,3-o-phenylene pyrene) 1009 0 1 755 227 

084 Pyrene 1009 1 3 756 223 

085 Tetrachloroethylene 1008 8 19 740 215 

086 Toluene 1016 37 69 694 190 

087 Trichloroethylene lOll 27 71 683 204 

088 Vinyl chloride (chloroethylene) 1009 4 8 757 214 

089 Aldrin 1010 0 3 752 229 
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Table 5-10 (Continued) 

Number of 
Pollutant Parameter Responses KTBP BTBP BTBA KTBA 

090 Dieldrin 1008 0 2 753 227 

091 Chlordane (technical mixture 
and metabolites) 1008 0 2 756 224 

092 4,4-DDT 1008 0 2 749 231 

093 4,4-DDE (p,p-DDX) 1008 0 3 751 228 

094 4,4-DDD (p,p-TDE) 1008 0 3 755 224 

095 Alpha-endosulfan 1008 0 2 756 224 

096 Beta-endosulfan 1008 0 2 756 224 

097 Endosulfan sulfate 1008 0 2 758 222 

098 Endrin 1008 0 2 751 229 

099 Endrin aldehyde 1008 0 2 756 224 

100 Heptachlor 1008 0 3 754 225 

101 Heptachlor epoxide 
(BHC-hexachlorocyclohexane) 1008 0 2 755 225 

102 Alpha-BHC 1008 0 2 753 227 

103 Beta-BHC 1008 0 2 753 227 

104 Gamma-BHC 1008 0 2 750 230 

105 Delta-BHC 1009 0 4 750 229 

106 PCB-1242 (Aroclor 1242) 1010 6 10 731 237 

107 PCB-1254 (Aroclor 1254) 1009 3 6 736 238 

108 PCB-1221 (Aroclor 1221) 1009 1 4 744 234 

109 PCB-1232 (Aroclor 1232) 1009 2 4 745 232 

110 PCB-1248 (Aroclor 1248) 1008 2 5 741 234 

111 PCB-1260 (Aroclor 1260) 1006 3 6 733 238 

V-20 



TABLE 

Pollutant Parameter 

112 PCB-1016 (Aroclor 1016) 

113 Toxaphene 

114 Antimony 

115 Arsenic 

116 Asbestos 

117 Beryllium 

118 Cadmium 

119 Chromium 

120 Copper 

121 Cyanide 

122 Lead 

123 Mercury 

124 Nickel 

125 Selenium 

126 Silver 

127 Thallium 

128 Zinc 

129 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD) 

KTBP - Known to bE:! present 
BTB~ - Believed to be present 
KTBA - Known to bE:! absent 
BTBA - Believed to be absent 

5-10 (Continued) 

Number of 
Responses KTBP 

990 1 

990 0 

990 33 

996 39 

987 10 

986 33 

1012 272 

1048 633 

1038 577 

1032 457 

1017 280 

1002 88 

1039 531 

990 37 

1007 185 

990 25 

1032 520 

990 0 
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BTBP BTBA KTBA 

5 729 231 

3 737 226 

37 696 200 

18 689 226 

22 713 218 

37 685 208 

56 479 .. 179 

96 219 74 

105 248 82 

86 330 133 

84 477 150 

25 630 233 

110 276 98 

28 . 686 215 

54 562 182 

13 702 227 

74 304 112 

6 733 224 



 

 
TABLE 5-11  

 

SOURCE IDENTIFICATION FOR KTBP (KNOWN TO BE PRESENT) 

POLLUTANT PARAMETERS 

 

 

 

Pollutant Parameter 

KTBP 

Responses 

 

Sources of Pollutant Parameters 

 
003 Acrylonitrile 2  ABS components manufactured 

004 Benzene 9  Fuel component; solvent; raw 

material; contaminant in toluene; 

water supply 

005 Benzidine 1  Solvent and cleaner 

006 Carbon tetrachloride 3  Water supply 

007 Chlorobenzene 1  Spray booth wall coating 

010 1,2-Dichloroethane 2  Photoresist developer; water supply 

011 1,1,1-Trichloroethane 53  Degreaser; photoresist developer; 

cleaner; hand washing operations; 

plating; maintenance solvent; 

milling; water supply 

013 1,1-Dichloroethane 1  Plant lab facilities; cleaning 

014 1,1,2-Trichloroethane 5  Degreaser; cleaning; plant lab 

facilities 

016 Chloroethane 9  Raw material; degreaser; wash tanks; 

floor cleaner; solvent cleaning 

019 2-Chloroethyl vinyl 

      ether 

1  Water supply 

021 2,4,6-Trichlorophenol 1  Unknown (detected by sample analysis) 

023 Chloroform 7  Raw material; degreaser; nickel 

brightener constituent; water supply 

024 2-Chlorophenol 1  Water supply 

025 1,2-Dichlorobenzene 1  Gum solvent 

027 1,4-Dichlorobenzene 1  Unknown (detected by sample analysis) 

029 1,1-Dichloroethylene 2  Water supply 

030 1,2-trans-Dichloro- 

      ethylene 

1  Water supply 
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TABLE 5-11 (Continued) 

 

 

 

Pollutant Parameter 

KTBP 

Responses 

 

Sources of Pollutant Parameters 

 
032  1,2-Dichloropropane 1  Water supply 

037  1,2-Diphenylhydrazine 1  Coolant biocide 

038  Ethylbenzene 3  Fuel constituent 

044  Methylene chloride 38  Paint stripper; photoresist 

stripper; cleaner; plastic; 

injection molding and extrusion; 

etch resist stripper; solvent; 

painting; electroplating; rubber 

primer 

045  Methyl chloride 5  Raw material; cleaner; paint 

stripper 

046  Methyl bromide 2  Constituent of chrome plating bath 

048  Dichlorobromomethane 1  Water supply 

050  Dichlorodifluoromethane 4  Refrigerant; anodizing bath coolant; 

water supply 

051  Chlorodibromomethane 1  Water supply 

054  Isophorone 1  White paint 

055  Naphthalene 2  Painting 

065  Phenol 71  Lubricating oils; post metal fin-

ishing operations; paper and molding 

compounds; photoresist stripper 

coolant; creosote floor blocks; iron 

phosphatizing; etch resist stripper; 

adhesives; gasoline; paint stripper; 

painting; washers; hydraulic oils; 

wire insulation stripping; rinsing; 

plating; emulsion breaker; varnish; 

coolant biocide; spindle oil; DTE 

oil; spray paint; adhesives; 

electropainting; integrated circuit 

lab; paint; conformal coating; cast 

iron making (coke); paint gun 

cleaner; cleaners tin plating 

additive; phosphate esters; phenolic 

resins; water supply 
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TABLE 5-11 (Continued) 

 

 

Pollutant Parameter 

KTBP 

Responses 

 

Sources of Pollutant Parameters 

 
066  Bis (2-ethylhexyl) 

       phthalate 

2  Sealants; paints; adhesives; water 

supply 

067  Butylbenzyl phthalate 2  Sealants; paints; adhesives; water 

supply 

068  Di-n-butyl phthalate 2  Sealants; paints; adhesives; water 

supply 

069  Di-n-octyl phthalate 1  Sealants; paints; adhesives 

070  Diethyl phthalate 2  Sealants; paints; adhesives; water 

supply 

071  Dimethyl phthalate 2  Sealants; paints; adhesives; water 

supply 

072  1,2-Benzanthrancene 1  Water supply 

080  Fluorene 1  Unknown (detected by sample analysis) 

082  1,2,5,6-Dibenzanthracene 1  Unknown (detected by sample analysis) 

084  Pyrene 1  Unknown (detected by sample analysis) 

085  Tetrachloroethylene 8  Degreaser; photoresist stripper; 

ceramic tinning; electroplating; 

cleaner; solvent recovery; water 

supply 

086  Toluene 37  Painting; paint thinner; varnish 

thinner; paint booth cleanup; thin 

ner for printed circuit protective 

coating; cleaning solvent; adhesive; 

water supply 

087  Trichloroethylene 27  Degreaser; paint thinner; photo- 

resist developer; electroplating 

operations; lab solvent; machine 

solvent; electrical contact cleaner; 

welding tip cleaner; water supply 

088  Vinyl chloride 4  Plastic molding; sealers; adhesives; 

coating for manufactured parts; water 

supply 

106  PCB-1242 6  Lighting fixtures; power correction 

units; transformers; previous usage 

hydraulic fluid; water supply 
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TABLE 5-11 (Continued) 

 

 

 

Pollutant Parameter 

KTBP 

Responses 

 

Sources of Pollutant Parameters 

 
107  PCB-1254 3  Process capacitors; previous usage; 

water supply 

108  PCB-1221 1  Process capacitors; water supply 

109  PCB-1232 2  Lighting fixtures; power correction 

units; transformers; process 

capacitors; water supply 

110  PCB-1248 2  Lighting fixtures; power correction 

units; transformers; process 

capacitors; water supply 

111  PCB-1260 3  Process capacitors; previous usage; 

water supply 

112  PCB-1016 1  Water supply 

116  Asbestos compounds 10  Aluminum dip braze; pipe covering; 

brakeband operations; furnace seals; 

sealer compound; plaster molds; 

nickel electroplating bath filter; 

water supply 
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TABLE 5-12 
WASTE CHARACTERISTIC DISTRIBUTIOO 

.~ 
INORGANICS ORGANICS 

Precious Chromium 'lbxic T 

s 

Carmon Corrplexed ?ero 00 ~tals ~tals M:tals (Hexavalent) Cyanide Oils Organics Discharge 

1. Electroplating X X X X 
2. Electroless Plating X X X X 
3. Anodizing X X 
4. Conversion Coating X X X X 
5. Etching (Chern. Milling) X X X X 'U' .n. 
6. Cleaning X X X X X X X 7. Machining X X 8. Grinding X X 9. FOlishing X X X 10. 'l\Jmbling X X X X 11. Burnishing X X X X 

'f 12. Impact Deformation X X 
N 13. Pressure Deformation X X 0'1 

14. Shearing X X 15. Heat Treating· X X X 
16. Thennal Cutting X 
17. helding X 
18. Brazing X 
19. Soldering X X 
20. Flame Spraying X 
21. Sand Blasting X 
22. other Abr. Jet Machining X X 
23. Elec. Discharge Mach. X X 
24. Electrochemical Mach. X X X 25. Electron Beam Mach. 
26. Iaser Beam Mach. X 

27. Plasma Arc Mach. X 

X 28. Ultrasonic Machining 
X 



TABLE 5-12 Cont. 
WASTE CHARACTERISTIC DISTRIBilliON 

INORGANICS ORGANICS 

UNIT Common Precious Cornplexed Chromitnn Toxic Zero 
OPERATICN Metals Metals Metals (Hexavalent} Cvanide Oils Orqanics Discharqel 

~ 

29. Sintering X 

30. Laminating X 

31. Hot Dip Coating X 

32. Sputtering X 

33. Vapor Plating X 

34. Thermal Infustion X 

35. Salt Bath Descaling X X 

36. Solvent Degreasing X X X 

37. Paint Stripping X X X 
<: 38. Painting X X 
I 39. Electrostatic Painting X X X N 

-...] 40. Electroplating X X 

41. Vacutnn Metalizing X 
42. Assembly X X X 

43. calibration X 

44. Testing X 
45. Mechanical Plating X X 
46. Printed Circuit Board X X X 

Manufacturing 



TABLE 5-13 
CONSTITUENTS OF PLATING BATHS 

Electroplating Bath 

Brass & Bronze: 

Cadmium Cyanide: 

Cadmium Fluoborate: 

Copper Cyanide: 

Copper Fluoborate: 

Acid Copper Sulfate: 

Copper Pyrophosphate: 

Fluoride Modified 
Copper Cyanide: 

Chromium: 

Chromium with 
Fluoride Catalyst: 

Gold Cyanide: 
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Composition 

Copper cyanide 
Zinc cyanide 
Sodium cyanide 
Sodium carbonate 
Ammonia 
Rochelle salt 

Cadmium cyanide 
Cadmium oxide 
Sodium cyanide 
Sodium hydroxide 

Cadmium fluoborate 
Fluoboric acid 
Boric acid 
Ammonium fluoborate 
Licorice 

Copper cyanide 
Sodium cyanide 
Sodium carbonate 
Sodium hydroxide 
Rochelle salt 

Copper fluoborate 
Fluoboric acid 

Copper sulfate 
Sulfuric acid 

Copper pyrophosphate 
Potassium hydroxide 
Ammonia 

Copper cyanide 
Potassium cyanide 
Potassium fluoride 

Chromic acid 
Sulfuric acid 

Chromic acid 
Sulfate 
Fluoride 

Metallic gold 
Potassium cyanide 
Sodium phosphate 



TABLE 5-13 (Con't) 
CONSTITUENTS OF PLATING BATHS 

Electroplatir~ Bath 

Iron: 

Lead Fluoborate: 

Lead-Tin: 

Nickel (Watt:s): 

Nickel-Acid Fluoride: 

Black Nickel: 
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':'·;·~;:·: .. ·._, 

Composition 

Ferrous sulfate 
Ferrous chloride 
Ferrous fluoborate 
Calcium chloride 
Ammonium chloride 
Sodium chloride 
Boric acid 

Lead fluoborate 
Fluoboric acid 
Boric acid 
Gelatin or glue 
Hydroquinone 

Lead fluoborate 
Tin fluoborate 
Boric acid 
Fluoboric acid 
Glue 
Hydroquinone 

Nickel sulfate 
Nickel chloride 
Nickel fluoborate 
Boric acid 
Nickel sulfate 
Nickel chloride 
Nickel sulfamate 
Boric acid 
Phosphoric acid 
Phosphorous acid 
"Stress-reducing agents" 

Hydrofluoric acid 
Nickel carbonate 
Citric acid 
Sodium lauryl sulfate 

(wetting agent) 

Nickel ammonium sulfate 
Nickel sulfate 
Zinc sulfate 
Ammonium sulfate 
Sodium thiocyanate 



TABLE 5-13 (Con'~) 
CONSTITUENTS OF PLATING BATHS 

Electroplating Bath 

Silver: 

Acid Tin: 

Stannate Tin: 

Tin-Copper Alloy: 

Tin-Nickel Alloy: 

Tin-Zinc Alloy: 

Acid Zinc: 

Zinc Cyanide: 
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Composition. 

Silver cyanide 
.Potassium cyanide or 

... ~odi.~m 9yanide 
Potassium carbonate or 

Sodium carbonate 
Potassium hydroxide 
Potassium nitrate 
Carbon disulfide 

Tin fluoborate 
Fluoboric acid 
Boric acid 
Stannous sulfate 
Sulfuric acid 
Cresol sulfonic acid 
Beta naphthol 
Selatin 

Sodium stannate 
Sodium hydroxide 
Sodium acetate 
Hvcll::ogen pe:i:-oxide 

Copper cyanide 
Potassium stannate 
Potassium cyanide 
Potassium hydroxide 
Rochelle salt 

Stannous chloride 
Nickel chloride 
Ammonium fluoride 
Ammon :i urn b ifl uor :ide 
Sodium fluoride 
Hydrochloric acid 

Potassium stannate 
Zinc cyanide 
Potassium cyanide 
Potassium hydroxide 

Zinc sulfate 
Ammonium chloride 
Aluminum sulfate or 

Sodium acetate 
Glucose or 

Licorice 

Zinc oxide 
Sodium cyanide 
Sodium hydroxide 
Zinc cyanide 



ELECTROLESS PLATING 

Electroless plating (autocatalytic) is most often used on printed 
circuit boards, as a base plate for plating on plastics, and as 
a protective coating on metal parts. Copper and nickel are the 
metals most often plated autocatalytically, although iron, cobalt, 
gold, palladium, and arsenic can also be plated in this manner. 
The components of several electroless plating baths are listed in 
Table 5-14. ~?he principle components are the metal being deposited, 
a reducing agent such as sodium hypophosphite or formaldehyde, and 
various complexing (or chelating) agents such as Rochelle salt, 
EDTA, or sodium citrate. Bath constituents enter the waste stream 
by way of dragout or batch dumping of the process bath. 

Immersion plating, which is categorized with electroless plating, 
generates waste by basis material dissolution and process solution 
dragout. Table 5-15 lists the different immersion plating solu
tions as well as the base material upon which each can be deposited. 
Immersion plating baths are usually simple formulations of metal 
salts, alkalies and complexing agents. The complexing agents are 
typically cyanide or ammonia and are used to raise the deposition 
potential of the metal. Because of the displacement action in
volved in the immersion plating operation, more basis material ends 
up in the wast.e stream than the metal being deposited. Electroless 
plating wastewaters are contributed to the discrete process wastes 
by the following operations: 

Precious metals - Electroless gold, electroless silver, 
electroless palladium, immersion gold, 
immersion palladium, immersion platinum, 
immersion rhodium, immersion silver. 

Complexed metals - All electroless plating operations, all 
immersion plating operations. 

Cyanide - Electroless gold, electroless arsenic, electroless 
silver, immersion brass, immersion silver, immersion 
tin. 

ANODIZING 

The wastewaters generated by anodizing contain the basis material 
being anodized (aluminum or magnesium) as well as the constituents 
of the processing baths. Anodizing is done using solutions of 
either chromic or sulfuric acid. In addition, it is common to 
dye or color ~nodized coatings. A number of these dyes contain 
chromium (which will be found in wastewaters when the dyes are 
used) and other metals. Nickel acetate is widely used to seal 
anodic coatings and is therefore another potential pollutant 
associate_d with anodizing. Other complexes and metals originating 
from dyes, coloring solutions and sealers could possibly be found 
in anodizing wastewaters. 
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TABLE 5 .... 14 
CONSTITUENTS OF ELECTROLESS PLATING BATHS 

Process 

Electroless Nickel: 

Electroless Copper: 

Electroless Cobalt-Nickel: 

Electroless Gold: 

Electroless Gold over Cu, Ni, Kovar: 

v .... 32 

Composition 

Nickel chloride 
So~ium glycciliate 
Sodium hypophosphite 

or 

Ni6kel carbonate 
Hyclrofluoric acid 
Citric acid 
Amffionium acid fluoride 
Sodium hypophosphate 
Ammonium hydroxide 

Copper nitrate 
Sodium bicarbonate 
Rod:helle salt 
Sodium hydroxide 
Fot;'maldehyde 

or 

Copper sulfate 
Sodium carbonate 
Rochelle salt 

I Vet;sene-T 
Sodium hydroxide ,,, ' ,, ""' '" " 

Formaldehyc:]e 

Cobalt chloride 
Niqkel chloride 
Rochelle salt 
Amffionium chloride 
So~ium hypophosphite 

Potassium gold cyanide 
Ammonium chloride 
Sodium citrate 
Sodium hypophosphite 

Potassium gold cyanide 
Citric acid 
Monopotassium acid phthalate 
Tungstic acid 
Sod:ium hydroxide 
N,N diethylglycine (Na salt) 



TABLE 5-14 (CONTINUED) 

Process 

Electroless Iron: 

Electroless Palladium: 

Electroless Arsenic: 

Electroless Chromium (acidic): 

Electroless Chromium (alkaline): 

Electroless Cobalt: 

Electroless Silver: 
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Composition 

Ferrous sulfate 
Rochelle salt 
Sodium hypophosphite 

Tetramine palladium chloride 
Disodium EDTA 
Ammonium hydroxide 
Hydrazine 

Zinc sulfate 
Arsenic trioxide 
Sodium citrate 
Sodium cyanide 
Sodium hydroxide 
Ammonium hydroxide 
Sodium hypophosphite 

Chromic bromide 
Chromic chloride 
Potassium oxalate 
Sodium acetate 
Sodium hypophosphite 

Chromic bromide 
Chromic iodide 
Sodium oxalate 
Sodium citrate 
Sodium hypophosphite 

Cobalt chloride 
Sodium citrate 
Ammonium chloride 
Sodium hypophosphite 

Silver cy9-nide 
Sodium cyanide 
Sodium hydroxide 
Dimethylamine borane 
Thiourea 



TABLE 5-15 
CONSTITUENTS OF IMMERSION PLATING BATHS 

Process 

Immersion Plating -

Copper on Steel: 

Copper on Zinc: 

Gold on Copper Alloys: 

Gold on Iron & Steel: 

Lead on Copper Alloys 
and on Zinc: 

Lead on Steel: 

Nickel on Aluminum: 

Nickel on Copper 
Alloys: 

Nickel on Steel: 

Nickel on Zinc: 

Palladium on Copper 
Alloys: 

Platinum on Copper 
Alloys: 

Rhodium on Copper 
Alloys: 
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Composition 

Copper sulfate 
Su1lfuric acid 

CO:pper sulfate 
Ta.rtaric acid 
Ammonia 

Potassium gold cyanide 
Sodium cyanide 
Sodium carbonate 

Denatured alcohol 
Go,ld chloride 

Lead monoxide 
Sodium cyanide 
Sddium hydroxide 

Le.ad nitrate 
sddium cyanide 
Sodium hydroxide 

N:lckel sulfate 
Ammonium chloride 

N1ckel sulfate 
Nickel ammonium sulfate 
Sodium thiosulfate 

Nickel chloride 
Boric acid 

Nickel sulfate 
Sodium chloride 
Sqdium carbonate 

Palladium chloride 
Hydrochloric acid 
Ammonia (sealant) 

Platinum chloride 
Hydrochloric acid 

Rhodium chloride 
Hydrochloric acid 



.TABLE 5-15 (Continued) 

Process 

Immersion Plating -

Arsenic on Aluminum: 

Arsenic on Copper 
Alloys: 

Arsenic on Steel: 

Brass on Aluminum: 

Brass on Steel: 

Cadmium on Aluminum: 

Cadmium on Copper. 
Alloys: 

Cadmium on Steel: 

Copper on Aluminum: 

Ruthenium on Copper 
Alloys: 

Silver on Copper 
Alloys: 

Composition 

White aresenic 
Sodium carbonate 

White arsenic 
Ferric chloride 
Muriatic acid 

White arsenic 
Muriatic acid 

Zinc oxide 
Sodium hydroxide 
Copper cyanide 
Sodium cyanide 
Lead carbonate 

Stannous sulfate 
Copper sulfate 
Sulfuric acid. 

Cadmium sulfate 
Hydrofluoric acid. 

Cadmium oxide . 
Sodium cyanide 

Cadmium oxide 
Sodium. hydroxide 

Copper sulfate 
Ammonia 
Potassium cyanide 

Copper sulfate 
Hydrofluoric acid 

Copper sulfate 
Ethylene diamine 

Ruthenium chloride 
Hydrochloric acid 

Silver cyanide 
Sodium cyanide 

Silver nitrate 
Ammonia 
Sodium thiosulfate 



TABLE 5-15 (Continued) 

Process 

Immersion Plating -

Silver on Zinc: 

Tin on Aluminum: 

Tin on Copper Alloys: 

Tin on Steel: 

Tin on Zinc: 
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d,omposition 

Silver cyanide 
Potassium 

Sodium stannate 

Tin chloride 
Sodium cyanide 
Sodium hydroxide 

Stannous sulfate 
Sulfuric acid 
Cream of tartar 
Tin chloride 

Tin chloride 



Wastewaters are generated by the following anodizing operations: 

Common metals - Sulfuric acid anodizing, phosphoric acid 
anodizing, oxalic acid anodizing, dyeing, 
nickel acetate sealing. 

Cyanide - Ferrocyanide pigment impregnation 

Hexavalent chromium - Chromic acid anodizing, dichromate 
sealing~· 

COATING 

Several types of conversion poating operations such as phosphating, 
chromating, coloring, and passivating contribute pollutants to raw 
waste streams.. These pollutants may enter the waste stream through 
rinsing after coating operations and batch dumping of process baths. 
Coating process baths usually contain metal salts, acids, bases, 
and dissol'ved basis materials and various additives. 

The phosphates of zinc, iron, manganese, nickel, and calcium are 
most often Ul:led for phosphate coatings. Strontium and cadmium 
phosphates are used in some baths, and the elements aluminum, 
chromium, fluorine, boron, and silicon are also common bath 
constituents.--· Phosphoric acid is used as the solvent in 
phosphating solutions. 

Coloring can be done with a large variety of solutions. Several 
metals may bE! contributed to the waste stream by coloring opera
tions, among them copper, nickel, lead, iron, zinc and arsenic. 
Passivation can be done in a nitric acid solution (for stainless 
steel) or a caustic solution (for copper). In both cases, 
dissolved basis materials enter the wastewater. 

There are a number of conversion coating processes which utilize 
chromium-con1:aining solutions. These include chromating, black 
oxidizing and sealing rinses. Chromating baths are usually 
proprietary solutions which contain concentrated chromic acid 
and active organic or inorganic compounds (even cyanide in some 
instances). Both hexavalent and trivalent chromium will be 
found in chromate conversion coating baths and in the rinses 
associated with them. Black oxidizing is done in solutions 
containing dichromate while sealing rinses used extensively 
following phosphating are usually made up of very dilute chromic 
acid. Any of these conversion coating operations will also 
contribute small amounts of basis material to their respective 
wastewater streams. 

The wastewater contribution of-conversion coating operations is 
as follows: 

Common metals - Phosphating, nitric acid or caustic 
passivation, coloring. 
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ETCHING 

Precious metals - Chromating of silver 

Cyanide - Some chromating processes 

Hexavalent chromium- Chromating, dichromate passivation, 
chromic ac~d sealing of phosphate 
coatings. 

Wastewater is produced in this unit operation by etching, chemical 
milling, bright dipping and related operations. As demonstrated 
by the list of etching solutions in Table 5-16, the majority of 
etching solutions are acidic while sodium hydroxide is used quite 
frequently as a caustic etch on aluminum~ The constituents in 
the waste stream produced by etching openations are predominatly 
dissolved basis materials. Among the basis materials commonly 
etched are stainless steel, aluminum and copper.· In addition to 
these materials, metals such as zinc and cadmium may appear in 
the waste stream due to bright dipping on these metals. 

Certain etching baths contain concentrated chromic acid and are 
usually employed prior to plating steps.' Chromic acid etches 
are used extensively on plastics prior to electroless plating of 
copper or nickel. These etching solutions and their associated 
rinses can contain hexavalent and trivalent chromium, small 
amounts of organic compounds (when used for etching plastics) 
and metals which originate in the basis ~at~rial being etched. 
Chromic acid (in conjunction with other ~cids) is also used for 
the bright dipping of copper and copper ~lloys as well as zinc 
and cadmium plated parts. 

An increasing number of etching solutions. incorporate ammonia 
compounds. Ammonium hydroxide and ammonium chloride are the 
most common constituents of these baths.: The ammonia contributed 
by these compounds acts as a metal-complexing agent in solution. 
Dumps of these baths or discharge of rin~es following ammoniacal 
etches will therefore contain complexed wastes. These etchants 
are most widely used in the manufacture of printed circuit 
boards and their associated discharges can include complexed 
copper as well as various organic compounds (from the epoxy 
board and from etch r~sist formulations)J 

I 
Cyanides are not generally used as constftuents in etching 
baths. However, at least one bright dipping solution (for silver) 
does contain a mixture of sodium cyanide :and hydrogen peroxide. 
The use of this particular bath will yield wastewater containing 
the above-mentioned constituents ·as well as silver. 
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TABLE 5-16 
CONSTITUENTS OF PROCESS BATHS USED IN ETCHING 

Process 

Chemical Etching -

Chemical 
Milling -

Ferric chloride 
solns: 

Ammonium persulfate 
solns: 

Cupric chloride 
solns: 

Chromic-sulfuric 
acid solns: 

For various metals: 

For aluminum: 

Electrochemical Milling -

on steel, cobalt, 
copper, chromium: 

for tungsten & 
molybdenum alloys: 
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Composition 

Ferric chloride 
Hydrochloric acid 
Base material 

Ammonium persulfate 
Mercuric chloride 
Sulfuric acid 
Ammonium chloride 
Sodium chloride 
Copper 
Base material 

Cupric chloride 
Hydrochloric acid 
Sodium chloride 
Ammonium chloride 
Base material 

Chromic acid 
Sodium sulfate 
Sulfuric acid 
Copper 
Base material 

Nitric acid 
Chromic acid 
Hydrochloric acid 
Base metal 
Sodium hydroxide 

Sodium chloride 
Sodium nitrate 
Base metal 

Sodium hydroxide 
Sodium chloride 
Base metal 



TABLE 5-16 (Continued) 

Process Composition 

Bright Dip -

for Copper: 

for Aluminum: 

also for Nickel: 

for Zinc and 
Cadmium: 

for Silver: 
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Nitric acid 
Acetic acid 
Phosphoric acid 
Hydrochloric acid 

Phosphoric acid 
l'iitric acid 
Glacial acetic acid 

Phosphoric acid 
~ulfuric acid 
Nitric acid 
Phosphoric acid 
~itric acid 
~itanium chloride 

Chromium acid 
~ulfuric acid 

Sodium cyanide 
Hydrogen peroxide 



Etching operations contribute wastewater to the various waste 
types in the following mann~r: 

Common metals ~ Etching, bright dipping and chemical milling 
of common metals basis materials with 
solutions such as ferric chloride, cupric 
chloride, nitric acid, hydrochloric acid, 

. phosphic acid, sulfuric acid, hydrofluoric 
acid; stripping of common metal platings. 

Precious metals - Any etching or bright dipping of precious 
metals; stripping of preciou~ metal platings. 

Complexed metals 7 Etching with ammoniated' solutions such as 
ammonium hydroxide and ammonium chloride. 

Cyanide ~ Certain bright dipping operations; cyanide 
stripping operations o · · 

Hexavalent ~hromium - Etching, bright dipping, or chemical 
milling with solutions containing 
chromic acid; stripping with chromic 
acid or stripping of chromium platings. 

CLEANING 

Cleaning operqtions are used throughout the Meta~ Yinishing Category 
and provide the bulk of the wastewater generated by the industry. 
The purpose of cleaning is to remove the bulk of all of the soils 
(oils and dirt) prior to phosphating, electroplating, painting, 
pre and post penetrant inspection, burnishing and polishing, or 
after any other operation that produces an oil bearing part. 
Cleaning is ot:ten a necessary antecedent for several of the met'al 
finishing ope1~ations. This cleaning does not include solvent 
cleaning which in itself is a separate unit operation. 

Alkaline cleaning solutions usually contain one or more of the 
following cher~icals: sodium hydroxide, sodium carbonate, sodium 
metasilicate, sodium phosphate (di- or trisodium), sodium silicate, 
sodium tetraphosphate, and a wetting agent. The specific content 
of cleaners varies with the type of soil being removed. For 
example, compositions for cleaning steel are more alkaline and 
active than those for creaning brass, zinc die castings, and 
aluminum. Wastewaters from cleaning operations contain not only 
the chemicals found in the alkaline cleaners but also soaps from 
the saponification of greases left on the surface by polishing 
and buffing operations. Some oils and greases are not saponified 
but are, nevertheless, emulsified. The raw wastes from cleaning 
show up in rinse waters, spills and dumps of concentrated solutions. 
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The concentrations of dissolved basis met:als in rinses following 
alkaline cleaning are usually small rela~ive to acid dip rinses. 

i 

Organic chelating agents are utilized in ~orne alkaline cleaning 
solutions in order to help soften the wat~r. Hardness constituents 
such as calcium and magnesium salts are chelated as inert soluble 
complexes. This facilitates their removal from the surface of 
a part and prevents the formation of inso~uble scums (from 
calcium and magnesium soaps}. Therefore, some alkaline cleaning 
baths and their subsequent rinses contain complexed metals, 
phosphates in various forms and organic compounds including oils 
and greases. · 

Solutions for pickling or acid cleaning usually contain one or 
more of the following: hydrochloric acid: (most common}, sulfuric 
acid, nitric acid, chromic acid, fluobori~ acid, and phosphoric 
acid. The solution compositions· vary accprding to the nature of 
the basis metals and the type of tarnish or scale to be removed. 
These acid solutions accumulate appreciable amounts of metal as 
a result of dissolution of metal from workpieces or uncoated areas 
of plating racks that are recycled repeatedly through cleaning, 
acid treating, and electroplating baths. 

As a result, the baths usually have a rel~tively short life, and 
when they are dumped and replaced, large amounts of chemicals must 
be treated or reclaimed. These chemicals: also enter the waste 
stream by way of dragout from the acid so:lutions into rinse waters. 

The amount of waste contributed by acid cileaners and alkaline 
cleaners varies appreciably from one faci~ity to another depending 
on the substrate material, the ~ormulation of the solution used 
for cleaning or activating the material, the solution temperature, 
the cycle time, and other factors. The initial condition of the 
substrate material affects the amount of waste generated during 
treatment prior to finishing. A dense, s:cale-free copper alloy 
part can be easily prepared for finishini by using a mild hydro
chloric acid solution that dissolves little or no copper, whereas 
products with a heavy scale require stronger and hotter solutions 
and longer treating periods for ensuring :the complete removal of 
any oxide prior to finishing. 

Electrocleaners are basically heavy duty alkaline types that are 
employed with an electrical current. They are designed both for 
soil removal and metal·activation. A dil,ute mineral acid dip 
usually follows the final cleaners to neutralize the alkaline film 
on the metal surface. 

Emulsion cleaning removes soils from the 'surface of metals by 
the use of common organic solvents (e.g. kerosene, mineral oil, 
glycols, and benzene} dispersed in an aqu.eous medium with the 
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aid of an emulsifying agent. Parts which have been emulsion 
cleaned are not normally rinsed following the cleaning operation. 
Wastes come J:rom leaks and floor spilH3Tand can: contain removed 
soils plus any of the cleaner constituents listed above. 

Phosphates are used in some cleaners and function as water 
softeners, rinsing aids, soil suspending agents, and detergency 
boosters. Common cleaners include trisodium phosphate, sodium 
tripolyphosphate, tetrasodium and tetrapotassium pyrophosphates, 
and "glassy" phosphates such as sodium hexametaphosphate. 

Diphase cleaning involves two immiscible liquid phases. One phase 
consists of water plus water soluble wetting agents, and may also 
include inorganic salts and emulsified oil. The other phase 
usually is a layer of some suitable organic solvent or solvents. 

In general, cleaning baths and their associated rinses can 
contain oils, greases, grit, base metals, complexing agents,~ 
cyanides, acids, alkalies and miscellaneous additives. Cleaning 
operations contribute to the raw waste types in the 
following way: 

Common metals - Most acid and alkaline cleaning operations. 
Precious metals - Cleaning operations done on a precious 

metal basis material. 
Complexed metals - Cleaning operations done with heavily 

chelated alkaline cleaners. 
Hexavalent chromium - Cleaning done with chromated cleaners. 
Cyanide - Cleaning done with cyanide cleaners. 
Oily Waste -Cleaning of very oily parts. 
Toxic organics - Solvent wiplng, emulsion cleaning, vapor 

degreasing. 
MACHINING 

Machining operations performed in the Metal Finishing Category 
incorporate the use of natural and synthetic oils for cooling 
and lubrication. Spills and leakage onto floor areas may be 
washed away with water and contribute oil/water emulsions to 
wastewater streams. Chip removal techniques produce large amounts 
of metal solids and clinging oils. Chip storage areas may include 
oil recovery facilities if the production level warrants them. If 
properly contained, these oily wastes will not normally enter 
wastewater streams. ~ny wastewaters which are generated belong 
to the common metals and oily waste types. 

GRINDING 

Natural and synthetic oils are used in many grinding operations. 
Soluble oil ~mulsions and other fluids are used for cooling and 
lubrication, in a similar manner to that for machining. Some 
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of these fluids are highly chlorinated and sulfochlorinated water 
soluble oils that contain wetting agents and rust inhibitors. 
Grinding system sumps contain ground metalU.c dust (or swarf) 
which is an oily sludge requiring periodic removal. This sludge 
does not mix with wastewater; however, grinding area spills and 
leaks may be washed into wastewater streams~ They can contain 
any of the oily and additive constituents mentioned above. These 
wastes could contribute to the common metal~, oily waste and 
solvent waste types. 

POLISHING 

The wastes generated include polishing and buffing compounds, 
greases, metallic soaps, wafers, mineral oils, and dispersing 
agents. Greases with stearic acid addition; hydrogenated 
glycerides, and petroleum waxes are also used in these opera
tions. Abrasives and fine metal particles accumulate and must be 
periodically removed. Area cleaning and washdown can produce 
wastes that enter wastewater streams. They,would belong to the 
common metals and oily waste types. 

BARREL FINISHING 

Abrasives, cleaners, soaps, anti-rust agents, emulsified oils, 
and water are used in barrel finishing (tumbling) operations. 
Caustic and alkaline cleaners are also used~ Chemical solutions 
used in barrel finishing include maleic acid, tartaric acid, 
citric acid, sodium cyanide and sodium dichromate. Wastes from 
tumbling consist of dilute oils, process chemicals, fine clays, 
scale, and abrasive grit. Wastewater is generated by rinsing of 
parts following the finishing operation and 'by periodic dumping 
of process solutions. Contributions to the ~common metals, hexa
valent chromium, cyanide and oily waste types could be made by 
this operation, depending upon the chemical isolutions em .. ployed. 

!,,,,,.,, ''"' '""I' " '"''' '" ''"" 

BURNISHING 

Lubricants and soap solutions are used to cool tools used in 
burnishing operations. Because burnishing provides a smoother 
surface, light spindle oil or rich soluble oil is usually used. 
Wastes may come from spills, leaks, process solution dumps and 
post-finish rinsing. The wastes could contribute to the common 
metals, precious metals and oily waste types depending upon the 
basis material finished. In addition, sodium cyanide (NaCN} may 
be used as a wetting agent and rust inhibitor (for steel}, contri
buting to cyanide wastes from this operation. 

IMPACT DEFORMATION, PRESSURE DEFORMATION, AND SHEARING 

Natural and synthetic oils, light greases, and pigmented lubricants 
I 
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are used in deformation and shearing operations. Pigmented 
lubricants include: whiting, lithapone, mica, zinc oxide, 
molybdenum disulfide, bentonite, flour, graphite, white lead, and 
soap-like materials. The presses commonly used for these opera
tions incorporate hydraulic lines and incur fluid leakage that 
contributes oily waste. Spills and leaks in work areas may be 
cleaned with water and combined with other wastewater streams. 

Wastes from these operations would belong to thecommon metals 
and oily waste types. 

HEAT TREATING 

Quenching oils are of three general types: Conventional, fast, 
and water/oil emulsions (10-90% oil). A conventional oil con
tains no additives that will alter cooling characteristics. 
Fast quenching oils are blends which may contain specially de
veloped proprietary additives such as nickel-zinc dithiophosphate. 
The wastes generated will contain the solution constituents as 
well as various scales, oxides and oils. Wastewater is generated 
through rinses, bath discharges (including batch dumps), spills 
and leaks. Included among the solutions used are: 

Brine solutions (used in quenching) which can contribute 
sodium chloride, calcium chloride, sodium hydroxide, 
sodium carbonate, hydrochloric acid and sulfuric acid to 
waste streams. 

Water and water-based solutions (for quenching and rinsing) 
which may contain dissolved salts, soaps, alcohols, oils, 
emulsifiers, slimes and algae. 

Cyaniding (liquid carburizing and carbonitriding) solutions 
for hea·t treating containing sodium cyanide, inert salts 
(sodium carbonate and sodium chloride), detergents, rust 
preventatives, carbon, alkali carbonate, nitrogen, carbon 
monoxid«~, carbon dioxide, cyanide, cyanate and oils (from 
subsequent quenching). 

High temperature baths containing sodium cyanide, potassium. 
chloride, sodium chloride, sodium carbonate, calcium and 
strontium chlorides, manganese dioxide, boron oxide, sodium 
fluoride and silicon carbide. 

Unalloyed molten lead used for heat treating steel. 

Most heat treating operations contribute wastewater to the common 
metals or oily wastes subcategory. Cyaniding operations contri~ 
bute wastewaters to the cyanide waste type and the oily waste 
type. 
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THERMAL CUTTING 

Water may be used for rinsing or cooling of parts and equip
ment following this operation. Wastewate~s produced would 
contribute to the common metals and oily ~aste types. 

WELDING, BRAZING, SOLDERING, FLAME SPRAYING 

These operations are normally not wastewater producers. 
However, each of them can be followed by quenching, cooling 
or annealing in a solution of water or em~lsified oils. 
When this is done, wastes produced can belong to the common 
metals waste type. 

OTHER ABRASIVE JET MACHINING 

Abrasive slurries in alkaline or emulsified oil solutions 
and abrasives in air, nitrogen, or CO are used. Aluminum 
oxide, silicon carbide, dolomite, cal3ium magnesium carbonate, 
sodium bicarbonate and glass beads are common abrasives used in 
this operation. Wastewater can be produced through solution 
dumps, spills, leaks or washdowns of work areas and contributes 
to the common metals and oily waste ~ypes. 

ELECTRICAL DISCHARGE MACHINING 

Dielectric fluids are used in this operat;ion. Common fluids 
include: hydrocarbon-petroleum oils, kerbsene, silicone 
oils, deionized water, polar 1 iquids, and~ aqueous ethylene 
glycol solutions. Rinsing of machined pa~ts and work area 
cleanups can generate wastewaters which also contain base 
materials. These wastewaters contribute 'to the common 
metals and oily waste types. 

1 

ELECTROCHEMICAL MACHINING 

In addition to standard chemical formulat'fons I irlOrganic and 
organic solvents are sometimes used as el,ectrolytes for 
electrochemical machining. Solvents used. include water, 
ammonia, hydrocyanic acid, sulfur dioxide, acetone, benzene, 
ethanol, diethyl ether, methanol and pyri:dine. Any of the 
constituents listed as well as the basis material being 
machined can enter waste streams via rinse discharges, bath 
dumps and floor spills. Generated wastes can belong to the 
common metals, cyanide, and solvent waste. types depending 
upon the solvent used. 
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LAMINATING 

Water is not often used by this operation. However, occasional 
rinsing or cooling may occur in conjunction with laminating. The 
waste generated could contribute to the common metals and oily 
waste types. 

HOT DIP COATING 

Hot dipping involves the immersion of metal parts in molten 
metal. The molten metal coats the part and an alloy is formed at 
the interface of the two metals. Water is used for rinses fol
lowing precleaning and sometimes for quenching after coating. 
Aluminum, zinc, lead and tin are the metals most commonly used. 
Hot zinc coating (galvanizing) is probably used more extensively 
than any others. Galvanizing (as well as the other coatings) is 
done mainly f9r corrosion protection~ in a few instances, hot dip 
coatings are also used for decorative purposes. Most hot dip 
coatings require fluxing. In galvanizing, a zinc ammonium 
chloride flux is normally used prior to the actual coating step. 
These wastewa·ters can contribute to the common metals waste type. 

SALT BATH DESCALING 

These baths contain molten salts, caustic soda, sodium hydride 
and chemical additives. They are designed to remove rust, scale 
and resolidified glass. These contaminants (and a small amount 
of base material and oils) enter wastewater streams through 
rinsing, spills, leaks, batch dumps of process solutions and 
improper handling of sludge produced by the process. Wastewaters 
produced by salt bath descaling contribute to the common metals 
and oily waste types. 

SOLVENT DEGREASING 

Solvent degreasing uses organic solvents such as aliphatic 
petroleums (eg-kerosene, naptha), aromatics (eg-benzene, toluene), 
oxygenated hydrocarbons (eg-ketones, alcohol, ether), halogenated 
hydrocarbons (l,lul-trichloroethane, trichloroethylene, methylene 
chloride), and combinations of these classes of solvents. The 
degreasing equipment, sumps, and stills contain spent solvents 
and sludges along with removed oils, greases, and metallic par
ticles. These pollutants can enter wastewater streams and con
tribute to the toxic organic waste type. 
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PAINT STRIPPING 

The stripping of paint films from rejected'parts, hooks, hangers, 
masks, and other conveyor equipment is included in this opera
tion. All the stripping wastes can contairi any of the constitu
ents of the paint being removed, as well as a small amount of the 
basis material beneath the paint and the constituents of the 
stripping solution. Stripping solutions may contain caustic 
soda, wetting agents, detergents, emulsifiers, foam soaps, 
alcohol, amines, ammonia or solvents. Solyents used include 
chlorinated solvents (such as methylene ch~9ride) and highly 
polar solvents (such as acetone, methyl ethyl ketone, benzene and 
toluene). Other solvents employed in paint'stripping operations 
include carbon tetrachloride, trichloroethylene, and orthodi
chlorobenzene. Wastes are primarily generated by rinsing and can 
also contain small amounts of emulsified oils. Spills, leaks, 
and solution dumps can also contribute to wastewater streams. 
Wastes produced belong to the common metals and oily waste 
types. 

PAINTING, ELECTROPAINTING, ELECTROSTATIC PAINTING 

The sources of wastewater associated with industrial painting 
processes include scrubbing water dumps, discharge of ultrafilter 
permeate and discharge of rinse waters. Scrubbing (water cur
tain) discharges vary widely in frequency bf occurrence, from 
once a week up to once every six to twelve months. A dump 
schedule of once a month is not unusual for painters using water 
curtains. These wastewater dumps may contain any of the common 
paint ingredients (which often involve common metals) such as 
solvents, pigments, resins and other additives. Dumps are 
usually necessitated by buildups in the water of dissolved salts, 
odor-causing anaerobic bacteria, and suspended solids that clog 
the water curtain nozzles. 

Ultrafiltration is used in connection with el~ctropainting to 
concentrate paint solids. The permeate contains pollutants from 
the spent bath. However, the ultrafilter permeate is commonly 
used as a water source for rinses immediat~ly following the 
electrodeposition process, and the ultrafilter concentrate is 
returned to the painting bat.h. A final deionized water rinse is 
used in electrodeposition painting, and the rinse water is 
eventually discharged to a waste stream. 'this wastewater will 
contain pollutants present in the paint bath. 
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In the dip coating process, wastewaters containing paint pig
ments and solvents are generated by selective spray rinsing 
following the paint bath. Electrodeposition rinses generate 
wastewaters and are described above. Rinses following auto
deposition are normally discharged to ""waste streams and commonly 
contain chromium in addition to paint constituents. Wastewaters 
from these unit operations can contribute to the common metals, 
hexavalent chromium and solvent waste types. 

TESTING 

Fuels, lubricating oils, and hydraulic fluids are commonly used 
ih non-destructive performance testing for many products such as 
engines, valves, controls, and pressure vessels. Oily penetrants 
are used in dye-penetrant inspection and testing operations. 
Common penetrants include water, kerosene, ethylene glycol, 
neutral oil, SAE lOW or SAE ~ow oils, water-wai6able penetrants, 
color-contrast penetrants, and emulsifie~s. Leak testing, final 
washing (automobiles, etc.) and test area washdowns enter waste 
streams and 1nay contain oils and fluids used at testing stations 
as well as hc~avy metal contamination derived from the component 
being tested. These wastewaters contribute to the common metals 
and oily waste types. 

MECHANICAL PLATING 

Cadmium, zinc, and tin, ~singly or in combination, may be applied 
by mechanical plating. The parts are first precleaned by any of 
the conventional method~ such as solvent degreasing or alkaline 
washing. They are then ~lated in a rotating, rubber lined barrel 
containing an acid solu~!on, inert impact media, and the metal to 
be plated in powder fori~ The plated parts are rinsed and some
times go through a chromating step before drying. Thus, the 
plating solution and rinse water contain common metals, while 
rinse water from the chrQmating step contains mainly hexavalent 
chromium. 

PRINTED CIRCUIT BOARD MANUFACTURING 

Wastewater i:s produced ilj. the manufacturing of printed circuit 
boards from the following,processes: 

1. Surface preparation - The rinses following scrubbing. 
alk.aline cleaning~'~ acid cleaning. etchback. catalyst 
application and .:(ctivation. 

2. Electroless platin:<J - Rinses following the electroless 
plating step. 

3. Pattern plating - Rinse following acid cle~ning. alkaline 
cleaning. copper pl~ting. and solder plating. 

4. Etching - Rinses following etching and solder brightening. 
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5. Tab plating - Rinses following solder stripping. 
scrubbing. acid cleaning. and nickel. gold. or other 
plating operations. · 

6. Immersion plating - Rinses follow~ng acid cleaning and 
immersion tin plating. 

Additionally. water may be used for subsidiary purposes such as 
rinsing away spills. air scrubbing water. equipment washing. and 
dumping spent process solutions. · 

The principal constituents of the waste streams from the printed 
board industry are suspended solids. copper. fluorides. 
phosphorus. tin. palladium. and chelating agents. Low pH values 
are characteristic of the wastes because of the acid cleaning and 
surface pretreatment necessary. The suspended solids are 
comprised primarily of metals from plating and etching oprations 
and dirt which is removed during the cleaning processes prior to 
plating. The large amount of copper present in the waste stream 
comes from the electroless copper plating as well as copper 
electroplating and etching operations. Fluorides are primarily 
the result of cleaning and surface treatment processes utilizing 
hydrofluoric and fluorboric acids. Phosphorus results from the 
large amount of cleaning that is performed ,on the boards. Tin 
results from operations involving catalyst application and solder 
electroplating. and palladium is a waste constituent from catalyst 
application. The chelating agents present are primarily from the 
electroless plating operations. although others may have been 
added by the cleaning. immersion plating. and gold plating 
operations. 

CHARACTERISTICS OF WASTE TYPE STREAMS 

The waste effluent schematic in Figure 5-2 iis applicable to raw 
waste streams generated by operations within the Metal Finishing 
Category. In this scheme. oily waste. hexavalent chromium waste. 
cyanide waste. and precious metals waste ate treated prior to 
combining with other plant wastewaters (i.e .• common metals waste) 
for end-of-pipe treatment. Complexed metals waste are segregated 
and treated separate!~ and toxic organics waste are hauled or 
reclaimed. In some cases a waste stream will contain pollutants 
belonging to more than one waste type. When this occurs. it is 
expected that the waste stream will receive the appropriate 
specialized treatment prior to joining other streams and receiving 
treatment for metals removal. For example. a waste stream from a 
copper cyanide electroplating operation must receive treatment for 
cyanide destruction before passing on to metals removal. 
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Oil-bearing streams containing common metals 1 must pass through oil 
removal before going to metals removal. Selection of pollutant 
parameters for regulation is covered in Section VI. Specific 
details of appropriate waste treatment techniques are discussed in 
Section VI I. ~ · 

In order to characterize the waste streams for each waste type. 
raw waste data were gathered from the sampling visits. Discrete 
samples of raw wastes were taken for each waste type and analysis 
was done as explained previously in this sedtion. 

The minimum detectable limits for the priori'ty pollutants. the 
conventional pollutants TSS and Oil and Grease. and selected 

• • I . , . . " , 
non-convent1.onal pollutants as publl.shed by ;EPA in March 1979 and 
December 1979 are presented in Table 5-17. 

Individual laboratories can vary in their d~tection limits for 
various parameters and can often achieve lower detection limits 
than the ones presented in Table 5-17. Laboratories under 
contract to EPA for pollutant analysis for this program reported 
detection limits that were generally at or below the minimum 
detectable limits. The results of the analitses from sample visits 
are presented in this section. -

The raw waste characteristics of the total plant raw waste 
discharged to end-of-pipe treatment and the individual waste types 
- common metals. precious metals. complexed metals. cyanide. 
hexavalent chromium. oily. and toxic organics wastes - are 
discussed in this section. and the sample visit data are 
presented. The data tables include the fo~lowing terms: 

0 

0 

0 

0 

0 

0 

Minimum concentrations found in the analysis of each 
appropriate waste stream. 
Maximum concentrations found in the analysis of each 
appropriate waste stream. 
Mean concentrations calculated from the results of the 
analysis of each appropriate waste stream. 
Median concentrations selected by ranking appropriate 
waste stream concentration values. * of pts represents the number of streams used in the 
preceding computations. * of zeros is the number of times that a parameter was 
not detected. Zeros were used in the generation of 
statistics for the minimum. mean. ~edian. and flow 
proportioned average concentrations. 
Flow Proportioned Mean Concentrations obtained by 
multiplying concentration times flow rate for each plant. 
summing these products. and dividing by the sum of the 
flow rates. · 
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1. 
2. 
3 • 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 

TABLE 5-17 

MINIMUM DETECTABLE LIMITS* 

MINIMUM 
DETECTABLE 

PARAMETER~------------------------------------~L~I=M=I~T~m=q~l~~~. 

Acenaphthene 
Acrolein. 
Acrylonitrile 
Benzene 
Benzidine 
Carbon Tetrachloride (Tetrachloromethane)· 
Chlorobenzene 
1,2,4-Trichlorobenzene 
Hexachlorobenzene 
1,2-Dichlorethane 
1,1,1-Trichloroethane 
Hexachloroethane 
1,1-Dichloroethane 
1,1,2-T.richloroethane 
1,1,2,2-Tetrachloroethane 
Chloroethane 
Bis(2-chloroethyl)ether 
2-Chloroethyl Vinyl Ether (Mixed) 
2-Chloronaphthalene 
2,4,6-T.richlorophenol 
p-Chloro-m-cresol 
Chloroform (TrichloLomethane) 
2-Chlorophenol 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3,3•-Dichlorobenzidine 
1,1-Dichloroethylene 
1,2-trans-Dichloroethylene 
2,4-Dichlorophenol 
1,2-Dichloropropane 
1,3-Dichloropropylene(1,3-Dichloropropene) 
2, 4-DimE~t:hyl Phenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
1,2-Diphenylhydrazine 

0.01 
0.1 
0.1 
0.005 
0.04 
0.005 
0.005 
0.01 
0.01 
0.001 
0.005 
0.01 
0.005 
0.005 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.005 
0.01 
0.01 
0.01 
0.01 
0.02 
0.005 
0.005 
0.01 
0.01 
0.005 
0.01 
0.02 
0.02 
0.02 

* Referen<:es: USEPA Environmental Monitoring and Support 
Laboratory. Methods for Chemical Analysis of Water and Wastes. 
March 1979: and USEPA Guidelines Establishing Test Procedures 
for the Analysis of Pollutants, Proposed Regulations. Federal 
ReqisteJ: Vol. 44, No. 233. Monday, December 3, 1979. 
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38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 

Tl\BLE 5-17 (Continued) 

MINIMUM DETECTABLE LIMITS* 

PARAMETER 

Ethyl benzene 
Fluoranthene 
4-Chlorophenyl Phenyl Ether 
4-Bromophenyl Phenyl Ether 
Bis(2-chloroisopropyl)ether 
Bis(2-chloroethoxy)methane 
Methylene Chloride(Dichloromethane) 
Methyl Chloride(Chloromethane) 
Methyl Bromide (Bromomethane) 
Bromoform (Tribromomethane) 
Dichlorobromomethane 
Chlorodibromomethane 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Isophorone 
Naphthalene 
Nitrobenzene 
2-Nitrophenol 
4-Nitrophenol 
2,4-Dinitrophenol 
4,6-Dinitro-o-cresol 
N-Nitrosodimethylamine 
N-Nitrosodiphenylamine 
N-Nitrosodi-n-propylamine 
Pentachlorophenol 
Phenol 
Bis(2-ethylhexyl) Phthalate 
Butyl Benzyl Phthalate 
Di-n-butyl Phthalate 
Di-n-octyl Phthalate 
Diethyl Phthalate 
Dimethyl Phthalate 
1,2-Benzanthracene [Benzo(a)anthracene] 
Benzo(a)Pyrene {3,4-Benzopyrene) 

I 

MINlMUM 
DETECTABLE 
LIMIT mq/R. 

0.005 
0.01 
0.01 
0.01 
0.02 
0.02 
0.005 
0.01 
0.01 
0.01 
0.005 
0.005 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.05 
0.05 
0.02 
0.01 
0.01 
o:oi ··· 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 

* References: USEPA Environmental Monitoring and Support 
Laboratory. Methods for Chemical Analysis of Water and Was·tes. 
March 1979: and USEPA Guidelines Establishing Test Procedures 
for the Analysis of Pollutants, Proposed Regulations. Federal 
Register Vol. 44, No. 233. Monday, December 3, 1979. 

V-54 



74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 

100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 

TABLE 5-17 (Continued) 

MINIMUM DETECTABLE LIMITS* 

PARAME~ri~R 

3,4-Benzofluoranthene [Benzo(b)fluoranthene] 
11,12-Benzofluoranthene [Benzo(k)fluoranthene] 
Chrysene 
Acenaphthylene 
Anthrac::ene 
1,12-Benzoperylene [Benzo(ghi}perylene] 
Fluorene 
Phenanthrene 
1,2,5,6-Dibenzathracene [Dibenzo(a,h}anthracene] 
Indeno(1,2,3-cd)pyrene (2,3-0-Phenylenepyrene) 
Pyrene 
Tetrachloroethylene 
Toluene~ 
Trichloroethylene 
Vinyl Chloride (Chloroethylene) 
Aldrin 
Dieldrin 
Chlordane (Technical Mixture and Metabolites) 
4, 4 • -DD'r 
4,4'-DDE(P,P'-DDX) 
4,4'-DDD(P,P'-TDE) 
Alpha-Endosulfan 
Beta-Endosulfan 
Endosulfan Sulfate 
Endrin 
Endrin Aldehyde 
Heptachlor 
Heptachlor Epoxide(BHC-Hexachlorocyclohexane) 
Alpha-lBHC 
Beta-BHC 
Gamma-lBHC(Lindane) 
Delta-lBHC (PCB-Polychlorinated Biphenyls) 
PCB-1242 (Aroclor 1242) 
PCB-1254 (Aroclor 1254} 
PCB-1221 (Aroclor 1221) 
PCB-1232 (Aroclor 1232) 
PCB-1248 (Aroclor 1248) 

MINIMUM 
DETECTABLE 
LIMIT mg/!l. 

0.02 
0.02 
0.02 
0.01 
0.01 
0.02 
0.01 
0.01 
0.02 
0.02 
0.01 
0.005 
0.005 
0.005 
0.01 
0.005 }Jg/!l. 
0.005 }Jg/!l. 
0.05 }Jg/!l. 
0.01 }Jg/!l. 
0.005 }Jg/!l. 
0.01 }Jg/!l. 
0.005 }Jg/!l. 
0.005 pg/ll. 
0.01 }Jg/!l. 
0.005 }Jg/!l. 
0.01 pg/ll. 
0.005 }Jg/!l. 
0.005 }Jg/!l. 
0.005 pg/!l. 
0.005 }Jg/!l. 
0.005 }Jg/!l. 
0.005 }Jg/!l. 
0.05 }Jg/!l.. 
0.10 }Jg/!l. 
0.10 }Jg/!l. 
0.10 }Jg/!l. 
0.10 }Jg/!l. 

* References: USEPA Environmental Monitoring and Support 
Laboratory. Methods for Chemical Analysis of Water and Wastes. 
March 1979; and USEPA Guidelines Establishing Test Procedures 
for the Analysis of Pollutants, Proposed Regulations. Federal 
Register Vol. 44, No. 233. Monday, December 3, 1979. 
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111. 
112. 
113. 
114. 
115. 
116. 
117. 
118. 
119. 
120. 
121. 
122. 
123. 
124. 
125. 
126. 
127. 
128. 
129. 

PARAMETER 

TABLE 5-17 (Contin~ed) 

MINIMUM DETECTABLE LI:MITS* 

PCB-1260 (Aroclor 1260) 
PCB-1016 (Aroclor 1016) 
Toxaphene 
Antimony 
Arsenic 
Asbestos 
Beryllium 
Cadmium 
Chromium 
Copper 
Cyanide 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc . 
2,3,7,8-Tetrachlorodibenzo-p-dioxin(TCDD) 
Iron · 
Gold 
Iridium 
Osmium 
Palladium 
Platinum 
Rhodium 
Ruthenium 
Tin 
Hexavalent Chromium 
Phosphorus (total) 
Fluoride 
Cyanide Amenable to Chlorination 
Total Phenols 
TSS 
Oil and Grease 

MINIMUM 
DETECTABLE 
LIMIT mq/1 

0.20 pg/1 
0.05 pg/1 
0.05 pg/1 
0.2 
0.002 

0.005 
6.065 
0.05 
0.02 
0.02-0.005 
0.1 
0.0002 
0.04 
0.002 
0.01 
o:I 
0.005 
0.005 pg/1 
0.03 
0.1 
3.0 
0.3 
0.1 
0.2 
0.05 
0.2 
0.8 
0.001 
0.01 
0.1 
0.005 
0.005 

10.0 
5.0 to 0.2 

* References: USEPA Environmental Monitoring and Support 
Laboratory. Methods for Chemical Analysis of Water and Wastes. 
March 1979; and USEPA Guidelines Est~blishing Test Procedures 
for the Analysis of Pollutants, Proposed Regulations. Federal 
Register Vol. 44, No. 233. Monday, December 3, 1979. 
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TOTAL PLANT l~W WASTE DISCHARGED TO END-OF-PIPE TREATMENT 

Analysis of data the from sampled plants representing the raw 
waste stream discharged prior to end-of-pipe treatment is pre
sented in Table 5-18. The major constituents of metal finishing 
raw waste discharged to end-of-pipe treatment are toxic metals 
contributed pJ:imarily from the common metals waste stream and the 
chromium waste stream after reduction. Cyanide, precious metals, 
and oil and 91:ease appear as minor constituents in the raw waste 
to end-of-piJ?e treatment because (as shown in Figure 5-2) these 
streams, likE~ chromium, are combined with the common metals waste 
after segregated treatment. The concentrations of these 
constituents in the individual raw ·waste streams prior to initial 
treatment, however, are significant. 
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TABLE 5-18 

POLLUTANTS FOUND IN TOTAL PLANT RAW WASTE 
DISCHARGED TO END-OF-·PIPE TREATMENT 

PARAMETER 

114. Antimony 

115. Arsenic 

117. Beryllium 

118. Cadmium 

119. Chromium 

120. 

121. 

Chromium. Hexavalent 

Copper 

Cyanide 

122. 

123. 

124. 

125. 

126. 

127. 

128. 

Cyanide. Amenable to Chlorination 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Thallium 

Zinc 

Oil and Grease 

Total Suspended Solids 
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Flow Proportioned 
Mean Concentration 

0.009 

0.008 

0.001 

0.283 

27.46 

0.931 

12.63 

1. 856 

1.168 

0.331 

0.001 

15.47 

0.001 

0.023 

0.009 

12.47 

391.60 

539.09 



COMMON METALS WASTE TYPE 

Table 5-19 shows the concentrations of metals in common metals raw 
waste streams from sampled plants. ~rhe major constituents in 
common metals waste are parameters which originate in process 
solutions such as from plating or galvanizing and enter the 
wastewater by dragout to rinses. These include cadmium. chromium. 
copper. cyanide. lead. nickel. zinc. and tin. and these pollutants 
appear in common metals waste streams in widely varying 
concentrations:. 

PRECIOUS METAL~S WASTE TYPE 

Table 5-20 shows the concentrations of silver. gold. palladium. 
and rhodium found in precious metals raw waste streams. All of 
the precious metals shown are used in Metal Finishing Category 
operations. The major constituents are silver and gold. which are 
much more commonly used than palladium and rhodium. Because of 
their high cost. metal finishers generally attempt to recover 
these metals from wastewaters. 

COMPLEXED ME'l'l\.LS WASTE TYPE 

The concentrations of toxic metals found in complexed metals raw 
waste streams are presented in Table 5-21. Complexed metals may 
occur in a number of unit operations but come primarily from 
electroless and immersion plating·. 'rhe most commonly used metals 
in these operations are copper. nickel and tin. Wastewaters 
containing cornplexing agents must be segregated and treated 
independently of other wastes in order to prevent further 
complexing of free metals in the other streams. 

CYANIDE WASTE TYPE 

The cyanide concentrations found in cyanide raw waste streams are 
shown in Table~ 5-22. Streams with high cyanide concentrations 
normally originate in electroplating and heat treating processes. 
Other unit operations can also contribute cyanide wastes. 
Cyanide-bearing waste streams should be segregated and treated 
before being c~ombined wi tb other raw waste streams. 

HEXAVALENT CHHOMIUM WASTE TYPE 

Concentrations of hexavalent chromium from metal finishing raw 
wastes are shown in Table 5-23. Hexavalent chromium enters 
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TABLE 5-19 
POLLUTANT CONCENTRATIONS FOUND IN THE 

COMMON METALS RAW WASTE STREAM 
(Average Daily Values (mg/liter) 

Toxic Pollutant Minimum Maximum Mean Median 
Flow Proportioned 

# Zeros # Points Mean Concentration 

114 Antimony 0.0 0.430 0.007 0.0 84 106 .0007 115 Arsenic 0.0 0.064 0.005 0.0 75 105 0.015 117 Beryllium 0.0 0.044 0.008 0.005 4 27 0.016 118 Cadmium 0.0 21.5 0.613 0.001 48 119 0.070 119 Chromium 0.0 35.4 2.10 0.105 16 116 1.39 120 Copper 0.0 500. 14.2 0.175 3 119 1.84 121 Cyanide n n 2370. 42.1 0.016 29 99 0.834 v.v 
122 Lead 0.0 42.3 1.25 0.053 35 122 0.738 123 Mercury 0.0 0.400 0.005 0.0 67 109 0.001 124 Nickel 0.0 415. 19.4 0.078 20 111 4.16 
125 Selenium 0.0 0.060 0.007 0.005 5 26 0.003 126 Silver 0.0 0.080 0.006 0.0 59 103 0.001 127 Thallium 0.0 0.062 0.008 0.003 5 26 0.003 

'f 
128 Zinc 0.0 16,500. 312. 0.393 1 122 41.3 Aluminum 0.0 200. 27.4 1.27 2 16 85.6 0'1 

Barium 0.0 0.017 0.032 0.029 1 4 0.031 0 

Boron 1.67 4.0 31.4 3.76 0 3 3.13 
Calcium 25.0 76.2 .5L.4 52.2 0 4 58.5 Cobalt 0.0 0.023 0.007 0.0 4 7 0.010 
Fluorides 0.0 36.1 4.31 0.876 9 99 6.15 
Iron 0.0 13,100. 500. 2.44 1 102 84.7 Magnesium 5.6 31.1 16.1 13.8 0 4 17.4 
Manganese 0.059 0.500 0.233 0.085 0 7 0.337 
Molybdenum 0.0 0.300 0.102 0.018 1 6 0.109 Phosphorus 0.0 76.7 7.72 3.06 1 98 8.00 Sodium 16.7 310. 151. 138. 0 4 211. Tin 0.0 14.7 1.04 0.0 60 98 3.35 Titanium 0.0 4.30 0.493 0.006 4 9 0.046 Vanadium 0.0 0.216 0.066 0.023 1 4 0.069 
Yttrium 0.0 0.020 0.010 0.010 1 4 0.010 Oil and Grease 4.70 802,000. 40,700. 6,060. 0 37 11,600. 



1 
0) 

1-' 

'Ibxic R:>11utant 

126 Silver 
G::>ld 
Palladium 
Rhodium 

'Ibxic R:>11utant 

118 cadmium 
120 Copj;er 
122 tead 
124 Nickel 
128 Zinc 

· Mi.nimu-n 

o.o 
o.o 
o.o 
o.o 

Minimun 

o.o 
o.o 
o.o 
o.o 

0.023 

TABLE 5-20 
roLWrANI' CCNCENTRATICNS FaJND IN THE 

PRECIOUS MEI'AIS RAW WASTE STREAM 

Average Daily Values (rn;/liter) 

r·tix:bnum ~an M:dian ~ros 

600. 69.0 0.243 3 
42.7 9.27 0.560 6 

0.120 0.023 o.o 10 
0.220 0.018 o.o 11 

TABLE 5-21 
roLUJ.mNr CCNCENTRATICNS FaJND IN THE 

ca-lPLEXED Mm'AIS RAW WAS'lE STREAM 

Average I:aily Values (rn;/liter) 

Maximum !It! an M:!dian # zeros 

3.65 0.247 o.o 22 
62.6 10.3 5.90 3 
3.61 " 0.372 0.0 21 
294. 22.5 0.550 6 
17.6 3.05 0.210 0 

t R:>ints 

15 
15 
13 
12 

# R:>ints 

31 
31 
31 
31 
31 

Flow Prot:ertioned 
Mean Concentrati,.on 

8.09 
6.11 

0.003 
0.005 

Flow ProJX>rtioned 
t-t:an Concentration 

0.173 
9.68 

0.240 
18.8 
2.52 



1 
~ 
N 

'lbxic J:Qllutant 

121 Cyanide , 'lbtal 
Cyanide , J\men. to Ollar. 

'lbxic J:Qllutant 

Chranium, Hexavalent 

'l1IBLE 5-22 
:row1l7INl' CCNCEm'RATI.CNS FaJND IN ~ 

CYANIDE RAW WASTE STRFAM 

Average Iaily Values (nr:J/liter) 

Mi.nimun 

0.045 
0.0 

M3.ximum ~ ~ t Zeros 

1680. 
1560. 

298. 
266. 

TABLE 5-23 

77.4 
7.63 

:roLLtlTANl' CrncEN!'RATICNS FOOND IN ~ 
· -HE:KAvl>.i.mi' cHRCM:ftJ.f RAiv. msri: · sTRF...a.M · 

0 
1 

Average Iaily Values (nr:J/liter) 

Mi.nimun Maximum ~ ~ ! Zeros 

0.005 12900. 377. 16.4 0 

l! J:Qints 

23 
22 

! J:Qints 

46 

Flow Proportioned 
M:an Con...'"'e!ltration 

96.3 
86.8 

Flow Proportioned 
Mean Concentration 

54.6 



wastewatex:s as 
concentrated .. 
segregated and 
streams. 

OILY WASTE TYPE 

a result of many unit operations and can be very 
Hexavalent chromium is highly toxic and should be 
treated before combining with other raw waste 

Table 5-24 shows the concentrations of oil and grease in oily 
waste streams, from sampled plants. Oily waste in the metal 
finishing industry consists of free oils. emulsified or water 
soluble oils ,and greases in a concentrated or dilute form. The 
relationship between the unit operations and type of oily waste 
generated (concentrated or dilute) is illustrated in Table 5-25. 
Applicable treatment of oily waste streams can vary dependent upon 
the concentration levels of the waste. Concentrated oily wastes 
typically include machining oils and process coolants and 
lubricants. Concentrated oily wastes are generally characterized 
by very high concentrations of oil and grease and should be 
segregated for oil removal prior to combining with other plant 
wastewaters for treatment. Dilute oily wastes include wastes from 
clean{ng operat{ons. The concentrations of oil and grease in 
these waste s·treams is generally much lov-1er than that of segre
gated oily wastes and these streams typically do not receive 
segregated treatment before combining with other process waste
waters. 

TOXIC ORGANICS WASTE TYPE 

Toxic organics raw wastes are generated in the Metal Finishing 
Category primarily by the dumping of spent solvents from 
degreasing equipment (including its sumps. water traps. and 
stills). These solvents are predominately comprised of compounds 
that are classified by the EPA as toxic pollutants. Table 5-26. 
extracted from the literature. illustrates specific solvents 
employed and shows their annual consumption for 1974. Spent 
solvents should be segregated. hauled for disposal or reclamation. 
or reclaimed on site. These and other sources of toxic organics 
enter various metal finishing wastewaters. 

Table 5-26 shows that in 1974 this degreasing solvent consumption 
amounted to 1600 million pounds/yr (6.4 million lb/day} and is 
expected to be in the order of 23-.00 million pounds/yr (9.3 
million lb/day) by 1985. Literature indicates that nearly 100% 
of all solvents consumed reach the atmosphere, either by direct 
evaporation from degreasing equipment or by evaporation 
subsequent to improper disposal. (Reference: Organic Solvent 
Cleaning - Background Information for Proposed Standards; USEPA; 
EPA-450/278-045; May 1979). In addition, the same reference 
estimates that approximately 75% of the incidence of solvent 
degreasing occurs in the metal finishing and related industries. 
Since degreasing solvents are predominantly concentrated priority 
pollutants that are discharged to the environment from a sinqle 
unit operation, solvent degreasing, the reduction 
of this source will" significantly improve the environment. 
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Toxic 

TABLE 5-24 

POLLUTANT CONCENTRATIONS FOUND IN THE 
OILY RAW WASTE STREAM 

Average Daily Values (mq/l) 
No. No. 

Flow 
Proportioned 
Mean 

Pollutant Minimum Maximum Mean Median Zeros Points Concentration 

Oil & Grease 4.7 802,000 40,700 6,060 ~ 37 11.600 
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TABLE 5-25 
OILY WASTE CHARACTERIZATION 

Unit Operation 

Cleaning 
Machining 
Grinding 
Polishing 
Tumbling (Barrel Finisning) 
Burnishing 
Impact Deformation . 
Pressure D~formation 
Shearing 
Heat Treating 
Welding 
Brazing 
Soldering 
Flame Spraying 
Other Abrasive Jet Machining 
Electrical Discharge Machining 
Salt Bath Descaling 
Solvent Degreasing 
Paint Stripping 
Assembly 
Testing 
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Character of Oily Waste Generated 

Concentrated 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Dilute 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 



TABLE 5-26 , 
1974 DEGREASING SOLVENT CONSUMPTION 

Solvent Consumption (Millions of Pounds/Yr). 

Solvent Type 

Halogenated: 
Tr1chloroethylene 
1,1,1-trichloroethane 
Perchloroethylene 
Methylene Chloride 
Trichlorotrifluoroethane 

Aliphatics: 
(Kerosenes, Napthas) 

Aromatics: 
Benzene 
Toluene 
Xylene 
Cyclohexane 
Heavy Aromatics 

Oxygenated: 
Ketones 

Acetone 
Methyl Ethyl Ketone 

Alcohols 
Butyl 

Ethers 

Total Solvents: 

Cold 
Cleaning 

55 
180 

29 
51 
22 

337 

489 

15 
31 
27 

2 
27 

TU2 

22 
18 

11 
13 

64 
992 
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Vapor All 
Degreasing Degreasing 

282 337 
176 356 

90 119 
16 67 
44 66 

608 945 

0 489 

0 15 
0 31 
0 27 
0 2 
0 27 

-:--IT TU"2" 

0 22 
0 18 

0 11 
0 13 

-0 64 
608 1600 



The primary source of data for this report was 365 Data 
Collection Portfolios (DCP's) produced from a random survey of 
900 manufacturers having Standard Industrial Classification (SIC) 
Codes between 3400 and 3999. These cover the manufacturing of: 
Fabricated Metal Products, Machinery, Electrical and Electronics 
Machinery, Transportation Equipment, Measuring Instruments, and 
Miscellaneous Products. The requested information concerning 
manufacturing unit operations and waste tremtment methods 
provided solvent degreasing unit operation data including waste 
solvent consumption quantities and frequencies of 
disposition. Addi tionq.l OF mis~ing data were 
obtained by telephone survey. Since the manufacturers were 
selected at random, the survey data was considered representative 
of the entire population of manufacturers within those SIC Codes. 

A summary of the DCP data is presented in Table 5-27. These data 
show that 24% of the respondents perform the solvent degreasing 
operation, and that 73% of these have their ~aste solvents 
contract hauled while 27% discharge their waste directly to the 
environment. Based upon a mean discharge rate of 49.4 lb/day (as 
shown in Table 5-27) and a population of 13,470 metal finishing 
plants, approximately 43,000 lb/day of solvent are discharged 
directly to the environment. 

13,470 (metal finishing plants) 
x 24% (percent of plants which do solvent degreasing) 

3,233 (number of plants performing solvent degreasing) 
x 27% (percent of degreasing operations discharging to 

environment) 
873 (number of degreasing operations discharging to environment) 

x 49.4 (mean spent solvent discharge rate (lb/day) 
43,126 spent solvent discharged to environment (lb/day) 

In addition, approximately 3,300,000 lb/day are contract hauled. 

3,233 (number of plants doing solvent degreasing) 
x73% (percent of plants whose solvent wastes are contract hauled) 
2,360 (number of plants whose solvents are contract hauled) 

x 118.7 mean amount of solvents hauled (lb/day) 
280,143 Total spent solvents hauled (lb/day) 

The total solvent consumption based upon estimates in the 
literature is 4.8 million lb/day. 

In addition to the DCP information, plant visits provided data 
that identified the particular solvents used by relatively large 
manufacturing facilities. These data show that 43 of the 84 
manufacturers visited (51%) performed solvent degreasing. 
Although the quantity, frequency, and disposal data are 
incomplete, 93S.6 of the manufacturers who reported a disposal 
method either used contract hauling or reclaimed their waste 
solvents. Comparing this with the random survey data (73% 
reporting contract haulers) indicates that larger manufacturers 
may be more likely to haul or reclaim their spent solvents. 
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TABLE 5-27 
SUMMARY OF DCP SOLVENT DEGREASING DATA 

DCP's Issued 

DCP Respondents 

DCP Respondents Performing Solvent Degre~sing 

DCP Respondents with Supportive Plant Visit 
Data 

DCP Respondents Contacted via Telecon 
I 

Degreasers - Waste Solvent Disposal Spec~fied 

Degreasers - Waste Solvent Disposal Unspecified 

Degreasers That Have Waste Solvent Contract Hauled 

Maximum hauled 
Minimum hauled 
Mean 

Degreasers Discharging to Sewer or Surfac:e 

Maximum discharged 
Minimum discharged 
Mean 
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900 

365 

88 ( 24%) 

14 

28 

74 

14 

54 (73%) 

960 :J.bs/day 
0.4 lbs/day 
118.7 lbs/day 

20 ( 27%) 

399 lbs/day 
0.5 lbs/day 
49.4 lbs/day 



The results of the analysis for total toxic organics (TTO) 
raw waste from sampled plants is presented in Table 5-28. 
TTO concentrations in various operations and waste streams 
sampled plants are presented in Tables 5-29 through 5-47. 
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Raw waste TTO 

concentration 

(mq/2.) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0 
0.002 
0.003 
0.003 
0.005 
0.006 

TABLE 5-28 

TOTAL TOXIC ORGANICS (TTO) CONCENTRATIONS 

IN METAL FINISHING RAW WASTE 

Raw Waste TTO 

Concentration 

Plant ID ~mg/2.) 
I 

6019 o;.oo6 
6091-15-·0 o:.oo7 
6091-15-1 o:.oo7 
6091-15-2 0 .• 008 
12061-14-CI 0'.008 
12065-14-1 o!. oo9 
12065-15-2 o,.OQ9 
12065-15-4, 0.009 
13042-21-1 or~oo9 
17050-14-0 0.009 
19068-14-0 0,.010 
19069-15-0 o;.o1o 
19069-15-1 0.011 
19069-15-2 o:.ou 
20005-21-0 o:.o11 
27046-15-2 0,.012 
34050-15-0 0~.012 
34050-15-1 o;.o12 
34050-15-2 0.013 
36048-15-0/1 01.014 
36048-15-2/3 0.014 
36048-15-4/5 0·.014 
38040-23-0 0.017 
38040-23-1 0~019 
38217-23-0 o.o2o 
9025-15-0 0.020 
20083-15-0/1 0.021 
20083-15-2/3 o'.o22 
20083-15-4/5 0.023 
11108-15-1 0.028 
12061-15-0 0.028 

Plant ID 

12061-15-·2 
11108-15-2 
20022-15-2 
40060-15-0 
20022-15-1 

··18538-15-5 
40060-15-1 
6110-15-1 
6110-15-2 
9052-15-0 
11103-15-2/3 
6110-15-0 
20JJ-15-4/5 
11108-15-0 
21066--15-·1 
18538-15-3 
21066-15-0 
9052-15-2 
11103-15-4 
21066-15-·3 
21003-~5-2 

41051-15-0 
15608-·15-·2 
15608-15-0 
20022-15-0 
41051-15-1 
12075-15-2/3 
4069-15-0/1 
41051-15-2 
12075-15-0/1 
2033-·15-0/1 

NA = Total raw waste TTO not available; total effluent TTO presented in 
section VII. 
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Raw waste TTO 

concentration 

(mg/t) 

0.030 
0.030 
0.031 
0.034 
0.036 
0.038 
0.040 
0.040 
0.042 
0.043 
0.059 
0.064 
0.084 
0.091 
0.095 
0.097 
0.097 
0.098 
0.099 
0.104 
0.107 
0.109 
0.110 
0.111 
0.113 
0.120 
0.130 
0.133 
0.140 
0.141 

TABLE 5-28 (Continued) 

~OTAL TOXIC ORGANICS (TTO) CONCENTRATIONS 

IN METAL FINISHING UAW WASTE 

Raw Waste TTO 

concentration 

Plant ID (mg/t) 

2033-15-·2/3 0.178 
12061-15-1 0.192 
2032-15-2 0.200 
21003-15-0 0.202 
17061-15-·1 0.204 
15608-15-1 0.224 
9052-15-1 0.251 

. 21003-15-1 0.259 
12075-15-4/5 0.283 
4071-15-0 0.285 
6960-15-4/5 0.289 
18538-14-0 0.326 
11103-15-0 0.364 
34051-15-0 0.400 
34051-15-1 0.426 
6090-14-0 0.473 
38051-15-2 0.477 
44062-15-0 0.486 
38052-15-0 0.769 
6960-15-0/1 0.888 
44062-15-2 1.083 
2032-15-5 1.09 
44062-15-1 1.161 

. 34051-15-2 1.287 
4069-15-2/3 1.619 
19068-15-1 1.938 
4071-15-3 2.005 
4071-15-1 8.466 

. 30165-21-0 12.866 
17061-15-3 13.50 
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Plant ID 

4069-15-4 . 
38052-15-1 
38052-15-2 
19068-·15-2 
6960-15-2/3 
38051-15-0 
9025-15-1 
38051-15-1 
4282-21-0 
36178-21-0 
9025-·15-2 
36178-21-1 
30054-15-0 
27046-15-1 
27046-15-0 
6019 
17050-15-1 
6090-15-1 
30054-15-1 
17061-14-1 
17050-15-0 
33692-23-0 
2032-15-0 
30054-15-2 
28699-21-0 
20103-21-0 
36178-21-2 
6090-15-2 
20103-21-1 
33692-23-1 



Plant ID 

21051-15-0 

21051-15-1 

12075-15-0 

12075-15-2 

12075-15-4 

12075-15-0 

12075-15-2 

12075-15-4 

18538-15-3 

18538-15-5 

2033-15-0 

2033-15-2 

2033-15-4 

12065-15-1 

12065-15-2 

12065-15-4 

19069-15-0 

TABLE 5-29 
TTO CONCENTRATIONS IN RAW WASTE FROM 

1
ELECTROPLATINt3 LINES 

Descr:i.ption 

wastes from nickel and zinc 
plating lines 

Wastes from nickel and zinc 
plating lines (after copper 
reduction) 

Rinses from tin plating lines 

Rinses from tin plating lines 

Rinses from tin plating lines 

Rinses from tin plating lines 

Rinses from tin plating lines 

Rinses from tin plating lines 

Acid/Alkali rinses from nickel 
and zinc electroplating 

Acid/Alkali rinses from nickel 
and zinc electroplating 

Acid rinses from nickel plating 

Acid rinses from nickel plating 

Acid rinses from nickel plating 

Parts strip & rack strip rinses 
on common metals plating line 

Parts strip & rack strip rinses 
on common metals plating line 

Parts strip & rack strip rinses 
on common metals plating line 

Rinses from common metals 
plating (after partial treat
ment of wastewater) 
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TTO Concentration 
\ Total Flow (mg/!l.) 

43 .625 

86 .396 

8.86 .013 

7.1 .006 

10.5 .008 

.9 .01 

~6 .. .020 

.4 0 

69.4 .010 

63.8 .010 

53.77 .011 

53.77 .015 

53.77 .014 

54 .026 

54 .016 

54 .035 

42 .282 



Plant ID 

19069-15-1 

19069-15-2 

21066-15-4 

15193-21-0 

12061-15-0 

12061-15-1 

12061-15-2 

12061-15-0 

12061-15-1 

12061-15-2 

6960--15-0 

6960-15-2 

6960-15-4 

6960-15-0 

6960-15-2 

6960-15-4 

6960-15-0 

6960-15-2 

6960-15-4 

TABLE 5-29 (Continued) 
TTO CONCENTRATIONS IN RAW WASTE FROM ELECTROPLATING LINES 

TTO Concentration 
Description \ Total Flow (mg/l) 

Ri.nses from common metals 42 .313 
plating (after partial treat-
me1nt of wastewater) 

R:l.nses from common metals 100 .011 
plating (after partial treat-
melnt of wastewater) 

Alkaline rinse from common 
me1tals plating 

sodium nitrate from common 
me1tals plating 

Ri.nse water from zinc plating 

Ri.nse water from zinc plating 

Ri.nse water from zinc plating 

R:l.nse water from copper plating 

Rtnse water from copper plating 

R:l.nse water from copper plating 

Ac:i.d/Alkaline rinses on common 
me!tals electroplating lines 

Ac:i.d/Alkaline rinses on common 
me!tals electroplating lines 

Ac:id/Alkaline rinses on common 
mE!tals electroplating lines 

Zlnc chloride plating rinse 

Z:l.nc chloride plating rinse 

ztnc chloride plating rinse 

Cctdmium plating rinse 

Cetdmium plating rinse 

Cetdmium plating rinse 
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NA .041 

NA 1.025 

21.8 .006 

20.9 .007 

22.8 .004 

17.9 .003 

16.6 .004 

17.3 .003 

23 .084 

23 .253 

23 .030 

7 .135 

7 .003 

7 .004 

8 .028 

8 .107 

8 .042 



TABLE 5-30 
1 

TTO CONCENTRATIONS IN RAW WASTE FROM ELECTROLESS PLATING LINE RINSES 

TTO Concentration 
Plant ID Description % Total Flow (mq/t) 

20083-15-0 Neutralization rinses on 9 .001 
electroless plating line 

30083-15-2 Neutralization rinses on 9 .002 
electroless plating line 

20083-15-4 Neutralization rinses on 9 .002 
electroless plating line 

20083-15-0 Rinses following catalyst application 6 .003 

20083-15-2 Rinses following catalyst application 6 .003 

20083-15-4 Rinses following catalyst application 6 .003 

20083-15-0 Rinses after accelerator step 9 .003 

20083-15-2 Rinses after accelerator step 9 .002 

20083-15-4 Rinses after accelerator step 9 .002 
·' 

20083-15-0 Electroless nickel plating rinse 9 .002 

20083-15-2 Electroless nickel plating rinse 9 .004 

20083-15-4 Electroless nickel plating rinse 9 .002 

20083-15-0 Electroless copper plating rinses 4.6 .003 
to copper seeder 

20083-15-2 E1ectro1ess copper plating rinses NA .003 
to copper seedE~r 

20083-15-4 E1ectroless copper plating rinses 4.5 .004 
to copper seeder 

20083-15-0 Electroless copper plating rinses 1.5 .001 
not directed to copper seeder 

20083-15-2 Electroless copper plating rinses 1.5 .009 
not directed to copper seeder 

20083-15-4 Electroless copper plating rinses NA .003 
not directed to copper seeder 
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TABLE 5-30 (Continued) 
TTO CONCENTRATIONS IN RAW WASTE FROM ELECTROLESS PLATING LINE RINSES 

TTO Concentration 
Plant ID Description % Total Flow (mg/l) 

34051-15-0 E1ectroless nickel plating line 6.0 .084 
rinse water 

36048-15-0 Alkaline rinse on electroless 1 .040 
plating line 

36048-15-2 Alkaline rinse on electroless 1 .279 
plating line 

36048-15-4 Alkaline rinse on electroless 1 .233 
plating line 

36048-15-0 Acid rinse on electroless plating line 4 

36048-15-2 Acid rinse on electroless plating line 4 

36048--15-4 Acid rinse on electroless plating line 4 

36048-15-0 Descaling rinse on electro1ess 2 
plating line 

36048-15-2 Descaling rinse on electroless 2 
plating line 

36048-15-4 De'scaling rinse on electroless 2 
plating line 

36048-15-0 Activator rinse on electroless 1 
plating line 

36048-15-2 Activator rinse on electroless 1 
plating line 

36048-15-4 Activator rinse on electroless 1 
plating line 

36048-15-0 Rinse after electroless nickel plating 3 
operation 

36048-15-2 Rinse after electroless nickel plating 3.5 
operation 

36048-15-4 Rinse after electroless nickel plating 3.5 
operation 
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.022 

.011 

.172 

.064 

.053 

.063 

.087 

.136 

.148 

.261 

.169 

.228 



TABLE 5-30 (Continu~d) 
TTO CONCENTRATIONS IN RAW WASTE FROM ELECTROLESS PLATING LINE RINSES 

'l~TO Concentration 
Plant ID Description \ Total Flow (mg/l) 

2033-15-0 Acid wastes from electroless plating: 19.2 .010 
line 

2033-15-2 Acid wastes from electroless plating 19.2 .007 
line 

2033-15-4 Acid wastes from electroless plating: 19.2 .013 
line 

2033-15-0 Rinse water from precious metal 5.05 .035 
electro less plating 

2033-15-2 Rinse water from precious metal s~···os ~023. 

electroless plating 

2033-15-4 Rinse water from precious metal 5.05 .014 
electroless plating 

12065-15-1 Acid dip neutralizer rinse on 6 .014 
electroless plating line 

12065-15-2 Acid dip neutralizer rinse on 6 .013 
electroless plating line 

12065-15-4 Acid dip neutralizer rinse on 6 .055 
electroless plating line 

12065-15-1 Catalyst rinse from electroless 7 .016 
plating (plastic) 

12065-15-2 catalyst rinse from electroless 7 .030 
plating (plastic) 

12065-15-4 catalyst rinse from electroless 7 .014 
plating (plastic) 

12065-15-1 Accelerator rinse from plastic a·· .023 
electroless plating line 

12065-15-2 Accelerator rinse from plastic 8 .012 
electroless plating line 

12065-15-4 Accelerator rinse from plastic 8 .014 
electroless plc'lting line 

V-76 



TABLE 5-30 (Continued} 
TTO CONCENTRATIONS IN RAW WASTE FROM ELECTROLESS PLATING LINE RINSES 

TTO Concentration 
Plant ID Description % Total Flow (mg/ll.) 

12065-15-1 Rinse following electroless 1 .024 
ni,ckel plating 

12065-15-2 Rinse following electroless 1 .022 
ni,ckel plating 

12065-15-4 Rinse following electroless 1 .005 
nickel plating 

4069-15-0 Rinse from electroless copper line .3 .102 

4069-15-2 RilttSe from electroless copper line .3 .059 
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TABLE 5-31 
TTO CONCENTRATIONS IN RAW WASTE 

FROM PRECIOUS METALS ELECTROPLATING LINE RINSES 

TTO concentration 
Plant ID Description \ Total Flow (mg/t) 

6090-14-0 Silv~r-bearing raw waste 0 .054 

19069-15-0 Rinses from precious metals 58 .401 
plating line 

19069-15-1 Rinses from precious metals 
plating line 

~ .uo 

2033-15-0 DI rinses from silver electroplating 9.2 

2033-15-2 DI rinses from silver electroplating 9.2 

2033-15-4 DI rinses from silver electroplating 9.2 

2033-15-0 Rinses from precious metals 5.05 
electroless plating 

2033-15-2 Rinses from precious metals 5.05 
electroless plating 

2033-15-4 Rinses from precious metals 5.05 
electroless plating 

2033-15-0 Rinses from precious metals 19.2 
electroless & electroplating 

2033-15-2 Rinses from precious metals 19.2 
electroless & electroplating 

2033-15-4 Rinses from precious metals 19.2 
electroless & electroplating 

30054-15-0 Rinses from gold plating 19 

30054-15-1 Rinses from gold plating 20 

30054-15-2 Rinses from gold plating 16 
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.035 

.007 

.006 

.035 

.023 

.014 

.056 

.038 

.025 

.007 

2.53 

.961 



TABLE 5-32 
TTO CONCENTRATION IN RAW WASTE FROM ANODIZING LINE RINSES 

TTO Concentration 
Plant ID Description \ Total Flow (mg/1.) 

20022-15-2 Dye rinses (from anodizing plant) 3 .004 

11050-14-0 Raw W<!lstes from anodizing line 82 .465 

40060-15-1 Alkaline cleaning rinse on 16 .021 
anodi::~:lng line 

9052-15-0 Anodizing line rinses 55 .009 

9052-15-1 Anodizing line rinses 55 .061 

9052-15-2 Anodizing line rinses 55 .009 

41051-15-0 Anodizing rinse water 12 .013 

41051-15-1 Anodizing rinse water 12 .018 

41051-15-2 Anodizing rinse water 12 .021 
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TABLE 5-33 
TTO CONCENTRATIONS IN RAW WASTE FROM COATING LINE RINSES 

Plant ID 

6091-15-1 

34051-15-0 

38051-15-0 

38051-15-1 

38051-15-2 

12075-15-0 

12075-15-2 

12075-15-4 

18538-15-3 

Description % Total Flow 
I 

Chromating rinse 11 

conversion coating rinse 5 

conversion coating rinses 78.4 

conversion coating rinses 78.4 

conversion coating rinses 78.4 

E1ectroga1vanizing line rinses 1.2 

Electrogalvanizing line rinses 1.3 

E1ectroga1vanizing line rinses 1.3 

Appearance phosphating line rinses 8.4 

18538-15-3 Non-appearance phosphating line rinses 6.4 

18538-14-0 composite of phosphating line rinses 11.7 

18538-15-5 composite of phosphating line rinses 16.7 

18538-15-1 Phosphating rinse NA 

18538-15-5 Phosphating rinse NA 

11103-15-1 Rinse water from lst rinse tank after 7.7 
black oxidizing process tank 

11103-15-3 Rinse water from lst rinse tank after 2.5 
light zinc phosphating process tank 

11103-15-4 Rinse water from lst rinse tank after 2.5 
zinc phosphating (auto barrel) 

11103-15-3 chromic acid sealer tank on zinc 1.0 
phosphating line 

36178 Composite of phosphating line wastes NA 
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TTO Concentration 
(mg/R.) 

.174 

.124 

.243 

.306 

.084 

.010 

.009 

.013 

.009 

.009 

.031 

.007 

.064 

.007 

.006 

.003 

.004 

.007 

24.2 



TABLE 5-33(Continued) 
TTO CONCENTRATIONS IN RAW WASTI~ FROM COATING LINE RINSES 

TTO Concentration 
Plant ID Description % Total Flow (mg/9.) 

11103-15-0 conversion coating rinses 21 .312 

11103-15-2 conversion coating rinses 18 .003 

11103-15-3 conversion coating rinses 18 .006 

lil03-15-0 conversion coating rinses 38 .022 
bypassing treatment 

11103-15-2 conversion coating rinses 33 .018 
bypassing treatment 

11103-15-3 conversion coating rinses 33 .021 
bypassing treatment 

6960-15-2 Phosphating line cleaning rinste 8 .896 

6960-15-4 Phosphating line cleaning rins'e 8 .192 

6960-15-0 Acid pickle rinse on phosphating line 8 .148 

6960-15-2 Acid pickle rinse on phosphating line 8 .031 

6960-15-4 Acid pickle rinse on phosphating line 8 .017 

6960-15-0 Zinc phosphating rinse 8 .088 

6960-15-2 Zinc phosphating rinse 8 .058 

6960-15-4 Zinc phosphating rinse 8 .049 

44062-15-0 conversion coating line (A1odine 404) 16 .130 
rinse water 

44062-15-1 conversion coating line (A1odine 404) 16 .281 
rinse water 

44062.-15-2 conversion coating line (Alodine 404) 16 .067 
rinse water 

44062-15-0 conversion coating (Alodine 401) 20 .189 
rinse water 

44062-15-1 conversion coating (A1odine 401) 20 .082 
rinse water 

44062-15-2 conversion coating (Alodine 401) 20 .123 
rinse water 
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TABLE 5-34 
TTO CONCENTRATIONS IN RAW WASTE FROM ETCHING. AND BRIGHT DIPPING RINSES 

TTO Concentration 
Plant ID Description % Total Flow (mq/R.) 

6091-15-0 small parts caustic etch rinse 22 .ll5 

6091-15-1 small parts caustic etch rinse 22 .095 

6091-15-2 small parts caustic etch rinse 22 .149 

20083-15-0 chromic acid etch rinse 6 .003 

20083-15-2 Chromic acid etch rinse 6 .001 

20083-15-4 Chromic acid etch rinse 6 .002 

14062-21-0 Chemical milling rinse 27 .496 

36048-15-0 Etching rinses 36.5 .027 

36048-15-4 Etching rinses 40 .080 

2032-15-0 Alkaline etching rinses 9 .003 

2032-15-2 Alkaline etching rinses 9 .Oll 

2032-15-5 Alkaline etching rinses 8 .006 

34050-15-0 Bright dip wastes 18.9 .173 

34050-15-1 Bright dip wastes 21.1 .032 

34050-15-2 Bright dip wastes 21.1 .191 

4069-15-0 strip resist and etching rinses 10.6 .037 

4069-15-2 strip resist and etching rinses 10.6 .270 

4069-15-4 strip resist and etching rinses 10.6 .017 

4282-21-0 Rinses from chromic acid etching 9.5 .055 

9052-15-0 Etching rinses 45 .008 

9052-15-1 Etching rinses 45 .014 

9052-15-2 Etching rinses 45 .015 
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TABLE 5-34 (Continued) 
TTO CONCENTRATIONS IN RAW WASTE FROM ETCHING AND BRIGHT DIPPING RINSES 

TTO Concentration 
Plant ID Description % Total Flow (mg/t} 

19068--15-1 Etching rinses 65 .078 

19068-15-2 Etching rinses 62 .298 

30054-15-0 Brisrht dip etching rinses 5 .608 

38052-15-0 BrisJht dip chromic etching rinses 66 .081 

38052-15-1 BrisJht dip chromic etching rinses 66 .207 

38052-15-2 BrisJht dip chromic etching rinses 66 .248 

41051-15-0 Etching rinse waters 24 .016 

41051--15-1 Etching rinse waters 24 .022 

41051-15-2 Etchlng rinse waters 24 .010 
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TABLE 5-35 
TTO CONCENTRATIONS IN RAW WASTE FROM CLEANING OPERATIONS 

TTO Concentration 
Plant ID Description % Total Flow (mg/l) 

33617 small parts wash NA 14.5 

30082 Rinse following detergent wash of .7 .092 
filled and sealed capacitors 

30082 Detergent washing of capacitors 

30165-21-0 Acid cleaning rinse 

30165-21-0 Acid cleaning-muric acid concentrate 

44062-15-0 Acid cleaning rinse 

44062-15-1 Acid cleaning rinse 

44062-15-2 Acid cleaning rinse 

44062-15-0 Precleaning rinse water 

44062-15-1 Precleaning rinse water 

44062-15-2 Precleaning rinse water 

3 

34 

34 

34 

30 

30 

30 

.002 

.01 

.86 

.06 

.10 

.062 

.083 

.117 

.060 

.068 

.106 



TABLE 5-36 
TTO CONCENTRATIONS IN RAW WASTE FROM MACHINING, GRINDING, 

BARREL FINISHING, BURNISHING, AND SHEARING OPERATIONS 

TTO Concentration 
Plant ID Description 

15193-21-0 Barrel finishing rinse 

15193-21-1 Barrel finishing rinse 

30012-21-1 Non-soluble machining oils 

30012-21-1 Water-soluble machining oils 

3043-21-1 Barrel finishing rinses 

31031-10~2 Ra~' waste oils from tumbling 

31031-10-3 Raw waste oils from grinding 

30166 Raw oily wastes from machining, 
gri.nding, burnishing 

30166 Raw oily wastes from machining, 
gri.nding, burnishing 

30166 Raw oily wastes after centrifuge 

30166 Ra\<, oily wastes after centrifuge 

38217-23-0 Mac:hine coolants and oils, after 
sk1~mmer 

38217-23-1 Mac:hine coolants and oils, after 
sk:lLmmer 

30054-15-1 BuJ~nishing rinses 

30054-15-2 BUI~nishing rinses 

3043-21-0 Tube shearing 
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% Total Flow (mg/t) 

16.7 NA 

16.7 .031 

NA .24~ 

NA 4.91 

.07 1.83 

.2 .080 
'I • 

.2 .133 

NA 2.27 

NA 9.93 

NA l.T7 

NA 1.41 

88 1.58 

96 4.13 

13 .019 

17 .018 

·0 1,761 



TABLE 5-37 
TTO' CONCENTRATIONS IN RAW'WASTE 

FROM HEAT TREATING OPERATIONS AND QUENCH BATHS 

TTO Concentration 
Plant ID Description % Total Flow (mg/!1.) 

15193-21-0 Hardening quench runoff 1.1 1.10 

15193-21-1 Hardening quench runoff 1.1 .211 

20005-21-0 In-line heat treating 0 .020 

20103-21-0 Heat treat water and coolant quench <.01 .084 

20103-21-1 Heat treat water and coolant quench <.01 .660 

14062-21-0 Heat treating quench tank oils 6.0 .050 

36047-23-0 Heat treating raw wastewater NA .100 

36119-23-0 Heat treating quench raw wastewater NA .402 

30012-21-1 Alkaline bath in heat treating line NA .130 

30012-21-1 Dilute alkaline bath in heat treating' NA .130 
line ' 

30012-21-1 Immunol bath in heat treating line NA 1.61 

4282-21-0 Heat treatment quench water 0.4 .319 



TABLE 5-38 
TTO CONCENTRATION IN WASTE FROM 

SOLDERING~ WELDING, AND BRAZING OPERATIONS 

TTO Concentration 
Plant ID Description % Total Flow (mq/l) 

36048-15-0 Jl,cid rinse on cleaning and solder 21.5 .019 
d.ip line 

36048-15-3 Jl,cid rinse on cleaning and solder 
d.ip line 

36048-15-5 Jl.cid rinse on cleaning and solder 
d1ip line 

36048-15-0 B:inses on solder wash line 

36048-15-3 B:inses on solder wash line 

36048-15-5 Rinses on solder wash line 

36048-15-0 S:older plate line rinses 

18699-21-0 s:older body rinse water 

20170-21-0 s:eam welder - roller mill collant 

3043-21-0 c:urling/seam welding wastes 

30165-21-0 s:older quench/water soluble oils 
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23.5 .046 

23.5 .047 

8 .075 

9 .172 

9 .163 

8 .109 

.2 2.63 

NA 10.7 

12.0 .656 

0 1,043 



TABLE. 5-39 
TTO CONCENTRATIONS IN RAW ¥ASTE 

FROM PAINT STRIPPING AND SALT BATH DESCALING 

TTO concentration 
Plant ID Description % Total Flow (mq/l) 

15193-21-1 Paint strip rins•~ (ethylene glycol 4.2 .428 
and NaOH) 

20103-21-0 Paint stripper concentrate .02 2.20 

20103-21-0 Paint stripper rinse <.01 .402 

28699-21-0 caustic paint strip rinse NA .140 

28699-21-0 Kolene paint strip rinse NA .104 

28699-21-0 caustic paint strip concentrate NA 12.8 

14062-21-0 Paint stripping rinse 1.5 2.00 

12078-1 caustic rinse fr<w paint stripping NA 1.61 

3043-21-0 Strip rinse 8.0 .318 

3043-21-0 Paint strip 0 .543 

4892-21-0 salt bath descaHng rinse .20 .107 

15193-21-0 Salt bath descaHng concentrate 0 .502 

15193-21-0 Salt bath descaling rinse 2.5 .397 
'I 

20103-21-0 Kolene salt bath descaling rinse 2.4 .060 

20103-21-1 Kolene salt bath descaling rinse 2.4 .002 

33617-3 Kolene rinse NA .245 

20005-21-0 Kolene rinse NA .120 

4282-21-0 Kolene paint stripping rinse water 47 .214 

4282-21-0 Kolene salt bath descaling rinse 31.6 .460 

4282-21-0 Chromic acid and methylene chloride 
paint stripping rinse 
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9.5 .215 



TABLE 5-40 
TTO CONCENTRATIONS IN RAW WASTE FROM PAINTING OPERATIONS 

TTO Concentration 
Plant ID Description % Total Flow (mg/l) 

DI rinse from EDP 4892-21-0 

4892-21-0 Influent to water curtain of 
water-based paint booth 

4892-21-0 Discharge from solvent-based 
paint booth 

20005-21-0 In-line process L-4 paint booth 

20005-21-0 In-line EDP 

20005-21-0 Fi.n.al coat spray booth 

20005-21-0 In-process V-8 paint booth 

20103-21-0 Pcli.nt booth 

28699-21-1 Pr1.me spray booth 

28699-21-1 T<>:pcoat spray 

28699-21-·1 Truck prime 

28699-21-1 T1~uck topcoat 

28699-21-1 Ellectrodeposition rinse 

28699-21-1 Electrodeposition permeate 

30165-21-0 Paint booth water curtain 

18538-14-1 Ultrafilter permeate from pa1mt booth 

12078-1 Paint booth - plastic parts 

12078-2 Paint booth - plastic parts 

12078-l Paint booth 

12078-2 Paint booth 

12078-1 Prime base coat, paint booth 
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18 .744 

.02 .078 

.3 1.42 

.03 .784 

.07 1.43 

.2 3.58 

.08 1.6.2 

.4 1.03 

NA 2.13 

NA 5.95 

NA 1.06 

NA 3.25 

.02 .903 

.02 1.93 

0 2.73 

NA .935 

NA .728 

NA .096 

NA .605 

NA .105 

NA .769 



TABLE 5-40 (Continued) 
TTO CONCENTRATIONS IN RAW WASTE FROM PAINTING OPERATIONS 

Plant ID Description 

12078-2 Prime·base coat, paint booth 

12078-1 Lacquer, paint booth 

12078-2 Lacquer, paint booth 

12078-1 urethane paint booth 

15055-21-1 EDP/DI rinse 

15055-21-1 Paint booth - wheels 

15055-21-2 Paint booth - body enamel 

15055-21-2 Paint booth - truck tutone 

15055-21-2 Paint booth - wheels 

30012-21-1 Paint booth water curtain 

33617-2 Painting line (2 booths) 

33617-l Anodic EDP wastes after UF 
(UF perneate) 

3043-21-1 Paint booth 

13042-21-l Paint booth 

20170-21-0 High solids paint booth 

20110-21-1 High solids paint booth 

20170-21-0 Powder paint booth 

20170-21-1 Powder paint booth 

36178-21-0 Paint booth, hood color 

36178-21-1 Paint booth, hood color 

36178-21-2 Paint booth, hood color 

36178-21-0 Paint booth, heavy chassis 

V-90 

TTO Concentration 
% Total Flow (mg/l) 

NA .477 

NA 4.21 

NA 1.11 

NA 5.44 

NA .112 

NA .225 

NA .065 

NA .439 

NA .059 

NA 1.82 

NA 2.69 

NA .370 

.1 1.50 

2.1 8.72 

NA 6.40 

NA 2.09 

NA .375 

NA .303 

NA 3.36 

NA .649 

NA 2.16 

NA 4.46 



TABLE 5-40 (Continued) 
TTO CONCEI.ITTRATIONS IN RAW WASTE FROM PAINTING OPERATIONS 

TTO Concentration 
Plant ID Description % Total Flow (mq/l) 

361'78-21-1 Paint booth, heavy chassis NA 1.62 

361'78-21-2 Paint booth, heavy chassis NA .255 

361'78--21-0 Paint booth, small parts NA 1.49 

361'78-21-1 Paint booth, small parts NA .065 

361'78-21-2 Paint booth, small parts NA .3'70 

361'78-21-0 Paint booth, cab prime NA 7.11 

361 '78--21-l Paint booth, cab prime NA 2.99 

36178-21-2 Paint booth, cab prime NA 3.85 
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TABLE 5-41 
TTO CONCENTRATIONS II~ RAW WASTE FROM SOLVENT DEGREASING CONDENSATES 

TTO Concentration 
Plant ID DescriJ~ % Total Flow (mg/!1.) 

15193-21-0 Solvent degreasing condensate .8 .555 
(water layer) 

15193-21-1 Solvent degreasing condensate .8 NA 
(water layer) 

30012-21-1 condensate from carbon column NA 1.85 
on degreaser 

30166 Evaporator condensate N~ .. ~ .. ~.3~. 
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TABLE 5-·42 
TTO CONCENTRATIONS IN RAW WASTE FROM TESTING AND ASSEMBLY OPERATONS 

TTO Concentration 
Plant ID Description % .Total Flow (mq/t) 

20005-21-0 Engine test water 0 .422 

20103-21-0 Engine test cooling water 5 .090 

30166 Engi.ne test wash water NA .024 

30166 Engi.ne test oily waste NA .525 

30166 Magna Flux wash NA .011 

33617 wash testing NA .422' 

30165-21-0 Lea~ testing (heating core element .6 .060 
and radiator) 

6019-21-0 Zygl.o spray rinses 2.8 .031 

6019-21-0 countercurrent rinse tank on Zyglo .1 2.48 
spray line 

6019-21-0 countercurrent rinse tank on Zyglo .1 .236 
spray line 

6019-21-1 Zygl.o emulsifier rinses 2.8 .031 

6019--21-1 Zygl.o emulsifier rinses 2.8 3.11 

4282-21-0 Zygl.o rinse 2 .484 
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'!'ABLE 5-43 
TTO CONCENTRATIONS IN TREATED O~L¥. WAp+ES':!,'~E;~!i) 

"""' 1111 ,,.,, "' 

I · TTO concentration 
Plant ID Descr:l.ption \ Total Flow (mq/R.) 

13041-22-0 Raw waste oils (spent NA 3.0 
oils) 

12095-22-0 Raw waste oils NA 6.14 

12095-22-1 Raw waste oils NA 3.15 

12095-22-2 Raw waste oils NA 6.50 

28125-22-0 Raw oily waste from can NA .558 
wash rinses 

28125-22-1 Raw oily waste from can NA .292 
wash rinses 

40836-22-0 Raw oily waste NA ~1 .. 5 

41097-22-0 Oily waste from lubricant NA .111 
spills 

41097-22-1 oily waste from lubricant NA .200 
spills 

41097-22-2 Oily waste from lubricant NA 2.14 
spills 

40070-22-0 Raw oily waste (die 
cooling water) 

cast NA .538 

40070-22-1 Raw oily waste (die 
cooling water) 

cast NA .858 

40070-22-2 Raw oily waste (die cast NA .853 
cooling water) 

41097-22-0 Oily waste f~ont 1st stage NA .039 
wash overflows 

41097-22-1 Oily waste front 1st stage NA .015 
wash overflows 

41097-22-2 Oily waste from 1st stage NA .020 
wash overflows 

13324-21-0 Raw oily wastes 
(wash water) 

NA 2.40 
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TABLE 5-43 (Continued) 
TTO CONCENTRATIONS IN TREATED OILY WASTESTREAMS 

TTO Concentration 
Plant ID Description '% Total Flow (mg/t.) 

41115-22-0 Ra~, oily wastes NA 1.14 
( cc:tr rinses) 

41115-22-0 Raw oily wastes NA 3.31 
(car rinses) 

41115-22-0 Ra~' oily wastes NA 1.19 
( cc:ar rinses) 

1058-22-0 Ra~, oily waste (spent 4.83 15.0 
mineral and emulsified oil) 

1058-22-1 Ra~1 oily waste (spent 4.83 110 
mineral and emulsified oil) 

1058-22-2 Ra~1 oily waste (spent 4.83 6.42 
mineral and emulsified oil) 

13324-22-0 Ra~1 oily wastes (wash 9.94 2.40 
wat:er) 

I 

19462-23-1 Oily wastestream after NA 1,921 
screen and filter 

30698-21-0 concentrated oily waste NA 1.90 
tank (prior to treatment) 

6019-21-0 soluble cutting oils - 1.1 24.4 
influent totreatment 

30012-21-0 Water soluble machining 1.55 4.91 
oils 

30516-23-0 Ra~11 oily waste (coolants 0.16 58.1 
and machining oils) 

33611-22-0 waste machine oil NA 49.8 

30698-21-0 Oily waste from drawing, NA .289 
welding, and shearing 

33692-23-0 Rat~l1 oily waste from NA 1.09 
ma<:hining, grinding, 
ban·el finishing 
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TABLE 5-43 (Continued) 
TTO CONCENTRATIONS IN TREATED OILY'WASTESTREAMS 

Plant ID Description 

33617-22-1 Waste oil 

3043-21-0 Tube shearing 

20170-21-0 Seam welder - roller 
mill coolant 

30166-21-0 Raw oily waste from 
machining,grinding, burning 

30166-21-0 Engine test oily waste 

31031-10-3 Raw waste oils from 
grinding 

15193-21-0 oily waste holding tank 

15193-21-1 Machining oils 

15193-21-1 Salt bath descaling 
concentrate 

20103-21-l Heat treatment coolant 
quench 

20103-21-0 Oily waste after cooker 

20103-21-0 Heat treatment coolant 
quench 

38217-23-0 Machine coolants and 
oils, after skiwner 

38217-23-1 Machine coolants and 
oils, after skiwner 

33692-23-1 Raw oily waste 
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TTO concentration 
\ Total Flow (mq/l) 

NA 4219 

1.75 1761 

l'll\... !0 .!,7., .. 

2.21 9.93 

2.21 .525 

0.2 .133 

3.6 802 

NA 7.83 

0 .502 

7.42 .659 

7.42 2.33 

7.42 .084 

'88 1.58 

96 4.13 
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TABLE 5-43 (Continued) 
TTO CONCENTRATIONS IN TREATED OILY WASTESTRBAMS 

TTO Concentration 
Plant ID Description % Total Flow (mg/t) 

13041-22-0 Oily wastestream after emulsion breaking NA 

13041-22-0 Oily wastestream after emulsion breaking NA 

13041-22-0 Oily wastestream after emulsion breaking NA 

13041-22-0 Oily wastestream after emulsion breaking NA 
and UF 

13041-22-0 Oily wastestream after emulsion breaking NA 
ancl UF 

13041-22-0 Oily wastestream after emulsion breaking NA 
and UF 

12095-22-0 Oily wastestream after emulsion NA 
brEtaking and clarification 

12095-22-0 Oily wastestream after emulsion NA 
brEtaking and clarification 

12095-22-0 Oily wastestream after emulsic'n NA 
brEtaking and clarification 

28125-22-1 Oilly wastestream after oil skimmer NA 

28125-22-0 Oilly wastestream after clarification NA 

28125-22-1 oiJLy wastestream after clarif:i.cation NA 

28125-22-0 Oily wastestream after filtration NA 

28125-22-1 oily wastestream after filtration NA 

30516-23-0 Oily wastestream (ultrafilter permeate) NA 

30516-23-1 Oily wastestream (ultrafilter permeate) NA 

40070-22-0 Oily wastestream after oil sk1.mmer NA 

40070-22-0 Oily wastestream after oil sktmmer NA 

40070-22-0 Oily wastestream after oil skimmer NA 
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13.0 
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.996 
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TABLE 5-43 (Continued) 
TTO CONCENTRATIONS IN TREATED OILY,WASTESTREAMS 

TTO concentration 
Plant ID Description % Total Flow ~mg/i.} 

I 
I 

40836-22-0 Oily wastestream after emulsion breaking NA 8.62 

41097-22-0 Oily wastestream after emulsion NA .045 
breaking and DAF 

41097-22-1 Oily wastestream after emulsion NA .125 
breaking and DAF 

41097-22-2 Oily wastestream after emulsion NA .560 
breaking and DAF 

41097-22-1 Oily wastestream after emulsion NA 23.0 
breaking, DAF, and vacuum filter 

41115-22-0 Oily wastestream after oil sldmmer NA .655 

41115-22-0 Oily wastestream after oil skimmer NA 1.64 

41115-22-0 Oily wastestream after oil skimmer NA .905 

1058-22-0 Oily wastestream prior to emulsion NA 2.77 
breaking 

1058-22-0 Oily wastestream after emulsion breaking NA 1.43 
I 

1058-22-0 Oily wastestream prior to polishing NA .364 
pond 

1058-22-0 Oily wastestream after polishing pond NA .323 

1058-22-1 Oily wastestream prior to polishing NA 1.34 
pond 

1058-22-1 Oily wastestream after polishing pond NA .278 

1058-22-2 Oily wastestream prior to polishing ' NA .308 
pond 

1058-22-2 Oily wastestream after polishing pond ! NA 3.79 

13324-21-0 Oily wastestream after oil/water NA 12.0 
separator 

13324-21-0 Oily wastestream after ultrafiltration NA 1.48 
and oil/water separator 

V-98 



TABLE 5~43 (Continued} 
TTO CONCENTRATIONS IN TREATED OILY WASTESTREAMS 

TTO Concentration 
Plant ID Description % Total Flow (mg/l} 

19462-23-1 Oil~{ wastestream after screen and filter NA 

19462-23-1 Oily wastestream after centrifuge NA 

19462-23-1 Oil~r wastestream after ultrafiltration NA 

30698-21-0 Oily wastestream after batch treatment NA 
tan!<: 

31032-15-0 Raw waste (rinses from FET and PCB} NA 

31032-15-1 Raw waste (rinses from FET and PCB} NA 

31032-15-2 Raw waste (rinses from FET and PCB} NA 

31032-15-0 Oil~( wastestream after UF, RO NA 

31032-15-1 Oily wastestream after UF, RO NA 

31032-15-2 Oil~( wastestream after UF, RO NA 

33692-23-0 Oil;( wastestream after clarifier NA 

33692-23-0 Oily wastestream after DAF NA 

33692-23-0 oil;( wastestream after final settling NA 
tanl<: 

33692-23-1 Oil;( wastestream after clarifier NA 

33692-23-1 Oil;( wastestream after OAF NA 

33692-23-1 Oil;( wastestream after final settling NA 
tanl<: 

38040-23-0 Treated oily wastes (API settler, NA 
bag filter, cartridge filter, P.O., 
and carbon filter} 

38040-23-1 Treated oily wastes (API settler, NA 
bag filter, cartridge filter, P.o., 
and carbon filter) 

6019-21-·0 Effluent from treatment tank 1.1 
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TABLE 5-43 (Continue~) 
TTO CONCENTRATIONS IN TREATED OILY WASTESTREAMS 

TTO Concentration 
Plant ID Description \ Total Flow (mg/l) 

14062-21-0 Soluble oils after centrifuge .9 21.9 

15193-21-0 Permeate from Ul? on soluble oils 2.75 80.8 

15193-21-1 Permeate from Ul? on soluble oils 2.2 4.61 
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TABLE 5-44 
TTO COtiiCENTRATIONS IN RAW WASTE FROM SEGREGATED CHROMIUM STREAMS 

TTO Concentration 
Plant ID Description % Total Flow (mg/l) 

4071-15-0 Chromium waste from PCB manufacture .7 .104 

4071-15-1 Chromium waste from PCB manufacture .01 .190 

4071-15-3 Chromium waste from PCB manufacture .01 .036 

34050-15-0 Chromium plating line rinse water NA .337 

34050-15-1 Chromium plating line rinse water NA .281 

34050-15-2 ChrO>mium plating--l-ine rinse water NA .120 

38051-15-0 Chromium-bearing wastes 20.3 .151 

38051-15-1 Chromium-bearing wastes 20.3 .078 

38051-15-2 Chromium-bearing wastes 20.3 .147 

12075-15-0 Chromium-plating line rinses 4.5 .006 

12075-15-3 Chromium--plating line rinses 2.8 .014 

12075-15-5 Chromium-plating line rinses .8 .008 

18538-15-3 ChrO>mium-bearing wastes 36.2 .006 

18538-15-5 Chr:O>mium-bearing wastes 30.6 .016 

11103-15-0 Aci.dic and chromic wastes from 23 .014 
ele1ctroplating 

11103-15-2 Aci.dic and chromic wastes from 25 .004 
ele1ctroplating 

11103-15-4 Actdic and chromic wastes from 25 .015 
ele1ctroplating 

21066-15-0 Chromic wastes from electroplating 1 .010 

21066-15-1 Chromic wastes from electroplating 1 .015 

21066-15-3 Chromic wastes from electroplating 1 .010 

6960-15-0 Mil,d. acid rinse and chromic rinse 15 .053 
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TABLE 5-44 (Continued) 
TTO CONCENTRATIONS JCN RAW WASTE FROM SEGR~GATED CHROMIUM STREAMS 

\ T6tal Flow 
TTO Concentration 

Plant ID Description (mg/1.) 

6960-15-2 Mild acid rinse and chromic rinse 15 .102 

6960-15-4 Mild acid rinse and chromic rinse 15 .008 

19068-15-1 chromate rinses and chromic 35 .199 
acid rinses 

19068-15-2 Chromate rinses and chromic 38 .046 
acid rinses 
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TABLE 5-45 
TTO CONCENTRATIONS IN RAW WASTE FROM SEGREGATED CYANIDE STREAMS 

TTO Concentration 
Plant ID Description \ Total Flow (mq/t) 

11103-15-0 cyanide wastes from electroplating 11 .012 
lines 

11103-15-2 cyanide wastes from electroplating 18 .010 
lines 

11103-15-4 cyanide wastes from electroplating 18 .005 
lines 

21066-15-0 cyanide wastes from electroplating NA .015 
lines 

21066-15-1 cyanide wastes from electroplating NA .018 
lines 

21066-15-3 Cyanide wastes from electroplating NA .009 
lines 
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TABLE 5-46 
TTO CONCENTRATIONS IN RAW WASTE F~OM AIR SCRUBBERS 

' Plant ID Description % Total Flow 

4069-15-0 Air scrubber d:J.scharge from all 10 
wet operations of PCB manufacture 
(stripping, etching, sensitizing, 
multilayer operations) 

4069-15-2 Air scrubber d:J.scharge from all 10 
wet operations of PCB manufacture 
(stripping, etching, sensitizing, 
multilayer operations) 

4069-15-4 Air scrubber discharge from all 10 
wet operations of PCB manufacture 
(stripping, etching, sensitizing, 
multilayer operations) 

2033-15-0 Wet scrubber wastewater 

2033-15-2 Wet scrubber wastewater 

2033-15-4 Wet scrubber wastewater 

11103-15-0 conversion coating air scrubber 

11103-15-0 Electroplating air scrubber 

NA 

NA 

NA 

3 

2 

18538-15-1 Phosphating condensate (similar to 1 

air scrubber discharge) collected fro~n 
both phosphating lines process tanks.: 

NA 

18538-15-5 Phosphating condensate (similar to NA 
air scrubber discharge) collected from 
both phosphating lines process tanks.· 

20022-15-0 Air scrubber discharge from anodizing 3 
operations 

20022-15-1 Air scrubber discharge from anodizing 4 
operations 

20022-15-1 Air scrubber discharge from anodizing! 3 
operations 

33617-4 Kolene air scrubber blowdown NA 
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(mg/l) 

.017 
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TABLE 5-41 
TTO CONCENTRATIONS IN NON-METAL FINISHING OPERATIONS 

TTO Concentration 
Plant ID Description \ Total Flow (mg/t) 

18538-14-0 composite of rinses on procelain NA .015 
enemaling pickle line 

33617-7 Plastics processing effluent NA 2.69 

13042-21-1 Metal impregnation rinse tank overflow NA .043 

6097-15-0 Rinsewater from grinding and 70.5 .032 
polishing of plate glass 

6091-15-1 Rinsewater from grinding and 68.5 .015 
polishing of plate glass 

6091-15-2 Rinsewater from grinding and 10.5 .181 
polishing of plate glass 

6097-15-0 Rinsewater from beveling and 7.9 .406 
grinding of lens 

6091-15-1 Rinsewater from beveling and 8.1 .100 
grinding of lens 

6091-15-2 Rinse1water from beveling and 6.0 .259 
grin<lling of lens 
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SECTION VI 
SELECTION OF POLLUTANT PARAMETERS 

INTRODUCTION 

This section presents the pollutant parameters selected for 
limitation in the Metal Finishing Category. These parameters were 
chosen from the pollutant parameters identified in Section V from: 

o Laboratory analysis results of samples taken during 
screening and verification visits. 

o Responses received from the data collection portfolios 
containing pollutant parameter questionnaires. 

o Technical information and data received from chemical 
suppliers. equipment manufacturers. and previous studies. 

Following are an explanation of the rationale for selection and 
exclusion of individual pollutant parameters and a presentation of 
the parameters selected for each waste type. 

SELECTION RATIONALE 

The selection of .pollutant parameters for regulation was based 
both on sampling analysis data and information received in the 
data collection portfolios. The sampling analysis data and a 
summary of the data collection portfolios are presented in Section 
v. 

The parameters available for selection were grouped into four 
categories: toxic organic pollutants. toxic inorganic pollutants. 
non-toxic metals. and other pollutants. The selection of 
parameters from each of these groups is discussed below. 

TOXIC ORGANIC POLLUTANTS 

The toxic organic pollutants are listed in Table 3-2. During the 
analysis of the wastewater samples. it was found that a variety of 
toxic organics could be present in both common metals and oily 
waste streams. It was also found that the types of toxic organics 
detected varied from plant to plant. Because this large variety 
of toxic organics is present in the Metal Finishing Category and 
because of the difficulty involved with regulating such a large 
number of pollutants. a total toxic organics (TTO) heading has 
been established which covers all the toxic organic pollutants. 
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It was recognized that some of the toxic organics should rarely be 
present in metal finishing wastewaters. For example. parameters 
either were not detected through sampling:or w~re found upon rare 
occasion in low concentrations. There is:no known reason why 
pesticide type parameters should be present within the wastewater 
streams generated by the Metal Finishing Category. However. the 
availability of the certification procedure eliminates the need to 
monitor for pollutants not likely to be present and 1:ocuses the 
identification of toxic organics even for,those rarely used. 

Total toxic organics are present in the total raw waste of sampled 
plants in concentrations ranging from zer9 to 13.5 mg/t as shown 
in Table 5-28. TTO concentrations in the:wastewater from various 
metal finishing operations is presented in Tables 5-29 through 
5-47 in Section v. ' 
Cyanide, which is commonly used within the Metal Finishing 
Category (as evidenced by the 298 mg/~ mean concentration of 
total cyanide in the cyanide raw waste stream), was an obvious 
selection as a pollutant parameter. 

Of the toxic metals. cadmium. chromium. copper. lead. nickel. 
silver. and zinc were found at significant concentration levels in 
the raw waste. Table 5-16 shows the conc.ntrations of toxic 
metals that were found in the raw waste discharged to end-of-pipe 
treatment. Consequently. cadmium. chromium. copper. lead. nickel. 
silver. and zinc have been selected as pollutant parameters to be 
regulated. Other toxic metals and asbestos were not regulated 
because they either were present only in ~nsignificant 
concentrations. or present only at a smal~ number of sources and 
effectively controlled by regulating other parameters. 

NON-TOXIC METALS 

The non-toxic metals group contains those1 metals which were 
analyzed but were not listed among the 126 toxic pollutants. 
Table 5-18 presents the non-toxic metals. and their flow 
proportioned mean concentrations in the total metal finishing raw 
waste. Because of the priority given to the control of toxic 
pollutants. these non-toxic metals were n~t regulated. These 
parameters would have to be found at high concentrations with high 
frequency to be selected for regulations. 
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OTHER POLLUT.A.NTS 

There are other pollutant parameters which are normally controlled 
to maintain water quality. Total suspended solids (TSS} is a 
traditional pollutant parameter which can serve to control the 
discharge of .harmful pollutants. Oil and grease is a traditional 
pollutant parameter which can cause odor and taste problems with 
water and kill aquatic organisms. As evidenced by its mean 
concentration in the oily wastes raw waste stream (40,700 mg/1}, 
oil and grease is a significant pollutant parameter in the Metal 
Finishing Category. 

POLLUTANT PARAMETERS SELECTED 

Table 6-1 presents the pollutant parameters selected for 
regulation for the Metal Finishing Category. 
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TABLE 6-1 

POLLUTANT PARAMETERS SELECTED FOR REGULATION 

Cadmium 
Chromium. total 
Copper 
Lead 

Nickel 
Silver 

Zinc 
Cyanide. total (alternative - ~yanide, amenable) 

Total Suspended Solids 

Oil and Grease 
Total Toxic Organics 

pH 
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SECTION VII 
CONTROL AND •rREATMENT TECHNOLOGY 

INTRODUCTION 

This section describes the treatment techniques currently used 
or available to remove or recover wastewater pollutants nor
mally generated by the Metal Finishing Category. Included is 
a discussion of individual wastewater treatment technologies 
and in-plant control and treatment technologies. Pertinent 
treatment and control technology is discussed specifically for 
each of the seven types of raw waste that are present. The 
technologies presented are applicable to the metal finishing 
industry for both direct and indirect dischargers and reflect 
the entire metal finishing data base. 

The raw wastes for the Metal Finishing Category were initially 
subdivided into two constituent types, inorganic and organic 
wastes. These were then further subdivided into the specific 
types of waste that occur in each of these two major areas and 
grouped into the following seven waste types: 

MAJOR SUBDIVISION WASTE 'rYPE 

1. Common Metals 
INORGANIC 2. Precious Metals 

WASTES 3. Complexed Metals 
4. Hexavalent Chromium ---

5. Cyanide 
ORGANIC 6. Oils 

WASTES 7. Toxic Organics 

Treatment for each of these seven waste types is shown schemat
ically in Figure 7-1. This schematic illustrates the types of 
treatment that are needed for wastes of each type. The spe
cific treatment required for these .wastes is as follows: 

WASTE TYPE PRIMARY FINAL 
TREATMENT TREA'rMENT 

Common Metals Metals Removal 
Precious Metals Precious Metals Recovery Optional (depend-

ing on other wastes 
present} 

Complexed Metals Complexed Metals 
Removal 

Hexavalent Chromium Chromium Reduction Metals Removal 
Cyanide Cyanide Destruction Metals Removal 
Oils Oily Waste Removal Metals Removal 
'roxie Organics Haul or Reclaim 
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The wastewater stream segregation shown in Figure 7-1 is 
current common practice in the Metal Finishing Category, as 
discussed in Section IV. This stream segregation allows the 
recovery of precious metals, the reduction of hexavalent 
chromium to trivalent chromium, the destruction of cyanide, 
and the removal/ recovery of oils prior to the removal of the 
common metals that are also present in these streams. Segrega
tion of these streams reduces the flow rate of wastewater to 
be treated in each component and accordingly reduces the cost 
of this primary treatment. The complexed metals wastewaters 
require segregated treatment to preclude the complexing of 
other metal wastes in the treatment system. 

This section is divided into subsections with the following 
headings: Applicability of Treatment Technologies, Treatment 
of Common Metals Wastes, Treatment of Precious Metals Wastes, 
Treatment of Complexed Metals Wastes, Treatment of Hexavalent 
Chromium Wastes, Treatment of Cyanide Wastes, Treatment of 
Oily Wastes, Treatment of Toxic Organics, Treatment of Sludges, 
In-Process Control Technology, and Statistical Analysis. The 
Applicability of Treatment Technologies Subsection defines specific 
applications of individual treatment technologies and references 
the location of their respective descriptions within this 
section. 

The subsections that discuss treatment present three specific 
levels of treatment options for common metals. The organization 
of each of these subsections is such that the Option 1 system 
is described, the particular treatment components that are applic
able to the first level option (Option 1} for common metals 
are described, and their performance is presented. Then, 
the Option 1 performance level is presented. The information 
relative to Options 2 and 3 is developed and discussed in a 
similar manner. The subsections that discuss treatment for 
other waste types present only a single option because only one 
level of treatment is clearly superior based on performance and 
demonstration status. Several alternatives to the Option 1 system 
are presented for the oily waste streams. 

The In-Process Control Technology Subsection discusses tech
niques for process water usage reduction, alternative proc
esses, integrated water treatment, and good housekeeping. 
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APPLICABILITY OF TREATMENT TECHNOLOGIES 

This subsection identifies the component technologies that are 
applicable for the treatment of raw wastes that are generated 
by industries that perform the metal finishing operations des
cribed in Section III. Table 7-1 lists the component tech
nologies, shows their specific application to the Metal Fin
ishing Category, and indicates the page on'which each is 
described. Table 7-2 illustrates the applicability of each 
technology to each of the waste types. 

Each treatment component is functionally described and dis
cussions are presented of the application, performance, and 
the demonstration status of each component~ In some instances 
the technique described has been demonstrat~~ ~p anqth~r ipdust~y 
to successfully remove a particular waste constituent. Wherever 
the waste characteristics are similar to that for a Metal 
Finishing Category wastewater type, performance data have been 
shown to better illustrate the capabilities of the treatment 
techniques being described. · 
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TABLE 7-1 
INDEX AND SPECIFIC APPLICATION OF 

TREATMENT TECHNOLOGIES 

Application or Potential Applica~ion 
Technology to Metal Finishing 

Aerobic Decem- Oil breakdown and organics removal 
position 

Carbon Adsorption Removal of trace metals and organics 

Centrifugation Sludge dewatering, oil removal 

Chemical Reduction Treatment of chromic acid and chromates 

Chemical Reduction- Removal of Complexed Metals 
Precipitation/ 
Sedimentation 

Coalescing 

Diatomaceous Earth 
Filtration 

Electrochemical 
Oxidation 

Electrochemical 
Reduction 

Electrochemical 
Regeneration 

Electrcolytic 
Recovery 

Emulsion Breaking 

Evaporation 

Ferrous Sulfate 
(PeSO )-Preci
pitadon/Sedi
mentation 

Flotation 

Granular Bed Fil
tration 

Gravity Sludge 
Thickening 

Oil removal 

Metal hydroxides and suspended solids 
removal 

Destruction of free cyanide and cyanates 

Reduction of chromium from metal finishing 
and cooling tower blowdowns 

Conversion of trivalent chromium to hexa
valent valence 

Recovery of precious and common metals 

Breakdown of emulsified oil mixtures 

Concentration and recovery of process 
chemicals 

Removal of complexed metals and cyanides 

Suspended solids and oil removal 

Solids polishing of settling tank 
effluent 

Dewatering of clarifier underflow 

VII-S 

Page 

VII-221 

VII-209 

VII-185, 238 

VII-115 

VII-113 

VII-180 

VII-53 

VII-151 

VII-120 

VII-123 

VII-102 

VII-162 

VII-76, 100 
124, 153 

VII-114 I 153 

VII-93, 183 

VII-48 

VII-230 



Technology 

High pH Precipi
tation/Sedimenta
tion 

Hydroxide Precipi
tation 

Insoluble Starch 
Xanthate 

Integrated 
Adsorption 

Ion Exchange 

Membrane Filtra
tion 

Oxidation by 
Chlorine 

Oxidation by Hy
drogen Peroxide 

Oxidation by Ozone 

Oxidation by Ozone 
w/UV Radiation 

Peat Adsorption 

Pressure Filtra
tion 

Resin Adsorption 

Reverse Osmosis 

TABLE 7-1 (Cont.) 
INDEX AND SPECIFIC APPLICATION OF 

TREATMENT TECHNOLOGIES 

Application or Potential Application 
to Metal Finishing , 

Removal of complexed metals 

Dissolved metals removal 

Dissolved metals removal 

Emulsified oils and paints :removal 

Recovery or removal of dissolved metals 

Dissolved metals and suspended solids 
removal 

Destruction of cyanides and cyanates 

Cyanide destruction and meeals removal 

Destruction of cyanides and cyanates 

Destruction of cyanides and cyanates 

Dissolved metals removal 

Sludge dewatering or suspended solids 
removal 

Removal of organics 

Removal of dissolved salts :for water 
reuse 

Sedimentation Suspended solids and metals removal 

Skimming Free oil removal 

Sludge Bed Drying Sludge dewatering 

Sulfide Precipita- Dissolved metals removal 
tion 

Ultrafiltration Oil and suspended solids removal and 
paint purification 

Vacuum Filtration Sludge dewatering 
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Page 
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VII-8 

"'VII-88 

VII-186 

VII-80, 102 
114, 124 

VII-98, 113 

VII-126 

VII-150 
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VII-148 

VII-86 

VII-232 

VII-218 
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TABLE 7-2 
APPLICABILITY OF TREATMENT TECHNOLOGIES TO 

RAW WASTE TYPES 

Common Precious Complexed Chromium Cyanide Oily Toxic 
Technology Metals Metals Metals Bearing Bearing Wastes Organics Sludge In-Process 

Aerobic Decomposition -X X 
Carbon Adsorption X X X X X 
Centrifugation X X 
Che•ical Reduction X 
Coalescing X 
Diatomaceous Earth X X X X X 

Filtration 
Electrochemical Oxidation X 
Electrochemical Reduction X 
Electrochemical Regeneration X X 
Electrodialysis X X 
Electrolytic Recovery X X X 
Eaulsion Breaking X 
Evaporation X X X X X X 
Flotation X X X 
Granular Bed Filtration X X X 
Gravity Sludge Thickening X 

~High pH Precipitation X 
-Hydroxide Precipitation X X X X 
~ Insoluble Starch Xanthate X X X 

Ion Exchange X X X X X X 
Membrane Filtration X X X 
oxidation by Chlorine X 
Oxidation by Hydrogen Peroxide X 
Oxidation by Ozone X 
Oxidation by.ozone with X 

UV Radiation 
Peat Adsorption X X X 
Pressure Filtration X X X 
Resin Adsorption X X 
Reverse Osmosis X X X X X X 
Sedimentation X X X 
Skimming X 
Sludge Bed Drying X 
Sulfide Precipitation X X X X 
Ultrafiltration X X X X X X 
Vacuum Filtration X 



TREATMENT OF COMMON METALS WASTES 

INTRODUCTION 

Common metals wastes can be generated in 1 the Metal Finishing 
Category by the unit operations that have previously been 
described. The methods used to treat these wastes are 
discussed in this section and fall into two groupings -
recovery techniques and solids removal techniques. Recovery 
techniques are treatment methods used for the purpose of 
recovering or regenerating process constituents which would 
otherwise be lost in the wastewater or discarded. Included in 
this group are evaporation, ion exchange, electrolytic recov
ery, electrodialysis, and reverse osmosis. Solids removal 
techniques are employed to remove metals and other pollutants 
from process wastewaters to make these w~ters suitable for 
reuse or discharge. These methods include hydroxide and 
sulfide precipitation, sedimentation, diatomaceous earth 
filtration, membrane filtration, granular bed filtration, 
sedimentation, peat adsorption, insoluble starch xanthate 
treatment, and flotation. ! 

This subsection presents the treatment systems that are appli
cable to common metals removal for treat~ent Options 1, 2, and 
3; describes the treatment techniques applicable to each 
option; and defines the effluent performance levels for each 
of those options. Option 1 common metals removal incorporates 
hydroxide precipitation and sedimentation. Option 2 for 
common metals removal consists of the addition of filtration 
devices to the Option 1 system. The Option 3 treatment system 
for common metals wastes consists of the Option 1 end-of-pipe 
treatment system with the addition of in~plant controls for 
cadmium. Alternative treatment techniques that can be applied 
to provide Option 1, 2, or 3 system perf~rmance are described 
following the Option 3 discussion. ' 

TREATMENT OF COMMON METAL WASTES - OPTIO~ 1 

The Option 1 system for the treatment of common metals wastes 
consists of hydroxide precipitation followed by sedimentation, 
as is shown in Figure 7-2. This system accomplishes the end
of-pipe metals removal from all common m~tals bearing waste
water streams that are present at a facility. The recovery of 
precious metals, the reduction of hexavalent chromium, the 
removal of oily wastes, and the destruction of cyanide must be 
accomplished prior to common metals removal, as was shown in 
Figure 7-1. · 

I 
Cyanide bearing wastes must undergo oxidation to destroy the 
cyanide in the wastewater. Cyanide, as well as being a highly 
toxic pollutant, will complex metals such as copper, cadmium, 
and zinc and prevent efficient removal of these metals in the 
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solids removal device. Similarly, complexed metal wastes must 
be kept segregated and treated separately to avoid complexing 
metals in the primary solids removal device. Complexed metal 
wastes should be treated in a separate solids removal device 
such as a membrane filter or a high pH clarifier. The spe
cific techniques for the treatment of all other waste types, a 
description of the three levels of treatment options for each 
waste type and the performance for all le;vels of these options 
are presented in subsequent subsections. · · 

The treatment techniques incorporated in ;the Option 1 common 
metals waste treatment system include pH adjustment, hydroxide 
precipitation, flocculation, and sediment~tion. Sedimentation 
may be carried out with equipment such as! clarifiers, tube 
settlers, settling tanks, and sedimentatibn lagoons, or it 
may be replaced by various filtration devices preceded by 
hydroxide precipitation. The following p~ragraphs describe the 
hydroxide precipitation and sedimentation: techniques that are 
employed for the Option·l common metals treatment system. 

Hydroxide Precipitation 
[.,, 

Dissolved heavy metal ions are often chemically precipitated 
as hydroxides so that they may be removed by physical means 
such as sedimentation, filtration, or centrifugation. Rea
gents commonly used to effect this precipitation include 
alkaline compounds such as lime and sodium hydroxide. Calcium 
hydroxide precipitates trivalent chromium:. and other metals as 
metal hydroxides and precipitates phosphates as insoluble 
calcium phosphate. These treatment chemi~als may be added to 
a flash mixer or rapid mix tank, or directly to the sedimenta
tion device. Because metal hydroxides tend to be colloidal in 
nature, coagulating agents may also be added to facilitate 
settling. Figure 7-3 illustrates typical chemical precipita
tion equipment as well as the associated sedimentation device. 

After the solids have been removed, final.pH adjustment may be 
required to reduce the high pH created by: the alkaline treat-
ment chemicals. 1 

I 

Application 
i 

Hydroxide precipitation is used in metal finishing for precip
itation of dissolved metals and phosphates. It can be uti
lized in conjunction with a solids removal device such as a 
clarifier or filter for removal of metal ions such as iron, 
lead, tin, copper, zinc, cadmium, aluminum, mercury, manga
nese, cobalt, antimony, arsenic, berylliUip, and trivalent 
chromium. The process is also applicableito any substance 
that can be transformed into an insoluble; :1;9J;IU J:i,lq~ ~oaps, 
phosphates, fluorides, and a variety of others. 

Hydroxide precipitation has proven to be an effective tech
nique for removing many pollutants from i~dustrial wastewater. 
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Hydroxide precipitation operates at ambient conditions and is 
well suited to automatic control. Lime i~ usually added as 
a slurry when used in hydroxide precipitation. The slurry must 
be kept well mixed and the addition lines1 periodically 
checked to prevent blocking, which results from a buildup of 
solids. The use of hydroxide precipitation does produce large 
quantities of sludge requiring disposal following precipitation 
and settling. The use of treatment chemi~als requires caution be
cause of the potentially hazardous situation involved with the 
storage and handling of those chemicals. , Recovery of the 
precipitated species is sometimes difficult because of the 
homogeneous nature of most hydroxide sludges (where no single 
metal hydroxide is present in high concentrations} and because 
of the difficulty in smelting which results from the interfer-
ence of calcium compounds. ' 

Performance 

The performance of hydroxide precipitation depends on several 
variables. The most important factors affecting precipitation 
effectiveness are: 

1. Addition of sufficien·t excess ariions to drive the 
precipitation reaction to completion. 

2. Maintenance of an alkaline pH t~roughout the precip
itation reaction and subsequent:settling. (Figure 
7-4 details the solubilities of various metal hydrox-
ides as a function of pH). ' 

3. Effective removal of precipitated solids (see 
appropriate solids removal techqologies). 

Demonstration Status 

Hydroxide precipitation of metals is a classic waste treatment 
technology used in most in9ustrial waste ~reatment systems. 
As noted earlier, sedimentation to remove 'precipitates is dis
cussed separately; however, both techniqu~s have been illus-
trated in Figure 7-3. : 

Sedimentation 

Sedimentation is a process which removes solid particles from 
a liquid waste stream by gravitational settling. The op7ration 
is effected by reducing the velocity of tqe feed stream 1n a 
large volume tank or lagoon so ~hat gra~itatio~al set~ling can 
occur. Figure 7-5 shows two typ1cal sed1m~ntat1on dev1ces. 
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For the Option 1 system, sedimentation is preceded by hydrox
ide precipitation which converts dissolved metallic pollutants 
to solid forms and coagulates suspended precipitates into 
larger, faster settling particles. Wastewater is fed into a 
high volume tank or lagoon where it loses velocity and the 
suspended solids are allowed to settle. High retention times 
are generally required. (The plants in the data base used 
retention times ranging from 1 to 48 hours). Accumulated 
sludge can be collected and removed either periodically or 
continuously and either manually or mechanically. 

Inorganic coagulants or polyelectrolytic flocculants are added 
to enhance coagulation. Common inorganic coagulants include 
sodium sulfate, sodium aluminate, ferrous or ferric sulfate, 
and ferric chloride. Organic polyelectrolytes vary in struc
ture, but all usually form larger floccules than coagulants 
used alone. 

The use of a clarifier for sedimentation reduces space require
ments, reduces retention time, and increases solids removal 
efficiency. Conventional clarifiers generally consist of a 
circular or rectangular tank with a mechanical sludge col
lecting device or with a sloping funnel-shaped bottom designed 
for sludge collection. In advanced clarifiers, inclined 
plates, slanted tubes, or a lamellar network may be included 
within the clarifier tank in order to increase the effective 
settling area. A more recently developed "clarifier" utilizes 
centrifugal force rather than gravity to effect the separation 
of solids from a liquid. The precipitates are forced outward 
and accumulate against an outer wall, where they can later be 
collected. A fraction of the sludge stream is often recir
culated to the clarifier inlet, promoting formation of a 
denser sludge. 

Application 

Sedimentation is used in metal finishing to remove precip
itated metals, phosphates, and suspended solids. Because most 
metal ion pollutants are easily converted to solid metal 
hydroxide precipitates, sedimentation is of particular use in 
industries associated with metal finishing and in other indus
tries with high concentrations of metal ions in their wastes. 
In addition to heavy metals, suitably precipitated materials 
effectively removed by sedimentation/clarification include 
aluminum, manganese, cobalt, arsenic, antimony, beryllium, 
molybdenum, fluoride, and phosphate. 

The major advantage of simple sedimentation is the simplicity 
of the proces~ itself - the gravitational settling of solid 
particulate waste in a holding tank or lagoon. The major 
disadvantage of sedimentation involves the long retention 
times necessary to achieve complete settling, especially if 
the specific g~avity of the suspended matter is close to that 
of water. 
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A clarifier is more effective in removing slow settling sus
pended matter in a shorter time and in less space than a 
simple sedimentation system. Also, effluent quality is often 
better from a clarifier. The cost of installing and main
taining a clarifier is, however, substantially greater than 
the costs associated with sedimentation lagoons. 

Inclined plate, slant tube, and lamellar' clarifiers have even 
higher removal efficiencies than conventional clarifiers, and 
greater capacities per unit area are pospible. Installed 
costs for these advanced clarification systems are claimed to 
be one half the cost of conventional systems of similar capac
ity. 

I II',, 'i"," 

Performance 

A properly operating sedimentation syste~ is capable of effi
cient removal of suspended solids, precipitated metal hydrox
ides, and other impurities from wastewater. The performance 
of the process depends on a variety of f~ctors, including the 
effective charge on the suspended particles (adjustments can 
be made in the type and dosage of flocculant or coagulant) and 
the types of chemicals used in prior treatment. It has been 
found that the site of flocculant or coagulant addition may 
significantly influence the effectivenes~ of sedimentation. 
If the flocculant is subjected to too mu9h mixing before 
entering the settling device, the agglomerated complexes may 
be broken up and the settling effectiveness diminished. At 
the same time, the flocculant must have sufficient mixing in 
order for effective set-up and settling to occur. Most plant 
personnel select the line or trough leading into the clarifier 
as the most efficient site for flocculant addition. The 
performance of sedimentation is a function of the retention 
time, particle size and density, and theisurface area of the 
sedimentation catchment. 

Sampling visit data from plant 40063, a porcelain enameling 
facility that performs metal finishing operations, exemplify 
efficient operation of a chemical precipitation/settling system. 
The following table presents sampling data from this system, 
which consists of the addition of lime and caustic soda for 
pH adjustment and hydroxide precipitation, polyelectrolyte 
flocculant addition, and clarification. :Samples were taken 
of the raw waste influent to the system and of the clarifier 
effluent. Flow through the system is approximately 18,900 LPH 
(5000 GPH). Concentrations ar.e given in'mg/1. The effluent pH 
shown in the table reflects readjustment1with sulfuric acid after 
solids removal. Parameters which were n9t detected are 
listed as ND. 
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POLLUTANT CONCENTRATIONS (mg/1) 
PLANT ID 40063 

Day 1 
Inf. Eff. 

pH Range 9.2-9.6 

TSS 4390 

Al 37 ,, 3 

Co 3.92 

Cu 0.65 

Fe 137 

Mn 175 

Ni 6.86 

Se 28 .. 6 

Ti 143 

Zn 18 .. 5 

8.3-9.8 

9.0 

0.35 

ND 

0.003 

0.49 

0.12 

ND 

ND 

ND 

0.027 

Day 2 
Inf. Eff. 

9.2 

3595 

38.1 

4.65 

0.63 

110 

205 

5.84 

30.2 

125 

16.2 

7.6-8.1 

13 

0.35 

ND 

0.003 

0.57 

0.012 

ND 

ND 

ND 

0.044 

Day 3 
Inf. Eff. 

9.6 7.8-8.2 

2805 13 

29.9 0.35 

4.37 ND 

0.72 0.003 

208 0.58 

245 0.12 

5.63 ND 

27.4 ND 

115 ND 

17.0 0.01 

Effluent TSS levels were below 15 mg/1 on each day, despite raw 
waste TSS concentrations in excess of 2800 mg/1. Effluent pH was 
maintained at approximately 8 or above, lime addition was suffi
cient to precipitate most of the dissolved metal ions, and the 
flocculant addition and clarifier retention served to effec
tively remove the precipitated solids. 

Demonstration Status 

Sedimentation in conjunction with hydroxide precipitation (the 
Option 1 system) represents the typical method of solids 
removal and is employed extensively in industrial waste treat
ment. The advanced clarifiers are just beginning to appear in 
significant numbers in commercial applications, while the 
centrifugal force 11 clarifier" has yet to be used commercially. 
Sedimentation preceded by hydroxide precipitation is used in 
154 plants in the Metal Finishing data base that are listed in 
Table 7-3. 

Common Metals Waste Treatment System Operation - Option .!. 

When operated properly, the Option 1 system is a highly reli
able method for removing dissolved heavy metals from waste
water, although proper system monitoring, control, and prelim
inary treatment to remove interfering substances are required. 
Effective operation depends upon attention to proper chemical 
addition, raw waste load variations, routine maintenance, and 
solids removal. Control of chemical addition is required to 
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TABLE 7-3 
I1ETAL FINISHING PLANTS WITH OPTION 1 TREArMENT SYSTEMS 

FOR COMMON METALS 
. I 

HYDROXIDE PRECIPITATION WITH SEDIMErTATION 

01003 
01067 
02032 
02037 
03049 
04065 
04069 
04071 
04105 
04132 
04148 
04174 
04211 
04216 
04273 
05020 
05021 
06002 
06006 
06035 
06037 
06051 
06053 
06065 
06073 
06074 
06075 
06077 
06079 
06083 
06084 
06086 
06087 
06090 
06103 
06107 
06110 
06116 
06124 

06731 
07001 
09026 
10020 
11008 
11098 
11113 
11118 
11477 
12002 
12014 
12033 
12061 
12071 
12074 
12076 
12078 
12087 
12102 
12256 
12709 
13042 
14060 
15010 
15058 
15070 
16544 
17030 
17061 
19050 
19063 
19067 
19068 
19098 
20005 
20017 
20022 
20070 
20073 

20077 
20078 
20079 
20080 
20082 
20083 
20086 
20102 
20104 
20106 
20116 
20120 
20156 
20158 
20160 
20161 
20162 
20175 
20249 
20255 
20291 
20708 
21078 
22735 
23041 
23061 
23062 
23076 
27044 
28125 
30022 
30050 
30087 
30090 
30150 
30151 
30153 
31020 
31037 
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33024 
33043 
33050 
33065 
3.3.0.74. 
33092 
33113 
33120 
33172 
3~184 
33186 
33199 
33293 
33692 
340:36 

.. 34.0~7 
36040 
~604], 
36062 
36if2 
36176 
36623 
38031 
38050 
38223 
40062 
40079 
43052 
44036 
44037. 
44045 
44050 
44062 
44150 
45741 
46036 
47035 



maintain the appropriate pH for precipitation of the metals 
present and to promote coagulation of the metals precipitated. 
When fluctuating levels of raw waste loading occur, constant 
monitoring of the system flow and pH is needed to provide 
chemical addition at the proper rate. Other raw waste types 
such as hexavalent chromium or cyanide must be appropriately 
treated before entering the Option 1 system. Specifically, 
hexavalent chromium will not be removed by the Option 1 
system, and cyanide will interfere with the Option 1 system's 
ability to remove dissolved metals. The necessary preliminary 
treatment for hexavalent chromium and cyanide is discussed in 
detail later in Section VII. 

An important factor in successful Option 1 system operation is 
the handling of changes in raw waste load. This is equally 
true for small batch systems and for large continuous systems. 
Most system failures, i.e. excessive discharges of pollutants, 
are the result of inadequate response to raw waste loading 
changes. Both hydraulic overloading and pollutant shock loads 
can be avoided by the segregation and bleed-in of concentrated 
batch dumps. When these practices are not employed, success
ful operation requires careful monitoring and quick response 
by the syste~m operator. Appropriate action by the operator in 
the event of an upset usually involves adjusting chemical feed 
rate, changing residence time, recycling of treated wastewater, 
or shutdown for maintenance. · 
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I 
' The major maintenance requirements involve' the periodic inspec-

tion and adjustment of monitoring devices ,1 chemical mixing and 
feeding equipment, feed and sludge pumps, ~nd clarifier mixing 
and drive components. Removal of accumulated sludge is neces
sary for efficient operation of precipitation/sedimentation 
systems. Solids which precipitate must be continually removed 
and properly disposed. Proper disposal practices are 
discussed later in this section under Treatment of Sludges. 

i 
Common Metals Waste Treatment System Perfo~mance - Option l 

Although the performance of many Option 1 ~reatment systems (as 
shown in Figure 7-6 with sources of wastes,) is excellent, others 
exhibit inferior performance. The major causes of poor per
formance are low pH (resulting in incomplete metals precipitation) 
and poor sedimentation, evidenced by high suspended solids in 
the effluent. In analyzing the data to determine expected per
formance, poorly performing plants were excluded from the data base. 
Plants with low effluent concentrations due to dilution, low in
fluent concentration, or similar factors W!=:t::"e a:Jso exgluSI~d~ 

The performance for the Option 1 treatment: system was estab-
lished from a combination of visited plant' sampling data and 
long term self-monitoring data that were submitted by industry. 
The following subsection describes the procedure used to 
establish Option 1 treatment system performance for the vis-
ited plant data set. ' 

Visited Plant Performance 

To establish the treatment system performapce characteristics, 
plants employing Option 1 treatment that were visited were 
selected from the Metal Finishing Category data base. The 
files for these plants were then examined ~o ensure that only 
properly operating facilities were included in the performance 
data base by establishing criteria to eliminate the data for 
improperly operating systems. The criteri~ for eliminating 
improperly operating treatment systems were as follows: 

I 
i 

1. Data with an effluent TSS level greater than 50 mg/1 were 
deleted. This represents a level of TSS above which no 
well-operated treatment plant should be discharging. 
Figure 7-7 shows effluent TSS concentrations vs. per
centile distribution. As is shown in. the graph there is 
an abrupt increase in slope (approximately 5.8:1) at the 
50 mg/1 level. Deleting data above t~is concentration 
still includes nearly seventy percent·of the data base. 
The following presentation of TSS and metals concentra
tions for plants 20073 and 20083 show~ that a low level 
of TSS is indicative of low effluent ~etal concentrations. 
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POLLUTANT CONCENTRATIONS (mg/1) 
Plant ID 20073 

Day 1 Day 2 Day 3 

In f. Eff. Inf. Eff. Inf. Eff. 

TSS 702. 11. 712. 14. 124. 33. 
Cu 64 .. 6 .812 97.1 .875 91.2 1.37 
Ni 53.8 .448 52.5 .478 89.7 1.12 
Cr 162. 1.47 175. 1.89 220. 2.85 

POLLUTANT CONCENTRATIONS (mg/1) 
Plant ID 20083 

Day 1 Day 2 Day 3 Day 4 

Inf. Eff. Info Eff.. Inf. Eff. Inf. Eff. 

TSS 24.0 145 18.0 23.0 15.0 27.0 10.0 97.0 
Cu 56.2 2.75 57.7 0.38 39.3 0. 21 50.0 2.44 
Ni 103 6.13 153 0.91 82.8 0.77 87.1 4.75 

2. Plants with alkaline precipitation systems that operated at 
an average effluent pH of less than 7.0 were deleted. An 
alkaline precipitation system will not work properly in 
this pH range, as is illustrated by the following data from 
plant 21066. 

POLLUTANT CONCENTRATIONS (mg/1) 
Plant ID 21066 

Day 1 

Inf. Eff. 

Day 2 

In f. Eff. 

Avg. effluent pH 
TSS 

NA* 
48.0 
5.36 
114 

5.4 
448 
3.74 
150 

NA* 
61.0 
8.99 
111 

5.1 
371 
1.28 
140 

Cr 
Zn 

*Not Available 

Proper control of pH is absolutely essential for favorable 
performance of precipitation/sedimentation technologies. 
This is illustrated by results obtained from a sampling 
visit to manufacturing plant 47432 (not a metal finishing 
plant) as shown by the following data (concentrations are 
in mg/1): 
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POLLUTANT CONCENTRATIONS (mg/1) 
Plant ID 47432 

Day 1 Day 2 Day 3 
In Out In Out In Out 

pH Range 2.4-3.4 8.5-8.7 1.0-3.0 5.0-6:.0 2.0-5.0 6.5-8.1 

TSS 39 8 16 19 16 7 

Copper 312 0.22 120 5.12 107 0.66 

Zinc 250 0.31 32.5 25 43.8 0.66 
r·l 

Lead 0.16 0.03 0.16 0.04 0.15 0.04 

Nickel 42.8 0.78 33.8 0.53 36.6 0.46 

This plant utilizes lime precipitation ahd pH adjustment 
followed by flocculant addition and sedi~entation. 
Samples were taken before and after the system. On day 
two effluent pH was allowed to range below 7 for the 
entire day and the effluent metals control was less 
effective than on days one and three. Iri general, better 
results will be obtained in chemical precipitation sys
tems when pH is maintained consistently ~t a level be
tween 8.5 and 9.5. It can be clearly seen that the best 
results were produced on day one when the effluent pH was 
kept within the recommended range for the entire day. 

' . 

3. Plants that had complexing agents (unoxibized cyanide 
or nonsegregated wastes from electroless:plating) 
present were deleted. · 

' 
4. Plants which had effluent flows significantly greater than 

the corresponding raw waste flows were deleted. The in
crease in flows was assumed to be dilution by other waste
waters. 

s. Pollutant parameters \<Thich had an effluent concentration 
greater than the raw \<Taste concentration were deleted. 

6. Plants that experienced difficulties in ~ystem operation 
during the sampling period were excluded'. These difficulties 
included a few hours operation at very low pH (approximately 4.0), 
observed operator error,an inoperative chemical feed system, 
improper chemical usage, improperly maintained equipment, 
high flow slugs during the sampling period, and excessive 
surface water intrusion (heavy rains). ' 

The following procedure was followed for each metal pollutant parameter 
(except for TSS which is created during precip'i tation) in order to elimi
nate spurious background metal readings. The mean effluent concentration 
of each parameter was calculated and when a raw waste concentration was 
less than the mean effluent concentration for :that parameter, the cor
responding effluent reading was deleted from the data set. The mean was 
recalculated using points not removed and the !process 
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was repeated in an iterative loop. The deletion of these points 
prevents the calculation of unrealistically low mean effluent 
concentrations from the waste treatment systems due to low raw 
waste pollutant loadings. 

Option 1 performance data from visited plants are presented in 
Tables 7-4 through 7-10 for cadmium, chromium, copper, lead, 
nickel, zinc, and total suspended solids. The mean effluent 
concentrations for these parameters are summarized in Table 7-11. 
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TABLE 7-4 

METAL FINISHING CATEGORY PERFORMANCE,DATA FOR CADMIUM 

OPTION 1 
I 

Raw Waste Effluent 
Data Concentration conc;entration 
Point ~mg/i.) ~mg/i.~ Plant ID 

: 
1. 0.012 0.006 20083-1-5 
2. 0.012 0.006 20083-1-6 
3. 0.012 ' 0.006 19063-1-2 
4. 0.013 0.005 6083-1-2 
5. 0.013 to.. 005 

'' 
19063-1-3 

6. 0.013 ~0.010 15070-1-1 
7. 0.015 10.008 6731-1-1 
8. 0.017 iO .006 6731-1-2 
9. 0.019 :o .007 6731-1-3 

10. 0.021 10.010 6074-1-1 
11. 0.021 0.018 31020-1-1 
12. 0.022 iO .013 6087-1-3 
13. 0.022 0.019 27044-1-0 
14. 0.024 0.005 20080-1-1 
15. 0.030 0.014 6087-1-1 
16. 0.032 0.005 4065-8-1 
17. 0.033 '0 .011 6074-1-1 
18. 0.037 io.oo5 20073-1-1 

lo"~oo5 ""'·' ' 
' ., ,,,, 

19. 0.037 20073-1-2 
20. 0.042 1o~oo6 36041-1-2 
21. 0.042 0.006 36041-1-3 
22. 0.053 0.009 36041-1-1 
23. 0.068 .0 .017 21003-15-2 
24. 0.077 I 33024-6-0 i0 •. 005 
25. 0.084 p.027 21003-15-0 
26. 0.087 0.024 21003-15-1 
27. 0.113 0.028 6051-6-0 
28. 0.250 0.008 15070-1-2 
29. 0.925 :0.012 20086-1-1 
30. 1.00 'o .015 

I ' """' ,, 
,, 2001:l6-1-3 

31. 1.88 ;o~018 , . ,,, .20.0~6-1-2 

Mean i 
I 

Concentration 0.162 (n=31) 0.011 (n=31) 
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TABLE 7-5 

METAL FINISHING CATEGORY PERFORMANCE OATA FOR CHROMIUM (TOTAL) 

OPTION 1 

Raw Waste Effluent 
Data Concentration Concentration 
Point (mq/!1.} (mq/!1.} Plant ID 

1. 0.65 0.052 6087-1-3 
2. 1.09 0.128 6731-1-2 
3. 1.20 1.12 15010-12-3 
4. 1.30 0.013 19068-15-1 
5. 1.31 0.014 4069-8-1 
6. 1.51 0.150 44062-15-0 
7. 1.56 0.255 6051-6-0 
8. 1.60 0.120 44062-15-1 
9. 1. 70 1.16 15010-12-2 

10. 2.00 0.040 11477-22-2 
11. 2.43 0.070 33024-6-0 
12. 4.34 0.039 44062-15-2 
13. 7.00 0.020 11477-22-1 
14. 12.2 0.556 6083-1-2 
15. 12.2 0.611 36041-1-2 
16. 14.0 0.250 33065-9-1 
17. 21.6 0.005 19068-14-0 
18. 24.7 0.333 36040-1-1 
19. 25.0 0.333 36041-1-3 
20. 25.3 0.533 36040-1-1 
21. 28.6 0.667 36041-1-1 
22. 29.4 0.733 36040-1-1 
23. 32.2 0.0 19068-15-2 
24. 58.2 0.833 20086-1-2 
25. 69.3 1.06 20086-1-3 
26. 70.3 0.833 20086-1-1 
27. 76.7 1.64 20078-1-7 
28. 85.3 0.143 6074-1-1 
29. 98.0 0.333 6074-1-1 
30. 104. 0.714 6074-1-1 
31. 116. 0.018 31020-1-1 
32. 117. 0.400 20078-1-2 
33. 117. 0.500 20078-1-3 
34. 142. 0.195 20080-1-1 
35. 162. 1.47 20073-1-1 
36. 175. 1.89 20073-1-2 
37. 190. 2.36 40062-8-0 
38. 393. 2.14 40062-8-0 

Mean 
concentration 58.6 (n=38) 0.572 (n=38) 
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TABLE 7-·6 

METAL FINISHING CATEGORY PERFORMANCE DATA FOR COPPER 

OPTION 1 

Raw Waste Effluent 
I 

Data concentration Concentration 
Point {mg/R.) ~mg/R.~ Plant ID 

I 
: 

1. 0.88 0.006 19068--14--0 
2. 0.94 0~258 6731-1-2 
3. 0.95 0.13 21003-15-2 
4. 1.00 0~044 6074-1-1 
5. 1.30 0.029 12061-15-2 
6. 1.39 0~060 36040-1-1 
7. 1.63 o:o16 19068-15-2 
8. 1.65 0~588 6731-1-3 
9. 

I 

1. 78 0~028 19068-15--1 
10. 1.90 0~038 12061-15-0 
11. 2.62 1.30 5020-1-6 
12. 2.86 1.85 5020-1-4 
13. 3.29 o,780 4071-25-3 
14. 4.35 0.727 4069-·8-1 
15. 

I 

4.55 0.380 4065--8-1 
16. 6.21 0.076 36040-1-1 
17. 6.42 oJ898 4065--8-1 
18. 7.53 0~444 36041-1-2 
19. 7.67 

I 

0 .,165 5020-1-3 
20. 7.69 0~247 20078-1-3 

I 

21. 7.69 0.307 20078-1-2 
22. 7.79 0.157 27044-1-0 
23. 8.16 0~400 20078-1-7 
24. 8.31 0.372 20078-1-4 
25. 8.44 0.776 4069--8-1 
26. 9.56 

~~~~1 36041-1-3 
27. 10.2 36040-1-1 
28. 11.0 0~160 33024-6-0 
29. 14.7 2.20 19063-1-2 
30. 14.9 4~47 19063-1-1 
31. 16.1 3.53 19063-1-3 
32. 19.5 o.9oo 5020-1-5 
33. 26.5 1.89 36041-1-1 
34. 47.5 1.62 40062-8-0 
35. 47.8 0.212 20083-1-5 

(Continued) 
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TABLE 7-6 (Continued) 

ME'rAL FINISHING CATEGORY PERFORMANCE DATA FOR COPPER 

OPTION 1 

Raw Waste Effluent 
Data concentration concentration 
Point (mg/R.) (mg/!l.) Plant ID 

36. 49.3 1.94 6087-·1-1 
37. 51.5 0.163 20083-1-6 
38. 52.5 1.69 40062-8-0 
39. 57.7 0.375 20083-1-3 
40. 64.6 0.812 20073-1-1 
41. 80.0 2.63 6087-·1-3 
42. 84.6 0.547 20086-1-2 
43. 91.7 0.500 20086-·1-1 
44. 95.8 1.06 20086-1-3 
45. 96.9 0.533 33065-9-1 
46. 97.1 0.875 20073-1-2 
47. 108. 1.00 31020-1-1 

Mean 
concentration 26.7 (n=47) 0.815 (n=47) 
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TABLE 7-7 

METAL FINISHING CATEGORY PERFORMANCE DATA FOR LEAD 

OPTION 1 

Raw Waste Effluent 
Data Concentration Concentration 
Point (mq/!l.) (mq/!i) Plant ID 

1. 0.052 0.048 15070-1-3 
2. 0.054 0.033 36040-1-1 
3. 0.064 0.0~5 20078-1-3 
4. 0.067 0.013 6731-1-3 
5. 0.071 0.0: 19068-15-1 
6. 0.072 0.044 15070-1-·1 
7. 0.072 0.048 15070-1-2 
8. 0.075 o.o:Lo 20080-1-1 
9. 0.084 0.015 20078-1-2 

10. 0.102 0.025 20078-1-4 
11. 0.103 0.077 4065-·8-1 

I 

12. 0.125 0.050 20083-1-3 
I 

13. 0.136 0.032 36041-1-2 
14. 0.136 o.o4o 20078-1-7 
15. 0.144 0.032 20083-1-6 
16. 0.145 0.038 20073-1-1 
17. 0.154 0.044 20086-1-3 
18. 0.160 0.036 20086-1-1 
19. 0.164 0.040 20086-1-2 
20. 0.168 0.032 20083-1-5 
21. 0.174 0.0! 19668-15-2 
22. 0.182 0.044 6074-1-1 
23. 0.212 0.0~6 36041-1-3 
24. 0.218 0.044 6074-1-1 
25. 0.226 0.025 20073-1-2 
26. 0.233 0.0 i 36623-15-2 
27. 0.270 0.160 4071-15-3 
28. 0.364 0.067 27044-1-0 
29. 0.394 0.021 33065-9-1 
30. 0.474 0.043 40062-8-0 

' 31. 0.567 0.0 36623-15-0 
32. 0.600 0.036 40062-8-0 
33. 0.800 0.068 31020-1-1 
34. 0.909 O.Oi3 15010-12-2 
35. 1.000 0.0~4 36041-1-·1 

(Continued) 
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TABLE 7-7 (Continued) 

METAL FINISHING CATEGORY PERFORMANCE DATA FOR LEAD 

OPTION 1 

Raw waste Effluent 
Data concentration concentration 
Point (mcj/l) (mg/l) Plant ID 

36. 1.000 0.085 6087-1-1 
37. 1.000 0.133 15010-12-3 
38. 1.120 0.065 6087-1...:3 
39. 2.500 0.160 6083-1-2 
40. 2.540 0.0 12061-15-2 
41. 6.928 o.i65 19063-1-1 
42. 6.930 0.0 12061-15-0 
43. 8.362 0.098 19063-1-2 
44. 9.701 0.143 19063-1-3 

Mean 
Concentration 1.11 (n=44) 0.0505 (n=44) 
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TABLE 7-8 

METAL FINISHING Ci!\TEGORY PERFORMANCE DATA FOR NICKEL 

OPTION 1 

Raw waste Effluent 
Data concentration concentration 
Point ~mg/9.} ~mg/!1.} Plant ID 

I""'"'' 

1. 1.07 0.076 19063-1-1 
2. 1.44 1.11 6731-1-1 
3. 1.48 0.150 21003-15-1 
4. 1.69 0.060 19063-1-2 
5. 2.14 0.342 4069-8-1 
6. 2.22 1.00 6731-1-2 
7. 2.23 

I 

0.190 19063-1-3 
8. 2.57 0.044 36041-1-2 
9. 3.20 0.726 27044-1-0 

10. 3.24 0.700 36623-15-2 
11. 3.87 0.122 4069-8-1 
12. 3.89 

I 

6731-1-3 1.89 
13. 4.49 0.5il 36041-1-3 
14. 5.00 0.320 36041-1-1 
15. 5.42 1.20 36623-15-0 
16. 5.60 0.4l4 5020-1-6 
17. 5.80 1.03 36623-15-1 
18. 6.80 0.414 5020-1-5 

I 

19. 7.31 0.759 5020-1-4 
20. 8.56 0.0: 19068-15-2 
21. 9.33 2.27 6083-1-2 
22. 11.8 0.294 5020-1-3 
23. 27.5 0.120 31020-1-1 
24. 33.9 0.5~6 20086-1-2 
25. 36.7 0.464 20086-1-3 
26. 42.9 0.766 20086-1-1 
27. 50.0 7.30 6087-1-1 
28. 52.5 0.418 20073-1-2 
29. 53.8 0.448 20073-1-1 
30. 73.0 

j,,,,., 

6087-1-3 6.39 
31. 76.9 0.3$1 20078-1-7 
32. 78.7 0.106 20078-1-3 
33. 78.7 0.427 20078-1-4 
34. 80.6 

I 

1.84 40062-8-0 
35. 85.3 0.1~4 20078-1-2 

(continued) 
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TABLE 7-8 (Continued) 

METAL FINISHING CATEGORY PERFORMANCE DATA FOR NICKEL 

OPTION l. 

Raw Waste Effluent 
Data concentration concentration 
Point (mq/!l.) (mq/!l.) Plant ID 

36. 94.3 0.600 6074-:1-1 
37. 94.4 1.52 40062-8-0 
38. 97.1 0.808 20083-1-5 
39. 108. 0.778 36040-1-1 
40. 108 1.78 36040-1-1 
41. 111. 0.462 20083-1-6 
42. 128. 0.571 6074-1-1 
43. 142. 1.56 36040-1-1 
44. 153. 0.907 20083-1-3 
45. 167. 0.304 6074-1-1 

Mean 
concentration 46.1 (n=45) 0.942 (n=45) 
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TABLE 7-9 

METAL FINISHING CATEGORY PERFORMANCE DATA FOR ZINC 

OPTION 1 

Raw Waste Effluent 
Data Concentration Co~lcentr at ion 
Point (mq/R.) . (mq/R.) Plant ID 

1. 0.63 0.028 36623-15-1 
2. 0.73 0.024 36040-1-1 
3. 0.81 0.060 19068-14-0 
4. 0.87 0.013 36040-1-1 
5. 0.92 () .123. 1~ .. 01()-1~-~. 
6. 1.08 0.020 19068-15-1 
7. 1.13 0.016 36040-1-1 
8. 1.25 0.193 15010-12-3 
9. 1.36 0.105 20073-1-1 

10. 1.71 0.070 20073-1-2 
11. 1. 75 ' 0.010 19068-15-2 
12. 3. 71 0.166 6083-1-2 
13. 4.11 0.040 20078-·1-7 
14. 4.67 0.029 20078-1-2 
15. 4.89 ' 0.033 20078-1-3 
16. 4.89 0.083 20078-1-4 
17. 5.07 I .Q.~ .. 3Q4 .... ..~:73~-1-~ I• 

18. 9.91 ' 0.889 6731-1-2 ' 
19. 11.2 

I 

1.00 6087-1-1 ! 
I 

20. 13.4 0.139 36041-1-2 
21. 14.3 0.430 36041-1-3 
22. 17.5 1.12 6087-1-3 
23. 18.7 ! 0.765 36041-1-1 
24. 18.8 0.018 31020-1-1 
25. 19.2 ! 0.889 6731-1-3 

'' ""''"' " ',,' ,, "'"'''' '''" 

26. 42.6 3.00 15070-1-3 
27. 48.5 0.308 33065-9-·1 
28. 59.4 0.375 20080-1-·1 
29. 100. 3.12 15070-1-2 
30. 103. 1.33 15070-1-1 
31. 121. 1.'09 33024-6-0 
32. 169. 0.765 20086-1-1 
33. 171. 1.12 20086~1-2 

34. 175. 1.00 20086-1-3 

Mean 
Concentration 33.9 (n=34) 0.549 (n=34) 
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TABLE 1-10 

METAL FINISHING CATEGORY PERFORMANCE DATA FOR TSS 

OPTION 1 

Raw Waste Effluent 
Data Concentration concentration 
Point (mg/l) (mg/l) Plant ID 

1. 0.0 0.0 21003-15-0 
2. 0.000 12.000 21003-15-2 
3. 1.000 24.000 33014-1-3 
4. 1.200 0.100 36623-15-2 
5. 2.000 38.000 20018-1-1 
6. 3.000 6.000 20083-1-6 
1. 3.000 1.000 21044-1-0 
8. 3.290 2.400 36623-15-1 
9. 3.610 2.900 36623-15-0 

10. 4.000 34.00 5020-1-4 
11. 6.000 5.000 21003-15-1 
12. 1.000 6.000 6131-1-1 
13. 9.000 24.00 5020-1-5 
14. 9.000 32.00 20018-1-3 
15. 10.00 5.000 20080-1-1 
16. 10.00 15.000 5020-1-6 
11. 10.00 11.500 19051-6-0 
18. 14.35 21.00 19068-15-1 
19. 15.00 8.000 6101-12-1 
20. 16.00 9.000 6101-12-1 
21. 16.00 9.000 20083-1-5 
22. 16.00 31.00 20078-1-4 
23. 16.04 11.00 19068:-15-2 
24. 16.38 22.00 19068-14-0 
25. 11.00 1.000 6131-1-2 
26. 18.000 34.000 20083.:..1-3 
21. 21.000 14.000 20018-1-2 
28. 23.000 4.000 6131-1-3 
29. 23.000 21.000 40062-8-0 
30. 26.000 5.000 5020-1-3 
31. 3.3.000 32.000 40062-8-0 
32. 38.000 16.000 4065-8-1 
33. 42.518 28.481 19063-1-1 
34. 44.606 15.000 4069-8-1 
35. 45.000 8.0000 36040-1-1 
36. 46.510 48.000 4011-15-3 
31. 55.268 4.000 4069-8-1 
38. 59.000 21.000 4065-8-1 
39. 66.000 11.000 36040-1--:1 
40. 61.000 4.000 23061-8-1 

(Continued) 
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Tl~BLE 7-10 (Continued) 

METAL FINISHING CATEGORY PERFORMANCE DATA FOR TSS 

OPTION 1 

Raw waste Efflu~nt 
Data Concentration concentration 

I 

Point ~mg/R.} ~mg/R.) Plant ID 
i 

i 
41. 74.000 3;::~~~ 15010-12-·2 
42. 78.000 12061-15--2 
43. 80.000 19.000 14001-12-1 

I 

44. 88.666 13.,238 19063-1-2 
45. 117.58 14.000 44062-15-1 
46. 119.00 3.000 11477-22-·0 
47. 131.00 9 •• 000 6051-6-0 
48. 139.13 7.9498 19063-1-3 
49. 162.00 10.

1

900 33692-23-1 
50. 174.04 23.'ooo 44062-15-·2 
51. 180.00 42.'000 15010-12-3 
52. 182.28 13.000 44062-15-0 
53. 194.00 14.:ooo 36040-1-1 
54. 201.00 15.000 23061-8-2 
55. 215.00 12.:ooo 11477--22-2 
56. 259.50 42.000 33024-6-·0 
57. 344.00 44.'000 6087-1-1 
58. 392.00 34.000 6087-1-·3 
59. 472.00 22.iooo 6083--1-2 
60. 504.00 25.:ooo 15070-1-3 
61. 524.00 10.1000 36041-1-2 
62. 652.00 5.:ooo 36041-1-3 
63. 672.00 o .;o 12061-15-0 
64. 702.00 11 •. 000 20073-1-·1 
65. 712.00 14.000 20073-1-2 
66. 812.00 7.000 12061-15-1 
67. 904.00 21.:ooo 15070-1-2 
68. 920.00 12.:000 15070-1-1 
69. 1032.0 16.:ooo 31020-1-1 
70. 1036.0 32.000 36041-1-1 
71. 1100.0 1.,000 11477-22-1 
72. 2060.0 0 • .1000 33065-9-1 
73. 2425.0 17 •. 000 20086-1-1 
74. 2466.8 25.000 20086-1-2 
75. 3103.8 22.000 20086-1-3 
76. 4410.0 21.000 6074-1-1 
77. 8340.0 26.000 6074-1-1 
78. 9970.0 46.000 6074-1-1 

Mean 
Concentration = 599.558 (n=78) 16.'836 (n=78) 
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TABLE 7-11 

TREATMENT OF COMMON METALS - VISITED PLANTS 
SUMMARY OF OPTION 1 MEAN EFFLUENT CONCENTRATIONS 

Parameter 

Cadmium 
Chromium. Total 

Copper 
Lead 

Nickel 
Zinc 

Total Suspended Soli4s 

VII-37 

Mean Concentration <mg/l) 

0.011 

0.572 

0.815 

0.051 

0.942 

0.549 

16.8 



! "' 

i 
Long Term Self-Monitoring Data Performance 

Long term self-monitoring data were submi t:ted by a number of 
plants with Option 1 treatment systems. The total data points 
per parameter ranged from 485 for cadmium to 3552 for chromium. 
The mean concentrations, daily maximum variability factors, and 
10-day variability factors were determined statistically 
for these data and are summarized in Table~ 7-12 through 7-18. 
These tables also show overall values for each pollutant, speci
fically the total number of points, the mean value for all 
points, and the median of·the variability ~actors listed in the 
table. 

Overall Performance 

The overall Option 1 system performance is' based on mean 
concentrations calculated from the visited' plant data multi
plied by variability factors calculated from the historical 
performance data. For cadmium and lead, the weighted mean Option 
1 self-monitoring concentrations rather than the mean visit concen-
trations are used because of the relatively low raw waste con
centrations of the visit data. The statis~ical procedures used 
to establish the Option 1 system performan¢e are discussed in 
Statistical Analysis at the end of this se~tion. 
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TABLE 7-12 
EFFI:..UENT TSS SELF-MONITORING PERFORMANCE DATA 

FOR PLANTS WITH OPTION 1 SYSTEMS 

Mean Effluent 
Number Concentration Variability Factor 

Plant ID OF Points (mq/1) Daily 10-Day 

1067 149 13.85 3.41 1. 85 
3049 1!19 10.08 7.49 2.55 
6002 18 11.49 3.58 1.24 
6035 12 4.71 5.33 1. 54 
6051 13 7.86 3.50 1. 76 
6053 12 8.41 4.57 3.27 
6087 12 11.64 5.01 1. 76 
6103 13 21.38 2.52 1.24 
6107 10 12.52 3.54 
6111 3 0.40 13.21 

11008 140 3.88 2.63 1.99 
11477 159 4.29 3.39 1.36 
19063 9 8.88 7.18 
20080 2159 4.19 3.61 2.24 
20116 243 14.05 2.80 1.48 
22735 :~7 6.84 2.80 2.00 
30050 292 4.58 4.42 2.13 

. 30090 51 3.58 4.82 1.82 
44045 50 3.50 3.42 1. 85 
47025 336 15.22 4.45 2.25 

OVERALL 1777(Total) 9.02(Mean) 3.59(Median) 1. 85 (Median) 
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Plant ID 

1067 
6002 
6035 
6051 

11008 
47025 

OVERALL 

TABLE 7-13 
EFFLUENT CADMIUM SELF-MONITORING ~ERFORMANCE DATA 

FOR PLANTS WITH OPTION l:SYSTEMS 

Mean Effluent 
Number Concentration variability Factor 

OF Points (mgl!l.) Daily 10-Day 

222 0.13 3.0~ ~~. 04 
6 0.05 7.48 
9 0.01 

13 0.04 1.14 
' 185 0.12 3.11 2.01 

50 0.21 7.49 0.54 

485(Total) O.l3(Mean) 5.3l(Median) ~~. 02 (Median} 
' 
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TABLE 7-14 
EFFLUEN~r TOTAL CHROMIUM SELF-MONITORING PERFORMANCE DATA 

FOR PLANTS WITH OPTION 1 SYSTEMS 

Mean Effluent 
Number Concentration Variability Factor 

Plant ID OF·Points (mg/t) Daily 10-Day 

1067 :230 0.17 3.07 2.27 
5020 :228 0.03 10.52 
6002 6 0.74 13.66 
6035 12 0.18 7.52 1.89 
6051 13 0.27 3.97 1. 78 
6053 12 0.14 8.72 3.02 
6087 12 0.02 
6107 10 0.10 5.58 
6111 3 0.12 5.57 

11008 185 0.09 5.97 4.08 
17030 344 0.20 6.84 5.56 
19063 238 0.16 3.51 4.80 
20080 269 0.29 4.58 2.63 
20082 253 0.60 5.20 3.70 
20116 243 0.21 2.76 1. 65 
22735 35 0.15 4.64 1.39 

23076 242 0.40 4.79 4.41 
30050 289 0.01 3.80 3.07 
30090 49 0.04 4.90 2.12 
36040 224 0.24 1.67 1.30 
44150 42 0.01 37.26 
45741 358 0.06 4.47 2.98 
47025 255 0.06 5.57 2.81 

OVERALL 3552(Total) O.l9(Mean) 4.85(Median) 2.98(Median) 
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TABLE 7-15 
I 

EFFLUENT COPPER SELF-MONITORING PERFORMANCE DATA 
FOR PLANTS WITH OPTION 1 SYSTEMS 

Mean Effluent 
Number Concentration Variability Factor 

Plant ID OF Points (mq/l) Daily 10-Day 

1067 230 0.09 4.07 2.81 
5020 232 0.24 4.56 2.54 
6002 6 0.14 5.10 
6051 13 0.12 3.19 1. 77 
6087 12 1. 38 3.56 2.58 
6107 10 2.36 3.87 

11008 185 0.06 5.87 5.72 
12002 59 0.08 3.65 2.24 
19063 231 0.64 4.55 2.51 
20082 253 1. 38 4.02 3.37 
20116 243 0.10 4.15 3.07 
23076 241 0.74 9.29 6.90 
30050 292 0.10 2.30 1. 62 
30090 259 0.18 2.39 1. 62 
30165 66 1.47 2.43 2.08 
33050 112 0.07 5.06 2.21 
34037 123 1.40 5.92 4.08 
44045 49 0.16 4.62 1. 72 
44150 127 0.43 5.70 7.25 

OVERALL 2744(Total) 0.46(Mean) 4.15(Median) 2.54(Median) 
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Plant ID 

5020 
19063 
30165 
44045 

OVERALL 

TABLE 7-16 
EFFLUENT LEAD SELF-MONITORING PERFORMANCE DATA 

FOR PLANTS WITH OPr:noN 1 SYSTEMS 

Mean Effluent 
Number Concentration Variability Factor 

OF Points (mq/tl Daily 10-Day 

229 0.242 4.50 2.11 
~~38 0.10 3.15 3.18 

65 0.45 2.66 1.93 
49 ·o.l4 3.89 ·2. 26 

~i8l(Total) 0.20(Mean) 3.52(Median) 2.19(Median) 
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Plant ID 

1067 
5020 
6002 
6035 
6051 
6087 

11008 
19063 
20082 
20116 
23076 
30050 
33092 
36040 
44045 
44150 

OVERALL 

TABLE 7-17 
EFFLUENT NICKEL SELF-MONITORING PERFORMANCE DATA 

FOR PLANTS WITH OPTION 1 SYSTEMS 

Mean Effluent 
Number Concentration Variability Factor:: 

OF Points (rnq/!l.) Daily ! 10-Day 

230 0.21 4.05 2.39 
231 0.40 4.48 2.54 

6 0.09 4.72 
9 0.06 5.37 

13 0.04 6.55 6.12 
12 0.66 6.30 

185 0.44 2.79 1. 62 
10 0.07 2.90 

253 0.32 3.72 2.77 
243 0.67 2.26 1. 31 
241 0.50 6.38 4.29 

75 0.03 3.78 2.37 
27 0.25 4.38 2.51 

178 0.32 1. 73 1.27 
49 0.32 10.13 2.66 
42 0.12 

i:', I 

1804(Total) o. 39 (Mean) 4.22(Median) 2.52(Median) 
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Plant ID 

1067 
6002 
6051 
6107 

11008 
12002 
20080 
20082 
30165 
33050 
44150 

OVERALL 

TABLE 7-18 
EFFLUENT ZINC SELF-MONITORING PERFORMANCE DATA 

FOR PLANTS WITH OPTION 1 SYSTEMS 

Mean Effluent 
Number Concentration Variability Factor 

OF Points {mg/!l.) Daily 10-Day 

230 0.61 3.52 1. 96 
6 0.15 8.86 

13 0.13 7.24 1.42 
10 1. 50 5.20 

1134 0.26 3.93 2.26 
31 0.24 14.16 11.35 

269 0.41 2.22 1.41 
250 0. 32 4.07 2.70 

66 1.26 4.34 3.50 
115 0.07 5.15 3.07 

•!l2 0.02 4.62 

1216(Total) 0.41(Mean) 4.75(Median) 2.70(Median) 
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Table 7-19 summarizes the daily and 10-day:variability factors 
calculated from the long term data and shown earlier in Tables 
7-12 through 7-18. 

TABLE 7-19 
SUMMARY OF OPTIO~A~I~~~tiT~~!~R~~D 10-DAY AVERAGE 

Pollutant 

Total suspended solids 
Cadmium 
Chromium. total 
Copper 
Lead 
Nickel 
Zinc 

Variability Factor 
Daily·Max. 10-Day Average 

! 

3.59 
5.31 
4.85 
4.15 
3.52 
4.22 

I 

4.75 

1.85 
2.02 
2.98 
2.54 
2.19 
2.52 
2.70 

Table 7-20 presents the daily and monthly maximum average 
effluent limitations for common metals Option 1. These 
limitations were obtained by multiplying the visited plant mean 
concentrations of Table 7-11 by the respective variability 
factors shown in Table 7-19 (except for cadmium and lead, where 
the mean from the long term self-monitoring concentrations were 
used in place of the visited mean effluent concentrations). 

TABLE 7-20 
I 

SUMMARY OF OPTION 1 DAILY MAXIMUM AND 10-DAY AVERAGE 

Pollutant 

Total suspended solids 
Cadmium 
Chromium, total 
Copper 
Lead 
Nickel 
Zinc 

Daily Max. 

60 
0.69 
2.77 
3.38 
0.69 
3.98 
2.61 
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i 
I 

Monthly 
Maximum Average 

31 
I 0 • 26 

1. 71 
2.07 
0.43 
2.38 
1.48 

Long Term 
Average 

17 
0.13 
0.57 
0.82 
0.19 
0.94 
0.55 



Table 7-21 summarizes the percent compliance for the EPA sampled 
plant data presented previously in Tables 7-4 to 7-10 and for the 
Option 1 plants submitting long term data. 

Pollutant 

TABLE 7-21 

PERCENTAGE OF THE MFC DATA BASE BELOW THE 
EFFLUENT CONCENTRATION LIMITATIONS FOR OPTION 1 

EPA Sampled Se~lf-Moni toring Self-Monitoring 
Plants Data Data 
Daily Maximum Daily Maximum 10-day Average 

Total suspended 100.0 99.8 100.0 
Solids 

Cadmium 100.0 98.8 97.8 
Chromium. total 100.0 99.7 99.7 
Copper 95.7 98.5 96.7 
Lead 100.0 95.9 92.7 
Nickel 95.6 99.9 100.0 
Zinc 94.1 99.2 95.8 
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TREATMENT OF COMMON METALS WASTES - OPTION 2 

The Option 2 treatment system for common metals wastes is 
pictured schematically in Figure 7-8. As' shown in the figure, 
the system is identical to the Option 1 cbmmon metals treatment 
system with the addition of a filtration device after the primary 
solids removal step. The purpose of this filtration unit is to 
"polish" the effluent, that is, to remove suspended solids 
such as metal hydroxides which did not settle out in the 
clarifier. The filter also acts as a safeguard against pollu
tant discharge if an upset should occur ip the sedimentation 
device. Filtration techniques that are applicable for Option 
2 systems include granular bed filtration and diatomaceous 
earth filtration. 

Granular Bed Filtration 

Filtration is basic to water treatment technology, and experi
ence with the process dates back to the l~OO's. Filtration 
occurs in nature as the surface ground waters are purified by 
sand. Silica sand, anthracite coal, and ~arnet are common 
filter media used in water treatment plan~s. These are usually 
supported by gravel. The media may be used singly or in 
combination. The multi-media filters may; be arranged to 
maintain relatively distinct layers by virtue of balancing the 
forces of gravity, flow and buoyancy on the individual parti
cles. This is accomplished by selecting appropriate filter 
flow rates (gpm/sq ft), media grain size,: and density. 

Granular bed filters may be classified in. terms of filtration 
rate, filter media, flow pattern, or method of pressurization. 
Traditional rate classifications are slow sand, rapid sand, 
and high rate mixed media. In the slow sand filter, flux or 
hydraulic loading is relatively low, and removal of collected 
solids to clean the filter is therefore relatively infrequent. 
The filter is often cleaned by scraping off the inlet face 
(top) of the sand bed. In the higher rate filters, cleaning 
is frequent and is accomplished by a peribdic backwash, opposite 
to the direction of normal flow. · 

'! 
A filter may use a single medium such as sand or diatomaceous 
earth, but dual and mixed (multiple) media filters allow 
higher flow rates and efficiencies. The oual media filter 
usually consists of a fine bed of sand unqer a coarser bed of 
anthracite coal. The coarse coal removes most of the influent 
solids, while the fine sand performs a polishing function. At 
the end of the backwash, the fine sand se~tles to the bottom 
because it is denser than the coal, and the filter is ready 
for normal operation. The mixed media filter operates on the 
same principle, with the finer, denser media at the bottom and 
the coarser, less dense media at the top.[ The usual arrange
ment is garnet at the bottom (outlet end) of the bed, sand in 
the middle, and anthracite coal at the top. Some mixing of 
these layers occurs and is, in fact, desirable. 

! 
I 
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The flow pattern is usually top-to-bottom, but other patterns 
are sometimes used. Upflow filters are sometimes used, and in 
a horizontal filter the flow is horizont~l. In a biflow 
filter, the influent enters both the top 'and the bottom and 
exits laterally. The advantage of an upflow filter is that 
with an upflow backwash the particles of a single filter 
medium are distributed and maintained in the desired coarse-to
fine (bottom-to-top) arrangement. The disadvantage is that the 
bed tends to become fluidized, which ruins filtration effi
ciency. The biflow design is an attempt to overcome this 
problem. 

The usual granular bed filter operates by gravity flow. 
However, pressure filters are also used. · Pressure filters 
permit higher solids loadings before cleaning and are advan
tageous when the filter effluent must be pressurized for 
further downstream treatment. In addition, pressure filter 
systems are often less costly for low to moderate flow rates. 

Figure 7-9 depicts a granular bed filter. It is a high rate, 
dual media, gravity d6wnflow filter,. with self-stored-backwash. 
Both filtrate and backwash are piped around the bed in an 
arrangement that permits upflow of the backwash, with the 
stored filtrate serving as backwash. Addition of the indi
cated coagulant and polyelectrolyte usua~ly results in a 
substantial improvement in filter performance. 

' ' 
Auxiliary filter cleaning is sometimes employed in the upper 
few inches of filter beds. This is conventionally referred to 
as surface wash and is accomplished by water jets just below 
the surface of the expanded bed during the backwash cycle. 
These jets enhance the scouring action in the bed by increasing 
the agitation •. 

' I 
An important feature for successful filtration and backwashing 
is the underdrain. This is the support structure for the bed. 
The underdrain provides an area for collection of the filtered 
water without clogging from either the filtered solids or the 
media grains. In addition, the underdrain prevents loss of 
the media with the water, and during the backwash cycle it 
provides even flow distribution over the bed. Failure to 
dissipate the velocity head during the filter or backwash 
cycle will result in bed upset and the need for major repairs. 

' 
Several standard approaches are employed :for filter underdrains. 
The simplest one consists of a parallel porous pipe imbedded 
under a layer of coarse gravel and manifolded to a header pipe 
for effluent removal. Other approaches to the underdrain 
system are known as the Leopold and Wheeler filter bottoms. 
Both of these incorporate false concrete bottoms with specific 
porosity configurations to provide drainage and velocity head 
dissipation. 
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Filter system operation may be manual or automatic. The 
filter backwash cycle may be on a timed basis, a pressure drop 
basis with a terminal value which triggers backwash, or a 
solids carryover basis from turbidity monitoring of the outlet 
stream. All of these schemes have been successfully used. 

' 

Application 
i 

Granular bed filters are used in metal fir).ishing to remove 
residual solids from clarifier effluent. Filters in wastewater 
treatment plants are often employed for polishing following 
sedimentation or other similar operations. Granular bed 
filtration thus has potential application,to nearly all indus
trial plants. Chemical additives which enhance the upstream 
treatment equipment may or may not be compatible with or 
enhance the filtration process. It should be borne in mind 
that in the overall treatment system, effectiveness and effi
ciency are the objectives, not the performance of any single 
unit. The volumetric fluxes for various types of filters are 
as follows: 

Slovl Sand 
Rapid Sand 
High Rate Mixed Media 

2.04 ~ 5.30 1/min/sq m 
40.74 - 51.48 1/min/sq m 
81.48 - 122.22 1/min/sq m 

' 
The principal advantages of granular bed filtration are its 
low initial and operating costs and reduced land requirements 
over other methods to achieve the same le~el of solids removal. 
However, the filter may require pretreatment if the solids 
level is high (from 100 to 150 mg/1}. Op~rator training is 
fairly high due to controls and periodic backwashing, and 
backwash must be stored and dewatered to be disposed of 
economically. · 

' 
The recent improvements in filter technol6gy have significantly 
improved filtration reliability. Control'systems, improved 
designs, and good operating procedures have made filtration a 
highly reliable method of water treatment. Deep bed filters 
may be operated with either manual or automatic backwash. In 
either case, they must be periodically inspected for media 
attrition, partial plugging, and leakage., Where backwashing 
is not used, collected solids must be removed by shoveling, 
and filter media must be at least partially replaced. Filter 
backwash is generally recycled within the wastewater treatment 
system, so that the solids ultimately appear in the clarifier 
sludge stream for subsequent dewatering. Alternatively, the 
backwash stream may be dewatered directly'or, if there is no 
backwash, the collected solids may be suitably disposed. In 
either of these situations there is a solids disposal problem 
similar to that of clarifiers. 
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Performance 

Suspended solids are commonly removed from wastewater streams 
by filtering through a deep 0.3-0.9 m (1-3 feet) granular 
filter bed. The porous bed formed by the granular media can be 
designed to remove practically all suspended particles. Even 
colloidal suspensions (roughly 1 to 100 microns) are adsorbed 
on the surface of the media grains as they pass in close 
proximity in the narrow bed passages. · 

Properly operating filters following some pretreatment to 
reduce suspended solids should produce water averaging 12.8 mg/1 
TSS. Pretreatment with inorganic or polymeric coagulants can 
improve poor performance. 

Demonstration Status 

Deep bed filters are in common use in municipal treatment 
plants. Their use in polishing industrial clarifier effluent 
is increasing, and the technology is proven and conventional. 

Diatomaceous Earth Filtration 

Diatomaceous earth filtration, combined with precipitation and 
sedimentation, is a solids separation device which can further 
enhance suspended solids removal. The diatomaceous earth 
filter is used to remove metal hydroxides and other solids 
from the wastewater and provides an effluent of high quality. 
A diatomaceous earth filter is comprised of a filter element, 
a filter housing and associated pumping equipment. The filter 
element consists of multiple leaf screens which are coated 
with diatomaceous earth. The size of the filter is a function 
oE flow rate and desired operating time between filter 
cleanings. 

Normal operation of the system involves pumping a mixture of 
diatomaceous earth and water through the screen leaves. This 
deposits the diatomaceous earth filter media on the screens 
and prepares them·for treatment of the wastewater. Once the 
screens are completely coated, the pH adjusted wastewater can 
be pumped through the filter. The metal hydroxides and other 
suspended solids are removed from the effluent in the diatomace
ous earth filter. The buildup of solids in the filter increases 
the pressure drop across the filter. At a certain pressure, 
the wastewater is stopped, the filter is cleaned and the cycle 
is repeated. 

Application 

The principal advantage of using a diatomaceous earth filter 
is its increased removal of suspended solids and precipitates. 
One additional advantage is that sludge removed from the 
filter is much drier than that removed from a clarifier (approxi
mately 50% solids). This high solids content can significantly 
reduce the cost of hauling and landfill. 
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I 
The major disadvantage to the use of a filter 
increase in operation and maintenance costs. 

system is an 

Performance 

Three of the plants that were visited and •ampled were operat
ing diatomaceous earth filters. The analytical result:s of 
samples taken before and after the filters:are displayed 
below. All of these plants were using filters in place of 
sedimentation, and both influent and effluent concentrations 
are therefore relatively high. However, the data do illustrate 
that removal of solids by these filters is'very substantial. 

POLLUTANT CONCENTRATION (mg/1) 
Plant ID 09026 

Day 1 Day 2 Day 3 
I 

Input To Filter Input To Filter Input To Filter 
Parameter Filter Effluent Filter Effluent Filter Effluent 

I 
TSS 548. 11. 544. ' 15. 450. 67. 
Cu 52.4 2.25 63.8 4.17 63.8 2.2 
Ni .299 .116 .341 ~102 .377 .107 
Cr, Total .078 .008 .086 :. 010 .086 .012 
Zn 22.4 3.06 27.6 .706 30.6 .882 
Cd .011 .012 .010 ~009 .011 .011 
Sn .086 .086 .086 ~086 .086 .086 
Pb .062 .036 .062 .040 .065 .051 

POLLUTANT CONCENTRATION (mg/1) 
Plant ID 36041 

Day 1 Day 2 Day 3 

Input To Filter Input To Filter Input To Filter 
Parameter Filter Effluent Filter Ef1:luent Filter Effluent 

i 
TSS 1036. 32.0 524. 10.0 652. 5.00 
Cu 26.5 1. 89 7.53 '. 444 9.56 1. 06 
Ni 5.00 .320 2.57 .044 4.49 .571 
Cr, Total 28.6 .667 12.2 •. 611 25.0 .333 
Zn 18.7 .765 13.4 .139 14.3 .430 
Cd .053 .009 .042 :. 006 .042 .006 
Sn 1. 77 .171 2.00 :.143 1. 58 .114 
Pb 1. 00 .064 .136 :. 032 .212 .036 

i 
t"" 

I"''''., 
' 
[ 
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POLLUTANT CONCENTRATION (mg/1) 
Plant ID 38217 

Input To Filter Input To Filter 
Parameter Filter Effluent Filter Effluent 

TSS 575. 30.0 620. 
Cu .158 .261 .325 
Ni .253 .195 .255 
Cr, Total .022 .037 .060 
Zn 1.92 3.79 5.20 
Cd .006 .011 .019 
Sn .028 .034 .054 
Pb .058 .154 .150 

Demonstration Status 

Filters with similar operational characteristics to those 
described above are in common use throughout the metal finish
ing industry. 

Common Metals Waste Treatment System Operation - Option ~ 

90.0 
.085 
.159 
.020 
2.31 
.010 
.003 
.032 

The entire Option 1 system operation discussion applies equally 
to Option 2. In addition, the use of a polishing filter 
necessitates further precautions. Close monitoring is needed 
to prevent both hydraulic overloading and solids overloading. 
Either form of overloading may result in pollutant bypassing 
in a barrier filter (through element breakage or pressure 
relief) or pollutant reentrainment in a depth filter. Many 
types of filters must be shut down for solids removal. Waste
water flow must not be bypassed during this period. Bypassing 
can be obviated by use of a holding tank or by installation of 
dual filters in parallel arrangment. A further consideration 
concerns disposable elements for filters that use them. 
Because of the contained toxic metals, these elements must be 
treated as hazardous waste and should not be placed in the 
plant trash. 

The following table (Table 7-22) presents a listing of 37 plants 
from the metal finishing data base which have an Option 2 common 
metals treatment system. These include both sampled plants, DCP 
P!ants, and plants which supplied long term self-monitoring data. 
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TABLE 7-22 
I 

METAL FINISHING PLANTS WITH OPTION 2 TR~ATMENT SYSTEMS 
FOR COMMON METALS 

03043 19069 31033 
04140 20483 31044 
04151 27042 33110 
06062 28115 36048 
06131 28121 36082 
11096 28699 36102 
11125 30159 38223 
11182 30165 40047 
12075 30507 44150 
12077 30519 45041 
13031 30927 
13033 31021 
15193 31022 

Common Metals Waste Treatment system Performance - Option ~ 
I 

Performance of a properly operating Option'2 treatment system 
(shown in Figure 7-8 with its sources of wastes) is demon
strated by low effluent levels of total suspended solids 
(TSS). Effective removal of heavy metals qepends on maintain
ing the system pH at the level needed to form metal hydroxides. 

Generally, a pH range of 8.5 to 9.5 is considered most effec
tive for settling and filtration of precipitated hydroxides in 
mixed metal finishing wastes. 

The performance for the Option 2 treatment system was estab
lished from a combination of visited plant sampling data and 
long term self-monitoring data that were submitted by industry. 
The following subsection describes the procedure used to 
establish Option 2 treatment system performance for the visited 
plant data set. 

Visited Plant Performance 

To establish the treatment system performance characteristics, 
plants employing Option 2 treatment that were visited were 
selected from the Metal Finishing Category data base. The 
files for these plants were then examined to ensure that only 
properly operating facilities were included in the performance 
data base by establishing criteria to eliminate the data for 
improperly operating systems. The criteria for eliminating 
improperly operating treatment systems were: as follows: 

1. Data with an effluent TSS level greate'r than 50 mg/1 were 
deleted. This represents a level of TSS above which no 
well-operated treatment plant should be discharging. 
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2. Plants with alkaline precipitation systems that operated 
at an average effluent pH of less than 7.0 were deleted. 
An alkaline precipitation system will not work properly 
in this pH range. 

3. Plants that had complexing agents (unoxidized cyanide or 
nonsegregated wastes from electroless plating) present 
were deleted. 

4. Plants which had effluent flows significantly greater 
than the corresponding raw waste flows were deleted. 
The increase in flows was assumed to be dilution by 
other wastewaters. 

s. Pollutant parameters that had an effluent concentration 
greater than the raw waste concentration were deleted. 

6. Plants that experienced difficulties in system operation 
during the sampling_period were excluded. 

The following procedure was followed for each metal pollutant 
parameter (except TSS which is created during precipitation) 
in order to eliminate spurious background metal readings. The mean 
effluent concentration of each parameter was calculated, and when a 
raw waste concentration was less than the mean effluent concentration 
for that parameter, the corresponding effluent reading was deleted 
from the data set. The mean was recalculated using points not removed 
and the process was repeated in an iterative loop. The 
deletion of these points prevents the calculation of unrealistically 
low mean effluent concentrations from ·the waste treatment systems 
due to low raw waste pollutant loadings. 

Plots of raw waste concentration to the precipitation step vs. 
effluent concentration from the filter were generated for 
total suspended solids, cadmium, total chromium, copper, lead, 
nickel, and zinc. These plots are shown in Figure 7-10 through 
7-16. The mean effluent concentrations for these parameters were 
then computed and are summarized in Table 7-23. 

VII-57 



i5l 
'ji 
lJ1 
(X) 

56 I I I I I I I I I I I I I I I I I I I I 1 l I I I I I I 

48 

+--- -1- -+- 1-1- I ~ 1- -f.- ~ .... 
..... 
........ 
tT 
s 

•--r-t I tt- -J --r It H-
o.any Max:iJrum 'lbtal Suspended Solids 

r I ~ I J ~ (!) -
"' 40 
c: 
Ci 
::l 

...... .... ..... 
t:.: 

.g 32 -.... 

..... 
0 

\..': 

"" c; 
'0 

~ 24 
c. 
t-1 

g (!) 
-i 
C1l (!) .., 
~ 16 

~ (!) 

(!) 
sl 1 I 1111111 e I I 1111111 (!)I I 1111111 

(!) 
(!) 

cj) I I ~ 

G I i i i i i i I i i i I i I I I I I i CD I I I I I I I I I 
1.0 10 100 

Total Suspended Solids Raw Waste (mg/1) 

FIGURE 7-10 

EFFLUENT TSS CONCENTRATIONS vs RAW WASTE CONCENTRATIONS 
OPTION 2 

lOGO 



i:l 
~ 
U1 
\0 

,, 

-1 

' 0' 
E 

.., 
c: 
<II 
::J 
-1 
~ 

"-' 
:.:1 

e: 
::::1 

·.-< 
e: 

"0 
<tl 
u 

• 032 

.028 

.024 

.020 

.016 

,012 

.008 

.00 
.001 

I I 

Q) 

Q) 

Q) 

Q) Q) 

' 

~ 

.01 0.1 
Cadmium Raw Waste (~g/1) 

Daily Maximum Concentration - 0.54 mg/1 

FIGCRE 7-11 

EFFLUENT CADMIUM CONCENTRATIONS .vs RAW WJ..STE CONCENTRATIONS 
OPTION 2 



~ 
'Ji 
0"\ 
0 

1.4 

. 

1.2 

. 
..... 
"- 1. 0 
~ 
~ ~ 
.j.J 

c: 
()} 
::l (!) 

~ o. 8 
II.< 
t::l 

e (!) 

::l .... 
e 
0 
~ 0.6 
u 
.-! 
10 
.j.J 

0 
8 (!) 

0.4 

---··--·--

o. 2 I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
t!>l !(! 

I 
~ 

· · · · . . I IIIII 01~0 J .I I II II II I I I II I, 11 I I I 
10 100 1000 
Total Chromium Raw Waste (rr.g/1) 

Daily Maximum Concentration - 1.60 mg/1 

FIGURE 7-12 

EFFLUENT CHROMIUM CONCENTRATIONS vs RAW ~hSTE CONCENTRATIONS 
OPTION 2 



~ 
~ 
0'1 
f-' 

.-i ...... 
~ 

l. 75 

l. 50 

l. 25 

.j.) l. 00 
c: 
Ci 
::l 
.-i 
11-4 
11-4 
til 

~ o. 75 
0.. 
0.. 
0 
u 

0.50 

0.25 

0 
0.1 

Daily Maxim.nn ~r 

Cll 

(!) 

~ I 

~ 

I 

I 

(!J I 
~~ It! I 

c 
(!) (!) 

(!)~ (!) 

1.0 10 100 
Copper Raw Waste {mg/1) 

Daily Maximu~ Concentration- l.75mg/l 

FIGL'RE 7-13 

EFFLCENT COPPER CONCENTRATIONS vs RAW WASTE CONCENTRATIONS 
OPTION 2 



~ 
'jl 
0\ 
N 

.Hr----T--~-~r----,--,---r-.--.----. 

.12 r---------t----+---+---+---1----1---L_JU 

.10 

~ I I I (!) 

... 
' C'l 
e -
.,J • OS 
c: 
~ ... ---::.: I I I (!) 

':! .06 

~ 

.04 

-~orr - . . --- - . .. I . I - ·1 I - · I · I I I I 

(!) 

o.s 0.6 0.7 0.8 0.9 1.0 Ol_----------~~----~~--~--cts~~~?l0!~ C.1 0.2 0.3 0.4 
Lead Raw Waste (mg/1) 

Daily Maximum Concentration - 0.48 mg/1 

FIGURE 7-14 

EFFLUENT LEAD CONCENTRATIONS vs RAW WASTE CONCENTRATIONS 
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TABLE 7-23 
TREATMENT OF COMMON METALS 

VISITED PLANT OPTION 2 MEAN EFFLUENT CONCENTRATIONS 

,Parameter 

Total Suspended Solids 
Cadmium 
Chromium, Total 
Copper 
Lead 
Nickel 
Zinc 
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mg/1 

12.8 
.014 
.319 
.367 
.031 
.459 
.247 



Long Term Self-Monitoring Data Performance 

Long term self-monitoring data were submitted by a number of 
plants with Option 2 treatment systems. However, the quantity of 
data submitted, relative to the data avail~ble for Option l, was 
considered to be statistically inferior for the calculation of 
Option 2 variability factors. In addition. the variability for 
plants with Option 2 generally fell within the range of the 
Option 1 results. Therefore, the previously determined Option 1 
variability factors were used in calculating Option 2 effluent 
performance. Tables 7-24 through 7-30 present overall values 
for each pollutant, the total number of available points, and the 
mean value for all points. j .... 

overall Performance i 
I 

The overall Option 2 system performance is.based on mean effluent 
concentrations calculated from visited plant data shown in Table 
7-23 (except for cadmium and lead, where the mean front the self
monitoring data were used) multiplied by variability factors 
calculated from long term self-monitoring data taken at Option 1 
plants. The statistical procedures used to establish Option 2 
system performance are discussed in Statistical Analys;is at the 
end of this section. 

I ,, 
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Plant ID 

03043 
15193 
20483 
38223 

OVERALL 

TABLE 7-24 
EFFJ:.UENT TSS SELF-MONITORING PERFORMANCE DATA 

FOR PLANTS WITH OPTION 2 SYSTEMS 

Number Mean Effluent 
Of Points Concentration <mg/!l 

94 10.07 
12 13.58 

357 5.90 
234 5.74 

697 (TOTAL) 6.54 (MEAN) 

TABLE 7-25 
EFFLUENT CADMIUM SELF-MONITORING PERFORMANCE DATA 

FOR PLANTS WITH OPTION 2 SYSTEMS 

Plant ID 

38223 

Plant ID 

03043 
15193 
31021 
38223 

OVERALL 

Number 
Of Points 

234 

TABLE 7-26 

Mean Effluent 
Concentration <mg/!l 

0.08 

EFFLUENT CHROMIUM SELF-MONITORING PERFORMANCE DATA 
FOR PLANTS WITH OPTION 2 SYSTEMS 

Number 
Of Points 

91 
12 
86 

234 

423 (TOTAL) 
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Mean Effluent 
Concentration (mg/!l 

0.60 
0.11 
0.25 
0.06 

0.22 (MEAN) 



Plant ID 

11125 
15193 
31021 

OVERALL 

Plant ID 

38223 

Plant ID 

03043 
11125 
15193 
31021 

OVERALL 

Plant ID 

03043 
15193 
31021 
38223 

OVERALL 

TABLE 7-27 
EFFLUENT COPPER SELF-MONITORING P¢RFORMANCE DATA 

FOR PLANTS WITH OPTION 2 SYSTEMS 

Number 
Of Points 

29 
12 

121 

225 (TOTAL) 

TABLE 7-28 

I 
! 

1. 32 (MEAN) 

EFFLUENT LEAD SELF-MONITORING PERFORMANCE DJ~TA 
FOR PLANTS WITH OPTION 2 SYSTEMS 

Number 
Of Points 

234 

TABLE 7-29 

Mean Effluent 
Concentration (mq/t) 

0.04 

EFFLUENT NICKEL SELF-MONITORING PERFORMANCE DATA 
FOR PLANTS WITH OPTION 2 SYSTEMS 

Number 
Of Points 

91 
29 
12 

120 

252 (TOTAL) 

TABLE 7-30 

I 
Mean Effluent 

Concentration {mq/t) 

0.42 
1. 75 
0.27 
0.93 

b .81 .. (MEAN) 

EFFLUENT ZINC SELF-MONITORING PERFORMANCE DATA 
FOR PLANTS WITH OPTION 2 SYSTEMS 

Number 
Of Points 

91 
12 

121 
234 

252 {TOTAL) 
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i 

Mean Effluent 
Concentration {mq/t) 

0 .. 35 
0.14 
0.77 
0.11 

0.81 (MEAN) 



Table 7-31 summarizes the daily and 10-day variability factors 
used in determining Option 2 effluent lim1tations. These vari
ability factors are a repeat of the Option 1 variability factors 
presented previously in Table 7-19. 

TABLE 7-31 
SUMMARY OF OPTION 2 DAILY MAXIMUM AND 10-DAY AVERAGE 

VARIABILITY FACTORS 

Pollutant 

Total suspended solids 
Cadmium 
Chromium. total 
Copper 
Lead 
Nickel 
Zinc 

VII-69 

Variability Factor 
Daily Max. 10-Day Average 

3.59 
5.31 
4.85 
4.15 
3.52 
4.22 
4.75 

1. 85 
2.02 
2.98 
2.54 
2.19 
2.52 
2.70 



Table 7-32 presents the daily maximum, 10-day average. and long 
term average effluent performance for common metals Option 2. 
Performance was obtained by multiplying th~ visited plant mean 
concentrations of Table 7-23 by the respective variability 
factors shown in Table 7-31 (except for cadmium and lead, where . 
the weighted mean Option 2 self-monitoring,data concentrations 
were used in place of the visited plant mean effluent 
concentrations). The allowable daily effluent concentrations for 
each of the parameters have been shown on Figures 7-10 through 
7-16. 

TABLE 7-32 
OPTION 2 COMMON METAL PERFOR~NCE LEVELS 

Pollutant 

Total suspended solids 
Cadmium 
Chromium, total 
Copper 
Lead 
Nickel 
Zinc 

Daily Max. 

46 
0.42 
1. 55 
1. 52 
0.14 
1. 94 
1.13 

10-Day Average 

24 
0.16 
0.95 
0.93 
0.09 
1.16 
0.67 

Long Term 
Average 

12.8 
0.08 
0.32 
0.37 
0.04 
0.46 
0.25 

Table 7-33 summarizes th.e percentage of the metal finishing data 
base below the Option 2 daily maximum concentration limitation 
for the EPA sampled plants. 

TABLE 7-33 , 
PERCENTAGE OF THE MFC DATA BASE BELOW THE DAILY 

MAXIMUM CONCENTRATIONS FOR OPTION 2 

Pollutant 

Total suspended solids 
Cadmium 
Chromium, total 
Copper 
Lead 
Nickel 
Zinc 

VII-70 

I 

EPA Sampled Plants 
!Daily Maximum 

100.0 
100.0. 
100.0 
100.0 
100.0 
100.0 

94.1 
,!"I•::::,,,,,,' I 



Summary tables are provided to show a direct comparison of the 
mean. daily maximum. and 10-day average concentrations for 
Options 1 and 2. Table 7-34 presents a comparison of the mean 
concentrations and Table 7-35 lists the daily maximum and maximum 
monthly average concentrations for each. 

TABLE 7-34 
OPTION 1 AND OPTION 2 MEAN CONCENTRATION COMPARISON 

CONCENTRATION (mg/~} 

Pollutant Option 1 Option 2 

Total suspended solids 
Cadmium 
Chromium. total 
Copper 
Lead 
Nickel 
Zinc 

TABLE 7-35 

16.8 
0.19 
0.572 
0.815 
0.20 
0.942 
0.549 

12.8 
o.o8· 
0.319 
0.367 
0.04 
0.459 
0.247 

OPTION 1 AND OPTION 2 PERFORMANCE COMPARISON 

Pollutant 

Total Suspended 
Solids 

Cadmium 
Chromium. total 
Copper 
Lead 
Nickel 
zinc 

CONCENTRATION (mg/~} 

Option 1 
Maximum 

Daily Max. Monthly Ave. 

60 31 

0.69 0.26 
2.77 1. 71 
3.38 2.07 
0.69 0.43 
3.98 2.38 
2.61 1.48 

v:tr-71 

Option 2 
Maximum 

Daily Max. Monthly Ave. 

46 24 

0.42 0.16 
1. 55 0. 95:, 
1.52 0.93 
0.14 0.09 
1. 94 . 1.16 
1.17 0~67 



TREATMENT OF COMMON METALS WASTES - OPTION 3 

The Option 3 treatment system for metal wastes consists of the 
Option 1 end-of-pipe treatment system plus the addition of in
plant controls for cadmium. In-plant controls could include 
evaporative recovery, ion exchange, and recovery rinses. The 
purpose of these in-plant controls is to nearly eliminate 
cadmium from the raw waste stream. These additional controls 
'Will also minimize the chance of discharging this highly toxic 
metal due to treatment system failure. 
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The performance of the Option 3 treatment system. applied to 
cadmium plating rinse. acid stripping of cadmium plated parts.and 
chromating of cadmium plated parts. will be identical to the 
Option 1 treatment system with the exception that only background 
concentration levels of cadmium should be discharged. In order 
to establish background concentration levels for cadmium all 
available sampled data were studied to identify data points from 
plants that apply the metal. The objective was to segregate the 
data base into two distinct data sets: one data set for plants 
that apply cadmium. and one data set for plants. in which cadmium 
is not applied. The data set for plants that do not apply 
cadmium is representative of background metal concentration 
levels. 

Cadmium Background Level 

Table 7-36 presents the data set for plants that do not apply 
cadmium which was used to establish a background level for 
cadmium. A percentile distribution of these data are presented 
in Figure 7-17. While the average of the data is 0.013 mg/l, 
the Agency has conservatively used the average of the two highest 
plants not plating cadmium - plants 36041 and 33024. These 
plants were determined to be statistically different from the 
other facilities. The resultant daily maximum is higher than all 
values measured. Furthermore. a new source plant which 
eliminates the discharge from the cadmium sources should be more 
than adequately able to meet the background level which was 
determined using raw waste values. New source performance 
standards are based on the in-plant cadmium controls plus 
precipitation/clarification. (Examination of the EPA sampled 
data for precipitation/clarification of cadmium in Table 7-4 
showed an average of 0.011 mg/l). A summary of the statistics 
used in deriving the new source cadmium limits is presented below. 

Mean Background Concentration 
Daily Variability Factor 
10-Day Variability Factor 
Daily Maximum Background 

Concentration 
Maximum Monthly Average 

Background Concentration 

0.058 mg/l 
1.54 mg/l 
0.89 mg/l 
0.114 mg/l 

0.066 mg/11. 

The daily maximum and maximum monthly average background 
concentrations for cadmium detailed in the previous paragraphs 
are defined as the Option 3 effluent limitations for cadmium. 

A review of the various data bases available did not identify any 
plants that had in-process treatment technologies specifically 
for the control of three cadmium sources mentioned above. This 
does not mean that extensive in-process treatment technologies 
for control of cadmium effluents are not in use within the metal 
finishing industrial segment; it simply means that no plants were 
identified which controlled all three sources based upon the 
available information. 
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TABLE 7-36 

PERFORMANCE DATA FOR CADMIUM METAL,FINISHING CATEGORY 

OPTION 3 

Raw Waste Raw Waste 
Concentration Concentration 

Plant ID (mq/l) Plant ID (mq/!l.) 

1. 6101-12-1 .001 31.: 40062-8-0 .008 
2. 6101-12-1 .002 32. i 40062-8-0 .008 
3. 19068-14-0 .002 33 •• 33065-9-1 .009 
4. 11477-22-1 .002 34 •• 15070-1-3 .009 
5. 11477-22-2 .002 35 •. 19063-1-1 .011 
6. 15010-12-2 .004 36 •. 31022-1-2 .011 
7. 15010-12-3 .005 37. : 19063-1-2 .012 
8. 4065-8-1 .005 38 •. 20083-1-5 .012 
9. 4069-8-1 .005 39. 20083-1-6 .012 

10. 4069-8-1 .005 40 •. 31022-1-0 .013 
11. 5020-1-4 .005 41. 33073-1-1 .013 
12. 5020-1-5 • 005 42 • 33073-1-3 .013 
13. 5020-1-6 .005 43. 6083-1-2 .013 
14. 19051-6-0 .005 44. ; 15070-1-1 .013 
15. 20078-1-2 .005 45. ' 19063-1-3 .013 
16. 20078-1-3 .005 46. ; 15070-1-2 .014 

I 

17. 20078-1-4 .005 47. ' 33073-1-2 .015 
18. 20078-1-7 .005 48. 6731-1-1 .015 
19. 36040-1-1 .005 49. 6731-1-2 .017 
20. 36040-1-1 .005 50. 6074-1-1 .019 
21. 36040-1-1 .·005 51. 6731-1-3 .019 
22. 31021-1-2 .005 52. 6074-1-1 .021 

' 23. 31021-1-3 .005 53. 31020-1-1 .021 
24. 20083-1-3 • 006 54 • ' 27044-1-0 .022 
25. 33692-23-1 • 006 55 • 20080-1-1 .024 
26. 31021-1-1 • 006 56 • 4065-8-1 .032 
27. 33070-1-1 .007 57. ' 6074-1-1 .033 
28. 5020-1-3 • 007 58 . ' 36041-1-2 .042 
29. 33065-9-1 .007 59. : 36041-1-3 .042 
30. 33070-1-3 .008 60. ' 36041-1-1 .053 

61. . 33024-6-0 
I 

.095 

Mean 
Concentration 0.0131 (n=61) 

. VII-74 
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The following paragraphs detail common metals treatment techniques 
that are applicable to Option 3: Evaporation and Ion Exchange. 

Evaporation 

Evaporation is a concentration process. W~ter is evapor~ted 
from a solution, increasing the concentrati;on of solute in the 
remaining solution. If the resulting watei vapor is condensed 
back to a liquid, the evaporation-condensation process is 
called distillation. However, to be consiitent with industry 
terminology, evaporation is used in this report to describe 
both processes. Both atmospheric and vacuu:m evaporation are 
commonly used in industry today. Specific evaporation tech
niques are shown in Figure 7-18 and discussed below. 

' 

Atmospheric evaporation could be accomplished simply by boiling 
the liquid. However, to aid evaporation, heated liquid is 
sprayed on an evaporation surface, and air 

1
is blown over the 

surface and subsequently released to the atmosphere. Thus, 
evaporation occurs by humidification of the air stream, similar 
to a drying process. Equipment for carrying. out atmospheric 
evaporation is quite similar for most appli~ations. The major 
element is generally a packed column with a~ accumulator 
bottom. Accumulated wastewater is pumped from the base of the 
column, through a heat exchanger, and back into the top of the 
column, where it is sprayed into the packin~g. At the same 
time, air drawn upward through the packing py a fan is heated 
as it contacts the hot liquid. The liquid partially vaporizes 
and humidifies the air stream. The fan then blows the hot, 
humid air to the outside atmosphere. A scrubber is often 
unnecessary because the packed column itself acts as a scrubber. 

Another form of atmospheric evaporation combines evaporative 
recovery of plating chemicals with plating ~ank fume control. 
A third form of atmospheric evaporation also works on the air 
humidification principle, but the evaporate~ rinse water is 
recovered for reuse by condensation. These' air humidification 
techniques operate well below the boiling point of water and 
can utilize waste process heat to supply the energy required. 

In vacuum evaporation, the evaporation pressure is lowered to 
cause the liquid to boil at reduced temperat~re. All of the 
water vapor is condensed and, to maintain the vacuum condition, 
noncondensible gases (air in particular) ar~ removed by a 

i, ,,,,, 
t 
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vacuum pump. Vacuum evaporation may be either single or 
double effect. In double effect evaporation, two evaporators 
are used, and the water vapor from the first evaporator (which 
may be heated by steam) is used to supply heat to the second 
evaporator. As it supplies heat, the water vapor from the 
first evaporator condenses. Approximately equal quantities of 
wastewater are evaporated in each unit; thus, the double 
effect system evaporates twice the amoun~ of water that a 
single effect system does, at nearly the same cost in energy 
but with added capital cost and complexity. The double effect 
technique is thermodynamically possible because the second 
evaporator is maintained at lower pressu~e (higher vacuum) 
and, therefore, lower evaporation temperature. Another means 
of increasing energy efficiency is vapor recompression ( tlH:!rmal 
or mechanical), which enables heat to be transferred from the 
condensing water vapor to the evaporating wastewater. Vacuum 
evaporation equipment may be classified a:s submerged tube or 
climbing film evaporation units. 

In the most commonly used submerged tube 1evaporator, the 
heating and condensing coil are containe6 in a single vessel 
to reduce capital cost. The vacuum in the vessel is maintained 
by an eductor-type pump, which creates the required vacuum by 
the flow of the condenser cooling water through a venturi. 
Wastewater accumulates in the bottom of the vessel, and it is 
evaporated by means of submerged steam co.ils. The resulting 
water vapor condenses as it contacts the condensing coils in 
the top of the vessel. The condensate then drips off the 
condensing coils into a collection trough, that carries it out 
or: the vessel. Concentrate is removed from the bottom of the 
vessel. The major elements of the climbipg film evaporator 
are the evaporator, separator, condenser,. and vacuum pump. 
Wastewater is "drawn" into the system by the vacuum so that a 
constant liquid level is maintained in the separator. Liquid 
enters the steam-jacketed evaporator tubes, and part of it 
evaporates so that a mixture of vapor and' liquid enters the 
separator. The design of the separator is such that the 
liquid is continuously circulated from th~ separator to the 
evaporator. The vapor entering the separator flows out through 
a mesh entrainment separator to the condenser, where it is 
condensed as it flows down through the condenser tubes. The 
condensate, along with any entrained air, is pumped out of the 
bottom of the condenser by a liquid ring vacuum pump. The 
liquid seal provided by the condensate keeps the vacuum in the 
system from being broken. 

Application 

Evaporation is used in the Metal Finishing Category for recov
ery of a variety of metals, bath concentrates, and rinse 
waters. Both atmospheric and vacuum evaporation are used in 
metal finishing plants, mainly for the concentration and 
recovery of plating solutions. Many of these evaporators also 
recover water for rinsing. Evaporation has also been applied 
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to recovery of phosphate metal cleaning solutions. There is 
no fundamental limitation on the applicability of evaporation. 
Recent changes in construction materials used for climbing 
film evaporators enable them to process a wide variety of 
wastewaters (including cyanide-bearing solutions), as do the 
other types of evaporators described in this report. 

Advantages of the evaporation process are that it permits 
recovery of a wide variety of process chemicals, and it is 
often applicable to removal and/or concentration of compounds 
which cannot be accomplished by any other means. The major 
disadvantage is that the evaporation process consumes relatively 
large amounts of energy for the evaporation of water. However, 
the recovery of waste heat from many industrial processes 
(e.g., diesel generators, incinerators, boilers and furnaces) 
should be considered as a source of this heat for a totally 
integrated evaporation system. For some applications, pretreat
ment may be required to remove solids and/or bacteria which 
tend to cause fouling in the condenser or evaporator. The 
buildup of scale on the evaporator surfaces reduces the heat 
transfer efficiency and may present a maintenance problem or 
increased operating cost. However, it has been demonstrated 
that fouling of the heat transfer surfaces can be avoided or 
minimized for certain dissolved solids by maintaining .a seed 
slurry which provides preferential sites for precipitate 
deposition. In addition, low temperature differences in the 
evaporator will eliminate nucleate boiling and supersaturation 
effects. Steam distillable impurities in the process stream 
are carried over with the product water and must be handled by 
pre or post treatment. 

Performance 

In theory, evaporation should yield a concentrate and a deion
i~ed condensate. Actually, carry-over has resulted in condensate 
metal concentrations as high as 10 mgjl, although the usual 
level is less, than 3 mg/1, pure enough for most final rinses. 
The condensate may also contain organic brighteners and anti
foaming agents. These can be removed with an activated carbon 
bed, if necessary. Samples from one metal finishing plant 
showed 1,900 mg/1 zinc in the feed, 4,570 mg/1 in the concen
trate, and 0.4 mg/1 in the condensate. Another plant had 416 
mg/1 copper in the feed and 21,800 mg/1 in the concentrate. 
Chromium analysis for that plant indicated 5,060 mg/1 in the 
feed and 27,500 mg/1 in the concentrate. Evaporators are 
available in a range of capacities, typically from 15 to 75 
gph, and may be used in parallel arrangements for processing 
of higher flow rates. 

Demonstration Status 

Evaporation is a fully developed, commercially available 
wastewater treatment system. It is used extensively to recover 
plating chemicals, and a pilot scale unit has been used in 
connection with phosphate washing of aluminum coil. 
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Evaporation has been used in 39 of the 
in the present data base and these are 
following table (Table 7-37). 

vi~ited plants 
identified in the 

TABLE 7-37 
METAL FINISHING PLANTS EMPLOYING 

04266 
04276 
04284 
06009 
06037 
06050 
06072 
06075 
06087 
06088 
06090 
06679 
08060 

Ion Exchange 

12065 
12075 
13031 
19069 
20064 
20069 
20073 
20147 
20160 
20162 
23071 
28075 
30096 

I 

fVAPORATION 

33033 
33065 
3~112 
34050 
3~062 
36084 
36162 
3$050 
38052 
40062 
49836 
4~00~ 
61001 i .. 

i 
I 

Ion exchange is a process in which ions, held by electrostatic 
forces to charged functional groups on th~ surface of the ion 
exchange resin, are exchanged for ions of.similar charge from 
the solution in which the resin is immersed. This is classified 
as a sorption process because the exchange occurs on the 
surface of the resin, and the exchanging ion must undergo a 
phase transfer from solution phase to solid phase. Thus, 
ionic contaminants in a waste stream can Qe exchanged for the 
harmless ions of the resin. · 

I 
Although the precise technique may vary slightly according to 
the application involved, a generalized process description 
follows. The wastewater stream being treated passes through a 
filter to remove any suspended solids, then flows through a cation 
exchanger which contains the ion exchange resin. Here, metallic 
impurities such as copper, iron, and trivalent chromium are 
retained. The stream then passes through the anion exchanger 
and its associated resin. Hexavalent chromium, for example, 
is retained in this stage. If one pass does not reduce the 
contaminant levels sufficiently, the stream may then enter 
another series of exchangers. Many ion exchange systems are 
equipped with more than one set of exchan~ers for this reason. 

The other major portion of the ion exchange process concerns 
the regeneration of the resin, which now holds those impurities 
retained from the waste stream. An ion e~change unit with 
in-place regeneration is shown in Figure 7-19. Metal ions such 
as nickel are removed by an acidic cation exchange resin, which 
is regenerated with hydrochloric or sulfuric acid, replacing the 
metal ion with one or more hydrogen ions. Anions such as dichro
mate are removed by a basic anion exchange 
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resin, which is regenerated with sodium hydroxide, replacing 
the anion with one or more hydroxyl ions. The three principal 
methods employed by industry for regenerating the spent resin 
are: 

A) 

B) 

C) 

Replacement Service - A replacement S 1ervice replaces the 
spent resin with regenerated resin, a~d regenerates the 
spent resin at its own facility. The service then has the 
problem of treating and disposing of the spent regenerant. 

In-Place Regeneration - Some establishment's 'ffi'ay firi(f it 
less expensive to do their own regene:ration. The spent 
resin column is shut down for perhaps an hour, and the spent 
resin is regenerated. This results in one or more waste 
streams which must be treated in an appropriate manner. 
Regeneration is performed only as the, res ins require it. 

Cyclic Regeneration - In this pr.ocess., the regeneration 
of the spent resins takes place in alternating cycles with 
the ion removal process. A regeneration frequency of 
twice an hour is typical. This very 'short cycle time 
permits operation with a very small quantity of resin and 
with fairly concentrated solutions, resulting in a very 
compact system. Again, this process varies according to 
application, but the regeneration cyc'le generally begins 
with caustic being pumped through the, anion exchanger, 
carrying out hexavalent chromium, for, example, as sodium 
dichromate. The sodium dichromate st:ream then passes through 
a cation exchanger, converting the sopium dichromate to 
chromic acid. After concentration by· evaporation or other 
•neans, the chromic acid can be return~d to the process line. 
Meanwhile, the cation exchanger is regenerated with sulfuric 
acid, resulting in a waste acid stream containing the metallic 
impurities removed earlier. Flushins the exchangers with 
water completes the cycle. Thus, the wastewater is purified 
and, in this example, chromic acid is' recovered. The ion 
exchangers, with newly regenerated resin, then enter the ion 
removal cycle again. 

Application 

Many metal finishing facilities utilize ion exchange to concen
trate and purify their plating baths. 

The list of pollutants for which the ion e~change system has 
proven effective includes aluminum, arsenib, cadmium, chromium 
(hexavalent and trivalent), copper, cyanide, gold, iron, lead, 
manganese, nickel, selenium, silver, tin, ~inc, and more. 
Thus, it can be applied to a wide variety of industrial concerns. 
Because of the heavy concentrations of metals in their wastewater, 
the metal finishing industries utilize ion exchange in several 
ways. As an end-of-pipe treatment, ion exchange is certainly 
feasible, but its greatest value is in cecpvery applications. 
It is commonly used, however, as an integr'ated treatment to 
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recover rinse water and process chemicals. In addition to 
metal finishing, ion exchange is finding applications in the 
photography industry for bath purification, in battery manufac
turing for heavy metal removal, in the chemical industry, the 
food industry, the nuclear industry, the pharmaceutical industry, 
the textile industry, and others. It could also be used in 
the copper and copper alloys industry for recovery of copper 
from pickle rinses. Also, many industrial and non-industrial 
concerns utilize ion exchange for reducing the salt concentra
tions in their incoming water. 

Ion exchange is a versatile technology applicable to a great 
many situations. This flexibility, along with its compact 
nature and performance, make ion exchange a very effective 
method of waste water treatment. However, the resins in these 
systems can prove to be a limiting factor. The thermal limits 
of the anion resins, generally placed in the vicinity of 60° C, 
could prevent its use in certain situations. Similarly, 
nitric acid, chromic acid, and hydrogen peroxide can all 
damage the resins as will iron, manganese, and copper when 
present with sufficient concentrations of dissolved oxygen. 
Removal of a particular trace contaminant may be uneconomical 
because of the presence of other ionic species that are prefer
entially removed. The regeneration of the resins presents its 
own problems. The cost of the regenerative chemicals can be 
high. In addition, the waste streams originating from the 
regeneration process are extremely high in pollutant concentra
tions, although low in volume. These must be further processed 
for proper disposal. 

Performance 

Ion exchange is highly efficient at recovering metal finishing 
chemicals. Recovery of chromium, nickel, phosphate solution, 
and sulfuric acid from anodizing is in commercial use. A 
chromic acid recovery efficiency of 99.5% has been demonstrated. 
Typical data for purification of rinse water in electroplating 
and printed circuit board plants are shown in Table 7-38. 
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TABLE 7-38 ! 
TYPICAL ION EXCHANGE PERFORMANCE pATA 

j,.,:,.'ll"'lll 

i 

Parameter Electroplating Plant Printed Circuit Board Plant 

All Values mg/1 

Zinc (Zn) 
Cadmium (Cd)+3 Chromium (Cr+6 ) 
Chromium (Cr ) 
Copper (Cu) 
Iron (Fe) 
Nickel (Ni) 
Silver (Ag) 
Tin (Sn) 
Cyanide (CN) 
Manganese (Mn) 
Aluminum (Al) 
Sulfate (S04) 
Lead (Pb) 
Gold (Au) 

Pr1or To After 
Purifi- Purifi-
cation cation 

14.8 
5.7 
3.1 
7.1 
4.5 
7.4 
6.2 
1.5 
1.7 
9.8 
4.4 
5.6 

0.40 
o.oo 
0.01 
0.01 
0.09 
o. 01 
o.oo 
o.oo 
o.oo 
0.04 
o.oo 
0.20 

Pr1o;r To 
Purifi
catibn 

'I''"'' 
I 

_i 
! 

:1 
43!. 0 

1.60 
9.'10 
1.10 
3.:40 

21'0.00 
1.70 
2.30 

' 

After 
Purifi
cation 

0.10 

o.o1 
0.01 
0.10 
0.09 

2.00 
0.01 
0.10 

Plant ID 11065, which was visited and sampledi, employs an ion 
exchange unit to remove metals from rinsewate;r. The results 
of the sampling are displayed below: 

Parameter 

TSS 
cu 
Ni 
Cr, Total 
Cd 
Sn 
Pb 

POLLUTANT CONCENTRATION (mg/1)! 
Plant ID 11065 

Day 1 
Input To Effluent From 

Ion Exchange Ion Exchange 

6.0 
52.080 
.095 
.043 
.005 
.06 
.010 

4.0 
.118 
.003 
.051 
.005 
.06 
.011 
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Day 2 
Input To 

; Ion Exchange 

1.0 
189.3 
.017 
.026 
.005 
.()6 
.010 

"I', 
''I II' 

1:1:, 

I.O 
.20 
.003 
.006 
.005 
.06 
.010 



Demonstration Status 

All of the applications mentioned in this document are available 
for commercial use. The research and development in ion 
exchange is focusing on improving the quality and efficiency 
of the resins, rather than new applications. Work is also 
being done on a continuous regeneration process whereby the 
resins are contained on a fluid-transfusible belt. The belt 
passes through a compartmented tank with ion exchange, washing, 
and regeneration sections. The resins are therefore continually 
used and regenerated. No such system, however, has been 
reported to be beyond the pilot stage. 

Ion exchange is used in 63 plants in the present data base and 
these are identified in Table 7-39. 

TABLE 7-39 

METAL FINISHING PLANTS EMPLOYING ION EXCHANGE 

02033 17030 30967 
02034 17050 31032 
02037 17061 31050 
04145 18538 31070 
04221 19081 33130 
04223 19120 33172 
04236 20017 33186 
04263 20075 33187 
04541 20120 36087 
04676 20162 36623 
04690 20483 37060 
05050 21059 38036 
06103 21065 38039 
06679 21066 40048 
08073 21075 40061 
09025 23065 41086 
11065 25033 41089 
12065 27046 44062 
12075 28111 46035 
12080 28121 61001 
13040 30153 62032 
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ALTERNATIVE TREATMENT METHODS FOR COMMON IV.\ETALS REMOVAL 

In addition to the treatment methods descr'ibed under Options 
1, 2, and 3; there are several other alternative treatment 
technologies applicable for the treatment of common metals 
wastes. These technologies may be used in conjunction with or 
in place of the Option 1, 2, or 3 system components. The 
follmqing paragraphs describe these technologies: 
peat adsorption, insoluble starch xanthate', sulfide precipitation, 
flotation, and membrane filtration. · 

Peat Adsorption 
I 

Peat moss is a rather complex material with lignin and 
cellulose as major constituents. These co~stituents, 
particularly lignin, bear polar functional, groups, such as 
alcohols, aldehydes, ketones, acids, phenolic hydroxides and 
ethers, that can be involved in chemical bpnding. Because of 
the polar nature of this material, its adsorption of dissolved 
solids such as transition metals and polar organic molecules 
is quite high. These properties have led to the use of peat 
as an agent for the purification of indust~ial wastewater. 

I 

' Peat adsorption is a "polishing" process which can achieve 
very low effluent concentrations for several pollutants. If 
the concentrations of pollutants are above, 10 mg/1, then peat 
adsorption must be preceded by pH adjustmeht and settling. 
The wastewater is then pumped into a large' metal chamber 
(a kier) which contains a layer of peat through which the 
waste stream passes. The water flows to a, second kier for 
further adsorption. The wastewater is theh ready for 
discharge. This system may be automated o~ manually operated. 

i ' 
I , 

' 
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Application 

Peat adsorption can be used in metal finishing plants for 
removal of residual dissolved metals from clarifier effluent. 
Peat moss may be used to treat wastewaters containing heavy 
metals such as mercury, cadmium, zinc, copper, iron, nickel, 
chromium, and lead, as well as organic matter such as oil, 
detergents, and dyes. Peat adsorption could be used in metal 
finishing industries, coil coating plants, porcelain 
enameling, battery manufacturing plants, copper products 
manufacturing facilities, photographic plants, textile 
manufacturing, newsprint production facilities, and other 
industries. Peat adsorption is currently used commercially at 
a textile plant, a newsprint facility, and a metal reclamation 
operation. 

Performance 

The following table contains performance figures obtained from 
pilot plant studies. Peat adsorption was preceded by pH 
adjustment for precipitation and by clarification. 

Pollutant 

Pb 
Sb 
Cu 
Zn 
Ni+6 Cr 
CN 
Hg 
Ag 

Before Treatment (mg/1) 

20.0 
2.5 

250.0 
1.5 
2.5 

35,000.0 
36.0 
>1.0 
>1.0 

After Treatment (mg/1) 

0.025 
0.9 
0.24 
0.25 
0.07 

<0.04 
0.7 
0.02 
o.os 

In addition, pilot plant studies have shown that complexed metal 
wastes, as well as the complexing agents themselves, are removed 
by contact with peat moss. Therefore, peat adsorption could be 
applied to printed circuit board manufacturing, which uses com
plexing agents extensively. 

Demonstration Status 

Only three commercial adsorption systems are currently in use 
in the United States. These are at a textile manufacturer, a 
newsprint facility, and a metal reclamation firm. 

No data have been reported showing the use of peat adsorption in 
any metal finishing plants. Its only commercial applications are 
as stated above. 
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Insoluble Starch Xanthate 

Insoluble starch xanthate (ISX) is essentially an ion exchange 
medium used to remove dissolved heavy metals from wastewater. 
ISX is formed by reacting commercial cross-linked starch with 
sodium hydroxide and carbon disulfide. Magnesium sulfate is 
also added as a stabilizer and to improve sludge settling. 

ISX acts as a cationic ion exchange material removing the 
heavy metal ions and replacing them with sodium and magnesium. 
The starch has good settling characteristics, good filtering 
characteristics, and is well suited for use as a filter 
pr.~coat. ISX can be added as a slurry for continuous 
treatment operations, in solid form for batch treatments and 
as a precoat to a filter. The ISX process:is effective for 
removal of all uncomplexed metals, including hexavalent 
chromium, and also some complexed metals such as the 
CQpper-ammonia complex. The removal of hexavalent chrorniuiTI is 
brought about by lowering the pH to below 3 and subsequent 
raising of it above 7. The hexavalent chromium is reouced by 
the ISX at the acid pH and is removed at the alkaline pH as 
chromium starch xanthate or chromic hydroxide. 

' ! 
Presently, ISX is being used in two metal finishing establish
ments. One of the plants utilizes the ISX process as a 
polishing filter and claims to reduce levels of metals in the 
effluent of their clarifier fro•u 1 mg/1 to:. 020 mg/1. The 
other plant (ID 27046), which was visited ~nd sampled, uses 
the ISX process to recycle rinse waters on'their cleaning line 
and nickel, copper, and solder plating lin~s. The results of 
the sampling are listed below. 1 

Solder Line Nickel Line Cleaning Line 

Input Output Input Output Input Output 
To From To From To From 

Filter Filter Filter Filter Filt~r Filter 

cu .42 .41 • 24 .24 .43 .39 
Pb • 56 • 53 
Sn 2.0 1.5 
Zn .092 .083 .047 .040 .167 .126 
Ni 552. 547. 
Fe .38 .26 

As shown by the data, the ISX was not removing a high 
percentage of metal. Its main purpose was'to keep 
contaminants from building up to a point where the wa1:er would 
not be reusable. 
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Sulfide Precipitation 

Application 

Hydrogen sulfide or soluble sulfide salts such as sodium sul
fide are used to precipitate many heavy metal sulfides. Since 
most metal sulfides are even less soluble than metal 
hydroxides at alkaline pH levels, greater heavy metal removal 
can be accomplished through the use of sulfide rather than 
hydroxide as a chemical precipitant prior to sedimentation. 
The solubilities of metallic sulfides are pH dependent and are 
shown in Figure 7-20. · 

Of particular interest is the ability at a pH of 8 to 9 of the 
fer¥~us sulfide process to precipitate hexavalent chromium 
{Cr ) without prior reduction to the trivalent state as is 
required in the hydroxide process, although the chromium is 
still precipitated as the hydroxide. When ferrous sulfide is 
used as the precipitant, iron and sulfide act as reducing 
agents for the hexavalent chromium. 

Cr 2o=7 + 2FeS + 7H 2o = 2Fe{OH) 3 + 2Cr{OH) 3 + 2S 0 + 20H

In this case the sludge produced consists mainly of ferric 
hydroxides and chromic hydroxides. Some excess hydroxyl ions 
are produced in this process, possibly requiring a downward 
re-adjustment of pH to between 8-9 prior to discharge of the 
treated effluent. 

In addition to the advantages listed above, the process will preci
pitate metals complexed with most complexing agents. However, care 
must be taken to maintain the pH of the solution above 
approximately 8 in order to prevent the generation of toxic 
hydrogen sulfide gas. For this reason ventilation of the 
treatment tanks may be a necessary precaution in some instal
lations. The use of ferrrous sulfide virtually eliminates the 
problem of hydrogen sulfide evolution, however. As with 
hydroxide precipitation, excess sulfide must be present to 
drive the precipitation reaction to completion. Since sulfide 
itself is toxic, sulfide addition must be carefully controlled 
to maximize heavy metals precipitation with a minimum of 
excess sulfide to avoid the necessity of posttreatment. At 
very high excess sulfide levels and high pH, soluble 
mercury-sulfide compounds may also be formed. Where excess 
sulfide is present, aeration of the effluent stream can aid in 
oxidizing residual sulfide to the less harmful sodium sulfate 
{Na 2so4 ). The cost of sulfide precipitants is high i~ 
compar1son with hydroxide precipitating agents, and disposal 
of metallic sulfide sludges may pose problems. With improper 
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handling or disposal of sulfide precipitates, hydrogen sulfide may 
be released to the atmosphere creating a potential toxic hazard, 
toxic metals may be leached out into surface waters, and sulfide 
might oxidize to sulfate and release dilute sulfuric acid to surface 
waters. An essential element in effective sulfide precipitation 
is the removal of precipitated solids from the wastewater to a site 
where reoxidation and leaching are not likely to occur. 

Performance 

Data from sampling at Plant 27045 show the effectiveness of 
sulfide precipitation on unreduced hexavalent chromium as well 
as total chromium. Mean concentrations for the only metals 
present in the aluminum anodizing operation were as follows: 

Parameter 

Chromium, hexo 
Chromium, total 
Aluminum 

Influent mg/1 

11.5 
18.4 
4.18 

Effluent mg/1 

Undetectable 
Undetectable 
0.112 

One report (Treatment of Metal Ftnishing Wastes by Sulfide 
Precipitation, EPA-600/2-75-049, u.s. Environmental Protection 
Agency, 1977) concluded that (with no complexing agents 
present) the following effluent quality can be achieved: 

Parameter 

Cadmium 
Copper 
Zinc 
Nickel 
Chromium, Total 

Effluent mg/1 

0.01 
0.01 
0.01 
0.05 
0.05 

Sampling data from three other industrial plants using sulfide 
precipitation are presented in Table 7-40. Concentrations are 
given in mgjl. 
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Data Source 

Treatment 

pH+6 
Cr 
Cr, T 
Cu 
Fe 
Ni 
zn 

Reference: 

TABLE 7-40 
SAMPLING DATA FROM SULFIPE 

PRECIPITATION/SEDIMENTATION SYSTEMS 

Reference 1 

Lime, Fes 2 , Poly
ElectrolyEe, 
Settle, Filter 

Raw Eff. 

s.o-6.8 8-9 
25.6 <.01 
32.3 <.04 

.52 .10 

39.5 <.07 

Reference. 2 
I 

Lime, FeS2 , Poly-
ElectrolyEe, 
Settle, Filter 

Raw Eff. 

7.7 7.38 
.022 <.020 
2.4 <.1 

108 0.6 
.68 <.1 

33.9 <.1 

Reference 3 

NaOH, Ferric 
Chloride, Na 2s, 
Clarify (1 sEage) 

Raw Eff. 

27 6.4 
11.4 <.005 
18.3 <.005 
.029 .003 

.060 .009 

1. Treatment of Metal Finishing Wastes by· Sulfide Precipitation, 
EPA Grant No. S804648010. . 

2. Industrial Finishing, Vo. 35, No. 11, Nov. 1979, p. 40 (Raw 
waste sample taken after chemical addi:tion). 

3. Visit Plant 27045. Concentrations are, two day averages. 
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In all cases except iron, effluent concentrations are below 
0.1 mg/1 and in many cases below 0.01 mg/1 for the three 
plants studied. 

Sampling data from several chlorine/caustic inorganic 
chemicals manufacturing plants using sulfide precipitation 
reveal effluent mercury concentrations varying between 0.009 
and 0.03 mg/1 (Calspan Report No. ND-5782-M-72). As can be 
seen in Figure 7~20, the solubilities of PbS and Ag 2s are 
lower at alkaline pH levels than either the corresponding hy
droxides or other sulfide compounds. This implies that removal 
performance for lead and silver sulfides should be comparable to 
or better than shown for the metals listed in Table 7-38. Bench 
scale tests conducted on several types of metal finishing waste
water (Centec Corp; EPA Contract 68-03-2672} indicate that 
metals removal to levels of less than 0.05 mg/1 and in some cases 
less than 0.01 mg/1 are common in systems using sulfide precipi
tation followed by clarification. Some of the bench scale data, 
particularly in the case of lead, do not support such low effluent 
concentrations. However, no suspended solids data were 
provided in these studies. TSS removal is a reliable 
indicator of precipitation/sedimentation system performance. 
Lack of this data makes it difficult to fully evaluate the 
bench tests, and insufficient solids removal can result in 
high metals concentrations. Lead is consistently removed to 
very low levels (less than 0.02 mg/1} in systems using 
hydroxide precipitation and sedimentation. Therefore one 
would expect even lower effluent concentrations of lead 
resulting from properly operating sulfide precipitation 
systems due to the lower solubility of the lead sulfide 
compound. 

Demonstration Status 

Full scale commercial sulfide precipitation units are in 
operation at numerous installations, including several plants 
in the Metal Finishing Category. 

Flotation 

Flotation is the process of causing particles such as metal 
hydroxides or oil to float to the surface of a tank where they 
can be concentrated and removed. This is accomplished by 
releasing gas bubbles which attach to the solid particles, 
increasing their buoyancy and causing them to float. In 
principle, this process is the opposite of sedimentation. 
Figure 7-21 shows one type of flotation system. Flotation 
processes that are applicable to oil removal are discussed in 
the subsection entitled "Treatment of Oily Wastes and 
Organics". 
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Flotation is used primarily in the treatment of wastewater 
containing large quantities of industrial wastes that carry 
heavy loads of finely divided suspended solids. Solids having 
specific gravity only slightly greater than 1.0, which would 
require abnormally long sedimentation times may be removed in 
much less time by flotation. 

This process may be performed in several ways: foam, 
dispersed air, dissolved air, gravity, and vacuum flotation 
are the most commonly used techniques. Chemical additives are 
often used t6 enhance the performance of the flotation 
process. 

The principal difference between types of flotation is the 
method of generation of the minute gas bubbles, usually air, 
in a suspension of water and small particles. Addition of 
chemicals to improve the efficiency may be employed with any 
of the basic methods. The following paragraphs describe the 
different flotation techniques and tne method of bubble 
generation for eaqh proces~. 

Foam flo.tation 'is based on the utilization of differences in 
the physiochemical properties of·various particles. Wetta
bility and surface properties affect the particles' ability to 
attach themselves to gas bubbles in an aqueous medium. In 
froth flotation, air is blown through the solution containing 
flotation reagents. The particles. with water repellant 
surfaces stick to air bubbles as they rise and are brought to 
the surface. A mineralized froth layer with mineral ~articles 
attached to air bubbles is formed. Particles of other 
minerals which are readily wetted by water do not stick to air 
bubbles and remain in suspension. 

In dispersed air flotation, gas bubbles are generated by 
introducing the air by means of mechanical agitation with 
impellers or by forcing air through porous media. 

In dissolved air flotation, bubbles are produced as a result 
of the release of air from a supersaturated solution under 
relatively high pressure. There are two types of contact 
between the gas bubbles and particles. The first type is 
predominant in the flotation of flocculated materials and 
~nvolves the entrapment of rising gas bubbles in the floccu
lated particles as they increase in size. The bond between 
the bubble and particle is one of physical capture only. The 
second type of contact is one of adhesion. Adhesion results 
from the intermolecular attraction exerted at the interface 
between the solid particle and gaseous bubble. 

The vacuum flotation process consists of saturating the 
wastewater with air either 1) directly in an aeration tank, or 
2) by permitting air to enter on the suction of a wastewater 
pump. A partial vacuum i·s applied, which causes the dissolved 
air to come out of.solution·as minute bubbles. The bubbles 
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attach to solid particles and rise to the surface to form a 
scum blanket, which is normally removed by a skimming 
mechanism. Grit and other heavy solids that settle to the 
bottom are generally raked to a central sludge pump for 
removal. A typical vacuum flotation unit consists of a 
covered cylindrical tank in which a partial vacuum is main
tained. The tank is equipped with scum and sludge removal 
mechanisms. The floating material is continuously swept to 
the tank periphery, automatically discharged into a scum 
trough, and removed from the unit by a pump' also under partial 
vacuum. Auxiliary equipment includes an ae,ration tank for 
saturating the wastewater with air, a tank with a short 
retention time for removal of large bubbles~, vacuum pumps, and 
sludge and scum pumps. 

Application 

Flotation 
suspended 
suspended 
size. 

applies to most situations requiring separation of 
materials. It is most advantageous for oils and for 
solids of low specific gravity or! small particle 

: 

Some advantages of the flotation process ar~ the high levels 
of solids separation achieved in many applications, the 
relatively low energy requirements, and the. air flow 
adjustment capability to meet the requirements of treating 
different waste types. Limitations of flotation are that it 
often requires addition of chemicals to enhance pr.ocess 
performance, and it generates large quantities of solid waste. 

Performance 

' 
Performance of a flotation unit was measured at Plant 33692, 
with results as follows: 

Parameter Influent mg/1 Effluent mg/1 
I 

Oil & Grease 412 108 
TSS 416 210 
TOC 3000 132 
BOD 130 78 

For oil removal by a variety of flotation Jnits one literature 
source (Chemical Engineering Deskbook - Enyironmental 
Engineering, October 17, 1977, p. 52, McGr~w-Hill) indicates 
effluents of 10 to 15 mg/1 for influents of 61 to 100 mg/1, 
effluents of 15 to 62 mg/1 for influents of: 105 to 360 mg/1, 
and effluent of 60 to 128 mg/1 for influents of 580 to 1930 
mg/1. For suspended solids removal, another source (Process 
Design Manual for Suspended Solids Removal, January, 1975, 
u.s. Environmental Protection Agency) indicates an effluent of 
70 mg/1 for an influent of 2000 mg/1 at one pilot plantv and 
an effluent of 12 to 20 mg/1 for an influent of 94 to 152 mg/1 
at another pilot plant. 
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Bench scale experiments have shown foam flotation to be very 
effective in removing precipitated copper, lead, arsenic, 
zinc, and fluoride. The following table (Table 7-41) shows 
the results. A sodium lauryl sulfate (NLS) surfactant and a 
flocculant were used in each case, and pollutant concentrations 
were between 10 and 500 mg/1. 

Pollutant 

Copper 
Lead 
Arsenate 
Zinc 

Note: 

TABLE 7-41 
FOAM FLOTATION PERFORMANCE 

Optimum 
Reagent pH 

Fe ( OH) 3-NLS 7.0 
Fe(OH) 3-NLS 6.5 
Fe(OH) 3-NLS 4-5 
Al(OH) 3-NLS 8.0-8.5 

NLS is sodium lauryl sulfate 

Residual 
Concentration, 

mg/1 

0.1 
0.1 
0.1 
0.2 

The primary variables for flotation design are pressure, 
feed solids concentration, and retention period. The effluent 
suspended solids decrease and the concentration of solids in 
the float increases with increasing retention period. When 
the flotation process is used primarily for clarification, a 
retention period of 20 to 30 minutes is adequate for separation 
and concentration. 

Demonstration Status 

Flotation is a ftilly developed process and is readily available 
for the treatment of a wide variety of industrial waste \ 
streams. It is used in 25 plants in the present d~ta base 
and these are identified in Table 7-42. 

TABLE 7-·42 
METAL FINISHING PLANTS EMPLOYING FLOTATION 

01063 
•11704 
12076 
12080 
12091 
14062 
15058 
20106 
20157 

20165 
20247 
20254 
30150 
.31051 
30153 
30516 
31067 
31068 
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33180 
33692 
38031 
41097 
41151 



Membrane Filtration 

Membrane filtration is a technique for removing precipitated 
heavy metals from a wastewater stream. It:must therefore be 
pl::'eceded by those treatment techniques which will properly 
prepare the wastewater for solids removal.: Typically, a 
membrane filtration unit is preceded by cyanide and chromium 
pretreatment as well as pH adjustment for precipitation of the 
metals. These steps are followed by addition of a proprietary 
chemical reagent which causes the metal precipitate to be 
non-gelatinous, easily dewatered, and highly stable. The 
resulting mixture of pretreated wastewater is continuously 
recirculated through a filter module and back into a 
recirculation tank. The filter module contains tubular 
membranes. 1-lhile the reagent-metal precipitates mixture f:l0\.178 
through the inside of the tubes, the water' and any dissolved 
salts permeate the membrane. The permeate!, ess~~ntially free 
of precipitate, is alkaline, non-corrosive, and may be safely 
discharged to sewer or stream. vfuen the recirculating slurry 
reaches a concentration of 10 to 15 percen~ solids, it is 
pumped out of the system as sludge. ' 

Application 

Membrane filtration can be used in metal finishing in addition 
to sedimentation to remove precipi ta tc~~~ 1netals and phosphates. 
Membrane filtration systems are being used in a number of 
industrial applications, particularly in the metal finishing 
industry and have also been used for heavy: metals removal in 
the paper industry. They have potential application in coil 
coating, porcelain enameling, battery, and' coppec and copper 
alloy plants. 

A major advantage of the membrane filtration system is that 
installation can utili:>:P- most of the conve~tional end-of-pipe 
system that may already be in place. Also~ the sludge is 
highly stable in an alkaline state. Removal efficiencies are 
excellent, even ~ith sudden variation of pollutant input 
rates. However, the effectiveness of the ;uembrane filtration 
system can be limited by clogging of the filters. Because a 
change in the pH of the waste stream greatly intensifies the 
clogging problem, the pH must be carefully monitored and 
controlled. Clogging can force the shutdown of the system and 
may interfere with production. · 

I 

The membrane filters must be regularly monitored, and cleaned 
or replaced as necessary. Depending on th~ co1oposition of the 
waste stream and its flow rate, cleaning of the filters may be 
required quite often. Flushing with hydrobhloric acid for 
6-24 hours will usually suffice. In addit~on, the routine 
maintenance of pumps, valves, anrl other }.)lUmbing is required. 

I 

i 
When the recirculating reagent-precipitate slurry reaches 10 
to 15 percent solids, it is pumped out of .the system. It can 
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then be disposed of directly or it can undergo a dewatering 
process. The sludge's leaching characteristics are such that 
the state of South Carolina has approved the sludge for 
landfill, provided that an alkaline condition be maintained. 
Tests carried out by the state indicate that even at the 
slightly acidic pH of 6.5, leachate from a sludge containing 
2600 mg/1 of copper and 250 mg/1 of zinc contained only 0.9 
mg/1 of copper and 0.1 mg/1 of zinc. 

Performance 

The permeate is guarariteed by one manufacturer to contain less 
than the effluent concentrations shown in the following table, 
regardless of the influent concentrations. These claims have 
been largely substantiated by the analysis of water samples at 
various plants including those shown for comparison in Table 
7-43. 

TABLE 7-43 
MEMBRANE FILTER PERFORMANCE (mg/1) 

Parameter Guarantee Plant #19066 Plant #31022 
Raw Treated Raw Treated 

Aluminum 0.5 
Chromium, hexavalent 0.03 0.46 0.01 5.25 
Chromium, total 0.02 4.13 0.018 98.4 
Copper 0.1 18.8 0.043 8.00 
Iron 0.1 288 0.3 21.1 
Lead 0.05 .652 0.01 0.288 
Cyanide 0.02 <.005 <.005 <.005 
Nickel 0.1 9.56 .017 194. 
Zinc 0.1 2.09 .046 5.00 
TSS 632 0.1 13.0 

Demonstration Status 

There are approximately twenty membrane filtration systems 
presently in use by the metal finishing and other industries. 
Bench scale and pilot studies are being run in an attempt to 
expand the list of pollutants for which this system is known 
to be effective. 

Membrane filtration is used in 7 plants in the present data 
base: Plant ID's 02032, 04690, 15193, 19066, 31022, 34050, and 
37042. 
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TREATMENT OF PRECIOUS METAL WASTES- SINGLE,OPTION 

I 
INTRODUCTION 

This subsection describes the treatment for precious metal wastes 
which includes Option 1 common metals treadneri.t pius precious 
metals recovery. Silver removal performanc~ data for Option 1 
common metals treatment systems and describes the techniques that 
are commonly used for the removal/recovery of precious metals, 
from waste streams. ' 

Precious metal wastes are produced in the Metal Finishing 
Category by electroplating of precious metals and subsequent 
finishing operations performed on the preci9us metals. Included 
among the precious metals are gold, silver,:rhodium, palladium, 
platinum, osmium, ruthenium, iridium, and indium. Precious 
metal wastes can be treated using the same ~reat~ent alte~na
tives as those described for treatment of common metal wastes. 
However, due to the intrinsic value of precious metals, every 
effort should be made to recover them. The treatment alterna
tives recommended for precious metal wastes are the recovery 
techniques: evaporation, ion exchange and 71ectrolytic recovery. 

TREATMENT TECHNIQUES 

Option 1 Common Metals System 

Included in the common J:!letals Option 1 trea;tment system (precipi
tation/sedimentation) da~a base are a total: of 21 sampled 
occurrences of silver. Performance data for properly operated 
Option 1 common metals treatment systems frbm visited plants and 
from plants submitting long term self-monitoring data are presented 
in Table 7-44. The pertinent effluent limitation data for silver 
are summarized as follows: 

Mean Silver Effluent Concentration 
Variability Factors (Daily/10-Day) 
Daily Maximum Effluent Concentration 
Maximum Monthly Average Effluent 

Concentration 
\ 
I 

0.096 mg/t 
4.48/2.54* 
0.43 mg/R. 
0.24 mg/R. 

mg/R. 

* Median common metals variability factor was usE!d because 
of insufficient silver data. 

' 
The percent compliance for the silver effluent concentrations are 
100 percent for EPA sampled, 70.6 percent for the self-monitoring 
data daily maximum and 100 percent for the self-monitoring data 
10-day averages. The lower percent compliance for the 
self-monitoring daily maximum can be attributed to Plant 11125 
which does not segregate precious metals wastes for recovery 
prior to precipitation/clarification. 

Evaporation 

Evaporation is used to recover precious metals by boiling off 
the water portion of a precious metal solution. This process 
is described under the "Treatment of Common:Metal Wastes" 
heading. Solutions such as silver cyanide plat~ng baths ~re 
now being recovered through the use of evaporat1on, the s1lver 
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TABLE 7-44 

METAL FINISHING CATEGORY 

PERFORMANCE DATA FOR SILVER 

VISI'IED OPTION 1 PLANTS 

Raw waste Effluent 
Concentration concentration 

Data Point 

1. 

2. 

3. 

4. 

5. 

Mean 

concentration = 

Plan·t ID ----
6087 

11125 

Overall 

(mg/l) (mq/l) Plant ID 

0.1780 0.1670 6087-1-1 

0:1780 0.1190 6087-1-3 

0.2100 0.0610 21003-15-2 

0.2700 0.0640 21003-15-0 

0.2900 0.0690 21003-15-1 

0.2252 (n=5) 0.0960 (n=5) 

Effluent Silver Self-Monitoring Performance Data 
for Plants with Option 1 Systems 

No. of 
Points Concentration (mg/R-) 

12 0.04 

5 1.66 

17 0.52 
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cyanide portion either being returned to the process tank or 
held aside for subsequent sale. Figure 7-22 displays the 
system which was observed at Plant ID 0609p. Plant personnel 
reported that the recovery of silver solutions paid back the 
capital cost of the evaporation equipment after six months. 

Ion Exchange 

Ion exchange, which was described in detail under the "Treatment 
of Common Metal Wastes" heading, is commonly used in the 
recovery of precious metals, particularly gold. This recovery 
process can be used in an on-line or end-of-pipe capacity. 
Analyses of samples taken before and after' ion exchange at 
photoprocessing plants (from Guidance Document for the Control 
of Water Pollution in the: Photographic Processing Industry. 
EPA 440/1-81/082-9 April 1981) yielded the data shown in Table 
7-45: 

TABLE 7-45 
ION EXCHANGE PERFORMANCE 

Plant 

06208 
09061 
09061 

(Unit 1) 
{Unit 2} 

Sil~er Concentration (mg/1) 
Influent Effluent 

2.0 
0.74 
0.60 

0.14 
0.04 
0.10 

Many plants have ion exchange units hooked,up to rinses immedi
ately following precious metal plating opetations to recover 
the metal and return the rinse water to the rinse tank. If a 
company does precious metal work on a large scale, it may 
segregate its precious metal wastes and ru~ them through a 
series of ion exchangers prior to sending the water to waste 
treatment. In any case, the resins from the ion exchange 
units are saved and the precious metal recovered, normally by 
burning off the resin. · 

Electrolytic Recovery 
f 

Although electrolytic recovery was covered under the "Treatment 
of Common Metal wastes" heading, it is particularly applicable 
to the recovery of precious metals. This is because the more 
valuable precious metals offer a faster payback on the equipment 
and energy costs. As explained earlier, equipment normally 
consists of a dragout rinse located after the precious metal 
plating step and an off line electrolytic recovery tank with 
pumps and piping connecting the two. The dragout rinse solu
tion is recirculated between the tanks while the precious 
metal is plated out in the electrolytic recovery tank. An 
electrolytic recovery system at a photoprocessing plant (Plant 
ID 4550; Guidance Document for the Control of Water Pollution in 
the: Photographic Processing Industry. EPA 440/1-81/082-9 
April 1981} was able to reduce silver concentrations from 476 
mg/1 to 21 mg/1. 
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TREATMENT OF COMPLEXED METAL WASTES 

INTRODUCTION 
i 

This subsection describes the treatment techniques which are 
applicable for the removal of complexed metal wastes. The concen
tration limitations for the common metals w~stes that remain 
after the complexes have been broken are identical to those 
tabulated in Table 7-20 for the common metals waste type. 

Complexed metal wastes within the Metal Finishing Category are 
a product of electroless plating, immersion plating, etching, 
and printed circuit board manufacture. The; metals in these 
waste streams are tied up or complexed by particular chemicals 
(complexing agents) whose function is to prevent metals from 
falling out of solution. This counteracts the precipitation 
techniques employed by most conventional metals removal methods, 
so these treatment methods are not always successful when used on 
complexed metal waste streams. · 

In order to establish the performance of waste treatment systems 
in which complexed metal wastes were being treated, it was 
necessary to establish which plants were employing complexing 
agents. A list of complexing agents was compiled using infor
mation contained in plant portfolios and in~ormation obtained 
from a literature search~ Table 7-46 presepts a listing of the 
most commonly employed complexing agents. . 

. . . I 
The complex1ng agents l1sted 1n Table 7-46 were then compared 
with the raw material information provided by visited plants. 
Table 7-47 presents a listing of the complexing agents used as 
raw materials at visited plants. It is noted that additional 
complexing agents, used as part of proprietary formulations 
may have been employed at the visited plant~. 

Tables 7-48 and 7-49 present a listing of the effluent concentra
tions for various metals sampled at visited plants which employ 
precipitation/clarification or precipitation/clarification/ 
filtration respectively. and use complexing agents. The list of 
plants includes all visi1:ed plants for which one or more of the 
following are applicable: (l) a complexing agent is used as a 
raw material. (2) electroless plating operations are performed. 
(3) immersion plating operaions are perform~d. or (4) printed 
circuit board manufacturing takes place. ' 

The plants in Table 7-48 all employ Option 1 common me·tals treatment. 
In addition, some of these plants segregate, the wastes·treams which 
contain complexed metals waste and treat these wastes separately. 
Plant 04069 is one plant that segregates their complexed metals 

I 
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TABLE 7-46 
CCMMON CCMPLEXING AGENTS 

1\mm::mia 
Ammonium Chloride 
Ammonium Hydroxide 
1\rrnnonium Bifluoride 
1\cetylacetone 
Citric Acid 
Chromotropic Acid (DNS) 
Cyanide* 
Dl'PA 
Dipyridyl 
Disulfopyrocatechol ( POO) 
Dirnethylglyoxime 
Disalicylaldehyde 1,2-propylenedilinine 
Dirnercaptopropanol ( BAL) 
Dithizone 
Diethyl Dithiophosphoric Acid 
Ethy lenediaminetetraacetic kid ( EDrA) 
Ethylenebis (hydroxyphenylglycine) (EHPG) 
Ethylenediamine 
Ethylenediaminetetra(methylenephosphoric 

. 1\cid) ( EDrPO) 
Glyceric 1\cid 
Glycolic 1\cid 
Gluconic Acid 
Hydroxyethylethylenediaminetriacetic kid 

(HEDTA) 
Hydroxyethylidenediphosphonic Acid ( HEDP) 
HEDDA. 
lactic Acid 
Malic 1\cid 
Monosodium Phosphate 
Nitrilotriacetic Acid (NTA) 
N-Dihydroxyethylglycine 
Nitrilotrlinethylenephosphonic kid (Nl'PO, 

A'IMP) 
N-Hydroxyethylethylenediamine 

0-phenanthroline 
Oxine, a-Hydroxyquinoline (Q) 
Oxinesulphonic Acid 
Fhthalocyanine 
I:otassium Ethyl xanthate 
Fhosphoric Acid 
I:olyethylenelinine (PEI) 
I:olymethacryloylacetone 
I:oly (p-vinylbenzyllininodiacetic Acid) 
Ibchelle Salts 
Sodium Gluconate 
Sodium Pyrophosphate 
Succinic Acid 
Sodium Tripolyphosphate 
Sulphosalicylic Acid (SSA) 
Salicylaldehyde 
Salicylaldoxime 
Sodium Hydroxyacetate 
Sodium Citrate 
Sodium Fluoride 

Sodium Malate 
Sodium Amino Acetate 
'lartaric 1\cid 
Trisodium Phosphate (TSP) 

Trifluoroacetylacetone 
'Ihenoyl trifluoroacetone ( Tl'A) 
Ttiethylenetetramine 
Ttiaminotriethylamine 
Triethanolamine (TEA) 
Tetraphenylporphin 
'Ibluene Dithiol 
Thioglycolic Acid 

'Ihiourea 

* Tteabnent of cyanide wastes are specifically discussed within Section VII. 
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TABLE 7-47 
i 

COMPLEXING AGENTS US~D IN THE VISITED PL~NT DATA BASE 

Ammonia 
Ammonium Bifluoride 
Ammonium Chloride 
Ammonium Hydroxide 
Citric Acid 
DTPA 
EDTA 
Gluconic Acid 
Glyceric Acid 
Glycolic Acid 
HEDDA 
HEDTA 
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Lactic Acid 
Malic Acid 
Monosodium Phosphate 
NTA. 
Phosphoric Acid 
Rochelle Salts 
Sodium Gluconate 
Sodium Pyrophosphate 
Succinic Acid 
Tartaric Acid 
Trisodium Phosphate 

I • • I 
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wastes for separate treatment. This plant has significantly 
lower levels of chromium. copper. and total cyanide than plant 
20083 which does not segregate and separately treat their 
complexed metals waste. Segregation of complexed metals 
wastestreams appears to be necessary to achieve compliance. 

Table 7-48 and 7-49 also summarize the percentage of the metal 
finishing visited plant data base (that use complexing agents) 
that are in compliance within the daily maximum limitation 
concentration for the sampled plants that employ either Option 1 
or Option ~~ common metals waste treatment. 
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TI\DLE 7-48 
l'OWJJ'JWI' c:a-lCENl'RI\'r.J:f.X'IS (1119/l) l-'00 SJ\MIPfF;I) D\'J'J\ riot 

PU\NIS WI1U 07-i'U::XED l-IP.l'J\L l'll\5'1~ EMJl[.()YJNG PHfx:II'ri'I\TTOO/CI.liRIFlCNl'lON 

PLl\Nl' lD Cd .££ (.\) r:b Ni !!J.. 1!!.. Fe 'I."JS L't-tr 
02032 3.87 o.aa 0.049 40 0.04 3.07 2.30 0.034 100 0.04 3.30 2.70 0.075 90 0.4 
02033 1.840 0.040 650 0.2 1.300 0.081 5 0.01 
04069 0.776 0.!22 0.215 4 o.sa 0.300 0.120 3.41 30 0.03 

0.150 0.140 1.24 2 0.531J 
0.150 0.041 1.25 2 0.4413 

04071 1.620 o.o 1. 700 02 o.o 
0.860 0.200 1.460 98 o.o 
0.780 0.160 2.000 48 o.o 

04077 2.640 5.680 24.50 45.00 50 6.3 3.140 4.170 21.00 37.90 162 0.26 

05020 0.164 0.206 0·400 58 o.oos 
0.024 1.470 0.300 234 o.oos 

;::j 0.025 0.165 0.294 5 o.oos 
0.007 12.70 0.150 2.1 0.005 '"ji 0.007 4.23 0.160 75 0.005 

1--' 0.005 5.87 0.065 10 0.005 0 
co 

5.060 0.807 0.0012 0.045 44 O.l)J 05021 
0 •. 400_ 0.013 0.0012 .. 0.007-- 18 ·0.00')· 
0.116 o.ooo 0.0012 0.005 10 0.005 
7.850 2.440 0.0012 0.055 44 0. 119 
2.780 l..llO 0.0012 0.020 20 0.0013 
2.100 2.440 0.0012 0.020 21 0.00'> 

06036 0.006 6 0.008 
4.154 17 o.oo:. 

06074 0.333 0.304 3.400 46 0.024 
0.143 0.600 0.923 21 0.02.1 
0.714 0.'571 5.170 2(, 0.01.2 

'06091 0.180 1.790 1.450 175 o.o 
0.770 1.930 3.650 20 0.060 
0.3(,0 1.320 8.150 515 o.o 

09025 0.068 0.390 12 0.005 
0.050 0.190 ') o.oo:, 



T/\BLF: 7-48 (Cont.inuoo) 
IOT.JJTJ'/\Nl' CONCENTH/\TlOOS (mg/1) FOR SN1PLED 1.11\'.r/\ FRC11 

I'llWJ'S tiiTII CO''ll'LEXI'D HIITl\L ~·ll\S'I'ES a1PLOYlN::; I'ROCIPI'l'l\'J'ION/Cf.l\RIFICZ\'l'ICN 

PLJ\N'l' ID Cd Cr Cu Fb Ni !:9. Zn Fe 'l'SS CNT 

2l003 0.027 0.035 o. 160 0.2]0 0.064 0.070 0.610 0.0 0.0 

0.024 0.035 0.11\0 0.150 0.069 0.050 0.610 5.0 0.0 

0.017 0.035 0.130 0.170 0.061 0.040 0.390 12.0 0.0 

27044 0.157 0.726 7.0 0.120 

4.000 3.280 96.7 2.790 
1. 810 0.744 57.0 2.050 

30050 0.024 39.61 0.022 0.3.12 0.098 0 • .1 0.006 

3.1032 0.400 0.0 0 • .160 .11.8 0.47.5 

0.290 0.0 0 • .120 5.0 0.450 

0.200 0.0 0.460 - 0.790 

3506.1 0.050 0.200 1..100 0.700 26.0 0.090 

~ 36623 0.029 0.220 0.0 1.200 0.0 0.039 2.9 0.010 

'"ji 0.0 0.180 0.0 1.030 0.0 0.028 2.4 0.020 

t-' 
0.0 0.210 0.0 0.700 0.0.14 0.025 0.7 0.033 

0 
1..0 'IU17\ T. D/\'1.'1\ 

POTNl'S 4 54 75 .14 80 14 24 27 

Dl\'rl\ fOINTS 
IN CU1PJ.,I-
1\l'l:I': 4 37 62 11 66 14 .18 25 

% roTNI'S IN 
CC11PI,I/\NCE 100.0 68.5 82.7 78.6 82.5 100.0 75.0 92.6 

'JUl'l\f, fll\'17\ 
romrs wrm 
TSS 1\ND CN 
L,lMI'l'J\'I'lONS* 4 35 52 10 54 .13 21 24 

DI\T/\ ro INJ:S 
IN C01Pl,J-
1\NCE 4 27 47 9 50 13 17 23 

% J:DINI'S .IN 
CCMPL T 1\NCP. 100.0 77.1 90.4 90.0 92.6 .100.0 80.9 95.8 

* Data points associated with 'l'SS 2. 61.0 IrrJ/.1 or CN'f 2. 1. 30 nq/1 hove been deleted. 



'1'1\BJ,E 7-48 (Continuro) 
I'OCUTl'J\NI' COOCOO'Rl\Tlet>JS (119/1) FOR SNIPfJ-:0 IYITI\ I:IQ·I 

PIJ\N'I'S 1'1['111 W1PLEXrD IOF.'l7\L \'1/\.<;TES F1il.I..C>'i1m PROCIP1'17\'1'10N/CU\IUFIC1\TIOO 

PlJINl' lD Q] Cr .9!. Ib Ni ~ Zn Fe ~ Q!.l. 
11065 1.273 0.017 0.017 15 0.120 0.455 0.011 0.023 8 0.005 

12061 0.030 o.o 26.00 0.290 0 0.005 0.029 o.o 26.00 1.000 5 0.006 

12065 0.250 6.300 9.230 1.040 2.210 23 1.050 0.500 1.500 9.230 1.140 2.530 23 0.327 0.720 2.900 11.20 0.790 1.550 26.4 0.0 0.760 2.100 6.46 0.500 1. 240 23.2 0.014 
15600 0.110 5.220 1.240 15.6 0.090 

0.100 5.600 1.580 23.5 0.005 0.060 1.300 0.020 10.3 0.005 

20064 0.300 0.910 2.386 108 0.038 0.200 o. 720 3.216 26.0 0.024 

~ 20073 5.000 3.670 2.2SO 43.0 0.060 
~ 1.470 0.812 0.440 11.0 0.030 
1-' 1.890 0.875 0.470 14.0 0.020 1-' 3.690 2.440 1.3110 44.0 0.370 0 

3.190 1.260 1.120 3!1.0 0.090 
2.050 1..370 1.120 33.0 0.540 

2001l3 40.59 2_,_]50 6.l3!l 145 0.030 4.810 0.375 0.907 34.0 0.005 13.80 0.210 0.767 27.0 0.00.5 3.150 0.212 0.800 9.0 0.005 
4.050 0. 163 0.462 6.0 0.005 15.00 2.440 4.750 97 0.005 18.30 2. 1.70 5.510 110 0.1.70 
2.55 1.0(10 0.2JO 9.0 135.0 

18.70 2.100 5.990 130 0.0 9.] 10 1.920 3.')80 51.0 1.5 
2.070 6.170 1.030 3.0 1J4 
5.840 1.440 2.600 24.0 53 

80.00 9.220 30.70 4')0 0.0 
2.040 l. 960 0.150 2.0 68 

128.0 16.80 38.50 710 o. uo 
2008'i 3.360 0.206 1.330 29.0 0.007 

2.840 0.188 1.330 32.0 0.008 
1.950 0.132 0.667 21.0 O.Ol3 



'1'1\BI,E 7-49 
I:'DLUJrAN'l' CONCEmllATIONS (mg/1} FOR SNIPI,ED I:Y\'1'/\ FHGI 

PLI\NTS ~'11'111 CU4PLEl<ID f1EI'l\L Wl\STES fl1PIDYIN:; PHECIPI'l7\'l'ION/OARIFTCl\1'ION/FU:l'H/\'l'ION 

PU\N'l' ID Cd Cr Cu Fb Ni ~ Zn Fe Ts~; CN'l' 

06097 0.008 o.o 0.078 0.5 0.0 

0.0 0.0 0.130 0.0 0.0 
0.005 0.0 0.062 0.0 0.0 

18538 0.004 0.190 0.023 . 0.063 1.0 0.0 

33065 0.250 0.533 9.410 0.308 0.1 0.00~) 

o. 125 0.538 8.810 0.065 0.1 0.00') 

36048 0.0 0.620 0.022 2. t O.l';O 

0.0 0.640 0.019 2.6 O.OiJO 

0.0 0.320 0.020 1.5 0.090 

36062 0.479 0.070 0.856 58.0 0.046 
0.101 0.037 0.305 50.0 0.005 

;:\ 
40061 3. 746 1.161 6.129 27.0 0.010 

2.313 0.816 1.618 23.0 0.010 

1 
1-' 
1-' 'l'Ol'I\L ffiT/\ 
1-' POINI'S 0 5 9 5 10 3 3 7 

D/\'1'1\ POINTS 
IN CGIPLI-
/\NCR Nl\ 3 9 5 7 3 3 7 

% IDINl'S IN 
CGIPI.II\NCE Nl\ 60.0 100.0 100.0 70.0 100.0 100,0 100.0 

1'01'1\f, ffiT/\ 
POINI'S WI'l11 
TSS 1\ND CN 
LnU'l'l\'l'ICXoJS* 0 5 7 3 8 3 3 7 

VI\TI\ JUINTS 
JN CG!Pf.,I-
1\NCE Nl\ 3 7 3 5 3 3 7 

% roiNl'S IN 
CGIPLII\NCE Nl\ 60.0 100.0 100.0 62.5 100.0 100.0 100.0 

* Jl:lta points associated wiU1 TSS ~ 42.9 mg/1 or CN,r ~ 1.30 mg/1 have been deleted. 



I 
A comparison {reference Tables 7-48 and 7-28) of the percent 
of plants that have complexed metals and'meet Option 1 
compliance compared to the percent of plants that do not 
have complexed metals and meet Option 1 compliance limitations 
reveals that the complexed wastes are ·frequently more difficult 
to treat. A similar comparison {referenc~ Table 7-49 and 7-33 
of the Option 2 compliance results does not necessarily 
reveal the same conclusion. However, the size of the Option 
2 complexed metal data base is much smal~er than its Option 
1 counterpart, which may influence the results of the comparison. 
Based upon the Option 1 comparison results, segregated 
treatment of the complexed metal wastes is recommended. 

! 

TREATMENT TECHNIQUES 
i 

High ~ Precipitation/Sedimentation 

The wastewater treatment alternative of hydroxide precipitation 
was described in great detail under the heading "Treatment 
of Common Metal Wastes". High pH precip~_tation is a type of 
chemical precipitation which is particularly applicable to 
complexed metal wastes. The process involves adding chemicals 
to the waste solution which bring about ~ drastic increase 
in pH, thereby prompting a shift in the complex disassociation 
equilibrium to produce uncomplexed metal: ions which then can 
be precipitate~ by available hydroxide i6ns. 

The treatment of solutions of complexed copper with calcium 
hydroxide, calcium oxide (lime), calcium chloride, or calcium 
sulfate at a pH of 11.6 - 12.5 will effectively remove 
copper from the solution as a copper hydroxide. Flocculation 
of the copper hydroxide with an anionic ~olyelectrolyte 
accelerates the settling of sludge. Thi$ process works well 
with both concentrated baths and dilute rinse baths. 

! 
The process equipment required for a high pH system includes 
holding and treatment tanks if the operation is conducted on 
a batch basis. Also needed are pumps to transfer the wastewater 
and a settling tank to concentrate the p~ecipitate. 

Although results of lab tests have shown'that the process is 
applicable to removing copper from complexed copper solutions 
with calcium ions at a high pH, the effectiveness of treatment 
is determined by the structure of the complexing agent in 
the solution. The presence of carboxyl groups within the 
complexing agent (ligand) increases copper removal in this 
procedure. Complexing agents containing no carboxyl group 
and only hydroxyl groups show no copper removal. Electroless 
nickel solutions were also prepared under laboratory conditions 
and the results show the calcium treatment at a high pH to 
be effective. The high pH precipitation'process is presently 
in the laboratory stage of development and has been useful 
in the precipitation of the metals in certain copper and 
nickel complexes. 

' 
t I I' I" 

l: ' 
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Chemical Reductio~ - Precipitation/Sedimentation 

This process involves adding chemicals to lower the pH of the 
waste stream (to breakup the various metal complexes) followed by 
the addition of a reducing agent to reduce the metals to an oxida
tion state which permits precipitation of the metals. Following 
reduction of the metals, additional chemicals are used to 
increase the pH of the waste solution, forming metallic 
precipitates which are allowed to settle out of solution. 

Electroless copper wastes and solder brightener wastes generated 
by printed circuit board manufacturers are treated in the following 
manner: initially the pH of the waste stream is lowered to 
approximately 4.0 using a dilute sulfuric acid solution in 
order to break the various metallic complexes. Sodium hydrosul
fite is then added to reduce the metals to their lowest oxidation 
state. Following reduction, lime is added to raise the pH 
of the waste solution to approximately 9.0 and precipitate 
the metals out of solution. Sedimentation is then employed 
to remove the precipitated metals from the waste stream. 

Chemical reduction of complexed metal wastes followed by chemical 
precipitation and sedimentation is employed at two metal finishing 
plants. These are plants 17061 and 19063. Each of these plants 
employ the chemical reduction precipitation/sedimentation 
technique for the treatment of copper, tin and lead. 

Membrane Filtration 

Membrane filtration is a treatment method whose primary use is 
as an alternative to sedimentation for solids removal. A 
description of this treatment process, its application and 
performance, advantages and limitations, operational factors 
and demonstration status are detailed in the "Treatment 0f 
Common Metal Wastes" segment. This process has also proven to 
be effective for treatment of complexed metal wastes. 

Tests carried out by a printed circuit board manufacturer show 
that this system is also effective in the presence of strong 
chelating agents such as EDTA, but continuous addition of the 
chemical reagent is required. Also, laboratory bench scale 
and pilot studies have been conducted on the following waste 
streams: 

A. Tin and lead waste containing thiourea-copper complexes 
were tested on a pilot unit for over 200 hours with 
no flux deterioration with tin, lead, and copper all 
less than 0.1 mg/1 in the product water. 

B. Cupro-~mmonia complex rinse from alkaline etching 
was treated in the pilot unit for 400 hours with no flux 
deterioration and with copper in the effluent less 
than 0.1 mg/1. 
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Based on this laboratory pilot s~udy, a 1 gpm pilot 
test was run in a printed circuit board manufacturing 
facility. Over a 200 hour period, the flux was always 
in excess of 1.1 gpm. The efflu:ent copper was consis
tently below 0.5 mg/1 and usualll at 0.1 mg/1, even. 
with a varying concentration of ~opper in the feed. 

I 

C. Preliminary runs of electroless copper rinse waters have 
yielded product water in the ra~ge of 0.1 mg/1 copper. 

Ferrous Sulfate (Feso4 } - PrecipitationjSe4imentation 

Sulfide preciptation is capable of achieving low metal solu
bilities is spite of the presence of cert~in complexing and chela
ting agents. The use of complexing agents' such as phosphates, 
tartrates, EDTA and ammonia (which are common in cleaning and 
plating formulations} can have an adverse effect upon metal re
moval efficiencies when hydroxide precipitation is used. Modifi
cation of the hydroxide precipitation process can improve system 
performance in the removal of complexed heavy metals from the 
waste stream. ' 

Improved performance is attai~2d by the dissolution of a posi
tively charged ion such as Fe into the waste stream followed 
by precipitation of the metals. The ferrous sulfate (Feso4 } 
technique uses this principle. 

Ion Exchange 

Ion exchqnge is applicable to the treatment of certain metal 
complexes. This waste treatment technology has been discussed 
under Treatment of Common Metals Wastes within Section VII of the 
document. 
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TREATMENT OF HEXAVALENT CHROMIUM WASTES - SINGLE OPTION 

INTRODUCTION 

This subsection describes the treatment system option for 
hexavalent chromium bearing wastewater, presents effluent per
formance, and discusses alternative treatment techniques. 

Hexavalent chromium bearing wastewaters are produced in the 
Metal Finishing Category in several ways: 

Chromium electroplating 
Chromate conversion coatings 
Etching with chromic acid 
Metal finishing operations carried out on chromium 

as a basis material 

The selected treatment option involves the reduction of hexava
lent chromium to trivalent chromium. The reduced chromium can 
then be removed with a conventional precipitation-solids 
removal system. 

RECOMMENDED HEXAVALENT CHROMIUM TREATMENT TECHNIQUE 

Chemical Chromium Reduction 

Reduction is a chemical reaction in which electrons are trans
ferred to the chemical being reduced from the chemical initiat
ing the transfer (the reducing agent). Sulfur dioxide, sodium 
bisulfite, sodium metabisulfite, and ferrous sulfate form 
strong reducing agents in aqueous solution and are, therefore, 
useful in industrial waste treatment facilities for the reduc
tion of hexavalent chromium to the trivalent form. The reduc
tion enables the trivalent chromium to be separated from 
solution in conjunction with other metallic salts by alkaline 
precipitation. Gaseous sulfur dioxide is a widely used reducing 
agent and provides a good example of the chemical reduction 
process. Reduction using other reagents is chemically similar. 
The reactions involved may be illustrated as follows: 

3 so2 + 3 H20 = 3 H2so3 

3 H2so3 + H2Cro4 = Cr 2 (S0 4 ) 3 + 5 H2o 

The above reaction is favored by low pH. A pH of 2 to 3 is 
normal for situations requiring complete reduction. At pH 
levels above 5, the reduction rate is slow. Oxidizing agents 
such as dissolved oxygen and ferric iron interfere with the 
reduction process by consuming the reducing agent. 

A typical treatment consists of two hours retention in an 
equalization tank followed by 45 minutes retention in each of 
two reaction tanks connected in series. Each reaction tank 
has an electronic recorder-controller device to control process 
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conditions with respect to pH and oxidation reduction potential 
(ORP). Gaseous sulfur dioxide is metered ito the reaction 
tanks to maintain the ORP within the rang~ of 250 to 300 
millivolts. Sulfuric acid is added to malntain a pH level of 
from 1.8 to 2.0. Each of the reaction tanks is equipped with 
a propeller agitator designed to provide approximately one 
turnover per minute. Following reduction of the hexavalent 
chromium, the waste is combined with other. waste streams for 
final adjustment to an appropriate alkali~e pH to remove 
chromium and other metals by precipitation and sedimentation. 
Figure 7-23 shows a continuous chromium r~duction system. 

Application 

I 
I 

' i 
' 

Chromium reduction is used in metal finish:ing for treating 
chromium bearing waste streams, including chromium plating 
baths, chromating baths and rinses. The main application of 
chemical reduction to the treatment of wastewater is in the 
reduction of hexavalent chromium to trival:ent chromium. Rinse 
waters and cooling tower blowdown are two major sources of 
chromium in waste streams. A study of an operational waste 
treatment facility chemically reducing he~avalent chromium has 
shown that a 99.7% reduction efficiency is easily achieved. 
Final concentrations of 0.05 mg/1 are readily attained, and 
concentrations down to 0.01 mg/1 are documented in the litera
ture. 

The major advantage of chemical reduction of hexavalent chromium 
is that it is a fully proven tedhnology based on years of 
experience. Operation at ambient conditions results in minimal 
energy consumption, and the process, especially when using 
sulfur dioxide, is well suited to automatic control. Further
more, the equipment is readily obtainable from many suppliers, 
and operation is straightforward. 

One limitation of chemical reduction of he~avalent chromium is 
that for high concentrations of chromium, the cost of treatment 
chemicals may be correspondingly high. Wh~n this situation 
occurs, other treatment techniques are likely to be more 
economical. Chemical interference by oxidizing agents is 
possible in the treatment of mixed wastes, and the treatment 
itself may introduce pollutants if not pro~erly controlled. 
Storage and handling of sulfur dioxide is ~omewhat hazardous. 

Performance 

i. ' ' '" 
The hexavalent chromium performance data b:ase for visited 
plants is presented in Figure 7-24. These data are for metal 
finishing plants that use chemical reduction of hexavalent 
chromium. 

Self-monitoring performance data for plants trea tinq hexavalent 
chromium by chemical reduction are shown i~ Table 7~47. This 
table shows the number of data points for ~ach plant, the 

i 
I 
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corresponding mean concentrations. and the calculated variability 
factors. Als6 shown are the total number of points. the overall 
mean concentration. and the median variability factors. 

TABLE 7-50 

EFFLUENT HEXAVALENT CHROMIUM SELF-MONITORING PERFORMANCE DATA 
FOR PLANTS WITH OPTION 1 SYSTEMS 

Mean Effluent 
Number Concentration Variability Factor 

Plant ID Of Points <mq/ll.) Daily 10-Day 

1067 230 0.048 3.01 2.61 
3043 94 0.009 28.08 
6051 13 0.020 8.46 1. 95 

11008 185 0.034 6.19 6.37 
17030 282 0.025 6.59 
19063 237 0.011 2.37 2.12 
20080 269 0.014 2.52 1. 99 
20116 243 0.017 2.88 1.96 
30090 260 0.010 5.06 3.50 
31021 35 0.096 5.04 3.05 
47025 339 0.015 5.07 3.25 

OVERALL :n87 (Total> 0.022(Mean) 5.04(Median) 3.05(Median) 

The visited plant mean performance and the self-monitoring data 
variability factors were used to establish the following daily 
and maximum monthly performance values for hexavalent chromium: 

Mean effluent hexavalent chromium 
Daily variability factor 
10-Day variability factor 
Daily maximum effluent concentration 
Maximum monthly average effluent 

concentration 

0.032 mg/ll. 
5.04 mg/ll. 
3.05 mg/ll. 
0.16 mg/ll. 
0.10 mg/ll. 

The percentages of hexavalent chromium effluent concentrations 
that are less than the daily maximum concentration limitation are 
100.0 percent for the EPA sampled data base used to develop the 
limits. 
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Demonstration Status 

The reduction of chromium waste by sulfur dioxide or sodium 
bisulfite is a classic process and is used :by numerous plants 
employing chromium compounds in metal finishing and non-contact 
cooling operations. 

Chemical chromium reduction is used in 343 plants in the 
present data base and these are identified in Table 7-51. 

ALTERNATIVE HEXAVALENT CHROMIUM TREATMENT ~ECHNIQUES 

The following treatments are recovery techniques which can 
also be applied to waste streams containing hexavalent chromium. 
They include electrochemical chromium reduction, electrochemical 
chromium regeneration, evaporation and ion .exchange. 

Electrochemical Chromium Reduction 

This process has been developed to aid the !removal of chromium 
from metal finishing and cooling tower blowdown wastewaters. 
It involves an electrochemical reaction in .which consumable 
iron electrodes in the presence of an electrical current 
generate ferrous ions which react with chromate ions in solution. 
The reaction produces chromic hydroxides arid ferric hydroxides 
that can be removed in a settling pond or clarifier without 
the need for further chemical addition. Tqe process has also 
been shown effective in removing zinc and other heavy metals. 
The metallic hydroxides formed are gelatinous and highly 
adsorptive. They can therefore coprecipitate other species 
which might be present in a wastewater solution. 

I 

In addition to the electrochemical unit, the only equipment 
required is a pump and a clarifier or pond for settling. As 
long as the pH of the entering waste stream is between 7.0 and 
8.0, no pH adjustment is necessary. 

Application 

Although the process was developed for remdval of chromium and 
zinc from cooling tower discharge, electrochemical chromium 
reduction can also be applied to the treatment of metal finishing 
wastewaters such as chromating baths and rinses. Coil coating 
and porcelain enameling plants are other potential applications. 
According to manufacturers, the electrochemical reduction 
process performs best on low concentration; high volume waste
water streams. Conventional chemical reduction is probably 
more economical in treating more concentrated effluents. 
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TABLE 7-51 
METAL FINISHING PLANTS EMPLOYING CHEMICAL CHROMIUM REDUCTION 

01007 04282 06084 06960 11165 13031 17033 
01067 04284 06085 07001 11173 13033 17050 
.01068 04690 06086 08004 11174 13034 18050 
02037 04719 06087 08008 11184 13039 18532 
02038 05033 06088 08061 11477 13040 1$538 
03043 05035 06090 08072 11704 14060 19051 
04033 05050 06091 08074 12005 14062 19063 
04069 06002 06094 08081 12010 15010 19066 
04100 06006 06096 09025 12014 15036 19067 
04114 06035 06112 09040 12065 15042 19068 
04146 06050 06113 09041 12068 15044 19084 
04151 06051 06115 09046 12071 15047 19090 
04175 06052 06117 09061 12074 15048 19091 
04199 06053 06118 11008 12075 15057 19104 
04214 06062 06124 11065 12078 15070 20001 
04216 06072 06129 11096 12080 15193 20005 
04219 06073 06148 11113 12081 15194 20010 
04221 06074 06156 11121 12084 16032 20017 
04222 06076 06358 11127 12087 16033 20064 
04261 06077 06360 11129 12090 16035 20069 
04276 06078 06381 11139 12100 16544 20070 
04277 06079 06679 11140 12102 17030 20073 
04281 06083 06371 11156 12105 17032 20076 

20077 20157 25031 30153 33116 36082 40048 
20078 20158 25033 30155 33126 36083 40061 
20079 21060 25034 30157 33129 36090 40062 
20080 20172 25037 30162 33133 36091 41092 
20081 20241 27042 30507 33137 36102 41869 
20082 21003 28081 30967 33150 36112 43003 
20083 21051 28082 31020 33172 36113 44037 
20084 21059 28094 31021 33183 36130 44040 
20085 21062 28096 31022 33184 36149 44042 
20086 21066 28109 31035 33195 36154 44044 
20087 21074 30009 31037 33197 36155 44050 
20094 21078 30011 31040 33199 36151 44062 
20104 22028 30050 31054 33281 36161 44148 
20109 22031 30054 31050 33293 36162 44150 
20112 22735 33058 31069 33852 36166 45035 
20115 23039 30064 . 31071 34037 36177 45041 
20116 23048 30074 33024 34039 36179 45045 
20120 23056 30087 33033 34041 36937 46031 
20121 23059 30090 33043 34042 37063 47005 
20123 23061 30096 33070 34050 38031 47025 
20136 23066 30097 33071 35040 38035 47059 
20143 23070 30101 33073 35061 38051 47068 
20145 23076 30111 33074 36001 38052 47074 
20149 23337 30121 33107 36036 38222 47412 
20150 25001 30127 33112 36040 38223 62032 
20152 25030 30148 33113 36041 40047 62052 
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An advantage of the electrochemical chromium reduction process 
is that no pH adjustment chemicals are required with incoming 
pH values between 7 and 8. Retention time is unimportant when 
the pH is held within this range and the process is continuous 
and automatic. However, it is not efficient for effluents 
with high chromium concentrations, and species which consume 
hydroxide ions interfere with the precipitation of the ferric 
and ferrous hydroxides. · 

The system normally requires about thirty;minutes of operator 
time per day. Since the iron electrodes are consumable they 
need to be replaced periodically. Sedimentation is part of 
the process and there is consequently a d~mand for sludge 
processing and removal. The precipitation of ferric and 
chromic hydroxides generates waste sludge'which must even
tually be dewatered and properly disposed. No appreciable 
amounts of sludge are allowed to settle in the actual electro
chemical process tank. 

Performance 
I 

The process is capable of removing hexavalent chromium from 
wastewater to less than 0.05 mg/1 with input chromium concentra
tions up to at least 20 mg/1. Performance for one plant is as 
follows: 

Pollutant 

Hexavalent Chromium 
Zinc 

Influent 

10 mg/1 
3 

l 
I 
I 

Effluent 

0~05 mg/1 
0.1 

i 

I ' Laboratory tests have also shown that the process ~s capable 
of removing metals other than chromium to the following levels 
(inlet concentrations not available): 

Metal 

Zinc 
Nickel 
Copper 
Silver 
Tin 

Concentration (mg/1) 

0~1 
2~1 
0~2 
0~5 

<5' 

Retention time is unimportant since the reaction is instantane
ous at pH values between 7.0 and 8.0, but subsequent sedimenta
tion is needed to remove the precipitate formed in the reaction. 
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Demonstration Status 

There are more than SO electrochemical reduction systems in 
operation in a variety of industries, mostly in organic and 
inorganic chemicals plants. Five are presently in service at 
plants in the metal finishing industry. The process has 
potential for applications in the photographic industry since 
it has been shown to successfully remove silver from waste
waters. Electrochemical chromium reduction is used in 2 
plants in the present data base: 34051 and 42030. 

Electrochemical Chromium Regeneration 

Chromic acid baths must be continually discarded and replen
ished to prevent buildup of trivalent chromium. An electro
chemical system employing a lead anode and nickel cathode has 
been developed to recover chromium by converting the trivalent 
form to the hexavalent form. In this process, trivalent chromium 
is electro-oxidized to hexavalent chromium at the lead anode 
while hydrogen is released at the nickel cathode. This process 
is similar to the electrodialytic chromium oxidation process, 
but no membrane is used to separate concentrate from dilute 
solution. The reaction is carried out at 68°C, a cell voltage 
of 4.5 volts, and an anode-to-cathode area ratio of 30:1. The 
same process can also be used to recover chromium from chromic 
oxide sludges precipitated by conventional chemical chromium 
waste treatment. The sludges are dissolved in 200 g/1 chromic 
acid and electro-oxidized under slightly different operating 
conditions than those previously described. 

Application 

Electrochemical chromium regeneration can be used in metal 
finishing to prolong the life of chromium plating and chromat
ing baths. Chromic acid baths are used for electroplating, 
anodizing, etching, chromating and sealing. The electro-oxida
tion process has been commercially applied to regeneration of 
a plastic etchant. In this particular installation, chromic 
acid dragged out of the etching bath into the first stage of a 
countercurrent rinse is concentrated by evaporation and returned 
to the etching bath. This closed loop system tends to cause a 
rapid buildup 6f trivalent chromium. However, when the etchant 
is recirculated through an electrochemical regeneration unit, 
the trivalent chromium is oxidized to the hexavalent form. 
The process has also been applied to regeneration of a chromic 
acid sealing bath in the coil coating industry. 

Some advantages of the electrochemical chromium regeneration 
process are its relatively low energy consumption, its opera
tion at normal bath temperature, eliminating need for heating 
or cooling, its ability for recovering and reusing valuable 
process chemicals, and elimination of sludges generated by 
conventional chromium treatment processes. Some limitations 
of chromium electrooxidation are low current efficiencies for 
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baths with less than 5.0 g/1 trivalent chromium, need for 
control of impurities which can interfere ;with the process, 
and dependence on electrical energy for oxidation to take 
place. 

Performance 

The current efficiency for this process i~ 80 percent at 
concentrations above 5 g/1. If a trivalent chromium concen
tration of less than 5 g/1 were treated, research has shown 
that the current efficiency would drop. 

Demonstration Status 

One automobile plant (Plant ID 12078} is using the system 
experimentally to regenerate a chromic acid etching solution. 
In addition, one coil coater (Plant ID 01054} is using it on a 
full scale basis to regenerate a chromic acid sealing bath. 

Evaporation 
I 

Evaporation, which is explained in detail in the "Treatment of 
Common Metal Wastes" has found applicability in the treatment 
of chromium bearing wastes, especially the rinse waters after 
chromium plating. The rinse waters following the finishing 
operation (normally a countercurrent rinse of at least three 
stages} are sent to an evaporator. Here the chromium bearing 
solution is broken down into water and prqcess solution (pre
dominantly chromic acid}. The water is re,turned to the last 
(cleanest) stage of the countercurrent rinse and the process 
solution may be returned to the process tank or put aside for 
sale to a scavenger. Plant 33065 has a similar arrangement on 
their chromium plating line. The data presented below represent 
the raw waste stream going to evaporation :and the concentrate 
stream being returned to plating. 

Parameter 

Chromium, Total 
Chromium, Hex 
TSS 
pH 

Ion Exchange 

Input To 
Evaporator 

5060 
4770 

<.1 
1.6 

(mg/1} Concentrate 

27,500 
16,700 
400 
1.4 

Ion exchange is another possible method fo~ recovering and 
regenerating chromic acid solution. As explained under the 
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"Treatment of Common Metal Wastes" segment, anions such as 
chromates or dichromates can be removed from rinse waters with 
an anion exchange resin. In order to regenerate the resin, 
caustic is pumped through the anion exchanger, carrying out 
sodium dichromate. The sodium dichromate stream is passed 
through a cation exchanger, converting the sodium dichromate 
to chromic acid. After some means of concentration such as 
evaporation, the chromic acid can be returned to the process 
bath. 

VII-125 



TREATMENT OF CYANIDE WASTES - SINGLE OPTION 

INTRODUCTION 

This subsection describes the technique recommended for cyan:i.de 
treatment, discusses the mean cyanide concentrations found, 
identifies the recommended daily maximum and monthly maximum 
average concentrations for cyanide and presents alternative 
treatments for the destruction of cyanide. 

The following paragraphs describe the chlorine oxidation 
technique recommended for the treatment of pyanide bearing 
wastes. ' 

RECOMMENDED TREATMENT TECHNIQUE 

Oxidation ~ Chlorination 

Cyanides are introduced as metal salts for plating and conver
sion coating or are active components in plating and cleaning 
baths. Cyanide is generally destroyed by oxidation. 

Chlorine is used primarily as an oxidizing ~gent in industrial 
waste treatment to destroy cyanide. Chlorine can be used in 
the elemental or hypochlorite form. This classic procedure 
can be illustrated by the following two step chemical reaction: 

1. Cl 2 + NaCN + 2NaOH = NaCNO + 2NaC,l. + H20 

2. 3Cl 2 + 6NaOH + 2NaCNO = 2NaHC0 3 +: N2 + 6NaCl + 2H 2o 
I 

The reaction presented as equation(2) for the oxidation of 
cyanate is the final step in the oxidation gf cyanide. A 

• • .I complete system for the alkal1ne chlor1nat1on of cyanide is 
shown in Figure 7-25. 1 

The cyanide waste flow is treated by the alkaline chlorination 
process for oxidation of cyanides to carbon dioxide and nitrogen. 
The equipment often consists of an equaliza~ion tank followed 
by two reaction tanks, although the reaction can be carried 
out in a single tank. Each tank has an electronic recorder
controller to maintain required conditions with respect to pH 
and oxidation-reduction potential (ORP). Ih the first reaction 
tank, conditions are adjusted to oxidize cy~nides to cyanates. 
To effect the reaction, chlorine is metered to the reaction 
tank as required to maintain the ORP in the range of 350 to 
400 millivolts, and 50% aqueous caustic sod~ is added to 
maintain a pH range of 9.5 to 10. In the s~cond reaction 
tank, conditions are maintained to oxidize ~yanate to carbon 
dioxide and nitrogen. The desirable ORP and pH for this 
reaction are 600 millivolts and a pH of 8.6. Each of the 
reaction tanks is equipped with a propeller-~gifator designed 
to provide approximately one turnover per minute. Treatment 
by the batch process is accomplished by using two tanks, one 
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i 
for collection of waste over a specified time period, and one 
tank for the treatment of an accumulated batch. If dumps of 
concentrated wastes are frequenti another tank may be required 
to equalize the flow to the treatment tank.' When the holding 
tank is full, the liquid is transferred to the reaction tank 
for treatment. After treatment, the supernatant is discharged 
and the sludges are collected for removal and ultimate disposal. 

Application 

The oxidation of cyanide waste by chlorine ;is a classic process 
and is found in most plants using cyanide. This process is 
capable of achieving efficiencies of 99 percent or greater and 
effluent levels that are nondetectable. C~lorine has also 
been used to oxidize phenols, but use of chlorine dioxide for 
this purpose is much preferred because for~ation of toxic 
chlorophenols is avoided. ' 

' 

Some advantages of chlorine oxidation for handling process 
effluents are operation at ambient temperature, suitability 
for automatic control, and low cost. Some disadvantages of 
chlorine oxidation for treatment of process effluents are that 
toxic, volatile intermediate reaction products must be con
trolled by careful pH adjustment, chemical ,interference is 
possible in the treatment of mixed wastes, and a potentially 
hazardous situation exists when chlorine g9s is stored and 
handled. 

Performance 

Performance for cyanide oxidation was determined by evaluating 
the amenable cyanide effluent data from visited plants. Amenable 
cyanide was evaluated because treatment for cyanide is almost ex
clusively performed by alkaline chlorination. This form of 
treatment focuses upon oxidizing the cyanide which is amenable 
to chlorination. · 

Amenable cyanide data from visited plants Are listed i.n Table 7-52. 
The table has the following four columns: 

1. ID Number- The identification numberlof the visited plant. 
Duplicate numbers indicate different sampling days at the 
same plant. 

2. Effluent Concentration - The measured concentration of the 
final effluent after treatment. At this point, cyanide 
wastes are mixed with other wastewaters. 

! 

3. Dilution Factor - This number represeJts the amount of 
dilution of the cyanide raw waste stream by other raw 
waste streams and is determined by diyiding the total 
effluent stream flow by the cyanide stream flow. 

4. Adjusted Cyanide Effluent Concentration - These concentra
tions are calculated by multiplying the effluent cyanide 
concentrations by the dilution factor applicable in each 
individual case. ' 
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The data contained in Table 7-52 were arranged in the following 
manner: 

1. 

2. 

For each plant data set (CNA) the concentrations 
were listed in decending oraer. 

The plant data sets were listed in ascending order 
using the first value in each plant data set as the 
basis for ordering (the first value in each plant 
data set represents the highest concentration). 

Ordering the data in this fashion facilitates identification of 
poorly operated treatment systems. As illustrated in the table. 
a break occurs between plant 20080 and 04045. The highest con
centration at plant 20080 is 0.416 mg/t and at plant 04045 the 
highest concentration is 2.2 mg/t. Since al~aline chlorination 
is capable of reducing amenable cyanide concentrations to levels 
approximating zero. plants listed after plant 20080 exhibit poor 
control and eJtcessive effluent concentrations. These plants have 
been deleted from the data base used to determine performance for 
cyanide oxidation. 

Table 7-53 presents amenable cyanide data after deletions to 
remove plants with poorly operated treatment systems. The entire 
plant data set (both CNA and CNT} was deleted if any cyanide 
amenable concentration for that plant exceeded the breakpoint 
between 0.416 mg/t and 2.2 mg/t. Plants which were deleted 
from both the amenable and total cyanide data bases are listed in 
Table 7-54. 

Total cyanide data (after deleting the plants listed in Table 
7-54} are presented in Table 7-55. These data correspond to the 
amenable cyanide data remaining in the data base from which 
performance is determined. In Table 7-55 two data points. 105.0 
mg/t and 5.69 mg/t were deleted from the calculation of the 
mean effluent concentration for total cyanide. The 105.0 mg/t 
was deleted because it was a high outlier although the . 
corresponding cyanide amenable.value did not.indicate a high 
level. The 5~69 mg/t was deleted as a high outlier and because 
there was no corresponding cyanide amenable value. Plant data 
sets which we~e deleted from the total cyanide data base are 
listed in Table 7-56. 

The edited data sets (presented in Tables 7-53 and 7-55) were 
used to determine performance for cyanide oxidation. The adjusted 
mean effluent. concentrations from the edited data base are presented 
below. 

Parameter 

Cyanide, Total 

Cyanide, Amenable 

Adjusted Mean. 
Effluent Concentration (mg/~) 

VII-129 

0.18 

0.06 



TABLE 7-52 
AMENABLE CYANIDE :r:lA..TA BASE. 

I, 

: 

CN EFFLUENT DILtJriON ADJUSTED CN 
PIANT ID ~ENTRATION (mg/1) FACTOR CONCENTRATi&l (mg/1) 

12065 0 10.0 0 

21051 0 1.0 0 
0 1.0 0 
0 1.0 0 

38051 0 19.9 0 

06075 0.005 5.0 0.025 
0.005 4.8 0.024 

36623 0.005 5.1 0.025 
0.005 4.9 0.024 
0.005 4.3 I 0.021 

!"; 

19050 0.005 6.2 0.031 

20079 0.005 7.9 0.039 
0.005 6.2 0.031 
0.005 6.1 0.030 
0.005 5.6 0.028 
0.005 5.0 0.025 
0.005 4.8 0.024 

05021 0.005 8.0 0.04 
0.005 4.8 0.024 
0.005 4.8 0.024 

20078 0.01 6.6 0.066 
0.005 7.4 0.037 
0.005 7.0 0.035 
0.005 6.9 0.034 
0.005 5.7 0.029 
0.005 5.6 0.028 

15070 0.02 3.4 0.068 
0.005 2.8 0.014 
0.005 2.5 0.012 

33073 0.027 5.5 0.147 
0.008 5.1 0.041 

09026 0.06 2.6 0.156 
0.01 2.4 0.024 
0.005 3.8 0.021 
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TABLE 7-52(CON'T) 
AMENABLE CYANIDE mTA BASE 

CN EFFLUENT DILuriON ADJUSTED CN 

PLANT ID CO~ENTRATION (mg/1) FAC'IDR COI\CENTRATJfu (mg/1) 

31021 0.05 3.2 0.16 
0.05 3.2 0.16 
0.05 3.0 0.150 

33024 0.04 5.1 0.204 

20080 0.104 4.0 0.416 
0.005 5.8 0.029 
0.005 4.5 0.023 
0.005 4.5 0.023 
0.005 4.5 0.023 

04045 2~2 1.0 2.2 
1.0 1.0 1.1 
0.25 1.0 0.25 

06089 1.14 3.5 3.99 
0.285 3.0 0.855 
0.163 2.9 .0.478 

36041 0.4 10.4 4.16 
0.1 11.5 1.15 
0.1 10.1 1.01 

06381 0.751 6.5 4.88 
0.089 8.7 0.733 
0.096 6.3 0.609 

06085 1.08 5.0 5.4 
0.56 4.8 2.69 
0.06 5.4 0.323 

20082 3.0 1.8 5.4 
1.08 2.1 2.23 
0.945 2.0 1.88 
0.625 2.1 1.32 
0.056 2.0 0.147 
0.034 2.0 0.064 

06084 1.97 3.6 7.19 
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TABLE 7-52(CON'T) 
AMENABLE CYANIDE DATA BASE 

CN EFFLUENT DILuriON ADJUSTED CN 
PLANT ID CO~ENTRATION (mg/1) FACTOR CONCENTAAT!&s (mg/1) 

20081 0.49 15.6 7.64 
0.348 . 16.3 5.68 
0.075 17.6 1.32 
0.017 17.7 0.3 
0.005 15.9 0.079 
0.005 14.4 0.072 

11103 3.37 3.0 10.0 
2.91 2.4 6.98 

02033 4.2 2.6 . 'Tf~t·· 

20077 3.0 5.9 17.7 
2.1 7.8 16.4 
0.78 9.7 7.58 
0.1 6.5 .0.65 
0.005 9.7 0.049 
0.005 7.1 0.036 

06090 5.27 4.3 22.5 

20086 5.25 4.5 23.6 
0.36 4.5 1.62 
0.005 4.5 0.023 

''11 1'1'' 1:''"' 

06037 11.6 6.4 73.7 
0.408 6.4 2.59 
0.122 6.4 0.775 

21066 11.75 7.4 ?6.9 
6.57 10.2 66.9 
8.83 4.7 41.5 
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TABLE 7-53 
DA.TA USED FOR AMENABLE CYANIDE PERFORMANCE 

CN EFFLUENT DILurrrn ADJUSTED CN 
PIANT ID CO~ENTRATION (mg/1} FAC'IOR CONCENTRAT!eN (mg/1) 

12065 0 10.0 0 

21051 0 1.0 0 
0 1.0 0 
0 1.0 0 

38051 0 19.9 0 

06075 0.005 5.0 0.025 
0.005 4.8 0.024 

36623 0.005 5.1 0.025 
0.005 4.9 0.024 
0.005 4.3 0.021 

19050 0.005 6.2 0.031 

20079 0.005 7.9 0.039 
0.005 6.2 0.031 
0.005 6.1 0.030 
0.005 5.6 0.028 
0.005 5.0 0.025 
0.005 4.8 0.024 

05021 0.005 8.0 0.04 
0.005 4.8 0.024 
0.005 4.8 0.024 

20078 0.01 6.6 0.066 
0.005 7.4 0.037 
0.005 7.0 0.035 
0.005 6.9 0.034 
0.005 5.7 0.029 
0.005 5.6 0.028 

15070 0.02 3.4 0.068 
0.005 2.8 0.014 
0.005 2.5 0.012 

33073 0.027 5.5 0.147 
0.008 5.1 0.041 

09026 0.06 2.6 0.156 
0.01 2.4 0.024 

. Q.005 3.8 0.021 
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PLANT ID 

31021 

33024 

20080 

TABLE 7-53 (CON'T) , 
mTA USED FOR AMENABLE CYANIDE PERFORMANCE 

CN EFFLUENT DILuriON ADJUSTED CN 
~ENTRATION (:rrg/1) FAC'IDR CONCENTRAT:i&J (:rrg/1) 

0.05 3.2 0.16 
0.05 3.2 0.16 
0.05 3.0 0.150 

0.04 5.1 0.204 

0.104 4.0 0.416 
0.005 5.8 0.029 
0.005 4.5 0.023 
0.005 4.5 0.023 .. 
0.005 4.5 0.023 
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TABLE 7-54 
PlANTS DELETED FRCM CYANIDE DATA BASE 

DUE TO RX>R PERFORI.'1ANCE 

04045 
06089 
36041 
06381 
06085 
20082 
06084 
20081 
11103 
02033 
20077 
06090 
20086 
06037 
21066 
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PLANT ID 

12065 

21051 

38051 

06075 

36623 

19050 

20079 

05021 

20078 

20080 

TABLE 7-55 
IlA.TA USED FOR TOTAL CYANIDE PERFOR.'1ANCE 

CN EFFLUENT DILUI'ION ADJUSTED CN 
COOCENTRATION (mg/1) FACI'OR CONCENTRATION (mg/1) 

0.014 10 0.14 

0 1.0 0 
0 1.0 od 
0 1.0 0 

0 19.9 .Q 
: ' , ' : ' ! ; ; , : : ' ! I ! ~ ; : 

0.005 4.8 0.024 
0.005 5.0 0.025 
0.014 4.8 0.067 

0.01 4.3 0.043 
0.02 4.9 0.098 
0.033 5.1 0.167 

0.005 6.2 0.031 

0.005 4.8 0.024 
0.005 6.1 0.031 
0.005 6.2 0.031 
0.005 7.9 ·a'.03'9" 
0.02 5.6 0.112 

21.0 5.0 105.* 

0.005 4.8 0.024 
0.005 4.8 0.024 
0.007 8.0 0.056 

,,.!''•' :' i·l' ·'II' '11'''1:,d'.i' I 

0.005 5.6 0.028 
0.005 5.7 0.029 
0.005 7.0 0.035 
0.005 7.4 0.037 
0.01 6.9 0.069 
0.04 6.6 0.266 

0.005 4.5 0.023 
0.005 4.5 0.023 
0.005 4.5 0.023 
0.005 5.8 0.029 
0.1 4.1 0.41 
0.111 4.0 0.444 
1.23 4.6 5.69* 

* Not used in calculation of m=an effluent concentration. 
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TABLE 7-515(CON 1T) 
DA.TA USED FOR 'IDTAL !CYANIDE PERFOR.'iANCE 

CN EFFLUENT DILUI'IOO ADJUSTED CN 
PLANT ID cokENTRATrON (mg/1) FACI'OR CONCENTRATION (mg/1} 

15070 0.02 2 ,-.:) 0.05 
0.03 3.4 0.102 
0.29 2.8 0.818 

33073 0.013 5 ,-.:) 0.071 
0.129 5.1 0.66 
0.254 5.5 1.39 

09026 0.03 2.4 0.072 
0.02 3.8 0.076 
0.08 2.6 0.208 

31021 0.16 3 .• 2 0.512 
0.16 3.2 0.512 
0.35 3.1 1.1 

33024 0.04 5.1 0.204 
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TABLE 7-56 
PLANT .DA..TA DELETED F.Ra.1 'IOTAL CYANIDE' .DA..TA BASE 

CN EFFLUENT DILuriON ADJUSTED CN 
P!ANT ID CO~ENTRATION (mg/1) FACTOR co:Nc.EN'rAATION (mg/1) 

02033 10.0 2.6 26.0 

04045 6.4 1.0 6.4 
8.7 1.0 8.7 

15.2 1.0 15.2 
:<I 

06037 0.53 6.3 
0.591 6.3 

12.6 6.4 

06084 0.027 2.9 0.078 
0.435 4.3 .. J~.e~ ...... 
2.8 3.6 10.2 

06085 0.96 4.8 4.61 
0.92 5.4 4.95 
1.8 5.0 9.0 

06089 0.285 2.9 0.835 
0.428 3.0 1.28 
2.42 3.5 8.47 

06090 2.81 4.3 12.1 
6.73 4.3 28.7 

10.8 4.3 46.1 

06381 0.089 8.7 ,. o. 773 
0.25 6.3 1.58' 
0.981 6.5 6.38 

11103 10.0 2.4 24.0 
9.37 3.0 28.1 

20077 0.005 7.1 0.036 
1.5 9.7 14.6 
2.5 6.5 16.2 
3.0 5.9 17.7 
2.5 7.8 19.5 
2.4 9.7 23.3 
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TABLE 7-56 (CON'T) 
PIANT D\TA DELETED FRQvl TOTAL CYANIDE I:lA.TA BASE 

CN EFFLUENT DILUI'ION ADJUSTED CNO 
PLANT ID CO~ENTRATION (mg/1) FAC.I'OR COOCENTRATI iN (mg/1) 

20081 0.035 17.7 0.618 
0.023 14.4 0.331 
0.068 15.9 1.08 
0.911 17.6 16.0 
1.16 16.3 19.0 
3.82 15.6 59.6 

20082 0.034 2.0 0.068 
0.635 2.1 1.34 
0.722 2.0 1.47 
0.945 2.0 1.88 
3.09 1.8 5.63 
3.31 2.1 6.85 

20086 0.73 4.5 3.28 
1.13 4.5 5.08 
5.25 4.5 23.6 

21066 16.38 4.7 76.9 
12.15 10.2 123.9 
20.65 7.4 152.8 

36041 0.25 11.5 2.87 
0.4 10.1 4.04 
0.6 10.4 6.24 
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Self-monitoring data for total cyanide and amenable cyanide are 
shown in Table 7-57. For each plant. this table show1; the number 
of data points. the mean effluent concentration. and 1:he 
calculated variability factors plus the total number of points. 
the overall mean effluent concentration. and the median 
variability factors. 

Mean Effluent Concentration (mg/l) 
Variability Factors (Daily/10-day) 
Daily Maximum Concentration (mg/l) 
Maximum Monthly Average Concentration (mg/~) 

I 

0.18 
6.68/3.61 

1. 20 
0.65 

l'i! I 

0.06 
14.31/5.31 

0.86 
0.32 

The percent of plants with cyanide levels below the cyanide daily 
maximum effluent concentration limitations!are as follows: 

Parameter 
EPA Sampled Plants 

Daily Maximum 

Cyanide. Total 
Cyanide. Amenable 

97.8 
100.0 

! 

Self-Monitoring 
• I 

Data DaJ.ly Max. 

79.2 . 
92.8. 

Self-Monitoring 
Data 10-Day Ave. 

62.9 
78 

The percent compliance for the self-monito~ing data for the 
cyanide total daily maximum and for the cyanide total and cyanide 
amenable 10-day averages is relatively low;compared to the EPA 
samples plants. When examining the EPA sampled data. the Agency 
excluded numerous plants that had high cyanide levels after 
correcting for dilution. Apparently many plants are relying on 
dilution of treated cyanide wastes rather than performing 
alkaline chlorination to its capability. Self-monitoring data 
are insufficient to examine the adequacy of the treatment system 
because both cyanide amenable and cyanide total results are 
generally not available for the same plants. Two plants have 
both cyanide amenable and cyanide total values: however. the 
cyanide amenable results are indicative of inadequate treatment. 
This appears to indicate that there is a need for additional 
control of cyanide by many of the plants that submitted 
self-monitoring data. This is illustrated :in Table 7-58 which 
shows the adjusted mean and maximum concent,rations for cyanide 
total and cyanide amenable for plants with 'self- monitoring data 
for which dilution factors were available. 

Demonstration Status 

The oxidation of cyanide wastes by chlorin~ is a widely used 
process in plants using cyanide in cleanin~ and plating baths. 
There has been recent attention to developing chlorine dioxide 
generators and bromine chloride generators. A problem that 
has been encountered is that the generator~ produce not only 
the bromine chloride and chlorine dioxide gas, but chlorine 
gas is also formed simultaneously. Both of these gases are 
extremely unstable, corrosive, and have low vapor pressure, 
which results in handling difficulties. These generators are 
in the development stages and as advances are made in their 
design, they may become competitive with chlorine. 

I 

! 

Oxidation by chlorine is used in 206 plants in the present 
data base, and these are identified in Tabl~ 7-59. 
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TABLE 7-57 

' 

EFFLUENT TOTAL CYANIDE SELF-MONITORING. PERFORMANCE DATA 
FOR PLANTS WITH OPTION 1 SYSTEMS 

Mean Effluent 
Number Concentration Variability Factor 

Plant ID OF Points <mg/ll.) Daily 10-Day 

1067 230 0.041 1. 92 1.46 
3043 09 0.154 10.02 4.75 
6051 13 0.07 
6107 10 2.20 25.01 

11008 179 0.09 6.10 4.15 
11125 54 1. 21 3.64 1. 35 
15193 12 0.053 3.23 3.68 
20080 268 0.001 
20082 246 0.132 7.25 3.55 
31021 119 0.533 11.16 7.67 
36082 121 0.043 4.23 3.33 
44045 !)O 0.008 7.68 
47025 138 0.057 7.92 2.57 

OVERALL 1529(Total) 0.156(Mean) 6.68(Median) 3.6l(Median) 

EFFLUENT 1\MENABLE CYANIDE SELF-MONITORING PERFORMANCE DATA 
FOR PLANTS WITH OPTION 1 SYSTEMS 

Mean Effluent 
Number Concentration Variability Factor 

Plant ID OF Points (mg/ll.) Daily 10-Day 

31021 28 0.196 14.32 3.18 
38223 235 0.0004 5.31 
47025 2•13 0.007 5.77 

OVERALL 529(Total) O.Ol6(Mean) 14.3l(Median) 5.3l(Median) 
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TABLE 7-58 

ADJUSTED EFFLUENT TOTAL CYANIDE SELF-MONITORING DATA 

Number 
Plant ID OF Points 

3043 89 
11008 179 
11125 54 
15193 12 
20080 268 
20082 246 
31021 119 
36082 121 
44045 50 
47025 138 

Adjusted 
CN,T Mean 

Concentration 
<mg/1) 

0.57 
0.35 

10.11 
1. 75 
0.01 
0.66 
1.48 
0.21 
0.83 
2.26 

1;\d j 11 s ted c:N;rr Maximum···· 
D~l+Y Concentration 

(mg/1) 

3.11 
8.40 

33.32 
5.~. ~..3. 
0.46 
7.0 

15.29 
5.0 

15.0 
12.32 

LIMITATION COMPARISON 0.18 (EPA Sample 
Data Mea:q.) 

1.20 (Daily Max.) 

' ADJUSTED EFFLUENT AMENABLE CYANIDE SELF-MONITORING DATA 

Number 
Plant ID OF Points 

31021 28 
38223 235 
47025 243 

LIMITATION COMPARISON 

Adjusted Adjusted 
CN,T Maximum CN ,T Mean 

Concentration 
<mg/1) 

Daily Concentration 
(mg/1)__ 

0.54 
0.06 
0.28 

0.06 (EPA SampLe 
Data Mean) 
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TABLE 7-59 
METAL FINISHING PLANTS EMPLOYING CYANIDE OXIDATION 

01007 05029 06090 08008 13039 19104 21066 30096 
01067 05033 06094 08074 13040 20001 21074 30097 
01068 06002 06101 09026 15042 20005 21078 30109 
02033 06006 06107 09060 15045 20017 22028 30111 
02037 06037 06111 10020 15047 20073 22656 30162 
20240 06050 06113 11008 15048 20077 23039 30967 
03042 06051 06115 11096 15070 20078 23059 31021 
03043 06052 06119 11098 15193 20079 23061 31037 
04045 06053 06120 11103 16033 20080 23074 31040 
04076 06002 06122 11125 16035 20081 23076 31047 
04114 06072 06124 11118 18050 20082 23337 31070 
04178 06073 06129 11174 18055 20084 25001 33024 
04199 06075 06141 11177 18534 20086 25030 33043 
04124 06079 06146 11184 19050 20087 25031 33065 
04227 06078 06147 12005 19051 20158 27044 33070 
04236 06079 06152 12065 19063 20162 27046 33071 
04263 06081 06358 12078 19069 20172 28082 33073 
04277 06084 06360 12087 19084 20243 28105 33113 
04279 06085 06381 12709 19090 20708 30011 33120 
04182 06087 06679 13033 19099 21003 30022 33137 
05021 06089 08004 13034 19102 21062 30090 33146 

33184 36041 36151 40037 47005 
33187 36082 36154 40047 47025 
33275 36083 36156 41116 
34041 36084 36623 42830 
340~2 36090 37042 43052 
35061 36091 38031 44037 
35963 36102 38038, 44040 
36036 36112 38051 44045 
36040 36113 38223 45035 
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ALTERNATIVE CYANIDE TREATMENT TECHNIQUES 

Alternative treatment techniques for the destruction of cyanide 
include oxidation by ozone, ozone with ultraviolet radiation 
(oxyphotolysis), hydrogen peroxide and electrolytic oxidation. 
These techniques are presented in the following paragraphs. 

I" " , 
I 

Oxidation ~ Ozonation 1 

I 
Ozone may be produced by several methods, but the silent 
electrical discharge method is predominant in the field. The 
silent electrical discharge process produces ozone by passing 
oxygen or air between electrodes separated by an insulating 
material. The electrodes are usually stainless steel or 
aluminum. The dielectric or insulating material is usually 
glass. The gap or air space between electrodes or dielectrics 
must be uniform and is usually on the order of 0.100 to 0.125 
inches. The voltage applied is 20,000 volts or more, and a 
single phase current is applied to the high tension electrode. 

Ozone is approximately ten times more sol~ble than oxygen on a 
weight basis in water, although the amount that can be effi
ciently dissolved is still slight. Ozone~s solubility is 
proportional to its partial pressure and also depends on the 
total pressure on the system. It should be noted, however, 
that it is the oxidizable contaminant in the water that deter
mines the quantity of ozone needed to oxidize the contaminants 
present. A complete ozonation system is represented in Figure 
7-26. I 

j 

Thorough distribution of ozone in the water under treatment is 
extremely important for high efficiency of the process. There 
are four methods of mixing ozone with water; these are: (1) 
diffusers, (2) negative or positive press~re injection, (3) packed 
columns whereby ozone-containing air or oxygen is distributed 
throughout the water, and (4) atomizing t~e aqueous solution into 
a gaseous atmosphere containing ozone. i 

' I , 
' 
k~ 

Application 

Ozonation has been applied commercially fJr oxidation of 
cyanides, phenolic chemicals, and organo-~etal complexes. It 
is used commercially with good results to treat photoprocessing 
wastewaters. Divalent iron hexacyanato complexes (spent bleach) 
are oxidized to the trivalent form with o~one and reused for 
bleaching purposes. Ozone is used to oxidize cyanides in other 
industrial wastewaters and to oxidize phenols and dyes to a 
variety of colorless, nontoxic products. 
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FIGURE 7-26 

TYPICAL OZONATION PLANT FOR WASTE TREATMENT 
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Oxidation of cyanide to 

CN-l 

cyanate is illust~ated 
' -1 i 

+ o3 = CNO + 0 2 ! 
i 

below: 

Continued exposure to ozone will convert the cyanate formed to 
carbon dioxide and ammonia if the reaction is allowed to 
proceed; however, this is not economically practical, and 
cyanate can be economically decomposed by :biological oxidation 
at neutral pH. 

Ozone oxidation of cyanide to cyanate requires 1.8 to 2.0 
pounds of ozone per pound of CN- and complete oxidation requires 
4.6 to 5.0 pounds of ozone per pound of CN-. Zinc, copper, 
and nickel cyanides are easily destroyed to a nondetectable 
level, but cobalt cyanide is resistant to 'ozone treatment. 

i 
The first commercial plant using ozone in the treatment of 
cyanide waste was installed by a manufacturer of aircraft. 
This plant is capable of generating 54.4 Kg (120 pounds) of 
ozone per day. The concentration of ozone used in the treatment 
is approximately 20 mg/1. In this process the cyanate is 
hydrolyzed to C?2 and NH 3 • The final effluen~ from th~s 
process passes 1nto a lagoon. Because of an 1ncrease 1n waste 
flow the original installation has been expanded to produce 
162.3 Kg (360 pounds) of ozone per day. ' 

Some advantages of ozone oxidation for handling process effluents 
are that it is well suited to automatic control, on-site, 
generation eliminates treatment chemical procurement and 
storage problems, reaction products are not chlorinated organics, 
and no dissolved solids are added in the treatment step. 
Ozone in the presence of ultraviolet radiation or other pro
moters such as hydrogen peroxide and ultrasound shows promise 
of reducing reaction time and improving ozone utilization. 
Some limitations of the process are high capital expense, possible 
chemical interference in the treatment of imixed wastes, and 
an energy requirement of 15 to 22 kwh per 'kilogram of ozone 
generated. Cyanide is not economically o~idized beyond the 
cyanate form. 

Performance 

An electroplating plant (ID 30022) that serves the electronics 
industry plates gold, silver, copper, and 'nickel. Ozone was 
selected for treatment of cyanide bearing waste, and the 
results were as follows: 

A. Optimum operating conditions wer,e determined to be l to 
1.5 moles of ozone/mole CN at a pH of 9.0-9.5 in the 
ozone contactor. 

' 

B. It was established that ozone dosage is the most criti
cal operating parameter, with 1.:0 to 1. 5 moles 0 /mole 
CN found to be optimum at low CN concentrations f20 mg/1) 
and 1.8 to 2.8 moles o3;mole CN at levels greater than 
40 mg/1. 
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C. Cost data based on plant experience were obtained. 
Treatment operating cost was $1.43/100 gallons of 
influent cyanide bearing waste water and $1.03/1000 
gallons total waste water. Total capital costs were 
$66,613 for this installation but are estimated at 
$51,200 for an optimized, non-research installation. 

D. The results of three days of sampling are shown below: 

PLANT ID 30022 (mg/1) 

Day 1 Day 2 Day 3 

Parameter In Out In Out In 

Cyanide, Total 
Cyanide, Amenable 

1.4 
1.4 

.113 

.110 
.30 
.30 

.039 

.039 
2.4 
2.389 

Demonstration Status 

Ozone is useful for application to cyanide destruction. There 
are at least two units presently in operation in the country 
(Plant !D's 14062 and 30022), and additional units are planned. 
There are numerous orders for industrial ozonation cyanide 
treatment systems pending. 

Ozone is useful in the destruction of wastewaters containing 
phenolic materials, and there are several installations in 
operation in the United States. 

Research and development activities within the photographic 
industry have established that ozone is capable of treating 
some compounds that are produced as waste products. Solutions 
of key ingredients in photographic products were composed and 
treated with ozone under laboratory conditions to determine 
the treatability of these solutions. It was found that some 
of these solutions were oxidized almost completely by ozona-
tion and some were oxidized that were difficult to treat by 
conventional methods. Ozone breaks down certain developer 
components that biodegrade slowly, including color developing 
agents, pheniodone, and hydroxylamine sulfate. Developing 
agents, thiocyanate ions, and formate ions degrade more com
pletely with ozone than when exposed to biological degradation. 
Thiosulfate, sulfite, formalin, benzyl alcohol, hydroquinone, 
maleic acid, and ethylene glycol can be degraded to a more or 
less equal degree with either biological treatment or ozone. 
Silver thiosulfate complexes were also treated with ozone 
resulting in significant recovery of the silver present in 
solution. Ozone for regeneration of iron cyanide photoprocessing 
bleach and treatment of thiosulfate, hydroquinone, and other 
chemicals is currently being utilized by the photoprocessing 
industry. There are 40 to 50 installations of this nature 
in use at the present time. 
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Oxidation ~ Ozonation With UV Radiation 
I 

One of the modifications of the ozonation'process is the 
simultaneous application of ultraviolet lrght and ozone for 
the treatment of wastewater, including treatment of halo
genated organics. The combined action of these two forms 
produces reactions by photolysis, photosensitization, hydroxyla
tion, oxygenation and oxidation. The process is unique because 
several reactions and reaction species are active simultaneously. 

Ozonation is facilitated by ultraviolet absorption because 
both the ozone and the reactant molecules'are raised to a 
higher energy state so that they react more rapidly. The energy 
and reaction intermediates created by the.introduction of 
both ultraviolet radiation and ozone greatly reduce the amount 
of ozone required compared with a system that utilizes ozone 
alone to achieve the same level of treame~t. Figure 7-27 shows 
a three-stage UV/ozone system. 

A typical process configuration employs three single stage 
reactors. Each reactor is a closed system which is illuminated 
with ultraviolet lamps placed in the reactors, and the ozone 
gas is sparged into the solution from the:bottom of the tank. 
The ozone dosage rate requires 2.6 pounds 'of ozone per pound 
of chlorinated aromatic. The ultraviolet~power is on the 
order of five watts of useful ultravioletjlight per gallon of 
reactor volume. Operation of the system is at ambient tempera
ture and the residence time per reaction stage is about 24 
minutes. Thorough mixing is necessary an4 the requirement for 
this particular system is 20 horsepower per 1000 gallons of 
reactor volume in quadrant baffled reaction stages. A system 
to treat mixed cyanides requires pretreatment that involves 
chemical coagulation, sedimentation, clarification, equalization, 
and pH adjustment. Pretreatment is followed by a single stage 
reactor, where constituents with low refractory indices are 
oxidized. This may be followed by a second, multi-stage reactor 
which handles constituents with higher refractory indices. 
Staging in this manner reduces the ultimate reactor volume 
required for efficient treatment. 

Application 

The ozonation/UV radiation process was de~eloped primarily for 
cyanide treatment in the metal finishing and color photo
processing areas, and it has been successfully applied to 
mixed cyanides and organics from organic 6hemicals manufactur
ing processes. The process is particulariy useful for treatment 
of complexed cyanides such as ferricyanide, copper cyanide and 
nickel cyanide, which are resistant to ozone alone, but readily 
oxidized by ozone with UV radiation. 

',II 
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Performance 

For mixed metal cyanide wastes, consistentlreduction in total 
cyanide concentration to less than 0.1 mg/1 is claimed. 
Metals are converted to oxides, and halogenated organics are 
destroyed. TOC and COD concentrations are reduced to less 
than 1 mg/1. 

Demonstration Status 

A full scale unit to treat metal complexed,cyanides has been 
installed in Oklahqma, while a large American chemical company 
in France has installed an on-line unit for the treatment of 
cyanides and organics and a similar design:is scheduled for 
installation by the same company in the United States. There 
are also two other units known to be in service, one for 
treating mixed cyanides and the other for treatment of copper 
cyanide. 

Oxidation ~ Hydrogen Peroxide 

The hydrogen peroxide oxidation treatment process treats both 
the cyanide and metals in cyanide wastewaters containing zinc 
or cadmium. In this process, cyanide rinse waters are heated 
to 49-54°C (120-130°) to break the cyanide complex, and the pH 
is adjusted to 10.5-11.8. Formalin (37% formaldehyde) is 
added, while the tank is vigorously agitated. After 2-5 
minutes, a proprietary formulation (41% hydrogen peroxide 
with a catalyst and additives) is likewise.added. After an 
hour of mixing, the reaction is complete. :The cyanide is 
converted to cyanate and the metals are precipitated as 
oxides or hydroxides. The metals are then removed from 
solution by either settling or filtration.~ 

I 

The chemical reactions which take place are as follows: 
I 
I 

CN + HCHO +H 2o= HOCH 2CN +iOH 
i 

The hydrogen peroxide converts cyanide to cyanate in a single 
step: 

CN + H2o2 = NCO + H2o 

The formaldehyde also acts as a reducer, c~mbining with the 
cyanide ions: 

i 
Zn(CN) 4- 2 + 4 HCHO + 4H 2o = 4 HOCH 2CN + 4 OH- + Zn+ 2 

The metals subsequently react with the hydroxyl ions formed 
and precipitate as hydroxides or oxides: ' 

zn+2 + 2 OH- = ZnO + H
2
o 

The main pieces of equipment required for this process are two 
holding tanks. These tanks must be equipped with heaters and 
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air spargers or mechanical stirrers. These tanks may be used 
in a batch or continuous fashion with one tank being used for 
treatment while the other is being filled. A settling tank or 
a filter is needed to concentrate the precipitate. 

Application 

The hydrogen peroxide oxidation process is applicable to 
cyanide bearing wastewaters, especially those from cyanide 
zinc and cyanide cadmium electroplating. The process has been 
used on photographic wastes to recover silver and oxidize 
toxic compounds such as cyanides, phenols and "hypo" (sodium 
thiosulfate pentahydrate). Additions of hydrogen peroxide are 
made regularly at a large wastewater treatment plant to control 
odors and minimize pipe corrosion by oxidizing hydrogen sulfide. 

Chemical costs are similar to those for alkaline chlorination 
and lower than those for treatment with hypochlorite, and all 
free cyanide reacts and is completely oxidized to the less 
toxic cyanate state. In addition, metals precipitate and 
settle quickly, and they are recoverable in many instances. 
However, the process requires energy expenditures to heat the 
wastewater prior to treatment. Furthermore, the addition of 
formaldehyde .results in treated wastewater having relatively 
high BOD values. Although cyanates are much less toxic than 
cyanide, there is not complete acceptance of the harmlessness 
of cyanates. 

Performance 

In terms of waste reduction performance, this process is 
capable of reducing the cyanide level to less than 0.1 mg/1 
and the zinc or cadmium to less than 1.0 mg/1. 

Demonstration Status 

This treatment process was introduced in 1971 and is being 
used in several facilities. 

Peroxide oxidation is used in three plants in the present data 
base: 08061, 21058, and 30009. 

Electrochemical Cyanide Oxidation 

Electrochemical cyanide oxidation is used to reduce free 
cyanide and cyanate levels in industrial wastewaters. In this 
process, wastewater is accumulated in a storage tank and then 
pumped to a reactor where an applied DC potential oxidizes the 
cyanide to nitrogen, carbon dioxide and trace amounts of 
ammonia. The gases generated are vented to the atmosphere. 
The oxidation reac·tion is accomplished if concentrations are 
not greater than 1000 mg/1. If reaction time is critical, the 
process can be accelerated by augmenting the system with a 
chemical (hypochlorite) treatment as long as the cyanide 
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I 
concentration level is less than 200 mg/1.: 
ment consists of a reactor, a power supply, 
a pump. 

I 
'" 

The process equip
a storage tank and 

Another electrochemical oxidation system employs a low voltage 
anode with a metallic oxide coating. Upon' application of an 
electrical potential several oxidation re~ctions occur at the 
anode. These reactions include the oxidation of chloride (from 
common salt) to chlorine or hypochlorite and the formation of 
ozone, as well as direct oxidation at the anode. Although 
untested on cyanide-bearing wastewaters, this system shows 
good potential in that area. 

Application 

The electrochemical cyanide oxidation sys~em has been used 
commercially only for heat treating applications; however, it 
should be equally appropriate for other cyanide bearing wastes. 
Its application for plating and photographic process wastewaters 
is still in the development stage. The process can also be 
applied to the electrochemical oxidation df nitrite to nitrate. 

Electrochemical cyanide oxidation has the 'advantage of low 
operating costs with moderate capital investment, relative to 
alternative processes. There is no requi~ement for chemicals, 
thereby eliminating both their storage and control, and there 
is no need to dilute or pretreat the wastewater as the process 
is most efficient at high cyanide concent~ation levels. 
However, the process is less efficient than chemical destruc
tion at cyanide concentrations less than 100 mg/1, and it is 
relatively slow when not accelerated by addition of treatment 
chemicals. Moreover, it will not work well in the presence of 
sulfates. : 

,, H I 

Performance 

Performance has been demonstrated on a commercial scale and 
shown to result in a reduction in the cyanide concentration 
level from 3500 mg/1 to less than 1. 0 mg/l in 160 hours. The 
process emits no noticeable odor with adequate ventilation. 

' I 
Demonstration Status 

There is currently a unit in operation which is handling the 
cyanide bearing wastewater generated by a 'heat treating opera
tion. The manufacturer claims that there is a potential for 
future use of the process in both the electroplating and 
photographic industries. However, despite a variety of experi
mental programs, industry has not been enthusiastic about the 
electrolytic approach to cyanide oxidation. 

I 

Electrochemical cyanide oxidation is used :at plants 04224, 
18534, 19002, and 30080. 
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Chemical Precipitation 

Chemical precipitation is a classic waste treatment process 
for metals removal as described under the "Treatment of Common 
Metal Wastes" heading. The precipitation of cyanide can be 
accomplished by treatment with ferrous sulfate. This preci
pitates the cyanide as a ferrocyanide, which can be removed in 
a subsequent sedimentation step. Waste streams with a total 
cyanide content of 2 mg/1 or above have an expected waste 
reduction of 1.5 to 2 orders of magnitude. These expectations 
are substantiated by the following results from plant 01057: 

CONCENTRATION OF TOTAL CYANIDE (mg/1) 

Raw Waste 

Evaporation 

2.57 
2.42 
3.28 

Final Effluent 

0.024 
0.015 
0.032 

Evaporation is another recovery alternative applicable to 
cyanide process baths such as copper cyanide, zinc cyanide, 
and cadmium cyanide and was described in detail for common 
metals removal. 
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TREATMENT OF OILY WASTES 

INTRODUCTION 

This section presents the Option 1 treatm~nt systems that are 
applicable to the treatment of oily wastes: describes the 
treatment techniques for Option 1 and its alternatives: and 
defines the effluent concentration levels for those options. Oily 
wastes include process coolants and lubricants, wastes from 
cleaning operations dir,ectly following mariy other unit operations. 
wastes from painting processes, and machinery lubricants. Oily 
wastes generally are of three types: fre~ oils, emulsified or 
water soluble oils. and greases. TechniqU:es commonly employed in 
the Metal Finishi~g Category to remove oil include skimming, 
coalescing, emulsion breaking, flotation, centrifugation. 
ultrafiltration, reverse osmosis, and remQval by contractor 
hauling. Oil removal techniques may also afford additional 
removal of toxic organics, and the applic~bility and performance 
of these techniques for toxic organics is discussed under 
''Treatment of Toxic Organics. 11 

Table 7-60 presents oily waste removal system options for free 
oils, combined wastewater, and segregated oily waste. The Option 
1 oily waste treatment system incorporates the emulsion breaking 
process followed by surface skimming (gravity separation is 
adequate if only free oils are present). Ultrafiltration may be 
employed as an alternative to the Option ~ system. Polishing 
systems for Option 1 and its alternative ~re presented in the 
text. These may be added to further improve effluent quality. 
Because emulsified oils. or processes that~ emulsify oils. are used 
extensively in the Metal Finishing Category. the exclusive 
occurrence of free oils is nearly nonexistent. Combined 
wastewater (e.g., -oils in common metals wastewaters) should 
contain only oils that are introduced from rinsing or cleaning 
operations, inadvertent spills. or equipment leal~age. As a result 
of this. these wastewaters contain low oil concentrations but have 
high flow rates. Because treatment system' costs are proportional 
to the quantity of waste oil. segregation of oily waste is 
economically preferable, Segregated oily waste is that collected 
from tanks and sumps throughout a manufacturing facility for 
separate waste treatment or recovery. ! 
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WASTE 
CHARACTERISTICS 

TREATMENT OPTION 

OPTION 

1 

ALTERNATIVE 
TO 

OPTION 1 

POLISHING 

TECHNIQUES 

TABLE 7-60 

OILY WASTE REMOVAL SYSTEM OPTIONS 

FREE OILS COMBINED WASTEWATER SEGREGATED OILY WASTE 

Colrbined Mixture of free oils, grease, and emulsified oils 

or Wastewater fran rinsing or Collection fran tanks and 
Segregated cleanin;J overfla.~, spills, 

Sl..lllPS and leakage 
Waste 

Low oil concentration, High oil concentration, 
high fla-t rate la.t flow rate 

Gravity 
Errulsion Breaking with Ski.nming 

Separator 

Ultrafiltration 

Option 1 (or Alternative) Followed by Carbon Adsorption or Reverse Osroosis 



Oily waste performance data and limitations are presented herein 
for both combined wastewater and segregat~d oily wastes. The 
combined wastewater concentrations are applicable to the oils 
present in common metals wastewaters and concentration limitations 
are stated for both the Option 1 and Option 2 common metals 
treatment systems. A single option and an alternative are 
presented for the treatment of segregated oily wastes. 

j 

TREATMENT OF OILY WASTES FOR COMBINED WASTEWATER 
I"' 

The following paragraphs present the oily'waste performance data 
for combined wastewater in the common metals wastewater data base, 
identify the mean concentrations established for oil and grease, 
define the concentration limitations, and compare these 
limitations with the sampled data base and the self-monitoring 
data base for the Option 1 and Option 2 c~mmon metals treatment 
systems. 

COMBINED WASTEWATER PERFORMANCE FOR OILS - OP'l'ION 1 
COMMON METALS SYSTEM 

Table 7-61 presents the oil and grease performance data for the 
Option 1 common metals treatment system data base for properly 
opreating systems. From these data a mean effluent concentration 
of 11.8 mg/! was established for oil and grease in combined 
wastewater for the Option 1 common me~als :treatment system. 

An iterative procedure was used in the calculation of the 
mean effluent concentration for oil and g~ease to prevent 
the calculation of an unrealistically low ,mean effluent 
concentration due to low raw waste pollutant loadings. The 
mean effluent concent~ation for oil a~d giease was calculated: 
when a raw waste concentration was less than the mean effluent 
concentration, the corresponding effluent :value was deleted from 
the data set. The mean was recalculated using points not removed 
initially, and the process repeated in an :iterative loop. This 
same iterative procedure was used for the toxic metals. 

The variability factors for oil and greas~ in combined wastewater 
for the Option 1 common metals treatment s'ystem were established 
from long term self-monitoring data. The specific data set used 
is tabulated in Table 7-62. 
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TABLE 7-61 

METAL FINISHING CATEGORY PERFORMANCE DATA FOR OIL AND GREASE 

OPTION 1 

Raw Waste Effluent 
Data Concentration Concentration 
Point (mg/!l.) (mg/!l.) Plant ID 

1. 12.200 9.800 6101-12-1 
2. 14.200 11.200 6731-1-3 
3. 16.111 1.000 20086-1-2 
4. 16.200 4.000 19051-6-0 
5. 16.644 1.000 20086-1-3 
6. 16.900 11.700 6051-·6-0 
7. 18.000 2.0000 21003-15-0 
8. 22.804 18.150 33024-6-0 
9. 23.000 11.000 15010-12-2 

10. 23.600 12.600 6101-12-·1 
11. 28.000 19.300 6083-1-2 
12. 29.444 1.0000 20086-1-1 
13. 34.000 6.0000 36041-1-1 
14. 36.312 9.6385 19063-1-1 
15. 40.350 23.015 19063-1-3 
16. 41.000 1.0000 36041-1-3 
17. 43.000 24.000 15010-12-3 
18. 46.000 5.0000 36041-1-2 
19. 51.600 1.600 36040-·1-1 
20. 54.000 7.0000 11477-22-2 
21. 66.000 14.000 11477-22-0 
22. 67.600 9.600 6074-1-1 
23. 72.000 10.000 11477-22-1 
24. 90.393 23.378 19063-1-2 
25. 137.15 12.000 44062-15-1 
26. 195.93 25.000 44062-15-0 
27. 224.11 16.000 44062-15-2 
28. 418.00 10.200 6074-1-1 
29. 1291.0 23.200 6074-1-1 
30. 2650.0 31.200 33692-23-1 

Mean 
concentration = 193.185 (n=30) 11.819 (n=30} 
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TABLE 7-62 

OIL AND GREASE EFFLUENT SELF-MONITORING PERFORMANCE DATA 
COMBINED WASTEWATER - COMMON METALS OPTION 1 

Plant ID 

3049 
6051 
6107 

11477 
12002 
20080 
22735 
30050 
30079 
30090 
30165 
45741 

OVERALL 

Mean Effluent 
Number Concentration 

OF Points (mg/9.} 

49 1. 80 
13 1. 75 

2 10.80 
66 2.57 
55 1. 95 

269 4.51 
45 4.73 

287 1. 24 
12 4.88 
45 1.46 
20 3.83 
48 3.48 

893(Total) 2.79(Mean) 

I 

i 
Variability Factor 

Daily 10-Day 
I 

5.71 
I'" , 2.58 ' i 

6.22 3.09 
33.38 

2.73 1.82 
5.98 2.65 
6.70 2.68 

''''''1'"':'.'''1'11111•,11 I' 

3.01 1. 56 
7.71 2.40 
1. 38 1. 41 
2.53 1. 97 
1. 63 
3.00 1.42 

i 

i 

4.36(Median) 2.18(Median) 
I 
I 

" 

I 
I ·,···. 
I'" 
I 
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In a manner consistent with the development of limitations for 
other parameters in common metals wastewaters. the median 
variability factor values are used to establish the limitations 
presented in Table 7-63. 

TABLE 7-63 
OIL AND GREASE LIMITATION SUMMARY 

COM:BINED WASTEWATER - COMMON METALS OPTION 1 

Mean Effluent Concentration 
Daily Variability Factor 
10-Day variability factor 
Daily Maximum Concentration 
Monthly Maximum Average Concentration 

11.8 mg/1 
4.36 mg/1 
2.18 mg/1 
52 mg/1 
26 mg/1 

The percentage of oil and grease effluent concentrations that are 
less than the. daily maximum concentration limitation ar~ 100 .. 
percent for the EPA sampled data set used to establish mean 
effluent concentration. 100 percent for the self-monitoring data 
set daily values and 100 percent for the self-monitoring data set. 
monthly averages. 

COMBINED WASTEWATER PERFORMANCE FOR OILS - OPTION 2 
COMMON METALS SYSTEM 

Figure 7-28 presents the oil. and grease performance data for th.e' 
Option 2 common metals treatment system data base. From these 
data. excluding the outlier at an effluent concentration of 56· 
mg/i which exceeds the Option 1 daily maximum concentration 
limitation. the mean effluent oil and grease concentration was· 
established to be 7.1 mg/1. 

The variability factors for oil and grease is combined wastewater 
for the Option 2 common metals treatment system are those used 
for oil and grease in the Option 1 common metals treatment 
system. Insufficient data are presently available to separately 
establish these factors for the Option 2 treatment system. 
Applying the Option 1 variability factors to the Option 2 oil and 
grease mean effluent concentration results in the performance 
presented in Table 7-64. 

TABLE 7-64 
OIL AND GREASE PERFORMANCE SUMMARY 

COMBINED WASTEWATER - COMMON METALS OPTION 2 

Mean Effluent Concentration 
Daily Variability Factor 
10-Day variability factor 
Daily Maximum Concentration 
Monthly Maximum Average Concentration 
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The percentage of combined wastewater oil and grease effluent 
concentrations that are less than the Option 2 daily maximum 
concentration limitation is 96.7 percent for the EPA sampled 
data base used 'in calculating the mean effluent concentration. 

TREATMENT OF SEGREGATED OILY WASTES 

Treatment of oily wastes can be carried out most efficiently 
if oils are segregated from other wastes and treated separ
ately. Segregated oily wastes originate in the manufacturing 
areas, are collected in holding tanks and sumps, and can have 
oil and grease concentrations as high as 400,000 mg/1. Combined 
oily wastes are those generated from washing or rinsing of 
oily parts, spills, and leakages and generally have lower oil 
and grease concentrations than segregated oily wastes by 
several orders 'of magnitude. Furthermore, oily wastes in 
combined wastew'a ter streams, such as common metals waste
waters, require larger and thus more costly treatment systems 
for oils removal than do segregated oily wastewaters because 
the combined wastewaters have significantly greater flow 
rates. Performance limitations for combined wastewater oils 
and total priority organics are presented in the preceding 
subsection. 

Treatment of segregated oily wastes consists of separation of 
the oily wastes from the water. This separation can require . 
several different steps depending on the character of the oily 
wastes involved. If the oils are all of a free or floating 
variety, physical means such as decantation or the use of a 
gravity oil separator should be used to remove the oils. If 
the oily wastes are emulsified, techniques such as emulsion breaking 
or dissolved air flotation with the addition of chemicals are 
necessary to accomplish removal of the oils. Once the oil-water 
emulsion is broken, the oily waste is physically separated from the 
water by decant.ation or skimming. ( Ultrafiltration is an alternative 
to emulsion breaking). 

After the oil-water separation has been accomplished the water 
is sent to the precipitation/sedimentation unit described under 
the 11 Treatment of Common Metals Wastes 11 heading for removal of 
metals. 
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I 
SEGREGATED OILY WASTE TREATMENT SYSTEM - OPTION 1 

! 

The Option 1 system for ·the treatment of se1gregated oily 
j, '"'"'"''''"' ,, '" "'"'" "''"'"'''' "' ,, ' wastewater consists of emulsion breaking fql:),ov;:eg by skimming, 

as is illustrated in Figure 7-29. The emul,~;>j,Qn )::n:·~9king is 
effected by the addition of chemicals (such as alum or 
polymers) to accomplish coagulation and flocculation of the 
oily wastes. These floating oily wastes are then removed via 
skimming to complete the Option 1 level of 'treatment. 

Treatment alternatives to the Option 1 syst'em that are 
presently employed in the metal finishing i:ndustry include 
ultrafiltration, dissolved air flotation, ~oalescing gravity sepa
rators, thermal emulsion breaking and the use of centrifu-
gation. These alternative techniques, as well as contractor 
hauling, are described in the subsection entitled "Additional 
Oily Waste Treatment Techniques." 

The Option 1 treatment system is employed extensively within 
the metal finishing data base for treatmeni of segregated oily 
w~s~e. . However, be~ause <?f the increas.ing )?rice of oil, metal 
f1n1sh1ng plants are tend1ng toward the use of treatment 
techniques such as ultrafiltration, revers~ osmosis, or 
centrifugation for the recovery and direct reuse of oils. 

The following paragraphs describe the emul~ion breaking and 
skimming tecniques that are applicable to t:he removal of oily 
wastes for Option 1. · 

Emulsion Breaking 
" 

Emulsion breaking is a process by which emulsified oils are 
removed from oil/water mixtures. Emulsifie,d oils are commonly 
used as coolants, lubricants, and antioxidants for many of the 
unit operations performed in the Metal Fini;§hing Category. 
Methods of emulsion breaking include a vari~ty of chemical 
processes, thermal processes, and combinati:ons of the two 
processes. These techniques are discussed ,in the following 
paragraphs. 

Chemical emulsion breaking can be accomplished either as a 
batch process or a continuous process. A t~pical system 
(with skimming incorpora·ted) is illustrated in Figure 7-30. 
The mixture of emulsified oils and water i~ initially treated 
by the addition of chemicals to the wastewater. A means of 
agitation (either mechnical or by increasing the turbulence 
of the wastewater stream) is provided to en'sure that the chemical 
added and the emulsified oils a~e adequately mixed to break 
the oil/water emulsion bond. Finally the oily residue (commonly 
called scum) that results rises to the surface and is separated 
from the remaining wastewater by a skimming or decanting process. 
The skimming process can be accomplished by, any of the many types 
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of mechanical surface skimmers that are presently in use. 
Decanting methods include removal of the oily surface residue 
via a technique such as controlled tank overflow or by 
removal of the demuls if ied wastewater from the bot tot!l of the 
tank. Decanting can be accomplished with a serif;s of tap-off 
lines at various levels which allow the separated oils to be 
drawn off the top or the wastewater to be drawn off the bottom 
until oil appears in the wastewatc~r lin:-;. With any of these 
arrangements, the oil is usually divP.rted to storage tanks 
for further processing or hauling by a licensed contractor. 

Chemical emulsion breaking can be accomplished by a large 
variety of chemicals which .i.nclt.l<le acids, salts, or po lyrners. 
These chemicals are sometimes used separately, but often are 
required in combination to break the various emulsions that 
are common in the wastewater. Acids are used to lower the pH 
to 3 or 4 and can cleave the ion bond between the oil ,~n.:l 
water, but can be very expensive unless acid rich wastewaters, 
such as pickling wastes, can be used. Acids are more commonly 
employed in oil recovery systems than in oily waste removal 
systems. Iron or aluminum salts such as Eecrous sulfate, 
ferric chloride, or aluminum sulfate are more commonly used 
because they are less expensive. These salts combine with the 
wastewater to form acids >vhich in turn lower the pH and break 
the oil/water bond (and have the additional benefit that these 
salts aid in agglomeration of the oil droplets), but the use 
of these salts produces more sludge because of the addition of 
iron or aluminum. Polymers, such as polyarnines or polyacryl
ates and their copolymers, have been demonstrated to be effec
tive emulsion breakers and generate less sludge than do metal 
salts. The Option 1 tn~ni:nl('!rli: :.:;_r.:;tem costing, presented in 
Section VIIIr is base~ upon the use of aluminum sulfate plus a 
quantity of polymer as the emulsion breaking chemicals. 

After chemical addition, the mixture is agitated to ensure 
complete contd<~ i: <)f i:h•:! emulsified oils with the 'lemuls ifying 
agent. With th~ addition of the proper amount of chemical and 
thorough agitation, emulsions of 5% to 10% oil can be reduced 
to approximately 0.01% remaining emulsified oil. The thir~ 
step in the emulsion breaking pcoc~ss is to allow sufficient 
time for the oil/water mixture to separate. Differences in 
specific gravity will permit the oil to rise to the surface in 
approximately two hour.s. Heat can be added to deccease the 
separation t LHlP.. Ae ::~~ r:- sr:!paration, the normal procedure 
involves skimming or decanting the oil from the tank. 

VI~-165 



Application 

Emulsion breaking technology can be applied to the treatment 
of emulsified oil/water mixtures in the Met~l Finishing 
Category wherever it is necessary to separate oils, fats, 
soaps, etc. from wastewaters. Certain mach~ning coolant emul
sion cannot be chemically or thermally broken and must be treated 
by ultrafiltration. : 

! 

The main advantage of the chemical emulsion
1
breaking process 

is the high percentage of oil removal possible with this 
system. For proper and economical application of this 
process, the oily wastes (oil/water mixture) should be 
segregated from other wastewaters either by storage in a 
holding tank prior to treatment or be fed directly into the 
oily waste removal system from major collection points. 
Further, if a significant quantity of free oils are present, 
it is economically advantageous to precede the emulsion break
ing with a gravity separator. Chemical and,energy costs can 
be high, especially.if heat is used to accelerate the process. 

I 

Chemical emulsion breaking can be highly reliable if adequate 
analysis is performed prior to the selection of chemicals and 
proper operator training is provided to ensure that the estab
lished procedures are followed. 

' 
For chemical emulsion breaking, routine maintenance is required 
on pumps, motors, and valves as well as periodic cleaning of 
the treatment tank to remove any sediment which may accumulate 
in the tank. The use of acid or acidic con~itions will require 
a lined tank, and the lining should be checked periodically. 
Emulsion breaking generates sludge which requires proper 
disposal. 1 

Performance 

'l!lllilll:uilllilliil 

1•'1 1 1,\1 '',1 1
'''

1
'
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The performance attainable by a chemical emulsion breaking 
process is dependent on addition of the proper amount of 
de-emulsifying agent, good mixing agitation: and sufficient 
retention time for complete emulsion breaking. Since there 
are several types of emulsified oils, a detailed study should 
be conducted to determine the most effective treatment techniques 
and chemicals for particular application. 

Demonstration Status 
lllil'!lli'.li ,',' :'' 

Emulsion breaking is a common technique used in industry. is a 
proven method of effectively treating emulsified wastes. and is in 
use at 29 plants in the present data base. 'These plants are 
identified in Table 7-65. 

TABLE 7-65 
METAL FINISHING PLANTS EMPLOYING EMULSION BREAKING 

01058 
01063 
03041 
06679 
11129 

11477 
12075 
12076 
12080 
12091 

12095 
13041 
20103 
20158 
20159 

vrr:..166 

20173 
20247 I 

20249 
20254 
30135 

30153 
33050 
33120 
33127 
33179 

36074 
38040 
40836 
46713 



Skimming 

Skimming is used .to remove floating wastes and normally takes 
place in a tank designed to allow the debris (with a specific 
gravity less then water) to rise and remain on the surface. 
Skimming devices are therefore suited to the removal of oily 
wastes from raw waste streams after demulsification. Common 
skimming mechanisms include the rotating drum type, which 
picks up oil from the surface of th~ water as it rotates. A 
knife edge scrapes oil from the drum and collects it in a 
trough for di~posal or reuse. The water portion is then 
allowed to flow under the rotating drum. Occasionally, an 
underflow baffle is installed after the drum; this has the ad
vantage of retaining any floating oil wh1ch escapes the drum 
skimmer. The belt type skimmer is pulled vertically through 
the water, collecting oil from the surface which is again 
scraped off and collected in a tank. System design and 
operational controls are important in drum and belt type 
skimmers in order to ensure uniform flow through the system 
and avoid oil bypassing the skimmer mechanism. 

Gravity separators, such as the API type, utilize overflow 
and underflow baffles to skim a floating oil layer from the 
surface of the wastewater. An overflow-underflow baffle 
allows a small amount of wastewater (the oil portion) to 
flow over into a trough for disposition or reuse while the 
majority of the water flows underneath the baffle. This is 
followed by an overflow baffle, which is set at a height 
relative to the first baffle such that only the oil bearing 
portion will flow over the first baffle during normal plant 
operation. An inlet diffusion device, such as a vertical 
slit baffle, aids in creating a uniform flow through the 
system and increasing oil removal efficiency. 

Application 

Oil skimming is used in the Metal Finishing Category to remove 
oily wastes from many different process wastewater streams. 
Skimming is applicable to any waste stream containing pollutants 
which float to the surface. Skimming is used in conjunction 
with emulsion breaking, dissolved air flotation, clarifiers, 
and other sedimentation devices. 

API or other gravity-type separators are more suitable for use 
where the amount of surface oil flowing through the system is 
consistently significant as with free oils. Drum, belt, or 

, rotary type skimmers are applicable to waste streams which 
carry smaller amounts of floating oily waste and where surges . 
of floating oil are not a problem. The use of a gravity separator 
system preceding emulsion breaking is a very effective method 
of removing free oil constituents from oily waste streams. 

Skimming as a pretreatment is effective in removing naturally 
floating waste materials, such as free oils, and improves the 
performance of subsequent downstream treatments. Many 
pollutants, particularly dispersed or emulsified oil, will not 
float "naturally" but require additional treatments. Therefore, 
skimming alone will not remove all the pollutants capable of 
being removed by more sophisticated technologies. 
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Because of its simplicity. skimming is a Jery reliable technique. 
however. a mechanical sldmming mecahnism r'equires periodic 
lubrication. adjustment. and replacement o~ worn parts. 

The collected layer of debris (scum) must be disposed of in an 
approved manner. Because relatively larg~ quantities of water are 
present in the collected wastes. direct co~bustion or incineration 
is not always possible. 

Performance 
I 

The performance attainable by skimming is dependent on proper 
mechanical operation of the skimmer and on the separation rate of 
the oil/water mixture which is affected by such factors as the 
size and specific gravity of the oil globuies. Examples of 
performance of skimmer systems for oil and' grease are presented in 
Table 7-66. · 

TABLE 7-66 
SKIMMING PERFORMANCE DATA FOR OIL' AND GREASE (mg/~) 

i 
Oil and Grease Oil and Grease Type of 

Plant ID Influent (mq/~) Influent (mg/~) Skimmer 

6058-14-0 
6058-15-5 
6058-14-0 
11477 

395.538 
53,800 

19.4 
61 

Demonstration Status 

I 

13.:3 
16 ' 

8 .[3 
14 I 

API 
API 
Belt 
Belt 

I i ' I ' : I ; ' ' ,I : ' I ' I ! ' : II : : ' I i I ' ' I : ' ' ~ ' " : .! I I ' ' " ' i' I ' I i ' : ; ; ; ' 
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Skimming is a common operation utilized extensively in industrial 
waste treatment systems and is used by 94 plants in the metal 
finishing data base. These are identified. in Table 7-67. 

! 
I 

TABLE 7-67 I 

METAL FINISHING PLANTS EMPLOYING SKIMMING 

01063 
04233 
04892 
06041 
06051 
06058 
06062 
06084 
06086 
06116 
06679 
07001 
09047 
09181 
11113 

12080 
12091 
13324 
14001 
14062 
15010 
15033 
16032 
17030 
18091 
18538 
19106 
20001 
20064 
20075 
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20471 
2Q483 
20708 
22031 

j,,,,, "' " 

2~075 
2~031 
25339 
28075 
28115 
28116 
28125 
30050 
30079 
3q135 
30150 

33178 
33179 
33292 
35001 
.36074 
36102 
36131 
36155 
36623 
38040 
38050 
38217 
40070 
41084 
41115 



TABLE 7-67 (Continued) 
METAL FINISHING PLANTS EMPLOYING SKIMMING 

11129 20106 30151 44062 
11137 20157 30153 46025 
11152 20158 30516 46032 
11477 21059 31040 46713 
12007 20165 31067 47025 
12033 20173 33024 47048 
12042 20177 33050 47049 
12075 20249 33120 6019 
12076 20254 33127 20103 

Segregated Oily Waste Treatment System Performance for Oils ------
Option 1 

Figure 7-31 presents the Option 1 system performance data base 
for segregated oily waste treatment systems that were sampled. 
From these data a mean effluent concentration of 23.8 mg/1 was 
established for oil and grease in the Option 1 segregated oily 
waste treatment system. Long term self-monitoring data means 
are presented in Table 7-68. 

Oil and grease performance for segregated oily wastewater was 
calculated for Option 1 using the mean effluent concentration from 
EPA sampled plants and the Option 1 combined oily waste 
variability factors. Performance is summarized below: 

OIL AND GREASE PERFORMANCE SUMMARY 
SEGREGATED OILY ~TASTE - OPTION 1 

Mean Effluent Concentration 
Daily Variability Factor 
10-·Day Var iabi 1 i ty Factor 
Daily Maximum Concentration 
Monthly Maximum Average Concentration 
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23.8 mg/t 
4.36 mg/t 
2.18 mg/t 

104 mg/t 
52 mg/t 
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Plant 
ID 

06116 
12076 
13042 
20158 
20254 
20698 
33692 

TABLE 7-68 
EFFLUENT OIL AND GREASE SELF-MONITORING PERFORMANCE DATA 

SEGREGATED OILY WASTEWATER - OPTION 1 

Number 
of Points 

100 
25 

142 
35 
10 

186 
~ 

Mean Effluent 
Concentration (mg/Pl 

287.4 
23.4 
52.8 
8.3 

104.8 
9.2 

26.2 

OVERALL 533 (Total) 74.70 (Mean) 
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SEGREGATED OILY WASTES TREATMENT SYSTE~ - ALTERNATIVE TO 
OPTION 1 I 

I 

' The alternative treatment system for segregated oily wastes is 
illustrated in Figure 7-32. The system consists of an ultra
filtration unit. The ultrafilter's purpose is to reclaim oils 
from wastewater which is to be ultimately discharged. 
The ultrafiltration unit removes quantities, of oil and toxic 
organics as well as removing metals and other solids. 

Ultrafiltration 

Ultrafiltration (UF) is a process using semipermeable 
polymeric membranes to separate emulsified or colloidal 
materials dissolved or suspended in a liquid phase by pressuriz
ing the liquid so that it permeates the membrane. The membrane 
of an ultrafilter forms a molecular screen which separates 
molecular particles based on their differences in size, shape, 
and chemical structure. The membrane permits passage of 
solvents and lower molecular weight solutes while barring 
dissolved or dispersed molecules above a predetermined size. 
At present, an ultrafilter is capable of removing materials 
with molecular weights in the range of l,oop to 100,000. 

[ 
I 

In the ultrafiltration process, the feed solution is pumped 
through a tubular membrane unit. Water and: some low molecular 
weight materials pass ~hrough the membrane under the applied 
pressure of .767 kg/em (10 to 100 psig). Emulsified oil 
droplets and suspended particles are retained, concentrated, 
and removed continuously. In contrast to ordinary filtration, 
retained materials are washed off the membrane filter rather 
than held by the filter. Figure 7-33 illus~rates the ultra
filtration process. 

The pore structure of the membrane acts as a ~ilter, passing 
small particles, such as salts, while blocking larger 
emulsified and suspended matter. The pores: of ultrafiltration 
membranes are much smaller than the blocked particles. There
fore, these particles cannot clog the membr~ne structure. 
Clogging of the membrane by particles near the minimum removal 
size can be minimized by proper selection ot the membrane to 
suit the wastewater to be treated. 

Once a membrane is chosen that provides maximum attainable 
removal of the desired particles, the next ~ost important 
design criterion is the membrane capacity. Here the term 
is used. Flux is the volume of water passed through the 
membrane area per unit time. The standard units are cu 
m/day/sq m (gpdjsq ft). The typical flux is 4.2 to 844 cu 
mjday/sq m (5 to 1000 gphjsq ft). Both mem:brane equipment 
operating costs increase with the membrane ~rea required. 
is, therefore, desirable to maximize flux. 
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Membrane flux is normally dependent on operating pressure, 
temperature, fluid velocity, solids concentration (both total 
dissolved soli~s and total suspended solids}, membrane permea
bility, membrane thickness, and fluid viscosity. Membrane 
flux is also affected by the surface tension of the solution 
being processed. With a fixed geometry, membrane Elux will 
increase as the fluid velocity is increased in the system. 
This increase in fluid velocity wirl require greater capacity 
and more horsepower. Less membrane ar.ea is, therefore, 
required per unit of effluent to be treated with higher fluid 
velocities; membrane replacement and initial capital costs 
decrease. Opposing these cost decreases is the increase in 
power and its resultant cost, and the fact that these operating 
conditions may decrease membrane life, resulting in higher 
maintenance costs. 

Application 

Ultrafiltration is employed in metal Einishing plants for the 
separation of oils, toxic organics, and residual solids. The 
major applications of ultrafiltration in the metal finishin9 
industries have been to electropainting wastes and oily waste
waters. Successful commercial use has been proven for the 
removal of emulsified oils from wastewater and Eor ~ecovery of 
rinse water and detergent solutions in phosphate washers. 
Recovery operations are common because of the increasing value 
of oils, but ultrafiltration is used for end-of-pipe treabnent 
in industrial plants. 

Ultrafiltration is a proven technique for the removal of oily 
or paint contaminated wastes from the process waste streams. 
This permits reuse of both the permeate and concentrate. With 
segregated oily wastes, the concentrate is essentially the 
recovered oils and application of ultrafiltration for this 
purpose is increasing. Ultrafiltration of the waste from 
electropainting (electrocoating} provides an excellent example 
of this process. Car manufacturers and many other u.s. 
companies use electropainting for priming purposes. In this 
application, the ultrafiltration unit splits the electro
painting rinse water circulating through the unit-into a 
permeate stream and paint concentrate strea1n. The permeate is 
reused for rinsing, and the concentrate is returned to the 
electropainting bath. 

Bleeding a small amount of the ultrafiltrate, which contains 
low suspende·d solids and generally two or three percent of 
organic solids, to the waste system enables ionic contaminants 
to be removed from the paint itself. Situations where tanks
of 150,000 to 190,000 liters (40,000 to 50,000 gallons} of 
paint were periodically dumped because of contamination have 
now been eliminated by using ultrafiltration, thus reducing 
effluent problems arising from this dumping process. 
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The permeate or effluent from the ul trafi
1
1 tration unit is 

normally of a quality that can be reused in industrial applica
tions or discharged directly. 

Ultrafiltration is sometimes an attractive alternative to 
chemical treatment because of lower capital equipment, 
installation, and operating costs with a ~ery high oil removal 
efficiency. Little, if any, pretreatment is required and 
because of its compact equipment, it utilizes only a small 
amount of floor space. 

A limitation of ultrafiltration for treatment of process 
effluents is its narrow temperature range' ( l8°C to 70°C) for 
satisfactory operation. Membrane life is' decreased with 
higher temperatures, but flux increases at elevated temperatures. 
Therefore, surface area requirements are ~ function of temperature 
and become a tradeoff between initial costs and replacement 
costs for the membrane. In addition, ult~afiltration is limited 
in its ability to handle strong oxidizing agents, some solvents, 
and other organic compounds which can cause dissolution of the 
membrane. 

The reliability of an ultrafiltration system is dependent on 
the application of proper filtration to ihcoming waste streams 
to prevent membrane damage. The tubular membrane configuration 
does not require prefiltration. A limite~ amount of regular 
maintenance is required for the pumping s;ystem. In addition, 
membranes must be periodically changed. i 

I 

Ultrafiltration is used primarily for recovery of solids and 
liquids. It therefore eliminates solid w~ste problems when 
the solids (e.g., paint solids) can be recycled to the process. 
Otherwise, the stream containing solids m'ust. be treated by 
additional end-of-pipe equipment. 

Demonstration Status 
I 

The ultrafiltration process is well develbped and is commercially 
available for the treatment of wastewater' or the recovery of 
certain liquid and solid constituents. Ultrafiltration is 
used at 20 plants in the present Metal Finishing Category data 
base and these are identified in Table 7-69. 

' 

TABLE 7-69 
METAL FINISHING PLANTS EMPLOYING ULTRAFILTRATION 

06062 
06071 
06102 
12065 
12074 
13041 
13324 
15193 
19462 
23076 

25010 
30100 
30516 
31022 
31032 
33092 
33617 
36074 
38217 
44048 
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Segregated Oily Waste Treatment System Performance - Alternative 
to Option 1 

' 
The raw waste and effluent concentrations of oil and grease for 
streams entering into and discharged from ultrafiltration systems 
in the data base are displayed in Table 7-70. The performance 
(removal efficiency) of these ultrafiltration systems is tabulated 
for oil removal. Removal performance was calculated by computing 
the percentage of oil removal at each plant using ultrafiltration 
and then finding the mean of the individual performances. The 
removal perfc1rmance was calculated by the following formula: 

Removal Efficiency = (raw waste effluent) 100 ,, 
raw waste 

TABLE 7-70 

ULTRAFIL.TRATION PERFORMANCE DATA FOR OIL & GREASE REMOVAL 

Plant 
ID 

13041-22-0 
13041-22-1 
13041-22-2 
13324-21-0 
15193-21-0 

Oil & Grease concentration (mg/t) 
_In_ Out 

95.0 
1, 540. 
38.180. 
31.000. 
1, 380. 

22.0 
52.0 
267. 
21.4 
39.0 

Mean Removal Efficiency 
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Removal 
Efficiency(%) 

76.8 
96.6 
99.3 
99.9 
97.2 

94.0% 
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SEGREGATED OILY WASTE TREATMENT SYSTEM - POLISHING TECHNIQUES 

The Option 1 treatment system for oil and grease removal from 
segregated oily wastes with the addition of polishing techniques 
is illustrated in Figure 7-34. As shown. the,system is comprised 
of the components that make up the Option 1 oily waste treatment 
system (or its alternative) with the addition of a final polishing 
component. A reverse osmosis unit has been identified as a 
possible polishing technique because it will remove additional 
oils not removed by the Option 1 system. In the case of reverse 
osmosis heavy loadings of oil will render the unit ineffective 
because oil can plug the membrane of a reverse osmosis system. As 
with the Option 1 system. the effluent from the polishing waste 
treatment components is directed to the solids removal components 
of the metal waste treatment system. to reuse or discharge as 
applicable. 

The following paragraphs describe a reverse osmosis technique 
applicable for the treatment of segregated oily wastes for 
polishing. 

Reverse Osmosis 

Reverse osmosis, which is explained in detail .in Section 
XIII, 1t Innovative Treatment Technologies 11

, is .the process of 
applying a pressure to a concentrated solutiori and forcing a 
permeate through a semipermeable membrane into a dilute solution. 
This principle has found use in treating oily wastes. In terms of 
oily wastewater, reverse osmosis is used primarily as a polishing 
mechanism to remove oils and metals that are still remaining 
after treatment such as emulsion breaking or ultrafiltration. 
Examples of reverse osmosis performance are sh,own in Table 7-71. 

Parameter 

Oil&Grease 
TOC 
BOD 
TSS 
Iron 

TABLE 7-71 
REVERSE OSMOSIS PERFORMANCE (mg/1) 

30166 38040 
Day 1 

Influent Effluent Influent 

117. 8.5 
371. 78. 
183. 60. 
9.6 1.2 

10.6 
139. 
60. 
37. 
1. 91 
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Eff'luent 

4.1 
94 .! 

58. 
14.: 
.182 

38040 
Day 2 

Influent 

129. 
116. 
2 7. 
13. 
1. 94 

Effluent 

41. 
108. 
53. 
1.0 
• 22 
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ADDITIONAL OILY WASTE TREATMENT TECHNOLOGIES 
' 

In addition to the treatment methods presented there are several 
other alternative technologies that are applicable for the 
treatment of oily wastewater. The following paragraphs describe 
these technologies: coalescing, flotation, centrifugation, 
integrated adsorption, and thermal emulsion breaking. 

Coalescing 

Tha,basic principle of coalescing involves the preferential 
wetting of a coalascing medium by oil droplets which accumulate 
on the medium, and .. th.er1, t;'~§~ to the surfac:e of the solution. 
The most important requirements for coalescing media are 
wettability for oil and large surface area. 

Coalescing stages may be integrated with a wide variety of 
gravity oil separation devices, and some systems may incor
porate several coalescing stages. In gen~ral, the provision 
of preliminary oil skimming treatment is desirable to avoid 
overloading the coalescer. One commercially marketed system 
for oily waste treatment (See Figure 7-35) combines coalescing 
with gravity separation. In this unit, the oily waste enters 
the separator where the large droplets immediately move to the 
top surface of the separator because of the specific gravity 
differential. The smaller droplets enter the corrugated plate 
area where laminar flow produces coalescing of the oil droplets. 
The oil droplets deposit on the surface of the plates and 
stream upward through weep holes in the plates to the surface, 
where adjustable skimmers remove the oil. Heavy solids are 
deposited in the entrance chamber before fhe oiiy wastewa~er 
enters the plate area. 
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Application 

Coalescing is used in the Metal Finishing Category for treatment 
of oily wastes. It allows removal of oil droplets too finely 
dispersed for conventional gravity separation/skimming technology. 
It can also significantly reduce the residerice times (and 
therefore separator volumes) required to achieve separation of 
oil from som~ wastes. Because of their simplicity, coalescing 
oil separators provide generally high reliability and low 
capital and operating costs. Coalescing is.not generally 
effective in removing soluble or chemically stabilized emulsi
fied oils. To avoid plugging, coalescers m~st be protected by 
pretreatment from very high concentrations of free oil and 
grease and suspended solids. Frequent replacement of prefilters 
may be necessary when raw waste oil concent~ations are high. 

Coalescing is inherently highly reliable because there are no 
moving parts, and the coalescing substrate is inert in the 
process and therefore not subject to frequent regeneration or 
replacement requirements. Large loads or inadequate prior 
treatment, however, may result in :pl U<;;Jg~I"l<J or: by.J?(3:13S ~119 ?~ 
coalescing. ·Maintemance.~r.equireme~f.s ·a.re generally 1im:Lted 
toreplacement o~ the coalescing medium on ah intrequent basis. 

No appreciable solid waste is generated by this process, but 
when coalescing occurs in a gravity separat6r, £he normal 
solids accumulation is experienced. 

Performance 

The analysis results of samples taken before and after a 
coalescing gravity separator at Plant ID 38217 are shown below 
(Concentrations are in mg/1). 

Parameter 

Oil & Grease 
TOC 
BOD 
TSS 

Plant ID 38217 (mg/1) 

Day 1 
Raw Effluent 

8320. 
923. 
2830. 
637. 

490. 
1050. 
2950. 
575. 

Demonstration Status 

Day 2 
Raw' Effluent 

4240. 

1980. 
1610. 

619. 
535. 
1530. 
620. 

Coalescing has been fully demonstrated in the Metal Finishing 
Category and in other industries that generate oily wastewater. 
Coalescers are used at 3 facilities in the present data base: 
Plant ID's 14001, 20173, and 38217. 1 
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Flotation 

Flotation, as was explained in the "Treatment of Common Metals 
Wastes" section, is the process of causing particles such as 
oil or metal hydroxides to float to the surface of a tank 
where they can be concentrated and removed. This is brought 
about by releasing gas bubbles which attach themselves to the 
particles, increasing their buoyancy, causing them to rise to 
the surface and float. Flotation units are commonly used in 
industrial operations to remove free and emulsified oils and 
grease. For these applications in the Metal Finishing Category, 
the flotation technique commonly referred to as dissolved air 
flotation (DAF') is employed. Dissolved air flotation utilizes 
the emulsion breaking techniques that were previously discussed 
and in addition uses the bubbles of di~solved air to assist in 
the agglomeration of the oily droplets and to provide increased 
buoyancy for iaising the oily droplets to the surface. A 
typical dissolved air flotation system is shown in Figure 
7-36. 

Application 

The use of dissolved air for oily waste flotation subsequent 
to emulsion bteaking can provide better performance in shorter 
retention times (and therefore smaller flotation tanks) than 
with emulsion breaking without flotation. A small reduction 
in the quantity of chemical for emulsion breaking is also 
possible. Dissolved air flotation units have been used success
fully, in conjunction with further subsequent processes, to 
reclaim oils for direct reuse and/or use as power plant fuels 
in the Metal Finishing Category. 

Performance 

The performance of a flotation system depends upon having 
sufficient air bubbles present to float essentially all of the 
suspended solids. An insufficient quantity of air will result 
in only parti~l flotation of the solids, and excessive air 
will yield no improvement. The performance of a flotation 
unit in terms of effluent quality and solids concentration in 
the float can be related to an air/ solids ratio. The shape 
of the curve obtained will vary with the nature of the solids 
in the feed. 
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The results of sampling done at Plant ID 33692 are presented 
below (Concentrations are in mg/1). 

Plant ID 33692 (mg/1) 

Day 1 Day 2 

Parameter Influent Effluent. -Influent Effluent 

Oil & Grease 412. 108. 65.8 28.9 
TOC 3000. 132. 98. 86. 
BOD 130. 78. 31. 24. 
TSS 416. 210. 166. 103. 

Demonstration Status 

Flotation is used in 25 facilities in the present data base 
and these are identified in Table 7-42. 

Centrifugation. 

Centrifugation is the process of applying a centrifugal force 
to cause the separation of materials. This force is many 
times the force of gravity so it allows for solids separation 
in a much shorter time than that required by settling. When a 
suspension is centrifuged, the components of the solution with 
the greatest specific gravity accumulate at the farthest 
distance from th~ axis of the centrifuge and those with the 
least specific gravity are located nearest the axis. So when 
oily wastes containing suspended solids are centrifuged, the 
solids portion. collects at the outside of the centrifuge, the 
oil forms the inner~ost layer, and the water portion is sand
wiched in between. The different layers that are formed can 
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then be collected separately. Centrifuges are currently avail
able that have been specifically designed to separate either 
oil/water mixtures or oil/solids/water mixtures. Centrifugation 
equipment is in use as a pretreatment technique to separate 
oil/water mixtures prior to further wastewater treatment. 

The performance of the centrifuge at plant ID 19462, which 
employs centrifugation to lower the oil qoncentration of the 
wastewater prior to further oil removal by ultrafiltration, 
was established by sampling the influent 'and effluent streams. 
The results are presented below (Concent~ations are in mg/1). 

! 

Plant ID 19462 (mg/1) ! ---- .. _ t 

Day 1 Day 2 

Parameter In Out :En Out 

Oil and Grease 373,280 3402 14,639 1102 
TSS 6866 1266 8938 1154 

I 

A detailed discussion on the various types of centrifuges is 
presented under the heading "Treatment o~ Sludges". 

i"'"'''""' ' " 
I 

Centrifugation is used on oily wastes by 5 plants in the 
present data base: Plant ID's 06019, 11~84, 14062, 19462, and 
30166. 

Integrated Adsorption 

Application 

The integrated adsorption process is designed for disposal oE 
materials in dilute aqueous emulsion, such as oils and paints. 
The active agent is any of several aluminum silicate-based 
formulations in powder form. This material is added to the 
wastewater, and the mixture is agitated for six minutes. 
During this period, the powder adsorbs the emulsified materials. 
Next, the solid material is allowed to settle for two minutes, 
and the water phase is then decanted through a disposable belt 
filter, leaving any unsettled solids on the filter. Finally, 
the sludge phase is ejected on the disposable belt filter, 
where it is partially dewatered. Both the belt and the material 
retained on it feed into a disposal container. The filtered 
water is collected for reuse or discharge. 

The integrated adsorption process is avaiJable as a commercial 
system. Equipment consists of a reagent feed hopper, an 
associated automatic feed device, a wastewater feed pump, a 
reaction vessel, a high-speed turbine mi~er, a disposable 
belt, a band filter, a clean water ·pump, 'a clean water tank, 
and associated controls. 
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The integrated adsorption system does not add anything to the 
processed water, the pH and salinity of which are unaffected •. 
The system is designed for automatic operation, and the sludge 
is leach-resistant because of the strong bonding of the adsorbed 
materials. The system obviates the need for other chemical 
treatment or physical separation, but it does entail both 
capital and operating expense. 

Performance 

The integrated adsorption system consistently removes greater 
than 99 percent of the paints, detergents, and emulsified oils 
in the feed stream. The sludge is 20 to 40 percent solids, 
and is strongly resistant to leaching. 

Demonstration Status 

The system is employed for treating paint booth water and 
emulsified oils by a leading European auto maker, among others. 
There are more than 100 units presently in service. 

Thermal Emulsion Breaking 

Thermal emulsion breaking is usually a continuous process. In 
most cases, however, these systems are operated intermittently, 
due to the batch dump nature of most emulsified oily wastes. 
The emulsified raw waste is collected in a holding tank .until 
sufficient volume has accumulated to warrant operating the 
thermal emulsion breaking system. One such system is an 
evaporation-distillation-decantation apparatus which separates 
the spent emulsion into distilled water, oil and other floating 
particles, and sludge (See Figure 7-36a). Initially, the raw 
waste flows from the holding tank into the main conveyorized 
chamber. Warm dry air is passed over a large revolving drum 
which is partially submerged in the emulsion. Some water 
evaporates from the surface of the drum and is carried upward 
through a filter and a condensing unit. The condensed water 
is discharged and can be reused as process makeup, while the 
air is reheated and returned to the evaporation stage. As the 
concentration of water in the main conveyorized chamber decreases, 
oil concentration increases and some gravity separation occurs. 
The oils and other emulsified wastes which separate flow over 
a weir into a decanting chamber. A rotating drum skimmer 
picks up oil from the surface of this chamber and discharges 
it for possible reprocessing or contractor removal. Mean-
while, oily water is being drawn from the bottom of the decant
ing chamber, reheated, and sent back into the main conveyorized 
chamber. This aids in increasing the concentration of oil in 
the main chamber and the amount of oil which floats to the 
top. Solids which settle out in the main chamber are removed 
by a conveyor belt. This conveyor, called a flight scraper, 
moves slowly so as not to disturb the settling action. As 
with the use of acids for chemical emulsion breaking, thermal 
emulsion breaking is more commonly used for oil recovery than 
for oily waste removal. 
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Application 

Emulsion breaking technology can be applied to the treatment 
of emulsified oil/water mixtures in the Metal Finishing Category 
wherever it is necessary to separate oils, fats, soaps, etc. 
from wastewaters. 

Advantages of.thermal emulsion breaking include an extremely 
high percentage of oil removal, the separation of floating oil 
from settleable sludge, and the production of distilled water 
which is available for process re-use. In addition, no chemical 
additives are required and the operation is fully automatic, 
factors which reduce operating costs and maintenance require
ments. Disadvantages of this system are the cost of heat to 
run the small boiler and the necessary installation of a large 
storage tank. Thermal emulsion breaking models are currently 
available to handle loads of 150, 300, and 600 gallons per 
day. 

Performance 

The performance level using thermal emulsion breaking is 
dependent prifuarily on the characteristics of the raw waste 
and proper maintenance and functioning of the system components. 
Some emulsions may contain volatile co)npounds which could. 
escape with the distilled water. In systems where the water 
is recycled back to process, however, this problem is essentially 
eliminated. Experience in at least two plants has shown that 
trace organics or other contaminants found in the effluent 
will not adversely affect the lubricants when this water is 
recycled back to process emulsions. 

Demonstration Status 

Thermal emulsion breaking is known to be in regular use in at 
least two plants (ID 04086 and 15030) manufacturing copper wire. 
The process is equally applicable to oil-water emulsions used 
in metal fini~hing plants. 
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' .. 
CONTROL AND TREATMENT OF TOXIC ORGANICS I 

INTRODUCTION 

This section presents information on the c~ntrol and treatment of 
toxic organics from spent solvents: in tot~l plant process 
wastewaters: and in segr,egated oily waste streams. This section is 
organized as follows: (1) waste solvent control options: (2) treat
ment of toxic organics for combined wastewater: and (3) treatment of 
toxic or~anics in segregated oily wastestreams. In addition. 
alternat1ve treatment methods for toxic organics control are 
presented. 1 

WASTE SOLVENT CONTROL OP'riONS 

The primary control technology for toxic organics is not to dump 
concentrated toxic organics directly into waste streams or to 
combine concentrated toxic organics with any waste that will enter 
the waste treatment system. The major source of toxic organics in 
metal finishing wastewaters are waste solvents from degreasing 
operations that have been dumped into the waste stream. The 
solution to controlling toxic organics in the wastewaters. there
fore, is to segregate concentrated toxic organics wastes for 
contract hauling or reclamation. Additionally. alternative 
techniques for solvent degreasing may be employed to reduce or 
eliminate the quantity of waste solvent generated. The following 
paragraphs discuss the segregation of waste solvents. contract 
hauling of waste solvents. and cleaning alternatives that can be 
substituted for solvent degreasing. · 

Waste Solvent Segregation 

Spent degreasing solvents should be segreg~ted from other 
process fluids to maximize the value of the solvents, to 
preclude the contamination of other segreg~ted wastes (such as 
oily wastes), and to prevent the discharge iOf priority pollu
tants to any wastewaters. This segregation can be accomplished 
by providing and identifying the necessary :storage container(s), 
establishing clear disposal procedures, training personnel in 
the use of these techniques, and checking periodically to 
ensure that proper segregation is occuring .: Segregated waste 
solvents are appropriate for on-site solvent recovery or can 
be contract hauled for disposal or reclamaiion. 

Contract Hauling 
I 

The DCP data identified several waste solvent haulers most of 
whom haul solvent in addition to their primary business of 
haulinq waste oils. The value of waste solvents seems to be 

t 
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sufficient to make waste solvent hauling a viable business. 
Telephone interviews indicate that the number of solvent 
haulers is increasing and that their operations are becoming 
more sophisticated because of the increased value of waste 
solvent. In addition, a number of chemical suppliers include 
waste hauling costs in their new solvent price. Some of the 
larger solvent refiners make credit arrangements with their 
clientele; for example it was reported that one supplier 
returns 50 gallons of refined solvent for every 100 gallons 
hauled. 

Cleaning Alternatives to Solvent Degreasing 

The substitution for solvent degreasing of cleaning techniques 
that use no solvents or use lesser amounts of solvents would 
eliminate or reduce the quantity of toxic organics that are 
found in wastewaters. Alternative cleaning methods for the 
removal of oils and grease include wiping, immersion, and 
spray (both liquid and vapor phase) techniques-using water, 
alkaline or acid mixtures, and solvent emulsions. Various 
methods of agitation, including ultrasonic and electrolytic 
are helpful wherever they are applicable. Table 7-72 presents. 
a generalized matrix of these cleaning approaches, each of 
which has the capability for cleaning oily metal parts. 

Fundamentally, the factors required to remove oil and clean 
the metal surfaces of a part are: 

1. A fluid to transport the cleaning agent to and the 
soil particles away from the surface to be cleaned. 

2. A chemical in which oily residues are soluble. 
3. Heat (temperatures above 150°F) to lower the 

viscosity of the oil and enhance the activity 
of the chemical agent. 

4. A scrubbing or wiping mechanism to physically 
remove the cleaner and soil. 

In the metal finishing industry, the factors that dictate the 
cleaning needs include: 

1. Production volume 
2. Product size 
3. Product material (eg-ferrous, non-ferrous) 
4. Product shape and complexity (eg-blind holes, internal 

corners) 
5. Degree of cleanliness required (eg-surface purity) 
6. Surface preparation required (eg-dry, oil film, 

oxide/scale-removal, oxidation resistance) 

Obviously, a single cleaning approach is not practicable for 
all of these diverse product and manufacturing requirements. 
The task of identifying feasible cleaning alternatives to 
solvent degreasing then becomes one of identifying areas which 
have similar cleaning requirements so that substitution for 
solvent degreasing is practicable. Typical areas that are 
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TABLE 7-72 
CLEANING APPROACHES 

CLEANING AGENT 

CLEANING METHOD SORBENT WATER ALKALINE ACID EMULSION SOLVENT 

WIPING 

A. Dry X 
B. Wet X X X X X 

IMMERSION 

A. Cold 

1. without agitation X X X X 

2. with agitation X. X X X 

B. Hot 

1. without agitiation X X 

2. with agitation X X' X 

SPRAY 

A. Liquid 

1. Cold X X 

2. Hot X ~ X 

B. Vapor X X X X X 
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amenable to cleaning ·techniques other than solvent degreasing 
are: 

1. Low to medium volume production levels where cleaning 
cycle time does not impact the cost of production 

2. Non-ferrous products · 
3. Simple product shapes 
4. Small parts (adaptable to automated processes) 
5. Oily film residue not objectionable 
6. No exacting surface finishing required. 

All of the previously described cleariing methods are applicable 
to some of these cleaning needs. For comparative purposes, 
these cleaning processes have been ranked on the relative 
basis of cost, quality of cleaniness, and significant environ
mental effects. This relative ranking is presented in Table 
7-73 for the five general cleaning methods. The bases for the 
criteria used for relative ranking are defined as follows: 

1. Cost - include equipment, facilities, chemicals, 
heat, power, maintenance, operation (rinsing and 
drying where applicble) and wastewater treatment. 

2. Cleanliness Quality - surface purity. 
3. Pollution - environmental effects of the process. 
4. Energy,- thermal and electrical energy requirement. 

TABLE 7-73 
CLEANING PROCESS RELATIVE RANKING 

(LOWEST NUMBER IS BEST) 

CLEANINESS ENVIRONMENTAL 
CLEANING METHOD COST QUALITY POLLUTION ENERGY COMBINED 

Solvent Degreasing 1 3 5 1 3 

Emulsion Cleaning 3 4 4 2 3 

Alkaline Cleaning 2 2 2 3 2.5 

Acid Cleaning 4 1 3 4 3.5 

Hot Water/Steam 5 5 1 5 3 
Cleaning 
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Alkaline cleaning is the most feasible substitute for solvent 
degreasing. This selection is based in part on the fact that 
the combined alkaline cleaning environmental ranking and the 
mean overall ranking are lowest. Further; data derived from 
existing cleaning processes, shows that alkaline cleaning is 
only 14% less cost effective than vapor degreasing. It is 
believed that further development of alkaline cleaners and the 
associated equipment should make its cost effectiveness equiva
lent to or better than that for solvent degreasing. The major 
advantage of alkaline cleaning over solvent degreasing is the 
elimination or reduction in the amount of ,priority pollutants 
being discharged. A major disadvantage connected with alkaline 
cleaning is the energy consumption. Another disadvantage is 
the fact that the process itself tends to dilute the oils 
removed and discharges these diluted oils as well as the 
cleaning additive, whereas ~n solvent degreasing, the oils are 
contractor hauled along with the spent solvent and not dis
charged. However, at least one firm produces a close~loop 
alkaline cleaning system oil separator that is illustrated in 
Figure 7-37. · 

This system provides in-process removal of oils and metals 
wastes which extends the useful alkaline qleaner life and 
significantly reduces treatment requirements because the spent 
cleaning solution is normally contract hauled. Only the 
alkaline solution dragout to a subsequent rinsing operation 
produces a waste that requires treatm~nt. ~est described as a 
continous-batch oil separator, the system has dual compartments 
holding caustic wash solution, each equipp~d with an oil 
skimmer and separated by a waste tank. Piping leads from each 
compartment to a series of washers and back to a pump. Auto
mated valves control flow from the pump to one of the compart
ments. One compartment continuously supplies caustic solution 
to a group of washers as the other stands for 24 hours, allowing 
heavy materials to settle to the bottom a~ sludge and permitting 
the oils to float to the surface. There, :surface oils are 
skimmed off, drained into the waste tank, and periodically 
drawn off for reclamation or reuse. While one wash solution 
in the first compartment is undergoing treatment, the clean 
solution in the other compartment is circulated to the washers. 
Four plants have these systems in operation and one installation 
has been in use since June 1975. At this facility they report 
zero discharge (via contract hauling the ~pent cleaning solu
tion) and the reclamation of 25,000 gallons of oil annually 
from a cleaning operation prior to heat treatment. The specific 
advantages of applying this type of in-process oil/metal 
treatment are as follows: 

' 
I 

1. The concentrated discharges of spent alkaline cleaning 
baths are eliminated by contract hauling the reduced 
volume of spent cleaner. 

VII-194 



~ 
1-' 
1.0 
Ul 

drain 

Oily parts 
feed 

FIGURE 7-37 

ALKALINE WASH OIL SEPARATOR 



2. Energy requirements are lowered 1 6~~ause'of ~~~er 
conservation. ' 

3. Water and air pollution resulting from alkaline 
cleaning are less than for the solvent degreasing 
operation. 

4. Oil reclamation is accomplished. 
5. Lower cleaning costs are available through the con

servation of cleaning agent and heat; less frequent 
waste hauling; the use of cold cleaners; and lowered 
treatment requirements. 
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TREATMENT OF 'rOXIC ORGANICS FOR COMBINED WASTEWATER 

Toxic organics that enter the plant process wastewater from 
various sources such as rinses and paint booth water curtains are 
usually present at lower concentrations than toxic organics in 
waste solvents or in concentrated oily wastes. 

The applicable treatment technologies for toxic organics removal 
from combined wastewater are the common metals treatment 
technologies. To the extent that these technologies. evaluated 
by the Agency for control of metals and cyanides. also remove 
toxic organics. the TTO limit should reflect the discharge from 
plants with these technologies. 

The limitations for TTO are based on total plant wastewater data 
for EPA sampled plants. EPA sampled plants cover three 
technology groupings: Option 1 {precipitation/clarification). 
Option 2 (precipitation/clarification/filtration). and other than 
Option 1 or Option 2 plants. These data are presented in Tables 
7-74 through 7-76. Option 1 plant data were used to derive the 
end-of-pipe TTO limits. The raw waste TTO limits were derived 
using the total plant raw waste data from all three groupings. 

The TTO data were evaluated on the basis of processes. products. 
type of work. pre- and post-process water quality characteristics 
to investigate combinations of plants that generate larger 
amounts of TTO than other groups. The data were classified into 
groups. namely plants that perform painting. solvent degreasing. 
painting and solvent degreasing: plants ~ith total raw waste oil 
and grease concentrations above and below 100· mg/ t; and plants 
with TTO concentrations in the supply water of above and below 
0.1 mg/t. In addition. the Agency examined job shops. 
captives. printed circuit board manufacturers. and automotive 
plants. (This classification analysis is presented in detail in 
Exhibit 2 at the back of the development document.) 

The results of this analysis showed that plants that have both 
paint and solvent degreasing operations discharge the highest TTO 
concentrations of any other process sector of the metal finishing 
industry. The painting and solvent degreasing plants were used 
to establish an overall mean. The daily variability factor was 
derived usinq the data from plants involved in painting or 
degreasing. Long term self-monitoring for TTO were not available 
for the industry (primarily because plants typically had not been 
required to monitor for organics in the past). Considering the 
high cost of TTO monitoring. no 10-day variability fact,ors or 
monthly maximum averages were developed for TTO. The results of 
the statistical calculations of the TTO daily maximum limitations 
are summariz,ed below: 
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Mean TTO effluent concentration 
Daily variability factor . 
Daily maximum effluent concentration; 

TTO RAW WASTE LIMITATIONS 

Mean TTO effluent concentration 
Daily variability factor 
Daily maximum raw waste concentration 

0.434 mg/l 
4.91 mg/l 
2 .~ ,13 1II<} I l 

1.08 mg/l 
4.23 m:(Jtt · · 
4.57 mg/l 

Percentile distribution graphs for TTO Option 1 effluent data and 
for TTO total raw waste data are presented in Figures 7-38 and 
7-39, respectively. As is evident from these graphs, compliance 
with the TTO effluent limits and with the TTO raw waste limits is 
100 percent when data, which are considere.d indicative of 
improper disposal of to;dc organics, are e,xcluded. 
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TABLE 7-74 

ME:TAL FINISHING CATEGORY PERFORMANCE DATA FOR TTO 

OPTION 1 

Raw waste Effluent 
Data Concentration concentration 

Point (mg/t) (mg/t) Plant ID 

1. NA 0.019 6091-15-0 

2. NA 0.001 6091-15-1 

3. NA 0.019 6091-15-2 

4. NA 0.037 12061-14-·0 

5. NA 0.025 19068-1.4-0 

6. NA 0.430 20005-21-0 

. 7. NA 0.007 27046-15-2 . 

8. NA , 0. 007 34050--15-:-0 

9. NA 0.020 34050-15-·1 

10. NA 0.007 34050-15-2 

11. NA 0.485 6019 

12. 0 0 9025-15-0 

13. 0.002 0.004 20083-15-0/1 

14. 0.003 0.004 20083-15-2/3 

15. 0.003 0.007 20083-15-4/5 

16. 0.006 0.005 12061-15-0 

17. 0.006 0.008 12061-15-2 

18. 0.007 0.009 20022-15-2 

19. 0.008 0.016 20022-15-1 

20. 0.009 0.005 6110--15-1 

21. 0.009 0.006 6110-15-·2 

22. 0.009 0.010 9052-15-0 

23. 0.010 0.006 6110-15-0 

24. 0.012 0.007 9052-15-2 

25. 0.014 0.008 21003-15-2 

26. 0.014 0.013 41051-15-0 

27. 0.01'7 0.015 15608-15-2 

28. 0.019 0.004 15608-15-0 

29. 0.020 0.008 20022-15-0 

30. 0.020 0.024 41051-15-1 

31. 0.022 0.254 4069-15-0/1 

32. 0.023 0.012 41051-15-2 

33. 0.030 0.014 12061-15-1 

34. 0.031 0.207 2032-·15-2 

35. 0.034 0.002 21003-15-0 

36. 0.036 0.020 1'7061-15-1 

37. 0.038 0.013 15608-15-·1 

38. 0.040 0.002 9052-·15-1 

39. 0.040 0.035 21003-15-1 

40. 0.043 0.032 4071-15-0 

41. 0.059 0.038 6960-15-4/5 

42. 0.091 NA 34051-15-0 

(Continued) 
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TABLE 7-74 (Continued} 

METAL FINISHING CATEGORY PERFORMANCE DATA FOR TTO 

OPTION 1 

Raw liaste Effluent 
Data Concentration Concentration 
Point (mq/R.) (mq/R.} Plant ID 

43. 0.095 0.016 34051-·15-1 
44. 0.097 0.203 6090-14-0 
45. 0.097 0.003 38051-15-2 
46. 0.098 ~o. 22a 44062--15-0 
47. 0.099 '0.180 38052-·15-0 
48. 0.104 0.056 6960- 15-·0/1 
49. 0.107 0.081 44062-15-·2 
50. 0.109 ;0 .081 2032-·15-5 
51. 0.110 ,o .122 44062-15-·1 
52. 0.111 ,0 .007 34051--15-2 
53. 0.113 :O .131 4069-15-2/3 
54. 0.120 t ,0 .017 19068-·15-1 
55. 0.130 0.093 4071--15-3 
56. 0.133 0.040 4071- 15-1 
57. 0.140 0.130 30165--21-0 
58. 0.141 0.034 17061-15-3 
59. 0.178 0.322 4069-15-4 
60. 0.192 0.012 38052-15-1 
61. 0.200 0.109 38052-15-·2 
62. 0.202 b.016 19068-·15-2 
63. 0.204 :o .144 6960-15-2/3 
64. 0.224 0.007 38051-15-·0 
65. 0.251 0.008 9025-15-·1 
66. 0.259 0.005 38051-15-1 
67. 0.283 NA 4282-21-0 
68. 0.289 18.005 9025-15-2 
69. 0.364 0.067 30054-15-0. 
70. 0.400 0.002 27046--15-1 
71. 0.426 0.012 27046-15-0 
72. 0.41'3 0.483 6019 
13. 0.486 0.052 6090-15-1 
14. 0.769 0.140 30054-15-1 
15. 0.888 0.699 17061-14-1 
16. 1.161 b.082 2032-15-0 
17. 1.287 p.109 30054-15-·2 
18. 1.619 1).643 28699-21-·0 
19. 1.938 1).181 20 103-21-·0 
80. 8. 46·6 ~7.355 6090-15-2 
81. 12.866 20103-21-1 
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Data 
Point 

1. 
2. 
3. 
4. 
5. 
6. 
1. 
8. 
9. 

10. 
11. 

TABLE 7-75 
~IETAL FINISHING CATEGORY PERFORMANCE DATA FOR TTO 

OPTION 2 

Raw, Waste Effluent 
concentration Concentration 

{mg/l) {mg/l) 

NA 0.400 
NA 0.415 
NA 0.103 
NA 0.091 

0.012 0.056 
0.021 0.010 
0.028 0.043 
0.042 0.001 
0.064 0.030 
0.411 0.031 
1.083 0.003 
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Plant ID 

17050-14-0 
36048-15-0/1 
36048-15-·2/3 
36048'-15-4/5 
18538-15-·3 
12015-15-2/3 
12015-15-0/1 
12015-15-4/5 
18538-14-0 
11050-15-1 
11050-15-0 



TABLE 7-76 

METAL FINISHING CATEGORY PERFORMANCE DATA FOR TTO 
I 
I 

OTHER THAN OPTION 1 or 2 

l 
Raw waste Effluent 

Data concentration Concentration 
Point (mq/i.) ~mg/i.) 

l 

1. NA 2!.52 12065-14-1 
2. NA o;.189 12065-15-2 
3. NA 0[.153 12065--15-4 
4. NA o:.165 13042-21-1 
5. NA 0.005 19069--15--0 
6. NA o:.oo7 19069-·15-1 
7. NA 0.007 19069-·15-2 
8. NA 0.288 38040-23-0 
9. 

I 

NA 0 I. 377 38040-23-1 
10. NA 0~673 38217-23--0 

I 

11. 0.005 0•006 11108-15-1 
12. 0.007 0~001 11108-15-·2 
13. 

f,,ilil.l•''l,ll!•l'll: "' .,, ,.,l ... l',,l .. li,,,:,,•,,,'il•i'," .,,,..,,,' ., 111,,,,,,,,.,, 

0.008 0•012 40060--15-·0 
14. 0.009 0~012 40060-·15-1 
15. 0.010 0~009 11103-15-2/3 
16. 0.011 Or014 2033-15-4/5 
17. 0.011 0,005 11108--15-0 
18. O.Oll 0.009 21066-15-1 
19. 0.012 No Data 21066-15-0 
10. 0.013 0.009 11103--15-4 
21. 0.014 0.011 21066-15-3 
22. 0.028 0.014 2033-15-0/1 
23. 0.030 0.010 2033- 15-2/3 
24. 0.084 0~011 11103-·15-·0 
25. 0.285 0,257 36178-·21- 0 
26. 0.326 0,140 36178--21-1 
27. 1.09 o:823 33692-23-0 
28. 2.005 o; 120 36178--21-·2 
29. 13.50 0.433 33692- 23-·1 
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TREATMENT OF 'l?OXIC ORGANICS IN SEGREGATED OILY WASTE 

Toxic organics can be removed from wastewater streams during 
treatment for oil and grease because of their solubility in 
hydrocarbons as shown in Table 7-77. Segregated oily wastes 
treatment of <~oncentrated oily wastestreams will effectively remove 
oil and greasH. which will result in removal of toxic organics. 
However. as s1:ated previously. preventing toxic organics from 
entering the ~~astewater stream can be the most effective control. 

The technologies applicable to removing TTO in segregated oily waste 
streams include Option 1 for segregated oily wastes (emulsion 
breaking and skimming or ultrafiltration). A detailed description 
plus information on the applicability and demonstration status of 
these technologies is presented in "Treatment of Oily Waste." 

TTO performance data for Option 1 and ultrafiltration are presented 
in this section in Tables 7-78 and 7-79. 
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006 
010 
011 
013 
021 
022 
029 
030 
034 
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039 
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045 
054 
055 
059 
060 
062 
064 
065 
066 
067 
068 
070 
077 
078 
081 
085 
086 
087 

TABLE 7-77 
SOLUBILITY OF TOXIC ORGANIC PARAMETERS 

Parameter Water 
Solubility in 

Hydrocarbons 

Acenaphthene 
Carbon Tetrachloride 
1,2-dichloroethane 
1,1,1-trichloroethane 
1,1-dichloroethane 
2,4,6-trichlorophenol 
Parachlorometa Cresol 
1,1-dichloroethylene 
1,2-trans-dichloroethylene 
2,4-dimethyl Phenol 
Ethyl benzene 
Fl uoranthene 
Methylene Chloride 
Methyl Chloride 
Isophorone 
Naphthalene 
2,4-dinitrophenol 
4,6-dinitro-o-cresol 
N-nitrosodiphenylamine 
Pentachlorophenol 
Phenol 
Bis(2-ethylhexyl)phthalate 
butyl Benzyl Phthalate 
Di-n-butyl Phthalate 
Diethyl Phthalate 
Acenaphthylene 
Anthracene 
Phenanthrene 
Tetrachloroethylene 
Toluene 
Trichloroethylene 

Insoluble 
Very Slightly 
Very Slightly 
Insoluble ' 
Very Slightly 
Slightly I 
Soluble 
Slightly 
Slightly 
Soluble 
Soluble 
Insoluble 
Slightly 
Slightly 
Slightly 
Insoluble 
Slightly 
Slightly 
Insoluble 
Slightly 
Soluble 
Insoluble 

1

!, ,, 

Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Slightly 
Insoluble 

f"' 
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Soluble 
Infinitely 
Very to Infinitely 
Soluble 
Soluble 
Soluble 
Very to Infinitely 
Soluble 
Soluble 
Soluble 
Soluble to Infini 
Soluble 
Soluble 
Soluble 
Soluble 
Soluble 
Very Soluble 
Infinitely 
Soluble 
Soluble 
Infinitely 
Soluble ,,, ,,,,,soi'ubie ,,,,, 
Soluble 
Soluble 
Very Soluble 
Soluble 
Soluble 
Soluble 
Infinitely 
Infinitely 



Plant ID 

1058-22-0 
12095-·22-0 
12095-22-1 
12095-22-2 
20103-21-0 
28125-22-1 
40836-22-0' 

Plant ID 

15193-21-0 
30166-21-0 
13041-22-0 
13041-22-1 
13041-22-2 
13324-21-0 

TABLE 7-78 

TTO PERFORMANCE DATA (mg/t) FOR 
OPTION 1 SEGREGATED OILY WASTE 

Influent 

2.77 
6.14 
3.15 
6.50 
1. 94 
0.767 

21.5 

TABLE 7-79 

Effluent 

1.43 
0.996 
0.800 
0.480 
1.86 
1.076 
8.6 

TTO PERFORMANCE DATA (mg/t) FOR ULTRAFILTRATION 

Influent Effluent 

802.05 80.83 
9.93 1.41 

1037.5 14.82 
14.3 13.0 
4.84 30.8 

12.02 1.48 
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ADDITIONAL TREATMENT METHODS FOR TOXIC ORGANICS REMOVAL 
' 

Additional treatment technologies applicable for the treatment of 
TTO include carbon adsorption and reverse ~smosis (polishing 
techniques) and resin adsorption. ozonation. chemical oxidation. 
and aerobic decomposition. These technologies are described in 
detail in this subsection. 

VII-208 



Carbon Adsorption 

Carbon adsorption in industrial wastewater treatment involves 
passing the wastewater through a chamber containing activated 
carbon. The use of activated carbon has been proven to be 
applicable for removal of dissolved organics from water and 
wastewater. In fact, it is one of the most efficient organic 
removal processes available. This process is reversible, thus 
allowing activated carbon to be regenerated and reused by the 
application of heat and steam. 

The term activated carbon applies to any amorphous form of 
carbon that has been specially treated to give high adsorption 
capacities. 'l~ypical raw rna terials include coal, wood, coconut 
shells, petroleum base residues and char from sewage sludge 
pyrolysis. A carefully controlled process of dehydration, 
carbonization,. and oxidation yields a product which is called 
activated carbon. This material has a high capacity for 
adsorption, 500-1500 square meters/gram, resulting from a 
large number of internal pores. Pore sizes generally range 
from 10-100 angstroms in radius. 

Activated carbon removes organic contaminants from water by 
the process of adsorption, or the attraction and accumulation 
of one substance on the surface of another. Activated carbon 
has a preference for organic compounds and, because of this 
selectivity, is particularly effective in removing organic 
compounds from aqueous solutions. 

Some importan1: but general rules based on considerations 
relating to carbon adsorption capacity are: 

Higher sQrface area will give a greater adsorption capacity. 

Larger pore sizes will give a greater adsorption capacity 
for large molecules. 

Adsorptivity increases as the solubility of the solute 
decreases. For hydrocarbons, adsorption increases with 
molecular weight. 

Adsorption capacity will decrease with increasing 
temperature. 

For solutes with ionizable groups, maximum adsorP.tion 
will be achieved at a pH corresponding to the minimum 
ionization. 

The rate of adsorption is also an important consideration. 
For example, ·while capacity is increased with the adsorption 
of higher molecular weight hydrocarbons, the rate of adsorp
tion is decreased. Similarly, while temperature increases will 
decrease the capacity, they may increase the rate of removal 
of solute from solution. 
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Carbon adsorption requires pretreatment to~remove excess 
suspended solids, oils, and greases. Suspended solids in the 
influent should be less than 50 ppm to minimize backwash 
requirements; a downflow carbon bed can handle much higher 
levels (up to 2000 ppm), but frequent back~ashing is required. 
Backwashing more than two or three times a.day is not desirable; 
at 50 ppm suspended solids, one backwash will suffice. Oil 
and grease should be less than about 10 ppm. A high level of 
dissolved inorganic material in the effluent may cause problems 
with thermal carbon reactivation (i.e., scaling and loss of 
activity) unless appropriate preventive steps are taken; such 
steps might include pH control, softening, or the use of an 
acid waste on the carbon prior to reactivation. 

Activated carbon is available in both powd~red and granular 
form. The equipment necessary for a granular activated carbon 
adsorption treatment system consists of the following: a 
preliminary clarification or filtration unit to remove the 
bulk of suspended solids; two or three adsorption columns 
packed with activated carbon similar to the one shown in 
Figure 7-40; a holding tank located between the adsorbers; and 
liquid transfer pumps. Unless a reactivation service is 
utilized, a furnace and associated quench tanks, spent carbon 
tank, and reactivated carbon tank are nece~sary for reactiva
tion. 

I . ,. . , ... ,., .. ,., 

Powdered carbon is less expensive per unit :'hTeight than granular 
carbon and may have slightly higher adsorption capacity but it 
does have some drawbacks. For example, it is more difficult 
to regenerate; it is more difficult to handle (settling characteris
tics may be poor); and larger amounts may be required than for 
granular systems in order to obtain good contact. One innova-
tive powdered carbon system uses wet oxidation for regeneration 
instead of fluidized bed incineration. This technique has 
been applied mainly to municipal treatment but can be used in 
industrial systems. 

The necessary equipment for a two stage powdered carbon unit 
is as follows: four flash mixers, two sedimentation units, 
two surge tanks, one polyelectrolyte feed tank, one dual media 
filter, one filter for dewatering spent carbon, one carbon 
wetting tank, and a furnace for regeneratiop of spent carbon. 

I 
Thermal regeneration, which destroys adsorbates, is economical 
if carbon usage is above roughly 454 kg/day (1000 lbs/day). 
Reactivation is carried out in a multiple hearth furnace or a 
rotary kiln at temperatures from 870°C to 988°C. Required resi
dence times are of the order of 30 minutes. With proper 
control, the carbon may be returned to its original activity; 
carbon losses will be in the range of 4-9% and must be made up 
with fresh carbon. Chemical regneration may be used if only 
one solute is present which can dissolve off the carbon. This 
allows material recovery. Disposal of the carbon may be required 
if use is less than approximately 454 kg/day (1000 lbs/day) 
and/or a hazardous component makes regeneration dangerous. 

l 
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ACTIVATED CARBON AbSORPTION COLUMN 

VII-211 



A ne\'1 type of carbonaceous adsorbent is m~de 'i)y 'pyrofizing" ion 
exchange resins. These spherical adsorbe~ts appear to have 
the best characteristics of adsorbent resins and activated 
carbon. They have a greater physical strength, attrition 
resistance, and regeneration flexibility than either activated 
carbon or polymeric resins. One type is ~articularly suited 
for halogenated organics and has greater capacity than selected 
carbons for compounds such as 2-chloroethyl ether, bromodichloro
methane, chloroform, and dieldrin. Another type (based on a 
different polymeric resin) is best suited for removing aromatics 
and unsaturated hydrocarbons. A third ty~e has a particularly 
mg/1) for phenol and other relatively polar organic molecules. 
These adsorbents are commercially availabie but have not yet 
been proven in large scale operation. 

Application 

The principle liquid-phase applications of activated carbon 
adsorption include sugar decolorization; municipal water 
purification; purifications of fats, oils~ foods, beverages 
and pharmaceuticals; and industrial/municipal wastewater 
treatment. Potentially, it is almost universally applicable 
because trace organics are found in the wastewater of almost 
every industrial plant. 

The major benefits of carbon treatment include applicability 
to a wide variety of organics, with high ~emoval efficiency. 
Inorganics such as cyanide, chromium, and,mercury are also 
removed effectively. Variations in concentration and flow rate 
are well tolerated. The system is compact, and recovery of 
adsorbed materials is sometimes practical. However, destruc
tion of adsorbed co~pounds often occurs during thermal regenera
tion. If carbon cannot be thermally desorbed, it must be 
disposed of along with any adsorbed pollutants. When thermal 
regeneration is utilized, capital and operating costs are 
relatively high. Cost surveys show that thermal regeneration 
is generally economical when carbon usage exceeds about 454 
kg/day (1,000/lbday). Carbon cannot remove low molecular 
weight or highly soluble organics. It also has a low tolerance 
for suspended solids, which must be removed to at least 50 ppm 
in the influent water. 

This system should be very reliable assum~ng upstream protec
tion and proper operation and maintenance procedures. It 
requires periodic regeneration or replacement of spent carbon 
and is dependent upon raw waste load and process efficiency. 
Solid waste from this process is contaminated activated 
carbon that requires disposal. If the carbon undergoes regenera
tion, the solid waste problem is reduced because of much less 
frequent replacement. 
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Performance 

Carbon adsorption, when applied to well~treated secondary 
effluent, is capable of reducing COD to less than 10 mg/1 and 
BOD to under 2 mgjl. Removal efficiencies may be in the range 
of 30% to 90% .and vary with flow variations and different bed 
loadings. Caibon loadings in tertiary treatment plants fall 
within the range of 0.25 to 0.87 kg of COD removed per kg of 
carbon, and if the columns are operated downflow, over 90% 
suspended solids reduction may be achieved. 

Quite frequently, segregated industrial waste streams are 
treated with activated carbon. The contaminants removed 
include BOD, TOC, phenol, color, cresol, polyesters, polynitro
phenol, toluene, p-nitrophenol, p-chlorobenzene, chlorophenols, 
insecticides, cyanides and other chemicals, mostly organic. 
The flows being treated are generally small in comparison with 
tertiary systems (less than 75,700 liters/day (20,000 gpd)). 

Thermal reactivation of the carbon does not become common 
until flows are above 227,100 liters/day (60,000 gpd). Some 
installations reactivate their carbon chemically and the 
adsorbate is recovered. Recoverable adsorbates are known to 
include phenol, acetic acid, p-nitrophenol, p-chlorobenzene, 
p-cresol, and ethylene diamine. Carbon loadings approach one 
kg COD removal per kg carbon in installations where the adsorbates 
are easily adsorbed and present in relatively high concentra
tions. In other cases, where influent concentrations are 
lower and where the adsorbates are not readily adsorbed, much 
lower loadings will result. For example, it was determined 
that brine wastewaters containing 150-750 PPm phenol and 
1500-1800 ppm acetic acid could be reduced to about l ppm 
phenol and 100-200 ppm acetic acid with phenol loadings in the 
range of 0.0970.16 kg per kg and acetic acid loadings in the 
range of 0.04-0.06 kg per kg. 

From metal finishing, loadings for cyanide removal have been 
found to be on the order of 0.01 kg for influent concentrations 
around 100 ppm. Loadings for removal of hexavalent chromium 
have been shown to be as high as 0.07 kg/kg carbon at 100 ppm 
and 0.14 kg/k9 carbon at 1000 ppm. 

EPA isotherm tests have indicated that activated carbon is 
very effective in adsorbing 65 percent of the organic priority 
pollutants and reasonably effective for another 22 percent. 
Specifically, for the organics of particular interest, activated 
carbon was very effective in removing 2,4-dimethylphenol, 
fluoranthene, isophorone, naphthalene, all phthalates, and 
phenanthrene. It was reasonably effective on 1,1,1-trichloroe
thane, 1,1-dichloroethane, phenol, and toluene. Table 7-80 
summarizes the treatability effectiveness for most of the 
organic priority pollutants by activated carbon as compiled by 
EPA. Table 7-81 summarizes classes of organic compound together 
with examples of organics that are readily adsorbed on carbon. 
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TABLE 7-80 
'l'REATABILI'lY RATING OF PRIORITY' l?OLUJTliNTS UTILIZIN<;i CAR8CN AOOORPTICN 

Priori~ Pollutant '*Removal Rating Priori~ Pollutant '*Removal Rating 

1. acenaphthene H 
2. acrolein L 
3. acey loni trile L 
4. benzene M 
s. benzidine H 
6. carbon tetrachloride M 

( tetrachloromethane) 
7. chlorobenzene H 
8. 1,2,4-trichlorobenzene H 
9. hexachlorobenzene H 
10. 1,2-dichloroethane M 
11. 1,1,1-trichloroethane M 
12. hexachloroethane H 
13. 1,1-dichloroethane M 
14. 1,1,2-trichloroethane M 
15. 1,1,2,2-tetrachloroethane H 
16. chloroethane L 
17. bis(chloromethyl)ether 
18. bis(2-chloroethyl)ether M 
19. 2-chloroethyl vinyl ether L 

(mixed) 
20. 2-chloronaphthalene H 
21. 2,4,6-trichloropheool H 
22. parachlorometa cresol H 
23. chloroform (trichloromethane) L 
24. 2-chloropherol H 
25. 1,2-dichlorobenzene H 
26. 1,3-dichlorobenzene H 
27. 1,4-dichlorobenzene H 
28. 3,3'-dichlorobenzidine H 
29. l,1-dichloroethy1ene L 
30. 1, 2-trans-dichloroethylene L 
31. 2,4-dichlorophenol H 
32. 1,2-dich1oropropane M 
33. 1,2-dichlorc:.prq:lylene M 

(1,3,-dichloropropene) 
34. 2,4-dimethylphenol H 
35. 2,4-dinitrotoluene H 
36. 2,6-dinitrotoluene H 
37. 1,2-diphenylhydrazine H 
38. ethylbenzene M 
39. fluoranthene H 
40. 4-chlorophenyl phenyl ether H 
41. 4-brarophenyl phenyl ether H 
42. bis(2-chloroisopropyl)ether M 
43. bis(2-ch1oroethoxy)methane M 
44. methylene chloride L 

(dichloromethane) 
45. rrethyl chloride (chloromethane) L 
46. methyl· branide (bran::methane) L 
4 7. braroform ( tribran::methane) H 
48. dichlotobra10methane M 

* ~: Explanation of Re!roval RAtings 

Category H (high rem::>val) 
adsorbs at levels ~ 100 mg/g ca1~bon at cf = 10 mg/1 
adsorbs at levels ~ 100 mg/g ca1:bon at Cf < 1.0 mg/1 

<:ateqorv M (!I'Cderate rerroval) 
adsorbs at levels ~ 100 mg/g carbon at Cf = 10 mg/1 
adsorbs at levels ~ 100 ;tXJ/g ca1~bon at Cf < 1. 0 mg/1 

Category L (low rerroval) 
adsorbs at levels < 100 mg/g carbon at cf = 10 mg/1 
adsorbs at levels < 10 mg/g carbon at cf < 1.0 mg/1 

49. trichlorofluoranethane 
so. diChlorodifluorometl1ane 
51. chlorodi.bratr:::rnethane 
52. hexachlorobutadiene 
53. hexachlorocyclopentadiene 
54. i.Sq>horone 
55. ~thalene 
56. nitrobenzene 
57. 2~nitrophenol 
58. 47nitropheool 
59. 2;4-dinitrophenol 
60. 4 ~ 6-dini tro-o-cresol 
61. ~nitrosodimethylamine 
62. ~nitrosodiphenylamine 
63. ~nitrosodi-n-propylamine 
64. pentachlorophenol 
65. pheool 
66. bis ( 2-ethylhexyl )phthalate 
67. butyl benzyl phthalate 
68. di-n-butyl phthalate 
69. di-n-octyl phthalate 
70. d:i,~j:hyl phthalate 
71. dimethyl phthalate 
72. 1 t 2-benzanthracene ( benzo 

(a) anthracene) 
73. benzo (a )pyrene ( 3, 4-benzo-

pj'rene) 
74. 31 4-benzofluoranthene 

(Qenzo(b)fluoranthene) 
75. 11,12-benzofluoranthene 

(Qenzo(k)fluoranthene) 
76. chrysene 
77. ac;enaphthylene 
78. aqthracene 
79. 1;12-benzoperylene (benzo 

(<jhi)-perylene) 
80. fluorene 
81. phenanthrene 
82. 1,2,5,6-dibenzathracene 

(dibenzo (a,h) anthracene) 
83. irlCeno ( 1, 2, 3-cd) pyrene 

(2,3-o-phenylene pyrene) 
84. pyrene 
as. tetrachloroethylene 
86. toluene 
87. ~ichloroethylene 
88. viny 1 chloride 

(chloroethylene) 
106. PGB-1242 (Arochlor 1242) 
107. PdB-1254 (Arochlor 1254) 
108. PCB-1221 (Aroch1or 1221) 
109. PCB-1332 (Arochlor 1232) 
110. pqB-1248 (Arochlor 1248) 
111. PCB-1260 (Arochlor 1260) 
112. P¢B-1016 (Arochlor 1016) 

Cf • final concentrations of priority pollutant at equilibrium 
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TABLE 7-'81 

CLASSES OF OffiANIC ID.-1POUNDS ADSORBED ON CARBON 

Organic Chemical Class 

Aromatic Hydrocarbons 

POlynuclear Aran1atics 

Chlorinated Aromatics 

Phenolics 

Chlorinated Phenolics 

*High Molecular Weight Aliphatic and 
Branch Chain Hydrocarbons 

Chlorinated Aliphatic Hydrocarbons 

*High Molecular Weight Aliphatic Acids 
and Aroma tic Acids 

*High Molecular Weight Aliphatic·Amines 
and Aromatic Amines 

*High Molecular Weight Ketones, Esters, 
Ethers & Alcohols 

Surfactants 

Soluble Organic Dyes 

Examples of Chemical Class 

benzene, toluene, xylene 

naphthalene, anthracene 
biphenyls 

chlorobenzene, polychlorinated 
biphenyls, aldrin, endrin, 
toxaphene, Dur 

phenol, cresol, resorcenol 
and polyphenyls 

trichlorophenol, pentachloro
. phenol 

gasoline, kerosine 

1,1,1-Trichloroethane, tri
chloroethylene, carbon tetra
chloride, perchloroethylene 

tar acids, benzoic acid 

aniline, toluene diamine 

hydroquinone, polyethylene 
glycol 

alkyl benzene sulfonates 

methylene blue, Indigo carmine 

* High Molecular Weight includes canpounds in the range of 
4 to 20 carbon atoms 
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Samples were taken of influent and effluent streams around the 
carbon adsorption unit at Plant ID 38040. The results of this 
sampling are presented in Table 7-82. 

TABLE 7-82 
PERFORMANCE OF CARBON ADSORPTION A.T PLANT 38040 

(mg/1) ' 

Day 1 Day 2 

Parameter Influent Effluent Influent Effluent 

oil and Grease 4.1 3.3 41.0 2.0 
BOD 58.0 * 53.0 8.0 
TOC 93.9 87.7 108.0 77.5 
TSS 14.0 11.0 1.0 9.0 
TTO 1.02 0.29 1.40 0.38 

* Lab analysis experienced interference 

Demonstration Status 

Carbon adsorption systems have been demonitrated to be practical 
and economical for the reduction of COD, BOD and related 
parameters in secondary municipal and industrial wastewaters; 
for the removal of toxic or refractory organics from isolated 
industrial wastewaters; for the removal and recovery of certain 
organics from wastewaters; and for the removal, at times with 
recovery, of selected inorganic chemicals .from aqueous wastes. 
Carbon adsorption must be considered a viable and economic 
process for organic waste streams containing up to 1-5% of 
refractory or toxic organics; its applicability for removal of 
inorganics such as metals, although demonstrated in a few 
cases, is probably much more limited. 

Carbon adsorption is being used in 10 plants in the present 
Metal Finishing Category data base. These plants are identified in 
Table 7-83. 

TABLE 7-83 
METAL FINISHING PLANTS EMPLOYING CARBON ADSORPTION 

04236 
04690 
12065 
14062 
17061 

18538 
19120 
25033 
31044 
38040 
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Reverse Osmosis 

A detailed description of reverse osmosis along with information 
on general applicability and demonstration status are presented in 
"Treatment of 'oily Waste." Reverse osmosis or carbon adsorption 
are considered effective polishing techniques for wastewaters 
containing toxic organics. 

Performance Data 

Table 7-84 prE!sents the performance data for TTO for reverse 
osmosis. 

Plant ID 

38040-23-0 
38040-23-·1 
30166-·21-0 

TABLE 7-84 

TTO PERFORMANCE DATA (mg/t) FOR REVERSE OSMOSIS 

Influent 

4.301 
0.887 
1. 413 
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Effluent 

1.018 
1.401 
0. 77.4 



Resin Adsorption 

I . 
i 

Adsorption of trace organics on synthetic resins is similar to 
adsorption on activated carbon. The basic materials are different 
and the means of regeneration are different. A potential 
advantage is that resins are more easily tailored for removal of 
specific pollutants. 

The resins are generally microporous styiene-divinylbenzenes. 
acrylic esters. or phenol-formaldehydes. · Each type may be 
produced in a range of densities. void volumes. bulk densities. 
surface areas. and pore sizes. The form~ldehyde resins are 
granular. and the others are in the form of beads. 

Adsorptive resins are in limited commercial use for removal of 
priority and other organics. There are existing operations for 
removal of phenols in two plants (one in :rndiana and the other at 
a coal liquefaction plant in West Virginia). for removal of fats 
at a food processing plant. and for removal of organic dyes at 
several plants. Pilot plant operations have been designed for 
removal of trinitrotoluene. 2.4-dinitrotoluene. cyclomethylene
trinitramine. cyclotetramethylenetetranitramine. Endrin. other 
pesticides. laboratory carcinog~ns (unspecified). 2.4-dichloro
phenol. ethylene dichloride. and vinyl chloride. In a non
industrial application. organic carbon removal efficiency 
decreased from 58 percent to 40 percent during a through-put of 
s.ooo bed volumes. with an input concentration of about 6 mg/~. 

Regeneration of the resins is done chemically. while regeneration 
of activated carbon is thermal. The chemical may be an inorganic 
acid. base. or salt. or an organic solvent such as acetone. 
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Ozonation 

Ozone is effective in the treatment of phenols. It is about 
twice as powerful as hydrogen peroxide and is not as selective; 
thus it oxidizes a wider range of material. For low concentra
tion phenolic wastes, the usual practice is to .. oxidize the 
phenolic compound to intermediate organic compounds that are 
toxic but readily biodegrdable. For this application, ozone 
requirements are in the range of 1.5 to 2.5 parts of ozone per 
part of phenol~ As the concentration decreases, the relative 
amount of ozone needed increases. If other material with COD 
is present, the ozone requirement will be still greater. When 
pH values of 11.5 to 11.8 are maintained, this range appears 
to result in selective or preferential oxidation of phenol 
over other substances. 

For concentrated or intermediate level phenolic wastes chemical 
oxidation by ozone may not be economical as a primary treatment 
~ystem; however, it is useful as a polishing process following 
a biological system. In treating phenolic refinery wastes, 
ozone is used as tertiary treatment to produce final effluents 
as low as 3 ug/1 phenol. 

Several manufacturers have begun using ozone for the treatment 
of phenolic industrial wastewaters. They are listed and 
briefly described below: 

A. An oil refinery in Canada treats waste effluent of 
1,514,000 liters/day (400,000 gallons/day) with the 
phenol concentration averaging 50 mg/1. 

Pretreatment consists of pre-aeration and a biologi
cal trickling filter. Ozonation is the final treat
ment step and utilization is 86 kg/day (190 pounds/ 
day}. This treatment results in an effluent of less 
than 0.012 mg/1 residual phenol. 

B. A manufacturer of a thermoplastic resin in New York 
treats a phenolic effluent by biological oxidation. 
Further treatment was necessary to meet state stan
dards. The effluent had a high COD of about 1500 
mg/1. which competed with the phenol for ozone; 
therefore a large ozone dosage level, 300 ppm, was 
required to reach the desired phenol effluent con
centration. At a flow rate of 946,250 liters/day 
(0.25 MGD}, a total of 283.5 kg (625 pounds} of 
ozone was required daily. The air feed generating 
equipment represents a capital investment of $220,000 
and requires daily operating expenditures of $98.43 
including electrical costs of 1.5¢/kwh. Concurrent 
with phenol removal, 30 percent of the color, 29 
percent of the turbidity and 17 percent of the COD 
were removed. 
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C. Study of various coke plant wast'es shows that various 
ozone requirements are necessary to oxidize the phenol. 
The results are displayed in Table 7-85. The great 
variation in the ozone-to-phenol ratios of samples 
from different sources illustrates the differences 
in the composition of the wastes:. 

I 

TABLE 7-85 
OZONE REQUIREMENTS FOR PHENOL :oxiDATION 

Source 

Coke Plant A 
II II B 
II II c 
II " D 
It II E 

" II F 
II II G 

" II H 
Chemical 11 A* 
Refinery A 

Initial 
Phenols 
mg/1 

1240 
800 
330 
140 
127 
102 

51 
38 

290 
605 

Ozone 
Demand 
mg/1 

2500 
1200 
1700 

950 
550 
900 

1000 
700 
400 

11,000 

I 

Ozone/ 
Phenol 
ratio 

2.0 
1.5 
5.2 
6.8 
4.3 
8.8 

20 
18 

1.4 
I , .. ~ .. 8 iO I.•. 

*This plant effluent contained 2,4-dichlorbph~nC:,i and the 
results are expressed as such. ' 

Residual 
Phenols 
mg/1 

1.2 
0.6 
1.0 
1.0 
0.2 
0.0 
0.4 
0.1 
0.3 
2.5 

I ' I ~ ' 1 ' ! ! 1 

There are 40 to 50 commercial installation1s utilizing ozone 
for bleach regeneration and photoprocessing wastewater treatment. 
Ozone is also effective in treating wastewaters containing 
other organics and organo-metal complexes. In organo-metal 
complexes the metals can be released and then precipitated. 
One kilogram of COD should consume three kilograms of ozone 
and yield two kilograms of molecular oxygeh. 

Chemical Oxidation 

Chemical oxidation can be effective in destroying some of the 
priority organic compounds. Oxidation can: be accomplished 
by ozone, by ozone with ultraviolet radiation, by hydrogen 
peroxide, and possibly by electrolytic oxidation. Oxidation 
by chlorine is more likely to generate pribrity organics than 
to destroy them. 

I', I! 1, 
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These oxidation techniques are used industrially primarily for 
cyanide destruction. They are therefore discussed in detail 
under the general heading of "Treatment of Cyanide Wastes", 
earlier in this section. Where information is available, 
these discussions include consideration of ability to destroy 
priority organics. 

Aerobic Decomposition 

Aerobic decomposition is the biochemically actuated decomposi
tion or digestion of organic materials in the presence of 
oxygen. The chemical agents effecting the decomposition are 
microorganism secretions termed enzymes. The principal products 
in a properly controlled aerobic decomposition are carbon 
dioxide and water. Aerobic decomposition is used mainly in the 
treatment of organic chemicals and lubricants used in the film 
industry and such other industries that use organic lubricants. 

As a waste treatment aid, aerobic decomposition plays an 
important role in the following organic waste treatment 
processes: 

1. Activated Sludge Process 
2. Trickling Filter Process 
3. Aerated Lagoon 

The activated sludge process consists of the aeration of a 
biodegradable waste for a sufficient time to allow the formation 
of a large mass of settleable solids. These settleable solids 
are masses of living microorganisms and are termed activated 
sludge. 

A schematic diagram of the basic ·process is shown as Figure 
7-41. The wastes enter the aeration tank after being mixed 
with return sludge. The microorganisms from the returned 
sludge aerobically stabilize the organic mixture which then 
flows to a sedimentation tank. Sedimentation allows the 
activated sludge to flocculate and to settle out, producing a 
clear effluent of low organic content. A portion of the waste 
sludge is returned to the aeration tank, thereby·repeating the 
process. Excess sludge is discharged from the process for 
further treatment or disposal. 

The trickling filter is basically a bed of stones or other 
suitable material covered with slime over which organic wastes 
slowly flow. A schematic cross section of a trickling filter 
is shown as Figure 7-42. As wastewater passes through the 
filter, it diffuses into the slimes where aerobic and anaerobic 
decomposition'occurs. After primary sedimentation, the waste
water is introduced onto the filter by a rotary distributor so 
designed that the wastes are discharged at a uniform volume 
per unit of filter surface. The waste flows by gravity over 
the filter bed into an underdrain system. The liquid is collected 
into a main effluent channel which flows to a final sedimenta
tion tank. A'schematic diagram of a single stage trickling 
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SCHEMATIC DIAGRAM OF A CONVENTIONAL ACTIV~TED SLUDGE SYS'IEM 
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7-42 
. . -

SCHEMATIC CROSS SECTION OF A TRICKLING FILTER 
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filter is shown as Figure 7-43. 

An aerated lagoon is a large shallow pond 
1
to which raw waste 

is added at one end or in the center and bhe treated effluent 
discharged at the other end. Aeration is ·accomplished by 
mechanical aerators or diffusers in the wastewater. Aerobic 
decomposition is one of the factors involved in degradation of 
the organic matter and is carried out by bacteria in a manner 
similar to activated sludge. It is necessary to periodically 
dredge the oxidation pond in order to maintain the proper 
ecological balance. 

Application 

Aerobic decomposition can be applied to the treatment of oily 
wastes from the Metal Finishing Category. ' 

Advantages of aerobic decomposition incluqe 1) low BOD concentra
tions in supernatant liquor, 2) production of an odorless, 
humuslike, biologically stable end product with excellent 
dewatering characteristics that can be ea~ily disposed, 3) 
recovery of more of the basic fertilizer values in the sludge, 
and 4) few operational problems and low initial cost. The 
major disadvantages of the aerobic decomposition process are 
1) high operational cost associated with supplying the required 
oxygen, and 2) sensitivity of the bacterial population to 
small changes in the characteristics of their environment. 

I 

Reliability can be high, assuming adequate temperature, pH, 
detention time, and oxygen content centro~. Prior treatment 
to eliminate substances toxic to the micrqorganisms affecting 
decomposition may be necessary. (In some cases, adaptation 
will increase the tolerance level of the ~icroorganisms for 
toxic substances). 

Maintenance of the three main waste treatment techniques 
employing aerobic decomposition is detailed in the following 
Table 7-86. 

TABLE 7-86 , 
Maintenance Techniques for Aerobic Decomposition 

Process 

Activated Sludge 

Trickling Filter 

Aerated Lagoon 

Maintenance 

Periodic removal of eicess sludge and skimming 
of scum layer. 

Periodic.application qf insecticides to reduce 
the insect population ~nd periodic chlorination 
to reduce excess bact~rial population. 

! 
Periodic dredging to remove excess sludge, and 
periodic aeration to maintain the pond's aero
bic character. 
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RECYCLE 

FIGURE 7-·43 

SCHEMATIC DIAGRAM OF A SINGLE-STAGE TRICKLING FILTER 
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Performance 

Aerobic decom~osition is very effective for;organic constituents 
that are r::ead~ly biodegradeable. The toxic'or::ganics. however. 
represent a range of biodegradability. Performance of a pilot 
scale activated sludge system is reported in 11 Removal of Organic 
Constituents i~ a Coal Gasification Process Wastewater by 
Activated Sludge Treatment. 11 Argonne National La:oratory. 1979. 
In this system. phenol was reduced from 250~mg/!l. to an 
undetectable level. naphthalene was reduced from 0.405 to 
0.009 mg/!l.. and ethylbenzene at 0.015 mg/!l. concentration was 
not reduced. 

Another source of information on organics (Handbook of Environ
mental Data on Organic Chemicals. Verschueren. 1977) indicates 
treatability for a number:: of priority organics. These data are 
summarized in Table 7-87. ! 

An additional source of toxic organics performance information are 
the BAT limitations for the organic chemicals industry developed 
using data from plants using biological treatment. These limits. 
proposed by EPA in March 21. 1983. are presented in Table 7-88. 

The activated sludge process also reduces concentrations of toxic 
metals. by agglomeration of precipitates and by adsorption of 
dissolved metals. However. effectiveness :is highly variable and 
unpredictable. 

TABLE 7-87 ; 
ACTIVATED SLUDGE REMOVAL OF SOME PRIORITY ORGANIC COMPOUNDS 

Compound 

Benzene 
1.2-Dichlor::oethane 

It II 

II II 

2.4-Dimethylphenol 
Ethyl benzene 

II II 

Phenol 

Influent Concentration 
{mq/!l.) 

500 
200 
400 

1000 

500 
50-100 

500 
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Reported Removal 
Efficiency. Percent 

33 
45 

........... 30. 
9 

94.5 
27 

8 
33 



TABLE 7-88 
PROPOSED BAT EFFLUENT LIMITATIONS FOR THE ORGANIC CHEMICALS INDUSTRY 

Toxic Organic 

2.4.6-trichlorophenol 
2-chlorophenol. 
2.4-dichlorophenol 
2.4-dimethylphenol 
2-nitrophenol 
4-nitrophenol 
2.4-dinitrophenol 
pentachlorophenol 
phenol 
acenaphthene 
1.2.4-trichlorobenzene 
1.2-dichlorobenzene 
isophorone 
bis(2-ethylhexyl) phthalate 
di-n-butyl phthalate 
diethyl phthalate 
dimethyl phthalate 
acenaphthylene 
fluorene 
phenanthrene 
benzene 
carbon tetrachloride 
1.2-dichloroethane 
1.1.1-trichloroethane 
1.1-dichloroethane 
1.1.2-trichloroethane 
chloroethane 
chloroform 
1.1-dichloroethylene 
ethyl benzene 
methylene chloride 
methyl chloride 
methyl bromide. 
dichlorobromomethane 
toluene 
trichloroethylene 

BAT Effluent Limitations (mg/l) 

Maximum 
For Any 1 Day 
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175 
75 

200 
50 

100 
500 
150 
100 

50 
50 

225 
250 

50 
350 
300 
275 
375 

50 
50 
50 

125 
50 

150 
50 

225 
75 
50 
75 

125 
275 

50 
50 
50 
50 

225 
75 

Average of 
Daily Values for 
4 Consecutive 
Monitoring Days 

100 
50 

100 

75 
325 
100 

50 

125 
125 

150 
150 
125 
175 

75 

100 

125 
50 

.50 
75 

150 

125 
50 



Demonstration Status 

Aerobic digestion is a widely used unit process to reduce organic 
content of wastewaters. It is currently employed at 14 of the 
plants in the data base. These plants are: identified in Table 
7-89. 

TABLE 7-89 
METAL FINISHING PLANTS EMPLOYING AEaOBIC DECOMPOSITION 

05050 
06067 
08172 
11050 

11560 
11179 
13031 
14062 

23041 
30927 
31050 
33050 

VII-228 

332E).3 .. 
44050 



TREATMENT OF SLUDGES 

INTRODUCTION 

Sludges are created by waste treatment alternatives which 
remove solids from wastewater. Removal of sludges from the 
treatment system as soon as possible in the treatment process 
minimizes returning pollutants to the waste stream through 
re-solubilization. One plant visited during this program (ID# 
23061) utilized a settling tank in their treatment system that 
required periodic cleaning. Such cleaning had not been done 
for some time, and analysis of both .their raw and treated 
wastes showed little difference. The accumulation of sludge 
apparently decreased the effective residence time to a point 
where the sedimentation process was unsuccessful. Subsequent 
pumping out of this settling tank resulted in an improved 
effluent (Reference Table 7-90). 

Once removed from the primary effluent stream, waste sludges 
must be disposed of properly. If landfills are used for 
sludge disposal, the landfill must be designed to prevent 
material from leaching back into the water supply. Mixing of 
waste sludges which might form soluble compounds should be 
prevented. If sludge is disposed of by incineration, the 
burning must be carefully controlled to prevent air pollution. 
A licensed scavenger may be substituted for plant personnel to 
oversee disposal of the removed sludge. 

TABLE 7-90 
COMPARISON OF WASTEWATER AT PLANT ID 23061 
BEFORE AND AFTER PUMPING OF SET'rLING TANK 

Concentration (mg/1) Concentration 
Parameter Before Sludge Removal After Sludge 

Total Raw Treated Total Raw 
Waste Effluent Waste 

Cyanide, Amen. to 
Chlorination 0.007 0.001 0.005 
Cyanide, Total 0.025 0.035 0.005 
Phosphorus 2.413 2.675 14.35 
Silver 0.001 0.001 0.002 
Gold 0.007 0.010 0.005 
Cadmium 0.001 0.006 0.005 
Chromium, Hexavalent 0.005 0.105 0.005 
Chromium, Total 0.023 0.394 0.010 
Copper 0.028 0.500 0.127 
Iron 0.885 3.667 2.883 
Fluoride 0.16 0.62 0.94 
Nickel 0.971 1.445 0.378 
Lead 0.023 0.034 0.007 
Tin 0.025 0.040 0.121 
Zinc 0.057 0.185 0.040 
Total Suspended Solids 17.0 36.00 67.00 
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(mg/1) 
Removal 

Treat,ed 
Effluent 

0.005 
0.005 
13.89 
0 .• 003 
0.005 
0.002 
0.005 
0.006 
0.034 
1.718 
0.520 
0.312 
0.014 
0.134 
0.034 
4.00 



TREATMENT TECHNIQUES 

Sludges can typically vary between one and 1five percent solids. 
The sludge should be dewatered to lessen space requirements if 
sludges are landfilled on the plant site and to decrease shipping 
costs if sludges are hauled away by a contractor. Applicable sludge 
dewatering techniques include gravity sludge thickening, 
pressure filtration, vacuum filtration, centrifugation and 
sludge bed drying. These techniques are discussed in the 
following subsections. 

Gravity Sludge Thickening 

In the gravity thickening process, dilute sludge is fed from a 
primary settling tank or clarifier to a th~ckening tank. 
Rakes stir the sludge gently to densify the sludge and to push 
it to a central collection well. The supernatant is returned 

I 

to the primary settling tank. The thickened sludge that 
collects on the bottom of the tank is pumped to dewatering 
equipment or hauled away. Figure 7-44 shows the construction 
of a gravity thickener. 

Application 

Thickeners are generally used in facilities: where the sludge 
is to be further dewatered by a compact mechanical device such 
as a vacuum filter or centrifuge~ Doubling the solids content 
in the thickener substantially reduces capVtal and operating 
cost of the subsequent dewatering device a~d also reduces cost 
for hauling. The process is potentially a~plicable to almost 
any industrial plant. 

The principal advantage of a gravity sludge thickening process 
is that it facilitates further sludge dewatering. Other 
advantages are high reliability and minimum maintenance require
ments. Limitations of the sludge thickening process are its 
sensitivity to the flow rate through the thickener and the 
sludge removal rate. These rates must be low enough not to 
disturb the thickened sludge. 

Reliability is high assuming proper design iand operation. A 
gravity thickener is designed on the basis of square feet per 
pound of solids per day, entering and leaving the unit. 
Thickener area requirements are also expressed in terms of 
mass loading, grams of solids per square m~ter per day (pounds 
per square foot per day). 

Twice a year, a thickener must be shut down for lubrication of 
the drive mechanisms. Occasionally, water :must be pumped back 
through the system in order to clear sludge pipes. Thickened 
sludge from a gravity thickening process will usually require 
further dewatering prior to disposal, incineration, or drying. 
The clear effluent may be recirculated in part, or it may be 
subjected to further treatment prior to di~charge. 
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Performance ' I 

0 · 1 d f · · · I rgan~c s u ges rom sed~mentat~on un~ts of one to two percent 
solids concentration can usually be gravity thickened to six 
to ten percent; chemical sludges can be thickened to four to 
six percent. 

Demonstration Status 

Gravity sludge thickeners 
reduce water content to a 
ciently handled. Further 
minimize costs of hauling 
areas. 

I , 

are used throughout ~ndustry to 
level where the :sludge may be effi
dewatering is usually practiced to 
the sludge to approved landfill 

Sludge thickening is used in 78 plants in [th~ pre~enE da£a · 
base. These are identified in Table 7-91.! 

t "'' 

TABLE 7-91 
METAL FINISHING PLANTS EMPLOYING GRAVITX/SLUDGE THICKENING 

03043 12102 20120 33070 
04069 12709 20157 33113 
04071 13031 20165 33120 
04263 13040 20248 36085 
04719 14061 20291 36090 
04981 15042 2l078 36091 
05021 15044 23062 36092 
05035 17061 23337 36112 
06052 18050 2~001 36130 
08004 18091 27044 36180 
11156 19063 28082 36623 
11177 20005 28115 40061 
11182 20010 30079 40063 
11704 20064 30087 41151 
12033 20073 30090 43003 
12074 20075 30151 43052 
12075 20078 30153 44044 
12078 20082 30927 62032 
12091 20085 30967 
12100 20116 33065 

I·• IIIII' I 

Pressure Filtration ! 

Pressure filtration is achieved by pumping the liquid through 
a filter material which is impenetrable to the solid phase. 
The positive pressure exerted by the feed 'pumps or other 
mechanical means provides the pressure differential which is 
the principal driving force. Figure 7-45 represents the 
operation of one type of pressure filter. 

A typical pressure filtration unit consists of a number of 
plates or trays which are held rigidly in ,a frame to ensure 
alignment and are pressed together between a fixed. end and a 
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I 
traveling end. On the surface of each plate is mounted a 
filter made of cloth or a synthetic fiber. The sludge is 
pumped into the unit and passes through feed holes in the 
trays along the length of the press until the cavities or 
chambers between the trays are completely filled. The solids 
in the sludge are then entrapped, and a cake begins to form on 
the surface of the filter material. The w~ter passes through 
the fibers, and the solids are retained. , 

At the bottom of the trays are drainage ports. The filtrate 
is collected and discharged to a common drain. As the filter 
medium becomes coated with sludge, the flow of filtrate through 
the filter drops sharply, indicating that the capacity of the 
filter has been exhausted. The unit must ~hen be cleaned of 
the sludge. After the cleaning or replacement of the filter 
media, the unit is again ready for operation. 

Application 

Because dewatering is such a common operat~on in treatment 
systems, pressure filtration is a technique which can be found 
in many industry applications concerned with removing solids 

• I from the1r waste stream. · 

The pressures which may be applied to a sludge for removal of 
water by filter presses that are currently: available range 
from 5 to 13 atmospheres. Pressure filtration may also reduce 
the amount of chemical pretreatment required. The sludge, 
retained in the form of the filter cake, has a higher percent
age of solids than either a centrifuge or vacuum filter yield. 
Thus, the sludge can be easily accommodated by materials 
handling systems. · 

Two disadvantages associated with pressure'filtration in the 
past have been the short life of the filter cloths and lack of 
automation. New synthetic fibers have largely offset the 
first of these problems. Also, units with automatic feeding 
and pressing cycles are now avail-able. i ,,,,,,, ·· ·······, ,. .,,,.,,,, ,,, ,,,. · · 

I 
I 

Assuming proper pretreatment, design, and control, pressure 
filtration is a highly dependable system. Maintenance consists 
of periodic cleaning or replacement of the:filter media, 
drainage grids, drainage piping, filter pans, and other parts 
of the system. If the removal of the sludge cake is not 
automated, additional time is required for this operation. 
Because it is generally drier than other types of sludges, the 
filter sludge cake can be handled with relative ease. Disposal 
of the accumulated sludge may be accomplished by any of the 
accepted procedures. 

Performance 

In a typical pressure filter, chemically preconditioned sludge 
detained in the unit for one to three hours under pressures 
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varying from 5 to 13 atmospheres exhibited final moisture 
content between 50 and 75 percent. 

Demonstration Status 

Pressure filtration is a commonly used technology that is 
currently utilized in a great many commercial applications. 

Pressure filtration is used in 66 plants in the present data 
base and these are identified in Table 7-92. 

TABLE 7-92 
METAL FINISHING PLANTS EMPLOYING PRESSURE FILTRATION 

01002 
01003 
10007 
03043 
04069 
04146 
04276 
04284 
05050 
06050 
06077 
06107 
06153 
06960 
08060 
09046 
11096 
11103 
11115 
12005 
12065 
12071 

Vacuum Filtration 

12074 
13031 
14060 
19066 
19083 
20022 
20070 
20083 
20115 
20255 
20483 
23039 
23076 
27042 
27044 
27045 
28043 
28121 
30087 
30927 
30967 
31021 

31033 
31035 
31068 
31070 
33110 
33113 
33148 
33172 
33195 
33293 
34050 
35041 
36102 
36176 
38223 
40047 
41051 
41068 
42030 
44044 
47025 
47074 

In wastewater treatment plants, sludge dewatering by vacuum 
filtration is an operation that is generally accomplished on 
cylindrical drum filters. These drums have a filter medium 
which may be cloth made of natural or synthetic fibers, coil 
springs, or ~ wire-mesh fabric. The drum is suspended above 
and dips into a vat of sludge. As the drum rotates slowly, 
part of its circumference is subject to an internal vacuum 
that draws sludge to the filter medium. Water is drawn through 
the porous filter cake to a discharge port, and the dewatered 
sludge, loosened by compressed air, is scraped from the filter 
mesh. Because the dewatering of sludge on vacuum filters is 
relativley expensive per kilogram of water removed, the liquid 
sludge is frequently thickened prior to processing. A vacuum 
filter is shown in Figure 7-46. · 
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Application 

Vacuum filters are frequently used both in municipal treatment 
plants and in a wide variety of industries for dewatering 
sludge. They are most commonly used in larger facilities, 
which have a thickener to double the solids content of clari
fier sludge before vacuum filtering. 

Although the initial cost and area requirement of the vacuum 
filtration system are higher than those of a centrifuge, the 
operating cost is lower, and no special provisions for sound 
and vibration protection need be made. The dewatered sludge 
from this process is in the form of a moist cake and can be 
conveniently handled. 

Vacuum filter systems have been proven reliable at many indus
trial and municipal facilities. At present, the largest 
municipal installation is at the West Southwest wastewater 
treatment plant of Chicago, Illinois, where 96 large filters 
were installed in 1925, functioned approximately 25 years, and 
then were replaced with larger units. Original vacuum filters 
at Minneapolis-St. Paul, Minnesota now have over 28 years of 
continuous service, and Chicago has some units with similar or 
greater service life. 

Maintenance consists of the cleaning or replacement of the 
filter media, drainage grids, drainage piping, filter pans, 
and other parts of the equipment. Experience in a number of 
vacuum filter plants indicates that maintenance consumes 
approximately 5 to 15 percent of the total time. If carbonate 
buildup or other problems are unusually severe, maintenance 
time may be as high as 20 percent. If intermittent operation 
is to be employed, the filter equipment should be drained and 
washed each time it is taken out of service and an allowance 
for wash time should be made in the selection of sludge filter
ing schedules. 

Vacuum filters generate a solid cake. All of the metals 
extracted from the plant wastewater are concentrated in the 
filter cake as hydroxides, oxides, sulfides, or other salts. 
These metals are subject to leaching into ground water, espe
cially under acid conditions. 

Performance 

The function of vacuum filtration is to reduce the water 
content of sludge, so that the proportion of solids increases 
from about 5 percent to about 30 percent. 

Demonstration Status 

Vacuum filtration has been widely used for many years. It is 
a fully proven, conventional technology for sludge dewatering. 
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Vacuum filtration is used in 67 plants in the present data 
base and these are identified in Table 7~93. 

TABLE 7-93 
METAL FINISHING PLANTS EMPLOYING VACUUM FILTRATION 

Centrifugation 

02062 
03041 
03042 
06037 
06074 
06087 
06088 
06152 
09052 
09060 
11182 
11704 
12002 
12014 
12042 
12075 
12078 
12091 
12709 
15058 
15070 
16544 
17030 

18050 
19084 
19090 
20005 
20010 
20073 
20077 
20080 
20100 
20161 
20175 
20248 
20249 
20291 
21078 
28115 
30079 
30090 
30153 
30927 
31044 
31047 

'' 
i 
t 

33092 
33110 
33120 
33124 
33195 
33263 
34036 
36040 
36092 
36113 
36130 

,,~, {)p ?.3,,,,, 
3.,8217 
40037 

.. . . . 4 OJ) 6 3 
40067 
40079 
4..1097 
41151 
42030 
43003 
44036 

Centrifugation is the application of centrifugal force to 
separate solids and liquids in a liquid/solid mixture or to 
effect concentration of the solids. The application of cen
trifugal force is effective because of tne density differen
tial normally found between the insoluble solids and the 
liquid in which they are contained. As q waste treatment 
procedure, centrifugation is applied to qewatering of sludges. 
One type of centrifuge is shown in Figure 7-47. 

I 
There are three common types of centrifuges: the disc, basket, 
and conveyor type. All three operate by removing solids under 
the influence of centrifugal force. The fundamental difference 
between the three types is the method by ,which solids are 
collected and discharged. 

' 
In the disc centrifuge, the sludge feed is distributed between 
narrow channels that are present as spaces between stacked 
conical discs. Suspended particles are collected and dis
charged continuously through small orifices in the bowl wall. 
The clarified effluent is discharged through an overflow weir. 
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A second type of centrifuge which is useful in dewatering 
sludges is the basket centrifuge. In this' type of centrifuge, 
sludge feed is introduced at the bottom of: the basket, and 
solids collect at the bowl wall while clarified effluent 
overflows the lip ring at the top. Since :the basket cen
trifuge does not have provision for continpous discharge of 
collected cake, operation requires interruption of the feed 
for cake discharge for a minute or two in p 10 to 30 minute 
overall cycle. 

The third type of centrifuge commonly used in sludge dewater
ing is the conveyor type. Sludge is fed tprough a stationary 
feed pipe into a rotating bowl in which the solids are settled 
out against the bowl wall by centrifugal force. From the bowl 
wall, they are moved by a screw to the end of the machine, at 
which point they are discharged. The liquid effluent is 
discharged through ports after passing the, length of the bowl. 

Application 

Virtually all of those industrial waste treatment systems 
producing sludge can utilize centrifugation to dewater it. 
Centrifugation is currently being used by ~ wide range of 
industrial concerns. · 

! 
i 

Sludge dewatering centrifuges have minimall space requirements 
and show a high degree of effluent clarifipation. The opera
tion is simple, clean, and relatively inexpensive. The area 
required for a centrifuge system installation is less than 
that required for a filter system or sludge drying bed of 
equal capacity, and the initial cost is lower. 

f"'"'""""'' "' '"" 

i 
Centrifuges have a high power cost that partially offsets the 
low initial cost. Special consideration must also be given to 
providing sturdy foundations and soundproofing because of the 
vibration and noise that result from centr~fuge operation. 
Adequate electrical power must also be provided since large 
motors are required. The major difficultyi encountered in the 
operation of centrifuges has been the disposal of the concen
trate which is relatively high in suspended, non-settling solids. .. ................... ·· · ....... · ·· ........ .. 

Reliability is high, assuming proper control of factors such 
as sludge feed, consistency, and temperatu~e. Pretreatment 
such as grit removal and coagulant addition may be necessary. 
Pretreatment requirements will vary depending on the composi
tion of the slud~e and on the type of centrifuge employed. 

Maintenance consists of periodic lubrication, cleaning, and 
inspection. The frequency and degree of inspection required 
varies depending on the type of sludge solids being dewatered 
and the maintenance service conditions. If the sludge is 
abrasive, it is recommended that the first inspection of the 
rotating assembly be made after approximately 1,000 hours of 

I. 
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operatiqn. If the sludge is not abrasive or corrosive, then 
the initial inspection might be delayed. Centrifuges not 
equipped with a continuous sludge discharge system require 
periodic shutdowns for manual sludge cake removal. 

Performance 

The performance of sludge dewatering by centrifugation depends 
on the feed rate, the rotational velocity of the drum, and the 
sludge composition and concentration. Assuming proper design 
and operationr the solids content of the sludge can be increased 
to 20-35 percent. 

Demonstration Status 

Centrifugation is currently used in a great many commercial 
applications to dewater sludge. Work is underway to improve 
the efficiency, increase the capacity, and lower the costs 
associated with centrifugation. 

Centrifugation is used in 55 plants in the present data base 
and these are identified in Table 7-94. 

TABLE 7-94 
METAL FINISHING PLANTS EMPLOYING CENTRIFUGATION 

02032 
041!51 
04153 
06006 
06071 
06075 
06086 
06148 
11050 
111:25 
111:27 
12005 
12033 
12061 

Sludge Bed Drying 

12075 
12077 
14062 
15044 
17050 
19067 
19068 
19104 
19107 
19462 
20070 
20079 
20106 
20140 

20149 
20241 
20708 
21062 
21065 
21074 
23048 
27044 
30097 
30111 
30155 
30927 
31022 
33'024 

33071 
34051 
36091 
36937 
38052 
41086 
41116 
41629 
41869 
44040 
44150 
45041 
47041 

As a waste treatment procedure, sludge bed drying is employed 
to reduce the water content of a variety of sludges to the 
point where they are amenable to mechanical collection and 
removal. These beds usually consist of 15.24 to 45.72 em (6 
to 18 inches) of sand over a 30.48 em (12 inch) deep gravel 
drain system made up of 3.175 to 6.35 mm (1/8 to 1/4 inch) 
graded gravel overlying drain tiles. 
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I 
Drying beds are usually divided into sectional areas approxi-
mately 7.62 meters (25 feet) wide x 30.48 ·to 60.96 meters (100 
to 200 feet) long. The partitions may be earth embankments, 
but more often are made of planks and supporting grooved 
posts. ' 

To apply liquid sludge to the sand bed, a blosed conduit or a 
pressure pipeline with valved outlets at each sand bed section 
is often employed. Another method of appltcation is by means 
of an open channel with appropriately placed side openings 
which are controlled by slide gates. With either type of 
delivery system, a concrete splash slab sh~uld be provided to 
receive the falling sludge and prevent erosion of the sand surface. t 1111 1 1111111 111111 11111 

Where it is necessary to dewater sludge cohtinuously throughout 
the year regardless of the weather, sludge: beds may be covered 
with a fiberglass reinforced plastic roof. Covered drying 
beds permit a greater volume of sludge drying per year in most 
climates because of the protection afforded from rain or snow 
and because of more efficient control of t~mperature. Depend
ing on the climate, a combination of open and enclosed beds 
will provide maximum utilization of the sl~dge bed drying 
facilities. ' 

Application 

Sludge drying beds are a common means of dewatering sludge 
from clarifiers and thickeners. They are widely used both in 
municipal and industrial treatment facilities. 

The main advantage of sand drying beds ovet other types of 
sludge dewatering is the relatively low cost of construction, 
operation, and maintenance. Its disadvant~ges are the large 
area of land required and long drying times that depend, to a 
great extent, on climate and weather. 

Maintenance consists of periodic removal of the dried sludge. 
Sand removed from the drying bed with the sludge must be 
replaced and the sand layer resurfaced. Tpe resurfacing of 
sludge beds is the major expense item in sludge bed mainte
nance, but there are other areas which may require attention. 
Underdrains occasionally become clogged an~ have to be cleaned. 
Valves or sludge gates that control the flow of sludge to the 
beds must be kept watertight. Provision for drainage of lines 
in winter should be made to prevent damage from freezing. The 
partitions between beds should be tight so: that sludge will 
not flow from one compartment to another. • The outer walls or 
banks around the beds should also be watertight. 

The full sludge drying bed must either be ~bandoned or the 
collected solids must be removed. These solids contain what
ever metals or other materials were settler in the clarifier. 
Metals will be present as hydroxides, oxid~s, sulfides, or 
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other salts. They have the potential for leaching and contami
nating ground water, whatever the location of the semidried 
solids. Thus an abandoned bed should include provision for 
runoff control and leachate monitoring. 

Performance 

Dewatering of sludge on sand beds occurs by two mechanisms: 
filtration of water through the bed and evaporation of water 
as a result of radiation and convection. Filtration is gener
ally complete in one to two days and may result in solids 
concentrations as high as 15 to 20 percent. The rate of 
filtration d~pends on the drainability of the sludge. 

The rate of air drying of sludge is related to temperature, 
relative humidity, and air velocity. Evaporation will proceed 
at a constant rate to a critical moisture content, then at a 
falling rate to an equilibrium moisture content. The average 
evaporation rate for a sludge is about 75 percent of that from 
a free water surface. 

Demonstration Status 

Sludge beds have been in common use in both municipal and 
industrial facilities for many years. · However, protection of 
ground water from contamination is not always adequate. 
Sludge bed dr,ying is used in 77 plants in the present data 
base and these are identified in Table 7-95. 

Sludge Disposal 

There are several methods of disposal of sludges from indus
trial wastewater treatment. The two most common techniques 
are landfilling by the company on its own property and removal 
by licensed contractor to an outside landfill or reclamation 
point. Other disposal techniques proposed for industrial 
waste sludges include chemical containment, encapsulation, 
fixation, and thermal conversion. All of these techniques 
require landfilling, but they reduce the probability of 
groundwater contamination. 

The chemical containment approach has been demonstrated commer
cially. The heavy metal sludge is placed in pits lined with 
powdered limestone. This keeps the pit-soil interface at an 
alkaline pH, reducing the solubility of metals at the interface 
to a very low value. This minimizes heavy metal leaching, 
even by acid rainfall. · 

Encapsulation consists of two approaches. One is to seal the 
sludge in a heavy concrete container. The 6ther is to coat 
the material with a nondegradable, waterproof polymer. 
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TABLE 7-95 
METAL FINISHING PLANTS EMPLOYING SLUDGE DRYING BEDS 

01067 06124 19050 33024 
01068 06128 2o:oo3 33047 
04076 06138 20064 33050 
04262 06360 20082 33179 
05050 08061 20085 33184 
06002 08072 20.24 7 33200 
06035 09025 21003 33287 
06051 09047 22,735 36001 
06067 11008 23:039 36082 
06073 11113 23'070 36083 
06076 11152 23072 36592 
06081 11173 25001 38039 
06083 12075 30009 40062 
06084 . 1·3041 3003-l ... . 40075 
06091 14061 3d064 40079 
06094 14062 30519 40836 
06101 15048 3.1032 41068 
06113 17061 31050 45035 
06117 18050 31067 47412 

! 

06119 
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IN-PROCESS CONTROL TECHNOLOGY 

INTRODUCTION 

This section presents ~low guidance and process controls in 
the form of available methods and practice's which can help .. ···- ...... 
reduce the water usage and pollution discharge at meta;l finish
ing facilities. 

CONTROL TECHNIQUES 

The in-process control techniques described below include 
techniques for: 

Flow reduction through efficient rinsing 
Process bath conservation 
Waste oil segregation 
Process bath segregation 
Process modification 
Cut1:ing fluid cleaning 
Integrated waste treatment 
Good housekeeping · 

These techniques deal with reducing water usage andwith 
efficient handling of process wastes. All of the areas of 
in-process control are presented in the following sections. 

Flow Reduction Through Efficient Rinsing 

Reductions in the amount of water used in metal finishing can 
be realized thr6ugh installatidn ~nd use of efficient rinse 
techniques. Cost savings as~ociated with water use reduction 
result from lower cost for ~inse water and reduced chemical 
costs for wastewater treatment. An added benefit is that the 
waste treatment efficiency is also improved. It is estimated 
that rinse steps may consume over 90 percent of the water used 
by a typical metal finishing facility. Consequently, the 
greatest water use reductions can be anticipated to come from 
modifications of rinse techniques. 

Rinsing is essentially a 4~lution step which reduces the 
concentration.of contaminarits on the work piece. The design 
of rinse syst~ms for minimum water use depends on the maximum 
level of contamination :-allowed to remain· on the work piece 
(without reducing acceptable product quality or cafising poison
ing of a subsequent bath) as well as on the efficiency or 
effectiveness of each rinse stage. 

A rinse system should be considered efficient if the dissolved 
solids concentration is reduced just to the point where no · 
noticeable effects occur either as a quality problem or as 
excessive drag-in to the next process step. Operation of a 
rinse tank or tanks which achieve a 10,000- to 1 reduction-in 
concentration where only a 1,000 to 1 reduction is required 
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represents inefficient use of water. Operating rinse tanks at 
or near their maximum acceptable level of contamination provides 
the most efficient ana economical form of ~insing. Insufficient 
operation manifests itself in higher operating costs not only 
from the purchase cost of water, but also from the treatment 
of it. 

Dragout Control 

Since the purpose of rinsing is to remove p~ocess solution 
dragout from the surface of the workpiece, the best way to 
reduce the amount of rinsing required is to reduce the dragout. 
A reduction in dragout results in a reducti~n of waste that 
has to be treated. Dragout is a function o~ several factors 
including workpiece geometry, viscosity an~ surface tension of 
the process solution, withdrawal and drain~ge time and racking. 
These factors affecting dragout are described below. 

' 

Geometry of the Part - This partly determin
1
es the amount of 

dragout contributed by a part and is one of, the principal 
determinants for the type of rinsing arrang~ment selected. A 
flat sheet with holes is well suited for an impact spray rinse 
rather than an immersion rinse, but for par'ts with cups or 
recesses such as a jet fuel control, a spray rinse is totally 
ineffective. 

Kinematic Viscosity of the Process Solution - The kinematic 
viscosity is an important factor in determining process bath 
dragout. The effect of increasing kinematib viscosity is that 
it increases the dragout volume in the withdrawal phase and 
decreases the rate of draining during the drainage phase. It 
is advantageous to decrease the dragout and increase the 
drainage rate. Consequently, the process solution kinematic 
viscosity should be as low as possible. Increasing the tempera
ture of the solution decreases its viscosity, thereby reducing 
the volume of process solution going to the: rinse tank. Care 
must be exercised in increasing bath temper'ature, particularly 
with electroless plating baths, because the rate of bath 
decomposition may increase significantly with temperature 
increases. 

Surface Tension of the Process Solution s:urface tension is a 
major factor that controls the removal of dragout during the 
drainage phase. To remove a liquid film from a solid surface, 
the gravitation force must overcome the adh'esive force between 
the liquid and the surface. The amount of work required to 
remove the film is a function of the surface tension of the 
liquid and the contact angle. Lowering th~ surface tension 
reduces the amount of work required to remove the liquid and 
reduces the edge effect (the bead of liquid adhering to the 
edges of the part). Surface tension is red~ced by increasing 
the temperature of the process solution or more effectively, 
by use of a wetting agent. 
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Time of Withdrawal and Drainage - The withdrawal velocity of a 
part from a solution has an effect similar to that of kinematic 
viscosity. Increasing the velocity or decreasing the time of 
withdrawal increases the volume of soluti6rt that is retained 
by the part. Since time is directly related to production 
rate, it is more advantageous to reduce the dragout volume 
initially adhering to the part rather than attempt to drain a 
large volume from the part. 

Racking - Proper racking of parts is the most effective way to 
reduce dragout. Parts should be arranged so that no cup-like 
recesses are formed, the longest dimension should be horizon
tal, the major surface vertical, and each part should drain 
freely without dripping onto another part. The racks them
selves should be periodically inspected to insure the integ
rity of the rack coating. Loose coatings can contribute 
significantly to dragout. Physical or geometrical design of 
racks is of primary concern for the control of dragout both 
from the racks and the parts themselves. Dragout from the 
rack itself can be minimized by designing it to drain freely 
such that no pockets of process solution can be retained. 

Rinsing Techniques 

The different types of rinsing commonly used within the metal 
finishing industry are described below. 

Single Running Rinse - This arrangement requires a large 
volume of water to effect a large degree of contaminant removal. 
Although in widespread use, single running rinse tanks should 
be modified or replaced by a more effective rinsing arrangement 
to reduce water use. 

Countercurrent Rinse - The countercurrent rinse provides for 
the most efficient water usage and thus, where possible, the 
countercurrent rinse should be used. There is only one fresh 
water feed for the entire set of tanks, and it is introduced 
in the last tank of the arrangement. The overflow from each 
tank becomes the feed for the tank preceding it. Thus, the 
concentration of dissolved salts decreases rapidly from the 
first to the last tank. 

In a situation requiring a 1,000 to 1 concentration reduction, 
the addition of a second rinse tank (with a countercurrent 
flow arrangement} will reduce the theoretical water demand by 
97 percent. 

Series Rinse - The major advantage of the series rinse over 
the countercurrent system is that the tanks of the series can 
be individually heated or level controlled since each has a 
separate feed. Each tank reaches its own equilibrium condi
tion; the first rinse having the highest concentration, and 
the last rinse having the lowest conqentration. This system 
uses water more efficiently than the single running rinse, and 
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the concentration of dissolved salts decrease~ in each succes
sive tank. 

i 
S~ra* Rinse - Spray rinsing is considered the. most efficient 
o t e var~ous rinse techniques in continuous dilution rinsing. 
The main concern encountered in use of this mode is the effi-

1 

ciency of the spray (i.e., the volume of water contacting the 
part and removing contamination compared to the volume of 
water discharged). Spray rinsing is well suited for flat 
sheets. The impact of the spray also provide:s an effective 
mechanism for removing dragout from recesses ~ith a large 
width to depth ratio. 

' I 
Dead, Still, or Reclaim Rinses - This form of rinsing is 
particularly appl~cable for ~nitial rinsing after metal plating 
because the dead rinse allows for easier reco'very of the metal 
and lower water usage. The rinse water can often be periodi
cally transferred to the plating tank that precedes it. The 
dead rinse is followed by spray or other running rinses. 

Effect on Water Use - The use of different rinse types will 
result in wide variations in water use. Table 7-96 shows the 
theoretical flow arrangements for several dif:ferent rinse 
types to maintain a 1,000 to 1 reduct~on in c6ncentration. 
Table 7-97 shows the mean flows ( 1/m ) found, at sampled 
plants for three rinse water-intensive opera~i9ns. 

TABLE 7-96 . 
THEORETICAL RINSE WATER FLOWS REQUIRED T:0 MAINTAIN A 

1, 000 TO 1 CONCENTRATION REDUCT;ION 

~ of Rinse 

Number of Rinses 
Required Flow (gpm) 

Single 

1 
10 

2 
0.61 

TABLE 7-97 

Serie.s 

3 
0.27 

2 ' 
0.31 

COMPARISON OF RINSE TYPE FLOW RATES FOR SAMPLED PLANTS 

' 
i 2 

Rinse Type and Me:an Flow ( 1/m ) 

3 
0.1 

Single 2 Stage 
0Eeration Stage Series 

2 Stage 
Countercurrent 

3 Stage 
Countercurrent 

Alkaline Cleaning 1504. 

Nickel Electroplate 322.9 

Zinc Electroplate 236,, 8 

235.6 

88.96 

33.78 
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Rinsing Systems 

By combining different rinse techniques, a plant can greatly 
reduce water consumption and in some cases form a closed loop 
rinsing arrangement. Some examples of primary rinse types and 
specialized rinsing arrangements applicable to metal finishing 
are discussed below. 

Closing The Loop With A Countercurrent Rinse ~ This particular 
arrangement ISWell suTted for use--with heated process baths. 
The overflow from the countercurrent rinse becomes the evapora
tive makeup for the process bath. By installing the prciper 
number of countercurrent tanks, the fresh feed rate for a 
given dilution ratio is ~ized to equal the bath's evaporative 
rate. This arrangement is easily controlled by using liquid 
level controllers in both the process bath and rinse tank, a 
pump to transfer rinse solution to the process bath, and a 
solenoid valve on the fresh feed line for the rinse tanks. 
Plant ID's 06037, 06072, and 20064 use this arrangement. 

Closing The Loop With Spray Followed By Countercurrent Rinse -
The spray followed by countercurrent rfnse lS wefl suited for 
flat sheets and parts without complex geometry. The spray is 
mounted over the process bath, and the work is fogged before 
moving to the countercurrent rinse. A major advantage of this 
arrangement is that the spray reduces concentration of the 
dragout on the part, returning the removed portion to the 
process tank. This provides for evaporative makeup of the 
process bath and a lower water usage and/or a smaller number 
of tanks necessacy for the countercurrent rinse. Plant ID 
40062 utilizes this rinse technique. 

Closing The Loop With Countercurrent Rinsing Followed By Spray 
Rins1ng - The countercurrenf-foffowed--sy-spray r1ns1ngapproach 
can be used \vhen a very clean vJorkp ieee (and, therefore, final 
rinse) is required. The spray is mounted above the last 
countercurren·t rinse. Depending on the evaporation rate of 
the process solution, the evaporative makeup can cou1e fr-om the 
first countercurrent tank. 

Closing The Loop With Dead Rinse Followed By Countercurrent -
The dead-rinse followed by countercurrent rinse arrangement is 
particularly useful with parts of a complex geometr-y. Evapora
tive losses from the original solution tank can be ~ade up 
from the dead rinse tank and the required flow for the counter
current system can be greatly reduced. The following plants 
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make use of this rinsing arrangement: 040~5, 06036, 06072, 
06081, 06088, 20064, 20073, 20080, 21003, 21651, 30022, 31022, 
33065, 33070, 33073, 36041, 41069, 61001. i 
Closing The Loop With Recirculatory Spray ~ When the geometry 
of the work permits, the recirculating spray offers an improved 
alternative to the dead rinse. Operating with a captive 
supply of rinse solution, the solution is sprayed onto the 
work. The advantage of this system is that the impact of the 
spray is used to remove dragout, particularly for work with 
holes in it. The basic equations for concentration buildup 
hold but are modified by the removal effic~ency of the spray. 
The required flow rate of the spray is dependent on the 
geometry of the parts, the production rate:and the solution 
evaporation rate. Plant !D's 15608 and 27046 have this 
rinsing system. 

Rinse Water Control 

Another method of conserving water through 1 efficient rinsing 
is by controlling the flow of the feed water entering the 
rinse tanks. Some flow control methods ar~ listed below. 

Conductivity Controllers - Conductivity controllers provide 
for efficient use and good control of the rinse process. This 
controller utilizes a conductivity cell to:measure the conduc
tance of the solution which, for an electrolyte, is dependent 
upon the ionic concentration. The conductivity cell is tied 
to a controller which will open or close a solenoid on the 
makeup line. As the rinse becomes more contaminated, its 
conductance increases until the set point of the controller is 
reached, causing the solenoid to open and allowing makeup to 
enter. Makeup will continue until the conductance drops below 
the set point. The advantage of this method of control is 
that water is flowing only when required •. A major manufacturer 
of conductivity controllers supplied to plants in the Metal 
Finishing Category claims that water usage,can be reduced by 
as much as 50-85% when the controllers are·used. 

i 

Liquid Level Controllers - These controllers find their great
est use on closed loop rinsing systems. A·typical arrangement 
uses a liquid level sensor in both the process solution tank 
and in the first rinse tank, and a solenoid on the rinse tank 
makeup water line. When the process solution evaporates 
to below the level of the level controller, the pump is acti
vated, and solution is transferred from the first tank to the 
process tank. The pump will remain active:until the process 
tank level controller is satisfied. As th~ liquid level of 
the rinse tank drops due to the pumpout, tbe rinse tank con
troller will open the solenoid allowing fr$sh feed to enter. 

' 
' I 

Manually Operated Valves - Manually operated valves are suscep-
tible to m1suse and should, therefore, be installed in conjunc
tion only with other devices. Orifices should be installed in 
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addition to the valve to limit the flow rate of rinse water. 
For rinse stations that require manual movement of work and 
require control of the rinse (possibly due to low utilization), 
dead man valves should be installed in addition to the orifice 
to limit the flow rate of rinse water. They should be located 
so as to discourage jamming them open .. 

Orifices or Flow Restrictors - These devices are usually 
lnstalled-ror-rTnse tanks that have a constant production 
rate. The newer restrictors can maintain a constant flow even 
if the water supply pressure fluctuates. Orifices are not as 
efficient as conductivity or liquid level controllers, but are 
far superior to manual valves. 

Process Bath Conservation 

There are a number of techniques that are utilized to recover 
or reuse process solutions in the Metal Finishing Category. 
The costs and reduced availability of certain process solutions 
have encouraged finishers to recognize process solutions as a 
valuable resource rather than a disposal problem. Some examples 
of chemical recovery and reuse are: reprocessing of oil, 
reclamation of oil, recycling of oil, reuse of spent etchants, 
recovery of metal from spent process baths, regeneration of 
etchants and dragout recovery. These techniques are described 
below. 

Oil Recovery 

Reprocessing of Oil - Reprocessing consists of contaminant 
removal by physical separation, filtering, centrifuging, or 
magnetic separation, as previously discussed. Reprocessing 
also includes the preparation of waste oils for burning as a 
fuel supplement. 

Reclamation of Oil - Oil reclamation combines the elements of ---
reprocessing along with mechanical or chemical steps. Reclama-
tion is used to remove solids and water, fuel or solvents, and 
degradation products such as acid. Two common processes are 
flash distillation and chemical adsorption. The addition of 
heat with a partial vacuum and filtration are employed to 
remove degradation products in used oil. 

Reclamation is used with synthethic fluids or highly refined 
mineral oils. Reclamation systems are available for either 
fixed or portable operation, and outside reclamation services 
are available •. 

Recycling of Oil - Recycling is the most comprehensive treatment. 
The waste oil is prefiltered to remove most of the solids, 
solvents/ fuel, and water, leaving essentially base oil and 
additives. Removing the additives leaves a high quality 
basestock. The basestock is then formulated with conventional 
additives and can be used in the same application as the 
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virgin basestock. Re-refining provides t9e best economics 
when large volumes of waste oil are available. Re-refiners 
may accept industrial oil wastes when a large source or many 
smaller sources of waste oils are available for collection in 
a region. 

Other Recovery Operations 

' 

I 
I 

Reuse of Spent Etchant - If a facility maintains both an 
additive and a conventional subtractive line for the manufac
turing of printed boards, a two-fold incentive exists for 
reuse of spent copper etchant. The copper etchant used in a 
conventional subtractive process is normally dumped when the 
copper concentration reaches approximately 45,000 mg/1. 
However, by removing the iron and chromiu~ from the etchant, 
it can become an inexpensive source of copper for the additive 
plating baths. This technique can be extended to recover the 
copper bearing waters from copper etchant rinse tanks as well 
as from the etch tank and is practiced at Plant ID 11065. 
Some concentrating devices, such as vacuum distillation, may 
be required to reduce the volume of the rinse. 

Recovery of Metal from Spent Plating Baths - Spent plating 
baths contain a significant percentage of metal in solution. 
Recovery can be effected by electrolizing the solution at low 
voltage or by decomposing a hot bath with seed nuclei. The 
resultant material, while pure, can be re~ined or sold to 
recover some of its original value. The advantage of this 
type of treatment is that a large percentage of the metal is 
recovered and does not require treatment •. This type of metal 
recovery is performed by Plant ID's 1706l'and 11065. 

Regeneration of Etchants - Regeneration o~ .etchants from a 
copper etchant solution can be achieved by partially dumping 
the bath and then adding fresh make-up acid and water. If 
this is done, the etchant life can be ext~nded indefinitely. 
Another method practiced for the regenera~~on of etchants used 
in the electroless plating of plastics is ito oxidize the 
trivalent chromium back to the active hexavalent chromium. 
The oxidization is done by an electrolytic cell. Plant 20064 
regenerates its preplate etchants in this :manner. Use of this 
method reduces the amount of material requiring waste treatment. 

' 
! 

Reclamation of Paint Powders - A plant which uses powder 
coating does:not need water wash spray booths to catch over
spray. The oversprayed particles can be collected with a 
vacuum arrangement in a dry booth, filtered, and reused on the 
production line. 

Dragout Recovery - If the overflow water from a rinse tank can 
be reused, 1t does not have to be treated~ and additional 
water does not have to be purchased. One ·approach currently 
in use is to replace the evaporative losses from the process 
bath with overflow from the rinse station.· This way a large 
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percentage of process solution normally lost by dragout can be 
returned and reused. 

The usefulness of this method depends on the rate of evapora
tion from the process tank. The evaporation from a bath is a 
function of its temperature, surface area, and ventillation 
rate, while the overflow rate is dependent on the dilution 
ratio, the geometry of the part, and the dragout rates. If 
the rinse is noncritical, i.e., where the part is going to 
another finishing operation, closing the loop (returning rinse 
overflow to the process tank} can be accomplished with far 
fewer rinse tanks than a critical rinse (following the last 
process operation}. For example, if a particular line is 
always used to plate base metals only, and afterwards the work 
always goes to another process, then this permits a lower flow 
rate with consequently higher buildup of pollutants in the 
rinse. Under these conditions, an external concentrator, such 
as an evaporator, is not required, and the rinse overflow can 
be used directly for process bath makeup. The reverse is 
often true with the rinse following the final finishing step. 
The flow rate in this instance may be high enough that it 
exceeds the bath evaporation rate and some form of concen
trator is required. 

When using any rinse arrangement for makeup of evaporative 
losses from a process solution, the quality of the rinse water 
must be known and carefully monitored. Naturally occurring 
dissolved solids such as calcium and magnesium salts can 
slowly build up and cause the process to go out of control. 
Even using softened water can cause process control problems. 
For this reason, deionized water is often used as a feed for 
rinsing arrangements which will be used for evaporative makeup 
of process solutions. 

Oily Waste Segregation 

Many different types (or compounds} of oils and related fluids 
are common in oily wastes and include cutting oils, fluids, 
lubricants, greases, solvents, and hydraulic fluids. Segrega
tion of these oily wastes from other wastewaters reduces the 
expense of both the wastewater treatment and the oil recovery 
process by minimizing the quantity and number of constituents 
involved. In addition, segregated oily wastes are appropriate 
for hauling to disposal/reclamation by a contractor in lieu of 
on-site treatment. Additional segregation of oily wastes by 
type or compound can further reduce treatment or hauling 
costs. Some oils have high reclaimer values and are more 
desirable if they are not contaminated by other oils. 

Properly segregated spent oils containing common base oils and 
additives will retain much more of their original value and 
can be efficiently processed. Spent oils, properly segregated, 
can be reprocessed in-house or sold to an outside contractor. 
Some plants purchase reprocessed oils which results in substan
tial savings. 
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I • 

The true value of oils and cutting fluids should be real1zed 
during its entire use cycle, from purchase ito disposal and 
reuse. This is particularly true during used oil collection 
and storage. 

Process Bath Segregation 

Process baths which are to be sent to waste treatment rather 
than being shipped out should be segregated from one another. 
The purpose of this is the same as for segregating raw waste 
streams. Mixing together of process solutions may form com
pounds which are very difficult to treat or create unneces
sarily larger volumes of water requiring specialized treatment 
such as chromium reduction or cyanide oxidation. 

Process Modification 

I 

Process modifications can reduce the amount of water required 
for rinsing or reduce the load of certain ~ollutants on a 
waste treatment facility. For example, a rinse step can be 
eliminated in electroless plating by using a combined sensiti
zation and activation solution followed by a rinse in place of 
a process sequence of sensitization-rinse-activation-rinse. 
Another potential process modification would be to change from 
a high concentration plating bath to one with a lower concen
tration. Parts plated in the lower concentration bath require 
less rinsing (a dilution operation) and, thus, decrease the 
water usage relative to high concentration baths. 

There are also constantly increasing numbers of substitute 
bath solutions and plating processes becoming commercially 
available. A number of these are listed below: 

Non-chromic acid pickling solutions 
Non-cyanide zinc and copper plating 
Non-aqueous plating processes 
Trivalent chromium plating 
Etch recovery and recirculating systems 
Non-chromium decorative plating 
Substitutions for cadmium where applicable 
Phosphate-free and biodegradable cleaners 

These options have been formulated in an effort to reduce the 
level of critical pollutants generated. 

For plants which are currently using spraying as their painting 
application method, there are several alternative methods of 
application which could reduce the amount Q~ .w~stew~ter gene
rated by the painting operation. Among th~se methods are 
electrostatic spraying, powder coating, flow coating and dip 
coating. Electrostatic spraying has a smaller percent of 
overspray so less paint enters into the wastewater stream. 
Powder coating, flow coating and dip coating generate no 
wastewater and the powders or paints used qan be recycled. 

I 
I 
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The selection of an application method is highly dependent 
upon the geometry of the part being painted so not all of the 
methods mentioned above will work for a specific work piece. 

A plant which has a painting operation and employs water wash 
spray booths to capture overspray may reduce its pollutant . 
generation by modifications to the spray booths. One possi-
bility is switching over to dry filter booths or oil wash 
booths. Neither of these produces any wastewater. Another 
alternative is improving the existing booths by adding auto
matic screening or electrostatic treatment. Both of these 
features continuously remove paint solids from the water and 
allow for less frequent dumps of the booth water, thereby 
reducing wastewater generation. 

Another process modification applicable to metal finishing 
plants is the replacement of solvent degreasing, where possi
ble, with an alternative cleaning method such as alkaline 
cleaning. Typical areas that are amenable to cleaning tech
niques othe~ than solvent degreasing are: 

1. Low to medium volume production levels.when cleaning 
cycle time does not impact the cost of production. 

2. Non-ferrous products. 

3. Simple product shapes 

4. Small parts (adaptable to automated processes) 

5. Situations where an oily film residue is not 
objectionable. 

6. Situations where no exacting surface finishing 
is required. 

Cutting Fluid Cleaning 

Essential to efficient machining operations is a clean and effi
cient cutting fluid cleaning system. An efficient cleaning 
system allows for recycling and reuse of oils. In maintaining 
clean fluid, the operation, the metal, and the fluid must be 
considered. Settling and skimming is only efficient when large 
volumes of fluid and long retention times are available. When 
fine particles or micro-debris are involved, the cleaning or 
maintenance of a cutting fluid also depends on whether it is a 
straight oil or an aqueous emulsion. Many operations and 
metals will produce coarse debris while brittle metals produce 
fine debris requiring a more sophisticated type of treatment. 
Filtration, centrifuging, or magnetic separation may be necessary~ 
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Straining 

Oil or water solutions require straining tb ensure pump protec
tion. Double strainers should be inserted· and kept free of 
rags, lint, or other clogging elements. Stainless mesh 
strainers are recommended for aqueous systems to minimize 
corrosion. L ... 

/I I 'I 

Settling 

Large sumps or central systems permit settling. Particle size 
and retention time are important considerations to ensure 
debris or sediment removal. Settling is essential to other 
methods of fluid cleaning by helping redu~e sediment loads on 
filters and centrifuges. 

i 

Baffles above and below the surface of th~ fluid level will 
improve settling and deposition~ Tramp oils, scums, and soaps 
may be skimmed either continuously or intermittently. Dense 
debris and sediment can be removed by drag chains, periodic 
sump cleanout, scum gut·ters, or surface p~ddles and sweeps. 

I 

! 
Centrifuging I' 

As an accelerated settling process, the c~ntrifuge l.s largely 
limited to low solids content removal. I~ may be used to 
enhance the efficiency of low volume systems and will remove 
fine particles. 

Magnetic Separators 
I 

Magnetic separators are an effective mean~ of removing ferrous 
or magnetic metals and are most efficient~y used with low 
viscosity fluids or aqueous systems. 

Filtration 

The pore size or opening of a filter medium will determine·the 
particle size which may be removed. The most common filtering 
systems consist of self-advancing rolled fabric. Filtration 
may be enhanced by vacuum or negative pressure. Supplemental 
coatings on filter media, such as diatomaceous earth, add 
depth to'barrier filtration. 

Flotation 

The cleaning of cutting fluids can utilize the aeration process, 
which causes fine particles to attach themselves to air bubbles, 
producing an efficient flotation system. Floating matter, 
foam, and scum are then removed by continuous skimmers or froth 
paddles. Flotation by aeration has the advantage of high 
solids removal in relation to liquid losses and effectively 
conserves coolant. In general, the flotation-type system 
works best with emulsifiable coolants, but foam must be con-
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trolled. This system cannot be used with water miscible 
fluids of high wettability. 

Integrated Waste Treatment 

Waste treatment can be accomplished in the production area 
with constant recycling of the effluent. This process is 
generally known as integrated waste treatment. Integrated 
waste treatment can be applied to oily wash waters and elec-
troplating rinse waters. 

The washing of oily metal parts, rinses following oil quenches, 
machine system leaks, and some testing washes or rinses produce 
the largest.majority of oily wastewater. Steps should be 
taken in-plant to segregate cutting fluids, hydraulic oils, 
crankcase oil, quench oils, and solvents from these waste 
streams. 

Closed loop systems are available for removing oils, metal 
fines, and other residues from wash water through a combina
tion of ·settling and skimming. A typical closed loop system 
consists of two compartments holding caustic wash solution, 
each equipped with an oil roll skimmer. While one compartment 
supplies wash solution to a series of washers, the other 
remains dormant, allowing heavy material to settle and oils 
float to the surface. The solids are collected as sludge and 
the oils are skimmed off. An alternative system would be an 
ultrafiltration system which can recycle water back to rinse 
and wash make-up stations. 

Integrated treatment for plating processes uses a treatment 
rinse tank in the process line immediately following a process 
tank (plating, chromating, etc). Treatment solution (usually 
caustic soda in excess) circulating through the rinse tank 
reacts with the dragout to form a precipitate and removes it 
to a clarifier. This clarifier is a small reservoir usually 
designed to fit near the treatment rinse tank and is an 
integral part of water use in the production process. Further 
treatment may take place in the clarifier (cyanide oxidation, 
chromium reduction) or settling alone may be used to separate 
the solids. Sludge is removed near the spillover plate on the 
effluent side of the clarifier, and the effluent is returned 
to the treatment rinse tank. Consequently, no pollutants are 
directly discharged by the waste treatment process. Although 
further rinsing of the parts is required to remove treatment 
chemicals, this rinse will not contain pollutants from the 
original process tank, and no further treatment is needed. 

Good Housekeeping 

Good housekeeping, proper selection and handling of process 
solutions, and proper maintenance of metal finishing equipment 
are required to reduce wastewater loads to the treatment 
system. Good housekeeping techniques prevent premature or 
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unnecessary dumps of process solutions and,cooling oils. 
Examples of good housekeeping are discussed below. 

• 

• 

I 
Frequent inspection of plating racks for loose 
insulation prevents excessive dragout o,f process 
solutions. Also, periodic inspection of the condi
tion of tank liners and the tank9 themselves reduces 
the chance of a catastrophic failure which would 
overload the treatment system. i 

l 

Steps should be taken to prevent.the formation of 
hard-to-treat wastes. Separation of cyanide wastes 
from nickel or iron wastes is advisable to avoid 
formation of cyanide complexes. 'Proper tank linings 
in steel tanks prevent the formation of ferrocyanides. 

Periodic inspection should be performed on all 
auxiliary metal finishing equipment. This includes 
inspection of sumps, filters, process piping, and 
immersion steam heating coils for leaks. Filter 
replacement should be done in curbed areas or in a 
manner such that solution retain~d by the filter is 
dumped to the appropriate waste stream. 

' I 
Chemical storage areas should be.isolated from high 
hazard fire areas and arranged such that if a fire 
or explosion occurs in the storage area, loss of the 
stored chemicals due to deluge quantities of water 
would not overwhelm the treatment facilities. 

I 
To prevent bacterial buildup on ~achines, sump walls 
and circulatory systems should be sterilized at regular 
intervals. Centralized cooling systems are self-cleaning 
to some extent, but physical and :biological cleaning 
are required. The physical cleaning entails the 
removal of metallic fines, oxidized oil and other 
sludge forming matter. Biological cleaning involves 
the use of antiseptic agents, detergents and germi
cides. 

Chip removal from machining operations should include 
oil recovery and salvage provisions. 

i 
A lubrication program schedule keeps track of leakage 
and contamination. By analyzing 1records of consump
tion, it is possible to identify 'high consumption 
equipment. Premature drain intervals may indicate 
abnormal system contamination which should be corrected. 

A general accounting of oils and ,fluids throughout 
their life cycle (purchasing, storage, application, 
cleaning and disposal) will lead :to oil and fluid 
conservation. ' 
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It is important that proper labricants should be 
employed in a particular piece of machinery. Marking 
each piece of equipment with the product type required 
is practiced throughout the industry. This helps 
prevent the use of an improper oil and the subsequent 
premature dumping of that oil. 

Training and educating the operators of production 
equipment and waste treatment equipment can prevent 
unnecessary waste. 
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STATISTICAL ANALYSIS ' I 
I' 

' INTRODUCTION 

To establish effluent guideline limitations for the Metal Finishing Category, 
the available toxic pollutant data were examined statistically to determine 
the performance levels that were attained by properly operated metal finishing 
treatment systems. 

Details regarding the statistical analysis of toxic pollutants are described 
in exhibits: total toxic organics in Exhibit 2, new source Cd in Exhibit 3, 
and all other pollutants in Exhibit 1. The statisti~al analysis followed 
three approaches with fundamentally similar methodology. Differences in approach 
are due mainly to differences in quantity and structure of the data. 

l 
j 

DATA ! 
I 

The types of data usable for TTO and new source! c"ci'"'~~~~e similar and are 
therefore discussed together. That data consisted or one set of EPA sampling 
data resulting from samples taken daily over a 1 to 4 day period. The data 
sets were subdivided (the resulting set of data is q~fered to as a "subgroup") 
based on industrial process (for TTO) or statistical:properties (for new source 
Cd). For each pollutant the "subgroup" provided all·the numerical information 
used for the estimation of variability, and a "subset" of the "subgroup" pro-
vided estimation of the long term average. ' ,,, ,,, ... ,,,,,, ...... ,,,,,.,,, ,,, , , , 

The limitations on all other pollutants were based on two distinct sets 
of sampling data. The first set consists of raw and effluent concentration 
data that were collected during EPA conducted sampling visits. Typically, 
these data cover a period of 3 days of sampling, although as many as 6 days 
were occassionally recorded. The other data consistrd of sets of long term 
self monitoring effluent data (usually without paral~el raw waste data) that 
were submitted by plants in the Metal Finishing Category. These self moni
toring data cover periods of continuous effluent monitoring up to a year, with 
much of the data collected on a daily basis. The self monitoring data were 
used to estimate variability and the EPA data were used to estimate the long 
term average concentration. There are only a few exceptions to the above. 
For Cd and Ph self monitoring data were used to estikate the long term average 
and variability; EPA sampling data were not used. This was because the EPA 
sampled data indicated very low raw waste Pb and Cd levels and it was not 
certain that they adequately represented the range or Ph or Cd in actual use. 
For Ag no usable self monitoring data were available: so variability was esti
mated using the variability estimates of other toxic metals. 

STATISTICAL CALCULATIONS 

DAILY VARIABILITY 

For all pollutants a measure of variability (rekerred to as a variability 
factor) is calculated. In all cases the variability factor is the ratio of 
the 99th percentile estimated using a lognomal distribution to the arithmetic 
mean of the same data that was used to estimate the 99th percentile. Variability 
factors are used to account for fluctuations in effluent levels expected in 

! 
well operated treatment systems. 
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Variability factors for TTO and new source Cd, because of the data 
similiarities~ have been calculated in a similar manner and are described 
together. The data were assumed to follow a lognormal distribution by plant 
although the new source Cd and TTO data sets have no single plants with data 
sets sufficient to test lognormality. This assumption has been found to be 
satisfactory for the discharge of other pollutants in this industry as well as 
other industries. Although not tested formally, these data do not display 
significant departures from lognormality. The 99th percentiles in these cases 
were estimated using a pooled within plant variance. The pooled within plant 
variance uses only those plants with multiple observations. The 99th percentile 
of the "subgroup" is then divided by the arithmetic mean of the entire "subgroup" 
to arrive at the variability factor for the pollutant. 

The variability factors for all the remaining toxic pollutants have been 
calculated in a similar manner and are discused below. Because the self moni
toring data base contained large within plant data sets, lognormality of the 
toxic pollutant data was graphically and statistically verified by plant. In 
cases where detection limit observations were present in the data, a generalized 
form of the lognormal, known as the delta lognormal distribution was used. 
The variability factor used to calculate the limitations was determined by 
taking the median of the variability factors for each pollutant. Any datum 
reported as below a detection limit was assigned a value o~ zero. If more 
than 50 percent of the data were reported below the dete.ction limit the plant 
was not used to estimate variability. 

MONTHLY AVERAGE VARIABILITY 

The monthly average variability calculations for new source Cd were based 
upon the average of ten daily samples. The assumption is made that the distri
bution of means of small samples of lognormally distributed values are also 
lognormally distributed.*. This assumption provides the basis for the parameter 
estimates used to determine the 10-day (monthly average) 99th percentile estimate. 
Details regarding the methodology behind this approach to 10-day 99th· percen
tiles are described in Exhibit 3. The 10-day (monthly average) variability 
factor is calculated in an identical manner to the daily variability factor; 
the 99th percentile estimate is divided by the arithmetic mean of the same 
data used to estimate the 99th percentile. No monthly average limitations 
were calculated for TTO. 

The monthly average variability calculations for all other toxic 
pollutants was also based on the assumption that averages of 10 daily 
samples are approximately lognormally distributed. In these cases, however, 
with large quantities of self monitoring data, the 10 day average limitations 

* This lognormal characteristic of small sample averages from lognormal dis
tributions has been observed in many industry categories for a wide variety 
of pollutants and was used as the basis of four (4) sample monthly average 
limitations in Pretreatment Standards for the Electroplating industry. 
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were based on empiricial distributions of the logs 1 of 10 day averages. That 
is, averages of 10 sequential daily values were constructed from each plants' 
self monitoring data and fit to a lognormal distribution. The estimated 99th 
percentiles of these fitted distributions were thep used as ·the numerator of 
the variability factor. The arithmetic mean of the 10 day averages was used 
as the denominator. The median plant 10 day average variability factor for 
each pollutant was then used to determine 10 day average monthly limitations. 

LONG TERM AVERAGES 

Long term averages were calculated for TTO, and new source Cd in a similar 
manner. A "subgroup" was used to estimate variability and a "subset" of the 
"subgroup" was used to estimate the long term aver~ge. The "subsets" for both 
pollutants contained plants that were exceptional either because of the sta
tistical properties (eg. extremely large average) ~nd/or because of a special 
industrial process (eg. painting and solvent degreasing). An arithmetic average 
was calculated from the "subset" and was used as f?e long term average. 

The long term averages for all the other toxic pollutants (except Pb and 
Cd) were calculated from the EPA sampling data described above. Arithmetic 
means of all values for each pollutant were used as the long term average. 
The arithmetic averages of the previously described self monitoring data were 
used for Cd and Pb. : 

EFFLUENT LHliTS 

The effluent limitations are based on a plant ,s treatment system being 
operated to maintain an average effluent concentrations equal to the long term 
averages. The day-to-day concentrations are expected to fluctuate about these 
average concentrations. : 

' 
The variability factors estimated from the long term self monitoring data 

account for these fluctuations. Daily and monthly·. average limitations were 
determined by multiplying the appropriate variability factors and averages. 
Details of the data and analysis used to determine the limitations are provided 
in exhibits attached to this document and supplemental computer printouts and 
worksheets contained in the administrative record supporting this rulemaking. 

I 

I 

I 
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SECTION VIII 
COST OF WASTE WATER CONTROL AND TREATMENT 

INTRODUCTION 

This section presents estimates of th~ 6ost of implementation·af. 
wastewater treatment and control options for each of the sub
categories included in the Metal Finishing Category. These 
costs estimates~ together with the pollutant reduction perform·- ' 
ance for each treatment and control option presented in Section 
VII provide a basis for evaluation of the options presented. 
The cost estimates also provide the basis for the determination 
of the probable economic impact of regulation at different 
pollutant discharge levels on the Metal Finishing Category. Ih 
addition, this section addresses non-water quality environmental 
impacts of wastewater treatment and control alternatives incltid~ 
ing air pollution, noise pollution, solid wastes, and energy 
requirements. 

' 
To arrive at the cost estimates presented in this section, 
specific wastewater treatment technologies and in-process con
trol techniques from among those discussed in Section VI~ were 
selected and combined in wastewater treatment and control sys
tems appropriate for each waste ·type. The. different waste 
treatment systems were combined for cost estimation in six 
different plant treatment systems corresponding to the most 
common types of facilities operating within the Metal Finishi'ng_: · 
Category. As described in more detail below, investment and 
annual costs for each system were estimated based on wastewater 
flows and raw wastewater characteristics for each waste type as 
presented in Section v. Cost estimates are also presented for 
individual treatment technologies included in the waste treat
ment systems. 

COST ESTIMATION METHODOLOGY 

Cost estimat.ion is accomplished using a computer program which .. 
accepts inputs specifying the treatment system to be estimated, 
chemical characteristics of the raw wastewater streams treated, 
flow rates and operating schedules. The program accesses models 
for specific treatment components which relate component invest
ment and operating costs, materials and energy requirements, and 
effluent stream characteristics to influent flow rates and 
stream characteristics. Component models are exercised sequen
tially as the components are encountered in the system to det~r
mine chemical characteristics and flow rates at each point. 
Component investment and annual costs are also determined and 
used in the computation of total system costs. Mass balance 
calculations are used to determine the characteristics of com
bined streams resulting from mixing two or more streams and to 
determine the volume of sludges or liquid wastes resulting from 
treatment operations such as chemical precipitation and set
tling, filtration, and oil separation. 
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Cost estimates are broken down into severa~ distinct elements in 
addition to total investment and annual costs: operation and 
maintenance costs, energy costs, depreciatLon, and annual costs 
of capital. The cost estimation program incorporates provisions 
for adjustment of all costs to a common do~lar base on the basis 
of economic indices appropriate to capital :equipment and operat
ing supplies. Labor and electrical power costs are input vari
ables appropriate to the dollar base year for cost estimates. 
These cost breakdown and adjustment factors as well as other 
aspects of the cost estimation process are 1discussed in greater 
detail in the following paragraphs. 

Cost Estimation Input Data l 
t ,, 
lt,',',',l!llilll,''',,,lil1'" ll,,'l,li'ill,,ilill"' '11,'11:1,'1 1111 1 ' 1 ,,Ill' 

The wastewater treatment system descriptions input to the com-
puter cost estimation program include both :a specification of 
the wastewater treatment components included and a definition of 
their interconnections. For some components, retention times or 
other operating parameters are specified in the input, while for 
others, such as reagent mix tanks and clarifiers, these para
meters are specified within the program ba~ed on prevailing 
design practice in industrial wastewater treatment. The waste
water treatment system descriptions may inqlude multiple raw 
wastewater stream inputs and multiple treatment trains. For 
example, cyanide bearing waste streams are .segregated and 
treated for cyanide oxidation and chromium 'bearing wastes are 
segregated for chromium reduction prior to subsequent chemical 
precipitation treatment with the remaining process wastewater. 

The specific treatment systems selected for cost estimation for 
each subcategory were based on an examination of raw waste 
characteristics, consideration of manufacturing processes, and 
an evaluation of available treatment technologies discussed in 
Section VII. The rationale for selection ~f these systems and 
their pollutant removal effectiveness are ~lso addressed in 
Section VII. 

The input data set also includes chemical characteristics for 
each raw wastewater stream specified as input to the treatment 
systems for which costs are to be estimated. These character
istics are derived from the raw wastewater.sampling data pre
sented in Section v. The pollutant parameters which are pre
sently accepted as input by the cost estimation program are 
shown in Table 8-1. The values of these parameters are used in 
determining materials consumption, sludge volumes, treatment 
component sizes, and effluent characteristics. The list of 
input parameters is expanded periodically as additonal pollut
ants are found to be significant in wastewater streams from 
industries under study and as additional treatment technology 
cost and performance data become available• Within the Metal 
Finishing Category, individual waste types commonly encompass a 
number of different wastewater streams which are present to 
varying degrees at different facilities. The raw wastewater 
characteristics shown as input to wastewater treatment represent 

i 
I 
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a mix of these streams including all significant pollutants 
found and will not in general correspond precisely to process 
wastewater at any existing facility. The process by which these 
raw wastewaters were defined is explained in Section v. 

TABLE 8-1 

COST PROGRAM POLLUTANT PARAMETERS 

Parameter, Units 

Flow, MGD 
pH, pH units 
Turbidity, Jackson Units 
Temperature, degrees C 
Dissolved oxygen, mg/1 
Residual Chlorineu mg/1 
Acidity, mg/1 CaC03 

·Alkalinity, mg/1 CaC03 
Ammonia, mg/1 
Biochemical Oxygen Demand mg/1 
Color, Chloroplatinate units 
Sulfide, mg/1 
Cyanides, mg/1 
Kjeldahl Nitrogen, mg/1 
Phenols, mg/1 
Conductance, micromhos/cm 
Total Solids, mg/1 
Total Suspended Solids, mg/1 
Settleable Solids, mg/1 
Aluminum, mg/1 
Barium, mg/1 
Cadmium, mg/1 
Calcium, mg/1 
Chromium, Total, mg/1 
Copper, mg/1 
Fluoride, mg/1 
Iron, Total, mg/1 
Lead, mg/1 
Magnesium, mg/1 
Molybdenum, mg/1 
Total Volatile Solids, mg/1 
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Parameter, Units 

Oil, Grease, mg/1 
Hardness, mg/1 CaC03 
Chemical Oxygen Demand, mg/1 
Algicides, mg/1 
Total Phosphates, mg/1 
Polychlorobiphenyls, mg/1 
Potassium, mg/1 
Silica, mg/1 
Sodium, mg/1 
Sulfate, mg/1 
Sulfite, mg/1 
Titanium, mg/1 
Zinc, mg/1 
Arsenic, mg/1 
Boron, mg/1 
Iron, Dissolved, mg/1 
Mercury, mg/1 
Nickel, mg/1 
Nitrate, mg/1 
Selenium, mg/1 
Silver, mg/1 
Strontium, mg/1 
Surfactants, mg/1 
Beryllium, mg/1 
Plasticizers, mg/1 
Antimony, mg/1 
Bromide, mg/1 
Cobalt, mg/1 
Thallium, mg/1 
Tin, mg/1 
Chromium, Hexavalent, mg/1 



,,, 
The final input data set comprises raw wastewater flow rates for 
each subcategory input stream addressed. Six treatment scenar-
ios corresponding to different types of manufacturing facilities 
within the Metal Finishing Category are addressed in the cost 
estimates. Each scenario entails a different combination of 
individual subcategory wastewater streams. ror each, costs are 
estimated for five total plant wastewater flow rates spanning 
the range of flows generally encountered within the Metal 
Finishing Category (1,000- 10,000,000 1/day). From these data, 
graphs have been prepared showing total treatment system invest-
ment costs and total annual costs as a function of flow rate for 
each scenario. 

In establishing costs for the Metal Finishing Category, the 
Agency used the total plant process flow which could include 
wastewaters from other categories, e.g., por~elain enameling. 
This analysis provides conservative cost estimates for metal 
finishing in that other categorical regulati9ns have costed and 
examined the impact of pollution control for: non-metal finishing waste
water streams. 

System Cost Computation 

A simplified flow chart for the estimation ~f wastewater 
treatment and control costs from the input data described above 
is presented in Figure 8-1. In the computation, raw wastewa,t,er 
characteristics and flow rates are used as input to the model " 
for the first treatment technology specified; in the system 
definition. This model is used to determine,the size and cost 
of the component, materials and energy consurhed in its opera
tion, and the volume and characteristics of the stream(s) dis
charged from it. These stream characteristi¢s are then used as 
input to the next component(s) encountered iD the system defini
tion. This procedure is continued until the complete system 
costs and the volume and characteristics of the final effluent 
stream(s) and sludge wastes have been determined. In addition 
to treatment components, the system may include mixers in which 
two streams are combined, and splitters in which part of a 
stream is directed to another destination. These elements are 
handled by mass balance calculations and allow cost estimation 
for specific treatment of segregated process;wastewaters prior 
to combination with other process wastewaters for further treat
ment, and representation of partial recycle of wastewater. 

' 
As an example of this computation process, the sequence of cal
culations involved in the development of cost estimates for the 
simple treatment system shown in Figure 8-2 may be described. 
Initially, input specifications for the treatment system are 
read to set up the sequence of computations. The subroutine 
addressing chemical precipitation and clariftcation is then 
accessed. The sizes of the mixing tank and clarification basin 
are calculated based on the raw wastewater f~ow rate to provide 
45 minute retention in the mix tank and 4 ho~r retention with a 
33.3 gal/hr/sq ft surface loading in the clarifier. Based on 
these sizes, investment and annual costs for'labor, supplies for 
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the mixing tank and clarifier including mixers, clarifier rakes 
and other directly related equipment are determined. Fixed 
investment costs are then added to account for sludge pumps, 
controls, piping, and reagent feed systems. 

Based on the input raw wastewater concentrations and flow rates, 
the reagent additions (lime, alum and polyelectrolyte) are 
calculated to provide fixed concentrations of alum and poly
electrolyte and 10% excess lime over that required for stoichio
metric reaction with the acidity ana metals present in the 
wastewater stream. Costs are calculated for these materials, 
and the suspended solids and flow leaving the mixing tank and 
entering the clarifier are increased to reflect the lime solids 
added and precipitates formed. These modified stream character
istics are then used with performance algorithms for the clari
fier (as discussed in Section VII) to determine concentrations 
of each pollutant in the clarifier effluent stream. By mass 
balance, the amount of each pollutant in the clarifier sludge 
may be determined. The volume of the sludge stream is deter
mined by the concentration of TSS which is fixed at 4.5% based 
on general operating experience, and concentrations of other · 
pollutants in the sludge stream are determined from their masses 
and the volume of the stream. 

The subroutine describing vacuum filtration is then called, and 
the mass of suspended solids in the clarifier sludge stream is 
used to determine the size and investment cost of the vacuum 
filtration unit. To determine manhours required for operation, 
operating hours for the filter are calculated from the flow rate 
and TSS concentration. Maintenance labor requirements are added 
as a fixed additional cost. 

The sludge flow rate and TSS content are then used to determine 
costs of materials and supplies for vacuum filter operation 
including iron and alum added as filter aids, and the electrical 
power costs for operation. Finally, the vacuum filter perform
ance algorithms are used to determine the volume and character
istics of the vacuum filter sludge and filtrate, and the costs 
of contract disposal of the sludge are calculated. The recycle 
of vacuum filter filtrate to the chemical precipitation and 
settling system is not reflected in the calculations due to the 
difficulty of iterative solution of such loops and the general 
observation that the contributions of such streams to the total 
flow and pollutant levels are, in practice, negligibly small. 
Allowance for such minor contributions is made in the 20% excess 
capacity provided in most components. 

The costs determined for all components of the system ~re summed 
and subsidiary costs are added to provide output specifying 
total investment and annual costs for the system and annual 
costs for capital, depreciation, operation and maintenance, and 
energy. Costs for specific system components and the character
istics of all streams in the system may also be specified as 
output from the program. 

Treatment Component Models 

The cost estimation program presently incorporates subroutines 
providing cost and performance calculations for the treatment 
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technologies identified in Table 8-2. These subroutines have 
been developed over a period of years from the best available 
information including on-site observation~ of treatment system 
performance, costs, and construction practices at a large number 
of industrial facilities, published data, and information ob- · 
tained from suppliers of wastewater treat~ent equipment. The 
subroutines are modified and new subroutines added as additional 
data allow improvements in models for tre~tment technologies 
presently available, and as additional treatment technologies 
are required for the industrial wastewater streams under study. 
Specific discussions of each of the treatment component models 
used in costing wastewater treatment and control systems for the 
Metal Finishing Category is presented later in this section 
where cost estimation is addressed, and i~ Section VII where 
performance aspects were developed. 

1 

TABLE 8-2 
f, 

' 

TREATMENT TECHNOLOGY SUBROUTINES 
i 

Treatment Process SubroJti.nes ·· 

Spray/Fog Rinse 
Countercurrent Rinse 
Vacuum Filtration 
Gravity Thickening 
Sludge Drying Beds 
Holding Tanks 
Centrifugation 
Equalization 
Contractor Removal 
Reverse Osmosis 
Landfill 
Chemical Reduction of Chromium 
Chemical Oxidation of Cyanide 
Neutralization 
Clarification (Settling 

Tank/Tube Settler) 
API Oil Skimming 
Emulsion Breaking (Chem/Thermal) 
Membrane Filtration 
Filtration (Diatomaceous Earth) 
Ion Exchange - w/Plant Regeneration 
Ion Exchange - Service Regeneration 
Flash Evaporation 
Climbing Film Evaporation 
Atmospheric Evaporation 
Cyclic Ion Exchange 
Post Aeration 
Sludge Pumping 
Copper Cementation 
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S~hitary Sewer Discharge Fee 
Ultrafiltration 
Submerged Tube Evaporation 
Flptation/Separation 
Wiped Film Evaporation 
Trickling Filter 
Activated Carbon Adsorption 
Nickel Filter 
Su1fide Precipitation 
sand Filter 
Ch~omium Regeneration 
Pressure Filter 
Mu~timedia Granular Filter 
sump 

Cooling Tower 
Ozonation 
Activated Sludge 
Co?lescing Oil Separator 
Non Contact Cooling Basin 

Raw Wastewater Pumping 
Preliminary Treatment 
Preliminary Sedimentation 
Aerator - Final Settler 
Chlorination 
Flotation Thickening 
Mu+tiple Hearth Incineration 
Aerobic Digestion 

I 



In general terms, cost estimation is provided by mathematical 
relationships in each subroutine approximating observed cor
relations between component costs and the most significant 
operational parameters such as water flow rates, retention 
times, and pollutant concentrations. In general, flow rate is 
the primary determinant of investment costs and of most annual 
costs with the exception of material costs. In some cases, 
however, as discussed for the vacuum filter, pollutant concen
trations may also significantly influence costs. 

Cost Factors and Adjustments 

As previously indicated, costs are adjusted to a common dollar 
base and are generally influenced by a number of factors in
cluding: Cost of Labor, Cost of Energy, Capital Recovery Costs 
and Debt-Equity Ratio. These cost adjustments and factors are 
discussed below. 

Dollar Base - A dollar base of August 1979 was used for all 
costs. 

Investment Cost Adjustment - Investment costs were adjusted to 
the aforement£0ned dollar base by use of Sewage Treatment Plant 
Construction Cost Index. This cost is published monthly by the 
EPA Division of Facilities Construction and Operation. The 
national average of the Construction Cost Index for August 1979 
was 337.8. · 

Supply Cost Adjustment - Costs of supplies such as chemicals 
were related ·to the dollar base by use of the Producer Price 
Index (formerly known as the Wholesale Price Index). This 
figure was obtained from the u.s. Department of Labor, Bureau of 
Labor Statistics, "Monthly Labor Review". For August 1979 the 
"Industrial Commodities" Producer Price Index was 240.3. Pro
cess supply and replacement costs were included in the estimate 
of the total process operating and maintenance cost. 

Cost of Labor - To relate the operating and maintenance labor 
costs-,-the hourly wage rate for non-supervisory workers in sani
tary services was used from the u.s. Department of Labor, Bureau 
of Labor Statistics October, 1979, publication, "Employment and 
Earnings". For August 1979, this wage rate was $6.71 per hour. 
This wage rate was then applied to estimates of operation and 
maintenance man-hours within each process to obtain process 
direct labor charges. To account for indirect labor charges, 15 
percent of the direct labor costs was added to the direct labor 
charge to yield estimated total labor costs. Such items as 
Social Security, employer contributions to pension or retirement 
funds, and employer-paid premiums to various forms of insurance 
programs were considered indirect labor costs. 
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Cost of Energy - Energy requirements were ,calculated directly 
w~thineach process. Estimated costs werel than determined by 
applying an electrical rate of 4.5 cents p~r kilowatt hour. 

This electrical charge was determined by assuming that any 
electrical needs of a waste treatment faci~ity or in-process 
technology would be satisfied by an existing electrical distri
bution system, i.e., no new meter would be: required. This 
eliminated the formation of any new demand: load base for the 
electrical charge. 

Capital Recovery Costs -- Capital recovery costs were divided 
into straight line five-year depreciation and cost of capital at 
a thirteen percent annual interest rate for a period of five 
years. The five year depreciation period was consistent with 
the faster write-off (financial life) allowed for these facili
ties even though the equipment life is in the range of 20 to 25 
years. 

i 
The annual cost of capital was calculated py using the capital 
recovery factor approach. 

The capital recovery factor is normally used in industry to help 
allocate the initial investment and the interest to the total 
operating cost of the facility. It is equal to: 

i 

i + (l+i)N-l 

where i is the annual interest rate and N is the number of years 
over_which the capital is to be recovered. The annual capital 
recovery was obtained by multiplying the initial investment by 
the capital recovery factor. The annual depreciation of the 
capital investment was calculated by dividing the initial invest
ment by the depreciation period N, which was assumed to be five 
years. The annual cost of capital was then equal to the annual 
capital recovery minus the depreciation. 

Debt-Equity Ratio - Limitations on new borrowings assume that 
debt may not exceed a set percentage of the shareholders' 
equity. This defines the breakdown of the capital investment 
between debt and equity charges. However, ,due to the lack of 
information about the financial status of various plants, it was 
not feasible to estimate typical shareholders equity to obtain 
debt financing limitations. For these reaqons, capital cost was 
not broken into debt and equity charges. Rather, the annual 
cost of capital was calculated via the procedure outlined in the 
Capital Recovery Costs section above. 

Subsidiary Costs i 
i' 

The waste treatment and control system costs presented in 
Figures 8-34 through 8-65 for end-of-pipe ~nd in-process waste
water control and treatment systems include subsidiary costs 
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associated with system construction and operation. These sub
sidiary costs include: 

administration and laboratory facilities 

garage and shop facilities 

line segregation 

yardwork 

piping 

instrumE:mtation 

land 

engineering 

legal, fiscal, and administrative 

interest during construction 

contingency 

Administrative and laboratory facility treatment investment is 
the cost of constructing space for administration and laboratory 
functions for the wastewater treatment system. For these cost 
computations, it was assumed that there was already an existing 
building and space for administration and laboratory func~ions. 
Therefore, there was no investment cost for this item. 

For laboratory operations. an analytical fee of $105 (August 1979 
dollars) was charged for metals and cyanide and $635 for toxic 
organics for each wastewater sample. regardless of whether the 
laboratory work was done on or off s:ite. This analytical fee is 
typical of the charges experienced by the EPA contractor during 
the past several years of sampling programs. The frequency of 
wastewater sampling is a function of wastewater discharge flow 
and is presented in Table 8-3. This frequency was suggested bythe 
Water Compliance Division of the USEPA. However, for the economic 
impact analysis. the Agency costed 10 samples per month for 
metals and cyanide which is consistent with the statistical basis 
for the monthly limit. 

For industrial waste treatment facilities being costed, no 
garage and shop investment cost was included. This cost item 
was assumed to be part of the normal plant costs and was not 
allocated to the wastewater treatment system. 

Line segregation investment costs account for plant modifica
tions to segregate wastewater streams. The investment costs for 
line segregation included placing a trench in the existing plant 
floor and installing the lines in this trench. The same trench 
was used for all pipes. The pipes were assumed to run from the 
center of the floor to a corner. A rate of 2.04 liters per hour 
of wastewater discharge per square meter of area (0.05 gallons 
per hour per square foot) was used to determine floor and trench 
dimensions from wastewater flow rates for use in this cost 
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estimation process. It was assumed that a transfer pump would 
be required for each segregated process l~ne in order to trans
fer the wastes to the treatment system. 

TABLE 8-3 

WASTEWATER SAMPLING FREQUENCY ' 
l 
I" 

Waste Water Discharge 
(liters per day} 

0 37,850 

37,850 189,250 

189,250 - 378,500 

once per month 
l 

twice p:er Inonth 
I 

once per week 

378,500 946,250 twice p
1

er week 
I 

946,250+ thrice per week 
I 

1.''1'' 

The yardwork investment cost item includes! the cost of general 
site clearing, lighting, manholes, tunnels, conduits, and gen
eral site items outside the structural codfines of particular 
individual plant components. This cost is: typically 9 to 18 
percent of the installed components invest~ent costs. For these 
cost estimates, an average of 14 percent w'as utilized. Annual 
yardwork operation and maintenance costs a~e considered a part 
of normal plant maintenance and were not included in these cost 
estimates. · 

The piping investment cost item includes t.he cost of inter-
• I ,,, .......... , ,, ,, ........ ,,,,, .. 

component pip1.ng, valves, and piping required to transfer the 
wastes to the waste treatment system. This cost is estimated to 
be equal to 20 percent of installed component investment costs. 

The instrumentation investment 8ost item includes the cost of 
metering equipment, electrical wiring and pable, treatment 
component operational controls, and motor control centers as 
required for each of the waste treatment s~stems described in 
Section VII of the document. The instrumentation investment 
cost is estimated based upon the requirements of each waste 
treatment system. For continuous operations a base cost of $25.000 
was used for instrumentation and was adjusted upward by a variable 
factor that depended on the complexity of ,the treatment system. 

I 

No new land purchases were required. It was assumed that the 
land required for the end-of-pipe treatment system was already 
available at the plant. 

Engineering costs include both basic and s~ecial services. 
Basic services include preliminary design reports, detailed 
design, and certain office and field engineering services during 
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construction of projects. Special services include improvement 
studies, resident engineering, soils investigations, land sur-
veys, operation and maintenance manuals, and other miscellaneous 
services. Engineering cost is a function of process installed 
and yardwork investment costs. The engineering cost ranges from 
appro~imately one percent for investment costs of about $1.2 million 
to 37 percent for investment costs of about $12,000. 

Legal, fiscal and administrative costs relate to planning and 
construction of waste water treatment facilities and include 
such items as preparation of legal documents, preparation of 
construction contracts, acquisition of land, etc. These costs 
are a function of process installed, yardwork, enqineering, and 
land investment costs, ranging between approximately 0.5 and 5.3 percent 
of the total of these costs. 

Interest cost during construction is the interest cost accrued 
on funds from the time payment is made to the contractor to the 
end of the construction period. The total of all other project 
investment costs (process installed; yardwork; land; engineer
ing; and legal, fiscal, and administrative) and the applied 
interest affect this cost. An interest rate of 13 percent was 
used to determine the interest cost for these estimates. 

A contingency allowance was included equal to ten percent of the 
s';lm of the co~t of individual treatment technologies plus piping,, 
l1ne segregat1on, and yard work. 

COST ESTIMATES FOR INDIVIDUAL TREATMENT TECHNOLOGIES 

Table 8-4 lists those technologies which are incorporated in the 
wastewater treatment and control options offered for the metal 
finishing category and for which cost estimates have been devel
oped. These treatment technologies have been selected from 
among the larger set of available alternatives discussed in 
Section VII on the basis of an evaluation of raw waste character
istics, typical plant characteristics (e.g. location, product~on 
schedules, product mix, and land availability), and present 
treatment practices within the subcategory addressed. Specific 
rationale for selection is addressed in Section IX, X XI and 
XII. Cost estimates for each technology addressed in this 
section include investment costs and annual costs for deprecia
tion, capital, operation and maintenance, and energy. 

·Investment- Investment is the capital expenditure required to 
br~ng the technology into operation. If the installation is a 
package contract, the investment is the purchase price of the 
installed equipment. Otherwise, it includes the equipment cost, 
cost of freight, insurance and taxes, and installation costs. 

Total Annual Cost - Total annual cost is the sum of annual costs 
for deprec~at~on, capital, operation and maintenance (less 
energy), and energy (as a separate function). 

Depreciation - Depreciation is an allowance, based on tax 
regulations, for the recovery of fixed capital from an 
investment to be considered as a non-cash annual expense. 
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It may be regarded as the decline in value of a capital 
asset due to wearout and obsolescence. ' 

Capital - The annual cost of capital is the cost, to the 
plant, of obtaining capital expressed as an interest rate. 
It is equal to the capital recovery dost (as previously 
discussed on cost factors) less depreciation. 

Operation and Maintenance - Operation and maintenance cost 
is the annual cost of running the wastewater treatment 
equipment. It includes labor and materials such as waste 
treatment chemicals. As presented in the tables, operation 
and maintenance cost does not include energy (power or 
fuel) costs because these costs are shown separately. 

Energy - The annual cost of energy i~ shown separately, 
although it is commonly included as part of operation and 
maintenance cost. Energy cost has been shown separately 
because of its importance to the nation's economy and 
natural resources. 

TABLE 8-4 
INDEX TO TECHNOLOGY COSTS 

i 

Technology 

CN Oxidation 
Chromium Reduction 
Clarification 
Emulsion Breaking 
Holding Tanks 
Multimedia Filtration 
Ultrafiltration 
Carbon Adsorption 
Sludge Drying Beds 
Vacuum Filtration 
Contract Removal 
Countercurrent Rinse 
Evaporation 

Cyanide Oxidation 

Figure .or Table 

Figures 8-3 to 8-5 
Figures 8-6 & 8-7 
Figures 8-8 ·to 8-10 
Figures 8-11 to 8-13 
Figures 8-14 to 8-16 
Figures 8-17 & 8-18 
Figures 8-19 to 8-21 
Figures 8-24 to 8-24 
Figures 8-25 & 8-26 
Figure~ 8-27 to 8-29 

Tables 8-6 .& 8-7 
Figures 8-30 to 8-32 

i 

In this technology, cyanide is destroyed by reaction with sodium 
hypochlorite under alkaline conditions. A complete system for 
accomplishing this operation includes reactors, sensors, con
trols, mixers, and chemical feed equipment. Control of both pH 
and chlorine concentration (through oxidation-reduction poten
tial) is important for effective treatment. 

Investment Costs - Investment costs for cyanide oxidation as 
shown in Figure 8-3 include reaction tank~, reagent storage, 
mixers, sensors and controls necessary for operation. Costs are 
estimated for both batch and continuous systems with the oper
ating mode selected on a least cost basis~ Specific costing 
assumptions are as follows: 
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For batch teatment, oxidation is accompli~hed by the addition of 
sodium hypochlorite. Sodium hydroxide and sulfuric acid are 
added to maintain the proper pH level. A:manually controlled 
feed pump is included for each treatment 9hemical. Chemical 
storage for the limited quantities generally involved in batch 
treatment is assumed to be in shipping containers, and no invest
ment costs for storage facilities are calculated. Reaction tank 
costs are based on two fiberglass tanks, each of which is sized 
to provide four hours retention. based on process flow rates. 
Mixers, based on one horsepower per 1000 gallons of reaction 
tank volume (0.5 HP minimum) are also provided. Investment 
costs also include a transfer pump and a manual instrumentation 
set including: 

2 pH probes 
1 pH probe maintenance kit 
1 pH meter 
3 ORP probes 
1 ORP meter 

i 

Installation is included as 60% of the sum of the co~ponent . 
costs. I' 
For continuous treatment, oxidation is accomplished us.:i.ng chlo
rine obtained as a gas. Sodium hydroxide,and sulfuric acid are 
used for pH control. Investment costs inqlude a chlorination 
system and automatically controlled pH control systems for two 
treatment tanks (for the two-stage cyanide destruction process). 
These systems include: 

pH Control and Instrumentation 

2 Pump stands 
2 Feed pumps 
2 Liquid Level detectors 

15 days storage for acid and sodium hydroxide 
2 pH probes 
2 pH meters 
1 pH probe maintenance kit 
2 pH controllers 1 •. 

3 ORP probes 
2 ORP meters 
2 ORP controllers 
2 Recorders 

Chlorination System 

Chlorinator 
Pressure Reducing valves 
Venturi ejector 
Diffuser 
Piping and fittings 
Evaporator 
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Weighing scale 
Gas detector 
Emergency vent system 
Hoisting equipment 
Installation and start-up service 

Costs are estimated for fiberglass reaction tanks providing 0.5 
hours retention for the first stage of treatment and 1 hour 
retention for the second stage. Mixers based on 1 horsepower 
per 1000 gallons with a minimum of 1 horsepower are costed for 
each tank. Cost estimates also include 2 emergency vent fans, 3 
circulation pumps, and 2 transfer pumps. 

Operation and Maintenance Costs - Costs for operating and main
ta1n1ng cyan1de oxidat1on systems include labor and chemical 
expenses. Annual operation and maintenance expenses for batch 
and continuous cyanide oxidation systems are shown in Figure 8-4 
as a function of waste stream flow rate. 

Labor expenses for the batch treatment system are estimated 
based on 1.5 hours of labor per batch of waste treated plus 2 
hours of maintenance labor per week plus additional labor for 
chemical handling based on the amounts of treatment chemicals 
consumed. For continuous treatment, maintenance labor is esti
mated at 4 hours per week, and operating labor at 1 hour per 
shift plus an additional 0.5 hours per cylinder (1 ton) of 
chlorine consumed. 

Chlorine or sodium hypochlorite addition is calculated based on 
a 10% excess over stoichiometric requirements calculated from 
measured cyanide concentrations plus concentrations of some 
metals, (copper, iron, and nickel) which form cyanide complexes. 
Sodium hydroxide requirements to maintain pH are calculated 
based on the flow and the amount of cyanide being treated, and 
sulfuric acid consumption is based on flow and sodium hydroxide 
consumption. 

Chemical costs have been based on the following unit prices: 

$ 600 Per ton of chlorine (August, 1979 price) 
$1462 Per ton of sodium hypochlorite (August, 1979 price) 
$ 699 Per ton of sodium hydroxide (August, 1979 price) 
$ 113 Per ton of sulfuric acid (August, 1979 price) 

The assumption has been made that the plants operate 24 hours 
per day, 260 days per year. This assumption overestimates the 
costs for facilities which operate less than 24 hours per day. 

Energy Costs - Motor horsepower requirements for chemical mixing 
have been described above. Mixing equipment is assumed to 
operate continuously over the operation time of the treatment 
system for both the continuous and batch modes. Pump motor 
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horsepower requirements are calculated based on several var
iables. These include system flow, pump head and system oper-
ating time. 

Annual energy expenses for batch and continuous cyanide oxida
tion systems are shown in Figure 8-5 as a function of waste 
stream flow rate. Energy expenses have been estimated based 
upon a rate of $0.045/kilowatt hour of required electricity. 
Plant operation was assumed to be for 24 hours/day, 260 days/ 
year. For continuous treatment, the treatment system operates 
during plant operation. Batch treatment operation schedules 
vary with flow rate as discussed above. · 

Chromium Reduction 

This technology provides chemical reduction of hexavalent chro
mium under acidic conditions to allow subsequent removal of the 
trivalent form by precipitation as the hydroxide. Treatment may 
be provided in either continuous or batch mode; cost estimates 
are developed for each. Operating mode for system cost esti...;. 
mates is selected on a least cost basis. 

Investment Cost - Cost estimates include all required equipment 
for perform1ng this treatment technology including reagent 
dosage, reaction tanks, mixers and controls. Different reagents 
are provided for batch and continuous treatment resulting in 
different system design considerations as discussed below. 

For both continuous and batch treatment, sulfuric acid is added 
for pH control. The acid is purchased at 93% concentration and 
stored in the cylindrical drums in which it is purchased. 

For continuous chromium reduction a single chromium reduction 
tank is used. Costs are estimated for an above-ground cylin
drical rubber lined tank with a one hour retention time, and an 
excess capacity factor of 1.2. Sulfur dioxide is added to 
convert the influent hexavalent chromium to the trivalent form. 
The control system for continuous chromium reduction consists 
of: 

1 immersion pH probe and transmitter 
2 immersion ORP probes and transmitter 
1 pH monitor and controller 
1 ORP monitor and controller 
1 sulfonator and associated controls, diffuser, 

evaporator, and pressure regulator 
1 sulfuric acid pump 
2 dilute acid pumps and pump stands 
1 transfer pump for sulfur dioxide ejector with 

pump stand . 
1 pH probe maintenance kit 
1 pen recorder 
2 mixers 
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For batch chromium reduction, the dual chromium reduction tanks 
are sized as above-ground cylindrical rubber-lined tanks, with a 
variable retention time, depending on flow rates. Up to a flow 
of 400 1/day to chromium reduction, one batch is treated per 5 
days of operation, and treatment tanks are sized to contain 5 
days' flow. Above this flow rate, one batch is treated each 
day. Sodium bisulfite is added to reduce the hexavalent chro
mium. 

A completely manual system is provided for batch operation. 
Subsidiary equipment includes: 

2 immersion pH probes 
1 pH probe maintenance kit 
1 pH meter 
3 immersion ORP probes (one stand by) 
1 ORP meter 
1 sulfuric acid transfer pump and stand 
1 sulfuric acid dilution tank 
1 sulfuric acid feed pump and stand 
1 reduction tank drain transfer pump 

Investment costs for batch and continuous treatment systems are 
presented in Figure 8-6. 

Operation and Maintenance - Costs for operating and maintaining 
chromium reduction systems include labor and chemical expenses. 
Annual operation and maintenance expenses for batch and continu
ous chromium reduction systems are shown in Figure 8-7 as a 
function of waste stream flow rate. 

Labor requirements for batch treatment include 2 hours/week 
maintenance, 45 minutes/batch treated and additional labor for 
chemical handling depending on the amount of sulfuric acid 
consumed. For continuous treatment, labor requirements are 4 
hours/week maintenance, 1 hour/day operation and additional 
labor for chemical handling depending on the amount of sulfuric 
acid consumed. 

For the continuous system, sulfur dioxide is added according to 
the following: 

(lbs so
2

/day) - (8.34) (flow to unit-MGD) (1.85xmg/1Cr+6+4 x 
mg/1 dissolved 02) (1.1 excess capacity factor} 

In the batch mode, sodium bisulfite ts added in place of sulfur 
dioxide according to the following: 

(lbs NaHS0
3

/day) = (8.34} (flow to unit-MGD} (2.74 x mg/1Cr+6 + 
5.94 x mg/1 dissolved 02} (1.1 excess 
capacity factor) 

Costs for these labor and chemical requirements are estimated 
based on the following: 
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$6.71 per manhour +15% indirect labor :charge 
$760. per ton of sulfur dioxide 
$280. per ton of sodium metabisulfite (1978 dollars) 

'~ ' ' ' 

Energy Costs - The horsepower required for chemical mixing is 
est1mated based on tank volumes at 1 hp per 1,000 gallons. The 
mixers are assumed to operate continuously lover the operation 
time of the treatment system. Pump motor horsepower require
ments are calculated based on system flow, pump head, and oper
ating time. Energy expenses are estimated ;based on a rate of 
$0.045/kilowatt hour of required electricity. 

Chemical Precipitation and Settling 

This technology removes dissolved pollutants by the formation of 
precipitates by reaction with added lime arid subsequent removal 
of the precipitated solids by gravity settling in a clarifier •. 
Several distinct operating modes and construction techniques are 
costed to provide least cost treatment over a broad range of 
flow rates. Because of their interrelationships and integration 
in common equipment in some installations, :both the chemical 
addition and solids removal equipment are addressed in a single 
subroutine. The chemical precipitation/sedimentation subroutine 
also incorporates an oil skimming device ori the clarifier for 
removal of floating oils. 

Investment Costs - Investment costs are determined for this 
technology for both batch and continuous treatment systems using 
steel tank or concrete tank construction. ! ..... '!'.J:le: system selected 
is based upon least cost on an annual basis as discussed previ
ously in this section of the development d~cument. Continuous 
treatment systems include a mix tank for reagent feed addition 
(flocculation basin) and a clarification bqsin with associated 
sludge rakes and pumps. Batch treatment systems include only 
reaction settling tanks and sludge pumps. · 

The flocculator included in the continuous 'chemical precipita
tion and sedimentation system can be either a steel tank or 
concrete tank unit. The concrete unit is based on a 45 minute 
retention time, a length to width ratio of's, a depth of 8 feet, 
a wall thickness of 1 foot, and a 20 percent excess capacity 
factor. The steel unit size is based on a 45 minute retention 
time, and a 20 percent excess capacity fac~or. Capital costs 
for the concrete units include excavation (as required). A 
mixer is included in flocculators of both qonstructions. 

I 
The concrete settling tank included in the:continuous chemical 
precipitation and clarification system is an in-ground unit 
sized for a hydraulic loading of 33.3 gph/square foot, a wall 
thickness of 1 foot, and an excess capacitJ factor of 20 per
cent. The steel settling tank included inlthe continuous chem
ical precipitation and sedimentation system is a circular above-

1,,, 

I 
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ground unit sized for a hydraulic loading of 33.3 gph/square 
foot, and an excess capacity factor of 20 percent. The depth of 
the circular steel tank is ass~med to increase linearly between 
six and fifteen feet for tanks with diameters between eight and 
twenty-four feet respectively. For tanks greater than twenty
four feet in diameter, the depth is assumed to be a constant . 
fifteen feet. An allowance for field fabrication for the larger 
volume steel settling tanks ;is included in the capital cost 
estimation. 

For batch treatment systems, dual above ground cylindrical steel 
tanks sized for an eight hour retention period and a 20 percent 
excess capacity factor are employed. The batch treatment syst~m 
does not include a flocculation unit. 

A fixed cost of $3;349 is included in the clarifier investment cost 
estimates for sludge pumps regardless of whether above-ground 
steel tanks (in the batch or continuous operation modes) or.t~e 
in-ground concrete settling tank are used. This.cost covers the 
expense of two centrifugal sludge pumps. Fixed costs of $2,346 
and $12,902 are included to cover the expense of polymer feed 
systems for the batch and continuous operation modes respec
tively. The $12,902 figure is included regardless of whether 
concrete or steel tank construction is employed for the contin
uous operation mode. 

Lime addition for chemical precipitation in the batch mode is 
assumed to be performed manually. A variable cost allowance for 
lime addition equipment is included in the continuous operation 
mode. This cost allowance covers the expense associate.d with a 
lime storage hopper, feeding equipment, slurry formation .and 
mixing and slurry feed pumps. The cost allowance increases as 
clarifier tank size increases. · 

Figure 8-8 shows a comparison of investment cost curves for 
batch and continuous chemical precipitation and sedimentation 
systems. The continuous treatment system investment cost 
is based on a steel flocculation unit followed by a steel ciari-. 
fication basin. This combination of treatment components was 
found to be less expensive than the concrete flocculation 
basin, concrete clarification basin combination, or any · 
combination of steel and concrete flocculation and clarification 
units. The batch treatment investment curve is based upon two 
above-ground cylindrical steel tank clarifier units. 'Both the· 
continuous and batch system investment curves include allowances 
for the sludge pump, polymer feed systems, and lime addition 
equipment (continuous system only). · 

All costs presented above include motors, controls, pqmp stands, 
and piping specifically associated with each treatment compo
nent. 

Operation and Maintenance Costs - The operation and maintenance 
costs for the clarifier routine include the cost of chemicals 
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added (lime, flocculants}, and of labor for operation and mainte
nance. Each of these contributing factors is discussed below. 

Figure 8-9 presents the annual manhour requirements for the 
continuously operating chemical precipitation and settling 
system. For the batch system, maintenance labor is calculated 
from the following equation: 

Annual manhours for maintenance = Oo75 x (Days of operation per 
year} 

Operational labor for the batch system is calculated from the 
following equation: 

Annual manhours for operation = 780 + (1.3} (lbs of lime added 
per day} 

Labor expenses have been estimated using a labor rate of $6.71 
per manhour plus an additional 15% to cover indirect labor ex
penses. 

Lime is added to the waste solution in order to precipitate 
dissolved metals so that the metal may be removed from the waste 
stream as settleable particulates. The amount of lime required 
for addition is based on equivalent amounts of various pollutant 
parameters present in the waste stream entering the unit. The 
coefficients used for calculating lime requirements are shown in 
Table 8-5. 

The cost of lime required has been determined using a rate of: 

$44.61 per ton of lime (August, 1979 price} 

Figure 8-10 presents annual operation and maintenance cost 
curves for the continuous and batch operation modes o£ the 
chemical precipitation and settling system as a function of 
waste stream flow rate. The cost curves have been based on the 
assumption that the waste treatment system will operate 24 hours 
per day, 5 days per week, 260 days per year. 

Energy Costs - The energy costs are calculated from the clar
ifler and sludge pump horsepower requirements. 

Continous Mode - The clarifier horsepower requirement is assumed 
constant over the hours of operation of the treatment system ~t 
a level of 0.0000265 horsepower per 3.8 1/hour (1 gph} of flow 
influent to the clarifier. The sludge pumps are assumed opera
tional for 5 minutes of each operational hour at a level of 
0.00212 horsepower per 3.8 1/hour (1 gph} of sludge stream flow. 

Batch Mode - The clarifier horsepower requirement is assumed to 
occur for 7.5 minutes per operational hour at the following 
level: 
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influent flow < 3944 1/hour; 0.0048 hp/gph 
i 
' influent flow > 3944 1/hour; 0.0096 hp/gph 

The power required for the sludge pumps in the batch system is 
the same as that required for the sludge pumps in the continuous 
system. Energy costs for these requirements are estimated based 
on a unit cost of $0.045/kilowatt hour of ~equired electricity. 

TABLE 8-5 

LIME ADDITIONS FOR LIME PRECIPITATION 

Stream Parameter 

Aluminum 
Antimony 
Arsenic 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron (Dissolved) 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Zinc 

Chemical Emulsion Breaking 

Lime Ad~ i tion 
kg/kg (ibs/lb) 

I 

o.ai 
4.53 
1. ~5 
2.134 
2.73 
2.~5 
1. 38 
1. 28 
2.~9 
0.205 
3.50 
1.4:8 
0.4:2 
1.45 
3.23 
1.25 

I 
' 

I 

Chemical emulsion breaking removes emulsif~ed oil droplets from 
suspension through chemical destabilizatiop. Destabilization 
allows the oil droplets to agglomerate, ri$e to the surface of 
the separation tank, and be removed from the wastewater by 
surface skimming mechanisms. This technolbgy assumes that the 
waste oil emulsion is capable of being broken through chemical 
addition only, and that addition of heat w~ll not be required. 

In this waste treatment system, emulsified oil wastes are mixed 
with alum and chemical polymers, then allowed to separate via 
gravity separation in a settling tank. Once separation has 
occurred, the waste oils can be skimmed from the tank surface 
and disposed. The remaining wastewater is either passed on to 
further treatment or discharged depending on the waste treatment 
system. · 

I 

Chemical emulsion breaking can be performe9 in either a continu-
ous or a batch mode. Each operating mode,· the equipment asso
ciated with each mode, and the design and operating assumptions 
incorporated are discussed in the followin9 paragraphs. 
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Investment Costs - The investment costs associated with the 
continuous and batch operating modes for chemical emulsion 
breaking are shown in Figure 8-11 as a function of waste stream 
flow rate. For the continuous operating mode, the cost curve is 
based upon the purchase and installation of the following equip-
ment: 

2 
2 
2 

2 
2 
2 

1 

1 

1 

1 
1 
1 

1 

946 liter (250 gallon) alum dilution tanks 
Alum dilution tank mixers 
Variable speed alum feed pumps (with pump 
stands 'and associated automatic control equipment) 
946 liter (250 gallon) polymer dilution tanks 
Polymer dilution tank mixers 
Variable speed polymer feed pumps (with pump 
stands and associated automatic control equipment) 
Steel mixing tank with liner for chemical addition 
(sized for 15 minute retention time) 
~Uxing tank mixer (motor horsepower variable with 
mixing tank volume) 
Steel gravity separation tank with liner, weirs, 
and baffles (sized for 1 hour retention time) 
Separation tank surface oil skimming mechanism 
Skimmed oil transfer pump 
Waste oil storage tank (steel tank with liner, sized 
for 20 day retention) 
Separation tank effluent transfer pump 

For the chemical emulsion breaking unit operated in the batch 
mode, the cost curve is based upon the purchase and installation 
of the following equipment: 

1 946 liter (250 gallon) alum dilution tank 
1 Alum dilution tank mixer 
1 Alum feed pump with pump stand 
1 946 liter (250 gallon) polymer dilution tank 
1 Polymer dilution tank mixer 
1 Polymer feed pump with pump stand 
2 Steel gravity separation tanks with liners 

(sized for variable retention depending on least cost 
mode) 

2 Tank mixers (motor hp variable with separation 
tank volume) 

1 Separation tank effluent transfer pump 

The chemical emulsion breaking system (both batch and continuous 
operating modes) have been sized for a 20% excess capacity 
factor. Selection of the operating mode is based on a least 
cost basis as discussed previously in the Section VIII text. 

Operation and Maintenance Costs - The operation and maintenance 
costs assoc1ated w1th the chemical emulsion breaking unit con
sist of labor and material expenses. 

VIII·-31 



to• 

~~~ 

"""' 16 I 

/ v_,. 
I 

""'"' 
v ... ""'" 

L 
0\ 

!" 
t5 
:J 
c( 
I 

Ill 
0: 
c( 
.J 
.J 
0 

~ 
a 

H 
... 

~ 
Ill 
0 

w u 
N ... 

z 
Ill 
::E ... 

""' 
,. 

/ 
~ 

'/ ..-~-" 

~ ""'-
~ i .... 

io"" ..... .., ... " 
!--- ·' ·' 1---::":: ~ I ,/ 

I--CONTINUOUS 1--~ t- ~./ I 
""' J -

""" 
.... I 

BAfCH- -- - I 
r--1- 1-1- - I 

_l 

I 
I BATCH/DAY : 2 BATCH/SHIFT 

4 I 

tos 

104 
Ill 
Ill 
> z 

-·-
-- -- -- 1-- --- --- -~ -- ------ ·-· --- .. ---

I I 
I I 

i 
_j 

I 
I 

tO 3 J 
tOO 103 104 tos 106 to7 

FLOW (L/DAY) 

FIGURE 8-11 
EMULSION BREAKING INVESTMENT COSTS 



Annual labor expenses for both the continuous and batch op:... ·'. 
erating modes for the chemical emulsion breaking unit ari sijown 
in Figure 8-·12 as a function of waste stream flow rate. , For· the 
continuous operating mode, labor requirements are based on '· 
estimated manhours required for diluting and mixing the poly~er 
and alum solutions and operating the unit. General operation 
labor has been estimated at 0.75 manhours per 8 hour shift.· 
General maintenance of the entire system has been estimated:at 2 
manhours per week. 

For the batch operating mode, labor requirements are based on 
estimated manhours required for diluting and mixing the polymer 
and alum solutions and operating the unit. General opeiaticin 
labor has been estimated at 0.75 manhours required per batch. 
General maintenance of the entire system has been estimated at 1 
manhour per week. 

Labor expenses have been calculated using a labor rate o£ $6.71 
per manhour plus an additional 15% to cover indirect labor 
costs. 

Material costs are associated with the alum and polymer chemical 
addition requirements. Polymer is added to the wastewater until 
a concentration of 150 mg/1 is attained. Alum is added to the 
wastewater until a concentration of 25 mg/1 is· attained. Ch~m
ical costs have been based upon the following unit prices: · 

$0.38 per kg of alum 
$]~.55 per kg of polymer 

The assumption has been made that the unit operates 24 hours per 
day, 5 days per week, 52 weeks per year. 

Energy Costs - Annual energy expenses for the chemical emul~ion 
break1ng system (both batch and continuous operating modes)·~re 
shown in Figure 8-13 as a function of waste stream flow rate~ 
These costs are based on operation of the dilution tank mixers, 
chemical feed pumps, mixing and separation tank mixers (as . 
applicable), oil skimmer (as applicable), and solution trans~er 
pumps (oil g.nd separation tank transfer pumps, as applicable). 
Energy expenses have been estimated based upon a rate of $0.D45/ 
kilowatt-hour of required electricity. It has been assumed :that 
the unit operates 24 hours per day, 5 days per week, 52 weeks 
per year. 

Holding Tanks 

Tanks serving a variety of purposes in wastewater treatment and 
control systems are fundamentally similar in design and construc
tion and in cost. They may include equalization tanks, sol~eion 
holding tanks, slurry or sludge holding tanks, mixing tanks, and 
settling tanks from which sludge is intermittently removed 
manually or by sludge pumps. Tanks for all of these ·pi.H:·poses·· 
are addressed in a single cost estimation subroutine with addi
tional costs for auxilliary equipment such as sludge pumps added 
as appropr1ate. 
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i 

Investment Costs- Costs are estimated for:steel tanks. Tank 
construction may be specified as input data, or determined on a 
least cost basis. Retention time is specified as input data 
and, together with stream flow rate, determines tank size. 
Investment costs for steel tanks sized for 0.5 days retention 
and 20% excess capacity are shown as functions of stream flow 
rate in Figure 8-14. These costs include ~ixers, pumps and 
installation. 

I 

! 
Operation and Maintenance Costs - For all holding tanks except 
sludge holding tanks, operation and maintenance costs are min
imal in comparison to other system O&M costs. Therefore only 
energy costs for pump and mixer operation are determined. These 
energy costs are presented in Figure 8-15. 1 

i 
i 

For sludge holding tanks, additional operation and maintenance 
labor requirements are reflected in increa9ed O&M costs. The 
required manhours used in cost estimation are prsented in Figure 
8-16. Labor costs are determined using a labor rate of $6.71 
per rnanhour plus 15% indirect labor charge~ 

I 
I 

Where tanks are used for settling as in lime precipitation and 
clarification batch treatment, additional operation and mainte
nance costs are calculated as discussed specifically for each 
technology. · 

Multimedia Filtration I 

This technology provides removal of suspended solids by filtra
tion through a bed of particles of several :distinct size ranges. 
As a polishing treatment after chemical precipitation and clar
ification processes, multimedia filtration provides improved 
removal of precipitates and thereby improved removal of the I . . . . 
original dissolved pollutants. ! 

I 

Investment Costs - The size of the granular bed multimedia 
filtration unit is based on 20% 2excess flo~ capacity and a 
hydraulic loading of 81.5 lpm/m • Investm~nt cost is presented 
in Figure 8-17 as a function of flow installation. 

Operation and Maintenance- The costs show~ in Figure 8-i8for 
operation and maintenance include contribu~ions of materials, 
electricity and labor. These curves resul~ from correlations 
made with data obtained by a major manufacturer. Energy costs 
are estimated to be 3% of total O&M. · 

Ultrafiltration 
j 

Ultrafiltration is a separation process involving the use of a 
semipermeable polymeric membrane. The porqus membrane acts as a 
barrier, separating molecular sized particulates from the waste 
stream. Membrane permeation by particulates is dependent upon 
particulate size, shape and chemical structure. Solvents and 
lmqer molecular weight solutes are typicall:y passed through the 

I 
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membrane, while dissolved or dispersed ma~erials with molecular 
weights in the range of 1,000 to 100,000 are removed frbm solu
tion. 

The ultrafiltration process occurs when ~ waste solution is 
pumped under a fixed head ( 10 to 100 psig') through a tubular 
membrane unit. Water and low molecular weight materials pass 
through the membrane and are recycled, pa~sed on to further 
treatment or are discharged. Emulsified oils and larger sized 
suspended particulates are blocked by thei membrane and are thus 
concentrated in a continuously discharged waste stream. The 
concentrated waste solution can then be passed on to further 
treatment or disposal. · 

Investment Costs - The investment cost curve for the ultra
f~ltration unit has been calculated using' information supplied 
by leading manufacturers in the industry.i Figure 8-19 presents 
investment cost information for ultrafilt~ation systems as a 
function of waste stream flow rate. This'cost curve has been 
generated based upon purchase and install~tion of a complete 
package ultrafiltration system. This system includes the fol-
lowing equipment: · 

I 
1 wastewater flow equalization tank 

' 1 wastewater process tank , 
1 set of ultrafiltration membrane:modules (quantity 

variable with wastewater flow rate) 
1 set of transfer and circulation pumps 
1 acid feed system (includes storage and pumps as 

required for membrane cleaning) ~ 
1 set of process controls and instrumentation 

i 
Operation and Maintenance Costs - Annual operation and main
tenance costs for the ultraf~ltration system are shown in Figure 
8-20 as a function of waste stream flow rate. This cost curve 
includes labor and materials required for:system operation. The 
operation and maintenance cost curve has Geen estimated based 
upon information supplied by a leading ultrafiltration system 
manufacturer. The curve is based on the assumption that the 
system operates 24 hours per day, 5 days per week, 52 weeks per 
year. 

Energy Costs - Annual energy costs for the ultrafiltration 
system are shown in Figure 8-21 as a func~ion of waste stream 
flow rate. This cost curve has been gene~ated based upon infor
mation supplied by a leading ultrafiltrat~on ~ystem manufac
turer. The curve is based on the assumption that the system 
operates 24 hours per day, 5 days per week, 52 week per year. 

Carbon Adsorption 

This technology removes organic pollutant~ and suspended solids 
by pore adsorption, surface reactions, and physical filtering by 
the carbon grains. It typically follows ~ther types of treat-
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ment as a means of polishing the effluent. A variety of carbon 
adsorption systems exist: upflow, downflow, packed bed, ex
panding bed, regenerative, and throwaway. ~generation of 
carbon requires an expensive furnace and fuel for regeneration 
that are not required for a throwaway system. Large systems may 
find that the high cost of replacement caibon makes a regenera
tive system economically attractive. 

Investment Costs - The investment costs p~esented in Figure 8-22 
are for a packed-bed throwaway system as ~ased on the EPA 
Technology Transfer Process Design Manual for Carbon Adsorption. 
They include a contactor system, a pump station, and initial 
carbon. The design assumes a contact time 2of 30 minu~es, a 
hydraulic loading of 1.41 liters/minutejft (4 gpm/ft ,) and 20% 
excess capacity. · 

Operation and Maintenance Costs - The chief operation and mainte
nance costs are labor and replacement carbon. The labor hours 
required are computed using Figure 8-23 which is taken from an 
EPA Technology Transfer. The labor unit cost used is $6.71/hr 
plus 15% indirect charges. The replacement carbon cost was 
calculated by assuming: · 

I 
I 

1) One pound of replacement carbon
1

is required 
per pound of organics removed. ' 

I 

2) The influent organic concentration (materials 
effectively adsorbed) is 0.42 mg/1. 

3) Activated carbon costs $2.62/kg~ ($1.19 lb). · 

Energy Costs - Energy is required fo~ carSon adsorption operated 
in t e throwaway mode for the operat1on of pumps. Costs for : 
this electrical energy requirement based 6n a unit cost of · 
$0.045/kilowatt hour of required electric~ty are shown as a 
function of wastewater flow rate in Figur? 8-24. 

Sludge Drying Beds 

This technology provides for the dewateriAg of sludge by means 
of gravity drainage and natural evaporation. Beds of highly 
permeable gravel and sand underlain by dr9in pipes allow the 
water to drain easily from the sludge. This is a non energy
intensive alternative to sludge dewatering. 

: 
Investment Costs - The curve shown in Figure 8-25 illustrates 
the correlat1on used to estimate the cost.of sludge drying beds. 
The investment cost is a function of both the flow rate to the 
beds and the settleable solids concentration in the stream 
influent to the sludge beds; however, the effect of solids 
concentration is very small in comparison to the dependence on 
flow rate. The cost estimates presented include excavation, 
fill, drain and feed pipes, and concrete $plash boxes. 
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Oleration and Maintenance - Operation and maintenance costs for 
s udge dry1ng beds 1nclude labor and materials. Labor require
ments include routine operation and maintenance and periodic 
removal of sludge from the beds. Material costs include the 
replacement of sand and gravel removed with the sludge. 

The cost of labor and material required to maintain and operate 
the sludge beds is shown as a function of flow rate to the beds 
in Figure 8-26. 

Vacuum Filtration 

Vacuum filtration is widely used to reduce the water content of 
high solids streams. In the metal finishing category, this 
technology is applied to dewatering sludge from clarifiers, 
where the volume of sludge is too large for economical dewater
ing in sludge drying beds. 

Investment Costs - The vacuum filter is sized based on a typical 
loading of 14.6 kilograms of i~fluent solids per hour per square 
meter of filter area (3 lbs/ft /hr). The investment costs are 
shown as a function of sludge flow rate to the filter in Figure 
8-27. The investment costs shown on this curve include installa
tion costs and correspond to a solids content of 4.5% in the 
influent to the filter, typical of the sludge stream from~ 
clarifier. 

Operat~on and Maintenance Costs - Annual costs for operation and 
ma1ntenance for vacuum f1ltrat1on include both operation and 
maintenance labor and the cost of materials and supplies. These 
costs are presented as a function of sludge flow rate to the 
filter in Figure 8-28. 

The vacuum filtration subroutine calculates operating hours per 
year based on flow rate and the total suspended solids concentra
tion in the influent stream. Maintenance labor for vacuum 
filtration is fixed at 24 manhours per year. 

The cost of materials and supplies needed for operation and 
maintenance includes belts, oil, grease, seals, and chemicals 
required to raise the total suspended solids to the vacuum 
filter. The amount of chemicals required (iron and alum) is 
based on raising the TSS concentration to the filter by 1 mg/1. 

Energy Costs - Electrical costs needed to supply power for pumps 
and controls are presented in Figure 8-29. The required horse
power of the pumps is dependent on the influent TSS level. The 
costs shown are based on a unit cost of $0.045/kilowatt hour of 
required electricity. 

Countercurrent Rinsing 

This technology is applied in rinsing operations to substan
tially improve the efficiency of rinse water use and decrease 
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the volume of wastewater generated. In countercurrent rinsing 
the product is rinsed in several tanks in series. Water flows 
counter to the movement of product so that clean water enters 
the last rinse tank from which clean product is removed, and 
wastewater is discharged from the first rinse tank which re
ceives the contaminated product to be rinsed. Two different 
countercurrent rinsing modes are addre~sed in costing depending 
on whether wastewater is discharged from the rinse or is used as 
make-up for evaporative losses from a process bath. The costs 
of countercurrent rinsing without using the· first stage for 
evaporative loss recovery are presented in Table 8-6 as a func
tion of the number of rinse tanks utilized. Costing assumptions 
are: 

Investment Costs - Unit cost is based on open top stainless 
steel tanks w1th a depth of 1.22 meters (4 feet), length of 1.22 
meters (4 feet), and width of 0.91 meters (3 feet). Investment 
cost includes all water and air piping, a blower on each rinse 
tank for agitation, and programmed hoist lipe conversions. 

! 
I 

Operation and Maintenance Costs - Operation and maintenance 
costs 1nclude a cost for electricity for the blowers based on a 
capacity of 1, 219 1 i ters/min ./sq. meter of 'tank surfac2 area ( 4 
cfm/sq. ft.) at a discharge pressure of 1,5.38 kg/meter /meter of 
tank depth (1 psi/18 in.). Fan efficiency is assumed to be 60 
percent. A water charge based on a rinse ratio of 8,180 is also 
included. Rinse maintenance charges are assumed to be negli
gible when compared to normal plating line maintenance and are 
ignored. 

··l''" TABLE 8-6 
1 

COUNTERCURRENT RINSE (FOR OTHER THAN RECOVERY 
OF EVAPORATIVE PLATING LOSS') 

I 
I 
!;;;,;;;.,; 

Number of Rinse Tanks: 3 4~ S 
! 

Investment: 

Annual Costs: 

Capital Cost 

Depreciation 

Operation & Maintenance 
Costs (Excluding Energy 
& Power Costs) 

Energy & Power Costs 

Total Annual Costs 

10,794 

909 

2,158 

27 

511 

$3,605 
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13,8,85 

1, 1!70 

2,777 

I 

il2 
I 
I 

682 
j,, 

$4,641 
! 

16,978 

1,430 

3,396 

8 

851 

$5,685 



The costs of countercurrent rinsing with a rinse flow rate 
sufficient to replace plating tank evaporative losses are pre
sented in Table 8-7. The results are tabulated for various 
evaporative rates which are equal to the rinse water flow rates. 
Costing assumptions are: 

TABLE 8-7 

COUNTERCURRENT RINSE USED FOR RECOVERY OF 
EVAPORATIVE PLATING LOSS 

Evaporative Rate 
{Liters/Hr): 

Investment: 

Annual Costs: 

Capital Costs 
Depreciation 

Operation & Maintenance 
Costs {Excluding Energy 
& Power Costs) 

Energy & Power Costs 

Total Annual Cost 

15.3 

$15,430 

1,301 
3,086 

5 

714 

$ 5,105 

24.0 

$12,736 

1,074 
2,547 

7 

572 

$ 4,200 

50.8 

$10,042 

847 
2,008 

16 

428 

$ 3,300 

Note: Savings due to recovery of plating solution are not 
presented in this table. 

Investment Costs - Unit cost is based on a sufficient number of 
rinse stages to replace the evaporative loss from a plating bath 
at approximately 43 degrees C while also maintaining a rinse 
ratio of 8,180. 

Investment costs include open top stainless steel tanks with a 
depth of 0.91 meters {3 feet), length of 1.22 meters {4 feet), 
and width of 1.22 meters {4 feet). All water and air piping, a 
blower on each rinse tank for agitation, a liquid level con
troller, solenoid, and pump are also included in the investment 
cost. Operation is assumed to be programmed. Hoist and line 
conversion costs are included. 

Operation and Maintenance Costs - Operation and maintenance 
costs include a cost for electricity for the blowers based on a 
capacity of 1.219 liters/min/sq. meter of tank surface area {4 
cfm/sq. ft.) at a discharge pressure of 1,538 kg/sq. meter/meter 
of tank depth {1 psi/18 in.). A fan efficiency of 60 percent is 
assumed. A water charge is also included. Rinse maintenance 
charges are assumed to be neglible when compared to normal 
plating line maintenance and are ignored. 
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Submerged Tube Evaporation 

~"" 
I 
I 

In this technology, contaminants present in process wastewater 
are concentrated by removing the water as 1vapor. Evaporation is 
accomplished by applying heat, and the evaporated water is 
condensed using non-contact cooling wateri and reclaimed for 
process use. Costs generated in this subroutine are based on 
double effect evaporation in which heat contained in vapor from 
the first stage (effect) is used to evaporate water from the 
second. 

t 
I 

Investment Costs - Investment costs for this technology are 
est~mated based on data supplied by a manufacturer of submerged 
tube evaporation equipment. As shown by the plot of costs 
versus wastewater flow rate in Figure 8-30, costs were supplied 
for units of specified capacities which are available from the 
manufacturer. Cost estimates are based on the smallest avail
able unit which is adequate for the specified wastewater flow 
rate. The investment costs shown include the evaporation unit 
and purification devices required for the'return of the evapora
tion concentrate to a process bath. Costs for installation of a 
non-contact cooling loop are not included. The availability of 
this service on-site is assumed. 

Operation and Maintenance Costs - Estimat~s for operation and 
ma~ntenance costs are based on manufacturer supplied data. 
These costs are shown as a function of wa9tewater flow rate in 
Figure 8-31. 

Energy Costs- Energy is required in this'technology primarily 
to supply the heat of vaporization for the evaporated water. 
The use of a double effect evaporator significantly reduces the 
total amount qf heat consumed per unit of:water evaporated. 

Energy requirements are based on an evaporative heat of 583 
cal/gram of water which is reduced to an effective value of 292 
cal/gram in the double effect unit. Fuel.consumption is based 
on a lower heat value of 10,140 cal/gram with an 85% heat re
covery efficiency. Energy costs based on these factors are 
shown in Figure 8-32 as a function of wastewater flow rate to 
the evaporator. 

Contract Removal 

Sludge, waste oils, and in some cases conbentrated waste solu
tions frequently result from wastewaster treatment processes. 
These may be disposed of on-site by incineration, landfill or 
reclamation, but are most often removed oh a contract basis for 
off-site disposal. System cost estimates< presented in this 
report are based on contract removal of s~udges. In addition, 
where only small volumes of concentrated wastewater are pro
duced, contract-removal or off-site treatment may represent the 
most cost effective approach to water pol~ution abatement. 
Estimates of solution contract haul costs are also provided by 

I 

. VIII-58 



U) 
0 -

Ill 
0 .. 

I 
1-l 

~ 

'--!'"' 

.., 
0 .. 

(6£, ·~n'd- SH'd,,Oa) J.SO::> .l.N3WJ.S3ANI 

VIII-59 

U) 
0 .. 

Ill 
0 .. 

.., 
0 .. 

1'1 
0 -

0 
0 .. 

0 
1'1 .. 

0 -

en 
1-

~ u 
1-z 
LLI 
:E 
1-
en 
)JJ 

> z 
-1-u 
)JJ 
Lt.. 
Lt.. 
LLI 

OLLI 
('I)..J .m 
OO:J 

> LLIO 
< o::c 
c :;,--- <!>Z .J -o 
3:: 

Lt.._ 
1-0 < .J 

1&. 0:: 
0 
ll. 

< > 
)JJ 

)JJ 
m 
:J 
1-
c 
LLI 
(!) 
0::: 
)JJ 

:E m 
:J 
en 



Ill 
0 

', 
~, 

" 
' "' "' 

""" 

'<f 
0 -

. 

~~, 

'r--.. 

" 
' ' "' ""' 

.., 
0 

1\1\ 

' 
i 
I 
I 

l 

' I 
; 

' 

i 

I 

' I 

I 
I 

! 
I 

I 

: 
! 
! 
I 

I 
I 
I 

1\ 
t\. 

' 

I 

' 

(sL. '!:>nv-- s~v-,,oa) s~so::> w:oeo ,v-nNNV' 
I 

VIII-60 

I'\; 

1"'\. 
"\ 

1'\. 

"' 1':. 
·~ 

"" 0 -

CD 
0 -

Ill 
0 -

'<f 
0 -

.., 
0 -

0 

0 ~ 
0 -

z 
Q 
1-
<( 
0:: 
0 
Q. 
<( 
> 
LlJ 
LlJ m 
:J 
1-
c 
LlJ 
(!) 
0:: 
LlJ 

>:" ~ m 
cr: :J c (/) ..._ 
..I - 0:: 

== 
M 0 I LL. 0 ()() 

..I LlJ LlJ 
II. 0:: 1-

:J <( 
(!) 0:: 
ii: ~ 

-' LL. 

tri 
> 
(/) 
1-
(/) 

0 
u 
~ 
cij 
0 
-' <( 
:J z z 
<( 



In 
Q -

\t\ 

~I'\ 

~ 
" " 

' '\. 
'\. 

i' 

'<f 
Q -

1\. 

1\ 
1\ 

'\ 

1\ 
\ 

' 

VIII-61 

.,, 
Q -

"' Q -

ID 
Q -

In 
Q -

'<f 
Q -

C'l 
Q -

Q 
Q 

oo -

z 
0 -..... 
< 
0:: 
0 
~ 
> w 
w 
m 
:J 
..... 
a 
w 
(!) 
0:: 
w 

>- :E 
III < :J 0 -- (J) 

-' 0:: 
s:: No 
0 C"ll.l. 
-' obw b. wf-

o::< 
:JO:: 
t!>:S: -o 
l.l...J 

l.l. 

ui 
> 
(J) ..... 
(J) 

0 u 
>-
(!) 
0:: 
w z 
w 
...1 
< 
:J z z 
< 



I this subroutine and may be selected in place of on-site treat-
ment on a least-cost basis. 

i 
Investment Costs - Investment for contract removal is zero. 

Operating Costs - Annual costs are estimated for contract re
moval of total waste streams of sludge and.oil streams as spec
ified in input data. Sludge and oil removal costs are further 
divided into wet and dry haulage depending upon whether or not 
upstream sludge dewatering is provided. The use of wet haulage 
or of sludge dewatering and dry haulage is based on least cost 
as determined by annualized system costs o~er a ten year period. 
Wet haulage costs are always used when the :volume of the sludge 
stream is less than 100 gallons per day. ' 

1 

Both wet sludge haulage and total waste haJlage differ in cost 
depending on the chemical composition of the waste removed. 
Wastes are classified as cyanide bearing, hexavalent chromium 
bearing, or oily and assigned different haulage costs as shown 
below. I 

Waste Composition 

>O.OS mg/1 CN
>0.1 mg/1 Cr+6 
Oil & grease-TSS 
All others 

Haulage,Cost 

$0.16/11ter ($0.60/gallon) 
$0.18/liter ($0.56/gallon) 
$0.08/ltter (0.30/gallon) 
$0.06/11ter (0.24/gallon) 

Dry sludge haul costs are estimated at $0.07/liter ($0.27/ 
gallon) • I 

, t ! : i : ! 1 : I : I , ~ ! ! ! 1 

' : ; : ' ' : 'I ! 

' RCRA COST ANALYSIS 
I 
I 

RCRA costs were originally developed for sludge disposal from 
electroplating plants using data from 48 surveyed plants and from 
contacting haulers. Of the 48 plants surveyed. 38 plants had 
their waste hauled to a commercial or municipal site for disposal 
while 10 plants disposed of the sludge at company owned sites. 
The cost for transport and disposal of these sludges reported by 
the plants varied from zero to $2.04 per gallon. Haulers quoted 
costs for transport and disposal ranging from $0.06 per gallon to 
$2.80 per gallon. dependent on the quantity: and type of sludge. 

' 

The detailed results of the RCRA analyses are presented in: 
11 Electroplating RCRA Review- Technical Contractor's Final 
Report." and 11 RCRA Impact Analysis for Sludge Disposal for the 
Machinery and Mechanical Products Category .. 11 These reports a long 
with the supporting data are available in the metal finishing 
record. · 

RCRA sludge disposal was recosted to reflect costs for the entire 
Metal Finishing Category. RCRA related cos~s were generated for 
39 job shops. 100 captive indirects. and 103 captive directs. For 
each plant RCRA related annual costs. initial costs. and capital 
costs were developed using the methods and equations presented in 
11 Guidance for RCRA ISS Costs ... Office of Analysis and Evaluation. 
December 1980. 
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TREATMENT SYSTEM COST ESTIMATES 

This section presents estimates of the total cost of wastewater 
treatment and control systems for metal finishing process waste
water incorporating the treatment and control components dis
cussed above. Flows in the Metal Finishing Category vary from 
approximately 378 to 3,785,000 liters/day (100 gpd to 1,000,000 
gpd). This wide variation in flow rate necessitates the presen
tation of treatment system total annual cost curves for each 
option. Total annual costs have been plotted against flow in 
units enabling the determination of cost for any flow rate. All 
available flpw data from industry data collection portfolios 
were used in defining the raw waste flows. Raw waste character
istics were determined based on sampling data as discussed in 
Section v. 

Cost curves for each option are presented for six different cases 
for Option 1 and five different cases for Options 2 and 3. Each 
case corresponds to different types of plants encountered in the 
Metal Finishing Category. Cases one and two represent facilities 
primarily engaged in electroplating. In case two electroless pla
ting is performed resulting in the presence of complexed metal 
wastes. Cases three and five represent integrated facilities com
bining electroplating with other metal finishing operations. In 
case five electroless plating is practiced. Case four represents 
plants perfo~ming a variety of metal finishing operations including 
heat treating, but without on-site electroplating, while case six 
represents plants generating only oily wastewater. The flow splits 
for those cases as shown in Table 8-8 are based on the ratios of 
the average ~astewater flow rates from all subcategories included 
in each case. These flow splits are presented to show examples of 
a broad range of cases which occur within the Metal Finishing 
Category. 

Case 

1 

2 

3 

4 

5 

6 

TABLE 8-8 
FLOW SPLIT CASES FOR OPTIONS 1, 2, AND 3 

Oily 

31.5 

30 

30 

100 

Waste Type Flows (% of total plant flow) 

Cyanide 

7 

6 

4.5 

4 

Chromium Metals 

13 80 

12.5 75.5 

9 55 

70 

9 52.5 

Complexed 
Metals 

6 

4.5 

Five examples of varying total daily waste volumes (gallons per day) 
have been presented for each of the six cases in order to provide a 
range of estimated system costs. The system costs presented include 
component costs as discussed above and subsidiary costs including 
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engineering, line segregation, administration, and interest expenses 
during construction. In developing cost estimates for these option 
systems, it is assumed that none of the specified treatment and con
trol measures is in place so that the presented costs represent total 
costs for the systems. ' 

Several of these system cost curves show discontinuities. Some 
of these result from transitions occurring: in specific component 
cost subroutines, and others result from changes in system cost 
factors. Sludge dewaterin~ costs are of particular signif
icance. For flows below 10 1/day sludge dewatering is accom
plished using sludge drying beds, and cost'estimates reflect 
this technology. Above this flow sludge dewatering is accom
plished using a vacuum filter. Since the degree of dewatering 
achieved (typically 40% solids from a sludge drying bed and 20% 
solids from a vacuum filter) is influenced,by this change, 
system costs are influenced not only by the dewatering costs 
themselves, but also through an effect on the volume of sludge 
requiring contract removal. At very high flow rates, the cost 
of removing sludge at 20% solids may becom~ substantial, and the 
most economical system design would incorporate further dewater
ing of the vacuum filter product. This refinement, however, has 
not been included in these cost estimates. 

System Cost Estimates (Option 1) 
I 

This section presents the system cost esti~ates for the Option 1 
end-of-pipe treatment systems. The representative flow rates 
used in these system cost estimates were determined.b(;Lse(l. upon 
actually sampled flows and flow informatio~ received in the data 
collection portfolios. The complete system block diagram appli
cable to cases 1-5 is shown in Figure 8-33~ Option 1 treatment 
for the isolated oily waste stream address~d in case 6 is shown 
in Figure 8-34. ; 

I 
The costing assumptions for each component .of the Option 1 
system were discussed above under Technology Costs and Assump
tions. In addition to these components, cqntract sludge removal 
was included in all cost estimates. · 

Table 8-9 presents costs for each of the six cases discussed 
above for various treatment system influent flow rates. The 
basic cost elements used in preparing these fabies are the same 
as those presented for the individual technologies: investment, 
annual capital costs, annual depreciation, :annual operations and 
maintenance cost (less energy cost), energy cost, and total 
annual cost. These elements were discussed in detail earlier in 
this section. 

For the cost computations, a least cost treatment system selec
tion was performed. This procedure calculated the costs for a 
batch treatment system and a continuous treatment system over a 
5 year comparison period. Figures 8-35 through 8-46 show the 
investment and total annual costs for each 'case shown in Table 
8-9. ' 
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TABU:! 8-9 

Option 1 Costs 

Operation & 
Case Flow Flow Investment Capital Costs Depree ia tion Maintenance Energy Tot:Jl 1\nnua] 

Number g£j__ 1/oai (Dollars_L QJoll:~!L_ (DoLl<!_!_:>)_ i_Dollar.s)_ __ Sl?~.H~ t s ) .m.?.~~!.!! >_:__ 

1 Batch 264. 1,000. 129466.937 10916.160 25893.387 12446.31,4 35.090 49290.<)77 

J Batch 2638. 10,000. 156768.312 13217.984 31353.660 22896.891 53.571 67522.062 

1 Batch 26380. 100,000. 271783.812 22915.613 54356.762 32761.973 396.81!7 110431.11l7 

1 Continuous 263800. 1,000,000. 658308.687 55505.562 131661.687 182141.437 5877.852 375186.500 

1 Continuous 2637999. 10,000,000. 1389210.00 ll7132. 437 277842.000 1433646.00 36224.941 1864844.00 

2 Batch 264. 1,000. 141021.000 11890.398 28204.199 19893.262 63.154 60051.012 

2 Batch 2662. 10,000. 169637.562 14303.066 33927.512 24395.422 81.395 72707.375 

2 Batch 26350. 100,000. 295868.875 24946.352 59173.773 39586.777 271.490 123978.312 

2 Continuous 263600. 1,000,000. 754696.125 63632.437 150939.187 178190.812 5740.566 398503.000 

2 Continuous 2637998. 10,000,000. 1547783.00 130502.937 309556.562 1368158.00 34512.113 1842729.00 

;:i 
3 Batch 264. 1,000. 177289.500 14948.301 35457.898 14035.863 36.6ll 64478.672 

H 
3 Batch 2660. 10,000. 207743.000 17516.000 41548.598 21761.270 61.020 80886. 812' 

H 3 Batch 26410. 100,000. 386569.187 32593.875 77313.812 40553.965 463.474 150925.062 
I 

0\ 3 Continuous 266330. 1,000,000. 947278.312 79870.062 189455.625 268203.125 6650.617 544179.375 
U1 

3 Continuous 2638998. 10,000,000. 2148885.00 181185.187 429777.000 2172029.00 41918.371 282490<J.OO 

4 Balch 264. 1,000. 76337.000 6436.414 15267.398 10597.324 31.078 32332.215 

4 Balch 2642. 10 ,ooo. 98451.000 8300.969 19690.199 17826.531 51.313 45869.012 

4 Batch 26420. 100,000. 239445.562 20188.953 47889.109 31906.484 405.359 100389.812 

4 Continuous 264300. 1,000,000. 674088.500 56836.125 134817.687 242074.375 44112.797 438170.937. 

4 Continuous 2642999. 10,000,000. 1638202.00 138126.312 327640.375 2034457.00 28883.500 2529106.00 

5 Batch 264. 1,000. 144796.750 12208.711 28959.348 19384.918 59.<J62 60612.937 

5 Batch 2638. 10,000. 223017.687 18803.766 44603.535 28946.770 88.451 92442.500 

5 Batch 26460. 100,000. 408999.937 34485.125 81799.937 47390.582 479.039 164154.625 

5 Continuous 264600. 1,000,000. 1035760.50 87330.375 207152.062 261455.187 6539.930 562477.500 

5 Continuous 2645998. 10,000,000. 2291527.00 193212.625 458305.375 2095432.00 40662.414 2787612.00 

6 Batch 264. 1,000. 48120.527 4057.312 9624.105 3676.566 7.431 173n5.414 

6 Batch 2640. 10,000. 79619.937 6713.219 15923.984 5396.180 26.372 2.8059.754 

6 Batch 26400. 100,000. 95708.812 8069.754 19141.762 21783.789 2b3. 722 :.92:>9 0 023 

6 Batch 264000. 1,000,000. 306961.562 25881.625 61392.312 108626.562 2637.227 198537.687 

6 Continuous 2640000. 10,000,000. 1412968.00 119135.750 282593.562 818738.375 1054~ 1,26 1231010.00 
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The investment costs shown assume that the,treatment system must 
be specially constructed and include all subsidiary costs dis
cussed under the Cost Breakdown Factors segment of this section. 
It is also assumed all plants operate 24 hours a day, 5 days per 
week, for 52 weeks per year (260 total days). This assumption 
overestimates the costs for facilities which operate less than 
24 hours per day. 

System Cost Estimates (Option 2) 
I 

System cost estimates of the effects of adding a multimedia 
filter to the previously discussed end-of-pipe systems were 
developed to provide Option 2 Treatment Cost Estimates. A 
schema tic of the sys tern for cases 1-5 is sqowr~: in Figure 8-4 7. 
The cases used are the same as those for Option 1 and are shown 
in Table 8-8. The costing assumptions for the multimedia filter 
were discussed above under the technology costs and assumptions 
subsection. 

Several flow rates were used for 
a wide spectrum of plant sites. 
present the investment and total 
Option 2. 

each case Ito effectively model 
Figures 8~48 through 8-57 
annual co~ts for each case in 

Table 8-10 presents Option 2 treatment costs for construction of 
the entire end-of-pipe system. These costs would be representa
tive of expenditures to be expected to att~in Option 2 for a 
plant with no treatment in place. 

System Cost Estimates (Option 3) 
I 

The Option 3 system takes the Option 1 syscem and makes one signi-
ficant change. The one change requires the closed loop operation 
(zero discharge) of any processes using cadmium. For cost-
ing purposes, an evaporative system has bee'n used with the 
condensate reused for rinsing and the concentrate hauled for 
disposal. This may also be accomplished by other means selected 
by the individual plants. Closed loop precipitation with reuse 
of the treated water and licensed hauling of the sludge, or ion 
exchange with reuse of the water and treatm'ent and hauling of 
the regenerant solution are two possible options. The schematic 
for the complete Option 3 system for cases 1-5 is shown in 
Figure 8-58. The investment and total annu~l cost curves for each 
case are shown in Figures 8-59 through 8-68. Table 8-11 presents a 
summary of the Option 3 costs. i 

!''"'"'''"'" '" 
Use of Cost Estimation Results 

Cost estimates presented in the tables and figures in this 
section are representative of costs typically incurred in imple
menting treatment and control equivalent to' the specified op
tions. They will not, in general, correspo~d precisely to cost 
experience at any individual plant. Specific plant conditions 
such as age, location, plant layout, or present production and 
treatment practices may yield costs which are either higher or 
lower than the presented costs. Because the costs shown are 

VIII-80 



TABlE 8-10 

O;>tion 2 Costs 

Operation & 

Case Flow FlON Investment Capital Costs Depreciation Maintenance Energy Total Annual 

Number ~ 1/day (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) 

1 Batch 264. 1,000. 131895.812 11120.953 26379.160 18059.805 41.582 55601.496 

1 Batch 2638. 10,000. 166617.562 14048.422 33323.512 24661 .469 80.944 72114.312 

1 Batch 26380. 100,000. 317501. 57j 26770.312 63500.375 39294.414 512.365 130077.375 

1 Continuous 263800. 1,000,000. 775782.552 65410.125 155156.500 191502.062 6365.043 418433.687 

1 Continuous 2637999. 10,000,000. 1759412.C•'J 148346.250 351882.375 1473137.00 38280.355 2011645.00 

2 Batch 264. 1,000. 143877.G62 12131.211 28775.410, 31575.918 70.738 72553.187 

2 Batch 2662. 10,000. 180996.687 15260.781 36199.336 38055.617 112.773 89628.437 

2 Batch 26350. 100,000. 34 i292. J00 29282. 125 69458.375 52200.605 402.604 151343.625 

< 2 Continuous 263600. 1,000,000 • 897996.552 75714.625 179599.312 193548.93 7 6294.062 455156.937 .... .... 2 Continuous 2637998. 10,000,000. 1999361.0:) 168577.750 399872.187 1413598.00 36848.262 2018895.00 .... 
I 3 Batch 264. 1,000. 179689:062 15150.605 35937.812 19417.297 43.060 70548.687 

CZ) .... 3 Batch 2660. 10,000. 222102.1:5 18726.656 44420.422 281 94.559 88.314 91429.937 

3 Batch 26410. 100,000. £.33213 .~50 36526.687 86642.-625 47096.309 578.113 170843.625 

3 Continuous 266300. 1,000,000. 1064609.0') 89762.937 212921.750 277545.437 7136.859 587366.937 

3 Continuous 2638998. 10,000,000. 2517744.00 212285.625 503548.750 2211218.00 43957.875 2971009.00 

4 Batch 264. 1,000. 78779.750 6642.379 15755.949 16829.016 37.520 39264.863 

4 Batch 2642. 10,000. 112982.875 9526.258 22596.574 24253.570 78.484 56454.887 

4 Batch 26420. 100,000. 286488.C!JO 24155.402 57297.598 38450.984 519.993 120423.875 

4 Continuous 264300. 1,000,000. 790898.3:-5 66684.812 158179.750 251368.750 4926.543 481159.812 

4 Continuous 2642999. 10,000,000. 2006627.00 169190.500 401325.375 2073672.00 30924.371 2675111.00 

5 Batch 264. 1,000. 147632.500 12447.863 29526.500 31636.180 67.495 73677.937 

5 Batch 2638. 10,000. 238419.312 20102.391 47683.859 41643.074 118.835 109548.125 

5 Batch 26460. 100,000. 460628.062 38838.125 92125.562 60006.383 607.457 191577.500 

5 Continuous 264600. 1,000,000. 1174 778.00 99051.750 234955.562 276797.875 7081.457 617886.625 

5 Continuous 2645998. 10,000,000. 2753802.00 232189.375 550760.375 2140789.00 4294 7. 062 2961\685.00 



TABLE 8-11 

cption 3 Cbsts 

Q?eration & 
Case Flow Flow Investrent Capital Cbsts D::!preciation Maintenance Ehergy 'lbtal ffinual 
Number £.. 1/day (D:>llars) (D:>llars) (D:>llars) (D:>llars) (D:>11ars) (D:>llars) 

1 Batch 264. 1,000. 192780.875 16254.516 38556.172 12600.187 4827.246 72238.062 
1 Batch 2476. 10,000. 215883.312 18202.301 43176.660 16988.187 4843.324 83210.437 
1 Batch 24490. 100,000. 348419.812 29377.250 69683.937 29551.547 5002.102 133614.750 
1 Continoous 244684. 1,000,000. 715315.000 60312.000 143063.000 166658.062 16672.348 386705.375 
1 Continoous 2446819. 10,000,000. 1472822.00 124182.125 294564.375 1334110.00 107447.812 1860303.00 
2 Bitch 264. 1,000. 208025.375 17539.859 41605.074 20047.117 4855.309 84047.250 
2 Batch 2500. 10,000. 232406.812 19595.391 46481.359 24332.359 4871.309 95280.312 

;$ 
2 Batch 24686. 100,000. 371089.625 31288.687 74217.875 36565.973 5028.004 147100.500 

t-f 2 COntinoous 246740. 1,000,000. 812359.375 68494.250 162471.875 163858.187 15326.258 410150~562 
t-f 2 Continoous 2459499. 10,000,000. 1634327.00 137799.500 326865.375 1276480.00 99898.000 1841042.00 I 
co 3 Batch 264. 1,000. 240344.062 20264.812 48068.812 14189.594 4828.766 87351.937 
"' 3 Batch 2542. 10,000. 271247.562 22870.301 54249.512 21771.258 4851.891 103742.937 

3 Batch 25134. 100,000. 460278.000 38808.687 92055.562 37829.395 5217.797 173911.375 
3 Continoous 251046. 1,000,000. 1005995.31 84820.250 201199.062 259804.250 15027.391 560850.937 
3 Continoous 2510287. 10,000,000. 2223688.00 187492.875 444737.562 2105460.00 91024.125 2828714.00 

-- ---- -- -- -- --~- __ 4 --·-~-
Batch --- 264. __ - 1_,000. --- 14019].937 -- __ 11820.918 -- --- __ 28039.586 -~--- _10807.941_ --- 4823.234 55491._680 -- -
Batch 2566. 10,000. 165645.187 13966.504 - 33129.035 17912.301 4843.039 69850.875 
Batch 25544. 100,000. 304231.000 25651.426 : 60846.199 31900.461 5187.508 123585.562 
Continoous 255372. 1,000,000. 737350.312 62170.000 147470.062 238480.000 11617.648 459737.687 
Continoous 2553623. 10,000,000. 1732473.00 146075.062 346494.562 1998380.00 65666.812 2556615.00 
Batch 288. 1,000. 255809.187 21568.664 : 51161.836 21734.387 4856.965 99321.812 
Batch 2544. 10,000. 283810.000 23929.562 56762.000 28998.359 4879.828 114569.687 
Batch 25252. 100,000. 481832.250 40625.937 96366.437 44753.180 5100.312 186845.812 
Continoous 252328. 1,000,000. 1095964.00 92406.125 219192.750 254738.937 12488.359 578826.125 
Continoous 2523349. 10,000,000. 2353792.00 198462.500 -470758.375 2029948.00 72823.687 2771991.00 
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total system costs and do not assume any treatment in place, it 
is probable that most plants will require smaller expenditures 
to reach the specified levels of control from their present 
status. 

The actual costs of installing and operating a. ~ystem at a 
particular plant may be substantially lower than the tabulated 
values. Reductions in investment and operating costs are pos
sible in several areas. Design and installation costs may be 
reduced by using plant workers. Equipment costs may be reduced 
by using or modifying existing equipment instead of purchasing 
all new equipment. Application of an excess capacity factor, 
which increases the size of most equipment foundation costs 
could be reduced if an existing concrete pad or floor can be. 
utilized. Equipment size requirements may be reduced as a 
result of treatment conditions (for example, shorter retention 
time) for particular waste streams. Substantial reduction in 
both investment and operating cost may be achieved if a plant 
reduces its water use rate below that assumed in costing. 

IN-PROCESS FLOW REDUCTIONS 

The use of in-process techniques to achieve reductions in waste 
flows can result in significantly reduced operating and mainte-
nance costs •• Although an additional initial investment will be 
required for a countercurrent rinse or other flow reducing 
equipment. in most cases it will be less than the saving due to 
downstream treatment components may be sized for smaller flows. This 
reduces the initial investment for downstream treatment components 

ECONOMIC IMPACT ANALYSIS OF SYSTEM COST ESTIMATES 

The individual waste treatment component and system cost estimates 
presented in this section of the development document can be ap
plied to each manufacturing facility in the Meta~ Finishing Cate
gory. The cost estimates can be used to estimate the value of 
existing in-place waste treatment components and to estim~te the 
economic impact of a proposed level of waste-treatment upon an 
individual manufacturing facility. 

In order to establish the economic impact of the various proposed 
waste treatment systems upon actual Metal Finishing firms, treat
ment system cost estimates were developed for one hundred (100) 
captive indirect dischargers, one hundred three (103) captive 
direct dischargers, and forty (40) job shop direct dischargers. 
These firms were determined to be representative of the Metal 
Finishing Category and these cost estimates were used to assess 
the economic impact of the proposed regulations upon the entire 
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Metal Finishing Industry. Cost estimates for job shop indirect 
dischargers were developed only for the control of total toxic 
organics (TTO) because these firms are regulated under the Pre
treatment Regulations for the Electroplating Point Source Category, 
40 CFR Part 413 (Ref. EPA 440/1-79/003, August 1979). 

System cost estimates for the previously described groups of 
plants were provided to the Office of Analy~is and Evaluation 
of the EPA for use in Economic Impact Analysis (EIA) of the 
Metal Finishing Category. Option 3 for the :new source cadmium 
limitations was recosted to include three sources of cadmium: 
cadmium plating rinses, acid stripping of c~dmium plated. parts, 
and chromating of cadmium plated parts. The. revised costs 
were used in the economic impact analysis and the results are 
presented in the Metal Finishing record. 

I 
[ ...... . 

ENERGY AND NON-WATER QUALITY ASPECTS 
I 

Energy and non-water quality aspects of the ~astewater treatment 
technologies described in Section VII are summarized in Tables 
8-12 and 8-13. Energy requirements are listed, the impact on 
environmental air and noise pollution is not:ed, and solid waste 
generation characteristics are summarized. :The treatment proc
esses are divided into two groups, wastewater treatment proc
esses on Table 8-12 and sludge and solids handling processes on 
Table 8-13. · 

Energy Aspects 
I 

Energy aspects of the wastewater treatment ~rocesses are impor
tant because of the impact of energy use on our natural re
sources and on the economy. Electrical powe'r and fuel require
ments (coal, oil, or gas) are listed in unit:s of kilowatt hours 
per ton of dry solids for sludge and solids ~andling. Specific 
energy uses are noted in the "Remarks" columr· 

Evaporation as applied in Option 3 is an ene~gy intensive tech
nology for waste treatment. However, its en~rgy consumption is 
significantly reduced by the use of double effect evaporation 
and by the use of countercurrent rinsing to limit the volume of 
wastewater flo\'ling to the evaporator. With the effective imple
mentation of these techniques the total energy requirements for 
evaporation in this category will be small apd will probably not 
exceed the energy consumed in treating and pumping the volume of 
water which would be used in rinsing without these techniques. 

Non-Water Quality Aspects 

It is important to consider the impact of each treatment process 
on air, noise, and radiation pollution of the enviroment to 
preclude the development of a more adverse environmental impact. 
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:s 
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PROCESS 

C~emical R~duction 
Ski~:ning 
Clarification 

Chemical Precipitation 

Sedimentation 

Reverse Osmosis 

Ultrafiltration 

Electrochemical 
Chromium Reduction 

Chemical Oxidation 
by Chloride 

Chemical Emulsion 
Breaking 

Deep Bed Filtration 

Carbon Adsorption 
Throwaway 

Evaporation 

Countercurrent Rinse 

':'~.3LE 8-12 

NON-WATER QUALITY ASPECTS OF WASTEWATER TREATMENT 

ENERGY REQUIREMENTS NON-WATER QUALITY IMPACT 

Power 
kwh 

100-0 liters 

1.0 
0.01-.3 
0.1-3.2 

1.02 

0.1-3.2 

3.0 

1.25-3.0 

0.2-0.8 

4.4-9.6 

.1-3.2 

• 0 2-l. 0 

.oa 

Fuel 
kwh 

lOOOTiters 

2,500,000 

Energy 
use 

Air 
Pollution 
Impact 

Mixing No 
Skimmer Drive No 
Sludge Collec- No 
tor Drive 

Flocculation No 
Paddles 

Sludge collector No 
Drive 

High Pressure No 
Pump 

High Pressure No 
Pump 

Reactifier, Pump No 

Mixing 

Mixer, Skimmer, 
Sludge Pump 

Head, Backwash 
Pumps 

Head, Backwash 
Pumps 

Evaporation 

~~egligible 

No 

No 

No 

No 

Yes 1 

No 

Noise 
Pollution 
Impact 

No 
No 
No 

No 

No 

2 Yes 

Yes 2 

No 

No 

Yes 2 

No 

No 

No 

No 

Solid 
Waste _____,..... 

No 3 Yes
3 Yes 

Yes 3 

3 Yes 

4 
Yes.3 
Yes 

4 Yes
3 Yes 

Yes 3 

No 

Yes3 

3 Yes 

Yes 3 

3 Yes 

No 

Solid Waste 
Concentration 
% Dry Solids 

5-50 (oil) 
1-10 

3-10 

l-3 

l-40 

1-40 

L-3 

3-50 (oil) 
1-3 (TSS) 

Variable 

Variable 

50-100 



TABLE 8-13 

~'-WM'ER QUALI'IY !,::-:?ECI'S OF SWI:GE AND SOLIDS HANI>LIN:; 

ProCESS ENER:iY IID:CIREMENl'S Na-H'U\TER QOALIT'f IMPAcr 

< ,..., 
..... -I 
!::::: 
0:: 

PCMer Fuel Air 
kwh kwh R>llution Energy 

ton dry solids ton dry solids Use Impact 

Sludge 29-930 
Thickening 

Pressure 21 
Filtration 

Vacuun 16.7-
Filter 66.8 

Centrifugation 0.2-
98.5 

Larxlfill -

Lagooning -
Sard Bed Drying -

Depends on volatiles present 
Not objectionable 

--

-

--

--

20-980 

36 

35 

Ski.rnner, ~ 

Sludge Rake 
Drive 

High Pressure ~ 
PllllPS 

Vacuum Purrp, ~0 

Rotation 

Rotation ~0 

Haul, Land- ~a 

fil l-10 
Mile Trip 

Removal ~0 
Equit=rnent 
Removal No 

:-Equiprent -

Noise 
Pollution 
Impact . 

No 

No 

Yes 2 

Yes 2 

No 

No· 

No 

Wastewater pollutants have been concentrated into a solid for disposal, 
or further treatment 

4) Wastewater pollutants have been concentrated into a liquid for disposal 
or further treatment 

5) Wastewater pollutants which have been concentrated into a solid have 
been further concentrated by dewatering for disposal 

Solid 
Waste 

Yes 3 

Yes 5 

Yes 5 

5 Yes-

Yes 5 

Yes 5 

Yes 5 

Solid Waste 
Concentration 
% Iky Eblids 

4-27 

25-50 

12-40 

15-50 

N/A 

3-5 

J5-::4Q_ 

Solid Waste 
Disr:osal 
Technique 

Dewater & Landfill 
or Inciner::tte 

Landfill or Incinerate 

Landfill or Incinerate 

Landfill or Incinerate 

N/A 

Dewater & Landfill 

:tarrlfill 



In general, none of the liquid handling processes causes air 
pollution. Alkaline chlorination for cyanide destruction and 
chromium reduction using sulfur dioxide also have potential 
atmospheric emissions. With proper design and operation, how
ever, air pollution impacts are eliminated. Incineration of 
sludge or solids can cause significant air pollution which must 
be controlled by suitable bag houses, scrubbers, or stack gas 
precipitators as well as proper incinerator operation and main
tenance. Care must be taken to insure that solids collected in 
air pollution control do not become a water pollution threat. 
None of the wastewater treatment processes causes objectionable 
noise and none of the treatment processes has any potential for 
radioactive radiation hazards. 

The solids waste impact of each sludge dewatering process is 
indicated in two columns on Table 8-13. The first column shows 
whether effluent solids are to be expected and, if so, the 
solids content in qualitative terms. The second column lists 
typical values of percent solids of sludge or residue. The 
third column indicates the usual method of solids disposal 
associated with the process. 

The processes for treating the wastewaters from this category 
produce considerable volumes of sludges. In order to ensure 
long-term protection.of the environment from harmful sludge 
constituents, all sludges must be disposed of in accordance with 
the Resource Conservation and Recovery Act (RCRA) . 
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SECTION IX 
BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE 

INTRODUCTION 

This section describes the best practicable control technology 
currently available (BPT) for the treatment of process waste
waters generated within the Metal Finishing Category. BPT re
flects existing treatment and control practices at metal finish
ing plants of various sizes, ages, and manufacturing processes. 

The factors ccinsidered in defining BPT include the total cost of 
application of technology in relation to the effluent reduction 
benefits from such application, the age of equipment and facili
ties involved, the processes employed, non-water quality environ
mental impact (including energy requirements), and other factors 
considered appropriate by the Administrator. In general, the BPT 
technology level represents the best existing practices at plants 
of various ages, sizes, processes, or other common characteristics. 
Where existing practice is uniformly inadequate, BPT may be trans
ferred from a different subcategory or category. Limitations based 
on transfer of technology must be supported by a conclusion that 
the technology is, indeed, transferrable and a reasonable predic
tion that it will be capable of achieving the prescribed effluent 
limits (see Tanner's Council of America v. Train Supra). BPT fo
cuses on end-of-p1pe treatmen~rather than process changes or in
ternal controls, except where such are common industry practice. 

IDENTIFICATION OF BPT 

Plants in the Metal Finishing Category generate process wastewater 
streams of several distinct types. As described in Sections v and 
VI, waste streams produced in this category may contain common 
metals (e.g., copper, nickel, zinc, etc.), precious metals 
(e.g., gold, palladium, silver), cyanide, hexavalent chromium, 
oil and grease, and a variety of toxic organic compounds (de
signateq total tox~c organics, TTO). Individual process waste
water streams characteristically contain only some of these pollu
tants, and metal finishing facilities generally produce several 
distinct streams differing in their chemical composition and treat
ment requirements. These considerations are reflected in pre
vailing wastewater treatment practices within the category, and 
in the identified BPT. · 

The BPT wastewater treatment system (Option 1 System in Section 
VII) for the Metal Finishing Category is illustrated in Figure 
9-1. This treatment system provides for the removal of metals 
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from all process wastewater streams by chemical precipitation and 
clarification, and specific treatment of some waste streams for 
the removal of other process wastewater pollutants. Extensive 
description of these treatment components is provided in Section 
VII. Individual plants in the Metal Finishing Category that do 
not produce .all of the distinct wastewater types shown need to 
install only the system components necessary for the treatment of 
those wastewater types existing at the plant to achieve compliance 
with BPT. 

Where some process waste streams contain complexed metals, BPT 
includes the segregation of:these·wastes and separate treatment 
for the precipitation'of metals and removal of suspended solids. 
Precipitation of metals from these wastes is characteristically 
accomplished at a high pH (11.6 - 12.5) to induce dissociation of 
the metal complexes. Lime or other calcium compounds are used 
to adjust the pH to the high levels required to induce precipita
tion of the free met4ls.a~-hydroxides. Sedimentation is then 
used in order -t6 allow the resulting suspended solids to settle 
out of solution .. ''""· .. '" - .. 

' \· 

Waste streams containing .cyanide or hexavalent chromium are also 
segregated for treatment in the BPT system. Cyanide bearing 
wastes are treated chemically to oxidize the cyanide, and streams 
containing hexavalent chromium-are subjected to chemical chromium 
reduction.. After th~se sepirate treatment operations are com
pleted, these waste streams are combined with other process waste
watl=.r ;for the chemical. precipitaTon of metals and .clarification. 

Concen-trated oily waste strearru:; are segregated and treated for 'the 
removal of oil and grease prior to treatment for metals removal. 
Oils and greases are removed by gravity separation' and skimmi'ng 
of f,ree oils followed by chemical emulsion breaking and subsequent 
skimming for the removal of emulsified oils. Some oily waste 
streams produced in this category may contain very low concen
trations of emulsified oils making chemical emulsion breaking 
unnecessary, while others may contain low free oil conceritrations 
obviating the need for skimming prior to emulsion breaking. 
Some oily waste streams containing very low concentrations of 
dissolved metals may be of a quality suitable for discharge af
ter oil removal treatment. In these cases, further treatment · 
for metals removal with other process waste streams would not 
be necessary to achieve compliance with BPT. 

Following separate stream treatment the effluents are combined and 
the metals are removed by precipitation and subsequent clarifica
tion. Precipitation is accomplished by the addition o~ lime, 
caustic, sodium carbonate, or acid to achieve a favorable pH. 
Most metals precipitate as hydroxides although some, such as lead 
and silver, preferentially form other compounds (e.g. carbonates 
or chlorides). The optimum pH for precipitation is generally in 
the range of 8.8-9.3, although it \'lill vary somewhat depending on 
the specific waste composition. The use of coagulents or flocculants 
to enhance the effectiveness of clarification is also specifically 
included in BPT. 
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In addition to the control of toxic metal~. cyanide. TSS. and pH. 
BPT regulates toxic organics as Total Toxi'c Organics. Compliance 
with the TTO limit can be achieved by good management practices 
(i.e •• not dumping waste sol vents into the. wastewater). No 
additional end-of-pipe technology beyond ihat required for metals 
removal is necessary. 

Alternative technologies are available whi:ch are equivalent to 
BPT for the removal of the pollutants enc6untered in the Metal 
Finishing Category. Some of these technologies as well as those 
discussed above as BPT have been described in detail in Section 
VII of this document. The specific techndfog:ies :implemented at 
each individual plant to achieve compliande with BPT limitations 
will depend 6n economic and operational cdnsiderations specific 
to the facility. · 

RATIONALE FOR THE SELECTION OF BPT 

The BPT system identified above has been s'elected on the basis 
of: proven effectiveness in treating pollutants present in 
metal finishing process wastewaters; present practice within 
the category; and non-water quality considerations. All of the 
elements of the selected BPT are presentl~ practiced at many plants 
within the Metal Finishing Category and h~ve been proven to be 
reliable and effective in treating industrial wastewater. 
Energy requirements for these technologie~ are moderate. However, 
sludges and waste oils which prove to be qazardous must be handled 
and disposed of in accordance with the Resource Conservation and 
Recovery Act regulations. 

Chemical precipitation is a proven technology which is widely 
applied at Metal Finishing Category plants. As is shown in 
Section VII, over 100 facilities employing hydroxide precipita
tion and sedimentation for the removal of metals from process 
wastewaters are identified. With appropr:Late control of pH and 
settling conditions, this technology can ~e effectively applied 
to process wastewaters containing any of ~lie rriet::.als commonly 
encountered in this category. Because this technology has been 
applied at many facilities over extended P,eriods of time, its 
performance capabilities were established 'on the basis of a 
large body of data from industrial efflueqts within the Metal Fi-
nishing Category. · 

Chemical chromium reduction is also a proven and widely applied 
technology. OVer 300 plants in the Metal Finishing Category 
which employ this technology were identified. It may be imple
mented using a variety of equipment, reageh1ts, and operating pro
cedures, and is readily adaptable to the wide range of flow 
rates and hexavalent chromium concentrations encountered in the 
Metal Finishing Category. Similar to chemical precipitation, 
its pollutant reduction performance capabilities were established 
from effluent data from a number of plants within the category. 

IX-4 



Chemical oxidation of cyanide using chlorine is also a common 
wastewater treatment practice within the Metal Finishing Category. 
Over 200 plants employing this technology were identified within 
the surveyed data base. As a result, considerable data establishing 
the reliability and performance of this technology were available 
from industrial sites within the Metal Finishing Category. 

Treatment of process wastewater for the removal of oils and 
greases is common practice in the Metal Finishing Category. A 
variety of oil removal techniques are employed as discussed in 
Section VII. These correspond to the wide range of waste stream 
compositions encountered. The identified BPT provides for the 
removal of both free and emulsified oils commonly encountered in 
metal finishing wastewaters. Twenty-nine plants in the data base 
were identified which employ emulsion breaking technology. The 
number of plants employing skimming for the removal of oils and 
greases is much larger. Performance capabilities for these 
technologies were firmly established on the basis of extensive 
long-term practice in treating industrial process wastewater. 
The specific technologies identified as BPT are relatively simple 
and reliable; however, comparable effluent performance can be 
achieved by numerous technical alternatives. 

The technical merits, present practice, and demonstrated per
formance of the BPT technologies are discussed in detail in 
Section VII. The costs and non-water quality environmental 
aspects of these technologies are presented in Section VIII. 

BPT LIMITATIONS 

The effluent limitations attainable by application of BPT are 
presented in Table 9-1. 

Pollutant or 
Pollutant Paramete~ 

Cadmium 
Chromium. total 
Copper 
Lead 
Nickel 
Silver 
Zinc 
Cyanide. total 
TTO 
Oil and Grease 
TSS 

TABLE 9-1 
BPT EFFLUENT LIMITATIONS 

Concentration (mg/~) 

Daily 
Maximum 

0.69 
2.77 
3.38 
0.69 
3.98 
0.43 
2.61 
1. 20 
2.13 

52 
60 

pH Within the range of 6.0 to 9.0 

Alternative to total cyanide 
Cyanide. amenable to chlorination 0.86 
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Maximum Monthly 
Average 

0.26 
1. 71 
2.07 
0.43 
2.38 
0.24 
1. 48 
0.65 

26 
31 

0.32 



I 

These limitations are based on demonstrated' performance at metal 
I 

finishing plants employing the identified BPT technologies. As 
described in Section VII, both on-site sampling and observations, 
and long-term effluent monitoring data are reflected in the limi
tations. They therefore incorporate both plant to plant varia
tions in raw wastes and treatment practices and the day-to-day 
variability of treatment system performance. The effluent con
centrations shown in Table 9-1 represent le'vels attainable by a 
well run BPT system 99% of the time. · 

The concentrations shown are all applicable to the treated ef
fluent prior to any dilution with sanitary 1wastewater, noncon
tact cooling water, or other non-process w~ter. The total cyanide 
concentration limitation applies to the diicharge from cyanide 
pxidation prior to mixture with any other ~rocess wastes. 

I 
' 

As an alternative the amenable cyanide limit may apply in place 
of the total cyanide limit for industrial ~acilities with 
cyanide treatment and upon agreement betwe~n a source subject 
to those limits and the pollution control $-gthorit:r. 

' f·''''···· 
I 

The derivation of these performance limitations from effluent 
data for Metal Finishing Category plants is described in detail 
in Section VII. After technical analysis of the effluent data 
and supporting information to identify pla~ts with properly 
operating treatment systems, the data were screened to ensure 
that only effluent data corresponding to raw waste streams which 
contained significant levels of each pollutant were used to 
establish limitations for that parameter. ,These data were then 
analyzed statistically as described under S,tatistical Analysis 
(reference Section VII) to derive 99th peroentlle llmits on both 
single day and monthly maximum average effluent concentrationsA 

PRESENT COMPLIANCE WITH BPT 
I 

Table 9-2 shows the compliance percentages for the two data bases 
evaluated in developing the BPT effluent limitations: (1) the 
EPA sampled data base; and (2) the long teim self-monitoring data 
base from data submitted by plants in the fndustry. Compliance 
for the self-monitoring data was determined for both daily 
maximum values and 10-day average values. 
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Tables 9-3 and 9-10 preseht a detailed summary of the self
monitoring data relative to compliance with the daily maximum and 
the monthly maximum average limitations for the regulated 
parameters. Table 9-3 shows· the number of data points in 
compliance with the BPT daily maximum limitations and the total 
number of data points for each parameter at each plant. Table 9-4 
presents the corresponding compliance percentage values. Tables 
9-5 and 9-6 present the same information for total cyanide, 
amenable cyanide, and silver. Compliance information is presented 
in the same format for the maximum monthly averages in Tables 9-7 
through 9-10 using 10 days as a basis. 

BENEFITS OF BPT IMPLEMENTATION 

The estimated environmental benefits of the application of BPT to 
all plants in the Metal Finishing Category are summarized in Table 
9-11. This table presents estimates of the total mass of the 
regulated pollutant parameters in raw wastewaters from all metal 
finishing plants and the remaining mass of these pollutants 
discharged aft:er application of BPT at all facilities with direct 
discharges. 1?he differences between these values are presented as 
quantitative estimates of the environmental benefits of 
implementing BPT. These benefits may be compared to the costs of 
BPT (Option 1) as presented in Section VIII. 
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Pollutant 

Cadmium 

Chromium 

Copper 

Lead 

Nickel 

Silver 

Zinc 

Cyanide, total 

TTO 

Oil & grease 

TSS 

TABLE 9-·2 
PERCENTAGE OF THE MFC DATA BASE 

BELOW THE BPT LIMITATIONS 

EPA Sampled Data* 
Daily Maximum 

100.0 

100.0 

95.7 

100.0 

95.6 

100.0 

94.1 

97.8 

100.0 

100.0 

100.0 

' 
Self-Moriitoring 

Data 
Daily Maximum 

98.8 
i 

99 .. 7 

98.5 
I 

95,. 9 

99 .. 9 

7d. 6 
I 
I 

99:.2 
f ..... . 

79.3 
'· 

Self-Monitoring 
Data 

10-Day Average 

97.8 

99.7 

96.7 

92.7 

100.0 

100.0 

95.8 

63. ~ .... 

100.0 

100.0 

* EPA sampled data used to develop limits <it~e~, Tab.l,.~s 7-4 .... t.o 7-10, 
7-55, 7-74). 
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TABLE 9-3 
BPT SELF-MONITORING DATA COMPLIANCE SUMMARY 

DATA POINTS ~ BPT DAILY MAXIMUM~IMITATIONS/TOTAL DATA POINTS 

PLANT TSS CADMIUM CHROMIUM COPPER LEAD NICKEL ZINC OIL & GREASE 

1067 148/149 228/230 230/230 230/230 -- 230/230 230/230 
3049 49/49 -- -- -- -- -- -- 49/49 
5020 -- -- 228/228 232/232 217/229 231/231 
6002 -- 6/6 
6035 12/12 9/9 12/12 
6051 13/13 13/13 13/13 13/13 -- 13/13 13/13 13/13 
6053 12/12 
6087 12/12 -- -·- 12/12 
6103 13/13 
6107 10/10 -- 10/10 8/10 -- -- 9/10 
11008 140/140 183/185 185/185 185/185 -- 185/185 184/184 
11477 69/69 -- -- -- -- -- -- 66/66 
12002 -- -- -- 58/58 -- --- 51/51 55/55 
17030 -- -- 342/344 

H 19063 -- -- 238/238 247/248 238/238 10/10 
:X: 

20080 269/269 269/269 269/269 269/269 I -- -- -- --
\.0 20082 -- -- 250/253 240/253 -- 253/253 249/250 

20116 243/243 -- 243/243 243/243 -- 243/243 
22735 27/27 -- 35/35 -- -- -- -- 45/45 
23076 -- -- 237/242 2311241 -- 239/241 
30050 292/292 -- 289/289 292/292 -- 75175 -- 287/287 
30079 

_,_ -- -- -- -- -- -- 12/12 
30090 51/51 -- 49/49 260/260 -- -- -- 45/45 
30165 -- -- -- 65/66 54/65 -- 58/66 
33050 -- -- -- 112/112 -- -- 115/115 
33092 -- -- -- -- -- 33/33 
34037 -- -- -- 172/184 
36040 -- -- 225/225 -- -- 228/228 
44045 50/50 -- -- 49/49 48/49 49/49 
44150 -- -- -- 124/127 -- -- 42/42 
45741 -- -- 358/358 -- -- -- -- 49/49 
47025 335/337 49/51 256/256 

OVERALL 1745/1748 488/494 3469/3479 2773/2815 557/581 1789/1791 1220/1230 890/890 

-- = No data or material not used in metal finishing processes. 



TABLE 9-4 
BPT SELF-MONITORING DATA COMPLIANCE SUMMARY 

PERCENT OF DATA POINTS 5 BPT DAILY MAXIMUM LIMITATIONS 

~ ~ CADMIUM CHROMIUM COPPER LEAD NICKEL ZINC OIL & GREASE 

1067 99.3 99.1 100.0 100.0 -- 100.0 100.0 
3049 100.0 -- .. .. - -- -- -- 100.0 
5020 -- .. 100.0 100.0 94.8 100.0 
6002 -- 100.0 
6035 100.0 100.0 100.0 
6051 100.0 100.0 100.0 100.0 -- 100.0 100.0 100.0 
6053 100.0 
6087 100.0 -- - - 100.0 
6103 100.0 
6107 100.0 -- 100.0 80.0 -- ··- 90.0 
11008 100.0 98.9 100.0 100.0 -- 100.0 100.0 
11477 100.0 •oo ··- ·- ·-- ··- -- 100.0 
12002 -·- . - -- 100.0 -- -- 100.0 100.0 
17030 -- -- 99.4 

H 19063 -·- ·- 100.0 99.6 100.0 100.0 
::< 20080 100.0 -- 100.0 --· -- --- 100.0 100.0 
I 

1--' 20082 -- -- 98.8 94.9 -- 100.0 99.6 
0 

20116 100.0 -- 100.0 100.0 -- 100.0 
22735 100.0. --- 100.0 -- -- -- -·- 100.0 
23076 -- ·- 97.9 95.9 -- 99.2 
30050 100.0 -·- 100.0 100.0 -- 100.0 -- 100.0 
30079 -- --- -- -·- -··- -- -- 100.0 
30090 ilOO.O -- 100.0 100.0 -- -- -- r<m.o-
30165 ~-- --- .. - 98.5 83.1 -- 87.9 . 
33050 -- - -· --- 100.0 -- -·- 100 .o· 
33092 -- ., - --- - ·- -- 100.0 
34037 -- -·- -- 93.5 
36040 --- - ·- 100.0 -- --- 100.0 
44045 :100.0 -- -- 100.0 97.9 100.0 
44150 -- .. - -·- 97.6 -- -- 100.01 

45741 :o-- -- 100.0 -- .. - -- -- 100.0 
47025 99.4 96.1 100.0 

OVERALL 99.8 98.8 99.7 98.5 95.9 99.9 99.2 100.0 

-- = No data or imaltelrial not used in metal finishing processes •. 



TABLE 9-5 
SINGLE OPTION - SELF-MONITORING DATA COMPLIANCE SUMMARY 

DATl~ POINTS ~ BPT LIMITATIONS/TOTAL DATA POINTS 

Plant Cyanide, Total t Cyanide, Amenable t Silver 

1067 * 
3043 78/89 

6002 

6051 * 
6087 12/12 

6107 * 
11008 170/179 

11125 0/54 0/5 

15193 4/12 

20080 268/268 

20082 200/246 

31021 86/140 31/40 

36082 119/121 

38223 234/235 

44045 40/50 

47025 63/139 216/243 

' 
overall 1028/1298 481/518 12/17 

t Adjusted for dilution. 
* Dilution factor not known. 

-- No data or material not used in metal finishing processes. 
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TABLE 9-6 
SINGLE OPTION - SELF-MONITORING DATA COMPLIANCE SUMMARY 

PERCENT OF DATA POINTS ~ BPT LIMITATIONS 

Plant cyanide, Total t Cyanide, Amenable ·t Silver 

1067 * 
3043 87.6 

6002 

6051 * 
6087 100.0 

6107 * 
11008 94.9 

11125 o.o 0.0 

15193 33.3 

20080 100.0 --
20082 81.3 

31021 61.4 77.5 

36082 98.3 

38223 99.6 

44045 80.0 

47025 45.3 88.9 

overall 79.2 9:t. 8 70.5 

t Adjusted for dilution. 
* Dilution factor not known. 

-- No data or material not used in metal finishing processes. 
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TABLE 9-1 
BPT SELF-MONITORING DATA COMPLIANCE 

10-DAY AVERAGES ~ BPT MONTHLY MAXIMUM AVERAGE LIMITATIONS/TOTAL NUMBER OF 10-DAY AVERAGES 

PLANT TSS CAJ)rUUM CHROMIUM COPPER LEAD NICKEL ZINC OIL & GREASE 

1061 14/14 23/23 23/23 23/23 -- 23/23 23/23 
3049 4/4 -- -- -- -- -- -- 4/4 
5020 -- --- 22/22 23/23 21/22 23/23 
6002 
6035 1/1 -- 1/1 
6051 1/1 1/1 1/1 111 -- 1/1 1/1 1/1 
6053 1/1 
6081 1/1 -- -- 1/1 
6103 111 --
6101 1/1 -- 1/1 0/1 -- -- 0/1 
11008 14/14 18/18 18/18 18/18 -- 18/18 18/18 
11411 6/6 -- ·-- --- -- -- --- 6/6 
12002 -- -- -- 5/5 -- -- 5/5 5/5 
11030 -- -- 34/34 

H 19063 -- -- 23/23 24/24 23/23 1/1 
::< 20080 26/26 26/26 26/26 26/26 I -- -- -- ---
...... 20082 -- ~. -- 24/25 22/25 -- 25/25 25/25 
w 

20116 24/24 -- 24/24 24/24 -- 24/24 
22135 2/2 -- 3/3 -- -·- -- -- 4/4 
23016 -- -- 24/24 23/24 -- 24/24 
30050 29/29 - 28/28 29/29 -- 111 -- 28/28 
30019 -- -- -- -- -- -- -- 1/1 
30090 5/5 - 4/4 26/26 -- -- -- 4/4 
30165 -- -·- -·- 6/6 3/6 --· 2/6 
33050 -- -- -- 11111 -- -·- 11111 
33092 -- -·- -- -- -- 3/3 
34031 -- -- -- 14/18 
36040 -- --- 22122 -- -- 22/22 
44045 5/5 -- -- 4/4 4/4 4/4 
44150 -- -- -- 12/12 -- -- 4/4 
45141 -- -- 35/35 -·- --- -- -- 4/4 
41025 33/33 3/4 25/25 

OVERALL 168/168 45/46 338/339 266/215 51/55 115/115 115/120 83/83 

-- = No data or material not used in metal finishing processes. 



TABLE 9-8 
BPT SELF-MONITORING DATA COMPLIANCE SUMMARY 

PERCENT OF 10-DAY AVERAGES 5, BPT MONTHLY MAXIMUM AVERAGE LIMITATIONS 

PLANT ~ CADMIUM CHROMIUM CQ{)PER LEAD NICKEL ZINC OIL & GREASE 

1067 100.0 100.0 100.0 100.0 ~- 100.0 100.0 
3049 100.0 -- - - -·- -- -- -- 100.0 
5020 -- -- 100.0 100.0 95.5 100.0 
6002 
6035 100.0 -- 100.0 
6051 100.0 100.0 100.0 100.0 -- 100.0 100.0 100.0 
6053 100.0 
6087 100.0 -- - - 100.0 
6103 100.0 ° -- - ·- - -
6107 100.0 -- 100.0 0.0 -- -- 0.0 
11008 100.0 100.0 100.0 100.0 -- 100.0 100.0 ' 
11477 100.0 -- -- -- -·- ·-- -- 100.0 
12002 -- - -- - - 100.0 -- -- 100.0 100.0 
17030 -- -- 100.0 

H 19063 -- '"- 100.0 100.0 100.0 100.0 :X: 20080 100 .0; --· 100.0 - .. - -- -- 100.0 100.0 I 
1-' 20082 -- -- 96.0 88.0 -- 100.0 100.0 ~ 

20116 100.0 -- 100.0 100.0 -- 100.0 
22735 100. 0; -- 100.0 -- -- -- -·-, 100.0 ·,'" 

23076 ~- p~ --- 100.0 95.8 -- 100.0 
30050 100.0 -- 100.0 100.0 -- 100.0 -- 100.0 
30079 --·- -- --- --- -- -- -- _l_QO .0 ----- - -· -- . ·- ~.~ -··.-3oo·go- ·· -roo:o -~ H5o:o· 100.0 -- -- -- 100.0 
30165 -- 0 -- -·-·- 1()0 • .0 50.0 -- 33·.3 
33050 -- -·-·· •o- 100.0 -·- 100.0 
33092 -- - - - ·- . - -- 100.0 
34037 - ·- -- 77.8 
36040 -- -·- 100.0 -- -- 100.0 
44045 100.0 -- -·- 100.0 100.0 100.0 
44150 -- _;- -- 100.0 -- -- 100._0 
45741 -- -- 100.0 -- -- -- -- 100.0 
47025 100.0 75.0 100.0 

OVERALL 100.0 97.8 99.7 96.7 92.0 100.0 95.8 100.0 

-- == No data or, material· no,t used in metal 



TABLE 9-9 
SINGLE OPTION - SELF-MONITORING DATA COMPLIANCE SUMMARY 

10-DAY AVERAGES ~ BPT MONTHLY MAXIMUM AVERAGE LIMITATIONS/TOTAL 
NUMBER OF 10-DAY AVERAGES 

Plant Cyanide, Total t Cyanide, Amenable t Silver 

1067 * 
3043 6/8 

6002 

6051 * 
6087 

·6107 * 
"11008 15/17 

11125 0/5 

'15193 0/1 

-;20080 26/26 

20082 12/24 

"31021 4/14 

"36082 11/12 

38223 

.44045 3/4 -· 
,.47025 1/13 
. '• 

Overall 78/124 

· t Adjusted for dilution. 
· * Dilution factor not known. 

0/3 

22/23 

17/24 

39/50 

No data or material not used in metal finishing processes~ 
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TABLE 9-10. . 
SINGLE OPTION- SELF-MONITORING DATA.COMPLIANCE SUMMARY 

PERCENT OF 10-DAY AVERAGES ~ BPT MONTHLY M~XIMUM AVERAGE LIMITATIONS 

Plant 

1067 

3043 

6002 

6051 

6087 

6107 

11008 

11125 

15193 

20080 

20082 

31021 

36082 

38223 

44045 

47025 

overall 

cyanide, •rota 1 t 

* 
75.0 

* 

* 
88.2 

0.0 

0.0 

100.0 

50.0 

28.6 

91.7 

75.0 

7.7 

62.9 

t Adjusted for dilution. 

Cyanide l Amenable t 

i 
I 

I 
~-
,...-

I '" """ :o.o 
I 
I 
1--, 

915:6 
I 

7.8 .o 
I 

* Dilution factor not known. , 
-- No data or material not used in metal finishing processes. 

rx ... l6 

--
,,~11!]!''' ' 

..:.;;:.:t''~ 
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Pollutant Parameter 

Cadmium 
Chromium, Total 
Copper 
Lead 
Nickel 
Silver 
Zinc 

TOXIC METALS TOTALS: 

Cyanide, Total 

Total Toxic Organics 

OVERALL TOTALS: 

TABLE 9-11 

BPT TREATMENT BENEFIT SUMMARY 

Discharge {Metric tons/year) 

BPT 
Ra\!~adin~ Effluent ------

102 3 
9886 136 
4547 206 
119 14 
557 237 

8 6 
4489 110 

- ------·-·--.. - --·-·--·---

19708 712 

3582 65 

1170 30 

------·--- ------·--

24460 807 

IX-17 

BPT 
Benefit 

99 
9750 
4341 
105 
320 

2 
4379 

18996 

3517 

1140 

23653 



INTRODUCTION 

SECTION X 
BEST AVAILABLE TECHNOLOGY 

ECONOMICALLY ACHIEVABLE 

This section describes the best available technology economically 
achievable (BAT) for the treatment and control of process waste
water generated within the Metal Finishing Category. BAT represents 
the best existing economically achievable performance of plants 
of various ages, sizes, processes or other shared characteristics. 

The Federal Water Pollution Control Act of 1972 required that BAT 
represent reasonable further progress (beyond BPT) toward elimina
ting the discharge of all pollutants. In fact, elimination of 
discharge of all pollutants is required if technologically and 
economically achievable. The Clean Water Act of 1977 specifically 
defined both the conventional and toxic pollutants that must be 
regulated (See Section V of this document for identification of 
these pollutants) and also established a class of nonconventional 
pollutants for regulation. 

BAT has been further defined as the very best control and treatment 
technology within a subcategory or as superior technology transferred 
from other industrial subcategories or categories. This definition 
encompasses in-plant process improvements as well as more effective 
end-of-pipe treatment. 

IDENTIFICATION OF BAT 

BAT is the technology defined under Option 1 in Section VII of 
this document and is shown in Figure 10-1. For toxic metals, 
toxic organics, and cyanide, BAT effluent control is achieved by 
the BPT system described in Section IX. 

For waste streams containing complexed metals, BAT will be identi
cal to BPT. This will require the segregation of the complexed 
metals waste stream with separate treatment for the precipitation 
of metals and removal of suspended solids. Precipitation of 
metals from this waste stream can be accomplished by adjusting 
the pH of the wastewater to 11.6-12.5 in order to promote dis
sociation of the metal complexes and subsequent precipitation 
of the free metals. Sedimentation is then employed in order 
to allow the resulting suspended solids to settle out of solution. 

The BAT treatment systems (Option 1 system in Section VII) is 
adequate to achieve the BAT effluent limitations presented later 
in this section. However, a plant may elect to suppleme'nt this 
system with other equipment or use an entirely different treat
ment technique in order to attain the BAT limitations. Alterna
tive technologies (both end-of-pipe and in-process) are described 
in Section VII of this document. In-plant techniques such as 
evaporative recovery or reverse osmosis may substantially reduce 
the end-of-pipe treatment requirements. 
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RATIONALE FOR SELECTION OF BAT 

The BAT treatment system identified previously was selected 
because it has been proven in metal finishing plants to represent 
a well demonstrated. reliable technology which achieves a high 
degree of toxic pollutant removal. This is demonstrated by the 
Option 1 system performance in Section VII. 

Although demonstration of BAT at a single plant is adequate for 
its selection. the common metals Option 1 system is identified in 
Section VII as presently employed at over 100 known metal 
finishing plants. Precipitation. clarification. and filtration. 
has been demonstrated to be effective at several plants. although 
far l&ss frequently than precipitation/clarification alone. 
Although precipitation/clarification/filtration was considered 
for BAT. it was1 not selected as the technology basis because of 
the very high incremental aggregate costs. 

Compared to BP~~. BAT has identical impact on energy requirements 
and nonwater quality aspects. 

BAT LIMITATION~!_ 

The BAT effluent limitations are presented in Table 10-1. 

Pollutant oJr: 
Pollutant Parameter 

Cadmium 
Chromium. total 
Copper 
Lead 
Nickel 
Silver · 
Zinc 
Cyanide. total 
TTO 

TABLE 10-1 
BAT EFFLUENT LIMITATIONS 

Daily 
Maximum 

0.69 
2.77 
3.38 
.0. 69 
3.98 
0.43 
2.61 
1.20 
2.13 

Alternative to total cyanide: 
Cyanide. amenable to chlorination 0.86 

Maximum Monthly 
Average 

0.26 
1. 71 
2.07 
0.43 
2.38 
0.24 
1.48 
0.65 

0.32 

As discussed in Section VII. these limitations represent the 
effluent concentrations attainable by a properly operating BAT 
system 99 percent of the time. The concentrations presented 
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in Table 10-1 reflect treated effluent und{i~f~d 6¥ ~~nifari 
wastewater. noncontact cooling water. or other nonprocess water. 
The total cyanide concentration limitation applies to the 
discharge from cyanide oxidation prior to !mixture with any other 
process wastes. As an alternative to the 1total cyanide limit. 
cyanide amenable limit may apply in place 1of total cyanide for a 
facility with cyanide treatment and contirtgent on agreement 
between the facility and the pollution co~trol authority. 

The development of these effluent limitations from performance 
measurements of existing BAT systems is described in Section VII. 
The statistical rationale used in developing these limitations is 
presented at the end of Section VII under 'the heading of Statis-
tical Analysis. · 

PRESENT COMPLIANCE WITH BAT 

The percent compliance with BAT for the EPA sampled data base and 
the long-term self-monitoring data base i~ the same as for BPT for 
the toxic metals and cyanide as presented ~in Tables 9-2 to 9-10. 

BENEFITS OF BAT IMPLEMENTATION 

Since the BAT treatment system is identical to the BPT system. no 
increased environmental benefit above that derived from BPT 
treatment is attained. 



SECTION XI 
NEW SOURCE PERFORMANCE STANDARDS 

INTRODUCTION 

This section describes the new source performance standards 
(NSPS) for the treatment and cont~ol of process ·wastewaters 
generated within the Metal Finishing Categ~ry. NSPS reflects 
existing treatment and control practices or demonstrations that 
are rtot necessarily in common practice. 

The Federal Water Pollution Control Act of· 1972 required that 
NSPS represent the best available demonstrated control tech
nology, processes, and op~rating methods. Where practicable, no 
pollutant discharge at all is to be allowed •. Where pollutant 
discharge is unavoidable, these standards are to represent the 
greatest degree of effluent reduction achievable. They apply 
to new sources, which are defined as any building, structure, 
facility, or installation that discharges pollutants and for 
which construction is started after promulgation of the standards. 

IDENTIFCATION OF NSPS 

NSPS is the technology defined under Treatment of Common Metals 
Wastes - Option 3 in Section VIII of this 'Development Document. 
The NSPS waste treatment system is•shown ih Figure· 11-1. For 
common metals, precious metals, oil and grease and cyanide wastes, 
NSPS is achieved by the previously described BPT and BAT treat
ment systems; plus the use of in-process treatment modifications 
for controlling the discharge of cadmium. The BPT or BAT waste 
treatment systems have been previously described in Sections IX 
and X of the document. 

The in-process modifications for controlling cadmium consist of 
using evaporative recovery or ion exchange on segregated cadmium 
bearing waste streams prior to mixing with other common metals 
bearing wastewaters for end-of-pipe treatment. These in-process 
modifications will reduce cadmium discharges to the background 
levels detailed in Section VII of the document. 

For complexed metal bearing waste streams, NSPS will be identi
cal to the BPT and BAT waste systems. This requires segregation 
of the complexed metals waste stream with separate treatment for 
the precipitation of metals and removal of suspended solids. 
Precipitation of metals from this waste stream is accomplished by 
pH adjustment of the wastewater to 11.6-12.5 in order to promote 
dissociation of the metal complexes and subsequent .precipitation 
of the free metals. This is followed by sedimentation in order 
to allow the resulting suspended solids to settle out of solution. 

XI-1 
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The NSPS treatment system will. with proper operation. achieve 
the NSPS effluent limitations presented later in this section. 
However. a plant may elect to supplement this system with other 
equipment or use an entirely different treatment technique in 
order to attain the NSPS limitations. Alternative technologies 
(both end-of-pipe and in-process) are described in Section VII of 
this document. In-plant treatment modifications such as the use 
of evaporated recovery may substantially reduce end-of-pipe 
treatment requirements. 

RATIONALE FOR SELECTION OF NSPS TECHNOLOGY 

The NSPS treatment components identi.fied previously for control 
of cadmium were selected because they have been proven in metal 
finishing plants to represent reasonable performance improvement 
beyond the BPT and BAT levels of treatment. This improvement is 
demonstrated by the comparison of Option 1 and Option 3 system 
performance for cadmium in Section VII. 

Option 3 effluent limitations for cadmium represent background 
levels detected in effluents from plants which do not apply this 
metal in their production operations. Because the technology 
basis eliminated the discharge from cadmium wastewater sources. 
this limit is appropriate. In using data indirectly. the Agency 
has been conservative in two ways. First. the background levels 
used to develop the standards are raw waste concentrations; the 
technology basis of precipitation/clarification is expected to 
result in further removal. second. the highest two plants were 
used for the derivation of the long term average. The 
conservative nature of this procedure can be seen by comparing 
the new source average with the EPA sampled discharges of cadmium 
from precipitation/clarification. (A detailed explanation of 
this approach and the data supporting the reasonableness of 
this approach are provided in Section VII.) 

When compared to BPT and BAT. NSPS has only minor incremental 
impact upon energy requirements and other nonwater quality 
aspects. 

NSPS LIMITATIONS 

The NSPS effluent limitations are presented in Table 11-1. 
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TABLE 11-1 
NSPS EFFLUENT LIMITATIONS 

Pollutant or 
Pollutant Parameter 

Cadmium 
Chromium. total 
Copper 
Lead 
Nickel 
Silver 
Zinc 
Cyanide, total 
TTO 
Oil and Grease 
TSS 
pH Within the range of 

Alternative to total cyanide: 
Cyanide, amenable to chlorination 

Daily 
Maximum 

I 

0~11 
2~77 
3.38 

I 

0.69 
3~98 
0~43 
2~61 
1.!20 
2~13 

52. 
60 
6.0 to 9.0 

o,86 

Maximum Monthly 
Aver~qe 

0.07 
1. 71 
2.07 
0.43 
2.38 
0.24 
1.48 
0.65 

26 
31 

0.32 

As discussed in Section VII of this document, these limitations 
represent the effluent concentrations attainable by a well 
operating NSPS system 99 percent of the time. The concentrations 
presented in Table 11-1 reflect treated e:e, .... ,;:lt1e ... n:t:. up,c]tJut~d by 
sanitary wastewater. non-contact cooling water, or other non
process water. The total cyanide concentriation limitation applies 
to the discharge from in-process modifications (for this 
pollutant) prior to mixture with any othe~ process wastes. As an 
alternative to the total cyanide limit, a 'facility with cyanide 
treament may apply the cyanide amenable l~mit in place of the 
total cyanide limit upon agreement between the facility and the 
pollution control authority. The cadmium limitation applies to 
the discharge from in-process modificatioqs (for this pollutant) 
prior to mixture with any other process wastes. 

The development of the NSPS effluent limitations is described in 
Section VII under Common Metals Waste Tre~tment System Performance 
- Option 3. and the statistical rationale .is presented at the end 
of Section VII under the heading of Stati~tical Analysis. 

PRESENT COMPLIANCE WITH NSPS 

The NSPS compliance for all parameters other than cadmium is the 
same as that presented in Section IX (for BPT) because the NSPS 
limitations for all parameters other than ~admium are identical 
tothe BPT limitations. Present compliance with the Option 3 
cadmium limitation cannot be determined be'cause data are not 
available from metal finishing plants usin:;g the specified 
technology. 
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BENEFITS OF NSPS IMPLEMENTATION 

Table 11-2 shows the estimated benefit of reduced cadmium dis
charge in terms of concentration reduction that results 
from the implementation of the NSPS limitations. An incremental 
reduction benefit of 0.19 mg/~ of cadmium would be achieved. 
The estimated environmental benefits for all pollutant para
meters other than cadmium were presented in Section IX (for 
BPT) and Section X (for BAT). Quantitative benefits cannot 
be determined for NSPS because installation of future facilities 
cannot be predicted, and the wastewater flow rates from new 
sources cannot be projected. 

TABLE 11-2 
NSPS TREATMENT BENEFIT SUMMARY 
Concentration Reduction (mg/1) 

Pollutant Parameter 

Average 
BPT/BAT 
Effluent 

Average 
NSPS 

Effluent 

Cadmium 0.13 0.06 

xr-:, 

Average 
NSPS 

Reduction 

0.07 



INTRODUCTION 

SECTION XII 
PRETREATMENT STANDARDS 

This section describes the pretreatment standards for existing 
sources (PSES) and the pretreatment standards for new sources 
(PSNS) for thE~ treatment of wastewaters generated within the 
Metal Finishing Category that are discharged to a publicly owned 
treatment works (POTW). These standards are intended to provide 
an equivalent degree of toxic metals and toxic organic pollutant 
removal as provided by direct discharge limitations. 

The Federal Wciter Pollution Control Act of 1972 stated that the 
pretreatment standards shall prevent the discharge to a POTW of 
any pollutant that may interfere with, pass through, or otherwise 
be incompatible with the POTW. The Clean Water Act of 1977 
further stipulated that industrial discharges must not interfere 
with use and disposal of municipal sludges. In accordance with 
the Clean Water Act, individual POTWs may specify more stringent 
standards or (after meeting specified criteria) may relax the 
standards presented here. 

IDENTIFICATION OF PRETREATMENT TECHNOLOGY 

Pretreatment technology for PSES is the same as that defined in 
Section X for BAT, and pretreatment technology for PSNS is the same 
as that defined in Section XI for NSPS, with the exception that oil 
and. grease and TSS are not regulated parameters. In addition, the 
Agency is allowing 31 months for compliance with the metals, cyanide

1 

and total toxic organics standards. However, the Agency believes 
that toxic organics should not be uncontrolled for this period 
and has. therefore. established an interim TTO limit based on 
data prior to precipitation/clarification and reflecting proper 
management of toxic organics. The interim TTO limit has been 
established with a compliance date of June 30. 1984. 

RATIONALE FOR SELECTION OF PRETREATMENT TECHNOLOGY 

Toxic metals. and toxic organics may pass through a POTW. or they 
may contaminate its sludge. or they may interfere with the 
treatment pro<:ess. These pollutants must therefore be controlled 
by pretreatment. 
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PRETREATMENT STANDARDS 

Pretreatment standards for existing sources are the same as BAT 
(reference Section X) for existing sources 1 with the exception of 
the interim TTO limit. The PSES interim TTO daily maximum 
limitation is 4.57 mg/1 and applies to the:TTO concentration in 
the total plant raw wastewater. Pretreatm'ent standards for new 
sources are the same as NSPS (reference Se~tion XI) for new 
sources. with the exception of control of oil and grease. TSS. 
and pH. Table 12-1 quantifies the PSES requirements and Table 

• I • • 12-2 presents the requ1rements for PSNS. Although spec1f1c 
control of TSS is not required. it will be effectively controlled 
by the need to control metals. ' 

PRESENT COMPLIANCE WITH PRETREAMENT STANDARDS 
I,,,, 

The percent compliance for EPA sampled p~ants with the interim 
TTO limitation is 100 percent for plants ~hich appear to properly 
manage toxic organic wastes. Compliance with PSES for metals, 
cyanide and TTO (final) is the same as that presented in 
Section IX for BPT. Compliance with PSNS ;is discussed in Section 
XI for NSPS. I 

BENEFITS OF IMPLEMENTATION 

Table 12-3 shows for existing sources the iestimated benefit of 
reduced metals, cyanide. and total toxic organics discharge in 
terms of metric tons of pollutant per day that results from the 
implementation of the pretreatment limitations. A reduction of 
toxic metals (52549 metric tons/year). total cyanide {7699 metric 
tons/year). and total toxic organics (409~ metric tons/year) may 
be achieved by pretreatment prior to discharge to the municipal 
sewer. Benefits derived from implementing new source performance 
standards cannot be predicted. However. the impact on cadmium 
effluent concentration reduction is presented in Section 11, 
Table 11-2. ' 
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Pollutant or 
Pollutant Parameter 

Cadmium 
Chromium, total 
Copper 
Lead 
Nickel 
Silver 
Zinc 
Cyanide, total 
TTO (interim) 
TTO (final) 

TABLE 12-1 
PSES LIMITATIONS 

Daily 
Maximum 

0.69 
2.77 
3.38 
0.69 
3.98 
0.43 
2.61 
1. 20 
4.57 
2.13 

Alternative to total cyanide: 
Cyanide, amenable to chlorination 0.86 

Pollutant or 
Pollutant Parameter 

Cadmium 
Chromium, total 
Copper 
Lead 
Nickel 
Silver 
Zinc 
Cyanide, total 
TTO 

TABLE 12-2 
PSNS LIMITJ.\TIONS 

Daily 
Maximum 

0.11 
2.77 
3.38 
0. 69. 
3.98 
0.43 
2.61 
1.20 
2.13 

Alternative to total cyanide: 
Cyanide, amenable to chlorination 0.86 
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Maximum Monthly 
Average 

0.26 
1. 71 
2.07 
0.43 
2.38 
0.24 
1.48 
0.65 

0.32 

Maximum Monthly 
Average 

0.07 
1. 71 
2.07 
0.43 
2.38 
0.24 
1'. 48 
Q.65 

0.32 



TABLE 12-3 
PRETREATMENT BENEFIT SUMMARY 

Discharge (kkg/yr) 

Pretreatment 
Pollutant Parameter Raw Loading ~ffluent 

Cadmium 223 6 
Chromium, Total 21638 296 
Copper 9952 451 
Lead 261 30 
Nickel 12190 522 
Silver 18 14 
Zinc 9826 240 

TOXIC METALS TOTALS: 54108 1;559 

Cyanide, Total 7841 142 

Total Toxic Organics 4164 6.6 

OVERALL TOXIC TOTALS: 66113 1767 
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Pretreatment 
Benefit 

217 
21342 

9501 
231 

11668 
4 

9586 

52549 

7699 

4098 

64346 



INTRODUCTION 

SECTION XIII 
INNOVATIVE TECHNOLOGY 

The Clean Water Act of 1977, Public Law 95-217, provides that di
rect discharging facilities which make use of innovative tech
nology that rE!SUl ts in an effluent reduction greater than ·that. 
required by the limitations may have a date of July 1, 1987 for 
compliance with the limitations. 

Specifically, this compliance date extension is authorized by 
Section 47 of the Act and is reproduced herein for. reference: 

Compliance 
date 
extension. 
Supra. 

INNOVATIVE TECHNOLOGY 

Sec. 47. Section 301 of the Federal Water Pollution 
Control Act is amended by adding at the end thereof 
a new subsection as follows: 

"(k) In the case of any facility subject.to a 
permit under section 402 which proposes to comply 
with the'requirements of subsection (b) (2) (A) of 
this section by replacing existing production capa
city with an innovative production process which 
will result in an effluent reduction significantly 
greater than that required by the limitation other
wise applicable to such facility and moves toward 
the national goal of eliminating the discharge of 
all pollutants, or with the installation of an in
novative control technique that has a substantial 
likelihood for enabling the facility to comply with 
the applicable effluent limitation by achieving a 
significantly greater effluent reduction than that 
required by the applicable .effluent limitation and 
moves toward the national goal of eliminating the 
discharge of all pollutants, or by achieving the 
required reduction with an innovative system that 
has the potential for significantly lower costs than 
the system which have been determined by the Admin
istrator to be economically achievable, the Admini
strator (or the State with an approved program un
der section 402, in consultation with the Admini
strator) may establish a date for compliance under 
subsection (b) (2)· (A) of this section no later than 
July 1, 1987, if it is also determined that such 
innovative system has the potential for industry 
wide application". 

This section describes pollution control techniques that have the 
capability of achieving the significant effluent reduction neces
sary to qualify' as an innovative technology. 
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INNOVATIVE TECHNOLOGY CANDIDATES 

This section presents information on variou~ innovative technologies 
available to the industry for use in wastewater treatmEmt and 
control. The innovative technologies descr~.bed in this section may 
not be applicable to all metal finishing facilities as the 
appropriateness of these technologies is dependent on a number of 
factors. including the design and operating characteristics of a 
facility. Currently. the appropriateness of these innovative 
technologies should be determined on a plant-by-plant basis. 
However. the innovative technologies described in this section have 
been reported to be effective for wastewatet treatment and control 
at plants in the metal finishing industry. :These technologies, if 
properly applied. can qualify as innovative technologies. Included 
among these candidate systems are evaporative systems. ion exchange. 
electrolytic recovery systems. electrodialysis. reverse osmosis. and 
electrochemical chromium regeneration. A discussion oi: water 
reducing controls is also presented in this'section. 

. . . . h 1 1 1 . Descr~pt~ons of evaporat~on. ~on exc ange, e ectro yt~c recovery. 
reverse osmosis. and electrochemical chromium regeneration 
technologies are provided in Section VII al6ng with information on 
application. performance, and demonstration:status in the Metal 
Finishing industry. : 

An index to these technologies is provided ln Table XIII-1. 
Electrodialysis is described below. 

TABLE 13-1 
I 

INDEX TO INNOVATIVE TECHNOLOGY CANDIDATES DESCRIBED IN SECTION VII 
I 
I 

TECHNOLOGY PAGE 

Evaporation 
Ion Exchange 
Reverse Osmosis 
Electrolytic Recovery 
Electrochemical ChromiumRegeneration 

XIII-2 

--,-
vrt-76, 100. 124. 153 

VII-80, 102, 114, 124 

VI ~-178 
vrt-1o2 

I 

VII-123 
l 



Electrodialysis 

Electrodialys~s is a process in which dissolved species are 
exchanged between two liquids through selective semipermeable 
membranes. An electromotive force causes concentration of the 
species from a waste stream, thereby providing purified water. 

Water to be treated by electrodialysis is pumped through a stan
dard cartridge filter and into the membrane stack. The stack 
consists of about fifty cell pairs operated in parallel flow. 
Each cell pair consists of an anion-selective membrane, a cation
selective·membrane, and membrane spacers. These membranes and a 
membrane from the adjacent cell pair define a diluting compart
ment and a concentrating compartmente 

Water to be treated flows through the diluting compartments. As 
it does so, the contained ions (e.g. nickel and sulfate) are 
drawn toward the electrodes at either end of the stack. Negative 
and positive ions are drawn in opposite directions through the 
selective membranes on either side of the diluting compartment 
into the adjacent concentrating compartments. Water of hydration 
goes with them. The ions continue in each direction across the 
concentrating compartments but are trapped there because they are 
blocked by membranes having a selectivity opposite to the one 
they passed through. The net effect is that the water passing 
through the diluting compartments is deionized, while a concen
trate (the ions and their water of hydration) .is formed in the 
concentrating compartments (the concentrating compartments have 
no inlet, only' an outlet) . 

The end (electrode) compartments are different. They are 
continously flushed with a common-ion liquid (e.g. sodium 
sulfate for nickel sulfate plating solution) to remove oxygen, 
hydrogen, and chlorine formed by electrolysis at the 
electrodes. These gases are vented from the electrode wash 
solution reservoir. 

The overall effect is that the total mineral content of the 
treated water is reduced to about 1,000 mg/1. Further reduction 
in concentration is not efficient and is not practical because 
of excessive electrolysis. Thus, electrodialysis functions more 
like ion exchange than like reverse osmosis and evaporation. 
That is, ions are removed from wastewater rather than concen
trated. Nqn-ionic constituents such as organic brighteners 
remain in the treated water rather than in the concentrate. 

Figure 13-1 shows the application of a simple electrodialysis 
cell to separate potassium sulfate solution (K SO ) into its 
components. Practical electrodialysis install&ti~ns contain 
from ten to hundreds of compartments between one pair of 
electrodes. The application of an electric charge draws the 
cations to the cathode and anions to the anode. Industrial 
wastewater containing metallic salts enters the center cell, 
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and the charge takes the positive ions to the cathode and 
negative ions to the anode. The result is a significant 
reduction in salt concentration in the center cell with an 
increase in solution concentrations in the adjacent cells. 
Thus, the water from the center of each of three adjacent 
cells is purified and metal ions are concentrated in the 
cathode cell, with sulfates, chlorides, etc., concentrated in 
the anode cell. At the outlet end of the cell stack, streams 
are drawn off from the individual cells either as the purified 
water or as concentrate for recovery or for further treatment. 

Figure 13-2 illustrates the operation of a seven chamber 
conventional electrodialysis cell. In large electrodialysis 
installations, two or more stacks are linked in series. The 
dilute effluent from the first stage is passed through an 
identical second stage, and so forth, with the effluent from 
the final stage reaching the desired concentration. 

Application 

The functional characteristics just described are the key to 
potential application. Electrodialysis treated water is not 
pure enough for a final rinse. Adding a reverse osmosis unit 
would achieve adequately pure water, with the RO concentrate 
returning to the ED feed. The standard setup, however, is 
recirculation of a dead rinse (following the plating tank) 
through the ED unit and back. This maintains a low concentra
tion (about 1,000 mg/1 of total mineral content) in the dead 
rinse, minimizing the flow needed in the following running rinses. 
If desired, these running rinses could be counterflowed through 
an RO unit, with the concentrate directed to the ED unit. 

Present applications include nickel, gold (cyanide and citrate), 
silver, and cadmium plating. Any type of plating solution is 
potentially recoverable for direct return to the plating tank. 
Electrodialysis has been shown to be an effective method for 
concentrating rinse waters to a high percentage of bath strength. 
Nickel, copper,·cyanide, chromic acid, iron and zinc can be 
removed from process wastes by electrodialysis. The natural 
evaporation taking place in a plating bath will often be suffi
cient to allow electrodialysis to be used to close the loop 
without the addition of an evaporator. 

At the time of the sampling visit, conventional electrodialysis 
was being used by plant ID 20064 as a means of concentrating and 
recovering chromic acid etch solution. Electrodialysis can be 
combined with an existing treatment system for recovery of metals, 
or it can be used with other treatment to effect recirculation of 
rinse water. Many possibilities exist for electrodialysis and 
with recent developments in membrane materials and cathode design 
and increased knowledge of their applications, it may become a 
major form of treatment for metals. 
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Performance 

Little information is available on performance for treatment of 
chromic acid; however, information is available on copper cyanide 
performance. Copper cyanide rinse water is treated in an electro
dialysis unit for return of the concentrated chemicals to the 
process bath. · The copper cyanide chemicals in the rinse water 
can be concentrated to slightly more than 70 percent of the bath 
strength. For, most copper cyanide plating, this concentr~tion 
may be sufficient to permit the direct return of all chem1cals to 
the processing operation. One manufacturer guarantees 94 percent 
recovery of dragged-out plating metals. Figure 13-3 shows an 
electrodialysi~ re~overy system. 

Demonstration Status 

Commercial electrodialysis units are manufactured by at least 
two major suppliers to the metal finishing industry. At least 
20 units have been installed. 

Three metal finishing plants in our data base indicate the use 
of electrodialysis. These plant ID's are: 20064, 20069, and 
41003. 

Advanced Electrod1alysis 

This particular electrodialysis system is used to oxidize chro
mium (in spent chromic acid) from a trivalent form to a hexa
valent form. Its design uses a circular, permeable anode, 
separated from the cathode by perfluorosulfonic membrane. The 
anode material is a specially designed lead alloy. The cathode 
is made from Hastelloy C tubing, which is a nickel alloy. The 
cathode is located in the center of the circular, permeable anode 
and has a catholyte (10 percent sulfuric acid) which is circulat-
ing through it and surrounds the cathode. This solution is used 
as a transfer solution. Figure 13-4 shows the physical construc
tion of this circular electrodialy~is cell. 

The etchant is pumped in at the bottom of the unit through the 
anode so that it remains in the chamber between the anode and the 
perfluorosulfonic membrane. Chromium in the trivalent form is 
contained in the etchant and, when a current is passed through 
this etchant solution, electrons are stripped from the trivalent 
chromium causing oxidation of the trivalent chromium to hexavalent 
chromium. The newly stripped electrons migrate through the 
perfluorosulfonic membrane into the catholyte solution. Converted 
hexavalent chromium is pumped back into the chromium etch tank 
for reuse, while at the same time the catholytic solution is 
being recirculated. The reaction which occurs at the anode is as 
follows: 

Cr+ 3 + 12 H
2

0 + 3e- = Cro
4

- 2 + 8H
3
o+l + 6e-
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This reaction is continually taking place as both the etchant and 
the catholyte are circulated through the cell.' 

Application 
I 

Electrodialysis of chromium, oxidizing trivale~f c6r6mium to 
hexavalent chromium, is not a widely practiced:method of waste 
treatment as yet. It is, however, a very efficient method for 
waste treatment of chromium, and it is used at'one company visited 
(ID 20064). This electrodialysis cell closes the loop on chromium 
so that there is no need to reduce hexavalent 9hromium. The only 
application, current or predicted, for this electrodialysis cell 
system is the oxidation of chromium wastes. 

Performance 
I 

The electrical efficiency of the unit varies with the concentration 
of both hexavalent chromium and trivalent chromium. The electro
chemical efficiency of the unit is generally between 50 to 90 
percent, depending on the concentrations. Thi? corresponds to an 
energy consumption of 8 to 16 kwh/kg of chromiy acid from reduced 
chromium. The metal removed efficiency of the electrodialysis 
unit is 90 percent for 8 mg/1 of trivalent chr9mium and 95 percent 
for 12 mg/1. · 

Water Reducing Controls for Electroplaters 
I 

To minimize pollution problems, electroplaters have discovered 
that relatively simple strategies can effectively be made 
operational. First, water can be used more efficiently. Second, 
water can be kept clean to begin with and, therefore, will not be 
a problem that requires wastewater treatment. 

Efficient water use means getting the most rinsing from each 
gallon of water. A single rinse tank is the least efficient 
means to obtain adequate rinsing because a much larger volume of 
water must be used in comparison to counterflow rinsing. 
(Counterflow rinsing is an effective flow reduction technique but 
it can also be expensive.) Electroplaters have found that using 
rinse water two or three times before it is purified or discarded 
not only reduces water consumption, but it c~n actually improve 
rinsing and save process chemicals. Moreover, lrinse water reuse 
techniques are not expensive to implement and:are not subject to 
space constraints to the same extent as counterflow rinsing. 

Low cost pollution control strategies further ~enefit electroplating 
firms by reducing costs for raw water and wast~w.:tt,er t:r-eatment. In 
addition, the strategies can often be operated ;by 'in-shop fabrication 
instead of expensive high technology controls or end-of-pipe treatment. 
Two effective and inexpensive technologies that may be used to 
minimize pollution problems are described in this section, multiple 
dragout and reactive rinsing. 
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Multiple Drag·-Out Control: Techniques and Effectiveness 

By controlling the amount of plating solution that is dragged from 
work pieces upon their removal from the process tank, the amount of 
contamination in subsequent rinse tanks can be reduced. A dragout 
tank, consisting of nothing more than a still rinse, installed immedi
ately following the plating process will capture some of the 
contamination. 

The multiple dragout method uses the same number of rinse tanks 
as counterflow rinsing. The difference is that instead of a 
single dragout tank and several running rinse tanks, several 
dragout tanks and a single running rinse tank are used. 

Most of the solution dragged from the plating tank is captured in 
the first dragout tank. The multiple drag-out tank protect the 
running rinse from intense contamination and often allows the 
rinsewater to be discharged with little or no treatment because 
it already meets the Federal standards. As a result, the 
multiple drag-out method greatly teduces the cost the wastewat~r 
treatment. Likewise, because wastewater treatment is minimized 
so is sludge generation and sludge management costs. 

Periodically, some of the solution from the first tank must be 
drained and replaced by the less contaminated solution from the 
second drag-out tank. Fresh water is than used to fill the 
second tank. The solution drained from the first drag-out tank 
can be (1) recycled to the plating process; (2) processed to 
recover the metals; or (3) sent to a waste treatment plant. 
Multiple drag-out tanks are a simple and efficient means to 
reduce drag-out contamination. Two or more drag-out tanks 
operated in series assure almost complete control of drag-out 
losses. 

Reactive Rinsing: Techniques and Effectiveness 

.Reactive rinsing means reusing or recycling the rinse water. By 
flowing rinse water back through the electroplating process and 
taking advantage of the chemical reactivity of contaminated 
water, water use can be minimized. 

As an example, consider a nickel plating process composed of an 
alkaline cleaning tank, an acid dip tank, and a plating tank, 
with a rinse tank after each process. In a conventional plating 
process, water would be individually fed to each rinse tank. 
Using reactive rinsing, water fed to the rinse tank following the 
planting tank would supply the rinse tank following the acid dip; 
the water from this rinse would supply the tank following the 
alkaline cleaner. 

Reactive rinsing allows a pH neutralization reaction to occur as 
the rinse water from the acid dip is fed back to the rinse water 
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- l from the alkaline cleaner. The reactfon does not harm the 
plating process, and actually improves the rinsing effectiveness 
following the cleaner. Cleaner solution is greasy and hard to 
rinse; however, with acid rinsewater the 

1
alkaline solution is 

neutralized and rinses easily. Drag-out contamination may also 
be reduced because rinse water from th~ tank following the 
plating tank (i.e., water containing drag-6ut) is fed back to the 
rinse tank preceding the plating tank. A¢cordingly, the drag-in 
to the nickel tank will contain some nickel solution. 

This example describes an in-process, counterflow reactive 
rinsing technique, other reactive rinsing opportunities are 
possible. Depending upon the particular plating process, it may 
be possible to feed rinse water forwards., In some instances, it 
is be possible to feed rinse water across processes to obtain the 
desired reaction. The possibilities for interprocess reuse at 
plating shops are great but have been largely unexplored. 
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SECTION XVI 

GLOSSARY 

Abrasive Belt Grinding - Roughing and/or finishing a workpiece by 
means of a power-driven belt coated with an abrasive, usually 
in particle form, which removes material by scratching the 
surface. 

Abrasive Belt Polishing - Finishing a workpiece with a power-driven 
abrasive-coated belt in order to develop a very good finish. 

Abrasive Blasting- (Surface treatment and cleaning.) Using dry or 
wet abrasive particles under air pressure for short durations 
of time to clean a metal surface. 

Abrasive Cutoff - Severing a workpiece by means of a thin abrasive 
wheel. 

Abrasive Jet Machining - Removal of material from a workpiece by a 
high-speed stream of abrasive particles carried by gas from a 
nozzle. 

Abrasive Machining - Used to accomplish heavy stock removal at high 
rates by use of a free-cutting grinding wheel. 

Acceleration - See Activation. 

Acceptance Testing - A test, or series of tests, and inspections 
that confirms product functioning in accordance with specified 
requirements. 

Acetic Acid - (Ethanoic acid, vinegar acid, methanecarboxylic acid) 
CH3 COOH. Glacial acetic acid is the pure compound (99.8% min.), 
as distinguished from the usual water solutions known as acetic 
acid. Vinegar is a dilute acetic acid. 

Acid Cleaning - Using any acid for the purpose of cleaning any mater
ial. Some methods of acid cleaning are pickling and oxidizing. 

Acid Di~ - An acidic solution for activating the workpiece surface 
pr1or to e~ectropLating in an acidic solution, especially after 
the workpiece has been processed in an alkaline solution. 

Acidity - The quantitative capacity of aqueous solutions to react 
with hydroxyl ions. It is measured by titration with a standard 
solution of a base to a specified end point. Usually expressed 
as milligrams per liter of calcium carbonate. 
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Act - Federal Water Pollution Control Act Amepdments of 1972. 

Activitated Sludge Process - Removes organic ~atter from sewage by 
saturating it with air and biological active sludge. 

i 

Activation - The process of treating a substapce by heat, radiation 
or the presence of another substance so that the first mentioned 
substance will undergo chemical or physical change more rapidly 
or completely. · 

Additive Circuitry - 1. Full - Circuitry pro~uced by the buildup of 
an electroless copper pattern upon an un9lad board. 2. Semi -
Circuitry produced by the selective "quibk" etch of an electro
less layer; this copper layer was previously deposited on an 
unclad board. · 

Administrator - Means the Administrator of th~ United $1;at:~s Environ:
mental Protection Agency. 

Adsorption- The adhesion of'an extremely thib layer of molecules 
(as of gas, solids or liquids) to the surface of solid or 
liquids with which they are in contact. · 

Aerobic - Living, active, or occurring only in the presence of oxygen. 

Aerobic Biological Oxidation - Any waste treatment process utilizing 
organisms in the presence of air or oxyg~n to reduce the pol
lution load or oxygen demand of organic ~ubstance in water. 

Aerobic Digestion - (Sludge Processing) The biochemical decomposition 
of organic matter, by organisms living o; active only in the 
presence of oxygen, which results in the : ... f<Jr-\TI.at!c?r>. gf m:j.n~ral an(] 
simpler organic compounds. 1 

l 
Aging - The change in properties (eg. increas¢ in tensile strength and 

hardness) that occurs in certain metals *t atmospheric temperature 
after heat treatment. ' 

I 
Agitation of Parts - The irregular movement given to parts when they 

have been submerged in a plating or rinse solution. 
I 

Air Agitation - The agitation of a liquid medium through the use of 
air pressure injected into the liquid. 

Air Flotation - See Flotation 

Air Pollution The presence in the outdoor (~mbient) atmosphere of one 
air pollutants or any combination thereof in such quantities and 
of such characteristics and duration as ~o be, or be likely to be, 
injurious to public welfare, to the health of human, plant or 
animal life, or to property, or as unrea~onabiy to interfere wi.th 
the enjoyment of life and property. 
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Air-Liquid Interface - The boundary layer between the air and the 
liquid in which mass transfer is diffusion controlled. 

Aldehydes Group - A group of various highly reactive compounds 
typified by actaldehyde and characterized by the group CHO. 

Algicides - Chemicals for preventing the growth of algae. 

Alkaline Cleaning - A process for cleaning basis material where 
mineral and animal fats and oils must be removed from the 
surface. Solutions at high temperatures containing casutic 
soda, soda ash, alkaline silicates and alkaline phosphates 
are commonly used. 

Alkalinity - The capacity of water to neutralize acids, a property 
imparted by the water's content of carbonates, bicarbonates, 
hydroxides, and occasionally berates, silicates, and phosphates. 

Alloy Steels - Steels with carbon content between 0.1% to 1.1% and 
containing elements such as nickel, chromium, molybdenum and 
vanadium. (The total of all such alloying elements in these type 
steels is usually less than 5%.) 

Aluminizing - Forming an aluminum or aluminum alloy coating on a metal 
by hot dipping, hot spraying or diffusion. 

Amines - A class of organic compounds of nitrogen that may be considered 
as derived from ammonia (NH3) by replacing one or more of the 
hydrogen atoms by organic radicals, such as CH3 or C6H5, as in 
methylamine and aniline. The former is a gas at ordinary tempera
ture and pressure, but other amines are liquids or solids. All 
amines are basic in nature and usually combine readily with hydro
chloric or other strong acids to form salts. 

Anaerobic Biological Treatment - Any waste treatment process utilizing 
anaerobic or facultative organisms in the absence of air to 
reduce the organic matter in water. 

Anaerobic Digestion - The process of allowing sludges to decompose 
naturally in heated tanks without a supply of oxygen. 

Anaerobic waste Treatment - (Sludge Processing) Waste stabilization 
brought about through the action of microorganisms in the absence 
of air or elemental oxygen. 

Anhydrous - Containing no water. 

Anions- The negatively charged ions in solution, e.g., hydroxyl. 

Annealing - A process for preventing brittleness in a metal part. 
The process consists of raising the temperature of the metal 
to a pre-established level and slowly cooling the steel at a 
prescribed rate. 

XVI-3 



Annual Capital Recovery Cost - Allocates the initial investment and 
the interest to the total operating cost. The capital recovery 
cost is equal to the initial investment multiplied by the capital 
recovery factor. ' 

Anode - The positively charged electrode in an e~~ctrochemical process. 
[ 

Anodizing - The production of a protective oxide :film on aluminum or 
other light metal by passing a high voltage ~electric current 
through a bath in which the metal is suspended. 

Aquifer - Water bearing stratum. 

Ash - The solid residue left after complete combJstion. 
I 

Assembly - The fitting together of manufactured parts into a complete 
machine, structure, or unit of a machine. · 

Atmospheric Evaporation - Evaporation at ambient 'pressure utilizing 
a tower filled with packing material. Air is drawn in from 
the bottom of the tower and evaporates feed .material entering 
from the top. There is no recovery of the vapors. 

I 

I 

Atomic Absorption - Quantitative chemical instru~entation used for the 
analysis of elemental constituents. 

i 
j,,,,,, ' '''''' 

Automatic Plating - 1. Full - Plating in which the workpieces are 
automatically conveyed through successive cleaning and plating 
tanks. 2. Semi - Plating in which the workpieces are conveyed 
automatically through only one plating tank; 

Austempering - Heat treating process to obtain g~eater toughness and 
ducticity in certain high-carbon steels. The process is charac
terized by interrupted quenching and results in the formation of 
bainite grain structure. 

i 
I 

I 
Austenitizing - Heating a steel to a temperature :at which the structure 

transforms to a solution of one or more elements in face-centered 
cubic iron. Usually performed as the essential preliminary of 
heat treatment, in order to get the various :alloying elements 
into solid solution. 

Barrel Finishing - The process of polishing a wo~kpiece using a rotat
ing or vibrating container and abrasive grains or other polishing 
materials to achieve the desired surface appearance. 

I ' 

' ' 
Barrel Plating - Electroplating of workpieces in !barrels (bulk). 

Basis Metal or Material - That substance of whicJ_~he wQr~pieces are 
made and that receives the electroplate and :the treatments in 
preparation for plating. 
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Batch Treatment - A waste treatment method where wastewater is collect
ed over a period of time and then treated prior to discharge. 

Bending - Turning or forcing by a brake press or other device from a 
straight or even to a curved or angular condition. 

Best Available Technology Economically Achievable (BAT} - Level of 
technology applicable to effluent limitations to be achieved 
by 1984 for industrial discharges to surface waters as defined 
by Section 30l(b} (2} (A} of the Act. 

Best Practicable Control Technology Currently Available - Level of 
technology applicable to effluent limitations to be achieved 
for industrial discharges to surface waters as defined by 
Section 301 (b) (1} (A} of the Act. 

Biochemical Oxygen Demand (BOD} - The amount of oxygen in milligrams 
per liter used by microorganisms to consume biodegradable organics 
in wastewater under aerobic conditions. 

Biodegradabilitj[ - The susceptibility of a substance to decomposition 
by microorganisms; specifically, the rate at which compounds may 
be chemically broken down by bacteria and/or natural environmental 
factors. 

Blanking - Cutting desired shapes out of sheet metal by means of dies. 

Blowdown - The ,minimum discharge of recirculati~g water for the purpose 
of discharging materials contained in the water, the further build
up of which would cause concentration in amounts exceeding limits 
established by best engineering practice. 

BODS - The five-day Biochemical Oxygen Demand (BODS) is the quantity 
of oxygen used by bacteria in consuming organic matter in a sample 
of wastewater over a five-day period. BOD from the standard five
day test equals about two-thirds of the total BOD. See Biochem
ical Oxygen Demand. 

Bonding - The process of uniting using an adhesive or fusible 
ingredien1:. 

Boring - Enlarging a hole by removing metal with a single or occasion
ally a multiple point cutting tool moving parallel to the axis of 
rotation of the work or tool. 1. Single-Point Boring - Cutting 
with a single-point tool. 2. Precision Boring - Cutting to 
tolerances held within narrow limits. 3. Gun Boring - Cutting 
of deep holes. 4. Jig Boring - Cutting of high-precision and 
accurate location holes. S. Groove Boring - Cutting accurate 
recesses in hole walls. 
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Brazing - Joining metals by flowing a thin layer, capillary thickness, 
of non-ferrous filler metal into the space between them. Bonding 
results from the intimate contact produced by the dissolution of 
a small amount of base metal in the m6lten filler metal, without 
fusion of the base metal. The term b~azing is used where the 
temperature exceeds 425°C(800°F). · 

Bright Dipping - The immersion of all or part of a workpiece in a 
media designed to clean or brighten t~e surface and leave a 
protective surface coating on the workpiece. 

Brine - An aqueous salt solution. 

Broaching - Cutting with a tool which consists of a bar having a 
single edge or a series of cutting ed~es (i.e., teeth) on its 
surface. The cutting edges of multiple-tooth, or successive 
single-tooth, broaches increase in size and/or change in shape. 
The broach cuts in a straight line or axial direction when 
relative motion is produced in relati9n to the workpiece, which 
may also be rotating. The entire cut;is made in single or 
multiple passes over the workpiece to shape the required surface 
contour. 1. Pull Broaching - Tool pUlled through or over work
piece. 2. Push Broaching - Tool pushed over or through work
piece. 3. Chain Broaching - A continuous high production 
surface broach. 4. Tunnel Broaching!- Work tr~vels through an 
enclosed area containing broach inserts~ ·· ·· '' ··· ··· · ······· · "' 

Bromine Water - A nonmetallic halogen liquid, normally deep red, 
corrosive and toxic, which is used asian 6xidiz:i.ng agent. 

! 

Buffing - An operation to provide a high luster to a surface. The 
operation, which is not intended to remove much material, 
usually follows polishing. 

Buffing Compounds - Abrasive contained by a liquid or solid binder 
composed of fatty acids, grease, or tallow. The binder serves 
as lubricant, coolant, and an adhesive of the abrasive to the 
buffing wheel. 

Burnishing - Finish sizing and smooth fini$hing of a workpiece 
(previously machined or ground) by displacement, rather than 
removal, of minute surface irregularities with smooth point or 
line-contact, fixed or rotating tools~ 

Calendering - Process of forming a continuous sheet by squeezing the 
material between two or more parallel:rolls to impart the desired 
finish or to insure uniform thickness~ 

I 
I 

Calibration - The application of thermal, electrical, or mechanical 
energy to set or establish reference points for a part, assem
bly or complete unit. 
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Calibration Eguipment - Equipment used for calibration of instruments. 

Capital Recovery Costs - Allocates the initial investemnt and the inter
est to the total operating cost. The capital recovery cost is 
equal to the initial investment multiplied by the capital recovery 
factor. 

Capital Recovery Factor - Capital Recover Factor is defined as: 
i + i/{a - 1) where i = interest rate, a = (1 + i) to the power n, 
n = interest period in years. 

Captive Facility - A facility which owns more than 50 percent (annual 
area basis) of the materials undergoing metal finishing • 

. Captive Operation - A manufacturing operation carried out in a facility 
to support subsequent manufacturing, fabrication, or assembly 
operations. 

Carbides - Usually refers to the general class of pressed and sintered 
tungsten carbide cutting tools which contain tungsten carbide plus 
smaller amounts of titanium and tantalum carbides along with 
cobalt which acts as a binder. {It is also used_to describe hard 
compounds in steels and cast irons.) 

Carbon Adsorption - Activated carbon contained in a vessel and 
installed in either a gas or liquid stream to remove organic 
contaminates. Carbon is regenerable when subject to steam which 
forces contaminant to desorb from media. 

Carbon Bed Catalytic Destruction - A non-electrolytic process for the 
catalytic oxidation of cyanide wastes using filters filled with 
low-temperature coke. 

Carbon Steels - Steel which owes its properties chiefly to various 
percentage of carbon without substantial amounts of other alloying 
elements. 

Carbonate - A. compound containing the acid radical of carbonic acid 
(COl group). 

Carbonitridin~ - Process for case or core hardening of metals. The 
heated metals absorb carbon in a gaseous atmosphere. 

Carburizing -· (Physical Property Modification) Increasing the carbon 
content of a metal by heating v7ith a carburizing medium (which 
may be solid, liquid or gas} usually for the purpose of producing 
a hardened surface by subsequent quenching. 

Carcinogen - Substance which causes cancerous growth. 

Case Hardenin~ - A heat treating method by which the surface layer of 
alloys is made substantially harder than the interior. (Carburiz
ing and nitriding are common ways of case hardening steels.) 

Cast - A state of the substance after solidification of the molten 
substance. 
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Casthouse - The facility which melts metal, holds it in furnaces for 
degassing (fluxing) and alloying and then casts the metal into 

• • • I 
p~gs, ~ngots, b~llets, rod, etc. 

Casting - The operation of pouring molten metal into a mold. 

Ca~alytic Bath - A bath containing a substance· used to accelerate the 
rate of chemical reaction. 

Categorl - Also point source category. A segm~nt of industry for 
which a set of effluent limitations has been established. 

I 
Cathode - The negatively charged electrode in an electrochemical --- ; process. · 

Cation - The positively charged ions in a solu~ion. 

Caustic - Capable of destroying or eating away by chemical action. 
Applies to strong bases and characterized: by the presence of 
hydroxyl ions in solution. 

Caustic Soda - Sodium hydroxide, NaOH, whose ablution in water is 
strongly alkaline. I 

Cementation - The electrochemical reduction of metal ions by contact 
w~th a metal of higher oxidation potential. It is usually used 
for the simultaneous recovery of copper and reduction of 
hexavalent chromium with the aid of scrap' iron. 

I 
Center!_ess Grinding - Grinding the outside or ,inside of a workpiece 

mounted on rollers rather than on centers. The workpiece may be 
in the form of a cylinder or the frustrum' of a cone. 

Central Treatment Facility - Treatment plant which co-treats process 
wastewaters from more than one manufacturing operation or co
treats process wastewaters with non-contact cooling water, or 
with non-process wastewaters (e.g., utility blowdown, miscellan-
eous runoff, etc.). ' 

! 
Centrifugation - An oil recovery st~p employin~ a centrifuge to remove 

water from waste oil. 
I 

Centrifuge - A device having a rotating container in which centrifugal 
-· force separates substances of differing densities. 

Chelated Compound - A compound in which the metal is contained as an 
· integral part of a ring structure and is not readily ionized. 

I 
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Chelating A¥ent - A coordinate compound in which a central atom 
{usual y a metal) is joined by covalent bonds to two or more 
other molecules or ions (called ligands} so that heterocyclic 
rings are .formed with the central (metal) atom as part of each 
ring. Thus, the compound is suspending the metal in solution. 

Chemical Brightening - Process utilizing an addition agent that leads 
to the formation of a bright plate or that improves the brightness 
of the deposit. 

Chemical Deposition - Process used to deposit a metal oxide on a 
substrate. The film is formed by hydrolysis of a mixture of 
chlorides at the hot surface of the substrate. Careful control 
of the water mixture insures that the oxide is formed on the 
substrate surface. 

Chemical Etchin~ - To dissolve a part of the surface of a metal or 
all of the metal laminated to a base. 

Chemical Machining - Production of derived shapes and dimensions 
through selective or overall removal of metal by controlled 
chemical attack or etching. 

Chemical Metal Coloring - The production of desired colors on metal 
surfaces by appropriate chemical or electrochemical action. 

Chemical Milling - Removing large amounts of stock by etching 
selected areas of complex workpieces. This process entails 
cleaning, masking, etching, and demasking. 

Chemical Oxidation - (Including Cyanide} The addition of chemical 
agents to wastewater for the purpose of oxidizing pollutant 
material. 

Chemical Oxygen Demand (COD) - The amount of oxygen in milligrams per 
liter to oxidize both organic and oxidizable inorganic compounds. 

Chemical Precipitation - A chemical process in which a chemical in 
solution reacts with another chemical introduced to that solution 
to form a,third substance which is partially or mainly insoluble 
and, therefore, appears as a solid. 

Chemical Recovery Systems - Chemical treatment to remove metal or 
other materials from wastewater for later reuse. 

Chemical Reduction - A chemical reaction in which one or more electrons 
are transferred to the chemical being reduced from the chemical 
initiating the transfer (reducing agent}. 
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Chemical Treatment - Treating contaminated water by chemical means. 
I" 

Chip Dragout - Cutting fluid or oil adhering 
1
to metal chips from a 

machining operation. 

Chlorinated Hydrocarbons - Organic compounds 'containing chlorine 
such as many insecticides. 

I 

Chlorination - The application of chlorine to water generally for 
purposes of disinfection, but frequently for accomplishing 
other biological or chemical results. 

I· 
I 

Chromate Conversion Coating - Protective coafing formed by immersing 
metal in an aqueous acidified solution consisting substantially 
of chromic acid or water soluble salts of chromic acid together 
with various catalysts or activators. I 

Chromatizing - To treat or impregnate with a :chromate (salt of ester 
of chromic acid) or dichromate, especia~ly with potassium 
dichromate. 

Chrome-Pickle Process - Forming a corrosion-resistant oxide film on 
the surface of magnesium base metals by immersion in a bath of 
an alkaline bichromate. 

Clarification - The composite wastewater treatment process consisting 
of flash mixing of coagulants, pH adjus~ing chemicals, and/or 
polyelectrolytes, flocculation, and sedi~entation. 

! 
Clarifier - A unit which provides for settlin:g and removal of solids 

from wastewater. ' 
I 

i 

Cleaning - The removal of soil and dirt (incl~ding grit and grease) 
from a workpiece using water with or wi~hout a detergent or 
other dispersing agent. 

See Vapor Degreasing 
Solvent Cleaning 
Contaminant Factor 
Acid Cleaning 
Emulsion Cleaning 
Alkaline Cleaning 
Salt Bath Descaling 
Pickling 
Passivate 
Abrasive Blast Cleaning 
Sonic and Ultrasonic Cleaning 

Closed-Loop Evaporation System - A system used for the recovery of 
chemicals and water from a chemical finishing process. An 
evaporator concentrates flow from the ri~se wafer holding tank. 
The concentrated rinse solution is retur~ed to the bath, and 
distilled water is returned to the final: rinse tank. The 
system is designed for recoverin9 100 percent of chemicals nor
mally lost in dragout for reuse 1n the process. 

I 
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Closed Loop Rinsing - The recirculation of rinse water without the 
introduction of additional makeup water. 

Coagulation - A chemical reaction in which polyvalent ions neutralize 
the repulsive charges surrounding colloidal particles. 

Coating See Aluminum Coating 
Hot Dip Coating 
Ceramic Coating 
Phosphate Coating 
Chromate Conversion Coating 
Rust-Preventive Compounds 
Porcelain Enameling 

COD - See Chemical Oxygen Demand 

Cold Drawing - A process of forcing material through dies or other 
mandrels to produce wire, rod, tubular and some bars. 

Cold Heading - A method of forcing metal to flow cold into enlarged 
sections by endwise squeezing. Typical coldheaded parts are 
standard screws, bolts under 1 in. diameter and a large variety 
of machine parts such as small gears with stems. 

Cold Rolling - A process of forcing material through rollers to produce 
bars and sheet stock. 

Colorimetric - A procedure for establishing the concentration of impur
itites in water by comparing its color to a set of known color 
impurity standards. 

Common Metals - Copper, nickel, chromium, zinc, tin, lead, cadmium, 
iron, aluminum, or any combination thereof. 

Compatible Pollutants - Those pollutants which can be adequately 
treated in publicly-owned treatment works without upsetting 
the treatment process. 

Complexing Agent - A compound that will join with a metal to form 
an ion which has a molecular structure consisting of a central 
atom (the metal) bonded to other atoms by coordinate covalent 
bonds. 

Composite Wastewater Sample - A combination of individual samples of 
water or wastewater taken at selected intervals, generally hourly 
for some specified period, to minimize the effect of the varia
bility of the individual sample. Individual samples may have 
equal volume or may be proportioned to the flow at time of 
sampling. 

Conductance - See Electrical Conductivity. 
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Conductivity Surface - A surface that can trapsfer heat or electricity. 
I 

Conductivity Meter - An instrument which displays a quantitative 
indication of conductance. 

Contact Water - See Process Wastewater. 

Contamination - Intrusion of undesirable elem¢nts. 

Continuous Treatment - Treatment of waste str~ams operating without 
interrupt1on as opposed to batch treatment~ sometimes referred 
to as flow=through treatment. 

• • i • 
Contractor Removal - D1sposal of o1ls, spent aolut1ons, or sludge 

by a scavenger service. I 

Conversion Coating - A coating produced by ch~mical or electrochemical 
treatment of a metallic surface that givfes a superficial layer 
containing a compound of the metal. Foi example, chromate coating 
on zinc and cadmium, oxide coatings on steel. 

Coolant - See Cutting Fluids. 

I 
I 

I 

! 
i 

Cooling Water - Water which is used to absorb and transport heat 
generated in a process or machinery. 

i 
Copper Flash - Quick preliminary deposition of copper for making 

surface acceptable 'for subsequent plati~g. 
' 

Coprecipitation of Metals - Preci~itation of a metal with another 
metal. 

Corrosion Resistant Steels - A term often us~d to describe the stain
less steels with high nickel and chromium alloy content. 

I 

Cost of Capital - Capital recovery costs min~s Eh~,, dE!preci~d.on •. 
:.··:. ·.·:::::_·.····:·.: ..... :.:::_: :_:·:·: :·: .. ·.. .. . .. 

Counterboring- Removal of material to enlar~~ a'bole··~6i part-of 
its depth with a rotary, pilot guided, end cutting tool having 
two or more cutting lips and usually having straight or helical 
flutes for the passage of chips and the .admission of a cutting 
fluid. 1 ··· ········ ··· . · .. 

Countercurrent Rinsing- Rinsing of parts in.such a manner that the 
rinse water is removed from tank to tan~ counter to the flow of 
parts being rinsed. ' 

Countersinking - Beveling or tapering the wotk material around the 
periphery of a hole creating a concentric surface at an angle 
less than 90 degrees with the centerline of the hole for the 
purpose of chamfering holes or recessing screw and rivet heads. 
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Crystalline Solid - A substance with an ordered structure, stich a~ 
a qrystal. 

Crystallization - 1. Process used to manufacture semiconductors 
in the electronics industry. 2. A means of concentrating 
pollutants in wastewaters by crystallizing out pure water. 

Curcumine or Carmine Method - A standard method of measuring the 
concentration of boron (B) within a solution. 

. ' . 

Cutting Fluids - Lubricants employed to ease .metal and machining 
operations, produce surface smoothness and extend tool life 
by providing lubricity and cooling. Fluids can be emulsified 
oils in water, straight mineral oils when better smoothness. 
and accuracy are required, or blends of both. 

Cyaniding -A process of case hardening an iron-bas~ alloy by the· 
simultaneous absorption of carbon and nitrogen by heating in a 
cyanide salt. Cyaniding is usually followed by quenching to 
produce a hard case. · · 

Cyclone Separator - A device which removes entrained solids from gas .· 
streams. 

Dead Rinse - A rinse step in which water is not repleni~hed or dis
charged. 

Deburring - Removal of burrs or sharp edges from parts by filirig, 
grinding or rolling the work in a barrel with abrasives sus-

Deep 

pended in a suitable medium. · · · 

Bed Filtration - The common removal of suspended solids from 
wastewater streams by filtering through a relatively deep: 
(0.3-0.9 m} granular bed. The porous bed formed by the granular 
media can be designed to remove practically all suspended 
particles.by physical-chemical effects. 

Degassing :... (Flu;xing) The removal of hydrogen a.nd other impurities··· 
from molten primary aluminum in a.casthouse holding furnace by 
injecting chlorine gas (often with nitrogen and carbon}. 

Degradable - That which can be reduced, broken down or chemical~y 
· separated .. 

Demineralization - The removal from water of mineral contaminants 
usually present in ionized form. The methods used include ion
exchange techniques, flash distillation or electrolysis. 
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Denitrification (Biological) - The reductio~ of nitrates to nitrogen 
gas by bacteria. 

I 
Deoxidizing - The removal of an oxide film from an alloy such as 

aluminum oxide. 
I 
I ' 

Depreciation - Decline in value of a capital asset caused 
or by obsolescence. I 

I 
Descaling - The removal of scale and metallic oxides from the surface 

of a metal by mechanical or chemical means. The former includes 
the use of steam, scale-breakers and chipping tools, the latter 
method includes pickling in acid solutions. 

Desmutting - The removal of smut (matter th~t soils or blackens) 
generally by chemical action. 

i 

Dewatering - (Sludge Processing) Removing ¥ater from sludge. 
i 

Diaminobenzidene - A chemical used in the standard method of measuring 
the concentrations of selenium in a solution. 

I 

i 
Dibasic Acid - An acid capable of donating two protons (hydrogen 

ions}. l · 
i 

Dichromate Reflux - A standard method of me~suring the chemical 
oxygen demand of a solution. 

i 
Die Casting - (hot chamber, vacuu~, pressure) Casting are produced 

by forcing molten metal under pressure into metal mold called 
dies. In hot chamber machines, the pr~ssure cylinder is sub
merged in the molten metal resulting in a minimum of time and 
metal cooling during casting. Vacuum feed machines use a 
vacuum to draw a measured amount of melt from the molten bath 
into the feed chamber. Pressure feed ~ystems use a hydraulic 
or pneumatic cylinder to feed molten metal to the die. 

Digestion - A standard method of measuring ?rganic nitrogen. 

Dipping - Material coating by briefly immerking parts in a molten 
bath, solution or suspension. 

Direct Labor Costs - Salaries, wages and other direct compensations 
earned by the employee. 

I 

Discharge of Pollutant(s) - 1. The addition of any pollutant to 
navigable waters from any point source:. 2. Any addition of any 
pollutant to the waters of the continguous zone or the ocean 
from any point source, other than from' a vessel or other floating 
craft. The term "discharge" includes ~ither the discharge of a 
single pollutant or the discharge of m.ul tiple pollutants. 

I 
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Dispersed-air l~lotation - Separation of low density contaminants from 
water using minute air bubbles attached to individual particles 
to provide or increase the buoyancy of the particle. The bubbles 
are generated by introducing air through a revolving impeller or 
porous media. 

Dissolved-air Floatation - Separation of low density contaminants from 
water us1ng minute air bubbles attached to individual particles 
to provide or increase the buoyancy of the particle. The air is 
put into solution under elevated pressure and later ~eleased under 
atmospheric pressure or put into solution by aeration at atmos
pheric pressure and then released under a vacuum. 

Dissolved Oxygen (DO) - The oxygen dissolved in sewage, water, or other 
liquid, u~:mally expressed in milligrams per liter or percent of 
saturation. It is the test used in BOD determination. 

Distillation - Vaporization of a liquid followed by condensation of 
the vapor. 

Distillation Refining - A metal with an impurity having a higher vapor 
pressure than the base metal can be refined by heating the metal 
to the point where the impurity vaporizes. 

Distillation-Silver Nitrate Titration - A standard method of measuring 
the concentration of cyanides in a solution. 

Distillation-SPADNS - A standard method of measuring the concentration 
of fluoride in a solution. 

Dollar Base - A period in time in which all costs are related. Invest
ment costs are related by the Sewage Treatment Plant Construction 
Cost Index. Supply costs are related by the 11 Industrial Commod
ities11 Wholesale Price Index. 

Drag-in - Water or solution carried into another solution by the work 
and the associated handling equipment. 

Dragout - The solution that adheres to the objects removed from a bath, 
more precisely defined as that solution which is carried past the 
edge of the tank. 

Dragout Reduction - Minimization of the amount of material (bath or 
solution) removed from a process tank by adherring to the part 
or its tranifer device. 

Drainage Phase - Period in which the excess plating solution adhering 
to the part or workpiece is allowed to drain off. 
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Drawing - Reduction of cross section area and increasing the length 
by pulling metal through conical taper dies. 

Drawing Compounds - See Wire Forming Lubricaqts. 

Drilling - Hole making with a rotary, end-cutting tool having one or 
more cutting lips and one or more helical or straight flutes or 
tubes for the ejection of chips and the passage of a cutting 
fluid. 1. Center Drilling - Drilling .a conical hole in the 
end of a workpiece. 2. Core Drilling ~ Enlarging a hole with 
a chamer-edged, multiple-flute drill. 3. Spade Drilling -
Drilling with a flat blade drill tip. 4. Step Drilling - Using 
a multiple diameter drill. 5. Gun Drilling - Using special 
straight flute drills with a single lip~and cutting fluid at high 
pressures for deep hole drilling. 6. Oil Hole or Pressurized 
Coolant Drilling - Using a drill with one or more continuous 
holes through its body and shank to permit the passage of a 
high pressure cutting fluid which emerges at the drill point 
and ejects chips. 

I 
Drip Station - Empty tank over which parts are allowed to drain 

freely to decrease end dragout. 

Drip Time - The period during which a part is suspended over baths 
in order to allow the excessive dragout to drain off. 

I 
Drying Beds- Areas for dewatering of sludge

1

by evaporation and 
seepage. 

EDTA 
' !, .. ,, .. ,... . 

Titration - EDTA - ethyl~nediamine tetraacetic acid ( or its 
salts). A standard method of measuring the hardness of a 
solution. 

Effluent - The water and the quantities, rates, and concentrations 
of chemical, physical, biologic~!, and 6ther constituents 
which are discharged from point sources. 

i 

Effluent Limitation - Any restriction (including schedules of compli
ance) established by a state or the fed~ral EPA on quantites, 
rates, and concentrations of chemical, physical, ·biological, 
and other constituents which are discharged from point sources 
into naviigable waters, the waters of the contiguous zone, or 
the ocean. · 

Electrical Conductivity - The property which allows an electric current 
to flow when a potential difference is ~pplied. It is the re
ciprocal of the resistance in ohms meas~red between opposite 
faces of a centimeter cube of an aqueous solution at a specified 
temperature. It is expressed as micromhos per centimeter at 
temperature degrees Celsius.. · 
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Electrical Discharge Machining - Metal removal by a rapid spark dis
charge between different polarity electrodes, one the workpiece 
and the other the tool separated by a gap distance of 0.0005 in. 
to 0.035 in. The gap is filled with dielectric fluid and metal 
particles which are melted, in part vaporized and expelled from 
the gap. 

Electrobrighteni.!!9_ - A process of reversed electro-deposition which 
results in anodic metal taking a high polish. 

Electrochemical Machining (ECM) - A machining process whereby the part 
to be machined is made the anode and a shaped cathode is maintain
ed in close proximity to the work. Electrolyte is pumped between 
the electrodes and a potential applied with the result that metal 
·i·s .. rapidly dissolved from the workpiece in a selective manner and 
the shape produced on the workpiece complements that of the 
cathode. 

Electrocleaning - The process of anodic removal of surface oxides and 
scale from a workpiece. 

Electrode - Conducting material for passing electric current into or 
out of a solution by adding electrons to or taking electrons 
from ions in the solution. 

Electrodialysis - A treatment process that uses electrical current and 
and arrangement of permeable membranes to separate soluble minerals 
from water. Often used to desalinate salt or brackish water. 

Electroless Plating - Deposition of a metallic coating by a control
led chemical reduction that is catalyzed by the metal or alloy 
being deposited. 

Electrolysis - The chemical decomposition by an electric current of 
a substance in a dissolved or molten state. 

Electrolyte - A liquid, most often a solution, that will conduct an 
.electric current. 

Electrolytic Cell - A unit apparatus in which electrochemical react
ions are produced by applying electrical energy or which supplies 
·electrical energy as a result of chemical reactions and which 
includes two or more electrodes and one or more electrolytes con
tained in a suitable vessel. 

Electrolytic Decomposition - An electrochemical treatment used for the 
oxidation of cyanides. The method is practical and economical 

··· ... when applied to concentrated solutions such as conta1ninated baths, 
cyanide dips, stripping solutions, and concentrated rinses. 
Electrolysis is carried out at a current density of 35 amp/sq. 
ft. at the anode and 70 amp/sq. ft. at the cathode. Metal is 
deposited at the cathode and can be reclaimed. 
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Electrolytic Oxidation - A reaction by an el~ctrolyte in which there 
is an increase in valence resulting from a loss of electrons. 

I 
Electrolytic Reduction - A reaction in which there is a decrease in 

valence resulting from a gain in electrons. 
I 

Electrolytic Refining - The method of produding pure metals by making 
the impure metal the anode in an electrplytic cell and depositing 
a pure cathode. The impurities either remain undissolved at the 
anode or pass into solutions in the electrolyte. 

I . 
Electrometallurgical Process - The application of electric current to 

a metallurgical process either for ele~trolytic deposition or as 
a source of heat. ! 

Electrometric Titration - A standard method of measuring the alkalin
: 

ity of a solution. 

Electron Beam Machining - The process of re~oving material from a 
workpiece by a high velocity focused stream of electrons which 
melt and vaporize the workpiece at the :point of impingerent. 

l 
Electroplating - The production of a thin coating of one metal on a 

surface by electrodeposition. 

Electropolishing - Electrolytic corrosion process that increases the 
percentage of specular reflectance from a metallic surface. 

' 

Embossing - Raising a design in relief agaid~t· a surface. 

Emulsified Oil and Grease - An oil or greasJ dispersed in an immis
cible liquid usually in droplets of larger than colloidal size. 
In general suspension of oil or grease :within another liquid 
(usually water). : 

I 
Emulsifying Agent - A material that increas~s the stability of a 

dispersion of one liquid in another. i 
i 

Emulsion Breaking - Decreasing the stability of dispersion of one 
liquid in another. 

Emulsion Cleaning - A cleaning process using organic solvents dis
persed in an aqueous medium with the aid of an emulsifying agent. 

!''"'''' "' ·'""'''""''""'''"."':'. "'''''' '""'':'" '" ' ,, 
End-of-Pipe Treatment - The reduction and/or removal of pollutants by 

treatment just prior to actual discharge. 
I 
I 

"'I"''''"""''"'"' """" ,, , , , ,, 
Environmental Protection Agency - the United States Environmental 

Protection Agency. 
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EPA - See Environmental Protection Agency. 

Equalization - (Continuous Flow) - The balancing of flow or pollutant 
load using a holding tank for a system that has widely varying 
inflow rates. 

Equilibrium Concentration - A state at which the concentration of 
chemicals in a solution remain in a constant proportion to one 
another. 

Ester - An organic compound corresponding in structure to a salt in 
inorganic chemistry. Esters are considered as derived from the 
acids by the exchange of the replaceable hydrogen of the latter 
for an organic alkyl radical. Esters are not ionic compounds, 
but salts usually are. 

Etchant - The material used in the chemical process of removing glass 
fibers and epoxy between neighboring conductor layers of a PC 
board for a given distance. 

Etching - A process where material is removed by chemical action. 

Evaporation Ponds - Liquid waste disposal areas that allow the liquid 
to vaporize to cool discharge water temperatures or to thicken 
sludge. 

Excess Capacity Factor - A multiplier on process size to account for 
shutdown for cleaning and maintenance. 

Extrusion - A material that is forced through a die to form lengths 
of rod, tube or special se6tions. 

4-AAP Colorimetric - A standard method of measurement for phenols 
in aqueous solutions. 

Fermentation - A chemical change to break down biodegradable waste. 
The change is induced by a living organism or enzyme, specific
ally bacteria or microorganisms occurring in unicellular plants 
such as yeast, molds, or fungi. 

Ferrite A solid solution in which alpha iron is present. 

Ferrous - Relating to or containing iron. 

Filtrate - Liquid after passing through a filter. 

Filtration - Removal of solid particles from liquid or particles 
from air. or gas stream by means of a permeable membrane. 
Types: Gravity, Pressure, Microstraining, Ultrafiltration, 
Reverse Osmosis (Hyperfiltration). 
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Flameless Atomic Absorption - A method of measuring low concen
tration values of certain metals in a solution. 

Flame Hardened - Surface hardened by controlled torch heating 
followed by quenching with water or air. 

I 
I 

Flame Spraying - The process of applying a metallic coating to a 
workpiece whereby finely powdered fragments or wire, together 
with suitable fluxes, are projected through .a cone of fla~e 
onto the workpiece. 

Flash Evaporation - Evaporation using steam heated tubes with feed 
material under high vacuum. Feed material "flashes off" when 
it enters the evaporation chamber. ! 

Flocculation - The process of separating suspended solids from waste
water by chemical creation of clumps ~r floes. 

Flotation - The process of removing finely ;divided particles from 
a liquid suspension by attaching gas bubbles to the particles, 
increasing their buoyancy, and thus concentrating them at .the· 
surface of the liquid medium. 

Fluxing - {Degassing) The removal of oxid~s and other impurities . 
from molten primary aluminum in a casthouse holding furnace by 
injecting chlorine gas (often with nitrogen and carbon monoxide). 

!········ 

Fog - A type of rinse consisting of a fine spray. 
. I 

Forming Compounds (Sheet) - Tightly adhering lubricants composed of 
fatty oils, fatty acids, soaps, and w~xes and designed to resist 
the high surface temperatures and pre~sures the metal would 
otherwise experience in forming. · 

Forming Compounds (Wire) - Tightly adhering lubricants composed of 
solids (white lead, talc, graphite, oi molybdenum disulfide) 
and solible oils for cooling and corr~sion protection. Lubri
cants typically contain sulfur, chlorine, or phsophate additives. 

I . 
Free Cyanide - 1. True - the actual concentration of cyanide radical 

or equivalent alkali cyanide not combi~ed in complex ions with 
metals in solutions. 2. Calculated ~ tbe concentration of · 
cyanide or alkali cyanide present in sblution in excess of that 
calculated as necessary to form a specified co~plex ion with a 
metal or metals present in solution. 3. Analytical - ~he free 
cyanide content of a solution as determined by a specified 
analytical method. 

Freezing/Crystallization - The solidification of a liquid into 
aggregations of regular geometric forms (crystals) accomplished 
by subtraction of heat from the liquid. This process can be used 
for removal of solids, oils, greases, and heavy metals from 
industrial wastewater. r 
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Galvanizing - The deposition of zinc on the surface of steel for 
corrosion protection. 

Gas Carburizing - The introduction of carbon into the surface layers 
of mill steel by heatin9 in a current of gas high in carbon. 

Gas Chromotagrophy - Chemical analytical instrumentation generally 
used for quantitative organic analysis. 

Gas Nitriding - Case hardening metal by heating and diffusing nitro
gen gas into the surface. 

Gas Phase Separation - The process of separating volatile constitu
ents from water by the application of selective gas permeable 
membranes. 

Gear Forming -· Process for making small gears by rolling the gear 
material .as it is pressed between harden~d gear shaped dies. 

Glass Fiber Filtration - A standard method of measuring total sus
pended solids • 

. Good Housekeeping - ( In-Plan't Technology) Good and proper mainten
ance minimizing s~ills and upsets. 

GPD - Gallons per day. 

Grab Sample - A single sample of wastewater taken without regard 
to time or flow. 

Gravimetric 103-lOSC - A standard methbd of measuring total 
solids in aqueous solutions. 

Gra~imetric 550C - A standard method of measuring total volatile 
solids in aqueous solutions. 

Gravity Filtration - Settling of heavier and rising of lighter 
constituents within a solution. 

Gravity Flotation - The separation of water and low density contam
inants such as oil or grease by reduction of the wastewater 
flow velocity and turbulence for a sufficient time to permit 
separation due to difference in specific gravity. The £loated 
material is removed by some skimming technique. 

Gray Cast Irons - Alloys primarily of iron, carbon and silicon along 
with other alloying elements in which the graphite is in flake 
form. (These irons are characterized by low ductility but have 
many other properties such as good castability and good damping 
capacity.) 
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Grease - In wastewater, a group of substances including fats, waxes, 
free fatty acids, calcium and magnesium soaps, mineral oils, 
and certain other nonfatty materials. 'The type of solvent 
and method used for extraction should be stated for quantifi
cation. 

Grease Skimmer A device for removing floating grease or scum from 
the surface of wastewater in a tank. 

Grinding - The removal of stock from a workpiece by use of abrasive 
grains held by a rigid or semi rigid binder. 1. Surface 
Grinding - Producing a flat surface with a rotating grinding 
wheel as the workpiece passes under the wheel. 2. Cylindrical 
Grinding - Grindirig the outside diamet~rs of cylindrical work
pieces held between centers. 3. Internal Grinding - Grinding 
the inside of a rotating workpiece by use of a wheel spindle 
which rotates and reciprocates through'the length of depth of 
the hole being ground. ' 

Grinding Fluids - Water based, straight oil~ or synthet:ic based 
lubricants containing mineral oils, soaps, or fatt:y materials 
lubricants serve to cool the part and maintain the abrasiveness 
of the grinding wheel face. 

1,,,, 
Hammer Forging- Heating and pounding metal:to shape it: into the 

desired form. , 
I 

Hardened- Designates condition produced by'various heat treatments 
such as quench hardening, age hardening and precipitation 
hardening. 

Hardness - A characteristic of water, imparhed by salts of calcium, 
magnesium and iron such as bicarbonates, carbonates, sulfates, 
chlorides and nitrates, that cause curdling of soap, deposition 
of scale, damage in some industrial processes and sometimes 
objectionable taste. It may be dtermined by a standard labora
tory procedure or computed from the amounts of calcium and 
magnesium as well as iron, aluminum, manganese, barium, 
strontium, and zinc and is expressed as equivalent calcium 
carbonate. t 

Heading - (Material forming) Upsetting wire, rod or bar stock in 
dies to form parts having some of the cross-sectional area 
larger than the original. Examples are bolts, rivets and 
screws. 1 

' ' 
Heat Resistant Steels - Steel with high resistance to oxidation and 

moderate strength at: high temperatures' above 500 Degrees C. 
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Heat Treatment - The modification of the physical properties of a 
workpiece through the application of controlled heating and 
cooling cycles. Such operations are heat treating, tempering, 
carburizing, cyaniding, nitriding, annealing, normalizing, 
austenizing, quenching, austempering, siliconizing, martemper
ing, and malleabilizing are included in this definition. 

Heavy Metals - Metals which can be precipitated by hydrogen sulfide 
in acid solution, e.g., lead, silver, gold, mercury, bismuth, 
copper, nickelu iron, chromium, zinc, cadmium, and tin. 

High Energy Forming - Processes where parts are formed at a rapid 
rate by using extremely high pressures. Examples: Explosive 
forming, Electrohydraulic forming. 

High Energy Rate Forging (HERF) - A closed die process where hot or 
cold deforming is accomplished by a high velocity ram. 

Hobbing - Gear cutting by use of a tool resembling a worm gear in 
appearance, having helically-spaced cutting teeth. In a single
thread hob, the rows of teeth advance exactly one pitch as the 
hob makes one revolution. With only one hob, it is possible to 
cut interchangeable gears of a given pitch of any number of 
teeth within the range of the hobbing machine. 

Honing - A finishing operation using fine grit abrasive stones to 
produce accurate dimensions and excellent finish. 

Hot Compression Molding - (Plastic Processing) A technique of 
thermoset molding in which preheated molding compound is closed 
and heat and pressure (in the form of a downward moving ram) 
are applied until the material has cured. 

Hot Dip Coating - The process of coating a metallic workpiece with 
another metal by immersion in a molten bath to provide a pro
tective film. 

Hot Rolled - A term used to describe alloys which are rolled at tem
peratures above the recrystallization temperature. (Many alloys 
are hot rolled, and machinability of such alloys may vary because 
of differehces in cooling conditions from lot to lot. 

Hot Stamping - Engraving operation for marking plastics in which roll 
leaf is stamped with heated metal dies onto the face of the 
plastics. Ink compounds can also be used. 

Hot Upset Forgigg_ - The diameter is locally increased i.e. to upset 
the head of a bolt, the end of the barstock is heated and then 
deformed by an axial blow often into a suitably shaped die. 

Hydrofluoric Acid - Hydrogen fluoride in aqueous solution. 
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Hydrogen Embrittlement - Embrittlement of a,metal or alloy caused by 
absorption of hydrogen during a pickling, cleaning, or plating 
process. 

' 
Hydrometallurgical Process - The treatment of ores by ~ret processes 

such as leaching. 
i 

. J 
Hydrophilic - A surface having a strong affinity for water or being 

readily wettable. 

Hydrophobic - A surface which is non-wettable or not readily wettable. 
j,., 11111111 

Hydrostatic Pressure - The force per unit area measured in terms .of 
the height of a column of water under the influence of gravity. 

Immersed Area - Total area wetted by the soiution or plated area plus 
masked area. 

i 
Immersion Plate - A metallic deposit produced by a displacement re-

action in which one metal displaces an0ther from solution, for 
example: Fe + Cu(+2) = Cu + Fe(+2) 

Impact Deformation - The process of applying impact force to a work
piece such that the workpiece is permanently deformed or shaped. 
Impact deformation operations such as shot peening, peening, 
forging, high energy forming, heading, or stamping. 

i 

Incineration - (Sludge Disposal) The combustion (by burning) of 
organic matter in wastewater sludge after dewatering by 
evaporation. 

Incompatible Pollutants - Those pollutants which would cause harm to, 
adversely affect the performance of, o~ be inadequately treated 
in publicly-owned treatment works. · · 

l 
Independent Operation - Job shop or contract shop in which electro-

plating is done on workpieces owned by,the customer. 
I 
i 

Indirect Labor Costs - Labor-related costs paid by the employer 
other than salaries, wages and other direct compensation such as 
social security and insurance. 

I 

Induction Hardened - Surface or through hardened using induction 
heating followed by quenching with water or air. 

Industrial User - Any industry that 
sewer systems and whose wastes 
treatment facility. 

! 
I 

introduces pollu~ants into public 
are treated by a publicly-owned 

I 
I 

Industrial Wastes - The liquid wastes from industrial processes, as 
distinct from domestic or sanitary wastes. 
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Inhibition - The slowing down or stoppage of chemical or biological 
reactions by certain compounds or ions. 

In-Process Control Technology - The regulation and the conservation 
of chemicals and the reduction of water usage throughout the 
operations as opposed to end-of-pipe treatment. 

Inspection - A checking or testing of something against standards or 
specification. 

Intake Water - Gross water minus reuse water. 

Integrated Chemical Treatment - A waste treatment method in which. a 
chemical rinse tank is inserted in the plating line between the 
process tank and the water rinse tank. The chemical rinse 
solution is continuously circulated through the tank and removes 
the dragout while reacting chemicals with it. 

Integrated Circuit (IC) - 1. A combination of interconnected circuit 
elements inseparably associated on or within a continuous sub
strate. 2. Any electronic device in which both active and 
passive elements are contained in a single package. Methods of 
making an integrated circuit are by masking process, screening 
and chemical deposition. 

Intraforming - A method of forming by means of squeezing. 

Investment Costs - The capital expenditures required to bring the 
treatment or control technology into operation. 

Ion Exchange - A reversible chemical reaction between a solid (ion 
exchanger) and a fluid (usually a water solution) by means of 
which ions may be interchanged from one substance to another. 
The superficial physical structure of the solid is not 
affected. 

Ion Exchange Resins - Synthetic resins containing active groups 
(usually sulfonic, carboxylic, phenol, or substituted amino 
groups) that give the resin the property of combining with 
or exchanging ions between the resin and a solution. 

Ion-Flotation Technique - Treatment for electroplating rinse waters 
(containing chromium and cyanide) in which ions are separated 
from solutions by flotation. 

Iridite Dip Process - Dipping process for zinc or zinc-coated objects 
that deposits protective film that is a chromium gel, chromium 
oxide, or hydrated chromium oxide. 

Isolation - Segregation of a waste for separate treatment and/or 
disposal. 
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I 

Job Shop - A facility which owns not more th1n.5b percent (annual 
area basis) of the materials undergoing;metal finishing. 

i 
Kiln - (Rotary) A large cylindrical mechanized type of furnace. 

1 

Kinematic Viscosity - The viscosity of a fluid divided by its density. 
The C.G.S. unit is the stoke (cm2/sec).: 

Knurling - Impressing a design into a metallic surface, usually by 
means of small, hard rollers that carry the corresponding design 
on their surfaces. 

Lagoon - A man-made pond or lake for holding wastewater for the removal 
of suspended solids. Lagoons are also psed as retention ponds, 
after chemical clarification to polish the effluent and to safe
guard against upsets in the clarifier; for stabilization of 
organic matter by biological oxidation;: for storage of sludge; 
and for cooling of water. 

Laminate - 1. A composite metal, wood or pllasf:i.c ··· usuaiiy in tfie form 
of sheet or bar, composed of two or rnor~ layers so bonded that 
the composite forms a structural member:. 2. To form a product 
of two or more bonded layers. · 

Landfill - Disposal of inert, insoluble wast~ solids by dumping at an 
approved site and covering with earth. : 

Lapping - An abrading process to improve surface quality by reducing 
roughness, waviness and defects to prodpce accurate as well as 
smooth surfaces. 

Laser Beam Machining - Use of a highly focus~d mono-frequency colli
mated beam of light to melt or sublime material at the point of 
impingement on a workpiece. ' 

Leach Field - A area of ground to which wastewater is discharged. 
Not considered an acceptable treatment :method for industrial 
wastes. i 

Leaching - Dissolving out by the action of a percolating liquid, 
such as water, seeping through a landfill. 

Ligands - The molecules attached to the central atom 
covalent bonds. 1 

Liquid/Liquid Extraction - A process of extiacting or removing contarn
inant(s) from a liquid by mixing contaminated liquid with another 
liquid which is immiscible and which has a higher affinity for 
the contaminating substance(s). 

I 

Liquid Nitriding - Process of case hardening a metal in a molten 
cyanide bath. 
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Liquid Phase Refining - A metal with an impurity possessing a lower 
melting point is refined by heating the metal to the point of. 
melting of the low temperature metal. It is separated by sweat
ing out. 

Machining - The process of removing stock from a workpiece by forcing 
a cutting tool through the workpiece removing a chip of basis 
material. Machining operations such as turning, milling, drill
ing, boring, tapping, planing, broaching, sawing and filing, and 
chamfering are included in this definition. 

Maintenance - The upkeep of property or equipment. 

Malleablizing -- Process of annealing brittle white cast iron in such 
a way that the combined carbon is wholly or partly transformed 

·to graphitic or temper carbon nodules in a ferritic or pearlitic 
microstructure, thus providing a ductile and machinable material. 

Manual Plating - Plating in which the workpieces are conveyed manually 
through successive cleaning and plating tanks. 

Maraged - Describes a series of heat treatments used to treat high 
strength steels of complex composition (maraging steels) by 
aging of martensite. 

Martensite - An acicular or needlelike microstructure that is formed 
in quenched steels. (It is very hard and brittle in the quenched 
form and, therefore, is usually tempered before being placed into 
service. The harder forms of tempered martensite have poorer 
machinability.) 

Martempering - Quenching an austentized ferrous alloy in a medium at a 
temperature in the upper'part of the martensite range, or slight
ly above that range, and holding it in the medium until the 
temperature throughout the alloy is substantially uniform. 
The alloy is then allowed to cool in air through the martensite 
range. 

Masking - The application of a substance to a surface for the pre
vention of plating to said area. 

Material Modification - (In-Plant Technology) Altering the substance 
from which a part is made. 

Mechanical Agitation - The agitation of a liquid medium through the 
use of mechanical equipment such as impellers or paddles. 

Mechanical Finish - Final operations on a product performed by a 
machine or tool. See: Polishing, Buffing, Barrel Finishing, 
Shot Peening, Power Brush Finishing. 
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Mechanical Plating - Providing a coating wherein fine metal powders 
are peened onto the part by tumbling o~ other means. 

Membrane - A thin sheet of synthetic polyme~ through the apertures 
of which small molecules can pass, while larger ones are re
tained. 

Membrane Filtration - Filtration at pressur~s ranging from 50 to 100 
psig with the use of membranes or thin, films. The membranes 
have accurately controlled pore sites and typically low flux 
rates. · 

Metal Ion - An atom or radical that has lost or gained one or more 
electrons and has thus acquired an elebtric charge. Positively 
charged ions are cations, and those ha~ing a negative charge 
are anions. An ion often has entirely' differnt properties from 
the element (atom) from which .it was fprmed. 

Metal Oxidation Refining - A refining technique that removes impuri
ties from the base metal because the ifpurity oxidizes more 
readily than the base. The metal is heated and oxygen supplied. 
The impurity upon oxidizing separates ?Y gravity or volatilizes. 

! 

Metal Paste Production - Manufacture of methl pastes for use as pig
ments by mixing metal powders with mineral spirits, fatty acids 
and solvents. Grinding and filtration, are steps in the process. 

Metal Powder Production -· Production of metal particles for such uses 
as pigments either by milling and grinding of scrap or by atomi
zation of molten metal. 

i 

Metal Spraying - Coating metal objects by spraying molten metal upon 
the surface with gas pressure. 

I 
Microstraining - A process for removing solids 

sists of passing the water stream through 
the solids being retained on the screen. 

from water, which con
a microscreen with 

Milling - Using a rotary tool with one or more teeth which engage the 
workpiece and remove material as the workpiece moves past the 
rotating cutter. 1. Face Milling - Milling a surface perpendi
cular cutting edges remove the bulk of the material while the 
face cutting edges provide the finish 9f the surface being 
generated. 2. End Milling - Milling accomplished with a tool 
having cutting edges on its cylindricat sufaces as well as on 
its end. In end milling- peripheral,:the peripheral cutting 
edges on the cylindrical surface are used; whil~ in end milling
slotting, both end and peripheral cutting edges remove metal. 
3. Slide and Slot Milling - Milling of the side or slot of a 
workpiece using a peripheral cutter. 4. Slab Milling - Milling 
of a surface parallel to the axis of a'helical, multiple-toothed 
cutter mounted on an arbor. 5. Strad¢le Milling - Peripheral 
milling a workpiece on both sides at once using two cutters 
spaced as required. 
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~lecule - Chemical units composed of one or more atoms. 

~nitoring - The measurement, sometimes continuous, of water quality. 

~~lti-Effect Evaporator - A series of evaporations and condensations 
with the individual units set up in series and the latent heat of 
vaporization from one unit used to supply energy for the'next. 

~ltiple Operation Machinery - Two or more tools are used to perform 
simultaneous or consecutive operations. 

MUltiple Subcategory Plant - A plant discharging process wastewater 
from more than one manufacturing process subcategory. 

~ational Pollutant Discharge Elimination System (NPDES) - The federal 
mechanism for regulating point source discharge by means of 
permits. 

l'aavigable Waters - All navigable waters of the United States; tribu-
e taries of navigable waters of the United States; ·interstate 

waters,intrastate lakes, rivers and streams which are utilized 
for recreational or other purposes. 

~utralization - Chemical addition of either acid or base to a solu
tion such as the pH is adjusted to 7. 

Source -Any building, structure, facility, or installation from 
which there is or may be the discharge of pollutants, the con
struction of which is commenced after the publication of proposed 
regulations prescribing a standard of performance under Section 
306 of the Act which will be applicable to s~ch source if such 
standard is thereafter promulgated in accordance with Section 
306 of the Act. 

It1itriding - A heat treating method in which nitrogen is diffused into 
= the surface of iron-base alloys. (This is done by heating the 

metal at a temperature of about 950 degrees F in contact with 
ammonia gas or other suitable nitrogenous materials. The surface, 
because of formation of nitrides becomes much harder than the 
interior. Depth of the nitrided surface is a function of the 
length of time of exposure and can vary from .0005" to .032" 
thick. Hardness is generally in the 65 to 70 Rc range, and, 
therefore, these structures are almost always ground.) 

;itriding Steels - Steels which are selected because they form good 
case hardened structures in the nitriding process. ( In these 
steels, elements such as aluminum and chromium are important 
for producing a good case.) 

~itrification (Biological) - The oxidation of nitrogenous matter into 
nitrates by bacteria. 
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l 
I 

Noble Metals - Metals below hydrogen in the J1ectromotive force se~ies: 
1ncludes antimony, copper, rhodium, silver, gold, bismuth. 

i 

Noncontact Cooling Water - Water used for cooling which does not come 
into direct contact with any raw material, intermediate product, 
waste product, or finished product. ' 

Nonferrous - No iron content. 

Non-Water Quality Environmental Impact - The ecological impact as a 
result of solid, air, or thermal pollution due to the appli
cation of various wastewater technologies to achieve the effluent 
guidelines limitations. Associated with the non-water quality 
aspect is the energy impact of wastewater treatment. 

I 

Normalizing - Heat treatment of iron-base al~oys above the critical 
temperature, followed by cooling in still air. (This is often 
done to refine or homogenize the grain structure of castings, 
forgings and wrought steel products.) 

! 

Notching - Cutting out various shapes from t~e edge or side of a 
sheet, strip, blank or part. 

•II·''' ,,h'• 

NPDES - See National Pollutant Discharge Elimination System. 

Oil Cooker - Open-topped vessel contining a t;leat source and typically 
maintained at 68°C (180°F) for the purp9se of driving off excess 
water from waste oil. 

i 
I , 

Operation and Maintenance Costs - The cost of runn1ng the wastewater 
treatment equipment. This includes labor costs, material and 
supply costs, and energy and power costs. 

Organic Compound - Any substance that contains the element carbon, 
with the exception of carbon dioxide and various carbonates. 

I 
I 

ORP Recorders - Oxidation-reduction potential recorders. 
I 

Oxidants- Those substances which aid in the'formation of oxides. 
I 

Oxidizable Cyanide - Cyanide amenable to oxidation. 
I 

Oxidizing -Combining the material concerned:with oxygen. 
I 

Paint Stripping - The term "paint stripping" shall mean the process 
of removing an organic coating from a workpiece or painting 
fixture. The removal of such coatings using processes such 
as caustic, acid, solvent and molten sa~t stripping are included. 
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Parameter - A characteristic element of constant factor. 

Passivation - The changing of the chemically active surface of a 
metal to a much less reactive state by means of an acid dip. 

Patina - A blue green oxidation of copper. 

Pearlite - A rnicrostituent found in iron-base alloys consisting of 
a lamellar (Patelike) composite of ferrite and iron carbide. 
(This structure results from the decomposition of austenite 
and is very common in cast irons and annealed steels.) 

Peening - Mechanical working of metal by hammer blows or shot im
pingement. 

oH - A unit for measuring hydrogen ion concentrations. A pH of 7 
indicates a "neutral" water or solution. A pH lower than 7, 
a solution is acidic. At pH higher than 7, a solution is 
alkaline. 

pH Buffer - A substance used to stabilize the acidity or alkalinity 
in a solution. 

Phenols - A group of aromatic compounds having the hydroxyl group 
directly attached to the benzene ring. Phenols can be a con
taminant in a waste stream from a manufacturing process. 

Phosphate Coating - Process of forming a conversion coating on iron 
or steel by immersing in a hot solution of manganese, iron or 
zinc phosphate. Often used on a metal part prior to painting 
or porcelainizing. 

Phosphate - Salts or esters of phosphoric acid. 

Phosphatizing - Process of forming rust-resistant coating on iron 
or steel by immersing in a hot solution of acid manganese, 
iron or zinc phosphates. 

Photoresists -· Thin coatings produced from organic solutions 
which when exposed to light of the proper wave length are 
chemically changed in their solubility to certain solvents 
{developers). This substance is placed over a surface which 
is to be protected during processing such as in the etching 
of printer circuit boards. 

Photosensitive Coating - A chemical layer that is receptive to 
the action of radiant energy. 
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I 
Pickling - The immersion of all or part of a workpiece in a 

corrosive media such as acid to remo~e scale and related 
surface coatings. 

Planing - Producing flat surfaces by linear reciprocal motion of 
the work and the table to which it i~ attached relative to 
a stationary single-point cutting tool. 

I 

Plant Effluent or Discharge After Treatment - The wastewater 
discharged from the industrial plant.: In this definition, 
any waste treatmen·t device (pond, trickling filter, etc.) 
is considered part of the industrial plant. 

I 

Plasma Arc Machining - The term "plasma arc machining" shall mean 
the process of material removal or sh'aping of a workpiece 
by a high velocity jet of high temper;ature ionized gas. 

Plated Area - Surface upon which an adher~nt layer of metal is 
deposited. 

l 

Plating - Forming an adherent layer of metal upon an object. 
i 

Point Source - Any discernible, confined, 
1
and discrete conveyance 

~ncluding, but not limited to, any pipe, ditch, channel, 
tunnel, conduit, ~ell, discrete fissure, container, rolling 
stock, concentrated animal feeding operation, or vessel or 
other floating craft from which pollutants are or may be 
discharged. 

Point Source Category - See Category. 

Polishing - The process of removing stock :from a workpiece by the 
action of loose or loosely held abrasive grains carried to 
the workpiece by a flexible support. Usually, the amount of 
stock removed in a polishing operation is only incidental to 
achieving a desired surface finish or appearance. 

. I ·. 
Polishing Compounds - Fluid or grease stic~ lubricants composed 

of animal tallows, fatty acids, and w~xes. Selection depends 
on surface finish desired. 

I 

Pollutant - Dredged spoil, solid waste, inbinerator residue, sewage, 
garbage, sewage sludge, munitions, ch~mical wastes, biological 
materials, radioactive materials, heat, wrecked or discarded 
equipment, rock, sand, cellar dirt anp industrial, municipal 
and agricultural waste discharged intp.water. It ~oes not .. _ 
mean (1) sewage from vessels or (2) water, gas, or other mat
erial which is injected into a well tb facilita'te production 
of oil or gas, or water derived in as~Qc~ation w~th oil or 
gas production and disposed of in a well, if the well, used 
either to facilitate production or for disposal purposes, is 

l 
I'""'' 

j 

I 
i···· 
i' 
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approved by authority of the State in which the well is 
located, and if such State determines that such injection 
or disposal will not result in degradation of ground or 
surface water resources. 

Pollutant Parameters - Those constituents of wastewater deter
minded to be detrimental and, therefore, requiring control. 

Pollution - The man-made or man-induced alternation of the 
chemical, physical, biological, and radiological integrity 
of water. 

Polychlorinat.ed Biphenyl (PCB) - A family of chlorinated biphenyls 
with unique thermal properties and chemical inertness which 
have a wide variety of uses as plasticizers, flame retardants 
and insulating fluids. They represent a persistent contam
inant in waste streams and receiving waters. 

Polyelectrolyte - A high polymer substance, either natural or 
synthetic, containing ionic constituents; they may be either 
cationic or anionic. 

Post Curring - Treatment after changing the physical properties 
of a material by chemical reaction. 

Pouring - (Casting and Molding) Transferring molten metal from 
a furnace or a ladle to a mold. 

Power Brush Finishing - This is accomplished (wet or dry) using a 
wire or nonmetallic-fiber-filled brush used for deburring; 
edge blending and surface finishing of metals. 

Precious Metals - Gold, silver, iridium, palladium, platinum, 
rhodium, ruthenium, indium, osmium, or combination thereof. 

Precipitate - The discrete particles of material rejected from a 
liquid solution. 

Precioitation Hardening Metals - Certain metal compositions which 
respond to precipitation hardening or aging treatment. 

Pressure Deformation - The process of applying force, (other than 
impact force), to permanently deform or shape a workpiece. 
Pressure deformation operations may include operations such 
as rolling, drawing, bending, embossing, coining, swaging, 
sizing, extruding, squeezing, spinning, seaming, piercing, 
necking, reducing, forming, crimping, coiling, twisting, 
winding, flaring or weaving. 

Pressure Filtration - The process of solid/liquid phase separation 
effected by passing the more permeable liquid phase through a 
mesh which is impenetrable to the solid phase. 
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I 
Pretreatment - Treatment of wastewaters from sources before intro-

duction into municipal treatment works. 
i 

Primary Settling - The first treatment fo~ the removal of settle
able solids from wastewater which is passed through a treat
ment works. 

Primary Treatment - The first stage in was~ewater treatment in 
which floating or settleable solids are mechanically removed 
by screening and sedimentation. 

Printed Circuit Boards - A circuit in whicb the interconnecting 
wires have been replaced by conduct i v·e strips printed, etched, 
etc., onto an insulating board. Methods of fabrication in
clude etched circuit, electroplating,; and stamping. 

• I 
I 

Printing - A process whereby a design or p~ttern in ink or types 
of pigments are impressed onto the su:rface of a part. 

'l'"''""'""""'""'"• ''""''" "' ,,,,. '"'' '""'"'"'"' '"' 

' 
Process Modification - (In-Plant Technology) Reduction of water 

pollution by basic changes in a manuftacturing process. 
j,, :1' ,,,,11:,1 ,1, 

Process Wastewater - Any water which, durilng manufacturing or 
processing, comes into direct contac~ with or results from 
the production or use of any raw mat~rial, intermediate 
product, finished product, byproduct,; or waste product. 

I 
Process Water - Water prior to its direct ~ontact use in a process 

or operation. (This water may be any, combination of raw water, 
service water, or either process wast:ewater or treatment facil
ity effluent to be recycled or reuse~). 

! 

Punching - A method of cold extruding, coid heading, hot forging or 
stamping in a machine whereby the mating die sections control 
the shape or contour of the part. 

i 
I 

Pyrolysis - (Sludge Removal) Decomposition of materials by the 
application of heat in any oxygen-deficient atmosphere. 

i 
I 

Pyrazolone-Colorimetric - A standard method of measuring cyanides 
\ 

in aqueous solutions. 

Quantity GPD - Gallons per day. 

Quenching - Rapid cooling of alloys by immersion in water, oil, or 
gases after heating. 

Racking - The placement of parts on an apparatus for the purpose 
of plating. 

I 
Rack Plating - Electroplating of workpiece:s on racks. 
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Radiography - A nondestructive method of internal examination 
in which metal or other objects are exposed to a beam of 
x-ray or gamma radiation. Differences in thickness, density 
or absorptionv caused by internal discontinuities, are 
apparent in the shadow image either on a fluorescent screen 
or on photographic film placed behind the object. 

Raw Water - Plant intake water prior to any treatment or use. 

Reaming - An operation in which a previously formed hole is sized 
and contoured accurately by using a rotary cutting tool (reamer) 
with one or more cutting elements (teeth). The principal sup
port for the reamer during the cutting action is obtained from 
the workpiece. 1. Form Reaming - Reaming to a contour shape. 
2. Taper Reaming - Using a special reamer for taper pins. 3. 
Hand Reaming - Using a long lead reamer which permits reaming 
by hand. 4. Pressure Coolant Reaming (or Gun Reaming) -
Using a multiple-lip, end cutting tool through which coolant is 
forced at high pressure to flush chips ahead of the tool or 
back through the flutes for finishing of deep holes. 

Receiving Waters -,Rivers, lakes, oceans, or other water courses 
that receive treated or untreated wastewaters. 

Recirculating Spray - A spray rinse in which the drainage is pumped 
up to the spray and is continually recirculated. 

Recycled Water - Process wastewater or treatment facility effluent 
which is recirculated to the same process. 

Recycle Lagoon - A pond that collects treated wastewater, most of 
which is recycled as process water. 

Reduction - A reaction in which there is a decrease in valence 
resulting from a gain in electrons. 

Redox - A term used to abbreviate a reduction-oxidation reaction. 

Residual Chlorine - The amount of chlorine left in the treated 
water that is available to oxidize contaminants. 

Reverse Osmosis - The application of pressure to the surface of 
solution through a semipermeable membrane that is too dense 
to permit passage of the solute, leaving behind the dissolved 
solids (concentrate). 

Reused Water - Process wastewater or treatment facility effluent 
which is further used in a different manufacturing process. 

Ring Rolling - A metals process in which a doughnut shaped piece of 
stock is flattened to the desired ring shape by rolling between 
variably spaced rollers. This process produces a seamless ring. 
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I 
I 

Rinse - Water for removal of dragout by dipping, spraying, 
fogging, etc. 

: 
Riveting - Joining of two or more members of a structure by means 

of metal rivets, the undeaded end being upset after the rivet 
is in place. 

i" ·lllll:,,il''''':l'lll'l:,:ol·il::!'l1'!",1''1'11111··' "' ,' I·'' ,,.,.,;.,,,,llllh'l'llll"'• ,,,I 1,' •: 

Routing - Cutting out and contouring edges of various shapes in a 
relatively thin material using a small 1 diameter rotating 
cutter which is operated at fairly high speeds. 

Running Rinse - A rinse tank in which water
1 
continually flows in 

and out. 

' 
Rust Prevention Compounds - Coatings used t6 protect iron ~nd steel 

surfaces, against corrosive environment during fabrication, 
storage, or use. 

Salt - 1. The compound formed when the hy~rogen of an acid is 
--replaced by a metal or its equivalent (e.g., an NH4 radical). 

Example: HCl + NaOH = NaCl + H20 ' 
This is typical of the general rule that the reaction of an 
acid and a base yields a salt and water. Most salts ionize 
in water solution. 2. Common salt, sbdium chloride, occurs 
widely in nature, both as deposits left by ancient seas and 
in the ocean, where its average concentration is about 3%. 

Salt Bath Descaling- Removing the layer of.oxides formed on some 
metals at elevated temperatures in a salt solution. See: 
Reducing, Oxidizing, Electrolytic. 

I 
Sand Bed Drying - The process of reducing the water content in a wet 

substance by transferring that substanbe to the surface of a 
sand bed and allowing the processes of:drainage through the 
sand and evaporation to effect the required water 'separation. 

Sand Blasting - The process of removing stock including surface 
films, from a workpiece by the use of ~brasive grains 
pneumatically impinged against the workpiece. 

I 
Sand Filtration - A process of filtering wastewater through sand. 

The wastewater is trickled over the bect of sand where air and 
bacteria decompose the wastes. The clean water flows out 
through drains in the bottom of the bea. ~he sitidge accumulat
ing at the surface must be removed froin the bed ·periOdically. 

Sanitary Water - The supply of water used fbr sewage transport and 
the continuation of such effluents to ~isposal. 

Sanitary Sewer - Pipes and conveyances for kewage transport. 

Save Rinse - See Dead Rinse. 
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Sawing - Using a toothed blade or disc to sever parts or cut 
contours. 1. Circular Sawing - Using a circular saw fed 

.into the work by motion of either the workpiece or the 
blade. 2. Power Band Sawing - Using a long, multiple
tooth continuous band resulting in a uniform cutting 
action as the workpiece is fed into the saw. Power Hack 
Sawing - Sawing in which a reciprocating saw blade is fed 
into the workpi~ce. 

Scale - Oxide and metallic residues. 

Screening - Selectively applying a resist material to a surface 
to be plated. 

Secondary Settling - Effluent from some prior treatment process 
flows for the purpose of removing settleable solids. 

Secondary Treatment - The second step in most sanitary waste 
treatment plants in which bacteria consume the organic 
portions of the waste. This removal is accomplished by trick
ling filters, an activated sludge unit, or other processes. 

Sedimentation - The process of subsidence and deposition of suspended 
matter carried by water, wastewater, or other liquids by 
gravity.· It is usually accomplished by reducing the velocity 
of the liquid below the point at which it can transport the 
suspended material. Also called settling. 

Sensitization - The process in which a substance other than the 
catalyst is present to facilitate the start of a catalytic 
reaction. 

Sequestering 1\gent - An agent (usually .a chemical compound) that 
"sequesters" or holds a substance in suspension. 

Series Rinse ·- A series of tanks which can be individually heated 
or level controlled. 

Service Water·- Raw water which has been treated preparatory to 
its use in a process or operation; i.e., makeup water •. 

Settleable Solids - That matter in wastewater which will not stay 
in suspension during a preselected settling period, such as one 
hour, but either settles to the bottom or floats to the top. 

Settlin~ Ponds - A large shallow body of water into which indus
tr1al wastewaters are discharged. Suspended solids settle 
from the wastewaters due to the large retention time of water 
in the pond. 
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Shaping - Using single point tools fixed to a ram reciprocated in 
a linear motion past the work. 1. Form Shaping - Shaping 
with a tool ground to provide a specified shape. 2. Contour 
Shaping - Shaping of an irregular surface, usually with the 
aid of a tracing mechanism. 3. Inte~nal Shaping - Shaping 
of internal forms such as keyways and1guides. 

' 

Shaving - 1. As a finishing operation, the accurate removal of a 
thin layer by drawing a cutter in straight line motion across 
the work surfaces. 2. Trimming parts like stampings, forgings 
and tubes to remove uneven sheared edges or to improve accuracy. 

Shearing - The process of severing or cutting of a workpiece by 
forcing a sharp edge.or opposed sharp,edges into the workpiece 
by forcing a sharp edge or opposed sharp edges into the work
piece stressing the material to the point of sheer failure and 
separation. ' 

Shipping - Transporting. 

Shot Peening - Dry abrasive 
the surfaces with high 

cleaning of metal surfaces by impacting 
velocity steel shot. 

Shredding - (Cutting or Stock Removal) 
up into small parts. 

Ma~erial cut, torn or broken 

SIC- Standard Industrial Classification -·Defines industries in 
accordance with the composition and structure of the economy 
and covers the entire field of econom~c activity. 

Silica - (Si02) Dioxide of silicon which 0ccurs in crystalline form 
as quartz, cristohalite, tridymite. Used in its pure form for 
high-grade refractories and high temperature insulators and in 
impure form (i.e. sand) in silica bricks. 

I 
Siliconizing - Diffusing silicon into solid metal, usually steel, 

at an elevated temperature for the purposes of case hardening 
thereby providing a corrosion and wear-resistant surface. 

I 
Sintering - The process of forming a mechanical part from a 

powdered metal by bonding under presst!tre and heat: but below 
the melting point of the basis metal.· 

! 

Sizing 1. Secondary forming or squeezing;operations, required 
to square up, set down, flatten or otherwise correct surfaces, 
to produce specified dimensions and tolerances. See restriking. 
2. Some burnishing, broaching, drawing and shaving operations 
are also called sizing. 3. A finishing operation for correct
ing ovality in tubing. 4. Powder metal. Final pressing of 
a sintered compact. 
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Skimming - The~ process of removing floating solid or liquid wastes 
from a wastewater stream by means of a special tank and skim
ming mechanism prior to treatment of the water. 

Slaking - The process of reacting lime with water to yield a 
hydrated product. 

Sludge - Residue produced in a waste treatment process. 

Sludge Dewatering - The removal of water from sludge by introducing 
the water sludge slurry into a centrifuge. The sludge is 
driven outward with the water remaining near the center. The 
water is withdrawn and the dewatered sludge is usually land
filled. 

Slurry - A watery suspension of solid materials. 

Snagging - Heavy stock removal of superfluous material from a work 
piece by using a portable or swing grinder mounted with a 
coarse grain abrasive wheel. 

Soldering - The process of JOlning metals by flowing a thin 
(capillary thickness) layer of nonferrous filler metal into 
the space between them. Bonding results from the intimate 
contact produced by the dissolution of a small amount of base 
metal in the molten filler metal, without fusion of the base 
metal. The term soldering is used where the temperature range 
falls below 425°C (800°F). 

Solids - (Plant Waste} Residue material that has been completely 
dewatered. 

Solute - A dissolved substance. 

Solution - Homogeneous mixture of two or more components such as a 
liquid or a solid in a liquid. 

Solution Treated - (Metallurgical) A process by which it is 
possible to dissolve micro-constituents by taking certain 
alloys to an elevated temperature and then keeping them in 
solution after quenching. (Often a solution treatment is 
followed by a precipitation or aging treatment to improve 
the mechanical properties. Most high temperature alloys which 
are solution treated and aged machine better in the solution 
treated state just before they are aged.) 

Solvent - A liquid used to dissolve materials. In dilute solutions 
the component present in large excess is called the solvent 
and the dissolved substance is called the solute. 

Solvent Cleaning - Removal of oxides, soils, oils, fats, waxes, 
greases, etc. by solvents. 
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Solvent Degreasing - The removal of oils and grease from a 
workpiece using organic solvents or soivent vapors. 

i 
Specific Conductance - The property of a solution which allows 

an electric current to flow when a potential difference is 
applied. ' 

Spectrophotometry - A method of analyzing a wastewater sample by 
means of the spectra emitted by its co~stituents under 
exposure to light. · 

Spray Rinse - A process which utilizes the ~xpulsion of water 
through a nozzle as a means of rinsing:. 

Spinning - Shaping of seamless hollow cylindrical sheet metal parts 
by the combined forces of rotation and pressure. 

i I... ,,, ..... 
Spotfacing - Using a rotary, hole piloted end facing tool to produc·• 

a flat surface normal to the axis of r,otation of the tool on o~ 
slightly below the workpiece surface. 

Sputtering - The process of covering a met~llic or non-metallic 
workpiece with thin films of metal. The surface to be coated 
is bombarded with positive ions in a gas discharge tube, 
which is evacuated ·to a low pressure. ' 

Squeezing - The process of reducing the .siz
1
e of a piece of heated 

material so that it is smaller but mor,e compressed than it 
was before. I 

Stainless Steels - Steels which have good or excellent corrosion 
res~stance. (One of the common grades contains 18% chromium 
and 8% nickel. There are three broad classes of stainless 
steels - ferritic, austenitic, and ma~tensitic. These various 
classes are produced through the use of various alloying 
elements in differing quantities. ' 

I 
I 

Staking - Fastening two parts together permanently by recessing 
one part within the other and then ca~sing plastic flow at 
the joint. · 

Stamping - A general term covering almost all press operations. 
It includes blanking, shearing, hot ot, cold forming, drawing, 
bending and coining. i 

I 

i 
Stamping Compounds- See Forming Compounds :(Sheet). 

i 

I 
Standard of Performance - Any restrictions established by the Admin• 

istrator pursuant to Section 306 of t~e Act on quantities, 
rates and concentrations of chemical, physical, biological, 
and other constituents which are or m~y be discharged from 
new sources into navigable waters, th~ waters of the contiguou$ 
zone or the ocean. ' 
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Stannous Salt -- Tin based compound used in the acceleration process. 
Usually stannous chloride. 

Utili Rinse - See Dead Rinse. 

Storm Water Lake - Reservoir for storage of storm water runoff 
collected from plant site; also, auxiliary source of process 
water. 

Stress Relieved - The heat treatment used to relieve the internal 
stresses induced by forming· or heat treating operations. 
(It consists of heating a part uniformly, followed by cooling 
slow enough so as not to reintroduce stresses. To obtain low 
stress levels in steels and cast irons, temperatures as high 
as 1250 degrees F may be required.) 

Strike - A thin coating of metal (usually less than 0.0001 inch in 
thickness} to be followed by other coatings. 

Stripping - The removal of coatings from metal. 

Subcategory or Subpart - A segment of a point source for which 
specific effluent limitations have been established. 

Submerged Tube Evaporation - Evaporation of feed material using 
horizontal steam-heat tubes submerged in solution. Vapors 
are driven off and condensed while concentrated solution is 
bled off. 

Subtractive Circuitry - Circuitry produced by the selective et~hing 
of a previously deposited copper layer. 

Substrates - Thin coatings ( as of hardened gelatin) which act as a 
support to facilitate the adhesion of a sensitive emulsion. 

Surface Tension - A measure of the force opposing the spread of 
a thin film of liquid. 

Surface Waters - Any visible stream or body of water. 

Surfactants - Surface active chemicals which tend to lower the 
surface tension between liquids, such as between acid and 
water. 

Surge - A sudden rise to an excessive value, such as flow, pressure, 
temperature. 

Swaging - Forming a taper or a reduction on metal prod~cts such as 
rod and tubing by forging, squeezing or hammering. 

Tank - A receptacle for holding transporting or storing liquids. 
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Tapping - Producing internal threads with a Jylindrical cutting 
tool having two or more peripheral cutting elements shaped 
to cut threads of the desired size and ~orm. By a combination 
of rotary and axial motion, the leading end of the tap cuts 
the thread while the tap is supported mainly by the thread it 
produces. ! 

I 
Tempering - Reheating a quench-hardened or n6rmalized ferrous alloy 

to a temperature below the transformation range then cooling 
at any rate desired. : 

Testing - The application of thermal, electrlcal, or mechanical 
energy to determine the suitability or functionality of a 
part, assembly or complete unit. · 

i 
Thermal Cutting - The term "thermal cutting" shall mean the process 

of cutting, slotting or piercing a workpiece using an 
oxy-acetylene oxygen lance or electric ~rc cutting tool. 

' 

Thermal Infusion - The process of applying a: fused zinc, cadmium or 
other metal coating to a ferrous workpiece by imbueing the 
surface of the workpiece ~ith metal .powder or dust in the 
presence of heat. · 

Thickener - A device or system wherein the s9lid contents of slurries 
or suspensions are increased by gravity settling and mechanical 
separation of the phases, or by flotation and mechanical separ
ation of the phases. 

Thickening - (Sludge Dewatering) Thickening: or concentration is the 
process of removing water from sludge after the initial separ
ation of the sludge from wastewater. The basic objective of 
thickening is to reduce the volume of llquid sludge to be 
handled in subsequent sludge disposal p~ocesses. 

! 
i 

Threading - Producing external threads on a ~tlindrical surface. 
1. Die Threading - A process for cutting external threads 
on cylindrical or tapered surfaces by t~e use of solid or 
self-operning dies. 2. Single-Point Threading - Tu~ng 
threads on a lathe. 3. Thread Grindidg - See definition 
under grinding. 4. Thread Milling - A method of cutting 
screw threads with a milling cutter. 

Threshold Toxicity - Limit upon which a substance becomes toxic or 
poisonous to a particular organism. 

Through Hole Plating - The plating of the inner surfaces of holes in 
a PC board. ' 

' ,llll:,;illl"lll':',',, ','.,',,:'l,,lll''::,llll0.,1l"''':'ll:!lll'i,'!,:i'll.,!:l'l'llll!::l."llil 1'11,1',1 ''"' I, ' olll•"'.,l',l•ihl"'• 'I" 

Titration - 1. A method of measuring acidrty of alkalinity. 2. The 
determination of a constituent in a kndwnV6lume of solution by 
the measured addition of a solution of 'known strength for complet
ion of the reaction as signaled by obs~rvation of an end point. 
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Total Chromium - The sum of chromium in all valences. 

Total Cyanide - The total content of cyanide expressed as the 
radical CN- or alkali cyanide whether present as simple or 
complex ions. The sum of both the combined and free cyanide 
content of a plating solution. In analytical terminology, 
total cyanide is the sum of cyanide amenable to oxidation 
by chlorine and that which is not according to standard 
analytical methods. 

Total Dissolved Solids (TDS) - The total amount of dissolved solid 
materials present in an aqueous solution. 

Total Metal - Sum of the metal content in both soluble and insoluble 
form. 

Total Organic Carbon (TOC) - TOC is a measure of the amount of 
carbon in a sample originating from organic matter only. The 
test is run by burning the sample and measuring the C02 
produced. 

Total Solids - ~he sum of dissolved and undissolved constituents 
in water or wastewater, usually stated in milligrams per liter. 

Total Suspended Solids (TSS) - Solids found in wastewater or in the 
stream, which in most cases can be removed by filtration. The 
origin of suspended matter may be man-made or of natural 
sources, such as silt from erosion. 

Total Volatile Solids - Volatile residue present in wastewater. 

Tool Steels - Steels used to make cutting tools and dies. (Many of 
these steels have considerable quantities of alloying elements 
such as chromium, carbon, tungsten, molybdenum and other 
elements. These form hard carbides which provide good wearing 
qualities but at the same time decrease machinability. Tool 
steels in the trade are classified for the most part by their 
applications, such as hot work die, cold work die, high speed, 
shock resisting, mold and special purpose steels.) 

Toxic Pollutants - A pollutant or combination of pollutants including 
disease causing agents, which after discharge and upon exposure, 
ingestion, inhalation or assimilation into any organism either 
directly or indirectly cause death, disease, cancer, genetic 
mutations, physiological malfunctions (including malfunctions 
in such organisms and their offspring. 

Treatment Facility Effluent - Treated process wastewater. 

Trepanning - Cu·tting with a boring tool so designed as to leave 
an unmachined core when the operation is completed. 
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Trickling Filters - A filter consisting of an artificial bed of 
coarse material, such as broken stone, clinkers, slate, salts, or 
brush over which an effluent is distributed :and applied in drops, 
films, or spray from troughs, drippers, moving distributors, or 
fixed nozzles and through which it trickles to the underdrains 
giving opportunity for the formation of zoological slimes which 
clarify and oxidize the effluent. 

Tumbling - See Barrel Finishing. 

Tubidimeter - An instrument for measurement 'of turbidity in which 
a standard suspension is usually used for reference. 

I 
I 

Turbidity - 1. A condition in water or wastewater caused by the 
presence of suspended matter resulting 1 in the scattering and 
absorption of light rays. 2. A measure of fine suspended 
matter in liquids. 3. An analytical quantity usually report
ed in arbitrary turbidity units determined by measurements of 
light diffraction. 

Turning - Generating cylindrical forms by removing metal with a 
single-point cutting tool moving parallel to the axis of 
rotation of the work. 1. Single-Point Turning - Using a 
tool with one cutting edge. 2. Face Turning - Turning a 
surface perpendicular to the axis of the workpiece. 3. 
Form Turning - Using a tool with a special shape. 4. 
Turning Cutoff - Severing the workpiec$ with a special 
lathe tool. 5. Box Tool Turning - Turning the end of 
\'lOrkpiece with one or more cutters mounted in a boxlike 
frame, primarily for finish cuts. 

Ultrafiltration - A process using semiperme~ble polymeric membranes 
to separate molecular or colloidal materials dissolved or 
suspended in a liquid phase when the l~quid is under pressure. 

Ultrasonic Agitation - The agitation of a l~quid medium through 
the use of ultrasonic waves.· 

I 
Ultrasonic Cleaning - Immersion cleaning ai9ed by ultrasonic waves 

which cause microagitation. 

Ultrasonic Machining - Material removal by means of an ultrasonic
vibrating tool usually working in an abrasive slurry in close 
contact with a workpiece or having dia~ond or carbide cutting 
particles on its end. 1 

Unit Operation- A single, discrete process!as part of an overall 
sequence, e.g., precipitation, settling and filtration. 

Vacuum Deposition - Condensation of thin meh~I coatings on £he cool 
surface of work in a vacuum. 
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Vacuum Evaporization - A method of coating articles by melting 
and vaporizing the coatirig material on an electrically 
heated conductor in a chamber from which air has been 
exhausted. The process is only used to produce a decor
ative effect. Gold, silver, copper and aluminum have been 
used. 

Vacuum Filtration - A sludge dewatering process in which sludge 
passes over a drum with a filter medium, and a vacuum is 
applied to the inside of the drum compartments. As the 
drum rotates, sludge accumulates on the filter surface, 
and the vacuum removes water. 

Vacuum Metalizing - The process of coating a workpiece with 
metal by flash heating metal vapor in a high-vacuum 
chamber containing the workpiece. The vapor condenses on 
all exposed surfaces. 

Vapor Blasting - A method of roughing. plastic surfaces in prepar~ 
ation for plating. 

Vapor Degreasing - Removal of soil and grease by a boiling liquid 
solvent, the vapor being considerably heavier than air. At 
least one constituent of the soil must be soluble in the 
solvent. 

Vapo~ Platin~- Deposition of.a metal or compound upon a heated 
surface by reduction or decomposition of a volatile compound 
at a temperature below the melting points of either the 
deposit or the basis material. 

Viscosity - The resistance offered by a real fluid to a shear 
stress. 

Volatile Substances - Material that is r~adily vaporizable at a 
relatively low temperature. 

Volumetric Method A standard method of measuring settleable 
solids rn-an aqueous solution. 

Waste Discharged - The amount (usually expressed as weight) of 
some residual substance whi9h is suspended or dissolved 
in the plant effluent. 

Wastewater Constituents - Those materials which are carried by 
or-dissolved in a water stream for disposal. 
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APPENDIX A 

EXHIBIT 1 

Statistical Analysis of Cadmium (except new sources), Chromium, Copper, Lead, 
Nickel, Silver, Zinc, Cyanide, Total Suspended Solids and Oil and Grease 

Background 

This exhibit provides documentation of the data and methods used to 
determine final effluent guidelines limitations for the Metal Fininshing 
industry. Limitations are expressed in concentration units (mg/1); production 
based limitations were not developed because flow data were fragmentary and 
relationships of flow to other indices of production were not reliable. The 
Final Regulation for Effluent Limitations, Guidelines, and Standards for the 
Metal Finishing Point Source Category specifies daily maximum and 10 day average 
limitations for Best Practicable Control Technology Currently Available (BPT), 
Best Available Technology Economically Achievable (BAT), Pretreatment Standards 
for Existing Sources (PSES) Pretreatment Standard's for New Sources (PSNS) and 
New Source Performance Standards (NSPS)~ 

Unless mentioned otherwise, limitations for the following pollutants 
under each standard are based on the methodology, data, and results presented 
in this exhibit. The standards will limit cadmium (Cd), total chromium (crT), 
copper (Cu), lead (Pb), nickle (Ni), silver (Ag), zinc (Zn), total cyanide (cnT), 
and amenable cyanide (cnA). Oil and Grease (OG), total suspended solids 
(TSS) and pH are regulated only under BPT and NSPS, and are derived in accord 
with this exhibit. The development of new source (PSNS and NSPS) Cd limits 
are discussed in another exhibit. Guidance limitations for hexavalent chromium 
(cr6+) are also established here. The establishment of limits for TTO standards 
are discussed in another exhibit. 

Details regarding the technical background and justification for effluent 
guidelines for the Metal Finishing Category are discussed in chapter VII of 
the "Final Development Document for Effluent Limitations Guidelines and Standards 
for the Metal Finishing Point Source Category". 

Several appendices are referred to in this exhibit. They include computer 
printouts which support the results reported here. These printouts are voluminous 
and are not attached physically to this exhibit. They have, however, been 
entered into the administrative record supporting the metal finishing rulemaking; 
the titles to the Appendices are listed in Table 1. 

Data 

Two data sets are used for the development of the limitations; a set of 
EPA collected and analyzed wastewater data, (refered to as EPA data) and a data 
set of the results from self monitoring samples, collected and analyzed by 
metal finishing plants as part of their compliance monitoring activities, 
(refered to as self monitoring data). 
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The EPA data are analytical results of samples ~oilected at metal finishing 
plants before and after wastewater treatment. The availability of paired raw 
and treated waste data allows assessment of treatment when pollutants are pre
sent in significant concentrations in the raw waste. Daily samples were generally 
taken over a 1 to 3 day period (in some cases, as mahy as 6 daily samples were 
taken at a plant). Total suspended solids (TSS) andjpH were measured and if 
the treated waste samples had TSS concentrations gre~ter than 50 mg/1 or pH 
less than 7.0, the entire sample was deleted for all'pollutants measured. 
Plants with complexing, dilution, or poor operation were deleted.* Plants that 
were not option 1 (precipitation-clarification) metai finishing plants were 
also deleted. Effluent observations which were great~r than influent o)'serva
tions taken on the same day were deleted. Also, efftuent: observai::ionsidentified 
by an iterative procedure were deleted. The iterative procedure Is intended 
to remove treated effluent values associated with low pollutant mesurements in 
untreated wastewater and is described in Appendix A., The values remaining, 
after all the deletions are listed in Appendix A. The treated effluent con
centrations as listed in Appendix A for all pollutants, except Cd and Pb, are 
used to calculate long term average pollutant concentrations in treated waste
water. Cadmium and Pb means are from the self monitoring data discussed below. 
Table 2 lists the pollutants, the number of observations, and the number of 
plants used from the EPA sampling data. 

The self monitoring data were obtained from metal finishing plants where 
sampling, analysis, and reporting of treated waste waters were conducted by 
industry without EPA's direct involvement. Analytic~! methodology is reported 
to have followed acceptable EPA methods. To the extent information was avail
able, plants were checked for properly constructed and managed Option 1 treatment 
systems. Raw waste data were not available for the self monitoring data to 
measure treatment when pollutants are present in significant concentrations in 
the raw waste; as an alternative the Agency used a pollutant only when there 
was an identifiable process source of the pollutant.: Self monitoring data 
were used for the evaluation of variability, which will be presented in the 
following data-analysis section. Table 3 lists the pollutants, the number 
of observations and the number of plants chosen from:the self monitoring data. 

i 
When pollutant concentrations were too low to be.quantified they were . 

reported as below a detection limit (DL). For a particular pollutant-plant 
data set, DL's could differ depending on the laborathry, sample dilution, or 
methodology. Values reported at below a DL were set'equal to zero for the 
purpose of estimating variability and central tendency. This was done for the 

* The cut-off criteria are: 1) plants that had compiexing agents unoxidized 
cyanide or nonsegregated wastes; 2) plants which h~d effluent flow signifi
cantly greater than the corresponding raw waste flhws were deleted; 3) plants 
that experienced difficulties in system operation during the sampling period 

I 

were excluded. These difficulties include a few hc;mrs operation at very 
low pH (approximately 4.0), observed operator error, an inoperative chemical 
feed system, improper chemical usage, improperly maintained equipment, high 
flow slugs during the sampling period, and excessive surface water intrusion 
(heavy rains). · 
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following reasons: the data above the DL were found to generally fit the 
lognormal distribution; the assignment of the value zero to DL observations 
is recommended for estimation from data sets that are mixtures of DL observa
tions and observations that fit the lognormal (see Owen and DeRouen, "Estimation 
of the Mean for Lognormal Data Containing Zeroes and Left Censored Values, 
with Applications to the Measurement of Worker Exposure to Air Contaminents", 
Biometrics (1980), V. 36, pp. 707-719). Appendix B is a listing of the self 
monitoring data and Appendix C presents summary statistics of the self moni
toring data. 

Analysis 

Lognormal Goodness-of-Fit 

Lognormality was examined graphically and tested for each pollutant-plant 
combination in the self monitoring data base in Appendix B. The distributional 
form of each plant-pollutant combination data set is displayed in Appendix D 
as empirical frequency histograms of the data, before logarithmic transfor
mation. A majority of the histograms have the general shape of the lognormal 
distribution, i.e., positive skewness and long "tails" to the right. The 
larger data sets tend to display the lognormal characteristics more than the 
smaller data sets. This is not surprising since the lognormal distribution has 
provided a satisfactory fit to effluent data for a wide range of industrial 
categories and pollutants. The visual suggestion of lognormality is best 
revealed in the larger sets as distributional shapes cannot be identified with 
only a few observations. 

Three goodness-of-fit tests were performed on the natural logarithims of 
the self-monitoring data for each pollutant-plant combination for which suffi
cient data were available. (Appendix E) If the di~tribution of the logarithms 
of the data are not significantly different from the normal distribution then 
the assumption of lognormality is reasonable. The Kolmogorov-Smirnov test 
(KS), the Anderson-Darling test (AD) and the D'Agostino test (DA) were applied 
to each pollut~nt-plant data set. These procedures test the null hypothesis 
that the distribution of the logs of the observed values,follow a normal distri
bution. The DA test was not performed in some cases because the data did not 
meet the minimum sample size required for the test. The three tests together 
provide a thorough examination of the distributional form because the KS is a 
general test of n·ormality, the AD is sensitive to normality departures in 
the tails; and DAis sensitive to normality departures in the higher moments. 
Table 4 summarizes the results of the 3 significance tests and indicates that 
the pollutant distributions within each plant frequently follow a lognormal 
distribution. Appendix F contains time plots of the data which permit visual 
inspection of data structure over time. 

Daily Variability Factors 

A variability factor (VF) for a pollutant-plant combination is defined as 
the ratio of the lognormally estimated 99th percentile of the distribution of 
w:lthin-plant pollutant values to the arithmetic mean of the same values. In 
cases where there were DL observations present in the data, a generalized form 
of the·lognormal disbribution, known as the delta lognormal distribution (DLN) 
was used to model the data. The delta lognormal distribution is described in 
Chapter 9 of The Lognormal Distribution, by Aitchison and Brown, Cambridge 
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University Press, 1963. The DLN is a mixed probability distribution, having 
both discrete and continuous portions. The discret~ portion models the possi
bility of observing a DL value while the continuous portion is a lognormal 
probability distribution and models the distribution of all values above the 
DL. 

The 99th percentile for the DLN is 

where 

q' = (.99 - o)/(1 - o> 

and 

o = probability of observing a DL value 

' 
Vq' is the quantile of order q' of the N(O,l) distribution 

vq' = 2.326 if 0 = 0 

The 99th percentile is estimated by using the following estimates of the 
DLN parameters in the above formulae: 

where n
0 

is the number of DL values ~nd n is the total number of 
values 

n· 
1) = x = L~ xi/nl 

i=l 
= ln Yi for non :nL values of y, 

is the number !of non DL values, and x 
is the logmean of the non DL values 

The DLN 99th percentile ~11as not estimated if gt:;eater than 50% of the 
observations for a pollutant-plant data set were DL :values. Tb.{s is because a 
large proportion of DL observations can introduce m~thematical instabilities 
into the estimates and result in extremely exaggerayed and unreliable measures 
of variability. · 

I 

For each pollutant-plant combination a DLN 99th percentile was estimated 
and divided by the arithmetic mean (AM) from the sa~e yoilut.::u:l.t_.piai?:i:: coTilbina
tion to estimate the daily VF. The median VF of all "'t1le' "plant's" thaf'had" data 

11·1"'·11•!1111"1·11''•'':,·,::::•'1'""1:1'1"::111111111,,, ... ,.,,,,,.,,,., .. ,,,.1'111'11111''1,:'"'''·'"·""''"""''1 ',,,.,,,,,, "''"','" '" '1'1 

on a particular pollutant was then used as the daily; VF f.or that pollutant. 
Table 5 presents the median daily VF for each pollutant. Appendix E is a 
listing of each pollutant-plant combination and the corresponding goodness-of
fit results, DLN parameter estimates, 99th percentiles, AMs, and VFs. 
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Usable Self monitoring data were not available for silver so the average 
median variability factor for crT, Cu, Pb, Ni, Cd and Zn was used as an 
estimate of the Ag VF. 

Ten Day Variability Factors 

Ten day variability factors were determined on the basis of the assumption 
that averages of 10 samples drawn from the dis~ribution of daily values are 
approximately lognormally distributed. This characteristic of small sample 
averages drawn from underlying distributions that are lognormally distributed has 
been observed in effluent data from many different industry categories for a 
wide variety of pollutants. This assumption was used as the basis of four 
sample average monthly limitations in the effluent guideline regulations for 
pretreatment standards for the electroplating industry. The assumption of log
normality for the 10 day averages was also verified empirically by constructing 
averages of sequences of 10 observations in the self monitoring data base and 
examining their distributions. The listing of the 10 day average data are in 
Appendix G. Summary statistics of the 10 day average are in Appendix H and 
the empirical distributions of 10 day averages are listed in Appendix I. 
Lognormal goodness-of-fit tests of the ten day average distributions are shown 
in Appendix J. In general, the lognormal provides a reasonable fit to the data. 
Appendix K presents plots of temporally sequential 10 day average data which 
permit visual inspection of data structure over time. 

The empirical distributions were used to estimate 10 day VF's using a 
methodology identical to the calculation of the daily VFs. That is, the data 
were fit to a lognormal distribution and the VF was determined by the ratio of 
the estimated 99th percentile to the arithmetic mean. The DLN model was used 
in some cases because there were several instances in the self monitoring data 
when there are series of ten or more DL values in a row. Table 6 lists the 10 
day average variability factors for each pollutant. 

Effluent Limitations 

The maximum daily and 10 day average effluent limitations were determined 
by multiplying the long term average pollutant concentrations and the daily 
and 10 day average variability factors, respectively. The long term average 
concentration was determined by the arithmetic average of the EPA sample data 
for each pollutant with the exception of Cd and Pb. For Cd and Pb the arithmetic 
average of the self monitoring data was used. The AMs, daily VFs, 10 day VFs 
and resulting limitations are shown in Tables 5 and 6. The VFs shown in Tables 
5 and 6 are the median plant VFs of daily and 10 day VFs for each pollutant. 

Alternative Methodologies Considered 

Effluent limitations for the MF industry were determined on the basis of 
median VFs and average effluent concentrations. Given the data on hand, however, 
other methods of combining or averaging the results across plants to form 
limitations are possible and reasonable alternatives. During the development 
of daily maximum limitations for the MF regulation a variety of methodologies 
were examined. These exploratory analyses were conducted to examine reasonable 
alternatives and ensure that methods used to develop the final limitations 



were both appropriate and consistent with methods 
posed metal finishing regulations. Consideration 
plants whose data exerted excessive influences on 

used previously in the pro
was also given to identifying 

I 

t;he results. 
I 

The daily maximum limitations that result fro~ the various alternatives 
considered are shown in Tables 7 and 8. Although the results in Tables 7 and 
8 include plant 11118, it was discovered that for the pollutants reported for 
this plant (crT, Zn, Ni, cnT, Cu, Pb, Cd), the mea~ concentration or variability 
were excessive relative to the other plants with dJta for a particular pollutant. 
This led to an engineering assessment of the plant~s wastewater treatment 
system. Because plant 11118 was not isolating complexing wastewaters that 
plant was not operating as an option 1 plant during the time the self monitoring 
data were collected. Therefore, plant 11118 is not used in final limitations. 
Column II in Table 7 lists the limitations includirtg plant 11118 calculated 
using the same methodology used to calculate the final limitations in Table 5 
which do not include 11118. 

The proposed and final limitations for MF used median plant VFs. During 
the examination of other alternatives weighted mean VFs were also considered 

I 

and limitations based on these are listed in columns III and V of Table 7. 
The median has the convienient interpretation of b$ing the "middle most" value 
in a set of data while the weighted mean procedure:is an objective way of 
combining data from sources providing unequa~ amou~ts of observations. 

The EPA sampling data were also evaluated undlr various methodologies. 
For both proposed and final limitations EPA data were used to establish a 
long term average performance level for each pollutant (except Cd and Pb). 
The EPA data for each pollutant were summarized as,an AM and as a mean estimated 
by fitting the data to a lognormal distribution. Each mean was then used in 
combination with weighted mean self monitoring VF's and median self monitoring 
VFs. These limitations are listed in columns II t~rough V of Table 7. The 
EPA data were also used to estimate limitations wirhout the use of self moni
toring data. These values are shown in column VI of Table 7. 

I 
Table 8 shows alternative limitation values based on the self monitoring 

data only. In each case the variability factors artd means were determined on 
the basis of estimates of lognormal means and 99th 1 percentiles calculated by 
fitting the data to a lognormal distribution. The'estimated lognormal means 
are slightly different from the AM of the data but given that the data fit a 
lognormal distribution it would be appropriate to mse an estimated lognormal 
mean. The AM and estimated lognormal mean are both estimates of the mean of 
the distribution and thus either could be reasonabte. Arithmetic means are, 
of course, more easily understood and were used in.proposal. 

I 

Appendix L details the results of alternative.methods for computing 10 
Day (average monthly) limitations. 

A-6 



TABLE 1 

List of Appendices Which Can Be Found in the Administrative Record 

Appendix 

A 

B 

c 

D 

E 

F 

G 

H 

I 

J 

K 

L 

Title 

A Listing of the EPA Data Used for the Long Term 
Mean 

A Listing of the Self Monitoring Data Used for 
Estimating Variability 

Summary Statistics of the Self Monitoring Data 

Empirical Frequency Histograms of the Self Monitoring 
Data 

Listing of Goodness-of-Fit Results, Delta Lognormal 
Parameter Estimates, 99th Percentiles, Arithmetic 
Means and Variability Factors for Each Pollutant
Plant Combination in the Self Monitoring Data Base 

Plots Over Time of the Daily Self Monitoring 
Pollutant Concentrations for Each Pollutant-Plant 
Combination 

A Data Listing of the 10 Day Average Data Derived 
from the Self Monitoring Daily Data 

Summary Statistics of the 10 Day Average Self 
Monitoring Data 

Empirical Frequency Histograms of the 10 Day 
Average Data Derived from the Self Monitoring 
Daily Data 

Listing of Goodness-of-Fit Results, Delta Lognormal 
Parameter Estimates, 99th Percentiles, Arithmetic 
Means, and Variability Factors for Each Pollutant
Plant Combination in the Derived 10 Day Average 
Data Derived from the Self Monitoring Data 

Plots of Temporally Sequential 10.Day Average Data 
of the Daily Self Monitoring Pollutant Concentrations 
for Each Pollutant-Plant Combination 

Listing of 10 Day Limitations Using Various 
Alternative Methodologies. 
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TABLE 2 

A Summary of the Pollutants, Number of Plants, a~d Number of Observations 
Used to Establish the EPA Long Term Averages 

Pollutant 1f: of Plants iff: of Observations 

TSS 36 78 

OG 16 30 
l"'i 

cdl 6 485 

crT 20 38 

cr6+ 5 10 

Cu 22 47 

Pb1 5 620 

Ni 20 45 

Zn 17 34 

cnT 15 45 

cnA 15 43 

Ag 2 5 

1 Data are from the self monitoring data set. 
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TABLE 3 

A Summary of the Pollutants, Number of Plants and Number of Observations 
Used from the Self Monitoring Data 

Pollutant 4fo of Plants 4F of Observations 

TSS 20 1777 

OG 12 893 

Cd~\' 4 463 

CrT* 20 3270 
cr6+ 9 1811 

Cu* 19 2743 

Pb* 4 581 

Ni* 14 1750 

Zn* 11 1216 

cnT* 13 1198 

cnA 1 28 

* Plant 11118 is not included in the summary. 
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TABLE 4 

A Summary of Normality Tests Applied to the Natural Logarithims of the Daily 
Self Monitoring Metal Finishing Data for Each Pol:lutant-P1.:mt Combination 

KS 
!Total Accept! Acceptl!Tota1 

# :/J: % 

TSS 20 20 100 

OG 12 10 83 

Cd 4 4 100 

crT 9 9 100 

cr6+ 9 9 100 

Cu 19 17 90 

Pb 4 4 100 

Ni 14 13 93 

Zn 10 9 90 

cnT 10 10 100 

en A 1 1 100 

K-S - Kolmogorov-Smirnov test. 
A-D - Anderson Darling test. 
D-A- D'Agostino test. 

4fo 

20 

12 

4 

9 

9 

19 

4 

14 

10 

10 

1 

AD DA 
Accept! Acceptl!Tota1 Accept! 

4fo %: I 4fo 4fo 

12 6'o I I 11 10 
I 

8 6'7 I 8 6 
I 

2 s;o i 3 2 
I 

4 44 I 9 6 
! I .. ,,,,,,,"' 

'"""l"" 2 212 8 2 
! 

i 
10 s!3 I 1S 9 

! l 
2 so I 4 2 

: I 
7 5p I 10 6 

I I 
6 60 I 7 5 

I I 
3 30 I 8 5 

I I ! 
1 100 I 1 1 

I 

1 Fail to reject the null hypothesis that the data are from a lognormal 
distribution. 
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% 

91 

7S 

67 

67 

2S 

60 

so 

60 

71 

63 

100 



TABLE 5 

Metal Finishing Daily Median Variability Factors, EPA Arithmetic Means, and 
the Daily Maximum Limitations for Each Pollutant Parameter 

vFl X2 (mg/1) DAILY LIMIT3 (mg/1) 

TSS 3.59 16.8 60.0 

OG 4.36 11.8 52.0 

Cd 5.31 0.130 0.69 

crT 4.85 0.572 2. 77 

cr6+ 5.04 0.032 0.16 

Cu 4.15 0.815 3.38 

Pb 3.52 0.197 0.69 

Ni 4.22 0.942 3.98 

Zn 4.75 0.549 2.61 

CnT 6.68 0.180 1.20 

en A 14.31* 0.060 0.86 

Ag 4.47 0.096 0.43 

1 Median plant variability factor calculated for each pollutant:-plant combina
tion by taking the ratio of the estimated delta lognormal 99th percentile to 
the arithmetic mean. 

2 Arithmetic mean of the EPA sampled data. 

3 VF • X = Daily maximum limitation. 

* VF based on only one plant with data suitable for estimating variability. 
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TABLE 6 

Metal Finishing Ten Day Median Variability Factors, EPA Arithmetic Means, 
and the Daily Maximum Limitations for Each Pollutant Parameter 

vF1 X2 (mg/1) 
10 

10 Day Limit3 (mg/1) 

TSS 1.85 16.8 ~r.o·. 

OG 2.18 11.8 26.0 

Cd 2.02 0.130 .9,~f§ 

CrT 2.98 0.572 1. 71 

cr6+ 3.05 0.032 0.10 

Cu 2.54 0.815 ......• 2.07 

Pb 2.19 0.197 0.43 

Ni 2.53 0.942 2.38 

Zn 2.70 0.549 1.48 

CnT 3.61 0.180 0.65 

en A 5.31 0.060 0.32 

Ag 2.49 0.096 0.24 

1 Median plant 10 day average variability factor calqulated for each pollutant
plant combination by taking the ratio of the delta :lognormal 99th percentile 
(with detection limits equal to zero) to the arithmetic mean. 

2 Arithmetic mean of the EPA sampled data. 

3 VF10 • X = 10 day average maximum limitation. 
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TA.BLE 7 

Metal Finishing Alternative Daily Maximum Limitations 

I II III I IV v I VI I 
I I I i !EPA SAMPLING! 
IPROPOSEDiMEDIAN VFIWEIGHTED VFI MEDIAN VF i WEIGHTED VF I DATA ONLY 
I LIMITS I 0 EPA X I 0 EPA X I o EPA LN MEANI 0 EPA LN MEAN! (LN) 

I I I I I 
ITSS I 60.1 I 60.8 I 63.3 I 51.8 i 54.6 52.1 
I I I I I I 
iO&G I 42.2 I 51.8 I 67.0 I 39.8 I 51.5 26.7 
I I I I i I 
led I 1. 29**1 1.41**1 0.80** I 0.07 I 0.04 0.014 
I I I I I i 
I crT I 2.87 I 2.94 I 2.55 I 1.90 I 1.65 1.11 
I I I I I I 
I cr6+ I 0.18 i 0.16 i 0.14 I * I * * 
I I I i I I 
I Cu l 3.72 l 3.56 I 3.89 I 1.90 i 2.08 1.35 
I I I I I I 
lPb I 0.67**1 0.80**1 0.79** I 0.19 I 0.19 0.08 
i I i I I i 
INi I 3.51 I 4.17 I 3.83 I 3.20 I 2.94 2.29 
I I I I I I 
izn I 2.64 I 2.40 I 2.39 I 0.92 I 0.91 0.62 
I I I I I I 
lenT I 1.30 I 1.29 I 1.12 I * I * * 
I I I I I I 
lenA I 0.54 I 0.71 I 0.71 I * I * * 
I I I I I 

I Limits Proposed for Metal Finishing, August, 1982. 

II Product of Self Monitoring Data Median Variability Factor (VF) based on 
lognormal and EPA MF data arithmetic mean (X). 

III Product of Self Monitoring Data Weighted Average VF and EPA MF data X. 

I 
I 

I 
I 
I 
i 
I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I .. 

I 
I 
I 
i 
I 
I 
I 

IV Product of Self Monitoring Data Median VF and EPA MF data lognormal mean. 

V Product of Self Monitoring Data Weighted Average VF and EPA MF data lognormal 
mean. 

VI EPA MF data only, lognormal 99th percentile estimate. 

* EPA MF data required to estimate lognormal mean not available. 

** The arithmetic means of the EPA data were not used for these limitations. 
Instead, the arithmetic means of the self monitoring data were used. 

A-13 



TABLE 8 

Metal Finishing Alternative Daily Maxi~um Limitations 
Self Monitoring Data Only 

I I II III' IV 
I 
I MEDIAN VF 0 WTG. VF 0 MEDIAN VF o WTG. VF 0 

I WTG. LN MEAN WTG. LN MEAN MED. LN[MEAN MED. LN MEAN 
I 
ITSS I 32.9 34.7 28.;l 30.8 
I I 
lo&G I 12.7 16.4 13.2 17.0 
I I 
led I 1.46 0.83 0.97 0.56 
I I 
lerT I 1.02 0.88 0.81 0.70 
I I 

I 

ler6+1 0.10 0.09 0.09 0.07 
I I i 

I 

leu I 1.91 2.09 0.~2 1.01 
I I I 

IPb I 0.78 0.77 o 85 0.84 
I I 

"I 
i 

INi I 1.73 1.59 1.36 1.25 
I I 
IZn I 1.88 1.88 1.36 1.35 
I I 
lenT I 3.51 1.30 0 .!75 0.65 
I I 
lenA I * * * * 
I I 

I Product of Median plant variability factors based on lognormal and weighted 
average of plant estimated lognormal means. · 

i 
II Product of weighted average of plant lognormal variability factors and 

weighted average of plant lognormal means. · 

Product of median plant lognormal variability [factors and median of plant 
lognormal mean. : 

III 

I 
IV Product of weighted average of plant lognormal variability factors and 

median of plant lognormal means. 

* Self monitoring data on enA suitable for estimation were available from 
only one plant with excessive variability. Accordingly, limitation values 
were not calculated. 
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EXHIBIT 2 

Analysis of Total Toxic Organic (TTO) Data 

Background 

The final effluent guideline regulation for the Metal Finishing (MF) 
industry contains limitations on TTO. The purpose of including TTO limitations 
is to require MF facilities to practice control of the release of toxic organics, 
into process wastewaters. This exhibit documents the data and analysis used 
to determine two daily limitations for TTO. The data sources and industrial 
sector to which each limitation applies are outlined in Table 1. 

Data 

Total toxic organic data are presented in Appendix A. Each value is· 
the sum of all toxic organic compounds found in the sample. In Chapter 6 
there is a description of the toxic organic chemicals whose concentrations are 
summed to arrive at TTO, when toxic organic chemicals were reported below the 
detection limit (DL) the measurement was assigned a value equal to the DL. 
This yields TTO concentrations that tend to be slightly higher than actual 
concentrations and results in less stringent limitations than would be obtained 
by setting DL values equal to zero or some value between zero and the detection 
limit. TTO concentrations calculated by setting the DL values equal to zero 
(DL = 0) were also calculated; (indicated by "<" in the Table). Although summary 
information was examined for TTO concentrations generated using the DL=O 
technique, no limitations were developed using these data. 

Plants with TTO data were divided into three categories: Option 1 plants, 
(plants with precipitation-clarification) Option 2 plants (plants with preci
pitationclarification plus filtration) and other than Option 1 and Option 2 
plants. Option 1 plants were used to estimate end-of-pipe TTO limits. 
These data are shown in Table 2; descriptive information regarding the limit 
derived from the data is in Table 1, section A. Raw waste TTO limits were 
estimated using the raw waste TTO data from all three categories. These 
data are shown in Table 3; descriptive information regarding the limit derived 
from these data is in Table 1, section B. 

The data werEl also classified on the basis of other characteristics. 
This was done to investigate combinations of plants that would be expected, on 
the basis of processes, pre- and post-process water quality characteristics, 
products, or type of work, to genetate larger amounts of TTO than other groups 
of plants. The processes were classified into two categories,. painting and 
solvent degreasin@; (these two processes were specifically examined because 
they have higher TTO concentrations in the raw waste than metals finishers 
without these processes). Classifications were also provided for the raw 
waste stream, oil and grease (OG) concentration (which is an indicator of 
certain processes), and the TTO concentration in the plant's influent water 
supply ("supply st.ream"). The raw waste stream oil and grease data were used 
to place plants into groups with concentrations above and below 100 mg/1 OG. 
The supply stream ITO data were used t~ categorize'plants into groups with 
concentrations above and below 0.1 mg/1 TTO. There were three product 
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categories: printed circuit board manufacturing, automotive, and auto 
assembly. The type of work also considered, i.e., plants were classified as 
job shops or captives. If their work was partiall~ job order or partially 
captive, then a percentage of involvement was generally provided. This array 
of classifications allows examination of the TTO c~aracteristics of various 
components of the Metal Finishing Industry. The number of plants and 
observations used for the Option 1, treated effluent based analysis within 
each of the above described categories and various combinations are reported 
in Table 2. Similar information for the raw waste based analysis of the 
Option 1, Option 2, and other than Option 1 or Option 2 plants are reported in 
Table 3. The overall EPA metal finishing TTO data. base is compdsed of 75 
observations from 29 plants. There were from 1 to. 4 observations per plant. 

Analysis 

Metal Finishing plants that paint and also soivent degrease (P&SD) discharge 
more toxic organic chemicals than any other sector'of the metal finishing 
industry, with the partial exception of the automobile assembly plants (AA) 
(Tables 2 and 3). The P&SD group is the intersection of the painting group and 
the solvent degreasing group; i.e. it includes only plants that fit in both 
groups. P&SD plants were used to establish an overall mean. The overall mean 
specifically includes the AA plants because the AA'plants are a subset of the 
P&SD plants. The P&SD group represents a more rea~onable measure of process 
control than the AA plants; because P&SD plants are identifiable by the use of 
solvent degreasers-and paints which are linked to the process rather than to 
the type of product produced. Finally, and significantly, there are more 
observations in the P&SD group (N=4 for the end-of7pipe data and N=S for the 
untreated waste data) than in the AA group (N=2). ·Data based on. process and 
larger sample sizes give a better measure of appropriate levels. 

I 
i 

The painting or solvent degreasing group (PorSD) is the union of painting 
and solvent degreasing plants -- it includes plants from either group -- and 
is used to estimate overall variability. It is appropriate to estimate vari
ability from the PorSD group because it correspond~ with the processes used in 
the P&SD group which provided the mean and because·there are more observations 
in the PorSD group than in the P&SD (Tables 2 and 3). The variability of the 
PorSD group is expressed as a variability factor (yF) which is calculated by 
dividing the lognormal estimate of the 99th percentile by the arithmetic mean. 
Details of the formulae and calculations are presented in Appendix B. Table 
4 lists the data used for the treated effluent analysis; Table 5 lists the 
data used for the raw waste analysis. 

The daily limitations are presented in Table 6. The VF from the PorSD 
group is multiplied by the arithmetic mean from the P&SD group to calculate 
the daily limitations. 

In conclusion, these limitations are rather htgh as a result of the heavy 
consideration given to the painting and/or solvent:degreasing operations at 
some MF plants. By comparison, if the entire data,set was used, the daily 
maximum limitations for the raw waste option 1, option 2, and other than option 
1 and option 2 plants would be 0.71 mg/1 TTO and for the treated effluent of 
option 1 plants the daily maximum limitation would be 0.19 mg/1 TTO. 
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TABLE 1 

AN OUTLINE OF EACH TTO LIMITATION (A AND B) 
DESCRIBING THE DATA SOURCE AND INDUSTRIAL APPLICATION 

A. Limits calculated using TTO concentrations after treatment of toxic metals 
with option 1 technology (precipitation-clarification). 

a. DATA SOURCE: Treated wastes of option 1 plants. 

b. APPLICATION: Applies to Metal Finishing (MF) and Electroplating 
Pretreatment (part 413, PSES) plants expected to treat toxic metals 
with precipitation-clarification treatment. 

B. Limits calculated using TTO concentrations before treatment of waste waters. 

a. DATA SOURCE: Raw wastes, prior to treatment from option 1, option 2, 
and non option 1 or option 2 plants. 

b. APPLICATION: An interim limit for MF that applies prior to complying 
with limits in A, above. This is also a limit that applies to part 
413, PSES for plants which are not expected to treat toxic metals with 
precipitation-clarification technology, namely, those discharging 
less than 10,000 gals/day. 
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TABLE 2 

SUMMARY OF TTO (mg/1) DATA FROM THE TREATED EFFLUENT OF 
OPTION 1 METAL FINISHING PLANTS 

Subset 

Solvent Degreasing 

Solvent Degreasing 
& not Painting 

Painting 

Painting & not Solvent 
Degreasing 

Neither Painting nor 
Solvent Degreasing 

Either painting or 
Solvent Degreasing 

Painting and Solvent 
Degreasing 

Printed Circuit 
Board Manufactuers 

Automobile Assembly 
Plants 

100% Jobshops 

Any Jobshop Work 

100% Captive 

Any Captive Work 

TTO in the water supply 
greater than 0.1 mg/1 

TTO in the water supply 
less than 0.1 mg/1 

O&G in the raw waste 
greater than 100 mg/1 

O&G in the raw waste 
less than 100 mg/1 

TOTAL 

X = arithmetic mean, ~ = 

11 of fl of 
Plants Observations 

9 18 

5 14 

7 10 

3 6 

17 51 

12 24 

4 4 

4 12 

2 2 

11 32 

14 41 

16 38 

19 47 

3 6 

21 52 

4 6 

22 62 

29 75 

X 

i 'o. 209 
'''"'" " '" ; 0.144 
l· "' 

I o. 231 

!0.095 

; 0.030 

:0.180· 
r 

I 
I 
i 0.434 

i 0~ .. 1.66, 

; 0.536 
I '"' " . 
' I 

i 0.046 
I'' 

l' 
! ,,, ' .. ,, 
' 0.084 

6.064 

'===== 

-2.257 

-2.630 

-1.854 

-2.593 

-L~.309 

-2.33 

--.931 

-2.318 

-Q.643 

-3.934 

-3.808 

-1.904 

-3.796 

-1.714 

-3.845 

====== 
''' .,,, :j. 6 94 

--0-P-

1.019 

1.019 

0.521 

0.521 

0.850 

0.948 

1.061 

0.864 

0.423 

0.909 

0.521 

log mean, 0 =pooled within: plant log standard deviation. 
p 
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TABLE 3 

SUMMARY OF TTO (mg/1) DATA FROM THE RAW WASTE OF OPTION 1, OPTION 2, and 
OTHER THAN OPTION 1 & OPTION 2 METAL FINISHING PLANTS 

Category 

Solvent Degreasing 

Solvent Degreasing 
& not Painting 

Painting 

Painting & not Solvent 
Degreasing 

Neither· Painting nor 
Solvent Degreasing 

Either Painting or 
Solvent Degreasing 

Painting and Solvent 
Degreasing 

Printed Circuit 
Board Manufactuers 

Automobile Assembly 
Plants 

100% Jobshops 

Some Jobshop Work 

100% Captive 

Some Captive Work 

TTO in the water supply 
greater than 0.1 mg/1 

TTO in the water supply 
less than 0.1 mg/1 

O&G in the raw waste 
greater than 100 mg/1 

O&G in the raw waste 
less than 100 mg/1 

TOTAL 

X = arithmetic mean ~ 

II of II of 
Plants Observations X 

11 23 0.381 -1.965 1.149 

6 18 0.186 -2.467 1.149 

10 17 0.473 -1.542 0.658 

5 12 0.220 -2.172 0.658 

20 56 0.112 -3.434 0.579 

16 35 0.326 -2.032 1.012 

5 5 1.081 -0.156 

4 12 0.249 -2.156 1.378 

2 2 1.354 0.284 

13 36 0.089 -3.189 0.608 

16 45 0.124 -3.198 0.842 

21 49 0.247 -2.734 0.658 

24 58 0.250 -2.808 0.848 

3 7 0.431 -1.430 0.898 

27 69 0.164 -3.1003 0.664 

5 9 0.456 -2.022 .250 

31 82 0.165 -2.982 0.778 

===== ====== ===== 
45 90 0.194 -2.095 • 752 

log mean 0 = pooled within plant log standard deviation. 
p 
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TABLE 4 

A SUMMARY OF THE DATA USED Td CALCULATE 
LIMITS FOR THE TREATED EFFLUENT OF OPTION 1 

METAL FINISHING PLANTS 

CATEGORY 
ln 

PLANT TT01 TTO P or sD2 p & sD3 
mg/1 

2032 0.082 -2.501 X 

0.207 -1.575 
0.081 -2.513 

4069 0.254 -1.370 x. 
0.131 -2.033 
0.322 -1.133 

4071 0.032 -3.442 X 

0.040 -3.219 
0.093 -2.375 

6019 0.483 -0.728 X X 

17061 0.699 -0.358 X 

0.020 -3.912 
0.034 -3.381 

20005 0.430 -0.844 X X 

20103 0.181 -1.709 X X 

9025 0.008 -4.828 X 

28699 0.643 -0.442 X X 

30165 0.130 -2.040 X 

44062 0.228 -1.478 X 

0.122 -2.104 
0.081 -2~513 

34051 0.016 -4.135 X 

0.007 -4.962 

1 Concentrations of TTO after processing by the treatment facility. 
I 

2 Painting or Solvent Degreasing is performed at the plant. 

3 Painting and Solvent Degreasing is performed it the plant. 

x Indicates category membership. 



TABLE 5 

A SUMMARY OF TaE DATA USED TO CALCULATE LIMITS FOR THE RAW WASTE OF OPTION 1' 
OPTION 2, AND OTHER THAN OPTION 1 OR OPTION,2 METAL FINISHING PLANTS 

CATEGORY 
ln, 

PLANT TTol TTO P or sD2 p & sD3 
mg/1 

2032 1.161 0.149 X 

0.031 -3.474 
0.109 -2.216 

4069 0.022 -3.817 X 

0.113 -2.180 
0.178 -:-1.726 

4071 0.032 -3.147 X 

0.040 -2.017 
0.093 -2.040 

4282 0.283 -1.262 X X 

6019 0.473 -0.749 X X 

9025 0.000 X 

0.251 -1.382 
0.289 -1•241 

17061 0.888 -0.119 X 

0.036 -3.324 
0.141 -1.959 

20103 1.938 0.662 X X 

28699 1.619 0.482 X X 

44062 0.098 -2.323 X 

0.110 -2.207 
0.107 -2.235 

30165 0.140 -1:966 X 

34051 0.091 -2.397 X 

0.095 -2.354 
0.111 -2.198 

17050 1.083 0.090 X 

0.477 -0.740 
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TABLE 5 (CON'D) 

A SUMMARY OF THE DATA USED TO CALCULATE LIMITS FOR THE RAW WASTE OF OPTION 1, 
OPTION 2, AND OTHER THAN OPTION 1 OR OPTION 2 METAL FINISHING PLANTS 

CATEGORY 
ln 

PLANT TT01 TTO P or sD2 P & sD3 
mg/1 

18538 0.064 0.030 X 

0.012 0.056 
0.009 0.001 

2033 0.028 -3.576 X 

0.030 -3.507 
O.Oll -4.510 

33692 1.090 0.086 X 

1 Concentrations of TTO before processing by the treatment facility. 

2 Painting or Solvent Degreasing is performed at the plant. 

3 
. I 

Painting and Solvent Degreasing is performed at the plant. 
I , 

x Indicates category membership. 
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TABLE 6 

DAILY LIMITATIONS FOR TTO (mg/1) IN THE METAL FINISHING INDUSTRY 

Raw Waste6 1.081 

Treated Effluents7 0.434 

2 
Yp or SD 

0.326 

0.180 

3 
Y.99 

1.380 

0.883 

VF 

1 Arithmetic mean of plants that paint and solvent degrease. 

P or SD 

4.23 

2 Arithmetic mean of plants that either paint or solvent degrease. 

4 

4.57 

2.13 

3 Lognormal estimates of the 99th percentile (Appendix B) from plants that 
paint or solvent degrease. 

4 Variability factor from plants that paint or solvent degrease, 
VF = X.gg/Xp or SD• 

5 Limitation = VFp or SD • XP&SD 

6 TTO concentrations from the raw wastewater of option 1, option 2, and 
nonoption 1 or 2 metal finishing plants. 

7 TTO concentrations from the treated wastewater option 1 metal finishing 
plants. 
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EXHIBIT 2 

APPENDIX A 
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METAL FINISHING - OPTION 1 PLANTS FOR TTO DATA BASE 

Metal Auto Supply 
Plant Job Finishing Solvent Automotive Assembly Water Water Supply Total Raw 
_.!Q_ Shop Captive PCBM Plant Degreasing Painting Plant Plant sampled TTO >0 .1 mg/i. O&G >100 mq/R. 

2032 10% 90% v v v 
4069 v v v v v v 
4071 " " " v v 
4282 " v " v v v 
4892* v v v v v v v 
6019 " " v v 
6090 v v v 
6091 v v 
6110 v v v 
6960 v v v 
9025 v v v 
9052 v v v 

12061 "' v** v 
:t> 

15193* v v v v v 
I 15608 v v v N 

17061 70% 30% Vl v v v v 
19068 ..f " 20005 v v v v v v 
20022 v v v 
20083 75% 25% v v 
20103 " v v v v v 
21003 v v v 
21051* 40% 60% v v 

.27046 v v v 
28699 v v v v v v v 
30054 v v v v 
30165 v No v v v v 
34050 v v v 
34051 v v v v 
38051 v v v 
38052 v v v 
41051 v v 
44062 v v v v v 

* No total raw waste or total effluent TTO data available. 
** Electroplating-captive, wire drawing - job shop - no percentage breakdown supplied 

General Cable corporation (likely captive). 



METAL FINISHING - OPTION 1 PLANTS 
TTO DATA BASE 

Total Example 
Plant ID Total Raw Effluent streams 

2032 " " 4069 " " " 4071 " " " 4282 " 4892 " 6019 v* " " * Total raw TTO from precision and 
6090 " " " accuracy study. 
6091. " " 6110 " " 6960 " " 9025 " " 9052 " " 12061 v* " * 14-0 - total raw not available. 

P> 15193 " I 
N 15608 " " 0'\ 

17061 " " 19068 v* " * 14-0 - no TTO raw waste data. 
20005 " " 20022 " " " -20083 " 

--~ --" 
20103 " v* " * 21-1 - no TTO effluent data. 
21003 " " 21051 " 27046 "* " * 15-2 - no TTO raw waste data. 
28699 " " " 30054 ,f " 30165 " ..f " 38052 " " 41051 " " 44062 " " 34050 " .f 

34051 " -1* *15-0 - no TTO effluent data. 
38051 " " 



TTO DATA SUMMARY - METAL FINISHING - OPTION 1 PLANTS 

TTO Concentration (mg/R.) 

RAW EFFLUENT 
With < W/0 < With< W/0 < 

2032-15-·0 1~161 1.158 0.082 0.075 
2032-15-2 0.031 0.026 0.207 0.202 
2032-15·-5 0.109 0.103 0.081 0.074 

4069-15-0/1 0.022 0.014 0.254 0.245 
4069-15·-2/3 0.113 0.109 0.131 0.121 
4069--15-4 0.178 0.175 0.322 0.322 

4071-15-0 0.043 0.035 0.032 0.019 
4071-15-1 0.133 0.124 0.040 0.032 
4071-15-3 0.130 0.121 0.093 0.089 

4282-21-0 0.283 0.283 ----- NO DATA ----

6090-14-0 0.097 0.093 0.203 0.199 
6090-15-1 0.486 0.475 0.052 0.043 
6090-15-2 8.466 8.458 36.355 37.342 

6091-15-0 0.019 0.015 
6091-15-1 0.001 0 
6091-15-2 0.019 0.018 

6110-15:-0 0.010 0 0.006 0.001 
6110-15-1 0.009 0 0.005 0 
6110-15-2 0.009 0 0.006 0 

6960-15-0/1 0.104 0.099 0.056 0.049 
6960-·15-2/3 0.204 0.198 0.144 0.142 
6960--15-4/5 0.059 0.052 0.038 0.036 

9025-15-0 0 0 0 0 
9025-15-1 0.251 0.248 0.008 0 
9025-15-2 0.289 0.285 18.005 18.0 

FOOTNOTE: 

-- = No total plant wastewater TTO data available. 
No Data = No toxic organics data available. 
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TTO DATA SUMMARY. - METAL FINISHING - OPTION 1 PLANTS 

Ti~ Concentration (mg/!l.>: 

RAW EFFLUENT 
With< W/0 < Wi:th < W/0 < 

9052-15-0 0.009 0 0.010 0 
9052-15-1 0.040 0.034 d.002 0 
9052-15-2 0.012 0.003 ().007 0 

I 
12061-14-0 0.037 0.037 
12061-15-0 0.006 0.0001 0.005 0 
12061-15-1 0.030 0.030 0.014 0 
12061-15-2 0.006 0.0001 0.008 0.0001 

i 

15608-15-0 0.019 0 0.004 0.0001 
15608-15-1 0.038 0.032 0.013 0 
15608-15-2 0.017 0.0001 d.Ol5 0.0001 

' I 
17061-14-1 0.888 0.886 d.699 0.696 
17061-15-1 0.036 0.031 0.020 0.012 
17061-15-3 0.141 0.139 0.034 0.011 

19068~14-0 ----- NO DATA ----- J.o25 0.020 
19068-15-1 0.120 0.119 0.017 0.010 
19068-15-2 0.202 0.196 o~of6 (f~(jfj 

i 
I 

10005-21-0 0.430 0.357 

20022-15-0 0.020 0.0009 0.008 0.0003 
20022-15-1 0.008 0 6.016 0 

20022-15-2 0.007 0 6.009 0 

20083-15-0/1 0.002 0.0004 0.004 0 

20083-15-2/3 0.003 0 0.004 0 

10083-15-4/5 0.003 0.0001 0.007 0.0001 

20103-21-0 1.938 1.868 o~I8I 0.061 
20103-21-1 12.866 12.826 ;-----NO DATA -----

21003-15-0 0.034 0.024 0.002 
21003-15-1 0.040 0.034 0.035 
21003-·15-2 0.014 0 9.oo8 

FOOTNOTE: 

-- = No total plant wastewater TTO data available. 
No Data = No toxic organics data available. 
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TTO DATA SUMMARY - METAL FINISHING - OPTION 1 PLANTS 
(Continued) 

TTO Concentration (mg/!!.) 

RAW EFFLUENT 
With< w/o < With< W/0 < 

27046-15-0 0.426 0.420 0.012 0 
27046-15-1 0.400 0.398 0.002 0 
27046-15-2 ------· NO DATA ---·-- 0.007 0 

28699--12-0 1.619 1.619 0.643 0.643 

30054-15-0 0.364 0.354 0.067 0.060 
30054--15-1 0.769 0.761 0.140 0.138 
30054-15-2 1.287 1.282 0.109 0.108 

30165-21-0 0.140 0.070 0.130 0.060 

34050-15--0 0.007 0 
34050--15-1 0.020 0.011 
34050-15-2 0.007 0 

34051-15-0 0.091 0.086 
34051-15-1 0.095 0.084 0.016 0 
34051-·15-2 0.111 0.110 0.007 0 

38051-15-0 0.224 0.214 0.007 0 
38051-15-1 0.259 0.255 0.005 0 
38051-15-2 0.097 0.094 0.003 0 

38052-15-0 0.099 0.096 0.180 0.173 
38051-15-1 0.192 0.188 0.012 0 
38052-15-2 0.200 0.199 0.109 0.101 

41051-15-0 0.014 0.001 0.013 0 
41051-15-1 0.020 0.014 0.024 0.018 
41051-15-2 0.023 0.018 0.012 0 

44062-15-·0 0.098 0.087 0.228 0.227 
44062-15-1 0.110 0.101 0.122 0.110 
44062-.15-2 0.107 0.097 0.081 0.074 

6019 0.485 0.485 
6019 (P&A) 0.473 0.473 0.483 0.483 

FOOTNOTE: 

-- = No total plant wastewater TTO data available. 
No Data = No toxic organics data available. 
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METAL FINISHING - OPTION 2 PLANTS FOR TTO DATA BASE 

Metal Auto supply 
Plant Job Finishing Solvent Automotive Assembly water water supply Total Raw 
___!Q_ Shop Captive PCBM Plant Deqreasinq Painting Plant Plant Sampled TTO >0 .1 mq/2. O&G >100 mq/2. 

12075 .., .., .., v 

14062* .., .., .., .., .., 

17050 .., .., .., .., 

18538 .., .., .., .., 

iJ:I 31031* .., .., .., .., .., .., 
I 
w 
0 36048 .., .., .., .., 

* No. total raw waste or total effluent TTO data available. 



METAL FINISHING - OPTION 2 PLANTS 
TTO DATA BASE 

Total Example 
Plant ID Total Raw Effluent Streams 

12075 " " " 
14062 " 
17050 "* " " *14-0 - no TTO raw waste data. 

18538 " " 
:J;< 31031 " I 
w 
f-' 36048 " " 



TTO DATA SUMMARY - METAL FINISHING - OPTION 2 PLANTS 

With< 

12075-15-0/1 0.028 
12075-15-2/3 0.021 
12075-15-4/5 0.042 

17050-14-0 
17050-15-0 1.083 
17050-15-1 0.477 

18538-14-0 0.064 
18538-15-3 0.012 
18538-15-5 0.009 

36048-15-0/1 
36048-15-2/3 
36048-15-4/5 

FOOTNOTE: 

I 
TTO Concentration (mg/~) 

RAW 
W/0 < 

0.0003 
0.0004 
0.020 

1.081 
0.475 

0.019 
0.004 
0 

EFFLUENT 
With < w/o < 

d.d43 
0.010 ····o:·ooi · ·· 
0.400 
0.003 
0.037 

0.030 
0.056 
0.001 

0.415 
0.103 
0.091 

0.025 
0 

,,•11111110'' 

0.400 
0 
0.032 

0.413 
0.097 
0.081 

-- = No total plant wastewater TTO data ~vailable. 
No Data = No toxic organics data availab,le. 
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METAL FINISHING - OTHER THAN OPTION 1 OR 2 PLANTS FOR THE TTO DATA BASE 

Metal Auto Supply 
Plant Job Finishing Solvent Autemotive Assembly Water Water supply Total Raw 
__m_ Shop Captive PCBM Plant Deqreasinq Painting Plant Plant sampled TTO >0 .1 mq/1 O&G >100 mgLt 

2033 " " " "' 
3043 " " "' "' "' 11103 "' "' "' 

11108 "' "' " 
12065 "' "' "' 

:J:' 13042 "' "' "' " I 
w 
w 19069 " " "' 

20170 " "' " "' " 
21066 "' "' "' 30166 " NO "' "' 
31032 " " "' "' 
33692 " "' " "' " 
36178 " NO "' " " 
38040 " "' "' "' 
38217 " " "' "' 
40060 " "' " 



METAL FINISHING - OTHER THAN OPTION 1 OR 2 PLANTS 
FOR THE TTO DATA BASE 

Total Example 
Plant ID Total Raw Effluent Streams 

2033 " " 
3043 " 

11103 " " { 

11108 " { 

12065 { { 

~ 
I 21066 " v* *15-0 - No TTO effluent data. 
w 
~ 

20170 ;. { 

31032 { 

30166 { 

.36178- -~- " {-

40060 " " { 

19069 { 

33692 { { 

38040 { " 
38217 " { 

13042 { { 



TTO DATA SUMMARY - METAL FINISHING PLANTS 
OTHER THAN OPTION 1 or 2 
TTO Concentration (mg/l) 

RAW EFFLUENT 
With < W/0 < With< W/0 < 

2033-·1~i-O/l 0.028 0.012 0.014 O.Oll 
2033-15-2/3 0.030 0.019 0.010 0.0007 
2033-15-4/5 O.Oll 0.003 0.014 0.013 

lll03-15-0 0.084 0.069 O.Oll 0.0001 
lll03-15-2/3 0.010 0.0001 0.009 0.0001 
lll03-15-4 0.013 0.0001 0.009 0.0001 

lll08-15-0 O.Oll 0 0.005 0 
1ll08-15-l 0.005 0.003 0.006 0 
lll08-15-2 0.007 0 0.001 0.001 

12065-141-1 2.52 2.52 
12065-15·-2 0.189 0.168 
12065-15-4 0.153 0.144 

13042-21-1 0.165 0.165 

19069-15-0 0.005 0 
19069-15-1 0.007 0 
19069-·15-2 0.007 0 

21066-15-0 0.012 0 ----- NO DATA -----
21066-15-·1 O.Oll 0.001 0.009 0 
21066-15-3 O.Ol4 0.003 O.Oll 0 

33692-23-0 1.09 1.08 0.823 0.763 
33692-23-1 13.50 13.49 0.433 0.373 

36178-21-0 0.285 0.285 0.257 0.257 
36178-21,-1 0.326 0.326 0.140 0.140 
36178-21-2 2.005 2.005 0.120 0.120 

38040-23-0 0.288 0.218 
38040-23-1 0.377 0.327 

38217-23-0 0.673 0.634 

40060-·15-0 .008 .0001 0.012 0 
40060-15-1 .• 009 0 ~ 0.012 0 

FOOTNOTE: 

-- = No total plant wastewater TTO data available. 
No Data = No toxic organics data available. 
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EXHIBIT 2 

APPENDIX B 
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lnY· · lJ 

)J 

K 

K 

n· 1 

=N 

I (ni -1) 
(12 = _.;;;.i=...;;l~-· 

p K 
L (ni·-1) 

i=l 

(1 = i--;2 
p p 

E( Y) = e lJ + CJ 2/2 p 

y. 99 = e IJ + 2. 326 (a) p 

k ni 
y = L L Yi •/N 

i=l j=l J 

DEFINITIONS 
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total number of plants 

number of observations at 
plant i 

total number of observa
tions 

concentration of TTO in 
ItVJ/1, observation j at 
plant i; j = 1, ••• , ni, 
i=l, ••• ,K 

natural logarithm of TTO 
in ItVJ/1 

mean of the logs 

within plant variance, 
for plant i 

pooled within plant 
variance 

pooled within plant 
standard deviation 

estimated mean (expected 
value) o~ the distribution 
of Y 

estimated 99th percentile 

arithmetic mean of all 
observations 



Daily Data 

P or SD: 

P&SD: 

j, 

METAL FINISHING - TTO 
RAW WASTE- OPTION 1, OPTION 2~ AND OTHERS 

N "' 35 

ll "' 2.032 

a2 = 1.024 
p 

a 1.012 
p 

Y _ e-2.032+2.326(1.021) 
.99 -

,.. e0.322 

= 1.380 

E(Y) = e-2.032+0.5(1.024) 

= e-1.520 

"' 0.219 

y = 0.326 

N = 5 

y = 1.081 
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Daily Data 

P or SD: 

P&SD: 

METAL FINISHING - TTO 
TREATED EFFLUENT - OPTION 1 

N = 24 

lJ = 2.33 

o2 0.899 
p 

(J = 0.948 
p 

y _ e-2.33+2.326(.948) 
.99 : e-.125 

= 0.883 

E(Y) = e-2.33+.5(.899) 

= e-1.88 

= 0.153 

y = 0.180 

N = 4 

y = 0.434 
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EXHIBIT 4/=3 

Analysis of New Source Cadmium (Cd) Data 

Introduction 

This exhibit documents the data and methodology used to determine New 
Source Performance Standards \(NSPS) and Pretreatmen,t Standards :for New Sources 
(PSNS) for the Metal Finishing Industry for Cadmium1 <cd} •. The NSPS. for Cd 
will require treatment of the segregated waste from1 cC1 pl'ating, acid cleaning 
of ?d plated parts, and chromating of Cd plated par~s w!th ev~porative re~overy 
or J.On exchange technology. These processes are th:e maJor sources of Cd J.n 
the Metal Finishing Industry, but there are no know~ metal finishing plants in 
existence that have all components of the treatment: technology required by 
NSPS. Some plants, for example, have evaporative r!ecovery applied to their Cd 
plating operation, but not the acid cleaning or chr:om/:iEing which is instead 
commingled with other wastes prior to wastewater tr'eatment. 

The evaporative recovery and ion exchange technologies are capable of 
eliminating the discharge from Cd related processes' and thereby reducing con
centrations of Cd to extremely low levels. In orde'r to estimate treated effluent 
Cd concentrations achievable using these technologies, we have examined data 
on Cd concentrations in the untreated wastewater ftom metal finishing plants 
that do not plate Cd. It has been found that in t~e untreated wastes of plants 
not involved with Cd plating, measurable quantities, of Cd still exist, possibly 
from source waters or from the waste water of operations that do not plate Cd 
but contain low concentrations of Cd. Therefore, ~n order to establish NSPS 
limits for Cd we have assumed that background concentrations from the raw 
waste streams of metal finishing plants not involved with Cd plating are similar 
to the Cd concentrations in wastewaters that have been treated according to 
NSPS requirements. 

Data 

The data from plants not involved with Cd pla~ing are listed in Appendix 
A and include measurements of Cd (mg/1) in raw (untreated) wastewater. The 
sampling and analyses were conducted by EPA. Ther~ are a total of 61 measure
ments from 27 plants. Eight of the 27 plants have 'single observations. The 
data range from 0.005 mg/1 to 0.095 mg/1 Cd. 
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Analysis 

The data were assumed to follow a lognormal distribution by plant. The 
lognormal has been found to provide a satisfactory fit to effluent data for a 
wide range of industrial categories and pollutants.* This data base includes 
too few values from any given plant to confirm the assumption of lognormality; 
however they do not contradict it. Cadmium concentrations have been trans
formed using the natural logarithm function and are hereafter refered to as 
logs. (The symbol "ln" means natural logarithm). 

Because the data exhibited large plant to plant variation, several methods 
of grouping the plants into subsets with statistically homogenous means were 
examined. The subsets are based on a statistical partitioning of the data. 
They should reflect variation in underlying unidentifiable sources of cadmium. 
The purpose of this exercise was to assess the possibility of determining 
limitations on the basis of groups of statistically homogenous plant values. 
Subsets were cho.sen based on several statistical comparisons of plant means: 
Duncan's multiple range test, Student-Newman-Keuls, Scheffe's, and Tukey's 
tests. These tests examine the log means of plants with multiple observations 
and place them into groups with nonsignificantly different means~ The groups 
can overlap, for example, a given plant or several plants can have log means 
that are intermediate in size between two groups (a larger mean group and a 
smaller mean group). The plants with intermediate log means are not statisti
cally larger than the small mean group, and not statistically smaller than the 
large mean group; therefore, these plants fall in the overlap between the two 
groups and it would be reasonable to include them in both or either group(s). 
Thus, subset definition, because of the overlap, is somewhat flexible. Five 
groupings emerged that were supported by the four mean comparison tests. 
These are shown in Appendix B. 

The large variation in Cd levels among the 5 groups of plants suggested 
that limitations could be based reasonbly on subsets of the plants that were 
homogenous statistically. Accordingly, the NSPS Cd limits are based on subsets 
of the plants with the largest mean Cd concentrations. The data from these 
subsets are shown in Table 1. The plants with the statistically largest mean 
are designated as subset 2. Plants in the group with the next largest mean 
are included in subset 1 along with the two plants in 2. Although only plants 
with multiple observations were included in the multiple comparison tests, plants 
with single observations that fell within the group ranges are also listed in 
Table 1. The mean used in determining the NSPS Cd limits was taken from subset 
2 (the set with the largest mean.) The variance estimate used to determine 
variability was taken from subset 1 because this provided a reasonable quantity 
of data with which to estimate the variance and an F test showed that the 
pooled within plant variance for subset 1 was significantly greater than the 
variance for the other subsets combined. 

* The methodology used here for fitting the lognormal distribution to effluent 
data across plants is discussed in detail in the Final Development Document 
for the Porcelain Enameling Industry, EPA 440/1-82/07 2. 
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Table 2 presents several statistics that summarize the entire data set 
and statistics based on three methods of partitionihg the Cd raw waste 
concentration data into subsets. ~~~.·~,,.,.,,I''" 

• • • • !,:',;;,;;:,,,,,,,,,, ",, ""'"", ,,, ,,,,,,,,, ''"'' ,,, ' 
The l~m~ts are based upon the varLabil~ty of subset 1 and the mean of 

subset 2. The variability is expressed as a variab1lity factor (VF) and 
calculated by dividing the estimated 99th percentile (daily and 10-day 99th 
percentile estimates as described in Appendix C) from subset 1 by the arithmetic 
mean from subset 1. The mean Cd co~centration is obtained from subset 2; the 
subset 2 arithmetic mean is then multiplied by the subset 1 variability factors 
to arrive at daily maximum and 10-day average maximum limitations (shown in 
Table 3). This multiplication, therefore, used both the highest variability 
group and the highest mean concentration group, producing a limit that is 
larger than would result from reliance on any single group. 

In conclusion, it should be noted that the limitations in Table 3 are 
large relative to the limitations calculated using the entire data set. If 
all 61 observations had been used for the VF and th~ overall mean, the daily 
maximum and 10-day average maximum limitations would be 0.017 and 0.0115 mg/1 
of Cd respectively. (see Table 2). This serves to: illustrate the effect of 
using subsets of plants for the purpose of determin~ng limitations. 
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TABLE 1 

Subsets of Cd (mg/1) Concentrations that have Higher Values 
(Subsets with lower values are presented in Appendix B) 

Plant Raw Cd (mg/1) ln Cd Subsets 

4065 0.005 -5.2983 1 
0.032 -3.4420 

6074 0.019 -3.9633 1 
0.021 -;-3.8632 
0.033 -3.4112 

6083 0.013 -4.3428 1 

6731 0.015 -4.1997 1 
0.017 ~4.0745 
0.019. -3.9633 

15070 0.009 -4.7105 1 
0.013 -4.3428 
0.014 -4.2687 

19063 0.011 -4.5099 1 
0.012 -4.4228 
0.013 -4.3428 

20080 0.024 -3.7297 1 

27044 0.022 -3.8167 1 

31020 0.021 -3.8632 1 

31022 0.011 -4.5099 1 
0.013 -4.3428 

33024 0.095 -2.3539 1 2 

33073 0.013 -4.3428 1 
0.013 -4.3428 
0.015 -4.1997 

36041 0.042 -3.1701 1 2 
0.042 -3.1701 
0.053 -2.9375 

N = 27 
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Dail}1: 

All plants 

All plants except 
plant 33024 

Subset A Plants 

Subset B Plants 

TABLE 2 

Estimates for NSPS Cd (mg/1) in 
the Metal Finishing Indus,try 

·-E(Y) __ Y.99_ ,y 
I 

0.0093 0.017 d.013 

0.0089 0.017 I q.012 
'' !.~ ,~:::: ·~~~~ .::::·~: :. " 11'1 ,, 

0.0197 0.045 
I·,., ... , 

0.023 

0.0551 0.075 d.o75 
1·1 

lJ 

-4.726 ' 

-4.765 
,, u:., 

-3.998 

-2.908 

10 Da}1: _!.99 ( 10)1 
~0-

All plants 

All plants except 
plant 33024 

Subset 

Subset 

E(Y) 
Y.99 

lJ 

A Plants 

B Plants 

= estimated lognormal mean 

0.012 -4.683 

0.009 -4.722 

0.026 -3.931 

0.061 -2.900 

a 
Y.gg(lO) 

= estimated lognormal 99th percentile 
= estimated log mean 
= estimated pooled within plant log standard deviation 
= estimated 10 day average 99th percentile 

ll!O 
a1o 

= estimated 10 day log mean ' 
= estimated 10 day log standard deviation 
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0.2937 

0.2937 

0.3885' 

0.1342 

alo_ 

0.0947 

0.0947 

0.1273 

0.0424 



TABLE 3 

A Summary of Values Used to Estimate the NSPS Cd Limitations 

- 1 
~-

Daily 0.023 

10-Day 

y 2 
-B-

0.058 

1 Arithmetic mean of subset A. 

2 Arithmetic mean of subset B. 

y 3 
-.99-

0.045 

0.026 

VF 4 
~-

1.96 

1.13 

0.114 

0.066 

3 Lognormal estimates of 99th percentile, daily and 10-day, based on data from 
subset A. 

4 Variability Factors from subset A, VFA = Y. 99/YA. 

5 Limitation = VFA • YB. 
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EXHIBIT 3 

APPENDIX A 
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Cd DATA BASE 

Observation Observation 
Number Plant ID Raw (mg/1) Number Plant ID Raw (mg/1) 

1. 6101-12-1 • 001 32 • 40062-8-0 .008 
2. 6101-12-1 • 002 33 • 33065-9-1 .009 
3. 19068-14-0 .002 34. 15070-1-3 .009 
4. 11477-22-1 .002 35. 19063-1-1 .Oll 
s. 11477-22-2 .002 36. 31022-1-2 .011 
6. 15010-12-2 .004 37. 19063-1-2 .012 
7. 15010-12-3 • 005 38 • 20083-1-5 .012 
8. 4065-8-1 • 005 39 • 20082-1-6 .012 
9. 4069-8-1 .005 40. 31022-1-0 .013 

10. 4069-8-1 .oos 41. 33073-1-1 .013 
11. 5020-1-4 • 005 42 • 33073-1-3 .013 
12. 5020-1-5 • 005 43 • 6083-1-2 .013 
13. 5020-1-6 • 005 44 • 15070-1-1 .013 
14. 19051-6-0 .oos 45. 19063-1-3 .013 
15. 20078-1-2 • 005 46 • 15070-1-2 .014 
16. 20078-1-3 • 005 47 • 33073-1-2 .015 
17. 20078-1-4 • 005 48 • 6731-1-1 .015 
18. 20078-1-7 • 005 49 • 6731-1-2 .017 
19. 36040-1-1 • 005 so . 6074-1-1 .019 
20.' 36040-1-1 .005 51. 6731-1-3 .019 
21. 36040-1-1 • 005 52 • 6074-1-1 .021 
22. 31021-1-2 • oos 53 • 31020-1-1 .021 
23. 31021-1-3 • 005 54 • 27044-1-0 .022 
24. 20083-1-3 .006 55. 20080-1-1 .024 
25. 33692-23-1 .006 56. 4065-8-1 .032 
26. 31021-1-1 .006 57. 6074-1-1 .033 
27. 33070-1-1 .007 58. 36041-1-2 .042 
28. 5020-1-3 • 007 59 • 36041-1-3 .042 
29. 33065-9-1 • 007 60 • 36041-1-1 .053 
30. 33070-1-3 .008 61. 33024-6-0 .095 
31. 40062-8-0 .008 
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EXHIBIT 3 

APPENDIX B 
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NEW SOURCE CADMIUM DATA IN MG/L 
NATURAL LOGARITHIMS OF CADMIUM (MG/L) 

GENERAL LINEAR MODEI.S PROCEDURE 

DEPENDENT VARIABLE: LNRAWCD NAT LOG OF CONC. FOR NS CD MG/L 

SOURCE DF SUM OF SQUARES MEAN SQUARES 

MODEL 19 30.37781823 1.59883254 

ERROR 33 2.84653212 0.08625885 

CORRECTED TOTAL 52 33.22435035 

MODEL F = 18.54 PR ) F = 0.0001 

R-SQUARE c.v. ROOT MSE LNRAWCO MEAN 

0.914324 6.139(; 0.29369808 -4.78368585 

SOURCE DF TYPE I SS F VALUE PR) F 

PLANT 19 30.37781823 18.54 0.0001 

SOURCE DF TYPE III SS F VALUE PR) F 

PLANT 19 30.37781823 18.54 0.0001 
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NEW SOURCE CADMIUM DATA IN MG/L 
NATURAL LOGARITHIMS OF CADMIUM (MG/L) 

GENERAL LINEAR MODELS PROCEDURE 

DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: LNRAWCP 
NOTE: THIS TEST CONTROLS THE TYPE 1 COMPARISONWISE ERROR RATE, NOT THE 

EXPERIMENTWISE ERROR RATE. 

ALPHA = 0.05 DR = 33 MSE = .0862585 

WARNING: CELL SIZES ARE NOT EQUAL. 
HARMONIC MEAN OF CELL SIZES = 2.5 

I 

**MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY,DIFFERENT.*** 
I 
I 

DUNCAN CLUSTERS MEAN N' PLANT GROUPING 

A -3.0925 3' 36041 1 

B -3.7459 3 6074 2 
B 

c B -4.0792 3 6731 
c B 
c B D -4.2951 3 33b13 
c D 
c D -4.3702 2 4065 
c D 
c D -4.4252 3 19063 
c D 
c D -4.4263 2 31022 
c D 
c D -4.4407 3, 15070 
c D 
c E D -4.6539 3 20083 3 

E D 
F E D -4.5283 2 4.9962. 
F E D 
F E D -4.8362 2 33065 
F E D 
F E D -4.8951 2 33070 
F E 
F E -5.2142 4 5020 4 
F E 
F E -5.2375 3 31021 
F 
F -5.2983 4 20078 
F 
F -5.2983 2 
F 
F -5.2983 3 36040 
F 
F -5.4099 2 is6io 

G -6.2146 2 11477 5 
G 
G -6.5612 2 6l0l 
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NEW SOURCE CADMIUM DATA IN MG/L 
NATURAL LOGARITHIMS OF CADMIUM (MG/L) 

GEN~RAL LINEAR MODELS PROCEDURE 

STUDENT-NEWMAN-KEULS TEST FOR VARIABLE: LNRAWCD 
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE UNDER THE COMPLETE 

NULL HYPOTHESIS BUT NOT UNDER PARTIAL NULL HYPqTHESES 

ALPHA = 0.05 DF = 33 MSE = .0862585 

WARNING: CELL SIZES ARE NOT EQUAL. 
HARMONIC MEAN OF CELL SIZES = 2.5 ·• 
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICNATLY DIFFERENT. 

SNK CLUSTERS MEAN N PLANT GROUPING 

A -3.0925 3. 36041 1 

B -3.7459 3 6074 2 
B 

c B -4.0792 3 6731 
c B 
c B -4.2951 3 33073 
c B 
c B D -4.3702 2 4065 
c B D 
c E B D -4.4252 3 19063 
c E B D 
c E B D -4.4263 2 31022 
c E B D 
c E B 0 -4.4407 3' .. '15070 
c E D 
c E F D -4.6539 3 20083 3 
c E F D 
c E F D -4.8283 2 40062 
c E F D 
c E F D -4.8362 2 33065 
c E F D 
c E F D -4.8951 2 .... 3'3070 

E F D 
E F D -5.2142 4 5020 4 
E F D 
E F D -5.2375 3 31021 
E F 
E F -5.2983 4 20018 
E F 
E F -5.2983 2 4069 
E F 
E F -5.2983 3 36040 

F 
F -5.4099 2' 15010 
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NEW SOURCE CADMIUM DATA IN MG/L 
NATURAL LOGARITHIMS OF CADMIUM (MG/L) 

' ; 
GENERAL LINEAR MODELS PROCE.DURE 

Sh"K CLUSTERS MEAN N PLANT GROUPING 

G -6.2146 2 1!4TI. 5 
G 
G -6.5612 2 6101 
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NEW SOURCE CADMIUM DATA IN MG/L 
NATURAL LOGARITHIMS OF CADMIUM (MG/L) 

GENERAL LINEAR MODELS PROCEDURE 

TUKEY'S STUDENTIZED RANGE (HSD) TEST FOR VARIABILE: LNRAWCD 
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE, BUT GENERALLY 

HAS A HIGHER TYPE II ERROR RATE THAN REGWQ. 

ALPHA = 0.05 . DF = 33 MSE = .0862585 

CRITICAL VALUE OF STUDENTIZED RANGE = 5.432 
MINIMUM SIGNIFICANT DIFFERENCE = 1.009 

WARNING: CELL SIZES ARE NOT EQUAL. 
HARMONIC MEAN OF CELL SIZES = 2.5 

MEANS WITH THE SA.r-lE LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 

TUKEY CLUSTERS MEAN N PLANT GROUPING 

A -3.0925 3 36041 1 
A 

B A -3.7459 3 6074 2 
B A 
B A c -4.0792 3 6731 
B c 
B D c -4.2951 3 33073 
B D c 
B D c -4.3702 2 4065 
B D c 
B E D c -4.4252 3 19063 
B E D c 
B E D c -4.4263 2 31022 
B E D c 
B E D c -4.4407 3 15070 
B E D c 
B E D c -4.6539 3 20083 3 

E D c 
E D c -4.8283 2 40062 
E D c 
E D c -4.8362 2 33065 
E D c 
E D c -4.8951 2 33070 
E D 

F E D -5.2142 4 5020 4 
F E D 
F E D -5.2375 3 31021 
F E D 
F E D -5.2983 4 20078 
F E D 
F E D -5.2983 2 4069 
F E D 
F E D -5.2983 3 36040 
F E 
F E -5.4099 2 15010 
F 

A-53 



TUKEY CLUSTERS 

G 
G 
G 

NEW SOURCE CADMIUM DATA IN MG/L 
NATURAL LOGARITHIMS OF CADMiuM (MG/L) 

' : 
I 

GENERAL LINEAR MODELS PROCEDURE 

MEAN 

-6.2146 

-6.6512 
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PLANT GROUPING 

11477 5 

6101 



NEW SOURCE CADMIUM DATA IN MG/L 
NATURAL LOGARITHIMS OF' CADMIUM (MG/L) 

GENERAL LINEAR MODELS PROCEDURE 

SCHEFFE'S TEST FOR VARIABILE: ·tNRAWCD 
NOTE: THIS TEST CONTROLS THE TYPE I EXPERIMENTWISE ERROR RATE, BUT GENERALLY 

HAS A HIGHER TYPE II ERROR RATE THAN REGWF FOR ALL PAIRWISE COMPARISONS. 

ALPHA = 0.05 DF = 33 MSE = .0862585 

CRITICAL VALUE OF T = 1.38254 
MINIMUM SIGNIFICANT DIFFERENCE = 1.58307 

WARNING: CELL SIZES ARE NOT EQUAL. 
HARMONIC MEAN OF' CELL SIZES = 2. 5 

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. 

SCHEFFE CLUSTERS MEAN N PLANT GROUPING 

A -3.0925 3 36041 1 
A 

B A -3.7459 3 6074 2 
B A 
B A c -4.0792 3 6731 
B A c 
B A c -4.2951 3 33073 
B A c 
B A c -4.3702 2 4065 
B A c 
B A c -4.4252 3 19063 
B A c 
B A c -4.4263 2 31022 
B A c 
B A c -4.4407 3 15070 
B A c 
B D A c -4.6539 3 20083 3 
B D c 
B D c -4.8283 2 40062 
B D c 
B D c -4.8362 2 33065 
B D c 
B D c -4.8951 2 33070 
B D c 
B D E c -5.2142 4 5020 4 
B D E c 
B D E c -5.2375 3 31021 
B D E c 
B D E c -5.2983 4 20078 
B D E c 
B D E c -5.2983 2 4069 
B D E c 
B D E c -5.2983 3 36040 

D E c 
D E c -5.4099 2 15010 
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SCHEFFE CLUSTERS 

D E 
D E 

E 

I 
NEW SOURCE CADMIUM DATA IN MG/L 

NATURAL LOGARITHIMS OF CADMIUM
1 

(MG/L) j·· .... . ...... . 

GENERAL LINEAR MODELS PROCEPii:RE 

MEAN N PLANT 

-6.2146 2 11477 

-6.5612 2 6101 
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EXHIBIT 3 
APPENDIX C 
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K 

n· l. 

"' N 

Y·. 
l.J 

lnY· · "'X·· l.J l.J 

K ni 
ll "" L L Xi. /N 

i=l j=l J 

K 
a2 "' L (ncl) a2 

p i=l i 

ll 

K 
L (ni-l) 

i=l 

E(Y) = e 

].1 + 2.326°p 
Y.99 = e 

K n· l. 
y = r L Yi. /N 

. 1 J i=l J"" 

(10) = ].1 + 0'2 /2 -
p 

Definitions 

(O.S)ln( eO 2 
+ 10-1) 

10 10 
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total number of plants 

number of observations at 
plant i 

total number of observa-
ti~ns 

concentration of Cd in 
mg/1, observation j at 
plant i; j=l, ••• , ni, 
i=l, ••• , K 

natural logarithm of Cd 
observation in mg/1 

mean of the log 

within plant variance, 
plant i 

pooled within plant variance 

pooled within plant 
standard deviation 

estimated mean (expected 
value) of the distribu
tion of Y 

estimated 99th percentile 
of the distribution of Y 

arithmetic mean of all 
observations 

10-day log mean estimate 



Definitions (Con'd) 

o2 (10) 
o2 

ln e + 10-1 10-day log variance estimate 
10 10 

Y.99(10) = 11 10 + 2.326a10 10-day 99th percentile e 
estimate 
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All Data 

Daily 

10 Day 

Metal Finishing - NSPS: Cd 

N = 61 

J.l = 4. 726 

v'F ::.. wit:h plant 3302~. 

overaii"'M:ean - W:hh piarit 33o24 

a2p = 0.08626 

... 0.29370 

Y.
99 

,.. e-4.726+2.326(0.2937) 

= e-4.726+.6832 = e-4.0429 

= 0.018 

E(Y) = e-4.726+.5(.08626) 
= 0.0093 

J.110 = J.l + .5( a2 ) - (.5) ln 
0 2 1 

e 'n-1 
- +i 
n n 

= -4.726 + .5(.08626) - (.5)1n 

"" -4.6874 

.q8626 
e ! 

1!0 
I 

2 
a210 = ln e a + n-1 

n n 

= ln e.08626 + _i 
10 10 

= .00897 

+ .9 

Y. 99 (10) = eJ.l10 + 2•326 0
10 

,.. e-4.6874+2.326(.0947) 

"" .0115 
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Metal Finishing - NSPS Cd 

All Data Without Plant 33024 

Daily 

N = 60 

ll = -4.765 

a2 p 0.08626 

Op = .29370 

Y.99 = e-4.765+2.326(.2937) 

= .017 

E(Y) = e-4.765+(.5).08626 

= 0.0089 

10 Day 

a2 
n-1 = - e 

lllO ll + .5( a2 ) ( .5 )ln --+--

-4.765 + 

= -4.7264 

a2
10 = .00897 

010 = .0947 

n 

.0387 

Y.
99

(lO) = e-4.7264+2.326(.00897) 

= .0091 
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n 

VF - without plant 33024 

Overall Mean - without plant 

33024 



Daily 

10 Day 

I 

Metal Finishing - NSPS Cd 
Using High Effluent Concentration Plants 

Subset A 

N "' 27 

l.l = -3.998 

cr2 = 0.1510 
p 

C1p "' 0.3886 

Y.99 = e-3.998+2.326(0.3886) 

0.045 

E(Y) = e-3.998+0.5(.1510) 

= .0198 

a2 
l.l = l.l + .5 ( a2 )- (.5)ln e n-1 ·10 -- +--

n n 

Vf - using subset A 

O~erall Mean - using subset A 

= -3.998 + (.5)(.1510) - (.5)ln e•15iO + .9 
10 

= -3.9306 

"' .0162 

C11Q = .1273 

e.1510 + •9 
10 

!"'''"'' 

Y.
99

(lO) "' e-3.9306+2.326(.1273) 

= .0264 
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Daily 

N = 4 

jl 

a2 = 
p 

Op = 

Y.99 

E(X) 

X 

10-Day 

1110 = 

a 
10 

y. 99(10) 

Metal Finishing - NSPS Cd 
Using High Effluent Concentration Plants 

Subset B 

I VF - using subset B 

Overall Mean - using subset B 

-2.908 
0.0180 

0.1342 

e-2.908+2.326(.1342) 

= .0746 

= e-2.908+0.5(.0180) 

.0551 

= .058 

o2 n-1 jl + .5 ( a2 ) - ( .5 )ln e + 
n n 

= -2.908 '+ .5(.018) - ( .5 )ln 
.018 

e + 9 
10 TO 

= -2.900 
.o 18 

= ln e + 9 
10 TO 

= .0018 

= .0424 

e-2.90+2.326(.0424) 

= .0610 
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