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SECTION I 

SUMMARY AND CONCLUSIONS 

Pursuant to Sections 301, 304, 306, 307, and 501 of the Clean 
Water Act, EPA has collected and analyzed data for plants in the 
Coil Coating Point Source Category. Effluent limitations and 
performance standards for this industry were proposed on 
January l 2, 1 981 . ( 46 FR 2934) ~ _This document and the 
administrative r·ecord provide the technical basis for 
promulgating effluent limitations for existing direct 
dischargers, standards for riew source direct dischargers, and 
pretreatment standards for new and exlsting indirect dischargers. 

Industry ~~~scription 

"Coil coating" is a term generally used to describe the 
combination of processing .steps involved in converting a coil - a 
long thiri strip of metal rolled into a coil - into a coil of 
painted metal ready (or further industrial use. Three basis 
materials are commonly used for coil coating: steel, galvanized 
(steel), and aluminum. 

EPA estimates that there are more than 69 coil coating plants in 
the United States, operating_ over 125 coi 1 coating 1 ines. 

There are three· major ·groups or standard process steps used in 
manufacturing coated coils: (1) cleaning to remove soil, oil, 
corrosion, and similar dirt; (2) chemical conversion coating in 
which a cc>ating of chromate, phosphate or complex ox-ide materials 
is chemically formed in the surface of the metal; and (3) the 
applicaticm and drying of one or more coats of organic polymeric 
material such as paint. · 

The cleani.rig processes _foe removing oi 1 and dirt usually employ 
water-based alkaline cleaners, and acid pickling solutions are 
sometimes used to remove oxides and corrosion. Water is used to 
rinse the strip after it has been cleaned. Most· of the chemical 
conversion coatirig processes are water based and water.is used to 
rinse excess ·and spent solutions from the strip. After painting, 
the strip i.s baked in an dven to dry the paint and then chilled 
with water to prevent burning or charring of the organic coating. 

The most important -resulting pollutants or pollutant parameters 
are: (1) toxic pollutants - chromium, zinc, nickel, lead, copper, 
cyanide;. (2) conventional pollutants - suspended solids, pH, and 
oil and grease, and (3) nonconv~ntional pollutants - iron, 



aluminum, phosphorous, and fluoride. 
were not found in large quantities. 

Toxic organic pollutants 

In developing this regulation, EPA studied the coil coating 
category to determine whether differences in raw materials, final 
products, manufacturing processes, equipment, age and size of 
plants, water use,· wastewater constituents, or other factors 
required the development of separate effluent limitations and 
standards for different segments (or subcategories) of the 
industry. 

EPA has subcategorized the coil coating industry based on the 
basis material coated. The subcategories are defined as coil 
coating on: (1) steel, (2) galvanized (zinc-coated steel either 
hot dipper or electrolytically coated), and (3) aluminum 
(including aluminum coated steel). The galvanized subcategory 
includes copper, (including copper alloys such as brass) and 
galvalum, a zinc-aluminum alloy. The steel subcategory includes 
chromium, nickel and tin-coated steels. 

This study included the identification of raw waste and treated 
effluent characteristics, including the sources and volume of 
water used, the processes employed, and the sources of pollutants 
and wastewaters. Such analysis enabled EPA to determine the 
presence and concentration of priority pollutants in wastewater 
discharges. 

EPA also identified both actual and potential control and 
treatment technologies (including both in-plant and 
end-of-process , technologies). The Agency analyzed both 
historical and newly generated data on the performance of these 
technologies, including the performance, operational limitations, 
and reliability. 

Wastewater treatment practices in the coil coating category range 
from no treatment to a high level of physical chemical treatment 
combined with water conservation practices. Of the 69 plants for 
which data is available, about 15 percent. of the plants employ no 
treatment 71 'percent employ some form of chemical reduction, 59 
percent have sedimentation or clarification devices, 54 percent 
have alkaline pH adjust systems, and 35 percent have acid pH 
adjust systems. There is no apparent difference between direct 
or indirect dischargers in the nature of degree of treatment 
employed. 

The control and treatment technologies available for this 
category include both in-process and end~of-pipe treatments. 
In-process treatment includes a variety of,water flow reduction 
steps and major process changessuch as: cas:cade rinsing to reduce 
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the amount of water used in removing unwanted materials from the 
product surface; cooling and recycling of quench water; and 
substitution of non-wastewater generating conversion coating 
processes. End-of-pipe treatment includes: cyanide oxidation or 
precipitation; hexavalent chromium reduction; chemical 
precipitation of metals using hydroxides, carbonates, or 
sulfites; and removal of precipitated metils and other materials 
using settling, sedimentation, filtration, and combinations of 
these technologies. 

The effectiveness of these treatment technologies has been 
evaluated and established by examining the performance of these 
technologies on coil coating and other similar wastewaters. The 
data base .for hydroxide precipitation sedimentation technology is 
a composite of. data dr~~n from EPA sampling and analysis of 
aluminum forming, coil · coating, copper forming, battery 
manufacturing, and porcelain enameling. These wastewaters are 
judged to be similar in all material respects for treatment 
because they contain a. range of dissolved metals which can be 
removed by, precipi ta.ti on and sol ids removal. This judgment has 
been confirmed by statistical analyses of the treatment 
effectiveness data. Similarly precipitation sedimentation and 
filtration (lime, settle and filter) technology performance is 
based on the performance of full scale. commercial systems 
treating wastewaters wnich also are essential similar to coil 
coating wastewa~~rs. 

The Agency then estimated the costs of each control and treatment 
technology· using a computer program developed using standard 
engineering cost analysis. EPA derived unit process costs for 
each of 58 plants using data and characteristics (production and 
flow) applied to each treatment process (i.e., hexavalent 
~hromium reduction, metals precipitation, sedimentation, 
multi-media filtration, etc.). These unit process costs were 
added to yield total cost at each treatment level. After 
confirming the reasonableness of this methodology by comparing 
EPA cost estimates to treatment system costs supplied by 
industry, the Agency evaluated the economic impacts of these 
costs. 

On the basis of these factors, EPA identified various control and 
treatment technologies as BPT, BAT, NSPS, PSES and PSNS. The 
regulation~ however, does not require the installation of any 
particular technology. Rather, it requires achievement of 
effluent limitations equivalent to those achieved by the proper 
operation of these or equivalent technologies. 

Except for.pH requirements, the effluent limitations for BPT, 
BAT, NSPS, ·PSES and PSNS are expressed as mass limitations or 
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standards - a mass of pollutant per unit of product"ion (mg/m2), 
They are calculated by combining three factors: (1) Treated 
effluent concentrations determined from analysis of control 
technology performance data; (2) wastewater flow for each 
subcategory; and (3) relevant process or treatment variability 
factors (E.G. mean vs. maximum day). 

Because flow reduction is a significant pollutant reduction 
technology for this category, mass based limitations and 
standards are necessary to ensure application and implementation 
of the model or equivalent technology. 

BPT BPT represents the average of the best existing 
performances of plants of·various ages, sizes, processes or other 
common characteristics. Where existing performance is uniformly 
inadequate, BPT may be transferred from a different subcategory 
or category. In selecting BPT model technology, EPA considered 
the volume and nature of existing discharges, the volume and 
nature of discharges expected after application of BPT, the 
general environmental effects of the pollutants, and the cost and 
economic impacts of the required pollution control level. 

This regulation imposes BPT requirements on all three 
subcategories. The technology basis for the BPT limitations 
being promulgated is the same as fo~ the proposed regulation and 
includes removal of cyanide and reduction of hexavalent chromium 
in conversion coating wastewaters; combination of all wastewater 
streams and oil skimming to remove oil and grease and some 
organics; and lime and settle technology to remove metals and 
solids from the combined wastewaters. Sludge from the settling 
tank is concentrated to facilitate landfill disposal. The 
effluent which would be expected to result from the application 
of these technologies was evaluated against the known performance 
of some of the best plants in the category. From this 
examination, the Agency found that there is uniformly inadequate 
performance due to improper operating practices throughout the 
category. The basis for this finding is detailed in Sections VII 
and IX of this document. 

The pollutants regulated in all three subcategories under 
BPT include chromium, cyanide, zinc,-oil and grease, TSS and pH. 
Additionally, iron is regulated in the steel subcategory, iron 
and copper are regulated in the galvanized subcategory and 
aluminum is regulated in the aluminum subcategory. 

The BPT technology outlined above applies .to all of the· coil 
coating subcategories and the final effluent concentrations 
resultinf from th~ application of the tec.hnology are identical 
for all three subcategories. However, the mass limitations for 
each subcategory vary due to different water uses among the 
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subcategories and the absence of some pollutants in 
subcategories. 

some 

Implementation of the BP.T. limitations-will remove annually an 
estimated 113,100 kg of toxic pollutants and 775,700 kg of other 
pollutants at a capital cost above equipment already in place of 
$6.98 million and an annual cost of $2.72 million. 

BAT - The BAT technology level represents the best economically 
achievable performance bf plants of various ages, sizes, 
processes or other shared characteristics. As with BPT, where 
existing performance is uniformly inadequate, BAT may be 
transferred from a different subcategory or category. BAT may 
include feasible process changes or internal controls, even when 
not common industry practice. 

In developing BAT, EPA gave substantial weight to the 
reasonableness of costs. The Agency considered the volume and 
nature of· discharges, the volume and nature of discharges 
expected after application of BAT, the general environmental 
effects of the pollutants, and the costs and economic impacts of 
the required pollution control levels. 

Despite this consideration of costs, the primary determinant of 
BAT is effluent reduction capability. 

This regulsttion establishes BAT for all three subcategories. The 
BAT limitati.ins being promulgated are changed from the proposed 
BAT 1 imi·tations. The promulgated BAT l imitations are based on 
the technology for BPT plus in-process wastewater reduction 
including quench water recycle and reuse. The proposed BAT 
limitations were based on the BPT technology plus filtration 
after sedimentation. and in-process wastewater reduction. 
Industry objected to the use of filtration because of its cost. 
The. incremental effluent reduction benefits of the proposed BAT 
above the promulgated BAT are the removal annually of 150 kg of 
toxic pollutants and 9~790 kg .of other pollutants. The 
incremental costs of these benefits are $1.48 million capital 
cost and $1.25 million total annual costs. In response to these 
comments thei Agency re-evaluated filtration and determined that 
filtration was too costly for existing facilities. 

The pollutants regulated under BAT are chromium, copper, cyanide, 
zinc, aluminum and iron. 

Implementation of the BAT Limitations will remove annually an 
estimated 113,800 kg of toxic pollutant and 827,700 kg of other 
pollutants at a capital cost above equipment in place of $6.91 
million and an ·annual .cost of $2.64 million. 
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NSPS NSPS are based on the best available demonstrated 
technology (BDT). New plants have the opportunity to install the 
best and most efficient production processes and wastewater 
treatment technologies rather than be constrained by existing 
equipment, buildings or locations. EPA considered three options 
before selection of NSPS technology at proposal. After public 
comments wPre received the proposed NSPS technology was modified. 
The technology basis for the NSPS being promulgated includes 
recycle of quench water, reuse of quench water blowdown as 
cleaning and conversion coating rinse water with three stage 
countercurrent cascade rinsing for both cleaning and conversion 
coating, cyanide removal, chromium reduction, oil skimming, lime, 
settle and filter metals removal and dewatering of ~ludge. · 

The Agency proposed no rinse conversion coatings as a part of the 
basis for the proposed NSPS. However, the industry commented 
that no rinse conversion coating has not been demonstrated for 
some applications and there is no Food and Drug Administration 
approved no rinse conversion coating. Since food containers are 
often manufactured from coil coated stock, it is necessary to 
have FDA approval of the coating applied to the coil. The Agency 
reconsidered the requirem~nt for no rins~ conversion coating and 
substituted multistage countercurrent cascade rinsing in both the 
cleaning and conversion coating segment~. The pollutants 
regulated under NSPS are the same as those under BPT. 

A new direct discharge normal plant having the industry average 
annual production level in the steel subcategory, would generate 
a raw waste of 548 kg/yr toxic pollutants and 18,400 kg/yr total 
pollutants. The NSPS technology would reduce these pollutants 
levels to 4 kg/yr toxics and 60 kg/yr total pollutants. 

. . 

PSES - PSES are designed to prevent the discharge of pollutants 
that pass through, interfere with, or·are otherwise incompatible 
with the opera:tion of publicly owned treatment works (POTW). 
Pretreatment standards for existing so~rces · are to be 
technology-based, analogous to the best available technol6gy f6r 
removal of toxic pollutants. 

The pollutants to be regulated by PSES Include ·chromium, copper, 
cyanide, and zinc. Oi 1 and grease and TSS ar.e not regulated by 
pretreatment because these conventional plllutants in the 
quantities encountered do not interfere with or pass through a 
POTW. Iron and aluminum, which are sometimes added as coagulant 
aids at POTW are not regulated by pret~eatment because_ at the 
levels· released to the POTW, they wi'll neither pass through nor 
interfere with the POTW. · · · · · 
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The technology basis for PSES is analogous to BAT; flow reduction 
by reusing quench water, hexavalent chromium reduction, cyanide 
removal, and lime and settle end-of-pipe treatment. The Agency 
proposed PSES based in part on filtration after lime and settle 
treatment. The Agency proposed PSES based in part on filtration 
after lime and settle treatment. Because, as indicated above in 
the BAT discussion, filters were found to be too costly for 
existing facilities they are not included in the technology basis 
for PSES. The remainder of the BAT technology outlined above 
applies. 

Imp-lementation of the PSES standards will remove annually an 
estimated 165,000 kg of toxic pollutants and 1,203,600 kg of 
other pollutants at a capital cost above equipment in place of 
$10.29 million and an annual cost of· $3.37 million. 

PSNS - LikE~ PSES, PSNS are to prevent the discharge of pollutants 
which pass through, interfere with,pass through, interfere with, 
or are otherwise incompatible with the operation of the POTW. 
New indirect dischargers, like new direct dischargers, have the 
opportunity to incorporate the best available demonstrated 
technologie~s. 

The technology used as a basfs for proposing and now promulgating 
PSNS is amalogous to the technologies for proposing and 
promulgatin9 NSPS except that oil skimming is not required. The 
changes from proposal technology to promulgation technology are 
discusseq under NSPS above and apply equally to PSNS. The 
pollutants regulated under PSNS are chromium, copper, cyanide and 
zinc for the reasons cited under PSES. 

Non-Water QJdality Environmental Impacts - Eliminating or reducing 
one form of pollution may cause other environmental problems. 
Sections 304(b) and 306 of the Act require EPA to consider the 
non-water quality environmental impacts (including energy 
requirements) of certain regulations. In compliance with these 
provisions, we considered the effect of this regulation on air 
pollution, solid waste generation, radiation and energy 
consumption,. While it is difficult to balance pollution problems 
against each other and against energy use, we believe that this 
regulation will best serve often competing national goals. 

Only one of the wastewater treatment sludges from coil coating is 
likely to be hazardous under the regulations implementing 
subtitle C of the Resource Conservation and Recovery Act (RCRA). 
Under those regulations, generators of these wastes must test the 
wastes to dietermine if the wastes meet any of the characteristics 
of hazardous -waste ( see 40 ·CFR S262. 11, 45 FR 33142-33143, 
May 19, 1980). Wastewater sludge generated by aluminum coil 
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coating may contain cyanides and may exhibit extraction procedure 
(EP) toxicity. Therefore these wastes may require disposal as a 
hazardous waste. The estimated added cost above the cost of 
disposing an equivalent mass of non-hazardous waste is $361,800 
per year. 

To achieve the BPT and BAT effluent limitations, a typical direct 
discharger will increase total energy consumption by less than 
one percent of the energy consumed for production purposes. 
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SECTION II 

RECOMMENDATIONS 

1. EPA has divided the coil· coating category into three 
subcategories for the purpose of effluent limitations and 
standards. These subcategories are: 

· steel 
galvanized 
aluminum 

2. The following effluent limitations are promulgated for 
existing sources: 

A. Subcate~ory ~ - Steel Basis katerial 

(a) BPT Limitations 
=--=-=---,--....--·-·----------,,,,.,,,,.,~,,,...,,,.~--,---,-,--.-.,----Po 11 utan tor . BPT Effluent Limitations 
Pollutant Property Maximum for Maximum for 

any on~ day. monthly average 

mg/m2 (lb/1,000,000 ft 2 ) of area processed 

Chromium l . l 6 (0,24) 0.47 (0.096) 
Cyanide 0.80 (0.17) 0.33 (0.068) 
Zinc 3.66 (0.75) l . 54 (0.32) 
Iron 3.39 (0.70) 1 . 7 4 (0.36) 
Oil and Grease 55. l (11.3) 33. l · (6.77) 
TSS 113. (23.1) 55. 1 (11.3) 
pH Within the range of 7.5 to 10.0 at all times. 

( b) §AT Limitations 

~P-o.,,..l.,,..l_u.,..t_a_n.,..t-or 
Pollutant Property 

BAT Effluent Limitations 
Maximum for Maximum for 

Chromium 
Cyanide 
Zinc 
Iron 

any one day monthly average 

mg/m2 (lb/1,000,000 ft2) of area processed 

0.50 
0.34 
1.56 
l. 45 

(0.10) 
(0.07) 
(0.32) 
(0.30) 

9 

0.20 
0. 14 
0.66 
0.74 

(0.041} 
(0.029) 
(0.14) 
(0.15) 



B. Subcategory~ - Galvanized Basis Material 

(a) BPT Limitations 

Pollutant or 
Pollutant Property 

BPT Effluent Limitations 
Maximum for Maximum for 
any one day monthly average 

mg/m2 (lb/1,000,000 ft2) of area processed 

Chromium 
Copper 
Cyanide 
Zinc 
Iron 
Oil and Grease 
TSS 
pH Within 

l. l O ( 0. 23) 
4.96 (1.02) 
0.76 (0.16) 
3. 4 7 < o·.71 ) 
3.21 (0.66) 

52.2 (10.7) 
107 (21.9) 
the range of 7.5 to 

(b) BAT Limitations 

0.45 
2.61 
0.32 
l. 46 
l . 65 

3 l • 3 
52.2 

10.0 at 

(0.091) 
(0.54) 
(0.064) 
(0.30) 
(0.34) 
(6.42) 

(10.7) 
all times. 

Pollutant or 
Pollutant Property 

BAT Effluent Limitations 
Maximum for Maximum for 
any one day monthly average 

mg/m2 (lb/1,000,000 ft2) of area processed 

Chromium 
Copper 
Cyanide 
Zinc 
Iron 

0.37 
l • 71 
0.26 
l. 20 
l. 10 

(0.077) 
(0.35) 
(0.053) 
(0.25) 
(0.23) 

0. l 6 
0.90 
0. l l 
0.51 
0.57 

C. Subcategory~ - Aluminum Basis Material 

(a) BPT Limitations 

l 0 

(0.031) 
(0.19) 
(0.022) 
(0.11) 
(0.12) 



Pollutant or 
Pollutant Property 

BPT Effluent Limitations 
Maximum for Maximum for 
any one day monthly average 

mg/m2 ( lb/1, 000, 000 ft2 )· of area processed 

Ch rorn i um l . 4 2 ( 0 . 2 9 } 0 . 5 8 ( O . l 2 ) 
Cyanide 0.98 (0.20) 0.41 (0.083) 
Zinc 4.48 (0.92) 1.89 (0.39) 
Aluminum 15.3 (3.14) 6.26 (1.28) 
Oil and Grease 67.3 (13.8) 40.4 (8.27) 
TSS 138. (28.3) 67.3 (13.8) 
pH Wii_h_i_n __ t_he_._r_a_n_,g-e_o_f_7 __ .5 __ t~o __ l_O __ .o __ a_t ___ a_l_l_t_i_m_e_s __ . 

(b) BAT Limitations 

~.,,.....,,..--,..--------------...-,,.,,---,---,-------,----
Pollutant or BAT Effluent Limitations 
Pollutant Property Maximum for Maximum for 

any one day monthly average 

mg/m2· ( lb/1, 000, 000 ft2) of area processed 

Chromium. 
Cyanide 
Zinc 
Aluminum 

0.42 
0.29 
l • 32 
4.49 

(0.085) 
(0.059) 
(0.27) 
(0.92) 

0. 17. 
0. 12 
0.56 
l • 84 

(0.034) 
(0.024) 
(0.12) 
(0.38) 

3. The following effluent standards are being proposed for new 
sources. 

A. · SubcabeQQIY ~ - Steel Basis Material 
,,,,......,,...,,.......,.. __ .,--_____ .....:.. _____________ ~,....,,,..-----
Pollutant qr NSPS 
Pollutant Property Maximum for Maximum for 

any one day monthly average 

!!!_q/m2 (lb/1 ,000,000 ft2) of area 12rocessed 

Chromium 0. 12 (0.024) 0.047 (0.01) 
Cyanide 0.063 (0.013) 0.025 (0.005) 
Zinc 0.33 (0.066) 0. 14 (0.027) 
Iron 0.39 (0.086) 0.20 ( 0. 04 1 ) 
Oil and Grease 3. 16 (0.65) 3. 16 (0.65) 
TSS 4.74 (0.97) 3.48 (0.72) 
EH Within the range of 7.5 to 10.0 at all times. 
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B. Subcategory~ - Galvanized Basis Material 

Pollutant or 
Pollutant Property Maximum for 

any one day 

NSPS 
Maximum for 
monthly average 

mg/m2 {lb/1,000,000 ft 2 ) of area erocessed 

Chromium 0. 13 {0.027) 0.052 (0.011) 
Copper 0.44 (0.090) 0.21 (0.043) 
Cyanide 0.07 {0.015} 0.028 (0.006} 
Zinc 0.35 (0.08) 0. 15 (0.030) 
Iron 0.43 (0.09) 0.22 (0.045) 
Oil and Grease 3.43 (0.71) 3.43 (0.702) 
TSS 5. 15 ( l • 06) 3.78 (0.78) 
pH Within the range of 7.5 to 10.0 at all times. 

c. Subcategory£ - Aluminum Basis Material 

NSPS Pollutant or 
Pollutant Property Maximum for Maximum for 

any one day monthly average 

mg/m2 (lb/1 , 000, 000 ft 2 ) of are~ processed 

Chromium 0.18 (0.037) 0.072 (0.015) 
Cyanide 0.095 (0.020) 0.038 (0.008) 
Zinc 0.49 (0.10) 0.20 (0. 041 ) 
Aluminum l. 44 (0.30} 0.59 (0.121) 
Oil and Grease 4.75 (0.98} 4.75 (0.98) 
TSS 7. 13 ( 1 . 46) 5.23 ( 1. 07) 
pH Within the range of 7.5 to 10.0 at all times. 

4. The following pretreatment standards are promulgated for 
existing sources and new sources. 

A. . Subcategory ~ - Ste-e-1 Basis Material 

(a} Pretreatment Standards for Existing Source 
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-Pollutant ,or PSES 
Pollutant Property Maximum for Maximum for 

any one day monthly average 

rng/m 2 (lb/1,000,000 ft 2 ) of area processed 

Chromium 0.50 (0.10) 0.20 ( 0. 04 l ) 
Cyanide 0.34 (0.07) 0. 14 (0.029) 
Zinc l . 56 (0.32) 0.66 (0.14) 

(b) Pretreatment Standards for New Source 

-..,......--,---,-..-----------,,,...,,,,.,-----------Pollutant or PSNS 
Pollutant Property Maximum for 

any one day 
Maximum for 
monthly average 

mg/m2 (lb/1,000,000 ft2) of area processe~ 

Chromium 
Cyanide 
Zinc 

0. 12 
0.063 
0.33 

(Q.024) 
(0.013} 
(0.066) 

0.047 
0.025 
0. 14 

(0.01) 
(0.005) 
(0.027) 

B. Subca~egory ~ - Galvanized Basis Material 

(a) Pretreatment Standards for Existing Source 

___ .,,...... ___ ,_, ____________ -___________ _ 
Pollutant or PSES 
Pollutant Property Maximum for 

any one day 
Maximum for 
monthly average 

mg/m2 (lb/1,000,000 ft2) of area processed 

Chromium 
Copper 
Cyanide 
Zinc 

0.37 
1 • 71 
0.26 
l. 20 

(0.077) 
(0.35) 
(0.053) 
(0.25) 

0. 16 
0.90 
0. 11 
0.51 

(0.031) 
(0.19) 
(0.022) 
(0.11) 

(b) !~etreatment Standards for New Source 
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Pollutant or PSNS 
Pollutant Property Maximum for Maximum for 

any one day monthly average 

mg/m 2 (lb/1,000,000 ft 2 ) of area erocess~d 

Chromium 0. l 3 (0.027) 0.052 (0.011) 
Copper 0.44 (0.090) 0.21 (0.043) 
Cyanide 0.07 (0.015) 0.028 (0.006) 
Zinc 0.35 (0.072) 0. 1 5 (0.030) 

c. Subcategory C - Aluminum Basis Material 

(a) Pretreatment Standards for Existing Source 

Pollutant or 
Pollutant Property 

PSES 
Maximum for 
any one day 

Maximum for 
monthly average 

mg/m2 (lb/1,obo,000 ft2) of area erocessed 

Chromium 
Cyanide 
Zinc 

0.42 
0.29 
l . 32 

(0.085) 
(0.059) 
(0.27) 

0. 17 
0. l 2 
0.56 

(0.34) 
(0.024) 
(0.12) 

(b) Pretreatment Standards for New Source 

Pollutant or 
Pollutant Property 

PSNS 
Maximum for 
any one day 

Maximum for 
monthly average 

mg/m2 (lb/1,000,000 ft2) of area erocessed 

Chi;omium 
Cyanide 
Zinc 

0. 18 
0.095 
0.049 

(0.037) 
(0.02) 
(0.01) 

5. Effluent limitations based on 
treatment are reserved. 
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0.072 
0.038 
0.20 

the 

(0.015) 
(0.008) 
(0.041) 

best conventional 



SECTION III 

INTRODUCTION 

LEGAL AUTHORITY 

Pollution 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" (Section 101 (a)). To implement the Act, EPA was to issue 
effluent limitations, pretreatment standards, and new source 
performance standards foi.industry dischargers. 

The Act· included a timetable for .issuing these standards. 
However, EPA was unable to meet many of the deadlines and, as a 
result, in 1976, it was sued by. several environmental groups. In 
settling this lawsuit, EPA and the plaintiffs executed a court~ 
approved "Settlement Agreemeht." This Agreemerit required EPA to 
develop a program and adhere to a schedule in promulgating 
effluent limitations guidelines, new source performance standards 
and pretreatment standards for 65 "priority" pollutants and 
classes of pollutants, for 21 major industries. See Natural 
Resources pefense Council, Inc. v. Train, 8 ERC 2120 (D.D.C. 
l 9 7 6 ) , modified, l 2 ERC 1 8 3 3 ( D . D. C . 1 9 7 9 ) . 

Many of the basic elements of this Settlement Agreement program 
were incorporated into the Clean Water Act of 1977. Like the 
Agreement, the Act stressed control of toxic pollutants, 
including the 65 "priority" pollutants. In addition, to 
strengthening the toxic control program, Section 304(e) of the 
Act authorizes the Administrator to prescribe "best management 
practices" (BMP) to prevent the release of toxi.c and. hazardous 
pollutants fr6m plarit site ru~off, spillage or leaks, sludge or 
waste disposal, and drainage from raw materi~l storage associated 
with, or ancillary to, the manufacturing or treatment process. 

- .•. . . 

GUIDELINES DEVELOPMENT SUMMARY 

These effluent limitations and standards were developed from data 
obtained from previ6us EPA studies, literature searches, and a 
plant survey and evaluation program. This program was carried 
out in 1978-·79 and. d,etai led the category based primarily on 1977 
data. This information was then catalogued in the form of 
individual plant summaries describing processes .performed, 
production rates, raw materials utilized, wastewater treatment 
practices, watet uses and wastewater characteristics. 
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In addition to providing a quantitative description of the coil 
coating category, this information was used to determine if the 
characteristics of the category as a whole were uniform and thus 
amenable to one set of effluent limitations and standards. Since 
the characteristics of the plants in the data base and the 
wastewater generation and discharge varied widely, the 
establishment of subcategories was determined to be necessary. 
The initial subcategorization of the category was made by using 
basis material processed as the subcategory descriptor. The 
subcategorization process is discussed fully in Section IV. To 
supplement existing data, the Agency sent a data collection 
portfolio {dcp) under authority of Section 308 of the Federal 
Water Pollution Control Act, as amended, . to each known coil 
coating company. Additional data were obtained through a 
sampling program carried out at selected sites. Sampling 
consisted of a screening program at one plant for each listed 
basis material type, plus verification at up to 5 plants for each 
type. Screen sampling was utilized to select pollutant 
parameters for analysis in the second {verification) phase of the 
program. The designated priority pollutants (65 toxic 
pollutants) and typical coil coating pollutants formed the basic 
list· for screening. Verification sampling and analysis was 
conducted to determine the source and quantity of the selected 
pollutant parameters in each subcategory. 

After establishing subcategorization, EPA analyzed the available 
data to determine wastewater generation and mass discharge rates 
in terms of production for each basis material subcategory. In 
addition to evaluating pollutant generation and discharges, the 
Agency identified the full range of control and treatment 
technologies existing within the coil coating category. This was 
done considering the pollutants to be treated and the chemical, 
physical and biological characteristics of these pollutants. 
Special attention was paid to in-process technology such as the 
recovery and reuse of process solutions, the recycle of process 
water and the curtailment of water use. 

Consideration of these factors enabled EPA to characterize 
various levels of technology as the basis for effluent 
limitations for existing sources based on BPT and BAT. Levels of 
technology appropriate for pretreatment of wastewater introduced 
into a POTW from both new and existing sources were also 
identified, as were the NSPS based on best demonstrated control 
technology processes, operating methods, or other alternatives 
(BOT} for the control of direct discharges from new sources. 
These technologies were considered in terms of demonstrated 
effluent performance relative to treatment technologies, 
pretreatment requirements, the total cost of-application of the 
technology in relation to the effluent reduction benefits to be 
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achieved, the age of equipment and facilities involved, the 
processes employed, the engineering aspects of applying various 
types of control technique process changes, and non-water quality 
environmental impacts (including energy requirements). 

Sources of Industry Data 

Data on the coil coating category were gathered from previous EPA 
studies, literature studies, inquiries to federal and state 
environmental agencies, raw material manufacturers and suppliers, 
trade association contacts and the coil coating manufacturers 
themselves. Additionally, meetings were held with industry 
representatives and the EPA. All known coil coaters were sent a 
data collection portfolio (dcp) requesting specific information 
concerning each facility. Finally, a sampling program was 
carried out at 13 plants. The sampling program consisted of 
screen sampling and analysis at three facilities to determine the 
presence of a broad range of.polluants and verificiation at 13 
plants to; quantify the pollutants present in coil coating 
wastewater. Specific details of the sampling program and 
information from the above data sources are presented in Section 
V. 

The coil coating manufactures submitted information as public 
comments on the proposed document. The Agency considered public 
comments in preparing the final regulation. 

Literature Study Published literature in the form of books, 
reports, papers, periodicals, and promotional materials was 
examined. The most informative sources are listed in Section XV. 

EPA Studies - A previous preliminary and unpublished EPA study of 
the coil coating segment was reviewed. This study summarized the 
industry describing: the manufacturing processes; the associated 
waste characteristics; recommended pollutant parameters requiring_ 
control". appl icabJe .. , .end~of-pi-pe t:,1.::eatm.ent technologies for 
wastewaters; ~ffluent characteristics resulting from this treat
ment; and a background bibliography. Also included in these data 
were detailed production and sampling info~mation on approx
imately 26 manufacturing plants. 

Plant Sury~ and Evaluation - The collection of data pertaining 
to coil coating facilities was a two-phased operation. First, 
EPA mailed a dcp to each company in the country known or believed 
to perform coil coating. This dcp included sections for general 
plant data, specific production process data, waste management 
process data, raw and treated wastewater data, wastewater 
treatment cost information, and priority pollutant information 
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based on 1976 production records. A total of 68 requests for 
information were mailed. From this mailing, it was determined 
that 52 companies were coil coaters. Of the remaining 16 data 
requests, l company was no longer doing coil coating, and 15 were 
in other business areas. The 52 companies operate 69 coil 
coating plants with 125 coil coating lines. Some plants 
responded with 1977 or 1978 data, while most provided 1976 data. 
Since proposal, the Agency has collected new data and information 
from one additional plant. 

Utilization of Industry Data 

Data collected from the previously listed sources are used 
throughout this report in the development of a base for BPT and 
BAT limitations and NSPS and pretreatment standards. Previous 
EPA studies as well as the literature provided the basis for the 
coil coating subcategorization discussed in Section IV. Raw 
wastewater characteristics for each subcategory presented in 
Section V were obtained from the screening and verification 
sampling. Dcp information on wastewater characteristics was 
incomplete. Selection .of pollutant parameters for control 
(Section VI) was based on both dcp responses and verification and 
screening results. These provided information on both the 
pollutants which the plant personnel felt were in their 
wastewater discharges and those pollutants specifically found in 
coil coating wastewaters as the result of sampling. Based on the 
selection of pollutants requiring control and their levels, 
applicable treatment technologies were identified and described 
in Section VII of this document. Actual wastewater treatment 
technologies utilized by coil coating plants (as identified in 
the dcp responses and observed at the sampled plants) were also 
used to identify applicable treatment technologies. The cost of 
treatment (both individual technologies and systems) were based 
primarily on data from equipment manufacturers and are contained 
in Section VIII of this document. Finally, dcp data, sampling 
data and estimated treatment system performance are utilized in 
Sections IX, X, XI and XII (BPT, BAT, NSPS and pretreat~ent, 
respectively) in the selection of applicable treatment systems; 
the presentation of achievable effluent levels; and the 
presentation of actual effluent levels obtained for each coil 
coating subcategory. 

After proposal wastewater flow data, treatment effectiveness data 
(the combined data base) and the cost basis for treatment costs 
were reanalyzed. These reanalyses are discussed in detail in the 
appropriate sections. 
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DESCRIPTim~ OF THE COIL COATING INDUSTRIAL SEGMENT 

Backgrouncl 

The category covered by this document consists of facilities 
which cle~an, chemically treat and paint continuous (long} strips 
of metal called coils. The processing operations are not greatly 
dissimilar from painting formed metal parts, except that much 
greater efficiency and improved product quality are attained. 

Historical:. 

Coil coating is a relatively young industrial process originating 
in the mid-1930's as a process for painting stock for venetian 
blind slats. In this embryonic stag~, cleaned (oil free) steel 
was delivered from the nearby st~el mill and painted without 
further surface treatment. Since then coil coating has grown 
rapidly. The technology of cleaning metals, conversion coating 
to provide~ corrosion protection and improved paint adherence and 
paints and coatings have improved dramatically and these 
improvements have been translated into improved quality coil 
coatings. Today coil coating produces the highest quality 
painted surface on metals ~nd these products are finding their 
way into nE~w and more demanding applications. 

The coil coating category includes 69 plants of various sizes. 
Independent shops obtain raw untreated coil and produce a wide 
variety . of coated coil products for specific customers. 
Sometimes the independent 'coil coater performs a toll function, 
coating basis materials owned by the customer. A captive coil 
coating operation is usually an integral part of a large 
corporaticm engaged . in many phases of metal production and 
finishing. The annual square footage for most independent shops 
is lower than that of captive coil coating operations. 

Coil coating facilities generally clean, conversion coat and 
paint coils of aluminum, galvanized and steel. A number of 
facilities process all three basis materials. Facilities that 
process steel almost always process galvanized. About half of 
the facilities process just aluminum. Production totals from the 
dcp survey are shown in Table III-1 {page 37) by type of basis 
material for 1976. Included are total area cleaned, total area 
conversior1 coated and total area painted. These production 
figures represent the actual area coated or painted (sum of both 
sides of the coil area.} Cleaning and conversion coating are 
usually performed on both sides of the coil, while painting can 
be primer and finish coat·on one or both sides. 
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Coil coating facilities purchase blended alkaline cleaners and 
conversion coating solutions. Process chemical consumption 
normalized by production rates varies considerably from facility 
to facility. The dcp data show only a few chemical suppliers for 
all of the coil coating process chemicals. Some facilities blend 
purchased pigments, solvents and binders to make their own 
coating formulations; however, most facilities purchase the 
blended and formulated paints ready to use. In general, 
facilities depend heavily on their individual vendors for 
technical advice for optimum use of purchased chemicals. 

Product Description 

Coils range in width from a few centimeters to a maximum of about 
1.6 m (64 in}. The thickness of the coiled basis metal can vary 
from about o:2s mm (0.010 in) to about 1.25 mm (0.050 in}. A 
typical coil can range in length from about 600 m (2000 ft) to a 
maximum of about 12,000 m (40,000 ft). The differences in the 
basis material, thickness, type of conversion coating and the 
final finish determine overall strength, appearance, corrosion 
resistance and price. 

The method of paint application reported or observed in the coil 
coating industry during this study is roll coating. Roll coating 
provides a finish film of a predetermined thickness. A typical 
roll coated film applied and cured is about 0.025 mm (0.001 in) 
thick. 

A wide variety of attractive and durable finishes are available 
that are more efficiently applied and therefore less expensive 
than other types of paint application techniques. 

The finished coils are used in a variety of industries. The 
building products industry utilizes prefinished coils to 
fabricate exterior siding, window and door frames, storm windows 
and storm gutters and various other trim and accessory building 
products. The food and beverage industries utilize various types 
of coils and finishes to safely and economically package· and ship 
a wide variety of food and beverage products. Until recently, 
the automotive and appliance industries have made limited use of 
prefinished coils, using post assembly finishing of their 
products. Recently, the automotive industry has begun using a 
steel coil coated on one side with a finish called zincrometal. 
This coating is applied to the under surfaces of tne exterior 
automobile sheet metal to protect them from corrosion. The 
appliance industry appears to be on the threshold of massive use 
of prefinished coils in appliance construction. One design of 
refrigerator uses coil coated stock for exteriors which provides 
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a finished product that minimizes the costly and labor intensive 
painting operation after forming. 

Pescription of Coil Coating Processes 

The coil coating sequence, regardless of basis material or 
conversion coating process used, consists of three functional 
steps: cleaning, conversion coating and finishing systems. 
Basically there are three types of cleaning operations used in 
coil coating, and they can be used alone or in combinations. 
These are mild alkaline cleaning, strong alkaline cleaning, and 
acid cleaning. There are four basic types of conversion coating 
operations and the use of one precludes the use of the others on 
the same coil. These are chromating, phosphating, complex oxides 
and no-rinse conversion coating. · Some of these conversion 
coating operations are. designed for use on specific basis 
materials. The painting operation is performed by roll coating 
and is independent of the basis material and conversion coating. 
Some specialized coatings are supplied without conversion c6ating 
the basis material. The zincrometal is a specialized coating 
consisting of two coats of special paints that do not·require 
conversion coating. In this process, coils are cleaned, dried, 
and painted with two coats of the ·special paints. 

Figure III-1 (page 39) shows a typical process sequence. Two 
coils are mounted at the beginning of the line, one being 
processed and the other waiting to be processed. Normally coil 
coating lines are left threaded so that the end of one coil pulls 
the beginning of the next coil through the process tanks. The 
accumulator rollers are raised and lowered to allow the 
downstream end of a coil to keep moving while the coil upstream 
of the accumulator can remain motionless so it can be joined with 
another toil. The accumulator allows up to about one. minute of 
time for the end of one coil to be mechanically stitched to the 
beginning of the next coil at the stitcher. This allows the coil 
coating line to operate uninterrupted. A take-up reel at the end 
of the process line pulls the coil through the accumulators and 
the process tanks. The take-up reel pulls the coil at a rate 
from about 30m/min (100 ft/min) to a maximum of about 200m/min 
(700 ft/min). The actual speed is determined· by the effective 
reaction time· needed to perform the sequential operations, the 
physical size of the process tanks, heat capacity of ovens, flow 
characteristics of the paint, reactivity of the surface, and the 
speed capability of the take-up rollers. 

The selection of basis material, conversion coating and paint 
formulation is an art based upon experience. The variables that 
are typically involved in the selection are appearance, color, 
gloss, corrosion resistance, abrasion resistance, process line 
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capability, availability of raw materials, customer preference 
and cost. Some basis materials inherently work better with 
certain conversion coatings, and some conversion coatings work 
better with certain paint formulations. On the whole however, 
the choice of combinations is limited only by plant and customer 
preferences. Table III-2 (page 38) lists the functional 
operations and the basis material to which each· applies. 

Cleaning - Coil coating requires that the basis material be 
clean. A thoroughly clean coil assures efficient conversion 
coating and a resulting uniform surface for painting. The soils, 
oils and oxide coatings found on a typical coil originate from 
rolling mill operations and storage conditions prior to coil 
coating. Conversion coating operations require that the 
conversion coating solutions make intimate contact with the basis 
material without the presence of interfering substances. Such 
substances can stop the conversion coating reaction, cause a 
coating void on part of the basis material, and cause the 
production of a non-untform coating. Cleaning operations- must 
chemically and physically remove these interfering substances 
without degrading the surface of the basis material. Excessive 
cleaning can roughen a basically smooth surface to a point where 
a pafnt film will not provide optimum protective properties. 

Steel, unless adequately protected with a film of oil subsequent 
to rolling mill operations, has a tendency to form surface rust 
rather quickly. This rust on the surface of the metal prevents 
proper conversion coating. A traditional method of removing this 
rust is an acid applied by power spray equipment. The spraying 
action cleans both by physical impingement and the etching action 
of the acid. The power spray action is followd by a brush scrub 
which further removes soil loosened by the acid. The brush scrub 
is followed by a strong alkaline spray wash which removes all 
traces of the acid and neutralizes the surface. 

Aluminum and galvanized tend to develop oxide coatings which act 
'as a barrier to chemical conversion coatings; however, these 
oxid' films are easier to remove than rust and therefor~ require 
a less vigorous cleaning process. A mild alkaline cleaner is 
usually applied with power spray equipment to remove the oxide 
coating and other interfering substances. Alkaline cleaning 
solutions are formulated to: 

1. Reduce surface and interfacial tensions. 
2. Produce active and available alkalinity. 
3. Buffer a highly alkaline solution. 
4. Soften hard water. 
5. Deflocculate, disperse and emulsify removed soils. 
6. Be readily rinsed off the work. 
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7. Provide builders that are compatible with other builders 
present and are stable within themselves. 

8. Be free flowing, dus~less and nonhydroscopic in dry form. 

The use of alkaline cleaning solutions in power spray equipment 
requires the solutions to have the following additional features: 

1. Be readily soluble. 
2. Contain sufficient sequestrant (a material that combines with 

metal ions to form water-soluble complex compounds). 
3. Saponify animal and vegetable oils and greases or emulsify 

unsaponifiable (mineral) oils. 
4. Neutralize acid soils and fluxes. 
5. Clean in reasonable time. · 
6. Have low foaming characteristics, 
7. Perform at minimum temperatures .. 

Soil, minE~ral oil and protective oxide coatings are removed from 
the basis materials by a combination of the following five soil 
removal mechanisms: 

s;aponification 
E~mulsification 
dispersion 
flocculation 
i:i.lm shrinkage 

Saponificatton partially removes animal and vegetable oils from 
surfaces in the presence of free alkali by forming soaps. Emul
sification loos~ns and suspends oils and soils and produces fine 
liquid parttcles which do not settle. Dispersion causes soils 
and oils to become loosened from the surfaces and spread 
uniformly about the solution. Flocculation is the process of 
removing oils and soils from the work surface and causing them to 
unite ei thE~r as a settleq precipitate or as an agglomerated mass 
that floats; and can be skimmed. Film s-hrinkage removes oils by 
disturbing and eventually destroying the angle of contact mad~ by 
the oil structure at the work surface. The oil removed from the 
surface subsequently agglomerates and other soil removal 
mechanisms take over. · 

Oily soils are of three types: free oils, emulsifiable oils and 
"soluble" cd.ls. In general, free oils are those which .can be 
separated from solution by simple treatm~nt means such as 
settling, separatio~ and skimming~ Emulsified oils are those 
suspended i.n solution . that will not · separate by settling. 
Emulsified oils are typically separable through the use of 
coalescing agents, foll~wed by floatation separation and 
skimming. 11 Solub'le" oils are typically not truly soluble, but 
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are actually fine emulsions or disperions. Treatment of 
"soluble'' soils typically involves the use of an emulsion breaker 
prior to flotation by means of foam or dissolved air. 

The alkaline cleaning process of the coil coating industry 
usually involves either free or emulsifiable oils as opposed to 
"soluble" oils. Mill oils, applied to cojls during the milling 
operation are of the emulsifiable type. Cutting and grinding 
oils are of the "soluble" type. 

Alkaline cleaning solutions exhibit all of these mechanisms. 
Depending on the exact nature of the oil, dirt, and oxide to be 
removed, an optimum balance of ingredients can be formulated to 
produce an effective alkaline cleaner. The cleaning effective
ness of alkaline cleaning compounds is mainly attributed to the 
physical and chemical action of "builders" which are the bulk 
components of cleaning formulations. The "builders" provide 
alkalinity to the cleaning solutions and in combination with 
water and other active ingredients of alkaline cleaning compounds 
cause the cleaning solution to exhibit effective soil removal 
properties. Most builders are sodium compounds such as sodium 
carbonate, sodium phosphates, sodium silicates, and sodium 
hydroxide. 

Sodium carbonate is a low cost source of alkalinity which serves 
as a water softener. Carbonates help keep compounded cleaners 
dry and free flowing during storage. This is important for 
cleaners with a large proportion of sodium hydroxide. Sodium 
bicarbonate buffers the pH at a low level of alkalinity which 
makes the cleaner safe for use on aluminum and galvanized 
surfaces which would be adversely affected by strong alkalis. 

Phosphates serve as water softeners. They impart alkalinity, 
rinse easily, provide some buffering action and are fair 
emulsifiers .. Trisodium phosphate is the least expensive of the 
phosphates. It so~tens water by a reaction that produces 
insoluble precipitates, which are more desirable than the 
insoluble gelatinous soaps. Tetrasodium pyrophosphate. is a good 
water softener that sequesters the magnesium and calcium salts 
found in hard water to form a water soluble complex. This is 
more desirable than precipitate-forming trisodium phosphate which 
could cause a sludge buildup in the alkaline cleaning tanks, 
spray nozzles, and possibly on the basis material. Tetrasodium 
pyrophosphate is also a good emulsifier, detergent, dispersing 
and deflocculating agent. Tetrasodium pyrophosphate reverts to 
orthophosphate in solution depending on pH, temperature and 
concentration. Sodium tripolyphosphate is the best water 
softener of the three phosphates. It so~tens water by seques
tration. Sodium tripolyphosphate contributes alkali to a 
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cleaner, but less than-the other ph;~~hates. It is beneficial to 
add a stoichiometric excess of these phosphates to cleaning 
solutions to offset dilution by water additions and to allow for 
detergent action. 

Silicates make up a portion of heavy duty alkaline cleaners. 
Siiicates are excellent emulsifiers, buffer pH above 9, hold 
soils in suspension and provide active alkalinity. Sodium 
orthosilicate is highly alkaline and therefore a very harsh 
cleaner. Sodium metasilicate is most commonly used in metal 
cleaners. It is more versatile.than other silicates because the 
ratios of Na 2 0 to Si02 can be. adjusted over a wider range by 
adding sodium hydroxide. This ratio is an important factor in 
cleaning 'E!fficiency and is higher for saponifiable soils. 

Sodium hydroxide is inexpensive and is often a principal builder 
for supplying alkalinity. It increases electrical conductivity 
and improves saponification. However, sodium hydroxide has poor 
detergency for saponifiable soils, has poor rinsing properties, 
and is hygroscopic in dry form. 

Soaps and detergents are added to. cleaning compounds to lower 
surface and interfacial tension. Soap (sodium resinate) is often 
blended with common animal fat soaps such as sodium laurate, 
palmitatE! and stearates. Resinates emulsify certain soils and 
are therefore useful in alkaline cleaners. Synthetic detergents 
are extensively used as surface-active agents, and they are freer 
rinsing than soaps, aid soil dispersion and prevent resoiling. 
Anionics· are the least expensive of synthetic detergents. Alkyl 
aryl sodium sulfonate is the most extensively used anionic. It 
foams pr<>fusely but has. good detergency. The nonionics most 
commonly used are sulfonated esters and ethers and tho.se 
nonionics-of the polyoxyethylene type. These nonionics · are a 
combination of ethylene oxide condensed on a base such as 
polyoxyprc:,pylene. Lower ,percentages of ethylene oxide make the 
substanc«~ hydrophobic and increase its solubility in oil. Higher 
percentagces increase its solubility in water and its foaming pro
perties. Generally, the ethylene oxide percentages are 
formulabed as h_igh as possible without excessive foaming. 

There arce several commercially prepared alkaline · cleaners that 
are used by coil coaters. These preparations have very specific 
uses and each is complete with instructions that describe the 
optimum concentration. Selection is dependent upon the condition 
of the base metal. 

Following the alkaline cleanin'g step is a spray rinse. Spray 
rinsing is conducive to the fast line speeds which make coil 
coating an economical coating procedure. The spray rinse physi-

25 



cally removes alkaline cleaning residues and soil by both the 
physical impingement of the water and the diluting action of the 
water. The rinse water is usually maintained at approximately 
660C (1S0°F) to keep the coil warm for the subsequent conversion 
coating reactions and to help the rinsing action·. The rinsing 
action prevents contamination of the conversion coating bath with 
cleaning residues which are dragged out on the strip and could be 
subsequently deposited in the conversion coating solutions. The 
rinsing step also keeps the surface of the metal wet and active, 
which permits faster conversion coating film formation. 

The no-rinse conversion coating and the zincrometal processes 
require a coil that is clean, warm and dry. These processes use 
a squeegee roll and forced air drying to assure a clean dry coil 
following alkaline cleaning and rinsing. 

Conversion Coatings - The basic objective of the conversion 
coating process is to provide a corrosion resistant film that is 
chemically and physically integrally bonded to the base metal and 
provides a smooth and chemically inert surface for subsequent 
application of a variety of paint films. Since paint films are 
not. completely impervious to· the normal moisture and effects of 
the ambient atmosphere, a coil that is painted without prior 
conversion coating can experience premature paint failure. The 
conversion coating processes effectively render the surface of 
the basis material electrically neutral and immune to galvanic 
corrosion. Conversion coating on coils does not involve the use 
of applied current to coat the basis material. The coating 
mechanisms are chemical reactions that occur between solution and 
basis material. Coil coating normally uses four types of 
conversion coatings: 

Phosphate 
Chromate 
Complex Oxides 
No-Rinse 

Phosphate conversion coatings, chromate conversion coatings, and 
complex oxide conversion coatings are applied in basically the 
same manner. No-rinse conversion coatings are roll applied and 
use quite different chemical solutions than phosphating, 
chromating or complex oxide solutions. However, the dried film 
is used as basis for paint application similar to phosphating, 
chromating and complex oxide conversion coatings films. 

Phosphate Conversion Coatin9J! Phosphate conversion coatings 
provide a highly crystalline, electrically neutral bond between a 
base metal and paint film. Phosphate coatings have been used 
since the 1930's to help reduce wear on moving parts and provide 
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corrosion resistance to the basis metal. Currently, the most 
widespread use of phosphate coatings is to prolong the useful 
life of paint finishes. Phosphate coatings are primarily used on 
steel and galvanized surfaces but can be applied to aluminum. 
The three most popular types of phosphate coatings are iron, zinc 
and manganese. Manganese coatings are not used in coil coating 
operations b~cause they are relatively slow in forming and as 
such are not amenable to the high production sp~eds of coil 
coaters. 

The remaining two phosphate coatings are applied by spraying or 
immersing the metal strip; the major difference between them 
being the weight and thickness of the dried coating. Iron 
phosphate coatings are the thinnest, lightest and generally the 
least expensive. They were the first to be used commercially. 
The iron phosphating solutions in general use today produce a 
coating of fine crystals of an iridescent blue to bluish brown 
color. These crystals are translucent so their color is modified 
by the surface on which they are formed. Iron phosphate 
solutions are applied chiefly as a base for paint films. Spray 
application of iron phosphating solutions is most commonly used. 
The range of coating weights is 0.22 to 0.86 gm/sq m. 

Zinc phosphate coatings are quite versatile and can be used as a 
base for paint or oil, as an aid to cold forming, to increase 
wear resistance and to provide rustproofing. They encompass a 
wide range of weights and crystal characteristics varying in 
color from light to dark grey. Zinc phosphate solutions 
containing ·strong accelerators usually produce lighter colored 
coatings than solutions using milder accelerators. Zinc 
phosphate coatings can be applied by spray or immersion with 
applied coating weights ranging from 1 .08 to 10.8 gm/m2 for spray 
coating and from l .61 to 43.l gm/m2 for immersion coating. 

Phosphate coatings are formed.in the metal surface, incorporating 
metal ions dissolved from the surface. This creates a coating 
which is integrally bonded to the base metal. In this respect, 
phosphate coatings differ from electrodeposited cbatings which 
are superimposed on the metal. Most metal phosphates are 
insoluble in wat~r but sol~bl~ in mineral acids. Phosphating 
solutions consist of metal phosphates dissolved in carefully 
balanced solutions of phosphoric acid. As long as the acid 
concentration of the bath remains above a critical point, the 
metal ions remain in solution. Accelerators speed up film 
formation and prevent the polarization effect of hydrogen on the 
surface of the metal. Commonly used accelerators include 
nitrites, nitrates, chlorates, and peroxides. Cobalt, nickel and 
copper· nitrite accelerators are the most widely used and develop 
a coarse cryst~lline structure. The peroxides are relatively· 
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unstable and difficult to control, while chlorate accelerators 
generate a fine sludge that may cause dusty or powdery deposits. 

A typical heavy metal phosphate coating reaction sequence on a 
steel basis material is as follows: 

First reaction phase: ME= Zn, or Fe (Zinc or iron, cation 
part of dehydrogen 
phosphate salt) 

3ME{H2P04 )2 -----> ME3 (P04 ) 2 + 4 H3 P04 
(in water} 

The dihydrogen phosphate salt decomposes in solution to form 
an insoluble phosphate and phosphoric acid when dissolved in 
water. 

Second reaction phase: 

Fe+ 2H3 P04 -----> Fe(H 2 P04 ) 2 + H2 (Fe, iron is basis material) 

The phosphoric acid liberated from the dissociation of the 
dihydrogen metallic salt and the phosphoric acid normally 
added to the bath attacks the iron basis material at a 
nucleation site. This sets up a galvanic reaction with the 
attack site acting as an anode and a nearby nucleation site 
acting as a cathode with a subsequent release of hydrogen 
gas at the cathode. In this reaction, iron from the basis 
material is physically removed or etched from the surface of 
the metal and a soluble ferrous phosphate is formed. 

Third reaction phase: 

FE(H2 P04 ) 2 -----> FeHP04 + H3 P04 

The soluble ferrous phosphate dissociates in solution to 
form the insoluble iron phosphate and phosphoric acid. The 
insQluble iron phosphate and the original dissolved metallic 
dihydrogen salt form the coating. 

The overall reaction: 

The overall reaction involves the dissociation of the 
metallic dihydrogen salt and subsequent etching of the metal 
surface. Under the right pH conditions the dissolved basis 
material ions and the dissociated dihydrogen metallic salt 
chemically bond themselves to the basis· material and 
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effectively stop the reaction by shielding the basis 
material from further attack by-the acid. 

The controlling factors that determine the extent and speed of 
the coating reaction are the amount of phosphoric acid in the 
bath at equilibrium and the amourit of ~hosphoric acid required to 
prevent the precipitation of the insoluble metal phosphate. The 
number of nucl~ation sites available is a function of the type of 
metal, the mechanical process the base metal has experienced, and 
the type of cleaning steps used. Alkaline cleaning normally used 
in coil coating operations adequately prepares the surface of the 
basis miterial to receive a uniform conversion coating. 

A rise in pH from equilibrium to the point of incipient 
precipitation of the metallic phosphate is greatest with iron and 
the least with zinc. It is believed that smaller crystals re~ult 
when the coating is produced rapidly. Zinc phosphate solutions 
require the least amount of acid to be removed from the vicinity 
of the work piece to raise the pH to the point where the coating 
starts to form. Larger ~rystals are formed when larger amounts 
of acid need to be removed as in the case of iron phosphate 
solutions. 

After phosphating, the coil is passed through a recirculating hot 
water spray rinse. The rinsing action removes excess acid and 
un-reacted products, thereby stopping the conversion coating 
reaction. Insufficient rinsing could cause blistering under the 
subsequent paint film from-the galvanic action of the residLlal 
acid and metal salts. 

The basis. material is then passed through an acid sealing rinse 
comprised of up to 0.1 percent by volume of phosphoric acid, 
chromic acid, and various metallic conditioning agents, notably 
zinc. This solution seals the free pore area of the coating by 
forming a chromium chromate gel. Also, this acidic sealing rinse 
more thoroughly removes precipitated deposits formed by hard 
water in the previous rinses._ These deposits ~an cause problems 
with subsequent paint films. Modified chromic acid .rinses have 
found extensive use in t~e industry. These rinses are prepared 
by reducing chromic acid with an organic reductant to form a 
mixture of trivalent chromium and hexavalent chromium in the form 
of a complex chromium chromate. 

Chromate Conversion. Coatings~ Chromate conversion coatings can 
be applied to aluminum and galvanized surfaces but are generally 
.applied only to aluminum surfaces. The nature of the film and 
the chemical and physical reactions of its formation are a 
function and a reinforcemeht of the naturally occurring 
protective oxide coatings that are found on aluminum. Chromate 
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conversion coatings produce an amorphous layer of chromium 
chromate complexes and aluminum ions. These coatings offer 
unusually good corrosion inhibiting properties but are not as 
abrasion resistant as phosphate coatings. Scratched or abraded 
films retain a great deal of protective value because the 
hexavalent chromium content of the film is slowly leachable in 
contact with moisture, providing a self healing effect. Mqst 
chromate films are soft and gelatinous when freshly formed. Once 
dried, they slowly harden with age and become hydrophobic, less 
soluble and more abrasion resistant. However, when freshly 
formed, these coatings can lose their corrosion resistance with 
prolonged heating above ssoc (lSOOF). Chromate coatings result 
in variegated colors. The thickness of the film is partially 
responsible for the varying colors. The coating thickness rarely 
exceeds 0.013 mm. Under limited applications, these coatings can 
serve as the finished surface without being painted. If further 
finishing is required, it is necessary to select an organic 
finishing system that has good adhesive properties. Chromate 
conversion coatings are extremely smooth, electrically neutral 
and quite resistant to chemical attack. 

Chromate conversion coatings for aluminum are applied from acidic 
solutions. These solutions usually contain one chromium salt, 
such as sodium chromate, or chromic acid and a strong oxidizing 
agent such as hydrofluoric acid or nitric acid. The exact 
mechanisms that form the film are not completely understood. The 
final film usually contains both products and reactants and 
waters of hydration. Chromate films are formed by the chemical 
reaction of hexavalent chromium with a metal surface in the 
presence of "accelerators". 

The hexavalent chromium is partially reduced to trivalent 
chromium during the reaction with a concurrent rise in pH. These 
reactions fqrm a complex mixture consisting of hydrated basic 
chromium chromate complexes, hydrous oxides of both chromium and 
the basis material ions, varying quantities of reactants, 
reaction products and water of hydration, as well as the 
as$ociated ions of the particular system. 

One of the most important factors in controlling the foFmation of 
the chromate film is the pH of the solution. For any given metal 
chromate solution system, there exists an optimum pH which 
maximizes film formation. As the pH is lowered from this point, 
the reaction products become increasingly more soluble, tending 
to remain in solution rather than deposit as a coating on the 
metal surface. Chemical polishing chromates are purposely 
operated in a low pH range to take advantage of the increased 
rate of metal dissolution. The chromate films produced under 
these conditions are so thin that they are nearly invisible. 
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Further lowering of the pH converts the chromating solutions into 
simple acid etchants. Increasing the pH above the optimum 
gradually lowers the rate of metal dissolution and coating 
formation to a point where film formation eventually ceases. 

The presence. of hexavalent. chromium is essential but its 
concentration in chromating solutions can vary widely with 
limited effects as compared to the effects of fluctuation in pH. 
Chromate films will not form without the presence of_ certain 
anions. These anions are referred to as "activators" and include 
cyanides, acetates, formates, sulfates, chlorides, fluorides, 
nitrates, phosphates,and sulfamate ions. 

Chromate conversion coating requires that the basis material be 
alkaline cleaned and spray rinsed with warm water. The cleaning 
and rinsing assures a clean, warm and wet surface on which the 
conversion coating process takes place. Once the film is formed 
it is rinsed and then followed by a chromic acid sealing rinse. 
This rinse seals the free pore area of the coating, increasing 
the available hexavalent chromium ion availability. Also, the 
sealing rinse more thoroughly removes precipitated deposits 
formed by hard water in previous operations. Next the coil is 
subjected to a forced air drying step to assure a uniformly dry 
surface for the ,following painting operation. 

Complex Oxide Conversion Coatings Complex oxide conversion 
coatings can be applied to aluminum and galvanized surfaces but 
are generally applied to only galvanized surfaces. The nature of 
the fil~ and the chemical and physical reactions of its formation 
are a function and a reinforcement of the naturally occurring 
protective; oxide coating that is found on galvanized surfaces. 
The composition of the film is indefinite since it contains 
varying quantities of reactants, reaction products, water of 
hydration and dissolved ions associated with the particular 
system. The physical properties of the complex oxide conversion 
coating film are comparable to those of chromate conversion 
coating films and phosphate conversion coating films. 

Similar to chromat~ conversion coating film formation, complex 
oxide film. formation is not as clearly defined as the mechanism 
for. phosphate conversion coating reactions. Complex oxide film 
formation is formed in a alkaline solution while the other two 
are formed in an acidic solution. Complex oxide conversion 
coating reactions do not contain either hexavalent or trivalent 
chromium ions. However, the sealing rinse contains much greater 
quantities of hexavalent and trivalent chromium ions than do the 
sealing rinses associated with phosphate conversion coatings and 
chromate conv~rsion coatings. 
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The thickness of a conversion coating is related to immersion 
time of the basis material, concentration of reactants in the 
coating solution, temperature and specific formulation (such as 
the accelerator used). The generation of wastewater is a 
function of rinsing the unreacted residues and related materials 
from the coating. This bears little or no direct relationship to 
the final thickness of the coating. 

No-Rinse Conversion Coatings - Recent developments in chromate 
conversion coating solutions have resulted in a solution that can 
be applied to steel, galvanized or aluminum without the need for 
any rinsing after the coating has formed on the basis material. 
The basis material is normally alkaline cleaned, thoroughly 
rinsed and forced air dried prior to conversion coating. The 
conversion coating solution is applied with a roll mechanism used 
in roll coating paint. Once the solution is roll coated onto the 
basis material, the coil is forced air dried at approximately 
660C. The no-rinse solutions are formulated in such a way that 
once a film is formed and dried, there are no residual or 
detrimental products left on the coating that could interfere 
with normal coil coating pa~nt formulations. 

Although no-rinse conversion coatings currently represent a small 
proportion of the conversion coating techniques that are used, 
they offer potential users the following advantages: 

Application of a very uniform thickness of coating at high 
line speeds with the utilization of roll coating rather than 
spray or dip coating. 

No monitoring of bath constituents because all constituents 
are depleted at the same rate by the roll coater. 

Reduction in wastewater treatment requirements because there 
are no wastewater streams with chromium compounds, except 
those caused by routine equipment cleaning. 

The no-rinse conversion coating disadvantages include: 

Roll coating mechanisms are susceptible to 
Unfortunately the roll itself is most susceptible 
and if not watched closely could lower the quality 
applied film. 

wear. 
to wear 
of the 

Closer coordination of 
composition, temperature 
completeness of forced 
inherent higher line 

line speed, cleaning solution 
and pressure of spray rinse and 

air drying are required. The 
speed requires that the entire 
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operation be more finely tuned to achieve satisfactory 
results. 

Existing coil coating lines are difficult and expensive to 
adapt to no-rinse conversion coating operations. 

No reuse conversion coatings are not FDA approval for food 
grade coatings~ 

Painting Roll coating of paint is the final process in a coil 
coating line. Roll coating represents an economical method to 
paint large areas of metal with a variety of finishes and produce 
a uniform and high quality coating. The reverse roll procedure 
for coils is used by the coil coating industry. As the name 
implies, in reverse roll coating -the applicator roll rotates 
opposite to .the direction of, travel of. the coi 1. Figure I II--2 
(page 40) illustrates reverse roll coating mechanisms .in common 
use. The metering roll is driven in the reverse direction of the 
transfer roll, Its speed and distance from the transfer roll 
ultimately determines the· final paint thickness. These 
mechanisms can be adapted to paint both sides of the coil, at 
once. It is not uncommon for coil coating lines to have two 
painting stations, the first applying a primer coat to both sides 
and a second applying a finish coat to one or· sometimes both 
sides. 

The paint formulations used in the coil coating industry have 
high pigmentation levels (providing hiding power), adhesion and 
flexibility. Most coatings of this type are thermosetting and 
are based on vinyl, acrylic, and epoxy functional aromatic 
polyethers, and some reactive monomer or other resin with 
reactive functions, such as melamine formaldehyde resins. Also a 
variety of copolymers of butadiene with styrene or maleic 
anhydride are used in coating formulations. These coatings are 
cured by oxidation mechanisms during baking similar to those 
which harden drying oils. 

Of prime consideration in roll coating is the use of solvents to 
control viscosity of the applied paint. In roll coating, only a 
short period of time (seconds) elapses between the time of paint 
application and entrance to the curing oven. The paint 
distribution on the coil determines the smoothness and final 
appearance c,f the painted surface. An optimum blend of solvents 
requires a solvent that evaporates slowly enough to allow a rapid 
flow of ·thE~ paint over the coil, but one that evaporates quickly 
in the curing oven. Typical solvents found in paint 
formulations, and which may be used in roll coating processes to 
control viscos~ty and handling properties are listed below: 
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Solvent Naptha #2 
Solvent Naptha #3 
Butyl Carbitol 
Cellosolve Acetate 
Methyl Ethyl Ketone 
n-Hexane 
Lacquer Diluent Naphtha 
Toluol 
Isopropyl Alcohol 
Methyl Isobutyl Ketone 
Isophorone 

Butyl Acetate 
Xylol 
Methyl Amyl Acetate 
Butanol 
Amyl Acet,~te 
Hi Flash Naphtha 
Cellosolve 
Mineral Spirits 
Diisobutyl Ketone 
Diacetone Alcohol 
Butyl Cellosolve 

After paint application, the cont.~nuously moving strip is cured 
in an oven. Curing temperatures depend upon basis material, 
conversion coating, paint formulation and line speed. Typical 
temperatures range from about 930c to a maximum of about 4540c. 
Upon leaving the oven, the strip is quenched with water to induce 
rapid cooling prior to rewinding. lhe quench is necessary for 
all basis materials, conversion co~tings and paint formulations. 
A coil that has been rewound when too warm will develop internal 
and external stresses, c~using a possible degradation of the 
appearance of the paint film and forming properties of the 
prepainted strip. The volume of water used in the quench is 
often large to provide rapid heat transfers. However, the water 
is often circulated to a sump to provide the necessary large flow 
and may be passed through a cooling tower for heat d1ssipation 
and reuse. 

INDUSTRY SUMMARY 

The coil coating industry in the United States consists of 69 
coil coating plants having 125 coil coating lines. The basis 
materials coated include steel, galvanized (steel) and aluminum 
(including aluminized steel). Coil width varies from 25 mm (1 
in.) to 1.6 m (64 in.); basis material thickness ranges from 0.25 
mm (0.01 in.} to 1.25 mm (0,050 in.); coil length· ranges from 
600 m (2,000 ft) to 12,000 m (40,000 ft). The coil is thoroughly 
cleaned and a chemical conversion coating is usually applied to 
the coil before it is painted. Most paint coatings are based on 
vinyl, acrylic or epoxy formulations although some specialized 
coating are also used. Laminating of films to the chemically 
coated basis material may also be done. 

About 1.2 billion m2 (13 billion sq ft) of coated coils are 
manufactured annually. The industry uses about 72 million 1 (19 
million gal) per year of organic coatings valued at over $140 
million. Some facilities apply over 900 different coatings in 
one year. The largest market for coated coils is in the building 
products industry, for products such as roof decks and industrial 

34 



and residential 
consumer and uses 
users of coated 
manufacturers. 

siding. Transportation is the next largest 
coated coils for autpmobile parts. Other major 
coils ar-i· · the appliance and container 

The dcp survey showed that about 65 percent of the coil coaters 
are located in six states: Alabama, California, Illinois, 
Michigan, Ohio and Pennsylvania. The rest are located throughout 
the midwest and southeast. About 3,000 employees are directly 
involved in coil coating. 

Coil coating stands out among other metal finishing industries 
due to its ability to provide a high quality coating and yet 
conserve raw materials. It is estimated that coil coating uses 
only one fifth to one sixth the natural gas of post painting and 
curing. The water used per square meter of coated area is about 
one tenth as much as is used in most other metal finishing 
operations. This is one of the reasons EPA is treating coil 
coating as a separate category. 

Due to the ease with which coil lines can be changed to run 
different basis material, many coi.l cbaters coat two or three 
basis materials. On the dcp survey, 59 facilities indicated 
which basis materials they coat. Ten (17%) facilities coil coat 
exclusively on steel, two (3%) coat exclusively on galvanized, 
and nineteen (32%) coat exclusively on aluminum. The rest coat 
on either two or three materials. In total, 35 of the facilities 
coat ste~l, 18 coat galvanized, and 41 coat aluminum. Two 
facilities coat copper or brass on a regular (but not exclusive) 
basis and most do or can make an occasional run of coated steels. 

The total wastewater discharge from coil coating is about 29 
million 1/day (7.8 million gal/day), with a discharge of an 
estimated 2,900,000 kg (6.4 million lb) of pollutants in its 
wastewaters every year. Of 69 coil coaters,, 39 discharge to a 
publicly owned treatment works (POTW), 29 discharge to surface 
waters and one has no discharge. 

The coil coating industry has various end-of-pipe and various 
in-process trE:atments already in place. Approximately 15 percent 
of the plants have no treatment in place. The most common 
wastewater treatments in place as indicated in the dcp's are 
listed below: 
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Treatment In Place Percent of Plants 

Chemical reduction 71 
pH adjust (lime) 39 
pH adjust (caustic) 15 
pH adjust (acid) 35 
Settling tanks 30 
Clarifier 29 
Cooling tower 22 
Equalization 24 
Contractor removal sludge 24 
Landfill sludge 20 

INDUSTRY OUTLOOK 

The pattern of strong growth, rapid technological change and 
product improvement which has characterized the coil coating 
industry may be expected to continue in the future. New and 
improved processes and coatings, high product quality, economy of 
production and control of environmental pollution have allowed 
coil coated products to penetrate new markets and to displace 
older painting techniques. 

Several innovations have allowed coil coaters to have an economic 
advantage over other metal finishing processes. The most 
significant of these is the ability of the co~ted coil to be bent 
and formed after being coated without deterioration of the coat 
or its corrosion resistant properties. 

The coil coating industry has experienced strong growth over the 
period 1962 through 1978. Total coil coated metal shipments have 
grown at a compounded annual rate of over 12 percent. Growth 
during the same period for the end-use markets (transportation 
equipment and building products) have average 3-4 percent for the 
use of coated metals coils has grown more rapidly than that of 
other materials. The industry is still expected to be relatively 
prpfitable and to grow at a rate at least as great as the GNP 
through 1985 {which has averaged around 3 percent in real terms 
since World War II). 
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TABLE III-1 

Annual Coil Coating Production in 1976* 

Cleaned 
square -meters 
(square feet) 

Cold Rolled 487.60 X 106 
Steel (5,249 X 106) 

Galvanized 230.00 x 106 
Steel (2,475 X 10•) 

Aluminum 1,395.84 X 106 
(15,025 X 106) 

Total 2,113.44 X 106 
(22,749 X 106) 

Conversion 
Coated 

square meters 
(square feet) 

Painted 
square meters 
(square feet) 

379.66 X 106 544.00 X ·106 
(4,087 X 106) (5,856 X 106) 

225~80 X 106 
(2,430 X 10•) 

1,288.14 X 106 
(13,865 X 106) 

1,893.60 X 10 6 

(20,383 X 10 6 ) 

380.8 X 106 
(4,099 X 106) 

1 , 006 .• 3 X 1 06 
(10,832 X 106) 

1,431.16 X 106 
(20,787 X 106) 

*Data based upon DCP's and visited plants, areas as listed· are 
total area applicable to each operation. Cleaning and conversion 
coating areas are total area of both sides of coil. Painted area 
accounts for multiple coats on one or both sides of coil. 
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TABLE III-2 

TYPICAL OPERATIONS FOR EACH BASIS MATERIAL 

STEEL GALVANIZED AI1JMINUM 

Cleaning 
Acid Cleaning X 
Mild Alkaline Cleaning X X 
Strong Alkaline Cleaning X 

Conversion Coating 
Phosphating X X X 
Chroma.ting X X 
Complex oxide X X 
No-rinse Conversion Coating X X X 

Roll Coating X X X 

Zincrometal Coating X 
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SECTION IV 

INDUSTRY SUBCATEGORIZATION 

Subcategori:~ation should take into account pertinent industry 
characteristics, manufacturing process variations, wastewater 
characteristics, and other factors which do or could compel a 
specific subcategorization. Effluent limitations and standards 
apply to the discharge of pollutants. In this regulation, 
limitations and standards are mass based to allow the national 
standard to be applied to the full range of sizes of production 
units, the mass of pollutant discharge must be referenced to _a 
unit of production. This facto~ is referred to as a production 
normalizing parameter and is developed in conjunction with 
subcategorization. 

Division c>f the industry segment into subcategories provides a 
mechanism for addressing process and product variations which 
result in distinct wastewater characteristics. The selection of 
production normalizing parameters provides the means for 
compensatinq for differences in production rates among plants 
with similar products and processes within a uniform set of mass
based effluent limitations and standards. 

SUBCATEGOR'J[j~AT I ON BASIS 

Factors C~r~;idered 

After considering the nature of the various segments of the coil 
coating industry and their operations, EPA evaluated possible 
bases for subcategorization. These include: 

1. Basis Material Used 
2. Manufacturing Processes 
3; Wastewater Characteristics 
4. Products Manufactured 
5. Water Use 
6. Water Pollution Control Technology 
7. Treatment Costs 
8. Solid Waste Generation and Disposal 
9. Size of Plant 
l O. ,~ge of Pi ant 
11. Number of Employees 
12. 'l~c>tal Energy Requirements ( Manufacturing Process 

and Waste Treatment and Control} 
13. Non-Water Quality Characteristics 
14. Unig~e Plant Characteristics 
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Subcategorization Selection A review of each of the possible 
subcategorization factors reveals that the basis material used 
and the processes performed on these basis materials are the 
principal factors affecting the wastewater characteristics of 
plants in the coil coating industry. The most logical factors 
for subdivision of this industry are the manufacturing processes 
performed and the basis materials that are processed. This is 
because both the process chemicals and the basis material 
constituents can appear in wastewaters. The major manufacturing 
processes in the coil coating industry are cleaning, conversion 
coating, and paint application. Wastewater from cleaning and 
conversion coating are dependent on the basis material processed, 
while wastewaters from the paint application step are independent 
of the basis material. Therefore, subcategorization by.basis 
material inherently accounts for the process chemicals used. The 
three principal basis materials are steel, zinc coated steel and 
aluminum and these form the principal basis for the following 
subcategories. 

a. Coil coating on steel 
b. Coil coating on zinc coated steel (galvanized) 
c. Coil coating on aluminum or aluminized steel 

(NOTE: For ease of reference the basis material and subcategories 
are referred to as steel, galvanized and aluminum throughout this 
document. The terms "basis material" and "subcategory" are used 
interchangeably.) 

Minor variations in basis materials are occasionally encountered. 
Aluminum coated steel may be coil coated and is considered as 
aluminum. A small amount of coated steels (e.g. chrome, nickel 
and tin) are coil coated and are considered for the purpose of 
effluent limitations and standards as steel. Similarly, small 
amounts of galvalum (a 'zinc-aluminum alloy) and brass 
(copper-zinc alloy) and very small amounts of other copper forms 
are considered as galvanized. Grouping these minor materials 
with major segments will ensure appropriate limitation while 
minimizing regulatory complexity. · 

One potential limitation of subcategorizatic)n based solely on the 
basis material processed is painting performed without conversion 
coating. Since neither additional ·pollution is caused nor an 
additional pollutant is created by this process there is no need 
for concern. 

Subcategorization by basis material used is the.most logical 
method for segmenting the industry because it· focuses on the 
source of wastewaters. It is also an easily recognized way of 
separating and designating subcategories. Other 
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subcategorization bases considered but not recommended for 
subcategorization are presented in the following subsections 
along with the reasons why they are not as appropriate as the 
approach sE~lected. 

Products Manufactured 

The product produced by coil coating is the painted basis 
material which is essentially the same throughout the industry 
and thus does not provide a basis for subcategorization. 

Water Use 

Water usage alone is not a comprehensive enough factor Upon which 
to subcategorize because it is dependent on the specific 
manufacturing process and basis material used. While water use 
is a key element in the limitations established, it does not 
inherently relate to the source.or the type and quantity of the 
wastewater. 

Water Poll,!!tion Control Technology and Treatment Costs 

The necessity for a subcategorization factor to relate to the raw 
wastewater characteristics of a plant automatically eliminates 
certain factors from consideration as potential bases for 
subdividing the industry. Water pollution control technology and 
treatment costs have no effect on the raw wastewater generated in 
a plant. The water pollution control technology employed at a 
plant and its cost are the result of a-requirement to achieve a 
particular effluent level £or a given raw wastewater load._ It 
does not affect the raw wastewater characteristics. 

Solid Wast~ Generation and-Disposal 

Physical and chemical characteristics of solid waste generated by 
the coil coating industry are determined by the basis material. 
Furthermore, solid waste disposal techniques may be identical for 
a wide variety of solid wastes and do not provide a sufficient 
basis for subcategorization. 

Size of Pl,~nt 

The. nature ,::,f the processes for the coil coating industry are the 
same in all facilities regardless of size. The size of a plant 
is not an appropriate basis for subcategorization because the 
wastewater characteristics of a plant per unit of production are 
essentially the same for plants of all sizes when processing the 
same basis material. Thus, size alone is not an adequate basis 
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for subcategorization since the wastewater characteristics of 
plants depend on the type of products produced. 

While size is not adequate as a technical subcategorization 
parameter, EPA recognizes that the capital investment for 
installing wastewater control facilities.may be greater for small 
plant~ relative to the investment in their production facilities 
than for larger plants. Consequently, the size distribution of 
plants was investigated during the development of limitations and 
wastewater treatment technology recommendations were reviewed to 
determine if special considerations are required for small 
plants. 

Age of Plant 

While the relative age of a plant is important in considering the 
economic impact of a guideline, it is not an appropriate 
subcategorization basis because it does not take into 
consideration the significant parameters which affect the raw 
wastewater characteristics. Plant processes employed have a .much 
more significant impact on.the raw wastewater g~nerated than the 
age of the plant. In addition, a subcategorization based on age 
would have to distinguish between old plants with old equipment, 
old plants with new equipment, new plants with old equipment and 
every other possible combination. Plants would have to be 
carefully reviewed to insure they are accurately placed within a 
subcategory. Furthermore, the dcp's returned from plants in this 
industry indicate that the industry is relativeiy new and that 
most plants are fairly young. 

Number of Employees 

The number of employees in a plant does not directly provide a 
basis for subcategorization as the number of employees does not 
necessarily reflect the production or water usage rate at any 
plant. Rather, the operational time of any given basis material 
and paint color or finish without production stoppage determines 
the,production rate. A plant with six employees that changes 
basis materials frequently-may produce less than a plant with two 
employees that produces a single finish/ on a single basis 
material for an extended period of time. The amount of 
wastewater generated is ·related to the production rates and the 
number of employees does hot provide a definitive relationship to 
wastewater generation. 
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Total Ener~y Requirements 

Total energy requirements were excluded as a basis for 
subcategorization primarily because of the difficulty in 
obtaining reliable energy estimates specifically for production 
and wastewater treatment. When energy consumption data are 
available, they are likely to include other energy requirements 
such as lighting, air conditioning, and heating as well as energy 
required to run the plant and treatment facility. 

Non-Water (~Jal i ty Aspects 

Non-water quality aspects may have an effect on the wastewater 
generated in a plant. A non-water quality area such as air 
pollution discharges may be under regulation and water scrubbers 
may be used to satisfy such a regulation. This could result in 
~n additional contribution to the plant's wastewater. How~ver, 
it is not the prime cause of wastewater generation in coil 
coating, and 1s therefore not acceptable as an overall 
subcategorization factor. 

Unique Pla11t Characteristics 

Unique plant characteristics such as geographical location, space 
availability, and water availability do not provide a proper 
basis for subcategorization as they do not affect the raw 
wastewater characteristics of the plant. The dcps reveal that 
plants ~n the same geographical area have different wastewater 
characterif;tics. Process water availability may be a function of 
the geography of a plant and the price of water determines any 
necessary modifications to procedures employed in each plant. 
However, required procedural changes to account for water 
availability only affect the volume of pollutants discharged, not 
the characteristics of the constituents. Wastewater treatment 
procedures can be utilized in any geographical location. 

A limitation in the availability of land space for constructing a 
wastewater treatment facility may affect the economic impact of 
an effluent limitation. However, in-process controls .and rinse 
water conservation can be adapted to minimize the land space 
required for the end-of-process treatment facility. Often, a 
compact trE~atment unit can easily handle end-of-process waste if 
good in-process techniques are used to conserve raw material- and 
water. 
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Summary of Subcategorization 

For this study, the Agency has determined that the principal 
factor affecting the wastewater characteristics of plants in the 
coil coating category is the basis material used. The basis 
material dictates the type of preparation required, thus 
affecting the wastewater ~haracteristics. This is the same 
subcategorization scheme that the Agency proposed for this 
regulation, and no public comments criticized it. 

'PRODUCTION NORMALIZING PARAMETERS 

Coil coating, like most metal surfacing processes, is processed 
area dependent. The amount of chemicals and other raw materials 
used and the amount of wastewater and wastewater pollutants is 
proportional to the surface area processed. For this reason 
surface area is the first production normalizing parameter (PNP) 
considered. Since it is an easily measured quantity that is 
available from industrial production records, it is a prime 
candidate to be the PNP for coil coating. The area processed is 
the area which comes into contact with process chemicals and 
solutions and includes both sides of the strip. 

EPA also considered the amount of process chemicals used as a PNP 
in effluent limitations and standards development. Process 
chemicals may differ from coating line to coating line. Also 
because of the proprietary nature of many coil coating 
preparations it can be difficult to determine the actual 
consumption of specific material. 

Water use also was considered; however, Tables V-6 through V-8 
(pages 77-78) reveal that there is no direct relationship between 
water use and the amount of product manufactured. 

The weight of· product manufactured was considered; however 
because the basis material thickness may vary over a 5 times 
range, mass was rejected from further consideration. 

EPA has determined that 
conversion coated is the 
normalizing parameter. 

the area of basis material cleaned or 
most logical and useful production 
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SECTION V 

Water Use and Wastewater Characterization 

This section presents summaries and · supportive data which 
describe and characterize coil coating water use and wastewater. 
Data collection and data analysis methodologies are discussed. 
Raw wastewater and final effluent constituentsj flow rates and 
pollutant mass per unit of production area are presented for the 
three basis material sub __ categories and for specific functional 
operations in each. 

INFORMATION 90LLECTION 

EPA collectE~d information ·from a number· of sources about the coil 
coating industry. Some existing information was found in the 
Agency: a previous study done by EPA; permits for coil coaters 
who discharge to surface waters, and information that was 
collected concurrently by the Office of Ai~ Quality Planning and 
Standards. EPA conducted a literature search to find pertinent 
published information about the coil coating industry. Technical 
information was provided by industry representatives and the 
industry trade association. Information requests were sent to 
all known coil coating companies and also to several chemical 
suppliers. The greatest amount of specific data was collected 
during the sampling program conducted prior to proposal. Finally 
further information and help in identifying problems was provided 
by commenb~1~s to the proposed regulation and supporting 
development document. 

A previous Aqencv study of the coil coating industry was reviewed 
it the ouiset of this study. Although this study was not 
published, it had gathered information on a number of coil 
coating facilities an~ on the industry in general. Most of this 
information was used to develop an overview of the industry and 
identify a preliminary data base. 

The National Pollutant Discharge Elimination System (NPDES) 
permits for coil coating facilities which had a direct diicharge 
stream were obtained from the Regional EPA offices and from the 
Ohio EPA where applicable. In several cases, the permits 
involved streams other than coil coating wastewaters, e.g. 
noncontact cooling water. Some facilities directly discharge 
only ·the quench wastewaters or the cleaning wastewaters after 
treatment; ,~ther plant wastewaters are discharged to a Publicly 
Owned Treatment Works (POTW). The Agency was hoping to learn 
current industry practices for wastewater treatm~nt; however, the 
information in the permits was insufficient for this purpose. 
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The permits did not specify where the discharge streams originate 
and it was not possible to determine if noncontact cooling water 
was being mixed into the discharge stream or if other processes 
not under the coil coating category were included in the 
discharge. It also was not possible to relate the permit 
limitations to production which precluded any analysis for 
effluent limitations except by concentration. For these reasons, 
the permit information had very little impact on this study. 

The Office of Air Quality Planning and Standards conducted a 
study concurrently with this study on a category similar to the 
coil coating category. Although some information was shared 
between the two studies, the information was not significant and 
focused on different processes. 

EPA conducted a literature search to obtain as much pertinent 
published material about the coil coating industry as possible. 
Information was collected on the processes used, the purpose of 
and theory behind each process, the chemicals used, the economics 
of the processes, the methods of conserving wate~, and the 
methods of treating wastewaters from the coil coating industry. 
Some.of this informaton is ·summarized in Section III. 

Industry representatives and the National Coil Coaters 
Association provided information throughout the development of 
this study. Wastewater treatment systems and their effectiveness 
on coil coating wastewaters, new and upcoming technologies and 
processes which might impact regulatory decisions or options, and 
other aspects far too numerous to list were discussed with or 
provided to the Agency. 

Data requests were sent to every known coil coating facility and 
to several chemical suppliers. The data received from the 
chemical suppliers concerned the chemical constituents of their 
proprietary chemical baths. This information is confidential and 
does not appear in this report. It did, however, guide the 
Agency on where to look for pollutants and what pollutants to 
expect. The data requested of the individual companies involved 
in coil coating operations are described in more detail later in 
this section. 

The sampling program is described later in this section. 

Comments Q!1 the proposed development document were assimila.ted 
and incorporated into this report when applicable. The comments 
ranged in topics from the general operating procedures of a coil 
coating plant to the problems involved in wastewater treatment 
systems and how they relate to coil coating .. 
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PLANT DATA COLLECTION -- -~ " 

The Agency collected technical data for this report prior to 
proposal. A preliminary review of the existing coil coating 
information indicated the need for more extensive plant data. 
This data was collected through a mail survey which involved 
several activities: the development of a data collection 
portfolio; the distribution of the -survey, logging of the survey 
responses, E~ltamination and analysis of the information received; 
selection of plants for on-site sampling of ·raw and treated 
process wast:E~waters; and the implementation of sampling programs 
at selected,plant sites. 

Development of the Data Collection Portfolio - After review and 
analysis of the existing data, the Agency developed a draft data 
collection pc,rtfolio. Information was· requested about plant age, 
production, number of employees, water usage, manufacturing 
processes, raw material and process chemical usage, wastewater 
treatment technologies, the known or believed presence or absence 
of toxic pollutants in the plant's raw and treated process 
wastewaters, and other pertinent factors. 

Representatives of the National Coil Coaters Association (NCCA) 
were invited to meet with EPA, to review the draft· data 
collection portfolio, and to offer comments. 

Comments received from the NCCA were reviewed and where 
appropriate, were incorporated into the final data collection 
portfolio~ In addition to this input, EPA was in communication 
with the NCCA throughout the entire program in order to utilize 
their knowledge of coil coating practices. 

Survey Design - The Dunn and Bradstreet Index lists the products 
of businesses by Standard Industrial Classification. (SIC) code. 
A computer search of the SIC codes, 3479 and 349r (most commonly 
used by coil coaters) was done for primary and secondary 
industries of these companies. The list of coil coaters obtained 
from this search was supplemented by the companies who were 
members of the NCCA and by the companies who were known to be 
involved in coil coating from the previous study the EPA 
conducted. In all 68 companies were identifed as probably being 
involved in coil coating operations. 

Distribution of the Plant Survey - Each company on the mailing 
list was sent a dcp along with a statement explaining the 
recipient's. legal rights to protection of confidential 
information and EPA's statutory authority under Section 308 of 
the Federal Water Pollution Control Act as amended, for 
requesting the needed data. Data was requested on all coil 
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coating operations of each company. Particularly, data pertinent 
to the 1976 calendar year was requested. In addition, the dcp 
briefly explained the settlement agreement background leading to 
the request and set a 45 calendar day time period for responding 
to the information request. 

Processing of Survey Responses - Each response was logged iry and 
examined for claims of confidentiality. Information claimed to 
be confidential or proprietary was segregated from other 
information and was processed according to the statutory 
requirements for handling information claimed to be confidential. 

Sixteen of the responses were returned with an indication that 
the company either was no longer in business, or that the company 
was not involved in coil coating operation. None of the 
information requests were returned as undeliverable at the 
address indicated. 

Plant responses were then copied and the copy forwarded to the 
technical contractor. The plant information was examined for 
completeness and interpretation, and prepared for computer entry 
and analysis by the technical contractor. Each facility was 
assigned a four or five digit identification number which is used 
throughout the study and this document for identification. At 
the end of the 45 day response period, a follow up letter was 
sent to those establishments which had not responded. All 
companies who were sent an information request responded. 

In total, information on 72 facilities was received. Three 
plants did not perform coil coating. The remaining 69 facilities 
operate about 125 coil coating lines. Although the Agency was 
not able to locate all of the coil coating facilities reported to 
exist (some sources have estimated as many as 190 coil coating 
lines in the United States), the majority were believed to be 
located and information was received on each of these facilities. 

Selection of. Plants for Sampling - Information from the data 
col·lection portfolio served as the primary basis for selection of 
plants for engineering and sampling visits. Specific criteria 
used to select plants for visits included: 

• Equal distribution of sampling days among the three 
subcategories. 

• Inclusion of plants with high and low water use and 
varying numbers of coil lines in the sampling program. 

• Manufacturing processes that are representative of the 
industry as a whole. 
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• Operating wastewater treatment 
conservation methods. 

systems or water 

Engineering visits were conducted at .18 facilities to supplement 
dcp information and to review plants for possible sampling 
visits. Sometimes the engineering visits were combined with the 
sampling visits. 

Thirteen plants were selected for sampling, most of which were 
equipped to process two or all three basis materials. Thus, 
several of the plant sampling visits provided process and 
wastewater information in more than one subcategory. To make 
sampling easier, EPA tri~d to select plants .which process only 
one basis material. Except for the aluminum subcategory, 
however, it was found that·most facilities which process only one 
basis material did not meet the selection criteria as well as 
those plants w~ich pr6c~ssed more than one: Theiefore, several 
plants which processed more than one basis material were chosen. 
Table V-1 (page 60) lists the sampled plants in each subcategory 
and the number of sampling days on which data were collected for 
that subcategory. It also indicates the plants where screen 
sampling was done. 

SAMPLING PROGRAM 

Two sequential procedures are .used for sampling screening 
followed by verification. When a facility is chosen for 
screenind, samples are taken at various streams of interest. The 
Agency has established a protocol for gathering, shipping, and 
analyzing these samples which is detailed in "Scre.ening and 
Analysis Prqcedures for Screening of Industrial Effluents for 
Priority Pollutants," March, 1977 revised April, 1977, U.S. EPA 
(short form of title: "Screening Protocol"). The samples for 
screening are analyzed for the 129 priority pollutants and any 
other pollutants deemed necessary. From· the results of 
screening, a number of pollutants found in significant quantities 
are selected for verification. The samples gathered under the 
verification sampling program are analyzed only for those 
pollutants. selected from the screening results. The method of 
gathering, shipping, and analyzing the samples for verification 
is detailed in "Analytical Methods for the Verification Phase of 
the BAT Review," June, 1977, U.S. EPA (short form of title: 
"Verification Protocol"). One screening visit is carried out for 
each subcategory. For coil coating, therefore, three facilities 
were selected for screening, two of which were also used for 
verification. Ten other facilities were selected for 
verification. 
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Methodology - Prior to sampling visits, all available data, such 
as layouts and diagrams of the production processes and waste 
treatment facilities were gathered and reviewed. Before 
conducting a visit, a detailed sampling plan showing the selected 
sample points was generated. Pertinent data to be obtained was 
detailed. For all sampling programs, flow proportioned composite 
samples, or the equivalent for batch operations, were taken while 
the plant was in operation. 

The main purpose of the screening program was to determine what 
pollutants were being introduced into the wastewaters of plants 
in each subcategory. Plants were selected for screening when it 
was possible either to sample total raw wastewater or to make a 
flow proportioned composite equivalent of the total raw 
wastewater. The total raw wastewater is a sample taken where the 
process water from all processes has mixed prior to any 
treatment. Many wastewaters, however, receive some preliminary 
treatment before mixing (i.e., chromium wastewaters were 
generally treated to reduce hexaval~nt chromium before being 
mixed with other wastewaters). When this was the case in a 
screening plant, the stream was also sampled prior to the 
individual stream treatment. Inlet water to the plant was also 
sampled to determine the pollutant levels of incoming water. A 
sample of the effluent after treatment was taken to determine the 
effectiveness of the wastewater treatment system, and to see if 
any pollutants were introduced by the treatment system itself. A 
blank sample is taken to see if any pollutants are being 
introduced into the other samples by the sampling equipment. A 
blank is made by pouring specially preparied organic free water 
through the sampling equipment and handling it just as the other 
samples. 

The verification process determines the sources and levels of 
pollutants in wastewaters. Verification samples are taken for 
every operation which discharges or uses process water-, including 
any rinses following a treatment process .. These are all sampled 
as one operation. The concentrations of parameters in the inlet 
water to the plant are measured to see if pollutants are not 
actually being introduced·but are present at background levels in 
the water being used. The final effluent is measured to 
determine the effectiveness of the wastewater treatment system. 
When streams were treated and discharged separately, all of the 
effluents were measured. 

Table V-2 (pages 61-66} ~ists the methods used to analyze the 
samples collected during screening and verification. Because 
only a few of the pollutants analyzed for in screening are 
analyzed for in verification, most of the "Verification Analysis 
Methodology" column is blank. 
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Verification Parameter Selection - In order to reduce the volume 
of data which must be handled, avoid unnecessary expense, and 
direct the scope of the sampling program, a number of the 
pollutant parameters analyzed for during the screen sampling are 
not analyzed for during the-verification sampling. The pollutant 
parameters which are chosen for further analysis are called 
verification pollutant parameters. Due to the different 
pollutants present in each subcategory, EPA selects verification 
pollutant parameters separately for each subcategory. Three 
sources of information were used: pollutants believed to be 
present by industry; pollutants indicated by the screen sampling 
analyses; and pollutants selected by the Agency after review of 
the processes and materials used by the industry. 

In the dcp survey, the 129 priority· pollutants were listed and 
each facility was asked to indicate for each particular pollutant 
"Known To Be Present" (KTBP), "Believe To Be Present" (BTBP), 
"Believe 'l'o Be Absent" (BTBA), or "Known To Be Absent" (KTBA). 
KTBP and KTBA were to be indicated if the pollutant had been 
analyzed for and either detected or not detected. BTBP and BTBA 
were to be indicated if it was or was not possible for the 
pollutant to be introduced into the wastewater and the pollutant 
had not been analyzed. The results of the survey are shown in 
Table V-3 (p~ges 67-71). The column to the .. far right "Screening 
Raw Wastewater Range", summarizes the range of concentration of 
the pollutants that were found in the screening samples of total 
raw wastewater. For simplicity, the dcp data were not divided 
into the three subcategories since a number of plants fall into 
more than· one subcategory. It should be noted that some 
facilities completed this portion of the dcp only partially and 
some not at all. Thus, there are only 60-63 facility responses. 
Six pollutants were often identified as present (KTBP or BTBP): 
chromium, copper, cyanide, lead, nickel, and zinc. 

Screen samples were taken at three points: the inlet water to the 
facility, the total raw waste, and the final effluent. The 
aluminum subcategory required an additional sample of quench 
water, which is not mixed with the other wastewaters. A quality 
control blank also was taken. rhree facilities were visited for 
screen sampling, one. in each subcategory. The results of the 
screen sample analyses are in Table V-4 (pages 72-76). Besides 
the 129 priority pollutants, a number of other conventional and 
nonconventional pollutants were analyzed. 

The verification parameters that were selected are displayed in 
Table V-5 (page 77). A priority pollutant was not selected if 
its reported concentration in the raw wastewater was below the 
limits of analyt_ical quantification (~0.010 mg/1) except where 
dcp data or technical judgment based on knowledge of the industry 
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indicated it should be selected. If the concentration of the 
pollutant in the raw wastewater was greater than 0.010 mg/1 it 
was selected as a verification parameter unless: 1) dcp responses 
and technical knowledge of the industry indicated that the 
pollutant should not result from coil coating processes; 2) the 
pollutant's concentration was below the probable ambient water 
criteria (PAWC) level. A pollutant detected below the PAWC was 
considered as not causing or likely to cause toxic effects; 3) 
the concentration in the raw waste was not significantly higher 
than in the influent concentration. 

DATA ANALYSIS 

The verification parameters were analyzed for in all the samples 
collected during the verification sampling program, for which 
about five plants were visited (see Table V-1, page 60) for each 
subcategory. Verification is used to localize the sources of 
pollutants. Usually samples were taken of the wastewaters from 
the cleaning baths and succeeding rinses, the conversion coat 
bath and succeeding rinses (including the acidulated or sealing 
rinse), the water quenches after baking, and the final effluent 
from the plant after wastewater treatment. The production and 
flow of each process were recorded for each day of the 
verification visit for each plant. Some of this data was also 
collected during screen sampling and analysis. 

Essentially, five pieces of information were derived from the 
data for further analyses: 1) the production normalized water U§.L 
(l/m2 ) of the individual functional processes and the total coil 
coating process; 2) mean flows for each process for each 
subcategory; 3) the median pollutant levels, both concentration 
and production normalized, of the raw wastewaters from the 
individual functional processes and the total of all processes. 
4) the pollutant levels, both concentration and production 
normalized, of the final effluents after wastewater treatment; 
and 5) the maximum pollutant levels and number of occurrences of 
each in each process . 

. 
Throughout this document, mean and median values were taken after 
the not detected values had been eliminated, except where 
appropriate. When a pollutant is not found (not detected) in a 
particular stream usually the pollutant is not entering the 
wastewater in that plant or sample point. To include pollutants 
that were not detected in determining mean and median values 
would therefore unfairly bias the means and medians toward·s the 
lower pollutant levels. The number of data points used to 
calculate the mean and median value,· and the number of not 
detected values that were excluded, are usually presented to the 
right of the tables of mean and median values. These rules, 
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However, are inappropriate for hexavale.nt chromium and cyanide 
amenable to chlorination. If cyanide (total) is detected it must 
be assumed. that cyanide is·used in the process. Therefori; if 
cyanide amenable to chlorination could also be present, it should 
be (and was) included in the mean and median values even if not 
detected. The same is true of hexavalent chromium. 

The statistical analyses of data include some data points of 
pollutants measured at levels considered not to be quantifiable. 
All organics except pesticides and cyanide are not considered 
quantifiable at concentrations equal. to or less than 0.010 mg/1. 
Pesticides are not considered quantifiable at or below 
0.005 mg/1. The distinction of not quantifiable is made because 
the analyses used to measure the concentrations of the particular 
pollutants is not quantitatively accurate at the extremely minute 
concentrations. The analyses are useful, .however,· to indicate 
presence of the particular pollutant; Therefore, the data points 
considered to be not quantifiable were included in the data 
analyses. This was done by considering a·not quantitative value 
to be equal to 0.000 mg/1. A concentration of zero instead of 
0.010 mg/1 (0.005 mg/1 for pesticides) was selected so as not to 
bias the statistical analyses to the high side even though 
minutely. For example, when two or more streams were 
proportiom~d to get a total discharge stream for cleaning the 
total discharge concentration was considered not quantifiable 
only if the total concentration was calculated exclusively from 
not quantifiable values. A value of 0.001 mg/1 for an organic is 
considered:quantifiable if. it results when a stream with a 
concentration of 0.020 mg/1 is diluted 20 fold. When a not 
quantifiable v-lue appears in a statistical table it is 
represented by an asterisk. ·When not quantifiable concentrations 
were conve1~ted to a production normalized level ( mg/m2) the 
designation as not quantifiable was. retained and the analyses 
were done by the same rules as by concentration. 

Water Use 

Water is use?d
0 ··,y~··· virtually all coil coating operations. It 

provides the mechanism for removing undesirable compounds from 
the basis material, is the ,medium for the chemical reactions that 
occur on the basis material and cools the basis material 

·subsequent to baking. Water is the medium that permits the ·high 
degree of automation associated with coil coating and the high 
quality of the finished product. The nature of coil coating 
operations, the area of basis material processed, and the 
quantity and type of chemicals used produces a large volume of 
wastewater that requires treatment before discharge. 
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The production data and water use data obtained from the dcp's 
for the steel, galvanized and aluminum subcategories are shown in 
rables V-6, V-7, and V-8 (pages 78, 79, and 80) respectively. 
The area cleaned, area conversion coated, area painted, and 
production capacity were reported in the dcp's for each facility. 
The area cleaned and the area conversion coated represent both 
sides of the coil. The area painted represents the actual area 
painted, which may be one side, both sides or multiple coats to 
one or both sides. The average production rate is calculated in 
most cases by taking the total production area (length times 
width) for a whole year for all basis materials and dividing by 
the total number of hours of operation of all lines in the 
facility f~r the whole year. 

There were five exceptions where the information reported in 
these dcp's was. insufficient to calculate separate average 
production rates for each basis material -- plant ID 04092, 11077, 
11142, 20056 and 36036. These five faciities were not included 
in Table V-6,7 and 8 because of insufficient data. The process 
water rate is the sum of all coil coating effluents excluding 
noncontact cooling water. 

The water use is the volume of water used to process a specified 
area of coil. The water use is equal to the process water rate 
divided by twice (to account for both sides of the coil) the 
average production rate. The facilities in Tables V-6, V-7, and 
V-8 were ordered in ascending average production to see if any 
dependence of water usage rate on facility size exists. None was 
apparent. 

Tables V-9, V-10, and V-11 (pages 81, 82, and 83) present the 
water use data from the visited plants by subcategory; steel, 
galvanized, and aluminum, respectively. The processed area is 
defined as the area of both side~ of the coil (length times the 
width of the coil times two) since both sides are processed. The 
water use is determined by dividing the volume of water used by 
the processed area of the coil. The statistics of the water use 
from Tables V-9, V-10, and V-11 and from the dcp data in Tables 
V-6, V-7, and V-8 are summarized in Table V-12 (page 84). 

In all three subcategories the numerical values of the production 
normalized flows have changes from proposal. The changes are 
based on a re-examination of visited plant and dcp data. 

Incoming Water Analysis - Incoming water samples were collected 
for each sampled plant and analyzed for all of the verification 
(and screening where applicable) parameters. Overall, these 
analyses revealed a very few parameters at concentrations above 
the minimum quantifiable limit of the specific method. The 
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concentration l~vels found in the incoming water of parameters 
common to process discharges were not significant enough to 
affect the anticipated design of a wastewater treatment system. 
Where incoming water concentrations of regulated parameters are 
of a significant level, the environmental impact will be assessed 
on a case by case level by the respective regulatory authorities. 

Raw WastE~water-Analysis - Coil coating operations that produce 
wastewater are characterized by the pollutant constituents 
associated ~it~ respective basis,materials. Efforts were made. 
during vi~rif ication sampling to obtain discrete samples of each 
operation (cleaning, conversion coating and painting). The· 
constituents in the raw wastewaters sampled included ions of the 
basis material, oil and grease found on the basis material, 
components of the cleaning and conversion coating solutions, and 
the paints and solvents used in roll coating of the basis 
materials. 

The coil coating processes are nearly the same in every facility. 
However, the process lines of each of the sampled plants are 
summarized in Table V-13, (page 85) to give the reader an idea of 
each facility. Of the thirteen plants sampled, three.claimed 
confidentiality. The process line summaries have been deleted 
for these. plants. 

The statistical analyses of data in the rest of this section are 
done by two methods, concentration and production normalized. 
The concentration of the pollutant is the value actually 
determined by analysis in each process. The analysis by 
concentration is useful in understanding the functionality of 
each process. High concentrations of particular constituents in 
a wastewater stream are indicators of the type of chemical 
reactions or mass transfer operations taking place. 
Concentrations do not. indicate. the amount of pollutants being 
introduced into wastewat~rs ~ince a very small stream with high 
pollutant concentrations. may contribute far less pollution than a 
very large stream with smaller pollutant concentrations. The 
productitm normalized levels of pollutants for each process are 
the mass of a pollutant released in-processing a certain area of 
coil. F.or each concentration of a pollutant for each sample 
taken the corresponding production normalized level was 
determined. The production normalized level was determined by 
multiplying the pollutant concentration by the water use for that 
particular process, plant, and day (found in Tables V-9, V-10, 
·and V-11). The analysis by production normalized levels is 
helpful in determining where absolute. quantities (mass) of 
pollutants are produced. 
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Tables V-14 through V-27 present the statistical analysis of the 
data base. The minimum, maximum, mean, and median values of the 
sampling results are given. The tables are grouped by 
subcategory. Tables V-14 through V-17 (pages 86-89) contain the 
cleaning and conversion coating raw wastewater statistical data 
for the steel subcategory by concentration and by production 
normalized levels. Similarly, Tables V-18 through V-21 (pages 
90-93) present this data for the galvanized subcategory and 
Tables V-22 through V-25 (pages 94-97) present these data for the 
aluminum subcategory. The quench data was not divided into 
subcategories because the raw wastewater from the quench stream 
was found not to vary significantly among the subcategories. The 
statistical data for the quench stream is presented in Tables V-
26 and V-27 (pages 98 and 99). 

Tables V-28 through V-30 (pages 100-102) summarize the medians 
presented in Tables V-14 through V-26. All medians below or 
equal to 0.010 mg/1 have been deleted to focus attention on those 
pollutants at significant levels. Table V-31 (page 103) 
summarizes the total raw wastewaters for each subcategory. They 
are obtained by flow proportional summing of the individual 
process stream medians. 

The reasons why particular pollutants are present in each raw 
wastewater stream are discussed in later sections. 

Only limited amounts of raw wastewater data were received in the 
dcp responses. The data was only for a few metals and was not 
useful. 

The water used in 
determined from the 
sampling. The median 
subcategory can be 
percent of water used 

each process for each subcategory was 
median water flow rate measured during 
water flow rate (1/day) for each process by 
found in Tables V-28, V-29, and V-30. The 
in each process is: 

Percent of Subcategory Water Use by Process 

Steel Galvanized Aluminum 

Cleaning 36 25 19 
Conversion Coating 7 9 10 
Quenching 57 66 71 

Effluent Analysis - The diversity of wastewater treatment methods 
is almost as great as the unformity of the process steps for the 
coil coating industry. The treatment methods of the sampled 
plants are summarized in Table V-32 (pages 104 and 105). The. 
three facilities which claimed confidentiality have been deleted. 
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Samples of the final effluents were taken for every day of 
sampling. Since a number of facilities had two or more coil 
coating discharges, samples ~ere taken of each effluent. Some 
effluents contained wastewaters or treated wastewaters from more 
than one coil coating line. 

Tables V-33 through V-38 (pages 106-113) show the effluent data 
from the sampled plants for the steel, galvanized, and aluminum 
subcategories. A brief summary of wastewater treatment methods 
is also given at the bottom of each plant day. Effluents were 
measured both at screening and at verification plants so data for 
every sampled plant is present. For simplicity, a total effluent 
has been derived by flow proportional summing of each of the 
effluent streams. If the effluent from a wastewater treatment 
system was ,from two lines running different basis materials, the 
effluent concentrations were presented.as measured; in the case 
of multiple effluents, a flow proportional sum was arrived at by 
the concentrations. For the production normalized effluents, 
however, thei production normalized discharge for dual line 
(treated) wastewater streams was flow apportioned between the two 
subcategories before presentation or, in the case of multiple 
effluents, summing. When non-contact cooling water or non-coil 
coating process water was added to an effluent, the concentration 
was not adjusted; however, the production normalized mass 
discharge was adjusted by subtracting a flow proportional mass. 

The constituents in the final effluent streams are discussed in 
later sectior1s. 

The dcp effluent data were not useful because only a few 
facilities had effluent analyses and these were for a few metals 
only. 
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TABLE V-1 

Listing of Visited Coil Coating Plants 

Steel Subcategory 
Plant ID Days Sampled 

11055(s) l 
11058 2 
12052 2 
36056 3 
36058 3 
46050 2 

Galvanized Subcategory 
Plant ID Days Sampled 

11 058 2 
12052 3 
33056(s) 2 
36058 l 
38053 3 
46050 l 

(s) plants where screening was carried out 
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Aluminum Subcategory 
Plant ID Days Sampled 

1054 3 
1057 3 
13029 3 
15436(s) 3 
40064 3 
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TABLE V-2 

SCREENI~ AND VERIFICATION ANALYSIS TE.'CHNIQUES 

Pollutants 

Acenaphthene 
Acrolein 
Acryloni trile 
Benzene 
Benzidine 
Carbon Tetrachloride 

('letrachloranethane) 
Oilorobenzene 
1,2,4-Trichlorobenzene 
~xachlorobenzene 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
Hexachloroethane 
1,1-Dichloroethane 
1,1,2-Trichloroethane 
1,1,2,2-Tetrachloroethane 
Chloroethane 
Bis(Olloranethyl) Ether 
Bis(2-Chloroethyl) Ether 
2-<llloroethyl Vinyl Ether (MixErl) 
2-Chloronaphthalene 
2,4,6-Trichlorophenol 
Parachloraneta·Cresol 
Cllloroforrn (Trichloranethane) 
2-Chlorophenol 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3,3-Dichlorobenzidine 
1,1-Dichloroethylene 
1,2-Trans-Dichloroethylene 

Screening Analysis 
rethodol03y 

SP 
SP 
SP 
SP 
SP 
SP 

SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 

verification Analysis 
Met.hodolo;y 

'VP: L-L Extract1 GC,ECD 
VP: L-L Extract1 GC,ECD 

VP: L-L Extract1 GC,ECD 
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45. 
46. 
47e 
48. 
49. 
so. 
51. 
52. 
53 • 
54. 
55. 
56. 
57. 
58. 
59. 
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'mBIB V-2 (CCNI'INUED) 

SCREENJN; AND VERIFICATICN ANALYSIS ~IQUES 

Pollutants 

2,4-Dichlorophenol 
1,2-Dichloropropane 
1,2-Dichloropropylene 

(1,3-Dichloropropene) 
2,4-Dimethylphenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
1,2-Diphenylhyrlrazine 
Ethylbenzene 
F.l. uoranthene 
4-chl.orophenyl Phenyl Ether 
4-Braiophenyl Phenyl Ether 
Bis(2-chl.oroisopropyl) Ether 
Bis(2-ctlloroethoxy) Methane 
Methylene Chloride (Dichloranethane) 
~thyl Chloride (<llloranethane) 
~thyl Branide (Brananethane) 
Branofonn (Tribrarometi."lcuie} 
Dichlorobrananethane 
Trichlorofluoranethane 
Dichlorodifluoranethane 
Chloralibraoomethane 
Hexachlorobutcrliene 
.EExachlorocyclopentcrliene 
Isophorone 
Naphthalene 
Nitrobenzene 
2-Nitrophenol 
4-Ni trophenol 
2,4-Dinitrophenol 
4,6-Dinitro-o-cresol 

Screening Analysis 
Methodology 

SP 
sP 
sP 

SP 
sP 
sP 
sP 
SP 
sP 
sP 
sP 
sP 
sP 
SP 
sP 
SP 
sP 
SP 
sP 
SP 
sP 
SP 
SP 
SP 
sP 
SP 
sP 
sP 
sP 
SP 

Verification Analysis 
Methodol03y 

VP: GC - FID 

sP 

SP 
SP 
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63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 

O'I 7L w 
72. 

73. 
74. 
75. 

76. 
77. 
78. 
79. 

80. 
81. 
82. 

83. 

84. 
85. 

'IlIBLE V-2 (CONTINUED) 

SCREENIOO AND VERIFICATION ANALYSIS TE'CHNIQUES 
1 ·! " 

1".>llutants 

' N-Nitrosodimethylamine 
N-Nitroscrliphenylamine 
N-Nitrosodi-N-Propylamine 
Pentachloropheriol 
Phenol 
Bis(2-Ethylhexyl) Phthalate 
Butyl Benzyl Phthalate 
Di-N-Butyl Ihthalate . 
Di-N-OCtyl ibthalate 
Diethyl Phthalate 
Dimethyl Phthalate 
1,2-Benzanthracene 

(Benzo (a) Anthracene) 
Benzo (a) Pyrene (3,4-Benzo-Pyrene) 
3,4-Benzofluoranthene 
11,12-Benzofluoranthene 

(Benzo (k) Fluoranthene) 
Chrysene 
Acenaphthylene 
Anthracene 
1,12-Benzoperylene 

(Benzo (ghi)-Perylene) 
F1uorene 
Phenanthrene 
1,2,5,6-Dibenzathracene 

(Dibenzo (a,h) Anthracene) 
Imeno (1,2,3-<rl) Pyrene 

(s,3-0-Phenylene J:yrene) 
J:yrene 
'letrachloroethylene 

Screening Analysis 
Methodology 

SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
SP 
Sl? 

SP 
SP 
SP 

SP 
SP 
SP 
SP 

SP 
SP 
SP 

SP 

SP 
SP 

verification Analysis 
·· ~tJlOdology 

VP: GC,ID 
SP 
SP 
SP 
SP 
SP 
SP 
SP 

SP 
SP 
SP 

SP 
SP 
SP 
SP 

SP 
SP 
SP 

SP 

SP 



'mBJ:E. V-2 (CON'l'INUED) 

SCREENJN; AND VERIFICATICN ANALYSIS TECHNIQUES 

Screening An,alysis verification Analysis 
Pollutants r.ethodology Methodology 

86. 'Ibluene SP VP: L-L Extract; GC,FID 
87. 'lrichloroethylene sP VP: L-L Extract; GC,ECD 
88. Vinyl Chloride (Chloroethylene) SP 
89. Aldrin sP 
90. Dieldrin SP 
91. Chlotdane sP 

('!echnical Mixture arrl t,etabolites) 
92. 4,4-DlJI' sP 
93e 4,4-DDE (p,p'-DDX) SP 
94. 4,4-DDD (p,p'-TDE) -SP 

0\ 95. Al.pha-Emosulfan SP .i:,. 

96. Beta-En:'iosulfan sP 
97. Fn:'iosulfan Sulfate SP 
98. Fn:'irin sP 
99. Fn:'irin Aldehyde SP 

100. Heptachlor sP 
101. Heptachlor E{X>xide SP 

(BHC-Hexachlorocyclohexane) 
102. Alpha-BHC SP 
103. Beta-BHC SP 
104. Gc!mma-BHC (Li.ndane) SP 
105. Delta-BHC SP 

(PCB-Polychlorinated Biphenyls) 
106. PCB-1242 (Aroclor 1242) SP 
107. PCB-1254 (Aroclor 1254) SP 
100. PCB-1221 (Aroclor 1221) sP 
109. PCB-1232 (Aroclor 1232) SP 
110. PCB-1248 (Aroclor 1248) SP 
111. PCB-1260 (Aroclor 1260) SP 
112. PCB-1016 (Aroclor 1016) sP 
113. 'Ibxaphene SP 
114. Anti.irony sP 
115. Arsenic SP 
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'mBLE V-2 (CONTINUED) 

SCREENiro AND VERIFICATION ANALYSIS TECHNIQUES 

Pollutants 

116. Asbestos 
117. Beryllium 
118. Ca:3rniun 
119. Chranium 

Hexavalent Chranium 
120. Cbp~r 
121. Cyanide 

Cyanide Amenable to Chlorination 
122. Iecrl 
123. ~rcury 
124. Nickel 
125. selenium 
126. Silver 
127. · 'lll.allium 
128. Zinc 
129. 2, 3, 4, 8...J!'etrachloroo iberizo-

P-Dioxin (TCDD) 
Aluminum 
Flourides 
Iron 
Manganese 
Phenols 
Phosphorous 'lbtal 
Oil & Grease 

. '!SS 
TOO 
pH Minirnun 
pH Maximum 
'lern~rature 

.Screening Analysis 
~thodology 

ICAP 
ICAP 
ICAP 

ICAP 
40CRF 136: Dist./Col. Mea. 

ICAP 
SP 
SP 
SP 
SP 
SP 
ICAP 
SP 

Verification Analysis 
~thodology 

40CFR 136: AA 
40CFR 136: AA 
40CFR 136: Colorimetric 
40CFR 136: AA 
40CFR 136: Dist./Col. Mea. 
40CFR 136: . Dist./Col. Mea. 
40CFR 136: AA 

40CFR 136: AA 

40CFR 136: AA 

40CFR 136: AA 
Dist./I.E. 
40CFR 136: AA 
40CFR 136: AA 
40CFR 136 
SM: Dig/SnCl 
40CFR 136: . Dist./I.E. 
40CFR 136 
40CFR 136 
Electrochemical 
Electrochemical 
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'mBLE V-2 ( OONI'INUED) 

SCREENOO AND VERIFICATIOO ANALYSIS 'IECHNIQUES 

Notes -
40C:FR 136: Ccx:le of Fe::leral Regulations, Title 40, Part 136. 

SP - 5ampling am Analysis Procedures for Screening of Industrial Effluents for Priority Pollutants, U.S. EPA, March, 1977, :Iev1se::I April, 1977. 
VP - Analytical Methcos for the Verification Phase of BAT Review, 

U.S. EPA, June, 1977. 
SM - Stama:t:d Methcos, 14th El:Ution. 
ICAP - Irifoct1vely Couple:! Argon Plasma. 
AA - Atanic Absorption. 

L-L Extract; GC,ECD - Liquid-Liquid Extraction/Gas Chranatography, Electron Capture Detection. Dig/SnC12 - Digestion/Stannous Chloride. 
Filt./Grav. - Filtration/Gravimetric 
Freon Ext. - Freon Extraction 
Dist./Col. M:a. - Distillation/pyr:idine pyrazolone colorimetric 
Dist./I.E. - Distillation/Ion Electrcde 
GC-FID - Gas Chranatography - Flame Ionization Detection. 
SIE ~ Selective Ion Elect~ode 



'.mBLE V-3 

OCP PRIORITY EOLLUI'ANT RESPONSES 

Known Believed Believed Known Screening Raw 
'lb Be 'lb Be 'lb Be 'lb Be Waste Water 

Priority :Etlllutant Present Present Absent Absent Range (mg/1) 

1. ancenaphthene 0 0 53 6 o.oo 
2. acrolein 0 0 53 8 o.oo 
3. acrylonitrile 0 0 51 8 o.oo 
4. benzene 0 0 52 8 * 5. benzidine 0 0 52 8 0~00 
6'. carbon tetrachloride 0 0 53 8 o.oo 

(tetrachloranethane) 
7. chlorobenzene 0 0 53 8 o.oo 
8. 1,2,4-trichlorobenzene 0 0 53 8 o.oo 
9. hexachlorobenzene 0 0 53 8 * O'I 10. 1,2-dichloroethane 0 1 52 8 1; o.oo -...J 

11. 1,1,1-trichloroethane 0 1 53 7 o.oo 
12. hexachloroethane .0 0 53 8 o.oo 
13. 1,1-dichloroethane 0 1 52 8 * 14. 1,1,2-trichloroethane 1 0 53 8 o.oo 
15. 1,1,2,2-tetrachloroethane l 0 53 8 o.oo 
16. chloroethane 0 0 54 7 o.oo 
17. bis( chloranethyl). ether 0 0 53 8 o.oo 
18. bis(2-chloroethyl) ether . 0 0 53 8 o.oo 
19. 2-chlor~thyl vinyl ether (mixed) 0 0 53 8 o.oo 
20. 2-chloronaphthalene 0 0 53 8 o.oo 
21.. 2, 4, 6-trichlorophenol .o 0 53 8 o.oo 
22. J.)arachlorqneta cr~sol 0 0 53 8 o.oo 
23. chlorofonn (trichloranethane} 0 0 53 8 . * 
24. 2-chlorophenol 0 0 54 7 o.oo. 
25. 1, 2-d ichlorobenzene 0 0 53 8 o.oo 
26. 1,3-dichlorobenzene 0 0 53 8 o.oo 
27. 1,4-dichlorobenzene 0 0 53 8 o.oo 
28. 3,3-dichlorobenzidine 0 0 53 8 o.oo 



'Il\BLE V-3 { CCffi.'INUED) 

OCP PRIClU'IY EOLWI'ANT RESPONSES 

Known Believerl Believerl Known Screening Raw 
'lb Be 'lb Be 'lb Be 'lb Be W:lste water 

Priority :Eollutant Present Present Absent Absent Range (rng/1) 

29. 1,1-dichloroethylene 0 0 53 8 0.53 
30. 1,2-trans-dichloroethylene 0 0 53 8 0.016 
.31. 2,4-dichlorophenol 0 0 53 8 o.oo 
32. 1,2-dichloropropane 0 0 53 8 o.oo 
33. 1,2-dichloropropylene 0 0 53 8 o.oo 

(1,3-dichloropropene) 
34. 2,4-d:imethylphenol 0 0 54 7 0.021 
35. 2,4-dinitrotoluene 0 0 53 8 o.oo 
36. 2,6-dinitrotoluene 0 0 53 8 o.oo 

°' 37. 1, 2-diphenylhyarazine 0 0 53 8 o.oo 
(X) 38. ethylbenzene 0 0 53 8 * 

39. flooranthene 0 0 53 8 * 
40. 4-chlorophenyl i;nenyl ether 0 0 53 8 o.oo 
41. 4-braoophenyl phenyl ether 0 0 53 8 o.oo 
42. bis(2-chloroisopropyl) ether 0 0 53 8 o.oo 
43. bis(2-chloroethoxy) methane 0 0 53 8 o.oo 
44. methylene chloride 0 n 53 8 * u 

(dichloranethane) 
45. metliyl cnloride ( chloranet.hane) 1 0 53 8 o.oo 
46. methyl branide (brananethane) 0 0 53 8 o.oo 
47. branofonn (tribraranethane) 0 0 53 8 * 
48. dichlorobrananethane 0 0 53 8 o.oo 
49. trichlorofluoranethane 1 0 53 8 o.oo 
50. dichlorodiflooranethane 1 0 53 8 o.oo 
51. chlorcxUbranomethane 0 0 53 8 * 
52. hexachlorobuta1iene 0 0 53 8 o.oo 
53. hexachlorocyclopenta1iene 0 0 53 8 o.oo 
54. isophorone 2 4 49 7 0.17 - 0.60 
55. naphthalene 0 1 52 ·0 o.oo 

ti 



'mBLE V-3 ( CON!'INUED). 

. ; ~ . OCP PRIORITY roLLor~ RESOONSES 
~ '· ;' .. 

Knc"wn Believe:I BelievErl Known , Screening Raw 
'lb Be 'lb Be 'lb Be 'lb Be waste water 

Priorit;.y R>llutant Present Present llbsent Absent Range (mg/1) ·' .. 

56. nitrobenzene 0 0 53 8 o.oo 57. 2-nitrophenol 0 0 53 8 o.oo 58. 4-nitroplM;!nol 0 0 53 8 o.oo 59. 2,4-dinitr9}?henol 0 0 53 8 o.oo 60. 4,6-dinitro-o-cresol 0 0 53 8 o.oo 61. N-nitrosodimethylamine 0 0 53 8 o.oo 
62. N:..nitrosodiphenylamine 0 0 53 8 o.oo 63. N-nitrosoqi-n-propylamine 0 0 53 8 o.oo 64. pentachlorophenol 0 0 54 7 o.oo O'I 65. phenol 0 1 53 7 0.016 \0 

66. bis(2-ethylhezyl) phthalate 0 1 52 8 0.025 - 0.033 67. butyl benzyl phthalate 0 1 52 8 o.oo 
68. di~-butyl phthalate · 0 1 52 8 * 69. di:-n-octyl ph~ala~e 0 1 52 I: 8 o.oo 700 diethyl phthalate ., 0 1 .52 8 . * 
71. dimethyl phtjialate 0 1 52 8 *· 72. 1,2-benzanthracene 0 0 53 8 o.oo 

(benzo(a)anthracene) 
73. benzo. (a)· pyrene ,(3,4-benzopyrene) 0 0. 53 8 o.oo 
74. 3,4-benzoflooranthene 0 0 53 8 o.oo (benzo(b)fluoranthene) 
75. 11,12-benzoflooranthene 0 0 53 8 o.oo 

(benzo(k)flooranthene) 
76. chrysene 0 0 53 8 * 77. ancenaphthylene 0 0 53 8 o.oo 78. anthracene 0 0 53 8 0.064 79. 1,12-benzopei:ylene 0 0 53 8 0~00 (benzo( ghi )pei:ylene) 
80. fluorene 1 0 52 8 o.oo 



'mBIE V-3 (CONrINUED) 

OCP PRIOOI'lY OOLLUI'ANT RESroNSES 

KnoWn BelievErl Believed Known Screening Raw 
'lb Be 'lb Be . 'lb Be 'lb Be waste water 

Priority R:>llutant Present Present Absent Absent Range (mg/1) 

81. phenanthrene 0 0 53 8 0.064 
82. 1,2,.5,6-dibenzanthracene 0 0 53 8 o.oo 

(dibenzo(a,h)anthracene) 
83. irrleno(l,2,3-a:i)pyrene 0 0 53 8 o.oo 

(2,3-o-phenylene pyrene) 1 

84. pyrene 0 0 53 8 * 
as •. tetrachloroethylene 0 0 52 9 * 
86. toluene l 3. 51 7 0.029 
87. trichloroethylenE:!. 1 0 53 8 2.7 
88. vinyl chloride (chloroethylene) 0 3 50 8 o.oo 

...... 89. aldrin 0 0 53 8 o.oo 
0 

90. dieldrin 0 0 53. 8 Q.00 
91. chlomane ( technical mixture 0 0 53 8 o.oo 

arrl metabolites) 
92. 4,4-DDl' 0 .Q 53 8 o.oo 
93. 4,4-DIE (p,p-DDX) 0 0 53 8 o.oo 
94. 4,4-DDD (p,p-TIE) 0 0 53 8 o.oo 
95. alpha-emosulfan 0 0 53 8 o.oo 
96. beta-errlosulfan 0 0 · 53 8 o.oo 
97. emosulfan sulfate 0 0 53 8 o.oo 
98. emrin 0 0 53 8 o.oo 
99. emrin aldehyde 0 0 53 8 o.oo 

100. heptachlor 0 0 53 8 ; o.oo 
101. heptachlor e;EX>xide 0 0 53 8 o.oo 

( BHC=hexachlorocyclohexane) · 
102. alpha-BHC 0 0 53 8 o.oo 
· 103. beta-BHC 0 0 53 8 o.oo 
104. gamma-BHC (limane) 0 0 53 8 o.oo 



'mBIE V-3 (CDNTINUED) 
.. ,: 

DCP PRIORITY FOLLurANT RESPONSES 

• KncMn . Believe¢ Believed Known Screening Raw 
To·Be 'lb Be •· ;· 'Ib Be . 'Ib Be Waste Water Priority Pollutant Present Present Absent Absent Range (mg/1) 

105. del ta-BHC l 0 53 7 o.oo (FCB--polychlorinated biphenyls) 
106. PCB-1242 (Aroclor 1242) 1 0 53 7 o.oo 107. PCB-1254 (Aroclor 1254) 1 0 53 7 o.oo 108. PCB-1221 (Aroclor 1221) 0 0 54 7 o.oo 109. PCB-1232 (Aroclor 1232) 0 0 54 7 o.oo 110. PCB-1246 (Aroclo:t 1246) 0 0 54 7 o.oo 111. PCB-1260 (Aroclor 1260) 0 0 54 7 o.oo 112. PCB-1016 (Aroclor 1016) 0 0 54 7 o.oo 113. Toxaphene 0 0 53 8. o.oo ......, 
114. Antimony 0 6 47 8 1.3 

..... 
11.5. Arsenic 0 0 52 9 0.075 116. Asbestos 0 1 52 8 117. Beryllium 0 1 52 8 o.oo 118. Cadmium 3 8 39 9 <0.002 11'9. Chranium 49 4 7 3 0:-5 - 35.0 . 120. Copi:er 17 7 30 6 .060 - .066 121. Cyanide 20 5 30 7 0.07 - 17.5 122. Lead 19 6 31 7 0.20 - 1.46 12 3. Mercury 4 0 45 12 <0.002 
124. Nickel 11 8 34 8 0.0145 125. Selenium 2 1 47 11 o.oo 126. Silver 0 2 48 11 0.02 
127. Thallium 0 0 53 8 o.oo 
128. Zinc 26 5 23 7 0.20 - 337.0 
129. 2,3,7,8""'.tetrachlorooibenzo- l 1 49 9 0.00 

:i;>-dioxin (TCDD) 

No Analysis Performed 
0.00 Not Detected 
* Possibly Detected But~ 0.010 mg/1 

1 
1· 



'llmiCE V-4 

~ .11NM.mts RSUmS 
{ng/l.) 

~eel Chlvani.zed Aluninmt 
R!l,r 191 Raw 

Paramt:er Inlet Waste Effluent Blank Inlet waste Effluent Blank Inlet waste Effluent Qu:nd1 Blank 
1 a<l:!napltmne o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
2 acrolein o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - o.oo o.oo 
3 accylonitrlle o.oo o.oo o.oo o.oo o.oo o.oo o.oo. o.oo o.oo o.oo - o.oo o.oo 
4 hmzene o.oo * * o.oo * * * * o.oo * - o.oo o.oo 
5 renzidine o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
6 carbcn tetrachloride o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - o.oo o.oo 
7 dllorol:emene o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - o.oo o.oo 
8 1,2,4-tr.i.chlord:Jenzene o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
9 hexadllorobmzene o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 

10 1,2-dichloroet.hme o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - o.oo o.oo 
11 1, 1, 1-trldlloroethane o.oo o.oo o.oo o.oo * o.oo o.oo * o.oo o.oo - o.oo o.oo 

"-J 12 hexac:hl.oI:oat:ran o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
N 13 1,1-didlloroethane o.oo o.oo o.oo o.oo o.oo * * o.oo o.oo o.oo - o.oo o.oo 

14 1,1,2-tr.l.chloroethane o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - o.oo o.oo 
15 1, 1,2,2-tetra::nloroethane o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - o.oo o.oo 
16 chloroethane o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - o.oo o.oo 
17 bis(dlloranethyl)et!E: o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - o.oo o.oo 
18 b:l.s(2-chl.oroethyl) etrer o.oo o.oo o.oo o.oo o.oo o.oo o.oo - o.oo o.oo - o.oo 
19 2-chloroethylv.inyleth:!r o.oo o.oo . o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - o.oo o.oo 
20 2-chloraiapitralene o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
21 2,4,6-trldllorophenol o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
22 parachlorareta cresol o.oo . o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
23 dllorofann o.oo o.oo o.oo o.oo 0.036 * * * * o.oo - * * 
24 2-chl.orq;oeml o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
25 1,2-didllorobmzene o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
26 1,3-dichl.orooenzene o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
27 1,4-dichlorob!nzene o.oo o.oo 

" 
o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 

28 3,3-dichlord:Jenzene o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
29 1, 1-didlloroethylene o.oo o.oo o.oo o.oo o.oo 0.530 0.070 o.oo o.oo o.oo - o.oo o.oo 
30 1,2-trans-dichloroethylene o.oo o.oo o.oo o.oo o.oo 0.016 * o.oo o.oo o.oo - o.oo o.oo 
31 2,4-didllorophenal o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
32 1,2-dichl.orcprqane o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - o.oo 0.00 

33 1,2-dic:hl.orqn:oPlene o.oo o.oo o.oo 0~00 o.oo o.oo o.oo o.oo o.oo o.oo - o.oo o.oo 



 

'D\BIE V-4 (CXNl'IWED) 

s:m:INOO ANAL~ ~ 
(ng/1) 

·--··-----
Steel Quvanized Alunin\111 

R:l\,f . Raw Paw 

Paramet:er Inlet waste Effluent Blank Inlet waste Effluent Blank Inlet Waste Effluent ~-~lank 
34 2,3-dimet:hyl.pmnol o.oo 0.021 0.010 - o.oo o.oo o.oo - o.oo o.oo - o.oo 
35 2,4-dinitrotoluene o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
36 2,6-dinitrot:oluene o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
37 1,2-dipleoolhydrazine o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
38 et:11¥11:enmne o.oo * * o.oo o.oo * o.oo - o.oo o.oo - o.oo o.oo 
39 flooramthene o.oo * * - o.oo o.oo o.oo - o.oo o.oo - . o.oo 
40 4-dllotoplmyl plelyl ether o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
41 4-l:lrcltqileJvl J;henyl ether - - - - o.oo o.oo o.oo 
42 bis (2-chlaroiscpropl)ether o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 

-..i 43 ois(2-chloi'oet:h<xy)iletliane o.oo o.oo . o.oo ... o.oo o.oo o.oo - o.oo o.oo - o.oo 
w 44 methylene dtlorlde * * * * * * * * * * - * · * 

45 methyl chloride o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - 0.00 n.oo 
46 methyl b:anide o.oo o.oo o.oo o.oo o.oo o.oo o.oo O.QO o.oo o.oo - o.oo 0,00 

47 braroform o.oo o.oo o.oo o.oo * o.oo o.oo o.oo o.oo o.oo - o.oo o.oo 
48 dic:hlm:'Ol:xc:m: o.oo o.oo o.oo o.oo 0.029 o.oo o.oo o.oo o.oo o.oo - o.oo 0,00 

49 tridllorofluoratet:hane o.oo . o.oo o.oo o.oo o.oo o.oo o.oo o.oo o,oo o.oo - 0,00 o.oo 
50di~ o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - 0,00 0,00 

51 c:hlorodil:raft o.oo o.oo o.oo o.oo 0.022 * * o.oo o.oo o.oo - 0,00 ·o.oo 
52~ o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
53 he>tadllarocyclopentadi o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
54 i.scp'brOle o.oo 0,60 ~-56 - o.oo 0, 17 0.11 - o.oo o.oo - 0,00 

55 nai;hthalene o.oo o.oo * - o.oo o.oo o.oo - o.oo o.oo - 0,00 

56 nitrobenzir:!re o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
572-m.~ o.oo o.oo · o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
58 4-nitrq:ileool o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
59 2,4-diniaq;henol o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
60 4,6-dinitro-o=cresol o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - 0,00 

61 n-nit:ramimetbylanine o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - 0,00 

62 n-nit:niso:liphmylanine . o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
63 n-nitzanii~rcpflanine o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - 0, 00 

64 pentadtl.orophe o.oo o.oo o.oo - o.oo o.oo o.oo - o._oo 0,00 - o.oo 
65Jhml o.oo 0.016 * - o.oo o.oo o.oo - o.oo o.oo - o.oo 
66 bis(2-ethylhexyl)plthuate * 0.033 * - o.oo 0.025 0.015 - * * - * * 



~ v-4 (cx:NI'INJED) 

&:REENm:; J\NAtmIS ~ 
(trg/1) 

Steel Gil.vanized Al.unin\Jll 
~ ~ R3w Paraireter Inlet Waste Effluent Blank Inlet Waste Effluent Blank Inlet Waste Effluent ~lch Blank 67 hltyl renzyl prt:ralat:e o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - * 68 di-n-b.xtyl J;hthtlat:e * * * - o.oo * * - * * - * 69 di-n-octyl prt:halat:e o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - * 70 diethyl ,J;ht:mlat:e * * * - * * o.oo - 0.018 o.oo - * 71 dixoothyl J;hthalat:e o.oo o.oo o.oo - o.oo * * - o.oo o.oo - o.oo 72 1,2-ilem:athraaene o.oo * o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 73 mrrao(a)pyrene 0~00 o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 74 3,4-benzofl.uoi:antrene o.oo o.oo o.oo - o.oo o.oo 0~00 - o.oo o.oo - o.oo 75 11, 12-mrrao flmranthene o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo ......, 76 dJrysene o.oo * o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 

.t:,, 

77 acenap1.tbyl.ene o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 78 anthraoone o.oo 0.064 * - o.oo * * - o.oo o.oo - o.oo 79 1, 12-benzcpetyl.ene o.bo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 80 flooreneathraaene o.oo o.oo * - o.oo o.oo o.oo - o.oo o.oo - o.oo 81~ o.oo 0.064 * - o.oo * * - o.oo o.oo - o.oo 82 1,2,5,6-dibenzanthraoene o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 83 .indeno(1,2,3-cd) pyrene o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 84 };¥rel1e o.oo * * - o.oo o.oo o.oo - o.oo o.oo - o.oo 85 tetrachloroel:hylene * . * * o.oo * * * o.oo * * - o.oo * 86 toluene o.oo * * o.oo 0.010 0.029 * * o.oo * - o.oo o.oo 87 trlchloroeteyl.ene o.oo o.oo o.oo o.oo * 2.700 0.190 * * * - * * aa vinyl chlorioo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo - o.oo o.oo 89 aldrin o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 90 dieldrin o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 91 chlordane o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 92 4,4'-oor o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 93 4,4-rxE (p,p_'-OOX) o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 94 4,41-DID (p,p-'IDE) o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 95 alpha-end>sulfan o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 96 bet:a-eni>sulfan o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 97 enoosulfan sulfate o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 98 eoorin o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 99 endrin aldehyd:! o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 



steel 

TABIE V-4 (cmrnuID) 

frnEENlm AN!\L~ R&SUill'S 
(ngl].) 

Gtlva..n.izel JlJ.un.Lw-iun 
~ ~ Paw 

Parameter Inlet waste Effluent Blank Inlet waste Effluent Blank Inlet Waste Effluent Quench Blank 
100 h:!ptachlor o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
101 haptachlor epaicioo o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
102 alpra.-EH:: o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
103 l:eta-BIC O.OO 0.00 0.00 - 0.00 0.00 0.00 - 0.00 0.00 - 0.00 
104 gama-m:::: (Limane) o.oo o.oo o.oo - o.oo 0.00 o.oo - o.oo o.oo - o.oo 
105 delta-BlC 0.00 0.00 0.00 - 0.00 0.00 0.00 - 0.00 0.00 - 0,00 
106 :ECB-1242 o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
107 :E\:B-1254 o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
108 R::B-1221 o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
109 R::B-1232 o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 

'-I 110 :ECB-1248 o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
<.T1 111 :ECB-1.260 o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 

112 :ECB-1016 o.oo o.oo o.oo - o.oo o.oo o.oo - o.oo o.oo - o.oo 
113 taKaplene 0.00 0.00 0.00 - 0.00 O.OO 0.00 - 0.00 o.oo - 0,00 
114 antim::ey o.oo 1.30 o.oo - o.oo o.oo 0.150 - o .. oo o.oo o.oo o.oo 
115 arsenic 0.00 0.00 o.oo - o.oo 0.00 o.oo - · o.oo o.oo o.oo o.oo 
116 asbestos 
117 betylliun 
118 cadniun 
119 chranium (total) 

120 cq>pet' 
121 cyanide (total) 
122 lead 
123 mm:ury 
124 nickel 
125 seleniun 
126 silver 
127 tm.lliun 
128 zirx:: 
129 2,3,7,8-tetrachlorcdi

l:eruo-P-dia,dn ('J.OD) 

<0.001 <0.001 
0.006 0.009 
0.034 35.000 
0.026 0.066 

<0.005 <0.005 
<0.112 1.460 
<0.0001 <0.0001 
0.093 0.145 
o.oo o.oo 
0.018 0.020 
o.oo o.oo 
0.140 337.00 
o.oo o.oo 

<0.001 
0.007 
0.122 
0.015 

<0.005 
0.18 

<0.0001 
0.116 
o.oo 
0.021 
o.oo 
0.500 
o.oo 

<0.001 <0.001 
<0.002 0.008 
0.001 0.500 
0.010 0.006 
o.oo 0.070 

<0.020 0.200 
<0.0001 <0.0001 
<0.005 <0.005 
o.oo 

<0.001 
o.oo 
0.100 
il.oo 

o.oo 
<0.001 
o.oo 
2.000 
o.oo 

<0.001 
<0.002 
o.soo 

<0.006 
0.090 

<0.020 
<0.0001 
0.070 
o.oo 

<0.0001 
o.oo 
0.300 
o.oo 

<1. 
<2. 
0.010 
0.040 
0.040 

<0.020 

<1. 
<2. 
20.000 
0.060 

17.5 
0.200 

<0.0001 <0.0001 
<5. <5. 
o.oo o.oo 

<1.000 <1.000 
o.oo o.oo 
0.090 0.090 
o.oo 0.00 

<1. n.oo 
<2. o.oo 
0.040 0.040 
0.050 0,050 
2.0 0.100 

<0.020 o.oo 
(0,0001 0,IJ(J 

<5. o.oo 
o.oo o.oo 

<1.000 o.oo 
o.oo o.oo 
0.100 o. 100 
o.oo o.oo 



'lN3lE V-4 (cx:Nl'lN.E)) 

s:::ml!NOO 1INALYSIS tmmS 
(mg/].) 

steel Qu.vanized Almrlnun 
Pai Pai Ra-., 

PaI'c!IOOter Inlet waste Effluent . Blank Inlet waste Effluent Blank Inlet Waste Effluent Qlench Blank 
aluninun ~o.o5 1.94 <0.05 - 0.60 2.000 2.000 - 0.200 50.0 0.300 0.300 
hlriun 0.019 0.527 0.010 - 0.01 0.010 <0.005" - 0.040 <0.005 0.010 0.010 
h,ro,e <0.05 0.246 0.053 - - - - - 0.10 9.0 0.100 0.100 
calcl.un 66.0 10.2 ~ - 46.0 28.00 30.0 - 59.0 50.0 60.0 
cln:ard.un (h:!xavalent) o.oo 1.4 0.006 - o.oo o.oo o.oo - <0.005 <0.005 <0.005 o.oo 
cd>alt 0.013 0.310 0.017 - <0.005 0.50 0.200 - <0.005 <0.005 <0.005 o.oo 
cyanicb arendable to 

chlorlnat.ion <0.005 <0.005 <0.005 - o.oo 0.03 o.oso. - 0.020 o.oo 0.940 0.060 
flour.ides 0.960 17.5 11.500 - 1.1 9.00 10.0 - 0.190 34.00 38.0 0.220 
g;>ld - - - - o.oo o.oo o.o - o.oo 0.042 o.oo o.oo .... 
inn <0.17 15.4 <0.07 0.20 2.00 1.0 <0.2 3.00 <0.2 o.oo C\ - -
pleools (total) 0.013 0.021 0.021 - 0.006 0.005 <0.005 - o.oo o.oo o.oo o.oo 
.[ix>spx,:r: us 0.15 31.2 0.34 - 0.29 8.73 10.1 - o.oo 7.0 1.130 o.oo 
ua~i\Jl\ 21.40 21.400 3.500 - 20.0 13.00 14.00 - 13.0 20.0 13.0 13.00 
nenganese 0.011 0.454 <0.005 - <0.005 o.oso 0.010 - 0.01 0.4 0.020 0.020 
nnlyb<E:run 0.016 0.066 0.033 - <0.005 o.oso 0.070 - <0.005 0.05 <0.005 o.oo 
sodiun 30.4 307 242 - 19.0 490 600 - <15. 170 <15 o.oo 
str:axtilJll 0.033 0.327 0.033 
tin 0.033 0.327 0.033 - 0.009 0.02 0.009 - <0.050 0.060 <0.005 o.oo 
titanillll 0.015 0.042 0.016 - 0.02 0.02 0.02 - <0.020 <0.020 <0.020 o.oo 
vanadillll 0.017 0.031 0.025 - 0.01 0.01 0.01 - <0.010 <0.010 <0.010 o.oo 
ytt:ri\Jl\ 0.021 0.021 0.037 - 0.02 0.02 0.02 - <0.020 <0.020 <0.010 o.oo 
oil am grease 513 207 6.0 - o.oo - 18.0 - o.oo 170 5.0 4.0 
total suspend:!d solids 5 1,105 31.0 - <S.O 34.00 6.0 - o.oo 006 158 2.8 
total dissolved solids 546 1,650 3,145 - - - - - 202 910 1,050 228 
mininun pl 7.5 6.5 s.o - a.2 a.o 7.5 - 4.5 6.0 6.0 3.0 
nmdltun pl 1.1 9.0 9.8 - 8.3 9.9 7.5 - 7.0 6.7 9.0 7.4 
teiperature 20.3 33.0 29.S - 26.0 28.0 28.0 - 13.4 28.7 31.9 13.0 

lb Analysis Perfonred 
o.oo Not Detected 

* 1:bssi.bly Detected But i 0.010 mg/1 



TABLE V-5 
VERIFICATION PARAMETERS 

Aluminum Subcate2orx Steel Subcategorx Galvanized Subcategory 
39 fluoranthene 11 1,1,1-trichloethane 11 1,1,1-trichloethane 
55 naphthalene 13 1,1-dichloroethane 29 1,1-dichloroethylene 
65 phenol 34 2,4-dimethylphenol 30 1, 2-trans-dichloroethy lene 
66 bis(2-ethylhexyl)phthalate 39 fluoranthene 39 fluoranthene 
67 butyl benzyl phthalate 54; isophorone 54 isophorone 
68 di-N-butyl phthalate 55 naphthalene 55 naphthalene 
69 di-N-octyl phthalate ,65 phenol 65 phenol 
70 diethyl phthalate 66 bis(2-ethylhexyl)phthalate 66 bis(2-ethylhexyl)phthalate 

,71 dimethyl phthalate , 67 butyl benzyl phthalate 67 butyl benzyl phthalate 
:72 1,2-benzanthracene 68 di-N-butyl phthalate 68 di-N-butyl phthalate 
73 benzo(a)pyrene 69 di-N-octyl phthalate 69 di-N-octyl phthalate 
74 3,4-benzofluoranthene 70 diethyl phthalate 70 diethyl phthalate 
75 11,12-benzofluoranthene 71 dimethyl phthalate 71 dimethyl phthalate 
76 chrysene 72 1,2-benzanthracene 72 1,2-benzanthracene 
:11 acenaphythylene 73 benzo(a)py,rene 73 benzo(a)pyrene 

-...J 78 anthracene 74 3,4-benzofluoranthene 74 3,4-benzofluoranthene 
-...J 79 benzo(ghi)perylene 75 11,12-benzofluoranthene 75 11,12-benzofluoranthene 

80 fluorene I 76 chrysene 76 chrysene 
81 phenanthrene 77 acenaphythy lene 77 acenaphthalene 
82 dibenzo(a,h)anthracene 78 anthracene 78 anthracene 
83 Ideno(1,2,3-cd)pyrene 79 benzo(ghi)perylene 79 benzo(ghi)perylene 
84 pyrene 80 fluorene 80 fluorene 
86 toluene 81 phenanthrene 81 phenanthrene 
118 cadmium 82 dibenzo(a,h)anthracene 82 dibenzo(a,h)anthracene 

· 119 chromium (total) 83 ideno(1,2,3-cd)pyrene 83 ideno(1,2,3-cd)pyrene 
120 copper 84 pyrene 84 pyrene 
121 cyanide (total) 86 toluene 86 toluene 
122 lead 87 trichloroethylene 87 trichloroethylene 
124 nickel 118 cadmium 118 cadmium 
128 zinc 119 chromium (total) 119 chromium (total) 

aluminum 120 copper 120 copper 
iron 121 cyanide (total) 121 cyanide (total) 
manganese 122 lead 122 lead 
phenols (total) 124 nickel 124 nickel 
phosphorus 128 zinc 128 zinc 
oil and grease aluminum aluminum 
total suspended solids iron iroq; 
pH manganese manganese 

phenols (total) phenols (total) 
phosphorous 
oil and.grease 

phosphorous 
oil and grease 

total suspended solids total suspended solids 
pH pH, 



'mBLE V-6 

OCP mTA, STEEL SU3CATEG(}re{ 

AREA AREA AREA ffiOOOCTION AVERAGE 1976 PROCESS h'l\'l'ER 
Ol'HER ~~~) CONVERSIOO PAINTED CAPACITY PRO~OO WATER RA'IE USE: 

PIAN!' ID SUBCATEroRIES W\.TED (10 3 m 2) (103 m2) m2/hr m2/hr 1/hr l/m 2 

41074 A 20 20 20 640 3 5 0.833 
11104 A 10 10 10 330 20 110 2.750 
41064 G,A 240 240 350 1,670 40 350 4.375 
36037 A 280 280 280 540 50 310 3.100 
11080 A 1,560 1,560 1,560 1,440 220 2,730 6.205 
36051 A 2,790 2,790 2,790 830 230 310 0.674 
47031 G 2,720 2,720 2,310 4,830 280 2,230 3.982 
38053 G 3,060 3,060 6,120 8,780 330 400 o.606 
36073 G,A 870 810 870 1,070 370 1,910 2.581 
20058 - 6,880 6,500 6,690 850 510 4,320 4.235 'I 

00 04105 G,A 2,970 2,97'.0 2,970 9,480 680 160 o.ll8 
33056 G,A 3,340 3,340 3,340 4,740 680 5,470 4.022 
46050 G 12,760 12,760 12,760 2,790 1,020 6,240 3.059 
36074 G,A 7,900 7,900 7,900 2,790 1,160 2,930 1.263 
04091 A 4,700 4,700 4,700 10,030 1,400 1,250 0.446 
36088 G 17,550 17,550 17,550 4,460 1,570 10,570 3.366 
36056 G 11,150 11,150 11,150 7,520 1,630 1,090 0.334 
11079 G 14,670 14,670 14,670 6,170 1,670 3,300 0.988 
06092 -- 690 690 23,820 2,400 1,820 7,950 2.184 
33192 A 13,040 13,040 13,340 5,570 1,860 9,310 2.503 
33267 - 13,680 13,680 24,620 5,760 1,860 34,070 9.16 
28043 - 23,670 23,670 23,670 3,080 1,880 850 0.226 
04104 - 15,790 430 29,730 3,250 1,890' 25,440 6.73 
09034 G,A 10,180 10,180 10,180 8,360 2,070 13,200 3.188 
18053 G 8,220 6,180 10,260 7,800 2,090 2,300 0.550 
36058 G,A 18,640 18,640 20,960 11,610 2,140 85,660 20.01 
11051 G 3,340 3,340 3,340 5,760 2,320 100 0.022 
20053 G,A 3,130 3,130 3,210 3,960 2,800 1,270 0.227 
01055 - n,490 n,490 62,860 4,010 2,990 11,360 1.900 
47030 - 330 330 ~ 2,840 3,090 4,540 0.735 
33047 A 29,540 28,150 28,980 7,800 3,460 5,020 0.725 
36054 G,A 12,650 10,280 12,970 10,870 4,690 14,810 1.579 
33263 - 29,690 ~ 33,540 11,150 5,530 3,240 0.293 
18050 A 32,830 32,830 35,370 12,480 6,460 39,660 3.070 
12052 - 86,210 43,110 43,110 15,330 9,810 5,680 0.290 



'Ill J:tt.E v-7 

OCP'. 01\TA, Gl\LVA.NIZED SUBCATEGORY 

AREA AREA AREA PRODUCTION AVERAGE 1976 PROCESS WATER O'lliER CLEANED OONVERSION PAINTED CAPACITY PRODUCTICN WATER RATE USE PLANT ID SUBCATEmRIES (103 m2) CCll\TED (10 3 m 2) (10 3 m2) m2;hr m2/hr 1/hr l/m2 

41064 S,A 390 390 780 1,670 60 510 4.250 09034 S,A 600 600 1,200 8,360 120 680 2.833 " - 36074 S,A 970 970 970 2,790 140 310 1.107 
\0 

36073 S,A 400 400 810 1,070 310 770 1.242 36088 s 4,390 4,390 4,390 4,460 390 2,300 2.949 04105 S,A 2,230 2,230 2,230 9,480 . 510 100 0.098 36058 S,A 4,680 4,680 8,440 11,610 540 18,810 17.42 33056 S,A 4,320 4,320 4,320 - 4,740 870 6,190 3.557 46050 s 11,250 11,250 11,250 2,790 900 5,110 2.839 11079 s 6,320 6,320 12,080 4,050 1,140 1,240 0.554 47031 s 17,170 17,170 34,340 4,830 1,550 12,250 3.952 36056 s 11,150 11,150 18,580 7,520 1,630 950 0.291 18053 s 8,220 6,180 10,260 7,800 2,090 2,010 0.481 11051 s 30,280 30,280 45,430 5,760 2,370 810 0.171 38053 s 22,260 22,260 44,510 8,780 2,380 2,550 0.536 20053 . S,A 2,620 2,620 3,800 3,960 2,800 930 0.166 36054 S,A 8,960 7,280 9,190 9,200 3,320 9,160 1.380 23034 - 70,730 70,730 130,150 12,260 8,060 50,800 3.151 



'mBL! V-8 
OCP MTA, lill.MINI.M SUlCA'Il:.'OORY 

AREA ARFA ARFA POODOCTICN AVERI\GE 1976 PROCESS WATER 
omm Cl.EANED OONVERSIOO PAINI'ED CAPACITY POOW:TIOO WATER RATE I.EE 

PLAN!' ID SUBCATEGJRIES (103 
m

2
) 00\TED (103 IR2 ) (103 m2) m2/hr 1112/hr 1/hr 1/111 

36058 S,G 20 20 30 11,610 2 80 20.00 
18050 s 30 30 60 4,030 10 20 1.000 
36074 S,G 210 210 210 2,790 30 60 1.000 
33056 S,G 220 220 220 4,740 40 300 3.750 
33047 s 1,490 1,490 1,490 7,800 170 200 o.s00 
36051 s 2,790 2,790 2,790 280 230 250 o.s43 
09034 S,G 1,200 1,200 1,200 8,360 240 1,260 2.625 
11104 s !!O l!O 110 330 250 1,030 2.060 
36073 S,G 20 20 so 1,070 330 so 0.076 
41074 s 2,540 2,540 1,690 640 360 450 0.625 
36037 s 1,980 1,980 1,980 540 · 380 1,960 2.579 
28039 - 31,090 31,090 46,600 4,520 440 870 0.989 
36054 S,G 1,540 1,540 1,590 5,020 570 1,460 1.281 
11080 s 4,940 4,940 4,940 1,440 700 7,030 s.021 
41064 S,G · 4,920 4,920 5,410 1,670 800 5,970 3.731 (X) 33387 - 14,400 14,400 14,400 2,230 1,000 3,860 1.930 0 
20050 - 8,850 8,850 12,270 1,340 1,090 7,920 3.633 
33046 - 5,110 5,110 4,620 11,150 1,350 26,120 9.67 
04091. s 4,700 4,700 4,700 10,030 1,400 1,020 0.364 
01054 - 16,780 16,780 16,780 5,950 1,430 2,680 0.937 
04088 - 5,840 5,840 9,940 1,670 1,430 3,410 1.192 
33087 - 18,740 18,740 18,740 3,010 1,630 10,290 3.156 
11477 - 21,370 18,580 12,080 2,790 1,810 30,660 8.470 
04089 - 13,660 13,660 13,660 3,760 1,860 5,110 1.374 
40836 - 11,750 11,700 11,700 3,400 1,880 4,820 1.282 
04105 S,G 8,360 8,360 8,360 9,480 1,920 370 0.096 
33192 s 28,990 28,990 28,990 6,690 1,930 16,800 4.352 
40064 - 27,370 27,370 15,570 6,620 2,190 9,990 2.281 
46030 - 15,050 15,050 18,580 9,540 2,430 122,630 25.23 
20049 - 11,730 11,730 17,000 4,280 2,440 13,630 2. 793 
36038 -- 24,150 24,150 13,280 8,360 3,020 3,070 o.508 
15187 - 36,420 36,420 36,420 6,130 3,070 71,920 11. 71 
20053 S,G 46,440 46,440 48,760 6,160 3,930 15,300 1.947 
33080 - 19,940 19,880 19,880 2,170 4,790 9,080 0.948 
15436 - 16,190 16,190 25,900 8,360 5,210 5,000 0.480 
11076 -· 30,660 30,660 30,660 5,850 5,390 23,260 2.158 
33082 - 53,140 53,140 61,310 12,360 5,740 12,490 1.088 
01058 - 27,870 27,870 13,940 17,560 7,020 36,340 2.588 
45476 - 118,910 29,820 29,450 27,380 8,500 36,340 2.138 
12034 -- 353,020 353,020 103,490 16,720 9,200 7,080 0.385 
01390 - 199,740 199,740 199,740 27,590 13,800 18,170 1.317 



TABLE V-9 

VISITED ~..NT WATER t5E, STEEL SUBCATEOORY 

Conversion Conversion QJench 'Ibtal Area Processoo Cleaning Coating Q.tench 'lbtal Cleaning Coating · Water Water Plant ID ( Both Sides) Water Water water Water Water Use Water Use Use Use . (D:ly) m2/r:ay 1/D:ly 1/D:ly 1/D:ly l/D3.y l/m2 l/m2 l/m2 l/m2 

11058 (1) 4,820 7,720 1,360 9,080 1.602 0.282 l.884 11058 (2) 7,360 10,840 -3,210 14,050 0.147 0.436 1.909 36058 (4) 44,550 327,020 1,820 254,350 583,190 7.34 0.041 5. 71 13.09 co 

1.514 
I-' 11055 (1) 48,350 73,210 12052 {2) 92,360 130:810 65,410 693,200 889,420 1.416 0.708 7.51 9.63 46050 (1) 99,440 156,970 75,500 510,160 742,630 1.579 0.759 5.130 7.468 

36056 (3) 106,390 70,860 0.666 36056 (1) 110,770 32,700 38,150 70,860 0.295 0.344 0.640 36058 (3) 129,260 654,050 218,020 872,060 5.06 1.687 6.75 
36058 (1) 162,140 872,060 5.38 12052 (3) 173,340 130,810 65,410 693,200 889,420 0.755 0.377 3.999 5.13 36056 (2) 193,030 70,860 0.367 



TABLE V-10 

VISITED PLANT WATER USE, GALVANIZED SUBCATEGORY 

Conversion Conversion Quench Total 
Area Processed Cleaning Coating Quench Total Cleaning Coating Water Water 

Plant ID (Both Sides) water water Water Water Water Use Water Use Use Use 
(Day) m2/0ay 1/Day 1/Day 1/Day 1/Day l/m2 l/m2 l/m2 l/m2 

46050 (2) 38,370 102,650 48,690 227,890 379,230 2.675 1.269 5.94 9.88 
11058 ( 1) 49,310 92,020 1.866 
12052 (3) 62,230 61,770 52,320 408,780 522,880 0.993 0.841 6.57 8.40 

CX) 46050 (3) 63,510 153,970 75,490 510,160 739,620 2.424 1.187 8.03 11. 65 N 
11058 (2) 73,240 149,280 2.038 
36058 (2) 73,760 327,020 1,820 254,350 583,190 4.434 0.025 3.448 7.91 

12052 ( 1) 80,690 90,660 52,320 408,708 551,760 1.124 0.648 5.07 6.84 
12052 (2) 86,270 64,950 52,320 408,780 526,055 0.735 0.606 4.738 6.10 
33056 (1) 89,980 14,940 51,780 39,240 106,010 0.167 0.575 0.436 1.178 

33056 (2) 89,980 17,710 38,240 39,240 95,200 0.197 0.425 00456 1. 058 
38053 (3) 101,130 89,020 9,920 98,940 0.880 0.096 0.978 
38053 (2) 109,470 87,740 9,540 97,280 0.801 0.087 0.889 

38053 (1) 147,220 87,590 7,340 94,930 0.595 0.050 0.645 



TABLE V-11 

VISITED PLANT WATER USE, ALUMINUM SUBCATEGORY 

Conversion Conversion Quench Total 
Area Processed Cleaning Coating Quench Total Cleaning Coating Water Water 

Plant ID (Both Sides) , Water Water Water Water Water Use Water Use Use Use 
(Day) m2/Day 1/Day 1/Day 1/Day 1/Day l/m2 l/m2 l/m2 l/m2 

13029 ( 1) 35,020 32,980 61,320 109,010 203,300 0.942 1. 751 3.113 5.81 
1?436 (3) 52,060 65,010 1.249 
15436 (2) 53,800 65,010 1.208 

co 01054 (2) 72,200 14,640 11,620 26,260 0.203 0.161 0.364 
w 01057 (2) 74,310 142,980 60,500 261,620 465,100 1.924 0.814 3.521 6.26 

15456 (1) 75,840 66,770 0.880 

01057 (3) 83,200 163,510 42,240 261,570 467,320 1. 965 (j. 5 08 3.144 5.62 
01057 (1) 85,980 163,510 43,690 261,620 468,830 1. 902 0 .sos 3.043 5.45 
01054 ( 1) 86,360 20,530 18,440 38,970 0.238 0.214 0.451 

13029 (2) 87,900 54,870 48,780 109,010 212,660 0.624 0.555 1.240 2.419 
13029 ( 3) 88,030 43,150 51 I 140 109,010 209,300 0.490 0.649 1.238 2. 378 
40064 (2) 114,010 114,460 47,150 198,400 360,000 1. 004 0.414 1. 740 3.158 

40064 (1) 114,010 117,730 48,600 228,920 395,250 1. 033 0.426 2.008 3.467 
40064.(3) 114,010 122,630 47,960 245,270 415,870 1.076 0.421 2.151 3.648 
01054 (3) 135,450 22,170 18,530 40,700 0.164 0.137 0.300 



'.mBLE V-12 

S™MARY OF WATER t5E 
(l/m2) · 

FUNCTIONAL OPERATION BASIS MATERIAL MINIMlM MAXIMU1 MEAN MEDIAN # POINTS 

VISITED PLAN'IS 

Cleaning Steel 0.147 7.34 2.274 1.498 8 
Gal vanizErl 0.167 4.434 1.368 0.880 11 
Aluminllll 0.164 1.965 0.964 0.973 12 

Conversion Cbating Steel 0.041 0.759 0.421 0.377 7 
Gal vanizerl 0.025 1.269 0.528 0.575 11 

0:, Aluminum 0.137 1. 751 0.546 0.467 12 .i::,. 

Painting (Quench) All Basis Material 0.436 8.03 3.632 3.296 22 

All Q?erations Steel 0.624 16.13 6.33 5.17 
Galvanizerl 0.628 13. 73 5.53 4.75 
Al llllinum 0.737 11. 75 5.14 4.736 

OCP RESPONSES 

All Q?erations Steel 0.022 . 20.01 2.752 1.900 35 
Gal vanizErl 0.098 17.42 2.610 1.311 18 
Aluminum 0.076 25.23 3.363 1.930 41 

Minimum - the lowest value fourrl in the analysis of each appropriate waste stream. 
Maximum - the highest value fourrl in the analysis of each appropriate waste stream. 
Mean - the average value calculatErl fran the analysis data fran each appropriate waste stream. 
Merlian - the central value selectErl fran ranking appropriate stream values. 
# R>ints - the number of streams with a rep:>rtErl value for the specific parameter. 



'DUO: V-13 

l:DM'IRY CF VJSITID HllNl'S PRx:E$ I.m::s 
PlOCESS Lim 

Metal No. of No. of Ccnvemicn No. of Sealing or Roll Cait Roll Coat 
~cx:essed Clean # 1 Rinses Clean# 2 Rl.nses Chat RI.mes h::l.dllated am oven ~ and OVen Quench 

Rinse On:'e cure 

01057 A Alkaline 2 - - O!rcrlate 1 Yes 'lwo water One water 

11055 s Alkaline 2 - - Ircn 2 Yes 'lwo Water One water 
l:m3plate Sims . Sire 

11058 s Alkaline 3 - - Inn 3 No One Water One water 
Line 1 Phcs);tate Sire Sire 

11058 G Alkaline 3 - - Ch'lpleK 3 No 'lwo water One Water 
Line 2 OJd.des 

12052 G Alkaline 2 - - ~ray 2 Yes water water 
Line #1 

12052 G en day Alkaline 1 Alkaline 1 Dip 1 Ye; water water 
Line #2 1,S en co. 

Oiy 2,3 
<.Tl 

1543:; A Alkaline 0 Alkaline 2 Chtalate 2 No 'lwo water One water 
Sides Sire-

3JJS6 A Alkaline 1 - - Clu:onate 1 Yes 'lwo water One Water 

36056 s Alkaline 1 - - Iren 1 Yes 'lwo Water Two WatP.r 

PmsJ.:h,.te Sides Sides 

40064 A Alkaline 1 - - Chmiate 1 Yes 'lwo Water One Water 
Si~ Sire 

(~ll!l.'S) 

46050 S, G Alkaline 1 Alkaline 2 Zinc 1 Yes 'lwo Water 

Ih:splate Si<P.S 

~lt 



TABLE V-14 
c:r.E!L'IDG RNil WAm'EWATER PCLilJrANI'S ( rrg/1) 

S'I'EEL SUOCAT&DRY 

ji. j; 

PARA"IETER MilID1IM MAXIMU-1 MEAN MEDIAN PI'S ZEIDS 

Flo., Liters'Day n20 654,050 181,370 130,810 8 0 
11 ,, 1, 1-Tridll.oroethane * * * * 5 1 
13 1, 1-0ichlorcethane o.oo o.oo o.oo o.oo 0 5 
29 1 , 1-0ichloroe'"...hy 1ene o.oo o.oo o.oo o.oo 0 2 
30 1 ,2-'l'rans-Dichlorcethylene o.oo o.oo o.oo o.oo 0 2 
34 2,4-0imethylphenol o.eo o.oo o.oo o.oo 0 3 
39 FlUOtant:bme 0.068 0.068 0.068 0.068 1 8 
54 Isopho:ixne 0.018 0.018 0.018 0.018 1 8 
55 Naphthalene * 0.020 0.010 0.010 2 7 
65 Phenol. o.oo o.oo o.oo o.oo 0 3 
66 Bis(2-ethyhexl)phthalate * 0.154 0.044 0.020 7 2 
67 Butyl bmzyl p::rt:halate 0.358 0.358 0.358 0.358 1 8 
68 Di-N-Butyl phthtlate * 0.030 0.009 * 5 4 
69 Di-N-Octyl :i;ht:halate * * * * 3 6 
70 Diethyl ,lilthtlate * 0.207 0.069 0.030 6 3 
71 Oim?thyl p::rt:halate o.oo o.oo o.oo o.oo 0 9 
7i. 1,2-Benzanthrac:ene * 0.030 0.015 0.015 2 7 
73 Benzo(A)pyrene o.oo o.oo o.oo o.oo 0 9 
74 3,4-Benzofluorantrene o.oo o.oo o.oo o.oo 0 9 
75 Ben.zo(K)fluora.nt:rene o.o o.oo o.oo o.oo 0 9 
76 Qirysene * 0.030 0.015 0.015 2 7 
77 A~thylene * * * * 1 8 
78 Ant:hrac:ene * 0.280 0.065 * 7 2 
79 1, 1,2-Benzoperyl.ene o.oo o.oo o.oo o.oo 0 9 
80 Fluoxene * * * * 1 8 
81 Phmant:hrene * 0.200 0.065 * 7 2 
82 1,2,5,6-D.ibenzanl::hra o.oo o.oo o.oo o.oo 0 9 
83 Ideno(1,2,3-CO)pyrene o.oo o.oo o.oo o.oo 0 9 
84 Pyrene o.oo o.oo o.oo o.oo 0 9 
86 Toluene o.oo o.oo o.oo o.oo 0 3 
87 'l'rlchlorcethyle?lE' * 0.022 0.006 * 4 2 

118 cadniun 0.003 0.006 0.005 0.005 2 7 
119 Chratt!.u:n, Total 0.028 0.620 0.244 0.183 8 1 

Chrcmi.u:n, Hexavalent o.oo o.oo o.oo o.oo 0 9 
120 ~ 0.021 0 .18'.) 0.070 0.099 9 0 
121 Cyanich, Total 0.009 0.120 0.044 0.024 5 3 

Cyanide 1ml. to Otlor. 0.011 o.099 0.046 0.028 3 5 
122 I.ead 0.180 1.050 0.536 0.458 4 5 
124 Nickel 0.004 0.210 0.069 0.039 5 4 
128 Zinc 0.220 43.300 10.436 3.200 9 0 

Al.uninun 0.270 0.848 0.454 0.340 7 2 
Fluorl.oos 0.180 3.400 1.285 0.980 9 0 
Ircn 0.930 80.000 24.911 5.200 9 0 
Mang!1nese 0.260 1.650 0.797 0.630 9 0 
Prenols, Total' 0.019 0.270 0.112 0.020 5 3 
Phosp,orus 11.400 77.893 45.670 42.300 7 0 
Oil and Greare 9.800 1688.999 522.618 261.000 9 0 
'Iot:al Dissol.voo Solids 1124.000 17199.997 9251.496 9340.996 4 0 
'Iot:al SUspended Solids 51.600 440.000 220.761 256.000 9 0 
Minim.m pi 6.8 10.9 8.7 8.5 9 0 
t1l>dnun pi 7.4 11.9 10.0 10.6 9 0 
'futpera.t:ure Deg C 23.0 56.8 29.6 37. 7 9 0 

* - Possihly det:.eci:.ed b.lt ~ o. 010 ng/1. 

86 



TABLE V-15 
CW\NiliG RAW WASifflM'ER PCLllJrANI'S (m;r/m2) 

SI'EEL SUEClfi'EJ3JRY 

~ # 
PARAMEI'ER MINlMtM MAXIMU-1 MEAN MEDIAN P1'S ZEROS 

Flow Liters!m2 0.147 7.34 2.274 1.498 8 0 
11 1, 1, 1-TrichlorO=t.hane * * * * 5 1 
13 1, 1-0ichloroot.hane o.oo o.oo o.oo o.oo 0 5 
29 1, 1-0ichloroetl:\.Ylene o.oo o.oo o.oo o.oo 0 2 
30 1 ,2-Trans-Dichlorcethylene o.oo o.oo o.oo o.oo 0 2 
34 2,4-0.imethylprenal o.oo o.oo o.oo o.oo 0 3 
39 Fluo:ranthene 0.109 0.109 0.109 0.109 1 8 
54 Isop:x,rone 0.132 0.132 o. 132 0.132 1 8 
55 Naphthalene 0.037 0.101 0.069 0.069 ,., 7 ~ 

65 PlEnal. o.oo o.oo o.oo o.oo 0 3 
66 Bis{2-et:hyl"exl.)fhtralate * 0.779 0.137 0.033 7 2 
67 Butyl l::enzyl i;htlalate o.574 0.574 0.574 0.574 1 8 
68 Di-N-Butyl J;i!.tralate * 0.071 0.019 * 5 4 
69 Di-N-Octyl plthal.ate * 0.025 0.000 * 3 6 
70 Diethyl J;i!.tralate * 0.327 0.087 0.042 6 3 
71 Dimethyl plt.halate o.oo. o.oo o.oo o.oo 0 9 
72 1,2-'Benzanthraoen * 0.044 0.022 0.022 2 7 
73 Penzo{A).P.{relle o.oo o.oo o.oo o.oo 0 9 
74 3,4-Benzofluoraill:l'ene o.oo o.oo o.oo o.oo 0 9 
75 Penzo{K)fl'oo:rant:.rene o.o o.oo o.oo o.oo 0 9 
76 Cmysene * 0.044 0.022 0.022 2 7 
77 Aamapithylene * * * * 1 8 
78 Anth:taoene * 0.449 0.101 * 7 2 
79 1, 1,2-13enzq:erylene o.oo o.oo o.oo o.oo 0 9 
80 Fluorene * * * * 1 8 
81 Pmnanl:.hnme * 0.449 0.101 * 7 2 
82 1,2,5,&-D.ilJenzanl:hraene o.oo o.oo o.oo o.oo 0 9 
83 Ideno(1,2,3-CO)~ o.oo o.oo o.oo o.oo 0 9 
84 :Eyrene o.oo o.oo o.oo o.oo 0 9 
86 Toluene o.oo . o.oo o.oo o.oo 0 3 
87 Trichlorcethylerie * 0.035 0.009 * 4 2 

118 cadniun 0.002 0.000 0.005 0.005 2 7 
119 Cllrard.um, Total 0.044 0.878 0.349 0.330 8 1 

Olrcmiun, Hexavcllent o.oo o.oo o.oo o.oo 0 9 
120 Cq:pet" 0.021 0.911 0.177 0.090 9 0 
121 Cyanide, 'lbtal 0.012 0.170 0.070 0.066 5 3 

Cyanide limn. to Chlor. 0~011 0.140 0.065 0.044 3 5 
122 lead 0.152 1.487 0.530 0.241 4 5 
124 Nicxel 0.001 0.324 0.123 0.062 5 4 
128 Zinc 0.324 59.908 14.131 3.185 9 0 

Alun:i.nun 0.204 2.732 1.062 0.513 7 2 
Fluorides 0.072 5.009 2.066 1.388 9 0 
Iron 1.125 113.302 38.311 38.169 9 0 
Manganese 0.172 3.694 1.489 1.245 9 0 
P!Enals, Total. 0.030 0.398 0.209 0.147 5 3 
PJ:x:is:Eilo:rus 14.333 214.033 78.304 50.860 7 0 
Oil am Greasa 9.754 4'U7.992 1153.777 312.963 9 0 
'lbtal Dissolvoo Solids 8250.359 26934.605 17511.984 17431.512 4 0 
'lbtal Suspended Solids 51.359 1879.007 463.865 230.909 9 0 
Miniirum pi 6.8 10.9 8.8 8.5 9 0 
Maxinun pi 7.4 11.9 10.0 10.6 9 0 
Tenperature Deg C 23.0 56.8 29.6 37.7 9 0 

* - Possibly detected l::ut ~ 0.010 ng/1 

87 



'mBIE"V-16 
CX:NVERSICN CXlATING RJ\W WllSI'EWn'ER EUil.1mNl'S (ug/1) 

S1'EEL ~RY 

# # 
PARAMEI'ER MINlMM MAXIMlM MEAN MEDIAN Pl'S ZEFOS 

Flo.I Liters/bay 1360 75,500 35,840 38,150 8 0 
11 1, 1, 1-'l'ri.c:hloroethane * 0.043 0.014 * 3 5 
13 1, 1-0ichlox:cetrene 0.077 0.077 0.077 0.077 1 6 
29 1, 1-0ic:hloroet:hylene o.oo o.oo o.oo o.oo 0 2 
30 1, 2-'l'l:ans-Dichl.aroothylene o.oo o.oo o.oo o.oo 0 2 
34 2,4-0imethylplen::il. o:oo o.oo o.oo o.oo 0 3 
39 F.J..uoranl:ren * * * * 1 6 
54 ~ o.oo o.oo o.oo o.oo 0 7 
55 N?l:p:lt:mlene * * * * 4 3 
65 Poo:nol o.oo o.oo o.oo o.oo 0 3 
66 Bis(2-eth,yhexl)plt:halate * 0.110 0.028 0.014 5 2 
67 ~l l:enzyl pll:halate o.oo o.oo o.oo o.oo 0 7 
68 Di-N-Butyl :r;htl:alate * 0.014 0.005 * 3 4 
69 Di-N-Octyl :r;hthalat:e 0.760 0.760 0.760 0.760 1 6 
70 Diethyl :r;hth!llate * 0.184 0.121 0.135 6 1 
71 Dirtet:hyl prt:halate o.oo o.oo o.oo o.oo 0 7 
72 1,~ o.oo o.oo o.oo o.oo 0 7. 
73 Benzo(A)pyrere o.oo o.oo o.oo o.oo 0 7 
74 3,4-ilemofluorantrene o.oo o.oo o.oo o.oo 0 7 
75 lslz.o(K)floo:tanl:lene o.oo o.oo o.oo o.oo 0 7 
7G Oeyaene o.oo o.oo o.oo o.oo 0 7 
77 Ac:en!!p"xthylene * * * * 1 6 
78 Ant:hracene * * * * 3 4 
79 1, 1,2-Benzc:pe:cylere o.oo o.oo o.oo o.oo 0 7 
80 Flnorene * * * * 2 5 
81 ~ * * * * 3 4 
82 1,2,5,6-D:i.benzant:h o.oo o.oo o.oo o.oo 0 7 
83 :rdeno( 1,2,3-<D)~ o.oo o.oo o.oo o.oo 0 7 
84 P>J:tene o.oo o.oo o.oo o.oo 0 7 
86 'D:)]uene o.oo o.oo o.oo o.oo 0 3 
87 '.IX'ic:bl.orcethylene * 0.089 0.034 0.014 3 5 

118 Cadniun 0.001 0.073 0.021 0.006 3 5 
119 Ou:anian, Total 0.280 920.000 320.216 71.081 8 0 

ChJ:tml.m1, Hexavalent 0.060 400.000 129.035 42.888 7 1 
120 Ccpper 0.029 0.161 0.054 0.032 6 2 
121 Cyanide, 'lbtal 0.092 0.092 0.092 0.092 1 6 

Cyanide 1ml. to Chi.or. 0.012 0.012 0.012 0.012 1 6 
122 lead 0.010 3.600 1.363 0.480 3 5 
124 Nidtel 0.120 18.873 8.130 6.762 4 4 
128 Zinc 0.530 143.000 54.128 51.264 8 0 

Al\minm 0.199 10.600 3.030 1.190 5 3 
Fluotldes 1.100 74.000 30.953 27.428 8 0 
Ixm 3.251 77.000 19.140 9.234 8 0 
Mang.mme 0.110 1.510 0.612 0.485 8 0 
Pl-eno1.s, 'lbtal <0.005 0.230 0.067 0.019 4 3 
Pl:x:epx,rus 9.600 70.500 40.730 43.400 6 0 
Oil and Gre.are 2.000 18.400 7.618 6.600 6 1 
Total Dissolved Solies 3282.000 3500.000 3390.664 3389.998 3 0 
Total Suspended Solids 26.603 248.000 126.827 133.500 8 0 
Mininun pl 3.3 11.4 5.8 4.3 8 0 
Max:1m.m pl 5.1 11.5 7.7 7.5 8 0 
Telperature Deg C 20.0 53.7 36.5 41.2 8 0 

* - Possibly detected but~ 0.010 ng/1 

88 



~ ._1:-17 
~ CXl\mG ~ ~ ICU.Ul'ANl'S (mg!m2) 

S'IEa.~ 

# # 
PARAMEllER MINlME mxIMJM MEAN MEDIAN Pl'S ZER:S . 

Fl.a,, Li:tei:sjmZ 0.041 0.759 0.421 0.377 7 0 
11 1,1,1-Tri.c:hlaroethairie * 0.021 0.007 * 3 5 
13 1, 1~aroet:hanl:! 0.034 0.034 0.034 0.034 1 6 
29 1,1~hne o.oo o.oo o.oo o.oo 0 2 
30 1,2-'.l.'rans-D.icm:,etlw'lene o.oo o.oo o.oo o.oo 0 2 
34 2,4-Dinet:hyl.pheool. o.oo o.oo o.oo o.oo 0 3 
39 Flooranth:me * * * * 1 . 6 
54 Is::pbnme o.oo o.oo o.oo o.oo 0 7 
55 Naprt:ha].ene * * * * 4 3 
65 BJenol. o.oo o.oo o.oo o.oo 0 3 
66 Bis(2~)plt:h:ll.ate * 0.053 0.011 * .5 2 
67 aityl benzyl p!l:h211'3te o.oo o.oo o.oo o.oo 0 7 
68 ni.""1H3ul::yl prt:hal.abe * * * * 3 4 
69 Di-N-Octyl prt:halatt:te o.332 0.332 0.332 0.332 1 6 
70 Di.et:1¥1 prt:halate 

.,, 0.139 0.067 0.069 6 1 
71 Ilinet:1¥1 ~ . o.oo o.oo o.oo o.oo 0 7 
72 1,2-Benzantlra:enei . o.oo o.oo o.oo o.oo 0 7 
73 Benzo(A)prJ.rE!De o.oo o.oo o.oo o.oo 0 7 
74 3,4-&!rm)f]norantl'eirie o.oo o.oo o.oo o.oo. 0 7 
75 Benm{K)flmrantbene o.oo o.oo o.oo o.oo 0 7 
76 Olry9ene o.oo o.oo o.oo o.oo 0 7 
77 ~Jene 

.,, 
* * * 1 6 

78 Anthra::ene * * * * 3 4 
79 1,1,2~lelle o .. oo o.oo o.oo o.oo 0 7 
80 Flu:>:rene 

.,, 
* * * 2 5 

81 :8Jenant:hcene * * * * 3 4 

82 1,2,5;6~).il:,enzmt:b:;ace,e o.oo o.oo o.oo o.oo 0 7 
83 Id:!no{ 1,2,3-a>)py.re:le o .. oo o.oo o.oo o.oo 0 7 
84 Pyrene o.oo o.oo o.oo o.oo 0 7 
86 ~uene o.oo . o.oo o.oo o.oo 0 3 
87 'lndllaroet:l!{lene * 0.042 0.018 0.011 3 5 

118 C'.acJni11D o.oo 0.025 0.009 o.oo. 3 5 
119 C11raniml, 'lbtal 0.106 381.693 118.132 44.499 8 0 

OlraniDn, Hexavale.nt 0.002 177.978 51.3"10 32.557 7 1 
120 QJ;>per. 0 .. 001 0.077 0.023 0.014 6 2 
1.21 Cjali:ide, 'lbtal 0 .. 035 0.035 0.035 0.035 1 6 

CjaI1ide 1m1. to ow:u:. o.oos o.005 0.005 0.005 1 6 
122 I.eai o.oos 0.165 0.106 0.147 3 5 
124 Nickel o.oos 9.485 4.720 4.695 4 4 
123 Zinc 0.200 49.254 16.083 13.5B6 8 0 

Al.unin:m o.095 0.761 0.415 0.432 5 3 
Fl.u:n::i.des 0.415 Z/.918 12.325 12.157 8 0 
llxn 1.556 6.807 4.607 4.901 8 0 
Mim]anese 0.062 0.465 0.198 0.172 8 0 
l:herx>ls, 'lbl:al o .. oo 0.087 0.028 0.013 4 3 
BJ:JsJ;h:>ms 1.329 24.282 1~297 11.836 6 0 
on am G:ease o.566 6.798 2.573 1.480 6 1 
'Ibtal ni.s;olved 8:11.ids 133.836 1478.790 867.623 990.243 3 0 
'lbl:al SJspemed s:,l.:i.ds 6.769 84.191 43.945 47.790 8 0 

M:in:inun rB 3.3 11.4 S.8 4.3 8 0 

Max:inun rB 5.1 11.5 7.7 7.5 8 0 
'lalperatme Deg C . 20.0 53.7 36.5 41.2 8 0 

* - Rssibly &tected l:ut .! 0.010 mr#J. 
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TABtE V-18 
CI:E1\NIN3 FINil ~ :i:a:..r.umNrS (rng/1) 

GALVANJZED &JB'.::M'EXDRY 

# # 
PArulMErrER MINIMr.M ~ MEAN MEDIAN Pl'S ZEEOS 

Fl.CM Liters/Day 14,940 327,020 99,820 87,740 11 0 
11 1, 1, 1-Trichloroet.hane * * .... * 4 6 
13 1, 1-Dichlorcetrane o.oo o.oo o.oo o.oo 0 1 
29 1, 1-0idlloroethylene o.oo o.oo o.oo o.oo 0 10 
30 1,2-'l'l:ane-Dic:hlorcethylene o.oo o.oo o.oo o.oo 0 10 
34 2,4-Dilrethylprenol. o.oo o.oo o.oo o.oo 0 2 
39 F.ll.1ol::anth: * * .... * 3 7 
54 Iso.!;ix)ra,e 0.047 0.047 0.047 0.047 1 9 
55 Na.i;hthtlene * 0.038 0.019 0.019 2 8 
65 Prenal o.oo o.oo o.oo o.oo 0 4 
66 Bis(2-et1'!yhexl)pht:ralate 0.014 0.344 0.119 0.074 9 1 
67 Butyl l:enzyl i;ht:}Blate 0.128 0.128 · 0.128 0.128 1 9 
68 Di-N-Butyl .i;htralate ·tr 0.173 0.043 0.025 7 3 
69 Di-N-Octyl p:lthalate .~ * * * 1 9 
70 Diethyl .i;hthtlate * 0.419 0.138 0.087 8 2 
71 rumethyl i;hthtlate o.oo o.oo o.oo o.oo 0 10 
72 1,2~ * 0.027 0.013 0.012 4 6 
73 Benzo(A)F.{.l:ene o.oo o.oo o.oo o.oo 0 10 
74 3,4-Benz.ofluorant:hene o.oo o.oo o.oo o.oo 0 10 
75 Benzo(k):flu:>i:antl"ene o.oo o.oo o.oo o.oo 0 10 
76 Ou:ysene 

,.. 0.027 0.013 0.012 4 6 
77 Acenaprt:eylene o.oo o.oo o.oo .o.oo 0 10 
78 1lntlu::ac:ene 

,.. 0.250 0.090 0.020 3 7 
72 1, 1,2-~lene o.oo o.oo o.oo o.oo 0 10 
80 Fluomne 1, 0.085 0.033 0.024 4 6 
81 Pb:manl:hxene * 0.047 0.022 0.02!) 3 7 
82 1,2,5,6-Dilenzanthraoen o.oo o.oo o.oo o.oo 0 10 
83 Ideno(1,2,3-CD).l!.{.t'ene o.oo o.oo o.oo o.oo 0 10 
84 ~ene * * * * 3 7 
86 To1uere o.oo o.oo o.oo o.oo 0 4 
87 Trichloroeteylene * * * * 2 8 

118 Qs.dni.Ull 0.006 0.120 0.045 0.040 8 2 
119 Ou:ani.an, Total 0.059 0.610 0.314 0.270 9 1 

Ou:ani.un, Hexavalent 0.260 0.260 0.260 0.260 1 8 
120 Cca:>er' 0.009 0.057 0.030 0.02D 9 1 
121 Cyanide, Tot:al. 0.012 0.043 0.022 0.017 4 6 

Cyanide Imn. to Chlor. 0.016 0.021 0.018 0.010 3 7 
122 lead 0.180 2.600 1.606 1.950 9 1 
124 Nickel 0.150 0.150 0.150 0.150 1 9 
128 ZUlc 0.690 123.000 62.'704 85.300 10 ri 

Aluninun. 0.410 4.860 2.441 1.300 9 1 
F.luotldes 0.160 16.000 2.541 1.050 10 0 
Ircn 0.190 17.500 4.766 1.025 10 0 
Mang:l.nese 0.012 0.730 0.193 0.160 9 1 
Prenols, Total 0.010 o.oa> 0.037 0.021 7 2 
~ 9.380 56.300 32.753 32.600 9 0 
au and Gtease 10.200 969.000 263.750 107.500 10 0 
'lbtal Dissolved Solids 204.000 204.000 204.000 204.000 1 0 
Tot:al. SUspended Solids 19.000 630.000 252.000 162.000 10 0 
Mininunpl 2.2 9.4 6.4 7.6 10 0 
M1x:im.mpi 7.4 11.9 10.2 10.6 10 0 
'l'enperature Deg C 22.0 44.0 34.0 37.5 10 0 

* - Possllil.y detected bit ~ o. 010 mg:/1 

90 



'mBI.E V-19 

cr.El\NlN3 RAW WASTEWATER KlLt1JIT\Nl'S (mg;m2) 

GALVllNIZED SUB:A'.l'El3JRY 

tf tr 
PARAMEI'ER MINIMIM MAXIM[M MEAN MEDIAN PI'S ZEI03 

Fla,; Liters;m2 0.167 4.434 1.368 0.800 11 0 
11 1, 1, 1-Tricbloroothane * * * * 4 6 
13 1, 1-DidJ.loroethane o.oo o.oo o.oo o.oo 0 1 
29 1, 1-Dichloroathylene o.oo o.oo o.oo o.oo 0 10 
30 1,2-'rrans-Dichloroethylene o.oo o.oo o.oo o.oo 0 10 
34 2,4-D.i.methyl_Fhenol o.oo o.oo o.oo o.oo 0 2 
39 Fl.ooranthenl~ * * * * 3 7 
54 Isqnorone 0.038 0.038 0.038 0.038 1 9 
55 NaJ;hthalene * 0.023 0.011 0.011 2 8 
65 Blendl. . o.oo o.oo o.oo . o.oo 0 4 
66 Bis ( 2-ethyh;!K].) pithalate 0.011 0.638 0.145 0.034 9 1 
67 Bllcyl tenzyl phth:llate 0.025 0.025 0.025 0.025 1 9 
68 Q:i.'."N-Butyl J;i'rt:ralate * 0.103 0.032 0.028 7 3 
69 Di~l fhtralate * * * * 1 9 
70 Diethyl ptth!llate * 1.077 0.214 0.001 8 2 
71 Dmethyl pitlalate o.oo o.oo o.oo o.oo 0 10 
72 1,2-Benzanl:ln~aoene * 0.018 * * 4 6 
73 Benzo(A)pyre11e o.oo o.oo o.oo o.oo 0 10 
74 3,4-BermJflooranttene o.oo o.oo o.oo o.oo 0 10 
75 Benzo(K)fluo:rantrene o.oo o.oo o.oo o.oo 0 10 
76 ~ * 0.018 0.009 o.ooe 4 6 
77 l\amaJ;htqy~~ 0~00 o.oo o.oo o.oo 0 10 
78 Ant.hracene 0.011 0.200 0.076 0.015 3 7 
79 1,1,~lene 0~00 o.oo o.oo o.oo 0 10 
eo F1uc:r:ene * 0.051 0.022 0.019 4 6 
81 :Eh:!nantbxene 0.011 0.038 0.021 0.015 3 7 
82 1, 2,5, 6-Dibanzanthracene o.oo o.oo o.oo o.oo 0 10 
83 Ideno( 1,2,:-3-CO)p,yrene o.oo o.oo o.oo o.oo 0 10 
84 Pyt:ene * * * * 3 7 
86 Toluene o.oo o.oo o.oo o.oo 0 4 .. 
87 Tridll.oroel:hylene * * * * 2 8 

118 Cadaiun 0.006 0.042 0.020 0.018 8 2 
119 ~~l.'otal 0.032 0.501 0.249 0.262 9 1 

Cbrallium, l!iE~ • 0.043 0.043 0.043 0.043 1 8 
120 Ccgler 0.002 0.084 0.032 0.028 9 1 
121 Cyanide, 'llotal 0.014 0.053 0.034 0.035 4 6 

Cyanide Amn. to Chlor. 0.014 0.026..,, 0.018 0.016 3 7 
122 Ieai 0.067 1.935 1.136 1.309 9 1 
124 Nickel 0.185 0.185 0.185 0.185 1 9 
128 Zinc 0.115 123.593 54.113 69.325 10 0 

Alun:inun 0.217 4.201 1. 797 1.213 9 1 
Fluorides 0.256 2.665 1.012 0.938 10 0 
Irai. 0.032 20.615 5.285 1.199 10 0 
Manganese 0.002 0.902 0.250 0.144 9 1 
Pren:>ls, 'l'otal 0.003 0.068 0.032 0.029 7 2 
Phospio:r:us 4.997 67.387 32.395 33.192 9 0 
Oil and Grease 2.499 776.596 199.883 94.835 10 0 
Total Dissolved Sol.ids 904.398 904.398 904.398 904.398 1 0 
Total Sus.[iended Solids 3.165 499.298 233.834 195.161 10 0 
Minim.mt pH 2.2 9.4 6.4 7.6 10 0 
~Iii 7.4 11.9 10.2 10.6 10 0 
'.l'elperatw:e Deg C 22.0 44.0 34.0 37.5 10 0 

* - Ft>ssibly &...>tect:ed bit~ 0.010 mg/]. 
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TAmE v-20 
ClllVERSia-l ~ RAW WASI'EWl!1'ER Ecr.LUrANl'S (mg/1) 

G\LVANIZED SUBCA..."'EIDRY 

# # 
P.Aro\MElER MtNIM[M MAX!M[N MEAN MEDIAN Pl'S ZEIDS 

Flew Liters/bay 1,820 75,490 .x.,340 48,690 11 0 
11 1,1,1-Trichloroet:ha 0.016 0.142 0.052 0.025 4 6 
13 1, 1-Dichlorcethane o.oo o.oo o.oo o.oo 0 1 
29 1, 1-Didtl.oroethylene * * * * 9 
30 1,2-TI:ans-Dichloroethylene * 0.015 0.008 0.008 2 8 
34 2,4-Dixoothylprenal o.oo 

. 
o.oo o.oo o.oo 0 2 

39 Fluoxant:hene 0.023 0.023 0.023 0.023 1 9 
54 Iro,pimaie 0.516 0.516 0.516 0.516 1 9 
55 Naplt:halene * 0.015 * * 5 5 
65 Prenol. o.oo o.oo o.oo o.oo 0 4 
66 Bis(2-et:h:rrexl)phtlBlate . * 1.227 0.237 0.043 9 1 
67 Butyl l:em;yl prt:ral.ate * * * * 3 7 
68 Oi.-N-Butyl i;htbuate * 0.020 * * 3 7 
69 Oi.-N-Oct:yl pltbalate o.oo o.oo o.oo o.oo 0 10 
70 Oi.ethyl i;ht:balate 0.015 0.299 0.086 0.051 9 1 
71 Di.methyl pil:ha1ate o.oo o.oo o.oo o.oo 0 10 
72 1,2-Benzanl::hl:a * * * * 1 9 
73 Benzo(A)P.fl.'E!OO o.oo o.oo o.oo o.oo .0 10 
74 3,4-Benzofluoranl: o.oo o.oo o.oo o.oo ~o 10 
75 Benzo(K)f.loomnth!oo o.oo o·.oo o.oo o.oo 0 10 
76 Qn:ysene * * * * 1 9 
77 ~lene * * * * 1 9 
78 .Anth:racene * 0.288 0.096 * 3 7 
79 1, 1,2-Beozqie:cylene o.oo o.oo o.oo o.oo 0 10 
BO Fluoxene * * * * 1 9 
81 Ph!nant:b:rooe * 0.288 0.096 * 3 7 
82 1,2,5,6-Dihem:anthrac o.oo o.oo o.oo o.oo 0 10 
83 rdeno( 1,2,3-<D)P.(.C8le o.oo o.oo o.oo o.oo 0 10 
84 ~ 0.011 0.011 0.011 0.011 1 9 
86 'lbl.ume o.oo o.oo o.oo o.oo 0 4 
87 Trichl.oroethylene 0.029 0.114 .., 0.072 0.072 2 B 

118 Ca:dniun o.ooe 0.110 0.042 0.010 5 5 
119 O:u:a!X1un, Total. 3.380 785.000 291.914 119.850 10 0 

Chrcmiun, Hexaval.ent • 0.050 307.000 141.156 104.500 10 0 
120 Cq:,pet- 0.004 .. 0.140 0.031 ·~ o.01e 8 2 
121 Cyanide, Total. 0.120 0.470 o.290 0.200 5 5 

Cyanide 1ml. to Chlor. 0.005 • 0.330 Q.116 0.065 4 6 
122 I.ead. 0.005 1.340 0.559 0.500 10 0 
124 Nid<:el. 0.033 30.860 7.584 4.430 6 4 
128 Zinc 32.900 714.000 221.875 75.350 10 0 

Alnninun 1.300 10.600 3.606 2.310 9 1 
Flootldes 1.450 70.654 16.140 10.750 10 0 
Ixai 0.840 20.000 6.583 5.050 10 0 
Mangmese 0.035 1.303 0.253 0.118 10 0 
Prenols, Total o.oos 0.067 0.021 0.020 7 3 
~ 3.750 66.200 33.230 25.100 7 0 
Oil and Grease 1.264 106.000 18.806 10.soo 10 0 
'lbta.l Dissolved Solids 2452.000 2452.000 2452.000 2452.000 1 0 
Total Soopeooed Solids 68.000 449.999 245.017 190.000 10 0 
Minim.m pl 2.4 11.1 4.5 3.5 10 0 
M!Ddm.m pl 3.3 12.0 8.2 8.6 10 0 
'l'elperature Deg C 28.4 55.0 39.1 38.0 10 0 

* - Poes:lbly detected b.Jt ~ 0.010 m;/1 
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'.mBIE V-21 
c::J:-lVERSION OlT!.TlN3 R1!W WASl'EWfi'ER J?CLUJrANl'S (ng,ni2) 

00.~ sm:::ATElDRY 

# # 
PARAMEI'ER MINIM[},1 MAXlMM MEAN !EJIAN Pl'S ZER'.lS 

Flo,, Li ters/m" Q.025 1.269 0.528 o.575 11 0 
11 1 , 1 , 1.JI'r.i.c."ll.oroethane * O.OEiO 0.020 * 4 6 
13 1,1-0ichloro&.hane o.oo o.oo 0.000 o.oo 0 1 
29 1, 1-0idl.loroethylene * * * * 1 9 
30 1,2-Trans-Dichloroethylene * 0.013 * * 2 8 
34 2,4-0:hreteylphmal o.oo o.oo o.oo o.oo 0 2 
39 F.l.uoianthene * * * * 1 9 
54· Iso.[:rorcrie 0.058 0.058 0.058 0.058 1 9 
55 . Na.plthal.ene * * * * 5 5 
65 Ph:mol o.oo o.oo o.oo o.oo 0 4 
66 Bis(2-et.hyhaxl.)phthalate * 0.706 0.099 * 9 1 
67 Butyl l:enzyl 1:ht:ra.late * * * * 3 7 
68 Di-N-Butyl phtralate * 0.013 0.004 * 3 7 
69 Di--N-Octyl phtralate o.oo o.oo o.oo o.oo 0 10 
70 Diethyl phtha.late * 0.178 0.035 0.017 9 1 
71 Dmlethyl i;:hth:-u.ate o.oo o.oo o.oo o.oo 0 10 
72 1,2-i3enzanthrc1cene * * * * 1 9 
73 Eenz.o(A)P.f]'.'ene o.oo o.oo o.oo o.oo 0 10 
74 3,4-f!enzoflUOJ:anth:me o.oo o.oo o.oo o.oo 0 10 
75 Eenz.o(K)floorcml:h:!ne o.oo o.oo o.oo o.oo 0 10 
76 Ou::ysene * * * * .1 9 
77 , ACEnaplt.qyl.enE~ *' * * * 1 9 
78 Anthracene * 0.032 0.011 * 3 7 
79 1, 1,2-Ben2'qlel:ylene o.o.o o.oo o.oo o.oo 0 10 
80 Fluoi:ene * * * * 1 9 
81 Phenant:hrene * 0.032 0.011 * 3 7 
82 1,2,5 ,6-Dibenzant:hracene o.oo o.oo o.oo o.oo 0 10 
83 Ideno( 1,2,3-Cl>)J?.in!Ile o.oo o.oo o.oo o.oo 0 10 
84 Pyrene *· * * * 1 9 
86 Toluene o.oo o.oo o.oo o.oo 0 4 
87 Trichl.oroethylene 0.017 0.048 0.033 0.033 2 8 

118 cadniun 0.001 0.047 0.018 0.001 5 5 
119 Chn:mium, Total 0.083 87.529 58.335 59.657 10 0 

Chn:miun, ~er.it 0.001 72.473 39.712 .;,, 40.396 10 0 
120 Cq:per 0.001 0.016 o·.004 0.003 8 2 
121 Cyanide, 'ibtal o.oes 0.305 0.177 0.115 5 5 

Cyanide limn. to Chi.or. 0.003 0.214 0.072 0.036 4 6 
122 Iead 0.003 0.771 0.196 0.111 10 0 
124 Nickel 0.002 18.340 3.294 0.387 6 4 
128 Zinc 1.953 79.612 38.588 39.158 10 0 

Alun:inun 6.099 4.495 1.241 1.001 9 1 
Fluorides 0.394 41.988 7.503 3.353 10 0 
Inn 0.483 3.489 1.383 1.143 10 0 
Manganese 0.005 0.775 0.098 0.024 10 0 
Phenols, Total 0.001 0.056 0.012 0.003 7 3 
Phos.i;ilm:us 0.328 42.929 10.111 5.674 7 0 
Oil amGrea~ 0.217 64.290 9.172 1.934 10 0 
'lbtal Dissolved Solids 60.392 60.392 60.392 60.392 1 0 
Total Suspenc:Ed Solids 5.419 344.700 107.052 86.485 10 0 
Min:inum pH 2.4 11.1 4.5 · 3.5 10 0 
Max:im.m pi 3.3 12.0 8.2 8.6 10 0 
Tenperature D...:.g C 28.4 55.0 39.1 38.0 10 0 

* - Possibly detected but~ 0.010 mg/1 
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TIIBIE v-22 
c:I:&.."{[NS RAW WlSrEWATER PCLUJrANI'S (rrg/1) 

AilMillM SCEATEXDRY 

# # 
PARllMEIER MINIMtM MAXIMtM MEAN MEDIAN P1'S ZER.)S 

Flew Liters/Day 14,640 163,510 84,430 84,670 12 0 
39 Fluramthene o.oo o.oo o.oo o.oo 0 12 
54 Isqi1orooe o.oo o.oo o.oo o.oo 0 12 
55 Napltha1ene * * * * 3 9 
65 ~ o.oo o.oo o.oo o.oo 0 2 
66 B.is (2-ethylllexyl)pl1:halate * 0.450 0.131 0.010 10 2 
67 Butyl l::enzyl i:htralate o.oo o.oo o.oo o.oo 0 12 
68 Di-N-a.ityl p,.thalat:e * 0.012 0.006 0.006 2 10 
69 Di-N-Oc::tyl i:hthtlate o.oo o.oo o.oo o.oo 0 12 
70 Diethyl prt:hal.at:e 0.020 0.450 0.171 o.oao 7 5 
71 Oircethyl plthalate * * * * 2 10 
72 1,2-Benzanl:hrac:ene o.oo o.oo o.oo o.oo 0 12 
73 .Benzo(A)wrene * * * * 3 9 
74 3 ,4-Benz.ofloorantrene o.oo o.oo o.oo o.oo 0 12 
75 Benzo(K)fluonmthene o.oo o.oo o.oo o.oo 0 12 
76 Ou:yoone o.oo o.oo o.oo o.oo 0 12 
77 Ac:en5J:;:hthylene o.oo o.oo o.oo o.oo 0 12 
78 1\nt:h.ramne * * * * 2 10 
79 1, 1,2-Benzo};el:ylene o.oo o.oo o.oo o.oo 0 12 
00 Floorene * * * * 1 11 
81 lrena:nthrene * * * * 2 10 
82 1,2,5,6-Dil:enzant:.hc:ene o.oo o.oo o.oo o.oo 0 12 
83 Idero( 1,2, 3-<::D)pyrene o.oo o.oo o.oo o.oo 0 12 
84 Pyrene o.oo o.oo o.oo o.oo 0 12 
86 'l'bluene o.oo o.oo o.oo o.oo 0 2 
118 Cadniun 0.003 0.021 0.009 0.003 3 9 
119 Olraniun, Total 0.028 6.020 1.263 0.180 9 3 

Ou:aniun, Hexavalent 6.580 6.580 6.580 6.580 1 10 
120 eq;per O.OCB 0.210 0.084 0.075 9 3 
121 Cyanide, Total 0.005 0.260 0.040 0.010 9 3 

Cyanide hnn. to Chlor. 0.005 0.240 0.038 0.006 8 4 
122 lead 0.060 0.220 0.144 0.170 5 7 
124 Nickel o.oo o.oo o.oo o.oo 0 12 
128 Zinc 0.013 14.000 1.589 0.210 10 2 

Alu:ninun 8.550 940.000 397.720 251.500 12 0 
Floorldes 0.430 9.500 2.020 0.800 9 3 
Ixcn a.on 0.690 0.345 0.275 12 0 
Mangmese 0.021 14.700 4.993 1.330 9 3 
Preool.s, Total 0.010 0.160 0.047 0.020 11 1 
Blo5i:horus 0.690 101.000 62.947 90.400 6 3 
Oil & Greare 1.000 2000.000 530.877 75.000 9 3 
'lbt:al &lspen::Ed Solids 6.000 970.000 183.767 49.000 12 0 
Miru.nunpl 7.1 11.0 9.4 10.1 12 0 
Max:inun pi 8.4 11.9 10.6 11.2 12 0 
'Iel'lperat:ure teg C 26.5 60.3 36.8 33.3 12 0 

* - Possibly detected cy ~ 0.010 ng/1 
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TABIE V-23 
CIEANING RAW WASI'EWATER PCLIIJrANI'S (11'g;m2) 

MllIDD1 SUB:::m'EX:DRY 

# # 
PAPJ\MEI'ER MINIMlM MAXIMr.M ME1IN MEDIAN Pl'S mm 

Flo,; Li ters/m2 0.164 1.965 0.964 0.973 12 0 
39 FluroantlEne o.oo o.oo o.oo o.oo 0 12 
54 Isopho:rone o.oo o.oo o.oo o.oo 0 12 
55 Napi.thalene * * * * 3 9 
65 Rlen:>l o.oo o.oo o.oo o.oo 0 2 
66 Bis (2-ethylhexyl) i;:hthalate * 0.424 0.083 0.020 10 2 
67 Butyl 1:.enzyl phtrala:te o.oo o.oo o.oo o.oo 0 12 
68 Di-N-Butyl fhtha].ate * * * * 2 10 
69 Di ""*<)ctyl J;htralate o.oo o.oo o.oo o.oo 0 12 
70 Diethyl p:Ithalate 0.038 0.884 0.222 0.106 7 5 
71 D.imethyl phthtl.ate * * * * 2 10 
72 1, 2-Benzant.hra<Ele o.oo o.oo o.oo o.oo 0 12 
73 Benzo(A)pyrene * * * * 3 9 
74 3 ,4-Benz.ofluo:tant:h:me o.oo o.oo o.oo o.oo 0 12 
75 Benzo(K)fluo:ranthene o.oo o.oo o.oo o.oo 0 12 
76 Chcyssne o.oo o.oo o.oo o.oo 0 12 
77 A03naph1:qylene: o.oo o.oo o.oo o.oo 0 12 
78 An!:hracene * * * * 2 10 
79 1, 1,2-i3enZopel'.ylene o.oo o.oo o.oo o.oo 0 12 
BO Floorene * * * * 1 11 
81 :Ehenan:tbJ:ene * * * * 2 10 
82 1,2,5 ,~frenzani:hracerie o.oo o.oo o.oo o.oo 0 12 
83 Ideno( 1,2,3-C:l)pyrene o.oo o.oo o.oo o.oo 0 12 
84 Pyrene o.oo o.oo o.oo o.oo 0 12 
86 'lbluene o.oo o.oo o.oo o.oo 0 12 
118 Cadniun 0.002 0.010 0.005 0.003 3 9 
119 Chran:i.um, Totc-il o.q20 5.669 0.782 0.070 9 3 

Olrcm.ium, Heoomralent 6.196 6.196 6.196 6.196 1 10 
120 Cq:,pet' 0.009 0.131 0.042 0.022 9 3 
121 Cyanide, Total 0.001 0.268 0.041 0.010 9 3 

Cyanida 1!mn. to Chlor. 0.001 0.248 0.039 0.010 8 4 
122 lead 0.029 0.061 0.043 0.041 5 7 
124 Nickel o.oo o.oo o.oo o.oo 0 12 
128 Zinc 0.013 13.184 1.502 0.163 10 2 

Almrlnun 16.261 458.810 187.162 137.389 12 0 
Fluori.das 0.211 2.036 1.065 1.231 9 3 
Ircn 0.131 0.381 0.222 0.200 12 0 
Manganese 0.021 3.901 1.372 0.652 9 3 
Prenols, Total 0.003 0.087 0.029 0.019 11 1 
Phosplo:rus 0.742 95.110 36.879 33.839 6 3 
Oil & Grease 0.478 1,747.847 352.190 20.897 9 3 
Total St1spen:Ed Solids 9.293 605.504 116.946 40.638 12 0 
M:inimJrn I.2I 7.1 11.0 9.4 10.1 12 0 
Max:inum I.2I 8.4 11.9 10.6 11.2 12 0 
Tercperatm:e Deg C 26.5 60.3 36.8 33.3 12 0 

* - Possibly detected cy ~ o. 010 ng/1 
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~ V-24 
CXlMRiICN ~ RI\W ~ PCLWmNl'S (ng/1) 

AllMilU'1 SUl:ClnBDRY 

# # 
PAlWElER MINIMM M!\XDolM MEAN ~ Pl'S ZEK:s 

Fl.oW' Liters,/Da;y 11,620 61,320 42,160 lfl,560 12 0 
39 F.l.urcanthene o.oo o.oo o.oo o.oo 0 12 
54 Isq:horale o.oo o.oo o.oo o.oo 0 12 
55 Naplt:h!llene * . * * * 3 9 
65 B1ena1. o.oo o.oo o.oo o.oo 0 2 
66 Bi.8(2-el::hyl.re>«;Yl)prt:hal.ate * 0.300 0.049 0.020 9 3 
67 :&ltyl bmzyl plthtlate o.oo o.oo o.oo o.oo 0 12 
68 Di-N-Butyl prt:halate * * * * 2 10 
69 Di-N-Octyl ,Ehthtlate * * * * 1 11 
70 Diethyl pn:halate * 0.200 0.076 0.050 9 3 
71 OlJrnt:hyl ,Eht:hll.at2 0.110 0.110 0.110 0.110 1 11 
72 1,2-Berl.zad:.h:ra o.oo o.oo o.oo o.oo 0 12 
73 Benzo(A)~ * * * * 2 10 
74 3,4-Bemx>fluoxanl::h!ne o.oo o.oo o.oo o.oo 0 12 
75 Benzo(1C)£hxmmthene o.oo o.oo o.oo o.oo 0 12 
76 On:yoone o.oo o.oo o.oo o.oo 0 12 
77.~lene. o.oo o.oo o.oo o.oo 0 12 
78 Ant::.hracme * * * * 4 8 
79 1, 1,2-Benzopexylene. o.oo . o.oo o.oo o.oo 0 12 
eo P'.hx»:ene o.oo o.oo o.oo o.oo 0 12 
81 B1emnt:llJ:ene * * * * 4 8 
82 1,2,5,6-Dil:lenzant:h o.oo o.oo o.oo o.oo 0 12 
83 Iden:>( 1,2,3-<D)1:¥[ene o.oo o.oo o.oo o.oo 0 12 
84 Py.rene o.oo o.oo o.oo o.oo 0 12 
86 'lb1uene o.oo o.oo o.oo o.oo 0 2 
118 Ot.dm.Ull 0.003 0.019 0.010 o.ooe 3 9 
119 Cu:ald.u:n, Total 15.000 965.000 269.500 117.500 12 0 

Oxrcmiun, Bexavalent 10.SJO 333.000 119.050 92.500 12 0 
120 Q:g?e:I:' 0.011 0.98> 0.197 0.052 10 2 
121 Cyanide, Total 0.017 7.500 3.229 2.5"70 9 3 

C_yani.de 1ml. to Chlor. 0.0(9 7.060 2.090 1.373 6 3 
122~ 0.170 0.400 0.285 0.285 2 10 
124 Nickel 0.018 0.260 0.124 0.100 4 8 
1.28 Zinc 0.016 42.600 8.756 0.540 12 0 

Alu:nimm 10.900 410.000 163.991 107.500 12 0 
Fluox:ides 17.500 510.000 205.625 31.000 12 0 
:rxcn 0.830 86.900 20.802 7.815 12 0 
Mangmese 0.049 11. 700 1.369 0.340 12 0 
Phenols, Total 0.004 0.140 0.030 0.011 8 4 
~xus 13.100 15.900 14.500 14.500 2 0 
Oil & Grease 0.200 60.000 9.433 2.000 9 3 
'lbtal Slspended Solids 4.200 1,199.999 162.733 55.000 12 0 
Mi.nimDpl 1.6 5.4 3.0 2.5 12 0 

'Maxim.mp! 3.7 6.7 5.2 5.1 12 0 
'l'eape.rature Deg C 26.5 45.1 33.4 30.3 12 0 

* - Possibly detec:t:oo by~ 0.010 ng/1 
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'mBJ:E V-25 
a::tilVERSICN CX>A'IIll3 RAW WAm'.EWATER PCLLUrANI'S (ng,ini2) 

AllMmJM SUBCATEXDRY 

# # 
PARf\MEI'ER MINilll1 Mi\XIMLM MEAN MEDIAN Pl'S zm:s 

Flow Liters/mZ 0.137 i 1. 751 0.546 0.467 12 0 
39 Fluraanthane o.oo o.oo o.oo o.oo 0 12 
54 Isoplo:rone o.oo o.oo o.oo o.oo o 12 
55 Nai;htlalene * * * * 3 9 
65 :Ehm:>l o.oo o.oo o.oo o.oo 0 2 
66 Bis(2-ethy~l)plthalate * 0.064 0.013 * 9 3 
67 Butyl benzyl p:1tt.alate o.oo o.oo o.oo o.oo 0 12 
68 Di-N-Blltyl pithalate * * * * 2 10 
69 Di-N-Octyl J;hthalate * * * * 1 11 
70 Diethyl p:It.ralate * 0.085 0.030 0.025 9 3 
71 Dimethyl J;hthalate 0.047 · 0.047 0.047 0.047 1 11 
72 1,2-Benzanthracene o.oo o.oo o.oo o.oo 0 12 
73 Bem.o(A)J?.irene * * * * 2 10 
74 3 ,4-Benzofluo:i::anth!ne o.oo o.oo o.oo o.oo 0 12 
75 Benzo(K)flllomnthe11e o.oo o.oo o.oo o.oo 0 12 
76 Olrysene o.oo o.oo o.oo o.oo 0 12 
77 Acenap:lt:qylene o.oo o.oo o.oo o.oo 0 12 
78 Anthracene * * * * 4 e 
79 1,1,2-i3enzqpel:ylene o.oo o.oo o.oo o.oo 0 12 
BO Flllorene o.oo o.oo o.oo o.oo 0 12 
81 :Ehenanl:hnm.e. * * * * 4 8 
82 1,2, 5 ,6-Di1:2nzanthraceD= o.oo o.oo o.oo o.oo 0 12 
83 !deoo( 1,2,3-CD)~r«:me o.oo o .• oo o.oo o.oo 0 12 
84 Pyxene o.oo o.oo o.oo o.oo 0 12 
86 'lbluene o.oo o.oo o.oo o.oo 0 12 
118 cadniun 0.004 0.012 0.007 0.005 3 9 
119 Chrani.um, 'lbtal 9.656. 665.404 167.554 44.630 12 0 

Cbrom:ixm, Hexavalent 8.487 • 320.445 75.618 29.635 12 0 
120~ 0.006 0.260 0.082 0.012 10• 2 
121 Cyanide, Total 0.004 3.152 1.517 1.665 9 . , 3 

Cyanide Allin. to Ch.lor. 0.002 · 3.007 0.879 0.563 6 3 
122 Iead 0.094 I 0.260 0.177 0.177 2 10 
124 Nickel 0.006 , 0.169. 0.072 0.057 4 8 
128 Zinc 0.007 74.595 9.214 0.274 12 0 ~ 

Aluminum 5.534 2.138.925 79.781 35.281 12 0 
Fluorides 8.894 324.515 78.333 36.769 12 0 
In:n 0.149 36.522 9.1!:B 2.976 12 0 
Manganese 0.020 2.589 0.472 0.142 12 0 
Phenols, 'lbtal 0.001 0.091 0.016 0.004 8 4 
Phospl.o:rus 5.506; 6.771 6.138 6.138 2 0 
Oil & Grease 0.084 105.064 13.232 1.016 9 3 
Total Suspended Solids 1.254 2101.275 200.044 26.414 12 0 
M:ininum pi 1.6 5.4 3.0 2.5 12 0 
MaximJm pi 3.7 6.7 5.2 5.1 12 0 
Tenper;ature Deg C 26.5 45.1 33.4 30.3 12 0 

* - Possibly detected, by~ o. 010 mg11 
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TABJ:E V-26 
~ RAW ~ FCLLU.rANl'S (ng/1) 

ALL SUB:ATEXDRIES 

# # 

PARA."!E!l'ER filNil,lM M1\XIM[M MEAN MEDIAN P1'S ZEIOS 

Flo,.., Liters/Day 39,240 693,200 285,120 249,810 22 0 ,, 1, 1, 1-'l'ric:hloroet:hane * 3.085 0.897 0.251 4 5 

13 1,1-0ic:hlorc:et:hane o.oo o.oo o.oo o.oo 0 3 
29 1,1-0ic:hloroethylene 0.035 0.036 0.036 0.036 1 5 

30 1,2-T.rans-Dichlorcethylene 0.043 0.043 0.043 0.043 1 5 . 
34 2,4-0imethylphmol o.oo o.oo o.oo o.oo 0 3 

39 Fluomntrene * * * * 1 17 

54 Isc::pX>rcne o.oo o.oo o.oo o.oo 0 18 

55 Na};htha.lene * * * * 3 15 

65 Prenol o.oo o.oo o.oo o.oo 0 7 

66 Bis(2~)pn:htlate * 0.88) 0.092 0.017 14 4 
67 Butyl 1::areyl pn:halate * 0.015 0.000 0.000 2 16 
68 Di-N-Butyl p.thtl.ate * 0.020 0.003 * 6 12 

69 Di-N-Octyl ;Ehthalate * * * * 1 17 

70 Diethyl }.iltrelate * 0.330 0.07 o.oso 15 3 
71 Dimethyl pn:halate * * * * 2 16 
72 1,2-Benzanthraoene o.oo o.oo o.oo o.oo 0 18 

73 Benzo(A)py.rene * * * * 1 17 
74 3,4-Benzofl\Xltailt:hene * * * * 1 17 
75 Benzo(K)flooxanl:rene * * * * 1 17 
76 Ou:ysene o.oo o.oo o.oo o.oo 0 18 
Tl Acenafhthylene o.oo o.oo o.oo o.oo 0 18 
78 Anthracene * * * * 2 16 
79 1,1,2-Ben2qlel:ylene * * * * 1 17 
80 Fluorene o.oo o.oo o.oo o.oo 0 18 
81 Phenant:hrene * * * * 2 16 
82 1,2,5,6-Dibenzanl:hraoee o.oo o.oo o.oo o.oo 0 18 
83 Ideno(1,2,3-CO).J?.iXl3le o.oo o.oo o.oo o.oo 0 18 
84 ~ o.oo o.oo o.oo o.oo 0 18 
86 Toluene o.oo o.oo o.oo o.oo 0 7 
87 'ltichlorcethylene * 3.070 0.729 * 5 4 

118 Oldni.Ull 0.000 0.210 0.097 0.014 3 17 
119 Cbrcmi.un, Total 0.004 0.440 0.057 0.013 15 5 

Ou:ani.u:n, Hexava1ent o.oo o.oo o.oo o.oo 0 20 
120 Q:g;ler 0.004 0.017 0.000 0.006 7 13 
121 Cyanide, '1btal 0.005 0.200 0.039 0.021 17 3 

Cyanide hnn.. to Chlor. 0.005 0.000 0.026 0.019 11 9 
122 Lead 0.032 0.064 0.048 0.048 2 18 
124 Nickel 0.190 0.190 0.190 0.190 1 19 
128 Zinc 0.014 4.990 0.606 0.150 20 0 

Alun.inun 0.460 1.350 0.960 1.025 8 12 
Fluorl.des 0.150 11.000 1.640 0.850 20 0 
Ira, 0.018 1.500 0.370 0.136 20 0 
Mang:mese 0.002 0.700 0.179 0.021 15 5 
Prerol.s, Total 0.003 0.040 0.016 0.015 15 5 
:EhosJ;horus 0.250 15.400 3.234 0.700 11 7 
Oil and Grease 1.000 26.000 7.125 5.000 15 5 
Total Dissolved Solids 99.000 1,oso.000 437.000 132.000 3 0 
Total SUspended Solids 0.010 24.000 6.895 5.000 18 2 
Minim:m Iii 4.9 a.a 6.8 6.8 20 0 
Mwm.npi 7.2 9.0 7.9 7.7 20 0 
Teltperature Deg C 23.00 42.3 31.9 30.2 20 0 

* - Possibly detected b.It s_ 0.010 ng11 
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'mB!E V-27 
QJEN:HIN3 RAW ~ PCLLUrANI'S (m;rfin2) 

ALL SUSCATEXDRIES 

# # 
PARAMEIER MlNIMlM MAXlM.M MEAN MIDIAN PIS ZERJS 

FlON Liters/m2 0.435 8.03 3.632 3.296 22 0 
11 1, 1, 1-Trichklroeth:lna * 0.897 0.269 0.090 4 5 

13 1, 1-Dichlorcethane o.oo o.oo o.oo o.oo 0 3 
29 1, 1-Dichloroe.thylere * * * * 1 5 
30 1,2..arrans-Dichlorcethylene 0.013 0.013 0.013 0.013 1 5 
34 2,4-Dimet:b¥lphenol o.oo o.oo o.oo o.oo 0 3 
39 Fluo:r.:anth:me * * * * 1 17 
54 Isoµorrne o.oo o.oo o.oo o.oo 0 18 
55 Na};:hthtlene * * * * 3 15 
65 Pren.al o.oo o.oo o.oo o.oo 0 7 
66 Bis ( 2-et:hyh?.xl)phtlBlat.e * 0.256 0.076 0.034 14 4 
67 Butyl l::enzyl i;hthalat.e * 0.026 0.013 0.013 2 16 
68 Di-N-Butyl fhtmlate * 0.033 * * 6 12 
69 Di~l i;hthalate 0.014 0.014 0.014 0.014 1 17 
70 Diethyl pitl:al.ate * 0.700 0.172 0.064 15 3 
71 Dimethyl J;htbalat.e * * * * 2 16 
72 1,2-Benzant:hraoane o.oo o.oo o.oo o.oo 0 18 
73 Benzo(A)P.{mne * * * * 1 17 
74 3,4-Benzofluo.ranthene * * * * 1 17 
75 Benzo(K)fluor.antrene * * * * 1 17 
76 Clu:ysene o.oo o.oo o.oo o.oo 0 18 
77 Acenaprt:hyle!Ille o.oo o.oo o.oo o.oo 0 18 · 
78 Anthraoene * * * * 2 16 
79 1,1,2-:Benzqet:ylene * * * * 1 17 
80 Fluorene o.oo o.oo o.oo o.oo 0 18 
81 Poonant::hmne * * * * 2 16 
82 1,2,5,6-Dillenzanthcaoene o.oo o.oo o.oo o.oo 0 18 
83 Ideno( 1,2, 3-0) )pyrene o.oo o.oo o.oo o.oo 0 18 
84 Pyrene o.oo o.oo o.oo o.oo 0 18 
86 Toluene o.oo o.oo o.oo o.oo 0 7 
87 Trichloroet:l:\Y'.Lene o.oo 0.893 0.215 0.017 5 4 

118 Cadniun 0.019 0.684 0.244 0.029 3 17 
119 Chrani.un, 'lbtcu 0.010 0.138 0.051 0.031 15 5 

Chrani.un, ffe!}@.va1ent o.oo o.oo o.oo o.oo 0 20 
120 Cog,er 0.003 0.037 0.015 0.012 7 13 
121 Cyanide, 'lbtal 0.007 0.249 0.073 0.045 17 3 

Cyanide Arnn. to Chlor. 0.009 0.129 0.057 0.032 11 9 
122 lead 0.104 0.328 0.216 0.216 2 18 
124 Nidcel 0.615 0.615 0.615 0.615 1 19 
128 Zinc 0.019 25.599 2.243 0.153 20 0 

Aluninun 0.337 3.226 1.449 1.300 8 12 
Fluorides 0 215 3.398 1.564 1.446 20 o. 
Ircn 0.017 4.139 0.734 0.281 20 0 
Manganese 0.003 4.002 0.679 0.026 15 5 
Phenols, Total 0.001 0.094 0.033 0.027 15 5 
l:bOSfho:rus 0.207 4.478 2.408 2.272 11 7 
Oil am Grease 0.825 35.464 10.514 7.560 15 5 
'lbtal Dissolved Solids 170.683 1452.142 666.540 376.796 3 0 
Total Suspendad Solids 0.017 

.• 
57.09() 14,665 9.539 18 2 

Minim.In pi 4.9 8.0 e;,.a 6.8 20 0 
~pi 7.2 9.0 7,'d 7.7 20 0 
Teupe:rature Deg C 23.0 42.3 31.9 30.2 20 0 

* - Possibly det:e::t:ed hits_ 0.010 mg/1 
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TAl!IU V-28 

SUMMARY or CLZl\NUJJ RAW WASTltWAT!R POLL11l'ANTS 
(H!DIAN VALUE) 

Steel Galvanized Allllllinum 

Parameter !2ll mq/m2 11g/l ll![/1112 lll![il r.gla2 ___ 

Flow Liters/day 130,810 87,590 84,670 
Flow Liters/1112 1.498 0.880 o.973 

39 P'luoranthene 0.068 0.109 * * o.oo o.oo 

54 Isophorone 0.01a 0.132 0.047 0.038 o.oo o.oo 

55 Naphthalene * 0.690 0.019 0.011 * * 
66 Bis (2-ethylhexyl) 0.020 0.033 0.074 0.034 * 0.020 

phthalate 
67 Butyl benzyl 0.358 o.574 0.120 0.025 o.po o.oo 

phthalate 
68 Di-N-Butyl * * 0.025 0.028 * * 

phthalate 
70 Diethyl phthalate 0.030 0.042 0.087 0.081 o.oeo 0.106 

71 Dimethyl phth11l11te o.oo o.oo o.oo o.oo * * 
72 1,2-Benzanthracene 0.015 0.022 0.012 o.ooe o.oo o.oo 

76 Chrysene 0.015 0.022 0.012 o.ooe o.oo o.oo 

I-' 78 Anthracene * * 0,020 0,015 * * 
0 BO Fluorene * * 0,024 0,019 * * 
0 81 Phenanthrene * * 0,020 0,015 * • 

118 Cadmium 0,005 0.005 0.040 0.018 0.003 0,003 

119 Chromium, Total 0.183 0,330 0.270 0,262 0.100 0,070 

Chromium, Hexavalent 0,260 0,043 6,580 6,196 

120 Copper 0.059 0.090 0.020 0.020 0.075 0,022 

121 Cyanide, Total 0,024 0.066 0,017 0,035 0.010 0.010 

Cyanide Arnn, to Chlor, 0.028 0,044 0,018 0,016 0,010 0,010 

122 Lead 0,458 0.241 1,950 1.309 0.170 0.041 

124 Nickel 0,039 0,062 0,150 0,185 

128 Zinc 3.200 3,185 85,300 69,330 0,210 0, 153 

Aluminum 0,340 0,513 1,300 1,213 251,500 137,400 

Fluorides 0,980 1,388 1,050 0.938 0,800 1,231 

Iron 5.200 38.169 1,030 1,199 0,275 0,200 

Manganese 0,630 1,245 0, 160 0, 144 1,330 0,652 

Phenols, Total 0,020 0.147 0.021 0,029 0,020 0,019 

Phosphorus 42,300 50,860 32.600 33,192 90,400 33,839 

Oil & Grease 261.000 313,000 107.500 94,835 75,000 20,897 

Total Dissolved Solids 9,341.000 17,432.000 204.000 904.398 
Total Suspended Solids 256,000 231,000 162,000 195,200 49.000 40,638 

Minimum pH 8,5 8,5 7,6 7,6 10, 1 10, 1 
Maximum pH 10,6 10,6 10,6 10,6 11.1 11,1 

Temperature •c 37.7 37,7 37.5 37,5 33,3 33,3 

* - possibly detected but~ 0,010 mg/l 



TABLE V-29 

SUMMARY OF CONVERSION COATING RAW WASTEWATER POLLUTANTS 
(MEDIAN VALUE) 

----
Steel Galvanized Aluminu::: 

Parameter mg:/1 mg/m2 mg/1 mg/m2 m9fl ms/zn2_ 

Flow Liters/day 38,150 48,690 47,560 

Flow Li ters/~2 0.377 0.575 Q.46'/ 

1 i 1,1,f-Trichlcro- ,:, ~ -0.025 0.009 o.o o.o 
etha::c 

13 1,1-Dichloroethane 0.077 O.G34 

34 2,4-Dimethylphenol 
39 Fluoranthene f: * . 0.02.3 ,;, o.oo o.oo 
54 Isophorone o.oo o.oo 0.516 0.058 o.oo o.oo 
66 Bis (2-ethylhexyl) 0.014 * 0.043 * 0.020 * 

phthalate 
69 Di-N-Octyl- 0.760 0.332 

..., 
* 

phthalate 
70 Diethyl phthalate 0.135 0.069 0.051 0.017 o.oso 0.025 

..... 71 Dimethyl phthalate o.oo o.oo o.oo o.oo 0.110 0.047 
0 ..... 84 Pyrene o.oo o.oo 0.011 * o.oo o.oo 

87 Trichloroethylene 0.014 0.011 0.072 0.033 
118 Cadmium 0.006 0.010 0.001 o.oos o.oos 
119 Chromium, Total 71.08 44.499 119.850 59.657 117.50 44.630 

Chromium, Hexavalent 42.890 32.557 104.500 40.396 95.50 29.635 
120 Copper 0.032 0.014 0.018 0.003 0.052 0.012 
121 Cyanide, Total 0.092 0.035 0.200 0 .115 2.570 1.665 

Cyanide Amn. to Chlor. 0.012 0.005 0.065 0.036 1.373 0.563 
122 Lead 0.480 0.147 o.soo 0.111 0.285 0.177 
124 Nickel 6.762 4.695 4.430 0.387 0.108 0.057 
128 Zinc 51.264 13.586 75.350 39.158 o.540 0.274 

Aluminum 1.190 0.432 2.310 1.001 107~50 35.281 
Fluorides 27.428 12.157 10. 750 3.353 31.00 36.769 
Iron 9.233 4.901 5.050 1.143 7.815 2 .. 976 
Manganese o.485 0.112 0.118 0.024 0.340 0.142 

Phenols, Total 0.019 0.013 0.020 0.003 0.011 0.004 
Phosphorus 43.400 11.836 25.100 5.674 14.500 6.118 

.. 

Oil & Grease 6.600 1.480 10.500 1.934 2.000 1.016 
Total Dissolved Solids 3,390.000 990.243 2452.000 60.392 
Total Suspended Solids 133.500 47.790 190.000 86.485 55.000 26.414 
Minimum pH 4.3 4.3 3.5 3.5 2.5 2.s 
Maximum pH 7.5 7.5 8.6 8.6 s.1 5.1 

Temperature 0 c 41.2 41.2 38.0 38.0 30.3 30.3 

fi - posslbly~aetecited but ~. 0.010 mg/1 



11 
29 
30 
66 
70 

118 
119 
120 
121 

122 
124 
128 

TABLE V-30 

SUMMARY OF CT]EOCHING WASTE.WATER roLLurANTS 
(Median Value) 

PARAMETER mg/1 

now li ters/d¥ 249,810 
Flow liters/m 
1,1,l-Trichloroethane 
1-1-Dichloroethylene 
1-2-'l' Dichloroethylene 
Bis(2-ethylhexyl)phthalate 
Diethyl phthalate 
cadmium 
Cl1ranillll, 'lbtal 
Copper 
Cyanide, 'lbtal 
Cyanide Arnn. to Chlor. 
Iea::i 
Nickel 
Zinc 
Alllllinum 
Floor ides 
Iron 
Manganese 
Phenols, 'lbtal 
Phosphorus 
Oil & Grease 
'lbtal Dissolved Solids 
'lbtal Susperrlerl Solids 
Minimun pH 
Maximun pH 
Temperature D:g C 

0.251 
0.036 
0.043 
0.017 
0.050 
0.014 
0.013 
0.006 
0.021 
0.019 
0.048 
0.190 
0.150 
1.025 
o.850 
0.136 
0.021 
0.015 
0.780 
5.000 

132.000 
5.000 
6.8 
7.7 

30.2 
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mg/m2 

3.296 
0.090 
o. 010 
0.013 
0.034 
0.064 
0.029 
0.031 
0.012 
0.045 
0.032 
0.216 
0.615 
0.153 
1.300 
1.446 
0.281 
0.026 
0.027 
2.272 
7.560 

376.800 
9.539 
6.8 
7.7 
30.2 



TABLE V-31 

SUMMARY OF TOTAL RAW WASTEWATER POLLUTANTS 
(MEDIAN VALUE) 

Steel Galvanized Aluminum 
Parameter m!u'.'.l m51/m2 mgLl mg/m2 mg/1 mg/m2 _____ 

Flow Liters/day 497621.0 134004.0 209295.0 
Flow Liters/m2 5.17 4.75 4.736 
Acenaphthene o.oo o.oo o.oo o.oo 

11 1,1,1-Trichloroethane * * Or011 0.064 
13 1,1,-Dichloroethane 0.018 0.034 * o.oo 
29 1,1-Dichloroethylene o.oo o.oo 0,015 0,016 
30 1,2-Trans-Dichloroethylene 0,009 0,019' 
34 2,4-Dimethylphenol 0,021 0,032 o.oo p.oo 
39 Fluoranthene 0,040 0,036 * * * * 
54 Isophorone 0.600 0,909 * * o.oo o.oo 
55 Naphthalene * * * * * * 
65 Phenol 0.016 0.024 o.oo * o.oo o.oo 
66 Bis (2-ethylhexyl) 0.035 0,050 0.030 0,177 0,014 0.047 

phthalate 
67 Butyl benzyl 0,152 0.300 * * * * 

phthalate 
68 Di-n-butylphthalate * * * * * * 
69 Oi-N-Octyl 0,027 0,031 * * * * 

phthalate 
o;o48 70 Diethyl phthalate ·0.056 0.158 0.174 0.056 0, 188 

71 Dimethyl phthalate o.oo o.oo * * * * 
72 1,2-Benzanthracene 0,056 0.044 * * o.oo o.oo 
73 Benzo (a) pyrene * * * * * * 
74 3,4-Benzofluoranthrene 0,035 0,023 * * * * 
75 11,12-Benzo(K)fluor- 0,035 0.023 * * * * 

anthene 
76 Chrysene 0,023 0,040 * * o.oo o.oo 
77 Acenaphthalene * * * * o.oo o.oo 
78 Anthracene 0.064 0,097 * * * * 
79 1,12-Benzoperylene o.oo o.oo o.oo o.oo * * 
80 Fluorene 0,028 0.100 * * * * 
81 Phenanthrene 0,064 0.091 * * * *· 
82 1,2,5,6-Dibenzanthracene o.oo o.oo o.oo o.oo o.oo o.oo 
83 Indeno ( 1,2,3-cd)pyrene , o.oo o.oo o.oo o.oo o.oo o.oo 
84 Pyrene b.012 0,024 * * o.oo o.oo 
86 Toluene * * o.oo o.oo * * 
87 Trichloroethylene * * * * 
118 Cadmium 0.001 0.002 0.045 0.039 0,005 0.023 
119 Chromium, Total 6,865 31.132 57.600 60.879 43,50 48,378 

Chromium, Hexavalent 4.360 32 •. 557 9,350 29.711 13.146 36.919 
120 Copper 0,051 0.100 0!009 0.033 0.043. 0.031 
121 Cyanide, Total 0.012 0.106 0,082 0.302 0,568 2.303 

Cyanide Amn. to Chlor. 0,016 0,112 0.032 0.154 0.172 0,564 
122 Lead 0.142 0.310 0,422 0.919 0.118 0.135 
124 Nickel 0.392 0.324 0.395 0,330 3.003 0.057 
128 Zinc 7,588 28,046 25.489 81,829 0.028 0.176 

Aluminum 0.607 0.886 1.741 2.948 112.212 160.460 
Fluorides 3,576 8,339 2.115 9.101 21. 000 29.933 
Iron 10. 145 23,319 2.829 4.776 3.448 3.395 
Manganese 0.533 1.387 0,117 0.190 0,370 0,465 
Phenols, Total 0.020 0, 117 0.000 0.053 0,026 0.065 
Phosphorus 42.874 66.389 14. 758 34.169 7.000 8.591 
Oil & Grease 341,650 655.170 52.965 150.061 57.561 33,118 
Total Dissolved Solids 16155. 750 10240.760 428,693 1306.156 1130.0001373.636 
Total Suspended Solids t52, 79 669,081 114.053 404.310 84.884 120.578 
Minimum pH 6.2 6.2 3.5 3.5 2.5 2.5 
Maximum pH 11.5 11.5 11.1 11 .1 11.1 11.1 
Temperature oc 32,2 32.2 34.3 34.3 31.0 31. 1 

* possibly detected but !.·0,010 mg/1 
indicates not a verification parameter in respective category 

0,00 indicates the para,~eter was not detected in all samples for which it was analyzed 
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'.Il\BU: V-32 

SUfflRl CF VISITID B:/lNl'S WA.9I'fl«rm '.mffiJMENr 

Raw Wastewater's Destinaticn 
Plant ID Cll7iNilU CXNVERSICN a::wroo 

and Discharged w/o pi Adjust and pi Adjust and Discharge Olrare lehcti<n Ou:one & Cyani•IP. C:hrrmi ,m 
Discharge 'lreabrent Disc:mrga w/o To~ter to W!!stewater Rinses w/o tren to Wastewater To Wastewater 'lreatrrent Waste- f't,,-1)11"'"" 

Type Treatment 'l'l:eabrent 'l'l:eabrent Treatlrent 'l'l:eabrent 'l'l:eabrent water Treat:Jrent ra~-

01057 D X X 

11055 I X X 

11058 I X X 
Line #1 

11058 I X X 
IJne #2 

.... 12652 I X of sealing r.inoo of rin'3eS 

2 Line #1 aily then to atl.y 
settling 

12052 I V of sealing rinse of rinses .... 
Line #2 aily than to aily 

settling of slud;Je 

15436 D Test spray X 

to Olrare red 
X 

33056 0 X X 

36056 I X X X 
Zimralet 

38053 I l'cld pickle rlnses X X 
ai:e recycled 

40064 0 X X 

46050 D X chranic ac::i.d rinse Rinse after 
O:,nversion 
coating 



'D\BtE V-32 (a:Nl'JNE)) 

SNfU« CF VISr1'ED PIANl'S ~ 'mF.MMENI' 

RAW ~'S tmrIN!'d'ICN WASl.'mATER TREMMlNl' OPERATIOOS 
Plant ID ~ 

am Di.sdlarge 100% R:!cycle lelSe in 
Di.9:ilarge witrout 'lb waste- thro1cj1 Clean or Olroniun Oi.l Cyanide I.iI S1tt<:1c,r- R>lishing 

Type Treatnelt water oooling TcMer caw. O:lat. Redlctial Patoval Treatnmt. adjust Clarificaticn c'Ewatering Filter 
01054 D X 'll1be eattler Vacmtn Filter 
01057 I X X FeSJ4 X Iag:xms m X 

prs::ip:ition act'.lil dis-
d~ strean 

11055 ! X X Stlm.ning X Settling Filter press 
Clarifier 

11058 I X X Sdnming X Settling Filter press 
Line #1 Clarifier 

11058 ! X 
Line #2 

..... 12052 I X X Clarifier ro.udge 
0 Line #1 Settling 
(.Tl 

12052 I X 

Un~ #2 

15436 D X X Lure Clarifier 

13029 I X X (all X NaCJI 'll1be settling Filter Pt"ess 
wastes) QlCH 'lanks (filtratP. rack 

b:> chraoo red) 

33056 0 ally pr:.irre Olly rinse Sd..mter oot H.ro Settling Iagoon Pn~sure 

~ Q.Jmch used during & floe- 'Ilmk Fil tr.at inn 
visit rulant 

36056 I X X Oil skinuer Line Clarifier Vna.nnn Filter. 

36058 D X 1\bsoming 
poos 

36058 D X 1\bso:d>ing 
Ziocranent pa:19 

30053 I X X X Clarifier \1'acl1un 
Filtmtinn 

40064 0 X X NaOH Settling 'lank 

& co- (ineffective) 
agulent 

46050 D X Settling Basin ·---------
. ~ 



TABLE V-33 
~ RLWI2\Nl'S (ng/1) 

Sl'EEL~ 

m tUIElS <cbv> 11055 (1) 11058 (1) 11058 (2) 12052 (2) 12052 (3) 36056 (1) 36056 (2) 
Flo,, Litia:rs_k'2 1.514 1.884 1.909 9.63 5.13 0.640 0.367 

t1 1, 1, 1-'l'rlc:hl.cm::etrane o.oo o.oo o.oo 0.021 * * 
13 1,1-Di~ o.oo * o.oo o.oo 0,00 
34 2,4-0imthy~ 0.011 o.oo 
39 Flooxant:hem * o.oo o.oo o.oo o.oo o.oo * 
54 Illq.hcm:m 0.560 o.oo o.oo o.oo o.oo o.oo 0,00 
55 Nl{lthllanc * o.oo o.oo * * o.oo o.oo 
65 8,cno.t * 
66 BU(2-ethylhexyllplthalat:e * * * 0.026 0.025 * * 
67 aityl be:ni:yl. J;ht:m.late o.oo o.oo * 0,00 o.oo 
(,8 Di-N-D.ityl {'hthililte * * * * * 
69 Di-N-Oct:yl {'lltm.late 0,00 o.oo o.oo * o.oo 
70 Diethyl {'hthililte * * * o.oas 0.032 * * 
71 Di=t:hyl {'llt:h:wlte o.oo o.oo * o.oo o.oo 
72 1,2-llmwui:l=ainc o.oo o.oo * * o.oo * 
73 Bcn:r.o(A)pjr\VIC o.oo o.oo o.oo o.oo o.oo 
74 3,~ 0,00 0,00 0,00 o.oo o.oo 
75 &ni:o(JC)tluomnthcne: o.oo o.oo a.co o.oo o.oo 
76 ~ o.oo o.oo * * a.co * 
Tl ~th/leno o.oo o.oo o.oo o.oo o.oo 
78 ~ * o.oo * * o.oo * 0.025 
79 1, 1,2-l'lcnl:qmyl.ane 0,00 o.oo o.oo o.oo o.oo 
80 Flu:m::no * o.oo * * o.oo a, ~ * o.oo * * o.oo * 0,025 
82 1,2,5,~ o.oo o.oo o.oo o.oo o.oo 
83 Idcno( 1,2,3-a>)pyrm,c o.oo o.oo o.oo o.oo o.oo 
&& Pyrcne * o.oo o.oo o.oo o.oo 
86 1'blucno * 
87 Txic:hllxocthylcnc o.oo o.oo o.oo 0.014 * * 
118 Oldal.lD 0.001 o.oo o.oo <0,002 <0,002 o.oo 0,00 
119 Chrcmlun, 'l'ctAl 0,18) 0,350 0.960 1,481 -0.137 1.$4 2.911 

du:a:11.m, ~ 0,006 o.oo o.oo 0,00 o.oo 1,182 
1:10 ~ 0.01s 0,007 o.oo 0,003 0.001 0.012 0,330 
121 C?r'nnido, Tot.al o.oo o.oo o.oo 0,072 0.037 o.oo 

c:ymudo, 1111n. m Oller, o.oo o.oo o.oo 0.026 0,035 o.oo 
122 lolld 0,108 o.oo o.oo 0.230 0,122 0,013 0.015 
124 ~ 0.116 o.oo o.oo 0.040 <O,OQ; 0.025 <0.006 
1~ Zin:: 0.500 0,280 2.02 12.500 7.314 0.225 0.455 

Almd.ra.m o.oo 0.076 0.136 0,213 0,082 0.064 0.010 
I=t o.oo 0.660 8.070 7.387 0.541 1,009 

~ o.oo o.oo 0.033 0.016 0.1!:B 0,024 0.192 
Phanola, Tot.al 0,027 o.oo i.0,005 i.0,005 i.0.005 <0,005 <0,005 

~ 0.340 -2,897 -4.427 

Oil Md.Gr:a.Mc 6.400 6.000 31.0 22.920 15.420 38,118 2)6.027 
Tot&l lblpandod Solid, 31,000 17.000 118,000 39.070 !:B.560 72,273 292,545 
HWll'ID,r.fl 0.0 8,3 6,9 7.4 7.1 0.5 0.0 
HaximA,r.fl 11.1 9,5 8,6 10,8 10.0 10.0 9.0 
'1\mpcmturc !leg C 29.5 22.7 24,6 33.0 29.9 22.9 28,5 

~blent-In-Plllcc 
<:ymido Ox:l.chtiat 
Olrcnlm~ X X X X X 
OU Sldmning X X X X X 
SOlida la:cYnl X X X X X X X 
Slud,gc Ocwatm::ing X X X X X 

~ly datcctcd b.it !. 0.010 mq/l. 
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'D\Bi.E. V-33 (ccn't) 
EFFWENr PCUDmNl'S (ng/1) 

Sl'EEL sua::iamJRY 

m NlM3ERS <~> 36056 (3) 36058 (1) 36058 (3) 36058 (4) 46050 (1) 46050 (2) 

Fl.a,{ Li.ters;m2 0.666 5.38 6.75 13.09 7.468 9.88 
11 1, 1, 1-Trid'llaroethane * o.oo 
13 1,1-0idlloroet:h3ne o.oo 
34 2 ,4-Dine:hyli;renol. . o.oo 
39 Fl.uo:tanl:hene o.oo o.oo o.oo o.oo 
54 Isq;l:lorone o.oo * o.oo o.oo 
55 ?apt1Blene * o.oo o.oo o.oo o.oo 
65 Phenal o.oo 
66 Bis(2-ethylh~l)phtlw.ate * 0.084 * o.oo 0.033 
67 Butyl hmzyl plthalate o.oo * o.oo 
68 OI.-N-1:utyl pt1thalaba * * * o.oo 
69 Di -N-octyl p.'11:hala1:la o.oo o.oo * o.oo o.oo 
70 DI.ethyl prt:ml.at:e * 0.065 * 0.106 0.016 
71 [)jJnstcyl p11:balate o.oo o.oo o.oo 
72 1,2-imlzant'.hmoene * * 0,00 o.oo 
73 . Benzo(A)P.f'.ret'le o.oo o.oo o.oo 
74 3,4-Benzof.lu:n:anl:rone o.oo * o.oo o.oo 
75 Benzo(K)~ o.oo o.oo o.oo o.oo 
76 Ou:ysare * * o.oo o.oo 
77 Aaw;prt:hylsoe .· o.oo o.oo o.oo o.oo 
78 Ant:hxacene * 0.015 * o.oo 
79 1, 1 ,2-Banzq,ecylene o.oo o.oo o.oo 
80 Fl.uOl:ene * o.oo o.oo o.oo 
81 Prenantm:el:e * 0.015 * o.oo 
82 1,2,5,6-DilJel'IZaill:hmcene 0,00 o.oo o.oo 
83 Ids!no( 1,2,3-0l)J?.irll118 o.oo o.oo o.oo 
84 ~ * * o.oo o.oo 
86 'l'olllene o.oo 
87 Trlc:hlarcet:hylene * * o.oo 
118 Cadnitm 0,055 o.oo o.oo o.oo 
119 Ou:anium, 'l'ot:al 0.739 0.012 0.0413 0.047 0.112 0.070 

ClmJnium, H'eiravalem: o.oo o.oo o.oo o.oo o.oo 
120 Cq:p,r 0.022 0.015 0.025 0.010 0,007 _i0,001 
121 Cyanide, Total 0.001 o.oo o.oo o.oo 0,047 0.009 

Cyanide, Anin. tx, Chl=, o.oo o.oo o.oo 0,024 0,007 
122 Iead 0.001 o.oo o.oo 0,042 0.021 
124 Nidtel. o.oo o.oo o.oo o.oo 0.41:!i 0.536 
128 Zinc 0.190 0.720 0,600 0.750 3,627 3.264 

Alumirun. 0.037 0.720 0.320 0.320 o.oo o.oo 
Ircn o.sso 2.420 2.380 2.000 0.484 0.341 
Mangme:se ().057 ,0~160 ... 0.160 o,098 O,SE9 o.565 
Phenols, 'lbl:al. 0.002 0.013 * * * o.ooe 
Phceplorus 6,373 12.100 15,alO 6.100 4.557 
Oil and Grease 183.155 o.oo 107.000 8.aoo 20.116 10,SIM 
Total &lspe,nded Solids 102. 7'rl 124.000 6.683 6.878 
Minim.mp! 0.0 2.0 2.1 2.7 6.7 6.7 
1'md.nun pH 8.9 -9., 10.7 10.7 7.3 7.3 
Tel!petat=e Deg C 25.0 28.0. 26.0 26.0 28.0 'rJ.O. 

Tmatlnent-In-Plaoei. 

Cyanide Oxidation 
Chranium Radlction X X 
Oil SkiJimlng X X X X 
Soliai Fatoval. X X X X X X 
Sludge DB,,atering X X 

*-possibly detected but~ 0.010 ng/1. 
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ID MMlPllS (my) 11055 (1) 
!'lot IJ.tm:1t,.1,i2 1.514 

11 1, 1, 1-'td.c:hloxait:Mrlll o.oo 
13 ,.,~ o.oo 
34 2,~l[nlnol 0.017 
39 ~ * 
5-4 Iq,i,xaio 0.848 
55 ~ * 
65 l'bon.:i1. * 
66 11.f.11(~).hexyl){ht:hwml * 
67 aityl bo.myl J;htlnlate o.oo 
ea Di-N-rutyl ptth,lal.atlD * 
69 Di--tH:lctyl prt:m1at:e o.oo 
iO Dict.hyl prt:b1late * 
71 Clacthyl ptl:ht.].ate o.oo 
72 1,~ o.oo 
73 BIIDD(A)v.f1'00D o.oo 
74 3,~ o.oo 
75 Dla:c(IQ~ o.oo 
76 Ou:yant o.oo 
77 ~lem o.oo 
78 ~ * 
79 1, 1,2-9an:i:,poxylmle o.oo 
80 !'luoreDo * 
81 ~ * 
82 1,2,s,~ o.oo 
83 l'dQio( 1,2,3-<:D)F,iXWd o.oo 
9' Pynm * 
86 'll:ll.ua» • 
87 Trichla:cethylenll o.oo 
118 Oldai1JJI 0.011 
119 Oltaa1m. Total 0.273 
~ Hooczmllont 0.0<9 

1:IO o::aia:: o.023 
121 ey.iidll, 'n)tAl. o.oo 

C/fanidll, 1ml. to Oilor. o.oo 
122 1-1 0.164 
124 N1.dcn1. 0.176 ,~ Zinc 0.757 

Alu:lli:ull o.oo 
Iral o.oo 
~ o.oo 
l'hlucla, 'Ibtal. 0.041 
~ 0.515 
Oilmx!~ 9.69 
'1'etll.l ~ Solidll 46.93 
Mlnlma.Efl a.o 
lhldJIUll J;ll 11.1 
'lwpax:D.ture Deg C 29.5 

'mB[E V-34 
l!ffl1lENr Kr.WmNl'S (m;r.nn2) 

Sl'EE'.. SUH 41'10:11« 

11058 (1) 
1.884 
o.oo 
* 

o.oo 
o.oo 
o.oo 

* 
o.oo 
* 

o.oo 
* 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
0.6!:9 
o.oo 
0.013 
o.oo 
o.oo 
o.oo 
o.oo 
0.528 
0.143 
1.243 
o.oo 
o.oo 

11.30 
32.03 
8.3 
9.5 

'ZJ..7 

X 
X 
X 
X 

108 

11058 (2) 
1.909 
o.oo 
o.oo 

o.oo 
o.oo 
o.oo 

* 
* 
* 

o.oo 
* 
* 
* 

o.oo 
o.oo 
o.oo 
* 

o.oo 
* 

o.oo 
* 
* 

o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
1.833 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
3.856 
0.260 

0.073 
* 

!B.2 
22i.3 

6.9 
8.6 

24.6 

X 
X 
X 
X 

12052 (2) 12052 (3) 
9.63 5.13 
0.202 
o.oo 

o.oo o.oo 
o.oo o.oo 
* * 

0.250 0.128 
o.oo o.oo 
* * 
* o.oo 

0.819 0.164 
o.oo o.oo 
* o.oo 

o.oo o.oo 
o.oo o.oo 
o.oo o.oo 
* o.oo 

o.oo o.oo 
* o.oo 

o.oo o.oo 
* o.oo 
* o.oo 

o.oo o.oo 
o.oo o.oo 
o.oo o.oo 

0.1:!; 
* * 

14.2i o.7.lO 
o.oo o.oo 
a.rm 0.036 
0.693 0.190 
0.250 0.100 
2.215 0.626 
0.385 * 

1:.D.4 37.52 
2.051 0.421 

77.7 37.90 
0.154 0.816 
* * o.oo 

220.7 79.1 
376.2 305.5 

7.4 7.1 
10.a 10.0 
33.0 29.9 

X X 

36056 (1) 
0.640 
* 

o.oo 
o.o 0 
o.oo 

* 

* 

* 

* 

* 
o.oo 
1.0:.D 
o.756 
o.ooa 

o.ooa 
0.016 
0.144 
0.041 
0.346 
0.015 
* 1.854 

24.40 
46.:a; 
a.5 

10.a 
22.9 

X 
X 
X 
X 

36056 (2) 
0.367 
* o.oo 

o.oo 
* 
o.oo 

o.oo 

* 

* 

* 

* 
0.009 

0.009 

* 
o.oo 
1.068 

0.121 
o.oo 
o.oo 
0.006 
* 

0.167 
0.004 
0.370 
0.010 

* 1.625 
75.6 

1()7.4 
a.o 
9.0 

28.5 

X 
X 
X 

X 



'll\BiZ V-34 (Oln't) 
~ POWm!Nl'S. (m;vtn2)· 

~ Sl!'/.:Kr.BGOIC{ 

m Nllo!BEl<S < 29Yl 360S6 (3) 36058 (1) 36058 (3) 36058 (4) 46050 (1) 46050 !2) 
Flew Lit:ersfin2 0.666 5.JS 6.75 13.(9 7.,4$. 9~88 

11 1, 1, 1-Trlc:hlorcetmne .* o.oo 
13 1, 1-Dichlai:oa:hane o.oo 
34 2,~lpherol o,oo 
39 Fluomnl:hene o.oo o.oo o.oo o.oo 
54 IsqphoJ:aie o.oo * o.oo o.oo 
55 Napthalana * o.oo o.oo o.oo o.oo 
65 Phenol q.oo 
66 Bis(2-e!:hyl.hexyl)ptl:halate .. 0.452 * o.oo 0.326 
67 aityl benzyl pi:tl'l':llat2 o.oo * o.oo 
68 Di-N-Butyl ].ilthalata .. .. * o.oo 
69 Di-N-Octyl :i;htlmlate o.oo o.oo * o.oo o.oo 
70 Diethyl pttha].ate * 0.350 * o.~ 0.158 
71 Ol.mathyl phthalate o.oo O.OQ. o.oo 
72 1,~ * * o.oo o.oo 
73 Benzo(A)~ o.oo o.oo o.oo 
74 3,~.nt.hana o.oo * o.oo o.oo 
75 1!0mlo(K)f.h:lr.mml:hene o.oo o.oo o.oo ,o.oo 
76 Ou:ysena * * o.oo o.oo 
77 Aoenaphthylene o.oo o.oo o.oo o.oo 
78 Anl:lu:aaena * 0.001 * o.oo 
79 1,1,~:l.em o.oo o.OQ o.oo 
80 Fluomre * o.oo o.oo o,oo 
81 lbemnthrene * 0.081 * o.oo 
82 1,2,5,~.hracene o.oo o.oo o.oo 
83 Jdeno( 1,2,3-<D)v.,rena o.oo o.oo o.oo 
84 Pymne * * o.oo o.oo 
86 'lblume o.oo 
87 '1'r:l.chlcrOl!lene * * o.oo 
118 ~ o.296 o.oo o.oo o.oo 
119 Chtomium, Total 0,492 0.065 0.324 0.615 1.~ o.en 

ChraaLum. Belcmal.ent o.oo o.oo o.qo o.oo o.oo 
120 Cqlper 0.015 0.001 0.1~ 0.131 o,o~. * 
121 Cyanide, 'lbtal 0.001 o.oo o.oo o.oo 0.351 0.099 

Cyanide, Amil. t.o O!.lor. o.oo o.oo o.oo 0.1'79 · 0.069 
122 led 0.005 o.oo o.oo 0.314 
124 Nickel o.oo o.oo o.oo o,oo 3.622 5.30 
128 Zinc 0.127 .~.874 4.05 9.82 27.9 . 32.25 

AlllmimEn 0.025 3.874 2.160 4.189 o.~ o.oo 
Irai 0.366 13.2 16.07 ~.18 3.615 3.369 
Manganese 0.038 0.861 1.0BO 1.283 ., .• s.sa 
:AtenOls, 'lbtal : 0.001 0.070 * * * . 0.079 
Pb:lspharua 4.244 65.1 106.7 79.8 34.03 
Oil and Gceaae 122.0 o.oo 722. 115.2 150,2 101.s 
Td:al Suapendecl S'olid9 68.4 fx>7. 4';1.91 68.0 
MmimlmpH a.o 2.0 2.7 2.7 6.7 6.7 
M!ximmlpH 8.9 9.1 10.7 10.7 7.3 7.3 
Tenperat:ure Deg C 25.0 28.0 ;¥;.Q :a;.o 28.0 zr.o 

'lnlatment-In-i'laoo 
Cyanide Ox:i.daticn 
OJran!um Redlct:icn X X X X X 
Oil Sldmning X X X X X 
Solids Rs!Dl7al X X 
Sludge DetJatering X X 

*-1;,ossibly detected hlt belcM the detection limit. 
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'll\lU V-lS 
llFfWlNr KW.ll1ffl'S ("]Ill 

Ql}INtr7ED ~ 

ID tUfflt (~) IIO'JJ(ll 11058,(2) 12052(1) 12052(21 12052131 33056(1) 33056(21 JOOS3( I) 30053121 30053131 46050131 Y,050W 
Fl<wl.1~ns,i.,2 1,066 2,038 6,84 6.10 8,4() 1. 178 1,0!B O,&G 0,88'1 0,978 11,6S 7,'11 

11 I, I, l"l'rkhl•>twt:lnne 0,00 0,00 0,00 0,290 2,530 0,00 0,00 0,018 0,1)0 

13 1, 1,..t11m1nrMmro • 0,00 • 
29 11-{llc!i)nm,thy}Pr>• 0,00 0,070 0,040 0,00 0,00 o.oo 1),00 
30 1,2Nlld1 ll>m,tll)'lrro 0,00 . 0,019 0,00 0,00 0,00 
39 F'lll'lmrt.lrrn 0,00 0,00 • 0.00 0,00 0,00 • 0,1)0 n.go 
54 ~ o.oo ·o.oo o.oo 0,00 0, 110 0,00 • . o.oo 1),01) 

55 :,,rt1 "1,>ro o.oo o.oo • o.o,o . . • 0,1)-0 . 0,1)1) 

66 Bisll'tlrJlh.>xyl l,rhthuate • . 0,026 0,025 0,015 • 0,053 0,038 0,036 o.o:xi . 
67 Myl mro:yl phtlnL,t-" o.oo • o.oo 0,00 o.oo 0,00 o.oo 0,00 n.o,o 
68 Dl-!8'rt:yl p,th11Ate . • • • • 0,00 • • 0,00 . 
69 Oi-N-Oc:tyl JtitlnL,te o.o,o o.oo . 0,00 0,00 o.oo o.oo 0,00 
70 DIP!:hyl rhtmlate • . o.oos 0,032 0,00 o.oo 0,003 0,079 O,IH1 0,034 

71 Dim'-:hyl rhth,late o.oo • 0,00 o.oo • o.o,o o.oo o.oo 0,00 o.oo 
72 1,2-llenzanthrncem 0,00 • • 0,00 . • • 0,00 
73 ll<!nzn(l\)pyrene o.oo o.oo 0,00 0,00 o.oo o.oo o.oo o.oo o.oo 
74 34-Benzof looranth!re o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0,00 O,PO 

75 8'>11111(K)f'irene o.oo o.oo o.oo o.oo o.oo o.oo • o.oo o.o,o 0,00 

76 O,ryrere o.oo • • o.oo • . • o.oo 
77 Po!Mfht:hylP.oe -0,00 o.oo 0,00 0,00 o.oo O,O·O • 0.1)0 ..... 
78 Anl:hracene o.oo • • o.oo • • • • ..... 

0 79 1, 1,2-Ben,r.p,,:ylene 0,00 o.oo o.oo o.oo o.oo 0,00 o.oo 
80 Floornre o.oo • . o.oo • . • o.oo o.oo 
81 Rienanthnme o.oo • • 0,00 • • . . 
82 1,2,S,6 Dil:enzanthracene o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
83 Idem( 1,2, 3-oJ)['irene o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
84 Pyrene o.oo • o.oo o.oo o.oo o.oo • o.oo o.oo 
87 Trichl<>rmthylene o.oo o.oo o.oo 0,190 3,000 o.oo o.oo o.oo 
118 cadru.un o.oo o.oo 0,203 <0,002 <0,002 o.oo 0.042 o.oo o.oo o.oo o.oo o.oo 
119 Oiranilft, Tct:al 0.350 0,960 17.406 1.480 0,1J7 0,500 0.100 0.275 3,350 0.445 0.011 0.047 

Chromilft, lle,avalert. o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
120 O:w<,r 0.007 0.011 0.011 0.000 0.001 0,00 o.oo 0.004 o.oo o.oo 0.001 0.010 

121 Cyanide, Total o.oo o.oo 0,091 0,072 o.on 0,090 0,090 o.oo ·o.oo o.oo 0,041 o.oo 
Cyanide /\rm, to Ollor, o.oo o.oo 0.091 0,026 0,035 o.oso o.oo o.oo o.oo o.oo 0.021 o.oo 

122 tead o.oo o.oo 0,505 0.233 0.122 o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
124 Nick"l o.oo o.oo 0,761. 0.040 0.003 0.070 o.oo o.oo 0.000 0.036 0,475 0.00 
128 ?.ire 0.200 2.020 63,260 12,500 7,314 0,300 0.091 1),560 4,200 3,842 0.440 o. 751) 

Aluninun 0,076 0, 136 2,130 0,213 0.002 2.000 0.600 0,540 0,240 3,121 o.oo 0,320 
Ira, 0.660 7,627 8,070 7,387 1.000 1,750 0.310 0.160 0,290 0.110 2.000 

Mang,nese o.oo 0.038 0,115 0.016 0,159 0.070 0,091 0.009 0,00 0.012 0.560 0.098 
Pheml.s, Tc.tal o.oo • 0,019 0.002 • • . 0,067 0.015 0,017 • 
Pb:'6plorus 1.050 10.100 12.000 1,690 1,670 1.003 . 
Oil & Grease 6,000 31.000 .B.100 22,920 15.420 18,000 21.000 12,400 13.000 5.600 3,730 0.000 
Total 9.1sperred Solids 17,000 118,000 440.600 39.070 59,560 6.000 20.000 30.000 27,000 24,000 6,010 

MiruJ,un J:11 8,3 6.9 7,0 7,4 6.8 7,5 7.5 7,1 6.5 4,3 6,7 3.9 
'laxi.'IUO pl 9.5 8.6 10.7 11,6 11.5 7.5 7.5 11.5 9.1 9.4 7,3 9.2 
Terrperature Deg C 22.7 24,6 J7,6 J7,9 40.0 .s.o 28,0 37.0 38,0 40.0 215,0 23.0 

'l'nlatnent-In-Plaoe 
Cyani<to Old.dation 
Oircmi."'1 PedJctia, X X X X X X 

Oil Sdnmlng X X X X 
Soli<8 R!!roval X X X X 

Slu:l<J! D<water X X X X X X X X X 

*-pcsslbly del:ectd rut ~0.010 ,rg/1. 



~V-36 
EFFWENr PCUUil'Nl'S cm;,m2 > =~ 

IDNH!ER(~) 11058(1) 11058(2) 12052(1) 12052(2) 12052(3) 33056(1) 33056(2) 38053(1) 38053(2) 38053(3) 46050(3) 36058(2 

F1™ Lite,:s,k'i 1.866 2.038 6.84 6.10 8.40 1.178 1.058 o.645 0.889 0.978 11.65 7.91 
11 1, 1, 1""l'J:ichl.cmle!:hllne o.oo o.oo 0.128 o.oo 0.342 2.677 o.oo o.oo 0.018 o.oo 
13 1, 1,-Didll.croethane * * 
29 11-Didllorcethylene o.oo 0.082 0.042 o.oo o.oo o.oo o.oo 
30 1,21'-Dl.c:hlaroetl¥lem o.oo * o.o:,:i o.oo o.oo o.oo 
39 Flucl2ln:hena o.oo o.oo * o.oo o.oo o.oo * o.oo o.oo 
54 Iecp,ora,e o.oo o.oo o.oo o.oo 0.131 o.oo * * o.oo o.oo 
55 N!pt:h,lene o.oo o.oo * o.oo • • * o.oo o.oo 
66 Bis(etJ¥llexyl)p,t:h!llate • * 0.1!'19 0.210 0.018 * 0.034 0.034 0.035 0.233 * 
67 lllcyl bemyl prt:ln.1.ate o.oo • o.oo o.oo o.oo o.oo o.oo o.oo 
68 DI.-N-blt:yl i;hthalata * . * 0 • o.oo • . o.oo * 
69 Oi-N-oa:yl p,t:lalata o.oo o.oo • o.oo o.oo o.oo o.oo o.oo * 
70 Diethyl p,t:h!llatB • * 0.519 0.269 o.oo o.oo 0.518 0.070 0.095 0.396 * 
71 lllnletlwl i;ittlalate o.oo * o.oo o.oo • o.oo o.oo o.oo o.oo o.oo 
72 1 ,2-!ll!nzant:lu: o.oo * • o.oo * • * o.oo * 
73 Bllnzc(A)pyrene o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
74 ~ o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
75 Bmm>(IC)pyrene o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo· 
76 C2l%ymm o.oo * • o.oo * * * o.oo * 
77 llaln1plt:i'¥lene o.oo o.oo o.oo o.oo o.oo o.oo * o.oo 
78 Anl:hraalJne o.oo * * o.oo * * * * * 
79 1, 1,2-flenzcpel:yl.ene o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
80 !'l1lomne o.oo .. 

* o.oo * * * o.oo o.oo 
81 lhm!nl:lm,ne o.oo * * o.qo * * * * * * 
82 1,2,5,6 ~a,e o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
83 :rdono(1,2,3-<D)P.,'%'!11l11 o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
84 ~ o.oo • o.oo o.oo o.oo o.oo • o.oo o.oo 
87 'l'richlorcethylena o.oo o.oo o.oo 0.224 3.174 o.oo- o.oo o.oo 
118 cadnlun o.oo o.oo 1.399 • ..... ; O.Q!J 0.044 o.oo o.oo o.oo o.oo o.oo 
119 au:am.m, 'I'otal 0.653 1.956 119.1 9.03 1.151 0.589 0.106 0.177 2.978 0.435 0.1:e 0.372 

Qm:zalm,~ o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
131 o:ia,ar 0.013 0.022 0.075 o.oe o.o!ll o.oo o.oo 0.003 o.oo o.oo 0.012 0.079 
121 Cjan!.de, '11:Jtal o.oo o.oo 0.622 o.~ 0.311 0.106 0.095 o.oo o.oo o.oo 0.418 o.oo 

Cyanide r.m. to auor. o.oo o.oo 0.622 0.159 0.294 O.O!ll o.oo o.oo o.oo o.oo 0.295 o.oo 
122 Imd o.oo o.oo 3.454 1.421 1.025 o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
124 Nid<al o.oo o.oo 5.212 0.244 0.025 a.cm o.oo o.oo 0.007 0.035 5.53 o.oo 
128 Zin:: 0.522 4.117 432.7 76.25 61.4 0.353 0.096 0.361 3.805 3.7S7 5.13 5.93 

Ahmd.mn 0.142 0.277 14.57 1.299 0.689 2.356 0.719 0.348 0.213 3.052 o.oo 2.531 
Ira1 1.232 52.2 49.23 62.1 1. f78 1.852 O.:!IJO 0.142 0.28& 1.981 15.82 

~ o.oo o.on 0.787 0.098 1.336 0.082 0.096 0.006 o.oo 0.012 6.52 o.775 
Pl'enols, Total o.oo o.oo 0.130 0.012 ,. 

* * 0.043 0.013· 0.017• * * 
Phlsplo?:UB . 8.82 11.90 12.70 0.677 1.502 1.633 11.68 * 
Oil & Grease 11.:.n 63.2 192.2 139.8 129.5 21.20 22.22 8.00 11.56 5.48 43.45 E!l.6 
'lbtal &u,pen:!ed Solids 31.72 240.5 3014. 238.3 soo. 7.07 21.16 19.35 24.00 23.47 70.02 
Minim.mif! 8.3 6.9 7.0 7.4 6.8 7.5 7.5 7.1 6.5 4.3 6.7 3.9 
Mmc!mml £ii 9.5 8.6 10.7 11.6 11.5 7.5 7.5 11.5 9.1 9.4 7.3 9.2 
'l't!l1pn:abJn, Deg C 22.7 24.6 37.7 37.9 40.0 28.0 28.0 37.0 l:l.O 40.0 26.0 23.0 

'l'raatlll!nt-in-Place 

Cyanide Old.datial 
O!rcm!.um Redu:tkn X X X X X X X X 
Oil Sdmn!ng X X X X 
Solids ll!m:JVal X X X X X X X X X X X 
Sludge~ X X X X X X 

·- p:,saibly detected bJt ml.a., the det:ectia1 limit. 
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TABm v-;, 
mwmr PCLWrl\N1'S <m;lll 

JIUMIIU! SUIOl!'Elllllr 

ID!Ufi\lt (~) 01054(1) 01054(2) 01054(3) 01057(1) 01057(2) 01057(3) 13029(1! 13029(2) 13029(~15436(1) 

Flew r.1t,on,fa2 0.451 0.:!64 0.300 5.45 6.26 S.62 S.81 2.419 2.378 0,800 
39 l"lucanl:hln, o.oo 0,00 o.oo o.oo o.oo o.oo o.oo o.oo 
54 Iaq:txxa,o o.oo o.oo o.oo o.oo o.oo o.oo o.oo * 
55 ~ o.oo o.oo o.oo o.oo o.oo .. . • 
66 IS!a(etl'!(lllllcl(l)p,thwte 0.025 . • . 0.040 * 0.025 0.011 o.oo 
67 ~l bono:yl Iflthwte o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
E4 lll.-11-b.Jtyl p,t:l'alAte o.oo o.oo o.oo o.oo o.oo o.oo * o.oo o.oo 
0) tll.-tkx:tyl p,thlll.am o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
70 lll.ct.lrJl I,hth:llat:o 0,300 o.oo 0.025 0,194 0.035 0.190 0,028 0.013 
71 Dillcthyl plth:l.l.ata o.oo o.oo o.oo * .. o.oo o.oo 
72 1,~ o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
73 lllrlllolll )P.(tWIII . 0,00 o.oo o.oo o.oo o.oo o.oo o.oo 
74 ~ o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
15 lllt>lc)(IC)fhlol::arlt:hon o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
76 cmy..,.. o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
77 ~i... o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
78 ~ o.oo .. o.oo o.oo o.oo o.oo • o.oo 
'19 1, 1,2-llonrq>m:ylom 0,00 o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
ao Pl.ucnm . 0,00 0,00 o.oo 0,00 o.oo o.oo o.oo 
81 ~ o.oo .. o.oo o.oo 0,00 0,00 * o.oo 
82 1,2,5,6~ 0,00 o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
e3 Idcino(1,213-<D)P.{t'lllll' 0,00 o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
BC PJr- 0,00 o.oo o.oo o.oo o.oo 0,00 0,00 o.oo 
118 Otdaiua 0,00 o.oo 0,00 0,00 0.004 0.0(11 o.oo o.oo o.oo 
119 ~Total 0,5"10 0,310 0.100 <0,003 <0,003 0,00 1,417 1,258 4,707 0,00 

Qzaaha,~ o.oo o.oo o.oo -o.oo -o.oo o.oo o.oo o.oo 0,00 o.oo 
13) ~ 0.002 o.oo 0,006 0,00 0,00 o.oo o.oos 0,0(11 0,009 o.oo 
Ut q,,,,nido, '1'otlll 0,039 0,032 0,006 0,017 0.016 0.010 o.oo o.oo o.oo 2.000 

cy.d.do ,..,_ to Ollar, 0,039 0,032 0.006 o.oo o.oo o.oo o.oo 0.940 
U2 1.-J 0,042 0,060 0,065 0,00 o.oo o.oo o.oo o.oo 0,00 o.oo 
UI Nicbl o.oo 0,00 o.oo o.oo o.oo o.oo 0,00 o.oo o.oo 
t:ia Z1JX: 0,300 1,780 3.220 0.234 0.218 0,724 0, 141 0,003 0.129 o.oo 

lllmilna 1.981 1.680 1,680 3.2132 7,231 1,'}JFB 1.929 2.471 5.942 o.oo 
l'llxlcl.doa 12.000 66,000 43.000 2.1;, 2,663 2,051 17,501 22,343 21,995 38,000 
Ira> o.seo 0,025 0,028 0,129 0,155 0,091 0.111 0.060 0,109 o.oo 
~ 0.120 0.(115 0.210 0,007 0,007 0.004 0.003 0.001 0,015 o.oo 
JblmlAJ, Total. 0.028 a.ore 0,016 0.031 0,036 0,003 o.oo 0.078 o.oo o.oo 
Aapaua 0.340 1.940 0,410 o.oo o.ooe o.oo 0.9:211 0,752 2,012 1.130 
OUliC:.C- 2.000 6,000 3.000 3.627 4.294 9.885 4.609 12.311 6.7SO 4,800 
Total. bpcn,:l,d SOUds 103,000 97.000 13.000 2.652 13,993 9,197 21,944 18.751 ,s,m 1!:B,000 
1Un1Ja.npl 6.9 1.0 7.8 6.4 6,5 6,3 7,7 7,7 7.7 1.2 
ltaxllul If! 7.9 8,1 8,2 8,4 8.4 e.s 8.6 a.1 8.5 9.0 
Tmpoatura Dog C 29.8 29.6 :211.9 30.4 38.6 37.9 26.6 'Z1,0 'Z7. 7 31,9 

Trnatmrit:-In-Pl.aat 
Cyml.do Ooc1dot.1at 
am:.i1a ftab:tial X X X X X lC X X X X 
OU.Sdmdng 
SOUda RoarMll. X X X X X lC X X X 
Sludgo DIMltlor X X X X 

~ doto:tzd b.{ -5, 0.010 m:J/1 
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'll\BLE V-38 
EmmN!'l'CLU1IMt'S(11i!111n2J 

l\UM[IU!~ 

IDW!Bm (!!!l:l 01054(1) 01054(2) 01054(3) 01057(1) 01057(2) 01057(3) 13029(1) 13029(2) 13029(3) 15436(1) 

Flad Li.tmBM 0.451 0.364 O.:!QO 5.45 6.26 S.62 5.81 2.419 2.378 0.880 
39 Flllamnthana o.oo o.oo o.oo o.oo o.oo o.oo o.oo p.oo 
S4 ~ o.oo o.oo o.oo o.oo o.oo o.oo o.oo • 
55 lt!pl:hal.mle o.oo o.oo o.oo o.oo o.oo • • • 
66 BiB(ethyl.h2xyl.)pbthalate 0.011 .. * * o.250 • 0.060 o.040 o.oo 
67 aityl benzyl p,tmlate o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
68 Di-N-butyl plth,,labe o.oo o.oo o.oo Q.00 o.oo o.oo " o.oo o.oo 
69 Di -N-«:tyl phtm]ate o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
70 Diel:ey'l p,t:halate 0.135 o.oo 0.0<11 1.057 0.219 1.0EB 0,163 0.031 
71 Di.methyl i;htlE].at:e o.oo o.oo o.oo • * o.oo o.oo 
72 1,~ o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
73 Benzo(A)pyzena, • o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
74 ~ o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
75 Bem:o(K)flllomnt:hene o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
76 a,ey,,ene o.oo o.oo. o.oo o.oo o.oo o.oo o.oo o.oo 
77 ~l.ene o.oo o.oo o.oo 0,00 0.00· o.oo o.oo o.oo 
78 An!:hraame o.oo * o.oo o.oo o.oo 0,00 • o.oo 
79 1, 1,2-1:!emopetylen> o.oo o.oo. 0,00 o.oo 0,00 0,00 0,00 o.oo 
80 l!'lucme,ie • 0,00 0,00 Q.00 o.oo Q,00 0,00 0,00 
81 ~ 0.00 • o.oo o.oo o.oo o.oo • 0,00 
82 1,2,5,6 01b!mmlthma,ne o.oo 0,00 o.oo 0,00 0,00 0,00 0,00 o.oo 
83 :rd!!no( 1,2,3-<D)pyrem, 0,00 0,00 o.oo 0,00 0,00 0,00 0,00 0,0() 
84 Pymna o.oo o.oo. o.oo 0,00 o.oo 0,00 0,00 Q,00. 
118 Oidmum o.oo o.oo o.oo o.oo 0.025 0,045 O,QO o.oo o.oo 
119 Qm:alum, Total 0,257 0,113 0,030 • • 0,00 8.23 3,00 11.19 o.QO 

OD:allhlm. limit~ o.oo 0,00 o.oo 0,00 0,00 0,00 0,00 o.oo 0,00 0,00 
120 ~ 0.001 o.oo 0,002 o.oo 0,00 o.oo 0,029 0,019 0.021 0,00 
121 Cyanide, '1'ol:al. 0.018 0.012 0.002 0.093 0.100 0.056 o.oo 0,00 0!00 1,'60 

Cyanide Amn. to Chlor. 0.018 0.012 0,002 o.oo Q.00 o.oo 0,00 0,827 
122 I.Gad 0,019 0.022 0.020 o.oo o.oo 0,00 Q.00 0,00 o;oo o.oo 
124 Nidtel o.oo o.oo 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
128 Zinc 0.135 0.648 0.956 1.275 1,365 4,068 0.819 0,201 0.3<J7 0,00 

Ahml1num 0.893 0.612 0,504 17,89 45.27 40,85 11.21 s.911 14.13 o.oo 
P'lllm:ide3 32.47 24.02 14,40 11.65 16,67 11.53 101,7 54,05 ~.30 33.44. 

= 0,262 0.009 O.OCB 0,703 0.970 o.s,, 0.645 o.145 Q.259 o.oo 
~ 0.054 0.031 Q.063 0.0311 0.044 0.022 0.017 0.017 0,036 o.oo 
litlanola, '1lotal. 0.013 0,003 o.oos 0,169 0,225 0,017 0,00 0.1~ o.oo 0,00 
1ihcsplarus 0,153 0,706 0.123 o.oo 0,050 o.oo s.;m 1.819 ~-785 0,99&. 
Ql.l&- 0,902 2.184 0,900 19.77 2:Ei.88 SS.6 :as.e 29,78 . 16.05 4.22' 
'l'atoll ~ SOlido 46,45 35,31 3.900 14,45 87,60 51.7 127,S 45,36 117.1 139,0 
Minimlm.pll 6.9 1.0 7.8 6.4 6.5 6.3 7,7 7,7 7,'1 7.2 
M!lxlmlm If! 7.9 8.1 8,2 8.4 8,4 8,5 8.6 8,7 8,5 9,0 
'l'wperatw:e Deg C 29.8 29.6 28,9 30,4 38.6 37.9 26,6 27.0 Z1~7 ;31,9 ~ 

t:.:;,' 

Tm&tmerlt-llri'llioe 
~de Old.dmtian 
Om:imium. RadJctian X X X X X X X X ~ X 
Oil Sdmalng 
Solids '.Rsll:lval X X X X X X X X X 
Sludge °""1ater X X X X 

* Poas:f.bly dabecmd hut belm, the datec!:ian liml.t. 
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SECTION VI 

SELECTION OF POLLUTANT PARAMETERS 

Section V presented pollutant parameters to be examined for 
possible regulation along with data from plant sampling visits 
and subsequent chemical analysis. Priority, non-conventional, 
and conventional pollut~nt parameters were selected for 
verification according to a specified rationale. 

This section discusses each of the pollutant parameters 
·for verification analysis. The selected priority 
parameters .are discussed in numerical order, fol lowed 
conventional pollutants and then conventional 
parameters, each in alphabetical order. 

selected 
pollutant 

by· non
pollutant 

Finally, the pollutant parameters selected for consideration for 
specific regulation and those dropped from further consideration 
in each subcategory are set forth. The rationale for that 
selection is also presented. 

VERIFICATIO]l PARAMETERS 

Table V-5 (page 77) lists the pollutant parameters selected for 
verification sa~pling and analysis in the coil coating point 
source category. The subcategory for each is designated .. 

The followi.ng discussion provides information about: where the 
pollutant comes from whether it is a naturally occurring 
element, processed metal, or manufactured compound; general 
physical properties and the form of the pollutants; toxic effects 
of the pollutant in humans and other animals; and behavior of the 
pollutant i.n POTW. at the co.ncentrations that might be expected 
from industrial discharges. Specific literature relied upon for 
the following discussion is listed in Section XV. Particular 
weight has·been given to documents generated by the EPA Criteria 
and Standards Division and Monitoring and Data Support Division. 

1,1,1-Trichloroethane(ll). 1,1,l-Trichloroethane is one of the 
two possible trichloroethanes. It is manufactured by 
hydrochlorinating vinyl chlbride to 1,1-dichloroethane which · is 
then chlortnated to the desired product. 1,1,l-Trichloroethane 
is a liquid at room temperature with a vapor pressure of 96 mm Hg 
at 20°c and a boiling point of 740c. Its formula is CC1 3 CH 3 • It 
is slightly soluble in water (0.48 g/1) and is very soluble in 
organic solvents. U.S. annual production is greater than one
third of a million tons. 
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1,1,l~Trichloroethane is used as an industrial solvent and 
degreasing agent. 

Most human toxicity data for 1,1,1-trichloroethane relates to 
inhalation and dermal exposure routes. Limited data are 
available for determining toxicity of ingested 1,1,1-
trichloroethane, and those data are all for the compound itself 
not solut~ons in water. No data are available regarding its 
toxicity to fish and aquatic organisms. For the protection of 
human health from the toxic properties of 1,1,1-trichloroethane 
ingested through the consumption of water and fish, the ambient 
water criterion is 18.4 mg/1. The criterion is based on bioassay 
for possible carcinogenicity. 

No detailed study of 1,1,1-trichloroethane behavior in 
available; however, it has been demonstrated that none 
organic priority pollutants of this type can be broken 
biological treatment processes as readily as fatty 
carbohydrates, or proteins. 

POTW is 
of the 
down by 
acids, 

Biochemical oxidation of many of the organic priority pollutants 
has been investigated in laboratory scale studies at 
concentrations higher than commonly expected in municipal 
wastewater. General observations relating molecular structure to 
ease of degradation have been developed fo~ all of these 
pollutants. The conclusion reached by study of the limited data 
is that biological treatment produces a moderate degree of 
degradation of 1,1,1-trichloroethane. No evidence is available 
for drawing conclusions about its possible toxic or inhibitory 
effect on POTW operation; however, for degradation to occur, a 
fairly constant input of the compound would be necessary. 

Its water solubility would allow 1,1,1-trichloroethane, present 
in the influent and not biodegradable, to pass through a POTW 
into the effluent. One factor which has received some attention, 
but no detailed study, is the volatilization of the lower 
molecular weight organics from POTW. If 1,1,1-trichloroethane is 
not biodegraded, it will volatilize during aeration processes in 
the POTW. 

l.tJ_-Dichloroethane(13). 1,1-Dichloroethane, also called 
ethylidene dichloride and ethylidene chloride, is a colorless 
liquid manufactured by reacting hydrogen chloride with vinyl 
chloride in 1,1-dichloroethane solution in the presence of a 
catalyst; however, it is reportedly not manufactured commercially 
in the U.S. 1,1-dichloroethane boils at 570c and has a vapor 
pressure of 182 mm Hg at 200c. It is slightly soluble in water 
(5.5 g/1 at 200c) and very soluble in organic solvents. 
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1, 1-Dichloroethane iis used as an extractant for heat.-sensitive 
substances and as a solvent for rubber and silicone grease~ 

1,1-Dichloroethane is less toxic than its isomer (1,2-
dichloroethane) but its use as an anesthetic has been 
discontinued because of its marked excitation of the heart. It 
causes centr-al nervous system depression in humans. There are 
insufficient data to derive an ambient water criteria for 1,1-
dichloroethane. There are insufficient data to evaluate adverse 
effects of. 1,1-dichloroethane on organic life. 

Data on the behavior of l,l~dichloroethane in. POTW are not 
available. Many of the organic priority pollutants have been 
investigated, at least in laboratory scale studies, at 
concentrations higher than those expected to be contained by most 
municipal wa~tewaters. Ge~eral observations have been developed 
relating molecular structure to ease of degradation for all of 
the organic priority pollutants. The conclusion reached by study 
of the limited data is that 1,1-dichloroethane will be 
biochemically oxidized to a lesser extent than domestic sewage by 
biochemical treatment in a POTW. 

The high vapor pressure. of 1,1-dichloroethane is expected to 
result in volatilization of some of the compound from aerobic 
processes in POTW. Its water solubility will result in some of 
the 1,1-dichloroethane which enters the POTW leaving in the 
effluent from the POTW. 

l , 1-Dichlor.oethylene ( 29}. l, 1-Dichloroethylene ( l , 1-DCE}, also 
called vinylidene · chloride, is a clear colorless liquid 
manufactured by dehydrochlorination of 1,1,2-trichloroethane. 
1,1-DCE has the formula CC1~CH1 • It has a boiling paint of 32°C, 
and a vapor pressure of 591 mm Hg at 2soc. 1,1-DCE is slightly 
soluble in water (2.5 mg/1) and is soluble in many organic 
solvents. U.S. production is in the. range of hundreds of 
thousands of tons annually. 

1,1-DCE is used as a chemical intermediate and for copolymer 
coatings or films. It may enter the wastewater of an industrial 
facility as the . result of decomposition of 1, 1, 1-
trichloroethylene used in degreasing operations, or by migration 
from vinylidene chloride copolymers exposed to the. process water. 

Human toxi.city of 1, 1..::ocE has 'not been demonsti-ated, although it 
is a suspected human carcinogen.- Mammalian toxicity studies have 
focused on the liver and kidney damage p,:;odµced by l,l-DCE. 
Various changes occur in tho$e organs in rats a.no mice ingesting 
l, 1-DCE. . . -
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For the maximum protection of human health from the potential 
carcinogenic effects of exposure to 1,1-dichloroethylene through 
ingestion of water and contaminated aquatic organisms, the 
ambient water concentration is zero. The concentration of 1,1-
DCE estimated to result in an additional lifetime cancer risks of 
lQ-4, 10-s, and 10-6 are 3.3 x 10-6 mg/1, 3.3 x 10-7 mg/1, and 
3.3 x lQ-4 mg/1. If contaminated organisms alone are consumed 
excluding the consumption of water, the water concentration 
should be less than 0.019 mg/1 to keep the lifetime cancer risk 
below 10-s. 

Under laboratory conditions, dichloroethylenes have been shown to 
be toxic to fish. Limited acute and chronic toxicity data for 
aquatic life show that adverse effects occur at concentrations 
higher than those cited for human health risks. The primary 
effect of acute toxicity of the dichloroethylenes is depression 
of the central nervous system. The octanol/water partition 
coefficident of 1,1-DCE indicates it should not accumulate 
significantly in animals. 

The behavior of 1,1-DCE in POTW has not been studied. However, 
its ,very high vapor pressure is expected to result in release of 
significant percentages of this material to the atmosphere in any 
treatment involving aeration. Degradation of dichloroethylene· in 
air is reported to occur, with a half-life of 8 weeks. 

Biochemical oxidation of many of the organic priority pollutants 
has been investigated in laboratory-scale studies at 
concentrations higher than would normally be expected in 
municipal wastewaters. General observations relating molecular 
structure to ease of degradation have been developed for all of 
these pollutants. The conclusion reached by study of the limited 
data is that biological treatment in POTW produces little or no 
biochemical oxidation of 1,1-dichloroethylene. No evidence is 
available for. drawing conclusions about the possible toxic or 
inhibitory effect of 1,1-DCE on POTW operation. Because of water 
solubility, 1,1-DCE which is not volatilized or degraded is 
expected to pass through POTW. Very little 1,1-DCE is expected 
to be found in sludge from POTW. 

1,2-trans-Dichloroethylene{30}. 1,1-trans-Dichloroethylene 
(trans-1,2-DCE) is a clear, colorless liquid with the formula 
CHClCHCl. Trans-1,2-DCE is produced in mixture with the cis
isomer by chlorination of acetylene. The cis-isomer has 
distinctly different physical properties. Industrially, the 
mixture is used rather than the separate isomers. Trans-1,2-DCE 
has a boiling point of 4aoc, and a vapor pressure of 324 mm Hg at 
2soc. 
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The principal use of 1,2-dichloroethylene (mixed isomers) is to 
produce vinyl chloride. It is used as a lead scavenger in 
gasoline, general solvent, and for synthesis of variqus other 
organic chemicals. When if is used ~s a solv~nt, trans-l,2~DCE 
can enter wastewater streams, 

For the maximu~ protection of human health from the ~otential 
effects of· exposure to 1,2-trans-dichloroethylene through 
ingestion of water and contaminated aquatic organisms, the 
ambient water concentrations is zero. Concentrations of 1,2-
trans-dichloroethylene estimated to result in additional lifetime 
cancer risk levels of 10-7, 10-6, and 10-s are 3.3 x 10-6 mg/1, 
3.3 10-s mg/1, and 3.3 x 10- 4 mg/1, respectively,, If 
contaminated aquatic organisms alone are consumed excluding the 
consumption o( wat~r, the water concentration should be less than 
0.018 mg/1 to keep the lifetime cancer risk below 10-s. Limited 
acute and chronic toxicity data for freshwater.aquatic life show 
that advers~ effects occur at concentrations higher than .those 
cited for hum.an health risks. 

The behavior 6( trans-1,2-DCE in POTW has not been studied .. 
However, its high vapor pressure is expected to result in release 
of significant percentage of this compound to the atmosphere in 
any treatment involving aeration. Degradation of the 
dichloroethylenes in air is reported to occur, with a half-life 
of 8 weeks. 

Biochemical oxidation of many of the organic priority pollutants 
has been investigated in laboratory scale studies at 
concentrations higher than would normally be expected in 
municipal wastewater. General observations relating molecular 
structure to ease of degradation have been developed for all of 
these pollutants./ The conclusion reached by the study of the 
limited data is that biological treatment in POTW produces little 
or no biochemical oxidation of 1,2-trans-dichloroethylene. No 
evidence is available for drawing conclusions about the possible 
toxic or _inhibitory effect of 1,2-trans-dichloroethylene -0n POTW 
operation. It is expected that its low molecular weight and 
degree of water solubility will result in trans-1,2-DCE passing 
through a POTW to the effluent if it is not degraded or 
volatilized. Very little trans-1,2-DCE is expected to be found 
in sludge from POTW. 

2,4-DimethylpEenol(34). 2,4-Dimethylphenol (2,4-DMP), also 
called 2,4-xylenol, is a colorless, crystalline solid a~ room 
temperature (2soc), which melts at 27 to 2aoc. 2,4-DMP is 
slightly ~oluble in water and, as a weak acid, is soluble in 
alkaline solutions. Its vapor pressure is less than l mm Hg at 
room temperature. 
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2,4-DMP is a natural product, occurring in coal and petroleum 
sources. It is used commercially as a intermediate for 
manufacture of pesticides, dystuffs, plastics and resins, and 
surfactants. It is found in the water runoff from asphalt 
surfaces. It can find its way into the wastewater of a 
manufacturing plant from any of several adventitious sources. 

Analytical procedures specific to this compound are used for its 
identification and quantification in wastewaters. This compound 
does not contribute to "Total Phenol" determined by the 4-
aminoantipyrene method. 

Three methylphenol isomers (cresols) and six· dimethylphenol 
isomers (xylenols) generally occur together in natural products, 
industrial processes, commercial products, and phenolic wastes. 
Therefore, data are not available for human exposure to 2,4-DMP 
alone. In addition to this, most mammalian tests for toxicity of 
individual dimethylphenol isomers have been conducted with 
isomers other than 2,4-DMP. 

In general, the mixtures of phenol, methylphenols, and 
dimethylphenols contain compounds which produced acute poisoning 
in laboratory animals. Symptoms were difficult breathing, rapid 
muscular spasms, disturbance of motor coordination, and 
assymetrical body position. In 1977, a National Academy of 
Science publication concluded that, "In view of the relative 
paucity of data on the mutagenicity, carcinogenicity, 
teratogenicity, and long term oral toxicity of 2,4 
dimethylphenol, estimates of the effects of chronic oral exposure 
at low levels cannot be made with any confidence." No ambient 
water quality criterion can be set at this time. In order to 
protect public health, exposure to this compound should be 
minimized as soon as possible. 

The behavior of 2,4-DMP in POTW has not been studied. As a weak 
acid its behavior may be somewhat dependent on the pH of the 
influent to the POTW. However, over the normal limited range of 
POTW pH, little effect of pH would be expected. 

One study showed biological degradability of 2,4-DMP at 94.5 
percent removal based on chemical oxygen demand (COD). Thus, 
substantial removal is expected for this compound. Another study 
determined that persistance of 2,4-DMP in the environment is low, 
thus any of the compound which remained in the sludge or passed 
through the POTW into the effluent would be degraded within a 
moderate length of time (estimated as 2 months in the report). 

Fluoranthene(39). Fluoranthene (1,2-benzacenaphthene) is one of 
the compounds called polynuclear aromatic hydrocarbons (PAH). A 
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pale yellow solid at room temperature, it melts at 1110c and has 
a negligible vapor pressure at 2soc. Water solubility is low 
(0.2 mg/1). Its molecular formula is C16H10 • 

Fluorantheni~, along with, many other PAH's, is found throughout 
the environment. It is produced by pyrolytic processing of 
organic raw materials, such as coal and petroleum, at high 
temperaturE~ (coking processes). It occurs naturally as a product 
of plant biosyntheses. Cigarette smoke contains fluoranthene. 
Although it is not used as the pure compound in industry, it has 
been found at relatively higher concentrations (0.002 mg/1) than 
most other PAH's in at least one industrial effluent. 
Furthermore, in a 1977 EPA survey to determine levels of PAH in 
U.S. drinking water supplies, none of the 110 samples analyzed 
showed any PAH other than fluoranthene. 

Experiments with laboratory animals indicate that fluoranthene 
presents a relatively low degree of toxic potential from acute 
exposure, including oral administration. Where death occured, no 
information was reported concerning target organs o~ specific 
e.ause of deatb. · 

There is no epidemiological evidence to prove that the prepence 
of PAH in general, and fluoranthene in particular in drinking 
water are related to the development of cancer.. The only studies 
directed toward determining carcinogenicity of fluoranthene have 
been skin tests on laboratory animals. Results of these tests 
show that .fluoranthene has no activity as a complete c~rcinogen 
(i.e., an agent which produces cancer when applied by itself, but 
exhibits si.9nificant cocarcinogenicity (i.e., in combination with 
a carcinogen, it increases the carcinogenic activity). 

Based on the limited animal study data, and following an 
established procedure, the ambient water quality criterion for 
fluorantherlE~, alone, (not in combination with other PAH) is 
determined to be 0.042 mg/1 for the protection of human health 
from its toxic properties. 

There are no data on the chronic effects of fluoranthene on 
freshwater organisms. One saltwater invertebrate shows chronic 
toxicity at concentrations below 0.016 mg/1. For some freshwater 
fish species the concentrations producing acute toxicity are 
substantially higher, but data are very limited~ 

Results of. studies of the behavior of fluoranthene in 
conventional sewage treatment processes found in POTW have been 
published. Removal of fluoranthene .during primary sedimentation 
was found to be 62 to 66 percent (from an initial value of 
0;00323 to 0.0435 mg/1 to a final value of 0.00122 to 0.0146 
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mg/1), and the removal was 91 to 99 percent 
0.00028 to 0.00026 mg/1) after biological 
activated sludge processes. 

(final values of 
purification with 

A review was made of data on biochemical oxidation of many of the 
organic priority pollutants investigated in laboratory scale 
studies at concentrations higher than would normally be expecte9 
in municipal wastewater. General observations relating molecular 
structure to ease of degradation have been developed for all of 
these pollutants. The conclusion reached by study of the limited 
data is that biological treatment produces little or no 
degradation of fluoranthene. The same study, however, concludes 
that fluoranthene would be readily removed by filtration and oil 
water separat1on and other methods which rely on water 
insolubility, or adsorption on other particulate surfaces. This 
latter conclusion is supported by the previously cited study 
showing significant removal by primary sedimentation. 

No studies were found on either the possible interference of 
fluoranthene with POTW operation, or the persistence of 
fluoranthene in sludges on .POTW effluent waters. Several studies 
have' documented the ubiquity of fluoranthene in the environment, 
but it cannot be readily determined if this results from 
persistance of anthropogenic fluoranthene, or from the 
replacement of degraded fluoranthene by natural processes such as 
biosynthesi~ in plants. 

Isophorone(54). Isophorone is an industrial chemical produced in 
the tens of millions of pounds annually in the U.S. The chemical 
name for isophorone is 3,5,5-trimethyl-2-cyclohexen-l-one and it 
is also known as trimethyl cyclohexanone and isoacetophorone. 
The formula is C6 H5 (CH 3 ) 3 0. Normally, it is produced as the 
gamma isomer; technical grades contain about 3 percent of the 
beta isomer (3,5-5-trimethyl-3-cyclohexen-l-one). The pure gamma 
isomer is a water-white liquid, with vapor pressure less than l 
mm Hg at room temperature, and a boiling point of 21s.2oc. It 
has a camphor- or peppermint-like odor and yellows upon standing. 
It is slightly soluble (12 mg/1) in water and dissolves in fats 
and oils. 

Isophorone is synthesized from acetone and is used commercially 
as a solvent or cos?lvent for finishes, lacquers, polyvinyl and 
nitrocellulose resins, pesticides, herbicides, fats, oils, and 
gums. It is also used as a chemical feedstock. 

Because lsophorone is an industrially used solvent, most toxicity 
data are for inhalation exposure. Oral administration to 
laboratory animals in two different studies revealed no acute or 
chronic effects during 90 days, and no hematological or 
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pathological abnormalities were reported. Apparently, no studies 
have been completed on the carcinogenicity of isophorone. 

Isophorone does undergo bioconceritration in the lipids of aquatic 
organisms and fish. 

Based on subacute 
isophorone ingested 
at 5.2 mg/1 for 
properties. 

data, the ambient water quality criterion for 
through consumption of water and fish is set 
the protection of human health from its toxic-

Studies of the effects of isophorone on fish and aquatic 
organisms reveal relatively low toxicity, compared to some other 
priority pollutants. 

The behavior of isophorone in POTW has not been studied. 
However, the biochemical oxidation of many of the organic 
priority pollutants has been investigated in laboratory-scale 
studies at concentrations higher than would normally be expected 
in municipal wastewater. General observations relating molecular 
structur~ to ~ase of degradation have been developed for all of 
these pollutants. The· conclusion reached by the study of the 
limited data is that biochemical treatment in POTW produces 
moderate removal of isophorone. This conclusion is consistant 
with the findings of an experimental study of microbiological 
degradation of isophorone which showed about 45 percent 
biooxidation in 15 to 20 days in domestic wastewater, but only 9 
percent in salt water .. No data were found on the persistance of 
isophorone in sewage sludge. · 

Naphthalene(55). Naphthalene is an aromatic hydrocarbon with two 
orthocondensed benzen~ rings and a molecular formula of C10H8 • 

As such, it is properly classed as a polynuclear aromatic 
hydrocarbon (PAH). Pure naphthalene is a white crystalline solid 
melting at sooc. For a solid, it has a relatively high vapor 
pressure (0.05 mm Hg at 200c), and moderate water solubility (19 
mg/1 at 200c). Naphthalene is the most abundant single component 
of coal tar. Production is more than a third of a million tons 
annually in the U.S. About three fourths of the production is 
used as feedstock for phthalic anhydride manufacture.· Most of 
the remaining production goes into manufacture of insecticide, 
dystuffs, pigments, and pharmaceuticals. Chlorinated and 
partially hydrogenated naphthalenes are used in some solvent 
mixtures. Naphthalene is also used as a moth repellent. 

Napthalene, ingested by humans, has reportedly caused vision loss 
(cataracts), hemolytic anemia, and occasionally, renal disease. 
These effects of naphthalene ingestion a~e confirmed by studies 
on laboratory animals. No carcinogenicity studies are available 
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which can be 
naphthalene. 
organisms. 

used to demonstrate carcinogenic 
Naphthalene does bioconcentrate 

activity for 
in aquatic 

No ambient water 
protection of human 
freshwater aquatic 
0.62 mg/1. 

quality criteria have been established for 
health or aquatic lief; however, studies of 
life have shown chronic toxicty effects at 

Only a limited number of studies have been conducted to determine 
the effects of naphthalene on aquatic organisms. The data from 
those studies show only moderate toxicity. 

Naphthalene has been detected in sewage plant effluents at 
concentrations up to 22 vg/1 in studies carried out by the U.S. 
EPA. Influent levels were not report~d. The behavior of 
naphthalene in POTW has not been studied. However, recent 
studies have determined that naphthalene will accumulate in 
sediments at 100 times the concentration in overlying water. 
These results suggest that naphthalene will be readily removed by 
primary and secondary settling in POTW, if it is not biologically 
degraded. 

Biochemical oxidation of many of the organic priority pollutants· 
has been investigated in laboratory-scale studies at 
concentrations higher than would normally .be expected in 
municipal wastewater. General observations relating molecular 
structure to ease of degradation have been developed for all of 
these pollutants. The conclusion reached by study of the limited 
data is that biological treatment produces a high removal by 
degradation of naphthalene. One recent study has shown that 
microorganisms can degrade naphthalene, first to a dihydro 
compound, and ultimately to carbon dioxide and water. 

Phenol(65). Phenol, also called hydroxybenzene and carbolic 
acid, is a clear, colorless, hygroscopic, deliquescent, 
crystalline solid at room temperature. Its melting point is 430c 
and its vapor pressure at room temperature is 0.35 mm Hg. It is 
very soluble in water (67 gm/1 at 160C) and can be dissolved in 
benzene, oils, and petroleum solids. Its formula is C6 H5 0H. 

Although a small percent of the annual production of phenol is 
derived from coal tar as a naturally occuring product, most of 
the phenol is synthesized. Two of the methods are fusion of 
benzene sulfonate with sodium hydroxide, and oxidation of cumene 
followed by cleavage with a catalyst. Annual production in the 
U.S. is in exc~ss of one million tons. Phenol is generated 
during.distillation of wood and the microbiological decomposition 
of organic matter in the mammalian intestinal tract. 

124 



Phenol is. used as a disinfectant, in the manufacture of resins, 
dyestuffs, and pharmaceuticals, and in the photo processing 
industry. In this discussion, phenol is the specific compound 
which is _separated by methylene chloride extraction of an 
acidified sample and idenfif ied' and quantified ·by .GC/MS. Phenol 
also contributes to the "Total. Phenols", discussed elsewhere· 
which are determined by the 4-AAP colorimetric method. 

Phenol exhibits acute and sub-acute toxicity in humans and 
laboratory. animals. Acute oral doses ot phenol in humans cause 
sudden collapse and unconsciousness by its action on the central 
nervous system. Death occurs by respiratory arrest. Sub-acute 
oral doses in mammals are rapidly absorbed then quickly 
distributed to various organs, then cleared from the body· by 
urinary excretion and metabolism. Long term exposure by drinking 
phenol · cc:mtaminated water has .. resulted in statistically 
significant increases in reported cases of diarrhea, mouth sores, 
and burning of the mouth. In laboratory animals long term oral 
administration at low levels produced slight liver and kidney 
damage. No reports were found regarding carcinogenicity of 
phenol administered orally all carcinogenicity studies were 
skin tests. 

For the protection of human health from phenol ingested through 
water and through contaminated aqu~tic organisms the 
concentratii::>n in water should not exceed 3. 5 mg/1. 

Fish and other aquatic organisms demonstrated a wide range of. 
sensitivities to phenol concentration~ However, acute toxicity
values were at moderate levels when compared to other organic 
priority pollutants. 

-Data have been developed on the behavior of phenol in POTW. 
Phenol is biodegradable by biota present in POTW. The ability of 
~ POTW to treat phenol-bearing influents depends upon acclimation 
of the biota and the constijncy of the phenol concentration. It 
appears that an induction period is required to build up the 
population of organisms which can degrade phenol. Too large a 
concentration will result in upset_ or pass through in the POTW, 
but the specific level causing upset depends on the immediate 
past history of .phenol concentrations in the influent~ Phenol 
levels as !high as 200 mg/1 have been treated with 95 percent 
removal in POTW, but more or less continuous presence of phenol 
is necessary to maintain the population of microorganisms that 
degrade phienol. 

Phenol which is not degraded is expected to pa.ss thorugh the POTW 
because of its very high water solubility. J,lowever, in POTW 
where chlorination is practiced for disinfection of the· POTW 
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effluent, chlorination of phenol may occur. The products of that 
reaction may be priority pollutants. 

The EPA has developed data on influent and effluent 
concentrations of total phenols in a study of 103 POTW. However, 
the analytical procedure was the 4-AAP method mentioned earlier 
and not the GC/MS method specifically for phenol. Discussion of 
the study, which of course includes phenol, is presented under 
the pollutant heading "Total Phenols." 

Phthalate Esters {66-71). Phthalic acid, or 1,2-
benzenedicarboxylic acid, is one of three isomeric 
benzenedicarboxylic acids produced by the chemical industry. 
The other two isomeric forms are called isophthalic and 
terephthalic acids. The formula for all three acids is 
C6 H4 (COOH) 2 • Some esters of phthalic acid are designated as 
priority·pollutants. They will be discussed as a group here, and 
specific properties of individual phthalate esters will be 
discussed afterwards. 

Over one billion pounds of phthalic acid esters are manufactured 
in. the U.S. annually. They are used as plasticizers - primarily 
in the production of polyvinyl chloride (PVC) resins. The most 
widely used phthalate plasticizer is bis (2-ethylhexyl) phthalate 
(66) which accounts for nearly one third of the phthalate esters 
produced. This particul~r ester is commonly referred to as 
dioctyl phthalate (DOP) and should not be confused with one of 
the less used esters, di-n-octyl phthalate (69), which is also 
used as a plasticizer. In addition to these two isomeric dioctyl 
phthalates, four other esters, also used primarily as 
plasticizers, are designated as priority pollutants. They are: 
butyl benzyl phthalate (67); di~n-butyl phthalate (68); diethyl 
phthalate (70); and dimethyl phthalate (71). 

Industrially,· phthalate esters are prepared from phthalic 
anhydride and the ·specific alcohol to form the ester. Some 
evidence is available suggesting that phthalic acid esters also 
may be, synthesized by certain plant and animal tissues. The 
extent to which this occurs in nature is not known. 

Phthalate esters used as plasticizers can be present in 
concentrations of up to 60 percent of the total weight of the PVC 
plastic. The plasticizer is not linked by primary chemical bonds 
to the PVC resin. Rather, it is locked into the structu.re of 
intermeshing polymer molecules and held by van der Waals forces. 
The result is that the plasticizer is easily extracted. 
Plasticizers are responsible for the odor associated with new 
plastic toys or flexible sheet that has been contained in a 
sealed package. 
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Although the phthalate esters are not soluble or ~re only .very 
slightly soluble in water, they do migrate into aqueous solu~ions 
placed in contact with the plastic. Thus industrial facilities 
with tank linings, wire and cable coverings, tubing, and sheet 
flooring of PVC are expected to discharge some phthalate·es1:ers 
in their raw waste. In addition to their use as plasticizers, 
phthalate esters are used in lubricating oils and pesticide 
carriers. These also can contribute to industrial discharge of 
phthalate esters. 

The accumulated data on acute toxicity in animals suggest that 
phthalate esters have a rather low order of toxicit~. Human. 
toxicity data.are limited. It are thought that the toxic effects 
of the esters is most likely due to one of the metabolic 
products, in particular the monoestet. Oral acute toxicity in 
animals is greater for the lower molecular weight esters than for 
the higher molecular weight esters. 

Orally administered phthalate esters gen~rally produced enlaigirig 
of liver and kidney, and atrophy of testes in laboratciry ~nimal~. 
Specific esters produced· enlargement of heart and brain, 
spleenitis, and degeneration. of central nervous system tissue. 

Subacute doses administered orally to laboratory animals 
some decrease in growth and degeneration of the testes. 
studies in animals showed similar effects to those found 
and subacute studies, but to a much lower degree. 
organs were enlarged, but pathological changes were not 
detected.· · -- · · - · 

produced 
Chronic 

in acute 
The same 
usually 

A recent studi of several phthali~ esters ~roduced sugg,~tive but 
not conclusive evidence that dimethyl and diethyl phthalates have 
a cancer liability. Only· four of the six priority pollutant 
esters were included in the study. Phthalate esters do 
biconcentrate in fish. The factors, weighted for relative
consumption of various aquatic and marine food groups, are used 
to calculate ambient water quality_ cr.i teria for four phthalate
esters. The. values are included in the discussion of the 
specific ester_s. · 

Studies of toxicity of phthalate esters in freshwater and salt 
water organisms are scarce. A chronic toxicity test with bis(2~ 
ethylhexyl) phthalate showed that significant reproductive 
impairment occurred at 0.003·mg/l in the freshwater crustacean, 
Daphnia mag~!· In acute toxicity studies, sal1:wat~r fish and 
organisms showed sensitivity differences of up to· eight-fold to 
butyl benzyl, diethyl, and dimethyl phthalates. This suggests 
that each ester. must be evaluated individually for toxi,c effect~. 
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The behavior of phthalate esters in POTW has not been studied. 
However, the biochemical oxidation of many of the organic 
prio~ity pollutants has been investigated in laboratory-scale 
studies at concentrations higher than would normally be expected 
in municipal wastewater. Three of the phthalate esters were 
studied. Bis(2-ethylhexyl) phthalate was found to be degraded 
slightly or not at all and its removal by biological treatment in 
a POTW is expected to be slight or zero. Di-n-butyl phthalate 
and diethyl phthalate were degraded to a moderate degree and 
their removal by biological treatment in a POTW is expected to 
occur to a moderate degree. Using these data and other 
observations relating molecular structure to ease of biochemical 
degradation of other organic pollutants, the conclusion was 
reached that butyl benzyl phthalate and dimethyl phthalate would 
be removed in a POTW to a moderate degree by biological 
treatment. On the same basis, it was concluded that di-n-octyl 
phthalate would be removed to a slight degree or not at all. 

No information was found on possible interference with POTW 
operation or the possible effects on sludge by the phthalate 
esters. The water insoluble phthalate esters - butyl benzyl and 
di-n~octyl phthalate - woula tend to remain in sludge, whereas 
the ·other four priority pollutant phthalate esters with water 
solubilities ranging from 50 mg/1 to 4.5 mg/1 would probably pass 
through into the POTW effluent. 

Bis (2-ethylhexyl) phthalate(66). Little information is 
available about the physical properties of bis(2-ethylhexyl) 
phthalate. It is a liquid boiling at 3870C at 5mm Hg and is 
insoluble in water. Its formula is C6 H4 (COOC 8 H17 } 2 • This 
priority pollutant constitutes about one third of the phthalate 
ester production in the U.S. It is commonly referred to as 
dioctyl phthalate, or DOP, in the plastics industry where it is 
the most extensively used compouQd for the plasticization of 
polyvinyl chlo~ide (PVC}. Bis(2-ethylhexyl) phthalate has been 
approved by the FDA for use in plastics in contact with food. 
Therefore, it may be found in wastewaters coming in contact with 
discarded plastic food wrappers as well as the PVC films and 
shapes normally found in industrial plants. This· priority 
pollutant is also a commonly used organic diffusion pump oil 
where its low vapor pressure is an advantage. 

For the protection of human health from_the toxic properties of 
bis(2-ethylhexyl) phthalate ingested through water and through 
contaminated aquatic organisms, the ambient water quality 
criterion is determineg to be 15 mg/1. 

Although the behavior qf bis(2-ethylhexyl) phthalate in POTW has 
not been studied, biocnemtcal oxidation of this priority 
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pollutant has been stutjied on a laboratory scale at 
concentrati6ns higher than would normally be expected in 
municipal wastewater. In fresh water with a non-acclimated seed 
culture, no btoch~mical oxidation was observed after 5, 10, and 
20 days; with an acclimated seed culture, however, biological 
oxidation of 13, O, 6, and 23 percent of theoretical occurred 
after 5, 10, 15 and 20 days, respectively. Bis(2-ethylhexyl) 
phthalate concentrations were 3 to 10 mg/1. Little or no removal 
of bis(2-ethylhexyl) phthalate by biological. treatment in POTW is 
expected. 

Butyl benzyl phthalate(67). No information was found on the 
physical properties of this·compound .. 

Butyl benzy1· phthalate is used as ·a plasticizer for PVC. Two 
special applicatio·ns differentiate i:t from other phthalate 
esters.· It· ls approved by the U.S. FDA for food contact in 
wrappers and containers; and it is the industry standarq for 
plasticization of vinyl flooring because it provldes stain 
resistance. · ·. 

No ambient.water ,quality cr{terion is proposed for butyl benzyl 
phthalate. 

Butyl benzyl phthalate removal in POTW by biological treat_ment in 
a POTW is exp~cted to occur to a moderate degree. 

Di-n-butyl .... phthalate ... ( 6.8) • Di-n-butyl phthalate ( DBP) is a 
colorless,· c>ily liquid, boiling at 3400c. Its water sqlubility 
at room tE~rnperature is reported to be O. 4 g/1 and 4. Sg/1 in two 
different chemistry handbooks. The formul 9 ' for 
DBP, C6 B4 (COOC 4 H9 ) 2 is -the same as for its isomer, di-isobµtyl 
phthalate. DBP production is one to ·two percent of total U.S. 
phthalate ester production. · 

DBP is usE:!d to a 1 imi ted extent as a plasticizer for polyvinyl 
chloride (PVC). It is not approved for contact with food. It is 
used in liquid lipsticks and as a diluent for polysulfide Qental 
impression materials. DBP is used as a plasticizer for 
nitrocellulose in making gun powder, and as a fuel in. solid 
propellants for rockets. Further uses are insecticides, safety 
glass manufacture, textile lubricating agents( printing inks, 
adhesives, paper coatings and resin solvents. 

For protection of human health 
dibutyl phthalate ingested through 
aquatic organisms, the ambient 
determined to b~ 34 mg/1. 
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Although the behavior of di-n-butyl phthalate in POTW has not 
been studied, biochemical oxidation of this priority pollutant 
has been studied on a laboratory scale at concentrations higher 
than would normally be expected in municipal wastewater. 
Biochemical oxidation of 35, 43, and 45 percent of theoretical 
oxidation were obtained after 5,· 10, and 20 days, respectively, 
using sewage microorganisms as an unacclimated seed:culture. 

Biological treatment in POTW is expected to remove di-n-butyl 
phthalate to a moderate degree. 

Di-n-octyl phthalate(69}. Di-n-octyl phthalate is not to be 
confused with the isomeric bis(2-ethylhexyl} phthalate which is 
commonly referred to in the plastics industry as DOP. Di-n-octyl 
phthalate is a liquid which boils at' 2200c at 5 mm Hg. It is 
insoluble in water. Its molecular formula is C6 H4 (COOC 8 B 17 ) 2 • 

Its production constitutes about one percent of all phthalate 
ester production in the U.S. 

· Industrially, di-n-octyl phthalate 
polyvinyl chloride (PVC} r~sins. 

is used to plasticize 

No ambient water quality criterion is proposed for di-n-octyl 
phthalate. 

Biological treatment in POTW is expected to remove little or no 
di-n-octyl phthalate. 

Diethyl phthalate (70}. Diethyl phthalate, or DEP, is a 
colorless liquid which boils at 2960C and is insoluble in water. 
Its molecular formula is C6 H4 (C00C 2 B5 } 2 • Production of diethyl 
phthalate constitutes about 1 .5 percent of phthalate ester 
production in the U.S. 

Diethyl phthalate is approved for use in plastic food containers 
by the U.S. FDA. In addition to its use as a polyvinyl chloride 
(PVC) plasticizer, DEP is used to plasticize cellulose nitrate 
for· gun powder, to dilute polysulfide dental impression 
materials, and as an accelerator for dyeing triacetate fibers. 
An additional use which contributes to its wide distribution in 
the environment is as an approved special denaturant for ethyl 
alcohol. The alcohol-containing products for which DEP is an 
approved denaturant include a wide range of personal care items 
such as bath prepar~tions, bay rum, colognes, hair preparations, 
face and hand creams, perfumes and toilet soaps. Additionally, 
this denaturant is approved for use in biocides, cleaning 
solutions, disinfectants, insecticides, fungicides, and room 
deodorants ~hich have ethyl alcohol as part of the formulation. 
It is expected, therefore, that people and buildings would have 



some surface loading of this priority pollutant which would find 
its way into raw wastewaters. 

For the protection of human health 
diethyl phthalate ingested through 
aquatic organisms, the · ambient 
determined to be 350 mg/1. 

from the toxic properties of 
water and through contaminated 
water quality criterion is 

Although the behavior of diethylphthalate in POTW has not been 
studied, biochemical oxidation of this priority pollutant has 
been studied on a laboratory scale at concentrations higher than 
would normally be expected in municipal wastewater. Biochemical 
oxidation of 79, 84, and 09 percent of theoretical oxidation was 
observed after 5, 5, and 20 days, respectively. Biological 

'treatment in POTW is expected to lead ·to a moderate degree of 
removal of diethyl phthalate. 

Dimethyl phthalate (71). Dimethyl phthalate (DMP) has the lowest 
molecular weight of the phthalate esters - M.W. = 194 compared to 
M.W. of 391 for bis(2-ethylhexyl)phthalate. DMP has a boiling 
point of 2s2oc. It is a colorless liquid, soluble in water to 
the extent of 5 mg/1. Its molecular formula is C6 H4 (COOCH 3 ) 2 • 

Dimethyl phthalate production in the U.S. is just under one 
percent of total phthalate ester production. DMP is used to some 
extent as a plasticizer in cellulosics. However, its principle 
specific use is for dispersion of polyvinylidene fluoride (PVDF). 
PVDF is resistant to most chemicals and finds use as electrical 
insulatioti, chemical process equipment (particularly pipe), and 
as a base for long-life finishes for exterior metal siding. Coil 
coating techniques are used to apply PVDF dispersions to aluminum 
or galvanized steel siding. 

For the protection of human health from 
dimethyl phthalate ingested. through 
contaminated. aquatic organisms, the 
criterion is determined to be 160 mg/1. 

the toxic properties of 
water and through 

ambient water quality 

Biological treatment in POTW's is expected to provide a moderate 
degree of removal of dimethyl phthalate. 

Polynuclear Aromatic Hydrocarbons(72-84). The polynuclear 
aromatic hydrocarbons (PAH) selected as priority pollutants are a 
group of 13 compounds consisting of substituted and unsubstituted 
polycyclic aromatic rings. The general class of PAH includes 
hetrocyclics, but none of those were selected as priority 
pollutants. PAH are formed as the result of incomplete 
combustion when organic compounds are burned with insufficient 
oxygen. PAH are found in coke oven emissions, vehicular 

1 31 



emissions, and volatile products of oil and gas burning. The 
compounds chosen as priority pollutants are listed with their 
structural formula and melting point (m.p.). All are insoluble 
in water. 

72 

73 

74 

75 

Benzo(a)anthracene (1,2-benzanthracene) 

m.p. 1620C 

Benzo(a)pyrene {3,4-benzopyrene) 

m.p. l 760C 

3,4-Benzofluoranthene 

m.p. 1680C 

Benzo{k)fluoranthene (11,12-benzofluoranthene) 

m.p .. 2l70C 

76 ,Chrysene {1,2-benzpherianthrene) 

m.p. 2ssoc 

77 Acenaphthylene 
HC•CH 

78 

79 

80 

81 

m.p. 920c 

Anthracene 

m.p. 21_6oc 

Benzo { gh i ) pery 1 e.ne { 1 , 12-benzopery 1 ene) 

m.p. not reported 

Fluorene {alpha-diphenylenemethane} 

m.p. ll60C 

Phenanthrene 

m. p. 1 O 1 oc 
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82 J)ibenzo(a,h)anthracene (1,2,4,5,6-dibenzanthracene) 

m.p. 2690C 

83 Indeno(1,·2,3-cd)pyrene (2,3-o-phenylene pyrene>.,..,. .. ~ O O .. --
m.p. not available ~ 

84 Pyrene 

m.p. 1560C 

Some of these priority pgllutants have commercial or industrial 
uses. Benio(a)anthracene, benzo(aJpyrene, chrysene, ~nthracene, 
dibenzo(a,h)anthracene, and pyrene are all used as antioxidants. 
Chrysene, acenaphthylene, anthracene, fluorene, phenanthrene, and 
pyrene are- all used for $ynthesis of dyestuffs or o~her organic 
chemicals.. 3,4-Benzofluoranthrene, benzo(k)fluoranthene, 
benzo(ghi)perylene, and indeno (1,2,3-cd)pyrene have no known 
industrial uses, according to the results of a recent literature 
search. 

- -

Several of the PAH priority pollutan~§ are found in smoked meats, 
in smoke. flavoring mixtures, in v~g.~table oils, and in coffee. 
They are foµnd in soils and §~d~:ments in river beds. 
Consequently, they are also f.oµ,nq in many drin~ing water 
supplies. The wide distribution of th~se pollutants 1n complex 
mixtures with the many other PAHs whi,.gh ha.ve not been designated 
as priority pollutants·results in ~ipp§µ,res by humans that cannot 
be associated with specific indivt~u.~l &ompounds. 

The scre~nin<;J ~nd verification analy§!I? procedures used for the 
organic priority pollutants are bias~g gn gas chromatography (GC). 
Three pairs of the PAH have tdentie9l ~~ution times on _the column 
specified in the protocol, which mean$ that the paramet~rs of .the 
pair are not differentiated. For the§e three pairs (anthracene 
( 7 8) ,... J;>lhenanthrene ( 81 ) ; 3, 4 .... b~nzof 1 uoranthene · ( 7 4) 
benzo(k)fluoranthene (75); and benzo(a)~nthracene (72) - chrysene 
( 76) J results are obtained ~.nc.1 r@portfd as "either-or." Either 
both are p1::-esent in the combined gonc.ent.~ation reported, or one 
is present in tne concentrati<::m &'~ported. When detections below 
reportable limit$ are recorded no further analysis is required. 
For samplt~~; _ where the coneent(gt;tons of coeluting pairs have a 
signifi~ant- value, additional an~lyses are conducted, using 
different p1~ocedures that re$OlVfl th~ particular pair .. 
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There are no studies to document the possible carcinogenic risks 
to humans by direct ingestion. Air pollution studies indicate an 
excess of lung cancer mortality among workers exposed to. large 
amounts of PAH containing materials such as coal gas, tars, and 
coke-oven emissions. However, no definite proof exists that the 
PAH present in these materials are responsible for the cancers 
observed. 

Animal studies have demonstrated the toxicity of PAH by oral and 
dermal administration. The carcinogenicity of PAH has been 
traced to formation of PAH metabolites which in turn lead to 
tumor formation. Because the levels of PAH which induce cancer 
are very low, little work has been done on other health hazards 
resulting from exposure. It has been established in animal 
studies that tissue damage and systemic toxicity can result from 
exposure to non-carcinogenic PAH compounds. 

Because there were no studies available regarding chronic oral 
exposures to PAH mixtures, proposed water quality criteria were 
derived using data on exposure to a single compound. Two studies 
were selected, one involving benzo(a)pyrene ingestion and one 
involving dibenzo(a,h)anthracene ingestion. Both are known 
animal carcinogens. 

For, the maximum protection 9f human nealth from the potential 
carcinogenic effects of exposure to polynuclear aromatic hydro
carbons (PAH) through ingestion of water and contaminated aquatic 
organisms, th~ ambient water concentration is zero. 
Concentrations of PAH estimated to result in additional lifetime 
cancer .risks of 10-s, 10-6, or 10-7 are 0.000028 mg/1, 0,0000028 
mg/1, and 0.00000028 mg/1, respectively. 

No standard toxicity tests have been reported for freshwater or 
saltwater organisms and any of.the 13 PAH discussed here. 

The behavior of PAH in POTW has received only a limited amount of 
study. Reports have indicated that up to 90 percent of PAH 
entering a POTW will be retained in the sludge generated by 
conventional sewage treatment processes. Some of the PAH can 
inhibit bacterial growth when they are present at concentrations 
as low as 0.018 mg/1. Biological treatment in activated sludge 
units has been shown to reduce the concentration of phenanthrene 
and anthracene to some extent. However, a study of biochemcial 
oxidation of fluorene on a laboratory scale showed no degradation 
after 5, 10, and 20 days. On the basis of that study and studies 
of other org~nic priority pollutants, some general observations 
were made relating molecular structure to ease of degradation. 
Those observations lead to the conclusion that the 13 PAH 
selected to represent that group as priority pollutants will be 
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removed only slightly or not at all by biological treatment 
methods in POTW. Based on their water ~nsolubility and tendency 
to attach to sediment particles very little pass through of PAH 
to POTW effluent is expected. 

In an Agency study, Fate of Priority Pollutants in Publicly Owned 
Treatment ~orks, the pollutant concentrations in the influent, 
effluent and (EPA-440/1-80-301, October 1980) sludge of 20 POTW's 
were measured. The results show that indeed the PAH's are 
concentrated in the sludges and that little or no PAH's are 
discharged in the effluent of POTW's. The differences in average 
concentrations from influent to effluent range from 50 to 100% 
removal with all but one PAH above 80% removal. The data 
indicate that all or nearly all of the PAH's are concentrated in 
the sludge. 

No data are available at this time to support any conclusions 
·about contamination of land by PAH on which sewage sludge 
containing PAH is·sprea~~ 

Toluene(86). Toluene is a clear, colorless liquid with a benzene 
1 ike odor. .It is a naturally occuring compound derived primarily 
from petroleum or petrochemical processes. Some toluene is 
obtained from the manufacture of metallurgical coke. Toluene is 
also referred to .as toluol, methylbenzene, methacide, and 
phenylmethane. It is an aromatic hydrocarbon with the formula 
C6 B5 CH 3 • It boils at lll~C and has a vapor pressure of 30 mm Hg 
at room temperature. The water solubility of· toluene is 535 
mg/1,. arid it is miscible with a variety of organic solvents. 
Annual production of toluene in the U.S. is greater than 2 
million metric tons. Approximately two-thirds of the toluene is 
converted to benzene; the remaining 30 percent is divided 
approximately equally into chemical manufacture. and use as a 
paint solvent and aviation gasoline additive. An estimated 5,000 
metric tons is discharged to the environment annually as a 
constituent in waste~ater. 

Most data on the ef.fects of toluene in human and other mammals 
have been based on inhalation exposure or dermal contact studies. 
There appear to be no reports of oFal administration of toluene 
to human subjects. A long term toxicity ~tudy on female rats 
revealed no adverse effects on growth, mortality, appearance and 
behavior, organ to body weight ratios, blood-urea nitrogen 
levels, bone marrow counts, peripheral blood counts, or 
morphology of major organs. The effects of inhaled toluene on 
the central nervous system, both at high and low concentrations, 
have been studied in humans and animals. However, ingested 
toluene is expected to be handled differently by the body because 
it is absorbed more slowly and must first pass through the live~ 
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before reaching the nervous system. Toluene is extensively and 
rapidly metabolized in the liver. One of the principal metabolic 
products of toluene is benzoic acid, which itself seems to have 
little potential to produce tissue injury. 

Toluene does not appear to be teratogenic in laboratory animals 
or man. Nor is there any conclusive evidence that toluene is 
mutagenic. Toluene has not been demonstrated to be positive in 
any in vitro mutagenicity or carcinogenicity bioassay system, nor 
to be carcinogenic in animals or man. 

Toluene has been found in fish caught in harbor waters in the 
vicinity of petroleum and petrochemical plant~. Bioconcentratirin 
studies have not been conducted, but bioconcentration factors 
have been calculated on the basis of the octanol-water partition 
coefficient. 

For the protection of human health from the toxic properties of 
toluene ingested through water and through contaminated aquatic 
organisms, the ambient water criterion is determined to be 14.3 
mg/1. 

Acute toxicity tests have been conducted with toluene and a 
variety of freshwater fish and Daphnia magna. The latter appears 
to be significantly ,more resistant than fish. No test r~sults 
have been reported for the chronic effects of toluene on 
freshwater fish or invertebrate species. 

No detailed study of toluene behavior in POTW is available. 
However, the biochemical oxidation of many of the priority 
pollutants has been investigated in laboratory scale studies at 
concentrations greater than those expected to be contained by 
most municipal wastewaters. At toluene concentrations ranging 
from 3 to 250 mg/1 biochemical oxidation proceeded to fifty 
percent of theoretical oxidation or greater. The time period 
varied from a few hours to 20 days, depending on whether or not 
the seed culture was acclimated. Phenol adapted acclimated seed 
cultures gave the most rapid and extensive biochemical oxidation. 
The conclusion reached by study of the limited. data is that 
biological treatment produces moderate removal of toluene in 
POTW. The volatility and relatively low water solubility of 
toluene lead to the expectation that aeration processes will 
remove significant quantities of toluene from the POT~. 

Trichloroethylene(87). T~~chloroethylene (1,1,2-trichloro
ethylene or TCE) is a clear colorless liquid which boils at a1oc. 
It has a vapor pressure of 77 mm Hg at room temperature and is 
slightly soluble in water (1 gm/1). U.S. production is greater 
than 0.25 million metric tons annually. It is produced from 
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tetrachlor6ethane by treat~ent with lime in the presence of 
water. 

TCE is used for vapor phase degreasing of metal parts, cleaning 
and drying .electronic components, as a solvent for paints, as a 
refrigerant, for extraction of oils, fats, and waxes, and for dry 
cleaning. Its widespread use and relatively high volatility 
result in detectable levels.in many parts of the environment. 

Data on the effects produced by ingested TCE are limited. Most 
studies have been directed at inhalation exposure. Nervous 
system disorders and liver damage are frequent results of 
inhalation exposure. In the short term exposures, TCE acts a~ a 
central nervous system depressant - it was used as an anesthetic 
before its other long term effects were defined. 

TCE has been shown to induce transformation in a highly sensitive 
in vitro Fischer rat embryo cell system (Fl706) that is used for 
identifying carcinogens. Severe and persistant to~icity to the 
liver was recently demonstrated when TCE was shown to produce 
~arcinoma of the liver in mouse strain B6C3Fl. One systematic 
study of TCE exposure and the incidence of human cancer was based 
on 518 men exposed to TCE. The authors of that study concluded 
that although the cancer risk to man cannot be ruled out, 
exposure to low levels of TCE probably do~s not present a very 
serious and general cancer hazard. 

TCE is bioconcentrated in aquatic species, making the consumption 
of such species by humans a significant source of TCE. For the 
protection of human health from the potential carcinogenic 
effects of exposure to trichloroethylene through ingestion of 
water and contaminatep aquatic organisms, the ambient water 
concentration is zero. Concentrations of trichloroethylene 
estimated to result in additional lifetime cancer risk of 10- 7 , 

10-6, and 10-s are 2.7 x 10- 4 mg/1, 2.7 x 10-3 mg/1, and 2.7 x 
10-2 mg/1, respectively. If contaminated aquatic organisms alone 
are consumed, excluding the consumption of water, ·the water 
concentration should be less than 0.807 mg/1 to keep the 
additional lifetime cancer.risk below 10-s. 

Only a very limited a~ourit of data on the effects of TCE on 
freshwater aquatic life are available. One species of fish 
(fathead minnows) showed a loss of equilibrium at concentrations 
below those resulting in lethal effects. The limited data for 
aquatic life show that adverse effects occur at concentrations 
higher than those cited for human health risks. 

In laboratory scale studies of organic priority pollutants, TCE 
was subjected to biochemical oxidation conditions. After 5, 10, 
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and 2C days no biochemical oxidation occurred. On the basis of 
this study and general observations relating molecular structure 
to ease of degradation, the conclusion is reached that TCE would 
undergo little or no biochemical oxidation by biological 
treatment in a POTW. The volatility and relatively low water 
solubility of TCE is expected to result in volatilization of some 
of the TCE in aeration steps in a POTW. 

In an Agency study, Fate of Priority Pollutants in Publicly Owned 
Treatment Works, (EPA 440/1-30-301), the pollutant concentrations 
in the influent, effluent, and sludge of 20 POTW's were measured. 
No conclusions were made; however, trichloroethylene appeared in 
95% of the influent stream samples but only in 54% of the 
effluent stream samples. This indicates that trichloroethylene 
either is concentrated in the sludge or escapes to the 
atmosphere. Concentrations in 50% of the sludge samples indicate 
that much of the trichloroethylene is concentrated there. 

Cadmium(ll8). Cadmium is a relatively rare metallic element that 
is seldom found in sufficient quantities in a pure state to 
warrant mining or extraction from the earth's surface. It 1s 
found in trace amounts· of about l ppm throughout the earth's 
crust. Cadmium is, however, a valuable by-product of zinc 
production. · 

Cadmium is used primarily as an electroplated metal, and is found 
as an impurity in the secondary refining of zinc, lead, and 
copper. Cadmium appears at a significant level in raw 
wastewaters from only one of the three subcategories of coil 
coating - galvanized. The presence of cadmium in the wastewater 
is attributed to its presence as an impurity in the zinc used to 
produce galvanized coil stock. Some of the zinc is removed by 
the cleaning and conversion coating steps. 

Cadmium is an extremely dangerous cumulative toxicant, causing 
progressive chronic poisoning in mammals, fish, and probably 
other organisms. The metal is not excreted. 

Toxic effects of cadmium on man have b_een reported from 
throughout the world. Cadmium may be a factor in the development 
of such human pathological conditions as kidney disease, 
testicular tumors, hypertension, arteriosclerosis, growth 
inhibition, chronic disease of old age, and cancer. Cadmium is 
normally ingested by humans through food and water as well as by 
br.eathing air contaminated by cadmium dust. Cadmium is 
cumulative in the liver, kidney, pancreas, and thyroid of humans 
and other animals. A severe bone and kidney syndrome known as 
itai-itai disease has been ·documented jn Japan as caused by 
cadmium ingestion via drinking water and contaminated irrigation 
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water. Ingestion of as little as 0.6 mg/day has produced the 
disease. Cadmium acts synergistically with other metals; Copper 
and zinc substantially increase its toxicity. 

Cadmium is. concentrated by marine organisms, particularly 
molluscs, which accumulate.cadmium in calcareous tissues and in 
the viscera. A concentration factor of 1000 for cadmium in fish 
muscle has been reported, as have concentration factors of 3000 
in marine plants and up to 29,600 in certain marine animals. The 
eggs and larvae of fish are apparently more sensitive than. adult 
fish to poisoning by cadmium, ·and crustaceans appear to be more 
sensitive than fish eggs and larvae. 

For the protection of human health from the toxic properties of 
cadmium ingested through water and through contaminated aquatic 
organisms, the ambient water criterion is determined.to be 0.010 
mg/1. 

Cadmium is not destroyed when it is introduced into a POTW, and 
will either pass through to the POTW effluent or be incorporated 
into the POTW sludge. In addition, it can interfere with the 
POTW treatment process. 

In a. study c:>:E 189 POTW, 75 percent of the primary plants, 57 
percent of the trickling filter plant~, 66 percent of the 
activated sludge plants and 62 percent of the biological plants 
allowed ove1r 90 percent of the influent cadmium to pass through 
to the POTW effluent. Only 2 oE the 189 POTW allowed less than 
20 percent pass-through, and none less than 10 percent pass
through. POTW effluent concentrations ranged from 0.001 to 
1.97 mg/1 (mean 0.028 mg/1, standard deviation 0.167 mg/1). 

Cadmium not passed. through the POTW will be retained in the 
sludge, where it is likely to build up in concentration. Cadmium 
contamination of sewage sludge limits its use on land since it 
increases the level of cad~ium in the soil. Data show that 
cadmium can be incorporated into crops, including yegetables and 
grains, from contaminated soils. Since the crops themselves show 
no adverse effects from soils with levels up to 100 mg/kg 
cadmium, thE~se contaminated .crops could have a.significant impact 
on human health. Two Federal agenci~s have already recognized 
the potential adverse human health effects posed by the use of 
slud.ge on crc>pland. The FDA recommends that sludge containing 
over 30 mg/}~g of cadmium should not be used on agricultural land. 
Sewage sludgE~ contains 3 to :300 mg/kg (dry basis) of cadmium mean 
= 10 mg/kg; median= 16 mg/kg. The USDA also recommends placing 
limits on the total cadmium from sludge that may· be applied to 
land. · 
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Chromium(119). Chromium is an elemental metal usually found as a 
chromite (FeO•Cr 2 0 3 ). The metal is normally produced by reducing 
the oxide with aluminum. A significant proportion of the 
chromium used is in the form of compounds such as sodium 
dichromate (Na 2 Cr04 ), and chromic acid (Cr03 ) both are 
hexavalent chromium compounds. 

Chromium and its compounds are used 
coating industry. As the metal, 
component of many steels. 

extensively in the coil 
it is found as an alloying 

The two chromium forms most frequently found in industry 
wastewaters are hexavalent and trivalent chromium. Hexavalaent 
chromium is the form used for metal treatments. Some of it is 
reduced to trivalent chromium as part of the process reaction. 
The raw wastewater containing both valence states is usually 
treated first to reduce remaining hexavalent to trivalent 
chromium, and second to precipitate the trivalent form as the 
hydroxide. The hexavalent form is not removed by lime treatment. 

Chromium, in its various v&lence states, is hazardous to man. It 
can produce lung tumors when inhaled, and induces skin 
sensitizations. Large doses of chromates have corrosive effects 
on the intestinal tract and can cause inflammation of the 
kidneys. Hexavalent chromium is a known human carcinogen. 
Levels of chromate ions that show no effect in man appear to be 
so low as to prohibit determination, to date. 

The toxicity of chromium salts to fish and other aquatic life 
varies widely with the species, temperature, pH, valence of the 
chromium, and synergistic or antagonistic effects, especially the 
effect of water hardness .. Studies have shown that trivalent 
chromium is more toxic to fish of some types than is hexavalent 
chromium. Hexavalent chromium retards growth of one fish species 
at 0.0002 mg/1. Fish food organisms and other lower forms of 
aquatic life are extremely sensitive to chromium. Therefore, 
both hexavalent and trivalent chromium must be considered harmful 
to particular fish or organisms. 

For the protection of human health from the toxic properties of 
chromium (except hexavalent chromium) ingested through water and 
contaminated aquatic organisms, the recommended water qualtiy 
criterion is 170 mg/1. 

For the protection of human health from the toxic effects of 
exposure to hexavalent chromium through ingestion of water and 
contaminated aquatic organisms, the ambient water concentration 
is zero. 
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Chromium is not destroyed when treated by POTW 
oxidation state may change), and will either pass 
POTW effluent 9r be incorporated into· the· POTW 
oxidation stat~s c~n inhlbit POTW treatment and 
th~ usefuleness of municipal sludge. 

(although the 
through to the 
sludge. Both 
can also limit 

EPA has observed influent concentrations of chromium to POTW 
facilities to range from 0.005 to 14.0 mg/1, with a median 
concentration of 0.1 mg/1. The efficiencies for removal of 
chromium by the activated sludge process can vary greatly,_ 
depending cm chromium concentration in·the inf1uent, and other 
operating conditions at the POTW. Chelation of chromium by 
organic matter and dissolution due to the presence of carbonates 
can cause deviations from the predicted behavior in treatment 
systems. ' 

The systematic presence of chromium compounds will halt 
nitrification in a POTW for short periods, and most of the 
chromium will be retained in the slugge solids. Hexavalent 
chromium has been reported to severely affect the nitrification 
process, but trivalent chromium has little or no toxicity to 
activated sludge, except at high concentrations. The presence of 
iron, copper, and low pH will incr:eq~e the toxicity of chromium 
in a POTW by releasing the chromium .into solution to be ingested 
by microorganisms in the POTW, 

The amount of chromium which passes through to the POTW effluent 
depends on_ the type of treatment proe~~$es used by the POTW. In 
a study of 240 POTW's, 56 percent of the primary plants allowed 
more than. 80 percent pass through to POTW effluent. More 
advanced treatment· results in less pass-through. POTW effluent 
concentrations ranged from 0,003 to 3,2 mg/1 total chromium (mean 
= 0.197, standard deviation= 0,48), and from 0.002 to 0.1 mg/1 
hexavalent chromium (mean= Q.017, standard deyiation = 0.020). 

Chromium not passed through the POTW will be retained in the 
sludge, where it is likely to build up in concentration. Sludge 
concentrations of total chrom1Ym of o~er 20,000 mg/kg (dry basis) 
have been observed. Disposgl. of slµgges containing very high 
concentrations of trivalent chromium can potentially cause 
problems in uncontrollable landfill3, Incineration, or similar 
destructive oxidation processes can produce hexavalent chromium 
from lower valance states~ Hexav~lent chromium is potentially 
more toxic than trivalent chromium. In c~ses where high rates of 
chrome sludge application on lAng are, used, distinct growth 
inhibition and plant tissue u~tak@ h~v~ ~een noted. 

Pretreatment of discharg~s §Yb~tantially reduces the 
York, concentration of chromium in- ~lugg~. In Buffalo, New 
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pretreatment of electroplating waste resulted in a decrease in 
chromium concentrations in POTW sludge from 2,510 to 1,040 mg/kg. 
A similar reduction occurred in a Grand Rapids, Michigan, P.OTW 
where the chromium concentration in sludge decreased from 11,000 
to 2,700 mg/kg when pretreatment was required. 

Copper(l20). Copper is a metallic element that sometimes is 
found free, as the native metal, and is also found in minerals 
such as cuprite (Cu 2 0), malechite [CuC0 3 •Cu(OH) 2 ], azurite 
[2CuC03 •Cu(OH) 2 ], chalcopyrite (CuFeS2 ), and bornite (Cu 5 FeS 4 ). 
Copper is obtained from these ores by smelting, leaching, and 
electrolysis. It is used in the plating, electrical, plumbing, 
and heating equipment industries, as well as in insecticides and 
fungicides. In the coil coating industry copper can be 
attributed to various contaminant sources. 

Traces of copper are found in all forms of plant and animal life, 
and the metal is an essential trace element for nutrition. 
Copper is not considered to be a cumulative systemic poison for 
humans because it is readily excreted by the body, but it can 
cause symptoms of gastroenteritis, with nausea and intestinal 
irritations, at relatively low dosages. The limiting factor in 
domestic water supplies is taste. To prevent this adverse 
organoleptic effect of copper in water, a criteri0n of l mg/1 has 
been established. 

The toxicity of copper to aquatic organisms varies significantly, 
not only with the species, but also with the physical and 
chemical characteristics of the. water, including temperature~ 
hardness, turbidity, and carbon dioxide content. In hard water, 
the toxicity of copper salts· may be reduced by the precipitation 
of copper carbonate or other insoluble compounds. The sulfates 
of copper and zinc, and of copper and calcium are synergistic in 
their toxic effect on fish. 

Relatively high concentrations of copper· may be tolerated by 
adult fish for short periods of time; the critical effect of 
copper appears to be its higher toxicity to young or juvenile 
fish. Concentrations of 0.02 to 0.031 mg/1 have proved fatal to 
some common fish species. In general the salmonoids are very 
sensitive and the sunfishes are Jess sensitive to copper. 

The recommended criterion 
0.004 mg/1 as a 24-hour 
concentration. 

to protect saltwater aquatic life is 
average, and 0.023 mg/1 maximum 

Copper salts cause undesirable color reactions in the food 
industry and cause pitting when deposited on .some other metals 
such as aluminum and galvanized steel. 
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Irrigation water contairi{ng more than minute quantities of copper 
can be detrimental to certain crops. Copper appears in all 
soils, and its concentration ranges from 10 to 80 ppm. In soils, 
copper occurs in association with hydrous oxides of manganese and 
iron, and also as soluble and insoluble complexes with organic 
matter. Copper is essential to the life of plants, and the 
normal r:ange of concentration in plant tissue is from 5 to 
20 ppm. Copper concentrations in plants normally do· not build up 
to high levels when toxicity occurs. For example, the 
concentrations of copper in snapbean leaves and pods was less 
than 50 and 20 mg/kg, respectively, under conditions of severe 
copper toxicity. Even under conditions of copper toxicity, most 
of the excess copper accumulates in the roots; very little is 
moved to the aerial part of the plant. 

Copper is not destroyed when treated by ·a POTW, and wi 11 either 
pass through to the POTW effluent or be retained in the POTW 
sludge. It can interfere with the POTW treatment processes and 
can limit the usefulness of municipal sludge. 

The influent concentration of copper to POTW facilities has been· 
observed by the EPA to range from 0.01 to 1 .97 mg/1, with a 
median concentration of 0~12 mg/1. The copper that is removed 
from the influent stream of a POTW is adsorbed on the sludge or 
appears in the sludge as the hydroxide of the metal. Bench scale 
pilot studies have shown that from about 25 ~ercent to 75 percent 
of the copper passing through the activated sludge process 
remains in solution in the final effluent. Four-hour slug 
dosages of· copper sulfate in concentrations exceeding 50 mg/1 
were reported to have severe effects on the removal efficiency of 
an unacclimated system~ with the system returning to normal in 
about 100 hours. SJug dosages of copper in the form of copper 
cyanide were observed to have much more severe effects on the 
activated sludge system, but the total system returned to normal 
in 24 hours. 

In a recent study of 268 POTW, the median pass-through was over 
80 percent for primary plants and 40 to 50 percent for trickling 
filter, activated sludge, and biological treatment plants. POTW 
eJfluent concentrations of copper ranged from 0.003 to 1.8 mg/1 
(mean 0.126, standard deviation 0.242). 

Copper which does not· pass through the POTW will be retained in 
the sludge where it will build.up in concentration. The presence: 
of excessive levels of copper ·· in sludge may limit its use on 
cropland. Sewage.sludge contains up t~ 16 7 000 mg/kg of ·copper, 
with 730 mg/kg as the mean value. These concentrations are 
significantly greater than those normally found in soil, which 
usually range from 18 to 80 mg/kg. Experimental data indicate 
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that when dried sludge is spread over tillable land, the copper 
tends to remain in place down to the depth of tillage, except for 
copper which is taken up by plants grown in the soil. Recent 
investigation has shown that the extractable copper content of 
sludge-treated soil decreased with time, which suggests a 
reversion of copper to less soluble forms was occurring. 

Cyanide ( 121). Cyanide compounds are widely used in ·the coi 1 
coating industry, primarily for accelerating action of chromating 
solutions. 

Cyanides are among the most toxic of pollutants commonly observed 
in industrial wastewaters. Introduction of cyanide into 
industrial processes is usually by dissolution of potassium 
cyanide (KCN) or sodium cyanide (NaCN) in process waters; 
however, the hydrogen cyanide (HCN) formed when the above salts 
are dissolved in water is probably the most acutely lethal 
compound. 

The relationship of pH to hydrogen cyanide formation is very 
important. As pH decreases below 7, more than 99 percent of the 
cyanide is present as HCN a·na less than 1 percent as cyanide 
ions~ Thus, at neutral pH, that of most living organisms, the 
more toxic form of cyanide prevails. 

Cyanide ions combine with numerous heavy metal ions to form 
complexes. The complexes are in equilibrium with HCN. Thus, the 
stability of the metal-cyanide complex and the pH determine the 
concentration of HCN. Stability of the metal-cyanide anion 
complexes is extremely variable. Those formed with zinc, copper, 
and cadmium are not stable they rapidly dissociate, with 
production of HCN, in ne.ar neutral or acid waters. Some of the 
complexes are extremely stable. Cobaltocyanide is very resistant 
to acid distillation in the laboratory. Iron cyanide complexes 
are also stable, but undergo photodecomposition to give HCN upon 
exposure to sunlight. Synergistic effects have been demonstrated 
for the metal cyanide complexes making zinc, copper, and cadmium 
cyanides more toxic than an equal concentration of sodium 
cyanide. 

The toxic mechanism of cyanide is essentially an inhibition of 
oxygen metabolism, i.e., rendering the tissues incapable of 
exchanging oxygen. The cyanogen compounds are true noncumulative 
protoplasmic poisons. They arrest the activity of all forms of 
animal life. Cyanide shows a very specific type of toxic action. 
It inhibits the cytochrome oxidase system. This system is the 
one which facilitates electron transfer from reduced metabolites 
to molecular oxygen. The human body can convert cyanide to a 
non-toxic thiocyanate and eliminate it. However, if the quantity 
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of cyanide ingested is too great at one time, the inhibition of 
oxygen utilization proves fatal before the detoxifying reaction 
reduces the cyanide concentration to a safe level. 

Cyanides are more toxic to fish than to lower forms of aquatic 
organisms such as midge .larvae, crustaceans, and mussels. 
Toxicity to fish is a function of chemical form and con
centration, and is influenced by the rate of metabolism 
(temperature), the level of dissolved oxygen, and pH. In 
laboratory studies free cyanide concentrations ranging from 0.05 
to. 0.15 mg/1 have been proven to be fatal to sensitive fish 
species including trout, bluegill, and fathead minnows. Levels 
above 0.2 mg/1 are rapidly fatal to most fish species. Long term 
sublethal concentrations of cyanide as low as 0.01 mg/1 have been 
shown to affect the ability of fish.to function normally, e.g., 
reproduce, grow, and swim. 

For the protection of human health from the toxic properties of 
cyanide ingested through water and through contaminated aquatic 
organisms, the ambient water quality criterion is determined to 
be 0.200 mg/1. 

Persistence of cyanide in water is highly variable and depends 
upon the chemical form of cyanide in the water, the concentration 
of cyanide, and the nature of other constituents. Cyanide may be 
destroyed by strong oxidizing agents such as permanganate and 
chlorine. Chlorine is commonly used to oxidize strong cyanide 
solutions. Carbon dioxide and nitrogen. are the products of 
complete -oxidation. But if the reaction is not complete, the 
very toxic compound; cyanogen chloride may remain in the 
treatment system and subsequently be released to the environment. 
Partial chlorination may occur as part of a POTW treatment, or 
during the olisinfection treatment of surface water for drinking 
water preparation. 

Cyanides can interfere with treatment processes in POTW, or pass 
through to ambient waters,. At low concentrations and with 
acclimated microflora, cyanide may be decomposed by 
microorganisms in anaerobic and aeroQic environments or waste 
treatment systems. However, data indicate that much of the 
cyanide introduced passes through to the POTW effluent. The mean 
pass-through of 14 biological plants was 71 percent. In a recent 
study of 41 POTW, the effluent concentrations ranged from 0.002 
to 100 mg/1 (mean = 2. 51 a·, standard deviation = 15. 6). Cyanide 
also enhances the toxicity of metals commonly found in POTW 
effluents, including the priority pollutants cadmium, zinc, and 
copper. 

145 



Data for Grand Rapids, Michigan, showed a significant.decline in 
cyanide concentrations downstream from the POTW after pretreat
ment regulations were put in force. Concentrations fell from 
0.66 mg/1 before, to 0.01 mg/1 after pretreatment was required. 

Lead (122). Lead is a soft, malleable ductible, bluish-gray, 
metallic element, usually obtained from the mineral galena (lead 
sulfide, PbS), anglesite (lead sulfate, PbSO,), or cerussite 
(lead carbonate, PbC03 ). Because it is usually associated with 
the minerals zinc, silver, copper, gold, cadmium, antimony, and 
arsenic, special purification methods are frequently used before 
and after extraction of the metal from the ore concentrate by 
smelting. 

Lead is widely used for its corrosion resistance, sound and 
vibration absorption, low melting point (solders), and relatively 
high imperviousness to various forms of radiation. Small amounts 
of copper, antimony and other metals can be alloyed with lead to 
achieve greater hardness, stiffness, or corrosion·resistance than 
is afforded by the pure metal. Lead compounds are used in glazes 
and paints. About one third of U.S. lead consumption goes into 
storage batteries. About half of U.S. lead consumption is from 
secondary lead recovery. U.S. consumption of lead is in the 
range of one million tons annually. 

Lead ingested by humans produces a variety of toxic effects 
including impaired reproductive ability, disturbances in blood 
chemistry, neurological disorders, kidney damage, and adverse 
cardiovascular effects. ~.Exposure to lead in the diet results in 
permanent increase in (ead levels in the body. Most of the lead 
entering the body eventually .~~comes localized in the bones where 
it accumulates. Lead is a cafcin·o._ or cocarcinogen in some 
species of experimental animal~: Lead is teratogenic in 
experimental animals. Mutang~rticity data are not available for 
lead. ·· 

For the protection of human heal th f.tom the toxic properties of 
lead ingested through water and thraugh contaminated aquatic 
organisms, the ambient water criterion ·is 0.050 mg/1. 

~ 

Lead is not destroyed in POTW, but is passed through to the 
effluent or retained in the POTW sludge; it can interfere with 
POTW treatment processes and can limit the usefulness of POTW 
sludge for application to agricul tura·i. croplands. Threshold 
concentration for inhibition of the activated sludge process is 
0.1 mg/1, and for the nttrification proc~ss is 0.5 mg/1. In a 
study of 214 POTW, median pass thrqugh values were over 80 
percent for primary plants and over 60,~percent for trickling 
filter, activated sludge, and biological process plants. Lead 
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concentration in POTW effluents ranged from 0.003 to 1.8 mg/1 
(means= 0.106 mg/1, standard deviation= 0.2tZ). 

··"' -'; 

Application of lead-containing sludge to cropland should not lead 
to uptake by crops under most conditions because normally lead is 
strongly bound by soil. However, under the unusual conditions of 
low pH (less than 5.5) and low concentrations of labile 
phosphorus, lead solubility is increased and plants can 
accumulate lead. 

Nickel(l24). Nickel is seldom found in nature as the pure 
elemental metal. It is a reltively plentiful element and is 
widely distributed throughout the earth's crust. It occurs in 
marine organisms and is found in the oceans. The chief 
commercial ores for nickel are pentlandite [(Fe,Ni) 9 S 8 ], and a 
lateritic ore consisting of hydrated nickel-iron-magnesium. 
silicate. 

Nickel has many and varied uses. It is used in alloys and as the 
pure metal. Nickel salts are· used for electroplating baths; The 
coil coating industry uses nickel compounds as accelerators in 
certain conversion coating solutions. Nickel is also found as a 
contaminant in mineral acids. It occurs in significant 
c·o.ncentrations in the wastewaters from all t.hree subcategories of 
coil coating. 

" 
The toxicity of nickel to man is thought to be very low, and 
systemic poisoning of human beings by nickel or nickel salts is 
almost unknown. In non-human mammals nickel acts to inhibit 
insulin release, depress giowth, and reduce cholesterol. A high 
incidence of cancer of the lung and nose has been reported in 
humans engaged in the· refining of nickel. 

Nickel salts can kill fish at very low concentrations .. However, 
nickel has been found to be less toxic to some fish than copper, 
zinc, and iron. Nickel is present in coastal and open ocean 
water at concentrations in the range of 0.0001 to 0.006 mg/1 
although the most common values are 0.002 - 0.003 mg/1. Marine 
animals contain up to 0.4 mg/1 and marine plants contain up to 
3 mg/1. Higher nickel concentrations have been reported to cause 
reduction in photosynthetic activity of the giant kelp. A low 
concentration was found to kill oyster eggs. 

For the protection of human health based on the toxic properties 
of nickel ingested through water and through contaminated aquatic 
organisms, the ambient water criterion is determined.to be 0.0134 
mg/1. 
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Nickel is not destroyed when tr,eated in a POTW, but will either 
pass through to the POTW effluent or be retained in the POTW 
sludge. It can interfere with POTW treatment processes and can 
also limit the usefulness of municipal sludge. 

Nickel salts have caused inhibition of the biochemical oxidation 
of sewage in a POTW. In a pilot plant, slug doses of nickel 
significantly reduced normal treatment efficiencies for a few 
hours, but the plant acclimated itself somewhat to the slug 
dosage and appeared to achieve normal treatment efficiencies 
within 40 hours. It has been reported that the anaerobic 
digestion process is inhibited only by high concentrations of 
nickel, while a low concentration of nickel inhibits the 
nitrification process. 

EPA has observed influent concentration of nickel to POTW 
facilities ranging from 0.01 to 3.19 mg/1, with a median of 
0.33 mg/1. In a study of 190 POTW, nickel pass-through was 
greater than 90 percent for 82 percent of the primary plants. 
Median pass-through for trickling filter, activated sludge, and 
biological process plants was greater than 80 percent. POTW 
effµent concentrations · ranged from 0.002 to 40 mg/1 
(mean• 0.410, standard deviation= 3.279). 

Nickel not passed through the POTW will be incorporated into the 
sludge. In a recent two-year .study of eight cities, four of the 
cities had median nickel concentrations of over 350 mg/kg, and 
two were over 1,000 mg/kg. The maximum nickel concentration 
observed was 4,010 mg/kg. 

Nickel is found in nearly all soils, plants, and waters. Nickel 
has no known essential function in plants. In soils, nickel 
typically is found in the range from 10 to 100 mg/kg. Various 
environmental exposures to nickel appear to correlate with 
increased incldence of tumors in man. For example, cancer in the 
maxillary antrum of snuff users may result from using pla~t 
material grown on soil high in.nickel. 

Nickel 
sludge 
crops, 
study, 
mg/kg. 

toxicity may develop in plants from application of sewage 
on acid soils. Nickel has reduced yields for a variety of 

including oats, mustard, turnips, and cabbage. In one 
nickel decreased the yields of oats significantly at 100· 

Whether nickel exerts a toxic effect on plants depends on several 
soil factors, the amount of nickel applied, and the contents of 
other metals in the sludge. Unlike copper and zinc, which are 
more available from inorganic sources than from sludge, nickel 
uptake by plants seems to be promoted by the presence of the 
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organic matter in sludge. 
the solubility of nickel. 
enhanced in ,acidic soils. 

Soil treatments such as liming reduce 
Toxicity of nickel to plants is 

Zinc(128). Zinc occurs abundantly in the earth's crust, 
concentrated in ores. It is readily refined into the pure, 
stable, silvery-white metal. In addition to its use in alloys, 
zinc is used as a protective coating on steel. It is applied by 
hot dipping (i.e. dipping the steel in molten zinc) or by 
electroplating. The resulting galvanized steel is used as one of 
the basis materials for coil coating. Zinc salts are also used 
in conversion coatings in the coil. coating industry. 

Zinc can have an adverse effect on man and animals at high con
centrations. Zinc at concentrations in excess of 5 mg/1 causes 
an undesirable taste which persists through conventional 
treatment. For the prevention of adverse effects due to these 
organoleptic properties of! zinc, 5 mg/1 was adopted for the 
ambient water criterion. 

Toxic concentrations of zinc compounds cause adverse changes in 
the morphology and physiology of fish. Lethal concentrations in 
the range of 0.1 mg/1 have been reported. Acutely toxic 
concentrations induce cellular breakdown. of the gills, and 
possibly the clogging of the gills with mucous. Chronically 
toxic concentrations of zinc compounds cause general enfeeblement 
and widespread histological changes to many organs, but not to 
gills. ~bnormal swimming behavior has been reported at 
0.04 mg/1. Growth and maturation are retarded by zinc. It has 
been observed that the effects of zinc poisoning may not become 
apparent immediately,. so that fish removed from zinc-contaminated 
water may die as long as 48 hours after removal. 

In general, salmonoids are most sensitive to elemental zinc in 
soft water; the rainbow trout is the most sensitive in hard 
waters. A complex relationship exists between zinc 
concentration, dissolved zinc concentration, pH, temperature, and 
calcium and magnesium concentration. Prediction of harmful 
effects has been less than reliable and controlled studies have 
not been extensively documented. 

The major ccmcern with zinc compounds in marine waters is not 
with acute let"hal effects, but rather with the long-term 
sublethal effects of the metallic compounds and complexers. Zinc 
accumulates in some marine species, and marine animals contain 
zinc in the range of 6 to 1500 mg/kg. From the point of view of 
acute lethal effects, invertebrate marine animals seem to be the 
most sensitive organism tested. 
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Toxicities of zinc in nutrient solutions have been demonstrated 
for a number of plants. A variety of fresh water plants tested 
manifested harmful symptoms at concentrations of 10 mg/1. Zinc 
sulfate has also been found to be lethal to many plants and it 
could impair agricultural uses of the water. 

Zinc is not destroyed when treated by POTW, but will either pass 
through to the POTW effluent or be retained in the POTW sludge. 
It can interfere with treatment processes in the POTW and can 
also limit the usefuleness of municipal sludge. 

In slug doses, and particularly in the presence of copper, 
dissolved zinc can interfere with or seriously disrupt the 
operation of POTW biological processes by reducing overall 
removal efficiencies, largely as a result of the toxicity of the 
metal to biological organisms. However, zinc solids in the form 
of hydroxides or sulfides do not appear to interfere with 
biological treatment processes, on the basis of available data. 
Such solids accumulate in the sludge. 

The influent concentrations of zinc to POTW facilities has been 
observed by the EPA to range from 0.017 to 3.91 mg/1, with a 
median concentration of 0.33 mg/1. Primary treatment is not 
efficient in removing zinc; however; the microbial floe of 
secondary treatment readily adsorbs zinc. 

In a study of 258 POTW, the median pass-through values were 70 to 
88 percent for primary plants, 50 to 60 percent for trickling 
filter and biological process plants, and 30-40 percent for 
activated process plants. POTW effluent concentrations of zinc 
ranged from 0.003 to 3.6 rng/1 (mean= 0.330, standard deviation= 
0.464). 

The zinc which does not pass through the POTW is retained in the 
sludge. The presence of zinc in sludge may limit its use on 
cropland. Sewage sludge contains from 72 to over 30,000 mg/kg of 
zinc, with 3,366 mg/kg as the mean value. These concentrations 
are· significantly greater than those normally found in soil, 
which range from Oto 195 mg/kg, with 94 mg/kg ·being a common 
level. Therefore, application of sewage sludge to soil will 
generally increase the concentration of zinc in the soil. Zinc 
can be toxic to plants, depending upon soil pH. Lettuce, 
tomatoes, turnips, mustard, kale, and beets are especially 
sensitive to zinc contamination. 

Aluminum. Aluminum is a non-conventional pollutant. It is a 
silvery white metal, very abundant in the earth's crust (8.1%}, 
but never found free in nature. Its pr1ncipal ore is bauxite. 
Alumina (Al 2 03 } is extracted from the bauxite and dissolved in 
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molten cryolite. 
melt. 

Aluminum is produced by electrolysis of this 

Aluminum is light, malleable~ ductile, possesses high thermal and 
electrical conductivity, and is non-magnetic. It can be formed, 
machined or cast. Aluminum is used· in the construction, 
transportation, and container industries and competes with iron 
and steel in these markets. 

Aluminum had been found to be toxic to freshwater and marine 
aquatic life. In freshwaters acute toxicity and .solubility 
increases as pH levels increase above pH 7. This relationship 
also appears to be true as the pH levels decrease below pH 7. 
Chronic effects of aluminum on aquatic life have also been 
documented. Aluminum has been found· to be toxic to certain 
plants. A water quality standard for aluminum was established 
(U.S. Federal Water Pollution Control Administration, 1968) for 
interstate agricultural and irrigation waters, which set a trace 
element tolerance at l mg/1 for continuous use on all soils and 
20 mg/1 for short term use on fine-textured soils. 

Aluminum and some of its compounds used in food preparation and 
as food additives are generally recognized as safe and are 
sanctioned by the Food and Drug Administration. No limits on 
aluminum content in food and beverage products have been 
established. 

There are r10 reported adverse physiological effects on man from 
low concentrations of aluminum in drinking water, however, large 
concentrations of aluminum in the human body are alleged to cause 
changes in behavior. Salts of aluminum are used as coagulants in 
water treatment, and in limited quantities do not have any 
adverse effects on POTW operations. Some aluminum salts are 
soluble, however, mildly alkaline conditions cause precipitation 
of aluminum as hydroxide. The precipitation of aluminum 
hydroxide can have an adverse effect. on rooted aquatics and 
invertebrate benthos. 

Iron. Iron is a non-conventional polluant. It is an abundant 
metal found at many places in the earth's crust. The most common 
iron ore is hematite {Fe2 0 3 ) from which iron is obtained by· 
reduction with carbon. Other forms of commercial ores are 
magnetite {Fe3 0 4 ) and taconite {FeSiO). Pure iron is not often 
found in commercial use, but it is usually alloyed with other 
metals and minerals .. The most common of these is carbon. 

Iron is the basic element in the production of steel. Iron with 
carbon is used for casting of major parts of machines and it can 
be machined, cast, formed, and welded. Ferrous iron is used in 
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paints, while powd@red iron can be 
metallurgy. Iron compounds are 
metals and undesirable minerals 
streams. 

sintered and used in powder 
also used to precipitate other 

from industrial wastewater 

Corrosion products of iron in water cause staining of porcelain 
fixtures, and ferric iron combines with tannin to produce a dark 
violet color. The presence of excessive iron in water 
discourages cows from drinking and thus reduces milk production. 
High concentrations of ferric and ferrous ic,ns in water kill most 
fish introduced to the solution within a few hours. The killing 
action is attributed to coatings of iron hydroxide precipitates 
on the gills. Iron oxidizing bacteria are dependent on iron in 
water for growth. These bacteria form slimes that can affect the 
aesthetic values of bodies of water and cause stoppage of flows 
in pipes. 

Iron is an essential nutrient and micro-nutrient for all forms of 
growth. Drinking water standards in the U.S. set a limit of 0.3 
mg/1 of iron in domestic water supplies based on aesthetic and 
organoleptic properties of .iron in water. 

High concentrations of iron do not pass through a POTW into the 
effluent. In some POTW iron salts are added to coagulate 
precipitates and suspended sediments into a sludge. In an EPA 
study of POTW the concentrations of iron in the effluent of 22 
biological POTW, meeting secondary treatment performance levels 
ranged from 0.048 to 0.569 mg/1 with a median value of 0.25 mg/1. 
This represented removals of 76 to 97 percent with a median of 87 
percent removal. 

Iron in sewage sludge spread on land used for agricultural 
purposes is not expected to have a detrimental effect on crops 
grown on the land. 

Manganese. Manganese is a non-conventional pollutant. It is a 
gray-white metal resembling iron, but more brittle. The pure 
metal does not occur in nature, but must be produced by reduction 
of the oxide with sodium, magnesium, or aluminum, or by 
electrolysis. The principal ores are pyrolusite (Mn02 ) and 
psilomelane (a complex mixture of Mn02 and oxides of potassium, 
barium and other alkali and alkaline earth metals). The largest 
percentage of manganese used in the U.S. is in ferro-manganese 
alloys.· A small amount goes into dry batteries and chemicals. 

Manganese is not often present in natural surface waters because 
its hydroxides and carbonates are only sparingly soluble. 
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Mangenese is undesirable in domestic water supplies because it 
causes unpleasant tastes, deposits on food during cooking, stains 
and discolors laundry and plumbing fixtures, and fosters the 
growth of some microorganisms in reservoirs, filters, and 
distribution systems. 

Small concentratons of d.2 to 0.3 mg/1 manganese may cause 
building of heavy encrustations in piping. Excessive manganese 
is also undesirable in water for use in many industries, 
including textiles, dyeing, food processing, disti 11 ~ng, ,l:~rewing, 
ice, and paper. 

The recommended limitation for manganese in drinking water in the 
U.S. is O. 05 mg/1. The 1 imi t appears to be based on aesthetic 
and economic factors rather than 'physiological hazards. Most 
investigators regard manganese to 'be of no toxicological 
significance in drinking. water at concentrations not causing 
unpleasant tastes. However, cases of manganese poisoning have·~ 
been reported in the, literature. A small outbreak of' 
encephalitis - like disease, with early symptoms of lethargy and 
edema, was traced to manganese in the drinking water in a village 
near Tokyc,. Three persons died as a result of poisoning by well 
water contaminated by manganese derived from dry-cell batteris 
buried nearby. Excess manganese in the drinking water=is also 
believed tc, be the cause of a rare disease endemic in 
Northeastern China. 

No data. were found regarding the behavior of manganese in POTW. 
However, oni~ source reports that typical mineral pickup· from 
domestic water use results in an increase in manganese 
concentratic,n of O. 2 to O ~ 4 mg/1 in a municipal sewage system. 
Therefore, it is expected that interference in POTW, if it 
occurs, wc,uld not be noted until manganese . concentrations 
exceeded 0.4 mg/1. 

Phenols{Total). Total phenols is the result of analysis using 
the 4-AAP {4-aminoantipyrene) method. This analytical procedure 
measures the color development of reaction products between 4-AAP 
and some phenols. The results are reported as phenol. Thus 
"total phenc,l" is not total phenols because many phenols (notably 
nitrophenols) do not react. Also, since each reacting phenol 
contributes to the color development to a different degree, and 
each phenol has a molecular weight different from others and from 
phenol its~~lf, analyses of several mixtures containing the same 
total concentration in mg/1 of several phenols will give 
different numbers depending on the proportions in the particular 
mixture. 
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Despite these limitations of the analytical method, total phenols 
is a useful parameter when the mix of phenols is relatively 
constant and an inexpensive monitoring method is desired. In any 
given plant or even in an industry subcategory, monitoring of 
"total phenols" provides an indication of the concentration of 
this group of priority pollutants as well. as those phenols not 
selected as priority pollutants. A further advantage is that the 
method is widely used in water quality determinations. 

In an EPA survey of 103 POTW the concentration of "total phenols" 
ranged from 0.0001 mg/1 to 0.176 mg/1 in the influent, with a 
median concentration of 0.016 mg/1. Analysis of effluents from 
22 of these same POTW which had biological treatment meeting 
secondary treatment performance levels showed "total phenols" 
concentrations ranging from O mg/1 to 0.203 mg/1 with a median of 
0.007. Removals were 64 to 100 percent, with a median of 78 
percent. 

It must be recognized, however, that six of the eleven priority 
pollutant phenols could be present in high concentrations and not 
be detected. Conversely, it is possible, but not probable, to 
have.a high "total phenol~ concentration without any phenol 
itself or any of the ten other priority pollutant phenols 
present. A characterization of the phenol mixture to be 
monitored to establish constancy of composition will allow "total 
phenols" to be used with confidence. 

Phosphorus. Phosphorus, a conventional pollutant, is a general 
term used to designate the various anions containing pentavalent 
phosphorus and oxygen - orthophosphate [(P0,)-3), metaphosphate 
[(P03 )-], pyrophosphate [(P2 07 - 4 ], hypophosphate [(P2 06 )-4]. The 
element phosphorus exists in several allotropic forms red, 
white or yellow, and black. White phosphorus reacts with oxygen 
in air, igniting spontaneously. It is not found free in nature, 
but is widely distributed in nature. The most important 
commercial sources of phosphate are the apatites [3Ca3 (P0 4 ) 2 •CaF2 
and 3Ca3 (P0 4 ) 2 •CaC1 2 ]. Phosphates also occur in bone and other 
tissue. Phosphates are essential for plant and animal life. 
Several millions of tons of phosphates are mined and converted 
for use each year in the U.S. The major form produced is 
phosphoric acid. The acid is then used to produce other 
phosphate chemicals. 

The largest use for phosphates is fertilizer. Most of the U.S. 
production of phosphoric acid goes into that application. 
Phosphates are used in cleaning preparations for household and 
industrial applications and as corrosion inhibitors in boiler 
feed water and cooling towers. 
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Phosphates are not controlled because of toxic effects on man. 
Phosphates are controlled because they promote .growth of algae 
and other plant life in aquatic environments. Such growth first 
becomes unsightly; if it flourishes, it eventually dies and adds 
to the BOD. The result, can be a dead body of water. No 
standards or criteria appear to have been established for U.S. 
surface waters. 

Phosphorus is one of the concerns of any POTW, because phosphates 
are introduced into domestic wastewaters from human body wastes 
and· food wastes as well as household detergents. About ten 
percent of the phosphorus entering POTW is insoluble and is 
removed by primary settl ir1g; Biological treatment removes very 
little of the remaining phosphate. Removal is accomplished by 
forming an insoluble precipitate which will settle out. Alum, 
lime, and ferric chloride or sulfate ·are commonly used for this 
purpose. The point of addition of chemicals for phosphate 
removal requires careful evaluation because pH adjustment may be 
required, and material and capital costs differ with different 
removal schemes. The phosphate content of the effluent also 
varies according to the scheme used. There is concern about the 
effect of phosphate ~ontained in sludge used for soil amendment. 
Phosphate is a p~incipal in9redient of fertilizers. 

Oil and Grease. Oil 
pollutan~pcirameter. 
of its compc:>nents are: 

and grease are taken together as one 
This is a conventional pollutant and some 

1. Light Hydrocarbons - These include light fuels such as 
gasoline, kerosene, and jet fuel, and miscellaneous solvents 
used fc:>r industrial processing, degreasing, or cleaning 
purposes. The presence of these light hydrocarbons may make 
the remc,val of other heavier oil wastes more difficult. 

2. Heavy Hydrocarbons, Fuels, and Tars These include the 
crude pils, diesel oils, #6 fuel oil, residual oils, slop 
oils, and in some cases, asphalt and road tar. 

3. Lubricants and Cutting Fluids - These generally fall into 
two classes: non-emulsifiable oils such as lubricating oils 
and greases and emulsifiable oils such as water soluble 
oils, rolling oils, cutting oils, and drawing compounds. 
Emulsifi.able oils may contain fat, soap or various other 
additives. · 

4. Vegetable and Animal Fats and Oils These originate 
primarily from processing of foods and natural products. 
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These compounds can settle or float and may exist as solids or 
liquids depending upon factors such as method of use, production 
process, and temperature of wastewater. 

Even small quantities of oils and grease cause troublesome taste 
and odor problems. Scum lines from these agents are produced on 
water treatment basin walls and other containers. Fish and water 
fowl are adversely affected by oils in their habitat. Oil 
emulsions may adhere to the gills of fish, causing suffocation, 
and the flesh of fish is tainted when microorganisms that were 
exposed to waste oil are eaten. Deposition of oil in the bottom 
sediments of water can serve to inhibit normal benthic growth. 
Oil and grease exhibit an oxygen demand. 

Many of the organic priority pollutants will be found distributed 
between the oily phase and the aqueous phase in industrial 
wastewaters. The presence of phenols, PCBs, PAHs, and almost any 
other organic pollutant in the oil and grease make 
characterization of this parameter almost impossible. However, 
all of these other organics add to the objectionable nature of 
the oil and grease. 

Levels of oil and grease which are toxic to aquatic organisms 
vary greatly, depending on the type and the species 
susceptibility. However, it has been reported that crude oil in 
concentrations as low as 0.3 mg/1 is extremely toxic to fresh
water fish. It has been recommended that public water supply 
sources be essentially free from oil and grease. 

Oil and grease in quantities of 100 1/sq km show up as a sheen on 
the surface of a body of water. The presence of oil slicks 
decreases the aesthetic value of a waterway. 

Oil and grease is compatible with a POTW activated sludge process 
in limited ,quantity. However, slug loadings or high 
concentrations of oil and grease interfere with biological 
treatment processes. The oils coat surfaces and solid particles, 
preventing access of oxygen, and sealing in some microorganisms. 
Land spreading of POTW sludge containing oil and grease 
uncontaminated by toxic pollutants is not expected to affect 
crops grown on the treated land, or animals eating those crops. 

E!!_. Although not a specific pollutant, pH is related to the 
acidity or alkalinity of a wastewater stream. It is not, 
however,· a measure of either. The term pH is used to describe 
the hydrogen ion concentration (or activity) present in a given 
solution. Values for pH range from Oto 14, and these numbers 
are the negative logarithms of the hydrogen· ion concentrations. 
A pH of 7 indicates neutrality. Solutions with a pH above 7 are 
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alkaline, while those solutions with a pH below 7 are acidic. 
The relationship of pH and acidity and alkalinity is not 
necessarily linear or direct. Knowledge of the water pH is 
useful in determining necessary measures for corrosion control, 
sanitation, and disinfection. Its value is also necessa~y in the 
treatment of industrial wastewaters to determine amounts of 
chemicals required to remove pollutants and to measure their 
effectiveness. Removal of pollutants, especially dissolved 
solids, is affected by the pH of the wastewater. 

Waters with a pH below 6.0 are corrosive to water ·works 
structures, distribution lines, and household plumbing fixtures 
and can thus add constituents to drinking water such as iron, 
copper, zinc, cadmium, and lead. The hydrogen ion concentration 
can affect. the taste of the water and at a low pH, water tastes 
sour. The bactericidal effect of chlorine is weakened as the pH 
increases, and it is advantageous to keep the pH close to 7.0. 
This is significant for providng safe drinking water. 

Extremes of pH or rapid pH changes can exert stress conditions or 
kill aquatic: life outright. Even moderate changes from 
acceptable criteria limits of pH are deleterious to some species. 
The relativE~ toxicity to aquatic life of many materials is 
increased by changes in the water pH. For example, 
metallocyani.de complexes can increase a thousand-fold in toxicity 
with a drop c>f 1.5 pH units. 

Because of the. universal nature of pH and its effect on water 
quality and treatment, it is selected as a pollutant parameter 
for all subcategories in the coil coating industry. A neutral pH 
range {approximately 6-9) is generally desired because either 
extreme beyond this range has a deleterious effect on receiving 
waters or the pol~utant natur~ of other wastewater constituents. 

Pretreatment for regulation of pH is covered by the "General 
Pretreatment Regulations for Existing and New Sources of 
Pollution," 40 CFR 403.5. This section prohibits the discharge 
to a POTW of "pollutants which will cause co.rrosive structural 
damage to the POTW but-in no 9!:lf>e disch~rges with pH lower than 
5.0 unless the works is specially designed to accommodate such 
discharges.iv 

Total Susper!Sled Solids{TSS). Suspended solids include both 
organic and inorganic materials. The inorganic compounds include 
sand, silt, and clay. The organic fraction includes such 
materials as grease, oil, tar, and animal and vegetable waste 
products. These solids may settle out rapidly, and bottom 
deposits are o.ften a mixture of both organic and inorganic 
solids. Solids may be suspended in water for a time and then 
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settle to the bed of the stream or lake. These solids discharged 
with man's wastes may be inert, slowly biodegr~dable materials, 
or rapidly decomposable substances. While in suspension, 
suspended solids increase the turbidity of the water, reduce 
light penetration, and impair the photosynthetic activity of 
aquatic plants. 

Supended solids in water interfere with many industrial processes 
and cause foaming in boilers and incrustations on equipment 
exposed to such water, especially as the temperature rises. They 
are undesirable in process water used in the manufacture of 
steel, in the textile industry, in laundries, in dyeing, and in 
cooling systems. · 

Solids in suspension are aesthetically displeasing. When they 
settle to form sludge deposits on the stream or lake bed, they 
are often damaging to the life in the water. Solids, when 
transformed to sludge deposit, may do a variety of damaging 
things, including blanketing the stream or lake bed and thereby 
destroying the living spaces for those benthic organisms that 
would otherwise occupy the habitat. Organic solids use a portion 
or all of the dissolved oxygen available in the area. Organic 
materials also serve as a food source for sludgeworms and 
associated organisms. 

Disregarding any toxic effect attributable to substances leached 
out by water, suspended solids may kill fish and shellfish by 
causing abrasive injuries and by clogging the gills and 
respiratory passages of various aquatic fauna. Indirectly, 
suspended solids are inimical to aquatic life because they screen 
out light, and they promote and maintain the development of 
noxious conditions through oxygen depletion. This results in the 
killing of fish and fish food organisms. Suspended solids also 
reduce the recreational value of the water. 

Total suspended solids is a traditional pollutant which is 
compatible with a well-run POTW. With the exception of those 
components which are described elsewhere in this section, e.g., 
toxic metal components, this pollutant does.not interfere with 
the operation of a POTW; however, since a considerable portion of 
the innocuous TSS may be inseparably bound to the constituents 
which do interfere with POTW operation, or produce unusable 
sludge, or subsequently dissolve to produce unacceptable POTW 
effluent, TSS may be considered a toxic waste hazard. 

158 



SPECIFIC POLLUTANTS CONSIDERED FOR REGULATION ,,, -,-,, 

Discussion of individual pollutant parameters selected or not 
selected for consideration for specific regulation are based on 
concentrations obtained from sampling and analysis of raw 
wastewater streams from three processes. The cleaning and the 
conversion coating concentrations from each subcategory are 
considered together with the quench operation concentrations for 
all subcategories. Thus the same set of coating raw wastewater 
data appears in the data set for each subcategory. 

Steel Subcategory 

Pollutant Parameters Considered for Specific Regulation. Based 
on verification sampling results and a careful examination of the 
steel subcategory manufacturing processes and raw materials, 
thirty-five pollutant parameters were selected for consideration 
for specific regulation in effluent limitations and standards for 
this subcategory. Th~ thirty-five are: fluoranthene; 
bis(2-ethylhexy) phthalate, butyl. benzyl phthalate, di-n-butyl 
phthalate, di-n-octyl phthalate, diethyl phthalate, dimethyle 
phthalate, 1,2-benzanthracene; benzo(a)pyrene; 3,4-benzo~ 
fluoranthene; 11,12-benzofluoranthene; chrysene; acenaphthylene; 
anthracene; 1,12-benzoperylene; fluorene; phenanthrene; 1,2,5,6-
dibenzanthrai:ene; indeno(l,2,3-cd)pyrene; pyrene; 
trichloroethylene; cadmium; chromium (total) cyanide (total); 
lead; nickel; zinc; aluminum; iron; manganese; phenols (total}; 
phosphorus, ()il and grease; pH; and total suspended solids. 
These pollutant parameters were found in raw wastewater from 
processes in this subcategory and are amenable to control by 
identified wastewater treatment practices. 

Fluoranthene concentrations appeared on 3 of 34 process sampling 
days for thE~ steel subcategory. The maximum concentration was 
0.068 mg/1. This pollutant is found in some oils of the type 
used to prevent rusting of uncoated steel surfaces. The maximum 
concentration is above the level that ls considered to be 
achievable wj_th available specific treatment methods. Therefore, 
fluoranthene is considered for specific ~egulation in this 
subcategory. 

The six phthalate compounds; bis(2-ethylhexyl) phthalate, butyl 
benzyl phthalate, di-n-buty1 phthalate, di:-n-octyl phthalate, 
diethyl phthalate and dimethyl phthalate are considered as a 
group in this category. Bis(2-ethylhexyl) phthalate was found on 
26 of 34 process sampling days for the steel subcategory; the 
maximum concentration was 0.88 mg/1. Butyl benzyl phthalate 
concentrations appeared on 3 of 34 process sampling days for the 
steel subcategory; the maximum concentration was. 0.358 mg/1. Di-
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n-butyl phthalate concentrations appeared on 14 of 34 process 
sampling days for the steel subcategory; the maximum 
concentration was 0.030 mg/1. Di-n-octyl phthalate 
concentrations appeared on 5 of 34 process sampling days for the 
steel subcategory; the only analytically quantifiable 
concentration was 0.76 mg/1. Diethyl phthalate concentrations 
appeared on 27 of 34 process sampling days for the steel 
subcategory; the maximum concentration was 0.330 mg/1. Dimethyl 
phthalate concentrations appeared on 2 of 34 process sampling 
days for the steel subcategory; the concentrations were less than 
the analytically quantifiable limit. Because phthalate compounds 
are frequently found at treatable concentrations, all of the six 
phthalate compounds are considered for regulations in this 
subcategory. 

Thirteen PAH compounds - 1,2-benzanthracene; benzo(a)pyrene; 3,4-
benzofluoranthene; 11,12-benzofluoranthene; chrysene; 
acenaphthylene; anthracene; 1,12-benzoperylene; fluorene; 
phenanthrene; 1,2,5,6-dibenzanthracene; indeno(l,2,3-cd)pyrene; 
and pyrene are considered directly as a group. None of the 
individual priority pollutant PAH is used in a raw material or as 
part of a process in the steel subcategory. Some PAH compounds 
are sometimes used as :pressure builders" in rolling lubricants 
for iron and steel. These lubricants and the PAH compounds they 
contain may be carried on the cold rolled strip and remined in 
the cleaning operation. On 13 of 34 process sampling days for 
the steel subcategory PAH concentrations appeared. The maximum 
concentration of PAH was 0.28 mg/1. More than half of the 
concentrations are above the level that is considered to be 
achievable with available specific treatment methods. Therefore, 
PAH are considered for specific regulation in this subcategory. 

Trichloroethylene concentrations appeared on 12 of 23 process 
sampling days for the steel subcategory. The maximum 
concentration was 3.07 mg/1. This pollutant is used in many 
industrial operations as a solvent and as a degreasing agent. 
Some of the concentrations are above the level that is considered 
to be achievable with available specific treatment methods. 
Therefore, trichloroethylene is considered for specific 
regulation in this subcategory. 

Cadmium concentrations appeared on 8 of 37 process sampling days 
for the steel subcatE~gory. The maximum concentration was 
0.27 mg/1. Although cadmium is not a raw material in this 
subcategory it can be present as a contaminant in zinc compounds 
which are used in some conversion coatings. Several of the 
cadmium concentrations are greater than those which can be 
achieved by specific treatment methods. Therefore, cadmium is 
considered for specific regulation in this subcategory. 
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Chromium concentrations appeared on 31 of 37 process sampling 
days for the steel subcategory. The maximum concentration was 
920 mg/1. Chromium compounds are used in many conversion coating 
formulations and in sealers in this subcategory. About one-third 
of the concentrations are greater than those that can be achieved 
with specific treatment methods. Therefore, chromium is 
considered for specific regulation in this subcategory. 

Cyanide (total) concentrations appeared on 23 of 35 process 
sampling days for the steel subcategory. The maximum 
concentration was 0.20 mg/1. Several of the concentrations are 
greater than those that can be achieved with specific treatment 
methods. Therefore, cyanide is considered for regulation in this 
subcategory. 

Lead concentrations appeared on 9 of 37 process sampling days for 
the steel subcategory. The maximum concentration was 3.6 mg/1. 
Most of the concentrations are greater than those that can be. 
achieved with specific treatment methods. Therefore, lead is 
considered for specific regulation in this subcategory. 

Nickel concentrations appeared on 10 of 37 process sampling days 
for the steel subcategory. The maximum concentration was 
18.9 mg/1. Nickel compounds are used - as accelerators in 
conversion coating formulations in this subcategory. Some of the 
concentration levels are above those achievable with specific 
treatment methods. · Therefore, nickel is considered for specific 
regulatio~ in this subcategory. 

Zinc concentrations appeared on all 37 process sampling days for 
the steel subcategory. The maximum concentration was 143 mg/1. 
Zinc compounds are used in conversion coatings for this 
subcategory. Nearly half of the concentrations are greater than 
those that can be achieved with treatment methods. Therefore, 
zinc is considered for specific regulation in this subcategory. 

Aluminum concentrations appeared on 20 of 37 process samp1ing 
days for the steel subcategory. The maximum concentration was 
10.6 mg/1. Some of the concentration levels are above those 
which can be achieved with specific treatment methods .. 
Therefore, aluminum is considered for specific regulation in. this 
subcategory. 

Iron concentrations appeared on all 37 process sampling days for 
the steel subcategory. The maximum concentration was 80 mg/1. 
Iron in the~ wastewater results from cleaning and conversion 
coating of e;teel strips. Many of the concentrations are greater 
than those that are achieved by specific treatment methods. 
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Therefore, iron is considered for specific regulation in this 
subcategory. 

Manganese concentrations appeared on 32 of 37 process sampling 
days for the steel subcategory. The maximum concentration was 
1.65 mg/1. About half of the concentrations were greater than 
the level that can be achieved with specific treatment methods. 
Therefore, manganese is considered for specific regulation in 
this subcategory. 

Phenols (total} concentrations appeared on 24 of 35 pro~ess 
sampling days for the steel - subcategory. The maximum 
concentration was 0.27 mg/1. Some of the concentrations were 
greater than those that can be achieved with specific treatment 
methods. Therefore, "total phenols" is considered for specific 
regulation in this subcategory. 

Phosphorus concentrations appeared on 24 of 31 process sampling 
days for the steel subcategory. The maximum concentration was 
77.9 mg/1. · Phosphorus compounds are used in alkaline cleaning 
compositions for coil coating. More than half of the 
concentrations are greater than the level that can be achieved 
with specific treatment methods. Therefore, phosphorus is 
considered for specific regulation in this subcategory. 

The Oil and Grease parameter concentrations appeared on 30 of 36 
process sampling days for the steel subcategory. The maximum 
concentration was 1689 mg/1. Oil and grease can enter the 
wastewater streams from strip cleaning operations which remove 
the rust preventive films from steel. Many of the concentrations 
are greater than those that can be achieved by specific treatment 
methods. Therefore, Oil and Grease is considered for specific 
regulation in this subcategory. 

pH ranged from 3.3 to 11.9 on the 37 process sampling 
the steel subcategory. pH can be controlled within the 
6 to 9 with specific treatment methods and is 
considered for specific regulation in this subcategory. 

days for 
limits of 
therefore 

Total suspended solids (TSS} concentrations appeared on 35 of 37 
process sampling days for the steel ~ubcategory. The maximum 
concentration was 440 mg/1. About half of the concentrations 
were above the concentration that can be achieved with specific 
treatment methods. Additionally, most of the metals are 
converted to precipitates by the specific treatment methods used 
to remove those pollutants. These toxic metal precipitates 
cannot be discharged to a POTW. · Therefore, total suspended 
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solids is considered for specific regulation in this subcategory 
for direct and indirect disch~rgers. 

Pollutant Parameters Not Considered for Specific Regulation. A 
total of fourteen pollutant parameters that were evaluated in 
verification sampling and analysis were dropped from further 
consideration for specific regulation in the steel subcategory. 
These parameters were found to be present in raw wastewaters 
infrequently or at levels below those usually achieved by 
specific treatment methods. The fourteen . are: 1,1,1-
trichloroethane, 1,1-Dichloroethane, 2,4-dimethylphenol, 
isophorone, naphthalene, phenol, bis(2-ethylhexyl) phthalate, 
butyl benzyl phthalate, di-n-butyl phthalate, di-n-octyl 
phthalate, diethyl phthal~te, dimethyl phthalate, toluene, and 
copper. 

1, 1, 1-trichlor<,ethane concentrations appeared on 12 of 23 process 
sampling days for the steel subcategory. The maximum 
concentration was 3.09 mg/1. Only two of the concentrations were 
greater than the level considered to be achievable by specific 
treatment methods. Both of those concentrations were from one 
plant. The remaining concentrations are considered not 
treatable. Therefore, 1,1,l-trichloroethane is not considered 
for specific regulation in this subcategory. 

1,1-Dichloroethane concentrations appeared on 
sampling days in the steel subcategory. Because 
pollutant was present at only one plant it is not 
specific regulation in this subcategory. 

1 of ·15 process 
this priority 
considered .for 

2,4-dimethylphenol concentrations did not appear on any of the 
nine process sampling days for the steel subcategory. Therefore, 
2,4-dimethylphenol is not co.nsidered for specific regulation in 
this subcategory. 

Isophorone concentrat-ions appeared on 1 of 34 process sampling 
days for the steel subcategory. Because this priority pollutant 
was found at only one plant, isophorone is not considered for 
specific regulation in this subcategory. 

Naphthalene concentrations appeared on 9 of 22 process sampling 
days for the steel subcategory~ The only concentration greater 
than the analytical quantification limit was 0.020 mg/1, which is 
below the level that is considered to be achievable by specific 
treatment methods. Therefore,. naphthalene is not considered for 
specific regulation in this subcategory. 
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Phenol concentrations appeared .on none of the 13 process sampling 
days analyzed for this parameter for the steel subcategory. 
Therefore, phenol is not considered for specific regulation in 
this subcategory. 

Bis(2-ethylhexyl) phthalate was found on 26 of 34 process 
sampling days for the Toluene concentrations did not appear on 
any of the 13 process sampling days for the steel subcategory. 
Therefore, toluene is not considered for specific regulation in 
this subcategory. 

Toluene concentrations did not appear on any of the 13 process 
sampling days for the steel subcategory. Therefore, toluene is 
not considered for specific regulation in this subcategory. 

Copper concentrations appeared on 22 of 37 process sampling days 
for the steel subcategory. The maximum concentration was 
0.161 mg/1, which is less than the concentration achievable by 
specific treatment methods. Therefore, this priority pollutant 
is not considered for specific regulation in this subcategory. 

Galvanized Subcategory 

Parameters Considered for Specific Regulation. Based on 
verification sampling results and a careful examination of the 
galvanized subcategory manufacturing processes and raw materials, 
thirty-six pollutant parameters were selected for consideration 
for specific regulation in effluent limitations and standards for 
this subcategory. The thirty-six are: fluoranthene; 
bis(2-ethylhexyl) phthalate, butyl benzyl phthalate, di-n-butyl 
phthalate, di-n-octyl phthalate, diethyl phthalate, dimethyl 
phthalate, 1,2-benzanthracene; benzo(a)pyrene; 3,4-benzo
fluoranthene; 11,12-benzofluoranthene; chrysene; acenaphthylene; 
anthracene; 1,12-benzoperylene; fluorene; phenanthrene; 1,2,5,6-
dibenzanthracene; indeno(l,2,3-cd)pyrene; pyrene; 
trichloroethylene; cadmium; chromium (total); copper; cyanide 
(total) and lead; nickel; zinc; aluminum; iron; manganese; 
phenols (total); phosphorus; oil and grease; pH; and total 
suspended solids. These pollutant parameters were found in raw 
wastewaters from processes in this subcategory and are amenable 
to control by identified wastewater treatment practices. 

Fluoranthene concentrations appeared on 5 of 38 process sampling 
days for the galvanized subcategory. The maximum concentration 
was 0.023 mg/1. This pollutant is found in some oils of the type 
used to prevent corrosion of uncoated metal surfaces. The 
maximum concentration is above the level that is considered to be 
achievable with available specific treatment methods. Therefore, 
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fluoranthene is considered· for specific regulation in this 
sub~ategory. 

The six phthalate compounds:(bis(2-ethylhexyl) phthalate, butyl 
benzyl phthalate, di-n-butyl phthalate, di-n-octyl phthalate, 
diethyl phthalate, and dimethyl phthalate) are considered as a 
group in this category. Bis(2-ethylhexyl) phthalate 
concentrations appeared on 32 of 38 process sampling days for the 
galvanized subcategory; the .maximum concentration was l .23 mg/1. 
Butyl benzyl phthalate concentrations appeared on 6 of 38 process 
sampling days for the galvanized subcategory; di-n-butyl 
phthalate concentrations appeared on 16 of 38 process sampling 
days for the galvanized subcategory; di-n-octyl phthalate 
concentraticms appeared on 2 of 38 process sampling days for the 
galvanized subcategory; diethyl phthalate concentrations appeared 
on 32 of 38 process sampling days for the galvanized subcategory; 
dimethyl phthalate concentrations appeared on 2 of 38 process 
sampling days for the galvanized subcategory; _the concentrations 
were less .than the analytical quantification limit. Because 
phthalate compounds are. frequently found at treatable 
concentraticms, all of the six phthalate compounds are considered 
for regulation in this subcategory. 

Thirteen PAH 1,2-benzanthracene; benzo(a)pyrene; 3,4-
benzofluoranthene; 11,12-benzofluoranthene; chrysene, 
acenaphthylene; anthracene; 1,12-benzoperylene; fluorene; 
phenanthrene; 1,2,5,6-dibenzanthracene; indeno(l,2,3-cd)pyrene; 
and pyrene - are considered as a group. None of the individual 
priority pollutant PAH is used as a raw material or as a part of 
a process i.n the galvanized subcategory. However, on 11 of 38 
process sampling days for the galvanized subcategory PAH 
concentrations appeared. The maximum concentration of PAH was 
0.288 mg/1. Most of the concentrations are above the level that 
is considered to be achievable with available specific treatment 
methods. Therefore, PAH are considered for specific regulation 
in this subcategory. 

Trichloroettiylene concentrations appeared on 9 of 29 process 
s~mpling days for the galvanized subcategory. The maximum 
concentration was 3.07 mg/I. This pollutant is used in many 
industrial operations as a solvent and degreasing agent. Some of 
the concentrations are above the level that is considered to be 
achievable with available specific treatment methods. Therefore, 
trichloroethylene ·is considered for specific regulation in this 
subcategory. 

Cadmium concentrations appeared on 16 of 40 process sampling days 
for the galvanized subcategory. The maiimum concentration was 
0.27 mg/I. Although cadmium is not a raw material in this 
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subcategory, it can be present as a contaminant in the galvanized 
coating or in zinc compounds which are used in some conversion 
coatings. Half of the concentrations were above the level 
achievable with specific treatment methods. Therefore, cadmium 
is considered for specific regulation in this subcategory. 

Chromium (total) concentrations appeared on 34 process sampling 
days for the galvanized subcategory. The maximum concentration 
was 785 mg/1. This was in the raw wastewater stream from 
conversion coating - a process that uses chromium chemicals. 
Many of the concentrations are above the concentration level 
achievable with specific treatment methods. Therefore, chromium 
is considered for specific regulation in this subcategory. 

Copper concentrations appeared on 24 of 40 process sampling days 
for the galvanized subcategory. The maximum concentration was 
0.140 mg/1, which is lower than the concentration that can be 
achieved with specific treatment methods. However, this priority 
pollutant is considered for specific regulation in this 
subcategory because coil coaters sometimes process copper 
containing alloys which are included under this subcategory. 

Cyanide (total) concentrations appeared on 26 of 40 process 
sampling days for the galvanized subcategory. The maximum total 
cyanide concentration was 0.47 mg/1. Several concentrations are 
greater than those that are achievable with specific treatment 
methods. Therefore, cyanide is considered for specific 
regulation in this subcategory. 

Lead concentrations appeared on 21 of 40 process sampling days 
for the galvanized subcategory. The maximum concentration was 
2.60 mg/1. All but one of the concentrations are greater than 
the concentration that can be achieved with specific treatment 
methods. Therefore, lead is considered for specific regulation 
in this subcategory. 

Nickel concentrations appeared on 8 of 40 process sampling days 
for the galvanized subcategory. The maximum concentration was 
30.9 mg/1. Nickel compounds are used as accelerators in 
conversion coating formulations in this subcategory. Several 
concentrations were greater than those achievable with specific 
treatment methods. Therefore, nickel is considered for specific 
regulation in this subcategory. 

Zinc concentrations appeared on all 40 process sampling days 
the galvanized subcategory. The maximum concentration 
714 mg/1. Zinc is removed from the galvanized coating during 
cleaning and com,ersion operations. More than half of 
concentrations exceeded the concentrations achievable 
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specific treatment methods. Therefore, zinc is considered for 
specific regulation in this subcategory. 

Aluminum concentrations appeared on 26 of 40 process sampling 
days for the galvanized subcategory. The maximum concentration 
was 10.6 mg/1. Several of the concentrations are greater than 
those achievable with specific treatment methods. Therefore, 
aluminum is considered for specific regulation .in this 
subcategory. 

Iron concentrations appeared on all 40 process sampling days for 
the galvanized subcategory. The maximum iron concentration was 
20.8 mg/1. More than half of the concentrations were greater 
than those that can be achieved with available specific treatment 
technology. Therefore, iron is considered for specific 
regulation in this subcategory. 

Manganese concentrations appeared on 34 of 40 process sampling 
days for the galvanized subcategory. The maximum concentration 
was 1 .30 mg/1. Some of the concentrations were greater than the 
concentration achievable by specific treatment methods. 
Therefore, manganese is considered for specific regul~tion in 
this subcategory. 

Phenols (Total) concentrations appeared on 29 -of 39 process 
sampling days for the galvanized subcategory. The maximum 
concentraticm was 0.079 mg/1. Some of the concentrations are 
greater than the concentrations considered to be achievable for 
several of the priority pollutant phenols with available specific 
treatment methods. Therefore, Total Phenols is considered for 
specific regulation in this subcategory. 

Phosphorus concentrations appeared on 27 of 34 process sampling 
days for the galvanized subcategory. The maximum concentration 
was 66. 2 mg/1. Mo.re than half of the concentrations were greater 
than the level that can be achieved with specific treatment 
methods. Therefore, phosphorus is considered for specific 
regulation in this subcategory. 

The Oil and Grease parameter concentrations appeared on 35 of 40 
process sampling days fo.r the galvanized subcategory. The 
maximum concentration was 969 mg/1. Oils are used to prevent 
corrosion of some basis metal stock and can be expected in 
cleaning rinse waters. Some of the concentrations are greater 
than those achievable with specific treatment methods. 
Therefore, Oil and Grease is considered for specific regulation 
in this subcategory. 
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pH ranged from 2.2 to 12.0 on the 40 process sampling days for 
the galvanized subcategory. pH can be controlled within the 
limits of 6 to 9 with specific treatment methods and is therefore 
considered for specific regulation in this subcategory. 

Total Suspended Solids (TSS) concentrations appeared on 38 of 40 
process sampling days for the galvanized subcategory. The 
maximum concentration was 630 mg/1. More than half the 
concentrations are greater than those achievable with specific 
treatment methods. Most of the metals are converted to 
precipitates by the specific treatment methods used to remove 
those pollutants. These toxic metal precipitates cannot be 
passed into POTW. Therefore, TSS is considered for specific 
regulation in this subcategory for direct and indirect 
dischargers. 

Pollutant Parameters Not Considered for Specific Regulation. A 
total of seven pollutant parameters that were evaluated in 
verification sampling and analysis were dropped from further 
consideration for specific regulation in the galvanized 
subcategory. These parameters were found to be present 
inf;equently or at levels below those usually achieved by 
specific treatment methods. The seven are: 1,1,1-
trichloroethane; 1,1-dichloroethylene; 1,2-trans-dichloro
ethylene; isophorone; naphthalene; phenol; and toluene. 

1,1,1-Trichlorethane concentrations appeared on 12 of 29 process 
sampling days for the galvanized subcategory. The maximum 
concentration was 3.09 mg/1. Only three of the concentrations 
were greater than the level considered to be achievable with 
available specific treatment methods. All three high 
concentrations were from one plant. The remaining concentrations 
are considered not treatable. The six phthalate compounds 
bis(2-ethylhexyl)phthalate; butyl benzyl phthalate; di-n-butyl 
phthalate; di-n-octyl phthalate; diethyle phthalate; dimethyl 
phthalate; and toluene are considered as a group in this 
category. Therefore, 1,1,1-trichloroethane is not considered for 
spe~ific regulation in this subcategory. 

1,1-dichloroethylene concentrations appeared on 2 of 26 process 
sampling days for the galvanized subcategory. The higher 
concentration was 0.036 mg/1 which is below the concentration 
considered to be achievable with available specific treatment 
methods. Therefore, 1;1-dichloroethylene is not considered for 
specific regulation in this subcategory. 

1,2-trans-dichloroethylene concentrations appeared on 3 of 26 
process sampling days for the galvaniz~d subcategory. The 
maximum concentration was 0.043 mg/1, which is lower than the 
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concentration considered to be achievable with available specific 
treatment methods. Therefore, 1,2-trans-dichloroethylene is not 
considered for specific regulation in this subcategory. 

Isophorone concentrations appeared on 2 of 38 process sampling 
days in the galvanized subcategory. Both concentrations were 
from the same plant. Therefore, isophorone is not considered for 
specific regulation in this subcategory. 

Naphthalene concentrations appeared on 10 of 38 process sampling 
days for the galvanized subcategory. The maximum concentration 
was 0.038 mg/1. This is lower than the concentration considered 
to be achievable with available specific treatment methods. 
Therefore, naphthalene is not considered for specific regulation 
in this subcategory. 

Phenol concentrations did not appear on any of the 15 process 
sampling days for the galvanized subcategory. Therefore, phenol 
is not considered for specific regulation in this subcategory. 

Toluene concentrations appeared on none of the 15 process 
sampling days for the galvanized subcategory. Therefore, toluene 
is not considered for specific regulation in this subcategory. 

Aluminum Suecategory 

Parameters Considered for Specific Regulation. Based on 
verification sampling results and a careful examination of the 
aluminum subcategory manufacturing processes and raw materials, 
twenty pollutant parameters were selected for consideration for 
specific regulation in effluent limitations and standards for 
this subcategory. The twenty are: bis(2-ethylhexyl)phthalate; 

.butyl benzyl phthalate; di-n-butyl phthalate; di-n-octyl 
phthalate; diethyl phthalate; dimethyl phthalate; cadmium, 
chromium (total and hexavalent), copper, cyanide (total), lead, 
zinc, aluminum , iron, manganese, phenols (total), phosphorus, 
oil and grease, pH, and TSS. These pollutant parameters were 
found in raw wastewaters from the processes in this subcategory, 
and are amenable to control by identified wastewater treatment 
practices. 

The six phthalate ·compounds bis(2-ethylhexyl)phthalate;- butyl 
benzyl phthalate; di-n-butyl phthalate; di-n-octyl phthalate; 
diethyl phthalate; dimethyl phthalate; are considered as a group 
in this category. Bis(2-ethylhexyl) phthalate concentrations 
appeared on 33 of 42 process. sampling days in the. aluminum 
subcategory; the maximum concentration was 0.880 mg/1. Butyl 
benzyl phthalate concentrations appeared on 42 process sampling 
days in the aluminum subcategory; the maximum concentration was 
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0.015 mg/1. Di-n-butyl phthalate concentrations appeared on 10 
of 42 process sampling days in the aluminum subcategory: the 
maximum concentration was 0.020 mg/1. Di-n-octyl phthalate 
concentrations appeared on 2 of 44 process sampling days in the 
aluminum subcategory; both of the concentrations were less than 
the analytical quantification limit. 

Diethyl phthalate concentrations appeared on 31 of 42 pro~ess 
sampling days in the aluminum subcategory; the maximum 
concentration was 0.450 mg/1. Dimethyl phthalate concentrations 
appeared on 5 of 42 process sampling days in the aluminum 
subcategory; the maximum concentration was 0.110 mg/1. Because 
phthalate compounds are frequently found at treatable 
concentrations, all of the six phthalate compounds are considered 
for regulation in this subcategory. 

Cadmiur, was found in 9 of 44 raw wastewater samples analyzed for 
this parameter for the aluminum subcategory. The maximum 
concentration was 0.270 mg/1. This concentration is greater than 
the concentration that can be achieved with specific treatment 
methods. Therefore, qadmium is considered for specific 
regulation in this subcategory. 

Chromium (hexavalent} concentrations appeared on 13 of 43 process 
sampling days for the aluminum subcategory. The maximum 
concentration was 333.0 mg/1. Hexavalent chromium compounds are 
used in conversion coating formulations for this subcategory. 
All of the concentrations were greater than the level that can be 
achieved with specific treatment methods. Therefore, hexavalent 
chromium is considered for specific. regulation in this 
subcategory. 

Copper concentrations appeared on 26 of 44 process sampling days 
for the aluminum subcategory. The maximum concentration was 
0.980 mg/1 .. Several concentrations were greater than the level 
achievable with specific treatment methods. Therefore, copper is 
considered for specific regulation in this subcategory. 

Cyanide (total} concentrations appeared on 35 of 44 process 
sampling days for the aluminum subcategory. The maximum 
concentration was 7.5 mg/1. Cyanide is a raw material for some 
conversion coating formulations used in this subcategory. 
Several of the concentrations were greater than the level 
achievable with specific treatment methods for cyanide 
destruction. Therefore, cyanide is considered for specific 
regulation in this su~category. 

Lead concentrations appeared on 9 of 44 process sampling days for 
the aluminum subcategory. The maximum concentration was 
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0.40 mg/1. All the lead concentrations were greater than the 
concentration level achievable with specific treatment ~ethods. 
Therefore, lead is considered for specific regulation in this 
subcategory. 

Zinc concentrations appeared on 42 of 44 process sampling days 
for the aluminum subcategory. The maximum concentration was 
42.6 mg/1. Zinc is used in some conver$ion coating formulations 
in this subcategory. Several of the zinc concentrations were 
greater than the concentration level achievable with specific 
treatment methods. Therefore, zinc is considered for specific 
regu~ation in this subcategory. 

Aluminum concentrations appeared on 32 of 44 process sampling 
days for the aluminum subcategory. The maximum concentration was 
940 mg/1. Most of the con~entrations. were greater than the level 
achievable with specific t~eatment methods. Therefore, aluminum 
is considered for specific regulation in this subcategory. 

Iron concentrations appeared on all 44 process sampling days for 
the aluminum subcategory. The maximum concentration was 
ff6.9 mg/1. About half of the concentrations were greater than 
the level achievable with available specific treatment methods. 
Therefore, iron is considered for regulation in this subcategory. 

Manganese concentrations appeared on 36 of 44 process sampling 
days for the aluminum subcategory. The maximum concentration was 
14.7 mg/1. Nearly half of the concentratiohs are greater than 
the level achievable with specific treatment methods.· Therefore, 
manganese is considered for specific regulation in this 
subcategory. 

Phenols (Total) concentrations appeared on 34 of 44 process 
sampling days for the aluminum subcategory. The maximum 
concentration was 0.160 mg/1. Several of the concentrations are 
greater than the concentration considered to be achievable with 
available specif·ic treatment methods. Therefore, Total Phenols 
is considered for specific regulation in this subcategory. 

Phosphorus concenfratTons appeared on 19 of 29 process·sampling 
days for the aluminum subcategory. The maximum concentration was 
101 .O mg/1. Phosphates are used in cleaning formulations in the 
coil coating category. Half of the concentrations were greater 
than the level that can be achieved with specific treatment 
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methods. Therefore, phosphorus is considered for specific 
regulation in this subcategory. 

The Oil and Grease concentrations appeared on in 33 of 44 process 
sampling days for the aluminum subcategory. The maximum 
concentration was 2800 mg/1. Several of the concentrations are 
greater than the level achievable with specific treatment 
methods. Therefore, Oil and Grease is considered for specific 
regulation in this subcategory. 

pH ranged from 1.6 to 11 .9 on the 44 process sampling days for 
the aluminum subcategory. pH can be controlled within the limits 
of 6 to 9 with specific treatment methods and therefore is 
considered for specific regulation in this subcategory. 

Total suspended solids {TSS) concentrations appeared on 42 of 44 
process sampling days for the aluminum subcategory. The maximum 
concentration was 1200 mg/1. Nearly half of the TSS 
concentrations are greater than the level achievable with 
specific treatment methods. Additionally, most of the metals are 
converted to precipitates by the specific treatment methods used 
to remove those pollutants. These toxic metal precipitates 
should not be discharged to POTW. Therefore, TSS is considered 
for specific regulation in tpis subcategory for direct and 
indirect dischargers. 

Pollutant Parameters Not Considered for Specific Regulation. A 
total of ninteen pollutant parameters that were evaluated in 
verification sampling and analysis were dropped from further 
consideration for specific regulation in the aluminum 
subcategory. These parameters were found infrequently or at 
levels below those usually achieved by specific treatment 
methods. The nineteen are: fluoranthene; isophorone, 
naphthalene; phenol; 1,2-benzanthracene; benzo{a)pyrene; 3,4-
benzofluoranthene; 11,12-benzofluoranthene; chrysene; 
acenaphthylene; anthracene; 1,12-benzoperylene; fluorene; 
phenanthrene; 1,2,5,6-dibenzanthracene; indeno{l,2,3-cd)pyrene; 
pyrene; toluene; and nickel. 

Fluoranthene concentrations appeared on l of 42 process sampling 
days in the aluminum subcategory. The concentration was below 
the quantification limit. Therefore, fluoranthene is not 
considered for specific regulation in this subcategory. 

Isophorone concentrations did not appear on any of 42 process 
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sampling days in the aluminum subcategory. Therefore, isophorone · 
is not considered for specific regulation in this subcategory. 

Naphthalene concentrations appeared on 9 of 42 process sampling 
days in the aluminum subcategory. All concentrations were less 
than the quantification limit. Therefore, naphthalene is not 
considered foi specific regulation in this subcategory. 

Phenol concentrations did not appear on any of the process 
sampling days in the aluminum subcategory. Therefore, phenol is 
not considered for specific regulation in this subcategory. 

Thirteen PAB 1,2-benzanthracene; benzo(a)pyrene; 3,4,-
benzofluoranthene; 11,12-benzofluoranthene; chrysene; 
acenaphthylene; anthracene; 1,12"-benzoperylene; fluorene; 
phenanthrene; 1,2,5,6-dibenzanthracene; indeno(l,2,3-cd)pyrene; 
and pyrene are considered as a group. PAH concentrations 
appeared on 12 of 24 process sampling days in the aluminum 
subcategory .. The maximum total PAH concentration was 0.020 mg/1, 
and no individual concentration was at or above the analytical 
quantification limit. None of the individual priority pollutant 
PAH is used as a raw material or as a process chemical in this 
subcategory. Some PAH may be removed with available treatment 
methods, the concentrations are so low that analytical methods 
could not readily and reliably establish whether or not removal 
occurred. Therefore, PAH are not considered for specific 
regulation in this subcategory. 

Toluene was not detected on any of the process sampling days in 
the aluminum subcategory. Therefore, toluene is not considered 
for specific regul!ation in this subcategory. 

Nickel concentrations app~ared on 5 of 42 process sampling days 
in the aluminum subcategory. The maximum concentration was 
0.26 mg/1. This concentration is lower than the level achievable 
with specific treatment methods. Therefore, nickel is not 
considered for specific.regulation in this subcategory. 
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Summary 

Table VI-1 (page 175) summarizes the selection of non
conventional and conventional pollutant parameters for 
consideration for specific regulation by subcategory. Table VI-
2, (page 176) presents the results of selection of priority 
pollutant parameters for consideration for specific regulation 
for the steel, galvanized, and aluminum subcategories, 
respectively. The pollutants that were not detected (included by 
ND) include some pollutants which were detected in screening 
analysis of total raw wastewater, but which were not detected 
during verification analysis of raw wastewater from process steps 
within subcategories. "Environmentally Insignificant" includes 
parameters found in only one plant, present only below an 
environmentally significant level, or those that cannot be 
attributed to the point source category because they are 
generally found in plant equipment. "Not Treatable" means that 
concentrations were lower than the level achievable with the 
specific treatment methods considered in Section VII. 
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TABLE VI-1 

NONCONVENTIONAL AND CONVENTIONAL POLLUTANT 
PARAMETERS SELECTED FOR CONSIDERATION FOR 

SPECIFIC REGULATION IN THE COIL COATING CATEGORY 

Pollutant Subcategory 
Parameter Steel Galvanized Aluminum 
Aluminum X X X Iron X X X Manganese X X X Phenols, Total X X X Phosphorus X X X Oil & Grease X X X pH .x X X TSS. X X X 
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TABLE VI-2 
PRIORITY POLLUTANT DISPOSITION 

Pollutant Steel 
Subcategory 

Galvanized Aluminum 

001 Acenaphthene ND ND ND 
002 Acrolein ND ND ND 
003 Acrylonitrile ND ND ND 
004 Benzene NQ NQ NQ 
005 Benzidine ND ND ND 
006 Carbon tetrachloride ND ND ND 

(tetrachloromethane} 
007 Chlorobenzene ND ND ND 
008 1,2,4-trichloro- ND ND ND 

benzene 
009 Hexachlorobenzene ND ND ND 
010 1,2-dichloroethane ND ND ND 
011 1,1,1-trichlor-oethane NT NT NT 
012 Hexachloroethane ND ND ND 
013 1,1-dichlo~oethane SU NQ ND 
014 1,1,2-trichloroethane ND ND ND 
015 1,1,2,2-tetra- ND ND ND 

chloroethane 
016 Chloroethane ND ND ND 
017 Bi$ (chloromethyl} ND ND ND 

ether 
018 Bis (2-chloroethyl} ND ND ND 

ether 
019 2-chloroethyl vinyl ND ND ND 

ether (mixed} ND ND ND 
020 2-chloronaphthalene ND ND ND 
021 2,4,6-trichlorophenol ND ND ND 
022 Parachlorometa cresol ND ND ND 
023 Chloroform (trichloro- ND NQ ND 

methane) 
024 2-ch'lorophenol ND ND ND 
025 1,2-dichlorobenzene ND ND ND 
026 1,3-dichlorobenzene ND ND ND 
027 1,4-dichlorobenzene ND ND ND 
028 3,3-dichlorobenzidine ND ND ND 
029 1,1-dichloroethylene ND NT ND 
030 1,2-trans-dichloro- ND NT ND 

ethylene 
031 2,4-dichlorophenol ND ND ND 
032 1,2-dichloropropane ND ND ND 
033 1,2-dichloropropylene ND ND ND 

(1,3-dichloropropene) ND ND ND 
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034 2,4-dirnethylphenol ND ND ND 
035 2,4-dinitrotoluene ND ND ND 
036 2,6-dinitrotoluene ND ND ND 
037 1,2-diphenylhydrazine ND ND ND 
038 Ethyl benzene NQ NQ NQ 
039 Fluoranthene RG RG NQ 
040 4-chlorophenyl phenyl ND ND ND 

ether 
041 4-bromophenyl phenyl ND ND ND 

ether 
042 Bis(2-chloroisopropyl) ND ND ND 

ether 
043 Bis(2-chloroethoxyl) ND ND ND. 

methane 
044 Methylene chloride ·ND ND ND 

(dichloromethane) 
045 Methyl chloride ND ND ND 

(dichloromethane) 
046 Methyl bromide ND ND ND 

(bromomethane) 
047 Bromoform (tribromo- ND ND ND 

methane) 
048 Dichlorobromomethane ND ND ND 
049 Trichlorofluoromethane ND ND ND 
050 Dichlorodifluoromethane ND ND ND 
051 Chlorodibromomethane ND NQ ND 
052 Hexachlorobutadiene ND ND ND 
053 Hexachloromyclopenta- ND ND ND 

diene 
054 Isophorone SU SU ND 
055 Naphthalene NT NT NQ 
056 Nitrobenzene ND ND ND 
057 2-nitrophenol ND ND ND 
058 4-nitrophenol ND ND ND 
059 2,4-dinitrophenol ND ND ND 
060 4,6-dinitro-o-cresol ND ND ND 
061 N-nitrosodimethyl- ND· ND ND 

amine 
062 N-nitrosodipheyl- ND ND ND 

amine 
063 N-nitrosodi-n-propyl ND ND ND 

amine 
064 Pentachlorophenol ND ND ND 
065 Phenol ND ND ND 
066 Bis(2-ethylhexyl RG RG RG 

phthalate) 
067 Butyl benzyl-

phthalate 
RG RG RG 

068 Di-N-Butyl Phthalate RG RG RG 
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069 Di-n-octyl phthalate SU RG RG 
070 Diethyl. phthalate SU RG RG 
071 Dimethyl phthalate NQ RG RG 
072 1,2-benzanthracene RG RG NQ 

(benzo(a)anthracene) 
073 Benzo(a)pyrene (3,4- RG RG RG 

benzopyrene) 
074 3,4-Benzofluoranthene RG RG NQ 

(benzo(b}fluoranthene) 
075 11,12-benzofluoranthene RG RG NQ 

(benzo(b)fluoranthene) 
076 Chrysene RG RG NQ 
077 Acenaphthylene RG RG NQ 
078 Anthracene RG RG NQ 
079 1,12-benzoperylene RG RG NQ 

(benzo(ghi)perylene) 
080 Fluorene RG RG NQ 
081 Phenanthrene RG RG NQ 
082 1,2,5,6-dibenzanthracene RG RG NQ 

dibenzo(h)anthracene 
083 Indeno(l,2,3-cd) pyren RG RG NQ 

'( 2, 3-o-pheynylene 
pyrene) 

084 Pyrene RQ RQ NQ 
085 Tetrachloroethylene NQ NQ NQ 
086 Toluene ND ND ND 
087 Trichloroethylene RG RG RG 
088 Vinyl chloride ND ND ND 

(chloroethylene) 
089 Aldrin ND ND ND 
090 Dieldrin ND ND ND 
091 Chlordane (technical ND ND ND 

mixture and 
metabolites) 

092 4,4-DDT ND ND ND 
093 4,4-DDE (p,p-DDX) ND ND ND 
094 4,4-DDD (p,p-TDE) ND ND ND 
095 Alpha-endosulfan ND ND ND 
096 Beta-endosulfan ND ND ND 
097 Endosulfan sulfate ND ND ND 
098 Endrin ND ND ND 
099 Endrin aldehyde ND ND ND 
100 Heptachlor ND ND ND 
101 Heptachlor epoxide ND ND ND 

(BHC hexachloro-
hexane} 

102 Alpha-BHC ND ND ND 
l 03 Beta-BHC ND ND ND 
l 04 Gamma-BHC (lindane) ND ND ND 
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105 Delta-BHC (PCB-poly- ND ND ND 
chlorinated bi-
phenyls) 

106 PCB-1232(Arochlor l 24 2) • ND ND ND 
107 PCB-1254(Arochlor 1254 ND ND ND 
108 PCB-122l(Arochlor l 221 ) ND ND ND 
109 PCB-1232(Arochlor 1232) ND ND ND 
110 PCB-1248(Arochlor 1248). ND ND ND 
111 PCB-1260(Arochlor 1260) ND ND ND 
l l 2 PCB-1016(Arochlor 1016) ND ND ND 
l l 3 Toxaphene ND ND ND 
l l 4 Antimony RG ND ND 
115 Arsenic ND ND ND 
l 1 6 Asbestos ND ND ND 
11 7 Beryllium .ND ND ND 
11 8 Cadmium R"G · RG RG 
119 Chromium RG RG RG 
120 Copper NT RG RG 
l 21 Cyanide RG RG RG 
122 Lead RG RG RG 
123 Mercury ND ND ND 
124 Nickel RG RG RG 
125 Selenium ND ND ND 
126 Silver SU ND ND 
127 Thallium ND ND ND 
128 Zinc RG RG RG 
129 2,3,7,8-tetrachlorodihenzo-

p-dioxin (TCDD) ND ND ND 

LEGEND: 
ND= NOT DETECTED 
NQ = NOT QUANTIFIABLE 
SU,= SMALL, UNIQUE SOURCES 
NT = NOT TREATABLE 
RG. = REGULATION CONSIDERED 
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SECTION VII 

CONTROL AND TREATMENT TECHNOLOGY 

This section describes the treatment techniques currently used or 
available to remove or recover wastewater pollutants normally 
generated by the coil coating industrial point source category. 
Included are discussions of individual end-of-pipe treatment 
technologies and in-plant technologies. These treatment 
technologies are widely used in many industrial categories and 
data and information to support their effectiveness has been 
drawn from a similarly wide range of sources and data bases. 

END-OF-PIPE TREATMENT TECHNOLOGIES 

Individual recovery and treatment technologies are described 
which are used or are suitable for use in treating wastewater 
discharges from coil coating facilities. Each description 
includes a functional description and discussions of application 
and performance, advantages and limitations, operational factors 
(reliability, maintainability, solid waste aspects), and 
demonstration status. The treatment processes described include 
both technologies presently demonstrated within the coil coating 
category, and technologies demonstrated in treatment of similar 
wastes in other industries. 

Coil coating wastewater streams characteristically contain 
significant levels of toxic inorganics. · Chromium, cyanide, lead, 
nickel, and zinc are found in coil coating wastewater streams at 
substantial concentrations. These toxic inorganic pollutants 
constitute the most significant wastewater pollutants in this 
category. 

In general, these pollutants are removed by chemical 
precipitation and sedimentation or fil~ration. Most of them may 
be effectively removed by precipitation of metal hydroxides or 
carbonates utilizing the reaction with lime, sodium hydroxide, or 
sodium carbonate. For some, improved removals are provided by 
the use of sodium sulfide or ferrous sulfide to precipitate the 
pollutants as sulfide compounds with very low solubilities. 

Discussion of end-of-pipe treatment technologies is divided into 
three parts: the major technologies; the effectiveness of major 
technologies; and ~inor end-of-pipe technologies. 
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MAJOR TECHNOLOGIES 

In Sections IX, X, XI and XII, the rationale for selecting 
treatment systems is discussed. The individual technologies used 
in the system are described here.· The major end-of-pipe 
technologies are: chemical reduction of hexavalent chromium, 
chemical precipitation of dissolved metals, cyanide 
precipitation, granular bed filtration, pressure filtration, 
settling of suspended solids, and skimming of oil. In practice, 
precipitation of metals and settling of the resulting 
precipitates is often a unified two-step operation. Suspended 
solids originally present in raw wastewaters are not appreciably 
affected by the precipitation operation and are removed with the 
precipitated metals in the settling operations. Settling 
operations can be evaluated independently of hydroxide or other 
chemical precipitation operations, but hydroxide and other 
chemical precipitation operations can only be evaluated in 
combination with a solids removal operation. 

l. Chemical Reduction Of Chromium 

Description of the P~ss·. Reduction is a chemical reactio~ in 
which electrons are transferred to the chemical being reduced 
from the chemical initiating the transfer (the reducing agent). 
Sulfur dioxide, sodium bisulfite, sodium metabisulfite, and 
ferrous sulfate form strong reducing agents in aqueous solution 
and are often used in industrial waste treatment facilities for 
the reduction of hexavalent chromium to the trivalent form. The 
reduction allows removal of chromium from solution in conjunction 
with other metallic salts by alkaline precipitation. Hexavalent 
chromium is not precipitated as the hydroxide. 

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 S02 + 3 B2 0--------> 3 H2 S03 

3 H2 S03 + 2H 2 Cr04 ---> Cr 2 (S04 ) 3 + 5 H2 0 

The above reaction is favored by low pH. A pH of from 
normal for situations requiring complete reduction. At 
above 5, the reduction rate is slow. Oxidizing agents 
dissolved oxygen and ferric iron interfere with the 
process by consuming the reducing agent. 

2 to 3 is 
pH levels 

such as 
reduction 

A typical 
reaction 

treatment consists of 45 minutes retention in a 
tank. The reaction tank has ari electronic recorder-
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controller device to control process conditions with respect to 
pH and oxidation reductio~ potential (ORP). Gaseous sulfur 
dioxide is metered to the reaction tank to maintain the ORP 
within the range of 250; to,300 millivolts. Sulfuric acid is 
added to maintain a pH level of from 1.8 to 2.0. The reaction 
tank is equipped with a propeller agitator designed to provide 
approximately one turnover per minute. Figure VII-13 (page 288) 
shows a Continuous chromium reduction system. 

Application and Performance. Chromium reduction is used in coil 
coating for treating chromating rinses for high-magnesium 
aluminum basis materials. Electroplating rinse waters and 
cooling tower blowdown. are two major sources of chromium in waste 
streams. A study of an operational waste treatment f~cility 
chemically reducing hexavalent chromium has shown that a 99.7 
percent reduction efficiency is ~asily achieved. Final 
concentrations of 0.05 mg/1 are readily attained, and 
concentrations of 0.01 mg/1 are considered to be attainable by 
properly maintained and operated eqµipment. 

Advantages and Limitations. The major advantage of chemical 
reduction to reduce hexavalent chromium is that it is a fully 
proven technology based on many years of experience. Operation 
at ambient conditions results in low energy consumption, and the 
process, especially when using sulfur dioxide, is well suited to 
automatic control .. Furthermore, the equipment is readily 
obtainable from many suppliers, and operation is straightforward. 

One limitation of chemical reduction of hexavalent chromium is 
that for high concentrations of chromium, the cost of treatment 
chemicals may be prohibitive. When 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 properly· controlled. Storage and handling of sulfur 
dioxide is somewh~t hazardous. 

Operational Factors. Reliability: Maintenance consists of 
periodic removal of sludge, the frequency of which is a function 
of the input concentrations of detrimental constituents. 

Solid Waste Aspect~: Pretreatment to eliminate substances which 
will interfere with the process may often be necessary. This 
process produces trivalent chromium which can be controlled by 
further treatment. There may, however, be small amounts of. 
sludge collected due t6 minor shifts in the solubility of the 
contaminants. This sludge can be processed by the main sludge 
treatment equipment. 
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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 which have hexavalent chromium compounds in 
wastewaters from operatic,ns such as electroplating and noncontact 
cooling. 

2. Chemical Precipi tatj:.Q!!. 

Dissolved toxic metal ions and certain anions may be chemically 
precipitated for removal by physical means such as sedimentation, 
filtration, or centrifugation. Several reagents are commonly 
used to effect this precipitation. 

1) Alkaline compounds such as lime or sodium hydroxide may be 
used to precipitate many toxic metal ions as metal 
hydroxides. Lime also may precipitate phosphates as 
insoluble calcium phosphate and fluorides as calcium 
fluoride. 

2) Both "soluble" sulfides such as hydrogen sulfide or sodium 
sulfide and "insoluble" sulfides such as ferrous sulfide may 
,be used to precipitate many heavy metal ions as insoluble 
metal sulfides. 

3) Ferrous sulfate, zinc sulfate or both (as is required) may 
be used to precipitate cyanide as a ferro or zinc 
ferricyanide complex. 

4) Carbonate precipitates may be used to remove metals either 
by direct precipitation using a carbonate reagent such as 
calcium carbonate or by converting hydroxides into 
carbonates using carbon dioxide. 

These treatment chemicals may be added to a flash mixer or rapid 
mix tank, to a presettling tank, or directly to a clarifier or 
other settling device. Because metal hydroxides tend to be col
loidal in nature, coagulating agents may also be added to faci
litate settling. After the solids have been removed, final pH 
adjustment may be required to reduce the high pH created by the 
alkaline treatment chemicals. 

Chemical precipitation as a mechanism for removing metals from 
wastewater is a complex process of at least two steps pre
cipitation of the unwanted metals and removal of the precipitate. 
Some small amount of metal will remain dissolved ·in the 
wastewater after complete precipitation. The amount of residual 
dissolved metal depends on the treatment -chemicals used and 
related factors·. The effectiveness of this method of removing 
any specific metal depends on the fraction of the specific metal 
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in the raw waste (and hence in the precipitate) and the 
effectiveness of suspended solids removal. In specific 
instances, a sacrifical ion such as iron or aluminum may be added 
to aid in the precipitation process and reduce the fraction of a 
specific metal in the precipitate. 

Applicatior! and Performance. Chemical precipitation is used in 
coil coating for precipitation of dissolved metals. It can be 
used to remove metal ions such as aluminum, antimony, arsenic, 
beryllium, cadmium, chromium, cobalt, copper, iron, lead, 
manganese, mercury, molybdenum, tin and zinc. The process is 
also applicable to any substance that can be transformed into an· 
insoluble form such as fluorides, phosphates, soaps, sulfides and 
others. Because it is simple and effective, chemical 
precipitation is extensively used for· industrial waste treatment. 

The performance of chemical· precipitation depends on several 
variables. The most important factors affecting precipitation 
effectiveness are: 

1. Maintenance of an alkaline pH throughout the 
precipitation rea~tion and subsequent settling; 

2. Addition of a sufficient excess of treatment ions to 
drive the precipitation reaction to completion; 

3. Addition of an adequate supply of sacrificial ions 
(such as iron or aluminum) to ensure precipitation and 

·removal of specific target ions; and 

4. Effective 
appropriate 
Removal"}. 

removal of precipitated 
technologies discussed 

solids (see 
under "Solids 

Control of pJ!. Irrespective of the solids removal technology 
employed, proper control of pH is absolutely essential for 
favorable performance of precipitation-sedimentation 
technologies. This is clearly illustrated by solubility curves 
for selected metals hydroxides and sulfides shown in Figure VII-1 
(page 276}, and by plotting effluent zinc concentrations against 
pH as shown in Figure VII-3 (page 262}. Figure VII-3 was 
obtained from Development Document for the Proposed Effluent 
Limitations Guidelines and New Source Performance Standards for 
~ li.!1£. Segment of Nonferrous Metals Manufactur.ing Point S?urce 
Category, U.S. E.P.A., EPA 440/1-74/033, November, 1974. Figure 
VII-3 was plotted from the sampling data from several facilities 
with metal finishing operations. It is partially illustrated by 
data obtained .from 3 consecutive days of sampling at one metal 
processing plant (47432) as displayed in Table VII-1 (page 257). 
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Flow through this system is approximately 49,263 1/h (13,000 
gal/hr). 

This treatm.E!nt ~y$t~m uses lime precipitation (pH adjustment) 
followed by coagY_lant addition and sedimentation. Samples were 
taken before (in) and after (out) the treatment system. The best 
treatment for removal of copper and zinc was achieved on day one, 
when the pH was maintained at a satisfactory level. The poorest 
treatment was found on the second day, when the pH slipped to an 
unacceptably low level and intermediate values were were achieved 
on the third day when pH values were less than desirable but in 
between the first and second days. 

Sodium hydr®xide is used by one facility (plant 439) for pH 
adjustment and chemical precipitation, followed by settling 
(sedimentation and a polishing lagoon) of precipitated solids. 
Samples were taken prior to caustic addition and following the 
polishing lagoon. Flow through the system is approximately 
22,700 1/hr (6,000 gal/hr). 

These data for thi$ ~lant indicate that the system was operated 
efficiently. Effluent pH was controlled within the range of 8.6-
9.3, and, while raw waste loadings were not unusually high, most 
toxic metals were removed to very low concentrations. 

Lime and sodium hydroxide are sometimes used to precipitate 
metals. Data dev~loped from plant 40063, a facility with a metal 
bearing wastewater, elcemplify efficient operation of a chemical 
precipitation and settling system. Table VII-3 (page 258) shows 
sampling data from this system, which uses lime and sodium 
hydroxide for pM adjustment, chemical precipitation, 
polyelectrolyte flocculant addition, and sedimentation. Samples 
were taken of the raw waste influent to the system and of the 
clarifier effluent. Flow through the system is approximately 
5,000 gal/hr. · 

At this plant, effluent TSS levels were below 15 mg/1 on each 
day; despite average raw waste TSS concentrations of over 3500 
mg/1. Effluent pH was maintained at approximately 8, lime 
addition was sufficient to precipitate the dissolved metal ions, 
and the flocculant addition and clarifier retention served to 
remove effectively the precipitated solids. 

Sulfide precipitation is sometimes used to precipitate metals 
resulting in improved metals removals. Most metal sulfides are 
less soluble than hydroxides and the precipitates are frequently 
more dependably removed from water. Solubilities for selected 
metal hydroxide, carbonate and sulfide predipitates are shown in 
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Table VII~4 (page 259) (Source: Lange's Handbook of Chemistry). 
Sulfide precipitation is ~articularly effective in removing 
specific metals such as silver and mercury. Sampling data from 
three industrial plants using sulfide precipitation appear in 
Table VII-5 (page 260). 

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 manufacturing plants 
using sulfide precipitation demonstrate effluent mercury 
concentrations varying between 0.009 and 0.03 mg/1. As shown in 
Figure VII-2, (page 277) solubilities of PbS and Ag 2 S are lower 
at alkaline pH levels than either the·corresponding hydroxides or 
other sulfide compounds. This implies.that removal performance 
for lead and silver sulfides should be comparable to 6r better 
than that for the heavy metal. hydroxides. Bench scale tests on 
several types of metal finishing and manufacturing wastewat~r 
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 precipitation followed by clarification. Some of the 
bench scale data, particularly· in the case of lea·d, do not 
support such low effluent concentration~. However, lead is 
consistently removed to very low levels (less than 0.02 mg/1) in 
systems using hydroxide and carbonate precipitation and 
sedimentation. · 

Of particular interest is the ability of sulfide to precipitate 
hexavalent chromium (Cr+6) without prior reduction to the tri
valent state as is required in the hydroxide process. When 
ferrous sulfide is used as the precipitant, iron and sulfide act 
as reducing agents for the hexavalent chromium according to the 
reaction: 

C~03 -t: FeS_ + .3~ 2 0 _.:__-:>. Fe(OH) 3 + ·Cr(OH) 3 + S 

The sludge 
hydroxides, 
Some excess 
requiring a 

produced in this reaction consists mainly of ferric 
chromic hydroxides and various metallic sulfides. 
hydroxyl ions are generated in this process, possibly 
downward re-adjustment of pH. 

Based on the available data~ Table VII-6 (page 261) shows the 
minimum reliably attainable effluent concentrations for sulfide 
precipitation-sedimentation systems. These values ar~ used to 
calculate performance predictions of sulfide precipitation
sedi~entation systems. Carbonate precipitation is sometimes used 
to precipitate metals, especially where precipitated metals 
values are to ·be recovered. The solubility of· most metal 
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carbonates is 
solubilities; in 
precipitates. 

intermediate between 
addition, carbonates 

hydroxide and sulfide 
form easily filtered 

Carbonate ions appear to be particularly useful in precipitating 
lead and antimony. Sodium carbonate has been observed being 
added at treatment to improve lead precipitation and removal in 
some industrial plants. The lead hydroxide and lead carbonate 
solubility curves displayed in Figure VII-4 (page 279) ("Heavy 
Metals Removal," by Kenneth Lanovette, Chemical Engineering 
Deskbook Issue, Oct. 17, 1977) explain this phenomenon. 

Coprecipitation With .!£on- The presence of substantial quantites 
of iron in metal bearing wastewaters before treatment has been 
shown to improve the removal of toxic metals. In some cases this 
iron is an integral part of the industrial wastewater; in other 
cases iron is deliberately added as a pre or first step of 
treatment. The iron functions to improve toxic metal removal by 
three mechanisms: the iron co-precipitates with toxic metals 
forming a stable precipitate which desolubilizes the toxic metal; 
the iron improves the settleability of the precipitate; and the 
large amount of iron reduces the fraction of toxic metal in the 
precipitate. Co-precipitation with iron has been practiced for 
many years incidentally when iron -was a substantial consitutent 
of raw wastewater and intentionally when iron salts were added as 
a coagulant aid. Aluminum or mixed iron-aluminum salt also have 
been used. 

Co-precipitation using large amounts of ferrous iron salts 
known as ferrite co-precipitation because magnetic iron oxide or 
ferrite is formed. The addition of ferrous salts (sulfate) 
followed by alkali precipitation and air oxidation. 
resultant precipitate is easily removed by filtration and may 
removed magnetically. Data illustrating the performance 
ferrite co-precipitation is shown in Table VII-7, (Page 262). 

is 

is 
The 

be 
of 

Adv~ntages and Limitations 

Chemical p~ecipitation has proven t~ be an effective technique 
for removing many pollutants from industrial wastewater. It 
operates at ambient conditions and is well suited to automatic 
control. The use of chemical precipitation may be limited 
because of interference by chelating agents, because of possible 
chemical interference of mixed wastewaters and treatment 
chemicals, or because of the potentially hazardous situation 
involved with the storage and handling of those chemicals. Lime 
is usually added as a slurry when used in hydroxide 
precipitation. The slurry must be kept well mixed and the 
addition lines periodically checked to prevent blocking of the 
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lines, which may result from a buildup 
hydroxide precipitation usually makes 
precipitated metals difficult, because of 
nature of most hydroxide sludges. 

of solids. Also, 
recovery of the 
the heterogeneous 

The major advantage of the sulfide precipitation process is that 
the extremely low solubility of most metal sulfides promotes very 
high metal removal efficiencies; the sulfide process also has the 
ability to remove chromates and dichromates without preliminary 
reduction of the chromium to its trivalent state. In addition, 
sulfide can precipitate metals complexed with most complexing 
agents. The process demands care, however, in maintaining the pH 
of the solution at approximately 10 in order to prevent the gen
eration of toxic hydrogen sulfide gas. For this reason, 
ventilation of the treatm~nt tanks may be a necessary precaution 
in most installations. The U$e of insoluble sulfides reduces the 
problem of hydrogen sulfide evolution. As with hydroxide 
precipitation, excess sulfide ion must be present to drive the 
precipitation reaction to completion. Since the sulfide ion 
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 post treatment. At very high 
excess sulfide levels and high pH, soluble mercury-sulfide 
compounds may also be formed. Where exces.s sulfide is present, 
aeration of the effluent stream can aid in oxidizing residual 
sulfide to the less harmful sodium sulfate (Na 2 S04 ). The cost of 
sulfide precipitants is high in comparison with hydroxide 
precipitants, and disposal of metallic sulfide sludges may pose 
problems.· An essential element in effective sulfide 
precipitation is the removal of precipitated solids from the 
wastewater and proper disposal in an appropriate site. Sulfide 
precipitation will also generate a higher volume of sludge, than 
hydroxide precipitation, resulting in higher disposal and 
dewatering costs. This is especially true when ferrous sulfide 
is used as the precipitant. 

Sulfide precipitation may be used as a polishing treatment after 
hydroxide precipitation-sedimentation. This treatment 
configuration may provide the better treatment effectiveness of 

·sulfide precipitation while minimizing the variability caused by 
changes in raw waste and reducing the amount of sulfide 
precipitant required. 

Operational Factors. 
precipitation is highly 
control are required. 
similar reliability. 

Reliability: Alkaline chemical 
reliable, although proper monitoring and 
Sulfide precipitation systems provide 
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Maintainability: The major maintenance needs involve periodic 
upkeep of monitoring equipment, automatic feeding equipment, 
mixing equipment, and other hardware. Removal of accumulated 
sludge is necessary for efficient operation of precipitation
sedimentation systems. 

Solid Waste Aspects: Solids which precipitate out are removed in 
a subsequent treatment step. Ultimately, these solids require 
proper disposal. 

Demonstration Status. Chemical precipitation of metal hydroxides 
is a classic waste treatment technology used by most industrial 
waste treatment systems. Chemical precipitation of metals in the 
carbonate form alone has been found to be feasible and is 
commercially used to permit metals recovery and water reuse. 
Full scale commercial sulfide precipitation units are in 
operation at numerous installations. As noted earlier, 
sedimentation to remove precipitates is discussed separately. 

Use in Coil Coating Plants. Chemical precipitation is used at 37 
coil coating plants. The quality of treatment provided, however, 
is variable. A review of collected data and on-site observations 
reveals that control of system parameters is often poor. Where 
precipitates are removed by clarification, retention times are 
likely to be short and cleaning and maintenance questionable. 
Similarly, pH control is frequently inadequate. As a result of 
these factors, effluent performance at coil coating plants 
nominally practicing the same wastewater treatment is observed to 
vary widely. 

3. Cyanide Precipitation 

Cyanide precipitation, although a method for treating cyanide in 
wastewaters, does not destroy cyanide. The cyanide is retained 
in the sludge 0 that is formed. Reports indicate that during 
exposure to sunlight the cyanide complexes can break down and 
form free cyanide. For this reason the sludge from this 
treatment method must be disposed of carefully. 

Cyanide may be precipitated and settled out of wastewaters by the 
addition of zinc sulfate or ferrous sulfate. In the presence of 
iron, cyanide will form extremely stable cyanide complexes. The 
addition of zinc sulfate or ferrous sulfate forms zinc 
ferrocyanide or ferro and ferricyanide complexes. 

Adequate removal of the precipitated cyanide requires that the pH 
must be kept at 9.0 and an appropriate retention time be 
maintained. A study has shown that the formation of the complex 
is very dependent on pH. At pH's of 8 and 10 the residual 
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cyanide concentrations measured are twice those of the same 
reaction carried out at a pH of 9. Removal efficiencies also 
depend heavily on the retention time allowed. The formation of 
the complexes takes place rather slowly. Depending upon the 
excess amount of zinc sulfate or ferrous sulfate added, at least 
a 30 minute retention time should be allowed for the formation of 
the cyanide complex before continuing on to the clarification 
stage. 

One experiment with an initial concentration of 10 mg/1 of 
cyanide showed that :98 percent of the cyanide was complexed ten 
minutes after the addition of ferrous sulfate at twice the 
theoretical amount nec~ssary. Interference from other metal 
ions, such as cadmium, might result in the need for longer 
retention times. 

Table VII-8 (page 262) presents data from three coil coating 
plants. A fourth plant was visited for the purpose of observing 
plant testing of the cyanide precipitation system. Specific data 
from this facility are not included because: (1) the pH was 
usually well below the optimum level of 9.0; (2) the historical 
treatment data were not obtained using the standard cyanide 
analysis procedure; and (3) matched input-output data were not 
made available by the plant. Scanning_ the available d.ata 
indicates that the raw waste CN level was in the range of 25.0; 
the pH 7.5; and treated CN l~vel was from 0.1 to 0.2. 

Plant 1057 allowed a 27 minute retention time for the formation 
of the complex. The retention time for the other plants is not 
known. The data suggest that over a wide range of cyanide 
concentration in the raw waste, the concentration of cyanide can 
be reduced in the effluent stream to under 0.07 mg/1. 

Application and Performance. Cyanide precipitation can be used 
when cyanide destruction is not feasible because of the presence 
of cyanide complexes which are difficult to destroy. Effluent 
concentrations of cyanide well below 0.15 mg/1 are possible. 

Advantages and Limitations. Cyanide precipitation is an 
inexpensive method of treating cyanide. Problems may occur when 
metal ions interfere with the formation of the complexes. 

Demonstratio11 Status: Cyanide precipitation is used in at least 
six coil coating plants. 
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4. Granular ~~d Filtration 

Filtration occurs in nature as the surface ground waters are 
cleansed by sand. Silica sand, anthracite coal, and garnet are 
common filter media used in water treatment plants. 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 particles. 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 periodic 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 dual media filter usually 
consists of a fine bed of sand under 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 settles 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 arrangement 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. 

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 horizontal. 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 efficiency. The biflow 
design is an attempt to overcome this proble.m. 
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The classic granular bed filter operates by gravity flow; 
however, pressure filters are fairly widely used. They permit 
higher solids loadings before cleaning and are advantageous when 
the filter effluent must be pressurized for further downstream 
treatment. In ca.ddl.tion; pressure filter systems are often less 
costly for low to moderate flow rates. 

Figure VII-14 (page 289) depicts a high rate, dual media, gravity 
downflow granular bed filter, with self-stored backwash. Both 
filtrate and backwash are piped around the bed in an arrangement 
that permits gravity upflow of the backwash, with the stored 
f i 1 tr ate servin_g as backwash. Addition of the indicated 
coagulant and polyelectrolyte usually results in a substantial 
improvement in filter performance. 

Auxilliary 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 a~tion in the bed by increasing the 
agitation. 

An important feature for successful filtration and backwashing is 
the underdrain. This is the support structµre 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 th~ 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. 

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 carry
over basis from turbidity monitoring of the outlet stream. All 
of these schemes have been u;sed succcessful ly. 



Application and Performance. Wastewater treatment plants often 
use granular bed filters for polishing after clarification, 
sedimentation, or other similar operations. Granular bed 
filtration thus has potential application to nearly all 
industrial plants. Chemical additives which enhance the upstream 
treatment equipment may or may not be compatible with or enhance 
the filtration process. Normal operating flow rates for various 
types of filters are as follows: 

Slow Sand 
Rapid Sand 
High Rate Mixed Media 

2.04 - 5.30 1/sq m-hr 
40.74 - 51.48 1/sq m-hr 
81.48 - 122.22 1/sq m-hr 

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 011 the 
surface of the media grains as they pass in close proximity in 
the narrow bed passages. 

Properly operated filters following some pretreatment to reduce 
suspended solids below 200 mg/1 should produce water with less 
than 10 mg/1 TSS. For example, multimedia filters produced the 
effluent qualities shown in Table VII-9 (page 263). 

Advantages and Limitations. The principal advantages of granular 
bed filtration are its comparatively (to other filters) low 
initial and operating costs, reduced land requirements over other 
methods to achieve the same level of solids removal, and 
elimination· of chemical additions· to the discharge stream. 
However, the filter may require pretreatment if the solids level 
is high (over 100 mg/1). Operator training must be somewhat 
extensive due to the controls and periodic backwashing involved, 
and backwash. must be stored and dewatered for economical 
disposal. 

Operational Factors. Reliability: The recent improvements in 
filter technology have significantly improved filtration 
reliability. Control systems, improved designs, and good 
operating procedures have made filtration a highly reliable 
method of water treatment. 

Maintainability: 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 b.e at least partially 
replaced. 
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Solid Waste Aspects: 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 so1~ds may be 
disposed of in a suitable landfill. In either of these 
situations there is a solids disposal problem similar to that of 
clarifiers. 

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. Granular bed filtration is used in many 
manufacturing plants. As noted previously, however, little data 
is available characterizing the · effectiveness of f i 1 ters 
presently in use within the. industry. 

5. Pressure Filtration 

Pressure filtr~tion works 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 VII-15 (page 290) 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 which· are pressed together between a fixed end and a 
traveling end. On the surface of each plate is mo~nted a filter 
made of cloth or a synthetic fiber. The feed stream is pumped 
into the unit and passes through holes in the trays along the 
length of the press until the cavities or chambers between the 
trays are ~ompletely filled. The solids are then entrapped, and 
a cake begins to fbrm on the surface of the filter material. The 
water 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 filtei 
has been exhausted. The unit must then be cleaned of the sludge. 
After the cleaning or replacement of the filter media, the unit 
is again ready for operation. 

Application ~nd Performance. Pressure filtration is used in coil 
coating for sludge dewatering and also for direct removal of 
precipitated and other suspended solids from wastewater. 
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Because dewatering is such a common operation in treatment 
systems, pressure filtration is a technique which can be found in 
many industri~s concerned with removing solids from their waste 
stream. 

In a typical pressure filter, chemically preconditioned sludge 
detained in the unit for one to three hours under pressures 
varying from 5 to 13 atmospheres exhibited final solids content 
between 25 and 50 percent. 

Advantages and Limitations. 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. As a result; 
pressure filtration may reduce the amount of chemical 
pretreatment required for sludge dewatering. Sludge retained in 
the form of the filter cake has a higher percentage of solids 
than that from centrifuge or vacuum filter. Thus, it can be 
easily accommodated by materials handling systems. 

As a primary solids removal technique, pressure filtration 
requires less space than clarification and is well suited to 
streams with high solids loadings. The sludge produced may be 
disposed without further dewatering, but the amount of sludge is 
increased by the use of filter precoat materials (usually 
diatomaceous earth). Also, cloth pressure filters often do not 
achieve as high a degree of effluent clarification as clarifiers 
or granular media filters. 

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 available. 

For larger operations, the relatively high space requirements, as 
compared to those of a centrifuge, could be prohibitive in some 
situations. 

Operational Factors. Reliability: With proper pretreatment, 
design, and control, pressure filtration is a highly dependable 
system. 

Maintainability: Maintenance consists of periodic cleaning cir 
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. 
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.Solid Waste Aspects: Because it is generally drier than other 
types of sludges, the filter sludge cake can be handled with 
relative ease. The accumulated sludge may be disposed by any of 
the accepted procedures depending on its chemical composition. 
The levels of toxic metals present in sludge from treating coil 
coating wastewater necessitate proper disposal. 

Demonstration Status. Pressure filtration is a commonly used 
technology in a great many commercial applications. 

6. Settl ir~l 

Settling is a process which removes solid particles from a liquid 
matrix by gravitational force. This is done by reducing the 
velocity of the feed stream in a large volume tank or lagoon so 
that gravitational settling can occur.· Figure VII~7 (page 266) 
shows two typical settling devices. 

Settling is often preceded by chemical precipitation which 
converts dissolved pollutants to solid form and. by coagulation 
which enhances settling by coagulating suspended precipitates 
into larger, faster settling particles. 

If no chemical pretreatment is used, the wastewater is fed into a 
tank or lagoon where it loses velocity and the suspended solids 
are allowed to settle out. Long retention times are generally 
required. Accumulated sludge can be collected either 
periodically or continuously and either manually or mechanically. 
Simple settling, however, may require excessively large 
catchments, and long retention times (days as compared with 
hours) to achieve high removal efficiencies. Because of this, 
addition of :settling aids such as alum or polymeric flocculants 
is often economically attractive. 

In practice, chemical precipitation often precedes settling, and 
inorganic coagulants or polyelectrolytic flocculants are usually 
added as well. Common coagulants include sodium sulfate, sodium 
aluminate, ferrous or ferric sulfate, and ferric chloride. 
Organic polyelectrolytes vary in structµre, but all usually form 
larger floe particles than coagulants used alone. 

Following this pretreatment, the wastewater can be fed into a 
holding tank .or lagoon for settling, .but· is more often piped into 
a clarifier for the same purpose. A clarifier reduces space 
requirements, reduces retention time, and increases ·solids 
removal effici.ency. Conventional clarifiers generally consist of 
a circular or rectangular tank with a mechanical sludge 
collecting device or with a sloping funnel-shaped bottom designed 
for sludge collection. In advanced settling devices inclined 
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plates, slant~d tubes, or 
within the clarifier tank in 
settling area, increasing 
stream is often recirculated 
a denser sludge. 

a lamellar network may be included 
order to increase the effective 

capacity. A fraction of the sludge 
to the inlet, promoting formation of 

Application §nd Performance. Settling and clarification are used 
in the coil coating category to remove precipitated metals. 
Settling can be used to remove most suspended solids in a 
particular waste stream; thus it is used extensively by many 
different industrial waste treatment facilities. Because most 
metal ion pollutants are readily converted to solid metal 
hydroxide precipitates, settling is of particular use in those 
industries associated with metal production, metal finishing, 
metal working, and any other industry with high concentrations of 
metal ions in their wastewaters .. In addition to toxic metals, 
suitably precipitated materials effectively removed by settling 
include aluminum, iron, manganese, cobalt, antimony, beryllium, 
molybdenum, fluoride, phosphate, and many others. 

A properly operating settling system can efficiently remove 
suspended solids, precipitated metal hydroxides, and other 
impurities from wastewater. The performance of the process 
depends on a variety of factors, including the density and 
particle size of the solids, the effective charge on the 
suspended particles, and' the types of chemicals used in 
pretreatment. The site of flocculant or coagulant addition also 
may significantly influence the effectiveness of clarification. 
If the flocculant is subjected to too much mixing before entering 
the clarifier, the complexes may be sheared· and the settling 
effectiveness diminished. At the same time, the flocculant must 
have sufficient mixing and reaction time in order for effective 
set-up and settling to occur. Plant personnel have observed that 
the line or trough leading into the clarifier is often the most 
efficient site for flocculant addition. The performance of 
simple settling is a ·function of the retention time, particle 
si~e and density, and the surface area of the basin. 

The data displayed in Table VII-10 (page 263) indicate suspended 
solids removal efficiencies in settling systems. 

The mean effluent TSS concentration obtained by the plants shown 
in Table VII-1 O is l O. l mg/1 .. Influent concentrations averaged 
838 mg/1. The maximum effluent TSS value reported is 23 mg/L. 
These plants all use alkaline pH adjustment to precipitate metal 
hydroxides, and most add a coagulant or flocculant prior to 
settling. 
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Advantages and Limitations. The major advantage of simple 
settling is. its simplicity as demonstrated by the gravitational 
settling of solid particulate waste in a holding tank or lagoon. 
The major problem with simple settling is the long retention time 
necessary to achieve complete settling, especially if the 
specific gravity of the suspended matter is close to that of 
water. Some· "materials cannot be practically removed by simple 
settling alone: 

Settling performed in a clarifier is effective in removing slow
settling suspended matter in a shorter time and in less space 
than a simple settling system. Also, effluent quality is often 
better from a clarifier. The cost of installing and maintaining 
a clarifier, however, is substantially greater than the costs 
associated with simple settling. 

Inclined plate, slant tube, and lamella settlers have even higher 
removal efficiencies than conventional clarifiers, and greater 
capacities per unit area are possible. Installed costs for these 
advanced clarification systems are claimed to be one half the 
cost of conventional systems of similar capacity. 

Operationa~ Factors. Reliability: Settling can be a highly 
reliable technology for removing suspended solids. Sufficient 
retention time and regular sludge removal are important factors 
affecting the reliability of all settling systems. Proper 
control of pH adjustment, chemical precipitation, and coagulant 
or flocc~lant addition are additional factors affecting settling 
efficiencies in systems (frequently clarifiers) where these 
methods are used. 

Those advanced settlers using slanted tubes, inclined plates, or 
a lamellar network· may require pre-screening of the waste in 
order to eliminate any fibrous materials which could potentially 
clog the system. Some installations are especially vulnerable to 
shock loadings, as by storm water runoff, but proper system 
design will prevent this. 

Maintainability: When clarifiers or other advanced settling 
devices are used, the associated system utilized for chemical 
pretreatment and sludge dragout must be maintained on a regular 
basis. Routine maintenance of mechanical parts is also 
necessary. Lagoons require little maintenance other than 
periodic sludge removal. 

Demonstration Status 

Settling represents the typical method of solids removal and is 
employed extensively in industrial waste treatment. The advanced 
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clarifiers are just beginning to appear in significant numbers in 
commercial applications .. Sedimentation or clarification is used 
in many coil coating plants as shown below. 

Settling Device 

Settling Tanks 
Clarifier 
Tube or Plate Settler 
Lagoon 

No. Plants 

21 
24 
4 
6 

Settling is used both as part of end-of-pipe treatment and within 
the plant to allow recovery of process solutions and raw 
materials. 

7. Skimming 

Pollutants with a specific gravity less than water will often 
float unassisted to the surface of the wastewater. Skimming 
removes these floating wastes. Skimming normally takes place in 
a tank designed to allow the floating debris to rise and remain 
on th~ surface, while the lfguid flows to an outlet located below 
the floating layer. Skimming devices are therefore suited to the 
removal of non-emulsified oils from raw waste streams. Common 
skimming mechanisms include the rotating drum type, which picks 
up oil from the surface of the water as it rotates. A doctor 
blade scrapes oil from the drum and collects it in a trough for 
disposal or reuse. The water portion is allowed to flow under 
the rotating drum. Occasionally, an underflow baffle is 
installed after the drum; this has the advantage of retaining any 
floating oil which escapes the drum skimmer. The belt type 
skimmer is pulled vertically through the water, collecting oil 
which is scraped off from the surface and collected in a drum. 
Gravity separators, such as the API type, utilize overflow and 
underflow baffl~s 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. A diffusion device, such as a 
vertical slot baffle, aids in creating a ~niform flow through the 
system and increasing oil removal efficiency. 

Application and Performance. Oil cleaned from the strip is a 
principal source of oil. Skimming is applicable to any waste 
stream containing pollutants which float to. the surface. It is 
commonly used to remove free oil, grease, and soaps. Skimming is 
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often used in conjunction with air flotation or clarification in 
order to increase its effectiveness. 

The removal efficiency of a ~kimmer is partly a function of the 
retention time of the water in the tank. Larger, more buoyant 
particles require less retention time than smaller particles. 
Thus, the efficiency also depends on the composition of the waste 
stream. The retention time required to allow phase separation 
and subsequent skimming varies from 1 to 15 minutes, depending on 
the wastewater characteristics~ 

API or other gravity-type separators tend to be more suitable for 
use where the amount of surface oil flowing through the system is 
consistently significant. Drum and belt type skimmers are 
applicable to waste streams which evidence smaller amounts of 
floating oil and where surges of floating oil are not a problem. 
Using an API separator system in conjunction with a drum type 
skimmer would be a very effective method of removing floating 
contaminants from non-emulsified oily waste streams. Sampling 
data shown below illustrate the capabilities of the technology 
with both extremely high and moderate oil influent levels. 

This data, displayed in Table VII-11 (page 264); is intended to 
be illustrative of the very,high level of oi) and grease removals 
attainable in a simple two stage oil removal system. Based on 
the performance of installations in a variety of manufacturing 
plants and permit requirements that are constantly achieved, it 
is determined that effluent oil levels may be reliably reduced 
below 10 · mg/1 with moderate. influent concentrations. Very high 
concentrations of oil such as the 22 percent shown above may 
require two step treatment to achieve this level. 

Skimming which removes·oil may also be used to remove base levels 
of organics. Plant sampling data show that many organic 
compounds tend to be removed: in standard wastewater treatment 
equ~pment. Oil separation not only removes oil but also organics 
that are more soluble in oil than in water. Clarification 
removes organic solids directly and probably removes dissolved 
organics by adsorption on inorganic solids. 

The source of these organic pollutants is not always known with 
certainty, although in metal forming operations they seem to 
derive mainly from various process lubricants. They are also 
sometimes present in the plant water supply, as additives to 
proprietary formulations of cleaners, or due to leaching from 
plastic lines and other materials. 

High molecular _weight organics in particular are much more 
soluble in organic solvents than in water. Thus they are much 
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more concentrated in the oil phase that is skimmed than in the 
wastewater. The ratio of solubilities of a c~mpound in oil and 
water phases is called the partition coefficient. The logarithm 
of the partition coefficients for fifteen polynuclear aromatic 
hydrocarbon (PAH) compounds in octanol and water are listed in 
Table VII-12 (page 84). 

A study of priority organic compounds commonly found in metal 
forming operations waste streams indicated that incidental 
removal of these compounds often occurs as a result of oil 
removal or clarification processes. When all organics analyses 
from visited plants are considered, removal of organic compounds 
by other waste treatment technologies appears to be marginal in 
many cases. However, when only raw waste concentrations of 
0.05 mg/1 or greater are considered incidental organics removal 
becomes much more apparent. Lower values, those less than 
0.05 m9/l, are much more subject to analytical variation, while 
higher values indicate a significant presence of a given 
compound. When these factors are taken into account, analysis 
data indicate that most clarification and oil removal treatment 
systems remove significant amounts of the organic compounds 
present in the raw waste. The API oil-water separation system 
and the thermal emulsion breaker (TEB) performed notably in this 
regard, as shown in the following table (all values in mg/1). 

Data from five plant days demonstrate removal of organics by the 
combined oil skimming and settling operations performed on coil 
coating wastewaters. Days were chosen where treatment system 
influent and effluent analyses provided paired data points for 
oil and grease and the organics present. All organics found at 
quantifiable levels on those days were included. Further, only 
those days were chosen where oil and grease raw wastewater 
concentrations exceeded 10 mg/1 and where there was reduction in 
oil and grease going through the treatment system. All plant 
sampling days· which met the above criteria are included below. 
The conclusion is that when oil and grease are removed, organics 
are removed, also. 

Plant-Day 

1054-3 
13029-2 
13029-3 
38053-1 
38053-2 
Mean 

Percent Removal 
Oil & Grease 

95.9 
98.3 
95. 1 
96.8 
98.5 
96.9 
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Organics 

98.2 
78.0 
77.0 
81. 3 
86.3 
84.2 



The unit operation most applicable to removal of trace priority 
organics is adsorption, and chemical oxidation is another 
possibility. Biological degradation is not generally applicable 
because the organics are not present in sufficient concentration 
to sustain a biomass and because most of the organics are 
resistant to b1odegradation. 

Advantage~ and Limitations. Skimming as a pretreatment is 
effective in removing naturally floating waste material. It also 
improves the performance of subsequent. downstream treatments. 

Many pollutants, particularly dispersed or emulsified oil, will 
not float "naturally" but require additional treatments. There
fore, skimming alone may not remove all the pollutants capable of 
being removed by air flotation or other more sophisticated 
technologies. 

Operationa~ Factors. Reliability: Because of its simplicity, 
skimming is a very reliable technique. 

Maintainability: The skimming mechanism requires p~riodic 
lubrication, adjustment, and replacement of worn parts. 

Solid Wasbe Aspects: The collected layer of debris must be 
disposed of by contractor removal, landfill, or incineration. 
Because relatively large.quantities of water are present in the 
collected wastes, incineration is not always a viable disposal 
method. 

Demonstratic,n Status. Skimming is a common operation utilized 
extensively by industrial waste treatment systems. Oil skimming 
is used in seven coil coating plants. 

MAJOR TECHNOLOGY EFFECTIVENESS 

The performance of individual treatment technologies was 
presented above. Performance of operating systems is discussed 
here. Two different systems are considered: L&S {hydroxide· 
precipitation and sedimentation or lime and settle) and LS&F 
{hydroxide precipitation, sedimentation and filtration or lime, 
settle, and filter). Subsequently, an analysis of effectiveness 
of such systems is made to develop one-day maximum, and ten-day 
and thirty-day average concentration levels· to be used in 
regulating pollutants. Evaluation _of the L&S and the LS&F 
systems is carried out on the assumption that chemical reduction 
of chromium, cyanide precipitation, and oil skimming are 
installed and.operating properly where appropriate. 
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L&S PERFORMANCE -- COMBINED METALS DATA BASE -- . . . ----
Before proposal, chemical analysis data were collected of raw 
waste (treatment influent) and treated waste (treatment effluent) 
from 55 plants (126 data days) sampled· by EPA (or its contractor) 
using EPA sampling and chemical analysis protocols. These data 
are the data base for determining the effectiveness of L&S 
technology. Each of these plants belongs to at least one of the 
following industry categories: aluminum forming, battery 
manufacturing, coil coating, copper forming, electroplating and 
porcelain enameling. All of the plants employ pH adjustment and 
hydroxide precipitation using lime or caustic, followed by 
settling (tank, lagoon·or clarifier) for solids removal. Most 
also add a coagulant or flocculant prior to solids removal. 

An analysis of this data was presented in the development 
documents for the proposed regulations for coil coating and 
porcelain enameling (January 1981). In response to the proposal, 
some commenters claimed that it was inappropriate to use data 
from some categories for regulation of other categories. In 
response to these comments, the Agency reanalyzed the data. An 
analysis of variance was applied to the data for the 126 days of 
sampling to test the hypothesis of homogeneous plant mean raw and 
treated effluent levels across categories by pollutant. This 
analysis is described in the r~port "A Statistical Analysis of 
the Combined Metals Industries Effluent Data" which is in the 
administrative record supporting this rulemaking. The main 
conclusion drawn from the analysis of variance is that, with the 
exception of electroplating, the categories are generally 
homogeneous with regard to mean pollutant concentrations in both 
raw and treated effluent. That is, when data from electroplating 
facilities are included in the analysis, the hypothesis of 
homogeneity across categories is rejected. When the 
electroplating data are removed from the analysis the conclusion 
changes subst~ntially and the hypothesis of homogeneity across 
categories is not rejected. On the basis of this analysis, the 
electroplating data were removed from the data base used to 
determine limitations. Cases that appeared to be marginally 
different were not unexpected {such as copper in copper forming 
and lead in lead battery manufacturing) were accommodated in 
developing limitations by using the larger values obtained from 
the marginally different category to characterize the entire data 
set. 

The statistical analysis provides support for the technical 
engineering judgment that electroplating wastewaters are 
different from most metal processing wastewaters. These 
differences may be further explained by. differences in the 
relative amounts of pollutants in the raw wastewaters. 
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Therefore, the wastewater data derived from plants that only 
electroplate are not used in developing limitations for the coil 
coating category. 

After removing the electroplating data, data from 21 plants and 
52 days of sampling remained. Eleven of these plants and 25 days 
of sampling are from coil coating operations. 

For. the purpose of developing treatment effectiveness, . certain 
data were deleted from the data base. Before examination for 
homogeneity the first two data items below were removal; the 
third data item was removed after the homogeneity examination. 
These deletions were made to ensure that the data refle~t 
properly operated treatment systems and actual pollutant removal. 
The following criteria were used in making these deletions: 

o Plants where malfunctioning processes or treatment systems 
at tim,e of sampling were identified. 

o Data days where pH was less than 7.0 or TSS was greater than 
50 mg/1. (This is a prima facia indication of poor 
operation). 

o Data points where the raw waste value was too low to assure. 
actual pollutant removal occurred (i.e., less than 0.1 mg/1 
of pollutant in raw waste). 

Collectively, these selection criteria insure .that the data are 
from properly operating lime and settle treatment facilities. 
The remaining data are displayed graphically in Figures VII-8 to 
VII-16 (Pages 283-291). This common or combined metals data base 
provides a more sound and usable basis for estimating treatment 
effectiveness and statistical variability of lime and settle. 
technology than the available data from any one category. 

~-day Eff!_uent Values 

The basis assumption underlying the determination of treatment 
effectiveness is that the data for a particular pollutant are 
lognormally distributed by plant. The lognormal has been found 
to provide a satisfactory fit to plant effluent data in a number 
of effluent: guidelines categories. In the case of the combined 
metal categories data base, there are too few data from any one 
plant to verify formally the lognormal assumption. Thus, we 
assumed mea:surements of each pollutant from a particular plant, 
denoted by X, followed a lognormal distribution with log mean P 
and log variance 02. The mean, variance and 99th percentile of X 
are then: 
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mean of X = E(X) =exp(µ+ 02 /2) 

variance of X = V(X) = exp (2 P + o2) [exp( 02 )-1] 

99th percentile= X. 99 = exp ( P + 2.33 o) 

where exp is e, the base of the natural logarithm. The term 
lognormal is used because the logarithm of X has a normal 
distribution with mean µ and variance 02. Using the basic 
assumption of lognormality the actual treatment effectiveness was 
determined using a lognormal distribution that, in a sense, 
approximates the distribution of an average of the plant.s in the 
data base, i.e., an "average plant" distribution. The notion of 
an "average plant" distribution is not a strict statistical 
concept but is used here to determine limits that would represent 
the performance capability of an average of the plants in the 
data base. 

This "average plant" distribution for a particular pollutant was 
developed as follows: the log mean was determined by taking the 
average of all the observations for the pollutant across plants. 
The log variance was determined by the pooled within plant 
variance. This is the weighted average of the plant variances. 
Thus, the log mean represents the average of all the data for the 
pollutant and the log variance represents the average of the. 
plant log variances or average plant variability for the 
pollutant. 

The one day effluent values were determined as follows: 

Let Xij = the jth observation on a particular pollutant at 
plant i where 

Then 

where 

Then 

i = 1, ... , I 
,j = 1, ... , J; 
I= total number of plants 
J; = number of observations at plant i. 

Yij = ln X;j 

ln means the natural logarithm. 

Y = log mean over all plants 
I J. 

=}:: fJ Yij/n, 
1=1 J~ 
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where 

and 

where 

n = total numbe~ of obs~rvations 

V(y) = pooled log variance 

I 
= E(J; - 1) s;2 

i=l 
- I 
1:(J; - 1) 
i=l 

s;2 = log variance at plant j 
J· 

·=t(Y;j - Y;)2/(J; - 1) 

Yi= log mean at plant i. 

Thus, y and V(y) are the log .mean and log variance, respectively, 
of the lognormal distribution used to determine the treatment 
effectiveness. The estimated mean and 99th percentile of this 
distribution form the basis for the long term average and daily 
maximum effluent limitations, respectively. The estimates are 

mean = /()() = exp(y) 1j1 n (0.5 V(y)) 

99th percentile = X.99 = e_xp[y + 2.33 ./ V(y) ] 

where + (.) is a Bessel function and exp is e, the base of the 
natural logarithms (See Aitchison, J. and J.A.C. Brown, The 
Lognormal Distribution, Cambridge University Press, 1963). In 
cases where zeros were present in the data, a generalized form of 
the lognormal, known as the delta distribution was used (See 
Aitchison and Brown, op. cit., Chapter 9}. 

For certain pollutants, this approach was modified slightly to 
accommodate situations in which a category or categories stood 
out as being marginally different from the others. For instance, 
after excluding the electroplating data and other data that did 
not reflect pollutant removal or proper treatment, the effluent 
copper data from the copper forming plants were statistically 
significantly greater than the copper data from the other plants. 
Thus, copper effluent values shown in Table VII-14 (page 265} are 
based only on the copper effluent data from the copper forming 
plants. That is, the log mean for copper is the mean of the logs 
of all copper values from the copper forming plants only and the 
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log variance is the pooled log variance of the copper forming 
plant data only. In the case of cadmium, after excluding the 
electroplating data and data that did not reflect removal or 
proper treatment, there were insufficient data to estimate the 
log variance for cadmium. The variance used to determine the 
values shown in Table VII-13 for cadmium was estimated by pooling 
the within plant variances for all the other metals. Thus, the 
cadmium variability is the average of the plant variability 
averaged over all the other metals. The log mean for cadmium is 
the mean of the logs of the cadmium observations only. A 
complete discussion of the data and calculations for all the 
metals is contained in the administrative record for this 
rulemaking. 

Average Effluent Values 

Average effluent values that form the basis for the monthly 
limitations were developed in a manner consistent with the method 
used to develop one day treatment effectiveness in that the 
lognormal distribution used for the one-day effluent values was 
also used as the basis- for the average values. That is, we 
assume a number of consecutive measurements are drawn from the 
distribution of daily measurements. The approach used for the 10 
measurements values was employed previously for the 
electroplating category (see "Development document for Existing 
Sources Pretreatment Standards for the Electroplating Point 
Source Category" EPA 440/1-79/003, U.S. Environmental Protection 
Agency, Washington, D.C., August, 1979). That is, the 
distribution of the average of 10 samples from a lognormal was 
approximated by another lognormal distribution. Although the 
approximation is not precise theoretically, there is empirical 
evidence based on effluent data from a number of categories that 
the lognormal is an adequate approximation for the distribution 
of small samples. In the course of previous work the 
approximation· was verified in a computer simulation study. We 
also note that the average values were developed assuming 
independence of the observations although no particular sampling 
scneme was assumed. 

Ten-Sample average: 

The formulas fo~ the 19-sample limitations were derived on the 
basis of simple relationships between the mean and variance of 
the distributions of the daily pollutant measurements and the 
average of 10 measurements. We assume the daily concentration 
measurements for a particular pollutant, denoted by X, follow a 
lognormal distribution with log mean and log variance denoted by 
µ and d 2 , respectivey. Let X10 denote the mean of 10 consecutive 
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measurements. The following relationships then hold assuming the 
daily measurements are independent: 

mean of X10 = E(X10 ) = E(X) 

variance of X10 = V(X10 ) = V(X} + 10. 

Where E(X) and V(X) are the mean and variance of .X, respectively, 
defined above. We then assume that X10 follows a lognormal 
distribution with log mean 0 10 and log standard deviation 0 10 • 
The mean and variance of X10 are then 

E(X 10 ) =exp(µ 10 + 0.5 e1 2 I0 ) 

V(X 10 ) = exp (2 µ 10 + c, 2
10 ) [exp( c, 2

10 )-1] 

Now, µ 10 and c,2 10 can be derived in terms ofµ and c,2 as 

µ 10 = µ + c,2 /2 + 0.5 ln [1 +(exp ( c,2) -1)/N] 
e1 1 o = ln [l+(exp( c, 2 ) -1)/N] 

Therefore, µ10 and c, 2
10 can be estimated using the above 

relationships and. the estimates of µ and c,2 obtained for the 
underlying lognormal distribution. The 10 sample limitation 
value was determined by the estimate of the approximate 99th 
percentile of the distribution of the 10 sample average given by 

A A A 
X10 (.99) = exp {µ 10 + 2;33 e1 10 ). 

A A where·µ 10 and O' 10 are the estimates of µ10 and e1 10 , respectively. 

30 Sample Average: 

The average values based on 30 measurements are determined on the 
basis of a statistical result known as the Central Limit Theorem. 
This Theorem states that, under general. and nonrestrictive 
assumptions, the distribution of a sum of a number of random 
variables, say n, is approximated by. the normal distribution. 
The approximation improves as the number of variables, n, 
increases. TIH~ Theorem is quite general in that no particular 
distributional form is assumed for the distribution of the 
individual variables. In most applications (as in approximating 
the distribution of 30-day averages) the Theorem is used to 
approximate the distribution of the average of n observations of 
a random variable. The result makes it possible to compute 
approximate prc,bability statements about the average in a wide 
range .of casE~s. For instance, it is possible to compute a value 
below which a specified percentage (e.g., 99 percent) of the 
averages of n observations .are likely to fall. Most textbooks 
state that 25 ·or 30 observations are sufficient for the 
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approximation to be valid. In applying the Theorem to the 
distribution of the 30 day average effluent values, we 
approximate the distribution of the average of 30 observations 
drawn from the distribution of qaily measurements and use the 
estimated 99th percentile of this distribution. The monthly 
limitations based on 10 consecutive measurements were determined 
using the lognormal approximation described above because 10 
measurements was, in this case, considered too small a number for 
use of the Central Limit Theorem. 

30 Sample Average Calculation 

The formulas for the 30 sample average were based on an 
application of the Central Limit Theorem. Ac.cording to the 
Theorem, the average of 30 observations drawn from the 
distribution of daily measurements, denoted. by X30 , is 
approximately normally distributed. The mean and variance of X30 
are: 

mean of x'30 ..:: E(X30 )_= E(X) 
variance of X30 = V(X 3 _0 ) = V(X)/30. 

The 30 sample average value was determined by the estimate of the 
approximate 99th percentile of the distribution of the 30 sample 
average given by 

A A -e-!¢.~---:::-n-
X30 (. 99.) = E(X) = 2.33 ./ V{X) -a- .30 

where ~ · 
E(X) = exp(y) 1fl n (0.5V(y)) /i ~ 

and V{X) = exp(2y) [ 1/1 nC2V(y)) - "' "\ {~:})v(y/ ]. 

The formulas for E(X) 
respectively given in 
Lognormal Distribution, 
45. 

Application 

and V(X) are estimates of E(X) and V(X) 
Aitchison, J. and J.A.C. Brown, The 

Cambridge University Press, 1963, page 

In response to the proposed coil coating and porcelain enameling 
regulations, the Agency received comments pointing out that 
permits usually required less than 30 samples to be taken during 
a month while the monthly average used as the basis for permits 
and pretreatment requirements usually is based on the average of 
30 samples. 

In applying the treatment effectiveness valµes to regulations we 
have considered the c9mments, examined the sampling frequency 
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required by many permits and considered the change in values of 
averages depending on the number of consecutive sampltng days in 
the averages. The most common frequency of sampling required in 
permits is about ten samples per month or slightly greater than 
twice weekly. The 99th percentiles of the distribution of 
averages of ten consecutive sampling days are not substantially 
different from the 99th percentile of the distribution's 30 day 
average. (Compared to the one-day maximum, the ten-day average 
is about 80 percent of the difference between one and 30 day 
values). Hence the ten day average provides a reasonable basis 
for a monthly average limitation and is typical of the sampling 
frequency required by existing permits. 

The monthly average limitation is to be achieved in all 
and pretreatment standards regardless of the number of 
required to be analyzed and averaged by the permit 
pretreatment authority. 

Additional follutants 

permits 
samples 
or the 

A number of other pollutant parameters were considered with 
regard to the performance of lime and settle treatment systems in 
removing them from industrial wastewater. Performance data for 
these parameters is not readily available,_ so data available to 
the Agency in other categories has been selectively used to 
determine the long term average. Performance of lime and settle 
technology for each pollutant. These data indicate that the 
concentrations shown in Table VII-15 (page 266) are reliably 
attainabl~ with hydroxide precipitation and settling. The 
precipitation of silver appears to be accomplished by alkaline 
chloride precipitation and adequate chloride ions must be 
available for this reaction to occur. 

In establishing which data were suitable for use in Table VII-15 
two factors were heavily. weighed; (1) the nature of the. 
wastewater; (2) and the range of pdllutants or pollutant matrix 
in the raw wastewater. These data have been selected from 
processes that generate dissolved metals in the wastewater and 
which are generally free from complexing agents. The pollutant 
matrix was evaluated by comparing the concentrations of 
pollutants fc>und in the raw wastewaters with the range of 
pollutants in the raw wastewaters of the combined metals data 
set. These data are displayed in Tables VII-16 (page 266) and 
VII-17 (page 267) and indicate that there is sufficient 
similarity in the raw wastes to logically assume transferability 
of the treated pollutant concentrations to the combined metals 
data base. 'l~he available date on these added pollutants do not 
allow homogeneity analysis as was performed on the combined 
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metals data base. The data source for each added pollutant is 
discussed separately. 

Antimony (Sb) - The achievable performance for antimony is based 
on data from a battery and secondary lead plant. Both EPA 
sampling data and recent permit data (1978-1982) confirm the 
achievability of 0.7 mg/1 in the battery manufacturing wastewater 
matrix included in the combined data set. 

Arsenic (As) - The achievable performance of 0.5 mg/1 for arsenic 
is based on permit data from two nonferrous metals manufacturing 
plants. The untreated wastewater matrix shown in Table VII-17 is 
comparable with the combined data set matrix. 

Beryllium (Be) The treatability of beryllium is transferred 
from the nonferrous metals manufacturing industry. The 0.3 
performance is achieved at a beryllium plant with the comparable 
untreated wastewater matrix shown in Table VII 17. 

Mercury .Ll:!gJ_ - The 0.06 mg/1 treatability of mercury is based on 
data from four battery plants. The untreated wastewater matrix 
at ,these plants was considered in the combined metals data set. 

Selenium (Se) - The 0.30 mg/1 treatability of selenium is based 
on recent permit data from one of the nonferrous metals 
manufacturing plants also used for antimony performance. The 
untreated wastewater matrix for this plant is shown in Table 
VII-17. 

Silver - The treatability of silver is based on a 0.1 mg/1 
treatability estimate from the inorganic chemicals industry. 
Additional data supporting a treatability as stringent or more 
stringent than 0.1 mg/1 is also available from seven nonferrous 
metals manufacturing plants. The untreated wastewater matrix for 
these plants ,is comparable and summarized in Table VII-1& (page 
267). 

Thallium (Tl) The· 0.50 mg/1 treatability for thallium is 
transferred from the inorganic chemicals industry. Although no 
untreated wastewater data are available to verify comparability 
with the combined metals data set plants, no other sources of 
data for thallium treatability could be identified. 

Aluminum (Al) - The l .11 mg/1 treatability of aluminum is based 
on the mean performance of one aluminum forming plant and one 
coil coating plant. Both of the plants are from categories 
considered in the combined metals data set, assuring untreated 
wastewater matrix comparability. 
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Cobalt (Co) The 0.05 mg/1 treatability is based on nearly 
complete~oval of cobalt at a porcelain enameling plant with a 
mean untreated wa~tewater cobalt concentration of 4.31 mg/1. In 
this case, the analytical detection using aspiration techniques 
for this pollutant is used as the basis of the treatability. 
Porcelain enameling was considered in the combined metals data 
base, assuring untreated wastewater matrix comparability. 

Fluoride (F) - The 14.5 mg/1 treatability of fluoride is based on 
the mean performance of an electronics and electrical component 
manufacturing plant. The untreated wastewater matrix for this 
plant shown in Table VII-17 is comparable to the combined metals 
data set. · 

L,S&F PERFOR~ANCE 

Tables VII-18 and VII-19 (pages 268-269) show long term data from 
two plants which have well operated precipitation-settling 
treatment followed by filtration. The wastewaters from both 
plants contain pollutants fr0m metals _processing and finishing 
operations (multi-category). Both plants reduce hexavalent 
chromium befi~re neutralizing and precipitating metals with lime. 
A clarifier is used to remove much of the solids load and a 
filter is used to "polish" or complete removal of suspended 
solids. Plant A uses a pressure filter, while Plant Buses a 
rapid sand filter. 

Raw waste data was collected only occasionally at each facility 
and th~ ·raw waste data is presented as an indication of the 
nature of the wastewater treated. Data from plant A was received 
as a statistical summary and is presented as received. Raw 
laboratory data was collected at plant B and reviewed for 
spurious points and discrepancies. The ~ethod of treating the 
data base is discussed below under lime, settle, and filter 
treatment effectiveness. 

Table VII-20 (Page 270) shows long-term data for zinc and cadmium 
removal at Plant C, a primary zinc smelter, which operates a LS&F 
system. This data represents ·about 4 months (103 data days) 
taken immediately before the smelter was closed. It has been 
arranged similarily to Plants A and B for comparison and use. 

" , "'' " 1 " ',1'"1', ,, I ' ' 

These data are presented to demonstrate the performance of 
precipitation-settling-filtration (LS&F) technology under actual 
operating conditions and over a long period of time. 

It should be noted that the iron content of the raw waste of 
plants A and .B is high while that for Plant C is low. This 
results, for plants A and B, in coprecipitation of toxic metals 
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with iron. Precipitation using high-calcium lime for pH control 
yields the results shown above. Plant operating personnel 
indicate that this chemical treatment combination (sometimes with 
polymer assisted coagulation) generally produces better and more 
consistant metals removal than other combinations of sacrificial 
metal ions and alkalis. 

' 
The LS&F performance data presented here are based on systems 
that provide polishing filtration after effective L&S treatment. 
We have previously shown that L&S treatment is equally applicable 
to wastewaters from the five categories because of the 
homogeneity of its raw and treated wastewaters, and other 
factors. Because of the similarity of the wastewaters after L&S 
treatment, the Agency believes these wastewaters are equally 
amenable to treatment using polishing filters added to the L&S 
treatment system. The Agency concludes that LS&F data based on 
porcelain enameling and non-ferrous smelting and refining is 
directly applicable to the aluminum forming, copper forming, 
battery manufacturing, coil coating, and metal molding and 
casting categories, as well as to the porcelain enameling and 
nonferrous melting and refining. 

ANALYSIS OF TREATMENT SYSTEM EFFECTIVENESS 

Data are presented in Table VII-14 (page 265) showing the mean, 
one day, 10 day, and 30 day values for nine pollutants examined 
in the L&S metals data base. The mean variability factor for 
eight pollutants (excluding cadmium because of the small number 
of data points).was determined and is used to estimate one day, 
10 day and 30 day values. (The variability factor is the ratio 
of the value of concern to the mean: the average variability 
factors are: one day maximum - 4.100; ten day average l .821; 
and 30 day average - 1.618.) For values not calculated from the 
common data base as previously discussed, the mean value for 
pollutants shown in Table VII-15 were multiplied by the 
variability f~ctors to derive the value to obtain the one, ten 
and 30 day values. These are tabulated in Table VII-21 (page 
2711. 

LS&F technology data are presented in Tables VII-18 and VII-19 
(pages 268-269). These data represent two operating plants (A 
and B} in which the technology has been installed and operated 
for s0me years. Plant A data was received as a statistical 
summary and is ·presented without change. Plant B data was 
received as raw laboratory analysis data. Discussions with plant 
personnel indicated that operating experiments and changes in 
materials and reagents and occasional operating errors had 
occured during the data collection period. No specific 
information was available on those variables. To sort out high 
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values probably caused by methodological factors from random 
statistical variability, or data noise, the plant B data were 
analyzed. For each of four pollutants (chromium, nickel, zinc, 
and iron), the mean and standard deviation (sigma) were 
calculated for the entire data set. A data day was removed from 
the complete data set when any individual pollutant concentration 
for that day exceeded the sum of the mean plus three sigma for 
that pollutant. Fifty-one data days (from a total of about 1300) 
were eliminated by this method. 

Another approach was also used as a check on the above method of 
eliminating certain high values. The minimum values of raw 
wastewater concentrations from Plant B for the same four 
pollutants were compared to the total set of values for the 
corresponding pollutants. Any day on which the pollutant 
concentration exceeded the minimum ·value selected from raw 
wastewater concentrations for that pollutant was discarded. 
Forty-five days of data were eliminated by that procedure. 
Forty-three days of data in common were eliminated by either 
procedures. Since common ~ngineering practice (mean plus 3 
sigma) and logic (treated waste should be less than raw waste) 
seem to coincide, the data base with the 51 spurious data days 
eliminated is the basis for all further analysis. Range, mean, 
standard devi~tion and mean plus two standard deviations are 
shown in Tables VII-18 and VII-19 for Cr, Cu, Ni, Zn and Fe. 

The Plant B data was separated into 1979, 1978, and total data 
base (six years) segments. With the statistical analysis from 
Plant A for 1978 and 1979 this in effect created five data sets 
in which there is some overlap between the individual years and 
total data sets from Plant B. By comparing these five parts it 
is apparent that they are quite similar and all appear to be from 
the same family of numbers. The largest mean found among the 
five data sets for each pollutant was selected as the long term 
mean for LS&F technology and is used as the LS&F mean in Table 
VII-21. 

Plant C data was used as a basis for cadmium removal performance 
and as a check on the zinc values derived from Plants A and B. 
The cadmium data is displayed in Table VII-20 (page 270) and is 
incorporated into Table VII-21 for LS&F. The. zinc: data was 
analyzed for compliance with the 1-day and 30-day values in Table 
VII-20; no zinc value of the 103 data points exceeded the 1-day 
zinc value of 1.02 mg/1. The 103 4ata points were separated into 
blocks of 30 points and averaged.. Each of the 3 full 30-day 
averages was less than the Table VII-21 value of 0.31 mg/1. 
Additionally the Plant Craw wastewater pollutant concentrations 
(Table VII-~O). are well within the range of raw wastewater 
concentrations of the combined metals data base (Table VII-15), 
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further supporting the conclusion that Plant C wastewater data is 
compatible with similar data from Plants A and B. 

Concentration values for regulatory use are displayed in Table 
VII-21. Mean one day, ten day and 30 day values for L&S for nine 
pollutants were taken from Table VII-13; the remaining L&S values 
were developed using the mean values in Table VII-15 and the mean 
variability factors discussed above. 

LS&F mean values for Cd, Cr, Ni, Zn and Fe are derived from 
plants A, B, and C as discussed above. One, ten and thirty day 
values are derived by applying the variability factor developed 
from the pooled data base for the specific pollutant to the mean 
for that pollutant. Other LS&F values are calculated using the 
long term average or mean and the appropriate variability 
factors. Mean values for LS&F for pollutants not already 
discussed are derived by reducing the L&S mean by one-third. The 
one-third. reduction was established after examining the percent 
reduction in concentrations going from L&S to LS&F data for Cd, 
Cr, Ni, Zn, and Fe. 1he average reduction is 0.3338 or one 
third. 

Copper levels achieved at Plants A and B may be lower than 
generally achievable because ·of the high iron content and low 
copper content of the raw wastewaters. Therefore, the mean 
concentration value achieved is not used; LS&F mean used is 
derived from the L&S technology. 

L&S cyanide mean levels shown in Table VII-8 are ratioed to one 
day, ten day and 30 day values using mean variability factors. 
LS&F mean cyanide is calculated by applying the ratios of 
removals L&S and LS&F as di~cussed previously for LS&F metals 
limitations. The cyanide performance was arrived at by using the 
average metal ,variability factors. The treatment method used 
here is cyanide precipitation. Because cyanide precipitation is 
limited by the same physical processes as the metal 
precipitation, it is expected that the variabilities will be 
similar. Therefore, the average of the metal variability factors 
has been used as a basis for calculating the cyanide one day, ten 
day and thirty day average treatment effectiveness values. 

The filter performance for removing TSS as shown in Table VII-9 
yields a mean eff+uent concentration of 2.61 mg/1 and calculates 
to a 10 day average of 4.33, 30 day average of 3.36 mg/1; a· one 
day maximum of 8.88. These calculated values more than amply 
support the classic values of 10 and 15, respectively, which are 
used for LS&F. 
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Although iron was reduced in sqme LS&F operations, some 
facilities using that treatment introduce iron compounds to aid 
settling. Therefore, the one day, ten day and 30 day values for 
iron at LS&F were held at the L&S level so as to not unduly 
penalize the operations which use the relatively less 
objectionable iron compounds to enhance removals of toxic metals. 

MINOR TECHNOLOGIES 

Several other treatment technologies were considered for possible 
application in BPT or BAT. These technologies are presented here 
with a full discussion for most of them. A few ·_are described 
only briefly because of limited technical development. 

8. Carbon ~dsorption 

The use of activated carbon to remove dissolved organics from 
water and wastewater is a long demonstrated technology. It is 
one of the most efficient organic removal processes available. 
This sorption process is reversible, allowing activated carbon to 
be regenerated for reuse by the application of heat and steam or 
solvent. Activated carbon has also proved to be an effective 
adsorbent for. many toxic metals, including mercury. Regeneration 
of carbon which has adsorbed significant m~tals, however, may be 
difficult. 

The term activated carbon applies to any amorphous---form of carbon 
that has been specially treated to give high adsorption 
capacities. Typical raw materials 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. ~his material· has a high capacity for 
adsorption due primarily to the large surface area available for 
adsorption, 500-1500 mz/g resiilting from a large number of 
internal pores. Pore sizes generally range from 10-100 angstroms 
in radius. 

Activ9-ted carbon removes contaminants from water by the 
of adsorption, or the attraction and accumulation 
substance on the surface of another. Activated 
preferentially adsorbs organic compounds and, because 
selectivity, is particularly effective in removing 
compounds frc:,m aqueous solution. 

process 
of one 

carbon 
of this 
organic 

Carbon adsc:,rption requires pretreatment to remove excess 
suspended sc:,lids, oils, and greases. Suspended solids in the 
influent should be less than 50 mg/1 to minimize backwash 
requirements;~ downflow carbon bed can handle much higher levels 
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(up to 2000 mg/1), but requires frequent backwashing. 
Backwashing more tharr two or three times a day is not desirable; 
at 50 mg/1 suspended solids one backwash will suffice. Oil and 
grease should be less than about 10 mg/1. A high level of 
dissolved inorganic material in the influent 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 
wash on the carbon prior to reactivation. 

~I 

Activated carbon is available in both powdered and granular form. 
An adsorption column packed with granular activated carbon is 
shown in Figure VII-17 (page 292). Powdered carbon is less 
expensive per unit weight and may have slightly higher adsorption 
capacity, but it is more difficult to handle and to regenerate. 

Application and Performance. Carbon adsorption is used to remove 
mercury from wastewaters. The removal rate is influenced by the 
mercury level in the influent to the adsorption unit. Removal 
levels found at three manufacturing facilities are shown in Table 
VII-24. In the aggregate these data indicate that very low 
effluent levels could be attained from any raw waste by use of 
multiple adsorption stages. This is characteristic of adsorption 
processes. 

Isotherm tests have indicated that activated carbon is very 
effective in adsorbing 65 percent of the organic priority 
pollutants and is 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-
trichloroethane, 1,1-dichloroethane, phenol, and toluene. Table 
VII-22 (page 272) summarizes the treatability rating for most of 
the organic priority pollutants by activated carbon as compiled 
by EPA. Table VII-23 (page 273) summarizes classes of organic 
compounds together with examples of organics that are readily 
adsorbed on carbon. 

Advantages and Limitations. The major benefits of carbon 
treatment include applicability to a wide variety of organics, 
and high removal efficiency. Inorganics such as cyanide, 
chromium, and mercury are also removed effectively. Variations 
in concentration and flow rate ~re well tolerated. The system is 
compact, and recovery of adsorbed materials is sometimes 
practical. However, destruction of adsorbed compounds often 
occurs during thermal regeneration. If carbon cannot be 
thermally desorbed, it must be disposed· of along with any 
adsorbed pollutants. The capital and operating costs of thermal 
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regeneration are relatively 
regeneration is generally 
about 1,000 lb/day. Carbon 
highly soluble organics. 
suspended solids, which 
the influent water. 

high. Cost surveys show that thermal 
economical when carbon usage exceeds 

cannot remove low molecular weight or 
It also has a low tolerance · for 

must be removed to at least 50 mg/1 in 

Operational factors. Reliability: This system should be 
reliable with upstream protection and proper operation 
maintenance procedures. 

very 
and 

Maintainability: Th!s system requires periodic regeneration or 
replacement of spent carbon and is dependent upon raw waste load 
and process efficiency. 

Sol id Waste Aspects: Solid waste . from this process is 
contaminated activated carbon that requires disposal. Carbon 
undergoes regeneration, reduces the solid waste problem by 
reducing the frequency of carbon replacement. 

Demonstration Status. Carbon adsorption systems have been 
demonstrated to be practical and economical in reducing COD, BOD 
and related parameters in secondary municipal and.industrial 
wastewaters; in removing toxic or refractory organics from 
isolated industrial wastewaters; in removing and recovering 
certain organics from wastewaters; and in the removing and some 
times recovering, of selected inorganic chemicals from aqueous 
wastes. Carbon adsorption is a viable and economic process for 
organic waste streams containing up to 1 to 5 percent of 
refractory or toxic organics. Its applicability for removal of 
inorganics such as metals has also been demonstrated. 

9. Centrifugation 

Centrifugation is the application of centrifugal force to 
separate solids and liquids in a liquid-solid mixture or to 
effect concentration of the sol ids. The appl ica'tion of 
centrifugal force is effective because of the density 
differential normally found between the insoluble solids and the 
liquid in which they are contained. As a waste treatment 
procedure, centrifugation is applied to dewatering of sludges. 
One type of centrifuge is shown in Fi.gure VII-18 (page 293). 

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 in.and discharged from the bowl .. 
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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 discharged 
continuously through small orifices in the bowl wall. The 
clarified effluent is discharged through an overflow weir. 

A second type of centrifuge which is useful in dewatering sludges 
is the basket centrifuge. Jn 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 centrifuge does not have 
provision for continuous discharge of collected cake, operation 
requires interruption of the feed for cake discharge for a minute 
or two in a 10 to 30 minute overall cycle. 

The third type of centrifuge commonly used in sludge dewatering 
is the conveyor type. Sludge is fed through 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 whey are discharged. The liquid effluent is discharged 
through ports after passing the length of the bowl under 
centrifugal force. 

Application And Performance. Virtually all industrial waste 
treatment systems producing sludge can use cehtrifugation to 
dewater it. Centrifugation is currently being used by a wide 
range of industrial concerns. 

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 
operation, the solids content of the sludge can be increased to 
20-35 _percent. 

Advantages And Limitations. Sludge dewatering centrifuges have 
minimal space requirements and show a high degree of effluent 
clarification. The operation 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. 

Centrifuges have a high power cost that partially offsets the low 
initial cost. Special consideration must also be given to 
providing sturdy foundation~ and soundproofing because of .the 
vibration and noise that result from centrifuge operation. 
Adequate electrical power must also be· provided since large 
motors are required. The major difficulty encountered in the 
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operation of centrifuges has,been th~ 9isposal of the concentrate 
which is relatively high in suspended, non-settling solids. 

Operational Factors. Reliability: Centrifugation is highly 
reliable with proper control of factors such as sludge feed, 
consistency, and temper.ature. Pretreatment such as grit removal 
and coagulant addition may be necessary, depending on the 
composition of the sludge and on the ·type of centrifuge employed. 

Maintainability: Maintenance consists of periodic lubrication, 
cleaning, and inspection. The frequency and degree of inspection 
required vctries 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 
operation. 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. 

Solid Waste Aspects: Sludge dewatered in the centrifugation 
process may be disposed of by landfill. The clarified effluent 
(centrate), if high in dissolved or suspended solids, may require 
further treatment prior to discharge. 

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. · 

10. Coalescing 

The basic·principle of coalescence involves the preferential 
wetting of. a coalescing medium by oil droplets which accumulate 
on the medium and then rise to the surface of the solution as
they combine to form larger particles. The most important 
requirements for coalescing media are wettability for oil. and 
large surface area. Monofilament line is sometimes used as a 
coalescing medium. 

Coalescing stages may be integrated with a wide variety of 
gravity· oil separation devices, and some systems may incorporate 
several coalescing stages. In general a preliminary oil skimming 
step is desirable to avoid overloading the coalescer. 

One commercially marketed· system for .oily· waste treatment 
combines coalescing with inclined plate separation and 
filtration.· In this system, the oily wastes flow into an 
inclined plate settler. This unit consists of a stack of 
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inclined baffle plates in a cylindrical container with an oil 
collection chamber at the top. The oil droplets rise and impinge 
upon the undersides of the plates. They then migrate upward to a 
guide rib which directs the oil to the oil collection chamber, 
from which oil is discharged for reuse or disposal. 

The oily water continues on through another cylinder containing 
replaceable filter cartridges, which remove suspended particles 
from the waste. From there the wastewater enters a final 
cylinder in which the coalescing material is housed. As the oily 
water passes through the many small, irregular, continuous 
passages in the coalescing material, the oil droplets coalesce 
and rise to an oil collection chamber. 

Application and Performance. Coalescing is 
wastes which do not separate readily in simple 
The three stage system described above has 
concentrations of 10-15 mg/1 oil and grease 
concentrations of 1000 mg/1 or more. 

used to treat oily 
gravity systems. 
achieved effluent 

from raw waste 

Advantages arid Limitations. Coalescing allows removal of oil 
droplets too finely dispersed for conventional gravity 
separation-skimming technology. It also can significantly reduce 
the residence times (and therefore separator volumes) required to 
achieve separation of oi~ (rom some wastes. Because of its 
simplicity, coalescing prov"ides generally high reliability and 
low capital and operating costs. Coalescing is not generally 
effective in removing soluble or chemically stabilized emulsified 
oils. To avoid plugging, coalescers must 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 concentrations are high. 

Operational Factors. Reliability: Coalescing is inherently 
highly reliable since there are no moving parts, and the 
coalescing substra·te (monofilament, etc.) is inert in the 
process and therefore not subject to frequent regeneration or 
replacement requirements. Large loads or inadequate 
pretreatment, however, may result in plugging or bypass of 
coalescing stages. = 

Maintainability: Maintenance requirements are generally limffed 
to replacement of the coalescing medium on an infrequent basis. 

Solid Waste Aspects: No .appreciable solid waste is generated by 
this process. 
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Demonstration Status. Coalescing has been fully demonstrated in 
industries generating oily wastewater, although none are 
currently not in use at any coil coating facility. 

11. Cyanide Oxidation~ Chlorine 

Cyanide oxidation ~sing chlorine is widely used in industrial 
waste treatment to oxidize cyanide. Chlorine can be utilized in 
either the elemental or hypochlorite forms. This classic 
procedure can be illustrated by the following two step chemical 
reaction: 

1. Cl 2 + NaCN + 2NaOH --> NaCNO + 2NaCl + H2 0 

2. 3Cl 2 + 6NaOH + 2NaCNO --> 2NaHC03 + Nz + 6NaCl + 2H 2 0 

The reaction presented as equation (2) for the oxidation of 
cyanate is the final step in the oxidation of cyanide. A 
complete system for the alkaline chlorination of cyanide is shown 
in Figure VII-19 (page 294). 

The alkaline chlorination process oxidizes cyanides to carbon 
dioxide and nitrogen. The equipment often consists of an 
equalization tank followed by two reactioh .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). In 
the first reaction tank, conditions are adjusted to oxidize 
cyanides ·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 percent aqueous 
caustic soda is added to maintain a pH range of 9.5 to 10. In 
the second reaction tank, conditions are maintained to oxidize 
cyanate to carbon dioxide and nitrogen. The desirable .. , ORP and pH 
for this reaction are 600 millivolts and a pH of 8.0. ·,,Each of 
the reaction tanks is equipped with a propeller agitator designed 
to provide approximately one turnover per minute. Treatme.nt by 
the batch process is accomplished by using two tanks, one ··-,,.,_for 
collection of water over a specified time period, and on~ tank 
for the treatment of an accumulated batch. If dumps of 
concentrated wastes are frequent, 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 §!.Q~ Performance. The oxidation of cyanide waste by 
chlorine is a classic process and is found in most industrial 
plants. using cyanide. This process is capable of achieving 
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effluent levels that are nondetectable. The process is 
potentially applicable to coil coating facilities where cyanide 
is a component in conversion coating formulations. 

Advantages and Limitations. Some advantages of chlorine 
oxidation for handling process effluents are operation at ambient 
temperature, suitability for automatic control, and low cost. 
Disadvantages include the need for careful pH control, possible 
chemical interference in the treatment of mixed wastes, and the 
potential hazard of storing and handling chlorine gas. 

Operational Factors. Reliability: Chlorine oxidation is highly 
reliable with proper monitoring and control, and proper 
pretreatment to control interfering substances. 

Maintainability: Maintenance consists of periodic removal of 
sludge and recalibration of instruments. 

Solid Waste Aspects: There is no solid waste problem associated 
with chlorine oxidation. 

Demonstration Status. The oxidation of 
chlorine is a widely used process in plants 
cleaning and metal processing baths. 

12. Cyanide Oxidation~ Ozone 

cyanide 
using 

wastes 
cyanide 

by 
in 

Ozone is a highly reactive oxidizing agent which is approximately 
ten times more soluble than oxygen on a weight basis in water. 
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. A complete ozonation system is represented in Figure 
VII-20 (page 2~5). 

Application and Performance. Ozonation has been applied 
comm~rcially to oxidize cyanides, phenolic chemicals, and organo
metal complexes. Its applicability to photographic wastewaters 
has been studied in the laboratory with good results. Ozone is 
used in industrial waste treatment primarily to oxidize cyanide 
to cyanate and to oxidize phenols and dyes to a variety of 
colorless nontoxic products. 

Oxidation of cyanide to cyanate is illustrated below: 

CN- + 0 3 --> CNO- + 0 2 
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Continued exposure to ozone will convert the cyanate formed to 
carbon dio~id~ and ammonia; however, this is not economically 
practical. 

Ozone oxidation of cyanide to cyanate requires 1.8 to 2.0 pounds 
ozone ·per pound of CN-; complete oxidation requires· 4:6 to 5.0 
pounds ozone per pound of CN-. Zinc, copper, and nickel cyanides 
are easily destroyed to a nondetectable level, but cobalt and 
iron cyanides are more resistant to ozone treatment. 

Advantaqes and Limitations. Some advantages of ozone oxidation 
for handling- process effluents are its suitability to automatic 
control and on-site ge~eration and the fact that reaction 
products are not chlorinated organics and no dissolved solids are 
added in the treatment step~ Ozone in the presence of activated 
carbon, ultraviolet, and other promoters shows promise of 
reducing reaction time and improving ozone utilization, but the 
process at present is limited by high capital expense, possible 
chemical interference in the treatment of mixed wastes, and an 
energy requirement of 25 kwh/kg of ozone generated. Cyanide is 
not economically oxidized beyond the cyanate form. 

Operational Factors. Reliability: Ozone oxidation is highly 
reliable with proper monitoring and control, and proper 
pretreatment to control interfering $Ubstances. _ 

Maintainability: Maintenance consists of periodic removal of 
sludge, and periodic renewal of filters and desiccators required 
for the ·input of clean dry air; filter life is a function of 
input concentrations of detrimental constituents. · 

Solid Waste Aspects: Pretreatment to eliminate substances which 
will interfere with the process may be necessary. Dewatering of 
sludge generated in the ozone oxidation process or in an "in 
line" process may be desirabl~ prior -to disposal. 

13. Cyanide Oxidation :§y Ozone With UV Radiation 

One of the. modifications of the ozonation process is the 
simultaneous application of ultraviolet light arid ozone for the 
treatment of -~astewater, including treatment of halogenated 
organics. The combined action of these two forms produces 
reactions by photolysis, photosensitization, hydroxylation, 
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 s6 that they react more rapidly. In addition, free 
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radicals for use in the reaction are readily hydrolyzed by the 
water present. The energy and reaction intermediates created by 
the introduction of both ultraviolet and ozone greatly reduce the 
amount of ozone required compared with a system using ozone 
alone. Figure VII-21 (page 296) shows a three-stage UV-ozone 
system. A system to treat mixed cyanides requires pretreatment 
that involves chemical coagulation, sedimentation, clarification, 
equalization, and pH adjustment. 

Application and Performance. The ozone-UV radiation process was 
developed primarily for cyanide treatment in the electroplating 
and color photo-processing areas. It has been successfully 
applied to mixed cyanides and organics from organic chemicals 
manufacturing processes. The proces~ is particularly useful for 
treatment of complexed cyanides such as ferricyanide, copper 
cyanide and nickel cyanide, which are resistant to ozone alone. 

Ozone combined with UV radiation is a relatively new technology. 
Four units are currently in operation and all four treat cyanide 
bearing waste. 

Ozone-UV treatment could be used in coil coating plants to 
destroy cyanide present in waste streams from some conversion 
coating operations. 

14. Cyanide Oxidation~~ Hydrogen Peroxide 

Hydrogen peroxide oxidation removes both cyanide and metals in 
cyanide containing wastewaters. In this process, cyanide bearing 
waters are heated to 49 540c (120 - 1300F) and the pH is 
adjusted to 10.5 - 11.8. Formalin (37 percent formaldehyde) is 
added while the tank is vigorously agitate~.· After 2-5 minutes, 
a proprietary peroxygen compound (41 percent hydrogen peroxide 
with a catalyst and additives) is added. After an hoµr of 
mixing, the reaction is complete. The cyanide is converted to 
cyanate and the metals are precipitated as oxides or hy~roxides. 
The metals are then removed from solution by either settling· or 
filtration. 

~ 

The main equipment required for this process is two holding tanks 
equipped with heaters and 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. 
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Application and Performance. The hydrogen peroxide oxidation 
process is applicable to cyanidebearing wastewaters, especially 
those containing metal~cyanide complexes. In terms of waste 
reduction performance, this process can reduce total cyanide to 
less than 0.1 mg/1 and the zinc or cadmium to less than l .O mg/1. 

Advantages ~nd Limitations. Chemical costs.are similar to those 
for alkaline chlorination using chlorine and lower than those for 
treatment with hypochlorite. All free cyanide reacts and is 
completely oxidized to the less toxic, cyanate state. In 
addition, the metals precipitate and settle quickly, and they may 
be recoverable in many instances. However, the process requires 
energy expenditures to heat the wastewater prior to treatment. 

Demonstration Status. This treatment process was introduced in 
1971 and is used in several facilities. No coil coating plants 
use oxidation by hydrogen peroxide. 

15. Evaporation 

Evaporation is a concentration process. Water is evaporated from 
~ solution, increasing the concentration of solute in the 
remaining solution. If the resulting water vapor is condensed 
back to liquid water, the evaporation-condensation process is 
called distillation. However, to be consistent with industry 
terminology, evaporation is used in this report to describe both 
processes. Both atmospheric and vacuum evaporation are commonly 
used in industry today. Specific evaporation techniques are 
shown in Figure VII-22 (page 297) and discussed below. 

Ati:nospheric evaporation could be accomplished simply by boiling 
the liquid. However, to aid evaporation, heated liquid is 
sprayed on an evaporation surface, and air is blown over the 
s~rface and subsequently released to the atmosphere. Thus, 
evaporation occurs by humidification of the air stream, similar 
to .a drying process. ~quipment for carrying out atmospheric 
evaporation is quite similar for most applications. The major 
element is gener~lly a packed column with an 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 packing. At the same time, air 
drawn.upward through the packing by 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 atmosph~re. A scrubber is often unnecessary 
because the packed column itself acts as a scrubber. 

Another fo~m of atmospheric evaporator also works on the air 
humidification principle, but the evaporated water is recovered 
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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 temperature. All of the 
water vapor is condensed and, to maintain the vacuum condition, 
noncondensible gases (air in particular) are removed by a 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 wastewate~ are 
evaporated in each unit; thus, the double effect system 
evaporates twice the amount 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 pressure (higher vacuum) and, therefore, 
lower evaporation temperature. Another means of increasing 
energy efficiency is vapor recompression (thermal or mechanical), 
which enables heat to be transferred from the condensing water 
vapor to the evaporating wastewater. Vacuum evaporation 
equipment may be classified as submerged tube or climbing film 
evaporation units. 

In the most commonly used submerged tube evaporator, the heating 
and condensing coil are contained 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. Waste water 
accumulates in the bottom of the vessel, and it is evaporated by 
means of submerged steam coils. 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 of the vessel. 
Concentrate is removed from the bottom of the vessel. 

The major elements of the climbing film evaporator are the 
evaporator, separator, condenser, and vacuum pump. Waste water 
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 the 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 
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down through the condenser t~bes. 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. 

Applicatior~ and Performance. Both atmospheric and vacuum 
evaporation are used in many industrial plants, mainly for the 
concentrati.on and recovery of process solutions. Many of these 
evaporators also recover water for rinsing. Evaporation has also 

. been applied to recovery of phosphate metal cleaning solutions. 

In theory, evaporation should yield a concentrate and a deionized 
condensate. Actually, carry-over has resµlted in condensate 
metal concentrations as high as 10 mg/1, 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 
agen.ts. ~?hese can be removed with an activated carbon bed, if 
necessary. Samples from one plant showed 1,900 mg/1 zinc in the 
feed, 4,570 mg/1 jn the concentrate, 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 concentiite. 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. 

Advantages. and Limitations. Advantages of the evaporation 
process are that it permits recovery of a wide. variety of process 
chemicals,· and it is often applicable to concentration or removal 
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 inte~grated evaporation system. Also, in some cases solar 
heating cc>uld be inexpensively and effectively applied to 
evaporation. units. For some applications, pretreatment may be 
requirea·tc> remove solids 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 increase 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 
prefere~tial sites for precipitate deposition. In addition, low 
temperature! differences in the evaporator will eliminate nucleate 
boiling and supersaturation effects. Steam distillable 
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impurities in the process stream are carried over with the 
product water and must be handled by pre or post treatment. 

Operational Factors. Reliability: Proper maintenance will 
ensure a high degree of reliability for the system. Without such 
attention, rapid fouling or deterioration of vacuum seals may 
occur, especially when handling corrosive liquids. 

Maintainability: Operating parameters can be automatically 
controlled. Pretreatment may be required, as well as periodic 
cleaning of the system. Regular replacement of seals, especially 
in a corrosive environment, may be necessary. 

Solid Waste Aspects: With only a few exceptions, the process 
does not generate appreciable quantities of solid waste. 

Demonstration Status. Evaporation is a fully developed, 
commercially available wastewater treatment system. It is used 
extensively to recover plating chemicals in the electroplating 
industry and a pilot s;cale unit has been used in connection with 
phosphating of aluminum. Proven performance in silver recovery 
indicates that evaporation could be a useful treatment operation 
for the photographic industry, as well as, for metal finishing. 
No data have been reported showing the use of evaporation in coil 
coating plants. 

16. 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 
VII-23 (page 298) shows one type of flotation system. 

Flotation is used primarily in the treatment of wastewater 
stceams that carry heavy loads of finely divided suspended solids 
or oil. Solids.having a 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 to 
enhance the performance of the flotation process. 

The principal 
of generating 

difference among types of flotation is the method 
the minute gas bubbles ~usually air) in a 
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suspension bf water and small particles. Chemicals may be used 
to improve the efficiency with any of the basic methods. The 
following paragraphs describe the different flotation techniques 
and the method of bubble generation for each process. 

Froth Flotation - Froth flotation is based on differences in the 
physiochemical properties in various particles. Wettability 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 particles 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. 

Dispersed Air Flotation - 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. 
Dispersed air flotation is used mainly in the. metallurgical 
industry. 

Dissolved Air Flotation - In dissolved air flotation, bubbles are 
produced by releasing 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 involves the 
entrapment of rising gas bubbles in the flocculated p~rticles 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. 

Vacuum Flotation - This process consists of saturating the waste 
water with air either directly in· an aeration tank,· or by 
permitting air to enter on the suction of a wastewater pump. A 
partial vacuum is applied, which causes the. dissolved air to come 
out of solution as minute bubbles. The bubbles 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 typ_ical vacuum flotation unit 
consists of a covered cylindrical tank in which a partial vacuum 
is maintained. 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. 
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Auxilliary equipment includes an aeration tank for saturating the 
wastewater with air, a tank with a short retention time for 
removal of large bubbles, vacuum pumps, and sludge pumps. 

Application and Performance. The primary variables for flotation 
design are pressure, feed solids concentration, and retention 
period. The suspended solids in the effluent 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. 

Advantages and Limitations. Some advantages of the flotation 
process are the high levels of solids separation achieved in many 
applications, the relatively low energy requirements, and the 
adaptability to meet the treatment requirements of different 
waste types. Limitations of flotation are that it often requires 
addition of chemicals to enhance process performance and that it 
generates large quantities of sol id waste,. ... 

Operational Factors. Reliability: Flotation systems normally 
are very reliable with proper maintenance of the sludge collector 
mechanism and the motors ang pumps used for aeration. 

Maintainability: Routine 
and motors. The sludge 
possible corrosion or 
replacement. 

maintenance is required on the pumps 
collector mechanism is subject to 
breakage and may require periodic 

Solid Waste Aspects: Chemicals are commonly used to aid the 
flotation process by creating a surface or a structure that can 
easily adsorb or entrap air bubbles. Inorganic chemicals, such 
as the aluminum and ferric salts, and activated silica, can bind 
the particulate matter together and create a structure that can 
entrap air bubbles. Various organic chemicals can change the 
nature of either the air-liquid interface or the solid-liquid 
interface, or both. These compounds usually collect on the 
interface to bring about the desired changes. The added 
chemicals plus the particles in solution combine to form a large 
volume of sludge which must be further treated or properly 
disposed. 

Demonstration Status. Flotation is a fully developed process and 
is readily available for the treatment of a wide variety of 
industrial waste streams. 
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17. Gravit_y Sludge Thickening 

In the gravity thickening process, dilute sludge is fed from a 
primary settling tank or clarifier to a thickening tank where 
rakes stir the sludge gently to densify it and to push it to a 
central collection well. The supernatant is returned 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 VII-24 (page 299) shows the construction of a 
gravity thickener. 

Appl icatio.n. and Performance. Thickeners are generally used in 
faci 1 i ties where the·· sludge is to b_e further dewatered by a 
compact mechanical device such as a vacuum filter or centrifuge. 
Doubling the solids content in the thickener substahtially 
reduces capital and operating cost of the subsequent dewatering 
device and also reduces cost. for hauling. The process is 
potentially appl i,cable to almo~t_ any_ i_ridustrial plant. 

Organic sludges from sedimentation units 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. 

Advantages. and Limitations. The principal advantage of a gravity 
sludge thickening process is that it facilitates further sludge 
dewatering. Other advantages are high reliability and minimum 
maintenance requirements. 

Limitations of the sludge thickening process are 
to the flow rate through the thickener and the 
rate. These rates must be low enough not 
thickened sludge. 

its sensitivity 
sludge removal 
to disturb the 

Operational Factors. Reliability: Reliability is high with 
proper des'ign and operation. A gravity thickener is designed on 
the basis of square feet per pound of solids per day, in which 
the required surface area is r·e1ated to the solids entering and 
leaving the unit. Thickener area requirements are also expressed 
in terms of mass loading, grams of solids per square meter per 
day (lbs/sq ft/day). 

Maintainability: 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. 

Solid Waste Aspects: Thickened sludge from a gravity thickening 
process will. usually require further dewatering prior to 
disposal, incineration, or drying. The clear effluent may be 
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recirculated in part, or it may be subjected to further treatment 
prior to discharge. 

Demonstration Status. Gravity sludge thickeners are used 
throughout industry to reduce water content to a level where the 
sludge may be efficiently handled. Further dewatering is .usually 
practiced to minimize costs of hauling the sludge to approved 
landfill areas. Sludge thickening is used in seven coil coating 
plants. 

18. Insoluble Starch Xanthate 

Insoluble starch xanthate is essentially an ion exchange medium 
used to remove dissolved heavy metals from wastewater. The water 
may then either be reused (recovery application) or discharged 
(end-of-pipe application). In a commercial electroplating oper
ation, starch xanthate is coated on a filter medium. Rinse water 
containing dragged out heavy metals is circulated through the 
filters and then reused for rinsing. The starch-heavy metal 
complex is disposed of and replaced periodically. Laboratory 
tests indicate that recovery of metals from the complex is 
feasible, with regeneration of the starch xanthate. Besides 
electroplating, starch xanthate is potentially applicable to coil 
coating, porcelain,enameling, copper fabrication, and any other 
industrial plants where dilute metal wastewater streams are 
generated. Its present use is limited to one electroplating 
plant. 

19. 12!!. Exchange 

Ion exchange is a process in which ions, held by electrostatic 
forces to charged functional groups on the 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 proc~ss 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 be exchanged for the harmless ions of the 
resin. 

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 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 retain~d in this stage. If 
one pass does not reduce the contaminant levels sufficiently, the 
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stream may then enter another series of exchangers. 
exchange systems are equipped with more than one 
exchangers for this reason. 

Many ion 
set of 

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 exchange unit with in
place regeneration is shown in Figure VII-25 (page 300). Metal 
ions such as nickel are removed by an acid, cation exchange 
resin, which is regenerated with hydrochloric or sulfuric acid, 
replacing the metal ion with one or more hydrogen ions. Anions 
such as dichromate are removed by a basic, anion exchange 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) Replacement Service: A regeneration service replaces the 
spent resin with regenerated resin, and regenerates·the 
spent resin at its own facility. The service then has the 
problem of treatin9 and disp~sing of the spent regenerant. 

B) In-Place Regeneration: Some establishments may find it less 
expensive to do their own regeneration. The spent resin 
column i:s shut down for perhaps an hour, and the spent resin 
is regenerated. This results in one· or more waste streams 
which m·ust be treated in an appropriate manner. 
Regeneration is performed as the resins require it, u·sually 
every few months. 

C) Cyclic Regeneration: In this process, the regeneration of 
the spent resins takes place within the ion exchange unit 
itself 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 cycle 
generally begins with caustic being pumped through the anion 
exchanger, carrying out hexavalent chromium, for example, as 
sodium dichromate. The sodium dichromate stream then passes 
through a cation exchanger, converting the sodium dichromate 
to chromi1c acid. After concentration by evaporation or. 
other means, the chromic acid can be returned 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. Flushing the 
exchangers with water completes the cycle. Thus, the 
wastewater is purified and, in this example, chromic acid is 
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recovered. The ion e~changers, with newly regenerated 
resin, then enter the ion removal cycle again. 

Application and Performance. The list of pollutants for which 
the ion exchange system has proven effective includes aluminum, 
arsenic, cadmium, chromium (hexavalent and trivalent), copper, 
cyanide, gold, iron, lead, manganese, nickel, selenium, silver, 
tin, zinc, 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 uti
lize ion exchange in several ways. As an end-of-pipe treatment, 
ion exchange is certainly· feasible, but its greatest value is in 
recovery applications. It is commonly used as an integrated 
treatment to recover rinse water and process chemicals. Some 
electroplating facilities use ion exchange to concentrate and 
purify plating baths. Also, many industrial concerns, including 
a number of coil coating plants, use ion exchange to reduce salt 
concentrations in incoming water sources. 

Ion exchange is highly efficient at recovering metal bearing 
solutions. Recovery of chromium, nickel, phosphate solution, and 
sulfuric acid from anodizing is commercial. A chromic acid 
recovery efficiency of 99.5 percent has been demonstrated. 
Typical data for purification of rinse water have· been reported 
and are displayed in Table VII-24 (page 274). 

Ion exchange is a versatile technology applicable to a great many 
situations. This flexibility, along with its compact nature and 
performance, makes 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 in the vicinity of 6ooc, 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 preferentially 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 concentrations, although low in volume. These must be 
further processed for proper disposal. 
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Operational Factors. Reliability: With the exception of 
occasional clogging or fouling of the resins, ion exchange has 
proved to b~ a highly dependable technology. 

Maintainability: Only the normal maintenance of pumps, valves, 
piping and other hardware used in the regeneration process is 
required . 

. Solid Waste Aspects: Few, if any, solids accumulate within the 
ion exchangers, and those which do appear are removed by the re~ 
generation process. Proper prior treatment and planning ~an eli
minate solid buildup problems altogether. The brine resulting 
from regeneration of the ion exchange resin most usually must be 
treated to ri~move metals before discharge. This can generate 
solid waste. 

Demonstration Status. All of the applications mentioned in this 
document are available for commercial use, and industry sources 
estimate the number of units currently in the field at well over 
120. 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 E:!xchange, washing, and regeneration sections. The 
resins are therefore continually used and regenerated. No. such 
system, however, has been reported beyond the pilot stage. 

" ''" . - ·- -

20. Membrane Filtration 

Membrane filtration is a treatment system for removing 
precipitated metals from a wastewater stream. It must therefore 
be preceded by those treatment techniques which will properly 
prepare the wastewater for solids removal~ Typically, a membrane 
filtration unit is preceded by pH adjustment or sulfide addition 
for precipitation of the metals. These steps are foll~wed by the 
addition of a proprietary chemical reagent which causes the 
precipitate to be non-gelatinous, .easily dewatered, and highly 
stable. The resulting mixture of pretreated wastewater and 
reagent is continuously recirculated through a filter module and 
back into a recirculation tank~ The filter module contains 
tubular membranes. While the reagent-metal hydroxide precipitate 
mixture flows through the inside of the tubes, the water.and any 
dissolved salts permeate the membrane. When the recirculating 
slurry reaches a concentration of 10 to 15 percent solids, it is 
pumped out of the syitem as sludge. 
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Application and Performance. Membrane filtration appears to be 
applicable to any wastewater or process water containing metal 
ions which can be precipitated using hydroxide, sulfide or 
carbonate precipitation. It could function as the primary 
treatment system, but also might find application as a polishing 
treatment (after precipitation and settling) to ensure continued 
compliance with metals limitations. Membrane filtration systems 
are being used in a number of industrial applications, 
particularly in the metal finishing area. They have also been 
used for heavy metals removal in the metal fabrication industry 
and the paper industry. 

The permeate is claimed 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 sampl~s at 
various plants in various industries. 

In the performance predictions for this technology, pollutant 
concentrations are reduced to the levels shown in Table VII-25 
(page 274) unless lower levels are present in the influent 
stream. 

A major advantage of the membrane filtration system is that 
installations can use most of the conventional end-of-pipe 
systems that may already be in place. Removal efficiencies are 
claimed to be excellent, even with sudden variation of pollutant 
input rates; however, the effectiveness of the membrane 
filtration system can be limited by clogging of the filters. 
Because pH changes in the waste stream greatly intensify clogging 
problems, the pH must be carefully monitored and controlled. 
Clogging can force the shutdown of the system a~d may interfere 
with production. In addition, relatively high capital cost of 
this system may limit its use. 

Operational Factors. Reliability: Membrane filtration has been 
shown to be a very reliable system, provided that the pH is 
strictly controlled. Improper pH can result in the clogging of 
the membrane. Also, surges in the flow rate of the waste stream 
must be controlled in order to prevent solids from passing 
through the filter and into·the effluent. 

Maintainability: The membrane filters must be regularly 
monitored, and cleaned or replaced as necessary. Depending on 
the composition of the waste stream and its flow rate, frequent 
cleaning of the filters may be required. Flushing with 
hydrochloric acid for 6-24 hours will usually suffice. In 
addition, the routine maintenance of pumps, valves, and other 
plumbing is required. 
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Solid Waste Aspects: When the recirculating reagent-precipitate 
slurry reaches 10 to 15 percent solids, it is pumped out of the 
system. It can then be disposed of directly or it can undergo a 
dewatering process. Because this sludge contains toxic metals, 
it requires proper disposal. 

Demonstration Status. There are more than 25 membrane filtration 
systems presently in use on metal finishing and similar 
wastewaters. 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. Although there are no data on the use of 
membrane filtration in coil coating plants, the concept has been 
successfully demonstrated using coil coating plant wastewater. A 
unit has been installed at one coil coating pl~nt based on these 
tests. 

21. Peat Ad§Orption 

Peat.moss is a complex natural organic material containing lignin 
and cellulose as major constituents. These constituents, 
particularly lignin, bear polar functional groups, such as 
alcohols, aldehydes, ketones, acids, phenolic hydroxides, and 
ethers, that can be involved in chemical bonding. Because of the 
polar nature of the 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 industrial wastewater. 

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 adjustment for metals 
precipitation and subsequent clarification. Pretreatment is also 
required for chromium wastes using ferric chloride and sodium 
sulfide. The wastewater is then pumped into a large metal 
chamber called 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 then ready for 
discharge. This system may be automated or manually operated. 

Application and Performance. Peat adsorption can be used in coil 
coating 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 is currently used 
commercially at a textile plant, a newsprint facility, and a 
metal reclamation operation. 

239 



Table Vll-27 (page 275) contains performance figures obtained 
from pilot plant studies. Peat adsorption was preceded by pH 
adjustment for precipitation and by clarification. 

In addition, pilot plant studies have shown that chelated metal 
wastes, as well as the chelating agents themselves, are removed 
by contact with peat moss. 

Advantages and Limitations. The major advantages of the system 
include its ability to yield low pollutant concentrations, its 
broad scope in terms of the pollutants eliminated, and its 
capacity to accept wide variations of waste water composition. 

Limitations include the cost of purchasing, storing, and 
disposing of the peat moss; the necessity for regular replacement 
of the peat may· lead to high operation and maintenance costs. 
Also, the pH adjustment must be altered according to the 
composition of the waste stream. 

Operational Factors. Reliability: The question of long term 
reliability is not yet fuily answered. Although the manufacturer 
reports it to be a highly reliable system, operating experience 
is needed to verify the claim. 

Maintainability: The peat moss used in this process soon 
exhausts i~s capacity to adsorb pollutants. At that time, the 
kiers must be opened, the peat removed., and fresh peat placed 
inside. Although this procedure is. easily and quickly 
accomplished, it must be done at regular intervals, or the 
system's efficiency drops drastically. 

Solid Waste Aspects: After removal from the kier, the spent peat 
must be eliminated If incineration is used, precautions should 
be taken to insure that those pollutants removed from the water 
are not released again in the combustion process. Presence of 
sulfides in the spent peat, for ~xample, will give rise to sulfur 
dioxide in the fumes from burning. The presence of significant 
quantities , .. .r: toxic heavy metals in coil coating manufacturing 
wastewater · ~~l in g~~~~al preclude incineration of peat used in 
treating these wastes. 

Demonstration Status. Only three facilities currently use, 
commercial adsorption systems in the United States - a textile 
manufacturer, a newsprint facility, and a metal reclamation firm. 
No data have been reported showing the use of peat adsorption in 
coil coating plants. 

22. Reverse Osmosis 
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T·h~ process of osmosis involves the passage of a liquid through a 
semipermeable membrane from a dilute to a more concentrated 
solution. Reverse osmosis (RO) is an operation in which pressure 
is . applied to the more concentrated solution, forcing the per-

'meate to diffuse through the membrane and into the more dilute 
solution. This filtering action produces a concentrate and a 
permeate on opposite.sides of the membrane. The concentrate can 
then be further treated or returned to the original operation for 
continued use, while the permeate water can be recycled for use 
as clean water. Figure v11~26 (page 301) depicts a reverse 
osmosis system. 

As illustrated in Figure VII-27 (page 302), there are three basic 
configurations used in commercially available RO modules: 
tubular, spiral-wound, and hollow fiber. All of these operate on 
the principle described above, the major difference being their 
mechanical and structural design characteristics. 

The tubular. membrane module uses a·porous tube with a cellulose 
acetate membrane-lining. A common tubular module consists of a 
length of 2.5 cm (1 inch) diameter tube wound on a supporting 
spool and encased in a plastic shroud. Feed water is driven into 
the tube under pressures varying from 40 - 55 atm (600-800 psi). 
The p~rmeate passes through the walls ~f the tube and is 

. collected in a manifold while the concentrate is drained off at 
the end of the tube. A less widely used tubular RO module uses a 
straight tube contained in a housing, under the same operating 
conditions. 

Spiral-wound membranes consist of a porous backing sandwiched 
between two cellulose acetate membrane sheets and bonded along 
three edges. The fourth edge of the composite sheet is attached 
to a large permeate. collector tube. A spacer screen is then 
placed on top of the membrane sandwich and the entire stack is 
rolled around the centrally located tubular permeate collector. 
The rolled up package is inserted into a pipe able to withstand 

· the high operating pressures employed ·in this process, up to 55 
atm (800 psi) with the spiral-wound module. When the system is 
operating, the p~essurized product water permeates the membrane 
and flows through the backing material to the central collector 
tube. The concentrate is drained off at the end of the container 
pipe and can be reprocessed or sent to further treatment facili
.ties. 

The hollow fiber membrane con·f iguration is made up of a bundle of 
polyamide fibers of approximately 0.0075 cm (0.003 in.) OD and 
0.0043 cm (0.0017 in.) ID .. A commonly used hollow fiber module 
contains several hundred thousand of the fibers placed in a long 
tube, wrapped around a flow screen, and rolled into a spiral. 

241 



The fibers are bent in a U-shape and their ends are supported by 
an epoxy bond. The hollow fiber unit is operated under 27 atm 
(400 psi), the feed water being dispersed from the center of the 
module through a porous distributor tube. Permeate flows through 
the membrane to the hollow interiors of the fibers and is 
collected at the ends of the fibers. 

The hollow fiber and spiral-wound modules have a distinct advan
tage over the tubular system in that they are able to load a very 
large membrane surface area into a relatively small volume. 
However, these two membrane types are much more susceptible to 
fouling than the tubular system, which has a larger flow channel. 
This characteristic also makes the tubular membrane much easier 
to clean and regenerate than either the spiral-wound or hollow 
fiber modules. One manufacturer claims that their helical 
tubular module can be physicaliy wiped clean by passing a soft 
porous polyurethane plug under pressure through the module. 

Application and Performance, In a number of metal processing 
plants, the overflow from the first rinse in a countercurrent 
setup is directed to a. reverse osmosis unit, where it is 
separated into two streams. The concentrated stream contains 
dragged out chemicals and is returned to the bath to replace the 
loss of solution due to evaporation and dragout. The dilute 
stream (the permeate) is routed to the last rinse tank to provide 
water for the rinsing operation. The rinse flows from the last 
tank to the first tank and the cycle is complete. 

The closed-loop system described above may be supplemented by the 
addition of a vacuum evaporator after the RO unit in order to 
further reduce the volume of reverse osmosis concentrate. The 
evaporated vapor can be condensed and returned to the last rinse 
tank or sent on for further treatment. 

The largest application has been for the recovery of nickel solu
tions. It has been shown that RO can generally be applied to 
most acid metal baths with a high degree of performance, 
providing that the membrane unit is not overtaxed. · The 
limitations most critical here are the allowable pH range and 
maximum operatin~ pressure for each particular configuration. 
Adequate prefiltration is also essential. Only three membrane 
types are readily available in commercial RO units, and their 
overwhelming use has been for the recovery of various acid metal 
baths. For the purpose of calculating performance predictions of 
this technology,_ a rejection ratio of 98 percent is assumed for 
dissolved salts, with 95 percent permeate recovery. 
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Advantages and Limitations. The major advantage of reverse 
osmosis for handling process effluents is its ability to 
concentrate dilute solutions for recbvery of salts and ~hemicals 
with low power requirements. No latent heat of vaporization or 
fusion is required for effecting separations; the main energy 
requirement is for a high pressure·pump. It requires relatively 
little floor space for compact, high capacity units, and it 
exhibits good recovery and rejection rates for a number of 
typical process solutions. A limitation of the reverse osmosis 
process for treatment of process effluents is its limited 
temperature range for satisfactory ' operation. For cellulose 
acetate systems, the preferred limit§; are 1ao to 300c (650 to 
850F); higher tem~eratures will increase the rate of membrane 
hydrolysis and reduce system life, while lower temperatures will 
result in decreased fluxes with n6 · damage to the membrane. 
Another limitation is inability to· handle certain solutions. 
Strong oxidizing agents, strongly acidic or basic solutions, 
solvents, and other organic compounds can cause dissolution of 
the membrane. Poor rejection of some compounqs such as borates 
and low molecular weight organics is another problem. Fouling of 
membranes by slightly soluble components in solution or colloids 
has caused failures, and fouling of membranes by feed waters with 
high levels of suspended solids can be a problem. A final limi
tatiori is inability to treat or achieve high concentration with 
some solutions. Some concentrated solutions may have initial os
motic pressures which are so high that they either exceed avail
able operating pressures or are uneconomical to treat. 

Operationil Factors. Reliability: Very good reliability is 
achieved so long as the proper precautions are taken to minimize 
the chances of fouling or degrading the membrane. Sufficient 
testing of the waste stream prior to application of an RO system 
will provide the information needed to insure a successful 
application. 

Maintainability: Membrane life is estimated to range from six 
months to three years, dep~nding on the use of the system. Down 
time for flushing or cleaning is on the order of 2 hours as often 
as once each week; a sub$tantial portion of maintenance time must 
be spent on cleaning any prefilters installed ahead of the re
verse osmosis unit. 

Solid Waste Aspects: In a closed loop iyste~ utilizing RO there 
is a constant recycle of concentrate and a minimal amount of 
solid waste. Prefiltration elimin~tes many solids before they 
reach the module and helps keep the buildup.to a minimum. These 
solids require proper disposal. 
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Demonstration Status. There are presently at least one hundred 
reverse osmosis waste water applications in a variety of 
industries. In addition to these, there are thirty to forty 
units being used to provide pure process water for several 
industries. Despite the many types and configurations of 
membranes, only the spiral-wound cellulose ~cetate membrane has 
had widespread success in commercial applications. 

23. Sludge Bed Drying 

As a waste treatment procedure, sludge bed drying is employed to 
reduce the water contE~nt of a variety of sludges to the point 
where they are amenable to mechanical collection and removal to 
landfill. These beds usually consist of 15 to 45 cm (6 to 18 
in.} of sand over a 30 cm (12 in.) deep gravel drain system made 
up of 3 to 6 mm (1/8 to 1/4 in.) graded gravel overlying drain 
tiles. Figure VII-28 (page 303) shows the construction of a 
drying bed. 

Drying beds are usually divided into sectional areas 
approximately 7.5 meters (25 ft) wide x 30 to 60 meters (100 to 
200 ft) 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 closed conduit or a 
pressure pipeline with valved outlets at each sand bed section is 
often employed. Another method of application 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 should be provided to receive the falling 
sludge and prevent erosion of the sand surface. 

Where it is necessary to dewater sludge continuously throughout 
the year regardless of the weather, sludge beds may be covered 
with a fiberglass reinforced plastic or other roof. Covered 
drying beas 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 temperature. 
Depending on the climate, a combination of open and enclosed beds 
will provide maximum utilization of the sludge bed drying 
facilities. 

Application and Performance. Sludge drying beds are a 
dewatering sludge from clarifiers and thickeners. 
widely used both in municipal and industrial 
facilities. 

means of 
They are 

treatment 

Dewatering of sludge on sand beds occurs by two mechanisms: 
filtration of water through the bed and evaporation of water as a 
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result of r~diation and convection. Filtration is 
complete in· one to two days and may result 
concentrations as high as 15 to 20 percent. The 
filtration depends on the drainability of the sludge. 

generally 
in solids 

rate of 

The rate of air drying of sludge is related to temperature, 
r~lative 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. 

Advantages and Limitations. The main aavantage of sludge drying 
beds over other types of sludge dewatering is the relatively low 
cost of construction, operation, and i~intenance. 

Its disadvantages are the large area of land required and long 
drying times that depend, to a great extent, on climate and 
weather. 

Operational Factors. Reliability: Reliability is high with 
favorable climactic conditions, proper bed design and care to 
avoid excessive or unequal sludge application. If climatic 
conditions in a given area are not favorable for adequate drying, 
a cover may be necessary. 

Maintainability: Maintenance consists basically of periodic 
removal of the dried sludge. Sand removed from the drying bed 
with the sludge must be replaced and the sand layer resurfaced. 

The resurfacing of sludge beds is the majbr expense item in 
sludge bed maintenance, but there are other areas which may 
require attention. Underdrains occasionally become clogged and 
have to be cleaned. Valves or sludge gates that control the flow 

·Pf sludge to the beds must be kept watertight. Provision .for 
drainage of lines in winter should be provided 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. 

Solid Waste Aspects: The full sludge drying bed must either be 
abandoned or the collected solids must be removed to a landfill. 
These solids contain whatever metals or other materials were 
settled in the clarifier. Metals will be present as hydroxides, 
oxides, sulfides, or other salts. They have the potential for 
leaching and contaminating ground water, whatever the location of 
the semidried solids. Thus the abandoned bed or landfill should 
include provision for runoff'control and leachate monitoring. 
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Demonstration Status. Sludge 
both municipal and industrial 
However, protection of ground 
always adequate. 

24. Ultrafiltration 

beds have been in common use in 
facilities for many years. 
water from contamination is not 

Ultrafiltration (UF) is a process which uses semipermeable 
polymeric membranes to separate emulsified or colloidal materials 
suspended in a liquid phase by pressurizing the liquid so that it 
permeates the membrane. The membrane of an ultrafilter forms a 
molecular screen which retains molecular particles based on their 
differences in size, shape, and chemical structure. The membrane 
permits passage of solvents and lower molecular weight molecules. 
At present, an ultrafilter is capable of removing materials with 
molecular weights in the range of 1,000 to 100,000 and particles 
of comparable or larger sizes. 

In an ultrafiltration process, the feed, solution is pumped 
through a tubular membrane unit. Water and some low molecular 
weight materials pass through the membrane under the applied 
pressure of 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 
it. Figure VII-29 (page 304) represe~ts the ultrafiltration 
process. 

Application and Performance. Ultrafiltration has potential 
application to coil coating plants for separation of oils and 
residual solids from a variety of waste streams .. In treating 
coil coating wastewater its greatest applicability-would be as a 
polishing treatment to remove residual precipitated metals after 
chemical pLecipitation a~d clarification. Successful commercial 
use, however, .has been primarily for separation of emulsified 
oils from wastewater. Over one hundred such units now operate in 
the United States, treating emulsified oils from a variety of 
industrial processes. Capacities of currently operating units 
range from a few hundred gallons a week to 50,000 gallons per 
day. Concentration of oily emulsions to 60 percent oil or more 
are possible. Oil concentrates of 40 percent or more are 
generally suitable for incineration, and the permeate can be 
treated further and in some cases recycled back to the process. 
In this way, it is possible to eliminate contractor removal costs 
for oil from some oily waste streams. 

The following test data indicate ultrafiltration performance 
(note that UF is not intended to remove dissolved solids): 
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The removal percentages shown are typical, but they can be 
influenced .by pH and other conditions. The high TSS level is 
unusual for this technology and ultrafiltration is assumed to 
reduce the TSS level by one-thtid after mixed media filtration. 

The permeate 
normally of 
applicafions or 
ultrafiltration 
waste. 

or effluent 
a quality 
discharged 

unit can 

from the ultrafiltration unit is 
that can be reused in industrial 

directly. The concentrate from the 
be disposed of as any oily or solid 

Advantages an~ Limitations. Ultrafiltration is sometimes an 
attractive alternative Lo chemical treatment because of lower 
capital equipment, installation, and operating costs, very high 
oil and suspended solids removal, and little required 
pretreatment. It places a positive barrier between pollutants 
and effluent which reduces the possibility of extensive pollutant 
discharge due to operator error or upset in settling and skimming 
systems. Alkaline values in alkaline cleaning solutions can be 
recovered and reused in process. 

A limitation of ultrafiltration for treatment of process 
effluents is its narrow temperature range (1ao to 300C) for 
satisfactory c:,peration. Membrane life decreases with higher 
temperatures, but flux increases at elevated temperatures. 
Therefore, surface area requirements are a function of 
temperature and become a tradeoff between initial costs and 
replacement costs for the membrane. In addition, ultrafiltration 
ca-nnot hahdle certain solutions. Strong oxidizing agents, 
solvents, and other organic compounds can dissolve the membrane. 
Fouling is sometimes a problem, although the high velocity of the 
wastewater normally creates enough turbulence to keep fouling at 
a minimum. Large solids particles can sometimes puncture the 
membrane and must be removed by gravity settling or filtration 
prior to the ultrafiltration unit. 

Operational factors. Reliability: The reliability of an 
ultrafiltration system is dependent on the proper filtration, 
settling or other treatment of incoming waste streams to prevent 
damage to the membrane. Careful pilot studies should be done in 
each instance to determine necessary pretreatment steps and the 
exact membrane type to be used. 

Maintainability: A limited amount of regular maintenance is re
quired for the pumping system. In addition, membranes must be 
periodically changed. Maintenance associated with membrane plug
ging can be reduced by selection of a membrane with optimum phy
sical characteristics and sufficient velocity of the waste 
stream. It is often necessary to occasionally pass a detergent 
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solution through the system to remove an oil and grease film 
which accumulates on the membrane. With proper maintenance 
membrane life can be greater than twelve months. 

Solid Waste Aspects: Ultrafiltration is used primarily to 
recover solids and liqui~s. It therefore eliminates solid waste 
problems when the solids (e.g., paint solids} can be recycled to 
the process. Otherwise, the stream containing solids must be 
treated by end-of-pipe equipment. In the most probable 
applications within the coil coating category, the ultrafilter 
would remove hydroxides or sulfides of metals which have recovery 
value. 

Demonstration 
developed and 
or recovery 
contaminants. 

Status .. The ultrafiltration process is well 
commercially available for treatment of wastewater 
of certain high molecular weight liquid and solid 

25. Vacuum Filtration 

In wastewater treatment plants, sludge dewatering by vacuum 
filtration generally uses cylindrical drum filters. These drums 
have a filter medium which may be cloth made of natural or 
synthetic fibers or a 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 liqui_d sludge is 
frequently thickened prior to processing. A vacuum filter is 
shown in Figure VII-30 (page 305). 

Application and Performance. Vacuum filters are frequently used 
both in municipal treatment plants and in a wide variety of 
industries. They are most commonly used in larger facilities, 
which may have a thickener to double· the solids content of 
clarifier sludge before vacuum filtering. 

The function of vacuum filtration is to reduce the water content 
of sludge, so that the solids content increases from about 5 
percent to about 30 percent. 

Advantages and Limitations. 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 protectio.n need be made. · The 
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dewatered sludge from this process is in the form of a moist cake 
and can be conveniently handled. 

Operational Factors. Reliability: Vacuum filter systems have 
proven reliable at many industrial and municipal treatment 
facilities. At present, the largest municipal installation is at 
the West Southwest waste water treatment plant of Chicago, 
Illinois, wher~ 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. 

Maintainability: 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. For this reason, 
it is desirable to maintain one or more spare units. 

If intermittent operation is used, the filter equipment should be 
drained and washed each time it is taken out of service.· An 
allowance for this wash time must .be made in filtering schedules~ 

Solid Waste Aspects: Vacuum filters generate a solid cake which 
is usually trucked directly to landfill.· All of the metals 
extracted from the plant wastewater are concentrated in the 
filter cake as hydroxides, oxides, sulfides, or other salts. 

Demonstration Status. Vacuum filtration has been widely used for 
many years.~It is a fully proven, conventional technology for 
sludge dewatering. 

IN-PLANT TjCHNOLOGY 

The intent of in-plant technology for the coil coating point 
source category is to- reduce or eliminate the waste load 
requiring end-of-pipe treatment and thereby improve the 
efficiency of an existing wastewater treatment system or reduce 
the requirements of a new treatment system. In-plant technology 
involves improved rinsing, water conservation, process bath 
conservation, reduction of dragout, automatic controls, good 
housekeeping practices, recovery and reuse of process solutions, 
process modification and waste treatment. The in-plant 
technology has been divided into two areas: 

In-process treatment and controls 
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Process substitutions 

In-Process Treatment and Controls 

In-process treatment and controls can apply to both existing and 
new installations and use technologies and methodologies that 
have already been developed. Coil coating operations consist of 
three main functional groups; cleaning, conversion coating and 
painting. Each of these operations is amenable to reduction of 
both chemical and water usage. These reductions in chemical and 
water usage are desirable because of the attendant reductions in 
pollutant discharge which results from treating smaller volumes 
of more concentrated waste streams. 

A major portion of the oil, grease, dirt and oxide coating is 
removed from the coil by alkaline cleaning and rinsing. Cleaning 
of the coil is extremely important because incomplete cleaning 
adversely affects subsequent operations. The primary factors 
that adversely affect cleaning and rinsing efficiency are: 

Incorrect alkaline cleaning compound for basis material. 
Incorrect temperature· of alkaline cleaning solution and 
rinse water. 
Insufficient number of spray nozzles or insufficient 
pressure for both alkaline cleaning and rinsing. 
Insufficient squeegee action to prevent excessive dragout of 
alkaline cleaning solution. 
Absence of bath equilibrium controls that automatically add 
make-up water and cleaning solution. 
Undefined soils 
Insufficient time 

Alkaline cleaning solutions are formulated for specific basis 
materials. For example, the cleaning compound for steel is more 
alkaline than for galvanized or aluminum. The most advanced 
alkaline cleaning solutions contain phosphates that form soluble 
complexes with the dissolved basis materials rather than an 
insoluble sludge. The formation of an insoluble sludge may 
necessita~e discarding the solution before exhausting all 
available alkalinity. 

Operating temperature is as important as the proper alkali.ne 
cleaning solution and concentration. A solution that is too cold 
may not be able to dissolve either enough of the dry alkaline 
cleaning compound or the dirt, oil, grease and oxides from the 
coil. A solution that is too warm may set certain types of soil 
onto the coil itself, in the spray nozzles, or onto the tank. In 
addition, excessive temperature may cause excessive foaming. 
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Spray nozzles and pressures should be adequate to assure 
overlapping coverage of the work area. Experience will dictate 
how fast the coil can move and be effectively cleaned with a 
given set of spray nozzles and pressure. 

Following the alkaline cleaning, squeegees are important to 
reduce ·dragout of the alkaline cleaning compounds. Excessive 
dragout reduces the rinsing rate and wastes cleaning materials. 
Of the thirteen visited plants, ten have dragout control in the 
form of squeegees or air ~nives somewhere ·in the line. Automatic 
alkalinity sensors can reduce the consumption of alkaline 
cleaning compounds; six of the visited plants used automatic 
controls to maintain bath equilibrium. 

The use of alkaline cleaning rinse water as make-up to the 
alkaline cleaning tank can conserve water. Another applicable 
water conservation mechanism (particularly for new installations) 
is a countercurrent rinse. Multi-stage and countercurrent rinses 
are employed at many industrial plants. In many cases, however, 
these techniques are not· combined with effec·tive flow control, 
and the wastewater discharge volumes from .the multi-stage or 
countercurrent rinses are as large as or larger thah 
corresponding single stage rinse flows at other plants.· 
Countercurrent rinsing is more efficient .than mtiltiple single 
stage rinses from the standpoint of water use. In countercurrent 
rinsing one fresh water feed is used for the last tank in the 
production SE~quence. The overfrom flow flow each tank in the 
production sequence becomes the feed for the tank preceeding it; 
the water flow from tank to tank cascades. countercurrently to the 
products sequence. 

Countercurrent Cascade Rinsing 

Rinse water requirements and the benefits of countercurrent 
rinsing may bE~ influenced by the volume of solution dragout 
carried into each ~inse stage by the material being rinsed, by 
the number of rinse stages used, by the initial concentrations of 
impurities bei.ng removed, and by the final product cleanliness 
required. The influence of these factors is expressed in the 
rinsing equaticm which may be stated simply as: 

V£ = @~1/r1 x VI) 

Vr is the flow through each rinse stage. 
c2 is the concentration of the contaminant(s) in the 

initial process bath 

Cf is the concentration of the contaminant(s) in the final 
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rinse to give acceptable product cleanliness. 
n is the number of rinse stages employed 

and 

VD is the drag-out carried into each rinse stage, expressed 
as a flow 

For a multi-stage rinse, the total volume of rinse wastewater is 
equal to n times V£ while for a countercurrent rinse the total 
volume of wastewater discharge equals V£, 

Drag-out is solution which remains on the surface of material 
being rinsed when it is' removed from process baths or rinses. 

Without specific plant data available to determine drag-out, we 
can make an estimate of rinse water reduction to be achieved with 
three-stage countercurrent rinsing by assuming a thickness of any 
process solution film as it is introduced into the rinse tank. 
If the film is 0.6 mil thick, (equivalent to the film on a 
well-drained vertical surface) then the volume of process 
solution, VD, carried into the rinse tank on one square meter of 
metal will be: 

VD= 0.0006 in X 2.54 cm x 144 sq in x (2.54)2 sq cm X 
sq in in sq ft 

1 liter x 1 sq ft = 0.015 l/m2 of metal 
1000 cu cm 0.0929 sq m 

To calculate the benefits of countercurrent rinsing for coil 
coating we assume a 3 stage countercurrent spray rinse is 
installed after alkaline cleaning and conversion coating 
operations. Using the mean subcategory cleaning rinse and 
conversion coating rinse water use from Table V-12 as Vr we have: 

Subcategory 

Steel 
Galvanized 
Aluminum 

Let r = CQ. then r1/n = Vr 

Cf VD 

·For single stage rinsing n = l 

Cleaning 

2.274 
1. 368 
0.964 
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Vr 
Conversion 

Coating 

0.421 
0.528 
0.546 



therefore r = Vr 

and: 

Subcategory 

Steel 
Galvanized 
Aluminum 

And these are 
operations .at 

VD 

assumed 
visited 
,, '""'''' "' ·"'' '" 

to be the 
.. P!a ... ~t~ ~ 

Cleaning 

151. 6 
91 • 2 
64.3 

.r 
Conversion 

Coating 

28. l 
35.2 
36.4 

rinse ratios achieved for 

For a 3-stage countercurrent rinse to obtain the same r 
' 

Vr = ri/3 
VD 

Subcategory. 

Steel 
Galvanized 
Aluminum 

But VD = 0.015 
therefore for 

Subcategory 

Steel 
Galvanized 
Aluminum 

and: 

3-stage 

Cleaning 

5.33 
4.50 
4.01 

counter current 

Cleaning 

0.080 
0~068 
0.060 

VR 
VD 

rinsing 

Vr /sq m 

Conversion 
Coating 

3.04 
3.28 
3.31 

Vr is 

Conversion 
Coating 

0.046 
0.049 
0.050 

these 

Adding the water use for the cleaning rinse and conversion 
coating rinse gives the water use which can be achieved by 
substituting 3-stage countercurrent spray rinsing for each single 
stage spray rinse: 

Subcat£.9.Q!Y 

Steel 
Galvanized 
Aluminum 

Combined Water Use .1 /sq m 

0. 126 
0. 117 
0. 11 0 

These numbers may vary depending on efficacy of squeegees or air 
knives, and the ·rinse ratio desired. 
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In Section XI of this document, water use allowances are based on 
practical considerations, assuming that 3-stage countercurrent 
spray rinsing is substituted for single stage spray rinsing. The 
overall water allowances are from 2.5 to 4.3 times the above 
water use which are derived from strictly theoretical 
considerations and limited to rinse water use, excluding batch 
dumps. 

In-process Control 

The conversion coating function is the heart of the coil coating 
operation. This is one of the steps in which material is added 
to the coil. The three types of conversion. coating operations 
used are chromating, phosphating (either zinc or iron) and 
complex oxides. 

A number of parameters require monitoring and control to maximize 
coating formation rate and minimize the amount of material 
discarded. 

All types of conversio~ coating operations require careful 
monitoring and control of pH. If the pH is not kept at the 
optimum level, either the chemical reaction proceeds too slowly 
or the surface of the coil is excessively etched. The pH of the 
system can be sensed electronically and automatic make-up of 
specific chemicals performed in accordance with manufacturers' 
specifications. This control was used at six of the visited 
plants. Chemical suppliers provide a series of chemicals for 
each type of conversion coating. The series includes a bath 
make-up and one or two replenishment chemicals depending upon the 
constituent that has been depleted. This system maximizes use of 
all chemicals and provides for a continued high quality product. 

Temperature must be constantly monitored and kept within an 
acceptable range. Low temperatures will slow film formation and 
high temperatures will degrade the freshly formed film. For a 
given coil speed, there should be adequate spray nozzle coverage 
and'pressure. This assures that all areas of the coil have 
sufficient reaction time to allow buildup of a specified film 
thickness. After film formation, a set of squeegees is required 
to reduce dragout which wastes unreacted conversion coating 
chemicals and contaminates the subsequent sealing rinse. 

The chromating conversion coating chemicals contain significant 
quantities of hexavalent and trivalent chromium. The hexavalent 
chromium eventually becomes reduced to trivalent chromium, 
precluding its use as part of the film. Certain chromating 
conversion coating systems are able to regenerate chromium. 
These systems pump chromating conversion coating solution out of 
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the process tank to anoth~r tank where it is electrolytically 
regenerated. This application of electrical current to the 
solution increases the valance of the trivalent chromium to 
hexavalent chromium. The solution is then returned to the 
process tank. This chromium regeneration process was employed at 
two plants. 

A sealing rinse is used for both phosphate and chromate 
conversion coatings. The sealing rinses are basically dilute 
solutions of chromic acid, phosphoric acid and sometimes certain. 
metal ions such as zinc. Depending upon the type.of conversion 
coating and basis material;· various proportions of these 
constituents are used. This sealing rinse removes unreacted 
conversion coating chemicals from the film surface, thereby 
stopping the reactions and se~ling the effective pore area of the 
film with a layer of_chromiurn complexes. Similar to conversion 
coating operations, the solution must be maintained at proper 
temperatures and spray nozzle area and pressure must be adequate 
for the desired coil speed. The rinse can be recirculated and 
reused until dragged in conversion coating chemicals contaminate 
the bath, rinsing action_ is affected, or the chemicals themselves 
are depleted. Following the sealing rinse, good ·practice. 
provides a squeegee roll and an air knife to prevent dragout and 
to prevent wet strip from entering the painting operation. The 
benefits of countercurrent rinsing for this step were discussed 
previously. 

The subsequent painting and baking operations are followed by a 
water spray quench. This quench cools the basis material and 
films for either subsequent coats of paint or final rewinding. 
The freshly painted and cured surfaces are clean and stable and 
very little contamination of the quench water occurs. To 
conserve water and prevent dilution of other plant wastes 
discharging to treatment, quench water can either be recycled 
through a cooling tower, with make-up water added as needed, or 
reused as the cleaning or conversion coating rinse. Fifteen 
plants in the data base had the necessary ~quipment for partial 
or full quench water recycle. Five plants reused a portion of 
their quench water as the cleaning rinse. 

In-Process Sub~titutions 

The in-process substitutions for this industry involve only the 
conversion coating phases of t~e total operation. The alkaline 
cleaning, rinsing, painting, baking, and quenching operations 
remain virtually unchanged. These inprocess substitutions either 
eliminate the discharge of a significant pollutant or entirely 
eliminate discharge from the conversion coating operation. 
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Certain chromating solutions contain cyanide ions to promote 
faster reaction of the solution. Cyanide is a priority pollutant 
which requires separate treatment to remove it once in solution. 

There are competing chemical systems that do not contain cyanide 
and efforts should be made to eliminate cyanide use where 
possible. 

Certain sealing rinses contain zinc which, is also a priority 
pollutant and requires treatment before being discharged. 
Efforts should be made to incorporate and use sealing rinses that 
do not contain zinc. Several of the visited plants used non-zinc 
sealing rinses. 

No-rinse conversion coating is a possible substitute for chromate 
conversion coating which can be applied to steel, galvanized and 
aluminum basis materials. The operation eliminates chromate 
conversion coating bath dumps and sealing rinse discharges by 
applying the coating with a roll coater. Existing lines require 
extensive modification to effectively use this technology. Three 
plants in the data base indicated that they currently use no
rinse conversion coating. ·The high line speeds and nature of no
rinse conversion coating require more precise control of 
cleaning, rinsing, and drying than a typical conversion coating 
line with rinsing. No-rinse conversion coating requires only 
liquid level monitoring as bath constituents are all depleted at 
the same rate. The benefits of countercurrent rinsing for this 
step were discussed previously. 
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TABLE VI'I-1 
pH CONTROL EFFECT ON METALS REMOVAL 

Day l Day 2 Day 3 
In Out In Out In Out 

pH Range 2.4-3.4 8.5-8.7 l . 0-3. 0 5.0-6.0 2.0-S.O 6. ·s-8. 1 

{mg/1) 

TSS 39 8 1 6 19 1 6 7 

Copper 312 0.22 120 5. l 2 107 0.66 

Zinc 250 0.31 32.5 25.0 43,8 0.66 

T~BLE VII-2 

Effectiveness of Sodium Hydroxide for Metals Removal 

Day l Day 2 Day 3 
In Out In Out In Out 

pH Range 2.1-2.9 9.0-9 . .3 
(mg/1) 

2.0-2.4 8.7-9.l 2.0-2.4 8.6-9.l 

Cr 0.097 0.0 0.057 0.005 0.068 0.005 

Cu 0.063 0.018 0.078 0.014 0.053 0.019 

Fe 9.24 0.76 15.5 0.92 9.41 0.95 

Pb 1. 0 0. l l l . 36 0.13 l . 45 0. l l 

Mn 0. 11 0.06 0. l 2 0.044 0. l l 0.044 

Ni 0.077 o. 011 0.036 0.009 0.069 0. 011 
.. 

Zn .054 o.o 0. 12 o.o 0. 19 0.037 

TSS 13 l l l l 
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TABLE VII-3 
Effectiveness of Lime and Sodium Hydroxide for Metals Removal 

Day 1 Day 2 Day 3 
In Out In Out In Out 

pH Range 9.2-9.6 8.3-9.8 9.2 7. 6-8. 1 9.6 7.8-8.2 
(mg/1) 

Al 37.3 0.35 38. 1 0.35 29.9 0.35 

Co 3.92 0.0 4.65 0.0 4.37 o.o 
Cu 0.65 0.003 0.63 0.003 0.72 0.003 

Fe 137 0. ,49 11 0 0,. 57 208 0.58 

Mn 175 0. 12 205 '' 
0.012 245 0. 1 2 

Ni 6.86 0.0 5.84 o.o 5.63 o.o 
Se 28.6 0.0 30.2 0.0 27.4 o.o 
Ti 143 0.0 125 0.0 11 5 o.o 
Zn 18.5 0.027 16.2 0.044 17. 0 0.01 

TSS 4390 9 3595 13 2805 l 3 
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. 'l'A131.E VI I-4 

THEORETICAL SOLUBILITIES OF HYDROXIDES AND SULFIDES 
OF SELECTED METALS IN PURE WATER 

Solubilit~ of metal ion, Metal As H~droxide As Carbonate 

Cadmium (Cd++) 2.3 X 10-s l. 0 X 10-4 Chromium (Cr++-+·) 8.4 X 10-4 
Cobalt (Co++) 2.2 X 10-1 
Copper (Cu++) 2.2 X 10-2 
Iron (Fe++) 8.9 X 10-1 
Lead {Pb++) 2. 1 7.0 X lQ-3 
Manganese (Mn++) 1 . 2 
Mercury (Hg++) 3.9 X 10-4 3.9 X 10-2 
Nickel {Ni++) 6.9 X 10-3 l • 9 X 10-1 Silver (Ag+) 13.3 2. 1 X 10-1 
Tin (Sn+-t·) l. 1 X 10-4 
Zinc {Zn++) l. l 7.0 X lQ-4 
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mg/1 
As Sulfide 

6.7 X 10-s 
No precipita 

l. 0 X 10-• 
5.8 X l 0.,..l 
3.4 X 10-s 
3.8 X 10-• 
2. 1 X lQ-3 
9.0 X 10-2 
6.9 X 10-• 
7.4 X 10-s 
3.8 X 10-1 
2.3 X 10-1 



TABLE VII-5 

SAMPLING DATA FROM SULFIDE 
PRECIPITATION-S:E:DIMENTATION SYSTEMS 

Treatment 

Lime, FeS, Poly
electrolyte, 
Settle, Filter 

Lime, FeS, Poly
electrolyte, 
Settle, Filter 

NaOH, Ferric 
Chloride, Na 2 S 
Clarify (1 stage)· 

In Out, In Out In Out 

pH 
(mg/1) 

5.0-6.8 8-9 7.7 7.38 

Cr+6 
Cr 
Cu 
Fe 
Ni 
Zn 

25.6 
32.3 

0.52 

39.5 

<0.014 
<0.04 

0. 10 

<0.07 

0.022 
2.4 

108 
0.68 
33.9 

<0.020 
<0. l 

0.6 
<0. 1 
<0. 1 

11 . 45 
18.35 
0.029 

0.060 

<.005 
<.005 
0.003 

0.009 

These data were obtained from three so~rces: 

Summary Report, Contro~ and Treatment Technology for the 
Metal Finishing Industr..YJ.., Sulfide Precipitation, USEPA, EPA 
No. 625/8/80-003, 1979. 

Industrial Finishing, Vol. 35, No. 11, November, 1979. 

Electroplating sampling data from plant 27045. 
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TABLE VII-6 

SULFIDE PRECIPITATION..;.SEDIMENTATION PERFORMANCE 

J?arameter 

Cd 
CrT 
Cu 
Pb 
Hg 
Ni 
Ag 
Zn 

~reated Effluent 
(mg/1) 

0.01 
0.05 
0.05 
0.01 
0.03 
0.05 
0.05 
·o. 01 

Table VII-6 is based on two reports: 

Summary Report, Control 
Metal f,!nishing Industry: 
No. 625/8/80-003, 1979. 

and Treatment Technology for the 
Sulfide Precipitation,· USEPA, EPA 

Addendum .t.2 Development Document for Effluent Limitations 
Guidelin~ and New Source Performance Standards, Major 
Inorgan.!,£, products Segment· of Inorganics Point Source 
Categor~, USEPA., EPA Contract No. EPA=68-01-3281 (Task 7), 
June, 1978. 
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Table VII-7 

FERRITE CO-PRECIPITATION PERFORMANCE 

Metal 

Mercury 
Cadmium 
Copper 

Zinc 
Chromium 
Manganese 

Nickel 
Iron 
Bismuth 

Lead 

Influent(mg/1) 

7.4 
240 

10 

1 8 
10 
12 

l, 000 
600 
240 

475 

NOTE: These data are from: 

Effluent(mg/1) 

0.001 
0.008 
0.010 

0.016 
<0.010 

0.007 

0.200 
0.06 
0.100 

0.010 

Sources and Treatment of Wastewater in the Nonferrous 
Metals Industry, USEPA, EPA No. 600/2-80-074, 1980. 

TABLE VII-8 

CONCENTRATION OF TOTAL CYANIDE 
(mg/1) 

Plant Method In Out 

1057 FeS04 2.57 0.024 
2.42 0.015 
3.28 0.032 

33056 FeS04 0. 1 4 0.09 
0. l 6 0.09 

12052 ZnS04 0.46 0. 14 
0. l 2 0.06 

Mean 0.07 

262 



Plant ID# 

06097 
13924 

18538 
30172 
36048 

mean 

Table VII-9 

Multimedia Filter Performance 

TSS Effluent Concentration, mg/1 

0.0, 0.0, 0.5 
l . 8, 2.2, 5.6, 4.0, 4.0, 3.0, 2.2, 
3.0, 2.0, 5.6, 3.6, 2.4, .3. 4 
l. 0 
l . 4, 7.0, l. 0 
2. l , 2.6, l . 5 
2.61 

TABLE VII-10 

2.8 

PERFORMANCE OF SELECTED SETTLING SYSTEMS 

PLANT ID SETTLING SUSPENDED SOLIDS CONCENTRATION (mg/1) 
DEVICE. Da:x: 1 Da::z:: 2 Da:x: 3 

In Out In Out In Out 
"" 

01057 Lagoon 54 6 ·5·6 6 50 5 
09025 Clarifier 1100 9 1900 12 1620 5 

Settling 
Ponds 

11058 Clarifier 451 17 
12075 Settling 284 6 242 l 0 502 14 

Pond 
19019 Settling 170 50 l 

Tank 
33617. Clarifier & 1662 1 6 1298 4 

Lagoon 
40063 Clarifier 4390 . 9 3595 12 2805 13 
44062 Clarifier 182 l 3 118- 14 174 23 
46050 Settling 295 10 42 10 153 8 

Tank 
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Plant 

06058 
06058 

PAH 

Skimmer Type 

API 
Belt 

Table VI I-11 

SKIMMING PERFORMANCE 

Oil & Grease 
mg/1 

In 

224,669 
19.4 

Out 

17.9 
8.3 

TABLE VII-12 

SELECTEQ PARITION COEFFICIENTS 

Priority Pollutant 
Log Octanol/Water 
Partition Coefficient 

1 Acenaphthene 4.33 
39 Fluoranthene 5.33 
72 Benzo{a)anthracene 5.61 
73 Benzo{a)pyrene 6.04 
74 3,4-benzofluoranthene 6.57 
75 Benzo{k)fluoranthene 6.84 
76 Chrysene 5.61 
77 Acenaphthylene 4.07 
78 Anthracene 4.45 
79 Benzo(ghi)perylene 7.23 
80 Fluorene 4.18 
Bl Phenanthrene 4.46 
82 Dibenzo(a,h)anthracene 5.97 
83 Indeno(l,2,3,cd)pyrene 7.66 
84 Pyrene 5.32 
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TABLE VII-13 

TRACE ORGANIC_REMOVAL BY SKIMMING 
AP! PLUS BELT SKIMMERS 

(From Plant 06058) 

Oil & Grease 
Chloroform 
Methylene Chloride 
Naphthalene 
N-nitrosodiphenylamine 
Bis-2-ethylhexylphthalate 
Diethyl phthalate 
Butylbenzylphthalate 
Di-n-octyl phthalate 
Anthracene - phenanthrene 
Toluene 

Inf. 

225,000 .. 
0.023 
0.013 
2.31 

59.0 
l l • 0 

0:005 
0.019 

16.4 
0.02 

Table VII-14 

Eff. 

14.6 
0.007 
0.012 
0.004 
0.182 
0.027 

0.002 
0.002 
0.014 
0.012 

COMBINED METALS DATA EFFLUENT VALUES (mg/1) 

One Day 10 Day Avg. 30 Day Avg. 
Mean Maile. Max. Max. 

Cd 0.079 0.32 0.15 0. l 3 
Cr 0.08 0.42 0. 17 0. 12 
Cu 0.58 l. 90 l . 00 0.73 

Pb 0. l 2 0. 15, 0.13 0. 12 
Ni 0.57 l • 41 1. 00 0.75 

Zn 0.30 l. 33 0.56 0.41 
Fe 0.41 l. 23 0.63 0.51 
Mn 0.21 0.43 0.34 0.27 
TSS 12.0 41. 0 20.0 15.5 
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Pollutant 

Sb 
As 
Be 
Hg 
Se 
Ag 
Th 
Al 
Co 
F 

TABLE VII-15 
L&S PERFORMANCE 

ADDITIONAL POLLUTANTS 

Average Performance (mg/1) 

0.7 
0.51 
0.30 
0.06 
0.30 
0. 1 0 
0.50 
1 . 1 1 
0.05 

14.5 

TABLE VII-16 

COMBINED METALS DATA SET - UNTREATED WASTEWATER 

Pollutant 

Cd 
Cr 
Cu 

Pb 
Ni 
Zn 

Fe 
Mn. 
TSS 

Min. Cone 

<:O. 1 
<:O. 1 
<0. l 

<:0. 1 
<0. l 
<0. 1 

<0. l 
<0. 1 
4.6 

(mg/1) Max. Cone. (mg/1) 

3.83 
1 1 6 
1 08 

29.2 
27.5 

337. 

263 
5.98 

4390 
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TABLE VII-17 
MAXIMUM POLLUTANT LEVEL IN UNTREATED WASTEWATER 

ADDITIONAL POLLUTANTS 
(mg/1) 

Pollutant As & Se Be Ag. F 

As 4.2 
Be 10.24 
Cd <0. l <0. l <0. l 

Cr 0. 18 8.60 0.23 22.8 
Cu 33.2 1 . 24 110. 5 2.2 
Pb 6.5 0.35 11 . 4 5.35 

Ni 100 0.69 
Ag 4.7 
Zn 3.62 0. 12 1512 <0. 1 

F 760 
Fe 646 

O&G 16.9 16 2.8 
TSS 352. 796 587.8 5.6 
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TABLE VII-18 

PRECIPITATION-SETTLING-FILTRATION (LS&F) PERFORMANCE 
Plant A 

Parameters No Pts. Range mg/1 
For 1979-Treated Wastewater 

Cr 47 0.015 - 0. 13 
Cu 12 0. 01 - 0.03 
Ni 47 0.08 - 0.64 
Zn 47 0.08 - 0.53 
Fe 

For 1978-Treated Wastewater 

Cr 
Cu 
Ni 
Zn 
Fe 

Raw Waste 

Cr 
Cu 
Ni 
Zn 
Fe 

47 
28 
47 
47 
21 

5 
5 
5 
5 
5 

0. 01 - 0.07 
0.005 - 0.055 
0. l 0 
0.08 
0.26 

32.0 
0.08 
1. 65 

33.2 
10.0 

- 0.92 
- 2.35 

1. l 

- 72.0 
0.45 

- 20.0 
- 32.0 
- 95.0 
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Mean+ 
std. dev. 

0.045 +0.029 
0. 019 +0.006 
0.22 +O. 13 
0. l 7 Io.09 

0.06 +O. l 0 
0.016 Io._010 
0.20 +O·. 14 
0.23 +O. 34 
0.49 +0.18 

Mean+ 2 
std. dev. 

O. l 0 
0.03 
0.48 
0.35 

0.26 
0.04 
0.48 
0.91 
0.85 



TABLE VII-1 9 

PRECIPITATION-SETTLING-FILTRATION (LS&F) PERFORMANCE 
Plant B 

Mean + Mean + 2 
Parameters No Pts. Range mg/1 std. dev. std. dev. 
For 1979-Treated Wastewater 

Cr 175 0.0 - 0.40 0.068 +0.075 0.22 
Cu 176 0.0 - 0.22 0.024 +0.021 0.07 
Ni 175 0.01 - 1. 49 0.219 +0.234 0.69 
Zn 175 0.01 - 0.66 0.054 +0.064 0. 18 
Fe 174 0.01 - 2.40 0.303 +0.398 l . l 0 
TSS 2 l. 00 - l. 00 

For 1978-T.r~~.ated Wastewater , 

Cr 144 o.o 0.70 0.059 +0.088 0.24 
Cu 143 0.0 - 0.23 0.017 +0.020 0.06 
Ni 143 o.o - 1. 03 0. 14 7 +0.142 0.43 
Zn 1 31 o.o - 0.24 0.037 +0.034 0. l l 
Fe 144 o.o 1. 76 0.200 Io.223 0.47 

Total 1974-l_979-Treated Wastewater 

Cr 1288 0.0 - 0.56 0.038 +0.055 0. 15 
Cu 1290 o.o - 0.23 0. 011 +0.016 0.04 
Ni 1287 o.o. - 1. 88 0.184 +0.211 0.60 
Zn 1273 0.0 - 0.66 0.035 +0.045 0. l 3 
Fe 1287 0.0 - 3.15 0.402 Io.5o9 1.42 

Raw Waste 

Cr 3 2.80 - 9.15 5.90 
Cu 3 0.09 - 0.27 0.17 
Ni 3 1. 61 - 4.89 3.33 
Zn 2 2.35 - 3.39 
Fe 3 3. 13 -35.9 22.4 
TSS 2 177 -466. 
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TABLE VII-20 

PRECIPITATION-SETTLING-FILTRATION (LS&F) PERFORMANCE 
Plant C 

For Treated Wastewater Mean + Mean + 2 
Parameters No Pts. Range mg/1 std. dev. std. dev. 
For Treated Wastewate~ 

Cd 103 0.010 - 0.500 0.049 +0.049 0. 14 7 
Zn 103 0. 039· - 0.899 0.290 +0.131 0.552 

TSS 103 0.100 - 5.00 1. 244 ~1 .043 3.33 
pH 103 7. 1 - 7.9 9.2* 

For Untreated Wastewater 

Cd 103 0.039 - 2.319 0.542 +0.381 l. 304 
Zn 103 0.949 -29.8 11 .009 ~6.933 24.956 
Pe 3 0. 107 - 0.46 0.255 

TSS 103 0.80 -19.6 5.616 +2.896 11 . 408 
pH 1 03 6.8 - 8.2 7.6* 

* pH value is median of 103 values. 
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TABLE VI I-21 

Summar:i of Treatment Effectiveness 
(mg/1) 

L&S LS&F Pollutant Technology Technology Parameter System System 

One Ten Thirty One Ten Thirty Day Day Day Day Day Day Mean Max. Avg. Avg. Mean Max. fil:.9..:.. Avg. 
1 1 4 Sb 0.70 2.87 1 . 28 1 . 1 4 0.47 1 . 93 0.86 0.76 11 5 As 0.51 2.09 0.86 0.83 0.34 1 . 3 9 0.57 0.55 1 l 7 Be 0.30 1. 23 0. 51 0.49 0.20 0.82 0.34 0.32 

11 8 Cd 0.079 0.32 0. 15 0. 13 0.049 0.20 0.08 0.08 11 9 Cr 0.080 0.42 0. 17 0. 12 0.07 0.37 0. 15 0. 10 120 Cu 0.58 l . 90 1 . 00 0.73 0.39 1 . 28 0.61 0.49 

1 21 CN 0.07 0.29 0. 12 0. l l 0.047 0.20 0.08 0.08 122 Pb 0. 12 0. 15 0. 1 3 0. 12 0.08 0. 1 0 0.09 0.08 123 Hg 0.06 0.25 0. l 0 0. 1 0 0.036 0. 15 0.06 0.06 

124 Ni 0.57 1. 41 1. 00 0.75 0.22 0.55 0.37 0.29 125 Se 0.30 1. 23 0.55 0.49 0.20 0.82 0.37 0.33 126 Ag 0. 1 0 0.41 0. 17 0. 16 0.07 0.29 0. 12 0. 10 
127 Tl 0.50 2.05 0.84 0.81 0.34 l . 40 0.57 0.55 128 Zn 0.30 1 . 33 0.56 0.41 0.23 1. 02 0.42 0.31 Al l • 1 1 4.55 l • 86 l . 80 0.74 3.03 1. 24 1. 20 

Co 0.05 0.21 0.09 0.08 0.034 0. 14 0.07 0.06 F 14. 5 59.5 26.4 23.5 9.67 39.7 17.6 15.7 Fe 0.41 1. 23 0.63 0.51 0.28 l . 23 0.63 0.51 
Mn 0.21 0.43 0.34 0.27 0. 14 0.30 0.23 0. 19 p 4.08 16.7 6.83 6.60 2.72 1 1 • 2 4.6 4.4 

" O&G 20.0 12.0 1 0. 0 10.0 10.0 10.0 TSS 12.0 41. 0 20.0 15.5 2.6 15.0 12.0 10.0 
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TABLE vn-22 
'!'RE:ATABILITY RATING OF PRJ:OP.ITY POI.Ltl'l'ANTS 

UTILIZING CARBON ADSORPTION 

*Removal 
Priority Pollutant ~ Priority Pollutant 

l. acenaphthene 
2. acrolein 
3. ac:rylonitrile 
4. benzene 
5. bcnu:idine 
6. carbon tetrachloride 

(tetrachloroaethane) 
7. chloroban:z:ene 
8. l,2,3-trichloroben:z:ene 
9. hexach1oroben:z:ene 

lo. l,2-clichl.oroethane 
U. l,l,l-trichloroeth.ane 
l2. hexachloroeth&ne 
l3. l,l-dichl.oroethane 
14. l,l,2-trich1oroethane 
lS. l, l ,2 ,2-tetrach1orethan,e 
16. chloroethane 
17. bill(chloro-thyl) ether 
18. bis(2-chloroethyl) ether 
19. 2-chloroethylvinyl ether 

(mixed) 

20. 2-chloronapht:halene 
21. 2,4,6-trichlorophenol 
22. parachloromata creaol 
23. chl.oroform (trichl.orometlume) 
24. 2-chlorophenol 
25. l,2-clich1oroben:z:ene 
26. 1,3-dichlcroben:z:ene 
27. l.,4-dichloroben:z:ene 
28. 3,3'-dichl.oroben:z:idine 
29. 1,l-dichl.oroethylene 
30. 1,2-tr&JU-dichloroethyl,me 
31. 2,4-dichlorophenol 
32. l,2-dichl.oropropane 
33. l,2-dichloropropyl.ene 

(l,3-dichloropropene) 
34. 2,4-dimethylphenol 
35. 2,4-dinitrotoluene 
36. 2,6-dinitrotoluene 
37. 1,2-diphcnylhydra:z:ine 
38~ ethyl.benzene 
39. fluoranthene 
40. 4-chlorophenyl phenyl ether 
41. 4-br~enyl phenyl. ether 
42. bis(2-chloroisopropyl)ei:her 
43. bi11(2-chloroethoxy)meth1Ule 
44. -thylen• chloride 

Cdichl.oromethane) 
45. -thyl chloride (chloror111thane) 
46. -thyl bromide (bromomethane) 
47. br01110form (tribromomethane) 
48. dichl.orobromomethane 

*Note s:xplanation of Remova.1. Ratings 
Cateqoey H (high :emoval) 

H 
L 
L 
M 
H 
M 

B 
B 
B 
M 
M 
B 
M 
M 
B 
L 

M 
L 

B 
B 
B 
L 
B 
B 
H 
B 
B 
L 
L 
B 
M 
M 

B 
B 
B 
B 
M 
B 
B 
B 
M 
M 
L 

L 
L 
B 
M 

49. trichlorofluoromethane 
SO. dichlorodifluoromethane 
51. chlorodibromomethane 
52. hexachlorobutadiene 
53. hexachlorocyclopentadiene 
54. iaophorone 
55. naphthalene 
56. nitrobenzene 
57. 2-nitrophenol 
58. 4-nitrophenol 
59. 2,4-dinitrophenol 
60. 4,6-dinitro-o-cresol 
6l. N-nitrosodimethylamine 
62. N-nitrosodiphenylamine 
63. N-nitroaodi-n-propylamine 
64. pentachlorophenol 
65. phenol 
66. bis(2-thylhexyl)phthalate 
67. butyl benzyl phthalate 
68. di-n-butyl phthalate 
69. di-n-octyl phthalate 
70. diethyl phthalate 
7l. dimethyl phthalate 
72. 1,2-benzanthracene 

(benzo(a)anthracene) 
73. ben:z:o(a)pyrene (3,4-benzo

pyrene) 
74. 3,4-ben:z:ofluoranthene 

(benl!lo(b)fluoranthene) 
75. ll,12-benzofluoranthene 

(benzo(k)fluoranthene) 
76. chryaene 
77. acenaphthylene 
78. anthrac,ane 
79. l,12-benzoperylene (benzo 

(ghi)-perylene) 
so. fluorene 
Sl. phenanthrene 
82. 1,2,3,6-dibe~anthracene 

(dibenzo(a,h) anthracene) 
83. indeno (l,2,3-cd) pyrene 

(2,3-o-phenylene pyrene) 
84. 
as. 
86. 
87. 
88. 

106. 
107. 
l08. 
109. 

pyrene 
tetrachloroethylene 
toluene 
trichl.oroethylene 
vinyl chloride 
(chloroethylene) 
PCB-1242 (Aroclor 
PCB-1254 (Aroclor 
PCB-1221 (Aroclor 
PCB-1332 (Aroclor 

llO. PCB-1248 (Aroclor 
lll. PCB-1260 (Aroclor 
112. PCB-1016 (Aroclor 

1242) 
1254) 
l221) 
1232) 
1248) 
1260) 
1016) 

adsorbs at levels ~100 mg/g carbon at cf• 10 mg/l 

adsorbs at levels ~ l.00 mg/g carbon at cf < l.O mg/l 

Cateqory M (moderate removal) 

adsorbs at levels ~lOO mg/g carbon at C • 
f 

lO mg/l 

adsorbs at levels ~lOO mg/g carbon at c.., < l.O mg/l 

Cateaorv L (low removal) 

adsorbs at levels < lOO mg/g carbon at c.., - 10 mg/l 

adsorbs at levels < 10 mg/g carbon at cf < l.O mq/l 

cf • f.:!.:lal. concentrations of priority pollutant at equilibrium 
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*Removal 
Rating 

M 
L 
M 
H 
H 
B 
H 
B 
H 
B 
B 
H 
M 
H 
M 
B 
M 
B 
H 
H 
B 
H 
H 
B 

H 

B 

B 

B 
B 
B 
H 

H 
B 
H 

H 

M 
M 
L 
L 

H 
B 
H 
H 
H 
B 
!I 



TABLE VII - 23 

CLASSES OF OmANIC CCMPa.lNIS ADSORBED CN CARBON 

0%ganic Chen!!cal Class 

Arana.tic Hydlmcarbons 

Polynuclear Aranatics 

Chlorinated Arana.tics 

Pheriolics 

Olorinated Pbenolics 

*High M:>lecuLar Weight Aliphatic and 
Brandl Chain hydrocarbals 

Chlorinated Aliphatic hydrocarbons 

*High M::>lecu:La.r Weight Aliphatic 
Acids and Aromatic Acids 

*High Molecul.ar Weight Aliiilatic 
Amines and A:tana.tic Amines 

*High Molecular Weight Ketales, 
Esters, Ethers and Alcohol.s 

Surfactants 

Soluble Organic O\Jes 

Examples.of Chemical Class 

'benzene, toluene, xylene 

naphthalene, anthracene 
biphenyls 

chl.orobenzene, polychlorinated 
bii:h~ls, aldrin, endrin, 
:~e, DDr 

pherx,1, cresol, resorcenol 
and polyphenyls 

tric:h.l.orophenol, pentachloro
phenol 

gasoline, kerosine 

carbon tetrachloride, 
perchloroethylene 

tar acids, benzoic acid 

aniline, toluene diamine 

hydroquincne, polyethylene 
glycol 

alkyl 1::lenzene sulfonates 

rrethylene blue, indigo cannine 

* High Molec1.:u.ar Weight includes compounds in t..'i.e broad range of from 
4 to 20 carbon atoms 
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Plant 
A 
B 
C 

Parameter 

All Values 

Al 
Cd 
Cr+3 
Cr+6 
Cu 
CN 
Ati 
Fe 
Pb 
Mn 
Ni 
Ag 
S04 
Sn 
Zn 

Table VII-24 

ACTIVATED CARl30N PERFORMANCE (MERCURY) 

mg/1 

Mercury levels -
In 
28.0 

0.36 
0.008 

Table VII-25 

mg/1 
Out 
0.9 
0.015 
0.0005 

Ion Exchange Performance 

Plant A Plant 
Prior To After Prior To 
Purifi- Purifi- · Purifi-
cation cation cation 

5.6 0.20 
5.7 o.oo 
3.1 0.01 
7.1 0.01 
4.5 0.09 43.0 
9.8 0.04 3.40 

2.30 
7.4 0.01 

1. 70 
4.4 0.00 
6.2 0.00 1. 60 
1. 5 o.oo 9.10 

210.00 
1. 7 0.00 1.10 

14.8 0.40 
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B 
After 

Purifi-
cation 

0.10 
0.09 
0. l 0 

0.01 

0.01 
0.01 
2.00 
0.10 



Table VII-26 

MEMBRANE FILTRATION SYSTEM EFFLUENT 

Specific Manufacturers Plant 19066 Plant 31022 Predicted Metal Guarantee In Out In Out Performance 

Al 0.5 ---Cr, (+6) 0.02 0.46 0.01 5.25 <0.005 
Cr ( T) 0.03 4. 13 0.018 98.4 0.057 0.05 Cu 0. 1 1 8. 8 0.043 8.00 0.222 0.20 Fe 0. l 288 0.3 21 . 1 0.263 0.30 Pb 0.05 0,, 652 0.01 0.288 0.01 0.05 CN 0.02 <0.005 <0.005 <0.005 <0.005 0.02 Ni 0. l 9.56 0.0-17 194 0.352 0.40 Zn 0. l 2,. 09 0. 04.6 5.00 0.051 0. l 0 TSS 632 0. l 13.0 8.0 ,. 0 

Advantages and Limitations. 

Table VII-27 

PEAT ADSORPTION PERFORMANCE 

Pollutant In Out 
(mg/1) 

Cr+6 35,000 0.04 
Cu 250 0.24 
CN 36.0 0.7 
Pb 20.0 0.025 
Hg ,. 0 0.02 Ni .2.5 0.07 
Ag ,. 0 0.05 
Sb 2.5 0.9 
Zn l • 5 0.25 

Table VII-28 

ULTRAFILTRATION PERFORMANCE 

Parameter Feed (mg/1) Permeate (mg/1) 

Oil (freon extractable) 1230 4 
COD 8920 148 
TSS 1380 13 
Total Solids 2900 296 
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SECTION VIII 

COST OF WASTE WATER CONTROL AND TREATMENT 

This section presents estimates of the costs of implementing the 
major wastewater treatment and control technologies descrived in 
Section VII. These cost estimates, together with the estimated 
pollutant reduction performance for each treatment and control 
option presented in Sections IX, X, XI, and XII provide a basis 
for evaluating the options presented and identification of the 
best practicable control technology currently available (BPT), 
best available technology economically achievable (BAT), best 
demonstrated technology (BOT), and the appropriate technology for 
pretreatment. The cost estimates also provide the basis for the 
determining the probable economic impact on the coil coating 
category of regulation at different pollutant discharge levels. 
In addition, this section addresses non-water quality 
environmental impacts of wastewater treatment and control 
alternatives, including air pollution, .noise pollution, solid 
wastes, and energy requirements. 

In developing the cost estimates presented in this section, EPA 
selected specific wastewater treatment technologies and in
process control techniques from among those discussed in Section 
VII and combined ·them in wastewater treatment and control systems 
appropriate for each subcategory. Investment and annual costs 
for each system were estimated based on wastewater flow rates and 
raw waste characteristics for each subcategory as presented in 
Section v. 
COST ESTIMATION METHODOLOGY 

Cost estimation is accomplished using a computer program which 
accepts inputs specifying the treatment system to be estimated, 
chemical characteristics of the raw waste streams treated, flow 
rates and operating schedules. The program accesses models for 
specific treatment components which relate component investment 
and operating costs, materials and energy requirements, and 
effluent stream characteristics to influent flow rates and stream 
characteristics. Component models are exercised sequentially as 
the components are encountered in the system to determine 
chemical characteristics and ~low rates at each point. Component 
investment and annual costs are also determined and used in the 
com~utation of total system costs. Mass balance calculations are 
used to determine the characteristics of combined streams 
resulting from mixing two or more streams and to determine the 
volume of sltidges or liquid wastes resulting from treatment 
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operations such as sedimentation,. f i 1 tration; flotation, and oil 
separation. 

Cost estimates are broken down into several distinct elements: 
total investment and annual costs, operation and maintenance 
costs, energy costs, depreciation, and annual costs of capital. 
The cost estimation program incorporates provisions for 
adjustment of all costs to a common dollar base on the basis of 
economic indices appropriate to capital equipment and operating 
supplies. January 1978 dollar base has been used throughout this 
document as the basing point requiring least adjustment of the 
data supplied. Labor and · electric power costs are input 
variables appropriate to the dollar base year for cost estimates. 

Cost Estimation Input Oat~ 

The waste treatment system descriptions input to the computer 
cost estimation program include both a specification of the waste 
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 
parameters are specified within the program based on prevailing 
design practice in industrial waste treatment. ·The waste 
treatment system descriptions may include multiple raw waste 
stream inputs and multiple treatment trains. For example, 
cyanide bearing waste streams are segregated and treated by 
cyanide precipitation after chromium reduction and then given 
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 of these systems is 
presented in Sections IX through XII which also discusses their 
pollution removal effectiveness. 

The input data set also includes chemical .characteristics for 
each raw waste stream (specified as input to the treatment 
systems for which costs are to be estimated). These 
characteristics are derived from the raw waste sampling data 
presented in Section V. The pollutant parameters which are 
presently accepted as input by the cost estimation program appear 
in Table VIII-1 (page 340). 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 additional 
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pollutants are found to be significant in waste streams from 
industries under study and as additional treatment technology 
cost and performance data become available. For the coil coating 
category, :Lndi vi dual subcategories commonly encompass a number of 
different waste streams which are present to varying degrees at 
different facilities. The raw waste characteristics shown as 
input to waste treatment represent a mix of these streams 
including all significant pollutants generated in the subcategory 
and do not correspond precisely to process wastewater at any 
existing facility. The process by which these raw waste$ were 
defined is explained in S~ctio~ V~ 

""' 

The final input data set comprises raw waste flow rates for each 
input stream for a "normal" plant in each subcategory~ The 
"normal" plant is defined as a plant having the mean prediction 
level for the subcategory and equivalent flow and wa$tewater 
characteristics. The normal plant is used to indicate the 
encountered at existing facilities for each coil coating 
subcategory and to indicate the treatment costs which would be 
incurred in the implementation of each control and treatment 
option considered. In addition, data corresponding to the flow 
rates and ,equipment in place reported by each plant in the 
category were used to provide cost estimates for use in economic 
impact analysis. · 

System Cost Computation 

Figure VIII-1 (page 359) presents a simplified flow chart of the 
computer cost estimation system. This is useful in 
conceptualization of the estimation of wastewater treatment· and 
control costs from the input data described abovew In the 
computation, raw waste characteristics and flow rates for the 
first case 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, m~terials 
and. energy consumed in its operation, and the volume and 
characteristics of the stream(s) discharged from it. These 
stream characteristics are then used as- input to the next 
component(s) encountered in the system definition. This 
procedure is continued until the complete system costs and the 
volume and characteristics of the final effluent stream(s) and 
sludge or concentrated oil 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 wastes such as 
oxidation of cyanide bearing wastes prior to combination with 

309 



other process wastes for further treatment, and representation of 
partial recycle of wastewater. 

As an example of this computation process, the sequence of 
calculations involved in the development of cost estimates for a 
simple treatment system including ·Chemical precipitation, 
sedimentation, and sludge dewatering are described. Initially, 
input specifications for the treatment system are read to set up 
the sequence of computations. The subroutine addressing chemical 
precipitation and clarification is then accessed. The sizes of 
the mixing tank and clarification are calculated based on the raw 
waste flow rate to provide 45 minute retention in the mix tank 
and 4 hour retention with 15.0 gph/ft2 surface loading in the 
clarifier. Based on these sizes, investment and annual costs for 
labor, supplies for 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 and reagent feed systems. 

Based on the input raw waste concentrations and flow rates, the 
reagent additions (lime, alum, and polyelectrolyte) are 
calculated to provide fixed concentrations of alum and poly
electrolyte and 10 percent excess lime over that required for 
stoichiometric reaction with the acidity and metals present in 
the waste 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 
clarifier · (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 determined by the concentration of TSS, which is fixed 
at 4 to 5 percent based on general operating experience; 
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. Operating hours for the filter are calculated 
from the flow rate and TSS concentration and are used to 
determine· manhours required for operation. 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 
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power costs for operation. Finally, the vacuum filter 
performance algorithms are used to determine the volume and 
characteristics of the vacuum filter sludg~ and filtrate, and the 
costs of contract disposal of the sludge are calculated. The 
recycle of vacuum filter filtrate to the chemical precipitation
clarification system is not reflected in the calculations due to 
the difficulty of iterative iolution 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. Such minor contributions are accounted for in the 20 
percent excess capacity provided in most components. 

The costs determined for all components of the system are 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 characteristics of 
all streams in the system may also be specified as output from 
the program. 

After proposal numerous public comments were received about the 
Agency's porcelain enameling costs and costing factors. Because 
the same methodology and costing factors were proposed for both 
coil coating and porcelain enameling, the Agency considered 
comments about porcelain enameling costs to be ~qually valid for 
coil coating. Review of data and consideration of information 
provided in the comments resulted in a number of changes that 
increased substantially the Agency's cost estimates. These 
changes are summarized here. 

1. The hydraulic surface loading of clarifier was reduced from 
33.3 to 15.0 gal/hr/ft2. 

2,. The TSS concentration in clarifier sludge stream was 
corrected to read 4.5 percent. 

3. The excess capacity factor for flocculator, settling tanks, 
and sludge pumps of clarifier was increased from 1.2 to 1.4. 

4 • Intercomponent p1p1ng, instrumentation, and 
costs wer~ added to_list of subsidiary costs. 

contingency 

5. The wastewater sampling frequency chart was corrected to 
show weekly rather than monthly sampling at the third size 
level {189, 251-378, 500 lb/day). 

6 • Instrumentation costs are now assigned a 
$25,000 for continuous treatment, zero 
treatment. 
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7. Engineering costs were increased and 
percent of total investment for 
percent for a $55,000 plant. 

now range from 10.6 
a $650,000 plant.to 22 

8. Legal, fiscal, and administrative costs were increased and 
now range from 1.6 percent of total plant investment costs 
for a $650,000 plant, to 3.7 percent for a $55,000 P,lant. 

9. Interest for construction costs was increased from 10 
percent to 16 percent. 

Treatment Component Models 

The cost estimation program presently incorporates subroutines 
providing cost and performance calculations for the treatment 
technologies identified in Section VII. These subroutines have 
been developed over a period of years from the best available 
information, including on-site observations of treatment system 
performance, costs and construction practices at a large number 
of industrial facilities, published data, and information 
obtained from suppliers of wastewater treatment equipment. The 
subroutines are modified and new .subroutines added as 
improvements in treatment technologies become available, and as 
additional treatment technologies are required for the industrial 
wastewater streams under study. Specific discussion of each of 
the treatment component models used in costing wastewater 
treatment and control systems for the coil coating category is 
presented later in this section where· cost estimation is 
addressed, and in Section VII where performance aspects were 
developed. 

In general terms, cost estimation is provided by mathematical 
relationships in each subroutine approximating observed 
correlations between component costs and the most significant 
operational parameters such as water flow rate, 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 materials costs. In some cases, however, 
as discussed for the vacuum filter, pollutant concentrations 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 
including: Cost of Labor, Cost of Energy, Capital Recovery Costs 
and Debt-Equity Ratio. These cost adjustments and factors are 
discussed below. 
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Dollar Base - A dollar base of January 1978 was used for all 
costs. ---

Investment Cost Adjustment - Investment costs were adjusted to 
the aforementioned dollar base by use of the 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 January 1978 
was 288.0. 

Supply Co:~t, Adjustment Supply costs such as .chemicals were 
related to the dollar base by the Wholesale Price Index. This 
figure was obtained from the U.S. Department of Labor, Bureau of 
Labor Statistics, "Monthly Labor Review". For January 1978 the 
11 Industrial Commodities II Wholesale Price Index was 201. 6. 
Process supply and repla·cement 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,"'""Ehe-hourly wage rate for non-supervisory workers in water, 
stream, and sanitary systems was used from the U. s .. Department of 
Labor, Bureau of Labor Statistics Monthly publication, 
"Employment and Earnings". For January 1978, this wage rate was 
$6.00 per hour. This wage rate was then applied to estimates of 
operation and maintenance man-hours within each process to obtain 
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. 

Cost of ~D!Y - Energy requirements were calculated directly 
within each process. Estimated costs were then determined by 
applying an electrical rate of 3.3 cents per kilowatt hour. · 

The electrical charge for January 1978 was corroborated through 
consultation with the Energy Consulting Services Department of 
the Connecticut Light and Power Company. This electrical charge 
was determined by assuming that any electrical needs of a waste 
treatment facility or in-process technology would be satisfied by 
an existing electrical distribution system; i.e., no new meter 

·would be required. This eliminated the formation of any new 
demand load base for the electrical charge. 

Capital Re£overy Costs - Capital recovery costs were divided into 
straight line ten-year depreciation -and co~t of capital at a ten 
percent annual interest rate for a period of ten years. The ten 
year depreciation period was consistent with the faster write-off 
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(financial life) allowed for these 
equipment life is in the range 
cost of capital was calculated by 
factor approach. 

facilities, even though the 
of 20 to 25 years. The annual 

using the capital recovery 

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: 

CRF = 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 
investment by the depreciation period N, which was assumed to be 
ten 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 reasons, no attempt was made to break 
down the capital cost 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 

The waste 
in-process 
subsidiary 
operation. 

treatment and control system costs for end-of-pipe and 
waste water control and treatment systems include 

costs associated with. system construction and 
These subsidiary costs include: 

administration and laboratory facilities 

garage and shop facilities 

line segregation 

yardwork 

land 
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engineering 

legal, fiscal, and administrative 

in£erest during construction 

contingency 

intercornponent piping instrumentation 

Administrative and laboratory facility treatment investment is 
the cost of constructing space for administration, laboratory, 
and service functions for the waste water treatment system. For 
these cost computations, it was assumed that there was already an 
existing building and space for administration, laboratory, and 
service functions. Therefore, there was no investment cost for 
this item. · 

For laboratory operations, an analytical fee of $90 (January 1978 
dollars) was allowed for each wastewater sample, regardless of 
whether the laboratory work was done on or off. site. This 
analytical fee is typical of the charges experienced 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 VIII-2 (page 341 ). This frequency was 
suggested by the Water Compliance Division of the USEPA. 

Industrial waste treatment facilities were assumed to need no 
garage and shop investment because this cost item was assumed to 
be part of the normal plant costs. 

Line segregation investment costs account for plant modifications 
to segregate wastes. 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 and a gravity feed to the treatment system was 
assumed. The pipe was assumed to run from the center of the 
floor to a corner. A rate of 2.04 liters per hour of waste water 
discha~ge per square meter of area (0.05 gallons per hour per 
square foot) was used to estimate floor and trench dimensions 
from waste water flow rates for use in this cost estimation 
process. 

The yardwork investment cost item includes the cost of general 
site clearing, intercomponent piping, valves, overhead and 
underground electrical wiring, cable, lighting, control 
structures, manholes, tunnels, conduits, and general site items 
outside the structural confines of particular individual plant 
components. This cost is typically 9 to 18 percent of the 
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installed components investment costs. These cost estimates, 
were based on an average of 14 percent; Annual yardwork 
operation and maintenance costs are considered a part of normal 
plant maintenance and were not included in these cost estimates. 

No new land purchases were required. It was assumed that the 
land required for the end-of-pipe treatment system wa·s already 
available at the plant. 

Engineering costs include both basic and special services. Basic 
services include preliminary design reports, detailed design, and 
certain office and field engineering services during construction 
of projects. Special services include improvement studies, 
resident engineering, soils investigations, land surveys, 
operation and maintenance manuals, and other miscellaneous 
services. Engineering cost is a function of process installed 
and yardwork investment costs and ranges between 5.7 and 14 
percent depending on the total of these costs. 

Legal, fiscal and administrative costs relate to the planning and 
construction of waste water treatment facilities and include such 
items as preparation of legal documents, preparation of 
construction contracts, acquisition to land, etc. These costs 
are a function of process installed, yardwork, engineering, and 
land investment costs ranging between 1 and 3 percent of the 
total of these cbsts. 

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; engineering; 
and legal, fiscal, and administrative) and the applied interest 
affect this cost. An interest rate of 10 percent was used to 
determine the interest cost for these estimates. In general, 
interest cost during construction varies between 3 and 10 percent 
of total system costs. 

Contingency allowance has been included at 10 percent and 
intercomponent piping at 20 percent of installed component cost; 
instrumentation is included as a lump sum of $25,000 for 
continuous processes only. 

COST ESTIMATES FOR INDIVIDUAL TREATMENT TECHNOLOGIES 

Introduction 

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 characteristics, typical 
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plant charact~ristics (e.g. location, production s~hedules, 
product mix, and land availability), and present treatment 
practices within the subcateg0ries .addressed. Specific rationale 
for selection is addressed in Sections IX, X, XI and XII. Cost 
estimates for each technology addressed in this section include 
investment costs and annual costs for depreciation, capital, 
operation and maintenance, and energy. 

. ' . ' . 

Investment Investment is the.capital expenditure required to 
bring the technology into operation. If~the installation is a 
package contract, the investment ls. the purchase price of the 
installed equipment. Otherwise, ~t 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 depreciation, capital, operation and maintenance (less 
energy), and energy (as a separate functi_on). 

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. 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 cost (as previously discussed on cost 
factors) less depreciation .. 

Operation and Maintenance - Operation and maintenance cost is.the 
annual cost of running the waste water treatment equipment. It 
includes labor and materials such as·waste t'reatment chemicals. 
As presented on the tables, operation and maintenance cost does 
not include energy (power or fuel) costs because these costs are 
shown separately. 

Energy ~ The annual ~ost of energy is 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. 

Cyanide Oxidation 

In this techne>logy, cyanide is destroyed by reaction with sodium 
hypochlorite under alkaline conditions. A complete system for 
this operation includes reactors, sen·sors, controls,. mixers, and 
chemical feed equipment. Control of both pH and chlorine 
concentration, ( through oxi.dation-reduction potential) is 
important for effective treatment. 
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Capital Costs. Capital costs for cyanide oxidation shown in 
Figure VIII-2 (page 360) include reaction tanks, reagent storage, 
mixers, sensors and controls necessary for operation. Costs are 
estimated for both batch and continu9us systems with the 
operating mode selected on a least cost basis. Specific costing 
assumptions are as follows: 

For both continuous and batch treatment, the cyanide oxidation 
tank is sized as an above ground cylindrical tank with a 
retention time of 4 nours based on the process flow. Cyanide 
oxidation is normally done on a batch basis; therefore, two 
identical tanks are employed. Cyanide is removed by the addition 
of sodium hypochlorite with sodium hydroxide added to maintain 
the proper pH level. A 60-day supply of sodium hypochlorite is 
stored in an in-ground covered concrete tank, 0.3 m (1 ft) thick. 
A 90-day supply of sodium hydroxide also is stored in an in
ground covered concrete tank, 0.3 m (1 ft) thick. 

Mixer power requirements for both continuous and batch treatment 
are based on 2 horsepower for every 11,355 liters (3,000 gal) of 
tank volume. The mixer is assumed to be operational 25 percent 
of the time that the treatment system is operating. 

A continuous control system is costed for the 
treatment alternative. This system includes: 

2 immersion pH probes and transmitters 
2 immersion ORP probes and transmitters 
2 pH and ORP monitors 
2 2-pen recorders 
2 slow process controller 
2 proportional sodium hypochlorite pumps 
2 proportional sodium hydroxide pumps 
2 mixers 
3 transfer pumps 
l maintenance kit 

continuous 

2 liquid level controllers and alarms, and miscellaneous 
electrical equipment and pipi.ng 

A complete manual control system is costed for the batch 
treatment alternative. This system includes: 

2 pH probes and monitors 
l mixer 
l liquid level controller and horn 
l proportional sodium hypochlorite pump 
1 on-off sodium hydroxide pump and PVC piping from the 

chemical storage tanks 
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Operation ~nd Maintenance Cost. Operation and maintenance costs 
for cyanide oxidation include labor requirements to operate and 
maintain the system; electric power for. mixers, pumps and 
controls, and treatment chemicals. Labor requirements for 
operation and maintenance are shown in Figure VIII-3 (page xxx). 
As can be seen operating labor is substantially higher for batch 
treatment than for continuous operation. Maintenance labor 
requirements· for continuous treatment are fixed at 150 manhours 
per year for flow rates below 23,000 gph and thereafter increase 
according to: 

Labor= .00273 x (Flow-23000) + 150 

Maintenance labor requirements for batch treatment are assumed to 
be negligible. 

Annual costs for treatment chemicals and electrical power are 
presented in Figure VIII-4 (page 362). Chemical additions are 
determined from cyanide, acidity, and flow rates of the raw waste 
stream according to: 

lbs sodium hypochlorite = 62.96 x lbs CN
lbs sodium hydroxide= 0.8 x lbs acidity 

Cyanide PrEtcipitation 

This technology reacts zinc sulfate or ferrous sulfate with the 
cyanide to form complex cyanide precipitates such as Fe 4 (FeCN 6 ) 3 
(Prussian Blue}. This system, which closely follows a 
conventional chemical precipitation system, includes chemical 
feed equipment for sodium hydroxide or lime, zinc sulfate or 
ferrous sulfate addition, a reaction tank, agitator, control 
system, clarifier and pump. 

Capital Coaj:.§_, 
The computer calculated capital costs for cyanide precipitation 
include costs for each of the five subsystem~; 1) alkali feed 
system, 2) reactant feed system, 3} reaction tank with agitator; 
4) clarifier, and 5) recirculation pumps and control 
instrumentation costs are estimated for both batch and continuous 
systems with the operating mode selected on a least cost basis. 
Specific costing assumptions are set forth below. 

For both continuous and batch treatment systems, the alkali feed 
system is a FRP tank signed for 15 days supply with dual head 
metering pumps including standby. The reactant feed system 
includes a steel storage with dust collectors sized for 15 days 
supply with volumetric feeders, dual head metering pumps. The 
reaction tank is a lined steel tank with agitator sized for one 
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hour retention. The clarifier, sized at 10 gal/hr sq ft. 
includes the support structive, sludge scraper assembly and drive 
unit. A continuous pump and control system is costed for the 
continuous alternative. This system include~: 

2 immersion pH probes and transmitters 
2 immersion ORP probes and transmitters 
2 pH and ORP monitors 
2 2-pen recorders 
2 slow process controller 
2 proportional sodium hypochlorite pumps 
2 proportional sodium hydroxide pumps 
2 mixers 
3 transfer pumps 
1 maintenance kit 
2 liquid level controllers and alarms, and miscellaneous 

electrical equipment and p1p1ng 
2 immersion pH probes and transmitters 
2 immersion ORP probes and transmitters 
2 pH and ORP monitors 
2 2-pen recorders 
2 slow process controller 
2 proportional reactant pumps 
2 proportional sodium hydroxide pumps 
2 mixers 
3 transfer pumps 
1 maintenance kit 
2 liquid level controllers and alarms, and miscellaneous 

electrical equipment and piping 
2 recycle pumps 
1 sludge pump 

A manual batch system is costed for the batch treatment 
alternative. This system includes: 

2 pH probes and monitors 
1 mixer 
1 liquid level controller and horn 
2 pH probes and monitors 
1 mixer 
1 liquid level controller and horn 
1 proportional reactant pump 
1 on-off sodium hydroxide pump and PVC piping from the 

chemical storage tanks 

Mixer power requirements for both continuous and batch treatment 
are based on 2 horsepower for every 11,400 1 (3,000 gal} of tank 
volume. The mixer is assumed to be operational 25 percent of the 
time that the treatment system is operating. 
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Operation ~!,!ld Maintenance Cost. Operation .and maintenance costs 
for cyanide precipitation include labor requirements to operate 
and maintain the system, electric power for mixers, pumps, 
clarifier and controls, and treatment chemicals. Electrical 
requirements are. als~ inclµded. for the chemical storage 
enclosures for lighting and ventilation and in the case of 
caustic storage, heating. The following criteria are used in 
establishing O&M costs: 

(1) Reactant feed system 

maintenance materials 3 · percent of manufactured 
equipment cost 
labor for chemical unloading 

5 hrs/50,000 lb for bulk handling 
8 hrs/1 6,000. lb for bag feeding to the hopper 
routine inspection and adjustment of feeders is 10 
mi~/feeder/s~tft 

maintenance labor 
8 hrs/yr for liquid metering pumps 
24 hrs/yr for solid feeders and solution tank 

power {function· of instrumentation ·and control, 
mE~tering pump HP and volumetric feeder (bag feeding)] 

(2) Caustic feed system 

maintenance materials 3 percent of manufactured 
equipment cost (excluding storage tank cost) 
labor/unloading 

dry NaOH - B hrs/16,000 lb 
liquid 50 percent NaOH - 5 hrs/50,000 lb 

labor operation (dry,NaOH only) - 10 min/day/feeder 
labor operation for 1T1etering pump - 15 min/day 
annual maintenance - 8 hrs 
po~er [includes metering pump HP, instrumentation and 
control, volumetric feeder (dry NaOH)] 

(3) Clarifier 

maintenance materials range from 0.8 percent to 2 
percent as a function of increasing size 
labor - 150 to 500 hrs/yr (depending on size} 
power - based on horsepower requirements for sludge 
pumping and sludge scraper drive unit 

(4) Reaction vessel with agitator 

maintenaric:e materials 6 2 percent of-equtpment cost 
labor 
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15 min/mixer/day routine O&M 
4 hrs/mixer/6 mos - oil changes 
8 hrs/yr - draining, inspection, cleaning 

power - based on horsepower requirements for agitator 
(5) Recycle pump 

maintenance materials percent of manufactured 
equipment cost variable with flowrate 
50 ft TDH; motor efficiency of 90 percent and pump 
efficiency of 85 percent 

Annual costs for treatment chemicals are determined from cyanide 
concentration, pH, metals concentrations, and flowrate of the raw 
waste stream. Cost curves are not presented for this technology 
because the cyanide oxidation curves are judged to be close 
enough for graphic estimates. Computer calculated costs are 
precise calculations. 

Chromium Reduction 

This technology chemically reduces hexavalent chromium under acid 
conditions to allow subsequent removal of the trivalent form by 
precipitation as the hydroxide. Treatment may be provided in 
either continuous or batch mode, and cost estimates are developed 
for both. Operating mode for system cost estimates is selected 
on a least cost basis. 

Capital cost. Cost estimates include all required equipment for 
performing this treatment technology, including reagent dosage, 
reaction tanks, mixers and controls. Different reagents are 
provided for batch and continuous treatment resulting in dif
ferent system design considerations as discussed below. 

For both continuous and batch treatment, sulfuric acid is added 
for pH control. A 90 day supply is stored in the 25 percent 
aqueous form in an above-ground, covered concrete tank, 0.305 ml 
ft) thick. 

For continuous chromium reduction, the single chromium reduction 
tank is sized in an above-ground cylindrical concrete tank with a 
0.305 m (1 ft} wall thickness, a 45 minute retention time, and an 
excess capacity factor of 1.2. Sulfur dioxide is added to con
vert the influent hexavalent chromium to the trivalent form. 

I 

The control system for continuous chromium reduction consists of: 
1 

l immersion pH probe and transmitter 
l immersion ORP probe and transmitter 
1 pH and ORP monitor 
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2 slow process controllers 
1 sulfonator and associated pressure regulator 
1 sulfuric acid pump 
1 transfer pump for sulfur dioxide ejector 
2 maintenance kits for electrodes, and miscellaneous 

electrical equipment and piping 

For bate~ ~hto~ium.reduction, the dual chro~ium reduction tanks 
are sized as above-ground cylindrical steel steel tanks with a 4 
hour retention time, and an excess capacity factor of 1.2. 
Sodium bisulfite is added to reduce the hexavalent chromium. 

A completely manual system is provided for batch operation. Sub
sidiary equipment includes: 

l sodium bisufite mixing and fe.ed tank 
1 metal stand and agitator collector 
1 sodium bisulfite mixer with disconnects 
l sulfuric acid pump 
1 sulfuric acid mixer with disconnects 
2 immersion pH probes 
l pH monitor, and miscellaneous piping 

Capital costE; for batch and continuous treatment systems are pre
sented in Figure VIII-5 (page 363). 

Operation and Maintenance.. Costs for operating and maintaining 
chromium reduction systems include labor, chemical addition, and 
energy requirements. These factors are determined as follows: 

LABOR 

The labor requirements are plotted in Figure VIII-6 (page 364) ... 
Maintenance of the batch system is assumed to be negligible and 
so it is not.shown. 

CHEMICAL ADDITION 

For the continuous system, sulfur dioxide is added according to 
the following: 

(lbs S02 /day) = (15.43) (flow to unit:-MGD) (Cr+6 mg/1} 

In the. b~tch moq.e.,. sodium bisulf i te is. added in place of sulfur 
dioxide according to fh~ f6ii6~in~~ 

(lbs NaHS03/day) = (20.06) (flow .to unit-MGD) (Cr+6 rng/1) 
I , • ..,, hi', 

: 
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ENERGY 

Two horsepower is required for chemical mixing. Th~ mixers are 
assumed to operate continuously over the operation time of the 
treatment system. 

Given the above requirements, operation and maintenance costs are 
calculated based on the following: 

$6.00 per man+ 10% indirect labor charge 
$380/ton of sulfur dioxide 
$20/ton of sodium bisulfite 
$0.032/kilowatt hour of required electricity 

Oil Skimming 

This technology removes oils from process wastewater by gravity 
separation and subsequent removal of the surface layer of oil. A 
baffled tank provides quiescent conditions conducive to 
separation of oil droplets and retention of floating oil behind 
an underflow baffle. 

Capital Cost. The costing analyses for the API Oil Skimming pro
cess were based upon an optimization of the one channel oil se
parator design by expanding the API design standards. The fol
lowing assumptions were used for costing purposes: 

1 • The unit was assumed to be an 
cross-section concrete tank with 
velocity set to the smaller of 
rise rate. 

in-the-ground rectangular 
a maximum horizontal stream 
3 fpm or 4.72 times the oil 

2. The depth-to-width ratio was maintained between 0.3-0.5 to 
minimize tank size. 

3. The depth was maintained between 3 ft. minimum and 8 ft. 
maximum, and the width between 6 ft. minimum and 20 ft. 
maximum to provide minimum tank size. 

4. The costs were based on a 0.3 m (l ft) concrete thickness 
and include the excavation required. 

Figure VIII-7 (page 365) presents estimated oil separator capital 
costs. Flows up to 0.25 MGD are costed for a single unit; flows 
greater than 0.25 MGD, require more than one unit. 

Operation and Maintenance Cost. Only labor is included in the 
operation and maintenance costs of the skimmer since other costs 
were considered negligible in comparison. Figure VIII-8 (page 
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366) illustrates the correlation used to calculate the required 
man-hours for operation and maintenance. The .total man-hours are 
then multiplied by the $6.00 per hour labor rate plus 10 percent 
indirect labor charge. 

Chemical Precipitation and Clarification 

This technology removes dissolved pollutants by first reacting 
added lime and sodium sulfide to form precipitates and then 
removing 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 integraLtion · in common equipm~nt in some installations, - both 
the chemical addition and solids removal equipment are addressed 
in a single subroutine. 

Investment Cost. Investment costs are determined for this tech
nology for continuous treatment and for batch treatment systems 
using steel tank construction. The least cost system is selected 
for each application. Continuous treatment systems-include a mix 
tank for reagent feed addition and a clarification basin with 
associated sludge rakes and pumps. Batch treatment includes only 
reaction-settling tanks and sludge pumps. 

For the continuous treatment systems, construction is different 
for flows above and below 10,000 1/hr (2700 gph). For flow rates 
greater than or equal to 10,000 1/hr, the continuous treatment 
system costs include a flocculator, settling tank, and aSsoci~ted 
equipment. For flow rates less than 10,000 1/hr, the continuous 
clarifier costs include. two above-ground tanks inste~d of the 
flocculator-settling tank combination. 

The in-ground flocculator is a conrete unit. The size is based 
on ~ 45 minute retention time, a length to width ratio of 5, a 
depth of 8 feet, and a 40 percent excess capacity. Capital costs 
include excavation and a mixer. The estimated· flocculator cost 
for batch operation is shown in Figure VIII-:-9 (page 367). 

The settling tank is a st€el unit sized for a hydraulic loading 
of 15.0 gph/sq ft, a 4 hour retention time, and an excess 
capacity of 40 percent. The two conical unlined carbon steel 
tanks are sized for four hour retention in each tank. Capital 
costs include excavation ·and a skimmer. Figure VIII-10 .(page 
368) shows the combined flocculator settling tank cost for 
batch operation. 

cost for these tanks for flows less than 1000 1/hr (2604 gph). 
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A cost of $3202 is included in capital cost estimates for sludge 
pumps regardless of whether the dual tanks or the flocculator
settling tank combination is used. This cost covers the expense 
for two centrifugal sludge pumps. 

For batch treatment, dual cylindrical carbon steel tanks sized 
for 8 hour retention and 40 percent excess capacity are used. If 
the required tank volume exceeds 50,000 gallons, then costs for 
field fabrication are~included. The capital cost for the batch 
system (not including the sludge pump costs) is shown in Figure 
VIII-11 (page 369). The capital cost estimate for batch 
treatment also Includes a fixed $3,202 cost for sludge pumps as 
discussed above. 

Figure VIII-12 (page 370) shows a comparison of the capital cost 
curves for the modes discussed above. These curves include 
sludge pump costs. 

All costs include motors, starters, alternators, and necessary 
piping. 

Operation and Maintenance Cost 

The operation and maintenance costs for 
precipitation and clarification routine include: 

1) Cost of chemicals added (lime, alum) 
2) Labor (operation and maintenance) 
3) Energy 

the chemical 

Each of these contributing factors are discussed below. 

CHEMICAL COST 

Lime and sodium sulfide are added for metals and solids 
removal. The amount of chemical required is based on 
equivalent amounts of various pollutant. parameters present 
in the stream entering the unit. The methods used in 
determining the lime requirements are shown in Table VIII-3 
(page 336). 

LABOR 

Figure VIII-13 (page 371) presents the man-hour requirements 
for the continuous clarifier system. For the batch system, 
maintenance labor is assumed to be negligible and operation 
labor is calculated from: 
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(man-hours for operation} = 390 ·+ (0.975) (lbs. lime added 
per day) 

ENERGY 

The energy costs are calculated from the treatment and 
sludge pump horsepower requirements. 

Continuous Mode 

The treatment horsepower requirement is assumed to be 
constant over the hours of operation of the treatment system 
at a level of 0.0000265 horsepower per l gph of flow 
influent to the clarifier. The sludge pumps are assumed to 
be operational for 5 minutes of each operational hour at a 
level of 0.00212 horsepower per l gph of sludge stream flow. 

Batch Mode 

The treatment horsepower requite~ent is assumed to occur for 
7.5 minutes per operational hotit at the following level: 

influent flow 1042 gph; 0.0048 hp/gph 

influent flow 1042 gph; 0.0096 hp/gph. 

The power required for the sludge pumps in the batch mode is 
the same as that required for the sludge pumps in the con
tinuous mode. 

Given the above requirements, operation and maintenance 
costs are calculated based on the following: 

$6.00 per man-hour+ 15% indirect labor charge 
$41 .26/ton of lime 
$0.284/pound of sodium sulfide 
$0.032/kilowatt-hour of required elect"ricity 

Sulfide Precipitation - Clarification 

This technology removes dissolved pollutants by the formation of 
precipitates by reaction with sodium sulfide, sodium bisulfide, 
or ferrous sulfide and lime, and subsequent removal of the pre
cipitate by settling. As discussed for chemical precipitation 
and clarification, the addition of chemicals, formation of pre
cipitates, and removal of the precipitated solids from th~ waste
water stream are addressed together in cost estimation because of 
their interrelationships and common equipment under some 
circumstances. 
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Investment Cost. Capital cost estimation procedures for sulfide 
precipitation and clarification are identical to those for che
mical precipitation and clarification. Continuous treatment sys
tems using steel construction and batch treatment systems are 
costed to provide a least cost system for each flow range and set 
of raw waste characteristics. Cost factors' are also the same as 
for chemical precipitation and clarification. 

Operation and Maintenance Costs. Costs estimated for the 
operation and maintenance of a sulfide precipitation and 
clarification system are also identical· to those for chemical 
precipitation and clarification except for the cost of treatment 
chemicals. Lime is added prior to sulfide precipitation to 
achieve an alkaline pH of approximately 8.5-9 and this 
precipitates some pollutants as hydroxides or calcium salts. 
Lime consumption based on both neutralization and formation of 
precipitates is calculated to provide a 10 percent excess over 
stochiometric requirements. Sulfide costs are based on the 
~ddition of ferrous sulfate and sodium bisulfide (NaHS) to form a 
10 percent excess of ferrous sulfide over stoichiometric 
requirements for precipitation. Reagent additions are calculated 
as shown in Table VIII-4 (page 343) . Labor and energy rates are 
identical to those shown for chemical precipitation and clari-
fication. · 

Multi-Media Filtration 

This technology removes suspended solids by filtering them 
through a bed of particles of several distinct size ranges. As a 
polishing treatment after chemical precipitation and 
clarification multi-media filtration improves the removal of 
precipitates and thereby improving removal of the original 
dissolved pollutants. 

Capital Cost. The size of the multi-media filtration unit is 
based on 20 percent excess flow capacity and a hydraulic loading 
of 0.5 ft2/gpm. The capital cost, presented in Figure VIII-14 
(page 372) as a function of flow rate, includes a backwash 
mechanism, pumps, controls, media ~nd installation. Minimum 
costs are obtained using a minimum filter surface area of 60 ft2. 

Operation and Maintenanc~. The costs shown in Figure VIII-14 for 
operation and maintenance includes contributions of materials, 
electricity and labor. These curves result from correlations 
made with data obtained by a major manufacturer. Energy costs 
are estimated to be 3 percent of total O&M. 
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Membrane Filtration 

Membrane filtration includes,addition of sodium hydroxide to form 
metal precipitates and removal of the precipitated solids on a 
membrane filter. As a polishing treatment, it minimizes metal 
solubility and very effectively removes precipitated hydroxides 
and sulfides. 

Capital Cost. Based on manufacturer's data, a factor of 
$52.60/gph flow to the m~mbrane fil.ter is used to estimate 
capital cost. Capital cost includes installation. 

Operation and Maintenance Cost. The operation and maintenance 
costs for membrane filtration include: 

1) Labor 
2) Sodium Hydroxide Added 
3) Energy 

Each of these contributing factors are discussed below. 

LABOR 

2 man-hours per day of operation are included. 

SODIUM HYDROXIDE ADDITION 

Sodium hydroxide (or lime) is added to precipitate metals as 
hydroxides or to insure a pH favorable to sulfide precipitat~on. 
The amount of sodium hydroxide required is based on equivalent 
amounts of various pollutant parameters present in the stream 
entering the membrane filter. The method used to determine the 
sodium hydroxide demand is shown below: 

POLLUTANT 

Chr.omium, Total 
Copper 
Acidity 
Iron, DIS 
Zinc 
Cadmium 
Cobalt 
Manganese 
Aluminum 

ANaOH 

0.000508 
0.000279 
0.000175 
0.000474 
0.000268 
0.000158 
0.000301 
0.000322 
0.000076 

(Sodium Hydrc,x ide Per Pollutant, lb/day) = ANaOH x Flow Rate 
(GPH) x Pollutant Concentration (mg/1) 
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hour 

ENERGY 

The horsepower required is as follows: 

2 1/2-horsepower mixers operating 34 minutes per operational 
hour 

2 1-horsepower P.Umps operating 37 minutes per operational 

l 20-horsepower pump operating 45 minutes per operational 
hour 

Given the above requirements, operation and maintenance costs are 
calculated based on the following: 1 

$6.00 per man-hour+ 15% indirect labor charge 
$0.11 per pound of sodium hydroxide required 
$0.032 per kilowatt-hour of energy required 

Ultrafiltration 

Capital Cost. The capital cost for ultrafiltration is calculated 
using a correlation developed from data supplied by a major manu
facturer. Figure VIII-15 (page 373) illu~trates the results for 
this-correlation. 

Operation and Maintenance Cost 

The unit is sized on the basis of a hy~raulic loading of 1,430 
1/day/ m2 of surface area and an excess capacity factor of 1.2. 
The operation and maintenance costs are made up of contributions 
from: 

1) Labor 
2) Membrane Replacement 
3) Energy 

Each of these factors are discussed below. 

LABOR 

Figure VIII-16 (page 374) shows curves of the .man-hour 
requirements for both maintenance and operation. 

MEMBRANE REPLACEMENT 

One filter module is required per year for each 500 gallons 
per day of treated flow. 
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ENERGY 

T~e power requirements based on 30.48 m of pumphead yield a 
constant horsepower value of 0.006 horsepower/flow to the. 
ultiafiltration unit, 

Given-the above requirements, opeatiori and maintenance costs 
are calculated based on the following: 

$6.00 per man-hour+ 15 percent indirect labor -charge 
$218/ultrafiltration module 
$0:032/kilowatt~hour of ~equired energy 

Vacuum Filtratiori 

Vacuum filtration is widely used to reduce the water content of 
high solids streams. In the coil ·coating industry, this tech
nology is used to dewatering sludge from clarifiers, membrane 
filters and other waste treatment units. · 

Capital Cc,st. The vacuum filter is sized based on.a typi_cal 
loading of 14.6 kg of influent solids per hour per square ·meter 
of filter area (3 lbs/ft 2 -hr). The curves of cost versus flow at 
TSS concentrations of_ 3 percent and 5 · percent are shown in Figure · 
VIII-17 (i;lage 375). The ca~ital cost obtained from this curve 
includes installation costs. · 

Op-eration and Maintenance Cost . 
. . - ·. - .. - ~, 

-~=-·-·:~. 
LABQR, 

?be. ~acuum filtration subroµtine ~ay be ruh for off-site 
.sludge, disposal or for on-site sludge incineration. On-site 
sludge incineration assumes a conveyqr transport and reduced 
operating · man-hours from:· those for off-site disposal. The 
requ,ired 01~erating hours per year varies with both flow rate and 
the total ·suspended solids concentration in the infl~~nt stream. 
Figure VIII·-18 (page 376) shows the variance of opera-ting hou.rs 
with- flow and TSS concentration. Maintenance labo~ for either· 
sludge aisposal mode is fix~d at 24 manhoµrs per. year. 

MATERIALS 
ti,,-, 

The ciost of materials and supplies needed for operation and 
maintenance includes belt~, 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. 
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Costs of materials required as a function of flow and unaltered 
TSS concentrations is presented in Figure VIII-19 (page 377). 

ENERGY 

Electrical costs needed to supply power for pumps and 
controls are presented in Figure VIII-20 (page 378). Because the 
required pump horsepower depends on the influent TSS level, the 
costs are presented as.a function of flow rate and TSS level. 

Contract Removal 

Sludge, waste oils, and in some cases concentrated waste 
solutions frequently result from wastewater treatment processes. 
Although these may be disposed of on-site by incineration, 
landfill or reclamation, they are most often removed on a 
contract basis for off-site disposal. System cost estimates are 
based on contract removal of sludges and waste oils. Where only 
small volumes of concentrated wastewater are produced, contract
removal for off-site treatment may represent the most cost
effective approach to water pollution abatement. Estimates of 
solution contract-haul costs are also provided by this subroutine 
and may be selected in place of on-site treatment on a least-cost 
basis. 

Capital Costs. Capital investment for contract removal is zero. 

Operating Costs. Annual costs are estimated for contract removal 
of total waste streams or sludge and oil streams as specified 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 over a ten year period. 
Wet haulage costs are always used in batch treatment systems.arid 
when the volume of the sludge stream is less than 100 gallons-per 
day. · · 

Both wet sludge haulage and total waste haulage differ 
depending on the chemical composition of the waste 
Wastes are classified as cyanide bearing, hexavalent 
bearing, or oily and assigned different haulage costs 
below. 
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Waste Composition 

-0.05 mg/1 CN-
-0. l mg/1 Cr+6 
Oil & grease-TSS 
All others 

Haulage Cost 

$Q.45/ga1lon 
$0.20/gallon 
$0.12/gallon 
$0.16/gallon 

Dry (40 percent dry solids in the sludge) sludge haul costs are 
estimated at $0.12 gallon. 

In-process Treatment and Control Components 

Three major in-process control techniques have been identified 
for use in reducing wastewater pollutant discharges from coil 
coating facilities. Since product ·quench water constitutes a 
substantial fraction of the total process wastewater discharge, 
use of a cooling tower to recirculate this stream significantly 
reduces effluent flow rates and pollutant loads. Also the reuse 
of quench blowdown for three stage countercurrent cascade rinsing 
for clean'ing and conversion coating reduces flow rates and 
pollutant loads. Cyanides may be. eliminat~d from process 
wastewater effluents by substitution of non-cyanide chromating 
solutions. Cost estimates are presented for cooling towers; 
however, EPA did not develop specific cost estimates for 
substitution of non-cyanide chromating solutions because these 
costs are highly site specific and ate not amenable to estimation 
on a general basis. 

Quench water recirculation requires installation of a cooling 
tower for the quench stream. 

Capital Costs. The cooling towers were sized to provide. a 
temperature reduction through the tower of approximately 5.6oc 
with an effluent temperature 3.9oc above the ambient wet bulb 
temperature. Capital costs presented in Figure VIII-21 (page 
379) are based on data supplied by a majoF manufacturer. The 
smallest unit available is for 10 gpm flow·. For flow rates less 
than 10 gpm, capital (as well as operating and maintenance) costs 
are set to zero, and a warning is printed. The three distinct 
curve segments correspond to three different cooling units which 
are required to produce the necessary range of flow capacity. 

Operation and Maintenance Costs. Operation and maintenance 
expenses include labor and electrical power. Labor is estimated 
at 252 hours per year.· 

Figure VIII-22 (page 380} shows the electrical energy costs for 
operation of the pumps and fans for the cooling tower. 
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Countercurrent rinsing is included in the model technology form 
to reduce the volume of the cleaning and conversion coating waste 
streams to levels necessary to allow LS&F end-of-pipe technology 
to be applied. Countercurrent rinsing requires additional rinse 
tanks or spray equipment and plumbing as compared to single-stage 
rinses, and extension of materials handling equipment or 
provision of additional manpower for finse operation. 

Capital Cost. Cost estimates for countercurrent rinsing are 
based upon installation.of a three stage system on each of the 
individual waste streams. The installation cost is small for a 
new source. Cost estimates included such variables as tank 
costs, recycle pump and motor costs, piping, valving, and control 
instrumentation costs. The investment cost curve used is the 
equalization tank curve (Figure VIII-23, page 381). These costs 
include mixers, pumps and installation. The motor costs needed 
for countercurrent rinse are estimated equal to the mixer costs. 

Operation and Maintenance Cost. The operation and maintenance 
costs associated with countercurrent rinsing include labor, 
materials and energy. Each of these costs is discussed below. 

LABOR 

Labor requirements for operation and maintenance of the pump 
station are based upon one hour of maintenance per week of 
operation for each process line associated with surface 
preparation. A rate of $6.00 per hour plus a 15 percent indirect 
labor charge (to cover the cost of employee fringe benefits) is 
used in determining labor costs. 

. MATERIALS Annual material costs for operation and 
maintenance of each countercurrent rinsing system are assumed to 
be 3 percent of the initial system capital cost. 

ENERGY 

Electrical energy requirements for each countercurrent rinsing 
system are based upon recirculation pump motor horsepower 
requirements. Electrical cost is calculated based upon a charge 
of $0.33 per kilowatt-hour and is shown in Figure VIII-24 (page 
382). 

Non-cyanide chromating solutions are available which serve the 
same function as the cyanide bearing solutions at an 
approximately equal cost; however, reports indicate that use of 
the non-cyanide solutions requires closer process control and 
longer residence time in the chromating bath. The costs of 
reagent substitution, therefore, are not directly calculable as 
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reagent or fixed equipment costs, but are highly dependent on 
process conditions at individual plants. Facilities with well
controlled processes may be abJe to use non,-cyanide solutions 
with little or.no cost impacti while poorly controlled facilities 
or facilities with marginally sized equipment-~o~ld incur very 
high costs for major process revisions. As a result of these 
considerations, no general cost estimates for this technology are 
presented, and none are includ~d in system cost estimates. 

Summary of Treatment and Control Component Costs .. Example costs 
for each of the treatment and control components discussed· above 
as supplied to process wastewater streams within the coil coating 
category are presented in Tables VIII-4 through VIII-15 {pages 
343-354). Each technology is provided with three cost levels 
representative of typical, low and high raw waste fl6w rates 
encountered within the category. 

TREATMENT SYS'TEM COST ESTIMATES 

This section presents estimates-of the total cost o.f wastewater 
treatment and control systems which incorporate the treatment and 
control components discussed above. Median {typical), low and 
high flow rates in the subcategory addressed are presented for 
each system in order to provide an indication of the range of 
costs to be incurred in implementing each level of treat.ment. 
All available flpw ~ata from industry data collection portfolios 
were used in defining median, maximum and minimum raw waste 
flows, and flow breakdowns where streams are segregated for 
treatment. Raw waste characteristics were based on sampling data 
as discussed in Section V. 

The system costs include component costs and subsidiary costs, 
including engineering, line segregation, admininstration, and 
interest expenses during construction. The cost· estimates for 
BPT systems assume that none of the specified treatment and 
control measures are in place, so that the - p~esented costs 
represent total costs for the systems. Costs are presented for 
BAT systems both as total system costs and as incremental costs 
required to modify an existing BPT system to achieve BAT. 

System Cost Estimates {BPT) 

This section presents the system cost estimates for the BPT end
of-pipe treatment sytems. Several flow rates are· presented for 
each case to,effectively model a wide spectrum of plant sizes. 

'• -m .,,."!'<> ••• 4-

Figure IX-1 {page 400) shows the model end-,of-pipe treatment for 
all three basis material subcategories. The· chemical oxidation 
of cyanide and the chemical reduction of chromium are shown as 
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optional treatment processes. The use of either of these 
treatment components depends on the production processes employed 
at the plant. For the purpose of the BPT system cost estimates, 
cyanide precipitation was assumed to be a required treatment 
process only for the aluminum subcategory, because of the 
presence of cyanide in the chromating baths applied to aluminum. 
Chromium reduction was included in the system costs for all 
subcategories to treat hexavalent chromium wastes from the 
chromic acid sealer and conversion coating rinses, where 
appropriate. 

The costing assumptions for each component of the BPT system were 
discussed above under Technology Costs and Assumptions. In addi
tion to these components, contractor oil and sludge removal was 
included in all cost estimates. 

Table VIII-16 (page 355) present costs for normal plant BPT 
treatment system influent flow rates. The basic cost elements 
used in preparing these tables are the same as those presented 
for the individual technologies: investment, annual capital 
cost, annual depreciation, annual operation and maintenance cost 
(less energy cost), energy cost, and total annual cost. These 
elements were discussed in detail earlier in this section. 

Cost computations were based on selection of a least cost 
treatment system. This procedure calculated the costs for a 
batch treatment system, a continuous treatment system, and haul
age of the complete waste water flow over a 10 year comparison 
period; the least expensive system was then selected for presen
tation in the system cost tables. 

The various investment costs assume that the treatment system 
must be specially constructed and include all subsidiary costs 
discussed previously. Operation and maintenance costs assume 
continuous operation, 24 hours a day, 5 days per week, for 52 
weeks per year. 

System Cost Estimates (BAT Level I) 

The BAT Level 1 alternative calls for reduction of the plant 
discharge flow by using in-plant technology - recirculation and 
reuse of quench waters. 

Recirculation and.reuse of quench water significantly reduces the 
volume of waste watei discharged by a typical coil coatin~ plant. 
Costs of installing and operating a cooling tower were calculated 
based on total quench water recirculation .. Design and cost 
assumptions for the cooling tower were discussed previously. 
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Table VIII-17 (page 356) presents example cost data for 
construction and operation of BAT Level I treatment facilities 
for normal plants with no existing wastewater treatment. Fig_ure 
X-1 (page 429) depicts the components of the end-of-pipe system. 
Quench water recirculation is integrated within the process line. 

System Cost Estimates (BAT Level II) 

System cost estimates for adding a multimedia filter to the BAT 
Level 1 end--of-pipe system were developed to provide BAT Level 2 
treatment cost estimates A schematic of this end-of-pipe system 
which is similar to the proposed BAT is shown in Figure X-2 (page 
430). The,costing assumptions for the multimedia filter were 
discussed earlier. 

Table 
costs 
costs 
for a 

VIII·-18 (page 357) present example BAT Level II treatment 
for construction of the entire end-of-pipe system. These 
represent anticipated expenditures to attain BAT Level II 

plant with no treatment in place. 

System Cost Estimates - (New Sources) 

The suggested treatment system for NSPS is displayed in Figure 
XI-3 (page 445), and costs are presented in Table VIII-19 (page 
358). Thesystem costs include quench water recirculation costs 
as discussed previously for BAT Level 1. 

System Cost Estimates~ (Pretreatment) 

The model treatment technology for pretreatment at existing 
sources (PSES) is the same as the BAT 1 treatment system and the 
model treatment system for new sources (PSNS) is the same as the 
NSPS treatment system. Estimates of construction and operation 
of PSES and PSNS treatment facilities for normal plants with no 
existing wastewater treatment are the same as BAT 1 and NSPS, 
respectifely (See Tables VIII-17 and VIII-19). 

Use of Cost Estimation Results 

Cost estimates presented in the tables in this section are for 
treatment and control equivalent to the specified level. They 
will not, in general, correspond 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 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 lev~ls of control from their present status~ 
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The actual costs of installing and operating a BPT system at a 
particular plant may be substantially lower than the tabulated 
values. Reductions in investment and operating costs are 
possible 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 ex~sting concrete pad or floor can be utilized. 
Equipment size requirements may be reduced by the ease of treat
ment (for example, shorter retention time) of 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. 

ENERGY AND NON-WATER QUALITY ASPECTS 

Energy Aspects 

Energy aspects of the wastewater treatment processes are impor
tant because of the impact of energy use on· our natural resources 
and on the economy. Electrical power and fuel requirements 
(coal, oil, or gas) are listed in units of kilowatt hours per ton 
of dry solids for sludge and solids handling. Specific energy 
uses are noted in the "Remarks" column. 

Energy requirements are generally low, although evaporation can 
be an excepti?n if no waste heat is available at the plant. If 
evaporation 1s used to avoid discharge of pollutants, the in
fluent water rate should be minimized. For example, an upstream 
reverse osmosis or ultrafiltration unit can drastically reduce 
the flow of wastewater to an evaporation device. 

Non-Water Quality Aspect~ 

It is important to consider the impact of each treatment. process 
on air, noise, and radiation pollution of the environment to pre
clude the development of a more adverse environmental impact. 

In general, none of the liquid handling processes causes air pol
lution. With sulfide precipitation, however, the potential 
exists for evolution of hydrogen sulfide, a toxic gas. Proper 
control ·Of pH in treatment eliminates this problem. Alkaline 
chlorination for cyanide destruction and chromium reduction using 
sulfur dioxide also have potential atmospheric emissions. With 
proper design and operation, however, air pollution impacts are 
eliminated. Incineration of sludges or solids can cause 
significant air pollution which must be controlled by suitable 
bag houses, scrubbers or stack gas precipitators as well as 

338 



proper incinerator operation 
wastewater treatment processes 
none of the treatment processes 
radiation hazards. 

and maintenance. None of the 
causes objectionable noise and 
has any potential for radioactive 

The processes for treating the wastewaters from thiscategory 
produce considerable volumes of sludges. · In. order to ensure 
long-term protection of the environment from harmful sludge 
constituents, special consideration of disposal sites should be 
made by RCRA and municipal authoritLeswhere applicable. 
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TABLE VIII-1 

COST PROGRAM POLLUTANT PARAMETERS 

Parameter, Units 

Flow, MGD 
pH, pH units 
Turbidity, Jackson Units 
Temperature, degree C 
Dissolved Oxygen, mg/1 
Residual Chlorine, 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 
Setteable 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, ~g/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 



TABLE VIII-2 

WASTEWATER SAMPLING FREQUENCY 

Wastewater Discharge 
(liters per day) 

0 

37,850 

189,250 

378,500 

946,250+ 

~7,850 

189,250 

378,500 

946,250 
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Sampling Frequency 

once per month 

twice per .month 

once per week 

. twice per week 

thrice per week 



TABLE VIII-3 

CLARIFIER CHEMICAL REQUIREMENTS 

LIME REQUIREMENT* 

POLLUTANT 

Chromium, Total 
Copper 
Acidity 
Iron, Dissolved 
Zinc 
Cadmium 
Cobalt 
Manganese 
Aluminum 

* (Lime Demand Per Pollutant, lbs/day) 
Concentration (mg/1) 

o.ooo47Q 
0.000256 
0.000162 
0.000438 
0.000250 
0.000146 
0.000276 
0.000296 
0.000907 

= ALime x Flow Rate (GPH) x Pollutant 
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TABLE VIII-4 

CONTINUOUS CYANIDE OXIDATION 
TREATMENT COSTS 

System Flow Rate - liters/hr 3154. 
(gals/day) (20000.) 

Investment 55436.246 

Annual Costs 

Capital Costs 3478.402 

Depreciation 5543.621 

Operating cmd Maintenance Costs 
(Excluding Energy and Power Costs) 1586.535 

Energy and Power Costs 179.391 

TOTAL ANNtJAL COST.S 10787.945 

343 

1577. 252. 
(10000.) (1600.) 

49425.184 41934.156 

3101.223 2631.195 

4942.516 4193.414 -

1383.234 1125.162 

89.696 14.351 

9516.664 7964.117 



TABLE VIII-5 

BATCH CYANIDE OXIDATION 
TREATMENT COSTS 

System Flow Rate - liters/hr 
(gals/day) 

Investment 

Annual Costs 

Capital Costs 

Depreciation 

Operating and Maintenance Costs 
(Excluding Energy and Power Costs) 

Energy and Power Costs 

TOTAL ANNUAL COSTS 

344 

3154. 
(20000.) 

26350.004 

1653.351 

2635.000 

7879.973 

179.391 
' 

12347.715 

1577. 
(10000.) 

20338.941 

1276.186 

2033.990 

3939.990 

89.696 

7339.762 

252. 
(1600.) 

12847.922 

806.154 

1284.792 

630.398 

14.351 

2735.694 



TABLE VIII-6 

CONTINUOUS CHROMIUM REDUCTION 
TREATMENT COSTS 

System Flow Rate - liters/h.r 3154. 
(gals/day) (20000.) 

Investment 22651.824 

Annual Costs 

Capital Costs 1421.310 

Depreciation 2265.182 

Operating and Maintenance Costs 
(Excluding Energy and Power Costs) 2239.690 

Energy and Power Costs 322.905 

TOTAL ANNUAL COSTS 6249.082 

345 

1577. 252. 
( 10000.) (1600.) 

21899.258 20875.820 

1374.090 1309.871 

2189.926 2087.582 

1513.156 844.668 

322.905 322.905. 

5400.070 4565.023 



TABLE VIII-7 

BATCH CHROMIUM REDUCTION 
TREATMENT COSTS 

System Flow Rate - liters/hr 
(gals/day) 

Investment 

Annual Costs 

Capital Costs 

Depreciation 

Operating and Maintencmce Costs 
(Excluding Energy and Power Costs) 

Energy and Power Costs 

TOTAL ANNUAL COSTS 

346 

3154. 
(20000.) 

19382.414 

1216.167 

1938.241 

2654.711 

322.905 

6132.020 
I 

1577. 
(10000.) 

15243.586 

956.473 

1524.358 

1327.357 

322.905 

4131.090 

252. 
(1600.) 

9959.789 

624.936 

995.979 

995.979 

322.905 

2156.197 



System Flow Rate - liters/hr 
(gals/day) 

Investment 

Annual Co:;ts 

Capital Costs 

Depreciation 

TABL;E VIII-8 

OIL SKIMMING 
TREATMENT COSTS 

15771. 
( 100000.) 

6311.102 

395.996 

631.110 

Operating and Maintenance Costs 
(Excluding Energy and Power Costs) 785.906 

o.o Energy and Power Costs 

'l~OTAL ANNUAL COSTS 1813.012 

347 

4416. 
(28000.) 

4265.543 

267.646 

426.554 

439.380 

o.o 

1133.580 

473. 
(3000.) 

360.4.671 

226.178 

360.467 

179.619 

o.o 

766.264 



TABLE VIII-9 

CONTINUOUS CHEMICAL PRECIPITATION 
TREATMENT COSTS 

System Flow Rate - liters/hr 29176. 11670. 
(gals/day) (185000.) (74000.) 

Investment 74613.500 65033.004 

Annual Costs 

Capital Costs 4681'.680 4080.555 

Depreciation 7461.348 6503.297 

Operating and Maintenance Costs 
(Excluding Energy and Power Costs) 5400.215 3783.685 

Energy and Power Costs 34.966 13.986 

TOTAL ANNUAL COSTS 17578.207 14381.520 
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3154. 
(20000.) 

41844.191 

2625.551 

4184.418 

2997.265 

3.780 

9811.008 



TABLE VIII-10 

BATCH CHEMICAL PRECIPITATION 
TREATMENT COSTS 

System Flow Rate - liters/hr 
(gals/day) 

Investment 

Annual Costs 

Capital Costs 

Depreciation 

Operating and Maintenance Costs 
(Excluding Energy and Power Costs) 

Energy and Power Costs 

TOTAL ANNUAL COSTS 

349 

29176. 
(185000.) 

64009.352 

11670. 
(74000.) 

38949.047 

4016.320 2443.892 

6400.934 3894.905 

7973.828 4733.922 

1495.387 598.155 

19886.469 11670.871 

3154. 
(20000.) 

31069.320 

1949.470 

310.6.932 

3157.762 

80.937 

8295.098 



TABLE VIII-11 

MULTIMEDIA FILTRATION 
TREATMENT COSTS 

System Flow Rate - liters/hr 
(gals/day) 

Investment 

Annual Costs 

Capital Costs 

Depreciation 

Operating and Maintenance Costs 
(Excluding Energy and Power Costs) 

Energy and Power Costs 

TOTAL ANNUAL COSTS 

350 

29176. 
(185000.) 

46439.742 

11670. 
(74000.) 

40997.281 

3154. 
(20000.) 

40997.281 

2913.?06 2572.414 2572.414 

4643.973 4099.727 4099.727 

7093.230 6064.945 6064.949 

332.302 284.130 284.130 

14983.410 13021.215 13021.219 



System Flow Rate - l.i ters/hr 
(gals/day) 

Investment. 

Annual Costs 

Capital Costs 

Depreciation 

TAB~EVIIJ:-12 

MEMBRANE FILTRATION 
TREATMENT COSTS 

29176. 
(185000.) 

404894.000 

25405.414 

40489.39~. 

Operating and Maintenance Costs 
(Excluding Energy and Power Costs) 4111.840 

Energy and Power Costs 2714.417 

TOTAL ANNUAL COSTS . 72721.000 

351 

11670. 3154. 
(74000.) (20000.) 

161957.500 43772.336 

10162.184. 2746.539 

16195.750 4377.230 

3703.931 3505.489 

2714.417 2714.417 

32776.277· 13343.672 



System Flow Rate - liters/hr 
(gals/day) 

Investment 

Annual Costs 

Capital Costs 

Depreciation 

TABLE VIII-13 

ULTRAFILTRATION 
TREATMENT COSTS 

29176. 
(185000.) 

554999.000 

34823.914 

55499.898 

Operating and Maintenance Costs 
(Excluding Energy ancl Power Costs) 114374.562 

~nergy and Power Costs 7542.590 

TOTAL ANNUAL COSTS 212240.937 
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11670. 3154. · 
(74000.) (20000.) 

221999.562 82285.500 

13929.590 5163.074 

22199.953 8228.547 

57493.914 25418.340 

3017.035 815.415 

96640.437 39625.375 



System Flow Rate - liter .. ~/hr 
(gals/day) 

Investment 

Annual Costs 

Capital Costs 

Depreciation 

TABLE VIII-14 

VACUUM FILTRATION 
TREATMENT COSTS 

252. 
(1600.) 

25218.168 

104. 
(660.) 

25218.168 

28. 
(177.) 

25218.168 

1582.332 1582.336 1582.328 

. 2521.817 2521.817 2521.817 

Operating and Maintenance Costs 
(Exclucling Energy and Power Costs) 7067.633 5677.867 4391.320 

1242~477 1242.477 J242.477 Energy and Power Costs 

TOTAL ANNUAL COSTS 12414.258 11024.496 ~737.941 
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TABLE VIII-15 

COOLING TOWER COSTS 

~ystem Flow Rate - 1iters/hr 3154: 9463 19871 
(gals/day) (20000) (1;0000) (129000) 

Investment 3116 4484 6114 

Annua1 Costs 

Capital Costs 196 281 383 

Depreciation 312 448 611 

Operating and Maintenance Costs 
(Excluding Energy and Power Costs) 1663 1663 1663 

Energy and Power Costs 268 493 869 

TOTAL ANNUAL COSTS 2439 2886 3528 
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T~LE VIII-16 

. ., . - .. 

NORMAL PLANT 

Ste~! Galvanized Alumi.num 
System Flow Rate 

liters/hr 5377 4811 

Least Cost Operation Mode 

Investment . 

Batch . ,. Batch . 

372887 369384 

Annual Costs 

Capital Costs 23397 

Depreciation 37289 

Operation and Maintenance .Costs 
(Excludin:g Energy 
and Power Cost$) 35623 

Energy and Power Costs 1960 

TOTAL 'ANNUAL 'COSTS .. 98269 

355 
,,, I, 

'l·" 

'. ,,1_,, 

23177 

36938 

;3?876 

1924 

94916 

15670 

Continuous . 

. 500723 

31418 

soon 

73962 

2667 

158121 



System Flow Rate -

liters/hr 

Least Cost Operation Mode 

J:nvestment 

Annual Costs 

Capital Costs 

Depreciation 

TABLE VIII-17 

BAT 1 COSTS 
(PROMULGATED OPTION) 

NORMAL PLANT 

Steel. 

2292 

Batch 

305033. 

19139 

30503 

Operation and Maintenance Costs 
(Excluding Energy 
and Power Costs) 26043 

Energy and Power Costs 1663 

TOTAL ANNUAL COSTS 77350: 

356 

Galvanized Aluminum 

1651 

Batch 

288061 

18075 

28806 

23776 

1636 

72292 

4599 

Batch 

355703 

22319 

35570 

43506 

1761 

103157 



System Flow Rate -

liters/hr 

Least Cost Operation Mode 

Investment 

Annual Costs 

Capital Costs 

Depreciation 

TABLE VIII-18 

BAT 2 COSTS 
NORMAL PLANT 

Steel 

2292 

Batch 

311017 

20017 

31101 

Operation and Maintenance Costs 
( E:xcluding Energy 
and Power Costs) 26043 

Energy and Power Costs 1663 

TOTJU, ANNUAL COSTS 78824 

357 

Galvanized 

1651 

Batch 

293034 

18805 

29303 

23776 

1636 

73520 

1Uun'iin'UII\ · 

4599 

Continuous 

364941 

23627 

36461 

43506 

1761 

105355 



System Flow Rate -

Liters/hr 

Least Cost Operation Mode 

Investment 

Annual Costs 

TABLE VIII-19 

NSPS COSTS 
NORMAL PLANT 

Steel 

6i7 

Batch 

171516 

Capital Costs 11672 

Depreciation 17152 

Operation and Maintenance Costs 
(Excluding Energy 
and Power Costs) 22416 

Energy and Power Costs 4 7 

TOTAL ANNUAL COSTS 51287 
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Galvanized 

632 

Batch 

172525 

11738 

17253 

22726 

48 

51765 

Aluminum 

2213 

Batch 

316802 

20507 

31680 

35764 

1660 

89611 



NON•RECYCLE 
SYSTEMS 

' 

SIMPLIFIED LOGIC DIAGRAM 
SYSTEM COST ESTIMATION PROGRAM 

INPUT 
A) RAW WASTE DESCRIPTION 
B) sYi;TEM DESCRIPTION 
C) "DECISION" PARAMETERS 
0) COST FACTORS 

• 

PROCESS CALCULATIONS 
A) PERFORMANCE-POLLUTANT 

PARAMETER EFFECTS-
B) EQUIPMENT SIZE 
C) PROCESS COST 

(RECYCLE SYSTEMS) 

CONVERGENCE 
A) POLLUTANT PARAMETER. 

TOLERANCE CHECK 

(WITHIN TOLERANCE LIMITS) 

f 

COST CALCULATIONS 
A) SUM INDIVIDUAL PROCESS 

COSTS 
B) ADO SUBSIDIARY COSTS 
CJ ADJUST TO DESIRED DOLLAR BASE 

OUTPUT 
A) STREAM.DESCRIPTIONS-

COMPLETE SYSTEM 
B) INDIVIDUAL PROCESS SIZE AND 

COSTS 
C) OVERAl!.LSYSTEMINVESTMENT 

AND ANNUAL COSTS 

FIGURE VIll-t. COST ESTIMATION PROGRAM 

. 359 . 

(NOT WITHIN 
TOLERANCE LIMITS) 
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SECTION IX 
BEST PRACTICABLE CONTROL TECHNOLOGY 

CURRENTLY AVAILABLE 

This section defines tbe effluent characteristics attainable 
through the application of best practicable control technology 
currently available (BPT). BPT reflects the performance by 
plants of various sizes, .ages, and manufacturing processes within 
the three basis material subcategories. 

The factors considered in defining BPT include the total cost of 
applying the techriology in relation to the effluent reduction 
benefits from such_· ~pplication, t~e age of equipment and 
facilities involved, the process employed, non-water quality 
environmental impacts (including energy requirements) and other 
factors the Administrator .considers appropriate. In general, the 
BPT level represents the average of the best existing 
performances of plants of various ages, sizes, processes or other 
common characteristics. Where existing performance is uniformly 
inadequate, BPT may be transferred from a different subcategory 
or category. Limitations based on transfer technology must be 
supported by a conclusion that the technology is, indeed, 
transferable and a reasonable prediction that it will be capable 
of achieving the prescribed effluent limits. See Tanners' 
Council e>f America v. Train. BPT focuses on end-of-pipe 
treatment·--rather thart" process changes or internal controls, 
except where such are common industry practice. 

TECHNICAL APPROACH TO~ 

EPA first studied the coil coating operations to identify the 
processes used and the wastewaters generated during coil coating. 
Information was colle~ted through previous work, dcp forms and 
specific plant sampling and analysis. The Agency used this data 
to subcategorize the operations and to determine what constituted 
an appropriate BPT. Some of the salient considerations are: 

The cleaning step of coil coating removes oil, dirt and 
oxide coating, and generates alkaline or acid wastewaters 
containing oils, dissolved metals and suspended solids. 

The conversion coating and sealing wastewater generally is 
acid in nature and contains dissolved metals, and suspended 
solids. 
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Quench wastewater which derives from cooling the paint 
surface after drying typically is slightly alkaline and 
contains small amounts of organics and suspended solids. 

Of the 69 plants for which data was received: 49 have 
hexavalent chromium reduction, 6 have cyanide treatment, 20 
have oil skimming, 37 use chemical precipitation, 42 have 
sedimentation by tank, lagoon, clarifier or tube or plate 
settlers and 32 have sludge dewatering to assist in sludge 
disposal. 

This document has already discussed some of the factors which 
must be considered in establishing effluent limitations based on 
BPT. The age of equipment and facilities and the processes 
employed were taken into account in subcategorization and are 
discussed fully in Section IV. Nonwater quality impacts and 
energy requirements are considered in Section VIII. 

Coil coating consists of three different sets of processes -
metal preparation, conversion coating, and painting. These 
generate different wastewater streams. As Table IX-1 (page 393) 
shows, the chemical makeup·of these wastewaters is distinctly 
different. In all three wastewater streams, as discussed in 
Sections III and IV, the volume of wastewater is related to area 
of material processed. 

Cyanide compounds arc~ used in some conversion coating 
formulations applied to aluminum strip. This fact is reflected 
in the high cyanide concentrations in rinse waters from aluminum 
conversion coating. Although cyanides are not commonly used in 
conversion coating formulations applied to steel and galvanized 
strip, appreciable concentrations of cyanide appeared in the 
conversion coating rinse streams from plants in the galvanized 
subcategory which also coated steel and aluminum strip. 
Apparently, cyanide frc,m aluminum conversion coating operations 
is not readily eliminated from the rinse system when the 
production line is changed over to other metals. Therefore, 
cyanide removal by precipitation is selected for conversion 
coating dumps and rinses from all three subcategories. 

The general approach to BPT for this category is to treat all 
wastewaters in a single (combined) treatment system. Normal 
practice is to combine wastewater for treatment because it is 
less expensive. Oil which is removed from the strip during 
alkaline cleaning must be removed from the wastewater, cyanide 
from conversion coating operations ·must be treated, and 
hexavalent chromium must be reduced to the trivalent state so 
that it can be precipitated and removed along with other metals. 
The dissolved metals must be precipitated and suspended solids, 
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including the metal precipitate, removed. Segregation and 
separate treatment of conversion coating wastewaters is necessary 
to provide effective removal of cyanide and reduction of 
hexavalent chrc,mium. Therefore, the strategy for BPT is to treat 
cyanide and reduce hexavalent chromium in conversion coating 
wastewaters; combine all ~astewater streams and apply oil 
skimming to remove oil and grease and some organics; and follow 
or combine with lime and settle technology to remove metals and 
solids from the combined wastewaters. (See Figure IX-1, page 
400). Some slight modification may be necessary in specific 
subcategories but the overall treatment strategy is applicable 
throughout this category. Although flows of wastewater -differ 
from subcategory to subcategory and result in different mass 
limitations for each subcategory, the same treatment is 
applicable and equally effective on all subcategory wastewater 
streams. 

Most of the coil coating plants sample~ b¥ EPA appear to have 
elements of t~e proposed BPT system already 1n place; however, 
observations by sampling teams and results of effluent analys€s 
(presented in each subcategory) suggest that most treatment 
systems are not properly operated. Hardware systems are 
in-place, but-operating instructions are not consistently or 
adequately followed. The result is u~iversally inadequate 
treatment system effectiveness for the category. Treatment 
effectiveness data must therefore be transferred. Some plant 
sampling days for this category show performance equivalent to 
that of the combined metals data base as shown in Tables V-33, 35 
and 37 which demonstrates the appropriateness of using the larger 
treatment effectiveness data base compiled from a number of 
categories with similar wastewater. Data from 11 coil coating 
plants are included in the combined metals data base. 

SELECTION OF ~QLLUTANT PARAMETERS FOR REGULATION 

The· pollutant parameters selected for regulation in the coil 
coating category were selected because of th~ir frequent presence 
at treatable concentrations in wastewaters from the three 
subcategories. In addition to oil and grease, TSS, and pH, 
metals are regulated in each subcategory~ Also cyanide· is 
regulated in each subcategory with an exemption procedure 
provided. If a plant demonstrates and certifies that it neither 
has nor uses cyanide in its processes and will not initiate such 
use, it may be exempt from the·requirement of monitoring cyanide. 
This procedure is a change from the proposal. Table VII-21 (page 
271) summarizes the BPT treatment system effectiveness for all 
pollutant parameters regulated in the coil coating category. 
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The importance of pH control is stressed. in Section VII and its 
importance for metals removal cannot be ·overemphasized. Even 
small excursions away from the optimum level can result in less 
than optimum functioning of the system. Study of plant effluent 
data presented for each subcategory shows the importance of pH. 
The pH level may shift slightly from the optimum range (8.7 
9.2) if wastewater composition differs appreciably from that of 
wastewaters studied. Therefore, the regulated pH is specified to 
be within a range of 7.5 10.0 (instead of 6.0 9.0) to 
accommodate the optimum level without the necessity for a final 
pH adjustment. 

STEEL SUBCATEGORY 

The BPT treatment train for steel subcategory wastewater consists 
of chromium reduction and cyanide removal for the segregated 
wastewaters from the conversion coating operation; mixing and pH 
adjustment, with lime or acid, of the co~bined wastewaters to 
precipitate metals; oil skimming to remove oil and grease and 
organics; and settling to remove suspended solids and 
precipitated metals. 

Wastewater generated in the steel subcategory was calculated from 
all dcp data because dcp responses provide a more extensive data 
base than visited plants. Production normalized mean water use 
for the steel subcategory is 2.752 1/sq m processed area as set 
forth in Table V-12 (page 84} which is 93 percent of the proposed 
wastewater allowance. 

Plants with production normalized flows.significantly above the 
mean flow used in calculating the BPT limitations will need to 
reduce these flows to meet the BPT limitations. This reduction 
can usually be made at no significant cost by correcting obvious 
excessive water use practices (such as leaking rinse tanks) or by 
shutting off flows to rinses when they are not in use and 
installing flow control valves on.rinse· tanks. Specific water 
conservation practices applicable to reducing excess water are 
detailed in Section VII. 

The typical characteristics of wastewaters from the cleaning and 
conversion coating operations in the steel subcategory, and for 
quench operations for the coil coating category are given in 
Tables V-28, V-29, and V-30 (pages 100, 101, and 102). Typical 
characteristics of total raw wastewater for the steel subcategory 
are given in Table V-31 (page 103). Table VI-1 (page 174) lists 
the non-conventional pollutants that were considered in setting 
effluent limitations for this subcategory. Regulated pollutants 
at BPT include chromium, cyanide, zinc, iron, oil and grease, 
TSS, and pH, cadmium, copper, lead and nickel, proposed for 
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regulation, are not included at promulgation. Other pollutants 
listed, in Table VI-1 are not specifically regulate~ at BPT. 
However, if the regulated pollutants are removed to the 
appropriate levels, the other pollutants will be adequately 
removed coincidentally. Lime and settle technology combined with 
oil skimming should reduce the concentration of regulated 
pollutants to the levels described in Table VII-21. 

When these concentrations are applied to the dcp mean wastewater 
flow described above, the mass of pollutant allowed to be 
discharged per unit area prepared and coated can be calculated. 
Table IX-2 (page 394) shows the limitations derived from this 
calculation. Total wastewater values are based on a typical coil 
coating operation where the strip is cleaned, conversion coated, 
and painted once. 

The derivation of one limitation is presented below in reverse 
order so that the individual numerical steps in arriving at the 
limitations can be seen. The steel subcategory BPT maximum for 
any one day for chromium is 1.156 mg/m2. This number is the 
product of the one day maximum chromium concentration for lime 
and settlei treatment which is 0.42 mg/1, (Table VII-21) and the 
mean dcp steel subcategory water use which ·is 2.752 l/m2 (Table 
V-12). The one day ma,rimum chromium Vqlue was developed in 
Section VII. The mean water use is the mean of the steel 
tubcategory water uses (presented in Table V-6). Each of these 
individual water uses was cal~ulated by dividing the yearly water 
used in a plant by the total production (two sides of coil} for 
that year'. (dcp's and Section V). At proposal, the median 
production normalized flow ·was used as the regulatory flow. the 
Agency is using the mean rather than the median for the 
production normalized flow becaµse the mean more accurately 
characterizes water use.pra~tices in the category. 

To determine the reasonableness of these limitations, EPA 
examined data for the regu1'ated pollutant parameters from the 
sampled plants (Table IX-3, page 395) to determine how many 
plants were meeting this BPT. These data indicate that, no 
plants were meeting all the BPT mass limitations; howeyer, values· 
for one plant sampling day (11058-1} met all the limitations and 
more than half of the values from all sampling days are within 
the limitations for each pollutant parameter except pH and oil 
and grease. On four additional sampling days (11055-1, 36056-1, 
36056-2 and 36056-3), all but one of the values were within the 
~reposed limitation on each day. Viewed as a group, the 34 
effluent values for the five sampling days with best performance 
(including three plants} included only 4 values outside the 
limitations 2 for- oil and grease and 2 for pH. Of particular 
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note is the fact that all 15 metals values were within the 
limitations and that all pH values were 8.0 or greater. 

EPA also examined the effect of pH on the sampled plants' data. 
On one plant sampling day (46050-1) where TSS limitations were 
met, but where the pH was below 7.5, all 3 of the regulated 
metals values exceeded the limitations. On two other plant 
sampling days (11058-2 and 12052-2) where TSS values were at 
least double the limitation and where the pH was below 7.5 all 5 
of the reported values for regulated metals exceeded the 
limitations. Correction of the pH to a more normal level in the 
range of 7.8 to 8.3 would be expected to bring the plant 
performances into conformance with the BPT Limitations. 

Proposed oil and grease limitations can be met with properly 
operated oil skimmers, and proposed metals and TSS limitations 
can be met with pH adjustment and settling. Table VII-11 
demonstrates that oil skimming can remove oil and grease to the 
regulated levels. The need for close pH control is illustrated 
by the effluent data. When pH falls below the lower limit, 
metals are not removed. Ax pH's above the upper limit,metals 
that became soluble as oxygenated anions return to solution. 
Therefore, the promulgated limitations (Table IX-2} for the steel 
subcategory are reasonable. 

In the establishment of BPT, the cost of application ·of 
technology must be considered in relation to the effluent 
reduction benefits from such application. The quantity of 
pollutants removed by BPT is displayed in Table X-17 (page 425} 
and the total cost of application of BPT is shown in Table X-18 
(page 426). The capital cost of BPT as an increment above the 
cost of in-place treatment equipment is estimated to be 
$2,321,000 for the steel subcategory. Annual cost of BPT for the 
steel subcategory is estimated to be $858,000. The quantity of 
pollutants removed by the BPT system for this subcategory is 
estimated to be 233,889 kg/yr, including 6,690 kg/yr of toxic 
pollutants. The effluent reduction benefit is worth the dollar 
cost of required BPT. 

GALVANIZED SUBCATEGORY 

The BPT treatment train for galvanized subcategory wastewater 
consists of chromium reduction and cyanide removal for the 
segregated wastewaters from the conversion coating operation; 
mixing and pH adjustment of the combined wastewaters with lime or 
acid to precipitate metals; oil slcimming to remove oil and grease 
and some organics; and settling to remove suspended solids and 
precipitated metals. 
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Wastewater generated in the galvanized subcategory was calculated 
from all dcp data because dcp responses provide a more extensive 
data base than visited plants. Production normalized mean water 
use for the galvanized subcategory is 2.610 1/sq m processed area 
as set forth in Table V-12 (page 84) which is 78 percent of the 
proposed wastewater allowance. 

Plants with production normalized flows significantly above the 
mean flow used in calculating the BPT limitations will need to 
reduce these flows to meet the BPT limitations. This reduction 
can usually be made at no significant cost by correcting obvious 
excessive water use practices (such as leaking rinse tanks) or by 
shutting off flows to rinses when they are not in use· and 
installing flow control values on rinse tanks. Specific water 
conservation practices applicable to reducing excess water are 
detailed in Section VII. · 

The typical characteristics of wastewaters from the cleaning and 
conversion coating operations in the galvanized subcategory, and 
for quench operations for the total coil coating category are 
shown in Tables V-28, V-29, V-30. Typical characteristics of 
total raw wastewater for the galvanized subcategory are in Table 
V-31. Tables VI-2 and VI-4 list the pollutants that were 
considered in setting effluent limitations ~or this subcategory. 
Regulated pollutants at BPT include chromium, copper, cyanide, 
zinc, iron, oil and grease, TSS, and pH, cadmium, lead, and 
nickel, proposed for regulation, are not included at 
promulgation. Other pollutants listed in Table VI-2 and VI-4 are 
not specifically regulated at BPT. However, if the regulated 
pollutants are removed to the appropriate levels, the other 
pollutants will be adequately removed coincidentally. The 
combination of lime and settle technology with oil skimming 
should reduce the concentration of regulated pollutants to the 
levels described in Table VII-21. 

When these concentrations are applied to the dcp mean wastewater 
flow described above, the mass of pollutant allowed to be 
discharged per unit area prepared and coated can be calculated. 
Table IX-4 shows the limitations derived from this calculation. 
Total wastewater values are based on a typical coil coating 
operation where the strip is cleaned, conversion coated, and 
painted once. 

To determine the reasonableness of these limitations, EPA 
examined data for regulated pollutant parameters from the sampled 
plants (Table IX-5, page 397) to determine how many plants were 
meeting this BPT. Values for three sampling day (11058-1,. 
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33056-1 and 33056-2) met all limitations; values for one 
additional sampling day (38053-1) met all limitations except pH; 
a third sampling days (38053-3 and 46050-3) had pH and one metal 
value outside of the limitation. Thus for six sampling days with 
48 reported values for regulated pollutant parameters, only 4 of 
the values, including 2 pH values, exceeded the limitations. TSS 
was 31.72 mg/sq m or less, showing effective solids removal. The 
remaining eight sampling days with 64 reported values for 
regulated metals can be examined in two groups_of four and one 
group (36058-2, 38053-2, 46050-2, and 46050-3) with 12 metals 
values had low pH for each sampling day and 7 metal values 
exceeded the limitation. The seaond group (11058-2, 12052-1., 
12052-2, and 12052-3) had TSS values from 2 times the limitations 
and all 11 reported values for regulated metals exceed the 
limitations. Correction of the pH to a more normal level in the 
range of 7.8-8.3 would be expected to bring plant performances 
into conformance with the BPT limitations. 

Oil and grease limitations can be met with p~operly operated oil 
skimmers (see Table VII-11) and metals and TSS limitations can be 
met with pH adjustment and settling. The need for close pH 
control is illustrated by the effluent data. When pH falls below 
the lower limit, metals are not removed. At pH's above the upper 
limit, metals that become soluble as oxygenated anions return to 
solution. Therefore, the promulgated limitations (Table IX-4) 
for the galvanized subcategory are reasonable. 

In the establishment of BPT, the cost of applying a technology 
must be considered in relation to the effluent reduction benefits 
achieved by such application. The quantity of pollutants removed 
by BPT is displayed in Table X-17 and the total cost (1978 
dollars) of application of BPT is shown in Table X-18. The 
capital cost of BPT as an increment above the cost of in-place 
treatment equipment is estimated to be $231,000 for the 
galvanized subcategory. Annual cost of BPT for the· galvanized 
subcategory is estimated to be $86,000. The quantity of 
pollutants removed above raw waste by the BPT system for this 
subcategory is estimated to be 121,720 kg/yr, including 7,484 
kg/yr of toxic pollutants. EPA believes that the effluent 
reduction benefit outweighs the dollar cost of required BPT. 

ALUMINUM SUBCATEGORY 

The BPT treatment train for aluminum subcategory wastewater 
consists of chromium reduction and cyanide precipitation for the 
segregated wastewaters from the conversion coating operation; 
mixing and pH adjustment of the combined wastewaters with lime or 
acid to precipitate metals; oil skimming to· remove oil and grease 
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plus some organics; and settling to remove suspended solids plus 
precipitated metals. 

Wastewater generated in ·the'aluminum subcategory was calculated 
from all dcp data because dcp responses provide a more extensive 
data- base than visited plants. Production normalized mean water 
use for the aluminum subcategory is 3.363 1/sq m processed area 
as set forth in Table V-12 (page 84) which is 117 percent of the 
proposed wastewater allowance. 

Plants with production no~malized flows significantly above the 
mean flow used in calculating the BPT limitations will need to 
reduce flows to meet the BPT limitations. This reduction can 
usually be made at no significant cost by correcting obvious 
excessive water use practices (such as leaking rinse tanks) or by 
shutting off flows to rinses when they are not in use and 
installing flow control valves on rinse tanks. Specific water 
conservation practices applicable to reducing excess water are 
detailed in Section VII. 

The typical characteristics of wastewaters from the cleaning and 
conversion coating operations in the aluminum subcategory, and 
from quench operations for the total coil coating category are 
shown in Tables V-28, v~29, and V-30. Typtcal characteristics of 
total raw wastewater for the aluminum subca~egory are in Table ·v-
31. Tables VI-3 and VI-4 list the pollutants that should be 
considered in setting effluent limitations for this subcategory. 
The reguiated pollutants at BPT include chromium, cyanide, zinc, 
aluminum, oil and grease, TSS and pH, lead, cadmium, copper, 
nickel and iron, proposed for regulation, are not included at 
promulgation. Other pollutants listed in Table VI-3 and VI-4 are 
not specifically regulated at BPT. However, if the regulated 
pollutants are removed to the appropriate levels, the other 
pollutants will be adequately removed coincidentally. The 
combination of lime and settle technology with oil skimming 
should reduce the concentration of regulated pollutants to the 
levels described in Table VII-21. The pH must be maintained 
within the range 7.5 - 10.0 at all times. 

When these concentrations are applied to the dcp mean wastewater 
flow described above, the mass of pollutants allowed to be 
discharged per unit area prepared and coated c~n be calculated. 
Table IX-6 shows the limitations derived from this calculation. 
Total wastewater values are based on a typical coil coating 
operation where the strip is cleaned, conversion coated, and 
painted once. 

To determine the ieasonableness of these limitations, EPA 
reviewed the data for regulated pollutant from the sampled plants 
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·Table IX-7, page 379) to determine how many plants were meeting 
this BPT. The effluent values for all pollutant parameters with 
within the limitations for one sampling day (01054-3) and all 
parameters except pH were within the limitations on two sampling 
days (01054-1 and 01054-2) An additional 12 sampling days 
(including four plants) had 53 of 84 effluent values within the 
limitations. One plant (40064) had no solids removal facilities 
in the wastewater treatment system. 

Oil and grease limitations can be met with properly operated oil 
skimmers (see Table VII-11) and metals and TSS Limitations can be 
met with pH adjustment and settling. The need for close pH 
control is illustrated by the effluent data. When pH falls below 
the lower limit, metals are not removed. At pH's above the upper 
limit, metals that become soluble as oxygenated anions return to 
solution. Therefore, the promulgated limitations (Table IX-6) 
for the aluminum subcategory are reasonable. 

In the establishment of BPT, the cost of applying a technology 
must be considered in relation to the effluent reduction benefits 
achieved by such application. The quantity of pollutants removed 
by BPT is displayed in Table X-17 and the total cost of 
application of BPT is shown in Table X-18. The capital cost of 
BPT as an increment above the cost of in-place treatment 
equipment is estimated to be $4,429,000 for the aluminum 
subcategory. Annual cost of BPT for the aluminum subcategory is 
estimated 'to be $1,722,000. The quantity of pollutants removed 
above raw waste by the BPT system for this subcategory is 
estimated to be 633,138 kg/yr including 98,916 kg/yr of toxic 
pollutants. EPA believes that the effluent reduction benefit 
outweighs the dollar cost of required BPT. 
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TABtE lX-1 
EllM\R'[ 'I2\B[,E 

tN1'.REA.'IE) ~ ~ EOR cmL .a:ll\Tlro CATEXDRY 
(Median Valuej 

Calversioo. Canbined 
Process (pmrt:j.on Cleaning Ccating Quenching · Wastewater 

Subcategocy steel Galvanized Alun:i.m:m Steel Galvanized Alun:irn:m Steel Galvani2'Jed Aluninum Steel Galvanized Aluninum 
FlCMW .2.274 1.368 0.964 0.421 0.528 0.546 3.632 3.632 3.632 6.33 5.53 5.14 

Parcmeter (ng/].) 

118 Cadniun 0 .. 004 0.040 0.003 0.006 0.010 0.008 0.014 0.014 0.014 0.001 0.045 0.004 
119 Chttm:i.um 0.182 0.270 0.180 71.001 0.200 U7.500 0.013 0.013 0.013 6.865 57.596 43.500 

w 120 Cq:per- 0.059 0.020 0.075 0.032 0.018 0.052 0.006 0.006 0.006 0.015 0.009 0.430 ~ 
:.,.) 

121 Cyanide 0.024 0.011 0.010 0.092 0.200 2.570 0.021 0.021 0.021 0.012 0.082 o.568 
122 l'.e.d o.457 1.950 0.110 0.480 0.500 0.285 0.048 0.048 0.048 0.142 0.422 o.na 
124 Nickel 0.039 o.1so 0.000 6.762 4.430 0.108 0.190 0.190 · 0.190 0.392 0.395 0.028 

128 Zinc 3.200 85.300 0.210 51.264 73.350 o.540 0.150 0.150 0.150 7.588 25.489 0.200 
Tade Organics 0.579 0.516 0.145 1.035 0.183 0.213, 0.480 o.480 0.480 1.344 0.201 0.140 

Alumi.mn 0.340 1.300 251.500 1.190 2.310 107.500 1.025 1.025 1.025 0.607 1.141 u2.212 
Iron 5.200 1.025 0.275 9.234 5.050 7.815 0.136 0.136 0.136 10.145 2.829 3.448 
Phospmrals 42.300 32.600 90.400 43.400 25.100 14.500 0.780 0.780 0.780 42.974 14.758 7.000 

Oil & Grease 261.00 107.500 75.000 6.600 10.500 2.000 s.ooo 5.000 5.000 341.650 52.965 57.561 
TSS 256.00 162.000 49.000 133.500 190.000 55.000 5.000 5.000 5.000 152.791 114.053 84.884 



'J~ABLE IX-2 
BPT EFFLUENT LIMITATIONS 

STEEL SUBCATEGORY 

----------------------------------·----------------------------------------------POLLUTANT OR 
POLLUTANT 
PROPERTY 

MAXIMUM FOR 
ANY ONE DAY 

MAXIMUM FOR 
MONTHLY AVERAGE 

------------------------------------------~-------------------------------------
2 

(lb/1,000,000 ft2
} 2 

(lb/1,000,000 ft
2

} mg/m mg/m 
CADMIUM 0.881 (0.180} o •. 413 (0.085} 

*CHROMIUM 1.156 (0.237} 0.468 (0.096} 
COPPER 5.229 (1.071) 2.752 (0.564) 

*CYANIDE 0.798 (0.163} 0.330 (0.068} 
LEAD 0.413 (0.085} 0.358 (0.073) 
NICKEL 3.880 (0.795) 2.752 (0.564) 

*ZINC 3.660 (0.750} 1.541 (0.316) 
*IRON 3.385 (0.693) 1.734 (0.355} 
*OIL & GREASE 55.040 (11.273) 33.024 (6.764) 
*'l'SS 112.832 (23.110) 55.040 (ll.273) 
*pH WITHIN THE RANGE OF 7.5 TO 10.0 AT ALL TIMES 

' ---------------------------------·--------------------------------------·--------
* THIS POLLUTANT IS REGULATED AT PROMULGATION 
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'mBrE IX-3 
PlUlCI'.ICN ~ZED EFEilJENl' t,W;S 

snm. ~ (ng/m2) 

Pollutant Plant ID - Sanpl:ing ~ 
Parameter 11055-1 11058-1 11058-2 12052-2 12052-3 36056-1 36056-2 36056-3 36058-1 36058-3 36058-4 46050-1 46050-2 

Cadmium 0.011 o.oo o.oo * * o.oo o.oo - 0.296 - o.oo o.oo o.oo Otranium 0.273 0.659 1.833 14.25 0.703 1.020 1.068 0.492 0.065 0.324 0.615 1.284 0.692 Cyanide o.oo o.oo o.oo 0.693 o.190 - o.oo 0.001 o.oo o.oo o.oo 0.351 0.089 

read 0.164 o.oo 0.00 2.215 0.626 0.008 0.006 0.005 o.oo - o.oo 0.314 0.207 Nickel 0.176 o.oo o.oo 0.385 * 0.016 * o.oo o.oo o.oo o.oo 3.622 5.30 Zinc 0.757 0.528 3.856 120.4 37.52 0.144 0.167 0.127 3.874 4.050 9.82 27.09 32.25 w 
C I.O 

(J'1 

o.oo 1.243 77.7 37.90 0.346 0.370 0.366 13.02 16.07 26.18 3.615 3.369 
Iroo -
Oil & Grease 9.69 11.30 59.2 220.7 79.l 24.40 75.6 122.0 o.oo n2. 115.2 150.2 107.5 TSS 46.93 32.03 225.3 376.2 305.5 46.25 107.4 68.4 667 •. - - 49.91 68.0 

EiI 0.0-11.1 8.3-9.5 6.9-8.6 7.4-10.8 7.1-10.0 8.5-10.8 8 0-9.0 8.0-S.9 2.0-9.1 2.7-10.7 2.7-10.7 6.7-7.3 6.7-7.3 

*Possibly detected but bela,, the det.ectioo limit. 



POLLUTANT OR 
POLLUTANT 
PROPERTY 

TABLE IX-4 
BPT EFFLUENT LIMITATIONS 

GALVANIZED SUBCATEGORY 

MAXIMUM FOR 
ANY ONE DAY 

MAXIMUM FOR 
MONTHLY AVERAGE 

~-------------------------------·------------------------------------------------
mg/m 

2 
(lb/1,000,000 ft 2 ) mg/m 

2 
(lb/1,000,000 ft 2 ) 

CADMIUM 0.835 (0.171) 0.392 (0.080) 
*CHROMIUM 1.096 (0.224) 0.444 (0.091) 
*COPPER 4.959 (1.016) 2.610 (0.535) 
*CYANIDE 0.757 (0.155) 0.313 (0.064) 

LEAD 0.392 (0.080) 0.339 (0.069) 
NICKEL 3.680 (0.754) 2.610 (0.535) 

*ZINC 3.471 Co. 711) 1.462 (0 • .299) 
*IRON 3.210 (0.657) 1.644 (0.337) 
*OIL & GREASE 52.200 (10.691) 31.320 (6.415) 
*TSS 101.010 (21.917) 52.200 (10.691) 
*pH WITHIN THE RANGE OF 7.5 TO 10.0 AT ALL TIMES 

~-----------------------------··------------------------------------------------
* THIS POLLUTANT J:S REGULATED AT PROMULGATION 
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<.,J 
I.O 
-..J 

Pollutant 
Paraneter 11058-1 11058-2 

ca&ium o.oo o.oo 
Otranium 0.653 1.956 
Copper 0.013 0.022 

Cyanide o.oo o.oo 
Lead o.oo o.oo 
Nickel 0.00 o.oo 

Zinc 0.522 4.117 
Iroo 1.232 -
Oil & Grease 11.20 63.2 

TSS 31.72 240.5 
EiI 8.3-9.5 6.9-8.6 

12052-1 

1.389 
119.1 

0.075 

0.622 
3.454 
5.212 

432.7 
52.2 

192.2 

3014. 

'll\BIE IX-5 
PR:Imr.ICN N'.!M\LIZED EEffllENl' ?-MS 

GALVANIZED ~ (nglni2) 

Plant ID - Sanpl.ing Day 

12052-2 12052-3 33056-1 33056-2 36058-2 

* * o.oo 0.044 o.oo 
9.03 1.151 0.589 0.106 0.372 
0.049 0.059 o.oo o.oo 0.079 

0.439 0.311 0.106 0.095 o.oo 
1.421 1.025 o.oo o.oo o.oo 
0.244 0.025 0.082 o.oo o.oo 

76.25 61.4 0.353 o.096 5.93 
49.23 62.1 1.178 1.852 15.82 

139.8 129.5 21.20 22.22 69.6 

238.3 500. 7.07. '21.16 -
7.0-10.7 7.4-11.6 6.8-11.S 7.S-7.5 7.S-7.5 3.9-9.2 

*Possibly detected but belol'l the detectioo limit. 

38053-1 38053-2 38053-3 46050-3 

o.oo o.oo o.oo o.oo 
0.177 2.978 0.435 0.128 
0.003 o.oo o.oo 0.012 

o.oo o.oo o.oo 0.478 
o.oo o.oo o.oo o.oo 
o.oo 0.007 0.035 5.53 

0.361 3.805 3.757 5.13 
0.200 0.142 0.284 1.981 
8.00 U.56 5.48 43.45 

19.35 24.00 23.47 70.02 
7.1-11.5 6.5-9.1 4.3-9.4 6.7-7.3 



POLLUTAN'r OR 
POLLUTAN'r 
PROPERTY 

TABLE IX-6 
BPT EFFLUENT LIMITATIONS 

ALUMINUM SUBCATEGORY 

MAXIMUM FOR 
ANY ONE DAY 

MAXIMUM FOR 
MON'rHLY AVERAGE 

~-------------------------------------------------------------------------------
mg/m 

2 
(lb/1,000,000 ft 2 ) mg/m 

2 
(lb/1,000,000 ft 2 ) 

CADMIUM 1.076 (0.220) 0.504 (0.103) 
*CHROMIUM 1.412 (0.289) o.s12 (0.117) 

COPPER 6.390 (1.309) 3.363 (0.689) 
*C!ANIDE 0.975 (0.200) 0.404 (0.083) 

LEAD 0.504 (0.103) o.437 (0.090) 
NICKEL 4.742 (0.971) 3.363. (0.689) 

*ZINC 4.473 (0.916) 1.883 (0.386) 
*ALUMINUM 15.302 (3.134) 6.255 (1.281) 

IRON 4.136 (0.847) 2.119 (0.434) 
*OIL & GREASE 67.260 (13.776) 40.356 (8.266) 
*TSS 137.883 (28.241) 67.260 (1.3. 776) 
*pH WITH:cN THE RANGE OF 1.s ro 1.0.0 A'r ALL TIMES 

* THIS POLLUTANT IS REGULATED AT PROMULGATION 
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TABl'.E IX-7 
PRimr!CE NBW.IZED El!'FilllNr M\SS 

A1llmlM ~ <111J1m2> 

Pollutant Plant ID - sanpl.ing DlY 
Paraneter 01054-1 01054-2 01054-3 01057-1 01057-2 01057-3 13029-1 13029-2 

Cadmium o.oo o.oo o.oo o.oo 0.025 0.045 o.oo o.oo 
Cllranium 0.257 0.113 0.030 * * o.oo 8.23 3.043 
Cyanide 0.018 0.012 0.002 0.093 0.100 0.056 o.oo o.oo 

lead O.OJ.? 0.022 0.020 o.oo o.oo o.oo o.oo o.oo 
Nickel o.oo o.oo o.oo o.oo o.oo o.oo ·o.oo 0.00 
Zinc 0.135 0.648 · 0.966 1.275 1.365 4.068 0.819 0.201 

Alumim.m 0.893 0.612 0.504 17.89 45.27 40.85 . 11.21 5.98 
Irm 0.262 0.009 0.008 0.703 0.970 0.511 0.645 0.145 
Oil & Grease 0.902 2.184 0.900 19.77 26.88 55.6 26.78 29.78 

w TSS 46.45 35.31 3.900 14.45 87.60 51.7 127.5 45.36 \0 
\0 

' Iii 6.9-7.9 7.0-S.l 7.8-8.2 6.4-8.4 6.S-8.4 6.3-8.5 7.7-8.6 7.7-8.7 

Pollutant Plant m - Sanpling r.ax 
Paraneter 13029-3 15436-1 15436-2 15436-3 40064-1 40064-2 40064-3 

Cadmi.llll o.oo - o.oo o •. oo · * 0.013 * 
Cllranium 11.19 o.oo 3.419 2.898 283.7 519. 251.6 
Cyanide o.oo 1.760 o.oo o.oo 3.124 3.066 2.327 

lead o.oo o.oo 0.048 o.oo 0.593 1.298 0.580 
Nickel o.oo - o.oo o.oo 0.083 0.171 o.oo 
Zinc -0.307 o.oo 0.254 0.061 0.714 1.942 0.693 

All.lmnum 14.13 0.00 12.80 11.03 176.1 138.l 157.8 
Ircn · 0.259 o.oo 1.087 0.849 87.0 181.3 88.4 
Oil & Grease 16.05 4.224 2.416 1.749 4.212 1.118 9.80 

TSS 117.7 139.0 62.8 64.9 2256. 6717. 1931. 
Iii 7.7-8.5 7.2-9.0 7.2-7.5 1.1-1.1 6.3-11.2 4.9-11.3 3.4-11.9 

*Pcssibly detected bit bela.4 the detectim limit. 
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SECTION X 

BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE 

The effluent limitations in this section apply to existing direct 
dischargers. A direct discharger is a facility which dischargers· 
or may discharge pollutants into waters of the United States. 
This section.presents information on direct dischargers only as 
well as total category and each subcategory data. 

The factors considered in assessing best available technology 
economically achievable (BAT) include the age of equipment and 
facilities involved, the process employed, process changes, non
water quality environmental impacts (including energy 
requirements) and the costs of application of such technology 
(Section 304(b)(2)(B). BAT technology represents the best 
existing economically achievable performance,of plants of various 
ages, sizes, processes or other shared characteristics. As with 
BPT, those categories whose existing performance is uniformly 
inadequate -may require a transfer of BAT from a different 
subcategory or category. BAT may include process changes or· 
internal controls, even when thes.e are not common industry 
practice. 

TECHNICAL APPROACH TO BAT 

In establishing BAT limitations, the Agency reviewed a wide range 
of technology options. These options included the range of 
available technologies applicable to the category and its 
subcategories, and suggested three technology trains which 
accomplish reduction. in the discharge of toxic pollutants above 
that achieved at BPT. 

As a general approach for the category, three levels of BAT were 
evaluated. The technologies in general are equally applicable to 
all the subcategories and each level produces similar 
concentrations of pollutants in the effluent from all 
subcategories. Mass limitations derived from these options, 
however, vary because of the impact of varying water use and 
wastewater g,:meration rates. Extreme technologies such as 
distillation and deep space disposal were rejected ~ priori as 
too costly or not proven. 

The Agency proposed BAT based on the following treatment 
technologies: 

quench water recycle through cooling tower 
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quench water reuse as cleaning rinse 
rinse sensors to shut off unused flow 
hexavalent chromium reduction 
cyanide oxidation or precipitation 
oil skimming 
hydroxide precipitation and sedimentation of metals 
filtration after sedimentation 
sludge dewatering 

Before proposal the Agency also considered treatment technologies 
which included: countercurrent rinsing, non-cyanide conversion 
coating, no-rinse conversion coating, and ultrafiltration rather 
than conventional filtration. 

The Agency received comments criticizing the requirement of 
filters at BAT. Industry believed the difference in removal 
efficiency due to filtration was too small to economically 
justify the addition of filtration. In response to this comment, 
the Agency reevaluated filtration for final rule. BAT Option l 
(page 429) for the final rule included all the·proposed treatment 
technologies except fjltr~tion after sedimentation; BAT Option 2 
(page 430) included all the proposed treatment technologies. 

~ OPTION SELECTION 

The selected Option is BAT 1 which consists of: recycle of quench 
water using cooling towers; use .of blowdown from cooling towers 
to provide rinse water; reduction of hexavalent chromium and 
removal of cyanide from cc>nversion coating rinses; combination of 
rinse water and treatment with lime; settling of suspended 
solids; skimming of oil from settling unit; and dewatering of 
sludge. The selected BAT will remove 700 kg/yr of toxic 
pollutants over the pollutant removal achieved by BPT. The 
economic impact analysis indicates that BAT is ecnnomically 
achievable. 

The incremental pollutant removal benefits of BAT 2 above BAT 1 
would be the removal annually of 152 kg of total toxics and 9794 
kg of other pollutants (see Table X-16, page 424). Filtration 
therefore would result in the removal of only about O.O~ kg per 
day per direct discharger. 

Industry ~ and Effluent Reduction Benefits of Treatment 
Options 

' 
An estimate of capital and annual costs for BPT, BAT 1 and BAT 2 
were prepared for each subcategory as an aid to choosing the best 
BAT option. The capital cost of treatment technology described 
in place was also calculated for each subcategory using the 
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methodology in Section VIII. Results are presented in Table X-18 
(page 426). All costs are based on January 1978 dollars. 

EPA used the following method to obtain cost figures. The total 
cost of in-place treatment equipment for each subcategory was 
estimated using information provided on dcps. An average cost 
for a "normal plant" was determined by dividing each total 
subcategory cost by the number of plants having operations in 
that subcategory. Some plants carry out operations in more than 
one subcategory leading to double or triple counting of the 
plant. Thus the sum of "normal plants" will not equal the actual 
number of physical plants in the category. For "Capital In 
Place", this procedure defines the "Normal Plant." 

In developing BPT, BAT 1 and BAT 2 costs, each known coil plant 
was costed for the needed equipmenl at the appropriate flows. 
Multisubcategory plants were apportioned to the appropriate 
subcategories by production. For each subcategory, the 
individual plant costs were summed to obtain costs incurred by 
direct dischargers, indirect dischargers and total subcategory. 
A "normal plant" cost was calculated by dividing the total 
subcategory costs by the number of plants in the subcategory. 
The subcategory costs were summed to arrive at category costs. 
Results are presented in Table X-18. ·The capital costs are 
incremental costs above equipment in place .. The annual costs 
include the operation of the equipment in place. 

Pollutant reduction benefits for each subcategory were derived by 
(a) characterizing raw wastewater and effluent from each proposed 
treatment system in terms of concentrations produced and 
production normalized discharges (Tables X-1 through X-3, pages 
409-411) for. each significant pollutant found; (b) calculating 
the quantities removed.and discharged in one year by a "normal 
plant" (Tables X-5 through x~7, pages 413-415); and (c) 
calculating the quantities removed and discharged in one year by 
subcategory and for the category (Tables X-8 through X-11, pages 
416-419). Table X-12 (page 420) summarizes treatment 
performances by subcategory and by category for BPT and each BAT 
option showing the mass of pollutants removed and discharged by 
each option. Tables X-1 through x~3 and X-5 through X-12 present 
pollutant reduction benefits for all plants in the subcategories 
and the category. Tables X-13 through X-17 present pollutant 
reduction benefits for direct dischargers in the subcategories 
and the category. The pollutant reduction benefit tables for 
indirect dischargers are presented in Section XII. Table X-18 
presents costs for normal plants, direct dischargers, indirect 
dischargers, subcategory totals, and category totals. All 
pollutant parameter calculations were based on median raw 
wastewater concentrations for visited plants (Table V-31, page 
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103). The term "toxic organics" refers to toxic organics listed 
in Table X-4 {page 412). 

REGULATED POLLUTANT PARAMETERS 

The raw wastewater concentrations from individual operations and 
from the subcategory total were examined to select appropriate 
pollutant parameters for specific regulation. In Section VI each 
of the toxic pollutants was evaluated and a determination was 
made as to whether or not to further consider them for 
regulation. Pollutants were not considered for regulation if 
they were not detected, detected at non-quantifiable levels, 
unique to a small number of plants, or not treatable using 
technologies considered. All toxic pollutants listed for further 
consideration are handled in this Section. Several toxic or non
conventional metal pollutants are regulated in each subcategory. 

The Agency found a small amount of several toxic organic 
compounds (collectively referred to as total toxic organics) in 
coil coating wastewaters. The concentration present is 1.47 mg/1 
(see Table X-4, page 412). The percent removal of organics by 
oil .skimming from five ·coil coating plants is presented in 
Section VII. The average removal of organics by oil skimming in 
the category is about 84 percent. This would lower 
concentrations of all but 4 of the toxic organics in Table X-4 to 
below the quantification level. · 

In the proposed regulation, the toxic metals selected for control 
included all priority pollutants and non-conventionals for which 
the concentration in the raw wastewater was above the 
treatability limit of technologies considered. Also, if one 
metal was below the treatability limit in one subcategory, but 
not in another, it was still regulated in both. This was because 
most coil coating plants run more than one basis material and 
wastewater pollutants generated in one subcategory may 
contaminate wastewaters from other subcategories. Industry 
recommended that only pH and TSS are necessary to control the 
effluent toxic metals and.was confused that metals in the raw 
wastewater in some subcategories below the treatable 
concentration were being controlled. Based on these comments 
and further evaluation, EPA decided to regulate fewer toxic 
metals; three metals are regulated in the steel and ~luminum 
subcategories and four in the galvanized subcategory. This 
decision is because at moderate alkaline p,H levels (usually 8.7 
to 9.2} toxic metals form very slightly soluble hydroxides. The 
lime and settle technology on which the coil coating limitations 
are based is limited by the level of residual dissolved metals 
and the effectiveness of solids removal. Gene~al experience and 
theoretical chemistry both indicate that control· of a small 
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number of key metals will result in near optimum removal o-f _most 
toxic and other pollutant. metals. This would.-also reduce the 
number and cost of chemical analysis required for compliance. 

Some industry sources stated that cyanide is not used in.cleaning 
formulations and is a conversion coating process chemical.only in 
the aluminum su6c~feg6r~ i~d iba£ · ~ severe product ~uality 
penalty could result from total application of non-cyanide 
processing; therefore, a discharge of cyanide is allowed. The 
Agency stated at proposal that the preferred mechanism for 
control of cyanide is the use of non-cyanide conversion coating. 
A plant may be exempt from,the requirement of monitoring for 
cyanide reg_ularly if it demonstrates and certifies. that it 
neither has nor uses cy~nide in its processes and it will not 
initiate such use. 

Also, for the aluminum subcategory, the pollutants regula~ed are 
the same as ttiose expected_to be regulated in aluminum forming. 
This is because aluminum .coil coating and aluminum, forming 
operations are often pe~formed at.the same site and this will 
allow co-treatment of the wastewaters. Aluminum formind effluent 
limitations and standards were. proposed.by the Agency November. 
22, 19_82, (47 FR 52626). 

The metals selected for. specific regulation are discussed by 
subcategory. The effluent 1 imitations ach_ieved by application of 
the selected _ BAT Option . also. are presented .· by subcategory. 
Hexavalent chromium is not regulated specifically because it is 
included in.total chromium. Only t~e triv~lent form is removed· 
by the lime and settle technology. Therefore the hexavalent form 
must be reduced to meet the limitation on total chromium·in each 
subcategory. 

STEEL SUBCATEGORY 

Using the model BAT syst.em, the flow calculation assumes that 
quench watE~r would be recycled and reused so that there would be 
no discharge directly identifiable with quench operation. The 
BAT wastewater f_low for the steel subc.ategory was obtained using 
visited.plant data as a model to determine what portion of total 
plant flow (all operations) is attri.butable to clea~ing and 
conversion coating operations. A ratio was calcualted using the 
model (visited plant data) by dividing the mean flow for all 
operations minus the mean flow for quench by the mean flow for 
all operations. This ratio was then appii·ec,. to mean flow .for all 
operations as calcualted from the dcp responses to determine BAT. 
The dcp responses were used because they provide an extensive 
data base. . .. 

I ,' • • ~ • ' ' I ' • 
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The visited plant mean water use for al 1 operations in the ste.el 
subcategory as set forth in Section Vis 6.33 1/sg m processed 
area. This flow is the sum of 3.632 1/sq m in the quench 
operation, 2.274 1/sq m in cleaning, and 0.421 1/sq min the 
conversion coating operation as set forth in Section V. The dcp 
mean water use for all operations in the subcategory as set forth 
in Section Vis 2.752 1/sq m. The wastewater allowance for ·the 
subcategory would then become 1.173 1/sq m which is 97 percent of 
the proposed wastewater allowance. This flow will be used to 
calculate expected perfc:>rmance for BAT in the steel subcatego-ry. 

Pollutant parameters selected for regulation at BAT are: 
chromium, cyanide, zinc, and iron. The end-of-pipe treatment 
applied to the reduced flow would produce the effluent 
concentrations of regulated pollutants shown in Section VII, 
Table VII-21 the tabulation for precipitation and sedimentation 
(lime and settle) technology. 

When these concentrations are applied to the plant flows 
described above, the mass of pollutant allowed to be discharged 
per unit area of steel coll cleaned and conversion coated can be 
calculated. Table X-19 shows the limitations derived from this 
calculation. The non-regulated pollutants listed in Table X-19 
which were proposed for regulation will be adequately removed 
coincidentally if the regulated pollutants are removed to the 
apporpriate · levels. ~~he derivation of limitations is explained 
in Section IX (page 383). The BAT mean production normalized 
flows are derived for eclCh subcategory in this section. 

GALVANIZED SUBCATEGORY 

Using the model BAT system, the flow calculation assumes that 
quench water would be recycled and reused so that there would be 
no discharge directly identifiable with quench operation. The 
BAT wastewater flow for the galvanized subcategory was obtained 
using visited plant data as a model to determine what portion of 
total plant flow (all operations) is attributable to cleaning and 
conversing coating operations. A ratio was calcualted using the 
model (visited plant data) by dividing the mean flow for all 
operations minus the mean flow for quench by the mean flow for 
all operations. This ratio was then from the dcp responses to 
determine BAT. The dcp responses were used because they provide 
a more extensive base. 

The visited plant mean water use for all.operations in the 
galvanized subcategory as set forth in Section Vis 5.53 1/sq m 
processed area. This flow is the sum of 3.632 1/sq min the 
quench operation, 1.368 1/sq min cleaning,.and 0.528 1/sq m in 
the conversion coating operation as set forth in Section V. The 
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dcp mean water use for all op~rationi .in the subcategory as set 
forth in Section Vi~ 2.610 1/sq m. The wastewater allowance for 
the subcategory would then become O.B96 1/sg m which is 74 
percent of the proposed wastewater allowance. This,flow will be 
used to calculate expected performance for BAT in the galvanized 
subcategory. 

Pollutant parameters selected for regulation in the galvanized 
subcategory at BAT are: chromium, copper, cyanide, and iron. The 
end-of-pipe treatment applied to the reduced flow would produce 
the ~ffluent concentrations of regulated pollutants shown in 
Section VII, Table VII-21 for precipitation and sedimentation 
(lime and settle) technology. 

When these concentrations are applied to the plant flows 
described above, the mass.of pollutant allowed to be discharged 
per unit area of galvanized coil ~leaned and conversion coated 
can be calculated. Table x~20 shows the limitations derived from 
this calculation. The non-~egulated pollutants listed in Table 
X-20 which ~ere proposed for regulation will be adequately 
removed coincidentally if the regulated pollutants.are removed to 
the appropriate levels. 

ALUMINUM SUBCATEGORY 

Using the model BAT system, the flow calculation assumes that 
quench water would. be recycled and.reused so that there would be 
no dischar.ge directly identifiable with quench operation. The 
BAT wastewater flow for the aluminum subcategory was obtained 
using visited plant data as a model to determine what portion of 

·total plant flow (all operations) is attributable to cleaning and 
conversion coating ope~ations. A ratio was calculated using the 
model (visi.ted plant data) by dividing the mean .flow for all 
operations minus the mean flow for quench by the mean flow for 
all operations. This ratio.was then applied to mean flow for all 
operations as calculated from the dcp responses to determine BAT. 
The dcp responses were used because they provide a more extensive 
base. · 

The visited plant mean water usa for all operations in the 
aluminum subcategory as set.forth in Section V is 5.14 1/sq m 
processed area. This flow is the sum of 3.632 1/sq n in the 
quench operaion, 0.964 1/sq min cleaning, and 0;546 1/sq. m in 
the conversi:on coating operatic as set forth in Section·v. The 
dcp mean water use for all operations in the subcategory as set 
forth in Section Vis 3.363 1/sq m. The wastewater allowance for 
the subcateigory would then become O. 987 1/sq m which is 101 
percent of the proposed wastewater allowance. This flow will be 
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used to calculate expected performance for BAT in the aluminum 
subcategory. 

Pollutant parameters selected for regulation in the aluminum 
subcategory at BAT are: chromium, cyanide, zinc, and aluminum. 
The end-of-pipe treatment applied to the reduced flow would 
produce the effluent concentrations of regulated pollutant shown 
in Section VII, Table VII-21 for precipitation and sedimentation 
(lime and settle) technology. 

When these concentrations are applied to the plant flows 
described above, the mass of pollutant allowed to be discharged 
per unit area of aluminum coil cleaned and conversion coated can 
be calculated. Table X-21 shows the 1 imi ta.tions derived from 
this calculation. The non-regulated pollutants listed in Table 
X-21 which were proposed for regulation will be adequately 
removed coincidentally if the regulated pollutants are removed to 
the specified levels. 

DEMONSTRATION STATUS 

No sampled coil coating plants in any subcategory use the BAT 
technology in its 7ntirety. However, each element of the system 
is demonstrated 1n the category. The BAT model system has the 
same end-of~pipe treatment as BPT. In addition, BAT includes 
quench water recycle through a cooling tower and reuse as 
cleaning rinse. Of the 69 plants for which data was received: 15 
have cooling towers, 19 recycle quench water, and 5 reuse quench 
water. The dissolved solids concentration pf quench water does 
not increase significantly over influent concentrations; 
therefore, there should be no problem in using quench recycle and 
reuse at all coil coating facilities. 
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TABLE X-1 
SUMMARY OF TREATMENT EFFECTIVENESS 

STEEL SUBCATEGORY 

PARAMETER R.~W WASTE BPT. (PSES O) BAT 1 (PSES 1) BAT 2 (PSES 2) 
mg/1 mg/m2 mg/1 mg/m2 mg/1 mg/m2 mg/1 mg/m2 -

FLOW 1/m2 2.752 2.752 1.173 1.173 

118 CADMIUM 0.001 0.003 0.001 0.003 0.002 0.002 0.002 0.002 
119 CHROMIUM 6.865 18.892 0.080 0.220 o.oao 0.094 0.070 0.082 
120 COPPER 0.051 0.140 0.051 0.140 0.119 0.140 0.119 0.140 

121 CYANIDE 0.012 0.033 0 .012 0.033 0.028 0.033 0.028 0.033 
122 LEAD 0.142 0.391 0.120 0.330 0.120 0.141 0.000 0.094 
124 NICKEL 0.392 1.079 0.392 1.079 o.570 0.669 0.220 0.258 

.a:,. 128 ZINC 7.588 20.882 0.300 0.826 0.300 0.352 0.230 0.270 
0 TOXIC ORG. 1.202 3.528 0.038 0.105 0.038 0.045 0.038 0.045 \D 

IRON 10.145 27.919 0.410 1.120 0.410 0.481 0.280 0.328 

PHOSPHORUS 42.874 117.989 4.080 11.228 4.080 4.786 2.720 3.191 
OIL & GREASE 341.650 940.221 10.000 27.520 10.000 ll.730 10.000 11. 730 
TSS 152.790 420.478 12.000 33.024 12.000 14.076 2.600 3.050 



TABLE X-2 
SUMMARY OF TREATMENT EFFECTIVENESS 

GALVANIZED SUBCATEGORY 

PARAMETER RAW WASTE BPT (PSES 0) BAT 1 (PSES 1) BAT 2 (PSES 2) 
rng/1 rng/rn2 rng/1 rng/rn2 rng/1 rng/rn2 rng/1 mg/rn2 -

FLOW l/rn2 2.610 2.610 0.896 0.896 

118 CADMIUM 0.045 0.117 0.045 0.117 0.079 0.071 0.049 0.044 
119 CHROMIUM 57.600 150.336 o.oao 0.209 o.oao 0.072 0.070 0.063 
120 COPPER 0.009 0.023 0.009 0.023 0.026 0.023 0.026 0 .023 

121 CYANIDE 0.082 0.214 0.070 0.183 0.070 0.063 0.047 0.04.2 
122 LEAD 0.422 1.101 0.120 0.313 0.120 0.108 o.oao 0.072 
124 NICKEL 0.395 1.031 0.395 1.031 0.570 0.511 0.220 0.197 

.f::, 
128 ZINC 25.489 66.526 0.300 0;793 0.300 0~269 0.230 0.206 ..... TOXIC ORG. o.ua 0.308 0.022 0.057 0.022 0.020 0.022 0.020 0 

IRON 2.829 7.384 0.410 1.010 0.410 0.367 0.280 0.2.51 

PHOSPHORUS 14.758 38.518 4.080 10.649 4.080 3.656 2.720 2.437 
OIL & GREASE 52.965 138.239 10.000 26.100 10.000 8.960 10.000 8.960 
TSS 114.050 297.671 12.000 31.320 12.000 10.752 2.600 2. 330_ .. 



TABLE X-3 
SUMMARY OF TREATMENT EFFECTIVENESS 

ALUMINUM SUBCATEGORY 

PARAMETER RAW WASTE BPT (PSES 0) BAT 1 (PSES 1) BAT 2 (PSES 2) 
mg/1 mg/m2 mg/1 

. ') 

mg/1 mg/m2 mg/1 mg/m2 mg/m' -
FLOW l/m2 3.363 3.363 0.987 0.987 

118 CADMIUM 0.005 0.017 0.005 0.017 0.017 0.017 0.017 0 .017 
119 CHROMIUM 43.500 146.291 0.000 0.269 0.080 0.079 0.070 0.069 
120 COPPER 0.043 0.145 0.043 0.145 0.147 0.145 0.147 0.145 

121 CYANIDE 0.568 1.910 0.010 0.235 0.070 0.069 0.047 0.046 
122 LEAD 0.118 0.397 0.110 0.397 0.120 O.ll8 0.080 0.079 
124 NICKEL 0.003 0.010 0.003 0.010 0.010 0.010 0.010 0.010 

~ 128 ZINC 0.028 0.094 0.028 0.094 0.095 0.094 0.095 0.094 .... , TOXIC ORG. 0.070 0.235 0.012 0.040 0.012 0.012 0.012 0.012 .... 
ALUMINUM 112.212 377. 369 1.110 3.733 1.no 1.096 0.740 0.730 

IRON 3.448 ·11.596 0.410 1.379 0.410 0.405 0.280 0.276 
PHOSPHORUS 7.000 23.541 4.080 13.721 4.080 4.027 2. 720 2.685 
OIL & GREASE 57.561 193.578 10.000 33.630 10.000 9.870 10.000 9.870 

TSS 84.884 285.465 12.000 40,356 12.000 11.844 2.600 2.566 



TABLE X-4 

stWMARY OF RAW WASTEWATER ORGANICS 

STEEL GALVANIZED ALUMINUM 

-29../_l '!!§J./.m2 mg/1 !!!9/m2 '!!§J./1 mg/m2 

ll 1,1,1-'l'richloroethane * * 0.011 0.064 
13 1,1-Dicbloroethane 0.018 0.034 
29 J.,1-Dicbloroethylene 0.01s: 0.016 
30 1,2-'l'rans-Dichloroethylene * 0.019 
34 2,4-Dimethylphenol 0.021 0.032 
39 Fluoranthene 0.040 0.036 * * * * 
54 Isopborooe 0.600 0.909 * * 
55 Naphthalene * * * * * * 
65 Phenol 0.016 0.024 o.oo o.oo o.oo o.oo 
66 Bis (2-ethylhexyl) phthalate 0 .. 035 0.050 0.030 0.177 0.014 0.047 
67 Butyl-benzyl phthalate 0 .. 152 0.300 * * * * 
68 Di-n-butylphthalate ,~ * * * * * 
69 Di-n-oceyl phthalate 0.027 0.031 '!t * * * 
70 Diethyl phtbalate 0.056 0.158 0.048 0.174 0.056 0.188 
71 Dimethyl phthalate o.oo o.oo * * * * 
72 1,2-Benzanthracene 0.056 0.044 * * o.oo o.oo 
73 Benzo (a) pyrene * * * * * * 
74 3, 4-Benzof1uoranthene 0.035 0.023 * * * * 
75 11,12-Benzofluoranthene 0 .. 035 0.023 * * * * 
76 Chcysene 0 .• 023 0.040 * * o.oo o.oo 
77 Acenaphthalene * * * * o.oo o.oo 
78 Anthracene 0.064 0.097 * * * * 
79 1,12-Benzoperylene o .. oo o.oo o.oo o.oo * * 
80 Fluorene 0.028 0.100 o.oos 0.016 * * 
81 Phenathrene 0.064 0.097 * * * * 
82 1,2,5,6-Dibenzan~ o.oo o.oo o.oo o.oo o.oo o.oo 
83 Indeno (1,2,3-od)pyrene o.oo o.oo o.oo o.oo o.oo o.oo 
84 Pyrene 0.012 0.024 * * o.oo o.oo 
86 Toluene * * o.oo o.oo * * 
87 Trichloroethylene * * * * 

TOI'AL 1.282 2.022 0.118 0.466 0.010 0.235 

Blank indicates analysis not performed 
- indicates not a verification parameter in respective category 
* indicates parameter was detected but concentration was below a quantifiable leve1 
o.o indicates the parameter was not detected in all samples for which it was analyzed 

412 



TABLE X-5 
POLLUT~.NT REDUCTION BENEFITS OF CONTROL SYSTEMS 

STEEL SUBCATEGORY - NORMAL PLANT 

PARAMETER, RAW WASTE BPT (PSES 0) BAT 1 (PSES 1) BAT 2 (PSES 2) 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 

FLOW 1/yr (106) 33.55 33.55 14.30 14.30 

118 CADMIUM 0.03 o.oo 0.03 o.oo 0.03 o.oo · 0 .03 
119 CHROMIUM 230.32 227.64 2.68 229.18 1.14 229.32 1.00 
120 COPPER 1. 71 o.oo 1. 71 o.oo 1. 71 o.oo 1.71 

121 CYANIDE 0.40 o.oo 0.40 o.oo 0.40 o.oo 0.40 
122 LEAD 4·. 76 0.73 4.03 3.04 1.72 3.62 1.14 
124 NICKEL 13.15 o.oo 13.15 5.00 8.15 10.00 3.15 

~ ..... 
128 ZINC 254.58 244.51 10.07 250.29 4.29 251.29 3.29 w 

TOXIC .ORG. 43.01 41. 74 1.27 42.47 0.54 42.47 0.54 
IRON 340.36 326.60 13.76 334.50 5.86 336.36 4.00 

PHOSPHORUS 1438.42 1301.54 136.88 1380.08 58.34 1399.52 38.90 
OIL & GREASE 11462.36 11126.86 335.50 11319.36 143.00 11319.36 143.00 
TSS 5126.10 4723.50 402$60 4954.50 171.60 5088.92 37.18 

TOXIC METALS 504.55 472.88 31.67 487.51 17.04 494.23 10.32 
CONVENTIONALS 16588.46 15850.36 738.10 16273.86 314.60 16408.28 180.18 
TOTAL TOXICS 547.96 514.62 33.34 529.98 17.98 536.70 11.26 
TOTAL POLLU. 18915.20 17993.12 922.08 18518.42 396.78 18680.86 234.34 

SLUDGE GEN 120232.79 124692.12 126072.93 



TABLE X-6 
POLLUTANT REDUCTION BENEFITS 00F CON'rROL SYSTEMS 

GALVANIZED SUBCATEGORY - NORMAL PLANT 

PARAMETER RAW WASTE BPT (PSES 0) BAT 1 (PSES 1) BAT 2 (PSES 2) 

Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 

FLOW 1/yr (106 ) 30.02 30.02 10.30 10.30 

118 CADMIUM 1.35 o.oo 1.35 o.54 0.01 0.05 o.so 

119 CHROMIUM 1729.15 1726.75 2.40 1728.33 0.82 1728.43 0.72 

120 COPPER 0.27 o.oo 0.27 o.oo 0.21 o.oo 0.27 

121 CYANIDE 2.46 0.36 2.10 1.74 0.12 1.98 o.48 

122 LEAD 12.67 9.07 3.60 11.43 1.24 11.05 0.82 

124 NICKEL 11.86 o.oo 11.86 5.99 S.87 9.59· 2.27 

.,:. 756.17 9.01 762.09 3.09 762.81 . 2.37 ...... 128 ZINC 765.18 

.,:. 
TOXIC ORG. 3.54 2.88 0 .. 66 3.31 0.23 3.31 0.23 

IRON 84.93 72.62 12.31 80.71 4.22 82.05 2.00 

PHOSPHORUS 443.04 320.56 122.48 401.02 42.02 415.02 28.02 

OIL & GREASE 1590.01 1289.81 300.20 1487.01 103.00 1487.01 103.00 

TSS 3423.78 3063.54 -360.24 3300.18 123.60 3397.00 26.78 

TOXIC METALS 2520.48 2491.99 28.49 2508.38 12.10 2513.53 6.95 

CONVEN'l'IONALS 5013.79 4353;35 660.44 4787.19 226.60 4884.01 1.29.78 

.TOTAL TOXICS 2526.48 2495.23 31 .. 2S: 25l3" •. 43 13.05 2518.82 '1.6·6 

TOTAL POLLU. 8068.24 7241.76 826.48 7782.35 285.89 7899.90 168.34 

SLUDGE GEN "55892.55 60546.82 61552.60 



TABLE X-7 
POLLUTANT REDUCTION BENEFITS OF CONTROL SYSTEMS 

ALUMINUM SUBCATEGORY - NORMAL PLANT 

PARAMETER RAW WASTE BPT (PSES 0) BAT l (PSES lj BAT 2 (PSES 2) 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr -
FLOW 1/yr (106) 97.80 97.80 28.70 28.70 

118 CADMIUM 0.49 o.oo 0.49 o.oo 0.49 o.oo 0.49 
119 CHROMIUM 4254.30 4246.48 7.82 4252.00 2.30 4252.29 2.01 
120 COPPER 4.21 o.oo 4.21 o.oo 4.21 o.oo 4.21 

121 CYANIDE 55.55 48.70 6.85 53.54 2.01 54.20 1.35 
122 LEAD 11.54 o.oo 11.54 8.10 3.44 9.24 2.30 

· 124 NICKEL 0.29 o.oo 0.29 o.oo 0.29 o.oo 0.29 

.,::,. 128 ZINC 2.74 o.oo 2.74 o.oo 2.74 o.oo 2.74 .... 
U1 TOXIC ORG. 6.85 5.68 1.17 6.51 0.34 6.51 0.34 

ALUMINUM 10974.33 10865. 77 108.56 10942.47 31.86 10953.09 21.24 

IRON 337.21 297.11 40.10 325.44 11. 77 329.17 8.04 
PHOSPHORUS 684.60 285.58 399.02 567.50 117.10 606.54 78.06 
OIL & GREASE 5629.47 4651.47 978.00 5342.47 287.00 5342.47 287.00 

TSS 8301.66 7128.06 1173.60 7957.26 344~40 8227.04 74.62 

TOXIC METALS 4273.57 4246.48 27.09 4260.10 13.47 4261.53 12.04 
CONVENTIONALS 13931.13 11779.53 2151.60 13299.73 631.40 13569.51 361.62 
TOTAL TOXICS 4335.97 4300.86 35.11 4320.15 15.82 4322.24 13. 73 
TOTAL POLLU. 30263.24 27528.85 2734.39 29455.29 807.95 29780.55 482.69 

SLUDGE GEN 423142.18 440651.42 443364.43 



TABLE X-8 
TOTAL TREATMENT PERFORMANCE 

STEEL SUBCATEGORY 

PARAMETER RAW WASTE BPT & PSES 0 BAT 1 & PSES 1 BAT 2 & PSES 2 
Removed Dis-charged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 
-

FLOW 1/yr (106) 1341.88 1341.88 571.95 571.95 

118 CADMIUM 1.34 o.oo 1.34 o.oo 1.34 o.oo 1.34 
119 CHROMIUM 9212.01 9104.66 107.35 9166.25 45.76 9171.97 40.04 
120 COPPER 68.44 o.oo 68.44 o.oo 68.44 o.oo 68.44 

121 CYANIDE 16.10 o.oo 16.10 o.oo 16.10 o.oo 16.10 
122 LEAD 190.55 29.52 161.03 121.92 68.63 144.79 45.76 
124 NICKEL 526.02 o.oo 526.02 200.01 326.01 400.19 125.83 

~ 
131.55 I-' 128 ZINC 10182.19 9779.63 402.56 10010.60 171.59 10050.64 

°' TOXIC ORG. 1720.29 1669.30 50.99 1698.56 21.73 1698.56 21.73 
IRON 13613.37 13063.20 550.17 13378.87 234.50 13453.22 160.15 

PHOSPHORUS 57531.76 52056.89 5474.87 55198.20 2333.56 55976.06 1555.70 
OIL & GREASE 458453.30 445034.50 13418.80 452733.80 5719.50 452733.80 5719.50 
TSS 205025.85 188923.29 16102.56 198162.45 6863.40 203538.78 1487.07 

TOXIC METALS 20180.55 18913.81 1266.74 19498.78 681. 77 19767.59 412.96 
CONVENTIONALS 663479.15 633957.79 29521.36 650896.25 12582.90 656272.58 7206.57 
TOTAL TOXICS 21916.94 20583.11 1333.83 21197.34 719.60 21466.15 450.79 
TOTAL POLLU. 756541.22 719660.99 36880.23 740670.66 15870.56 747168.01 9373.21 

SLUDGE GEN 4808887.06 4987240.57 5042480.83 



TABLE X-9 
TOTAL TREATMENT PERFORMANCE 

GALVANIZED SUBCATEGORY 

PARAMETER RAW WASTE BPT & PSES 0 BAT- 1 & PSES 1 BAT 2 & PSES 2 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr -
FLOW 1/yr (106) · 600.30 600.30 206.08 206 •. 08 

118 CADMIUM 27.01 o.oo 27.01 10.73 16.28 16.91 10.10 
119 CHROMIUM 34577.28 34529.26 48.02 34560.79 16.49 34562.85 14.43 
120 COPPER 5.40 o.oo 5.40 o.oo 5.40 o.oo 5.40 

121 CYANIDE 49.22 1.20 42.02 34.79 14.43 39.53 9.69 
122 LEAD 253.33 181.29 72.04 228.60 24.73 236.84 16.49 
124 NICKEL 237.12 o.oo 237.12 119,65 117. 47 191.78 45.34 

~ 
15301.05 15239.23 61.82 15253.65 47.40 ..... 128 ZINC 15120.96 180.09 ...... 

4.53 66.:n TOXIC ORG. 70.84 57.63 13.21 66.31 4.53 
IRON 1698.25 1452 .13 246.12 1613.76 84.49 1640.55 57.70 

PHOSPHORUS 8859.23 6410.01 2449.22 8018.42 840.81 8298.69 560.54 
OIL & GREASE 31794.89 25791.89 6003.00 29734.09 2060.80 29734.09 2060.80 
TSS 68464.21 61260.61 7203.60 65991.25 2472.96 67928.40 535.81 

TOXIC METALS 50401.19 49831.51 569.68 50159.00 242.19 50262.03 139.16 
CONVENTIONALS 100259.10 87052.50 13206.60 95725.34 4533.76 97662.49 2596.61 
TOTAL TOXICS 50521.25 49896.34 624.91 50260.10 261.15 50367.87 153.38 
TOTAL POLLU. 161337.83 144810.98 16526.85 155617.62 5720.21. 157969.60 '3368.23 · 

SLUDGE GEN 1117661.56 1210699.01 1230826.21 



TABLE X-10 
TOTAL TREATMENT PERFORMANCE 

ALUMINUM SUBCATEGORY 

PARAMETER RAW WASTE BPT & PSES 0 BAT 1 & PSES 1 BAT 2 & PSES 2 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 
-

FLOW 1/yr (106) 4694.21 4694.21 1377.69 1377.69 

118 CADMIUM 23.47 o.oo 23.47 o.oo 23.47 o.oo 23.47 
119 CHROMIUM 204198.13 203822.59 375.54 204087.91 110.22 204101.69 96.44 
120 COPPER 201.85 o.oo 201.85 o.oo 201.85 o.oo 201.85 

121 CYANIDE 2666.31 2337.72 328.59 -2569.87 96.44 2601.56 64.75 
122 LEAD 553.92 o.oo 553.92 388.60 165.32 443.70 110.22 
124 NICKEL 14.08 o.oo 14.08 o.oo 14.08 o.oo 14.08 

~ 
~ 128 ZINC 131.44 o.oo 131.44 o.oo 131.44 o.oo 131.44 00 

TOXIC ORG. 328.59 272.26 56.33 312.06 16.53 312.06 16.53 
ALUMINUM 526746.69 521536.12 5210.57 525217.45 1529.24 525727.20 1019.49 

IRON 16185.64 14261.01 1924.63 15620.79 564.85 15799.89 385.75 
PHOSPHORUS 32859.47 13707.09 19152.38 27238.49 5620.98 29112.15 3747.32 
OIL & GREASE 270203.42 223261.32 46942.10 256426.52 13776.90 256426.52 13776.90 

TSS 398463.32 342132.80 56330.52 381931.04 16532.28 394881.33 3581.99 

TOXIC METALS 205122.89 203822.59 1300.30 204476.51 646.38 204545.39 577.50 
CONVENTIONALS 668666.74 565394.12 103272.62 638357.56 30309.18 651307.85 17358.89 
TOTAL TOXICS 208117.79 206432.57 1685.22 207358.44 759.35 207459.01 658.78 
TOTAL POLLU. 1452576.33 1321330.91 131245.42 1413792.73 38783.60 1429406.10 23170.23 

SLUDGE GEN 20310010.20 21150390.73 21280616.61 



TABLE X-11 
TREATMENT PERFORMANCE 

TOTAL CATEGORY 

PARAMETER RAW WASTE BPT & PSES 0 BAT 1 & PSES 1 BAT 2 & PSES 2 
Removed Discharged Removed Discharged Removed DiE:charged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr -
FLOW 1/yr (106 ) 6636.39 6636.39 2155.72 2155.72 

118 CADMIUM 51.82 o.oo 51.82 10.73 41.09 16.91 34.91 
119 CHROMIUM 247987.42 247456.51 530.91 247814.95 172.47 247836.51 150.91 
120 COPPER 275.69 o.oo 275.69 o.oo 275.69 o.oo 275.69 

121 CYANIDE 2731.63 2344.92 386.71 2604.66 126.97 2641.09 90.54 
122 LEAD 997.80 210.81 786.99 739.12 258.68 825.33 172.47 
124 NICKEL 777.22 o.oo 777.22 319.66 457.56 591.97 185.25 

~ .... 128 ZINC 25614.68 24900.59 714.09 25249.83 364.85 25304.29 310.39 \0 
TOXIC ORG. 2119.72 1999.19 120.53 2076.93 42.79 2076.93 42.79 
ALUMINUM 526746.69 521536.12 5210.57 525217.45 1529.24 525727.20 1019.49 

IRON 31497.26 28776.34 2720.92 30613.42 883.84 30893.66 603.60 
PHOSPHORUS 99250.46 72173.99 27076.47 90455.11 8795.35 93386.90 5863.56 
OIL & GREASE 760451.61 694087.71 66363.90 738894.41 21557.20 738894.41 21557.20 

' 

TSS 671953.38 592316.70 79636.68 646084.74 25868.64 666348.51 5604.87 

TOXIC METALS 275704.63 272567.91 3136.72 274134.29 1570.34 274575.01 1129.62 
CONVENTIONALS 1432404.99 1286404.41 146000.58 1384979.15 47425.84 1405242.92 27162.07 
TOTAL TOXICS 280555.98 276912.02 3643.96 278815.88 1740.10 279293.03 1262.95 
TOTAL POLLO. 2370455.38 2185802.88 184652.50 2310081.01 60374.37 2334543.71 35911.67 

SLUDGE GEN 26236558.82 27348330.31 27553923.65 



TABLE X-12 
SUMMARY TABLE 

POLLUTANT REDUCTION BENEFITS 
TOTAL CATEGORY 

RAW WASTE BPT BAT 1 BAT 2 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 
--

Steel Subcategory 

TOXIC METALS 20180.55 18913.81 1266.74 19498.78 681.77 19767.59 412.96 
CONVENTIONALS 663479.15 633957.79 29521.36 650996.25 12582.90 656272~58 7206.57 
TOTAL TOXICS 21916.94 20583.11 13~3.83 21197.34 719.60 21466.15 450.79 
TOTAL POLLU. 756541.22 719660.99 36880.23 740670.66 15870.56 747168.01 9373.21 

Galvanized Subcategory 
.j::>, 
I'-) 
0 TOXIC METALS 50401.19 49831.51 569.68 50159.00 242.19 50262.03 139.16 

CONVENTIONALS 100259.10 87052.50 13206.60 95725.34 4533.76 97662.49 2596.61 
TOTAL TOXICS 50521.25 49896.34 624.91 50260.10 261.15 50367.87 153.38 
TOTAL POLLU. 161337.83 144810.98 16526.85 155617.62 5720.21 157969.60 3368.23 

-Aluminum Subcategory 

TOXIC METALS 205122.89 203822.59 1300.30 204476.51 646.38 204545.39 577.50 
CONVENTIONALS 668666.74 565394.12 103272.62 638357.56 30309.18 651307.85 17358.89 
TOTAL TOXICS 208117.79 206432.57 1685.22 207358.44 759.35 207459.01 658.78 
TOTAL POLLU. 1452576.33 1321330.91 131245.42 1413792.73 38783.60 1429406.10 23170.23 

Total Subcategory 

TOXIC METALS 275704.63 272567.91 3136.72 274134.29 1570.34 274575.01 1129.62 
CONVENTIONALS 1432404.99 1286404.41 146000.58 1384979.15 47425.84 1405242.92 27162.07 
TOTAL TOXICS 280555.98 276912.02 3643.96 278815.88 1740.10 279293.03 1262.95 
TOTAL POLLU. 2370455.38 2185802.88 184652.50 2310081.01 60374.37 2334543.71 35911.67 



TABLE X-13 
TREATMENT PERFORMANCE - DIRECT DISCHARGERS 

STEEL SUBCATEGORY 

' 
PARl\METER RAW WASTE BPT BAT 1 BAT 2 

Removed Discharged Removed Discharged Removed D.i,.scharged 
kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 

-
FLOW 1/yr (106) 436.11 436.11 185.88 185.88 

118 CADMIUM 0.43 o.oo 0.43 o.oo o.43 o.oo 0.43 
119 CHROMIUM 2993.90 1959.01 34.89 2979.03 14.87 2980.88 13.02 
120 COPPER 22.25 o.oo 22.25 o.oo 22.25 o.oo 22.25 

121 CYANIDE 5.23 o.oo 5.23 o.oo 5.23 o.oo 5.23 
122 LEAD 61.93 9.59 52.34 39.63 22.30 47.06 14.87 
124 NICKEL 170.96 o.oo 170.96 65.01 105.95 130.07 40.89 

.,:,, 
N 128 ZINC 3309.21 3178.38 130.83 3253.44 55.77 3266.46 42. 75 · .... 

TOXIC ORG. 559.09 542.52 16.57 552.03 7.06 552.03 7.06 
IRON 4424~33 4245.53 178.80 4348.12 , 76.21 4372.28 52.05 

PHOSPHORUS 18697.78 16918.45 1779.33 17939.39 758.39 18192.19 505.59 
OIL & GREASE 148996.98 144635.88 4361.10 147138.18 1858.80 147138.18 1858.80 .. 
TSS 66633.25 61399.93 5233.32 64402.69 2230 •. 56 66149.96 483.29 

TOXIC METALS 6558.68 6146.98 411. 70 6337.11 221.57 6424.47 134.21 
eONVENTIONALS 215630.23 206035.81 9594.42 211540.87 4089.36 213288.14 2342.09 
TOTAL TOXICS 7123.00 6689.50 433.50 6889.14 233.86 6976.50 . 146.50 
TOTAL POLLU. 245875.34 233889.29 11986.05 240717.52 5157.82 242829.11 3046.23 

SLUDGE GEN 1562884.74 1620850.62 1638803.35 



TABLE X-14 
TREATMENT PERFORMANCE - DIRECT DISCHARGERS .. 

GALVANIZED SUBCATEGORY 

PARAMETER RAW WASTE BPT BAT 1 BAT 2 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr -
FLOW 1/yr (106) 90.04 90.04 30.91 30.91 

118 CADMIUM 4.05 o.oo 4.05 1.61 2.44 2.53 1.52 
119 CHROMIUM 5186.30 5179.10 7.20 5183.82 2.48 5184.13 2.17 
120 COPPER 0.81 o.oo 0.81 n nn 0.81 o.oo 0.81 vevv 

121 CYANIDE 7.38 1.08 6.30 5.21 2.17 5.92 1.46 
122 LEAD 38.00 27.19 10.81 34.29 3.71 35.52 2.48 
124 NICKEL 35.57 o.oo 35.57 17.95 17.62 28.77 6.80 

~ 
N 128 ZINC 2295.03 2268.02 27.01 2285.76 9.27 2287.92 7.11 N 

TOXIC ORG. 10.63 8.65 1.98 9.95 0.68 9.95 0.68 
IRON 254.72 217.81 36.91 242.05 12.67 246.07 8.65 

PHOSPHORUS 1328.81 961.45 367.36 1202.69 126.12 1244.73 84.08 
OIL & GREASE 4768.97 3868.57 900.40 4459.87 309.10 -- 4459.-87 - 309.10 
TSS 10269~06 9188.58 1080.48 9898.14 370.92 10188.69 80.37 

TOXIC METALS 7559.76 7474.31 85.45 7523.43 36.33 7538.87 20.89 
CONVENTIONALS 15038.03 13057.15 1980.88 14358.01 680.02 14648.56 389.47 
TOTAL TOXICS 7577. 77 7484.04 93.73 7538.59 39.18 7554.74 23.03 
TOTAL POLLO. 24199.33 21720.45 2478.88 23341.34 857.99 23694.10 505.23 

SLUDGE GEN 167640.01 181594.40 184613.22· 



TABLE X-15 
TREATMENT PERFORMANCE - DIRECT DISCHARGERS 

ALUMINUM SUBCATEGORY 

PARAMETER RAW WASTE BPT BAT 1 BAT 2 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr -
FLOW 1/yr (106) 2249.31 2249.31 660.14 660.14 

118 CADMIUM 11.25 0 .oo 11.25 o.oo 11.25 o.oo 11.25 
119 CHROMIUM 97844.98 97665.03 179.95 97792.16 52.82 97798. 77 46.21 
120 COPPER 96.72 o.oo 96. 72 o.oo 96.72 o.oo 96.72 

121 CYANIDE 1277.61 1120.16 157.45 1231.40 46.21 1246.58 31.03 
122 LEAD 265.42 0 .oo 265.42 186.21 79.21 212.60 52.82 
124 NICKEL 6.75 o.oo 6.75 o.·oo 6.75 o.oo 6.75 

~ 
N 128 ZINC 62.98 o.oo 62.98 o.oo 62.98 o.oo 62.98 w 

TOXIC ORG. 157.45 130.46 26.99 149.53 7.92 149.53 7.92 
ALUMINUM 252399.57 249902.84 2496.73 251666.81 732.76 251911.07 488.50 

IRON 7755.62 6833.40 922.22 7484.97 270.65 7570.78 184.84 
PHOSPHORUS 15745.17 6567. 98 9177.19 13051.79 2693.38 13949.59 1795.58 
OIL & GREASE 129472.53 106979.43 22493.10 122871.13 6601.40 122871.13 6601.40 

TSS 190930.43 163938. 71 26991.72 183008.75 7921.68 189214.07 1716.36 

TOXIC METALS 98288.10 97665.03 623.07 97978.37 309.73 98011.37 276.73 
CONVENTIONALS 320402.96 270918.14 49484.82 305879.88 14523.08 312085.20 8317.76 
TOTAL TOXICS 99723.16 98915.65 807.51 99359.30 363.86 99407.48 315.68 
TOTAL POLLU. 696026.48 633138.01 62888.47 677442.75 18583.73 684924.12 11102.36 

SLUDGE GEN 9731884.28 10134567.60 10196967.27 



TABLE X-16 
TREATMENT PERFORMANCE 

TOTAL CATEGORY - DIRECT DISCHARGERS 

PARAMETER RAW WASTE BPT BAT 1 BAT 2 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 
-

FLOW 1/yr (106) 2775.46 2775.46 876.93 876.93 

118 CADMIUM 15.73 o.oo 15.73 1.61 14.12 2.53 13.20 
119 CHROMIUM 106025.18 105803.14 222.04 105955.01 70.17 105963.78 61.40 
120 COPPER 119. 78 ft ft ft v.uu 119.78 o.oo 119.78 o.oo 119.78 

121 CYANIDE 1290.22 1121.24 168.98 1236.61 53.61 1252.50 37.72 
122 LEAD 365.35 36.78 328.57 260.13 105.22 295 .18 70.17 
124 NICKEL 213.28 o.oo 213.28 82.96 130.32 158.84 54.44 

-ll> 
N 
~ 128 ZINC 5667.22 5446.40 220.82 5539.20 128.02 5554.38 112.84 

TOXIC ORG. 727.17' 681.63 45.54 711.51 15.66 711.51 15.66 
ALUMINUM 252399.57 249902.84 2496.73 251666.81 732.76 251911.07 488.50 

IRON 12434.67 11296.74 1137.93 12075.14 359.53 12189.13 245.54 
PHOSPHORUS 35771.76 24447.88 11323.88 32193.87 3577.89 33386.51 2385.25 
OIL & GREASE 283238.48 255483.88 27754.60 274469.18 8769.30 274469.18 8769.30 

TSS 267832.74 234527.22 33305.52 257309.58 10523.16 265552.72 2280.02 

TOXIC METALS 112406.54 111286.32 1120.22 111838.91 567.63 111974.71 431.83 
CONVENTIONALS 551071.22 490011.10 61060.12 531778.76 19292.46 540021.90 11049.32 
TOTAL TOXICS 114423.93 113089.19 1334.74 113787.03 636.90 113938.72 485.21 
TOTAL POLLU. 966101.15 888747.75 77353.40 941501.61 24599.54 951447.33_ 14653.82 

SLUDGE GEN 11462409.03 11937012.62 12020383.84 



TABLE X-17 
SUMMARY TABLE 

POLLUTANT REDUCTION BENEFITS 
DIRECT DISCHARGERS 

RAW WASTE BPT BAT 1 BAT 2 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 

Steel Subcategory 

TOXIC METALS 6558.68 6146.98 411.70 6337.11 221.57 6424.47 134.21 
CONVENTIONALS 215630.23 206035.81 9594.42 211540.87 4089.36 213288.14 2342.09 
TOTAr., TOXICS 7123.00 6689.50 433.50 6889.14 233.86 6976.50 146.50 
TOTAL POLLO. 245875.34 233889.29 11986.05 240717.52 5157.82 242829.11 3046.23 

Galvanized Subcategory 

.j::,, TOXIC METALS 7559.76 7474.31 85.45 7523.43 36.33 7538.87 20.89 N 
(Tl CONVENTIONALS 15038.03 13057.15 1980.88 14358.01 680.02 14648.56 389.47 

TOTAL TOXICS 7577. 77 7484.04 93.73 7538.59 39.18 7554.74 23.03 
TOTAL POLLU. 24199.33 21720.45 2478.88 23341.34 857.99 23694.10 505.23 

Aluminum Subcategory 

TOXIC METALS 98288.10 97665.03 623.07 97978.37 309.73 98011.37 276.73 
CONVENTIONALS 320402.96 270918.14 49484.82 305879.88 14523.08 312085.20 8317.76 
TOTAL TOXICS 99723.16 98915.65 807.51 99359.30 363.86 99407.48 315.68 
TOTAL POLLU. 696026.48 633138.01 62888.47 677442.75 18583.73 684924.12 11102.36 

Total Subcategory 

TOXIC METALS 112406.54 111286.32 1120.22 111838.91 567.63 111974.71 431.83 
CONVENTIONALS 551071.22 490011.10 61060.12 531778.76 19292.46 540021.90 11049.32 
TOTAL TOXICS 114423.93 113089.19 1334.74 113787.03 636.90 113938.72 485.21 
TOTAL POLLU. 966101.15 888747.75 77353.40 941501.61 24599.54 951447.33 14653.82 



~ 
N 
0\ 

Capital 
In Pla<:2 

steel SJJ:x:ategory 
1'b.!:nal Plant 39000 
Direct Dischargm; 504000 
Indirect Disdlargars 1047000 
Sllxategory 'lbtal 1551000 

G:1.1 vanized SJJ:x:ateg:,cy 
N:mnal Plant 145000 
Direct Dischargers 436000 
Indirect Disdlargers 2470000 
Sllxateg::>ry 'lbtal 2906000 

Aluo:i.rum SJl:x:ategory 
Nam1al Plant 83000 
Direct Dischargers 1911000 
Indirect Dischargers 2078000 
SJJ:x:ate<pry 'lbtal 3989000 

Category 
Direct Discharg:m; 2851000 
Indirect Disch:lrgers 5595000 
Cate<pry 'lbtal 8446000 

TAB:EX-18 

'lm!MNl' CD3l'S 

BET (}?$$ 0) 

Capital 1\mmal 
Costs$ "Costs$ 

157000 55000 
2321000 858000 
3946000 1329000 
6267000 2187000 

102000 34000 
231000 86000 

18ll000 593000 
2042000 679000 

194000 67000 
4429000 1722000 
4878000 1499000 
9307000 3221000 

6981000 2721000 
10635000 3421000 
17616000 6087000 

BAT l (PSE.S l) 

Capital klnla1 
Costs$ Costs$ 

154000 54000 
2267000 854000 
3875000 1318000 
6142000 2172000 

92000 33000 
208000 82000 

162f1000 584000 
1832000 666000 

192000 66000 
4436000 1707000 
4787000 1482000 
9223000 3189000 

6911000 2643000 
10286000 3384000 
17197000 6027000 

IDI'E: Capital oosts are pre...<::entai as incrarent:al oosts aJ:xNe "Capital In Place. 11 

Ararual oosts inclu& continuing operation of "Capital In Place. 11 

BAT 2 (Pms 2) 

Capital Annual 
Costs$ Costs$ 

182000 84000 
2800000 1287000 
4493000 2062000 
7293000 3349000 

lllOOO 51000 
273000 125000 

1941000 892000 
2214000 1017000 

233000 104000 
5314000 2484000 
5857000 2509000 

.. 

lll71000 4993000 

8387000 3896000 
12291000 5463000 
20678000 9359000 



POLLUTANT OR 
POLLUTANT 
PROPERTY 

CADMIUM 
*CHROMIUM 

COPPER 
*CYANIDE 

LEAD 
NICKEL 

*ZINC 
*IRON 

TABLE X-19 
BAT E,FFLUENT LIMI'.['ATIONS 

STEEL SUBCATEGORY 

MAXIMUM FOR 
ANY ONE. DAY 

mg/m 
2 

(lb/1,000,000 

0.375 (0.077} 
0.493 (0.101} 
2.229 (0.457} 
0.340 (0.070} 
0.176 (0.036) 
1.654 (0.339) 
1.560 (0.320} 
1.443 (0.296} 

ft 2 } 

MAXIMUM FOR 
MONTHLY AVERAGE 

mg/m 
2 

(lb/1,000,000 

0.176 (0.036) 
0.199 ( o. 041} 
1.173 (0.240) 
0.141 (0.029) 
0.152 (0.031} 
1.173 (0.240) 
0.657 (0.135) 
o.739 (0.151) 

ft2 } 

------------------------------. ------------------------------------------ . ---- ' .. -, 

POLLUTANT OR 
POLLUTANT 
PROPERTY 

CADMIUM 
*CHROMIUM 
*COPPER 
*CYANIDE 

LEAD 
NICKEL 

*ZINC 
*IRON 

TABLE X-20 
BAT EFFLUENT LIMITATIONS 

GALVANIZED.SUBCATEGORY 

MAXIMUM FOR 
ANY ONE DAY 

mg/m 
2 

(lb/1,000,000 

0.287 (0.059) 
0.376 (0.077} 
1.102 (0.349) 
9~?E;iO. (0.053} 
0.134 (0.027} 
1.263 (0.259} 
1.192 (0.244} 
1.102 (0.226} 

ft 2 ) 

MAXIMUM FOR 
MONTHLY AVERAGE 

mg/m 
2 

(lb/1,000,000 

0.134 (0.027) 
0.152 (0.031) 
0.896 (0.184} 
0.108 (0.022} 
0.116 (0.024} 
0.896 (0.184} 
0.502 (0.103} 
o.564 (0.116} 

* THIS POLLUTANT IS REGULATED AT PROMULGATION 
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TABLE X-21 
BAT EFFLUENT LIMITATIONS 

ALUMINUM SUBCATEGORY 

--------------------------------·----------------------~-------------------------
POLLUTANT OR 
POLLUTANT 
PROPERTY 

MAXIMUM FOR 
ANY ONE DAY 

MAXIMUM FOR 
MONTHLY AVERAGE 

--------------------------------·----------------------~-------------------------
mg/m 

2 
{lb/1,000,000 ft 2 ) 

. 2 
mg/m (lb/1,000,000 

2 ft) 

CADMIUM 0.316 (0.065) 0.148 (0.030) 
*CHROMIUM 0.415 (0.085) 0.168 (0.034) 

COPPER 1.875 (0.384) 0.987 (0.202) 
*CYANIDE 0.286 (0.059) 0.110 (0.024) 

LEAD 0.148 (0.030) 0.120 (0.026) 
NICKEL 1.392 (0.285) 0.987 (0.202) 

*ZINC 1.313 (0.269) 0.553 (0.113) 
*ALUMINUM 4.491 (0.920) 1.836 (0.376) 

IRON 1.214 (0.249) Q.622 (0.127) 

' -------------------------------··-----------------------------------------------
*.THIS POLLUTANT IS REGULATED AT PROMULGATION 
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SECTION XI 
NEW SOURCE PERFORMANCE STANDARDS 

This section presents effluent characteristics attainable by new 
sources through the application of the best available 
demonstrated control technology (BDT), processes, operating 
methods, or other alternatives, including where practicable, a 
standard permitting no discharge of pollutants. Possible model 
NSPS technologies are discussed with respect to costs, 
performance, and effluent reduction benefits. The rationale for 
sel~cting one of the technologies is outlined. The selection of 
pollutant parameters for specific regulation is discussed, and 
discharge limitations for. the regulated pollutants are presented 
for each subcategory. 

TECHNICAL ~PPROACH TO NSPS 

As a general approach for.the category, three levels of NSPS were 
evaluated. The technologies are equally applicable to all 
subcategories and each level can produce similar concentrations 
of pollutants in the effluent from all three subcategories. Mass 
limitations will vary among subcategories because of differences 
in water use. 

The Agency proposed NSPS based on: 

in-process wastewater reduction 

• countercurrent cascade rinses (cleaning) 

• quench water recycle through cooling tower 

• quench water reuse as cleaning rinse 

• rinse sensors to shut off unused flow 

in-process pollutant reduction 

• non-cyanide conversion coating 

• no-rinse conversion coating 

oil skimming 

hydroxide precipitation of metals, sedimentation and 
filtration 
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sludge dewatering 

Additionally, treatment options considered before 
included the application of ultrafiltration in 
conventional filtration and the application of 
filtra'tion in place of sedimentation. 

proposal 
place of 

membrane 

Industry commented that the use of no rinse conversion coating 
was not generally applicable because there are no Food and Drug 
Administration approved no rinse conversion coatings. In light 
of these comments, the Agency reexamined the requirement that no 
wastewater be discharged from conversion coating processes as 
described at proposal. 

The final NSPS allows 20 percent blowdown from quenching 
operations to be used after conversion coating as well as after 
cleaning. This is adequate flow allowance to permit conventional 
conversion coating if three stage countercurrent cascade rinsing 
is employed for cleaning and conversion cqating rinse water. 
Hexavalent chromium reduction has been included in the .NSPS model 
technology since no rinse conversion coating, which would 
eliminate the discharge of chromium, has been deleted. 

l 

Some industry sources stated that cyanide is not used in cleaner 
formulations and is a conversion coating process chemical only in 
the aluminum subcategory and that a severe product quality 
penalty could result from total application of non-cyanide 
processing. The final regulation allows some discharge of 
cyanide. The Agency stated at proposal that the preferred 
mechanism for control of cyanide is the use of non-cyanide 
conversion coating. To encourage this change, a plant may be 
exempted from the requirement of monitoring cyanide if it 
demonstrates and certifies that it neither has nor uses cyanide 
in its processes and it will not initiate such use. 

The model technology basis fc,r NSPS is: recycle of quench water, 
reuse of quench water blowdown as cleaning and conversion coating 
rinse water, three stage countercurrent cascade rinsing for both 
cleaning and conversion coating, removal of cyanide and reduction 
of hexavalent chromium from conversion coating rinses, oil 
skimming, precipitation of metals, sedimentation, polishing 
filtration, and dewatering of sludge. 

The methods for water use reduction included in the NSPS model 
technology are described belc>w: 
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Countercurrent Rinses Countercurrent rinsing is a mechanism 
commonly encountered in electroplatinq and other metal processing 
operations where uncontaminated water is used for the final 
cleaning of an item, and water containing progressively more 
contamination is used to rinse the more contaminated part. - The 
process achieves substantial efficiencies of water use and 
rinsing; for example, the use of a two stage countercurrent rinse 
to obtain a rinse ratio of about 100 can reduce water usage by a 
factor of approximately 10 from that needed for a single stage. 
rinse to achieve the same level of product cleanliness. 
Similarly, a three stage countercurrent rinse would reduce.water 
usage apprc,ximately 30 times for the same rinse ratio. 
Countercurrent rinsing is presently used in one coil coating 
plant. 

Quench Water Recycle - The cooling and recycle of quench water is 
commonly practiced throughout th& ind~stry and 20 plants are 
believed to use cooling, towers and recycle some ~ubstantial. 
fraction.of their cooling or quench water. Because the principle. 
function of. quench water is to remove heat quickly from the 
painted coil, the principle requirements of the water are that it 
be cool and that it not contain dissolved solids at such level 
that it leaves water marks or other discolorations on the painted 
surface. There is sufficient industry experience to assure the 
success of this technology; six plants already do not discharge 
any quench water by reason of continued recycle. 

Quench Wate,£ Reuse - Water that has been used one or two cycles 
as quench. water appears. to be satisfactory for further use as 
rinse water in the coil coating operation. The amount 6f water 
used for quench purposes is about 1.5 times the once through 
amount of rinse water used in a coil coating plant, so that some 
level of recirculatie>n would be required to completely.use the 
quench water. This does_ not §PP-~9.t:. to be · -unreasonable; · three 
plants are presently·· ·usrn-g . part or all of their quench water 
blowdown for other coil coating purposes. 

Rinse Sensors - Sensing devices that shut off. rinse water when 
the coil coating line is not running eliminate unnecessary water 
flow. These devices have been observed installed and operating 
at six of the coil coating plants visited. 

For the final NSPS, EPA considered making NSPS equivalent to the 
final BAT which consists of recycle of quench water using·cooling 
towers, use of blowdownfrom cooling. towers. to provide rinse 
water, removal of. cyanide and reduction of hexavalent chromium 
from conversion coating rinses, combination of rinse waters and 
treatment with lime, settling of suspended solids, skimming of 
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oil from settling unit, and dewatering of sludge (Figure X-1, 
page 429). 

EPA selected the final NSPS because it provides a re.duced 
discharge of a1i, pollutants below the final BAT (see Tables XI-2, 
3 and 4). The model NSPS technology is less costly than the BAT 
technology beca·use the flow reduction achieved will allow the use 
of a smaller treatment system (see Table X,I-1). 

Cost and Effluent Reduction Benefits of NSPS 

Estimates of capital and annual costs for NSPS for each 
subcategory are presented in Table XI-1 (page 439) which is based 
on January 1978 dollars. 

In calculating NSPS costs, EPA Used the "normal Plant" production 
as derived in Section X. The average production for the steel, 
galvanized and aluminum subcategories are 12.19, 11.50 and 29.08 
sq meters [million] per year, respectively. An average plant 
production was multiplied by a production normalized flow for 
each subcategory. Control· technology was sized for the normal 
plarit. 

The pollutant reduction benefit for each subcategory was derived 
by (a} characterizing raw wastewater and effluent from each 
proposed treatment system in terms of concentrations produced and 
production normalized discharges for each significant pollutant 
found in each subcategory; and (b) calculating the quantities 
removed and discharged in one year by a "normal plant." Results 
of these calculations were presented in Tables X-5, X-6,.and X-7. 
Comparison of Table XI-1 with Tables X-5, X-6, and X-7 shows that 
BDT-1 costs less and produces greater incremental benefits than 
the other BDT options. All pollutant parameter calculations were 
based on median total raw wastewater concentrations for visited 
plants. See Table V-31 (Page 103). 

REGULATED POLLUTANT PARAMETERS 

The Agency reviewed the wastewater concentrations from individual 
operations and from the subcategory total to select those 
pollutant parameters found most frequently and at the highest 
levels. In Section VI each of the toxic pollutants was evaluated 
and a determination was made as to whether or not to further 
consider them for regulation. Pollutants were not considered for 
regulation if they were not detected, detected at nonquantifiable 
levels, unique to a small· number of plants, or not treatable 
using technologies considered. All toxic pollutants listed for 
further consideration are discussed in this section . 
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.• . .. . 

In each subcategory oil and grease, TSS, and pH were selected for 
regulation with several- toxic. or non-conventional. m_etal
pollutants plus cyanide. In' thepropsoed regulation_, the· toxic 
metals selected for control. ·-included all those for which the 
concentration in tb~ raw wastewater was above the treatabiliiy 
limit. EPA ·decidid--to -ie~~late- three or four metils in each 
subcategory and to use the parameter pH as an indicator to ensure 
control of the unregulated toxic metals. Maintalning·-effluent -pH 
within optimum pH levels assures remov.al of those toxic metals 
not selected for s~ecific iegulation. · 

Chromate conversion .. ~oatin~('''"'can'"'' l;e appli.ed to aluminum. and 
galvanized surfaces and cyanide compounds are used in some 
co-nversion ··coating - · formulations ~ppl ied to· aluminum strip. To 
insure that :there is no additional discharge .of·· pollutants from 
conversion coating waters, chromium is regulated in the aluminum 
and-galvanized subcategories for the steel subcategory, chromium 
is also regulated because of discharges from cleaning. operati.ons. 
Cyanide is regulated in· all subcategories, but_ if a plant 
demonstrates and certifies that it neither has nor uses cyanide, 
it may be ~xempt from the requirement of monitoring cyanide. 

In· addition. to the-.pollutant ··parameters listed above, there is a· 
amount of other toxic pollutants in ·the coi-1 coating; wastewaters. 
The Agency is using an oil and grease standard for ne~.sources in 
order to coritrol the polynuclear aromatic h~drocarbons and oil 
soluble organics found in these was.tewaters. Al though a specific 
numeric _standard._ for· organic ·priority pollutants is .not
establ ished, . adequate ·control is exp~cted ·· to be achieved_ by -
control of the oil and grease wast~s. This is projected to occur 
because of the slight:solubility of .. the compounds in water and 
their relatively high solubility in oil. This difference - in 
solubility will cause ·the organics to accumulate .. in and be 
removed with the oil .(See Table VI.I-11, page 264). 

The metals selected for specific regulation. are discussed by 
subcategory. The performance standards achieved by application 
of BDT·also are presented by subcategory. Hexavalent-chromium is 
not· regulated specifically because it is .. included · in. total 
chromium. Only the·trivalent form-is removed by the lime-sett.le
filter technology. Therefore, the· hexavalent form must be 
reduced to meet the limitation on ·total chromium in each 
subcategory. 

STEEL SUBCATEGORY 

Applying the NSPS technology, the· quench water would be recycled 
and the blowdown of 20 percent of quench flow would be used for 
countercurrent. ca·scade rlnsi11g: · The NSPS wastewater flow for tbe·· .. 
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steel subcategory was obtained using visited plant data model to 
determine what portion of total plant flow (all operations) is 
attributable to 20 percent of quench. A ratio was calculated 
using the model {visited plant data) by dividing 20 ~ercent of 
the mean flow for all operations. This ratio was then applied to 
mean flow for all operations as calculated from the dcp responses 
to determine the NSPS. The dcp responses provide an extensive 
data base. 

The visited plant mean water use for quench operations in the 
category as set forth in Section Vis 3.632 1/sq m processed 
area. The visited-plant mean water use for all operations in the 
steel subcategory 1/sq m and the dcp responses mean water use for 
all operations is 2.752 1/sq m. The wastewater allowance for the 
subcategory would then become 0.316 1/sq m which is 91 percent of 
the proposed wastewater allowance. This flow will be used to 
calculate expected performance for new direct dischargers in the 
steel subcategory. 

Pollutant parameters selected for regulation in the steel 
subcategory for NSPS are:· chromium, cyanide, zinc, iron, oil and 
grease, TSS, and pH. The end-of-pipe treatment applied to the 
reduced flow would produce effluent concentrations of regulated 
pollutants equal to those shown in Section VII, Table VII-19, 
for precipitation, sedimentation, and filtration (lime, settle, 
and filt~r) technology .. pH must be maintained within the range 
of 7.5 - 10.0 at all times. 

When these concentrations are applied to the water flows 
described above, the mas~ of pollutant allowed to be discharged 
per unit area of steel coil cleaned and conversion coated can be 
calculated. Table x1~s shows the performance standards derived 
from this calculation. 

GALVANIZED SUBCATEGORY 

Applying the NSPS model technology, the quench water would be 
recycled and the blowdown of 20 percent of quench flow would be 
used for countercurrent cascade rinsing. The NSPS wastewater 
flow for the galvanized subcategory was obtained using visited 
plant data as a model to determine what portion of total plant 
flow (all operations) is attributable to 20 percent of quench. A 
ratio was calculated using the model :(visited plant data) by 
dividing 20 percent of the mean flow for quench by the mean flow 
for all operations. This ratio was then applied to mean flow for 
all operations as calculated from the dcp ·responses to determine 
the NSPS flow. The dcp responses provide a more extensive data 
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base. The visited plant mean water use for quench oeprations in 
the category as set forth in Section Vis 3.632 1/sq m processed. 
area. The visited plant mean water use for all operations in the 
galvanized. subcategory is 5.53 1/sq m and the dcp response mean 
water use for all operations is 2.610 1/sq m. The wastewater 
allowance for the subcategory would then become 0.343 1/sq m 
which is 80 percent of the proposed wastewater allowance. This 
flow will be used to calculate expected performance for new 
direct dischargers in the galvanized subcategory. 

Pollutant parameters selected for regulation in the galvanized 
subcategory for BDT are: chromium, copper, cyanide, zinc, iron, 
oil and grease, TSS and pH .. The end-of-pipe treatment applied to 
reduced flow would produce ~ffluent concentrations of regulated 
pollutants equal to those shown in Section VII, Table VII-19 
precipitation, sedimentation, and filtration (lime-settle-filter) 
technology. pH must be maintained within the range 7.5 - 10-0 at 
all times. 

When these concentrations are applied to the water flows 
described above, the mass of pollutant allowed to be discharged 
per unit area galvanized coil cleaned and conversion coated can 
be calculated. Table XI-6 shows the standards derived from this 
calculation. 

ALUMINUM SUBCATEGORY 

Applying the NSPS technology, the quench water· would be recycled 
and the blowdown of 20 percent of quench flow would be used for 
countercurrent cascade rinsing. The NSPS qastewater flow for the 
aluminum subcategory was obtained using visited plant data as a 
model to determine what portion of total plant flow (all 
operations) is attributable to 20 percent of quench. A ratio was 
calculated using the model (visited plant data) by dividing 20 
percent of the mean flow for quench by the mean flow for all 
operations. This ratio was then applied to mean flow for all 
operations as calculated from the dcp responses to determine the 
NSPS flow. The dcp responses provide a more extensive data base. 

The visited plant mean water U$e for quench operations· in the 
category as set forth in Section Vis 3.632 1/sq m processed 
area. The visited plant mean water use for all operations is 
5.14 1/sq m and the dcp response mean water use for all 
operations is 3.363 1/sq m. the wastewater allowance for the 
subcategory would then become 0.475 1/sq m which is 126 percent 
of the proposed wastewater allowance. This flow will be used to 
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calculate expected performance for new direct dischargers in the 
aluminum subcategory. 

Pollutant parameters selected for regulation in the aluminum 
subcategory for NSPS are: chromium, cyanide, zinc, aluminum, oil 
and grease, TSS, and pH. The end-of-pipe treatment applied to 
reduced flow would produce effluent concentrations of regulated 
pollutants equal to those shown in Section VII, Table VII-19 for 
precipitation, sedimentation, and filtration (lime-settle-filter) 
technology. pH must be maintained within the range 7.5 - 10.0 at 
all times. 

When these concentrations are applied to. the water flows· 
described above, the mass of pollutant allowed to be discharged 
per unit area of aluminum coil cleaned and conversion coated can 
be calculated. Table XI-7 shows the standards derived from this 
calculation. 

DEMONSTRATION STATUS 

No sampled coil The NSPS model system has all the same treatment 
components as BAT plus countercurrent rinse and polishing 
filters. coating plant in any subcategory uses all of the NSPS 
technology. However, each major element of the NSPS technology 
is demonstrated in one or more coil coating plarits except for 
polishing filters. Countercurrent rinse is demonstrated at 2 
coil coating plants. Polishing filters, while not in use at coil 
coating plants, are widely known to be effective in reducing TSS 
and precipitated metals (See Section VII) in categories whose 
wastewaters are similar to coil coating wastewater. 
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Steel Subcategory 
Normal Plant 

~ Flow, liters/year w 
I.O Production, sq m/year 

Galvanized Subcategory 
Norrna.l Plant 
Flow, liters/year 
Prcrluction, sq m/year 

Aluminum Subcategory 
Normal Plant 
Flow, liters/year 
Proiuction, sq m/year 

TABLE XI-1 

cosrs OF Bui' FOR COIL COATING NSPS 
NOIM\L PIANT 

Final NSPS (PSNS) 
Capital Annual 
Costs$ Costs$ 

171,500 51,300 
3.9x106 
12.19x106 

172,500 51,800 
3.9x106 
11.sox106' 

316,800 89,600 
13.Bx106 
29.08xl06 

Final 1BAT (PSES) 
Capital Annual 
Costs$ Costs$ 

305,000 77,400 
14.3xlo6 
12.19x106 

288,100 72,300 
10.3xlo6 
11.50x106 

355,700 103,200 
28.7x106 
29.08xl06 



TABLE XI-2 
POLLUI'ANT REIXJCTION BENEFITS OF CONl'ROL SYSTEMS 

STEEJ;., SUBCA.TEl30RY - NO™AL PLANI' 

PARAMEI'ER RAW WASI'E Final NSPS {PSNS) Final BAT {PSES) 
Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr 

FIJ:1ll 1/yr (106) 33.55 3.85 14.30 

118 CAtMIUM 0.03 o.oo 0.03 o.oo 0.03 
119 CHRCMIUM 230.32 230.05 0.27 229.18 1.14 
120 COPPER 1.71 0.21 1.50 o.oo 1.71 

121 CYANIDE 0.40 0.22 0.18 0.00 0.40 
122 LF.AD 4.76 4.45 0.31 3.04 1. 72 
124 NICKEL 13.15 12.30 0.85 5.00 8.15 

128 ZINC 254.58 253.69 0.89 250.29 4.29 
TOXIC ORG. 43.0.l 42.86 0.15 42.47 0.54 
IRC:!11 340.36 339.28 1.08 334.50 5.86 

PHOSPHORUS 1438.42 1427.95 10.47 1380.08 58.34 
OIL & GREASE 11462.36 11423.86 38.50 11319.36 143.00 
TSS 5126.10 5116.09 10.01 4954.50 171.60 

TOXIC METALS 504.55 500.70 3.85 487.51 17.04 
CONVENI'IOOAIS 16588.46 16539.95 48.51 16273.86 314.60 
TOI'AL TOXICS 547.96 543.78 4.18 529.98 17.98 
TOl'AL POLLU. 18915.20 18850.96 64.24 18518.42 396.78 

SWOOE GEN 127612.57 124692.12 
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TABLE XI-3 
POLLUI'ANI' REIXICTION BENEFITS OF CONI'ROL SYS'rEMS 

GALVANIZED SUBCAT&;ORY - NORMAL PLANT 

PARAMITTER RAW WASTE Final NSPS (PSNS} Final BAT (PSES} 
Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr 

FI.Di/ 1/yr (106) 30.02 3.94 10.30 

118 CALMIUM 1.35 1.16 0.19 0.54 0.81 119 CHROITUM 1729.15 1728.87 0.28 1728.33 0.82 120 COPPER 0.27 o.oo 0.27 o.oo 0.27 

121 CYANIDE · . 2.46 2.27 0.19 1. 74 0.72 122 LEAD 12.67 12.35 0.32 11.43 1.24 124 NICKEL 11.86 10.99 0.87 5.99 5.87 

128 ZINC 765.18 764.27 0.91 762.09 3.09 
TOXIC 0:00. 3.54 3.45 0.09 3.31 0.23 IROO 84.93 83.83. 1.10 80.71 4.22 

PHOSPHORJS 443.04 432.32 10.72 401.02 42.02 OIL & GREASE 1590.01 1550.61 39.40 1487.01 103.00 TSS . 3423. 78 3413.54 10.24 3300.18 123.60 

TOXIC MEI'ALS 2520.48 2517.64 2.84 2508.38 12.10 
CONVEN!'IClW.,S 5013.79 4964.15 49.64 4787.19 226.60 
TOrAL TOXICS 2526.48 2523.36 3.12 2513.43 13.05 
TOI'AL POLLU. 8068.24 8003.66 64.58 7782.35 285.89 

SLUOOE GEN 62496.07 60546.82 
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TABLE XI-4 
POLLurANr REDUCI'ION BENEFITS OF CONTROL SYSTEMS 

ALUMINUM SUBCATOOORY - NO™AL PLANT' 

PARAMETI.'ER RAW WA.STE Final NSPS (PSNS) Final BAT (PSES) 
Reroc>ved Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr 

FIJ:111 1/yr (106) 97.80 13.81 28.70 

118 CAIM[UM 0.49 o.oo 0~49 o.oo 0.49 
119 CHRCMIUM 4254.30 4253.33 0;97 4252.00 2.30 
120 COPPER 4.21 o.oo 4.21 o.oo 4.21 

121 CYANIDE 55.55 54.90 0~65 53.54 2.01 
122 LEAD 11.54 10.44 1.10 8.10 3.44 
124 Nia<EL 0.29 0.00 0.29 o.oo 0.29 

128 ZINC 2 .• 74 o.oo 2.74 o.oo 2.74 
TOXIC om. 6.85 6~68 0.17 6.51 0.34 
~ 10974 .. 33 10964.11 10.22 10942.47 31.86 

IFDN 337.21 333.34 3.87 325.44 11.77 
PHOSPHORUS 684.60 647.04 37.56 567.50 117.10 
OIL & GREASE 5629.47 5491.37 138.10 5342.47 287.00 

' TSS 8301.66 8265.75 35.91 7957.26 344.40 
I 

TOXIC MEI'ALS 4273.57 4263.77 9 •. 8 4260.10 13.47 
CONVENl'Ia;IAL.S 13931.13 13757.12 174.01 13299.73 631.40 
TOrAL TOXICS 4335.97 4325.35 10 •. 62 4320.15 15.82 
TOI'AL POLLU. 30263.24 30026.96 236.28 29455.29 807.95 

SLt.JOOE GEN' 445730.54 440651.42 
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TABLE :XI-5 
NEW SOURCE.PERFORMANCE STANDARDS 

STEEL SUBCATEGORY 

-------------------~----------~------------------------------------------~--~---
POLLUTANT OR 
POLLUTANT 
PROPERTY 

MAXIMUM FOR 
ANY ONE DAY 

MAXIMUM FOR · 
MONTHLY AVERAGE 

-~----------~----~--------------------~~~-~~---~--~----------------------~--~---
mi/m 

2 
(lb/1,000,000 ft

2
) mg/m 

2 
(lb/1,000,000' ft2 ) 

CADMIUM · 0.063 co. 013) 0.02s (0.005) 
*CHROMIUM 0.111 .(0. 024) · o. 047 (0.010) 

COPPER o.404 (0.083) 0.193 (O.OfO) 
*CYANIDE o.063 (0.013) 0.025 co.·oo5) 

LEAD 0.032 (0.007) 0.028 (0.00()) 
NICKEL 0.174 (0.036) 0.117 (0.024) 

*ZINC 0.322 (0.066) 0.133 (0.027) 
*lRON 0.389 (0.080) 0.199 (0.041) 
*OIL & GREASE .. J .• 160 (0.647) 3.160 (0.647) 
*TSS 4.740 (0.971) 3.476 co. 712) 
*pH WITHIN THE; ~GE OF 7.5 TO 10.0 AT ALL TIMES 

----------------·-----'!"'------------------------------..----------------"'9-.. --.--------
TABLE XI-6 

NEW SOURCE PE~ORMANCE STANDARDS 
GALVANIZED SUBCATEGORY 

-----------------·---~----------------------------------------~--------------~---
POLLUTANT OR 
POLLUTANT 
PROPERTY 

MAXIMUM FOR 
ANY ONE DAY 

MAXIMUM FOR 
MONTHLY AVERAGE 

----------------·""'··-----------------~--------------.~----------------------------..-.. 

mg/m 
2 

(lb/1,000;000 ft 2
) 

2 
mg/m · (lb/1,000,000 ft2

) 

CADMIUM o.069 (0.014) 0.027 (0.006) 
*CHROMIUM 0.127 (0.026) 0.051 (0.010) 
*COPPER o.439 (0.090) 0.209 (0.043) 
*CYANIDE o.069 (0.014) 0.027 (0.006) 

LEAD 0.034 (0.007) 0.031 (0.006) 
NICKEL 0.189 (0.039) 0.127 (0.026) 

*ZINC o.350 (0.072) 0.144 (0.029) 
*IRON 0.422 (0.086) 0.216 (0.044) 
*OIL & GREASE 3.430 (0.703) 3.430 (0.703) 
*TSS 5.145 (1.054) 3.773 (0.773) 
*pH WITHIN THE RANGE OF 7.5 TO 10.0 AT ALL TIMES 

----------------·-·----------------------~---------~--------------------------·--
* THIS POLLUTANT IS REGULATED AT PROMULGATION 
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TASLE XI-7 
NEW SCIURCE PERFORMANCE STANDARDS· 

ALUMINUM SUBCATEGORY 

----------------------------·----------------------------------------------------
POLLUTANT OR 
POLLUTANT 
PROPERTY 

MAXIMUM FOR 
ANY ONE DAY 

~IMUM FOR 
MONTHLY AVERAGE 

----------------------------·----------------------------------------------------

mg/m 
2 

(lb/1,000,000 
2 . 

ft ) . mg/m 
2 

(lb/1,000,000 ft2 ) 

CADMIUM 0.095 (0.019) 0.038 (0.008) 
*CHROMIUM 0.176 (0.036) 0.071 (0.015) 

COPPER 0.608 (0.125) 0.290 (0.059) 
*CYANIDE 0.095 (0.019) 0.038 (0.008) 

LEAD 0.048 (0.010) 0.043 (0.009) 
NICKEL 0.261 (0.053) 0.176 (0.036) 

*ZINC 0.485 (0.0~9) 0.200 (0.041) 
*ALUMINUM 1.439 (0.295) 0.589 (0.121) 

IRON o.584 (0.120) 0.299 (0.061) 
*OIL & GREASE 4.750 (0.973) 4.750 (0.973) 
*TSS 7.125 (1.459) 5.225 (1.070) 
*pH WITHIN THE RANGE OF 7.5 TO 10.0 AT ALL TIMES 

-------------------------------------------------------------------------------
* THIS POLLUTANT IS REGULATED AT PROMULGATION 
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SECTION XII 
" 

PRETREATMENT 

The model control technqlogies for pretreatment of process 
wastewaters from existing·sources and new sources are described. 
An indirect discharger is defined as a facility which introduces 
pollutants into a publicly ·owned treatment works (POTW). 

PSES are designed to pz::event the discharge of pollutants that 
pass through, interfere with, or ar.e otherwise incompatible with 
the operation. of publicly owned treatment works :{POTW):. They 
must. be achieved within thr.ee years of. promulgation. The Clean 
Water Act .of 1977 requires pretreatment.'for pollutants that pass 
through the POTW in. amounts that ·would violate ·direct · dis·charger 
effluent limitations or interfere. with the POTW's treatment 
p~ocess or chosen sludge disposal method; The legislative 
history of the 1977 Act indicates that pretreatmen~standards are 
to be technology-based,. analogous to the best available·.· 
technology for removal of toxic pollutants. The general. 
pretreatment regulation, which served· as :th.e framework. for this 
pretreatment regulation is found at 40 CFR P.art 403. 

. .. . . 
Like PSES, PSNS are.to prevent the discharge of pollutants which. 
pass. through, interfere with, or are otherwise incompatible with ... 
the op~ration of the POTW. PSNS are to be issued. at the same 
time as· NSPS. New indirect · dischargers, like new. direct: 
dischargers, have. the opportunity to· incorporate the best· 
available d~mo-nstrated technologies. The Agency considers the 
same factors in promulgating PSNS as it.considers in promulgating· 
PSES. · 

Most POTW consis.t of primary or· secondary ,treatment systems which 
are .designed to treat domestic wastes. Many of. the· pollutants 
contained in coil coating wastes are not biodegradable. and are 
therefore ineffectively treated-by- such systems~ ·Furthermore, 
these wastes have been known to interfere with. tne normal 
operations of these systems. Problems associated with the 
uncontrolled release .of pollutant parameters identified in coil 
coating process wastewaters.to POTW were discussed in Section VI .. 
The pollutant-by-poll.utant .. discussion. covered. pass- through, 
interference, and sludge usability. EPA has generally determined 
there is pass through of pollutants if the percent of pollutants 
removed b'y a well operated.POTW achieving secondary treatment is 
less· than the percent removed by: the BAT model treatment 
technology. POTW removals. of ·the major toxic pollutants found in 
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coil coating wastewater are presented in Table XII-1. The 
average removal of toxic metals is about 31 percent. The BAT 
treatment technology removes more than 99 percent of toxic metals 
(see Table X-16, page 424). This difference in removal 
effectiveness clearly indicates pass through of toxic metals will 
occur unless coil coating wastewaters are adequately pretreated. 

The Agency found small amounts of several toxic organics in coil 
coating wastewaters. The Agency considered and analyzed whether 
these pollutants should be specifically regulated. 

The average removal of toxic organics is .about 70 percent by a 
secondary POTW (Table XII-1, page 451). The treatment technology 
for organics removal is oil skimming. The percent removal of 
organics by oil skimming from five coil coating plant sampling 
days is presented in Section VII. The average removal of 
organics by oil skimming in this category is about 84 percent. 
Clearly there is pass through of about Q.2 mg/1 of total toxic 
organics (TTO). On the other hand, the raw waste level of TTO in 
the coil category is only about 1.47 mg/1 (See Table X-4, page 
412}. The Agency's concludes that the treatment effected by POTW 
reduces the small amount arid the toxicity of organics below the 
level that would require national regulation. 

The model treatment technology system for pretreatment at 
existing sources (PSES} is the same as the BAT treatment system. 
(See Figure x~2}. The model treatment system for new sources 
(PSNS} is the same as BOT for NSPS. (See Figure XI-1). These 
model technologies were selected for the re.sons explained in the 
BAT and NSPS sections. The modifications made to the proposed 
PSES and PSNS are the same as the modifications made to the 
proposed BAT and NSPS, respectively. Oil skimming is included in 
the PSES and PSNS control technologies, benefits, and costs. The 
Agency believes oil and grease removal may be needed to meet the 
toxic metals limitations since oil and grease can interfere with 
the removal of precipitated metals. For PSES and PSNS, the toxic 
metals which intefere with, pass through or prevent sludge 
utilization for fQod crops must be removed before discharge to 
the POTW. PS~$ and PSNS includes hexavalent chromium reduction 
to render the chromium removable by precipitation and 
sedimentation and cyanide removal to prevent complexing of toxic 
metals that hinder further treatment. ·Toxic metals are removed 
by pH adjustment and settling for PSES and by pH adjustment, 
settling, and filtration for PSNS. Flow reduction measures 
(quench recycle and reuse for both and countercurrent rinse for 
PSNS} are retained to provide minimum mass discharge of toxic 
pollutants. If conventional conversion coating is used for PSNS, 
there is no allowance for additional dis.charge from coating 
operations. 
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Industry Cost. and Effluent Reduction of Treatment Options 

PSES Options l and 2 are parallel to BAT Optlons 1 and 2. Also, 
PSNS Options are parallel to the NSPS Options. Estimates of 
capital and annual costs for BAT-PSES option and NSPS-PSNS 
options were prepared for each subcategory as an aid to choosing 
the best options. Results for BAT-PSES are presented in Table 
X-18 and results for NSPS-PSNS are presented in Table XI-1. All 
costs are based on January 1978 dollars. 

PSES pollutant reduction benfits for each subcategory were 
derived by applying the percentage of production attributable to 
indirect dischargers. The·pollutant reduction benefits for the 
subcategories and the category are presented in Table XII-1 
through XII-4 (pages 451-454). Table XII-5 summarizes treatment 
performances by subcategory and by category for each PSES option. 
All pollutant parameters calculations were based on median raw 
wastewater concentrations for visited plants (Table V-31; page 
103). The term "toxic organics" refers to toxic organics listed 
in Table X-4 (page 412). 

PSNS pollutant reduction benefits for each subcategory were based 
on a normal plant production. The normal plant production for 
the steel, galvanized and aluminum subcategories are 12.19, 11.50 
and 29.08 million sq meters per year, ~espectively. The 
pollutant reduction benefits for each subcategory are presented 
in Tables XI-2 through XI-4. All pollutant parameter 
calculations were based on median raw wastewater concentrations 
for visited plants (Table V-31, page 103). The term "toxic 
organics" refers to toxic, organics listed in Table X-4 (page 
41 2) . 

Regulated Pol]utant Parameters 

The Agency reviewed the coil coating wastewater concentrations, 
the BAT model treatment technology removals, and the POTW 
removals of major toxic pollutants found in coil coating 
wastewaters to select the pollutants for regulation. The 
pollutants to be regulated are the same for each subcategory as 
were selected for BAT except that the nonconventional pollutants 
(aluminum and iron) are not regulated because POTW remove these 
pollutant parameters. Aluminum and iron compounds are frequently 
used as.flocculation aids in POTW. Toxic metals are regulated to 
prevent pass through. Toxic organics are not regulated because 
POTW reduce the small amount and toxicity below the level 
requiring national regulation. 
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. 
PRETREATMENT STANDARDS 

. ' 

Mass based limitations are set forth below (Tables XII-7 through 
XII-12, pages 457-459). The mass based limitations are the only 
method of designating pretreatment standards since the water flow 
reductions at PSES and PSNS are major features of the treatment 
and control system. Only mass-based limits will assure the 
implementation of flow reduction and the consequent reduction if 
the quantity of pollutants discharged. Therefore, to regulate 
concentrations is not adequate. Standards for existing sources 
are presented first, by subcategory; then standards for new 
sources are presented by subcategory. 

The derivation of standards is explained in Section IX (page 
483). The mean water use for each subcategory at PSES is equal 
to the mean water use for each subcategory at BAT and their 
derivation is presented in Section X (pages 405, 406 and 407). 
For PSNS, the calculation is the same, except the lime, settle 
andfilter treatment effectivenesses and the PSNS Mean water uses 
are used. The lime, settle and filter treatment effectiveness 
are developed in Section VII. The mean water use for each 
sub~ategory at PSNS is equal to the mean water use for each 
subcategory at NSPS. 

DEMONSTRATION STATUS 

Since the model treatment technologies for PSES and PNSN are the 
same as BAT and NSPS, respectively, the demonstration status is 
the same as for BAT and NSPS (See Sections.x and XI). 
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11 
13 
29 
30 
34 

.39 
54 
55 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77' 
78 
79 
80 
81 
82 
83 
84 
86 
87 

118 
119 

120 
121 
122 
124 
128 

TABLE XII-1 

POIW ~ OF THE MA;)"OR TOXIC POLWI'ANI'S 
FOOND IN COIL cdM'm:; WAS'l'Fl-lATER 

Pollutant Percent Removal By 
Secondary POIW 

1,1,1-Trichloroethane 87 
1,1-Dichloroethane 76 
1,1-Dichloroethylene 80 
1,2-Trans-Dichloroethylene 72 
2, 4-Dimethylphenol' 59 Fluoranthene NA 
Isophorane NA Naphthalene 61 Phenol 96 
Bis ( 2-ethylhexyl) , phthalate 62 
Butyl-benzyl phthalate 59 
Di-n-butylphthalate 48 
Di-n-octyl phtha.late 81 Diethyl phthalate 74 
Dimethyl phthalate 50 
1,2-Benzanthracene NA Benzo (a) pyrene NA 
3,4-Benzofluoranthene NA 
11,12-Benzofluoranthene NA Chrysene NA. 
Acenaphthalene NA 
Anthracene 65 
1,12-Benzoperylene 83 Fluorene 

NA Phenathrene 65 
1,2,5,6-Dibenzanthracene NA 
Indeno (l,2,3~)~ene NA Pyrene 

40 Toluene 90 'l'richloroethylene 85 Cadmium 38 Chromium, hexavalent 18 Chromium, trivalent NA Copper 58 
Cyanide· 52 
Lead 48 Nickel 19 Zinc 65 

NA Not Available 

NOI'E: '!his data compiled from Fate Of Priority Pollutants In 
Publicly <Mned Treatment Works, USEPA, EPA No. 440/1-80-301, 
October 1980. 
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TABLE XII-2 
TREATMENT PERFORMANCE - INDIRECT DISCHARGERS 

STEEL SUBCATEGORY 

PARAMETER RAW WASTE PSES 0 PSES 1 PSES 2 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 
- --

FLOW 1/yr (106) 905.77 905.77 386.07 386.07 

118 CADMIUM 0.91 o.oo 0.91 o.oo 0.91 o.oo 0.91 
119 CHROMIUM 6218.11 6145.65 72.46 6187.22 30.89 6191.09 27.02 
120 COPPER 46.19 o.oo 46.19 o.oo 46.19 o.oo 46.19 

121 CYANIDE 10.87 o.oo 10.87 o.oo 10.87 o.oo 10.87 
122 LEAD 128.62 19.93 108.69 82.29 46.33 97.73 30.89 
124 NICKEL 355.06 o.oo 355.06 135.00 220.06 270.12 84.94 

.p, 
u, 128 ZINC 6872.98 6601.25 271. 73 6757.16 115.82 6784.18 88.80 N 

TOXIC ORG. 1161.20 1126.78 34.42 1146.53 14.67 1146.53 14.67 
IRON 9189.04 8817.67 371.37 9030.75 158.29 9080.94 108.10 

PHOSPHORUS 38833.98 35138.44 3695.54 37258.81 1575.17 37783.87 1050.11 
OIL & GREASE 309456.32 300398.62 9057.70 305595.62 3860.70 305595.62 3860.70 
TSS 138392.60 127523.36 10869.24 133759.76 4632.84 137388.82 1003.78 

TOXIC METALS 13621.87 12766.83 855.04 13161.67 460.20 13343.12 278.75 
CONVENTIONALS 447848.92 427921.98 19926.94 439355.38 8493.54 442984.44 4864.48 
TOTAL TOXICS 14793.94 13893.61 900.33 14308.20 485.74 14489.65 304.29 
TOTAL POLLU. 510665.88 485771.70 24894.18 499953.14 10712.74 504338.90 6326.98 

SLUDGE GEN 3246002.32 3366389.95 3403677.48 



TABLE XI!-3 
TREATMENT PERFORMANCE - INDIRECT DISCHARGERS 

GALVANIZED SUBCATEGORY 

PARAMETER RAW WASTE PSES 0 PSES 1 PSES 2 
Removed Discharged Removed Discharged Removed Discharged kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 

FLOW 1/yr (106} 510.26 510.26 175.17 175.17 
118 CADMIUM 22.96 o.oo 22.96 9.12 13.84 14.38 8.58 119 CHROMIUM 29390.98 29350.16 40.82 29376.97 14.01 29378.72 12.26 120 COPPER 4.59 o.oo 4.59 o.oo 4.59 o.oo 4.59 
121 CYANIDE 41.84 6.12 35.72 29.58 12.26 33.61 8.23 .. 122 LEAD 215.33 154.10 . 61.23 194.3.l 21.02 201.32 14.01 124 NICKEL 201.55 o.oo 201.55 101. 70 99.85 163.01 38.54 

.:i::-
U1 128 ZINC 13006.02 12852.94 153.08 12953.47 52.55 12965.73 40.29 
w 

TOXIC ORG. 60.21 48.98 11.23 56.36 3.85 56.36 3.85 IRON 1443.53 1234.32 209.21 1371. 71 71.82 1394.48 49.05 

PHOSPHORUS 7530.42 5448.56 2081.86 6815.73 714.69 7053.96 476.46 OIL & GREASE 27025.92 21923.32 5102.60 25274.22 1751.70 25274.22 1751. 70 TSS 58195.15 52072.03 6123.12 56093.11 2102.04 577~9.71 455.44 

TOXIC METALS 42841.43 42357.20 "484.23 42635.57 205.86 42723.16 118.27 CONVENTIONALS 85221.07 73995.35 11225.72 81367.33 3853.74 83013.93 2207.14 TOTAL TOXICS 42943.48 42412.30 531.18 42721.51 221.97 42813.13 130.35 TOTAL POLLU. 137138.50 123090.53 14047.97 132276.28 4862.22 134275.50 2863.00 

SLUDGE GEN 950021.55 1029104.61 1046212.99 



TABLE XII-4 
TREATMENT PERFORMANCE - INDIRECT DISCHARGERS 

ALUMINUM SUBCATEGORY 

PARAMETER RAW WASTE PSES 0 PSES 1 PSES 2 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 
..:. 

FLOW 1/yr (106) 2444.90 2444.90 717.55 717.55 

118 CADMIUM 12.22 o.oo 12.22 o.oo 12.22 o.oo 12.22 
119 CHROMIUM 106~53.15 106157.56 195.59 106295.75 57.40 106302.92 50.23 
120 COPPER 105.13 o.oo 105.13 o.oo 105.13 o.oo 105.13 

121 CYANIDE 1388.70 1217.56 171.14 . 1338.47 50.23 1354.98 33.72 
122 LEAD 288.50 o.oo 288.50 202.39 86.11 231.10 57.40 
124 NICKEL 7.33 o.oo 7.33 o.oo 7.33 o.oo 7.33 

.po 
(,J1 128 ZINC 68.46 o.oo 68.46 o.oo 68.46 o.oo 68.46 
.f::., 

TOXIC ORG. 171.14 141.80 29.34 162.53 8.61 162.53 8.61 
ALUMINUM 274347.12 271633.28" 2713.84 273550.64 796.48 273816.13 530.99 

IRON 8430.02 7427.61 1002.41 8135.82 294.20 8229.11 200.91 
PHOSPHORUS 17114.30 7139.11 9975.19 14186.70 2927.60 15162.56 1951.74 
OIL & GREASE 140730.89 116281.89 24449.00 133555.39 7175.50 133555.39 7175.50 

TSS 207532.89 178194.09 29338.80 198922.29 8610.60 205667.26 1865.63 

TOXIC METALS 106834.79 106157.56 677.23 106498.14 336.65 106534.02 300.77 
CONVENTIONALS 348263.78 294475.98 53787.80 332477.68 15786.10 339222.65 9041.13 
TOTAL TOXICS 108394.63 107516.92 877. 71 107999.14 395.49 108051.53 343.10 
TOTAL POLLU. 756549.85 688192.90 68356.95 736349.98 20199.87 744481.98 12067.87 

SLUDGE GEN 10578125.92 11015823.13 11083649.34 



TABLE XII-5 
TREATMENT PERFORMANCE - INDIRECT DISCHARGERS 

TOTAL CATEGORY 

PARAMETER RAW WASTE PSES 0 PSES 1 PSES 2 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 
--

FLOW 1/yr (106) 3860.93 3860.93 1278_. 79 1278.79 

118 CADMIUM 36.09 o.oo 36.09 9.12 26.97 14.38 21. 71 
119 CHROMIUM 141962.24 141653.37 308.87 141859.94 102.30 141872.73 89.51 
120 COPPER 155.91 o.oo 155.91 o.oo 155.91 o.oo 155.91 

121 CYANIDE 1441.41 1223.68 217. 73 1368.05 73.36 1388.59 52.82 
122 LEAD 632.45 174.03 -458.42 478.99 153.46 530.15 102.30 
124 NICKEL 563.94 o.oo -563. 94 236.70 327.24- 433 .13 130~8i 

..;:,. 128 ZINC 19947.46 19454.19 493.27 19710.63 236.83_ 19749.91 197.55 
<J'1 TOXIC ORG. 1392.55 1317.56 74.99 1365.42 U'1 27.13 1365.42 27.13 

ALUMINUM •2,74347.12 271633.28 2713.84 273550.64 796.48 273816.13 530.99 

IRON 19062.59 17479.60 1582.99 18538.28 524.31 18704.53 358.06 
PHOSPHORUS 63478.70 47726.11 15752.59 58261.24 5217.46 60000.39 3478.31 
OIL & GREASE -477213.13 438603.83 38609.30 464425.23 12787.90 464425.23 12787.90 

TSS 404120.64 357789.48 46331.16 388775.16 15345.48 400795.79 3324.85 

TOXIC METALS 163298.09 161281.59 2016.50 162295.38 1002.71 162600.30 697.79 
CONVENTIONALS 881333.77 796393.31 84940.46 853200.39 28133. 38 865221.02 16112. 75 
TOTAL TOXICS 166132.05 163822.83 2309.22 165028.85 1103.20 165354.31 777. 74 
TOTAL POLLU. 1404354.23 1297055.13 107299.10 1368579.40 35774.83 1383096.38 21257.85 

SLUDGE GEN 14774149.79 15411317.69 15533539.81 

,, 



TABLE XII-6 .. 
SUMMARY TABLE 

POLLUTANT REDUCTION BENEFITS 
INDIRECT DISCHARGERS 

RAW WASTE PSES 0 PSES 1 PSES 2 
Removed Discharged Removed Discharged Removed Discharged 

kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr kg/yr 

Steel Subcategory 

TOXIC METALS 13621.87 12766.83 855.04 13161.67 460.20 13343.12 278.75 
CONVENTIONALS 447848.92 427921.98 19926.94 439355.38 8493.54 442984.44 4864.48 
TOTAL TOXICS 14793.94 13893.61 900.33 14308.20 485.74 14489.65 304.29 
TOTAL POLLU. 510665.88 485771.70 24894.18 499953.14 10712.74 504338.90 6326.98 

Galvanized Subcategory 
.i:,. 
c..n 

°' TOXIC METALS 42841.43 42357.20 484.23 42635.57 205.86 42723.16 118.27 
CONVENTIONALS 85221.07 73995.35 11225.72 81367.33 3853.74 83013.93 2207.14 
TOTAL TOXICS 42943.48 42412.30 531.18 42721.51 221.97 42813.13 130.35 
TOTAL POLLU. 137138.50 123090.53 14047.97 132276.28 4862.22 134275.50 2863.00 

Aluminum Subcategory 

TOXIC METALS 106834.79 106157.56 677.23 106498.14 336.65 106534.02 300.77 
CONVENTIONALS 348263.78 294475.98 53787.80 332477.68 15786.10 339222.65 9041.13 
TOTAL TOXICS 108394.63 107516.92 877.71 107999.14 395.49 108051.53 343.10 
TOTAL POLLU. 756549.85 688192.90 68356.95 736349.98 20199.87 744481.98 12067.87 

Total Subcategory 

TOXIC METALS 163298.09 161281.59 2016.50 162295.38 1002.71 162600.30 697.79 
CONVENTIONALS 881333.77 796393.31 84940.46 853200.39 28133.38 865221.02 16112.75 
TOTAL TOXICS 166132.05 163822.83 2309.22 165028.85 1103.20 165354.31 777. 74 
TOTAL POLLU. 1404354.23 1297055.13 107299.10 1368579.40 35774.83 1383096.38 21257.85 



.TABLE XII-7 
PRETREATMENT STANDARDS FOR EXISTING SOURCES 

STE~ SUBCATEGORY 

-------------------~------------~-----------------------------------------------
POLLUTANT OR 
POLLUTANT 
PROPERTY 

I. 

MAXIMUM FOR 
ANY,ONE DAY 

MAXIMUM FOR 
MONTHLY AVERAGE 

--------------------------------~-----------------------------------------------· 

CADMIUM 
*CHROMIUM 

COPPER 
*CYANIDE 

LEAD 
NICKEL 

*ZINC 

POLLUTANT OR 
POLLUTANT 
PROPERTY 

CADMIUM. 
*CHROMIUM 
*COPPER 
*CYANIDE 

LEAD 
NICKEL 

*ZINC· 

"I 

ft 2 ) 2 
( lb/1, 000, 000.· ft2 ) mg/m"' (lb/1,000,000 mg/m 

0.375 {0.077) 0.176 
0.493 (0.101) 0.199 
2.229 . c o .• 457) 1.173 
0.340 (0.070) 0.141 
0.176 (0.036) 0.152 
1.654 (0.339} 1.173 
1.560 (0.32()) 0.657 

TABLE XII-8 
PRETREATMENT STANDARDS FOR EXISTING SOURCES 

GALVANIZED SUBCATEGORY 
:: ... 

(0.036) 
(0.041) 
(0.240} 
(0.029) 
(0.031) 
(0.240} 
(0.135) 

MAXIMUM FOR 
ANY 9NE DAY 

MAXIMUM FOR 
MONTHLY AVERAGE 

mg/m 
2 

(lb/1,000,000 ft 2 } mg/m 
2 

(lb/1,000,000 

0.287 (0.059} 0.134 (0.027) 
0.376 (0.077) 0.152 (0.031) 
1.102 (0.349) 0.896 (0.184) 
0.260 (0.053) 0.10a (0.022) 
0.134 (0.027) 0.116 (0.024) 
1.263 (0.259) 0.896 (0.184} 
1.192 (0~244) 0.502 (0.103) 

* THIS POLLUTANT IS REGULATED AT PROMULGATION 
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POLLUTANT OR 
POLLUTANT 
PROPERTY 

CADMIUM 
*CHROMIUM 

COPPER 
*CYANIDE 

LEAD 
NICKEL 

*ZINC 

POLLUTANT OR 
POLLUTANT 
PROPERTY 

CADMIUM 
*CHROMIUM 

COPPER 
*CYANIDE 

LEAD 
NICKEL 

*ZINC 

TABLE XII-9 
PRETREATMENT STANDARDS FOR EXISTING SOURCES 

ALUMINUM SUBCATEGORY 

2 
mg/m 

0.316 
0.415 
1.875 
0.286 
0.148 
1.392 
1.313 

MAXIMUM FOR 
ANY ONE DAY 

(lb/1,000,000 

(0.065) 
(0.085) 
(0.384) 
(0.059) 
(0.030) 
(0.285) 
(0.269) 

ft2 ) mg/m 
2 

0.148 
0.168 
0.987 
0.118 
0.128 
0.987 
0.553 

TABLE XII-10 
PRETREATMENT STANDARDS FOR NEW SOURCES 

STEEL SUBCATEGORY 

MAXIMUM FOR 
MONTHLY AVERAGE 

(lb/1,000,000 

(0.030) 
(0.034) 
(0.202) 
(0.024) 
(0.026) 
(0.202) 
(0.113) 

MAXIMUM FOR 
ANY ONE DAY 

MAXIMUM FOR 
MONTHLY AVERAGE 

2 
mg/m (lb/1,000,000 ft2

) mg/m 
2 

(lb/1,000,000 

0.063 (0.013) 0~025 (0.005) 
0.111 (0.024) 0~047 (0.010) 
0.404 (0.083) 0.193 (0.040) 
0.063 (0.013) 0.025 (0.005) 
0.032 (0.007) 0.028 (0.006) 
0.174 (0.036) 0.111 (0.024) 
0.322 (0.066) 0.133 (0.027) 

ft2 ) 

ft 2
) 

------------------------------------------------~------------------------------
* THIS POLLUTANT IS REGULATED AT PROMULGATION 
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POLLUTANT OR 
POLLUTANT 
PROPERTY 

CADMIUM 
*CHROMIUM 
*COPPER 
*CYANIDE 

LEAD 
NICKEL 

*ZINC 

TABLE XII-11 
PRETREATMENT. STANDARDS FOR NEW SOURCES 

GALVANIZED SUBCATEGORY 

mg/m 
2 

0.069 
0.127 
0.439 

MAXIMUM FOR 
ANY; ONE DA.Y 

(lb/1,000,000 

(0.014) 
(0.026) 
(0.090) 

0.069 (0.014) 
0.034 (0.007) 
0.189 (0.039) 
0.350 (0.072) 

ft
2

) 

MAXIMUM FOR 
MONTHLY AVERAGE 

mg/m 
2 

(lb/1,000,000 

0.027 (0.006) 
0.051 (0.010) 
0.209 (0.043) 
0.021 (0.006) 
0.031 (0.006) 
0.127 (0.026) 
0.144 (0.029) 

ft
2

) 

----------------------------------------------------------------------.-------.--

POLLUTANT OR 
POLLUTANT 
PROPERTY 

TABLE XII-12 
PRETREATMENT STANDARDS FOR NEW SOURCES 

ALUMINUM SUBCATEGORY 

MAXIMUM FOR 
ANY 'ONE DAY 

MAXIMUM FOR 
MONTHLY AVERAGE 

----~---------------------------------------------------------------------------' 

mg/m 
2 

Clb/1,000,000 ft
2

) mg/m 
2 

(lb/1,000,000 ft
2

) 

CADMIUM 0.095 (0.019) 0.038 (0.008) 
*CHROMIUM 0.176 (0.036) o. 071 (0.015) 

COPPER o.Goa (0.125) 0.290 (0.059) 
*CYANIDE 0.095 (0.019) 0.038 (0.008) 

LEAD 0.048 (0.010) 0.043 (0.009) 
N~CKEL 0.261 (0.053) 0.176 (0.036) 

*ZINC o.485 {0.099) 0.200 (0.041) 

* THIS POLLUTANT IS REGULATED AT PROMULGATION 

. 459 





SECTION XIII 
. ' ' ' ' ' 

BEST CONVENTIONAL POLLUTANl CONTROL TECHNOLOGY 

INTRODUCTION 

The 1977 Amendments added Section 30l(b)(2)(E) to the Act 
establishing "best conventional . pollutant control technology" 
[BCT] for discharges of conventional pollutants from existing 
industrial point sources. Conventional pollutants are those 
defined in Section 304(a)(4} [biological oxygen demanding 
pollutants (BOD%), total suspended solifs (TSS), fecal coliform, 
and· pH], and any addittional pollutants defined by the 
Adm.inistrator as "conventional" [oil and grease, 44 FR 44501, 
July 30, 1979]. 
BCT is not an additional limitation but replaces BAT for the 
control of conventional pollutants. In addition to other factors 
specified in section 304(b)(4)(B), the Act requies that BCT 
limitations be assessed in light of a two part 
"cost-reasonableness" test.. American Paper Institute v. EPA, 660 
F. 2d 954 ( 4th Cir. 1981) .: The first test compares the cost for, 
private industry.to reduce ·its conventional pollutants with the 
costs to publicly owned, treatment works for similar levels of 
redu~tion in their discharge of these pollutants. The second 
test examines the cost-effectiveness of additional industrial 
treatment beyond BPT.· EPA must find that limitations are 
."reasonable" under both tests before establishing them as BCT. 
In no ca~e may BCT be less :stringent than BPT. · 

'""' " 

EPA first published its methodology for carrying out the BCT 
analysis on August 29, 1979 (44 FR 50732). In the case mentioned 
above, the Court of Appeals ordered EPA to correct data errors 
underlying .EPA's claculation of the first test, and to apply the 
second cost test. (EPA had argued that a second cost test was 
not· required.) 

EPA has determined that the BAT technology is capable of removing 
significant amounts of conventional pollutants. However, EPA has 
not yet promulgated a revised BCT methodology in response.to the 
American Paper Institute v. EPA decision mentioned earlier. EPA 
is deferring a decision on the appropriate BCT limitations. 
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SECTION XVI 

GLOSSARY·· 

Accumulation In reference to biological systems, is the 
concentration which collects in a tissue or organism which 
does not disappear with time. 

Accumulator or Looper - A series of fixed and movable rolls which 
serves as a reservoir of basis material in a continuous 
coating line. Their purpose is to provide enough basis 
material to avoid shutting down the line when attaching a 
new roll or removing a completed one. 

Acidity - The quantitative capacity of· aqueous media to react 
with hydroxyl ions. 

Acidulated Rinse - See Sealing Rinse 

Act The Federal Water Pollution Control Act (P.L. 92-500) as 
amended by the Clean Water Act of 1977. (P.L. 95-217). 

Activator - A material that enhances the chemical or physical 
change on the ·coated coil surface. 

Adsorption - The adhesion of an extremely thin layer of molecules 
of a gas or liquid to the surface of the solid or liquid 
with ·which they are in ·contact. 

Agency - The U.S. Environmental Protection Agency. 

Air Drying - A process whereby the coil is dried by air before 
proceeding to the next process step. 

Air Knife A device with air jets to permit the use of hot or 
ambient air to control dragout and temperature 

Algicide - Chemical used in the control of phytoplankton (algae) 
in water. 

Alkaline Cleaning - A process where mineral deposits, animal fats 
and oils are removed from the bare metal surface of a coil. 
Solutions containing caustic soda, soda ash, alkaline 
silicates, alkaline phosphates and ionic and nonionic 
detergents are commonly.used. 

Alkalinity - The quantitative capacity of aqueous media to react 
with hydrogen ions. 
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Aluminum Basis Material Means aluminum, aluminum alloys and 
aluminum coated steels which are processed in coil coating. 

Anionic Surfactant - An ionic type of surface-active substance 
that has been widely used in cleaning products. The hydro
philic group of these surfactants carrtes a negative charge 
in the washing solution. 

Anodizing An electrochemical process of controlled aluminum 
oxidation producing a hard, transparent oxide up to several 
mils in thickness. 

Applicator Roll The roll in a roll coater which applies the 
paint, conversion coat, or other liquid to a moving strip of 
metal. 

Area Processed - See Processed Area. 

Backwashing - The process of cleaning a filter or ion exchange 
column by reversing the flow of water. 

Baffles Deflector vanes, guides, grids, gratings, or similar 
devices constructed or placed in flowing water or sewage to 
(1) check or effect a more uniform distribution of 
velocities; (2) absorb energy; (3) divert, guide, or agitate 
the liquids; or (4) check eddy currents. 

Baking - A ·drying or curing process carried out in an enclosure 
where the temperature is maintained in excess of 1500c. 

Basis Material or Metal - That substance of which the workpieces 
are made and that receives the coating and the treatments in 
preparation of coating. 

BAT - The best available technology economically achievable under 
Section 304(b)(2)(B) of the Act 

BCT - The best conventional pollutant contrql technology, under 
Section 304(b)(4) of the Act · 

BOT The best available demonstrated control technology 
processes, operating methods, or other alternatives, including 
where practicable, a standard permitting no discharge of 
pollutants under Section 306(a)(l) of the Act. 

Biochemical Oxygen Demand (BOD) - (1) The quantity of oxygen 
required for the biological and chemical oxidation of 
waterborne substances under conditions of test used in the 
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biochemical oxidation of organic matter in a specified time, 
at a specified temperature, and under specified conditions. 
(2) Standard test used in assessing wastewater strength. 

Biodegradable - The part of organic matter which can be oxidized 
by bioprocesses, e.g., biodegradable detergents, food 
wastes, animal manure, etc. 

Biological Wastewater Treatment - Forms of wastewater treatment 
in which bacteria or biochemi~al action is intensified to 
stabilize, oxidize, and nitriiy.ihe unitable organic matter 
present. 

BMP - Best management pr~ctices under Section 304(e) of the Act 

BPT - The best practicable control technology currently available 
under Section 304(b)(l) of the Act. 

Buffer Any of certain combinations of chemicals used to 
stabilize the pH values or alkalinities of sol.utions. 

Cake - The material resulting from drying or dewatering sludge. 

Calibration - The determination, checking, or rectifying of the 
graduation of any instfument , giving quantitative 
measurements. 

Captive Operation - A manufacturing operation carried out in a 
facility to support other manufacturing, fabrication, or 
assembly operations. 

Carcinogenic - Referring to the ability of a substance to produce 
or incite cancer~ 

Central Treatment Facility I Treatment plant which co-treats 
process wastewaters from more than one manufacturing 
operation or cotreats process wastewaters with noncontact 
cooling water, or with non-process wastewaters. laneous 
runoff, etc.). 

Chemical Coagulation The destabilization and initial 
aggregation of colloidal and finely divided suspended matter 
by the addition of a floe-forming chemical~ The amount of 
oxygen expressed in parts per million consumed under 
specific conditions in the oxidation of the organic and 
oxidizable inorganic matter contained in an industrial 
wastewater corrected for the .influence of chlorides. 
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Chemical Oxygen Demand (COD) - (1) A test based on the fact that 
all organic compounds, with few excepti.ons, can be oxidized 
to carbon dioxide and water by the action of strong 
oxidizing agents under acid conditions. Organic matter is 
converted to carbon dioxide and water regardless of the 
biological assimilability of the substances. One of the 
chief limitations is its ability to ~ifferentiate between 
biologically oxidizable' and biologically inert organic 
matter. The major advantage of this test is the short time 
required for evaluation (2 hrs). (2) The amount of oxygen 
required for the chemical oxidation of prganics in a liquid. 

Chemcial Oxidation - A wastewater treatment in which a pollutant 
is oxidized. 

Chemical Precipitation - Precipitation induced by addition of 
chemicals. 

I 

Chlorination - The application of chlorine to water or wastewater 
generally for the purpose of disinfection, but frequently 
for accomplishing other biological or chemical results. 

Chromate Conversion Coati...!19. - A process whereby an aqueous 
acidified chromate solution consisting mostly of chromic 
acid and water soluble salts of chromic acid together with 
various catalysts or activators (such as cyanide) is applied 
to the coil. 

Chromium Process Controller A device :used to maintain a 
desirable and constant hexavalent chromlum concentration. 

' I 

Clarification - The removal of suspended solids from wastewater. 

Cleaning - The process of removing contaminants from the surface 
of a coil. 

Clean Water Act The Federal Water Pollution 
Amendments'o'f 1972 (33 u.s.c. 1251 et seq.), as 
the Clean Water Act of 1977 (Public Law:95-211) 

Control Act 
amended by 

~ Means a strip of basis material rolled into a roll for 
handling. 

Coil Coating~ A process of applying a protective coating to a 
----- coil which involves at least two of the following 

operations: cleaning, conversion coating, and painting. 

476 



Colloids - A finely divided: dispersion of one material called the 
"dispersed phase" (sofid) in another material which is 
called the "dispersi6n medium" (liquid). Normally 
negatively charged. 

Compatible Pollutant - A specific substance in a waste stream 
which alone can create a potential pollution problem, yet is 
used to the advantage of a certain treatment process when 
combined with other wastes. 

Composite - A combination of individual samples of water or 
wastewater taken at selected intervals and streams and mixed 
in proportion to flow or time to minimize the effect of the 
variability of an individual sample. 

Concentration Factor - Refers to the· biological concentration 
factor which is the· ratio of the concentration within the 
tissue or organism to the concentration outside the tissue 
or organism. 

Concentration, Hydrogen Ion The weight of hydro~en ions in 
grams per liter of solution. Commonly expressed as the pH 
value that represents the logarithm of the reciprocal of the 
hydrogen ion concentration. 

Contamination A general term signifying the introduction of 
microorganisms, chemicals, wastes or sewage which renders 
the m~terial or solution unfit for its intended use. 

Contractor Removal The disposal of oils, spent solutions, or 
sludge by means of a scavenger service. 

Conversion Coating The process of applying a chromate, 
phosphate, complex oxide or other similar protective coating 
to a coil. 

Cooling Tower - A device used to cool water used in the manufac
turing processes before returning the water for reuse. 

Curing - A process which follows coating and uses heat to 
evaporate solvents .aod prepare the coil for further 
processing or recoiling. 

Degreasing - The process of re~oving grease and oil from the sur
face of the coil. 

Dewatering - A process whereby water is removed from sludge. 
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Direct Discharger - A facility which discharges or may discharge 
pollutants into waters of the United States. 

Dissolved Solids Theoretically the anhydrous residues of the 
dissolved constituents in water. Actually the term is 
defined by the method used in determination. In water and 
wastewater treatment, the Standard Methods tests are used. 

Dragout - The solution that adheres to the coil and is carried 
past the edge of the treatment tank. 

Drying Beds - Areas for dewatering of sludge by evaporation and 
seepage. 

Dump - The discharge of process waters not usually discharged for 
maintenance, depletion of chemicals, etc. 

Effluent - The wastewaters which are discharged to surface 
w~ters. 

Emergency Procedures - The various special procedures necessary 
to protect the environment from wastewater treatment plant 
failures due to power outages, chemical spills, equipment 
failures, major storms and floods, etc. 

Emulsion Breaking - Decreasing the stability of dispersion of one 
liquid in another. 

End-of-Pipe Treatment The reduction 
pollutants by chemical treatment 
discharge. 

and/or removal of 
just prior to actual 

Equalization - The process whereby waste streams from different 
sources varying in pH, chemical consitutents, and flow rates 
are collected in a common container. The effluent stream 
from this equalization tank will have a fairly constant flow 
and p~ level, and will contain a homogeneous chemical 
mixture. 

Feeder, Chemical - A mechanical device for applying chemicals to 
water and sewage at a rate controlled manually or auto
matically by the rate of flow. 

Float Gauge - A device fc,r measuring the elevation of the surface 
of a liquid, the actuating element of which is a buoyant 
float that rests on the surface of the liquid and rises or 
falls with it. The elevation of the surface is measured by 
a chain or tape attached to the float. 
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Floe - A very fine, fluffy mass formed by the aggregation of fine 
~~ suspended particles. 

Flocculator - An apparatus designed for the formation of floe in 
water or sewage. 

Flocculation - In water and wastewater treatment, the agglomera
tion of colloidal and finely divided suspended matter after 
coagulation by gentle stirring by. either mechanical or 
hydraulic means. In biological wastewater treatment where 
coagulation is not used, agglomeration may be accomplished 
biologically. 

Flow-Proportioned Sample - A sampled stream whose pollutants are 
apportioned to contributing streams in proportion to the 
flow rates of the contributing streams. 

Galvanized Basis Material - Means zinc coated steel, galvanized, 
brass and other copper base strip which is processed in coil 
coating. 

Grab Sampl~ - A single sample of wastewater taken at neither set 
time nor flow. 

Grease - In wastewater, a group of substances including fats, 
waxes, free fatty acids, calcium and magnesium soaps, 
mineral oil, and certain other nonfatty materials. The type 
of solvent and method used for extraction should be stated 
for quantification. 

Hardness A characteristic of· water, imparted by salts of cal-
cium, magnesium, and iron such as bicarbonates, carbonatesj 
sulfates, chlorides, and nitrates that cause curdling of 
soap, deposition of scale in boilers, damage in some 
industrial processes, and sometimes objectionable taste. It 
may be determined by a standard laboratory 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. 

Heavy Metals - A general name given to the ions of metallic ele
ments such as copper, zinc, chromium, and nickel. 

Holding Tank - A reservoir to·contain preparation materials so as 
to be ready for immediate service. 

Indirect Discharger A facility which introduces or may 
introduce ~ollutants into a publicly owned treatment works. 
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Industrial Wastes - The liquid wastes used directly or indirectly 
in industrial processes as distinct from domestic or 
sanitary wastes. 

In-Process Control Technology - The regulation and conservation 
of chemicals and rinse water throughout the operations as 
opposed to end-of-pipe treatmen~. 

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. 

Lagoon - A manpmade pond or laJce for holding wastewater .for the 
removal of suspended solids. Lagoons are also used as 
retention ponds. 

Laminator - A_y,_nit which may be included in a coil line to permit 
the fas~ening of a film by an adhesive process or a 
thermoplastic process.with or without heat. 

Landfill - An approved site for dumping of ·waste solids. 

Lime Any of a family of chemicals consisting essentially of 
calcium hydroxide made from limestone (calcite). 

Limiting Orifice - A device that limits flow by constriction to a 
relatively small area. A constant flow can be obtained over 
a wide range of upstream pressures. 

Make-Up Water - Total amount of water used by process. 
! 

Milligrams Per Liter (mg/1) - This is a weight per volume desig
nation used in water and wastew~ter analysis. 

Mutagenic Referring to the ability of a substance to increase 
the frequency or extent of mutation.: 

National Pollutant Discharge Elimination System (NPDES) The 
federal mechanism for regulating discharge to surface waters 
by means of permits. A Nation~! Pollutant Discharge 
Elimination System permit issued under Section 402 of the 
Act. 

' 
Neutralization Chemical addition of either acid or base to a 

solution such that the pH is adjusted to approximately 7. 
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Noncontact Cooling Water - Water used for cooling which does not 
come into direct conta~t with, ~ny raw material, intermediate 
product, waste product or finished product. 

Nonionic Surfactant - A general family of surfactants so called 
because in solution the entire molecule remains associated. 
Nonionic molecules orient themselves at surfaces not by an 
electrical charge, but through separate grease-solubilizing 
and water-soluble groups within the molecule. 

NPDES - National Pollutant Discharge Elimination System. 

NSPS - New source performance_ standards under Section 306 of the 
Act. 

Orthophosph~te - An acid or salt containing phosphours as PO!, 

Outf~ll The point or location where sewage or drainage 
discharges from a sewer, drain, or conduit. 

Paint - A liquid composition of plastic resins, pigments and sol
vents which is converted to a solid film after application 
as a thin layer by a drying or heat curing process step. 

Painted Area - (Expressed in terms of square meters}. The 
dimensional area that receives an enameJ; plastic, vinyl, or 
laminated coating. 

Parshall Flume A calibrated device developed by Parshall for 
measuring the flow of liquid in an open conduit. It 
consists essentially of a contracting length, a throat, and 
an expanding length. At the throat is a sill over which the 
flow passes as critical depth. The upper and lower heads 
are each measured at a definite distance from the sill. The 
lower head cannot be measured unless the sill is submerged 
more than about 67 percent. 

P!! - The negative of the logarithm of the hydrogen ion concen
tration. 

P!! Adjust - A means of.mafntafning the optimum pH through the use 
of chemical additives. 

Phosphate Coating The process of forming a conversion coat 
usually on steel by immersing or spraying a hot solution _of 
iron or zin~ phosphate~ 
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Pick Ql2 Roll A roll which revolves within a pan and is 
partially submerged in the liquid being applied and 
transfers it to the transfer or applicary roll. 

Pollutant The term "pollutant" means dredged spoil, solid 
wastes, incinerator residue, sewage, garbage, sewage sludge, 
munitions, chemical wastes, biological materials, 
radioactive materials, heat, wrecked or discarded equipment, 
rock, sand, cellar dirt and industrial, municipal and 
agricultural waste discharged into water. 

Pollutant Parameters - The characteristics or constituents of a 
waste stream which may alter the chemical, physical, 
biological, radiological integrity of water. 

Polyelectrolytes - Used as a coagulant or a coagulant aid in 
water and wastewater treatment. They are synthetic or 
natural polymers containing ionic constituents. They may be 
cationic, anionic, or nonionic. 

POTW - Publicly Owned Treatment Works. 

Prechlorination - (1) Chlorination of water prior to filtration. 
(2) Chlorination of sewage prior to treatment. 

Precipitate, - The solid particles formed from a liquid solution 
due to the saturation of the solid in the solution having 
been achieved. 

Precipitation, Chemical 
chemicals. 

Precipitation induced by addition of 

Pretreatment - Any wastewater treatment process used to reduce 
pollution .load partially before the wastewater is introduced 
into a main sewer system or delivered to a treatment plant 
for substantial reduction of the pollution load. 

Printing - The technique of rolling a design on a painted strip. 

Priority Pollutant - The 129 specific pollutants established by 
the EPA from the 65 pollutants and classes of pollutants as 
outlined in the consent decree of June 8, 1976. 

Processed Area - (Expressed in terms of square meters). The area 
of the coil actually processed. Both sides of the coil are 
included. 

Process Water Any water which during manufacturing or 
processing, comes into direct contact with or results from 
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the production or use of any raw materials, interm~diqte 
product, finished product, by-product, or waste product .. 

Production Area - The area of one side of the coil. 

PSES - Pretreatment standards for existing sources of indirect 
~~ discharges under Section 307(b) of the Act. 

Publicly Owned Treatment Works 
serving a municipality. 

A central treatment works 

Raw Wastewater - Plant water prior to any treatment or use. 

RCRA - Resource conservation and Recovery Act (PL 94-580) of 
~~ 1976, Amendments to Solid Waste Disposal Act. 

Recirculated Water - Process water which is returned as process 
water in the same or in a different process step. 

Recoiler - Apparatus to recoil the strip after it is processed. 

Rectangular Weir - A weir having a notch that is rectangular in 
shape. 

Recycled Water Process water which is returned to the same 
process after treatment. 

Reduction Practices - (1) Wastewater reduction practices qan mein 
the reduction of water use to lower the volume of wastewater 
requiring treatment and (2) the use of chemical reduction to 
lower the valance state of a specific wastewater pollutant. 

Reduction The opposite of oxidation treatment wherein a 
reductant (chemical) is used to lower the valence state of a 
pollutant to a less toxic form e.g., the use of S02 to 
"reduce" hexavalent chromium to trivalent chromium in- an 
acidic solution. 

Retention Time - The retention time is equal to the volume of a 
tank divided by the flow rate of liquids into or out of the 
tank. 

Reverse Roll Coating - Coating with the coating roll revolving in 
a direction opposite to that of the strip. 

Rinse Water for removal of dragout by dipping, spraying, 
fogging, etc. 

Roll Coatir19. A coat to a coil using rollers. 
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Sanitary Sewer - A sewer that 
residences, commercial 
institutions together 
storm, and surface 
intentionally. 

carries water or wastewater from 
buildings, industrial plants, and 

with minor quantities of ground, 
waters that are not admitted 

Sealing Rinse - The final rinse in the conversion coating process 
which contains a slight concentration of chromic acid. 

! 

Secondary Waste Water Treatment - The treatment of wastewater by 
biological methods after primary treatment by sedimentation. 

Sedimentation - Settling by gravity of matter suspended in water. 

Settleable Solids - (l) 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. (2) In the Imhoff cone test, the volume of mat
ter that settles to the bottom of the cone in one hour. 

I 

Skimmer - A device t6 remov~ floating matter from wastewaters. 

Sludge - The solids (and accompanying water and organic matter) 
which are separated from sewage or industrial wastewater. 

Sludge Dewatering A process used to increase the solids 
concentration of sludge. 

Sludge Disposal - The final disposal of solid wastes. 

Solvent A liquid capable of dissolving or dispersing one or 
more other substances. 

Spills - A chemical or material spill is an unintentional dis
charge of. more than 10 percent of the daily usage of a 
regularly used substance. In the case of a rarely used (one 
per year or less) chemical or substance, a spill is that 
amount that would result in 10% added lpading to the normal 
air, water or solids waste loadings measured· as the closest 
equivalent pollutant. 

Squeegee - Device used between stages to wipe off excess material 
applied to the coil to reduce dragout from one process tank 
to following process tanks. 

Steel ~asis Material - Means cold rolled steel, hot rolled steel, 
and chrome, nickel and tin coated steel which are processed. 

484 



Stitch~r-- A ~~chine used to join· rolls -together to f6rm a 
continuous strip for coating. 

"' -- "' • ., • ·~ ··- •. <" -, ,,, ,, ,. '" .-·:-· --,-~·· 

Suspended. Sol ids ( 1} ··-Sol ids that ei-ther float ·on the surf ace 
Qf, or are in suspension in water, .wastewater, or other. 
1iquids, and which·· are. la~gely · removable by laboratory 
filtering. (2) The quantity.---·of· __ material .·removed .from_ 
wastewater in a laboratory test, as prescribed in ~standard 
Methods for the Examination of Water and Waste -Water" and 
r_eferr:ed to ;as non-filte,rable -r~$idue. 

Teratogenic Referring. to the ability of a substance,to form 
developmental malformations and monstrosities~ 

. - . "" ~ _. ~ ·":..;. .. \·. - -
•, T. • • -:-:," - ;; • • ' ~-= 0 ,;- : •' 

Top Coat -:· The final applied coating,, usually- a clear organic 
-f.ilm appl.ie(i over a two coat,·. two: co,lor .. printed pat-tern sys-
tem. such as ·wood graining. · 

·. I, • 

··.:,. 

Total. Cyanide The total content of:' cyanid·e- including simple 
and/or complex ions:.· In analytical terminology, -- total 
cyanide is the sum of cyanide amenable- -to chlorination and. 
that which is not according to standard analytic~! method_s. 

Total Solids - The total amount of solids. in a wastewater in 
solution and suspens~on. 

Toxicity Referring to .the ability of a substance to cause in-
jury to an organism _through chemical activity. 

Transfer Roll - The roll between the pick-up and_applic~tor roll 
which transfers the liquid to the applicator roll. 

Treatment Facility Effluent - Treated process wastewat~r before 
discharge. 

Turbidity - ( 1} A condi tio·n in water or. wastewater caused by the 
presence of suspended matter, resulting in the scattering 
and absorption of light rays. (2) A measure of fine. 
suspended matter in' liquids. (3) An analytical, quantity 
usually reported in arbitrary turbidity units determined by 
measurements of light diffraction. 

Uncoiler An apparatus at the beginning of the line to pay off 
the strip and control tension. 

Viscosity - That property of·a liquid paint or coating material. 
· which describes its ability to resist flow or mixing. Paint 
viscosity is controlled by solvent additions and its control 
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is essential to effective roller-coater o~eration and 
uniform dry films thickness. 

Water Balance - An accounting of all water entering and leaving a 
unit process or operation in either a liquid or vapor form 
or via raw material, intermediate product, finished product, 
by-product, waste product, or via process leaks, so that the 
difference in flow between all entering and leaving streams 
is zero. 

Water Use - The quantity of process water used in processing a 
specified area of coil (expressed as 1/sq m of processed 
area). 

- (1) A diversion dam. (2) A device that has a crest and 
some containment of known geometric shape,. such as a V, 
trapezoid, or rectanglt~ and is used to measure flow of 
liquid. The liquid surface is exposed to the atmosphere. 
Flow is related to upstream height of water above the crest, 
to position of crest with respect to downstream water 
surface, and to geom~try of the weir opening. 
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METRIC UN ITS 

CONVERSION TABLE 

MULTIPLY. (ENGLISH UNITS) by 

ENGLISH UNIT ABBREVIATION CONVERSION 

· acre ac 0.405 
acre - feet ac ft 1233.5 
British Therma 1 

Unit BTU 0.252 
British Thermal 

Unit/pound BTU/1 b 0.555 
cubic feet/minute cfm 0.028 
cubic feet/second cfs ,. 7 
cubic feet cu ft 0.028 
cubic feet cu ft 28.32 
cubic inches cu in 16.39 
degree Fahrenheit [F 0.555([F-32)* feet ft 0.3048 
gallon gal 3.785 
gallon/minute gpm 0.0631 
horsepower hp 0.7457 
inches in 2.54 
inches of mercury in Hg 0.03342 
pounds lb 0.454 
million gallons/day. mgd 3,785 
mile mi 1.609 
pound/square 

inch ( gauge) . psig (0~06805 psig +l)* 
square feet sq ft 0.0929 
square inches sq in 6.452 
ton (short) ton 0.907 
yard yd . 0.9144 

* Actual conversion, not a multiplier 
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TO OBTAIN (METRIC UNITS) 

ABBREVIATION METRIC UNIT 

ha hectares 
cu m cubic meters 

kg cal kilogram - calories 

kg cal/kg kilogram calories/kilogra 
cu m/min cubic meters/minute 
cu m/min cueic meters/minute 
cum cubic meters 
1 liters 
cu cm cubic centimeters 
[C degree Centigrade 
m meters 
l liters 
1/sec 1 iters/second 
kw k i 11 owatts 
cm centimeters · 
atm atmospheres 
kg k i 1 ograms 
cum/day cubic meters/day 
km kilometer 

atm atmospheres (absolute) 
sq m square meters 
sq cm square centimeters 
kkg metric ton (1000 kilogra~ 
m meter 


	Cover
	Contents
	Tables
	Figures

	1. Summary & Conclusions
	2. Recommendations
	3. Introduction
	4. Industry Subcategorization
	5. Water Use & Wastewater Characterization
	6. Selection of Pollutant Parameters
	7. Control & Treatment Technology
	8. Cost of Wastewater Control & Treatment
	9. BPT
	10. BAT
	11. NSPS
	12. Pretreatment
	13. BCT
	14. Acknowledgements
	15. References
	16. Glossary



