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ABSTRACT 

This document presents the findings of an extensive study of the 
animal feed, breakfast cereal, and wheat starch segments of the
grain milling industry by the Environmental Protection Agency for 
the purpose of developing effluent limitations guidelines and 
Federal standards of performance for the industry, to implement 
Sections 304 and 306 of the "Act". 

Effluent limitations guidelines contained in this document set forth 
the degree of effluent reduction attainable through the application 
of the best practicable control technology currently available and 
the degree of effluent reduction attainable through the application 
of the best available technology economically achievable which must 
be achieved by existing point sources by July 1, 1977 and July 1, 
1983, respectively. The standards of performance for new sources 
contained herein set forth the degree of effluent reduction that is 
achievable through the application of the best available 
demonstrated control technology, processes, operating methods, or 
other alternatives. 

Separate effluent limitations guidelines are described for the 
following subcategories of the grain milling point source category: 
animal feed manufacturing, hot cereal manufacturing, ready-to-eat 
cereal manufacturing, and wheat starch and gluten manufacturing. 
Treatment technologies are recommended for the two subcategories 
with allowable discharges: ready-to-eat cereal manufacturing and 
wheat starch and gluten manufacturing. These technologies are 
generally similar, and may include equalization and biological 
treatment followed by secondary clarification. In order to attain 
the 1983 limitations, additional solids removal techniques will be 
required. The standards of performance for new sources in the 
ready-to-eat cereal category are the same as the 1983 limitations, 
while the standards of performance for the wheat starch subcategory 
lie between the 1977 and 1983 effluent limitations guidelines, 
reflecting the difficulty in treating the high strength waste waters 
involved. 

The cost of achieving these limitations are described. For a 
medium-sized ready-to-eat cereal plant with production of 226,800 
kg/day (500,000 lbs/day), the investment cost for the entire 
treatment system to meet the 1977 limitations is estimated to be 
$812,000. An additional $64,000 will be required to meet the 1983 
standards. Investment costs for a typical wheat starch plant with a 
capacity of 45,400 kg/day (100,000 lbs/day) are $964,000 for 1977 
and $996,000 for 1983. 
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SECTION I 

CONCLUSIONS 

The segment of the grain milling industry that is covered in this 
document (Phase II) includes three industry subgroups: animal feed 
manufacturing (SIC Code 2048), breakfast cereal manufacturing (SIC 
Code 2043), and wheat starch manufacturing (part of SIC Code 2046). 
These industries have been classified into four subcategories based 
on products manufactured. Available information on factors such as 
age and size of plant, production methods, . and waste control 
technologies does not provide a sufficient basis for further 
subcategorization. 

The subcategories covered in this segment of the grain milling 
industry are as follows: 

1. Animal feed manufacturing. 

2. Hot cereal manufacturing. 

3. Ready-to-eat cereal manufacturing. 

4. Wheat starch and gluten manufacturing. 
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SECTION II 

RECOMMENDATIONS 

The recommended effluent limitations for the waste water parameters 
of significance are summarized below for the subcategories of the 
grain milling industry covered in this document. These values 
represent the maximum average allowable loading for any 30 con
secutive calendar days. Excursions above these levels should be 
permitted with a maximum daily average of 3.0 times the average 30-
day values listed below. The effluent limitations are expressed in 
weight of pollutant per weight of raw material (wheat flour) for the 
wheat starch and gluten subcategory and per weight of finished 
product of the ready-to-eat cereal subcategory. The effluent 
limitation of no discharge of process waste water pollutants to 
navigable waters for the animal feed and hot cereal manufacturing 
subcategory makes quantitative expression of limits unnecessary. 

The effluent limitations to be achieved with the best practicable 
control technology currently available are as follows: 

Animal feed 

BOD
kg/kkg(lbs/1000 lbs) 

Suspended Solids 
kg/kkg(lbs/1000 lbs) 

manufacturing No discharge of process waste water pollutants 
Hot cereal 

manufacturing No discharge of process waste water pollutants 
Ready-to-eat cereal 

manufacturing 0.40 0.04 6-9 
Wheat starch and 

gluten manufacturing 2.0 2.0 6-9 

Using the best available control technology economically achievable, 
the effluent limitations are: 

Animal feed 

BOD 
kg/kkg(lbs/1000 lbs) 

Suspended Solids 
kg/kkg(lbs/1000 lbs) 

manufacturing No discharge of process waste water pollutants 
Hot cereal 

manufacturing No discharge of process waste water pollutants 
Ready-to-eat cereal 

manufacturing 0.20 0.15 6-9 
Wheat starch and 

gluten manufacturing 0.50 0.40 6-9 
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The recanmended new source performance standards are as follows: 

Animal feed 

BOD 
kg/kkg(lbs/1000 lbs

manufacturing No discharge of process waste water pollutants 
Hot cereal 

manufacturing No discharge of process waste water pollutants 
Ready-to-eat cereal 

manufacturing 0.20 0.15 6-9 
Wheat starch and 

gluten manufacturing 1.0 1.0 6-9 

4 



6-9 

6-9 

I. 

I 
I 

PURPOSE AND AUTHORITY! 
I 

SECTION III 

INTRODUCTION 

section 301 (b) of the Act requires the ac.hievement by not later than 
July 1, 1977, of effluent limitations for point sources, other than 
publicly owned treatment works, which are based on the application 
of the best practicable control technology currently available as 
defined by the AdminfLStrator pursuant to section 304(b) of the Act.· 
section 30l(b) also requires the achievement by not later than July 
1, 1983, of effluent limitations for point sources, other than 
publicly owned treatment works, which are based on the application 
of the best available technology economically achievable which will 
result in reasonable further progress toward the national goal of 
eliminating the discharge of all pollutants, as determined in 
accordance with regulations issued by the Administrator pursuant to 
section 304(b) of the Act. Section 306 of the Act requires the 
achievement by new sources of a Federal standard of performance 
providing for the control of· the discharge of pollutants which 
reflects the greatest degree of effluent reduction which the 
Administrator determines to be achievable through the application of 
the best available; demonstrated ·control technology, processes, 
operating methods, or other alternatives, including, where 
practicable, a standard permitting no discharge of pollutants. 

' ' 

I 

section 304(b) of the Act requires the Administrator to publish 
within one year of enactment' of the Act, regulations providing 
guidelines for efflhent limitations setting forth the degree of 
effluent reduction atl1=,ainable through the application•'· of the best 
practicable control technology currently available and the degree of 
effluent reduction attainable through the application of the best 
control measures and practices achievable including treatment 
techniques, process and procedure innovations, operating methods,and 
other alternatives. i The regulations proposed herein set forth 
effluent limitations guidelines pursuant to Section. 304(b) of the 
Act for a portion of the grain milling point source-category. 

Section 306 of the Act requires the Administrator, within.one year 
after a category of sources is included in a list published pursuant 
to Section 306(b) (1) (A) of the Act, to propose regulations 
establishing Federal standards of performance for new sources within 
such categories. The Administrator published in the Federal 
Register of January 1 16, 1973 (38 F. R. 1624) , a list of 27 source 
categories. Publication of the list constituted announcement of the 
Administrator•s intention of establishing, under  section 306, 
standards of performance applicable to new sources within the grain 
milling point source category, which was included within the list 
published January 16, 1973. 

5 
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SUMMARY OF METHODS USED FOR DEVELOPMENT OF THE EFFLUENT LIMITATIONS 
GUIDELINES AND NEW SOURCE PERFORMANCE STANDARDS 

The effluent limitations guidelines and standards of performance 
proposed herein were developed in the following manner. The point 
source category was first categorized for the purpose of determining 
whether separate limitations and standards are appropriate for 
different segments within a point source category. such 
subcategorization was based upon raw material used, product 
produced, manufacturing process employed, and other factors. The 
raw waste characteristics for each subcategory were then identified. 
This included an analysis of (l) the source and volume of water used 
in the process employed and the sources of waste and waste waters in 
the plant; and (2) the constituents (including thermal) of all waste 
waters including toxic constituents and other constituents which 
result in taste, odor, and color in water or aquatic organisms. The 
constituents of waste waters that should be subject to effluent 
limitations guidelines and standards of performance were identified. 

The full range of control and treatment technologies existing within 
each subcategory was identified. This included an identification of 
each distinct control and treatment technology, including both 
inplant and end-of-process technologies, which are existent or 
capable of being designed for each subcategory. It also included an 
identification in terms of the amount of constituents (including 
thermal) and the chemical, physical, and biological characteristics 
of pollutants, and of the effluent level resulting from the 
application of each of the treatment and control technologies. The 
problems, limitations and reliability of each treatment and control 
technology and the required implementation time was also identified. 
In addition, the non-water quality environmental impacts, such as 
the effects of the application of such technologies upon other 
pollution problems, including air, solid waste, noise and radiation 
were also identified. The energy requirements of each of the con
trol and treatment technologies were identified as well as the cost 
of the application of such technologies. 

The information, as outlined above, was then evaluated in order to 
determine what levels of technology constituted the "best 
practicable control technology currently available," "best available 
technology economically achievable," and the "best available 
demonstrated control technology, processes, operating methods, or 
other alternatives." In identifying such technologies, various 
factors were considered. These included the total cost of 
application of technology in relation to the effluent reduction 
benefits to be achieved from such application, the age of equipment 
and facilities involved, the process employed, the engineering 
aspects of the application of various types of control techniques, 
process changes, non-water quality environmental impact (including 
energy requirements), and other factors. 
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SOURCES OF DATA 

The data utilized in preparing the proposed effluent limitations 
guidelines for animal feed, breakfast cereal, and wheat starch 
manufacturing were derived from a number of sources. These sources 
included published literature, previous EPA technical publications 
on the industries, a voluntary information retrieval form 
distributed to the American Feed Manufacturers Association, Cereal 
Institute and individual manufacturers, information contained in 
u.s. Army Corps of Engineers discharge permit applications, 
industrial waste sampling data from several municipalities, and on
site visits, interviews, and sampling programs at selected 
manufacturing plants throughout the United States. A more detailed 
explanation of the data sources is given below. All references used 
in developing the guidelines for effluent limitations and standards 
of performance for new sources reported herein are included in 
Section XIII of this document. 

During this study the trade associations representative of the 
industry subcategories were contacted. The American Feed 
Manufacturers Association and the cereal Institute were informed of 
the nature of the study and their assistance was requested. Data 
and retri eva 1 forms were voluntarily circulated and completed by the 
industries. The data _ retrieval form is shown in Figure 1. The 
completed forms provided a detailed source of information about the 
various plants including data on raw materials and finished 
products, water requirements, waste characterization and sources, 
and waste treatment. In addition to the trade associations, all 
major feed manufacturers and all of the existing plants in the 
breakfast cereal and wheat starch industries were contacted. 
specifically, contact was made with ten feed manufacturers, 26 
companies manufacturing cereal at 47 plants, and six companies 
producing wheat starch and gluten at seven plants in the United 
States. Retrieval forms with usable data were returned by 16 cereal 
plants and six wheat starch plants. 

Refuse Act Permit Program (RAPP) applications to the u.s. Army Corps 
of Engineers for discharges to navigable waters under the Rivers and 
Harbors Act of 1899 were also used as a limited source of data. 
These data included the identification of the plant, water usage, 
the number of waste discharge points, the volumes of discharge, and 
the character and quantity of waste water. RAPP applications for 21 
animal feed mills and six cereal manufacturing plants were reviewed. 
All of the feed ·mill discharges and five of the six cereal plant 
discharges were non-contact cooling water. Only one application 
from a cereal plant recorded a direct discharge of process waste 
water to navigable waters. 

During the study, requests for information on waste discharges were 
made to municipalities receiving waste waters from plants within the 
industries covered. Twelve municipalities responded with data on 13 
breakfast cereal and wheat starch plant discharges. Included were 
usable sampling data records for ten of the plants. 

7 
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GENERAL 

EPA EFFLUJ!lfr LlMr?AT!Ol!S G~ELINE S?UDY 
OF THE GRAIN MIIJ,ING INDUSTRY • HIASE II 

by 
SVerdrup & Parcel end Associates, Inc, 

Information Retrieval Guide 
October, 197J 

A, Clanpeny nmne 

B, Corporate address 

C, Corporate contact 

D. Address or plant report:!Dg 

E, Plant contact 

MANUFACTURING PIIJCESS CHARACTERIZATION 

A, Manui'sctur:!Dg process pertinent to this study 

B, Other processes st this plant 

C, Chief raY materials 

D, Products 

E. · Plant Capacity 

l. Anmlal raw material processed 

2. Average da:1:1-y raw material processed 

F. Operat:!Dg schedule (hours/day and days/yeer) 

G. !11.mlber of employees 

H. Age of plant 

III WATER REQUIRJ;MENTS 

FIGURE 1 

DATA RETRIEVAL FORM 

A. Volume and sources 

B, Uses (includ:!Dg volumes) 

1. Process 

2, Cocl:!Dg 

J. Boilers 

4, Plant cleanup 

5. Sanitery 

6. other (specify} 

c. Available information on raw water quality 

D. _Water treatmaDt provided 

l. Volume treated 

-2, Describe treatment system and operation 

J. Type and quantity or chemicals used 

E, Available information on treated water quality 

F. Fate or water used ( including volumes) 

1. Municipal sewer 

2, Evaporation 

.J. Consumed in process 

4, . OD-site treatment facility 

5. Discharge to stre~, rive?", etc. 

6. othe7 (specify} 

G. Hes a Corps or Engineers' or NPDES permit to discharge into 
navigable waters been applied £or at this plant? 

' ;~ 

. •"''}•
c• 
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PllOCF.':lS WAsrl!/I/AT:11! 

A. Volumes and sources 

B. Does the soorce, volume., o:r character or the wastewater 
_vary depending on the ,type or quality of product? · 

C. How do wastewater characteristics chru,ge during start-up 
and shut_down as oanpared to normal operation? 

D. Available data on charactel'istics 6£ untreated waste
waters rram :indi'Vidual sources and caobined plant effluent. 
(Not Just single average numbers, but actual data or 
weekly or monthly sU1I111aries). · 

---------- --- --- ---- ---- - _;- _. ___ __3-. ___ pH _____ _ 

-'O 

2. BOD 

3. COD 

4. ~nded solids 

5. Dissolved solids 

6. Total solids 

7. Temperature 

s. Alkalinity and acidity 

9. - Phosphorus 

10. Chlorides 

ll. Sulfates 

12. Oil and grease 

13. other (all available information should be provided) 

E. Wastewater treatment 

1. Identify wastewater source~ and volumes going to 
treatment facp_ity. 

2. Reason for treatment 

DATA RETRIEVAL FORM 

V 

E. Wastewater :treatment (con_t) 

3. Describe treatment system and operation 

4. T:11)8 and quantit_y of chemicals used, ,if any 

5. Available data on treated wastewater quality 
(Same items as in Se~tion III. D. above) 

6. Describe any operating difficulties encountered 

7. Results of any laboratory or pilot plant studies 

8. Known toxic materials in wastewater 

_!~ Wastewater recycle _______ _ 
---- - --- ---- - ----- -- ------1---

1. rs any wastewater recycled presently? 

2. _ Can wastewater be recycled? What are tl)e restraints 
on recycling. 

G. In-plant methods of water conservation and/ or waste 
reduction 

H. Identify any air pollution, noise, or solid wastes result
ing .fran trea-nt or other control methods. How are solid 
wastes disposed of? 

I. Cost information related to water pollµtion control 

1; Treatment plant and/or equipuent and year of expendi
ture 

2. Operation (personnel, maintenanoe, etc.) 

3. Power costs 

4. Est:!mated treatment plant and equipuent life 

J. Water pollution control methods being considered for 
future application 

COOLING WAT:11! 

A.• Process steps requiring cooling water 

B. Heat rejection requirements (at,0,our) 

FIGURE 1 (CONTD.) 

... . -~ ,..., 
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;-.. _______ ,---~.:--: --- '-----·-··" 

• .. ,,, ..... 

·~ ~-•) 

---~--__ c, .fype or cooling sys:tem. i.e., once-through~or recirculating __ -- .. ____ ---·-- ____ ---· _ --·----

D. Cooling tower 

1. Rec!1"'ulat:tng now.rate 

2. Blowdown rate 

3. T:,,pe and quantity or chemicals used 

4. Blowdo,m water quality 

E. Once-through water quality 

1. Flow rate 

2. T:,,pe and quantity or chemicals used 

3. Discharge water temperature 

VI BOILER 

A, Capacity 

B. Blowdown flow rate and characteristics 

FIGURE 1 (CONTD.) 
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l -~ . ~ 
Plant visits provided information about the manufacturing process, 
water usage within th~ plant, sources of wastes, in~plant waste 
water control, and wasteltreatment.. A__ total of 17 plants were 
·visited in the following I subcategories: 

!n9Y§~!Y !Q~llflsn!:.!LY.iili~ I . 

Animal Feed · · I 5 
Breakfast Cereal 1. 0 
Wheat Starch I 2 

I 
In addition to the abov~ visits, personnel at plants in 
each subcategory were contacted by telephone for £nformation on the 
industry and waste wate~ handling and disposal.. Detailed data were 
obtained during these conversations consisting of product 
description, size and op~ration schedule of the plant, quantity of 
water used, waste water ~uantities, and waste treatment. 

I 
Plant sampl-ing was proviided at a total of five plants with emphasis 
focused on plants having representative waste loads and waste 
treatment · '~acilities. ~pecifically, one wheat starch and four 
breakfast ce~eal plants w~re sampled during the study. The sampling 
program provided data on jthe raw and treated waste streams. It also 
provided verification o~ data on waste water characteristics 
provided by ·municipa1itieb and other individual plants •. 

. : , I - . 
GENERAL DESCRIPTION OF THE INDUSTRIES 

' i 

The an.imal feed, breakf kst cereal, and wheat starch industries all 
utilize products from the\ basic grain processing mi·ll.s. for raw 
materials. Grain and grain milling by-products are the chief 
ingredients 1n animal feed. The manufacture ·of breakfast cereals 
utilizes both milled and whole grain, particularly corn, wheat, 
oats, and rice. Wheat stil.rch manufact~ing employs wheat flour as 
its raw material. 

! 
Of all the cereal grain produced in the u.s., only about 15 percent 
is used as food for humanjconsumption. The vast majority of the 
grain harvested is used t9 feed poultry and livestock. 

The formula feed businJss is a relatively new one,, having its 
beginnings late in the 19~h Century. Prior to that time, farmers 
and livestock growers fed their animals grain. A need·to mer
chandise by-products fromlthe food industry, coupled with increasing 
k,nowledge of animal nutrition, led _to the origin of the feed 
industry. Blatchford•s !in Waukegan,- Illinois, the. oldest feed 
manufacturing comp'any in continuous operation in the ,. u. s., ~began 
operating in 1875.' Early !mills were located near rivers and ce,nters 
of population to take advantage of cheap transportation, but since 
World War .II, trucking has'. changed the economics of the industry. 
Today,. the large mills ~ave decentralized, and feed manufacturers 
operate smaller mills nea~ their markets. 

I . 
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In the past, so-called "C:omplete feeds" were predominantly manu
factured. Complete feeds- contain all the necessary ingredients for 
livestock, including gra~n, Frotein, drugs, vitamins, and minerals. 
In the late 1920 1 s, feed concentrates containing protein, trace 
minerals, and vitamins / were introduced. This concentrate was 
ideally suited for th~ grain-producing areas of the country; the 
farmer simply mi~ed it w~th his own grain on the farm. Production 
of feed concentrates i has · increased considerably since its 
-introduction and account~ for about one-third of present total feed 
tonnage. A typical list:i'.i:ig of concentrate ingredients might include 
soybean meal, animal andjfishery by-i;;roducts (protein sources), fat, 
minerals, and trace quantities of antibiotics and other substances 
for disease and parasite_fpre~:ntion a~~ :~o~~ ~:imu~ation. '. . . . . . 

. In the last decade, many !manufacturers of drugs and feed. ingredients 
have developed combinations of drugs and vitamins kn9wn as premixes 
to which protein and giain must be added. A typical complete feed 
formula would include abqut two~thirds grain, 25 to 35 percent 
concentrate, and 5 to1 10 percent premix ingredients. ~early all 
feed manufacturers offericomplete and concentrate feeds; a few offer 
premixes. 1 

·t' 
The manufacture of for111.1la feed repres'ents 12 percent of .. total' farm 
production, and in agriculture ranks fifth_ behind cattle, feed. 
grains, dairy products, Jnd pigs. Usage - of formula feed in the 
livestock industry is di~tributed as follows: 

Poultry 
Da;iry cattle 
Swine 
work Animals 

'I . 
r1 
I 

! 

Range and Beef cattle 
Sheep and Goats j · 

' 

58% 
28 

8 
3 
2 
1· 

~00% 

The animal feed industty has _undergone tremendous growth since its 
inception some 80_years ~go; it is .now the tenth largest industry in 
the u.s. There are presently over 6000 feed manufacturers, plus 
related industries· sue~ as drµg, chemical, and mi·neral · suppliers. 
Consumption of formula feed increas·ed 37 percent from 1940 :to 1966, 
and current production! is approximately 45 mili"iori tons annuaJ.ly, 
representing over $3.biliion in.sales. Today, about 40 percent of 
the feed consumed by animals in the u.s. is formula feed. There are 
presently ··about· 8000 l feed m;ills in the count~y · individually 
producing at least 907 kfcg·(lOOO toris) of. feed per year. Daily 
production . of feed mi.)l.ls ranges from 3. 6 to 1E300 kkg (4 to 2000 
tons) • t r .. ' . 
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The basic production seq~ence in the manufacture of animal feed is 
shown in the accompanying diagram. The various ingredients are 
first received and stor,ed. Whole grains are often ground or cracked 
before _use, but cleaning!is not performed and water is only used as 
necessary to raise th~ moisture content prior to grinding •. Next. 
the ingredients are mixe9- in proper proportion, after which some of 
the product may be removed as a meal form of feed. A pelleting 
operation follows, in wh~ch steam is added and the mixture is forced 
through dies. The pelfets are cooled _and dried, then either 
packaged in pellet for~ or rolled and packaged as a granular feed. 
Finished feed is transported from the plant in packages or in bulk . I . 
shipments.: j 

Bre~tt:22!: ~!'.~fil: Ind!!fil:~ 
I . 

Man has been aware of tpe food value of grains since ancient times, 
but prior to the turn of\ this century, grain was only consumed in a 
cooked form. . . Thus early Americans boiled and baked grain into 
porridges and breads. A~ound the mid 18001 s, the Scottish dish of 
oatmeal became popular in the u.s. An American innovation was added 
when the ·oats were rplled rather than ground. Rolled oats were 
first sold .as a health ffod, but ev~ntually• _developed into a grocery 
.store staple. It was al:so found that other grains, such as cracked 
wheat ang rolled wheat, ~ould be prepared in the same manner. 

. , I . . 
The first ready-to-eatj cereal was prc:t;>ably 11Granula11 , developed by 
Dr. James c., Jackson in •11863 at Dansville, New York. sold as a 
health food, Granula ·•:Was produced by baking a coarse whole meal . 
dough in thin sheets un~il brittle, breaking the sheets into chunks, 
baking again, and then grinding the chunks into granules~ 

Four discoveries or devJlopments near the turn of,the century led to 
the ready-to-:eat cereal jindustry. The first occurred in 1893 when 
Henry D. Perkey 9f D,enver produced and marketed a shredded wheat 
product. The following /year w •. K. Kellogg and his brother, Dr. John 
H. Kellogg, developed t~e f-laked cereal. It was first used at the 
Battle creek sanitarium 1as a health food, then later the product was 
mass-marketed by w. K. :Kellogg. In 1897, Charles w. Post produced a 
ground cereal productl in Battle creek called "Grape Nuts". The 
fourth development came tin 1902 when Al~xander Anderson produced the 
first puffed cereal. I · , 

I 

I 
The cereal.industry h~s i?rown considerably since then •. 'i'6day over 
one and_ one-half bi1~ion pounds of cereal are produced annually; 
sales are approximatelyl$1 billion each.year. seventy-five million 
servings of cereal arE~ 1 consumed each day in the U. s. , which amounts 
to eight pounds of cer~41 per person per year. There are some 26 
companies · operating tq pla~ts in the u.s., with the major plants. 
located as .shown ip Figure 2. Plant capacities range !rom 4~5 to 
almost 680 kkg (10-,000,_io 1,500,000 lbs) of .cereal per day. , 

Breakfast.cereals can bJ broadly cl~~sified as either hot cereals or 
ready-to-eat cereals. I Hot cereals require cooking before serving 
and are normally made from oats or wheat. Basic - processes in the ,, ' 
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manu£acture of hot includ~ cle9ning, 
enrichment for wheat; and. 1 c1eaning, roasting, 
steaming, and rolling forJoats. Manufacturing 
in more detail later in t~i,s section'~ 

sizing;- and 
sizing, de-hu11ing, 

methods are described 

A wide variety of ready-io-eat cereals is manufactured in the u.s., 
and productibn methods vary depending on the type of cereal. Raw 
materials include whole gtain wheat and rice, corn grits, oat flour, 
sugar, and. other minor ibgredients. The gen·eral processes involved 
include ingredient mixing~ cooking, tempering or drying, forming 
(either flaking or extrusion), toasting or puffing, and vitamin 
addition. The accompanying diagram outlines a basic cereal 
manufacturing operation,\ although the particular type of cereal 
being produced will dictate which specific unit processes are 
utilized. · 

INGREDIENT~ r · 
--,, MIXING t---l►IN~;~OKING ____ _. I 

PACKAGING 
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CEfREAL MANUFACTURING 
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TOASTING 
or 

PUFFING 

Today the wheat starch\industry might be more properly termed the 
wheat gluten and starch industry, as ·gluten presently. brings a 
higher economic return: than starch. Basically, wheat starch 
manufacture involves the physical separation and refinement of the 
starch and gluten (protein) components of wheat flour. 

I 
I 

The preparation of starch from· cereal· grains was carried on in 
ancient times. The:Egypt,?-ans as early as 3000 B.C. used starch. for 
sizing papy,rus, and a Ro~an treatise written in 184 B.c. describes 
a method of preparing starch from wheat by fermentation. Wheat was 
the major source of starbh from primitive times until the late 18th 
Century, when cheaper sources of starch were sought. Potatoes and 
·finally corn replaced whe~t as major starch sources. 

r I • . 

The first America~ wheat s~arch pl.ant was bui1t in 1807 in Utica, 
I New York. Many pl.ants w,e:,:-e constructed in the early 1800 1 s, but by 

the end of the century, all but a few had been converted to corn 
starch plants. In· 1895 there were five _wheat ~tarch plants . i 

' 

t 
I 

15 

r 
' 

. 1: 

i . 'I ~ 

I ' ' I 



utilizing· 1100 busheis of wheat per day.and producing 8.3~million 
,pounds of' wheat starch! annually. By comparison,, .16 corn starch 
plants were in operation at that time producing 200 million pounds 
of corn starch each year, and 64 potato starch plants were producing 
24 million pounds of st.arch per year. 

I 
j 

Production within the ~ndustry has increased considerably during the 
last 80 years, although the number of manufacturing plants has 
remained almost cons~ant. Four wheat starch plants were operating 
in 1960. At present, ~here are seven p1ants in operation in the 
u.s., three of which\were producing starch in 1960. current wheat 
flour consumption in tlie industry is about 113,400 kkg (250 million 
pounds) annually. T~ble 1 lists the companies and plants in the 
u.s. presently producing wheat starch and gluten, and the plant 

I 

locations are shown i.n Figure 3. Plant capacities range from 23 to 
68 kkg/day (50,000 ~o 150,000 lbs/day). Early wheat starch 
manufacturing processes employed whole wheat as the raw material. 
As shown in Table 2, s~arch constitutes about 64 percent of the 
whole wheat grain. \ 

I 

I 
i 

I 

Table 2 

co1,11position of Whole Wheat 
I . . 
I 

Starch 
Protein 
Moist,;tre 
sugar, gum, etc. , 
Fibr,ei 
Ash 
Fat 

i 

64.1% 
12.1 
13.6 
3.8 
2.6 
1.6 
1.7 

Two processes inyolvi*g whole wheat were used during the early 
1800' s, the Halle proc◄:!SS and the .Alsatian process. ][n the Halle 
process, the .wheat w~s steeped until soft, drained and crushed 
between rollers, and fei;-mented in large vats. The fermentation 
softened and partiallyldisso1ved the gluten, allowing the starch to 
be washed 9ut. The Halle process produced a 50 to 60 percent starch 
yield, but had se.veral 4isadvantages. These included the long time 
period required, offensive odors which were produced during 
fermentation, and the fact that gluten could not be recovered in a 
commercial form. The!Alsatian or Hungarian process was similar to. 
the Halle process except that the fermentation step was excluded. 
This increased the difficulty of washing the starch from the gluten. 
The process yielded ~5 lto 45 percent first grade or A-starch and 10 
to 20· percent s~cond g:z~~de or B-starch. If gluten . recovery was 
desired, a long w.pshing !process was required,' and the yield w~s only 
5 to 6 ·percent. , i 
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I Taole l l. 
Wheat Sta~ch Companies an.:d Plants 

I, 

Centennial Mills I 
1464 N.W. Front Avenue ' 

• • I 

Portland, CDregon 97208 i 
Plants: Portland, Oregoh 

, I 

:97208 I 
, I 

Spokane, WashiAgton 
99220 f 

,I, 

General Mills Chemicals, Ihc. 
4620 West 77th Street l 
Minneapolis, Minnesota 

Plant : Keokuk, Iowa 
55~35 
526;32 

' Keever Division, A. E. St~ley 
22,00 Eldorado Street ! <, 

Decatur, Illinois 62525 I . 
Plan;-tt ,:, co·n..umbus , Ohio 4;3207 

••••'I• 
f'•, . 

I 

I 
I· 
I 

, ' 
' , l' 

J] 

Loma Linda Foods 
ll503 Pierce Street 
Riverside, California 

flant: Riverside, 
California 

Midwe~t· Solvents 
i3'00 Main Street 

92505 

92505 

Atchison, Kansas 6.6.002 
Plant: ,, Atchison, Kansas 

, '6'6002 

New Era Milling Company 
P. 0. Box 958· 
Arkansas City, Kansas 67005 

: Plant: Arkansas City, 
,Kansas' 67005 

,. r-
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LOCATION OF WHEAT STARCH AND GLUTEN PLANTS IN U.S. 
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Most wheat. s:tarch pl.ants operating today employ the Martin process 
or a modification thereo:f:. This technique, which uses wheat fl.our 
rather than whole wheat./was proposed in 1835 and was widely used by 
the end or the 19th oent~ry. The diagram below outlines the basic 
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processes involved. I 
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DRYING 

PACKAGING 
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WHEAT STARCij AND GLUTEN MANUFACTURING 

I 

' I. 
I 

PACKAGING 

Wheat flour is first mix~d with water to form a dough. The dough is 
then kneaded and washed ~o separate the starch and gluten. The 
gluten is dewatered, dried, and packaged, while the starch stream or 
so-called "starch milk'' is screened, centrifuged, dewatered, dri'?d 
and packaged. The Martin process generally yields 10 to 15 percent 
gluten, 45 to 55 percent first grade starch, and 12 to 20 percent 
second grade starch. It:d main disadvantage lies in the ·relatively 

· high percentage of gluteri-contaminated B-starch produced·,,. . 
t 

PRODUCTION PROCESSES . . I 
The production methods us,ed in manufacturing animal feeds, breakfast 
cereals, and wheat st~rch.differ greatly as summarized earlier in 
this sectiono The folloW;ing discussion provides ~· more detailed 
description of the manuf1cturing processes employed'in each industry 
subcategory. 1 

I 

Animal Feed • ---- ---
The manufacture of animal. feeds, shown in Figure 4, begills with the 
receiving and storage of Eaw materials. These ingredients might 
include grains such as ~orn, barley,.milo, and oats; various meals 
including soybean, cotton!seed., meat, and bone; and grain pii.lling by
~roduc~s suc:h as whE;at mip-dlings and corn gluten. Dry __ ad<;litfves,. 
including salt, m,J.neral:s, drugs, phosphorus, and v,itamins, and 
liquid ingredients :such;_ a;s fat., molasses~· and fish solubles are·· also 
used in. feed formulas. ·G~ains receive drycleaning and· separation 
with scalpers an·a magnet~ prior ·to storage. Whole grains are often 
ground, cracked, or crimlfd prior to feed mixing. A small amount of 
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' 
water is sometimes added I to .. the' . grain .£or dust control 
grinding, which is ~sual7y performed with harnmermill.s. 

. ·• 
during 

Mixing is the next s~ep in feed manufacture. Ingredients are 
weighed and then fed into a mixer in.a ratio based on the particular 
feed formul9-.; A represen:ta~ive medium-sized plant produces 200 to 
300 different feed bl.~nds. Material from the mixer is a meal or 
mash and may be marketed jin thi~ form·. . 

A pelleting operation folllows mixing i:f pellet or granular forms of 
feed are desired. Pe~leting is an extrusion process in which the 
meal is steamed ~nd ~hen jforced through dies. The resulting pellets 
are 1/8 to 3/4" in diametjer and length. They must be cooled and 
dried after extrusion. '!;his is done in pellet coolers through which 
air is blown at room, temperature. Feeds with a high molasses 
content are .dusted with ~entonite or cottonseed meal to prevent 
caking. The pellets a.ire then sized, with fines and oversize 
particles being returnea· Jto the extrusion operation. Pellets can be 
packaged or ,bulk shipped. If the pellets are to be reduced in size, 
they are passed through, roller mill with corrugated. rolls to 
produce granular feed ior crumbles. Again a screening operation 

· follows, with fines and overs being returned to the pellet mill.. 
Granular feed is also ei.iher shipped in bulk or packaged. 

I 
~Jstast cer~al I 
A wide variety of b:t'~akfast cereals are manufactured in the U.S.; 
more tha.n 100 different iltems, brands, and sizes of ready-to-eat and 
hot cereals can be found on a grocery shelf. The chief hot cereals 
include wheat or farida and oatmeal. Ready-to-eat varieties are 
made from one or more of lthe basic cereal grains, corn, wheat, ·rice, 
and qats, and may be flakfed, puffed, extruded, shredded,-~oated, or 
non-coated. A variety I of· production methods are employed in the 
manufacture of cereals, Wiith clifferent methods often associated with 
a particular type or eve~ bra~d of.cereai. 

Hot Q~~~! I 
Hot wheat cereal .or fariJ~ i.s comprised basically of wheat middlings 
- chunks.· of wheat endasp~rm free of bran . and germ. Middlings are 
intermediate size partic;les produced in· the milling of whole wheat. 
Typical harq wheat on th.el average yields about 30 percent middlings. 
The only processes involVjed in the manufacture of hot· wheat cereal 
are sizing and vitamijn and mineral enrichment. occasionally 
flavoring ingredients suc;h as malt or cocoa are mixed in with -the 
farina. one company em;ploys a pre-cooking operation to produce an 
instant product. Thie; 1 operation involves addition of steam, 
extrusion; and cooling orj drying. , 

· The second major tfpe ~fi h<;>t cer~al is oatmeal or. ro~led oats. ·:. The 
manufacture of rolled <;>atf is basically a dry nulling operati<;>n• 
Whole oats, are receive.a, drycleaned and stored. A dry roasting 
operation follows, during\ which the moisture content is reduced to 
six percent, · the stare~ i~ ... partially dextrinized, and the hulis 
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become frag~1e. The oat~·are then cooled, sized, and de-bulled, 
leaving the inner beri;y or "groat". Rollers are then employed to 
produce flakes from the groatsG cutting of the groats may precede 
rolling to produce quickicooking or .instant oats. Addition of minor 
ingredients and packaging follow. 

I 

l 
Flaked 2ng crispeg cereals 

I 
Corn grits, whole whe&t,. rice, .and occasionally a combination of 
grains are the chief rawjmaterials used in the manufacture of flaked 
and crisped cereals. The basic production process is shown in 
Figure 5. Whole wheat is tempered prior to use; the other grains 
receive only dry cleaning. Flavor solution consisting of malt, 
sugar, salt, and other ingredients is added and the mixture is 
cooked under pressure with steam for a specified length of time. A 
tempering or drying operation follows to reduce the moisture 
content. Some types of flaked cereals are extruded and dried prior 
to flaking~ Large rollers are used to produce flakes from the 
individual grains or peliets. The roller spacing is set close for 
flaked cereals and farfher apart for crisped cereals. The product 
is then dri~d and tqasted in large ovens, sprayed with vitamins, and 
packaged. some types of\flaked and crisped cereals are sprayed with 
a sugar solution and drifd prior_to vitamin addition and packaging. 

'I 
. I 

The manufacture of shredded cereals, shown in Figure 6, begins with 
cleaned whole wheat. Th~ wheat is fed in batches into steam cookers 
where water is added. !After cooking, the water is drained and the 
wheat is transferred to ;large steel tanks where it is. cooled, 

· · tempered, and becomes :firm. It then passes t~ough shredding rolls 
where the kernel·s are crushed and formed into long strands~ Layers 
of wheat strands are cut into biscuits and toasted in an over- prior 
to packaging. some typ~s of shredded cereals receive a sugar 
coating and vitamins pribr to packaging; . . . I . 
Puffed Whole Grain Cerea~s 

i 
Figure 7 depicts the opetations involved in the production of puffed 
whole grain cereals. wheat and rice are the primary raw materials. 
The grain is first preheated, then puffed by increasing and suddenly 
decreasing the pressure in the puffing device or "gun". The grain 
is dried, vitamins. are ~pplied, ano. the product is dried, screened, 
and cooled prior to packaging. certain types of puffed whole grain 
cereal undergo sugar poating and ccoling operations before being 
packaged. 

Extruded/Puffed ~~~ls 
r , 

oat flour and corn1grit,s1 are among the chief ingredients used in the 
manufacture of extruded/puffed cereals, shown in Figure 8. The 
i.ngredierits are mixed wi:i..th water to form a dough. The dough enters 
a combination cooking anh extrusion·process, where the particular 

' . . ,, ,, ' ' . ' ' 

cereal's characteristic
1
• shape is produced. After the moisture 
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l content has been reducea, the cereal ~articles are preheated and 
then puff~d in a fa5ihion similar to that empl.oyed in whole grain 
puffing. The product i.~ sized" sprayed with vitamins and oven 
toasted prior to packaging. Certain.varieties receive a-sugar or 
flavor coating before b~ing packaged. 

1 

J 

I 

Extruded Cereals i 
----- ---- ·I 

Extruded cereal produ9tion· processes are shown in Figure · 9. 
Ingredients include oa!t and corn flours along with sugar and 
flavorings. The ingred~ents are dry mixed, then blended with water 
.to form a dough. M extrusion process follows, producing .the 
vari•ous cereal shapes. :The product is then sized, coated with a 
flavor syrup, toasted, s:prayed with vitamins, and packaged. 

fPle~! starch I 
The principal raw mate:rial used in the manufacture of wheat starch 
and gluten is residual wheat flour known as "clears" or "second 

• • I 
clears", comprised of ;grades that are unsatisfactory for. the manu-
facture of white bread. : 

I 

The first step in the.prbcess, shown in Figure 10, is dough making, 
where fresh water is piixed with the incoming flour. The dough is 
allowed to nmature" for a time and then is washed with fresh water 
to begin separation o!f the starch and gluten. The gluten, due to 
certain adhesive properties, adheres to itself in a sticky mass. 
The starch granules, 'lacking these properties, are separated and 
remain suspended in the ~low of water. The separated mass of gluten 
is kneaded -and again washed to effect more complete starch removal. 
After removal of the ; starch, the gluten is either spray or drum 
dried, sifted, and packed. Wheat gluten, with a 75 to· •'85 percent· 
protein content, is used extensively as an ingredient in bakery 
produce, particularly br1=ad, to increase the protein content. About 
35 percent :of the proteip in the gluten· is in the form of the amino 
acid, glutamic acid. I~ the gluten is hydrolyzed with hydrochloric 
acid, glutcllllic acid as a; crystalline solid is obtained. Separation 
and conversion with spdium hydroxide produces.a product known as. 
monosodium glutamate, wh~ch is used as a flavoring agent. 

The starch-laden stream trom the washing operation is. termed the 
crude "starch milk". 1[t is passed through coarse and fine screens 
to remove cellulose fibr~s. To reduce the water content prior to 
refining, a thickening; or pre-concentrating centrifuge is often 
employed. .Next the starch milk enters the first refining centrifuge 
where an initial separation of A-starch and B-starch is made. The 
heavier A-starch compohent passes on to dewatering, drying, and 
packing operations. Thel lighter B-starch component enters a $econd 
refining centrifuge which recovers additional A-starch. Tbe B
starch stream is, theni concentrated with another centrituge, 
dewatered, dried, and /packed. Wheat starch has widespread use in 
the food industry. Lower grade or B-starch finds uses in textile 
manufacturing, as foundry starch, and in adhesives. 
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Animal feed manufacturing plants util.ize little or no process water 
and generate no process ~aste waters. Water is used in steam 
generation, .non-contact 

1
cQo;ting of peJLlet mills, and occasiqnally 

for dust control during :corn grindingfl The only waste waters 
generated are from auxiliary operations and include boiler blowdown, 
spent cooling water, and wastes from boiler feed water treatment 
systems. ! 

! 
Hot cereal manufacturing tjasically involves dry mi_lling and blending 
operations. Water is sometimes used for tempering and for raising 
product moisture content, ibut no process waste waters are generated. . I . ., .. - . , .. ,,_ . . .. , , .. .,. . , 

Water is used quite exten~ively in ready-to-eat cereal manufacturing 
plants. The various c>rierations where water is used include grain 
tempering, flavor solution make-up, cooking, extrusion, and coating. 
substantial quantities of: 'water are employed in the periodic cleanup 
of process and conveying ~quipment, and processing areas. Water is 
also used for cooling,; flaking and forming rolls, extruders, and 
other equipment such as compressors, and in wet scrubbers for air 
pollution control in some !plants •. 

. I. . . 
Most of the unit operations in ready-to-eat cereal plants do not 
result in process waste llfaters. only the cooking operation in 
shredded cereal manufactt~e generates a continuous or semicontinuous 
waste stream. Other w~stes from this segment of the industry are 
primarily from ~et cle~nup operations. condensed vapors from 
cooking operations, wet; scrubber discharges, . and spent cooling 
waters may also contribut~ relativeiy minor quantities of waste 
water. Total waste water f1ows vary from 189 to, 568 cum/day 
(50,000 to 150,000 gpd), £Qr small plants and up to 3785- . ~u m/day 
(1,000,000 gpd) for larg~ plants. BOD2-concentrations are moderate 
to high, ranging from !400 to 2500 mg/1. suspended solids 
concentrations vary in the range of 100 to 400 mg/1 with the higher 
concentrations generally being discharged from the larger plants. 

I 

' I At present, only one cereal plant has a direct discharge of process 
wastes to a receiving !water, and that ·waste discharge is not 
treated. The municipal ~ewer system is bei~g expanded and will 
collect these wastes fdr treatment in the near future. All other 
cereal plants studied disdharge their wastes to municipal systems. 
one plant provides pret~eatment, and two others are in the process 
of constructing pretreatm~nt facilities. 

I 

In wheat starch manufactur;ing, process water is used for dough 
making, dough washing, ;backwashing of screens, and countercurrent 
washing of centrifuge disc;harges. water is also used · for plant 
cleanup and auxiliary systems such as boiler feed and cooling. 
waste waters 'are generated from screening, starch milk thickening, 
and plant c1eanup · ope:r·~'tions. The vol.umes are moderate, ranging 
from 265 to 606 cum/day i(70,000 to 160,000 gpd). These waste 
waters are ,high in BOD~ ~nd suspended solids and consist primarily 
of fine starch particles n:ot recovered in the manufacturing process. ' . I"- , .. ".• ., . .. . . . . ' . 

I '" f: 
! 30 

,l 



.ter· 
:eam: 
.lly· 
:ers' 
1wn, 
1ent· 

ling. 
;ing. 
:ed.· 

:ing, 
·ain, 
ng. 
,nup· 
is 

and· 
air 

not 
in 1 

IOUS 

are 
•rom' 
.ing, 
1ste · 
'day 
'day 
·ate· 
.ids· 
rher• 

:ess 
not. 
•ill' 
her· 
ms. 
ess; 

ugh. 
ent 
ant. 
ng. 
ng, 
ing: 
ste 
ily' 
ss. 

i 
' 
I 

six 0£ the seven . plants idischarge· thelr . wa:~t.es to. municipal systems. -· 
one of these six plants provides pretreatment, and another is 
building a,pretreatmentlfacility. The seventh plant uses its starch 
effluent in a distillery operation from which there is a direct 
discharge to a receiviqg water. This plant is constructing a 
treatment plant for theldistillery wastes. 
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IN~USTRY CATEGORIZATION 

This study of the grain milling industry covers the processing of 
milled grain into ani~al feed, breakfast cereals for human 
consumption, and wheat s~arch and gluten. After considering various 
factors, it,was concluded that the industry should be subcategorized 
into several discrete ~egments for purposes of developing effluent 
limitations~ These subcc1.tegories are as foll.ows: 

I 

1. Animal feed man~f acturing 

2. 

3. 

i 

Hot cereal. maml;acturing 

Re~dy-to'""'.eat ci:real manufacturing 
i 
I 

4. Wheat starch and gluten manufacturing 

FACTORS CONSIDERED 

The factors considered 
included: 

1. Raw materials 

I in 
! 
i 
I 

i 
2. Finished produc~-t. 

'i 

devel.oping- the 

3. Production proc~sses or methods 

above 

4. Si.ze and age of; production facilities 

s. ' 
waste water volume and characteristics 

I 

' 
6. T~eatability of: wastes 

! 

subcategorization 

Careful examination of !all. avail.abl.e information indicates that two 
of these factors, namely type of finished product and waste water 
characteristics, provid;e a meaningful basis.for subcategorization 

of this segment of the !industry, as discussed in the following 
paragraphs. 1 

-

The major raw materi~ls used by this segment of the grain milling 
industry are the basic cereal grains, principall.y corn, wheat, oats, 
and rice. ·other raw rna~erial.s are used in varying amounts depending 
on the specific end product. Vitamins and other additiyes are_ used 
in animal feed production and large quantities of sugar:.or syr~p may 
be added for certain br.~akfast cereals .. waste water characteristics 
.within this industrictl; category do not reflect the particular raw 
materials employed. Fc>1; exampJLe, the production of animal. feeds 
from corn, generates no waste water.while the manufacture of ready-
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Finished Products 

The finished products from this industry grouping vary widely and do 
provide a rational basis for subcategorizing the industry. The 
industry can be divided ipto animal feeds, breakfast cereals, and 
wheat starch and gluten. Not only does this grouping divide the 
industry into distinct prqduct lines, but it also reflects waste 
water characteristics •. Apimal:fee4 production. generates no process 
waste watersc Ready-to~eat cereal manufacturing usually yields 
substantial quantities of;moderate to high strength wastes. cereal 
manufacture generates n9 process waste water~and wheat starch and 
gluten operations produce

1
very high strength wastes. 

I 

The breakfast cereal indu~ry contains two distinct subcategories, 
hot cereals and ready--to-eat cereals. As noted above the manu
facturing operations used!to produce hot cereals do not result in 
process wast·e waters as contrasted with ready-to-eat cereal pro
duction which generates wiiste waters from se.veral uni, t operations. . I . . . ,, : . . ... ' ' 

The many types of ready-t~-eat cereals suggest the possibility of 
additional subcategorization based on cereal type, such as puffed, 
extruded, and flaked or c~ated and non-coated. An examination of 
available waste water dat~ indicated only one possible relationship, 
that being the variatioJii of organic waste l.oad with the percentage 
of cereals being sugar-c<>4ted at cereal plants. It was concluded 
that such a correlation may well exist, but it cannot be 
quantitatively defined ~t this time and, hence, additional 
subcategorization is not ~arranted. 

one difficu1ty in de£Jing characteristics of the ready-to-eat· 
cereal industry is the fadt that most plants produce a wide variety 

I of cereal types. Some plants also produce hot cereal, and many are 
multiple-product plants producing items such as cake mixes, baking 
mixes,· instant breakfasi drinks, and pancake syrup. Of the ready
to-eat cereal plants in ~e u.s., only fo~ or five produce strictly 
cereals. I. 

I 
I 
I Production Process~ 

.I 
The production methods us~d in this industry vary widely. Animal 

, I 

feed manufacturing basically consists of mixing various·raw mate-
rials together followed bYi pelleting and packaging. cereal manu
facturing i$ generally more complex and varies widely depending on 
the specific.type of cereal. The unit operations will include at 
least some of the folloJing: mixing, shredding, cooking, roll..i:ng, 
flaking, puffing, extrusion" and packaging. Wheat starch'.and gluten 
manufacturing entails yet :another set of unit operations, quite 
distinct from those used \in other segments 0£ this industry. While. 
it is recognized that production m~!,hod~. Q~.ffer,. greatly within the 

r • r I " . i .. . 1r" ...,111 < • LI ' • ~ iii: 111,· " < lilll f ' • ' " "" i'" ., 
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The·availal:>le data provi~es no evidence to support subcategorization 
of this industry based.op age or size of plants. Relationships 
between waste· loads and plant size or age may exist, but the 
information gathered dhring this study does not indicate a 
correlation except for wheat starch manufacturing .. In that segment, 
a general trend of incr~asing waste loads with increasing plant age 
and capacity is indicate~. The waste loads per unit of raw material 
vary within a fair~y narrow range, however, making a 
subcategorization on thijs basis impractical and unwarranted. 

waste Water Characterist~cs --- ----- -;--
waste water characteris~ics, in conjunction with finished products, 
form the basis for the s~bcategorization detailed previously in this 
document. ·Animal feed and hot cereal manufacturing do riot produce 
process waste waters an~ are thereby clearly distinguished from the 
remaining two subcategor~es. Both ready-to-eat cereal and wheat 
starch pr~duction gene~ate organic type wastes; the very high 
strength of the wheat starch waste waters (6000 to 14,000 mg/1 of 
BOD,2) merits a separate/ subcategory-. Ready-to-eat cereals normally 
generate waste waters wijth BOD_2 concent~ations of 400 to 2500 mg/1. 
This range is . represeptat,ive of small plants and lar·ge plants, 
correspondingly. j 

'I 

~~:t~12i!i:tY Q£ !is!§:E~§ I 
All of the ,process waste! waters generated by various segments of 
this industry are amenfible to conventional physical arid·biologica1 
treatment systems of tb.ej same general type.· The fundamental design 
criteria a:r;e , similar and treatabili ty is not a satisfactory basts 
for subcategorization. l Supplemental· nutrients (nitrogen and 
phosphorus) are requirrd for effective biological treatment of 

'ready-to-eat cereal proc~ss waste waters, as well as pH control for 
starch waste. I 
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WATER USE ,~ND .. WASTi Wl\'l'ER C:aAI¼CTERISTICS 

I 
I 

'[ 

I 
The industry subcategorkes covered by this document indicate a wide 

. range of process water )requirements and waste water characteristics. 
The animal feed· indubtry, with little or no process water use, ,, . 

generates .no process waste waters. water use in the breakfast 
cereal industry.varies from virtually none in hot cereal manufacture 

· I ....... ·-· .. . • 
to substantial amounts in large ready-to-eat cereal plants. Wheat 
starch plants do notre~uirelarge quantities of process water, but 
they do produce high-st~ength waste waters. 

I . 

This section presents a\ detailed discussion of water use, individual 
process and total pl~mt waste water characteristics, and £actors 
that might influence the nature of the waste waters generated. The 
information presented I has been collected from industrial sources, 
u.s •. Army corps of Engiµeers permit applications, municipal sampling· 
data records, literatur~, and the results of a series of sampling 
visits to selected piants in each industrial subcategory. The 
sources of data are described in more detail in section III. :1 a-., . .... . ....... .... ... ... .. . .... . . .... . .. 

In ·gener.al, information! on w;~t~i ·~ater characteristics of non
contact cooling waterl· hoiier blowdcwn, and water treatment plant 
wastes has been excluded from the following discussion. These 
a·uxiliary · activities ,j a~e common to many industries, and. the 
individual practices at,any given plant usually do not reflect 
conditions that are unigue to the grain millirig industry. The types 
of treatment employed for cooling water systems," boiler feed water, 
and process water vary ~idely throughout the industry and depend .on 
such factors as raw water characteristics, availabil.ity of surface, 
ground, or city water, individual company pre£erences, and other 
considerations not retated to the .·basic nature of the industry. 
Separate guidelines for1auxil.iary wastes common to many industries 
will be proposed by EP.~-i at a later date. 

, I " • 

ANIMAL FEED MANUFACTURING 
I 

The processing of vatious grains, grain milling by-products, and 
other materials into p~epared animal feeds requires on.ly small 
volumes of process wat~f. The _two main areas of water use in a feed 
mill are. boiler op~~~tion for steam generation and non-contact 
cooling of processing equipment such as pell.et mills. Steam is 
required for softening the meal and raising the moisture content 
prior to pelleting (se~!Figure 4 in Section III of this document). 
No water is dischargedlas a liquid from this operation~ only.water 
vapor results from, the pellet cooling and . drying operat:ion. ·, 

, , ·I·. . . -- .·• . ·, .; . . .· . . , . : . . . ·. 
Waste. waters generated· i by ' animal. . feed producing plants include 
boiler l>lowdown, non-contact.cooling water~ and wastes from boiler 
feed water, treatment, Sl'.lch as ionexchcinge regeneration wastes. No 
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HOT CEREAL MANUFACTURING! , . . I 
In general, only dry mil)..ing and blending operations are involved in 
the manufacture of ho-,= cereals such as farina and rolled oats. 
water is used for grain ~empering and for raising product moisture 
during manufacture, put no waste waters result from these 
·operations. · 

READY-TO-EAT CEREAL 

I 

There are several areas bf water use in 
facturing. A large prbportion of the 
plant is due to wet clea~up and washing 
the processing steps alsb require fresh 

! 
I 

ready-to-eat cereal manu
total water consumption of a 
operations, but several of 
water. 

Many areas of a ready-t;o-ea t cereal plant receive wet wash-downs or 
cleanup, including certain types of process equipment and specific 
processing areas. Equ~pment· that is washed on a regular basis 
includes cookers for flaked and crisped cereals, flavor making or 
brewing tanks, ingredie~t and syrup mixing tanks, coating equipment 
such as rotating drums ahd spray nozzle~, and belt conveyors. One 
plant utilizes a continuous stream of spent cooling water to wash 
conveyor belts and floor/ areas under flaked cereal cookers. The 
waste stream is discha:r:·ged to the sewer. 

specific processing ~rels that are washed include diked floor areas 
under vitamin and sugar ~oating equipment, toasting ovens, conveyor 
belts, and ingredient ~ixing equipment. Dry collection· of product 
spillage for subsequent µseas feed is practiced to a greater extent 
in some plants than in dthers. A few"plants have vacuum systems for 
this purpose. General ~ashing .of floors and walls is also carried 
out in most ready-to-ea~ cereal plants. _Floors are either rinsed or 
mopped, and walls arJ occasionally scrubbed, particularly tiled 
surfaces around process~ng areas. Detergents are generally used, 
and s?me plants also I use sanitizing agents in their cleanup 
operations. 

Water is added to 'the p~oduct to increase the moisture content in 
several of the processing steps in cereal manufacturing. These 
steps include grain tempering, cooking operations, and extrusion 
operati'ons. Except 1:dr the cooking operation in shredded cereal 
manufacture, the added ~oisture remains with the product until it is 
released as a vapor in.~ drying operation. Water is also used in 
coating of cereals with:vitc}.mins. In inost plants, wateF is ad9ed to 
a dry vitamin [l\ixture to form a solution which is then sprayed on 
the cereal~ Some plan~:~ first spray the product with water an~ then 
spray the vitamins on i~ a dry form. The water enables the vitamins 
to adhere · to the cereal./ 
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Some ready-to..:.eat cereal pl(ants use wet scrubbers for air po.1..Itition 
c_ontrol.. Certain processe::;i such as cooking, extruding, coating, and 
puffing can produce moist vapors containing particul.ates. Typical 
flows of fresh water or sp~nt cool.ing water into a wet scrubber can 
range from 0.32 to 0.63'li~ers/sec (5 to 10 gal./min). 

I 
I • I - . - . . 

Flaking rolls, forming rolls, cookers, extruders, air compressors, 
heat exchangers, air condi~ioning units, and ·other select pieces ·of 
equipment used.in cereal manufacturing reqUire cool.ing water when in 
operation. One pl.ant withdraws water from a river for some of its 
cooling needs. other plan~s use either municipal supplies or on
site wells. . Some plants have separate non-contact cooling· wate.r 
discharges to:receiving waters, while others combine spent cooling 
water with process and sanitary wastes and discharge to municipal . ·I .. , .. . . . . . -· .. 
systems. I · 

· steam generation 
pl.ant may use.up 
water for boiler 

,1 
I ""••. ,,,. 

in cereal I plants 
to 75. 7 to 113. 6 
feed. 1 

i 
I 

al.so· consumes' water~ An average 
cum/day (20 1 000 to 30,000 gpd) of 

Total water 1:1se in the reJdy-to-eat cereal industry ranges from 757 
to 15,140 cu m/day (200.,000 to 4,000,000 gpd) per plant. On a 
product basis,· cereal. piants use 8.3 to 25 cum/day {1000 to 3000 
gal/1000 lbs) of cereal. prqduced. Interestingly, the larger volumes 

_generally correspond to larger plants employing once-through cooling 
systems. I · · 

.I 
' '! 

'Wasf~ !'.U!:t.-~!'. Characteristics 
------------ I 

i 

Other than total raw waste;data, information was obtained on only 
one individual. process ~aste stream. This was the discharge from 
the cooking operation in s}iiredded cereal manufacturing. onl.y . four 
plants in the country produce this type of cereal, and shredded 
cereals are a small proportion of total production at one of these 
pl.ants. In the grain co6king operation,· water is discharged after 
each batch of grain is cooted. The vol.ume of discharge is approx
imatel.y 1.1 cu· m/day (132 gal/1000 lbs) of grain cooked. Several 
samples of this discharge ~rom a cereal. plant were collected after 
passing through a screening operation. High concentrations of BOD~, 
COD, and dissol.ved and sl/lspended solids were indicated as shown in 
Table 3. I 
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Shreddea cereal cooker Discharge. 
water characteristics After Screening 

I 
I 
I 

I 

! 
Range, msl! 

BODS 3414 - 3504 
COD- I 5921 6040 
suspended solids[ 1558 1572 
Dissolved solids! 3800 - 7619 
Organic nitrogen as N 70.5 95.1 
Nitrite nitrogeJ as N 0.07 0.37 
pH I 4.1 - 6.1 
Temperature (0 c)I . 71 74 

This waste is highly vari1able in strength, with earlier sampling by 
the plant indicating BOD~ concentrations as high as 9000 mg/1. 

I 
Most of the data accumu!lated during this study relate to the total 
raw waste cijaracteristicsl from ready-to-eat cereal plants. Summary 
data from 11 plants a.re presented in Table 4. The wastes can 
generally be characterize1ld as medium to high in org~nic strength and 
volume. The BODS varies widely, from 331 to 2500 mg/1. 
correspondingly, COD lev·e

1
ls range from 804 ·t~ 4434 mg/1. 

Average suspended solids concentrations in the total waste streams 
,I 

vary from 80 to 1073 mg/I;, althOiugh the levels at most plants are in 
the range of 150 to 400 ~g/1. The average pH of the waste streams 
varies from 6. 2 to 8. 6!, although the pH of individual samples can 
vary over a much wider i::·tge, from 4.5 up to 10. 

; 

Limited data on phosphoi::·U:s and nitrogen indicate iow levels for most 
• I . 

plants. Typically the waistes from ready-to-eat cereal plants may be 
deficient in nitrogen and phosphorus_for_biological treatment. 

I 
The·information contained in the preceding table is presented in 
Table 5 in terms of jfinished product quantity, i.e., kg/kkg 
(lbs/1000 lbs) of cereal.: ~ ~!~P~ numbers !B Eh~ !~Q ~!.fil! gg 
~ £Q~~espo,ng.EQ ~ andther. 

I 
I Waste water flows from 1ready-to-eat cereal plants vary from 2.5 to 

9.6 cum/day (0.30 to .l.~5 gal/l.l::) of cereal, with an average of 
5.82 cu· m/day (0.70 g:al/lb) (See Table 4). BOD~ in terms of 
finished product output t.

1

anges from 2.2 to 18.2 kg/kkg (lbs/1000 
lbs) and averages 6.6 kg/kkg (lbs/1000 lbs). Limited data were 
available on COD, .which V:aries from 5. 7 to 42.4 kg/kkg (lbs/1000 
lbs) and averages 15.,7/ kg/kkg (lbs/1000 lbs) o suspended solids 
values fall .in a fairly ~arrow range, varying from 0.6 to 2.7 kg/kkg 
(lbs/1000 lbs) and avera9jing 1.4 kg/kkg (lbs/J.000 lbs). 
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'Plant ,Average Range --

Table 4 . 

Total Plant Raw Waste. Water Characteristics 
Ready-To-Eat Cereal Manufacturing 

Suspended 
· ·con 2 mgLl Solids 2 mgLl 

Average Range Average 
---------------------------···- . -~--- ·"•--,--,~-·------------...:- R~ge 

1 ·:C 1028 620-2'2°00. 2169 1340-47'50 ·209 95-499 

2 , 1761 59-6200 - ' - 385 13-3272 

3 420 135-885 2700 '800..:4000 ·200 148-348 

4 1904 20..:4852 - - 1073 41-7712 

5 637 174-2550 1325 575-1827' - -
6 533 -970 804 -1380 Bo -100 

7 c 2500 1065-5220 4300 2000-9050 400 256-584 

8 437 117-967 1415 532-3608 154 45-492 

9 ""'' 611 144-2480 1010 366-1991 173 4-3935 . 
• ,t ,,,. 

10 1344 · 30-7800 - - 287 14-9758 

11 1904 633-3811 4434 2310-9840 152 18-588 
• ·~ ... 1 

1 
i 

pH 
___ Av~rage 

7,5 5-10 

6.2 

6.2 

7,9 

6.7 6.1-7.5,. 

6.9 4,5-9,1 

6.9 4.8-9,4 ., 

7.1 6.6-7.7. 

8.6 7 .5-9,3 ,· 



Plant_ 
,$ ~. 

1 

Table 5 

Waste Water Characteristics Per Unit of Finished Product 
Ready-To-Eat Cereal Manufacturing 

Flow 
cu m/kkg · gal/lb 

2.75 0,33 

BOD 
kg/kkg 

(lbs/1oo'o lbs) 

5,30 

COD 
kg/kkg 

(lb.s/lo'OO lbs) 

Suspended Solids 
kg/kkg 

(lbs/lo'OO lbs) 

2.70 

. r 

-11 

1 -
.. ?-- ~-~ 

:1 :·r 

___ ---------··------ ----·· ---- 2~ -;, -----3.25- _- 0,39---- ---- -- -8.07-.. w ---- -·. ·• --- -- --13. 88- -----._--- - ------- ----l~29--------t-( ·. 

, ~ 3 9,59 1.15 18.21 42.40 · 1.45 f -

4 7,?4 0.94 

5 6.09 0.73 

6 5,25 '0.63 

7 6.50 0.78 

8 7,09 0.85 

9 7.34 o.88 

10 2.50 0,30 

. ,,,. " 

Average 5,82 0.70 

...... ,. 

8.28 

3,70 

2.20 

9,07 

3,79 

3,·20 

4.51 

6.63 .. 

16.96 1.59 . 

6.16 

14.14 

5.71 

10.37 

15.66 

1.06, 

1.05 

1.86 

0~57 

1.13 

0.97 

1.37 

·1 

- . .. . . ·-···-·-,~•T- o: f . ?if!II 
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As noted previously, was~e water·s from n:!ady-to:..eat cereal plants 
vary consider?-bly in qu;antity and character. This variability is a 
function of many different factors, and attempts have been made in 
this study to correlate; some qf these factors with raw waste loads, 
as discussed in the fol~rwi~g p~ragraphs. 

Age 2t R!~ui 1 

I 
In some industries, the bharacter of waste generated is directly 

· related to the age of t~e plants. Such is not the case in ready-to
eat cereal. manufacturi\ng, as evidenced in Figures· il and 12, which 
relate plarit age to the 1~0D_2 and suspende·d soi.ids in the total plant 
effluent. Data from te~ plants were used to determine regression 
lines and, compute correlation coefficients. The value of the 
correlation coefficient ~aries ,between zero and plus or minus one, 
with zero, indicating n,o correlation and one indicating perfect fit 
or correlation. The pos'itive or negative sign merely indicates the 
slope of the data c~rve. The dashed line indicates the line of 
regression, while the a.crtual data points are contained within the 
shaded portion of the graph. The l.ine of regression was determined 
by the least squares fi~ of the data. A correlation coefficient of 
-0.324 was obtained wh'en·:sobs was plotted against plant age, and a 

. I ' -correlation value of O. 3103 was dete:i;:-mined when suspended solids 
loadings were plotted V:ersus plant age.. Both values are quite low,' 
indicating a low degriee of corre1ation or a high degree of 
randomness. No discernible relationship between the total waste 
load and the age of the ';plants was determined. In fact, several of 
the newer plants gene~ate more wastes per unit of finished product 
than the older plants. !It should. be noted that the age of the plant 
in this industry subcatdgory does not accurately reflect the degree 
of modernization in ~erms of types of equipment and·production 
methods. Most ready-to-

1
eat cereal plants employ· similar production 

techniques~ ; ., 
I 
I 

several comparisons wJre made between the size of plant, expressed 
in daily quantity of fitiis:hed i:;roduct,· and total plant waste loads, 
as shown in Figures 13, 114, and 15. · The total daily volume of waste 
water disc=harged was :riound to correlate fairly wel'l with the pl.ant 
·capacity·, ,Figure 13, ias might be expected. A correlation 
GOefficient value of :9 ~Jt~.$ j 9E!, .. ~ppiputed. At the_ same time, the 
range_of plant data ref~ect different process and cooling water use 
practices. , 

j 

Data on ~OD2 and sus~~nded solids ~ere used to generate the graphs 
shown in Figures 14 and il5. These figures attempt to relate ,plant 
capacity t:o BOD2r and I sus,pended solids loads, respectively.~ The 
correlation coefficient 1values of 0.273 and 0.215 and the wide range • ,J ..,, ,•,,'!',, .'',,, .. _.,,, • .. ,,,,,,,,,,, ,, 'ol",,',, .,.,,,,,, , ,:,·,,. ,,,. , n< •,,,;;, • , , ,, , , --

Of average;plant data indicate that no definable relationships exist 
between plant capacity a'nd either of·these two pollutant parameters. ,, ' 
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AVERAGE SUSPENDED SOLIDS DISCHARGED AS A FUNCTION OF AGE OF CEREAL PLANTS 
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In Figure 16, average BbDj loadings per unit of finished product are 
I . - .... 

compared with the proportion of cereal that is sugar coated at a 
plant. The value ofi the correlation coefficient is 0.629, indi
cating a fair degree of:!correlation between organic waste load and 
amount of cereal bein~ coatedo A general trend of increasing BODS 
with increasing percent~ge of cereal being coated is indicated: 
This might be expect~d, as increasing coating operations probabiy 
result in larger quanti~ies 0£ sug~r entering the plant effluent 
during cleanup operations. 

: 
l 

WHEAT STARCH AND GLUTEN\MANUFACTURING 
' 

I 

I 
The use of water is int~gral to the processes involved in starch and 
gluten manufacturing. I Basically the manufacture of wheat starch is 
a wet separation of the• starch and gluten components of wheat flour. 
Fresh water enters the pperation at several different FOints, as 
shown in the process f~ow diagram, Figure 10 in Section III. Water 
is mixed with the flour! to.form a dough. ·More water is used in. the 
washing operations which· separate the starch from the gluten. In 
the screening steps, wa~er is used £or back-washing fibre collected 
on 'coarse screens al};d fqr c.ountercurrent washi,.ng of the overflow 
(fibres) leaving the fipe sqreens. A major water use in the process 
occurs in the refining· !of the crude starch milk. As the'· refining 
centrifuges separate :~he heavy component, A-starch, from the light 
component, B-starch, a !fresh water stream washes ~he heavy component 
countercurrently. Smaljl.er quantities of water are also used for i 
cleanup, cooling, and ~oiler operation. 

l - "' .. ~ - . . . 

to 946 cu 
capacity. 

Total water use in ~heat starch plants varies.from ·284 
m/day (75,000 to 250, 00'0 gpd) depending mainly on plant 
The water use per un~t of raw material ranges from 10.4 

I . • . • 

m/day (1.25 to 1.56 gal/lb) cf flour. 
to 13.0 cu i 

I _; 
I 

i -
~i~ tfilt~~ Characteristics 

--- I -
In the wheat starch manufacturing process, waste waters are gen
erated primarily from S:tarch milk screening and centrifugation. The 
fibre washed from the tjoarse screens enters the waste stream in most 
plants. Data from otje plant indicate that the screening operation 
produced a· 0.17 to O. 26 iiter/sec (2. 7 to 4.4 gal/min) waste stream 
containing 5. 0 to 6. 0 !percent · solid~s.. This is a volume of 15 to 24 
cum/day (4000 to 6300 !gpd) with a total solids loading of 809 to 
1494 kg/day (1783 itd 3291 lb/day). Discharges from starch milk 
thickening and concentzjating operations make up the balance of the 
waste waters, ,,although cleanup may generate adqitional· small 
volumesG . • .. I ··· · ,,, · ,., · · .... , , - · , 

i 
The remainder of the cla'.ta accumulated on. wheat starch operations 
relate' to total wastl.e flows. Summary data from six of the seven 
plants are included in 'i':rahie 6 ~- The 'seventh pi ant uses its starch 
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Table ·6 

Total Plant Raw:waste Water Characteristics 
Wheat Starch Manufacturing 

Suspended 
;., 

______ BOD 
2
_::m.g/l . QQD ' rn,gLl . :" ., · Solids 2 mgLl 

Plant Avera~ Range Average Range Average Range 

1 1. 10,610 - 25,040 - 9527 

2 6895 600-16,200 - - 5141 500-19, 580 : 

3 9600 .. 8060-12 ,700 12 , 300 11 , 600-13, 500 . 7500 2400-12,600 

4 14,633 7968-22,495 35,057 1661-42,992 14,824 3468-21,442 

5 6500 - 9300 5100-12,400 4176 

6 6200 - 16,000 - 6910 

' .,,. ·~ 

A •., - •• a-J '• .-

H" 
'Avera~ Range 

4.9 

.-
3.5 3.4-4.2 

4.6 4.2-5,7 

3.9 



. I 

·~aste stream as raw mci.teriai feed in a distil.lery operation a~d·; 
therefore, the plant's wa~te characteristics are not representative 
of the industry. The sixth plant listed in Table~ also processes 
soybeans and•has a canning operation that generates waste waters. 

I . 

B0D2 values· for the s~ p,ants range_from 6500 to 14,600 mg/1, with 
the higher concentrations 1correspond1ng to larger plants. Suspended 
solids concentrati~ns range from 5140 to 14,800 mg/1, and, again, 
the higher concentrations !tend to correspond to the larger plants. 

The pH of wheat starch plant effluents is generally acidic, in the 
range of 3 to 6, although idata from one plant indicate a neutral pH. 
Limited data on phosphorus and nitrogen show rather high values. 
Total phosphorus concentrd.tions at two plants varied from 75 to 140 
mg/1, and total nitrogen ivalues ranged from 350 to 400 mg/1. Waste 
temperatures varied from 7,0 to 80°F for the various wheat starch 

I . 
plants. i 

The information ·containJa in the preceding table is presented in 
Table 7 in terms of raw m~terial input, i.e., kg/kkg (lbs/1000 lbs) 
of wheat flour.! . Ih~ E.!s!l:t ~~ !!! :th~ :t~Q ~les. ~ fil?:!: 
£Qrf~§EQ!!.9 :tQ one· anothei~ .: 

BODS in terms of raw mateJial input ranges from 80 to 108 kg/kkg 
.(lbs/1000 lbs),' and averd.ges 90. 7 kg/kkg (lbs/1000 lbs). suspended 
solids loads vary in the dame range, from 52 to 110 kg/kkg (lbs/1000 
lbs), with , an average ,jvalue of 75. 7 kg/kkg (lbs/1000 lbs). 
Available COD data show~ range of 116 to 260 kg/kkg (lbs/1000 lbs) 
averaging 198.6 kg/kkg (lqs/1000 lbs). The waste water flows are 
fairly consistent throughout the plants studied, varying.from 7.5 to 
12.5 cu m/day (0.9 to f ·1.s gal/lb), Averaging 9.9 cu m/kkg (1.19 
gal/lb). Generally, the waste water characteristics in ·the wheat 
starch subcategory show <jood correlation when expressed in loadings 
per unit of raw material. I 

~Q~.§ ~!fecting: ~ 2 te ~J:t~ £llilracteri.§ti£§ 

As with waste waters from /ready-to-eat cereal plants, there is some 
variability :in waste quantity and character in the wheat starch and 
gluten industry. Many fa9tors may be responsible for these varia
tions, and the followi.ng discussion outlines several attempts to 
correlate certain factors jwith raw waste loads. 

I 
Age 2f f!snt I 
Data on five wheat s-tarch !plants were utilized in an attempt to 
relate raw waste load~ 1 per unit of raw material to pl.ant age. 
Figures 17 arid 18 show tne1 results for BOD2 and suspend~d sol:i,ds, 
respectively. The .corr~lation coefficients, 0.655 ana:.0.809, ·:are 
quite high, indicatihg the possibility of a definable re.lationship. 
The regress~on lines i~dicate that waste loads generally increase 
with increasing plant age .. \ · 

l 
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Table 7 

Waste-Water "Characteristics '.Per Unit of Raw Material .. 
Wheat Starch Manufacturing 

.$ ~-

Flow 
Suspended Solids 

kg/kkg 
Plant , cu m/kkg gal/lb 

BOD 
kg/kkg 

(lbs /1000 lbs ) 

COD 
kg/kkg 

(lbs/1000 lbs) . (lbs/1000 lbs) 

1 

2 

3 

4 

5 

Averag~ 

• y' ''• 

-12.42 

7.¼2 

8.50 

9.75 

11.67 

9,95 

--------,----~---- . ,_,., ... __ _ 
I.49 

0.89 

1.02 

1.17 

1.40 

1.19 

80.8 

108.4 

90,3 

. 93,5 

80.5 

90.7 

,_._., 

,. 
,: ~ 

115.6 51.9 

259.6_ 109.8 

213.0 ::· 81.o 

206.0 73.0 

60.1 

198.6 75.2 

li· •; _: !,, 
't '-• .. :~~ 

i',. 
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The possibility of a re!lationship between wheat starch raw waste , 
loads and plant capacit~ was investigated, and the results are shown \ 
in Figures 19, 20, and 21. Daily waste water flow correlated well 
with plant capacity, as! shown in Figure 19. The high value of the 
correlation coefficien~,- 0 .. 795, indicates·a reasonably good fit of 
the data with the regr$sion line, as might be expected. Figure 20 
attempts . to rel~te BpD,2 loadings per unit of wheat flour to plant 
capacity •. The low correlation coefficient, 0.365, indicates that 
there is no definable telati,onship. In Figure 21, suspended. solids 
loadings are plotted versus plant capacity. In this case, a high 
correlation coefficient of 0.688 was obtained, in~icating a good 
probability that suspen~ed solids loadings increase as plant size 
increases .in a definablr relationship. 

In compari:ng Figures 111, 18, 20, and 21, it should be noted that the 
larger wheat starch plants al.so tend to be the older plants. Thus, 
a particular figure mayjnot be showing the effect of just one 
variable •.on raw waste: loads.. It should also be noted that the raw 
waste load values, particularly £or BOC2, do not vary a great deal 

'from plant to plant./ This fact, plus the limited number of data 
points, influenced the {l~cision not to further subcategorize the 
wheat starch industry oh the basis of age and size of plant or waste 
water characteristics. \ 

I 
~~™and Wast~ water Discharge -r 
It has been specu1at'~d that there might be a _relationship between 
the total waste load and the volume of waste water discharged. 
Figures 22 and 23 w~re developed to evaluate this hypothesis and 
clearly show that no s~ch relationship exists. The_ correlation 
coefficient values ofj -0.109and 0.106 indicate litt1e or no cor
relation. 

"' 
{ 

55 , 

I i' #1 i ,. ·_,. 

' ,I 
I , 



. .~ ' 

~
•:❖~·~:•·•;• 

········•··•··· - , ............... -:•:-:-:;~:• 
... ·~·.···························~····· -~:~:• -.·~••••••••••••••••••••••••••••••••••• • •••••'•I •••••••••·•·•••-1._•••·••••••••••·••·•••••• •••••••·•••I .,.;;;::::::::::::::::::::::::::::::::❖if/J:.:::::::::::::::::: 

·-•~•.······························;:;~.•.······················ .• •;•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:'.:~·~:❖·•:•:•:•·❖•❖:•:•:•:1 .-.❖:•:•:•:•:•:•:•:•:•:•:•·•:•:•:•·•:«.::❖•❖·•:::.:•:••::.•::.·❖·•:• ,.;•;•.•·······················•:•:;:i:iit.••··················•·❖·•·•.❖·•···· 
;•;•:::::::::::::::::::::t:::::::::::~:J::::l:::::::l:::l:::l:::::l:::::::l:::::::l:t 

············•···•········ ..... ;'.~ .. ;~::: .. •.• ............................ ' 

.6 

.5 

.16 

.14 

.12 

s ~- .4 

.3 

'::::::::::::::::::::::::::»,~:;::::::::::::::::::::::f:;:!:::::::::::::::::::;:::::::::::: :•:•:•:•:•:•:•:•:•:~·,:-;:❖:❖:•:•:•:•:•:•:•:•:•:•:•:•:::.:::.:::.:•:•:•:•:•:::.:::•:•:•:::, •:•:•:•:•:•:•··•,r;,;::•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:❖:❖ :········;•".t.iltf,•.·············································································· ;;~f.::::::::::::::::::::::::•:::•:::•:::::•:::•:::•:::•:::::•:::•:::•:::•:::•:::•:::•'.•· _ / .

1

ffi:~:l:::::::::::::::::::::::::l:::lt:::::l:::l:::l:::l:::•.::l:::l:::l::_:::'.:::-···· 
-1--- ... - ---- ~.., :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_:::'.?··' _,,,_r- --... -- .~.••••••••••••••••••••••••••••••••••o•••••••••l,!•••••••••••~ ,· ·········•;•;•.•··································~ ,,.,,.,, ; iJJ\1¥.)ff P''•"C ~~ ··- - ----... 

.10 

.08 
-·----·--

g, .. • J:: 
'() 

.!! 
'0 

-;.., 2 
11:·• ,,_ 

..... 
~ • i 
E. 1 
u· .• 
:ii':, 
::I u 
o-·.,, 

to _ .. 
:·, 

FIGURE 19 

.... 
>, 
II 

.06 

~.04 • C 
.2 ·:; 
01 .02 c-

_.,2 ... 
-,! : 0 

~o 
(1000 lb. of flour /day) 

0 20 

..... · 

60 

0 2,5 

(kkg of flour /day) 

plant capacity 

80 100 

50 

120 

line of regression --
range of average plant data , ........... 3 
correlation coefficient (r) = _0.795 

140 160 180 200 220 

75 100 

WASTE WATER DISCHARGE AS A FUNCTION OF WHEAT STARCH PLANT CAPACITY 



(.Tl 

-...J 

WASTE -WATER DISCHARGE AS A FUNCTION OF WHEAT STARCH PLANT CAPACITY 

-~ ~. "O 
C 

120 

110 

100 

90 

so-1-----~-

70 

ftl 60 .E 

Wllitltfl!)iilllil-------~(111,tii 

. a.~----·· ·-:-"O 50 

• •- ~••I 

.c 
-:g -- 40 
>- 0 

. ~ :: 
o - 30 . 0 - ~ . ftl .. 
u. 0 20 ·e· ~-
a. 8 J: 0 u ... 
0 --: ... .a . 

10 

line of regression --
,.,.. of average plant data f;❖·•·····~ 
correlation coefficient (r) = 0.365 

.0 .; 0 -1--------------....,..---,----,-----r----,---,i---,-----, 

FIGURE 20 

0 20 40 

(1000 lb. of flour/day) 

0 

(kkg of flour/ day) 

plant capacity 

60 

25 

80 100 120 140 160 180 200 220 

50 75 100 

AVERAGE BOD DISCHARGED AS A FUNCTION OF WHEAT STARCH PLANT CAPACITY 

-· ·= ____ _. =2,_.., ... ,.... 

·, i 

.. 

~ 1 
H: 

'.!~- : .. :) 

...i.l1 ~ 



.$ ""'!, 

· .. "" "' 

110 

100 

90 

80 

70 
\ 

60 
---
so-1 ·' .~ 

C . ,,,,,. 

~ 

40i' · ,,,,,.,,,,,. .. ,,,,,. . .. 

,at. 

,_,;P,..,,. 

-~ ,30 
'C. 0 

20 Cl) • 
'C" ~ 

i·§ 
0..· P' 10 
ti) -= ::, ~ 

0 ti) -

FIGURE 21 

0 20 40 

(1000 lb. of flour/day) 

0 

(kkg of flour/day) 

plant capacity 

....... ,;;: .. ., "·. ·• :2~zsJ 

60 80 

25 

_,,,,. ,,. .. 

,,,,,, ,,, 
,,. ,,,,,. ,,, 

I 

' 

;:;,V""------ -<-~--- --·-- ~·~-- ~:~ ---- '-·-·----~ ----------------+~--

100 120 

50 

tine of regnts1Slon . . . 
range of average plant data E•,•,-..,•,•J' · 
correletion coefficient (r) = 0.688 

140 160 180 200 

75 100~:· 

. ·- , .. AVERAGE SUSPENDED SOLIDS DISCHARGED AS A FUNCTION OF WHEAT STARCH 
PLANT CAPACITY . 

~--'-~~~=~'.!,"'""""""'',10,·'"~~~11,-

l : 



C 
:.> 
:c 
I( -'I) 
-I( 
.LI 
C 
~ 
,L, 
:, 

z 
2 -:.> 
E 
:) 
,L, 

I( 

'I) 
( 

:l 
LI , 
x:· 
( 
C 
J ,, 
5 

"0 . 
C 
as 
E 
G) 
"0 
C 
CD 
D) 
>. 
>< 
0 -as 
CJ ·e 
CD 
.c 
CJ 
0 
:a 

120 

110 

100 

90 

80 

70 

'60" 

'50 

- 40 ICII 
~ 
~ -ICII 30 ~ .. 
0 :e , _20 
g 10 .... -:e 

0 ..... 

"'·-· -+ ., ' . ,. ---·- ·-··· ... ' . 
I
', ..... ' 
.. 

t 

.I 

j 

line of reg .. sslon --
rangat of average plant data C···• ..... •a 
correlation coefficient {r) = -0:109 

~ · .. 

0 .02 !.o4 .06 .08 .10 .12 .14 .16 

{million galloJ/~ay) . i 
I I I i 
o .1 I .2 

(1000 cubic mJters /day) 

discharg~ I 
I 

FIGURE 22 r.- ! · 
! 

I 
. 3 

I 
.4 . 

I 
.5 

,, I 

AVERAGE BOD DISCHARGED AS A FUNCTION Of. WHEAT 
STARCH PLANT DISCHARGE VOLUME 

! 
I 
I 

59 

, 
.6 

i 
I 
I! 
u 1' ,: 
,,·, 
(1 1 
;. 
! 

I •1 , "B 

I 

·1 'I, 'I, 



' L: h,., 
·l·: 

120 

110 

100 

90 

80 

70 

-60 

50 

40 

30 

20 

10 

---i---'I . 
,,, 

! 
' I 

I 
I 

I 
I 

--

nne of regression --
ranp of average plant data f!...-..... •a 
correlation coefficient (r) = 0.106 

0-+----!-1 ----,--------....... --------
'~'. _ .02_

1 
I .t. ~g~. .06 .oa .10 .12 .14 .16 

(_million gallons /day) 
e • ', - ' : 1- "'LI' " •,~ 'I ",, i,I:• '' / "',,, 

. ,I 
.,1 

o .l .2 .3 .4 .5 .6 
I 

,I . 

<1000 cuttic meters /day) I . . 
discharge 

1' ·- 'I 
. FIGURE 23 . i 

I ' I 
AVERAGE SUSPENDED SOLIDS A$ .A FUNCTION OF_. WHEAT 
STARCH PL·ANT D 

1
SCHARG1( VOLUME 



SECTION VI 

SELECTION OF POLLU~AN~ PARAMETERS 

The waste water parameters that can be used in characterizing the 
process waste waters from the cereal and wheat starch segments of 
the grain milling industry are as follows: B0D2 (5-day20°c 
biochemical oxygen demand), suspended solids, pH, chemical oxygen 
demand (COD), dissolved solids, nitrogen, phosphorus, and 
temperature. These parameters are common to the entire industry, 
but are not always of equal importance. As described below, the 
selection of the waste water control parameters was determined by 
the significance of the parameters and the availability of data 
throughout each industry subcategory. 

MAJOR POLLUTANT CONTROL PARAMETERS 

The following selected parameters are the most important consti
tuents of cereal and wheat starch manufacturing waste waters. Data 
collected during the preparation of this document, particularly from 
cereal plants, was limited in most cases to these param~ters. 
Nevertheless, the use of _these parameters adequately describes the 
waste water characteristics from virtually all plants in the 
industry. BOD2, suspended solids, and pH are, therefore, the 
parameters selected - for effluent limitations guidelines and 
standards of performance for new sources for these two 
subcategories. 

Biochemical Ox~gen Qfil!)and (BODS) 

Biochemical oxygen demand (BOD~) is a measure of the oxygen con
suming capabilities of organic matter. The .BOD2 does not, in 
itself, cause direct harm to a water system, but it does exert an 
indirect effect by depressing the oxygen content of the water. 
Sewage and other organic effluents during their processes of 
decomposition exert a BOD~, which can have a catastrophic effect on 
the ecosystem by depleting the oxygen supply. conditions are 
frequently reached where all of the oxygen is used and the con
tinuing decay process causes the production of noxious gases such as 
hydrogen sulfide and methane. Water with a high BOD2 indicates the 
presence of decomposing organic matter and subsequent high bacterial 
counts that degrade its quality and potential uses. 

Dissolved oxygen (DO) is a water quality constituent that, in 
appropriate concentrations, is essential to keep organisms living 
and sustain species reproduction, vigor, and the develo~ment of 
populations. Organisms undergo stress at reduced DO concentrations 
that make them less competitive and able to sustain their species 
within the aquatic environment. For example, reduced DO 
concentrations have been shown to interfere with fish population 
through delayed hatching of eggs, reduced size and vigor of embryos, 
production of deformities in the young, interference with food 
digestion, acceleration of blood clotting, decreased tolerance to 
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.. certain t<;>xicants,--r-eq~~-·--~fficiency and growth~-r-a:t.~ -
reduced maximum sustain~d swimming speed. Fish, rood organisms .. are 
likewise affected adversely by supFressed DO. Since all aerobic 
aquatic organisms need~ certain amount of oxygen, the total lack of 
dissolved oxygen due toia high BOD~ can kill all inhabitants 0£ the 
affected area. t 

I .• -
If a high BOD2 is presentu the quality of the water is usually 
visually degraded by the presence of oecomposing materials and algae 
blooms due to the uptake of degraded materials that form the 
foodstuffs, of the alga]. \populations. 

Many cereal and whea~ starch plants or the municipalities that 
handle their waste wateris routinely measure BOD2 in the plant waste 
waters. ~ypical BOD2 \levels are moderate to high in the ready-to
eat cereal;subcategory, :ranging frcm several hundred to over 2000 
mg/1. Wheat starch was~e waters are quite high in BOD2, with values 
ranging from 6,000 to 11,000 mg/1 and higher for large plants. 

I susEended Solids , 
I 
' suspended solids include both organic and inorganic materials. 

These materials may sett.le out rapidly, and bottom deposits are 
often a mixture of tjoth organic and inorganic solids. They ad
versely affect fisherie~ by covering the bottom of the stream or 
lake .with, a blanket of; material that destroys the fish-food bottom 
fauna or the spawning ground of £ish. Deposits containing organic 
materials may deplete ,,j bottom oxygen supplies and produce hydrogen 
sulfide, carbon dioxide,\ methane, and other noxious gases. 

'• , , I 
In raw water sources for, domestic use, 'state and regional agencies 
generally specify tha~ suspended solids in streams shall not be 
present in sufficient c'.oncentrai:ioins to be objectionable or to 
interfere with normal: treatment processes. Suspended solids in 
water may interfere wi~h many industrial processes, and cause 
foaming in boilers, or ~ncrustaticns on equipment exposed to water,, 
,especially as the temperature rises. suspended solids are 
undesirable in water :for textile industries; paper and pulp; 
beverages; dairy product~; laundries; dyeing; photography; cooling 
systems; and power plants. suspended particles also serve as a 
transport mechanism for pesticides and other substances that are 
readily so~bed into, or ~rt~ ,9J.?Y partici,e~ •. ,, 

Solids may be suspendedi in water for a time, and then settle to the 
bed of the stream or lak~. These settleable solids discharged with 
man•s was~es may be, inert, slowly biodegradable materials, or 
rapidly decomposable sublstances. While ,in suspensionr they increase 
the tqrbidity of the w~t~r, reduce light penetration and impair the 
photosynthetic activity ~f aquatic plants. 

,. . I . 

i 
solids in suspen~ion., ?re aesthetically displeasing~'. When· they 
settle to form sludge deposits on the stream or lake bed, they are 
often much more damaging to the life in water, and they retain the 
capacity to displease tµe senses. Solids, when transformed to 

! 
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are' sludge deposits, maY 1 ·ac{" a · variety or damaging thihgs, includi:~----1 

~bic blanketing the stream o~ lake bed and thereby destroying the living 
~ of' spaces for those benthic organisms that would otherwise occupy the 
the habitat. :when of an or~anic and, therefore, decomposable nature~ 

solids use a portion or1 · all of the dissolved oxygen available in the 
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area o Organic materi1als al.so serve as a seemingly inexhaustible 
food source for sludge~orms and associated organisms. 

I . 
suspended solids concentrations are rather low (100 to 400 mg/1) in 
cereal manufacturing ~aste waters, but are quite high (5000 to 
15,000 mg/1) in wheat starch ef:i:luents. Wet cleanup operations that 
wash product spillage iinto the sewer account for much of the 
suspended solids content of cereal waste waters~ In wheat starch 
wastes, very fine stiarch particles ·pass through the refining. 
operation and remain lin suspension. This starch accounts for much 
of the organic 1oad in lthe waste water and is essentiaUy inso1ub1e. , 

DH , 
I 

The term pH is a logarithmic expression of the concentration of 
hydrogen ions. At ~ pH of 7.0, the hydrogen and hydroxyl ion 
concentrations are equJ1 and the water is neutral. If pH values are 
below 7.0, acid conditions are indicated, while pH values above 7.0 
indicate alkaline condftions • 

I 
Waters with a pH below 6.0 are corrosive to water works structures, 
distribution lines, an4 household plumcing fixtures and can thus add 
such constituents to ~inking water as iron, copper, zinc, cadmium, 
and lead. The hydrogen ion concentration can affect the "taste" of 
the water. At a low -~H water tastes "sourn. The bactericidal 
effect of: ch1orine ~s weakened as the· pH increases, and it is 
advantageous to keep the pH c1ose to 7.0. This is very significant 
for providing safe dr:L4king water. 

! 
Extremes 'Of pH or r4pid pH changes can exert stress conditions or 
kill aquatic life outright. Dead fish, associated alga1 blooms, and 
foul stenches are aesthetic 1iabi1ities of· any waterway. Even 
moderate changes from "acceptable" criteria. limits of pH are 
deleterious to some sp~cies. The relative toxicity to aquatic. life 
of many materials is increased by changes .in the water pH. 
Metalocyanide complexe~ can increase a thousand-fold in toxicity 
with a drop of 1.5/ pH units. The availability of many nutrient 
substances varies withlthe alkalinity and acidity. . 

The lacrimal fluid of be human eye has a pH of approximately 7.0 
and a deviation of /0.1 pH unit from the norm may result in eye 
irritation for the swimmer. Appreciable irritation will cause 
severe pain. , I 

' I , ·, 

The pH levels ,·of ready-to-eat cereal i;lant waste waters vaEy over; 
the prod~ction day, but genera1ly average close to·· 7.0. · Wheat 
starch waste waters tend to be acidic, in the range of 3 to 6. pH 
is an essential controt parameter for treatment of this waste and 
regulation of the discrarges. . 

I ; 
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. OTHER P~lJ-'.PANT CONTROL' 1~~~TJE:R$- :. 
. ' i 
Chemical oxygen Demand jCODl 

COD is a chemical measJre of the organic content and, hence, oxygen 
demand of the waste wat~r constituents. As with most food wastes, 
the COD of cereal a~d wheat starch wastes is considerably higher 
than the BOD2, usually qy a factor of 2.0 to 2.5. COD .was not 
specified_ as a control parameter because of the limited availability 
of COD data. Due to ~he lack of data, no de£initive relationship 
between COD and BOD2 ca~ be established at the present time.· The 
fact that ,the chemical. 1natur~ of the organics may differ from plant 
to plant may preclude t~e use of a uniform ·con standard for each 
subcategory o Therefore·,, it was concluded that effluent limitations 
guidelines and standards'. of performance should not be based on COD. 

I 

I 
·. In natural 'waters, the dissolved solids consist mainly of inorganic 

compounds including calc~um, magnesium, sodium, potassium, iron, and 
manganese and their associated anionic species of carbonates, 
chlorides, ·sulfates, phosphates, and possibly nitrates. . I . 
Many communities in th~ pnited States and in other countries use 
water supplies contain~ng 2000 to 4000 mg/1 of dissolved solids, 
when no bet.ter water i~ available. .Such waters are not very 
palatable, may not quench thirst, and may have a laxative action on 

' ~ 

new users. Waters containing more than 4000 mg/1 of total salts are 
generally considered untit for human use, although in hot climates 
such higher salt concentrations can be tolerated whereas they could 
not be in temperate clim~tes. ~aters containing 5000 mg/1 or more 
are report~d to be bitter and act as· bladder and intestinal 
irritants. It is genera!.ly agreed that the salt concentration of 
good, palatab1e wat~ sh?uld not exceed 500 mg/lo 

I 

Limiting concentrations Jf dissolved solids for fresh-water fish may 
range· from 5000 to 10,000 mg/1, according to species and prior 
acclimatization. Some fish are adaFtea to living in more saline 
waters, and a few speeies of fresh-water forms have been found in 
natural wat~rs with a satt concentration of 15,000 to 20,000 mg/1. 
Fish can slowly becomelacclimatized to higher salinities, but fish 
in waters of low s.alini ty cannot survive sudden exposure to high 
salinities, such as those resulting from discharges of oil-well 
brines. _Dissolved solid~ may influence the toxicity of heavy metals 
and organic compounds tolfish and other aquatic life, primarily 
because of the antagonisTi~ ef;~,~ 9~ !1~~9Il~'?l1> /'~ m~tal!?. 

Waters _with tota;I., di$.~Olved solids over 500 mg/l have decreasing 
utility as irrigation wa~er. Above 5000 mg/1 water has little or no 
value for irrigatioi;i. [ . · 

. . . I 
Dissolved solids in.industrial waters can cause foaming in boilers 
a,nd cause , interference j with . clearness, ~olor, or taste of many 

I 
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finished. products. Hi~h, d:issofved solias · concentrat:i-ons also ··. tend 
to accelerate corrosion. 

' ! 

There are a number o£lsources of dissolved solids in the cereal a~d 
wheat starch subcategories. In cereal manufacturing, these sources 
include wastes from \water treatment, cooling water blowdown, and 
various processes, patj:icularly cleanup, within the plant. These 
sources can increase aissolved solids concentrations several hundred 
to a few thousand mg/1. Most of these dissolved materials are 
usually of an organic nature.. Wheat starch wastes contain high 
levels of dissolved solids 6 most of which are probably unrecovered 
starch and gluten and thus constitute a high dissolved organic load. 

I 
i 
i 

Temperature is one of jthe most important and influential water 
quality characteristi~s. Temperature determines· those species that 
may be present; it activates the hatching of young, regulates their 
activity,, and stimulat~s or suppresses their growth and development; 
it. attracts, and may p.ll when the.water becomes too hot or becomes 
chilled too sudden~y. Cclder water generally suppresses 
development: warmer w~ter generally accelerates activity and may be 
a primary cause of aquatic plant nuisances when other environmental 
factors are suitable. ·l 

I 
Temperature is a prime regulator of natural processes within the 
water environment. It1 governs physiological functions in organisms 
and, acting directly' or indirectly in combination with ether water 
quality constituents, it affects aquatic life with each change. 
These effects include] chemical reaction rates, enzymatic functions; 
molecular movements, i and molecular exchanges between membranes 
within and between fhe physiological systems and t}:17, organs of an 
animal. , · • 

I 

I 
Chemical .reaction rat.e's vary with temperature and generally increase 
as the temperature is increased. The solubility of gases in water 
varies with temperature. Dissolved oxygen is decreased by the decay 
or decomposition of dissolved organic. substances and the decay rate 
increases as the temp~rature of the water increases reaching a 
maximum at about 3 o0 c I (86°F) • The temperature of stream water, even: 
during summer, is ~elow the optimum for pollution-associated 
bacteria.. Increasing 1the water temperature incr.eases the bacterial 
multiplication rate !when the environment is favorable and the food 
supply is abundant:. 

Reproduction cycles may be changed significantly by increased 
temperature because 1this function takes place under restricted 
temperature ranges. -~pawning niay not occur at all because tem
peratures · are too high. Thus,, · a fish population, may exist in a 
heated area only bi continued immigration. Disregarding th~ 
decreased repro·ducti.~e potential, water temperatures· need nqt reach. 
lethal levels to decimate a species. Temperatures that favor 
competitors, predator::I, parasites, and disease can destroy a species 
at levels far below t}iose that would otherwise be lethal. 

·I 
! 
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Fish food organisms are altered severe~y when terrpera~ures approach 
or exceed 90°F. Predominant algal species change, prJ.IParY produc
tion is decreased, and bottan associated organisms may be depleted 
or altered drastically in numbers and distribution. Increased water 
tanperatures may cause aquatic plant nuisances when other 
environmental factors are favorable. 

Synergistic actions of pollutants are rrore severe at higher water 
tanperatures. Given arrounts of darestic sewage, refinery wastes, 
oils, tars, insecticides, detergents, and fertilizers rrore rapidly 
deplete oxygen in water at higher tanperatures, and the respective 
toxicities are likewise increased. 

W1eil water tanperatures increase, the predaninant algal species may 
change frc:m diatans to green algae, and finally to blue-green algae 
at high tanperatures, because of species tanperature preferentials. 
Blue-green algae can cause serious odor problems. The number and 
distribution of benthic organisms decreases as water terrperatures 
increase above 90°F, which is close to the tolerance limit for the 
population. This could seriously affect certain fish that depend on 
benthic organisms as a food source. 

The cost of fish being attracted to heated water in winter rronths 
may be considerable, due to fish nortalities that may result when 
the fish return to the cooler water. 

Rising tanperatures stimulate the dec::arp:,sition of sludge, fm:nation 
of sludge gas, multiplication of saprophytic bacteria and fungi 
(particularly in the presence of organic wastes), and the 
consurrption of oxygen by putrefactive processes, thus affecting the 
aesthetic value of a water course. 

In general, marine water tanperatures do not change as rapidly or 
range as widely as those of freshwaters. · Marine and estuarine 
fishes, therefore, are less tolerant of tanperature variation. 
Although this limited tolerance is greater in estuarine than in open 
water marine species, tanperature changes are rrore ~rtant to 
those fishes in estuaries and bays than to th::>se in open marine 
areas, because of the nursery arrl replenishment functions of the 
estuary that can be adversely affected by extrerre terrperature 
changes. 

Cereal plant wastes generally have tenperatures ranging fran 32 to 
43° C (90 to 110° F). Much of the increase in terrperature is due to 
discharge of spent cooling water and the use of hot water in cleanup 
operations. As rrentioned previously, process wastes fran shredded 
cereal cooking range in tarperature fran 71 to 77° C (160 to 170° F) 
and can elevate waste water tenperatures at plants producing this 
type of cereal. Tenperature levels in_ wheat starch wastes range 
fran 21 to 27 ° C (70 to 80° F). 
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·phosphorus 
I 

ouring th~ past 30 year:s, a formidable case has developed for the 
be1ief that increasin'.g standing crops of aquatic plant growths, 
which often interfere Jith water uses and are nuisances to man, 
frequently are causeq by increasing supplies of phosphorus. such 
phenomena'are associated with a condition of accelerated eutrophi
cation or aging of ~atersG It is generally recognized that phos
phorus is not the so~e cause of eutrophication, but there is 
evidence to substantiate that it is frequently a key element in 

• • I . -stimulating excess algae growth. 
• I 

When a plant populatioA increases sufficiently to become a nuisance, 
a large number of asso9iated liabilities are immediately apparent. 
Dense populations ofj pond weeds make swimming dangerous •. Boating 
and water skiing and sometimes fishing may be eliminated because of 
the mass of vegetatioh that serves as a physical impediment to such 
activities. Plant popblations have been associated with stunted 
fish populations and/

1 
with poor fishing. Excess algae growth can 

emit bad odors, impart tastes and odors to water supplies,• reduce 
the efficiency of industrial and municipal water treatment, impair 
aesthetic beauty, redupe or restrict resort trade, lower waterfront 
property. values, cause skin rashes to man during water contact., and 
serve as :a desired substrate and breeding ground for flies. 

! 
Phosphorus in the elemental form is particularly toxic, and subject 
to bioaccumulation ih much the .same way as mercury. Colloidal 
elemental phosphorus ~ill poison marine fish (causing skin tissue 
breakdown and discol.qration). Also, t:hosphorus is capable of being 
concentrated and wil!l accumulate in organs and soft tissues. 
Experiments have she>wn that marine fish will concentrate phosphorus 
from water containing las little as 1.0 microgram per l~ter. 

' f \o". 

I 

Phosphorus levels in ieady-tO-:-eat cereal waste waters tend to be 
quite low. Concent~ations in plant effluents may be increased 
somewhat by _the use <)~ detergents in t:lant cleanup, but levels in 
the waste streams ~re generally too low to present a pollution 
hazard. Limited data\indicate that wheat starch wastes may contain 
significant phosphorus concentrations, on the order of 100 mg/1. 
This lev13l may be tiecessary' to achieve good biological waste 
tre~tmen;t, in view of/the very high BOD,2 concentrations present. 

! 
I 

Nit~gg~Q i 
I 

Tota). nitrogen levels in ready-to-eat cereal plant waste waters are 
quite low, ranging from 5 up to 30 mg/1. Based on limited data, 
wheat starch wastes/ contain higher nitrogen levels, ranging from 
350 to 400 mg/1. A~: with the phosphorus concentrations, these 
nitrogen levels. bas~d on present evidence are required to,achieve 
effective biolog:i.cal jtreatment.. Addition of nitrogen''. and phosphorm'? 
has been found necessary in effective biological treatment of ready~ 
to-~at cereal manufac~urlng wastes. 

I 
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SECTION-vT""l:

CONT�OL ANO 'IREATMEN� TECHNOLOGY 

INTRODUCTION 

since animal feed and }iot cereal manufacturing plants·· generate no 
process waste waters) there is no need to include these subcate
gories in a discussion/of control and treatment technologies. There 
has not been a gr eat deal of attention given to either in-plant 
control or treatment qf waste waters within the ready-to-eat cereal 
industry. Most of the!cereal plants in the u.s. discharge medium 
strength wastes to +arge municipal systems which are capable of 
handling the industrial waste loads. Several plants within the 
subcategory provide �creening and some settling of their wastes. 
one plant provides biblogical pretreatment, and two others are 

I 

constructing pretreatment facilities to reduce waste loadings prior 
to.municipal discharge ➔. 

i ' 
Although there has been more attention given, to waste treatment 
within the wheat starch industry, there has not been a great need 
for d�velopment of waste control and treatment technology within 
this sub�ategory since there are only a few plants and they a+l 
discharge. to municipal/systems. one plant operates a pre treatment 

• facility and is att�pting to develop a complete treatment system.
Another plant will soon construct a biological pretreatment fac ility
to reduce its organic {.taste loads prior to discha rge to a small
municipal system.

' 

· READY-TO-EAT CEREAL MANUFACTURING
I 

Waste Water Characteriktics
I 

!
As detailed in Section v u · ready-to-eat cereal plants generally 
produce moderate volumes of medium to high strength wastes. HigherI BOD� concentrations re�ult from plants that produce shredded cereals
or a high percentag� of sugar-coated cereals. Suspended solids
concentr�tions are mod(erate, generally in the range of 100 to 400 
mg/1. Treatment in tpe industry is limited; one known pretreatment
facil ity and t�e design criteria for a pretreatment facility 
presently under constrµction are discussed in this section. 

In-Plant Controls
- ----- . .  ---

Since most waste watbrs from ready-to-eat cereal manufacturing are
generated by cleanup oJperations, it is not anticipated that the raw
waste characteristi.c1s can be greatly influenced by in-plant
controls. separation �nd recycling of non-contact coqling w�ters or
increased usage cif spent cooling water rather than fresh water for.
such uses as clean�p would reduce waste volumes,· but no� waste:
loadings in terms of �ilograms or pounds of pollutant per unit of
production. waste loads could ce reduced in some plants if more

! 
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dry-type cleanup operations, such as sweeping or vacuuming of 
spillage, were employed in place of wet washing methods. 

several plants provide minimal forms of pretreatment for their 
process wastes prior to discharge to municipal systems. This 
treatment usually consists of screening and occasionally settling 
and skimming. Solids collected are either dried and recovered as 
animal feed or disposed of by landfill. 

One plant in the industry presently provides biological pretreatment 
prior to municipal discharge. The treatment system consists of a 
0.51 hectare (1.25 acre) lagoon equipped with mechanical aerators 
and designed for 30-day detention. Nutrients in the form of ammonia 
and phosphoric acid are added to the high carbohydrate waste stream. 
The treatment facility handles all process and sanitary wastes from 
the plant, including shredded cereal cooking wastes. The facility 
was designed to handle a flow of 379 cum/day (0.1 MGD), a BOD~ 
loading of 1135 kg/day (2500 lbs/day), and a suspended solids 
loading of 272 kg/day (600 lbs/day). Average influent and effluent 
characteristics over the past year are given below: 

Average Influent Average Effluent 
______ mg/!_ ______ mgLl ____ 

BOD2 2500 260 

COD 4300 870 

Suspended Solids 300 935 

Total Solids 3000 2500 

pH 6.9 7.1 

The high effluent suspended solids concentrations reflect the pro
duction of biological solids duringaeration. These figures are 
averages over a year•s time and do not reflect seasonal fluctuations 
which occur. During the warmer months, May through September, 
effluent BOD2 values vary from 100 to 200 mg/1, and suspended solids 
vary from 550 to 800 mg/1. corresponding BOD2 and suspended solids 
removals range from 92-96 percent, and zero percent. In cooler 
weather, BOD2, concentrations increase to the 300 to 450 mg/1 range. 
Similarly, suspended solids during winter vary from 900 to 1200 
mg/1. BOD2 and suspended solids removals under winter conditions 
ranged from 81 to 88 percent, and zero percent. Results of a 
sampling program conducted during the winter as a part of this study 
indicated BOD2 removals of 81 to 83 percent and an average effluent 
BOD2 of 450 mg/1. The addition of a final clarifier is anticipated 
to lower the suspended solids levels within municipal ordinance 
limits. 
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r,. second. pretreatment fabil"ity is ctirrently·-,xnaer .· construction -:that 
~ill handle .combined proc,ess and sanitary wastes from a small ready-

. to-eat cereal plant. Pre,sently the plant• s total waste· discharge 
has an average BOD2 concentration of 600 mg/1 and an average 
suspended ~olids level oi 175 mg/1·. The facility will consist of 
two aerated lagoons in series with nutrient addition and provisions 
for recycling between the two lagoons. Design is based on an 
average flow· of 284 9u m/day (75,000 gpd) and an average 0002 
loading of 408 kg/day (9~0 lbs/day). Anticipated effluent quality 
is shown beiow: / 

! 
BOD2 !200 41 90 88 

suspend$d Solids 

; 
i 

!200 

17.5 -9.0 pH 
. I . 

41 90 50 

The municipal sanitary; system will, continue to handle the treated 
effluent. i 

I 
WHEAT STARCH AND GLUTEN ~NOFACTURING 

t 
was~ Water ~~tetl§t~~ 

waste waters from wheat'J,tarch and gluten manufacturing operations, 
as ·described in detail in Section v, .are high in organic. strength 
and suspended solids. F~ows are moderate, in the range of 265 to 
570 cu m/day (70,000 to,

1
160,000 gpd). pH values are quite low, and 

phosphorus and nitrogen levels tend to be high. All plants in. the 
u.s. discharge to municiEal systems except one which uses its starch 
process wastes in a distillery operation and then discharges 
directly to receiving waters. Extensive treatment facilities· for 
the disti1lery waste are' /under construction. 

In-Plani controls 
! 
i' 
I 

reductions in waste loads can be 
or modifications at existing 

is economically crucial to wheat 
manufacturers already attempt to 
starch refining operations by 

It is doubtful that ·~ny major 
achieved through in-plan~ controls 
starch plants. Since product yield 
starch and' gluten platjts, most 
maximize solids recovery in the 
thickening and centrifugation~ 
between 5. and 10 perqent of 

Wash d.own water 011ly. amounts to 
the t~tal process waste water 

contribution. 

, Two new plants will commence full sca1e production of wheat starch 
and gluten in the near future, and both anticipate the generation of 
much lower volumes of waste water than existing plants. one plant 
will accomplish this by drastical~y reducing water requirem~nts, 
while the other hopes to: employ a total recycle system. These 
plants are constructed I primarily for recovery of proteinaceous 
material from the wheat raw material and are suspected to employ 
methods and processes 1which may be quite uncharacteristic as 
compared to historical pfocesses. 
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-Tre~:tmgnt·Techrioiogy 
_ , _ .. ..1 _ - .. , - -. ,' . - - I . . - . _ .. _ _ - .. . . ,-. ,,. •-' .. -· " ...... ,,.•,- ... " -. . . . . . . -. 
Pretreatment· operations __ and . P:!-lot _ plant _ studies substantially 
support that the prbc~ss waste water from wheat starch and gluten 
manufacturing is reaa.il:i.y ··- biodegradable and treatable by conventional 
biological treatment sfyst~ms. ,,.,, - . ,.. ., ., . ' . ·······• 

. . f ' 4 ~ 

one pret~eatment faci~ity is in operation in the wheat starch in
dustry, ,reducing th~ organic strength of the starch waste prior to 
municipal system disP,osal.- _. The facility handles 530 cu m/day 
(140,000 gpd) of high-!strength wastes from a medium sized starch and 
gluten plant. The 1treatmerit sequence consists of a steel mixing 
tank where the waste iis heated to 29°c 85°F, :three anaerobic filters 
operated in parallel, !and a: chlorine" contact" tank. Ammonia gas and " 
sodium 9icarbonate a:r.~ , ~qpt;!:n,u,_Q,U~ly added in _the" mixing, ~ank t~ 
stabilize the pH betw~en 6.5 and 7.5. The treated waste can be 
recycled: at rates firom O t:G 100 percent. That-portion that is not 
recycled' enters' the i chlorine contact tank, where chlorine is 
introduced for cont~o1 of odor and potential sewer corrosiori by 
reducing.hydrogen sul.:f!ide levels.· waste gas-produced by the filters 
contains'~ufftc.i,ent m~t~ape to:be c::ombu,_sted_i:-ea~ily in a gas burner; 

-, f • ~ ' · 1 : I ·" 11• --, , , ,,., ,,. r1l ,,,, 1,~ ... H ,,,, , ,.,,, ,,,;,:, " .. ,., , -,a:· ., •iaF ', -,,, , '"" ., , ,,,_. 1 ·" , ,, , 

- and is a potential energy--source. · · 
.. ! .,.,, .. • .. - ,, __ ', I . ,· ;C :'· :).:,":/:-./',,;,,. ;, 

.A comparison of average influent and effluent characterist:i.c~ during 
seven months of operation is shown below: 

BOD,2 

COD 

suspended Solids 

,I ... :' ,,, .,, .. ,,,,.,,,,,_,, 
\I " .. ,., •. ,,,;,. ""' 

Ayerage Influent 
ms1~! kg/d~ lb/day 

··~'fr, .. :~~ ~ ,ai,-~j~, r i;~~:r~;~·~:~ "}:· ,~.-? ~./ii''.i~,~::·;;~·t~;: ,}''1" 

6500 3175 7000 
i 
I • 

. · : ,i -
8800 4309 

· 1 ·""}"" "'""'Y"i ""· "~,· 

I •• 

2650 
! 

1270 2800 

Average Effluent 
~glJ )gu:µ~:t; lb/ g2Y, 

1406 3100 

3170 1542 3400 
a '",, ~-. ~.,;• ,,, 

·(· ~ 

1460 703 1550 

This dc;tt~. i,n,clicatei:;; ci~~;r.~ge re·auctforis ·of 55, _ 64, 
BOD~, cop, and suspended solids, respectively. More 
sampling indicates COD removals ranging from 18 to 
averaging 33 percent over the past year, however. . 

45 percent for 
recent plant 

59 percent and 

. ~ I · -_ . ~ ~ :: } _ 
one wheat st.arch· pla.ni:. has' been experimenting with a full scale 

'. . ... " .... ,1-, ''"•"' '. " .-
complete. treatment system for some time. The system employs.a vapor 
recompression evapor~:t:.or which,-- in theory, should effect 98 to 99 

.percent solids recovery. The plant has riot been able to operate the 
system successfully C)J1l a ·continuous 1::asis ~ The plant -- has been 
operated' successfullj for intermitte.nt periods of a week or more, 
and experimental efforts to the process are continuing. This type 
of treatment system definite1.y cannot yet be considered as 
demonstrated technology at the present time. 
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one other plant •in the wheat starch inaustry is planning · Eo--0~0-n-------,-,/-IIH 
!i"';t struct a pretreatment jfacil.ity. 'Ihe facility will incorporate 
Ii" •• eJCtended aeration and final clarification after which the wastes 
· , will be discharged te> jthe municiFal system. A chemical feed unit 

will be capable of addinQ" .lime and alum .to the wastes either . prior 
to or . after aeration. i Design f1ow is 409 cu m/day (108,000 gpd) 

-- and the detention time willl be 5. 0 days in the aeration unit: 
;·Effluent BOD_a levels a'.re estimated at 190 mg/1, representing a 95 

percent reduction. It stjould be emphasized that the attainment of 
this eff1uent level. has not been demonstrated in a full scale 
treatment facility. · 

i 
- Extensive pilot. plant st:u'dies were run on the starch waste prior to 
design of 'the above ~retreatment facility. The pilot system 
included a 15,140 .liter (4000 ga.llon) aeration and settling tank, to 
which were later added a /1325 .liter (350 gallon) rotating biol.ogical 
disc and .a 3217 liter (850 ga11.on) f:Olishing pond. The pilot system 
handled 2. 7 cu m/day (720: gpd) of waste over a five-month period. 
oµring . that time, BOD~ reductions averaged 86 percent through the 
aeration unit alone, 88 P,ercent through the ~eration unit and disc ... 
and 98 -Pe~cent through !the entire system-including polishing pond. 
Average efflhent BOD_a concentrations were 680, 578, and 84 mg/1.~ 
respectively., from the l three components of the pilct treatment 
system. 

i 
I i , 

f ; ... 
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.COST, ENERGY~ AND NON-WATER QUALITY ASPECTS 
i 
! 

~ -~··-- :"' .,..., : ,, ·~ .. ,·-·' -

This chapter presents qetailed cost estimates for the various 
treatment alternatives jand the rationale used in develop.ng this 
information. Data have jbeen developed for investment, capital, 
operating and maintena:,ce, depreciation, and energy cos.ts using 
various sources, including contractor's files, literature references 
6 and 9, and informationffrom individual plants within.the industry. 
The cost data from industry were quite limited and, therefore, the 
cost estimates are ba~ed principally on data developed by the 
contractor and the references cited. · 

. I 

REPRESENTATIVE PLANTS 

Because of the variations in plant operation, waster water 
characteristics, and tre4tment systems, it was impractical to select 
one existing plant as typical of each of the industry subcategories. 
Therefore, hypothetical! plants were developed (or synthesized) for 
purposes of·developing c4st data. 

I 

I 

In the ready-to-eat cereal subcategory, there is such a wide range 
of plant production capacities that it was decided to choose three 
hypothetical plants of d~fferent sizes •. The plant capacities chosen 
were 90,700 kg/day (200,000 lb/day), 226,800 kg/day (500,000 
lb/day), and 544,300 kg?,1day (1,20. 0,000 lb/day). Although the waste 
water characteristics' of ready-to-eat cereal plants vary 
considerably,· there is no apparent correlation with plant capacity, 
as shown in Figures 14 arid 15 in Section V of th~s report. Thus, 
flow and waste water !characteristics were selected to reflect 
average values for existing plants in the industry as r'eported in 
Section V. i · 

I 

The seven wheat starctl and. gluten plants exhib:i.t a fairl.y narrow 
range of piant capacities and waste water characteristics. A 

· hypothetical plant with an average daily raw material capacity of 
45,360 kg (100,000 lbs) qf flour was chosen for cost estimating 
purposes. Since flow Jand waste water characteristics are fairly 
uniform for the industry) average values for existing plants as 
reported in Section V we~e uti1ized. -

T:ERMINOLOGY . 

.li!Y~§tfil~llt Co~2 

' 

Investment costs are de.fined as the capital expenditures required to 
bring the 4eatment or cqntrol t~c;:;hn9;logy into operation,. Inclpded, 
as appropriate, a,.re tije costs of excavation, concrete-'# structural 
steel, mechanical and el€lctrical eguii;ment installed, and piping. 
An amount equal to 15 percent of the total ·of the above is added to 
cover engineering design: services, construction supervision, and 
related costs. Becaus~ most of the control technologies in.valve 
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e,rtl;:!,;rn,il.,. end-of-plant, system_s, no cost is included for 1-ost · time 
due to .. iqf:itallationo JI:t J§ ];)~;J.i~~E:;<l :that. ... t.he interruptions required 
for ins-t;alla:tion of ! cqntrol t,ec:;:hnologies can be coordinated with 
normal plant operating; s~hedules. The cost of additional land 

· required ' for treatmeh:t :f~gj,,l;itj.es is inc],.uded,, us,ing an estimating 
figure of $10,000 per ~ere. 

I, 
I 
I 

i ,. ,, · t i,, ,,,:I.~~·"::.;":"' t~:;, · .... ~ .~1 '. i 

, .. , " '' 

The capital costs are ~alculated, in all cases, as 8 percent of the 
total investment cosfs• Consultations with representatives of 
industry and the finanpial con:t~upity lead to .the conclusion that, 
with . th~. liI)1_ited datl a avai,lap;I.~, this estimate is reasonable for 
this industry. , ,. 

' ' 

!Je;gr§£l:£!~16n 
1

, 

Straight-line deprecia6.on for 20 years, or 5 percent of the total 
in~estmen,t ~~st, i;s u 7ti~ i.~ ~l;l. ,cct~gt=;;. 

Qper,?a;tion and Msi-!!~2!1£~ Costs 
• ' r ., ' ~ . - ..,, . -•· •• ' • ':0 fi•;irlrl~~·' •~,~r "-I.'" ,,,:•J "' ,, ,,,,' •/I q ' "" • ,,> ''ilh 

Operation and ·maintenance costs include labor, materials, solid 
waste dispos,al, efflueh~ mop.itor:j.ng, added administrative expense, 
taxes an,d insurance •. \,, ,,:W:h,~Jl : ;ttt~ 9Qgt:r9l, 1;:,e<::bnology involves water 
recycling,, a credit of\ $0.~0 per 1,000 gallons is applied to reduce 
the operation and Il}rinte.nange cost:s. Manpower requirements are 
based upon informatio~jfound in References 6 and 9. A total salary 
cost of $;10 per man-ho:pr is ~!:t~d in , ,,all Cc3:.§.eS. . , , ., , 

I ! 

~!:9:Y an~ . .f2~§r £OS~.§.[~ ; 

Power costs are estimated on the basis of $.0.02~ per kliowatt-hour. 
I 

Annual ~osts are ; def ine.d .. . a,s th.e total of capital costs,, 
depreciation, operatio~ an.ci.111a,!ntenance, and energy and power costs 
as accrue<J. on an annual basis. 

COST INFORMATION 
\· 
! 

·-•--1 
· The inve13tment and .a~nual costs, as defined above, associated with 
the al terp.ative waste t~e~t,91~11,t;:, ~9p.tr9l :t;E;chnologies are presented 
below. In additio~, a description of each of the control 
technologies is provided,, together with the effluent quality 
expected· from the application of these technologies. All costs are 
reported in terms of August 1971 dollars. 

' . '\ ' ",, ' ' ' 

' i 
B~!!QY-t2-E!!t £~~al Maaufacturing 

I ' ' 'I'" '''•II!" 

As a basis for developing control and treatment cos€ information,; 
three diftere~t ready-to-eat cereal plants were synthesized to cover· 
the broad range of p:lant capacities within the industry. The waste 
water characteristics Jsed t:o.,d~scribe tqe~~ plants reflect actual ~I· '", ,,,, ,,,,), ",i ',;,! ,ij ,,, .!!• , " , ,,, • ',,,1I· : '" ~- , ~;,,,, I' " 

l 
I 
I 

,._ .,.,, 



time. 
1uired 
i with 

land 
nating 

' E the 
~s ~f 
that, 

le f~r 

total 

solid 
(?ens'e, 
water 

r-educe 
ts are 
salary 

hour. 

costs, 
costs 

d with 
sented 
ontrol. 
uali_ty 
ts are 

ation, 
cover 
waste 

actual· 

ail· 

" 

i 
. \ 

industry 
plants. 

practice base4 on average data 
The values emp].qyed are as fol.l.ows: 

received from existing 

! 

Flow 
BOD2 
suspended solids 

2.7. liters/lb of cereal (0.7 
~-6 kg/kkg (lbs/1000 lbs) or 
l.4 kg/kkg (lbs/1000 lbs) or 
I . 

gal/lb) 
1130 mg/1 

2q.o mg/1 

I The production and waste water characteristics 
hypothetical cereal plan1s are summarized below: 

of the 

Plant A: \ 
Production 10,100 
Flow , 529 
BOD2 \ 635 
suspended solids I 127 

Plant B: · 
Production 
Flow 
BODS 
suspended solids 

Plant c: 1 

Production 
Flow 

-BODS. 
suspended Solids 

i 
i 

226,800 
\ 1325 
i 1588 
! 318 

I 

54;4,300 
I 3179 
: 3810 

,! 762 
' 

kg/day 
cum/day 
kg/day 
kg/day 

(200,000 lb/day) 
(140,000 gpd) 
( 1400 lhi'day 
(280 lb/day) 

(500,000 lb/day) 
(350,000 gpd) 
(3500 lb/day) 

kg/day 
cu m;day 
kg/day 
kg/day (700 lb/day) 

kg/day 
cum/day 
kg/day 
kg/day 

(1,200,000 lb/day) 
(840,000 gpd) 
'(8400 lb/day) 
(1680 lb/day) 

three 

A number of alternati~e treatment systems are proposed below to 
handle the waste waters i from these plants. These systems are 
presented in terms of i~creasing effluent quality. The investment 
and annual cost informati!on for each alternative, and the, .. resultant 
effluent qualities are ! presented . in Tables 8, .9, and 10 for the 
three hypothetical ready-:to~eat cereal plants. 

{ 

1· 

I 

I 
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Table 8 

---;-
Water Effluent Treatment Costs 
Smail -Ready-to.:Eat Cereal -Plant i--

(90 ,700 kg/ day) 

' Alternative Treatment or 
- , €ontrol Technologies : 

Jri.Vestwent Costs 

A 

$448.9 · 
~---~--- ·-···--- . -··-------------- __ ......,...... ___ ._ ---.. --~-----·----·--

;Annual Cost's: 
Capital Costs 35.9 

Depreciation 22.4· 

. Operating and Maintenance Costs_ 45 .2 

Energy an.d Power Cost.s 'io. 6 

Total Annual Cos'.t -· 114 .1 

--Effluent Quality: 
• Raw 
Waste 

~Parameters · ·units ·1oad --
.BOD kg/kkg 7.0 0.58 

·suspended Solids kg/kkg 1.4 .:·0.58 

:BOD mg/1 1200 10b 

Suspended Solids mg/1 240 100. 

Dissolved Solids mg/1 - -

(Thousands of ·Dollars) ; 
B C . . ·. D E-

777.5 527.9 629.9 563.3 
-·--·----

42.2 50.4 :45 .1;, ·- 62 .2 

26.4 31.5 ,28.2· 38.9. 

.46.4 47.9 53;4:, ~ 68.4~ 
'-

11.6 11.6 12 .6.:::. 16 .6: 

126.6 141.4 - 139.3'.. •~- ·186.1° 

Resulting Eff:J.Ji~n~-
Levels 

o.44 0.18-0.35 0.12-0.18" 0.03 

o.44 0 . .18-0 ,35 0.06-0.12 0.03 

75 30-60 20-30 5 

75 30-60 10-20 5 

- - - -

F 

960.7 

0.03; 

5 

5 

500 

·-
~ : ·~ 

; 
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DLLspenaea. DO.L.LO.S IDg/ .L 

Dissolved-Solids mg/-1 

Alternative Treatment or 
Control Technologies 

Investment Costs 
.-t -r:-. 

Annual Costs: 
Capital Costs ,. 

t::4U .LUU. r;., .:iv-uv 

Table 9 

Water Effluent Treatment Costs 
Medium-Sized Ready-to-Eat Cereal-Plant 

(226 ;800 kg/ day ) 

.Lv-i:::v 

(Thousands of.boll~s) 
A B C D 

$686.4 811.8 887.2 875,3 

54.9 64,9 71.0 70.0 

.) .) 

- 500 

:!!""~· 

E F 

1247.3 1613.5 

99,8 129.1 

De~-;~-ciation - 34. 3 -- --"' .. 40-. 6 44. 4 43. 8- 62. 4 80. 7 - ---- L.. 

Operating and Maintenance Costs 67.9 70.0 71.8 . 83,9 109.9 142.1 

Energy and Power Costs 22·.o 23,7 23,7 25,4 32,3 42.7 

Total Annual Cost 179,1 199,2 210.9 223.1 304.4 394.6 · 

Effluent Quality: 
i Raw 

.J Waste ·Resulting·Effluent 
Parameters ·units ·toad Levels 

BOD kg/kkg 7.0 0.58 o.44 0.18-0·,35 o ~12·-o .18 0.03 o·.03 

Suspended Solids kg/kkg 1.4 0.58 o.44 0.18-0.35 0.06-0.12 0.03 O.OJ, 

BOD mg/1 1200 100· 75 30-60 20-30 5 5 
• • 'r~ •• 

Suspended Solids !flg/1 240 roo 75 30-60 10-20 5 5 

Dissolved Solids ·mg/1 - - - - - - 500 - . ·~ .... 

--
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Alternative Treatment or 
Control Technologies 

.i 'l"• 

Investment Costs 
;. 

Table 10 

Water Effluent Treatment Costs 
--Large -Ready-to-Eat Cereal Plant. 

. (544,300 kg/day) 

A 

$1062.1 

B 

1277.5 

(Thousands of Dollars) 
C ,D . E 

1441.5 1411.7 2040.9 

F-' 

2785.5 

. -., - - ---:-Arinuar-Costs: ·-•- - ------ - · - ·. · ·-; · -----..,.-------- --- -------- ··---·-·---- ---- -----.------...,-.-----

Capital Costs · · ' 85. 0 102. 2 115.3 

72.1 

102·. 7, 

47 .8. 

112.9 

70.6 

123.2 

50.7 

Depreciation 53.1 

Operating and Maintenance Costs '96.7 

Ene_rgy and Power Costs 44. 9 

63.9 

1·00.3 

47.8 

167. 

62. 

________ Total_An,rl:ual __ CQ_$.)~ _____ : _______ 219_._7 ___ 3~~ ._2_~_ 337.9 .· 359.9 ; 494.6 •---~-.. -, '""'" ____ ,....., ... ,. _•_ """"'"- +•------ ' C • 

,.-,w 

Quality: 
Raw 

Waste ·Resulting :,Effluent 
· Parameters Uriits ·Load ~ 

Levels --
kg/kkg 7.0 0.58 o.44 · o.18·-0.35 o.12·-0.18 

Suspended Solids kg/kkg 1.4 _0.58 o.44 0.18-0.35 a'. 06-0 .12 ;·•···. 

BOD mg/1 1200 100 75 30..:60 ·20-·30 5 

· "' Suspended Solids mg/1 240 100 75 . 30-60 10-20 5 

Dissolved Solids mg/1 

~ 

222.8-



Figure 24 graphically depicts the investment costs of the six 
treatment alternatives as a function of cereal plant capacity. The 
specific treatment technologies are described in the following 
paragraphs. 

Alternative£! Activated Sludge 

This alternative provides for grit removal, nutrient 
primary sedimentation, complete-mix activated sludge, 
sedimentation, chlorination, and solids dewatering. The 
system does not include equalization. Effluent BOP2 and 
solids concentrations are expected to be about 100 mg/1. 
of plant production, these values correspond to 0.58 
(lbs/1000 lbs) for BOD2 and for suspended solids. 

Investment costs: Plant A $ 448,900 
Plant B $ 686,400 
Plant C $1,062,100 

Total Annual costs: Plant A $ 114,100 
Plant B $ 179,100 
Plant C $ 279,700 

addition, 
secondary 
treatment 
suspended 
In terms 

kg/kkg 

Reduction Benefits: BOD2 reduction of 92 percent and 
suspended solids reduction of 59 percent. 

Alt§fUiliv~ ~ -- Equalization and Activated Sludge 

Alternative B includes an aerated equalization step with 18-hour 
detention ahead of the complete-mix activated sludge system and 
associated chemical feed, sedimentation, and sludge dewatering 
facilities outlined in Alternative A. Estimated BOD2 and suspended 
solids levels are 75 mg/1 for each parameter. This value 
corresponds to 0.44 kg/kkg (lbs/1000 lbs) of BOD2 and suspended 
solids. 

Investment Costs: Plant A $ 527,900 
Plant B $ 811,800 
Plant C $1,277,500 

Total Annual Costs: Plant A $ 126,600 
Plant B $ 199,200 
Plant C $ 314,200 

Reduction Benefits: BOD2 reduction of 94 percent 
and suspended solids reduction of 69 percent. 

bll~fnatiy~ ~ -- Equalization, Activated Sludge, and Stabilization 
Basin 

This alternative adds a stabilization basin or lagoon after the 
secondary sedimentation step of the preceding treatment system, 
Alternative B. This lagoon will provide 10-day detention for 
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tabil.izing the remaining BODS and reducing the susperided ;;;1..·ia.s 

·>· oncentration. Effluen~ leve1s - of 30 to 60 mg/1 of BODS and 
suspended solids are ~x~ec~ed from Alternative c. Resultant-waste 
1oads per unit of production w:111 be 0.18 to 0.35 kg/kkg (lbs/1000 
__ bs) for both BOD_a and 4uspended s_olids. 

I 

Investment costs: 
i 
I 

I 

Plant A 
.Plant B 
Plant C 

Total Annual cdsts: Plant A 
! Plant B 

i 
·I 

Plant C 

$ 629,900 
$ 887,200 
$1,441,500 

$ 
$ 
$ 

141,400 
210,900 
337,900 

Reduction Benefits: BODS reduction of 95 to 97.5 
percent and suspended solids reduction of 75 to 87 percent. I . . . .• 

I 
~llg~.ns!.tiY~ .Q -- Equcj.lization, Activated Sludge, and Deep Bed 

Filtration I · 
- Alternative D ·includes deep bed filtration with the treatment steps 
proposed in Alternative B. BOD~ concentrations are anticipated to 
be 20 to 30 mg/1 in the\effl~ent and suspended solids are expected 
to be 10 to 20 mg/1., These concentrations correspond to effluent 
waste loads of 0.12 to q.18 kg/kkg (lbs/1000 lbs) of BOD~ and 0.06 
to 0.12 .kg/kkg (lbs/1009 lbs) of suspended solids. 

I~vestment CosJs: Pl.ant A $ 563,300 
i Plant B $ 875,300 
i Plant C $1,411,700 
i 
I 

Total Annual cdsts: 
I 
' i 
i 

Plant A 
Plant B 
Plant C 

$ 139,300 
$ 223,100 

,, $_ 359,900 

Reduction Benefits: BOD~ and suspended solids reduc-
tions of 97.4 ~o 98.3 percent and 91.4 to 95.7 perce~t, 
respectively. i 

! 

lli~~!!s!.tiY~ £! Ejqual.ization, Activated Sludge, Deep 
Filtration, and Activated carbon Filtration 

' ! 

Bed 

- . -- . I In Alternative E, act.1.v:ated carbon 
previous treatment s;cheme. The 
estimated to be 5 mg/1 ~or both BOD2 
level corresponds to waste -loads of 
both BOD,2 and suspendeq /solids. 

filtration is added to the· 
effluent concentrations are 

and suspended solids. This 
o •. 03 _ kg/kkg (lbs/1000 lbs) for 

, ·- I 

Investment cos~s: 
. t I 

'· i 
Total Annual Cdsts• I • 

I 

Plant A 
.. Plant B 
Plant C 

Plant.A 
Plant B 

i 83 
i 

$ 777,500 
$1,247,300 
$2,040,900 

186,100 
304,,400 

' I l ' • ' ! ~ ~ 
I , 

=~ • '.:,_ l 

, -I 
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Reduction BenefJts: ~OJ:>,2 and suspended solids 
r~ductio~s of ~9. 6 arid ·91_. 9 p~rcent" respectively. 
The effluent should be suitable for partial 
r~Use or recyc:J_e. ' "' ' ' '·" 
- - l 

Alternative f Equalization, Activated siudge" Deep Bed 
Filtration, Activated car~on Filtration, and Reverse 

•~ \, " 
1 1 'I, "- '<I ,s " •"' ' , ''" 1 ,i 

's o:5mQSJ,S ' ' :I '.:;:'[!;:•"( n,i,a;:: ' /' " . ' I ·' " ' ,, 

This alternative includ~s rever~e osmosis to·reduce the total 
, solved solids. Efflµent l.evels will be comparable to 
anticipated in Alternative E" but with a maximum dissolved 
concentra~ion of 500 mgyl. 

- -- - - r -· 

l~.v-~s.tm~t .~osrits; , , J?l~nt ,.A 
, , . , , , , , : ., 'F 1?1<=!.~t _B 

'I '· · "'•·'": . Plant C 
I L ""' "' ', ~ - : 

.. !t ~- -

Total Annual. costs:' ·Ptant" A 
I i . ' ' Plarit'')3 

1 : t, "pfaiit' c .· .. 

$ 960,700 
~$1,613,500 
$i,1as·, soo · 

', "' 
~· ' 

"$ 
'$ 

,,,,,,,,iif 

,',."ITT'f 

233,700 
394,600 

''679; 400· 
. . !'' ./: } 1'', .. : ~:;.·'..·ii··· ·:~,:f :·~~j ·!':'.'.· ( t:··:1i- ;:::~:,· .~·, ", i ;: ,, •• i· , • --·~· r:; ,, .. , , ·?; ;1~ 1.. .;,, ,,, :, • - .:,'~'.; 

Reduction Benefits: BODS and suspended solids 
, -·· fedu9tipns e~al 'to those expected in Alternative Ev 

i .. e., 99.6 and 97.9 percent, respectively. The 
effluent shott:l!d ne · suitable for complete recycle. 

:· " ',, ' ,,, ·iL,,:,:,,; ,,,,~:i:::')~·(~}iii>,:~;:~ :,t:.'-~~~·,,,~'.'.·'~.,\:':'-} 1 

:' ( ,,:11~?::~1
': I ,'! 

~2!: St~_ich ang ~luten M~ufact!]ring . ·. 

dis:_ 
those 

solids 

'• -~ • ', ' " , . 11'.,i,,,! ""i:~r ,,,'' :'.:l!.'.,<)'.l~\L:~': ,•i ,'' ,, ',I /:,•,:, ... ,1, ": "',~':'I<' ",,,5 I I !"• "'II II, •-

A hypothetical wheat st.arch and gluten plant of moderate size, i.e., 
45,360 kg/day (100,0Q0 lbs/day) of wheat flour input" ··was selected 

·· as 'a.,, basi~. for develop:i~ng . cost data. The val.ues of the waste water 
characteristics used io describe this plant reflect actual industry 

'"'" , "' 'l~ • I , ' ' ' ' 11" , · ,'"-''"'•I •"" "•' , "" '"' t •• -:" practice,· as follows: .I _ · · ,. ·· -·· ,_ · ·- .,. - - · 

Flow I,,, '4:.,!f'c~-~day:, .. ,.(.:~~:2'.gal/lb): of".fiour 
.. ; 

BOD,2 i 90.1 Jicg/kkg (lbs/1000 lbs) 
suspended Solids I 75.2 kg/kkg (1.bs/1000 lbs) 

< a J. 1 'l' 

1 ! _:- ,,:' - i I ,,_, ~t",",•.,::··.·},~':.:i:,'?Y'~,:~c .. ¥~l~''.~',,,:'.,:;,,,,,i1?!":},' ~11,"t·:·~:::~,:i,::,,;. "·:1".>"· ,,.-,,·, II,' , J ,!,'' .•. :~,/:~'\it,r.•hr.:·"IIL,t~r··'~ ," 1 
::''.'.''~·,,· ,, '•," :,,, 1~'.:,,,,:1'. 

'rhe production and waste 'water characteristics of the hypothetical 
plant are:summarizedlbelow: 

Produ~tion _:4s;:ili}'~9;~·~;: .};'ao; cf~~r,· ibs/~~Y) 
Flow ' . . 454 cu: m/day (120.000 gpd) 
BOD,2 'i 4114,.kg/day (9070 lbs/day) or 9057 mg/1 

_ suspended Solids '·, 3411 kg/day (7520 lbs/day) or 7509 mg/1 
, _ :, ,,- I· ;,f . "" ,',,,, ,/'.;~:,:,,:;\·;•:!,',~·r't~~:,i" ;\r, ,~::>·',:~f' ,''" j' ,',,/., :~,, 

Proposed alternative i treatment systems are described below. The 
investment and annual"'cost information for each alternative and the 
resultan~ effluent quallit'ies are presented in Table 11. 

,, . l ' ' ,;, l,,·j~~. :;~,,,,:~,, ,.,\,,·,,~,J.:·;~·-:!i"i~' " _:~1-,:~i'.(; 
Alte~nativ~ b -- Activ ted S1udge 

- I 

I 

! 
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Table 11 

Water Effluent Treatment Costs 
Typical Wheat Starch and Gluten Plant 

I-' !:ti,,, 
en (I) 

. ~S:a. < 
/1) 

1-'•0 ,-,. 11 t:rl a, (/J (IJ (IJ <O 
en (I) I /l) a, 

(Thousands of Dollars) 
A 

$892.5 

B 

964.3 

. c· D E 

1014.6 996.0 1191.7 

F 

1350,4 

71.4 77.1 81.2 79,7 95,3 108.0 

. I . 44.6 _____ .. '48.2 - --·-50.7 - - 1+9.8-~-59.6 ______ 7;7,5; , -; ··. 
.- ~ i 

Operating and Maintenance Costs 86.3 87,5 88.9 94.1 107.9 127.6 

Energy and Power Costs 38.4 39,4 39,4 4o.4 44.4 · 50.4.. 

Total Annual Cost 240.7 252.2 260.2 264.o 307.2 353,5· 

Effluent:Quality: 
Raw 

Waste Resulting.Effluent 
Parameters Units Load Levels / -- ~---

BOD kg/kkg 90.7 2.0-4.o 1.5-3,0 1.0-1.5 0.3-0,5 0,05-0.15 ,.· 0.05 

Suspended Solids kg/kkg 75.2 1.0-4.o i.0-3.0 o. 75-1.5 0.2-0.3 0.05-0.15 0.05 

BOD mg/1 9070 200-400 .. 150-300 100-150 30-50 5-15 5 

Suspended Solids mg/1 7520 100-400 100-300 75-150 20-30 5-15 5 

Dissolved Solids mg/1 - - - - - .... 500 
. -..... ,. 

~;I 

-1· ,:---i, - .:,::.t, 

. -~~.:-~~. 



' 1. .. ··:•">~.··, ' 

i ··.·r• If, ·••1,•:•.•. -·· ,,-,. :;~;:)::.t~:})~' ... I ';~i·: "·t";r:;]t·~:~~ -\~·.;_,. - . 

This first alternativ·e;. ).:ncluc(e~ : . plf rieutralization, pr"t.m;:rry· •sedi
mentation, comp1ete-mix ,activated sludge, secondary sedimentation, 
effluent chlorination, ja11<1 ~~~d9e_ de~~tE:~ing_. 1\nticipated effluent 
levels are ,200 to 40_0 mg/1 of BOD2 and 100 to 400 mg/1 of suspended 
soli<'.,ls. Tl)ese levels ctjr_r_espond _to \olaste load!:> .. of 2. 0 to 4. 0 kg/kkg 
(lbs/1000 lbs) of BOD2 and l.0 to 4.0 kg/kkg (lbs/1000 lbs) of 

suspended :~li"ds. . ... ,..... , • .,, ' , 

Investment Costl_;,. $ 89i,500 :j, · .. , ····:: :;_:.:,:l:1:'',.:1f'i1:::·:r·:c 
Total.Annual cost': $ 24()"70 .. I ,,. ,,.:-! ,~ ... ,. 

_,·: • - I ·., : t ~,:, , 
Reduction Benefits: BOD5 reduction of 95~6.to 97~8 

,., 'pei:t:ent, suspertded' solids reduction of 94. 7 to 98. 7 
percent. · ·•1 . · 

., -, . ., " ' . J ".,: "":_-_ ' .1.1,•,'j:,·,t. 1·:;t-_ ~·- ··-~~::~:~.~~~~<:;1··;/' i:;:;/,' .. ::,- ~·:t\t':,',,"!:° i~-.-·'i•',~t\',···~~:.~1:·tr,,,,,'ii'r 
Alternative B -- Equalization and Activated sludge 

'• i ,'•' ''r'/. '·ii ·r .<, ''' '' ''' ,, ,, . ' 
This alter~a:tive includes J-8,hOurf; of aerated equalization ahead~ of 

· the cqrnplete-mix activated. sludge. system·· described in Alternative 'A. 
;Ave:;:age effluent leve~s are' estimated· at 150 to 300 mg/1 :for BOD,2 
arid 100 to 300 mg/i for suspended ·solids. These concentrations 

1 ',I, ' '", '•"I,"'' :J"I:' '' "~" 1 11'•1 " ,. I , , ., ., '" ~• ,,,~-• " ~ " " .,., • _ 

represent waste loads:of 1.5 to 3.0 kg/kkg (lbs/1000 lbs) £or BODS 
and L. b to, 3. O :icg/kkg · (ibs/1000 :1bs) for. su~pended ~ol~ds. -

'. .• . :!7;: ~> ( ,·,·, "i"'•· .< ..... .. E ·:: ... t::.. . ., \ · · .. . .• ..... . 
i~r~:~;e6!e;°"li:lernalrt~e,r~~i

1
a£f5~!I~~~s~J,)~~

0 $!:4~;~i. 
' ; ' ' ' :·l·· . ' .. ~'Hi ~'.;:L " ', ,, ···::· .•. ' 
Total Annual Cost: 'Incremental costs "are approximately 
$11,500 over Afternative A for a total anm~a1. cost of 
:s2si;200~ · ···· 1 •· ···· · ··· •• • ·· · ··· • · · · 

: " . . . ::: . ii~: " > .. ..,. ... ::~:.:r:: : . /i .''<"F ; . . , . . , . 
Reduction Bene£ its: BODS reduction of 96. 7 to 9·lr. 3 

·. . . 'l "···· ' ' , ,·•,.,,. ' - .. 
percent and sm;;pended solids reduction of 96. 0 to 98. 7 
percent. ! .... ' ",, " 

-t -"• ,. ·m.. • '.. -- ,,, • ,"i-;r .: .. ; ..... ':·,.:,.,_ ' .:.,1:f;::,:'"·:·:.:":~J:!',,/:J/,,_'.'Ii:···;;.:.:··,-:-~·-.. ~-' i_+".>.;:,. 

• Alte'rnat:fv~~£' Equaiiiatio11., Activat~d si~dge, and'· 
-i • stabilization Lagoon ,: : ... ·-·.l '.,:C,,.,c,:~~-/ ·- . ... 

Alternative c adds a stabilization bas~11 "'7ith . 10-day . retention , 
the preceding treatmei!it sys:tem. '" ' EOD,2 levels in the effluent· are 
anticipated to be 100 tcb 1so·mg/l, arid suspended solids levels of 75 
tp 150 ,mg/1 are expected. ·These values correspond to 1. 0 to 1. 5 

:kg/kkg (lbs/1000 lbs>° :fcbr BOD,2 ,ind 0.75 to 1.4 kg/kkg (lbs/1000 lbs} 
, • • I 

for suspended solids. ! 
l i .. , •.. ,,, ,.,., 

. Iilvestrilent Cosls: Incrementai costs of $5,0,300 
, o~er Al.ternat1.~e 13, ~qr:}1 -tc;>tai, cosi:. <;>f $1,01,4.,60_0. 

. . _. I ,. ,, ,. ''''"•"'""·"I" ·11, , .. ,, ... , .:·.,,., .. ,, •• ''""··"'' i '' • ,,,1,,," -"., , ;:.;-i O\,,"" 
Total Annual costs: Incremental costs of $8000-

l , I , ' , :,,4i/•, ', I, ,,,, •• ,~, ,i , , "' J,i,''"'l, ,,,i.,,, •'"I•,· ,,' , ;,i,I, ' .,., , '" :, •• "" , ·'" ', '"' ,,, : ' "' ·- -

over AlternativeB for a total cost of $260,200 • 
• 1 · - · A :,;•,.~ .. ··,,~.:~. , .. , .. i;~.:,'~,,.~~:·:.·:'.::: :. ,.;'!. ,,::?:i·,,.,: .. ,, .. ::: • i·,,·.~.:~- ,:;.,, ,,''.'·.:·,,,., ~ :;'. .~: .~~::.; .. -

' ·i ., "' .:,., i'i"'.' ·.:.'' ' . ' • 

Reduction Ben,efits: B<:>D5 reduction of 98.3 to 98.9 
p'.ercent,' susp,eilded ·solids -reduction of 98 to 99 percent. 

: 
I 
I 
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Altet:native - ~-. _ _;;:"" ·Eq-· _u_a.,_', ,-=-1-.-1.-z_a__,,t_,i,_o-n-,--· _.,...._ A~cti:vated Sludge~·. ;ind. Deep-· Bed 

Filtration I 
I 

In this-proposed systefR, deep bed £iltration is added to the 
treatment system outlined in Alternative B. The stabilization 
lagoon is ~eleted. BOD§ and suspended solids effluent levels of 30 
to 50 mg/1 and 20 to; 30 mg/1, respectively, are anticipated.These 
concentrations represent 0.3 to o.s·kg/kkg (lbs/1000 lbs) of BOD.,2 
and 0.2 to 0.3 kg/kkg (Jl.bs/l.000 lbs) of suspended sol.ids. 

•I ·. . 

I!}vestment costs:. Incremental costs. of $3;1.,700 
over Alternatire B for'"a total cost of $996,000. 

• I •• . 

Total Annual. c9sts: Incremental costs of $11,800 
over Alternative B for a total cost of $264,000. I .· . , . . •. 
Reduction Benefits: BODS reduct:ion of 99.4 to 99.7 

I . - . 
percent, suspended solids reduction of 99.6 to 99. 7 

! percent. 
I 
I . . . 

· Alternative E Equalization, Activated sludge, Deep Bed 
-------Filtration, and Activated Carbon Filtration 

I 
For Alternative E, activated carbon. filtration is added to the 
previous treatment syst~m in Alternative D. Effluent concentrations 
of 5 to ' 15 mg/1 ar,ej1 expected for both BOD,2 and suspended solids. 
These l.evels correspond,! to 0.05 to 0_.15 kg/kkg (lbs/1000 lbs) for 
both parameters. , . . I . 

Investment Costs: Incremental costs, of $195,700 
over Alternative D for a total cost of $1,191',700. 

I 
' . ; ' ' ,. ' 

- "· • • I • 

Total Annual C<;>sts: Incremental costs of $43,200 
over Alternative D for a total cost of $307,200. I . . 

· Rteduction Ben•efi ts: BOD,2 and suspended sol.ids 
reductions of 99.8 to 99.9 percent. The effluent 
should be suitAble for at least partial recycle. 

I .. 

Alternative F 
Filtration, 
osmosis 

i ' 
Equalization, Activated Sludge, 

Abtivated carbon Filtration, and 
I 
' 

. I 

Deep Bed 
Reverse 

This alternative incl~d~s reverse osmosis to reduce t_he total dis-
solve~. solids. Efflueat levels of 5 mg/1 for both BODS and 
suspended solids are :anticipated, with a maximum dissolved solids 
concentration of 500 mgf.l,.• . · . . 

• ., 1 • • 

I Investment costs: Incremental costs of $158,,,700 
over Alte·rnatiye E for a total cost of $1,350,'400. 

'·, I 

Total Annual cJsts: Incremental costs 0£ $46,300 I . . . 
over Alternative E for. a-total cost of $353,500. 

! ' 

I 
I 
I 
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Benefits:''i.3Qi:)5 -and suspended soli.ds 
_reductions of ~~-9 percent. The effluent should be 
suitable for cpmplete recyclev 

• Ii 'I'" ,4; i • • 

NON-WATER QUALITY ASPECTS ,Of" T_ft~TM~N";J;' ~NP CONTROL .. :;!;'.~~HNQLOGIES l ,'
1 

• :!'','',, ·:1J• " "J .•••• • .. , ·::1:nt'i:,:;,1.,, 1, ~I ,~·~'.:~~.):r .•;,11111-i;,,,,1,,, .. 
7,,f'' ""'"' IV"'""'' ~,'.""'\;•~:'. 

Air Pollution Control 1 

.;.-,,,,',.,,.,_ . 

Wi:h the proper - o~==tj.d~ of the types of biological treatment sys
tems presented earlier ~n this section, no significant air pollution 
problems f:ihpuld develop. Since the waste waters from the breakfast 
cerep.l and ,wheat starch \segments of the grain milling industry have 
a high organic content!; ,however, there is always the potential for 
odors. various ~ethods pf odor control are available and have been 
extensively applied in; the biological treatment of waste water. 
These meth~ds include aerationuChlorination, lime and other chemical 
ad,di-tiqn, . od<>r masking a~ents, and modified operating procedures. 
Odors as ,they may resu~t from biological treatment ,of wheat starch 
and ready-to-eat cerea1 waste are technological control. No 
significant odors woul~ result above existing conditions. Care 
should_ be taken in tne selection, design, and operation of 
biological trec1tment systems to prevent anaerobic conditions and 
ther¢>y eliminate possible odor problems. 

• '1 ·- 'I . - .. 
§Ql.,ig Waste'

1 

D:iseg_9a,l , _ \ 
,'f- ·• J , I 'll<,; 

The treatment of waste waters from cereal and wheat starch pl~nts 
will give·· rise to s1.1bstantial quantities of solid wastes, par
'1;.i.c11+arly biological soJL:i.ds · from activated sludge or comparable 
systems. ~omrentional .\ methods for handling biological solids are 
applicable to these was1~es such as digestion, dewatering, landfill, 
or inciner?-tion. Dispqsal of this solid material s9 _as not to 
contribute to pollution of ... ground or sµi;f~ce waters is. necess~ry~ 

'l " ,t ., ___ ,;;,,,,,=, ·p·,,,1,:':·!'"\~;w,.,,\,";;, >t-1;~'""''"' ~."t''.~,-"i: 1·~·'"•'. 11''
1"

0
" "','::.1- '';':

1
,, ~.'i,,.•. ,,,:.s,," ,,, , "". 

For those waste material.~ considered to be non-hazardous where land 
disposal is the choic:~ for disposal, practices similar to proper 
sanitary laadfill technology may be followed. The principles set 
forth in the EPA's r.a;nd Disposal of solid Wastes Guidelines (CFR 
Title 40, Chapter 1; P\art · 241) may be used as guidance for 
acceptable ~and disposal techniques. · 

J I 
For those ~aste material:s considered to be hazardous, disposal will 
require special precautlions. In order to ensure long-term 
protection qf. public heal~h and the environment, special preparation 
and pretreatment may be required prior to disposal. If .land 
disposal is to. be practic~d, these sites must not allow movement of 
pollutants such as flupride and radium-226 to either ground or 
surface water. Sites should be selected that have natural soil and 
geological 'conditions tb prevent such contamination or, if'· such 
conditions do not exist, ~rtificial means (e.g., liners) must be 
provided to ensure long-term protection of the environment from 
hazardous materials. Where appropriate, the Jl.ocation of solid 
hazardous. materials dispot~l stt~~ ~~9ulq .be perman~n,tly recorded. in 

I . 
i 
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l . J. , 

The treatment technologies presently in use or proposed _in this 
"document do not require any processes with exceedingly high energy 
reguireme~ts. Power \will be needed for. aeration, pumping, 
centrifugation, and other unit operations. These requirements, 
generally', are a direct function of the volume treated and the waste 
strength. Thus, the g~eatest energy demands will occur in large 
ready-to-eat cereal plrnts. 

For the hypothetical treatment systems described previously in this 
section, the power requirements are in the range of 75 to 370 kw 
(100 to :soo hp) for cereal plants · and iSO to 220 kw (200 to 300 hp) 
for wheat starch plants. This level of demand is generally less 
than one percent ofj the total energy requirements of a typical 
ready~to-eat cereal or1 wheat starch plant. It was concluded that 
'the energy needs for ~chieving needed waste water treatment consti
tute only a small portion of the energy demands of the entire 
industry, and these I added demands can readil.y be accommodated by 
purchased and in-house;power sources. 

,·! 

i 
·I 
I 

· I ., 
, I 

I. 

I 
.~ I , . 

. I 
l 

.t I 

· 89 

I ' I I ~. 

- • ..,, • *. • ~ 

~;, ·,. 
. : : I 

J 



EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION·OF 
THE BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE I ' , 

.EFFLUENT LIMITATIONS GUIDELINES 

INTRODUCTION 

The effluent limitations that must be achieved by July 1, 1977, are 
to specify the degree of effluent reduction attainable through the 
application of the best practicable control technology currently 
available. The best practicable control technology currently 
available, is generally based upon the averages of the best existing 
performance by plants of various sizes, ages, and unit processes 
within the industrial category or subcategory. This average is not 
based on a broad range of plants within the grain milling industry, 
but on performance levels achieved by a combination of plants 
showing exemplary in-house performance and those with exemplary end
of-pipe control technofogy. 

, I 

Consideration must also be given to: 

a. 

b. 

c. 

d. 

e. 

I 
the total cost of application of technology in relation to 
the effluent! reduction benefits to be achieved from such 
application; 

the size and age of equipment and facilities involved; 

the processes\ employed and product mix; 

·the engineering aspects of the application of various types 
of control tebhniques; 

process changes; and 
, I 

f. non-water quality environmental. impact (including energy 
requirements)!. 

! 
I 

Also, best practica•ble control technology currently available 
emphasizes treatment facilities at the end of a manufacturing 
process, but includds the coritrol technologies within the process 
itself when the latter are considered to be normal practice within 
an industry. A further consideration is the degree of economic and 
engineering reliability which must be established for the technology 
to be "currently available." As a result of demonstration projects, 
pilot plants, and general use, there must exist a high degree of 
confidence in the engineering and economic practicability of the 
technology at the time of commencement of construction of 
instal.lation otr' the control facilities. However, where pollution
control and abatement technology as presently appl.ied in an industry 
is judged inadequate, effluent limitation guidelines for the 
industry category or subcategory may be based upon the transfer of 

• I 
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technology to reasonably achieve the e££1tient limitations 
standards as estab1ished. 1 

In establishing the level technology and effluent limitation 
guidelines for the breakfast cereal, and wheat starch segment of the 
point source category, i.t; is recognized that present plants, with 
only few exceptions, discharge the untreated or partially treated 
waste water to municipal sewage systems. Therefore, since no direct 
discharge to navigable waters results from the operation of industry
owned treatment measures, effluent guidelines would have no direct 
application· in these instances, However, the need for effluent I 
guidelines for the ready-to-eat cereal and wheat starch 
manufacturing subcategories is evident where any plant modifications 
or changes in existing practices would result in discharge of 
process waste waters directly to navigable waters. 

EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF BEST 
, , , , , , , , ,, - • • 

PRACTICABLE AVAILABLEthrough VIII of 
this report, it has been determined tha-t; the effluent reductions 
attainable through the application of the best practicable control 
technology currently available for these subcategories are those 
presented in Table 12. These values represent the maximum allowable 
waste water effluent loading for any 30 consecuti calendar days. 
E:xcursions above these levels are to be permitted with a maximum 
daily average of 3.0 times the average 30-day values listed below. 
The variances. for maximum: daily average are necessary to consider 
variation in production, plant operation, shock waste loads, and 
variable waste contributions ,, 

Table 12 
12

Effluent Reduction Attainable Through the Application of 
Best Practicable Control Technology Currently Avail.able* 

'. I I '"'::" ' '' '',' ' ':' " 

BOD5 , suspended solids QJl 

Subcategory kg/kkg {lbs/1000 lbs) kg/kkg (lbs/1000 lbs)
"' "'"'"' "", , 

Animal. feed 
manufacturing

I 
· r :: ··, r ,, No discharge of process 

- -
water pollutants 

waste 

Hot cereal 
manufacturingg 

I 
discharge of process waste 

•••••• I 

Ready-to-eat cereal 
manufacturing

Wheat starch: and 
gluten manufacturing

water pollutants 
I 
I 

0.40

I 2.0 
' ". ,, 

0.40 

2.0

Maximum average of daily values for any period of 30 
consecutive days. 

I 

1 

I 

I 
I 
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.· IDENTIFICATION OF BE~T- . 'PRACTICABLE CONTROL TECHNOLOGY CUR;RENTLY 
AVAILABLE . j 

n ,tt-·; 

The best practicableicontrol technology currently available for the 
subcategories of the grain milling industry covered in this document 
generally consists qf equalization, biological treatment (e.g. 
activated sludge), ~nd effective solids separation. The specific 
technological means available to implement the specified effluent 
limitations are presertted bel.ow for each subcategory. 

I 

Ani!fil!!. Eeed ™gctuJing 
. I " 

Animal feed manuf~cturing requires little process water and 
generates no waste waters. Hence, the effluent limitation of no 
discharge of process Jastes is already being met. : I . . 

' I 

Hot ~~eal E1anuffil:tu1::-ing 
I 
' 

The manufacture of hot cereals generates no process wastes. Thus, 
the effluent limitatiqn of no discharge of process wastes is already 
being met. I 
~~-to-'-~ cereal Manufacturing 

I . 
waste waters from ready-to-eat cereal plants are generated primarily 
in cleanup operationsJ Although waste volumes can be reduced by in~ 
plant modifications, ~ubstantial reduction in the waste load from 
the plant is not ~ immediate possibility ahd treatment of the 
entire waste stream i~ necessary. ~~eatment includes: 

1. Collection a4d equaliza~ion of flow 

2. Primary sed:uAentation . 
. I 

i 
3. Nutrient addition 

I 
I 

4~ Biological treatment using activated siudge or a 
,comparable sfstem 

I 

' 
5. secondary SE3dimentation 

6. ·Additional blological treatment and/or solids removal 
:· I 

The technology present;.ed in support of the recommended effluent 
guidelines limitatioq.s is as given under Alternative B of section 
VIII of the Development Document in discussion of the ready-to-eat 
cereal subcategory.· l The technology includes treatment of the• raw 
waste load by equali~Jtion, and activated sludge. For the ready
to-eat cereal subcategory, the supportive techno1ogy would be 
expected.to provi.de atj overall BOD and suspended soli9s removal of 
93.7 and 68.6 ~.percent, respectively, over a 30 consecutive day 
period. The average ~aw.waste BOD load is established at 6.6 kg 
(6~6 lb) per kkg (1000 lb) of cereal product corresponding to an 
average waste water f~ow of 5.82 cu m/kkg (0.7 gal/lb) of cereal 
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1

_

1

:_:.i:_;,..:_:_;.·:·;_: __ :_,~_'._;r_:.: •. •,,,: ... ·.i/ __ .. ·,·(._,,•,· 
·rf;·.~r-/~-:;·-:··~;•'2~:-.:.~r.~~:~··,T:,~:•'°'',::,.·~,~.,,,·.,.,,./:,-~ ar ,.. ..... ~. "·r 

~~,----,~r:onndCJ"UU:C-:tt'"'iion· • and · average: · raw ·: waste BOD concentration of 1.1.30 mg/i. 
t_\!t f.: Average raw waste suspen<;ied solids load is established at 1. 4 kg 
(i.!rj Ji (1.4 lb) per kkg (1000 +b) of cereal production corresponding to an 
f'!:1 w average ·waste water flow! of 5.82 cu m/'kkg (0. 7 gal/lb) of cereal 

ii_,.: \'I ii production and averg,~e raw waste total suspended sol.ids 
1,i:; i: concentrati9n o:.I; 240 mg/i. The average raw waste load would be 

.'

;·,·,\ .. ··,:, __ .:_.:,.,!

1

,_::: :.·· rbeduced bto, the recommd·e1'?-ded linu.d·tdatiori. of 0.40 kg/kkg (0. tJO lb/1000 
, 1.} for oth BOD an ;suspen e solids. corresponding treated 
·, .• effluent levels for BOD and suspended solids of 75 mg/1 would 
1'l J: result. I ,, ' •· 1· ~:i " :;{ I; , . ! 

11,I; r Wheat ~!:£~ fil!il glu:tfil! J
1

~nuf2cturigg:_" 
ij I 
"' Wheat starct:i manufacturing plants generate moderate volumes of high 
!J/ :,; i•,· strength waste · waters. \ Substantial reductions in the total waste 
•l' · ,, load by means of in-plant rrodifications are not practical 

,

;·!,:.',• 'h.,. -.:,,_ unq.er present manufacttjring methods, and treatment of the e'ntire 

1 · ·t t· . · I 
,,., 

1 

.. •. waste stream is required as follows to meet the effluent 
i"' ·. 1,, imi a ions:: . 

1 

}f j1 \i 1. Collection and ~'.quali~atioll gf 

'j l iJ · 2. pH 
1

neutra1izati+ ,; ,i, "'' • 

'j;; !! 3, Pri~ary sed;ent,~~~;,n 

1.f,: ! ... t,J, 
4 • d~~~:! ~di~i using activated s1udge or a 

\iJ_)i
1

\l;.· 5. Fin~l ~ep~:ratio~\ ~f _ solids by sedimentation prior 

ltll) ,1•.P_:. , ;: . t~.- PriS,<:?harge. A?ditional filtration may be required 
•st1 I, ·l'l or_. Jtesir~J:>l,e~ ,, ·.'!•.:,"·''.''.~'.'' .. 

fj~.j. ji'.ljl;\ The techno~~gy presented · i.n support of the recommended eff.luent 
fl!:·· , ;, .guidelines l;i.mitations is 1, as given under Alternative B of Section 
11 .. ·•~ .. • 1· ·.,.,r_l_, ,,VIII of th~ development i document in discussion of the wheat starch P · p aq.d gluten . manu;fact~ing subcategory. The technology includes 
{,1 !

1
:. t'.:' tz;"eatm~nt of the . raw 'taste .load by equalization, and activated 

tt l Iv· slu<;lge.. For tpe wheat starch and gluten manufacturing subcategory, [i 1:fl1j , ~e. ..~llppor:t~ ve~ . technole>gy would be ·expected to provide an overall 
;; II !:; . :aoo .·· and su~pended solids removal. of 97. 8 and 97. fi percent, 
[.:I :1;1···0 ",.r. e_ 'sp.·ect. iv_ el·y· , over. a ]() consecutive day period. The average raw 
:; ! : j-, · "wa;ste a9D l,oc;1.d is. establi~hed at 90. 7 kg (90. 7 lb) per kkg (1000 lb) 
[
1
1 i • 11!1 of, raw material (flour) c9rresponding to an average waste water flow 

,1 1q il} of 9._9 cu .m/~kg (1.2 gal.lJ;.b> of raw material (floµr) and average raw 
' /;;f ·· ·wa:·ste BOD concentration of 9057 mg/1. Average raw waste suspended 
l 111 solids load is ,established at' 75 ... 2 kg (75. 2 lb) p~ kkg (1000 lb) of 
111::;1 ,raw material; (flour) corrdsponding to an average waste water ·flow of 
ijlid 9.~ c11. m/kkg (l.2 gal/lb) of raw material (flour) and a.,verage \raw 
iij'i'i; waste total ;suspended s9lids concentration of 75~9 mg/1. The 
:1 ,?L average raw waste, load would be reduced to the recommended 

Ill:· l'ji; . limitation o~ 2. 0 kg/kkg c/2. 0 lb/1.000 lb) for both BOD and suspended 
If'.'! '.i]ib· s.p;ll,~ds. Co1'.'~esponding tre~ted effluent 1.evels for BOD and suspended 
·,,11; I .·.1.;\ij solids of 200, mg/1 would re$ult,~.,, 
·1il '. ,j/;j . ! . 
!· :j',fl

1

1ll t 

]~l·i1[{'I 1 ,~ r , 
l-'!l 
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R,AT:CONALtt FOR''.THE SELECTION OF BEST PRACT'.tcABLE CONTROL 
· CURRENTLY AVAILABLE I 

I 
Animal Fe~d Manufactur~nq 

i 

,since nd process wa~ste waters are generated in the manufacture 
animal feed, an eff1uert limitation of no discharge is specified. 

' 
I 

Hot cereal. Manuf~turi~q 
. I 

of 

As with animal feed maµufacturing, no waste waters are generated in 
the manufacture of hot cereal,, and again an effluent limitation of 
no discharge is speci.fjied. 

I . • 
Reagy-to~Eat Cereal Manufacturing 

I 

Data developed on the cost of. applying various treatment tech
nologies• are presented in section VIII. costs were developed for• 
three .. ready-to-eat cei:jeal plants of different sizes. For · a small 
plant producing 90,700 kg/day·(200,,000 lbs/day), the investment cost 
for· implementing th~ best practicab1e ·control technology currently 
available is about $527,,900 and the total annual cost is $126,,600. 

·For a medium ,sized pl.ant producing 226,,800 kg/day (500,000 lbs/day), 
the investment cost! is $811,800 and the total annual. cost is 
$199,200~ For a l.arg~ plant p~oducing 544,300 kg/day (1,200,000 
lbs/day), the investment cost is $1,277,500 and the total annual 
cost.is $314,200. 

Age and Size of Produdtion Facilities 
-------- I -

The plants in this subcategory range in age from ·four··to over 70 
years. The chronolqgical age of the original buildings, however, 
does not accurately 1:-eflect the degree of modernization of · the 
production facilitie~. Periodic changes in the types of cereal 
produced frequently involve new production methods and equipment. 
As a result,, it is not possible to differentiate between the basic 
production operations fat the :various plants on the basis of age. · ·. 

Simi1ar1y, waste watie:l- characteristics from the ready-to-eat cereal. 
plants cannot be c+assified according to pl.ant age. Of the newer 
plants, several generate 1ow raw waste loads in terms of BODi and 
suspended solids ·. pier unit of product and several yield rather high 
waste loads. At the ~ame time, several older plants have low raw 
waste loads. The data graphically presented in Section V clearl.y 
demonstrate the· absen¢e of any practicable and reliable correlation 
based on plant age~ Accordingly, it is concluded that the age of 
the plant is not a direct factor in determining the best pra~ticable I . . , . • 
control te<?hnol<:gy ':_ufrently avail.able. ·· 

The size of the plant\ does have a di·rect influence · as expe~ted on 
the total amounts <;>f contaminants discharged.· In general, the 
larger the· plant t:\}e greater the waste load. The, effluent 

! 
I 
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limitations pres~~~er~:-:-11~ve p~~r devel<:;>ped -in te~~---,-U.ni~f,~, 
finished product, i.e., kg/kkg or l.bs/1.000 1bs of cerea1, in order 
to reflect the,influence o:t:jplant size. The control technologies 
discussed in Section VIII, however, are applicable to all plants 
regardless of size. _ :] , .. 

Prog~ion Processes ; 

Although th=-=-~-n-u-f:turing J;ocesses employed in ready-to-eat cereal . \ 
plants vary depending on the type of cereal being produced, the 
basic unit P+Ocesses are ~tandard across the industry. These unit 
processes, as _<µ.scussed in ~ection :z:y, include various combinations 
of mixing, :cooking, e~usion, flaking, shredding, puffing, 
toasting, and packaging. 1?:J±oduction processes within the industry 
do not provide a basis for!subcategorization, nor are they a factor 
in .. determining the best practical;>J.e control technology currently 
available. .I 

I 
I 

'I 
As mentioned .previously ~n- describing the ready-to-eat cereal 
industry, a wide variety of .jdifferent types of cereal is produced at 
the various plants throughout the country. Furthermore, the product 
mix at a given plant may va~y .significantly on a monthly, -weekly, 
and even daily basis. Attempts were made to correlate raw waste , I , 
loads witn type of cereal produced, s~ch as flaked, puffed, 
extruded, coated, and nozi-c9~te9-~ T.b~ ~vai1ab'le _ da:ta· did not 
indi_cate a correlation betw~~n !N'aS:t!=. loaq~ and. var,iat;ion ... in · product 
mix. One possible relat:i;onship was indicated, that being the 
variation of organic waste 1,oad with the percentage of cereals being 
sugar-coated, but this relqtionship could not be quantitatively 
defined and tn practice !would be administratively ·difficult to 
interpret. There is no evidence to suggest that the waste,·· waters 
generated from any specific cereal-manufacturing process so affect 
the character of the total plant waste stream as to substantially 
requc~ the· a~ility of th~ plant to implement the best practicable 
control techno+ogy currentl.y available •.. ··~ 

, :_ , 1 , . ' , , ~ . , I: " ',},,,,:~, .. .';;,,,',:""ir.Ji~', ,.,.1:,i:"i::,;,·,;J11) .,. 

Engineering Aspects of hI212J.ication 
I . ·. .. ' li " .. 

The engineering feasibility 10£ a~hieying the effluent limitations 
using . the te-chnology dis9ussed has b~en examined. None of the 
ready-to-eat cereal plants provide extensive waste water treatment 
with discnarge directly j to the receiving waters. The best 
practicable control techn~logy currently available does not 
represent current practi.ce of any ·cereal plant. All plants " . , I . - ..... ,. 
presently, discJ:;l~r9e their ~~oce~s waste w~t:.er, . with or without 
partial treatment, to mU{li1cipal sewage systems with one exception. 
The· one plant now discharging directly to receiving_ wate~s 
anticipates connectiop to ! a l!l~llic:ipal sewage system in:. the ne~r 
future. The a~ailability 9fj IT)upicipal systems has not necessitat¢d 
the development and the apPilication of availab],.e treatment mea!:mres 
for speci~ic use ~. the .. : r~ady-to-eat cereal. industry. The 
technOfogy as ipresently dlon

9

7~t~~-,in_ :11e inqµst'.'y is inade~ate, 

·•'I 
I 

i 
,I 
! 
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and tr~ns£er~-of~t-e®nol~~r.:--simi~~r wa~tes _ is . ap_p.rQpt;iate. w 'J:h~ .. 
e££ecti.veness 0£ thes,e techno1ogies for treatment of· ready-to-eat 
cereal waste has been ~atisfactorily indicated through pilot plants 
and prototype operat.i!ons as. described in Section VII of _this 
document. Data from one pretreatment plant clearly indicate that 
this type of waste ~ater is amenable to biological treatment. 
Accordingly, the treatment technology recommended is considered to 
be a practicable ~eans for achieving the specific effluent 
limitations. The treattnent technology is readily available. On an 
overall industry basj_S, these effluent limitations will result in a 
BOD2 reduction of approximately 95 percent and a suspended solids 
reduction of about 69 Piercent. 

Based on present waste· water volumes in the industry, the average 
treated effluent resul~irig from the application of these effluent 
limitations will conta~n about 75 mg/1 of BOD.2, and suspended solids. 

' 
!iQn-Water Q~ality ~v~ronmental Imga~ 

I 
In terms· of the non-water quality environmenta.l impact, the only 
item of possible conce:r;n is the increased . energy consumption to 
operate the waste water treatment ·facilities. Relative to the 
production plant energy needs,. this added load is small and not of 
significant impact. ;For example, the power requirements for waste 
handling and disposal in the application of the best practicable 
control technology ctirrently available to a medium sized ready-to
eat cereal plant are estimated to. be l'00 kilowatts (135 hp) • This· 
demand represents less than one percent of the plant's total power 

t! usage. 
I 

Wheat starch and Gluten ~nufactur~ng -------, 
~92!: Qf Agglicatiou . i 
The investment and ann:aal costs for implementing various control 
technologies. were presented in Section VIII. To implement the ,best 
praJ::ticable contrc;>l. t1:!~hnology currently available in order to . meet· 
the' specified effluent limitations, the costs for a typical. mecliµm 
sized wheat starch plant were estimated to be $964,300 for:. 
investment and $252,200 in total annual costs. 

I 
i 

Age fil}g §±ze ~ ~ody_ctiQ!! Facilities 
! 

The plants in this ~ubcategory range in age from three to over 30. 
years. As with the cereal industry, the age of the original 'plant 
building, does not, however, reflect the degree of modernization of 
the production facilities •. Since the plants continually incorporate 
new production techni.'.~es, no reliable generalizations between the 
basic production operations employed at various plants and the age 
of the plant canpe made. '· 

. I 

Available data iy{dic~=t~s a possible relati,onship between plant age· 
and raw waste l.oads.i On the basis of Figures 17 and 18 in Section 
v, BOD2 and suspended ~olids loads show some correlation with wheat 

i 
i 
i 
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·· · · , I , 
:·•starch plant age,-arrd: a !general of~·tfi(:::l:'easing waste loads. with 
. i.ncreasing . -age was indi.;cated. It is important however to note that 
the older wheat s~arch p

1

lants also tend to be the larger 
ones in terms, of. plant· capacity •. Thus, the indicates correl.ations 
may be strongly influenc:ed by other factors, the most important of 
which is l~kely p~an_t caraci ty .. 

The size 'of the plant, as expected has a direct.influence upon the 
total amounts of contamiµants discharged. The effluent limitations 
presented herein for the wheat starch and gluten manufacturing 
subcategory have been deyeloped in terms of units of raw material 
input, i.~., kg/kkg o~ lbs/1000 lbs of wheat flour, in order-to 
reflect the influence ofi plant size. Avail.abl.e data does indicate a 
possible relationship between suspended solids and pl.ant size or 
capacity, but n~ relatiqpAhip between BOD~ and plant size. A narrow 
range· of raw waste l?ad values exists per unit of raw material 
input. The control tec~ologies discussed in section VIII are 
judged applicable to alli wheat starch plants regardless of siz.e •. 

I I ..,0"" ... '". ,, ·:'· ... ~.. ,, .. ' ,, ... ' .. /'" ' ....... ., '"' " 

EngiQ~ering: As2ects of ~gelication . 
. i ' . 

As with the ready-to·-~at cereal subcategory, none of the wheat 
starch.and gluten plants:provide extensive waste water treatment 
with direct discharge (to receiving waters. one wheat starch and 
gluten manufacturing plant does provide substantial pretreatment of 
the plant waste W?tter; .. prior to discharge to a municipal sewage 
system. The best practi~able contro1 techno1ogy currently avail.able 
does not represent the c~yrrent practice at any wheat starch and 
·gluten manufacturing plant. As noted previously, current practice 
is to disch~ge the proc~ss waste water, either without treatment or 
with partial treatment, to municipal sewage systems. Because of the 
proximity to municipal systems and the. ready acceptance of this 
waste by municipal facilities, a great deal ·Of research and 
experimentation for sepa~ate treatment of wheat starch .and gluten 
manufacturi~g wastes · Jhas not been necessitated. Specific 
application• for treatment of wheat starch wastes has been 

·principally 1imited toi one operational pretreatment facility and. 
pilot plant,study. The technology as currently demonstrated in the 
industry is inadequate! where direct discharge of process waste. 
waters to navigable wate~s may result. Under the circumstances, a 
transfer of technology I in establishing effluent limitations is 
appropriate. 1 · 

I 
Available information frdm full.-scale pretreatment, and pilot plant 
studies firmly establishes the ready biodegradabil.ity of the wastes 
without the,addition of ~qtritional additions. Present knowledge of 
waste treatability and efficiency of removal. of pollutants with 
available unit process \waste water treatment sequences, reasonably 
establi.s~es, the predic-t;ability of overall pollutant removal 
efficiency to be r atta.i',ned through additional and/or alternate 
physical, chem:i-cal, 0

, and .. oiological .treatlllent. processes. 
! -'"" .;; O OO :,',' "c '" T• -

The 'transfer o; technollogyi. has adopted on the basis of 
anticipated end-of-pipe treatment water, even 

"'\, ,:,,' ~ '' ," ,\ 
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.. i . '"·'· , ...... ,..,..... ·••···· ·, .•.. •" . ···.'·: ,·., 
· thoug~ei-l~recogn.ized that · in-.plant~~snres . (water . 
conservation and · waste water recyc1ing) and 1and app1ication hav·e 
promise of offering lpractica1 and effective means of waste J.oad 
reduction in many insta11ces, anci may effectively complement end-of
pipe treatment measures., High poJ.lutant reduction levels JBOD2 and 
suspended solids) arelnecessitated particularly in the wheat starch 
and gluten manufacturi~g subcategory because of the extremely high 
initial ~aw waste loaµ characteristic of this industry. ~echnology 
exists to. effectively reduce the effluent load limitations to the 
specific level. Attainment of this level of technology is judged 
practical, and is chrrently availab:ie. The final. effluent 
.concentrations to be! realized by applying the specified control. 
technolog'ies will be atx>ut 200 mg/1 of BOD2_ and suspended solids. 

liQ!l-~~ Quality Impaht 
• I 

I 

The non-w:ater quality ~nvironmental · impact is restricted to the 
increased power cons;umption required for the treatment facility. 
This power consumption/ is quite small compared to the total. energy 
requirem~nts for a wh;eat starch pl.ant .and, therefore, the impact of 
the control. facil.itiesi is considered insignificant. 

! 
LIMITATIONS ON THE jAPPLICATION OF THE EFFLUENT LIMITATIONS 
GUIDELINES 

The effluent l.imitat~onsguidelines presented above can generally be 
applied to a11 pl.ants, 1in each subcategory of the grain milling 
industry covered 1n,! this report. Special circumstances in indi
vidual plants, howeve.ij, may warrant careful evaluation. 

! 

Also, it ·must be recc,~ized that the treatment of. high strength 
carbohydrate wastes, riotably from wheat starch plants, is difficult. 
Upset conditions may !occur that result in higher BOD~,.and suspended 
solids discharges than normal. While the treatment sequence defined 
as best practicable control technology currently availabl.e · will 
minimize· these upsets, they may still occur. The allowance in the 
effluent.limitations ·guidelines to reflect maximum daily values 
properly considers the momentary variations in waste load and 
treatment efficiency 4hich are expected to occur. 

t 
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EFFLUENT REDUCTJ:QN ATTAINABLE THROUGH THE APPLICATION OF 
THE BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE 

I , , 

EFFLUENT LIMITATIONS.GUIDELINES 

INTRODUCTION 

The effluent limitatiods that must be achieved by July 1, 1983, are 
. I . . . 

to specify the degree of effluent reduction attainable through the 
application of the J best available technology economically 
achievable. This control technology is not based upon an average of 
the best performanqe within an industrial category, but is 
determined by identifying the very best control and treatment 
technology employed by a specific plant within the industrial 
category or subcatego1~, or readily transferable from one industry 
process to another. ' 

Consideration must alsd be given to: 

a. the total cosJ of application of this control technology in 
relation to -the effluent reduction benefits to be achieved 

I -

from such application; 
I 

b. the size and 4ge of equipment and facilities 1nvolved; 
' . ,I 

c. ·the processef~)employed; 
'I 
I 

d. the engineer:iqg aspects of the application of this control 
technology; I 

I 
I e. process changes; and 
I 
I • 

f. non-water quality environmental impact (including energy 
requirements)~ 

I 
Best available technology economically achievable also considers the 
availability of in-process controls as well as end-of-process 
control and additional/treatment techniques. This control tech
nology is the high◄=St degree that has been achieved or has been 
demonstrated to be cap~ble of being designed for plant scale opera
tion up to and includ:ing "no discharge" of pollutants. 

! . . 
Although 'economic fc:1.9tors are considered in this development, the 
costs for this leve1 of control are intended to be the top-of-the:.. 
line of current tec::hnology subject to limitations imposed by 
economic and engineeting feasibi1ity. However, this control 
technology may be cha+acterized by some technical ris~ with ~espect 
to performance and .wit~ respect to certainty of costs-'." The~efore,; 
this control techno1Qgy may necessitate some industrially sp<;>nsored. 
development work prio:c1 to -its application. · 
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· .:. ~ ,.r. :, ,·;r:·· - •· ·· · 1;_, ,·: ;.·. '.:',:,_,,-;.•-,-1.-"'.-,:· .~-:, ,•,:;t- ... ".~···.s,if~~~i\:/\c,,;p' ,,, -~-. .;.,,:- ,! 

---~~=I_n __ -~-s-t,..-abTishJng the leve1l· ··o]~. te¢hnology anl "e££iuerit + :l:i~itati'6_n_s~--'-<l-~I 
·guidelines for the breakf~st .. cere~l, and wheat starch segment of the 
grain mills_ point sour~e ·category, it is recognized-that present 
plants, with only few exc$ptions, discharge untreated or partially 
treated _ was.te water to[ mur:ti.9ipal sewage systems. While direct 
discharge to municipal systems are the result, effluent guidelines 
as applicable to discharge to navigable waters from industrial 
guidelines f_or the ready-to-eat and wheat_ starch manufacturing 
subcategories is appare~t where any plant modifications or changes 
in existing ;Practices wou!J.d result: .. in.. d:i,f;cl}a,~ge of process waste 
waters directly to navigable waters 

- •. ·• ;, . , ,-i, "t ,· ' r. ,, :" ·,, ,: ~l,,?:~.\ " '.,',!:,:.:'.il'~!3~!1·.:~i;":/ icl ,, "I" 

EFFLUENT RJ~;nuCTlQ~l Ai"r~f.~1-\~ti: .. 1,'HRO-µGH _TH~ APPLICA:i'ION OF THE BEST 

AVAILABLE TEICHNOLO~Y ECO~E~.38f7t~:~,~E~lr'A~t! 

B~sed on the: i~¾9ima;tj.on f>i;it-~til~.4 .i.Jl ~ect;;j.on!:i II.I t:prqµgh VI-II of 
this docume:nt, it has bfen ,g~te~laj,n~g tha.t the eff:lµent reductions 
attain~ble tpr9ugh the ap~lication of the best available technology 
econ9micc!-lly achievable are .those presented in Table 13. The values 
presented ip, T?bl.e 13 ~~present the maximum a11owable waste water 
effluent loading for any ~O consecutive calendar days. To allow for 
variances, e:xcursions ahoy~ tb~s~,J,evels ~re. permitted for a maximum 
daiJ,.y averag~ of_ 3.0 til!les th~ average 30-day values. These 
standarqs _,,~ .. e ,Pp.Sed on ,~~~,; :w~Jght of pollutant per unit weight of 
raw materia;l (wheat st~Fch) for the wheat starch and gluten 
subcategory, and per unit weight of finished cereal product for the 
ready-to-eat cereal -subcategory .. 

I • ,I '. ""'" ,,;, ,,1.,,.,,1e,,,,;r 

I :ti~~:~,J .. 3. ,,~, ,, 
[ I ' I -,i j ,:",;;-,, ·~i>.' ~- - h .:, ' ' ,,,,-;., ,,,,,, :~, t~ 

Effluent ~,~<:l~cti<>ll,, 1\ttainal>l,~ .. ,1;'bf<;>Ugh the Application 
of· 1;3~ st Available I ,Teqqpol9gy Economically Achievab~~ ; . ' ,' I . . . '' -i,I: -ihu':,:ii\~-~11~,~·: ,, ',' t'!~:1:"' 1t,h' 11114h::, '. j~ '1:11,,_ -~,'. J ~•.;;:1'1: ,,,, (i1: 1,,;p, T :e·:p:\,, 

·Industry 
.§!!!?cateqo1:y 

",JI, 
BOD L ' ... , ,, -· Suspended ''soiids . ml 

f' 
kg/kkg (lbs(!Q.QQ_lbs) k9/kkq(l.bs/lQOO lbs} 
· · · ~ L1/" :L' ,~,: ~:::· .. ~;.,,•~·i'. ,·:,·~:·'.·';-~; ~!f·· ... 1 ,.r,,~11t ''1i.;1~ 1.1,1 .. i'i·,, :I:' ,,1,. ·1,;jf. •:,i,,w,'.!· .. ,,,,~, · ".'' i,t1 ~_:: .. :::~•- "'I 1•', , ,'"'* ''l '• ... ,, . 1 

:11J,~'''t! i 
I 

· · Animal feed 
manµfactur~ng 

Hot cereal 
No discha.rge ~f proces~ 

~ r:. ;s: ,·,'/, ;:,I,''' . , :'" ,I "'~' !,:II',;-:, lJii"o,,,: ,,, I"-! >"' I 

N? d~scha~ge of process . : incirtufactur~ng 
Ready-to-eat cereal 

:rrtanufactu~;ing 0+20 0.15 
Wheat starch, anq , · I . 

_gluten manufacturing 0~50 0.40 
'. . " I···, __ - .: ' .11··:, ...... :_·.·.'"I:,•_· .. ' ... J: .::.>. w 
• • .. - • " ' '" I.. • '.'"'.,ii, .. ~ ~"' ' 

wastes 

wastes 

IDENT+F~CATIPN OJ? B~ST AVA:t:;r,A,EU:,.:e-:" 'l'~C.H~OL<;>GY Eq.JNOMICALLY 
f ; t ,1,,:{·, .. :_ij:H.,·<iI:.\·:.·-_'.~t·'·.1~1,,.:m:,.1 .. ,1~1 '':•:•iP~/··,~·~::':·:•'.1~·~. ~.',;~:,~i,1 11

t , ,. • 

6-9 

6-9 

For the . p,egments of the .. '· grain mil.ling industry covered in this 
document, the best a,v:aii~~l~ t:ec.tmglogy economically achievable ;,for 
those .. subcategorles i~i th w,aste, !Hat.er. _¢1.,i~ch~rges comprises improved 
solids 'separation ·· fo:Ltowing · activated sludge or comparable 
biological treatment. _Improved solids separation can be represented 
be;=;t_ by deep bed _fi1tr9-ti~n a*dl'9r cai:;bon ~iltr§tio~ ~lthoµgh 
alternative _ Isys:tem~ may i be availabl.e. It is a~tf~ip~ted that the 
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·technology •·of removi~-otogtca1~sol.'ids 
rapidl.y with the inc1~~ased use of such 
industries·and municipa~ities. 

. . . . : 

by filtration ·wri-1~improve 
treatment processes in many 

Improved stabiiity and i performance of the biological treatment 
processes is a significant factor in the successful application of 
deep bed filtration. At present, upsets do occur in activated 
sludge systems handli~g high strength waste waters and might be 
expected to result in sqme efficiency and effectiveness loss of deep 
b'ed filtration. A reasonable allowance must be made in the 
established effluent gqidelines limitations to account for variance 
in daily effluent qualj:t:y with best operation. 

I . 
The technology presente~ in support of the recommended effluent 
guidelines limitations fior the ready-to-eat cereal subcategory is as 
given under A1ternatj-Vie D of Section VIII of the Development 
Document in discussion of the ready-to-eat cereal subcategory. The 
technology includes treatment of the raw waste load by equalization, 
activated sludge and :deep bed filtration. For the ready-to-eat 
cereal subcategory, the '.supportive technology would be expected to 
provide an overall BOD ~nd suspended solids removal of 97.4 and 87.1 
percent, respectively, : over a 30 consecutive day period. The· 
average raw waste BOD l9ad is established at 6.6 kg (6.6 lb) per .kkg 
(1000 lb). of cereal proquct corresponding to an average waste water 
flow of 5.82 cu m/kkg (0.7 gal/lb) of cereal production and average 
raw waste BOD concentration of 1130. mg/1. Average raw waste 
suspended solids l.oad : is established at 1. 4 kg .(!. 4 lb) per kkg 
(1000 lb) of cereal cor~esponding to an average waste water flow of 
5.82 cu m/day (0.7 gal/lb) of cereal production and average raw 
waste total suspended sqlids concentration of 240 mg/1. The average 
raw waste load would be :reduced to the recommended limitation of 
o. 20 kg/kkg (0. 20 lb/10'.oo lb) for BOD and 0.15 kg/kkg (0.15 lb/1000 
lb) for suspended solids:. corresponding treated effluent.· level.s for 
BOD and suspended solids:· of 30 mg/l. would result. · 

I . 

I 

The technology presente~ in suppc;,rt of the recommended effluent 
guidelines limitations ~or the wheat starch and gluten manufacturing 
subcategory is as give,n under Alternative D of Section VIII of the 
Development Document in 1discussion of the wheat starch and gluten 
manufacturing i:;ubcategofy. The technoiogy incl.udes treatment of the 
raw waste load by E~ualization, activated sludge and deep bed 
filtration. For the wheat starch· and gluten manufacturing 
subcategory,. the suppoitive technology would be expected to provide 
overall BOD and suspend~d solids removals of 99.4 percent over a 30 
consecutive day · peri.o:d. The average raw waste BOD load is 
established at 90. 7 kg c:90. 7 lb) per kkg (1000 lb) of cereal product 
corresponding to an avE!r'age waste water flow of 9.9 cu m/kkg (1.2 
gal/lb) of · cereal produc.tion and average raw waste• BOD concentration 
of 9057 mg/1. Aver,age raw waste suspended sol.ids 'loa,d is 
established at 75. 2 kg /(75~ 2 lb) per kkg (1000 lb): of C?er.eal 
corresponding to · an ". a1verage waste water flow of 9. 9 cu m/kkg (1. 2 
gal/lb) of cereal produc'.tion and average raw waste total suspended 
~olids concentration of :7509 mg/1. The average raw waste load would 
be . reduced to the re;comm~nded .limitation of . 0 •. 50 kg/kkg (0.50 

·i 
I 

103 



l . -•><-~--·--"~- ' 
/, 

:,:-., 

-~-~--~-c-----:, . •.. / . •.J,\_',·~,.·~-'·.·:<)·•';>_•_•._: .. ~,~-•· .. · ... •,·.•,••~,,:~·=~·-"·-'-.t,·:•==--_;__---~-
lb/l O OO lb) for BOD anq 0.40 kg/kkg (0.40 1b/1000 lb) for suspended 
solids. ~orresponding 1treated effluent levels for BOD and suspended 
solids of _SO mg/1 would result. · 

'' . Ii ' 1· ·-r- , ,,,, ... 
RATIONALE· FOR THE SELECTION OF THE BEST AVAILABLE TECHNO~Y 
·ECONOMICALLY-ACHIEVABLE . . ; I,'.. 

I 
Ready-~-~ ~fil!! 

. i 

£2§.~ Qf ~I-;plicat.~~!!, ... , _\ 

•As presented in Section! VIII, the investment costs for providing the 
best available. technology economical.ly achievable are $563,300 for a 
small cereal plant (90,700 kg/day), $875.,300 for a medium sized 
plant (226,800 kg/day), ·and $1,411,700 for a large plant (544,300 

, kg/day). ·~otal annual costs for the three size ranges are $139,300, 
'$.22.3 ,l.OO, and $359,900, 1 respectively. 

r I I ,, \ ~ 1 ' I " [ '~ •~ :t, 
~ . . ' " - - ' 

AqeL Size 1 : ~nd ~ of Production Facilities 
, • :, 

1 

- :;; "' .- ~ • - - ' .j '·'. " ,''.\ ,~11 ,, 11 ;,j~ ;,,.' , ·; ,!';~' ';,'.: ; ( 1 , .' 1·,:~· ,1~1~i,7~·,,~~rr,1,,,jlli • ; , , ,r ,, ." , ,,,r:,,,', .-; , "'" : .. ::!~ 1f•.I ,: .. ,,,; 

As dis.cuss~.d .. l~ S.ection \ IX, differences in age or size of production 
.· facilities_, ln tpe ready1 to-eat cereal manufacturing subcategory do· 

- 'not , significantly af feet the application of the best available 
. technology econanically achievable. Likewise, the production 
methods employed by the different plants are similar and do not 
affect the, applicability of this technol9gy. 

• : ' " ,, I,', ? \ ''.':'.~' ;,;:< /•:,,;::, .. ::!.'..~ :·.:1,13,·,·1·,'. l~il~ ',"" :•~:':' '!•',,•:: ~'~!JA: ,, ,!',•,11:"'' ·~·,." ~:,, ' "· 

Engineering Aspects of ~QJ;?l_~ci':ltion 
i· I . r· ,, . .I' ,,,, .. ~.• ~~.,,.. "···,.··'·'' ,, . , 

i ',,, ' ' ' .• 

.:•'~;t ','i', 1• I", 

As similarly disc_ussed \ for .. best practicable control. technology 
curi'ently . ' availabl·e . tin Section IX, the .control technologies 
specified herein have ntjt been specifically demonstrated ·for process 
waste wat~~ from ready-~o-eat cereal p1ants. The basic treatment 
processes · in attaining the _specified level of effluent load 
limitation~ ha~e received industrial and municipal. application in 
rece.n.t yea~s, wi:th, suc:ce,s;~t~;J.: p:r:~~~<:,tior ,~f -~ high -~ual.ity efflue11t •. 

Present process waste watter treatment technology demonstrated in the 
industry is judged ina:dequate. A transfer of availabl.e technology 
is necessary where proce,ss was.te waters are to· be treated with 
~j,rect di~charge to n\avigabl.e waters. The technology utilized in 
attaining . the stipulated effluent limitations is readily 
transferrable. This t¢chnology may be substantially aided by in
process con,t~ol such as reduction of water use and pollutant 
contributio,ns from cle~n-up operations. The technology is judged 
ecpnomically and.tecbnol.9gically feasible. Biodegradability of the 
process waste water with 1 nutrient addition has been demonstrated and 
fully established through an existing full-scale pretreatment 
faciJ.ity .now in op.eratior;i. The technology has strong:_ promise of 
producing an effluent of,30 mg/1 of both BODS and suspended solids. 

•., - .. r . ·: . ·:, ... I ~!•f::·~-i"~.t.· ... :"•-::· .. ,,.! ..i:~·~· 1•"·~·· .. : ·~ ... ~~·, .,,.,, . .,., ,,,,, ~·, ....... . 
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'No basic'' process,. (!hahges 'will be 'necessary- to .J.mplemerit these 
control technologies. :substitution of dry clean~up for wet clean-up 
operations can substantially reduce pollutant loads from the 
industry. 

I 

Ngn-~er Qq~lity Envi~onmental ·Aspects 
! 
I 

The application of t'he best available technology economically 
achievable wi·11 not c1:eate any new sources of air or land pollution, 
or require significantl:y more energy· than, the best practicable 
control technology currently available. Power needs for this level 
of treatment technology were estimated to be about 115 kw (155 hp) 
for a medium sized plant as defined in Section VIII. This demand is 
small when comparEid to the total production plant power 

• , I 
requirements. l 

Wheat Starch and Glute~ Manufacturing 
I 
I 

£2§t_9.f Application j 

The investment cost Qf applying the best 
economically achievabl;e, defined above, to 
starch and gluten plan~ has been estimated in 
$996r000. ' Total annua.l! costs are estimated at 

. I 
~ 2iz~ ~nd ~ of ~roduction Facilities 

' . 

available technology 
a moderate-sized wheat 
section VIII to be 
$264,000. 

As discussed in Section! IX, the application of this level of control 
technology is not dependent upon tbe size or age of the plants. 
Production methods em~lbyed by the different plants are similar and 
do not affect the appli:cability of this technology. 

Engiu~inq Aspect~ of ~pplication 
I 

As previously discuss~d in relation to ready-~o-eat cereal plants, 
the specified treatment technology has not been specifically 
demonstrated for wheat starch and gluten manufacturing process waste 
waters. However, t~ese processes · are readily available, 
transferrable from otheF treatment applications and economical.ly and 
technically feasible. i Technology as now practiced is judged 
inadequate where direct discharge of treated process waste water to, 
navigable waters resul.t:. The technology may be aided by reduction 

, of in-plant clean~up_ j water use . (generall.y representing, 5 to 10 
percent of the total prpce·ss w_aste water fl.ow)., and recycling of 
process waterin the p:roduction operation. Biodegradabil.ity of the 
waste has been firmly establ.ishe.d by results . at one operational 
pretreatment· facility/ an:d pilot pl.ant studies. High organic 
removals are necessitat¢d by the extraordinarily high pollutant 
potential 6f the ·replresentative waste water. The technolog.y will. 
result in effl.uent conc~ntratiops of 100 mg/l. of BOD,2. a:nd sus'.pended ·' 
solids. ·· I 

I 
i 
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Process Changes 

i 
No basic· changes are necessary to implement these control 
technologies. Reductionlin water use, and recycling of water for 
production purposes c~n reduce the reliance upon end-of-pipe 
treatment technology. . : ' ' . 'I ", ',_,, " ',. 
NQ!!-wattt Quality Envirc>nmen~! Aspect§ 

• I • • , ,t 
• ' i ' "' ' . " ~ ' ' ' . I . 

Power requirements for the prescribed treatment system are small 
canpared to _the over~jl production demands. The e~timated energy 
requirement for waste tr~atmeµt at J:l :typical wh'eat starch plant is 
185 kw (250 hp). Otq.er environmental considerations will not be 
affected by the application of this cqntrol technology. 

,• ... -
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INTRODUCTION 

·SECTION XI

NEW SOURCE PERFORMANCE STANDARDS 
I 

standards .of performance are presented in this section for new 
sources. The term "ne¥ source" is defined to mean 11any source, the 
construction of which i~ commenced after the publication of the 
proposed regulations prescribing a standard of performance." These 
standards of performanc~ are to reflect higher levels of pollution 
control ~at may be ~vailable through the application of improved 
production processes anr/or treatm~~t tecJ:i_n~ques •. 

consideration should be\given to the following factors: 
i 

a. the type of pr6cess employed and process changes; ! ' . 
b. operating methbds and in-plant controls; 

.c. 

ci. 

e. 

I 

i 

batch as opposed to continuous operations; 
I ,. , • 

use of 

use of 

i 
I • 

alternat1ve raw,materials; 
:1 "'"'' ' 

dry rather than wet processes; and 
I 
I 

f. recovery of po~lutant as by-products •. 
-:I • 

. i .. 
The new source performa~ce standards represent the best in-plant and 
end-of-process control ~echnology coupled with the use of new and/or 
improved manufacturing !processes. In the development of these 
performance standards~ consideration must be given to the 
practicability of a standard permitting "no discharge" of 
·pollutants. l 

. ! 

NEW' S_OURCE' PERFORMANCE STANDARDS 
,j 

The performance standJrds for new sources in the subcategories of 
the gra~n milling industry covered i~ this document are presented in 
Table 14. standards (B<:pD and suspended solids) are given in terms 
of unit weight of pol~utant per unit weight of raw material (wheat 
flour) for the wheat starch and gluten subcategory and per unit 
weight of finished c::ereal product for the ready-to-eat. cereal 
subcategory. 

l 07 



·Tab1e 14 
! New Sourc~ Performance Standards* 

BOP S~spended Solids Bli 
@/k~_q(lbs(.1000 lbs} kg/kkg(lbs/lQJ!Q_lbs} 

Animal feed I 
I 

manufacturing No! discharge of process wastes 
Hot cereal 

manufacturing No!'discharge of process wastes 
Ready-to-eat ,cereal 

manufacturing 0.20 0.15 6-9 
Wheat starch and ! 

I gluten manufacturing 1.p 1.0 6-9 

*Maximum average of daily values for any period of 30 
consecutive days. I 

I 

I 
The values given in Table 113 reflect the maximum allowable waste 
water effluent loading ~or any 30 consecutive calendar days. To 
allow for variances, excur~ions above these levels are permitted for 
a maximum dai.ly average oft 3.0 times the average 30-day levels. I . 
RATIONALE FOR THE SELECTION OF NEW SOURCE PERFORMANCE STANDARDS . i 
~gy-tQ-~ Cereal Manufacturing 

' ,! . 
. , 

The performance standa~ds tor new sources in the ready-to-eat cereal 
subcategory are identical to tpe effluent limitations prescribed as 
attainable through the application of the best available technology 
economically achievable as\presented in Section X. 

I 
The technology presented i* support of the recommended effluent 
guid~lines limitations is as given under Alternative D of Section 
VIII of the Development 009ument in discussion of the ready-to-eat 
cereal subcategory •. The\ technology includes treatment of the raw 
waste load by equalization, activated sludge and deep bed 
filtration. For the ready~to-eat cereal subcategory, the supportive 
technology would be expected to provide an overall BOD and suspended 
solids removal of 97.4 :and 87 .. 1 percent, respectively, over a 30 
consecutive day period. i The average raw waste BOD load is 
established at 6.6 kg (6.6 lb) per kkg (1000 lb) of cereal product 
corresponding to an averag~ waste water flow of 5.82 cu m/kkg (0.7 
gal/lb) of cereal producti~n and average raw waste BOD concentration 
of 1130 mg/1. Average raw waste suspended solids load is 
established at 1.4 kg (1.4 lb) per kkg (1000 lb) of cereal 
corresponding' to ·an aver~ge waste water flow of 5.82 cu ~kkg (0.7 
gal/lb) of cereal production and average raw waste total : suspenq.ed 
solids concentratio:ri' of 240 mg/1'., The average raw w~ste load would 
be reduced to .. the reconunended .limitation of · O. 20 . kg/kkg co:20 
lb/1000 lb) for BOD and 0~15 kg/kkg (0 .. 15 lb/l.000 lb) for suspended 
solids. corresponding treated effluent l.evels for BOD and suspended 
solids of 30 mg/l. would re~ult. , 

I 
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The · specifi:c ·con~t~r=o=l;--·...,.t~e"""cc--ip.c-n-o-· ""'l_og____,i-e-s ·to meet the· new"·source performance 
standards are not presented in this document. The end-of-process 
treatment is to be.equivalent to that suggested fqr the best control 
technology econanically• a9hievabl~- Recognizing that this level of 
waste wat~r treatment hal3 not been'· demonstrated in this segment of 
the grain milling indµstry, it is nonetheless felt that this 
technology ~i11·meet the! new source standards. Factors considered 
in developing these s~andards are summarized in the following 
discussion. · l 

I 
I 
I • 

The basic production methods employed in ready-to-eat cereal 
manufacturing are not i likely to be a1tered significantly in the 
future. Although new types of equipment are constantly being 
developed and incorporated into the manufacturing operations, the 
basic process will probably remain largel.y in its present form. 
Furthermore, since most waste waters from a ready-to-eat cereal 
plant are generated in cleanup operations, it is not anticipated 
that changes in production processes will significantly alter waste 
characteristics and waste water flow volumes· contributed by• thi~ 
industry. . i 

i 
QI?gratiqg Methods fil:!£! In1Plant Controls 

As discussed in section VII, in-plant controls are not anticipated 
to have a major effect on waste loads from ready-to-eat cereal. 
plants. New plants dp offer the possibility of incorporating 
controls such as dry-collection systems for product spillage, but 
significant usage of ~ater in wet cl.eanup operations may still be 

I 
expected. i 

~-Product Recovery 

At present, most plants in this segment of the grain milling in
dustry recover s.ubstant:i~l amounts of product spillage in a dry form 
for use in animal· feed .. : These recoveries might be increased at new ' 
plants by implementing improved collection methods and systems, but 
no new recovery methods are presently anticipated. 

. I 

. I • 

Whefil: ~~ Jmg .ruJ!~ Manufacturing 
I 
I 

, I 

The new source performance standards for the wheat starch and gluten. 
manufacturing f3Ubcateg<>ry fall between the technol.ogy required to 
meet the effiuent 1imitations guidelines established for the best 
practicable control teqbrlology currentl.y available and the best 
available technology economically achievable. These standards 
include biological treatment,. final sedimentation, and a further 
solids removal step such ,

1

· as a stabilization basin or deep''. bed 
filters. Two factors iproperly influence the selection of the 
proposed new source·performance standard. One is the extremely,high 
organic strength and suspended solids concentrations of the process 
waste water from wheat starch plants, which make waste load 
reductions beyond conven~ional secondary treatment quite difficult. 

! ' 
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. i 
-A·'· second factor is thit-the' degree·-of ·pollutant reduction:··:required -
by end-of-process treatm~t has not been specifically demonstrated 
at any full-scale plant, e 111em though reliable technology is 
available and transferra~l~. Watef reuse and 9onservation offer 
alternatives to reducing waste loads through in-plant controls, and 
together with end-of-pip~ treatment, may be the most effective means 
of pollutant reduction. !Several new plants now under construction 
are incorporating such ji.n-plantmeasures_for substantial reductions 
in water use and waste loads. 

i' 

The production process~s at· existing wheat starch plants are 
basically the same th~oughout the industry. It is known that two 
new plants., presently ! . under construction, anticipate · major' 
reductions in water u~age and waste loads. These waste load 
reductions have yet to be demonstrated, however. If improved waste 
water characteristics ao result at these plants, re-evaluation of 
the proposed new source performance standards may be warranted. 

I' . 

The technology presented! in support of the recommended effluent 
guidelines limitations i is as given under Alternative D of Section 
VIII of the Development Document in discussion of the wheat starch 
and gluten manufacturihg subcategory. The technology includes 
treatment of the.raw was~e load by equalization, ·activated sludge 
and· deep bed filtration~ For the wheat starch and gluten 
subcategory, the supportlve technology would be expected to provide 
an .overall BOD and suspended solids removal of 99 and 98.7 percent, 
respectively, over a 30 ~onsecutive day period. The average raw 
waste BOD load is establ~shed at 90.7 kg (90.7 lb) per kkg (1000 lb) 
of cereal product corresponding to an average waste water flow of 
9. 9 cu m/kkg (1. 2 gal/lb;) of cereal production and average raw waste 
BOD concentration of 905;7 mg/lo Average raw waste suspended solids 
load is estal::>lished at 7?· 2 kg (75. 2 lb) per kkg (1000 l..b). of cereal 
corresponding to· an a~erage waste water flow of 9.9 cu m/kkg (1.2 
ga1/lb) of cereal production and average waste total suspended 
so1ids concentration of :7509 mg/1. The average raw waste load wou1d 
be reduced to the recommended limitation of 1.0 kg/kkg (1.0 _lb/1000 
lb) for both BOD and j suspended solids. corresponding treated 
effluent levels for BOD and suspended solids of 100 mg/1 would 
result. 

·r 

' i 
I 
I 
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MULTIPLY (ENGLISH UNITS) 

METRIC TABLE 

CONVERSION TABLE 

by 

ENGLISH UNIT ABBREVI~TION CONVERSION 

acre 
acre - feet 

. British Thermal 
Unit 

British Thermal 
Unit/pound 

cubic feet/minute 
cubic feet/second 
cubic feet· 
cubic feet 
_cubic inches 
degree Fahrenheit 
feet 
gallon 
gallon/minute 
horsepower 
inches 

I 
ac j 
ac ft; 

BTU ·! 
I 

BTU/1~ 
cfm 
cfs l 
cu fti 
cu fti 
cu in1 
~F i 
ft I 
gal 
gpm I 
hp ! 
• I 
in 'i 

inches of mercury in Hg 
pounds · lb I 
million ga;t.lons/day mgd 1 

mile · mi 
pound/ square 1 

. I 
inch (gauge) psig I 

--square feet sq ft1 

square inches sq i~ 
ton (short) ton 1 

0.405 . 
1233.5 

'o. 252 

0.555 
0.028 
1.7 
0.028 

28.32 
16.39 

0.555(°F-32)* 
Q.3048 
3.785 
0.0631 
o. 7457 . 
i'.54·• ····· 
0.03342 
0.454 

3,785 
1.609 

(0.06805 psig +1)* 
0.0929 
6.452 
0.907 

yard · yd ' 

* Actual conversion,·not a mjltiplier 

0.9144 

. I . I .... 
U.S. GOVERNMENT PRINTING OFFICE: 1975-- 582-420:228 . 'I . . , . 

' :i 

,, 

TO OBTAIN (METRIC UNITS) 

ABBREVIATION 

ha 
cu .m 

kg cal 

kg cal/kg 
cum/min 
cum/min 
cum 
1 
cu cm oc 
m 
1 
1/sec 
kw 
cm 
atm 
kg 
cum/day 
km 

atm 
sq m 
sq cm 
kkg 
m 

METRIC UNIT . 

hectares 
cubic meters 

kilogram - ~alories 

kilogram calories/kilogra~ 
cubic meters/minute 
cubic .. meters/minute 
cubic meters 
liters 
cubic centi,meters 
degree Centigrade 
meters 
liters 
liters/second 
killowatts 
centimeters 
atmospheres 
kilograms. 
cubic meters/day 
kilometer 

atmospheves (absolute) 
square meters 
square centimeters 
metric ton (1000 kilograms) 

.mete,r 
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