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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 1limitations 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 1limitations guidelines are described for the
following subkcategories 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 1limitations, 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 1limitations are described. For a
medium-sized ready-to-eat cereal plant with production of 226,800
kgsday (500,000 1bss/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.

Supportive data and rationale for development of the proposed
effluent 1limitations guidelines and standards of performance are
contained in this report.
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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:

L. Animal feed manufacturing.
2 Hot cereal manufacturing.
3. Ready-to-eat cereal manufacturing.

4. Wheat starch and gluten manufacturing.



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 1loading for any 30 con-
secutive calendar days. Excursions above these 1levels 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 1limitations to be achieved with the best practicable
control technology currently available are as follows:

BOD Suspended Solids pH
kg/kkg(lbs/1000 1lbs) kg/kkqg(1bs/1000_ 1bs)

Animal feed

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:

BOD Suspended_Solids pH
kg/kkag(lbs/1000 1bs) kas/kkg(lbs/1000_ 1bs)

Animal feed

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



The recommended new source performance standards are as follows:

BOD Suspended_Solids pH
kg/kkg(1bs/1000 1bs) kg/kkg(lbs/1000 1bs)

Animal feed

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
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PURPOSE AND AUTHORITY

Ssection 301 (b) of the| Act requires the~achievement by hot 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 Administrator pursuant to Section 304 (b) of the Act.-
Section 301 (b) also requires the achievement by not later than July

1, 1983, of efflueht 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 dlscharge of all pollutants, as determined in
accordance with regulatlons 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 determlnes to be achievable through the application of
the best available | demonstrated 'control technology, processes,
operating methods, or othex alternatives, including, where
practlcable, a standard permlttlng no dlscharge of pollutants.

Section 304(b) of Fhe Act requires the Admlnlstrator to publlsh
within one vyear of enactment of +the Act, regqulations providing
guidelines for effluent limitations setting forth the degree of
effluent reduction attalnable through the application: of +the best
practicable control technology currently available and the degree of
effluent reduction attainable through the application of the hest
control measures and practices achievable including treatment
techniques, process and procedure innovations, operating methods, and
other alternatives., | The regulations proposed herein set forth
effluent limitations guldellnes pursuant to Section  304(b) of the
Act for a portion of the graln milling point source- category.

Sectlon 306 of the Act requires the Administrator, w1th1n_one year
after a categoxry of sources is included in a list published pursuant
to Section 306 (b) (1) () 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 16, 1973 (38 F. R. 1624), a list of 27 source
categories. Publlcatlon of the list constituted announcement of the
Administrator®s 1ntent10n of establlshlng, under Section 306,

.. standards of performance applicable to new sources within the grain

milling point :source category, which was included w1th1n the list
published January l6,|1973.




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

The effluent 1limitations 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 1limitations and standards are appropriate for

different segments within a point source category. Such
subcategorization was based upon raw material wused, product
produced, manufacturing process employed, and other factors. The

raw waste characteristics for each subcategory were then identified.
This included an analysis of (1) 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 1level 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 1levels of technology constituted the "best
practicable control technology currently available," "best availakle
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.



SOURCES OF DATA

The data utilized in preparing the proposed effluent 1limitations
qguidelines for animal feed, breakfast cereal, and wheat starch
manufacturing were derived from a number of sources. These sources
included published 1literature, 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 retrieval 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 1limited 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. Oonly 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.
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GENERAT,
A; Company neme
B. Corporate address
C., Corporate contact
- D.  Address of plant rgporting
E., Plant contact

MANUFACTURING PROCESS CHARACTERTZATION

A,
B.
C.

F.

H,

Manufacturing process pertinent to this study
Other processes at this plant ’

Chief raw mterialé

Products

" Plant Capacity

1. Annual raw material processed 7

2. Average daily raw materisl processed
Operating schedule (hours/dsy and days/year)
Number of employees

Age of plant

| FIGURE 1
DATA RETRIEVAL FORM

WATER REQUIREMENTS
A, Volume and sources
B, Uses (including volumes)
1, Process
2. (Cooling .
-3. “Boflera - T
4, Flent cleasnup -
A Sanitary
6, Other (speeify)
C. Available information on rawbwater quality
D. Water treatment provided
1. Volume treated
2, Describe treatment system and operation
3, Type and quantity of chemicals used
E. Available information on treated water quality
F. Fate of water used (including volumes)
1. Municipal sewer
2. Evaporation '
' -3« Consumed in process
4. -On-~gite treatment facility
5.  Discharge to stream, rive'r, ete,
6, Other (specify)
G. Has a Corps of Engineers! or NPDES permit to discharge into

navigable vate:gs been spplied for at this plant?




PROCESS WASTEWATER ! - -

A, Volumes and scurces

B, Does the source, volume, or ch ter of the tewatb
vary depending on the type or quallty of product?

C, How do wastewater characteristics change during start-up ‘

snd shutdown as compared to normel operation?

D, Available data on ch istics Of untreated waste~ °
waters from individual scurces and combined plant effluent,
(Not just single average numbers, but actual data or
weekly or monthly summaries), .

DATA RETRIEVAL FORM

. Westewater treatment (cont)

3, Describe treatment system and operation
4. ‘Type and quentity of chemicals used, if any

5, Available data on treated wastewater quelity
(Seme items as in Section III, D, sbove)

6, Describe any operating difficulties emcountexed
7, Resulis of any laboratory or pilot plant studies

8, Known toxic materials in wastewater

T LA e e it L im  e

7 .
[ - : ——. : R e _ P, _Wastewater recyele )
2, BOD 1. Is any wastewater recycled presently?
3, 00D 2, . Can wastewater be-recyoled? What are the restraints
on recyeling,
4. Suspended solids X
T ¢, In-plant methods of water comservation and/or weste
5, Dissolved solide reduction -
6. Total solids H, Identify any air pollution, noise, or solid wastes result~ A
. ing .from treatment or other control methods. How are solid .
.7. Temperature wastes disposed of? ]
8, Alkelinity end acidity I. Cost information related to water poliytion control .
9, - Phosphorus 1., Treatment plent and/or equimment and year of expendi- il
ture 3
10. Chlorides
2. Operstion (persomnel, maintenance, eto.)
11. Sulfates
: 3., Power costs
12, 0il and greese
. . 4, [Estimated treatment plant and equipment life
13, Other (all available information should be provided) -
. J. Water pollution control methods being considered for
B, Wastewater treatment future epplication - .
1, Identify wastewater sources and volumes going to v COOLING WATER

treatment facility. .
A," Process steps requiring cooling water

2. Reason for treatment
B, Heat rejection requirvements (Btu/hour)

FIGURE 1 (CONTD.)




B s o G oy o

2, Blowdown rate

. . 3, Type and quantity of chemicals used

- [ P 4. Blowdown water quality

E. Once-through water quality
1. Flow rate

2. Type and quan-‘l:ity of chemicels used ;
. 3. Discharge water temperature . ‘
' VI  BOILER . ‘
. . ’ N 2 A, Capecity

N . v ) . " B, Blowdown flow rate and charseteristics ' [ S

FIGURE 1 (CONTD.)

T . r

En . S

e 2 i J— . C._.. Type_of cooling syshem,. i L N P
e : D. Cooling tower
1. Recirculating flow.rate {




‘ Plant v131ts provided 1nformat10n about the manufacturlng process,
- water usage within the plant, sources of wastes, in-plant waste
water control, and waste | treatment. A total of 17 plants were
‘visited in the following ! subcategories:

Anlmal Feed t . 5
Breakfast Cereal 10
wheat Starch l ' 2

In addition to the above visits, persommel at plants in

each subcategory were contacted by telephone for information on the
industry and waste water handling and disposal. Detailed data were
obtained during these conversations consisting of product
description, size and operation schedule of the plant, quantity of
water used, waste water qguantities, and waste treatment.

. . |

|
~ Plant sampling was provided at a total of five plants with emphasis
focused on plants hav1nb representative waste loads and waste
treatment facilities. Specifically, one wheat starch and four
breakfast cereal plants were sampled during the study. The sampling .
program provided data on the raw and treated waste streams. It also
provided verification of data on waste water characteristics

provided by munlclpalltles and other 1nd1v1dua1 plants.
GENERAL DESCRIPTION OF THF INDUSTRIES

The animal feed, breakfast cereal, and wheat starch industries all
utilize products from the, basic grain processing mills. for raw
materials. Grain and graln milling by-products are +the chief
ingredients in animal feed The manufacture of breakfast cereals
utilizes both milled and whole grain, particularly corn, wheat,
oats, and rice. Wheat starch manufacturing employs wheat flour as
its raw material. i
1

Animal Feed lndustrv

|

Of all the cereal grain produced in the U.S., only about 15 percent
is used as food for human|consumption. The vast majority of the
grain harvested is used to feed poultry and livestock.

The formula  feed business is a relatively new one, having its
beginnings late in the 19th Century. Prior to that time, farmers
and livestock growers fed their animals grain. A need to mer-
chandise by-products from[the food industry, coupled with increasing-
knowledge of animal nutrition, led to the origin of the feed
industry. Blatchford®'s |1n Waukegan, Illinois, the. oldest feed
manufacturing company in continuous operation in the .U.S., ;began
operating in 1875." Early mills were located near rivers and centers
of population to take advantage of cheap transportatlon, but since
World War IXI, trucking has changed the economics of the industry.
Today, - the .large mlllcfhave decentralized, and feed manufacturers
. operate smaller mills nean their markets.

1

|
!
1
i
{
1
|




In the past, so—called “complete feeds“ were predominantly manu-
factured. Complete feeds contain all the necessary ingredients for
livestock, including grain, grotein, drugs, vitamins, and minerals.
In the late 1920°s, feed concentrates containing prctein, trace
minerals, and vitamins | were introduced. This concentrate was
ideally suited £for the graln-produc1ng areas of the country; the
farmer simply mixed it w1th his own grain on the farm. Production
of feed concentrates : has increased considerably since its
introduction and accounts for about one-third of present total feed
tonnage. A typical listing of concentrate ingredients might include
soybean meal, animal and |fishery by-rroducts (protein sources), fat,
minerals, and trace quantities of antibiotics and other substances
for dlsease and paras1te;prevent10n and growth stlmulat:l.on.t

~In the last. decade, manylmanufacturers of drugs and feed 1ngred1ents

have developed comblnatlons of drugs and vitamins known as premixes

to which protein and graln must be added. A typical complete feed
formula would include about two-thirds graln, 25 to 35 percent
concentrate, and 5 to| 10 percent premix ingredients. Nearly all

feed manufacturers offerlcomplete and concentrate feeds; a few offer
premixes. P
The manufacture of fornnla feed represents 12 percent of toial‘ farm

production, and in agrlculture ranks fifth behind cattle, feed

grains, dairy products, and pigs. Usage. of formula £feed in the
livestock industry is distributed as follows:

Poultry 58%
Dairy Cattle ' 28
Swine - 8
Work Animals 3
Range and Beef Lattle . 2
Sheep and Goats '

; h100%
The animal feed 1ndustry has undergone tremendous growth 31nce its
inception some 80 years ago; it is now the tenth largest industry in
the U.S. There are presently over 6000 feed manufacturers, plus
related industries: such as drug, chemical, and mineral suppliers.
Consumption of formula feed increased 37 pexcent from 1940 to 1966,
and current production! is approx;mately 45 million tons annually,
representing over $3 billion in sales. Today, about 40 percent of
the feed consumed by anlmals in the U.S. is formula feed. There are
presently about 8000 | feed ‘mills in the country 1nd1V1dua11y
producing at least 907 kkg (1000 tornis) " of . feed per year. Daily
production . of feed ,mllls ranges from 3.6 to 1800 kkg (4 to 2000
tons). ‘ 7 i T T . S
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The basic production sequence in the manufacture of animal feed is

shown in the accompanying diagram. The various ingredients are
first received and stored. Whole grains are often ground or cracked

- before use,. but cleaning|is not performed and water is only used as

necessary %o raise the moisture content prior to grinding.  Next,
the ingredients. are mixed in proper proportion, after which some of
the product may be removed as a meal form of feed. A pelleting
operatlon follows, in whlch steam is added and the mixture is forced
through dies. The pellets are cooled and dried, then either
packaged in pellet form or rolled and packaged as a granular feed.
Finished feed is transported from the plant in packages or in bulk
shipments. . ;

Breakfast Cereal Industry

Man has been aware of the food value of gralns since ancient tlmes,
but prior to the turn of'thls century, grain was only consumed in a
cooked form. . Thus early Americans boiled and baked grain into

_ porridges and breads. A%ound the mid 1800'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 fpod, but eventually developed into a grocery
so found that other grains, such as cracked

wheat and rolled wheat, could be prepared in the same manner.

The first ready-to-eat cereal was prcbably "Granula", developed by
Dr. James C, Jackson in 1863 at Dansville, New York. Sold as a
health . food, Granula ‘was produced by baking a coarse whole meal .
dough in thin sheets until brittle, breaking the sheets into chunks,
baking again, and then grlndlng the chunks 1nto granules.

Four discoveries or developments near the turn of the century led to

‘the ready-to-eat cereal [industry. The first occurred in 1893 when

Henry D. Perkey of Denver produced and marketed a shredded wheat
‘product. The‘followingiyear W. K. Kellogg and his brother, Dr. John
H. Kellogg, developed the flaked cereal. It was first used at the
Battle Creek Sanitarium as a health food, then later the product was
mass—marketed by W. K. Kellogg. In 1897, Charles W. Post produced a
ground cereal product| in Battle Creek called "Grape Nuts". The
fourth development came |in 1902 when Alexander Anderson produced the
first puffed cereal. ;

| . S ‘
The cereal .industry has |grown considerably since then. . Today over
one and one-half billion pounds of cereal are produced annually;
sales are approximately '$1 billion each year. seventy-five million
servings @ of cereal are consumed each day in the U.S., which amounts
to eight pounds of cereal per persan per year. There are some 26
companies operatlng a7 plants' in the U.S., with the major plants. .
located as shown in Flgure 2. Plant capacities range from 4. 5 to |
almost 680 kkg (10,000 to 1 500,000 1lbs) of cereal per day. o

Breakfast cereals can be broadly class1f1ed as either hot cereals or
ready-to-eat cereals. Hot cereals require cooklng before serV1ng
and are normally made from oats or wheat. Basic processes in the

13




. FIGURE 2
LOCATION OF MAJOR CEREAL PRODUCING PLANTS IN US.
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manufacture - of hot cereéals include cleaning, milling, sizing, and

enrichment for wheat; and;cleaning, roasting, sizing, de-hulling,
steaming, and rolling for ocats. Manufacturing methods are described

" ijn more detail later in thls section.

A wide variety of ready~to—eat cereals is manufactured in the U.S.,
and production methods vary depending on the type of cereal. Raw
materials include whole grain wheat and rice, corn grits, oat flour,
sugar, and. other minor Lngredlents. The general processes involved
include ingredient mixing, cooking, tempering or drying, forming
(either flaking or extru51on), toasting or puffing, and vitamin
addition. The accompanylng diagram outlines a basic cereal
manufacturing operatlon,i although the particular type of cereal
being produced will dictate which specific wunit processes are
|

|

| -

IO!OKING Pl DRYING —"

| N

|

| . .
VITAMIN
ADDITION

PACKAGING

FORMING

INGREDIENTS .
-*4 MIXING

TOI:?TING
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: f ‘COfATlNG

|
|
gL

PACKAGING

|
|
CEREAL MANUFACTURING
b '
1
|
I

i .
Today the wheat starchiindustry might be more properly termed the
wheat gluten and starch industry, as -gluten presently brings a
higher economic returnp than - starch. Basically, wheat starch
manufacture involves the phys1ca1 separation and refinement of the
starch -and gluten (proteln) components of wheat flour.

The preparatlon of starch from cereal grains was carried on in
ancient times. The Egyptlans as early as 3000 B.C. used starch. for
sizing papyrus,‘and a Roman treatise written in 184 B.C. describes
a method of preparing starch from wheat by fermentation. Wheat was
the major source of starch from primitive times until the late 18th
Century, when cheaper sources of starch were sought. Potatoesl and
‘finally corn replaced wheat as major starch sources. .

The first American wheat starch Flant was built in 1807 in Utica,
New York. Many plants were constructed in the early 1800'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 starch plants

15
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utilizing 1100 bushels of wheat per day and producing 8.3 million
Jpounds of wheat starch annually. By comparison, 16 corn starch
plants were in operatlon.at that time producing 200 million pounds
of corn starch each year, and 64 potato starch plants were producing
24 mllllon pounds of starch per year. ‘

Production within the 1ndustry has increased considerably during the
last 80 years, although the number of manufacturing plants has
' remained -almost constant. Four wheat starch plants were operatlng
- in 1960. At present, there are seven plants in operation in the
U.s., three of whlch’were produc1ng starch in 1960. cCurrent wheat
flour consumption in the industry is about 113,400 kkg (250 million
pounds) annually. Table 1 1ists the companies and plants in the
U.S. presently produczng wheat starch and gluten, and the plant
locations are shown Jn Figure 3. Plant capacities range from 23 to
68 kkgsday (50,000 to 150,000 1lbs/day). Early wheat starch
manufacturlng process es employed whole wheat as the raw material.
As shown in Table 2, stlarch constitutes about 64 percent of the
whole wheat grain. E -

i
1
'|

} , :
| fable 2
|

Compos1tlon of Whole Wheat

|

Starc] ' 64.1%
Proteéin 12.1
Moisture 13.6
Sugar, gum, etc.\ 3.8
Fibre| 2.6
Ash ; 1.6
Fat | 1.7

I

Two processes 1nvolv1ng whole wheat were used during the early
1800?s, the Halle procpss and the Alsatian process. ' In the Halle
process, the  wheat was steeped until soft, drained and crushed
between rollers, and fermented in large vats.  The fermentation
softened and part1a11v|dlssolved the gluten, allowing the starch to
be washed out. The Halle process produced a 50 to 60 percent starch
yield, but had several dlsadvantages. These included the long time
‘period réquired, offens1ve 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 dlfflculty of washing the starch from the gluten.
The process yielded 35 to 45 percent first grade or A-starch and 10
to 20 percent second grade or B-starch. If gluten recovery was
desired, a long washlnglprocess was required, and the yleld was only.
5 to 6 percent. . ) : . - T “ : <
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Table 1

Wheat Starch Companies aﬁd Plants

Centennlal Mills
146k N.W. Front Avenue

Portland, Oregon 97208

%
|
Plants: Portland, Oregop

;97208 {
Spokane, Washlngton

99220 [

il

General Mills Chemicals, Inc.‘;

4620 West TTth Street i
Minneapolis, Minnesota 55435
Plant: Kéokuk Iowa 52632 |

Keever Division, A. E. Staley .

2200 Eldorado Street :b
Decatur, Illinois 62525

Plangt: Columbus, Ohio 43207 -

-+ Plant: Arkansas City,

Loma ILinda Foods
11503 Pierce Street

Riverside, California 92505

Plant: Riverside, _
California 92505

- Midwedt Solvents

1300 Main Street
Atchison, Kansas 66002
Plant: " Atchison, Kansas
j‘66002

New Era Mllllng Company

P. 0. Box 958

Arkansas City, Kensas 67005

-Kansas 67005

[ E
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FIGURE 3
LOCATION OF WHEAT STARCH AND GLUTEN PLANTS IN U.S.




FIGURE 3
LOCATION OF WHEAT STARCH AND GLUTEN PLANTS.IN U.S..

' Most 'wheatg' V's;{:arc'h'vplahi:ks “dperatin'g tbdaﬁ} exﬁéloy the Mai:t‘ia‘ prorc’:"essv '

or a modification there<ojf. This technique, which uses wheat flour
rather than whole wheat, | was proposed in 1835 and was widely used by
the end of the 19%th Century. The diagram below outlines the basic
processes involved, | : '

yWATER L waTER WATER
WHEAT » |  DOUGH DOUGH % STARCH | STARCH
FLOUR MAKING | > WASHING REFINING [ > DRYING ’P“CK“G'NG
V WASTE WATER

_ | GLUTEN GLUTEN
‘ DEWATERING > DRYING ""PACKAGING

WHEAT STARCH AND GLUTEN MANUFACTURING

Wheat flour is first mixed with water to form a dough. The dough is
then kneaded and washed to separate thé starch and gluten. The
gluten is dewatered, ered and packaged, while the starch stream or
so-called M%starch mllk“ is screened, centrifuged, dewatered, dried
and packaged The Mart:n process generally yields 10 to 15 percent
gluten, 45 to 55 percent first grade starch, and 12 to 20 percent
second grade starch. Its main disadvantage lies in +the "relatively

-high percentage of gluten-contaminated B-starch produced.:-

4
|

PRODUCTION PROCESS ES

The production methods used in manufacturlng anlmal feeds, breakfast
cereals, and wheat starch differ greatly as summarized earlier in
this section. The follow1ng discussion provides a more detailed
description of the manufacturing processes employed in each 1ndustry'
subcategory.

-

Animal Feed

The manufacture of animal feeds, shown in Flgure u, beglns with the
receiving and storage of raw materials. These ingredients might
include grains such as corn, barley, milo, and oats; various meals
including soybean, cottonseed, meat, and bone; and grain milling by-
products such as wheat middlings and corn gluten. Dry additives, .
including salt, mlneral%, drugs, phosphorus, and v1tam1ns, and
liquid ingredients such as fat, molasses, and fish solubles are also
used in feed formulas. ' Grains receive drycleaning and ' separation
with scalpers and magnets priocr to storage. Whole grains are often
ground, cracked, or crimped prior to feed mixing. A small amount of
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hwater is sometlmes added th'thelléralh for dust control durlng
grinding, which is usually performed with hammermllls.

Mixing is the next step in feed manufacture. Ingredients are.
weighed and then fed into a mixer in a ratio based on the particular
feed formula. A representatlve medium-sized plant produces 200 to
300 different feed blends. Material from the mixer is a meal or
mash and may be marketed iin this form. , , -

A pelleting operatlon foﬂlows m1x1ng if pellet or granular forms of
feed are desired. %letlng is an extrusion process in which the
meal is steamed and then forced through dies. The resulting pellets
are 178 to 3/4% in diameter and length. They must be cooled and
dried after extrusion. Thls is done in pellet coolers through which
air is Dblown at roomx temperature. Feeds with a high molasses
content are dusted with bentonite or  cottonseed meal to prevent
caking. The pellets are then sized, with fines and oversize
' ¥ partlcles being returned [to the extrusion operation. Pellets can be
o 8 packaged or bulk shipped. If the pellets are to be reduced in size,
: 2 they are passed through a roller mill with corrugated rolls +to
produce granular feed or crumbles. Again a screening operation
. ‘follows, with fines and overs being returned to the pellet mill.
_ Granular feed is also either shipped in bulk or packaged.
S{Fi
ED) = T
A w1de varlety of bxeakfast cereals anamanufactured in the U.S.;
more than 100 different items, brands, and sizes of ready-to-eat and
hot cereals can be found lon a grocery shelf. The chief hot cereals
include wheat or farina and catmeal. Ready-to—-eat varieties are
made from one or more of the basic cereal grains, corn, wheat, rice,
and oats, and may be flaked, puffed, extruded, shredded,igoated, or
non~coated. A variety | of ' production methods are employed in the
manufacture of cereals, w1th different methods often associated with
a partlcular type or eveq brand of . cereal.

Ld

Hot Cereal i
. Hot wheat cereal ox farlda is comprised basically of wheat mlddllngs
- ] - chunks. of ‘wheat endosPerm free of bran and germ. Middlings are

‘ : intermediate size particles produced in the milling of whole wheat.
Typical hard wheat on thel average yields about 30 percent middlings.
The only processes involved in the manufacture of hot wheat cereal

are sizing and vitamin and mineral enrichment.
flavoring ingredients such as malt or cocoa are mixed
company employs a pre-cooking operation to produce an

farina, One

instant product. This

Occasionally
in with the
addition of

operation involves steam,

extrusion, and cooling or| drying.

i
' The second major type of
manufacture of rolled odtls is basically a dry milling
received,
operation follows, during which the moisture content is
starch is

Whole oats are
six - percent, the

hot cereal is oatmeal or rolled cats. ' The
operation.
A dry roasting
reduced to

partially dextrinized, and the hulls

drycleaned and stored.
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become frag:.le. The oats are then ‘ cooled ‘sized, and de—hulled
leaving +the inner berry or "groat". Rollers are then employed +o
produce flakes from the groatso Cutting of the groats may precede
rolling to produce qulcklcooklng or instant ocats. Addition of minor
ingredients and packaglng follow. '

Flaked and Crlsped Cereal§

Corn grits, whole wheat, rice, and occasionally a combination of
grains are the chief raw materials used in the manufacture of flaked
and crisped cereals. The basic productlon process 1is shown in
Figure 5. Whole wheat is tempered prior to use; the other grains
receive only dry cleanlng.' Flavor solution consisting of malt,
sugar, salt, and other ingredients is added and the mixture is
cooked under pressure w1th steam for a specified length of time. A
tempering or drying operatlon 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 pellets. The roller spacing is set close for
flaked cereals and farther apart for crisped cereals. The product
is then dried and toasted in large ovens, sprayed with vitamins, and
packaged. Some types of |flaked and crisped cereals are sprayed with
‘a sugar solutlon and drred prioxr to v1tam1n addltlon and packaging.

Shredded Cereals i W;NM‘NW‘

The manufacture of shredded cereals, shown in Flgure 6, beglns w1thlg

cleaned whole wheat. Thé wheat is fed in batches into steam cookers
where water is added. lAfter 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 through shredding rolls

where the kernels are crushed and formed into long strands. Layersvl

of wheat strands are cut into biscuits and toasted in an ovenr prior
to packaging. Some types of shredded cereals receive a sugar
coating and vitamins prior to packaging.

Puffed Whole Grain Cereals

| , .
Figure 7 depicts the operations involved in the production of puffed
whole graln cereals. Wheat and rice are the primary raw materials.

. The grain is first preheated, then puffed by increasing and suduenly
decreasing the pressure in the puffing device or "“gun",. The grain
is dried, vitamins. are applied, and the product is dried, screened,
and cooled prior to packaging. Certain types of puffed whole grain
cereal undergo sugar coating and ccoling operations before being
packaged. '

. Extruded/Puffed Cereals

f" ’ o .- o ‘M . ' th [ "
Oat flour and corn-.grits| are among the chief ingredients used in the §
manufacture of extrudeds/puffed cereals, shown in Figure 8. The §

ingrediénts are mixed with water to form a dough. The dough enters
a combination cooking and extrusion:process, where the particular

cereal's characteristic shape “1s produced. After +the moisture T
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FLAKED OR CRISPED CEREAL PRODUCTION
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content has been reduced, the cereal rarticles are preheated and
then puffed in a fashion similar to that employed in whole grain
puffing. The product 15 sized, sprayed with vitamins and oven
toasted prior to packaglng. Certain,varieties receive a sugar or
. flavor coating before being packaged.

Extruded Cereals ‘i

Extruded cereal produdtion processes are shown in Figure - 9.
Ingredients include o0at and corn flours along with sugar and
flavorings. The ingredients are dry mixed, then blended with water
to form a dough. Aﬁ extrusion process follows, producing the
various cereal shapes. The product is then sized, coated with a
flavor syrup, toasted, sprayed with vitamins, and packaged.

wWheat Starch

The principal raw material used in the manufacture of wheat starch
and gluten is residual wheat flour known as "clears" or %second
clears®", comprised of grades that are unsatisfactory for the manu-
facture of white bread.

The first step in the prpcess, shown in Flgure 10, is dough maklng,
where fresh water is mlxed with the incoming flour. The dough is
allowed to "mature® for a time and then is washed with fresh water
to begin separation of the starch and gluten. The gluten, due to
certain adhesive properties, adheres toc itself in a sticky mass.
The starch granules, ‘lacking these properties, are separated and
remain suspended in the flow 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 dxrum

dried, sifted, and packed. Wheat gluten, with a 75 +to 85 percent’

protein content, is used exten81vely .as an ingredient in bakery
produce, particularly bread, to increase the protein content. About
35 percent of the protein in the gluten is in the form of the amino
acid, glutamic acid. If the gluten is hydrolyzed with hydrochloric

acid, glutamlc acid as a crystalline solid is obtained. Separation .
and conversion with sodlum hydroxide produces.a product known as.

monosodium glutamate, whhch is used as a flavoring agent.

The starch-laden stream from the washing operation is termed the
crude %starch milk¥, Tt is passed through coarse and fine screens
to remove cellulose fibres. To reduce the water content prior to
refining, a thickening, or pre-concentrating centrifuge is often
employed. Next the starch milk enters the first reflnlng centrifuge
where an initial separatlon of A-starch and B-starch is made. The
heavier A=-starch component passes on to dewatering, drying, and
packing operations. Thel lighter B-starch component enters a second
refining centrifuge which recovers additional A-starch. The B-
starch stream is. then concentrated with another ' centrifuge,
dewatered, dried, and Ipacked Wheat starch has widespread use in
the food industry. Lower grade or B-starch finds uses in textile
manufacturlng, as foundry starch, and in adhesives.

Y
I
|
l
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~~~WASTE WATER CONSIDERATTONS IN THE INDUSTRIES =

Animal feed manufacturlnd plants utilize little Oor no process water
and generate no process waste waters. Water 1is used in steam
generation, non-contact coollng of pellet mills, and occasionally
for dust control during corn grinding. The only waste waters
generated are from auxilidry operations and include boiler blowdown,

spent cooling water, and wastes from boiler feed water treatment
systems. '

Hot cereal manufacturlng ba51cally 1nvolves dry mllllng and blending
operations. Water is sometlmes used for tempering and for raising
product moisture content, but no process waste waters are generated

Water is used quite exten51ve1y in readyoto-eat cereal manufacturlng

plants. The wvarious operations 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 equlpment, and processing areas. Water is
also used for cool:.ngr,I flaking and forming rolls, extruders, and
"other equipment such as compressors, and in wet scrubbers for air
pollution control in somelplants.h‘ :

Most of the unit operations in ready—to~eat cereal plants do not
result in process waste waters. Only the cooking operation in
shredded cereal manufacture generates a continuous or semicontinuous
waste stream. Other wastes from this segment of the industry are
primarily from wet cleanup operations. condensed wvapors from
cooking operations, wet ' scrubber discharges, .and spent cooling
waters may also contribute relatively minor gquantities of waste
water. Total waste water flows vary from 189 to 568 cu m/day
(50,000 to 150,000 gpd) for small plants and up to 3785. cu m/day
(1,000,000 gpd) for large plants. BODS .concentrations are moderate
to high, ranging from 400 to 2500 mg/1. Suspended solids
concentrations wvary in the range of 100 to 400 mg/1 with the higher
concentrations generally belng dlscharged from the larger plants.

- At present, only one cereal plant has a dlrect dlscharge of process
wastes to a receiving |water, and that waste discharge is not
treated. The municipal sewer system is being expanded and will
collect <these wastes for treatment in the near future. All other
cereal plants studied dis charge their wastes to mun1c1pal systems.
One plant provides pretreatment, and two others are in the process
of constructing pretreatment facilities.

In wheat starch manufacturlng, process water is used for dough

making, dough washing, Ibackwash:.ng of screens, and countercurrent
washing of centrifuge dlsqharges. 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 cleanup Operatlons. The volumes are moderate, ranging
. from 265 to 606 cu ms/day (70,000 to 160,000 gpd). These waste
waters are high in BODS jand suspended sollds and consist primarily
of fine starch partlcles not recovered in the manufacturing process.




! ,

six of the seven plants idischarge their waste S
one of these six plants provides rpretreatment, and another is

s to municipal Systems.

piilding a pretreatment |facility. The seventh plant uses its starch
effluent in a distillery operation from whlcy there is a §1rect
discharge to a receiving water. This plant is constructing a
rreatment plant for the |distillery wastes. -
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INQUSTRY CATEGORIZATION
}

This study of the grdln milling industry covers the proce351ng of
milled grain into animal feed, breakfast cereals for human
consumption, and wheat s;arch and gluten. After considering various
factors, it.was concludeq that the industry should be subcategorized
into several discrete segments for purposes of developing effluent

limitations. These subcetegories are as follows:

1, Animal feed manufacturing
2, Hot cereal manufacturing
3. Ready—tOeeaﬁ ce#eal manufacturing

4. wheat starch ané gluten‘manufactu;ing
FACTORS CONSIDERED | |
The factors con51dered 1£ developlng the above subcategorization
included: |

1. Raw materials ;
2. Finished p:odug&
3. Production proc%sses or methods

4. size and age of, production facilities
5. Waste water vol?me and characteristics

]

6. Treatability'of‘wastes

Careful examination of all available information indicates. that two
of these factors, namely type of finished product and waste water
characteristics, prOVLde a meaningful basis for subcategorization
of this segment . of the 1ndustry, as discussed in the following

paragraphs.

|
Raw Materials ‘ |

The major raw materlals used by this segment of the grain mllllng'
1ndustry are the basic cereal grains, pr1nczpally corn, wheat, oats,
and rice. 'Other raw materials are used in varying amounts depending
on the specific end product. Vitamins and other addltlves are used
in animal feed production and large quantities of sugar.or syrup may
be added for certain breakfast céreals., Waste water characteristics
within this industrial category do not reflect the particular raw
materials employed. For example, the production of animal feeds
from corn, generates no waste water while the manufacture of ready-




——¢o~eat COrn ~Ccereals ~produces  significant waste  discharges.
Accoxdingly, it was concluded that raw materials do not form a basis
for subcategorization. |

|

Finished Products

The finished products from this industry grouplng vary widely and do
provide a rational basis for subcategorizing the industry. The
industry can be divided into animal feeds, breakfast cereals, and
wheat starch and gluten. Not only does this grouping. divide the
industry into distinct product lines, but it also reflects waste
water characteristics.. Animal feed production . generates no process
waste waters. Ready-to-eat cereal manufacturing usually yields

substantial quantities of moderate to high strength wastes. Cereal .

manufacture generates no process waste water, and wheat starch and
gluten operatlons produce|very hrgh strength wastes.

The breakfast cereal 1ndustry contalns two distinct subcategories,
hot cereals and ready-to~eat cereals.’ As noted abowe the manu-
facturing operations used|to produce hot cereals do not result in
process waste waters as contrasted with ready-to-eat cereal pro-
duction whlch generates waste waters fxrom several unit operations.

The many types of readybto-eat cereals suggest the possibility of
additional subcategorlzatlon based on cereal type, such as puffed,
extruded, and flaked or Poated and non-coated. An examination of
available waste water data indicated only one possible relationship,
that being the varlatlon of organic waste load with the percentage
of cereals being sugar-coated at cereal plants. It was concluded
that such a correlatlon may well exist, but it cannot be
quantitatively defined at this time and, hence, additional
subcategorization is not warranted. : ‘ e

One difficulty in deflélng characterlstlcs of the ready-to-eat
cereal industry is the fact that most plants produce a wide variety
of cereal types. Some plants also produce hot cereal, and many are
multlple-product plants produc1ng items such as cake mixes, baking
mixes, instant breakfast drinks, and pancake syrup. Of the ready-
to-eat cereal plants in the U.S., only four or five produce strictly
cereals. . L : - o

Productlon Processes
TEESIRASED  RSSSSSSSS i . o
The production methods used in thlS 1ndustry vary w1dely. Animal
. feed manufacturlng basrcally consists of mixing various raw mate-
rials together ‘followed by pelleting and packaglng. Cereal manu-
facturing is generally more complex and varies widely depending on
the specific type of cereal. The unit operations will include at
least some of the follow1ng° ‘mixing, shredding, cooking, rolling,
flaking, puffing, extrusion, and packaging. Wheat starch 'and gluten
manufacturing entails yet ‘another set of wunit operations, quite
distinct from those used'ln other segments of this industry. While.
1t is recognlzed that productlon methods differ greatly within the

. ) - ; it o W b
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The available data provi

of this industry based on age or

between  waste loads a

information

mx&%tng—tﬂdus%fywwsuch~meth@és-de=net—1n~themse1ves—§rev1den-

gathered durlng this
correlation except for wheat starch manufacturlngo

categorlzatlon.
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des no evidence to support subcategorization .

size of plants. Relationships

size or age may exist, but the
study does not indicate a

In that segment,

nd plant

a general trend of 1ncrea31ng waste loads with increasing plant age

and capacity is indicate
vary within a
subcategorization on thi}

falrly narrow

d The waste loads per unit of raw material
range, however, making a
F basis impractical and unwarranted.

Waste Water Characteristics

Waste

3
I
1

water characteristics, in conjunction with finished products,

form the basis for the subcategorization detailed previously in this

document.
process

Animal feed and hot cereal manufacturing do not produce
waste waters and are thereby clearly distinguished from the
remaining two subcategories.
starch production generate organic type wastes;

Both ready-to-eat cereal and wheat

the very high

strength of the wheat starch waste waters (6000 to 14,000 mgs/1 of

BODS)

This range is

Treatability of Wastes

All‘of the process waste waters generated by various

this industry
criteria are . similar
for subcategorization.
phosphorus) are

merits a separate subcategory.

generate waste waters with BODS concentrations of 400 to 2500

.representatlve of
3

Ready-to-eat cereals normally
mg/l.
small - plants and large plants,

segments of

are amenable to conventional physical and biological
treatment systems of the same general type.

The fundamental design
and treatability is not a satisfactory basis
Supplemental - nutrients (nitrogen and

required for effective biological treatment of

ready-to-eat cereal process waste waters, as well as pH control for

starch waste.

l




WATER USE

INTRODUCTION

The industry subcategor
. range of process water

The animal feed 1ndu
generates no process wa
cereal industry varies
.t0 substantial amount
. starch plants do not re
they do produce high-st

This section presents a
process and total pl

that might influence the nature of the waste waters generated.

information presented

AND WASTE WATER CHARACTERISTICS

ies covered by this document indicate a wide
requirements and waste water characteristics.
stry, with 1little or no process water use,
ste waters. Water use in the breakfast

from virtually none in hot cereal manufacture

o

s in large ready-to-eat cereal plants.
quire large quantities of process water,
rength waste waters.

Wheat
but

detalled d1scu531on of water use, 1nd1v1dua1

ant waste water characteristics, and factors
The
ihas been collected from industrial sources,

U.S.. Army Corps of Engineers permit applications, munlclpal sampling’

data records,
visits to

literature, and the results of a
selected plants

series of sampling
in each industrial subcategory. The

sources of data are descrlbea in more aetall 1n Sectlon Iil.

In general, 1nformat10n
contact cooling water,

wastes has been excluded from the following discussion.
activities it are common to many industries,

auxiliary

l on waste water characterlstlcs of non-
boiler blowdcwn, and water treatment plant
These
and the

individual practices at|any given plant usually do not reflect
conditions that are unique to the grain milling industry. The types
of treatment employed for cooling water systems, boiler feed water,
and process water vary w1dely throughout the industry and depend .on
such factors as raw water characteristics, availability of surface,

ground, or city water, individual company preferences,
not related to the

considerations
Separate guidelines for

w111 be proposed by EPA!

and other
‘basic nature of the industry.
auxiliary wastes common to many industries
at a later date. :

|
1

ANIMAL FEED MANUFACTURING -

The

mill

required for
prior to pelleting (see
No water is dlscharged

vapor ‘results from the pellet coollng and drylng operatlon.

'Waste waters generated’
" boiler blowdown,
“feed water, treatment,

N
H

i )
4oLt
i
i

processing of varlous
other materials into prepared animal. feeds
volumes of process water.
are . boiler operatlon for
cooling of processing equipment such as

grains, grain milling by-products, and
requires only small
The two main areas of water use in a feed
steam generation and non-contact
pellet milils. Steam is

softening the meal and raising the moisture content

Figure 4 in Section III of this
as a liquid from this operatlon.

document) .
Only water

by animal feed producing’ plants‘ iﬁéiuae‘”

non-contact cooling water,.and wastes from boiler
hch as ion exchange regeneratlon wastes.

No
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process waStE"waters“arpvdxschargeﬁ—and*-hence,?
fbe termed a “dxry" 1ndustry.

;ﬁoT CEREAL MANUFACTURINb

In general, only dry mil
manufacture of hot cereals such as farina and rolled oats.
Water is used for grain tempering and for raising product moisture
manufacture,

‘operations.

There are several areas
A large proportion of the total water consumption of a
plant is due to wet cleanup and washing operations, but several of
the processing steps also require fresh water. '

facturing.

proce351ng arease.

plant utilizes

this purpose. -

operations.

several of the

operations.

‘the cereal.

ling and blendlng operations are 1nvolved in

but no waste waters result from these

. READY-TO-EAT CEREAL MANUFACTURING

of water use in ready-to-eat c¢ereal manu-

areas of a ready-to-eat cereal rlant receive wet wash-downs or:
cleanup, including certain types of process equipment and specific
Equipment that  is washed on a regular basis
includes cookers for flaked and crlsped cereals, flavor making or
brewing tanks, 1ngred1ent and syrur mixing tanks, coating equipment
such as rotating drums and spray nozzles, and belt conveyors. One
a continuous stream of spent cooling water to wash
conveyor belts and floor| areas under flaked ~cereal cookers. The
waste stream is dlschazged to the sewer. :

Specific processing areas that are washed include diked floor areas
under vitamin and sugar
ingredient mixing equipment. Dry collection of product
spillage for subsequent use as feed is practiced to a greater extent
in some plants than in others. A few plants have vacuum systems for
’ General washing of floors and walls is also carried
out in most ready-to—eat cereal plants. Floors are either rinsed or
and walls are occasionally. scrubbed, particularly tiled
surfaces around proce551ng areas. Detergents are generally used,
also | use sanitizing agents in their cleanup

coating equipment, toasting ovens, conveyor -

i

Water is added to 'the pﬁoduct to increase the moisture content in
processing steps in cereal manufacturing. These
steps include grain tempering, cooking operations, and extrusion
for the cooklng operation in shredded cereal
manufacture, the added m01sture remains with the product until it is
released as a vapor in:
coating of cereals w1th.v1tam1ns. In most plants, water is added to
dry wvitamin mixture
Some plants first spray the product with water and then
spray the vitamins on in a dry form. The water enables the v1tam1ns
to adhere to the cereal.

drying operation. Water is also wused in

to form a solution which is then sprayed on

i
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Some ready-to—eat cereal plants use wet scrubbers for air pollution
control. Certain processes such as cooking, extruding, coating, and
puffing can produce moist vapors containing particulates. Typical
flows of fresh water or spent cooling water into a wet scrubber can
range from 0.32 to 0.63 literss/sec (5 to 10 gals/min).

Flaking rolls, forming rolls, cookers, extruders, air compressors,
heat exchangers, air conditioning units, and other select pieces - of
equipment used in cereal manufacturing require cooling water when in
operation. One "plant withdraws water from a river for some of its
cooling needs. Other plants use either municipal supplies or on-
site wells. . Some plants have separate non-contact cooling water
discharges to receiving waters, while cthers combine spent cooling

water with process and sanitary wastes and discharge to municipal.

systems. : ’ o
' %

' stéeam generation in cereal|plants ‘also consumes water. An average

plant may use up to 75.7 to 113.6 cu m/day (20,000 to 30,000 gpd) of
water for b01ler feed. ;, ‘ - ‘

l
Total water use in the ready—to»eat cereal industry ranges from 757
to 15,140 cu ms/day (200, 000 to 4,000,000 gpd) per plant. on a
product basis, cereal plants use 8.3 to 25 cu m/day (1000 to 3000
gal’/1000 1bs) of cereal produced Interestingly, the larger volumes

.generally correspond to 1arger plants employlng once-through cooling
systems. }

, o i
Waste Water Characteristics
‘ |

Other than total raw waste data, information was obtained on only
one individual process waste stream. This was the discharge from
the cooking operation in shredded cereal manufacturing. Only four
plants in the country produce this type of cereal, and shredded
cereals are a small proportlon of total productlon at one of these
plants. In the graln cooklng operation, water is dlscharged after
each batch of graln is cooked., The volume of dlscharge is approx-
imately 1.1 cu 'm/day (132 gals1000 lbs) of grain cooked. Several
samples of this dlscharge from a cereal plant were collected after
passing through a screenlng operation. High concentrations of BODS,

COD, and dissolved and susrended solids were indicated as shown in
Table 3. '




ion
ang

cal

can !

rs,
of |
in
its

on-

ter ..
ing
pal-

age
of .

757
000 .

mes .
ing

nly -
Yom .

ouxr

ded -
ese
ter
OX=-
ral
ter

D5,

in

Table 3 T T T

Shredded Cereal Cooker Discharge .
Waste Water Characteristics After Screening

‘ ,Bsessl.mgél
BODS | 3414 - 3504

coD | 5921 - 6040
Suspended solids ‘ 1558 - 1572
Dissolved solids 3800 - 7619
Organic nitrogen as N 70.5 - 95.1
Nitrite nitrogen as N 0.07 - 0.37
pH - , | 4.1 - 6.1
Temperature (°C) .71 - 74

This waste is highly variable in strength, with earlier sampling by
the plant indicating BODQ concentrations as high as 9000 mgr/1.

Most of +the data accumulated during this study relate to the total
raw waste characteristics from ready-to-eat cereal plants.  Summary
data from 11 plants are presented in Table 4. The wastes can
generally be characterized as medium to high in organic strength and
volume. The BODS varies widely, from 331 to 2500 mg/sl.
correspondingly, coD levels range from 804 to 4434 mg/l '

Average suspended SOlldS concentratlons in the total waste streams
vary from 80 to 1073 mg/l, although the levels at most plants are in
the range of 150 to 400 mg/l. The average pH of the waste streams
varies from 6.2 to 8. 6, althocugh the pH of 1nd1v1dua1 samples can
vary over a much wider range, from 4.5 up to 10.

Limited data on phosphords and nitrogen indicate low levels for most
plants, Typlcally the wastes from ready-to-eat cereal plants may be

. deficient in nitrogen and phosphorus for blologlcal treatment.

“The 1nformat10n contalned in the precedlng table is  presented in

Table 5 in terms of (finished product quantity, i.e., kgs/kkg
(lbs/71000 1bs) of cereal. The plant numbers in the two tables do

. nhot correspond to one another.

Waste water flows from ready-to-eat cereal plants vary from 2,5 to
9.6 cu m/day (0.30 to 1.15 gals/lk) of cereal, with' an  average of
5.82 cu- m/day (0.70 gal/lb) (See Table 4). BODS in terms of
finished product output ranges from 2.2 to 18.2 kgskkg (lbss/1000
lbs) and averages 6.6 | kgs/kkg (1bs/1000 1bs). Limited data were
available on COD, which varies from 5.7 +to 42.4 kgrskkg (1ibss/1000
1bs) and averages 157 kg/kkg (lbs/lOOO 1bs). Suspended solids
values fall in a fairly narrow range, varying from 0.6 to 2.7 kg/kkg
(1bs/1000 lbs) and averaglng 1.4 kg/kkg (lbs/lOOO lbs) .
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Teble & .

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

© et i e

11 190k

- o Suspended
: S BOD, mg/l " - COD, mg/1 ‘Solids, mg/1 pH 1o
V'Plant :W;Average Réange Average Range » Average Range Average . Rangsﬂ],fi
' 620-2200 72169 1340-4750 209 95-499 7.5 5-10 |
59-6200 - - - 385 13-3272 - -
135-885 2700 800-4000 200 148-348 6.2 5.9-7.0
20-4852 < - - 1073 Motz 6.2 2.2-8.1
17h-2550 1325 575-1827 - - T 4.8-9.3.
-970 - 80k ~1380 g0 ~100 6.7 6.-T.5
11065-5220 4300 2000-9050 koo 256-58L 6.9 k.5-9.1
117;967 1415 532-3608 154 | 45-L92 6.9 h.8—9.h;f
9 = 611 142480 1010 366-1991 73 h-3935 7.1 6.6-7.7:5\{
10 13wk 30-7600 - - 287 14-9758 - - »
| 633-3811 W43k 2310-9840 152 18-588 8.6 7.5-9.3£ '£$




Waste Water Charaeteristics Per Unit of Finished Product

 Table 5

Ready-To-Eat Cereal Manufacturing
BOD cop
‘ Flow kg/kkg kg/kkg
Plant cu m/kkg - gal/lb (1bs /1000 1bs)_ (lszlOOO 1bs)
1 d 2.75  0.33 5.30 -
2 3.25_0.39 -~ B.0FmE 13,88
3 9.59  1.15 18.21 ho.ho
't : 7.8& © 0.94 '8.28 16.96
5 6.09 0.73 3.70 6.16
6 5.25 0.63 2.20 k.14
T 6.50  0.78 9.07 -
8 < 7.09  0.85 3.79 5.71
9 ©7.34  0.88 3.20 10.37
10 2.50  0.30 - h,51 -
Average 5.82  0.70 6.63 "  15.66

Suspended Solids

kg/kkg

(1bs/1000 1bs)

2.

b
4

70

20—
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L5

.59
.06

.05
.86
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.37
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As noted previously, was
vary considerably in qu
function of many differe
this
as discussed in the foll

study to correlate

Age of Plant

In some 1ndustr1es, the

-related to the age of thb plants.

eat cereal manufacturl
relate plant age to the
effluent.
lines and

Data from ten
compute

with zero-

or correlation. The pos:

slope of the data curve.

regression, while the ac

shaded portion of the graph
by the least squares fit of the data.

-0.324 was
correlation value of 0.3
locadings
indicating a low degr
- randomness.,
load and the age of the’
the newer plants gener
than the older plants.

in this industry subcate

‘*,Factorstgiiectianwaste—

correlation
correlation coefficient varies between zero and plus or minus

|

indicating no correlation and one indicating perfect fit

obtained wﬂen BODS was plotted against plant age,

were plotted versus plant age.

ke waters from ready-to-eat cereal plants‘
antlty and character., This variability is a
nt factors, and attempts have been made in
. some of these factors with raw waste loads,
owing paragraphs. ‘

!

|
character of waste generated is dlrectly
Such is not the case in ready-to-
g, as evidenced in Flgures 11 and 12, which
BODS and suspended solids in the total plant
. plants were used to. determine regression
The of the

one,

ccocefficients. value

the
The dashed line indicates the 1line of
tual data points are contained within +the
The line of regression was determined
A correlation coefficient of

itive or negative sign merely indicates

03 was determined when suspended solids

‘Both values are guite low,
correlation or a high degree of

ee of

No discernible relationship between the total waste

plants was determined. In fact, several of
ate more wastes per unit of finished product
It should be noted that the age of the plant
gory does not accurately reflect the degree

of modernization in terms of types of equlpment and’ productlon
methods. Most ready—tojeat cereal plants employ similar production’
techniques. {
Size of Plant |

| - .
Several comparisons wére made between the size of plant, expressed

in daily quantlty of flﬂ
as shown in Figures 13,.
water
-capac1ty, Figure 13,

- &oefficient value ‘of i
range of plant data refl
practices. |
Data on BOD5 and suspe
- shown in Figures 14 and
capacity to BOD5; and
correlation coefflclent

of average plant data in
.between plant capacity a

loads,
The total daily volume of waste

ished rroduct, and total plant waste
14, and 15.

discharged was found to correlate fairly well with the plant
las

|

s might ke  expected. A correlatlon
0.835  .was,  computed. At the same time, the
ect dlfferent process and cooling water use

nded solids were used to generate the graphs
15. These figures attempt to relate  plant

suspended solids loads, respectively. The
values of 0 273 and 0. 215 and the wide range
dlcate that no deflnable relatlonshlps exist
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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Sugar Coated Cereal

In Figure 16, average BOD5 loadings per unit of finished product are
compared with the proportion of cereal that is  sugar coated at a
plant. The value of] the correlation coefficient is 0.629, indi-
cating a fair degree of'correlatlon between organic waste load and
amount of cereal belng coated. A general trend of 1ncreas1ng BODS
with increasing percentage of cereal being coated is indicated,
This mlght be expected, as increasing coating operations probably
result in larger quantltles of sugar entering the plant effluent
during cleanup operatlons.

WHEAT STARCH AND GLUTEN}MANUFACTURING

!

l

The use of water is 1ntegra1 to the rrocesses involved in starch and
gluten manufacturing. | Basically the manufacture of wheat starch is
a wet separation of the starch and gluten components of wheat flour.
Fresh water enters the operation at several different roints, as
shown in the process flow 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, watér is used for back-washing fibre collected
on ‘coarse screens and for countercurrent washing of the overflow
(flbres) leaving the flne screens., A major water use in the process
occurs in the refining’ of the crude starch milk. As the“ refining
centrifuges separate ‘the heavy component, A-starch, from the light
component, B-starch, a fresh water stream washes the heavy component
countercurrently. Smaller quantities of water are also used for

cleanup, coollng, and boiler operation.

Water Use .

Total water use in %heat starch plants varies from 284 to 946 cu
m/day (75,000 to 250,000 gpd) depending mainly on plant capacity.
. The water use per unﬂt of raw material ranges from 10.4 to 13.0 cu
m/day (1.25 to 1.56 gal/lb) ‘cf flour.

Waste Water Characterlstlcs

I : ‘ .
In the wheat starch manufacturlng process,‘”waste waters are gen-
erated primarily from starch milk screening and centrlfugatlon. The .
fibre washed from the coarse screens enters the waste stream in most
plants. Data from one plant indicate that the screening operation
produced a 0.17 to 0.28 llter/sec (2.7 toc 4.4 gal/min) waste stream ;
containing 5.0 to 6. inercent 'solids. This is a volume of 15 to 24
cu m/day (4000 to 6300 gpd) with a total solids loading of 809 to
1494 kgrsday (1783 tq 3291 1brsday). Discharges from starch milk
thickening and concentrating operations make up the balance
waste waters, although cleanup may generate addltlonal
volumes. . R :

The remalnder of the data accumulated on ‘wheat staxrch operations
relate to +total waste flows. NSummary data from six of the seven
- plants are 1nc1uded 1n}Table 6° The seventh plant uses its starchx

R T T
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rebie 6

.. Total Plant Raw'Waste Water Characteristics
Wheat Starch Manufacturing

C C R . Suspended ‘ i
sl BOD, mg/l - ' COD, mg/l . . . 'Solids, mg/l . pH -
f_Plant  © Aveérage Range - Average Range Average Range ‘Average Range

1 10,610 - 25,000 - 9527 - 4.9 -

2 ' 6895 600-16,200 - ,’l‘ - - 51111» 500-19,580 - -

3 9600 - 8060-12,700 ‘12,300 11,600—13,sooj 7500 2400-12,600 . 3.5 3.h-k.2
b 114,633' 7968-22,495 35,057 1661-h2,992 14,82k 3h68-21,hh2'};: k.6 L.2-5.7
5 6500 - 9300  5100-12,400 k176 - - -

6 7 6200 - 16,000 - 6910 - 3.9 -
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waste stream as raw material feed in a distillery operation and,

- gherefore, the plant's waste characteristics are not representative
- of the industry. The sixth plant listed in Table 6 also processes

soybeans and -has a cannlng operatlon that generates waste waters.

BODS values for the six plants range from 6500 to 14,600 mgrs/1l, with

" the higher concentratlons;correspondlng to larger plants. Suspended

gsolids concentrations range from 5140 to 14,800 mgs1, and, again,
the higher concentrations [tend to correspond to the larger plants.

The pH of wheat starch p]ant effluents is generally acidic,  in the
range of 3 to 6, although data from one plant indicate a neutral pH.
1imited data on phosphorus and nitrogen show rather high values.
Total phosphorus concentratlons at two plants varied from 75 to 140
mg/7l, and total nltrogenivalues ranged from 350 to 400 mg/l. Waste
temperatures varied from 70 to 80°F for the various wheat starch
plants. r '
The information contalned in +the precedlng table is presented in
Table 7 in terms of raw material input, i.e.,. kg/kkg (1bs/1000 1bs)
of wheat flour, - The p;ant numbers in the two tables do not
correspond to one anothez.

BOD5 in terms of raw mate%lal input ranges from 80 +to 108 kg/kkg-.
(1bs/1000 1bs), and averages 90.7 kg/kkg {(lbs/1000 1bs). Suspended
solids loads wvary in the same range, from 52 to 110 kg/kkg (1bs/1000
1bs), with .,an average qvalue of 75.7 kg/kkg (1bs/1000 lbs) .
Available HCOD data show a range of 116 to 260 kg/kkg (1bs/1000 1bs)
averaging 198.6 kgs/kkg (lbs/1000 1lbs). The waste water flows are
fairly consistent throughout the plants studied, varying from 7.5 to
12.5 cu m/day (0.9 to|'l.5 gals/lb), Averaging 9.9 cu m/kkg (1.19
gal/lb) . Generally, the waste water characteristics in "the wheat
starch subcategory show good correlatlon when expressed in loadings
per unit of raw material.

Factors Affectlng Waste Witer Characterlstlcs

As with waste waters fromfready-to—eat cereal plants, there is some

.variability ‘:'in waste quantlty and character in the wheat starch and

gluten industry. Many factors may ke responsible for these varia-
tions, and the follownng discussion outlines severxal attempts to
correlate certain factors with raw waste loads.

Data on f1ve.wheat starch plants were wutilized in an attempt to
relate raw 'waste loads | per unit of raw material to plant agé.
Figures 17 and 18 show the results for BOD5 and suspended solids,
respectively. The correlation coeff1c1ents, 0.655 and  0.809, are
quite high, 1ndlcat1ng the possibility of a definable relatlonshlp.
The regre381on lines indicate that waste loads generally increase
w1th 1ncrea51ng plant age.|
: |




Table 7.

o Waste Water Characteristics Per Unit of Raw Material

Wheat Starch Manufacturing

S BOD CoD
" Flow ' keg/kkg kg/kkg
-, -cu m/kkg gal/lb © {1bs/1000 1bs) (1bs/1000 1bs)

Suspended Solids .

kg/kkg

(1bs /1000 1bs)

[

T Tiede o 1o ¢ 80.8
| 7.2 0.89 . 108.k

850 1.02 i 90.3

9.75 1.7 ¢ 193.5

1167 1.0 - 80.5

51.9
109.8-
81.0
73.0

60.1
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"AVERAGE SUSPENDED SOLIDS DISCHARGED AS A FUNCTION OF WHEAT STARCH PLANT AGE

The possibility of a relationship between wheat starch raw waste
loads and plant capacity was investigated, and the results are shown
in Figures 19, 20, and 21. Daily waste water flow correlated well
with plant capacity, asi shown in Figure 19. The high value of the
correlation coefficient,  0.795, indicates a reasonably good fit of
the data with the regression line, as might be expected. Figure 20
attempts A to relate BOD5 loadings per unit of wheat flour to plant
capacity. . The low correlation coefficient, 0.365, indicates t@at
there is no definable relationship. In Figure 21, suspended_sol}ds
loadings are plotted versus plant capacity. In this case, a high
correlatiqn coefficient of 0.688 was obtained, indicating a g90d
probability that suspended solids loadings increase as plant size
increases in a definablF relationship. -

In comparing Figures 17, 18, 20, and 21, it should be noted that the
larger wheat starch plants also tend to be the older plants. Thus,
a particular figure may;not be showing the effect of just one
variable on raw waste loads. It should also be noted that the raw
waste load values, particularly for BOL5, do not vary a great deal

"from plant to plant.‘ This fact, plus the limited number of data

points, influenced the decision not to further subcategorize the
wheat starch industry oh the basis of age and size of plant or waste
water characteristics.

Water Use and Waste Water Discharge
. 3

. 2 : ‘
It has been speculated that there might be a relationship between
the total waste load and the volume of waste water discharged.
Figures 22 and 23 were developed to evaluate this hypothesis gnd
clearly show that no such relationship exists. The correlation
coefficient values of -0.109 and 0.106 indicate little or no Cor-
relation. R - ‘
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SECTION VI

SELECTION OF POLLUTANT 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: BOD5S (5-day20°cC
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 1limited in most cases to these parameters.
Nevertheless, the use of these parameters adequately describes the
waste water characteristics from virtually all plants in the
industry. BODS5, suspended solids, and pH are, therefore, the
parameters selected” for effluent 1limitations guidelines and
standards of performance for new sources for these two
subcategories.

Biochemical Oxygen Demand (BODS)

Biochemical oxygen demand (BODS) is a measure of the oxygen con-
suming capabilities of organic matter. The BODS5 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 BODS, 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 BOD5 indicates the
presence of decomposing organic matter and subsequent high bacterial
counts that degrade its quality and potential uses.

Dissolved oxygen (DO) 1is a water quality constituent that, in
appropriate concentrations, 1is essential to keep organisms living
and sustain species reproduction, vigor, and the development 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 tox1cants, reﬂ"ﬂed fnﬂd ‘eff1c1ency and- growthwrate7—and—~—¥mf
reduced maximum sustalned sw1mm1ng speed. Fish food organisms = are '

likewise affected adversely by suppressed DO. Since all aerobic
aquatic organisms need a certain amount of oxygen, the total lack of
dissolved oxygen due to;a high BODS can kill all inhabitants of the
affected area. |

If a hlgh BODS is present;‘ the quallty of the water is usually

visually degraded by the presence of decomposing materials and algae
blooms due to the uptake of degraded materials that form the
foodstuffs of the algal populatlons.

Many cereal and wheaé starch plants or the mun1c1pa11t1es that
handle their waste waters routinely measure BODS in the plant waste

~ waters. Typical BODS levels are moderate to hlgh in the ready-to-

eat cereal, subcategory, ranglng from several hundred +to over 2000
mg/s1l. wheat starch waste waters are quite high in BOD5, with values
ranging from 6,000 to lﬁ 000 mg/l and hlgher for large plants.
Suspended 8011ds }
. B ' .

Suspended 'solids include both organic and inorganic materials.
These materials may settle out rapldly, and bottom deposits are
often a mixture of both organlc and inorganic solids. They ad-
versely affect flsherles 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 fish. Deposits containing organic
materials may deplete. bottom oxygen supplies and produce hydrogen
sulfide, carbon dloxlde4 ‘methane, and other noxious gases.

In raw water sources fo% domestic use, State and regional agencies
generally specify that suspended solids in streams shall not be
present in sufficient concentratlons to be objectionable or to
interfere with normal | treatment processes. Suspended solids in
water may interfere w1th many industrial processes, and cause
foaming in boilers, or encrustatlcns on equipment exposed to water,
‘especially as the temperature rises. Suspended solids are
undesirable in water for textile industries; paper and pulp;
beverages; dairy products; laundries; dyeing; photography; cooling
systems; and power pl%nts. Suspended particles also serve as a
transport mechanism for pestlcides and other substances that are
readlly sorbed into or ont Lay partlcles. “

Solids may be suSpendedgln water for a time, and then settle to the
bed of the stream ox lake. These settleable solids discharged with
man's wastes may be 1nert, slowly biodegradable materials, or
rapidly decomposable substances.‘ While in suspension, they increase
the turbidity of the water, reduce light penetration and impair the
photosynthetic act1v1ty of aquatlc plants.

Solids in suspen51on are aesthetlcally dlsplea81ng. When they
settle to form sludge dep051ts on the stream or lake bed, they are
often much more damaging to the life in water, and they retain the
capacity to displease the senses. Solids, when transformed to
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are sludge deposits, may | d6 a 'varlety oFf damaging things, includinmg———
sbic blanketing the stream or lake bed and thereby destroying the living
kK of spaces for those benthic organisms that would otherwise occupy the
the habitat. 'When of an organic and, therefore, decomposable nature,
' solids use a portion ox all of the dissolved oxygen available in the
, area., ‘Orxganic matexlals alsc sexrve as a seemlngly inexhaustible
ally food source for sludgeworms and assoc1ated organisms.
12;: Suspended SOlldS concentratlons are rather low (100 to 400 mg/1l) 'in

cereal manufacturing waste waters, but are quite high (5000 to
15,000 mg/1) in wheat starch effluents. Wet cleanup operxrations that

that ' wash product spillage llnto the sewer account for much of the
aste suspended solids content of cereal waste waters. In wheat starch
-to- wastes, very fine starch ' particles 'pass through the refining.
2000 operation and remain in suspension. This starch accounts for much
lues of the organic load in 'the waste water and is essentially insoluble. ,
pH
; The term pH is a 1ogar1thm1c exrression of the concentration of
als. . hydrogen  ions. At a pE of 7.0, +the hydrogen and hydroxyl ion
are _ concentrations are equal and the water is neutral. If pH values are
ad- below 7.0, acid condlilons are indicated, while pH values above 7.0
. or indicate alkallne cond%tlons.
ttom : :
anic Waters with a pH below 6.0 are corrosive to water works structures,
ogen ; distribution lines, and household plumking fixtures and can thus add

such constituents to drlnklng water as iron, copper, zinc, cadmium,
and 1lead. The hydrogen ion concentration can affect the "taste®" of

cies the water. At a low 'éH water tastes "sour", The bactericidal
£ be j effect of chlorine is weakened as the- pH increases, and it is
to : advantageous to keep the pH close to 7.0. This is very significant

s in |  for providing safe drinking water. g

. !

i:if . Extremes of pH or rapid pH changes can exert stress conditions or
are . kill aquatlc life outrlght. Dead fish, associated algal blooms, and
ulps i foul stenches are aesthetic llabllltles of any waterway. Even
iing . | moderate changes from - Wacceptable® criteria limits of _PH are
as a : . deleterious to some species. The relative toxicity to aquatic . 1life
are , of many materials is increased by changes in the water pH.

, Metalocyanide complexpé can increase a thousand-fold in toxicity
. i with a drop of 1. 5| PH units. The availability of many nutrient

the b substances varies with the alkalinity and acidity.
?12? 3 The lacrimal fluid of the human eye has a pH of approx1mately 7.0
ease ¥ and a deviation of [0.1 pH wunit from the norm may result in eye
the 1 irritation for +the swimmer. Appreciable irritation will cause
* E§ severe pain. < » ‘ '
they g{ The pH levels of ready—to—eat cereal plant waste waters vary over : :
are ﬁg the production day, but generally average close to 7.0. . Wheat |
the .} starch waste waters tend to be acidic, in the range of 3 to 6. pH g
to gﬁ ) is an essential control parameter for treatment of +this waste and X
£ regulation of the discharges. : .

e
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Chemlcal Oxyqen Demand JCODL

COD is a chemical measure of the organic content and, hence, oxygen
demand of the waste water constituents. As with most food wastes,
the COD of cereal and wheat starch wastes is considerably higher
than the BODS, usually by 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 tolthe lack of data, no definitive relationship
between COD and BOD5 can be established at the present time.  The
fact that the chemlcalnnature of the organics may differ from plant
to plant may preclude the use of a uniform COD standard for each
subcategory. Therefore, .1t was concluded that effluent limitations
guidelines and standardﬁ of performance should not be based on COD.

Dissolved Solids i

[ .

~In natural 'waters, the dlssolved solids consist mainly of inorganlc
compounds including calc1um, magnesium, sodium, potassium, iron, and
manganese and their associated anionic species of carbonates,

chlorides, sulfates, phosphates, and p0831b1y nitrates.

Many communities in the United States,and in other countries use
water supplies containing 2000 to 4000 mgs/l of dissolved solids,
when no better water is available. .Such waters are not very
palatable, jmay not quench thirst, and may have a laxative action on
new users. . Waters contalnlng more than 4000 mgsl of total salts are
generally con51dered unfit for human use, although in hot climates
such higher salt concentrations can ke tolerated whereas they could
not be in temperate climetes. Waters containing 5000 mgsl or more
are reported to be bitter and act as bladder and intestinal
irritants. It is generally agreed that the salt concentration of
good, palatable water sh?uld not exceed 500 mg/1.

" Limiting concentrations éf dissolved sclids for fresh-water fish may
range ' from 5000 to 10,000 mg/l, according to species and prior
acclimatization. Some fish are adarted to 1living in more saline
waters, and a few species of fresh-water forms have been found in

natural waters with a salt concentration of 15,000 to 20,000 mg/1..

Fish can slowly become acclimatized to higher salinities, but fish
in waters of low salinlty cannot survive sudden exposure to high
salinities, such as Lhose resulting from discharges of oil-well
brines. Dissolved SOlldS may influence the toxicity of heavy metals
and organlc compounds to !|fish and other aquatic 1life, primarily
because of the antagonlstlc effect of hardness on metals.,Mj ‘

- Waters with total dlscolved SOlldS over 500 mg/l have decreasing

utility as irrigation water. Above 5000 mg/1 water has little or no
value for irrigation. . '

R

Dissolved solids in industrial waters can cause foaming in boilers

and cause ,interference‘.with,,cleerness, color, or taste of many
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"éinlsﬁea products. ngh "dissolved SOlld§—Eﬁﬁ§éﬁffo10ns ~also -~ tend- - -

to accelerate corr051on.

There are a number of}sources of dissolved solids in the cereal and
wheat starch subcategories. In cereal manufacturing, these sources
include wastes from }water tréatment, cooling water blowdown, and
various processes, partlcularly cleanup, within the plant. These
gsources can increase dlssolved solids concentrations several hundred
+to a few thousand mg/l. Most of these dissolved materials are
usually of an organic nature. Wheat starch wastes contain high
levels of dissolved sollds, most of which are probably unrecovered
starch and gluten and thus constitute a high dissolved organic load.

{

I

i .

Temperature is one of | the most  important and influential water
quality characteristics. Temperature determines those species that
may be present; it actlvates the hatching of young, regulates their
activity, and stlmulates or suppresses their growth and development;
it. attracts, and may klll when the water becomes too hot or becomes
chilled too sudden! Ve Cclder water generally suppresses
development; warmer water generally accelerates activity and may be
a primary cause of aquatic plant nuisances when other environmental
factors are suitable. | -

3

Temperature

Temperature 1is a prime = regulator of natural processes within the
water environment. It governs physiolcgical functions in organisms
and, acting directly or indirectly in combination with cther water
quality constituents, it affects aquatic 1life with each change.
These effects include chemical reaction rates, enzymatic functions,
molecular movements, | and molecular exchanges between membranes
within and between the physiological systems and the organs of an
animal. : r W+

Chemical reaction rates vary with temperature and generally increase
as the temperature is increased. The solublllty of gases in water
varies with temperature. Dissolved oxygen is decreased by the decay
or decomposition of dissolved oxrganic substances and the decay rate
increases as the temperature of +the water increases reaching a
maximum at about 30°C |[{86°F). The temperature of stream water, even
during summer,  is below the optimum for pollution-associated
bacteria+. Increasing ithe water temperature increases the bacterial
multiplication rate |when the environment is favorable and the food
supply is abundant.

Reproduction c¢ycles may be changed significantly by increased
temperature because 'this function takes place under restricted
temperature ranges, <Spawn1ng may not occur at all because tem-
peratures ".are +too high. Thus,, a fish population, may exist in a
heated area only by continued immigration. Dlsregardlng the
decreased reproductive potential, water temperatures need not reach
lethal levels to dec1mate a species. Temperatures that favor
competitors, predators, parasites, and disease can destroy a species
at levels far below those that would otherwise be lethal.

ol




Fish food organisms are altered severely when temperatures approach
or exceed 90°F. Predominant algal species change, primary produc-
fion is decreased, and bottom associated organisms may be depleted
or altered drastically in numbers and distribution. Increased water
temperatures may cause aquatic plant nuisances when other
environmental factors are favorable.

Synergistic actions of pollutants are more severe at higher water
temperatures. Given amounts of domestic sewage, refinery wastes,
oils, tars, insecticides, detergents, and fertilizers more rapidly
deplete oxygen in water at higher temperatures, and the respective
toxicities are likewise increased.

When water temperatures increase, the predominant algal species may
change from diatoms to green algae, and finally to blue-green algae
at high temperatures, because of species temperature preferentials.
Blue-green algae can cause serious odor problems. The number and
distribution of benthic organisms decreases as water temperatures
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 months
may be considerable, due to fish mortalities that may result when
the fish return to the cooler water.

Rising temperatures stimulate the decamposition of sludge, formation
of sludge gas, multiplication of saprophytic bacteria and fungi
(particularly in the presence of organic wastes), and the
consumption of oxygen by putrefactive processes, thus affecting the
aesthetic value of a water course.

In general, marine water temperatures do not change as rapidly or
range as widely as those of freshwaters. Marine and estuarine
fishes, therefore, are less tolerant of temperature variation.
Although this limited tolerance is greater in estuarine than in open
water marine species, temperature changes are more important to
those fishes in estuaries and bays than to those in open marine
areas, because of the nursery and replenishment functions of the

estuary that can be adversely affected by extreme temperature
changes.

Cereal plant wastes generally have temperatures ranging from 32 to
4§° C (90 to 110° F). Much of the increase in temperature is due to
dlscrlax;ge of spent cooling water and the use of hot water in cleanup
operations. As mentioned previously, process wastes from shredded
cereal cooking range in temperature fram 71 to 77° C (160 to 170° F)
and can elevate waste water temperatures at plants producing this

type of cereal. Temperature levels in wheat starch wastes range
fram 21 to 27 ° C (70 to 80° F).
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Phosphorus

4

puring the past 30 years, a formidakle case has developed for the
belief +that increasing standing crops of aquatic plant growths,
which often interfere with water uses and are nuisances to man,
frequently are caused by increasing supplies of phosphorus. Such
phenomena are assoc1ated with a condition of accelerated eutrophi-
cation or aging of waters. It is generally recognized that phos-
phorus is not the sole cause of eutrophication, but there is
evidence  to substantlate that it is frequently a key element in

,stimulating excess algae growthe.

when a plant populatlon increases sufficiently to become a nuisance,
a large number of assoc1ated liabilities are immediately apparent.
Dense populations ofi pond weeds make swimming dangerous.. Boating
and water skiing and sometlmes fishing may be eliminated because of
the mass of vegetatlon that serves as a physical impediment to such
activities, Plant populatlons have been associated with stunted
fish populations and| 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, reduce 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 Dbioaccumulation 1n much +the same way as mercury. Colloidal
elemental phosphorus wlll poison marine fish (causing skin tissue
breakdown and discoloration). 2Also, rhosphorus is capable of being
concentrated and wnll accumulate in organs and soft tissues.
Experiments have shown that marine fish will concentrate phosphorus
from water contalnlngras little as 1.0 m1crogram per 11ter.

Phosphorus levels in ready—to—eat cereal waste waters +tend +to be
quite 1low. Concentrations in plant effluents may be increased
somewhat by the use of detergents in plant cleanup, but 1levels in
the waste streams are generally too low tO present a pollution
hazard. Limited dataiindicate that wheat starch wastes may contain
significant phosphorus concentrations, on the order of 100 mg/l.
This level may be necessary +o achieve good biological waste
treatment, in view ofjthe very high BOLS concentrations present.

. |
Nitrogen - ?

1

Total nitrogen: 1evels in ready—to—eat cereal plant waste waters are
quite low, ranging from 5 up to 30 mgr1. Based on 1limited data,
wheat starch wastes} contain higher nitrogen levels, ranging from
350 to 400 mg/1l. As with the rphosphorus concentrations, these
nitrogen levels based .on present evidence are required to;achieve
effective blologlcal treatment. Addition of nitrogen: and phosphorus
has been found necessary in effective biological treatment of ready-
to-eat cereal manufacturing wastes.




SECTION VIT

CONTROL AND TREATMENT TECHNOLOGY

INTRODUCTION )

Since animal feed and hot 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 great deal of attention given to either in-plant
control Or treatment of waste waters within the ready-to-eat cereal
industry. Most of the |cereal plants in the U.S. discharge medium
strength wastes: to large municipal systems which are capable of
handling the 1ndustr1al waste loads. Several plants within the
subcategory provide screenlng and some settling of their wastes.
One plant provides biological pretreatment, and two others are
constructing pretreatment facilities to reduce waste loadings prior
to mun1c1pa1 dlschargt.

i

Although there has betn more attention glven to waste treatment
within the wheat starch industry, there has not been a great need
for development of waste control and treatment technology within
- this subcategory since there are  only a few plants and they all
discharge. to mun1c1palysystems. One plant operates a pretreatment
-facility and is attempting to develop a complete treatment system.
Another plant will soonh construct a blologlcal pretreatment facility
to reduce its organic waste loads prior to discharge to a small
municipal system.

' READY-TO-EAT CEREAL MANUFACTURING

Waste Water Characterigtics

As detailed in Sectlon Va ready-to-eat cereal plants generally
produce moderate volumes of medium to high strength wastes. Higher
BODS concentrations result from plants that produce shredded cereals
or a high percentage of sugar-coated cereals. Suspended solids
concentrations are moderate, generally in the range of 100 to 400
mg/1. Treatment in the industry is limited; one known pretreatment
facility and the des1gn criteria for a pretreatment facility
presently under constructlon are discussed in this section.

. Since most waste waters from ready—to-eat cereal manufacturing are
generated by cleanup operations, it is not anticipated that the raw
waste . characterlsths can be greatly influenced by in-plant
- controls. Separation and recycling of non-contact cooling waters or
increased usage of Speht cooling water rather than fresh water for.
such wuses as cleanup would reduce waste volumes, but not waste
loadings in terms of kilograms or pounds of pollutant per unit of
production. Waste 1loads could ke 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.

Treatment Processes

Several plants provide minimal forms of pretreatment for their
process wastes prior to discharge to municipal systems. This
treatment wusually 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 (l1l.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 cu wday (0.1 MGD), a BOD5
loading of 1135 kgs/day (2500 1lbss/day), and a suspended solids
loading of 272 kg/day (600 lbss/day). Average influent and effluent
characteristics over the past year are given below:

Average Influent Average Effluent
mgs/1_ mg/1
BODS 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 BODS values vary from 100 to 200 mg/1l, and suspended solids
vary from 550 to 800 mg/1. Corresponding BODS and suspended solids
removals range from 92-96 percent, and zero percent, In cooler

weather, BOD5, concentrations increase to the 300 to 450 mg/l1l range.
Similarly, suspended solids during winter vary from 900 to 1200
mg/l. BODS 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 BODS removals of 81 to 83 percent and an average effluent
BODS of 450 mgs/l. The addition of a final clarifier is anticipated
to lower the suspended solids 1levels within municipal ordinance
limits.
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will handle combined process and sanitary wastes from a small ready-

to-eat cereal plant. Presently the plant's total waste" discharge

has an average BODS ‘concentration of 600 mg/l and an average
suspended solids level of 175 mg/1. The facility will consist of
+wo aerated lagoons in series with nutrient addition and provisions
for recycling between the two lagoons. Design is based on an
average flow of 284 cu m/day (75,000 gpd) and an average BODS
1o0ading of 408 kg/day (900 lbs/day). Anticipated effluent quality
is shown below- : "

BODS = - 1200 41 90 88
 Suspended Solids 1200 41 90 50
pH | 7.5 =9.0

The municipal sanitary system will continue to handle the treated

WHEAT STARCH AND GLUTEN MANUFACTURING
| | i
Waste Water Characteristics

Waste waters from wheat starch and gluten manufacturing operations,
as ‘described in detail in Section V, are high in organic strength
and suspended solids. Flows are moderate, in the range of 265 to
570 cu m/day (70,000 to, 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 municipal systems except one which uses its starch
process wastes in a dlstlllery operation and then dlscharges
directly to receiving waters. Extensive treatment facllltles for
the dlstlllery waste are junder construction.

I
i

lg-zlggg cControls !

It is doubtful that -any major reductions in waste loads can be
achieved through in-plant controls or modifications at existing
starch plants. Since product yield is economically crucial to wheat

" starch and’' gluten plaqts, most manufacturers already attempt to

maximize solids recovery in the starch refining operations by
thickening and centrliugatlonn Wash down water only amounts to
between 5 and 10 percent of the +total process waste water
contribution. .

. T™wo new plants will co@mence full scale 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 drastically reducing water requirements,
while the other hopges to' employ a total recycle system. These
plants are. constructed primarily for recovery of proteinaceous
material from the wheat raw material and are suspected to employ
methods and processes whlch may be quite uncharacterlstlc as

compared to historical processes.

71

-second pretreatment facility is currently Undér consSETucEion tHAt




'Treatment Technoloay |

' This data 1ndlcates average re uctlo s of 55, 6#, and 45 percent for'

‘ One wheat starch- plant‘hasgbee

“fPretreatment operatlons' and pllot‘ plant “studies ‘Substantiallynj

support that the procéss waste water from wheat starch and gluten

: manufacturlng is readily blodegradable and treatable by conventlonal

blologlcal treatment systems.

4

. One pretreatment fac111ty 1s in operatlon 1n the wheat Starch 1n-“

dustry, ~reducing the organlc strength of the starch waste prior to

~municipal system dlSpOSal The facility handles 530 cu m/day

(140,000 gpd) of hlgh-strength wastes from a medium sized starch and
gluten plant. The ltreatment sequence consists of a steel mixing
tank where the waste ils heated to 299C 859F, three anaercbic filters
operated in parallel, and a chlorine contact tank. Ammonia gas and
sodium bicarbonate are. continuously added in the mixing tank to
'stabilize the pH between 6.5 and 7.5. The +treated waste can be
recycled  at rates from 0 to 100 percent. That portion that is not
recycled enters the | chlorine contact tank, where chlorine is
introduced for control of odor and potential sewer corrosion by
reduolng‘hydrogen'su]fide'1eve1s. Waste gas produced by the filters

contains suff1c1ent methane to be combusted readlly in a gas burner,

and is a potent1a1 energy ‘source.

.A comparlson of average 1nf1uent and effluent”characterlstlcs durlngpm

seven months of operatlon is shown below-

Average Influent

=wnr35do"” ‘

BODS
CcoD ~ 3400
Suspended solids 2659' 1270 2800 1aeom M703 1550

BODS, COD, and suspended solids, respectlvely. ' More recent plant

sampllng indicates COD removals ranging from 18 to 59 percent and}»f

averaglng 33 percent over the past year, however.
9 Py

g

experlmentlng w1th a full scalé
complete. treatment sistem for ome time. The system employs. a vapor
recompression evaporator whlch ‘in theory, should effect 98 to 99

- percent solids recovery.” The plant has not been able to operate the

system successfully on a continuous kasis. The plant has been
operated successfully for intermittent periods of a week or more,
and experimental efforts to theuprocess are continuing. This type

of treatment system‘ definitely cannot yet be’ vconsidered as
demonstrated technology at the present tlme.. ' E

R




one other plant in the wneat s€arch 1ndustry “is plannlng €6 con=
gtruct a pretreatment Ifacility. The facility will 1ncorporate"
extended aeration and final clarification after which +the wastes
.+ will be discharged +to |the municipal system. A chemical feed unit
".’will be capable of addlnq lime and alum to the wastes either  prior
-to or after aeration. | Design flow is 409 cu m/day (108,000 gpd),
and the detention time w¥11 be 5.0 days in the aeration unit.
“gffluent BOD5 levels are estimated at 190 mgs/1, representing a 95
'percent reduction. It Qhould be emphasized that the attainment of

1t1a11y
gluten

h 1n-
ior to

m/day this effluent 1level has not been demonstrated in a full scale
ch ang treatment facility. - !
mixing _ |
ilters Extensive pilot plant stqdies were run-on the starch waste prior to
S ang design of ‘the above pretreatment facility. The pilot system
ank to included a 15,140 liter (4000 gallon) aeration and settling tank, to
an be which were later added a 1325 liter (350.gallon) rotating blologlcal
is not disc and a 3217 liter (850 gallon) rolishing pond. The pilot system
ne is handled 2. 7 cu m/day (7?0 gpd) of waste over a five-month period.
ion by puring that +time, BODS reductions averaged 86 percent through the
ilters aeration unit alone, 88 percent through the aeration unit and disc,
urner, and 98 . percent through [the entire system including polishing pond.
' average effluent BOD5 concentrations were 680, 578, and 84 mg/1l,
; ‘respectively, from the | three components of the pilct treatment
during system. !
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. cosT, ENERGY; AND NON-WATER QUALITY ASPECTS

This chapter presents detailed cost estimates for the various
treatment alternatives ;and the ratlonale used in develoring this
'1nformatlon. Data have |been developed for investment, capltal,
operatlng and malntenaqce, depreciation, and energy costs using
various sources, including contractort's files, literature references

6 and 9, and 1nformatlonifrom individual plants within the industry. .

The cost data from 1ndubtry were gquite limited and, therefore, the
cost estimates are based principally on data developed by the
contractor and the references cited. _ :

REPRESENTATIVE PLANTS |

i

Because of: the varlafions in plant operation, waste”™ water

characteristics, and treatment systems, it was impractical to select
one existing plant as typlcal of each of the industry subcategories.
Therefore, - hypothetical! plants were developed (or synthesized) for
purposes of'developing cést data.

in the ready-to-eat cereal sukcategory, there is such a wide range
of .plant production capac1t1es that it was decided to choose three
hypothetical plants of different sizes. K The plant capacities chosen
‘were 90,700 kgs/day (200 000 1lbsday), 226,800 kg/day {500,000
1b/day), and 544,300 kgrday (1,200,000 lb/day). Although the waste
water characterlstlcs | of ready-to-eat cereal plants vary

considerably, - there is no apparent correlation with plant capacity,

as shown in:Figures 14 aqd 15 in Section V of this report. Thus,
flow and waste water characteristics were selected to reflect
average values for ex1sf1ng plants in the industry as reported in
Section V. ,
| R

The seven wheat starch and gluten plants exhlblt a falrly narrow
range of plant capacities and waste water characteristics. A
"hypothetical plant with an average daily raw material capacity of
t5,360 kg (100,000 lbs) of flour was chosen for cost estimating
purposes. ‘Since flow ;and waste water characteristics are fairly
uniform for the industry, average values for existing plants as
reported in Section V were utilized. , '
- TERMINOLOGY' !

|
Investment Costs !

Investment costs are deflned as the cap1ta1 expenditures required to

bring the treatment or control technology into operation. Included,
as approprlate, are fhe costs of excavation, concrete, structural
steel, mechanical and electrical equigpment installed, and piping.
An amount équal to 15 percent of the total of the above is -added to
cover engineering design, services, ccnstruction supervision, and
related costs. Because most of the control technologies involve

i
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.'”7externa1,

$0peratlon and malntenance costs 1nclude labor, materlals, Solld

- cost of $10 per man-hour i

end-of-plant
due to 1nstallat10n. It is believed that the interruptions requiregq
for 1nsta11at10n of control technologles can be coordinated witp
normal plant operatlng schedules. The cost of additional 1lang

" required for treatment fa01llt1es is 1ncluded, using an estlmatlng

figure of $10, 000 per Ecre.

iw‘@wmusﬂM,w

Capital Costs

ok o

The capltal costs are‘ca culated,
total investment costs. . Consultations with representatives of
industry and the financial community lead to - the conclusion that,

"w1th the 1limited data available, this estimate is reasonable for

this 1ndustry. 7

Depreclatlon

Straight4line deprec1atlon for 20 years, or 5 percent of the total
investment cost is used in all cases

IR

, 3

waste dlsposal, effluent monltorlng, added administrative expense,
taxes and insurance. _When | the control technology involves water
recycllng, a credit of| $ ) per 1,000 gallons is applied to reduce
the operation and maintenance costs. Manpower requirements are
based upon information found in References 6 and 9. A total salary

R A P

Energy and Power Costs“'  o

Power costs'arerestimated_onlthe ba31s of $O 025 per kllcwatt-hour.w

Annual costs are deflned ;‘as‘ the total of capltal costs,
depre01at10n, operation and malntenance, and energy and power costs
as accrued on an annual baszs. o ‘

Lo N

COSsT INFORMATION

i
]
1 QJ..
|

. The 1nvestment ,and annual costs, as deflned above, assoclated with

the alternatlve waste treatment control technologies are presented
below. In addltlcn, a description of each of the control
technologies is prov1ded together with the effluent quality
expected from the appllcatlon of these technologies. All costs are

- reported in terms of August 1971 dollars,

Ready-to—Eat Cereal Manufacturlng
[ R

As a basis for déveloping control and treatment cost information,

three different feadyﬂto-eat cereal plants were synthesized to cover
the broad range of plant capacities within the industry. The waste

water characterlstlcs used to describe these plants reflect

‘no cost is included for Iost time

1n“all‘cases,mas 8 percent of the

ok
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plants. The values emp]oyed are as follows:
Flow f , ' 2.7 liters/1lb of cereal (0.7 gal/lb)
BODS C q.e kgskkg (1bs/1000 1bs) or 1130 mg/1
Suspended Solids 1.4 kg/kkg {1bsr/1000 lbs) or 240 mg/1l

The productlon and waste water characteristics of the three

_hypothethal cereal plants are summarized below:

- Plant A:

i
Production 90,700 kgs/day (200,000 lbrday)
Flow | 529 cu msday (140,000 gpd)
BOD5 , | 635 kgr/day (1400 1lb/day
Suspended Solids | 127 kgsday (280 1b/day)
| v
Plant B:
Production 226 800 kg/day (500, 000 lb/day)
Flow l 1325 cu mi;day (350,000 gpd)
BOD5 : | 1588 kg/day (3500 1b/day)
Suspended Sollds i 318 kgrsday (700 1b/day)
1
Plant C: '
Production - swu 300 kgsday (1,200,000 1lb/day)
Flow - 1 3179 cu msday (840,000 gpd)
.BOD5, | 3810 kgs/day (8400 1lbsday)
Suspended solids | 762 kg/day (1680 lbrday)

3
.

A numbexr of alternativb treatment systems are proposed below to
handle the waste waters] from these plants. These  systems are
presented in terms of increasing effluent quality. The investment
and annual cost information for each alternative, and the.  resultant
effluent gualities are | presented  in Tables 8, 9, and 10 for the

three hypothetical ready-to-eat cereal plants.

|

.1ndustry practice based on average data received from existing




Alterndtivé Treatmen% or
-s» €ontrol Technologies:

E;nVestgent Costs

- Table 8

Water Effluent Treatment Costs

" Small Ready-to-Eat Cereal Plant ' -

(90,700 kg/day)

(Thousands,of‘Dollars);
A B - D

$uk8.9 - 507.9  629.9 563.3

© . Annual Costs:

Capital Costs 35.9 ka2 so.hjfr }hs.lér;ﬂf:
S Depreciation 22k 26 557 | e8.2 -
i Operating and>Maintenaﬁéé Co§té_ k5,2 | i.46.h_ r-lhT.Qrg §;f53;
Energy and Power cdsﬂs . | 10.6 §11.6 11.62% ; 12.6;':
Totél mnouel Cost. 11h.1 126.6 1h1.h§%‘;%7i39.3% 7
iEffluent Quality: i': | | : :
. " Raw - S Sl
! _ Waste Resulting Effluent -
FParameters “'Units . Load ‘ " Levels
; 0D : kg/kkg 7.0 - 0.58 0.4k - 0.18-0.35 o.12;o.18§; |
Suspended Solids kg/kkg - L.k 'g’o.és ?’ 0.4k 0.18-0.35 0.06-0.12°
—i 0D ng/1 1200 100 - - T5 : v3o-6o | 20-30
. . iSuspended Solids mg/L  2k0 100 75 30-60 10-20
: éDissolvediSolids mg/L - - ‘ ; - -

0.03 ~

0.03:;

- 0.03

0.03
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Table 9

Water Effluent Tx"éafment Costs -
Medium-Sized Ready-to-Eat Cereal Plant
(226,800 kg/dey)

Mternative Treatment or S " (Tnousands of Dollars)
Control Technologies A B - C D » E - F
Investment Costs $686.4 811.8 887.2 875.3 1247.3 1613.5 -
Anﬁual Costs: . : S
Capital Costs 7 54.9 64.9 T1.0 70.0 | 99.8 129.1 .
- o Depreciation S - 34.3 40.6 by - 3.8 62.4 80.7
Operating and Maintenance Costs  67.9 70.0 71.8 183.9 . 109.9  1he.1 ;
3 ' S . ’ ' i
© Energy and Power Costs : 22.0 23.7 . 23.7 25.h 32.3 =P
Total Annual Cost 179.1 199.2 210.9 . 223.1 30h.L 3946 f
Effluent Quality: ;A
Raw . . o
 Vaste ‘Resulting Effluent
 Parameters ‘Units Load T o ‘Levels
BOD kg/kkg 7.0  0.58 0.4k 0.18-0.35 0.12-0.18 0.03 0.03
‘Suspended Solids kg/kkg 1.4 1 0.58 0.4k 0.18-0.35 0.06-0.12 0.03 ' 0.03.
BOD  mg/lL 1200  100-- 75 30-60 20-30 5 5
Suspended Solids mg/l - 2ko 100 75 30~-60 10-20 5 5

Dissolved Solids -mg/l - - - - - - 500




Table 10
Water'Effluent‘Treéﬁment Costé

~LargewReady-¢p;EatxCereal.Plantw<”,v?ﬁ;ﬁ;ﬁwm
(5hu,3po kg/day) ' )

AlternativegTreétméht'orft ’ : (Thousands of bollars) .
,Control Technologies -~ - - A B ¢ 5]

Investment Costs L: $1062.1 Col1.5 1h11.7 2040.9° :

7

;AnnﬁéI"Costs:" ' s i T ’
. Capital Costs : = 85.0 ' 115.3 . 112.9

Deprecistion = S z53.l 72.1 T0.6
Operating and Maintensnce Costs 96.7 - 102,71 123.2

?;' Energy and Power Costs ;-; k.9 b7.8: {  SO.T‘:

___Total Annual Cost_ . 279.7 337.9 . 359.9

CEffluent Quality:
‘ Raw. o S E L
Waste - S " "Reésulting ‘Effluent

Units Load : A - Levels

LA

kg/kkg 7.0 0.5t . 0. [0.18-0.35 0.12-0.18 o
Guspended Solids ke/kkg L 5 ri' 0.bk 1 0.18-0.35 0.06-0.12 ¢
~ BOD mg/l 1200 ' '.‘ 75 30-60 20-30 .
- Suspended Solids mg/l 240 100 75 - .30-60 10-20

Dissolved Solids mg/l




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 A -- Activated Sludge

This alternative provides for grit removal, nutrient addition,
primary sedimentation, complete-mix activated sludge, secondary
sedimentation, chlorination, and solids dewatering. The treatment
system does not include equalization. Effluent BODS and suspended
solids concentrations are expected to be about 100 mgs/l. In terms
of plant production, these wvalues correspond to 0.58 kg/kkg
(1bs/71000 1bs) for BODS and for suspended solids.

Investment Costs: Plant 2 $ 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

Reduction Benefits: BODS5 reduction of 92 percent and
suspended solids reduction of 59 percent.

Alternative B -- 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 BOD5 and suspended
solids levels are 75 mg/1 for each parameter. This value
corresponds to 0.44 kg/kkg (1bs/100C 1bs) of BOD5 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: BODS5 reduction of 94 percent
and suspended solids reduction of 69 percent.

Alternative C -- Equalization, Activated Sludge, and Stabilization
Basin

This alternative adds a stabilization basin or 1lagoon after the
secondary sedimentation step of the preceding treatment system,
Alternative B. This lagoon will provide 10-day detention for
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concentration. Effluent levels of 30 to 60 mg/l of BODS5 and
suspended solids are expected from Alternative C. Resultant waste
1oads per unit of produetlon will be 0.18 to 0.35 kg/kkg (1bss/1000
bs) for both BOD3 and suSpended sollds. '

, Investment Costs. Plant A 3 629,900

C '~ Plant B $ 887,200
///g-F[ Plant C $1,441,500
Total Annual Costs: Plant A $ 141,400

f - Plant B $ 210,900

Plant C $ 337 900

Reduction Beneflts- BODS reductlon of 95 to 97.5

percent and suspended SOlldS reductlon of 75 to 87 percent.
‘ ,

Alter glve D -- Equallzatlon, Actlvated Sludge, and Deep Béd

Flltratlon .

- Alternative D 1nc1udes deep bed flltratlon W1th the treatment steps
proposed in Alternative B. BOD5 concentrations are anticipated to
be 20 to 30 mg/) in the [effluent and suspended solids are expected
to be 10 to 20 mg/l.| These concentrations correspond to effluent
waste loads of 0.12 to 0.18 kgs/kkg (1bs/1000 1lbs) of BODS and 0.06
to 0.12 kgskkg (1bss/1000 1bs) of suspended solids.
Investmént Costs: Plant A  $ 563,300
Plant $ 875,300
- Plant C $1,411,700

Plant $ 223,100

B
C

Total Annual COiStS: Plant 2 $ 139,300
‘ B

Plant ¢ $§ 359,900

Reduction Benefits: BODS. and suspeﬁded‘solids reduc-
tions of 97.4 to 98.3 percent and 91.4 to 95.7 rpercent,

respectively. } ’
Alternative E -- Equalization, Activated Sludge, Deep Bed
, Flltratlon, and Actlvated Carbon Flltratlon
In Alternative E, actléated carbon filtration 1is added to the:

Lo : previous treatment SCheme. The effluent concentrations are
! estimated to be 5 mgrs1l ﬁor both BOD5 and suspended solids. This
: level corresponds to waste loads of O. 03 "kgs/kkg (lbs/1000 1lbs) for

) 'A : both BOD5 and suspended solids.
Investment Costs: Plant & $ 717,500
: i -~ " Plant B $1,247,300
Plant C $2,040,900
b Total Annual Coets: Plant A $ 186,100
: ' B $ 304,400

| Plant
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gtablllzlng the remalnlng BODS"and reduc;ng the suspended solldsu'A




‘Plant C -

E “hgu‘aoo“’

- reductlons of 99 6 and 97.9 percent respectively.
The effluent should be sultable for partlal
'reuse or recycle. '

i

‘Alternative g - Equallzatlon, " Actlvated ' "8ludge, Deep  Bed

~This alternatlve 1nclude )
r solved solids. Effluent 1levels will be comparable to those
‘anticipated in Alternative E, but with a maximum  dissolved solids
rconcentration“of‘SOO‘mg/l. :

Flltratlon,wngctlvated ~Carkon Filtration, and Reverse
OSmOSlS ‘ " e e R L R T N Y - ; [ . et
L

[ TR

he” ‘total Qis-

L
O requce

everse osmosi

Wl W Wb T W 1 e

'$ 960,700
"$1,613, soo_“

rotal Annual costs “$55 46

} «_,_V,H i:;v,;l -

‘ Reductlon Beneflt

: P
e reductlons equal £o those ‘expected in Alternative E,
'j.€., 99.6 and 97.9 percent, respectively. The
be suitable for complete recycle. .

effluent should

‘@45 360 kg/day (100 000 lbs/day) of wheat flour input, was selected

as a basis for developlng cost data. The values of the waste water

‘f‘The productlon and was te watér characteristics o
plant are summarlzed below.

mow O f
i
l

v'Productlon”:

L characterlstlcs usedmto descxlbe thls plant reflect actual 1ndustry
‘ practlce, as follows' ]"

BODS
Suspended SOlldS

90 7 kg/kkg (1lbs/1000 1bs)
75.2 kgs/kkg (1bs/1000 1bs)

"

L 45, g4 ¥)
Flow o I 454 cu m/day (120 000 gpd)
BODS ' " 4114 kgsday (9070 lbss/day) or 9057 mg/l
‘Suspended SOlldS . 3411 kg/day (7520 lbs/day) or 7509 mg/l

b B S VIR
Proposed " alternative treatment systems are descrlbed below. The
investment and anhual cost information for each alternmative and the
resultant effluent qualltles are presented in Table 11.

\

Alternatlve A - Actlvated Sludge
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Table 11
Water Effluent Treatment Costs
Typical Wheat Starch and Gluten Plant
Alternative Treatment or n ' i o (Thousands of Dollars) - o 'Et 7}?
Control Technologies: . A B .o D E FoooU o
Investment Costs $892.5 964.3 1oih.6 996.0  1191.7 1350.L
Aﬂnaal Costs: ' » ) :
Capital Costs 1.4 7.1 81.2 T9.7 "95.3 108.0 .
TDepreciation . MRS T The2 T S0 W8 5906 67.5- & o
Operating and Maintenance Costs 86.3 87.5 88.9 ok.1 107.9 : 127.6? 5
o Energy- and Power Costs 38.% 394 - 39.% . ho.k YR T TR T
a : o . . ‘
Total Annual Cost 2bo.7  252.2  260.2 264.0 307.2 . 353.5°
Effluent.Quality: , ' ’
' Raw _ : ,
L » Waste . Résulting Effluent
Parameters Units = Load Levels -
BOD kg/kkg 90.7 2.0-4.0  1.5-3.0  1.0-1.5  0.3-0.5  0.05-0.15 = 0.05 -

Suspended Solids kg/kkg T75.2 1.0-4.0 1.0-3.0 0.75-1.5  0.2-0.3 | 0.05-0.15  0.05 f-,
BOD - , mg/1 9070  200-400 . 150-300  100-150 30-50 - 5415 5
©  Suspended Solids mg/l 7520 100-400  100-300 . T5-150 20-30 - 5-15 5

Dissolved Solids mg/l - - _ - - S = 500
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”"Thls flrst alternatlve includes "pH neutrallzatlon, prlmary sedi-. |

mentation, complete-mlx activated sludge, secondary sedimentation,
effluent chlorlnatlon,]and sludge dewaterlng. Anticipated effluent

" levels are 200 to 400 mgr/1 of BODS and 100 to 400 mgs/l of suspended

solids. These levels correspond to waste loads of 2.0 to 4.0 kgskkg
(1bs/1000 :1bs) of BOD5 and l O to 4. 0 kg/kkg (lbs/lOOO lbs) of
suspended solids. o o

W"fWInvestment Cos

‘Total Annual Co:

‘ rReductlon Benefits: BOD5 reduction of 95.6 to 97.8
“.”percent, suspended SOlldS reductlon of 94, 7 to 98 7
”perCeht.

1 e .
“Alternat1ve B - Equalliatlon and Activated Sludge

s | . : e ]
ThlS alternatlve 1ncludes 18 hour aerated equallzatlon ahead of
“the complete—mlx actlvated sludge system descrlbed in Alternative A,

g‘QAverage ef fluent levels are estimated at 150 to 300 mg/1 for BODS

and 100 to 300 mg/1 for suspended solids. These concentrations

wdrepresent "waste loads of 1.5 t0 3.0 kgs/kkg (1lbs/1000 1bs) for BODS

and 1 0 to 3. 0 kg/kkg (1bs/1000 1bs) for suSpended‘sollds.

tInvestment Cos are approx1mately

Alternatlve c -- Equallzatlonv Activated Sludge, and
jg‘ ‘ stablllzatlon Lagoon’

Alternatlve C adds a stab111 ation bas'n Wlth 10- day retentlon “to
- the preceding treatmtpt "system."“ BODS levels in the effluent are
~anticipated to be 100 to 150 mg/1, and suspended solids levels of 75
to 150 mg/l are expected. ‘These values correspond to 1.0 to 1.5
'¢kg/kkg (1bs/1000 1bs) Eor 'BOD5 and 0.75 to 1.4 kgs/kkg (1bss/1000 1bs)

. for suspended sollds. g
, B

1

:Investment Costs- I
“over Alternatlve B fo

remental costs of $50 300
‘a total cost of $1,014, 600.H

) Total Annual Cos
‘over Alternatlv total cost of $260 200.

Reduction Beneflts;f ‘ reduction of 98.3 to 98. 9

percent, suspended solids reduction of 98 to 99 percent.
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Alternatlve LI “Equalization,  Activated Sludge,  and  Deep-Bed

~ T Filtration
| .
In this proposed sYstem, deep bed filtration is added +to the
treatment '@ system outllned in. Alternative B. The stabilization
lagoon is deleted. BODS and suspended solids effluent levels of 30
to 50 mg/1 and 20 to 30 mg/l, respectively, are anticipated. These
concentrations: represent 0.3 to 0.5 kgs/kkg (1bs/1000 1bs) of BODS
and 0.2 to 0.3 kg/kkg (lbs/lOOO lbs) of susPended SOlldS.

Investment Costs-“ Incremental ‘costs of $3l 700
over Alternatlre B for a total cost of $996 OOO.
‘Total Annual Costs- Incremental costs of $ll 800
over Alternatlve B for a total cost of $26a 000.

Reduction Beneflts- BODS ‘reduction of 99.4 to 99. 7
percent, suspended solids reduction of 99.6 to 99.7
percent. .

|

‘Alternative E - Equallzatlon, . Activated Sludge, Deep Beé‘

Flltratlon, and Activated Carbon Filtration
| .
For Alternatlve E, actlvated carbon. flltratlon is added +to the
previous treatment system in Alternative D. Effluent concentrations
of 5 to 15 mg/l are!expected for both BOD5 and suspended solids.

These levels correSpond’to 0.05 to 0.15 kg/kkg (lbss/1000 1bs) for

both parameters. i
Investment Costs-' Incremental costs of $195,700
over Alternative D for a total cost of $1 191 700.
Total Annual Costs- Incremental costs of %43, 200
over Alternatlve D for a total cost of $307 200.

|

-Reductlon Beneflts- BOD5 and suSpended SOlldS
reductions of 99 8 to 99 9 percent. The effluent
should be sultable for at least partial recycle.

Blternative F - Equalization, Activated sSludge, Deep Bed
Filtration, Activated carbon Filtration, and. Reverse
Oosmosis o

This alternative includes reverse osmosis to reduce the total dis-
solved solids. Effluent levels of 5 mgs1 for both BOD5 and
suspended solids are. ant1c1pated with a maximum dissolved solids

concentratlon of 500 mg%l.

Investment COsts- Incremental costs of $158, 700

over Alternative E for a total cost of $1,350,400.
1

Total Annual Costs- Incremental costs of §$46, 300

over Alternatmve E for a total cost of $353, 500.




NON-WATER QUALITY ASPECTS OF TREATMENT‘AND CONTROL TECHNOLOGIES

vﬂlWReductlon Beneflts BOD5 and Suspended solids’
reductions of 99.9 pelcent. The effluent should be
sultable for complete recycle,‘.

Air Pollutlon Control i, .
With the proper operatJJn of the types of blologlcal treatment syse,
tems presented earlier in this section, no significant air pollution

problems should develop. Since the waste waters from the breakfast

'Hui

. cereal and wheat starch segments of the graln milling industry have

a hlgh organlc content), -however, there is always the potential for
odors. Various methods of odor control are available and have been
extensively applled 1n| the biological treatment of waste water,
These methods include aeratlonochlorlnatlon, lime and other chemical

- addition, odor masking agents, and modified operating procedures.

Odors as they may result from biological treatment .of wheat starch
and ' ready-to-eat. cereal waste are technological control. No
significant odors would result above existing conditions. Care
should be  taken - in the selection, design, and operation of
biological +treatment systems to prevent anaerobic conditions and

_thereby ellmlnate poss1ble odor problems o e

.w‘ ERTREVICRE

8011d waste Q;gpg_al ) imww_

o

Tk

‘The treatment ‘of 'waste waters from cereal and wheat starch plants
" will give rise to substantlal quantities of solid wastes, par-
4 tlcularly biological solids from activated sludge or comparable

systems. Conventional Imethods for handling biological solids are

_applicable to these wastes such as digestion, dewatering, 1landfill,

or incineration. DlSposal of this solid materialso as not to
contribute to pollutlon of ground oxr surface waters 1s necessary.

l .
For those waste materla]s con31dered to be non-hazardous where land
disposal is the ch01c‘ for disposal, practices similar to proper
sanltary landfill technology may be followed. The principles set
forth in  the EPA's Land DlSposal of Solid wWastes Guidelines (CFR
Title 40, Chapter 1; Part 241) may be used as guidance for
acceptable land disposal technlques. :

|-

~ For those waste materials cons1dered to be hazardous, disposal will

require spec1al precauthons. In order to ensure long-term
protection of public health and the environment, special preparation
and pretreatment may be required prior to disposal. If land
disposal is to be practiced, these sites must not allow movement of
pollutants such as fluoride and radium-226 to either ground or
surface water. Sites should be selected that have natural soil and
geological conditions to prevent such contamination or, if:such
conditions do not exist, art1f1c1a1 means (e€.9., liners) must be
provided to ensure long—term protection of the environment from
hazardous materials. Whéere appropriate, the location of solid
hazardous materials disposal sites should be permanently recorded in
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Enerqy Reguirements

The treatment technolo

"document do not requ

reguirements. Powerx
centrifugation, and

strength.:
ready-to—eat cereal pl

other unit operations.
generally, are a dlreCE
Thus, the greatest energy demands

offiéerofﬁ£ﬁe7fe§el Jurlsdiotion'ihuﬁhich’theAefEe

gles presently in  use or proposed in this
ire any processes with exceedlngly hlgh energy
will be needed for. aeration, pumping,
These requirements,
function of the volume treated and the waste
will occur in large

ants.

For the hypothetlcal treatment systems described prev1ously in thlS
section, the power requirements are in the range of 75 to 370 kw

(100 +to 500 hp) for c
for wheat starch plant
than one percent of
readybto-eat cereal orxr
the energy needs for

tute only a small porti
industry, and these

purchased and in-house

ereal plants and 150 to 220 kw (200 to 300 hp)
s. This level of demand is generally less

the total energy requirements of a typical
wheat starch plant. It was concluded that
achieving needed waste water treatment consti-
ion of the  energy demands of the entire
added demands can readily be accommodated by
power sources.




SECTION IX

EFFLUENT REDUCTION ATTAINABLL THROUGH THE APPLICATION OF
THE BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE
EFFLUENT LIMITATIONS GUIDELINES

INTRODUCTION

The effluent llmltatlons that must be achleved by July 1, 1977, are
to specify the degrte of effluent reduction attainable through the
application of the best practicable control technology currently
available, The best practicable control technology currently
available is generallyibased 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 1levels achieved by a combination of plants
‘'showing exemplary in-house performance and those with exemplary end-
. of-pipe control technology.

|
Con31deratlon must also be glven to°

a.. the total cost of appllcatlon of technology in relation ¢to
the effluent! reduction benefits to be achieved from such
application; !

|

b. the'size and,%ge'of equipment and facilities involved;
C. the processestemployed and product mix;

d. the englneerlng aSpects of the appllcatlon of varlous types.
. -of control technlques.

e. process channg: and
f. non-water quallty environmental 1mpact {including energy
regquirements)i. \

Also, Dbest practiCable control technology currently available
emphasizes treatment facilities at +the end of a manufacturing
process, but includes the control 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 reliabiliﬂy which must be established for the technology
to be “currently avaiﬂable." 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 tlme of commencement of construction of
‘installation of" the} contreol facilities. However, where pollution:
control and abatément technology as presently applied in an industry
is judged inadequate, effluent limitation guidelines for the
industry category or subcategory may be based upon the transfer of

-
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technology to reasonab '
standaxrds as establlshedlI
l " [ T “J:’ o R e
In establlshlng the levev chnology and effluent 11m1tatlon
guldellnes for the breakﬁast cereal, and wheat starch segment of the
point source category, 1t is recognized that present plants, with
"only few exceptlons, dlscharge the untreated or partlally treated
waste water to mun1c1pal[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
appllcatlon in these instances, However, the need for effluent
guidelines for the ready-to—-eat cereal and wheat starch
manufacturlng subcategories is evident where any plant modifications
or changes in ex1st1ng practices would result in discharge of
process waste waters dlrectly to nav1gable wa’ ‘

» EFFLUENT REDUCTION ATTA
iPRACTICABLE CONTROL TECHN

Based on the 1nformat10n pr sented in Sections III through VIII of

~this’ report, it has been determlned that the effluent reductions
attainable through the appllcatlon of the best practicable control
technology currently avallable for these. subcategorles are those
presented in Table 12. These values represent the maximum allowable
- 'waste water effluent 1oadlng for any 30 consecutlve calendar days.
Excursions above these levels are to be permitted ‘with “a maximum
‘daily average of 3.0 tlmes the average 30-day values listed below.
The variances for maximum daily average are necessary to consider
variation in’ productlonym plant operation, shock waste loads, and

varlable waste contrlbutl
1 .

L ki

R ‘! RN BOD5 ' Suspended SOlldSH‘
, Subc_..gorz lsgéls_g _(;bs/1ooo 1bs) kg/kka (1bs/1000
Anlmal feed . h }Mwmm e e e

manufacturlng ' o Nb da charge of process waste
i S water pollutants

Hot cereal , B
manufacturlng No dlScharge of process waste
o ] - water ‘pollutants
Ready—to-eat cereal

manufacturing ”0440 T 0.s0 . 6-9
Wheat starch and " o e
gluten manufacturlng 2l ‘ 2 0 , . 6-9

*MaX1mum average of dally values for any Perlod of 30‘MNWM
consecutlve days_ , . ‘

b

INABLE THROUGH THE APPLICATION OF BEST




('"IDENTIFICATION OF BEST ’f"ii“RAcTIcAELE" CONT.ROL;TEWURRENTLY

AVAILABLE W L
"

The best practlcable control technology currently available for the.
subcategories of the dgrain milling industry covered in this document
generally consists of equalization, biological treatment (e.g.
activated sludge), and effective solids separation. The specific
technological means avallable to implement +the specified effluent
limitations are presented below for each subcategory.

Animal Feed Manufacturlng

Animal feed manufacturing requires 1little process water and
generates no waste waters. Hence, the effluent 1limitation of no

dlscharge of process Wastes is already being met.

!

Hot gg;eal Manufacturing
1

The manufacture of hot cereals generates no process wastes. Thus,
the effluent llmltatlon of no dlscharge of process wastes 1s already
being met. I .

Ready-to—Eat Cereal Manufacturlng

l

Waste waters from ready—to—eat cereal plants are generated prlmarlly

in cleanup operatlons.

Although waste volumes can be reduced by in-

plant modifications,

substant1al reduction in the waste 1load from

tions

ntrol

those

wable

days.

ximum

:%gz; the plan

, and entire wa
.l.
2.
3. -
4.
5‘ :
6.

t is not an immediate possibility and treatment of the
ste stream 1s necessary. Treatment 1nc1udes-

‘Collection and equallzatlon of flow

vPrlmary sedimentation

| .
Nutrient additlon

Biological treatment u31ng actlvated sludge or a
,comparable ¢ ystem

Secondary sedlmentationr

'Additional blological treatment and/or solids removal

b The technology presented 1n support of the recommended effluent

guidelines llmltatlons

is as g1ven under Alternative B of Section

VIIX of the Development Document in discussion of the ready-to-eat

cereal subcategory.

waste load by equalization, and activated sludge.

i The technology includes treatment of the raw
For the ready-

to-eat cereal subcategory, the supportive technology would be

expected.

period.
(6.6 1b)

average waste water flow of 5.82 cu m/kkg (0.7 gal/lb)

to proV1de an overall BOD and suspended solids removal of

93.7 and 68.6 percent, respectively, over a 30 consecutive day

The average raw waste BOD load is established at 6.6 kg
per kkg (1000 1b) of cereal product corresponding to an
of cereal

I




"‘the _..Supportive technology would be expected to provide an overall

oducuon and average;“ raw “waSte BOD Conmcentration of 1130 mgrl.
Average raw waste suspended solids load is established at 1.4 kg
(1.4 1b) per kkg (1000 lb) of cereal production corresponding to an
average waste water flow of 5.82 cu ms/kkg (0.7 gals/lb) of cereal
production - and average raw _waste ' total suspended solids
concentration of 240 mg/l. The average raw waste load would be
reduced to the recommended limitation of 0.40 kg/kkg (0.40 1b/1000
1b} for both BOD and lsuspended solids. Corresponding treated
effluent 1levels for BOD and suspended solids of 75 mg/1l would
result. . G 3‘ e e
Wheat Starch and Gluten Manufacturl

x

Wheat starch manufacturlng plants generate moderate volumes of hlgh
strength waste waters. | Substantial reductions in the total waste
load by means of 1n-p1ant. " modifications are " not practical
under present manufacturlng methods, and treatment of the entire 4
waste stream 1is requ1red as follows to meet the effluent
‘11m1tat10nS° : ”,+m I : : SR e R

| -

1.

|
-2.  pPH neutrallzatlor

|

3. Prﬁmary sedlmentatlon s

4. ”Blologlcal treatLent u51ng actlvated sludge or a
conparable system I

5. Final separat1on‘of solids by sedimentation prior
~iv oy oo to discharge. Additional filtration may be required

o ‘or de31rable. , ! ‘ BN
o ;

The technology presenttd in support of the recommended effluent

.guidelines limitations is'as given under Alternative B of Section

VIII of the development | \document in discussion of the wheat starch

and gluten manufacturlng subcategory. The technology includes

treatment of +the raw waste load by equalization, and activated
sludgeo For the wheat starch and gluten manufacturing subcategory,

'BOD . and suspended solids removal of 97.8 and 97.% percent,
\respect1Ve1y, over a 30 consecutive day period. The average raw
‘waste BOD load is. establlshed at 90.7 kg (90.7 1b) per kkg (1000 1b)
of raw mater1a1 {flour) oorrespondlng to an average waste water flow
. of 9.9 cu.m/kkg (1.2 gal/lb) of raw material (flour) and average raw
- ‘waste BOD concentration of 9057 mgsl. Average raw waste suspended
solids load is establlshed at 75.2 kg (75.2 1b) per kkg (1000 1b) of
- .raw material  (flour) correspondlng to an average waste water flow of
9.9 cu m/kkg (1.2 gal/lb) of raw material (flour) and average ‘raw
waste total .suspended SOlldS. concentration of 7509 mg/l. The
average raw waste- load would be reduced +to0 the recommended
Jdimitation of 2.0 kg/kkg (b 0 1b/71000 1b) for both BOD and suspended
Jyw'sollds.‘ Corresponding treated effluent levels for BOD and suspended
. sollds of 20% mg/l would re *
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'RATIONALE FOR THE SELECTION OFMBEST PRACTICABLE CONTROL TECHNGBOGY—"—*—
- CURRENTLY AVAILABLE i

Animal Feed Manufagggrﬁng,‘
ant , e

- since no process wa%te waters are generated in the manufacture of

animal feed, an effluent limitation of no discharge is specified.

Hot Cereal Manufacturlng

As w1th animal feed manufacturlng, no waste waters are generated in
the manufacture of hot cereal, and again an effluent limitation of
no dlscharge is sp°C1fned.

Ready-to-Eat Cereal Manufacturing

_ IR
s |
Data developed on the’ cost of applylng various treatment tech-
nologies . are presented in Section VIII. Costs were developed for-
three ready-to-eat ceqeal plants of different sizes. For a small

plant producing 90,700 kg/day - (200,000 lbs/day), the investment cost
for implementing the best practicable control technology currently

Cost of Application

‘available is about $5 27,900 and the total annual cost is $126,600.

For a medium sized p]ant produc1ng 226,800 kgsday (500, 000 1bs/day),'
the investment cost. is $8ll 800 and the total annual cost is
$199,200. For a large plant produclng 544,300 kgs/day (1,200,000
lbs/day), the 1nvestment cost 1s $1,277, 500 and the total annual
cost . is $314,200. ;

Age and S;gg of Productlon Fac111t1es
| i o 4 , C. ‘
The plants in this subcategoxy range in age from four* to over 70
years. The chronolggical age of the original buildings, however,
does not accurately reflect the degree of modernization of ' the
production faC111tles. 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 at the various plants on the basis of age.

|
Similarly, waste wateé characterlstlcs from the ‘ready-to-eat cereal
plants cannot be vlaSS1f1ed according to plant age. Of the newer
plants, several generate low raw waste loads in terms of BOD5 and
suspended solids - pPr unit of product and several yield rather high
waste loads. At the same time, several older plants have low raw
waste 1loads. The data graphically presented in Section V clearly
demonstrate the absence of any practlcable and reliable correlation
based on - plant age. Accordlngly, it is concluded that the age of
the plant is not a direct factor in determining the best practlcable
control technoldgy cufrently avallable. :

The size of the plantldoes have a direct influence ' as expeeted on
the total amounts of  contaminants discharged.  In general, the

- larger the: - plant the greater the waste load. The £ effluent

i
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llmltatlons presented—herel¥~have ‘been developed in. terms_of_unlt_ofmw -
finished product, i.e., kg/kkg or lbs/lOOO 1bs of cereal, in order

to reflect the influence of |plant size. The control technologies
discussed in Section VIII, however, are applicable to all plants
regardless of size.

[

Production Processes

Although the manufacturlng processes employed in ready—to—eat cereal
plants vary depending on the type of cereal being produced, the
basic unit processes are standard across the industry. These unit
processes, as dlscussed in Sectlon IV, include various combinations
of mixing, cooking, extru51on,_ flaking, shredding, puffing,
toasting, and packaglng. Productlon processes within the industry
do not provide a basis for !subcategorization, nor are they a factor
- in determining the best practlcable control technology currently
avallable. : e e T ‘

Product Mix

As mentioned  previously 1in describing the ready-to-eat cereal
industry, a wide variety of . different types of cereal is produced at
the various plants throughout the country. Furthermore, the product
“mix at a given plant may vary significantly on a monthly, weekly,
and even da11y basis. attempts were made to correlate raw waste
loads with type of cereal produced, such as flaked, puffed,
extruded, coated and non-coated, The,havallable data did not
indicate a correlation between waste 'loads and variation in - product
mix. .One p0581ble relatlonshlp was 1nd1cated, that being the
variation of organic waste load with the percentage of cereals being
sugar-coated, but this relatlonshlp could not be quantitatively
~defined and in practice would be administratively -difficult to
interpret. There is no evrdence to suggest that the waste - waters
. generated from_ any speclilc cereal manufacturing process so affect
- the character of the total plant waste stream as to substantially
reduce the ablllty of the plant to implement the best practlcable
control technology current]y a ilab

Englneerlnq Aspects of Appllcatlon

The englneerlng feas1b111ty|of achieving the effluent llmltatlons
using the technology dlscussed has been examined. None of the
ready-to-eat cereal plants prOV1de extensive waste water treatment
with dlscharge dlrectlyl to the receiving waters. The best
practicable control technology currently available does not
represent current pract:ce ~of any <cereal plant. All plants
presently. dlscharge their process waste water, with or without
partial treatment, to munrc1pal sewage systems w1th one exception.
The one plant now discharging directly to rece1v1ng waters
ant1c1pates connection to | a municipal sewage system in.the nedr
future. The avallablllty oﬁ municipal systems has not necessitated
the development and the appllcatlon of available treatment measures
for specific use in the; ready-to-eat cereal industrye. The
technology as presently demonstrate in the industry is inadequate,

i
|
b
b
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«yand transferwof~teehnelogy_ﬁor_s1m11ar waSteS.lS apprQerate. The
effectiveness of +these technologies for treatment of ready-to-eat

. usage. d

e
E

cereal waste has been satisfactorily indicated through pilot plants
and prototype operatlons as described in Section VII of this
document. - Data from one pretreatment plant clearly indicate that:
this type of waste [water is amenable +to biological treatment.

- Accoxrdingly, the treatment technology recommended is considered to

be a practicable means for ach1ev1ng the specific effluent
limitations. The treatment technology is readily available. On an
overall industry ba51s, these effluent limitations will result in a
BODS reduction of approxlmately 95 percent and a suspended solids
reduction of about 69 percent.

Based on present waste water volumes in the industry, the average
treated effluent resulting from the application of these effluent
limitations will contain about 75 mg/l1 of BOD3 and suspended solids.

I

Non-Water Quallty Env1ronmental Impact

In terms’' of the non-water quallty environmental impact, the only
item of possible concern is the increased - energy c¢onsumption 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 1n the application of the best practicable
control technology currently available to a medium sized ready-to-
eat cereal plant are estimated to be 100 kilowatts (135 hp). This:
demand represents less than one percent of the plant's total power

|
Wheat Starch and Gluten Manufacturing
Se=Se 22 T =

Cost of Application | . - o

The investment and annual costs for implementing wvarious control

. technologies. were prtsented in Section VIII. To implement the best

practicable control tpchnology currently available in order to  meet
the specified effluent limitations, the costs for a typical medium
sized wheat starch plant were estimated to be $964,300 for:.
1nvestment and $252, 200 in total annual costs. ,

Age and Slze of Productlon Fac111t1es

The plants in - this subcategory 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 productlon facilities. Since the plants continually incorporate .
new production technlques, no reliable generallzatlons between the
basic production operatlons employed at: varlous plants and the age
of the plant can be made.

Available data 1ndlcates a possible relatlonshlp between plant agej
and raw waste loads.| On the basis of Figures 17 and 18 in Section
V, BODS and suspended solids loads show some correlation with wheat

¥
i
|
i
i
|
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:——_.,;,starch—pi—aﬂt—age——and ‘a- 'general trend of i cmoads with
" increasing age was indicated. It is important however to note that
the older wheat starch plants also tend to be the larger
ones in terms of plant capacity. . Thus, the indicates correlations
may be strongly influenced by other factors, the most important of
Wthh is llkely plant caFac1ty.“‘WW> :

The size 'of the plantras expected has a dlrect influence upon the
total amounts of contaminants discharged. The effluent 1limitations
" presented herein for the wheat starch and gluten manufacturing
: subcategory have been developed in terms of units of raw material
input, i.e., ka/kkg or 1bs/1000 1lbs of wheat flour, in order. to
reflect the influence ofrplant size. Available data does indicate a
possible relationship between suspended solids and plant size or
capacity, but no relatlonshlp between BOD5 and plant size. A narrow
"range of raw waste load values exists per unit of raw material’
input. The control technologles discussed in Section VIII are
judged appllcable to all wheat starch plants regardless of 31ze.m .

Englneerlng Aspects of Agpllcatlon

As with the ready-to- eat cereal subcategory, none of the wheat
m‘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 water prior to discharge to a municipal sewage
system. The best practicable control technology currently available
does not represent the cuirrent practice at any wheat starch and
'gluten ‘manuf acturing plant. As noted previously, current practice
is to discharge the progess 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 separate treatment of wheat starch .and ‘gluten
manufacturing wastes |has not been necessitated. Specific
application: for treatment of wheat starch wastes has been
"principally 1l1limited +to! one operational pretreatment fac111ty and

" pilot plant study. The technology as currently demonstrated in the

industry is inadequate! where direct discharge of process waste
waters to navigable waters may result. Under the circumstances, a
transfer of technology[ in establishing effluent 1limitations is
approprlate. o ..4. L ﬁj,', B IR : '
| L I -

Available information from full«scale pretreatment, and pilot plant
studies firmly establishes the ready biodegradability of the wastes
without the . addition of ﬂutrltlonal additions. Present knowledge of
waste treatablllty and eff1c1ency of removal of pollutants with
available unit process waste water treatment sequences, reasonably
establishes A the predictability of overall pollutant removal
efficiency +to be ;attained through additional and/or alternate
phy51ca1 chemlcal, and blologlcal treatment processes.

The transfer of technology has been adopted on the bas1s 'of
anticipated end-of-pipe | treatment of process

waste water, even o




conservatlon and waste water recycling) and land application have

Non-Water Quallty gact

t"eiimrecognlzed that 1n~plant_cont;ol__measnres (water

promlse of offering |practical and effective means of waste load
reduction in many instances, and may effectively complement end-of-
pipe treatment measures. High pollutant reduction levels (BOD5 and
suspended solids) are| necessitated particularly in the wheat starch
and gluten manufacturing subcategory because of the extremely high
initial raw waste load characteristic of this industry. Technology
exists to effectively reduce the effluent load 1limitations to the
specific level. Attainment of this level of technology is judged
practical, and is currently available. The final effluent
concentrations to be realized by applying the specified control
technologies will be about 200 mg/1 of BOD5 and suspended solids.

i

| ‘ _
The non-water quality env1ronmental “impact is restricted to the
increased power consumption required for the treatment facility.
This power consumption is quite small compared to the total energy
requirements for a wheat starch plant and, therefore, the impact of
the control facilities is considered insignificant.

LIMITATIONS ON THE APPLICATION OF  THE EFFLUENT LIMITATIONS
GUIDELINES :

The effluent limitationsguidelines presented above can generally be
applied to all plant in each subcategory of the grain milling
industry covered 1in*' this report. Special circumstances in indi-
-vidual plants, howeven may warrant careful evaluation.' -

Also, it must be recognlzed that the treatment of hlgh strength
carbohydrate wastes, notably from wheat starch plants, is difficult.
Upset conditions may joccur that result in higher BOD3.and suspended
solids discharges than normal. While the treatment sequence defined
as best practlcable control technology currently available 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 1load and
treatment efficiency which are expected to occur.

!
|'




“SECTION X

EFFLUENT REDUCT]dN ATTAINABLE THROUGH THE APPLICATION OF
THE BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE
EFFLUENT LIMITATIONS GUIDELINES

INTRODUCTION

The effluent 11mxtat10ns that must be achieved by July 1, 1983, are
to specify the. degree of effluent reduction attainable through the -
application of the | best available technology economically
achievable. This control technology is not based upon an average of
the - best performance within an industrial category, but is
determined by 1dent1fY1ng’ the wvery best control and +treatment
technology employed by a specific plant within <the industrial
‘category ox subcategory, or readily transferable from one industry
process to another. i

Consideration must aled be given to:

Ae the total cost of appllcatlon of thlS control technology in
relation to the effluent reductlon benefits to be achieved
from such appllcatlon,

b. - the size and Age of equipment andﬁfacilities involved;

Ce -the processe"'employed°
l ~ L »‘
d. the englneerlng aspects of the appllcatlon of thlS control
technology; }

X |
e. ,process changes- and

f. non-water quallty env1ronmental 1mpact (including energy
requlrements).

" Best available technology econom1cally achievable also considers the
availability of in-process controls as well as end-of-process
control and add1t10na1|treatment techniques. This control tech-
nology is the highest degree +that has been achieved or has been
demonstrated to be capable of being designed for plant scale opera-
tion up to and 1ncludLng "no dlscharge" of pollutants. '

Although 'economic factors ‘are cons1dered in this development, the
costs for this level of control are intended to be the top-of-the-
line of current technology subject to ‘limitations imposed by
economic and engineering feasibility. However, this control
technology may be characterized by some technical risk with respect
to performance and w1th respect to certainty of costs. Therefore, -
this control technology may necessitate some industrially sponsored
development work prior|to its application.
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"In establishing the level| of technology and  effluent 1limitatidns
'guldellnes for the breakfast cereal, and wheat starch segment of the
grain mills. point source category, it is recognized -that present
plants, W1th only few exceptions, discharge untreated or partially
treated waste water +to| municipal sewage systems. While direct
dlscharge to municipal systems are the result, effluent guidelines
as' applicable to dlscharge to navigable waters from industrial
guidelines for the ready-to-eat and wheat starch manufacturing
subcategorles is. apparent where any plant modifications or changes
in existing practices would result in discharge of process waste
waters dlrectly to nav1gab1e wat

Based on the 1nformat10n co‘ i
. this document, it has been determlned that the effluent reductlons

attainable through the appllcatlon of the best avallable technology
: economlcally achievable are those presented in Table 13. The values
presented in Table 13 represent the maximum allowable waste water
effluent loading for any 30 consecutive calendar days. To allow for
variances, excursions above these levels are permitted for a maximum
daily average of 3.0 tlmes the average 30-~day values. These

,d‘standards are based on unlt welght of pollutant per unit weight of

raw materlal (wheat starch) for the wheat starch and gluten
. subcategory, and per unlt weight of finished cereal product for the
“ready~to-eat cereal subcategory,qumw o

Effluent Reductlon;Attalu,ble” h;mugh the Appllcatlon
of Best Ava11ab1e|Tec ology Economically Achlevable

A

R SR N |
‘Industry “ BOD | .
Subcateqory kg/kkqllbsllooo 1
L y

-Animal feed . e T
‘manufacturing . No discharge of process wastes

Hot cereal e e s , et s T e e e
‘ manufacturlng No dlscharge of process wastes
Ready~to~eat cereal

'manufacturing S 0:20 ' 0.15 . ‘ 6-9

- Wheat starch and

gluten manufacturlng

. l G
: IDENTIFICATION OF BEST AVAILABL TECHNOLOGY E _NOMICALLY ACHIEVABLE

R M

B R e

‘wm uy [T w,« " Q‘,“v‘\“u

» : ;
. For the segments of the gral mllllng 1ndustry covered in thlS
‘ document, the best avallable technology economically achievable:for
those subcategorles mlth waste water discharges comprises improved
solids separation - following  activated sludge or comparable
- biological treatment. Improved solids separation can be represented
best by deep bed ‘flltratlon and/or carbon_,f;ltratlon‘ although
alternatlve  systems may! be available. It is anticipated that the




B
ions (- ‘technology of removrrrg—bm‘roqica—l solids by flltratlon w1l‘l‘“‘W’“‘
the rapidly with the 1ncreased use of such treatment processes in many
sent industries 'and mun1c1pa11t1es.
ally - L
recZ‘ Improved stablllty and | performance of the biological treatment
ines ' processes 'is a significant factor in the successful application of
rial deep bed filtration. At present, upsets do occur in activated
ring sludge systems handllng high strength waste waters and might be
\ges expected to result in some efficiency and effectiveness loss of deep
aste bed filtration. A reasonable allowance must be made in the
established effluent guidelines limitations to account for variance
‘ in daily effluent qual:ﬁy with best operation.
3EST
‘ The technology presented in support of the recommended ‘effluent
: guldellnes limitations for the ready-to-eat cereal subcategory is as
of. . given under Alternat:ve D of Section VIII of the Development
Lons, Document in discussion of the ready-to—eat cereal subcategory. The
Logy technology includes treatment of the raw waste load by eqgualization,
. ues activated sludge and deep bed filtration. For the ready-to-eat
ter cereal subcategory, the supportive technology would be expected to
for provide an overall BOD and suspended solids removal of 97.4 and 87.1
mum percent, respectively,  over a 30 consecutive day period. The"
lese: average raw waste BOD load is established at 6.6 kg (6.6 1b) per kkg
. of : (1000 1b). of cereal product corresponding to an average waste water
iten "~ flow of 5.82 cu m/kkg (0 7 gal/lb) of cereal production and average
the: raw waste 'BOD concentratlon of 1130, mg/1l. Average raw waste
: suspended solids 1load ' is established at 1.4 kg (1.4 1b) per kkg
(1000 1b) of cereal correspondlng to an average waste water flow of
5.82 cu ms/day (0.7 gal/lb) of cereal production and average raw
waste total suspended solids concentration of 240 mg/l. The average
raw waste load would be!reduced to the recommended limitation of
. 0.20 kg/kkg (0.20 1b/1000 1b) for BOD and 0.15 kgs/kkg (0.15 1b/1000
1b) for suspended solids. Corresponding treated effluent levels for
BOD and suspended sollds of 30 mgs/1 would result.
The technology presented in support of the recommended effluent
i guidelines limitations for the wheat starch and gluten manufacturing
‘ subcategory is as given under Alternative D of Section VIII of the
" Development Document in discussion of the wheat starch and gluten
manufacturing subcategory. The technology includes treatment of the
raw waste load by equalization, activated sludge and deep bed
filtration. For the wheat starch- and gluten manufacturing
subcategory, . the’ supportlve technology would be expected to provide
overall BOD and suspended solids removals of 99.4 percent over a 30
: consecutive day - per:od. The average raw waste BOD load is
LE ' established at 90.7 kg (90 7 1b) per kkg (1000 1b) of cereal product
' corresponding to an average waste water flow of 9.9 cu wm/kkg (1.2
his gals/lb) of cereal production and average raw waste* BOD concentration
for of 9057 mg/1l. Average raw waste suspended solids load is
ved , established at 75.2 kg [(75.2 1lb) per kkg (1000 1b) of cereal
ble corresponding to -an average waste water flow of 9.9 cu ms/kkg (1.2
ted " gal/lb) of cereal productlon and average raw waste total suspended
ugh solids concentration of 7509 mgs/l. The average raw waste load would
the ' be reduced to the commended 11m1tatlon of . 0.50 kg/kkg (0.50
| o
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| ECONOMICALLY ACHIEVABL%“H O S S T R R

A 1‘81ze :and of Produ
‘-3- Z8s —XEf fogcuction

‘Englneerlng Asge ts of‘Aggllcatlon‘” o

1571000 1b) for Bob and 0. 40 kg/kkg (0.40 1bs1000 1b) for suspended

- solids. Correspondlng|treated effluent levels for BOD and suspended
SOlldS of 50 mg/l wou]d result.%- — . }

? DI ; E S . | ; : y
RATIONALE FOR THE SELECTION OF THE BEST AVAILABLE TECHNOLOGY

Ready—to—Eat Cereal Manufacturing

Cost of A ggllcatlon

‘ v

:As presented in Sectlon'VIII the 1nvestment costs for prov1d1ng the

best available technology economlcally achievable are $563,300 for a

 small cereal plant (90,700 kgs/day), $875,300 for a medium sized

plant (226,800 kg/day) ‘and $1,411,700 for a large plant (544,300

:kgsday). Total annual costs for the three size ranges are $139,300,
$223, 100, and $359,900,‘respect1vely L e

“-As dlscussed in SectloniIx, dlfferences in age or size of production
‘jfac111t1es in the ready—to-eat cereal manufacturing subcategory do-
'not 31gn1f1cantly affect the application of the best available
. technology economlcally achievable. Likewise, the production

methods employed by the dlfferent plants are similar and do not

affect the. appllcablllty

As s1m11arly d1scussed . for . best practlcable control technology
currently available iin Section IX, the control technologies
specified herein have not been specifically demonstrated for process
waste water from readywto-eat cereal plants. The basic treatment

E

" processes - in attalnlng the specified 1level of effluent 1load

limitations have recelved industrial and municipal application in
recent years w1th successful productlon of a hlgh quallty effiuent.
}

‘Present process waste water treatment technology demonstrated in the

1ndustry is Jjudged 1nadequate. A transfer of available technology
is necessary where’ process waste waters are to be treated with

. direct discharge to nav1gable waters. The technology utilized in

attaining  the stlpulated effluent - limitations is readily
transferrable. This technology may be substantially aided by in-

‘process control such as reduction of water use and pollutant
‘contrlbutlons from clean-up operations. The technology is judged

economlcally and. technologlcally feasible. Biodegradability of the

process waste water with nutrient addition has been demonstrated and

fully established through an existing full-scale pretreatment

facility now in operation. The technology has strong. promise of

prodUC1ng an effluent of 30 mg/l of both BODS and suspended solids.
, .

Process C anges
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'No “basicifprocess“*éhaﬁges‘“Will"bé"ﬁneceSSafy To implement these =

control technologies. Substitution of dry clean-up for wet clean-up
operations can substantlally reduce pollutant loads from the
industry. . _

. !
Non-water Quality Environmental Aspects

The application of the best available technology economically
achievable will not create any new sources of air or land pollution,
or require 51gn1f1cant1y more energy than the best practicable
control technology currently available. Power needs for this level
of treatment technology were estimdted to be about 115 kw (155 hp)
for a medium sized plant as defined in Section VIII. This demand is
small when' compared to the total production plant power
requlrements. | '

Wheat Starch and Gluteﬁ Manufa urlng
|

Cost of Application i
The investment cost df ~applying the best available technology
economically achievable, defined above, to a moderate-sized wheat

-starch and gluten plant has been estimated in Section VIII +to be
$996, 000.. Total annual costs are estlmated at $264,000.

I
Age, slsz and Type of Productlon Fac111t1es

As discussed in Sectlon IX, the appllcatlon of this level of control
technology is not dependent upon the size or age of the plants.
Production methods employed by the different plants are similar and
do not affect the appllcablllty of this technology. '

" Engineering Aspe cts of Aggllcatlon

As preV1ously dlscussed in relation to ready-to-eat cereal plants,
the specified treatment technology has not been specifically
demonstrated for wheat starch and gluten manufacturing process waste
waters. - However, these processes  are readily available,
transferrable from other treatment applications and economlcally and
technically feasible. i Technology as now practiced is judged
inadequate where direct discharge of treated process waste water to
navigable waters result. The technology may be aided by reduction

~of in-plant clean-up lwater use . (generally representing 5 to 10

percent of the total process waste water flow), and recycling of
process water in the productlon operation. Biodegradability of the
waste has been firmly establlshed by results at one operatlonal
pretreatment facility, and pilot ‘plant studies. High organic
removals are necessitated by the extraordinarily high pollutant
potentlal of the representatlve waste water. The technology will
result in effluent concentratlons of 100 mgs/1l of BOD5 dand suspended ::
solids. ‘ ‘

|




Process Changes

‘No  basic ' changes are

3

i
i
| RIS P

necessary +to implement these control

technologies. Reduction¢in water use, and recycling of water for

production purposes can reduce the reliance upon end-of-pipe
treatment technology. !

Non-water Quality Enviroqmeptal Aspects
Power requirements for tﬁe‘prescribed treatment system are small
compared to the overall production demands. The estimated energy
requirement for waste treatment at a typical wheat starch plant is
185 kw (250 hp). Other environmental considerations will not be
affected by the application of this control technology.

e .
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*SECTIONQXI

NEW SOURCE PERFORMANCE STANDARDS

INTRODUCTION

standards of performance are presented in this section for new
‘sources. . The term "new source" is defined to mean "any source, the
construction of which is commenced after the publication of the
proposed regulations prescrlblng a standard of performance.® These
standards of performance are to reflect higher levels of pollution
control that may be available through the application of improved
production processes and/or treatment technlques.

Con31derat10n should be glven to the follow1ng factors~
l

a. the type of process employed and process changes.
b. - operatlng methods and in-plant controls; 4

C. batch as opposed to contlnuous operatlons-

d. use of alternatlve raw. materlals.

e. use of dry rather than wet processes,'andﬂ

f. recovery of pollutant as by-products.‘

The new source performance standards represent the best in-plant and
end-of-process control technology coupled with the use of new and/or
improved manufacturing !processes. 1In the development of these
performance standard" consideration must be given to the
practicability of a standard permitting u“no discharge" of

‘pollutants. }

I

'NEW SOURCE PERFORMANCE STANDARDS

The performance standards for new sources in the subcategories of
the grain milling indus try covered in this document are presented in
Table 14. sStandards (BOD and suspended solids) are given in terms
of unit weight of pollutant per unit weéight of raw material (wheat
flour) for the wheat sLarch and gluten subcategory and per unit
weight of finished cereal product for the ready-to-eat cereal
subcategory. '
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. table 14

' { . . .
'New Source Performance Standards¥
BOD Suspended Solids ' PH
- kg/kkq (1bs/1000 _1bs) ka/kkq(lbs/1000 lbs)

Animal feed ' |

manufacturing Nol discharge of process wastes
Hot cereal L ‘ ’
manufacturing No. discharge of process wastes
Ready-to-eat cereal l ‘ o
manufacturing 0.20 0.15 , 6-9
Wheat starch and , ! : ‘ _
gluten manufacturing 1. 1.0 } 6-9

0
*Maximum average of daily values for any period of 30
consecutive days. §

B A
The values given in Table 13 reflect the maximum allowable waste
water effluent 1loading for any 30 consecutive calendar days. To
allow for wvariances, excur51ons above these levels are permitted for
a maximum dally average of]3 -0 tlmes the average 30-day levels.

RATIONALE FOR THE SELECTION OF NEW SOURCE PERFORMANCE STANDARDS

Ready-to—Eat Cereal Manufa 1ng

The performance standards for new ‘sources in the ready-to-eat cereal
subcategory are identical to the effluent limitations prescribed as
attainable through the appllcatlon of the best available technology
economically achievable as’presented in Sectlon X.

The technology presented 1& support of the recommended effluent
guidelines limitations 1s as glven under Alternative 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 and suspended

solids removal of 97.4 Eand 87.1 percent, respectively, over a 30
consecutive day period. ! The average raw waste BOD 1load is
established at 6.6 kg (6.6 1lb) per kkg (1000 1b) of cereal product
corresponding to an average waste water flow of 5.82 cu wmwkkg (0.7
gal/1lb) of cereal production and average raw waste BOD concentration
of 1130 mg/1. Average raw waste suspended solids 1load is
established at 1.4 kg (1.4 1b} per Kkkg (L0000 1b) of cereal

‘corresponding to ‘an average waste water flow of 5.82 cu m/kkg (0.7

gal/lb) of cereal productlon and average raw waste total | suspended
solids concentratlon of zuo mg/l. The average raw waste load would
be reduced to. the recommended limitation of - 0.20 kg/kkg (0. 20
1bs/1000 1b) for BOD and 0.15 kg/kkg (0.15 1lb/1000 1b) for suspended
solids. Corresponding trtated effiuent levels for BOD and suspended
solids of 30 mg/1 would result.

!

108

|
|
|
1
3
|
1
|
|
|
|

L M PN bt Ad e e




aste
To
for

real
as
logy

uent
tion
-eat
raw
bed
tive
nded
a 30

is
duct
(0.7
tion

is
real
(0.7
nded
>uld
0. 20.
aded

1ded

* The specific control technologles 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 for the best control
technology economically; achievable. ecognlzlng that this level of
waste water treatment has not been demonstrated in this segment of
the grain milling industry, it is nonetheless £felt that this
technology will meet the new source standards. Factors considered
in developing these standards are summarized 1in the following
discussion. }

l
|

The basic production methods employed. in ready-to-eat cereal
manufacturing are not |likely to be altered 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 1largely 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

Production Processes

" that changes in productlon processes will significantly alter waste

characteristics and waste water flow volumes contributed by this
ndustry., | '
I .

Operating Methods and InTPlant Controls

As discussed in Sectlon vIii, 1n~p1ant controls are not anticipated
to have a major effect on waste loads from ready-to-eat cereal
plants. New plants do offer +the possibility of incorporating
controls such as dry—collectlon systems for product spillage, but
significant usage of nater in wet cleanup operatlons may still be

expected.

(

i
By-Product Recovery l .

|

At present, most plants in this segment of the graln milling in-
dustry recover substant;el 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 ?re presently anticipated.

3

Wheat Starch and Gluten Manufactnrlng 7

The new source performance standards for the wheat starch and gluten
manufacturing subcategory fall between the technology required to
meet the effluent limitations guidelines established for the best
practicable control technology currently available and the best
available technology economically achievable. These standards
include biological treatment, final sedimentation, and a further
solids removal step such| as a stabilization basin or deep: bed
filters. Two factors lproperly influence the selection of the
proposed new source“performance standard. One is the extremely - -high
organic strength and sus pended solids concentrations of the process
waste  water from wheat starch plants, which make waste load
reductions beyond conventional secondary treatment quite difficult.

T




A" Gocond factor is Ethat thée dégres of pollutant reduction required

by end-of-process treatment has not been specifically dJdemonstrated
at any full-scale plant, even though reliable +technology is
available and transferrable.‘ Water reuse and conservation offer
alternatives to reduc1ng waste loads through 1n~p1ant controls, and
together with end-o f—plpe treatment, may be the most effective means
of pollutant reduction. ' Several new plants now - under construction
are 1ncorporat1ng such 1n—p1ant measures for substantial reductions
in water use and waste 1oads._

The productlon processes at existing wheat starch plants are
basically the same throughout the industry. It is known that two
new plants, presently | under  construction, anticipate ' major
reductions  in water usage and waste loads. These waste load
reductions have yet to be demonstrated, however. If improved waste
water characteristics do result at these plants, re-evaluation of
the proposed new source performance standards may be warranted.’

The technology presentedfln support of the recommended effluent
guidelines limitations |is as given under Alternative D of Section
VIII of the Development Document in discussion of the wheat starch
and gluten manufacturing subcategory. The technology includes
treatment of the raw waste load by equalization, activated sludge
and: deep bed filtration, For the wheat starch and gluten
subcategory, the supportive technology would be expected to provide
an . overall BOD and suspended solids removal of 99 and 98.7 percent,
respectlvely,,over a 30 consecutive day period. The average raw
waste BOD load is establ;shed at 90.7 kg (90.7 1b) per kkg (1000 1b)
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 9057 mg/l. Average raw waste suspended solids
load is established at 75 2 kg (75.2 1b) per kkg (1000 1lb) of cereal
corresponding to an average waste water flow of 9.9 cu m/kkg (1.2
gals/1ib) of cereal productlon and "average waste total suspended
solids concentration of 7509 mg/l. The average raw waste load would
be reduced to the recommended limitation of 1.0 kg/kkg (1.0 1b/1000
1b) for 'both BOD and isuspended solids. Corresponding treated
effluent 1levels for BOD and suspended solids of 100 mg/1 would
result. | ' ’

|

|
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MULTIPLY (ENGLISH UNITS) |

ENGLISH UNIT

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
inches of mercury
. pounds

million gallons/day

mile
pound/square
inch (gauge)

-square feet

square inches
ton (short)
yard

© % Actual conversion, not a mu

U.S. GOVERNMENT PRINTING OFFICE

METRIC TABLE

CONVERSION TABLE

s P

by
ABBREVIATION  CONVERSION
ac 0.405
ac ft 1233.5
BTU | "0.252
BTU/1b 0.555
cfm 0.028
cfs 1.7
cu ftj 0.028
cu ft 28.32
cu in 16.39
°F 10.555(°F-32)*
ft 0.3048
gal 3.785
gpm 0,0631
hp 0.7457
in 2.54
in Hg. 0.03342
ib 0.454
nmgd 3,785
~mi 1.609
‘psig " (0.06805 psig +1)*
sq - ft] 0.0929
sq in 6.452
ton 10.907
yd 0.9144

1975— 582—420:208

ltiplier

“ha

cu m

kg cal

kg cal/kg
cu m/min
cu m/min

cum

1 N
cu cm
°c
o

1

1/sec
w

cm
atm

kg

cu m/day
km

atm

sq m
sq cm
kkg

m .

ABBREVIATION

"

&

L

TO OBTAIN (METRIC UNLTS)

METRIC UNIT .

hectares

_cubic meters

P 4 .
kilogram - calories

kilogram calories/kilograﬁ

cubic meters/minute
cubic meters/minute
cubic meters
liters

cubic centimeters
degree Centigrade
meters

liters

liters/second

killowatts
centimeters
atmospheres
kilograms.

cubic meters/day
kilometer

atmospheres (absolute)

square meters
square centimeters

metric ton (1000 kllograms)
meter
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