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NOTICE

The attached document {s a DRAFT CONTRACTOR'S REPORY. It includes tech-
nical information and recommendations submitted by the Contractor to the
United States Envirommental Protection Agercy (“EPA") ‘regarding the sub-
Ject industry. It is being distributed for review and comment only. The
report 1s not an official EPA publication and it has not been reviewed by
the Agency.

The report, including the recommendations, will be undergoing extensive
review by EPA, Federal and State agencies, public interest organizations
and other interested groups and persons during the coming weeks. The
report and in particular the contractor's recommended effluent guidelines
and standards of performance is subject to change in any and all respects.

The regulations to be published by EPA under Sections 304(b) and 306 of
the Federal Water Pollution Control Act, as amended, will be based to a
large extent on the report and the commentis received on it. However,
pursuant to Sections 304(b) and 306 of the Act, EPA will also consider
additional pertinent technical and economic information which is developed
in the course of review of this report by the public and within EPA. EPA
is currently performing an economic impact analysis regarding the subject
{ndustry, which will be taken into account as part of the review of the
report. Upon completion of the review process, and prior to final pro-
mulgation of regulations, an EPA report will be issued setting forth EPA's
conclusions regarding the subject industry, effluent limitations guide-
1ines and standards of performance applicable to sucl industry. Judgements
necessary to promulgation of regulations under Sections 304(b) and 306 of
the Act, of course, remain the responsibility of EPA. Subject to these
limitations, EPA is making this draft contractor's report available in
order to encourage the widest possible participation of interested per-
sons in the decision making process at the earliest possible time.

The report shall have standing in any [PA proceeding or court proceeding
only to the extent that it represents the views of the Contractor who
studied the subject industry and prepared the information and recommenda-
tions. It cannot be cited, referenced, or represented in any respect in
any such proceedings as a statement of EPA's views regarding the subject
industry.

U, S. Environmental Protection Agency
Office of llater and Hazaraous Naterials
Effluent Guidelines Division
Washington, D. C. 20460



ORAFT

ABSTRACT

This document presents the findings of an extensive study of the
Miscellaneous Foods and Beverages Point Source Category by Environ-
mental Science and Engineering, Inc., SCS Engineers, Inc., and Environ-
mental Associates, Inc., for the purpose of presenting recommendations
to the United States Envirormental Protection Agercy for Effluent
Limitations Guidelines, Standards of Performance, and Pretreatment
Standards for the industry for the purpose of implementing Sections

304, 306. and 307 of :he Federal Water Pollutiaon Control Act, as
ammended. .

Effluent Limitation Guidelines recommended herein set forth the degree
of effluent reduction attainable through the application of the Best
Practicable Contro} Technology Currently Available (BPCTCA) and the
degree of effluent reduction attainable through the application of the
Best Available Technology Economically Achievable (BATEA) which must

be achieved by existing point sources by July 1, 1977, and July 1, 1983,
respectively. The Standards of Performance for New Sources (NSPS) re-
commended herein set forth the degree of effluent reduction which is

. achievable through the application of the Best Available Demonstrated
Control Technology, Processes, Operating Methods, or other alternatives.

Supportive data and rationale for subcategorization of the Miscellaneous
Foods and Beverages Industry and for development of recommended Effluent
Limitations Guidelines and Standards of Performance are contained in
this document.

NOTICE: THU'SE ARE TENTATIVE RECOMNENDATIONS BASED UPON
TIFORMATION IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED
UPON COMMENTS RECEIVED AND FURTHER INTERNAL REVIEW BY EPA,
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SECTION 1
CONCLYSIONS

For the purpose of developing recommended Effluent Limitations Guide~
1ines, this study subcategorizes the industry as follows:

Al

A3

A4

RS

A6

A7

NOTICE:

VEGETABLE OIL PROCESSING AND REFINING

Establishments primarily engaged in the production of
unrefined vegetable oils and by-product cake and meal
from soybeans, cottonseed, flaxseed, peanuts, safflower
seed, sesame seed, sunflower seed by mechanical screw
press operations.

Estatlishments primarily engaged in the production of
unrefined vegetable o0ils and by-product cake and meal
from soybeans, cottonseed, flaxseed, peanuts, safflower
seed, sesame seed, sunflower seed by direct solvent
extraction or prepress solvent extraction technigues.

Establishments primarily engaged in the productian of
olive 0il and by-product cake or meal from raw olives
by hydraulic press and solvent extraction methods.

Establishments primarily engaged in the production of
olive ofl and by-product cake or meal from raw olives
by mechanical screw press methods.

Establishments primarily engaged in the processing of
ed}ble 0ils by the use of caustic refining methods
only.

Establishments primarily engaged in the processing of
edible oils by the use of caustic refining and acidu-
lation.refining methods.

Establishments primarily engaged in the processing of
edible ofls utilizing the following refining methods:
caustic refining, acidulation, bleaching, decdorization,
winterizing, and hydrogenation.

Establishments primarily engaged in the processing of
edible oils utilizing the following refining methods:
caustic refining, bleaching, deodorization, winterizing,
and hydrogenation.

THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON

TNFORMATION IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED
UPON COMMENTS RECEIVED AND FURTHER INTERNAL REVIEW BY EPA.

1
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A3

Al0

All

Al2

A2

Al4

A15

Al6

Al7

A18

Al9

A20

Establishments primarily engaged in the processing of
edible oils utilizing the following refining methods:
caustic refining, acidulation, bleaching, deodorization,
and the production of shortening and table oils.

Establishments primarily engaged in the processing

of edible oils utilizing the following refinery
methods: caustic refining, bleaching, deodorization,
winterizing, hydrogenation, and the plasticizing and
packaging of shortening and table cils.

Estatlishments primarily engaged in the processiny of
edible oils utilizing the foliowing refining mechods:
caustic refining, acidulation, bleaching, deodorizatiun,
winterizing, hydrogenation, and the plasticizing and
packaging of shortening, table oils, and margarine.

Establishments primarily engaged in the processing of
edible oils utilizing the following refining methocs:
caustic refining, bleaching, deodorization, winterizing,
hydrogenation, and the plasticizing and packaging of
shortening, table oils, and margarine.

Establishments primarily engaged in the processing of
edible oils into margarine.

Establishments primarily engaged in the processing of
edible 0ils into shortening and table oils.

Establishments primarily engaged in the refining of
olive oil.

BEVERAGES

Production cf malt beverages by breweries constructed
since January 1, 1950,and with a production capacity
in excess of 800 cubic meters per day. In addition,
this subcategory includes plant B2A16.

Production of malt beverages by brewerfes constructed
before January 1, 1900,and with a production capacity
in excess of 2000 cubic meters per day.

Production of malt beverages by breweries not included
in subcategories Al6 and Al7.

Installations primarily engaged in the production of
malt and malt by-products.

Wineries primarily engaged in the production of wine,
brandy, or brandy spirits, and not operating stills.

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON
TNFORMATION IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED
UPON COMMENTS RECEIVED AND FURTHER INTERNAL REVIEW BY EPA.

* 4



DRAFT

A21 Wineries primarily engaged in the production of wine,
brandy, or brandy spirits, and operating stills.

A22 Distilleries primarily engaged in the production of
beverage alcohol from grains and operating stillage
recovery systems.

A23 Distilleries primarily engaged in the production of
beverage alcohol from grains and not operating stillage
recovery systems. :

A24 Distilleries primarily engaged in the production of
beverage alcohol by distillation of molasses.

A25 Installations primarily engaged in the blending and
bottling of purchased viines of spirits.

A26 Installations primarily engaged in the production of
soft drinks; and which package exclusively in cans.

A27 Installaticns primarily engaged in the production of
soft drinks; and which are not included in Subcategory A26.

A28 Installations primarily engaged in the production of
beverage base syrups, all types

A30 Installations primarily engaged. in the production of
instant tea.

€8 Installations primarily engaged in the productior of
roasted coffee.

€3 Installations primarily engaged in the decaffeination
of coffee.

C10 Installations primarily engaged in the production of
soluble coffee,

F1  Installations primarily engaged in the blending of tea.
BAKERY AND CONFECTICNERY PRODUCTS
€l Production of cakes, pies, doughnuts, or sweet yeast
goods, separately or in any combination, by facilities
using pan washing.
C2 Production of cakes, pies, doughnuts, or sweet yeast

goods separately or in any combination by facilities
not using pan washing.

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON
TNFORMATION IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED
UPON COMMENTS RECEIVED AND FURTHER INTERNAL REVIEW BY EPA.
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C3 Installations primarily engaged in the production of
bread related products

C7 Installations primarily engaged in the production of
cookies or crackers separately or in any combination.

C13 Installations primarily engaged in the production of
bread and buns in any combination.

Cl4 Installations primarily engaged in the production of
bread and snack ftems, in any combination.

D1 Installations primarily engaged in the production of
candy or confectionery products separately or in any
combination, except glazed fruits.

D2 Installations primarfly engaged in the production of
chewing gum.

D3 Installations primarily engaged in the production of
chewing gum base.

D5 Installatians primarily engaged in the production of
milk chocolate with condensory processing.

D6 Installations primarily engaged in the proguction of
milk chocolate without condensory processing.

PET FOODS

85 Installations primarily engaged in the production of
canned pet food, lcw meat.

B6 Installations primarily engaged in the production of
canned pet food, high meat. .

B7 Installations primarily engaged in the production of
pet food, dry.

B8 Installations primarily engaged in the production of
pet food, soft moist.

MISCELLANEQUS AND SPECIALTY PRQDUCTS

A29 Installations primarily engaged in the production of
flavorings, or extracts, separately or in any combination.

A31 Installations primarily engaged in the preduction of
bouillon products.

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON
- TNFORMATION IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED
UPON COMMENTS RECEIVED AND FURTHER INTERNAL REVIEW BY EPA.
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A32
A3
A34
A5
A36
A37
81

B2

83
B4
B9
ca
cs
N

€12

OR

Installations primarily engaged in the producticn of
non-dairy creamer.

Installations primarily engaged in the production of
yeast and by-product molasses, if recovered.

The production of peanut butter by facilities using
Jar washing.

The production of peanut butter by facilities not
using jar washing.

Installations primarily engaged in the production of
pectin and peel by-products, if recovered.

Installations primarily engaged in the production of
almond paste.

Installations primarily engaged in the production of
frozen prepared dinners.

Installations primarily engaged in the production of
frozen breaded or battered specialty items, separately
or in any combination.

Installations primarily engaged in the praduction of
frozen bakery products.

Installations primarily engaged in the production of
tomato-cheese-starch products.

Installations primarily engaged in the production of
chilf pepper and paparika, in combination.

Installations primarily engaged in the processing of
eggs.

Installations primarily engaged in the production of
shell egys.

Installations primarily engaged in the production of
manufactured ice,

Installations primarfly engaged in the production of
prepared sandwiches. -

Installations primarily engaged in the production of
vinegar.

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS SASED UPON
INFORMATION IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED
UPOM COMMENTS RECEIVED AND FURTHER INTERNAL. REVIEW BY EPA,
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NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON
INFORMATION IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED
UPON COMMENTS RECEIVED AND FURTHER INTERNAL REVIEW BY EPA.
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SECTION 1II
INTROOUCTLON
PURPOSE AND AUTHORITY

Section 301(b) of the Act requires the achievement by not later than
July 1, 1977, of effluent iimitations for point sources, other than
publicly owned treatment works, which are based on the application of
the best practicable control technclogy 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
effluent limitations for point sources, other than oublicly owned
treatment works, which are based on the applicatior of th: best available
technology economically achievable which will result in reasonable
further progress towards the national goal of eliminating the discharge
of all pollutants, and which reflect the greatest degree of effluent
reduction which the Administrator determines to be achievable through
the application of the best available demonstrated control technology,
processes, operating methods, or other alternatives, including wiere
practicable a standard permitting no discharge of pollutants.

Section 304 (b) of the Act requires the Administrator to publish regula-
tions providinc guidelines for effluent limitations setting fortn tne
degree of effluent reduction attainable through the application of -"e
best practicable cortroi technology currently available and the dey: .2
of effluent reduction attainable through the application of the best
control end procedure innovations, operation methods, and cther alter-
natives. The reguiations proposcd herein set forth effluent Timitacinns
guidelines pursuant to Section 204(b) of the Act for the Miscellaneous
food and Beverages Industry. Section 305 of the Act requires the Admin-
istrator to propose regulations establishing Federal Standards of per-
formances for new sources.

SUMMARY OF METHODS USED FOR DEVELCPMENT OF THE EFFLUENT LIMITATIQONS
GUIGELINES

The effluent limitations and standards of performarnce recommended
in this document were developed in the following manner:

1. En exhaustive review of available litarature was conducted.
This included searches at the University of Florida, Oregon
State University, University of Tennessee, University of
Caiifornia, University of Nebraska, and Californja State
University livraries; the in-house libraries of Environmental
Science and Engineering, Inc., SCS Engineers, Inc., and
Environmental Associates, Inc.; and the libraries of the
Department of tihe Interior and the Environmental Protection
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Agency in Washington. Additional literature was obtained
from the California Wine Institute, the National Association
of Chewing Gum Manufacturers, The William Wrigley, Jr.
Company, and from various individuals throughout the mis-
cellaneous foods and beverages industry. Literature searches
were also conducted through the following Federal systems:
Compendex, Environ/Prog, SWIRS, WRSIC, MTIS/GRA, and SSIE.

A list of references is contained in Section XIII of this
document.

2. Telephone surveys were conducted for 839 plants, and in-
formation concerning production, wastewater characteristics,
and control and treatment technology was obtained. A copy
of the telephone survey form is contained in Appendix A.

3. Information was obtained from questionnaires submitted to
336 plants by varigus trade associations.

4. On-site inspections were conductec at 264 plants and de-
tafled information concerning process flows, related water
usage, water management practices, and control and {reatment
technology was obtained. A copy of the visitatinon question-
naire form is contained in Appendix B.

5. Sampling programs were conducted at 104 plants to verify the
accumulated data. Sampling procedures were generally con-
ducted in accordance with the methods set forth in the
Handbook For Monitoring Industrial Wastewater ( 1 ).

6. The data base was handled and summarized on a computerized
system. A discussion of the data handling and reduction
system and a detailed explanation of the algorithms used are
presented in Appendix C.

The reviews, analyses, and evaluations were coordinated and applied to
the following:

1. An fdentification of distinguishing features that could
potentially provide a basis fnr subcategorization of the
industry. These features included the nature of raw mater-
fals utilired, plant size and age, the nature of processes,
and athers as discussed in Section IV.

Z. A determination of the water usage and wastewater character-
istics for each subcategory, as discussed in Section V,
including volume of water used, sources of pollution, and
the type and quantity of constituents in the wastewater.

3. An identification of those wastewater constituents, as dis-
cussed in Section VI, which are characteristic of the industry

12
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and were determined to be pollutants subject to effluent
limitations guidelines and standards of performance.

4. An identification of the control and treatment technologies
presently employed or capable of being employed by the
{ndustry, as discussed in Section VII, including the effluent
level attainable and associated treatment efficiency related
to each technology.

5. An evaluation of the cost associated with the application
of each contrcl and treatment technolugy, as discussed in
Section VIII. '

This document is the result of intensive data collection and analysis
conducted over a six month period. It is probably the most compre-
hensive coverage of wastewater and wastewater control and treatment
technology existing for the miscellaneous foods and beverages industry.
But it must be noted that the conclusions and recommendations presanted
herein are based on the information available to the study, and in many
instances on informatior made available by industry. The amount of
information available wae found to be extensive for several of the sub-
categories defined in Section IV and less extensive for others. In all
cases strong efforts were made to obtain the cooperation of and input
by industry and other interested parties.

DEFINITION OF THE INDUSTRY

The Miscellaneous Foods and Beverages Industry includes establishments
engaged in the processing of distilled, fermented beverages. nonalcoholic
beverages, confectioner products, vegetable oils, and fooc preparations.
More specifically, the industry may be defined as that listed in Table 1.
It can be seen that the industry includes an extremely wide range of
products from bagels to beer, from chocolate candy and popcorn balls

to soybean oil. Early in the study severa) products were eliminated

from further consideration for various reasons. These included the
following:

1. Castor oil and pomace. It was established that castor oil
is not manufactured as a vegetable oil or by-product cake
and meal in the United States.

2. Coconut, oiticica, pailm and palm kernel 0il. It was estab-
lished that these oils are not produced in the United States.

3. Tung oi] and walnut 0il. These oils are neither foods nor

beverages, and no processing plants could be located in the
United States.
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TABLE 1

MISCELLANEOUS FOODS AND BEVERAGES INODUSTRY DEFINED 8Y SIC COOE

SIC 2017

)

SIC 5144
(C
Ty

SIC 2C34
SIC 2038

|
1

1

S1T 2047

Egg processing

Establishments primarily engaged in the drying, freezing,
and breaking of eggs.

Eqg albumen
Eggs: canned, dehydrated, desiccated, frozen, processed
Eggs: drying, freezing, and breaking '

Egg Packing

Establishments primar.ly ergaged in the cleaning, oil
treating, packing, and grading of eggs.

Dehydrated Soups,

) [
-

Frozen Specialities

Establishments primarily engaged in freezing and cold pack-
ing (freezing) food specialities, such as frozen dinners and
frozen pizza.

Baked goods, frozen: "Native" foods, frozen
except bread and Pies, frozen
bread-type rolls Piz2za, frozen
Dinners, frozen: packaged Soups, frozen: except
Food specialities, frozen seafood soups
fFrozen dinners, packaged Spaghetti and meat balls,
Meals, frozen frozen

Waffles, frozen
Dog, Cat and Other Pet Food

Establishments primarily engaged in manufacturing dog, cat
and other pet food from cereal, meat, and other ingredients.
These preparations may be canned, frozen, or dry. This indus-
try also includes establishments siaughtering animals for pet
food. Establishments primarily engaged in manufacturing feed
for animals, other than pets, are classified in Industry 2048.

Bird food, prepared Pet food: canned, frozen,

Dog and cat food dry

Horse meat: canned, fresh, Slaughtering of nonfood
or frozen arimals
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SIC 2051

SIC 2052

SIC 2065

TABLE 1 /CONT'D)

Bread and Other Bakery Products, Except Cookies and Crackers

Establishments primarily engaged fn manufacturing bread, cakes,

and other "perishable” baker products.
~ turing bakery products for sale primarily for home service de-

Establishments manufac-

livery, or through one or more non-baking retail outlets, are

included in this industry.

Establishments primarily engaged

in producing "dry" baker products, such as biscuits, crackers,

and cookies are classified in Industry 2052.

Establishments

producing bakery products primarily for direct sale on the
premises to household consumers are classified in Retail Trade,

Industry 5462.

Bagels

Bakeries, manufacturing for
home-service delivery

Bakery products "perishable":
bread, cakes doughnuts,
pastries, etc.

Biscuits baked: baking
powder and raised

Bread. prown: Boston and
other--canned

Chariotte Russe (bakery
product)

Cookies and Crackers

Bakeries: wholesale,
wholesale and retail
combined

Bakery products, partialiy
cooked (not frozen)

Crillers

Knishes

Pastries:
etc.

Pies, except meat pies

Rolls (baker productis)

Sponge goods {bakery
products)

Sweet yeast goods

Danisk, French,

Establishments primarily engaged in manufacturing cookies,

crackers, pretzels, and similar "dry" bakery products.

Estab-

lishments primarils engaged in producing "perishable" bakery
products are classivied in Industry 2051.

Bake: products, "dry":
Liscuits, crackers,
pretzels, etg.

Biscuits, baked: dry, except
baking powder and raised
biscuit

Communion wafers

Cones, ice cream

Cookies

Cracker meal and crumbs

Crackers: graham, soda, etc.
Matzoths

Rusk, machine-made

Saltines

Zwieback, machine-made

Candy and Other Confectionery Products

Establishments primarily encgaged in manufacturing candy, includ-
ing chocolate candy, salted nuts, other confections and related
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SIC 2066

-t

TABLE 1 (CONT'D)

products.

Establishments primarily engaged in manufacturing

solid chocolate bars are classified in Industry 2066 and chew-

ing qum in Industry 2067.

Establishments primarily engaged in

manufacturing confectionery for direct sale on the premises
are classified in Industry 5441, and those primarily engaged
in shelling and roasting nuts are classified in Industry 5145.

Bars, candy: including choc-
olate covered bars

Cake ornaments, confectionery

Candy, except solid chocolate

Chewing candy (not chewing
gum)

Chocolate candy, except solid
chocolate

Confectionery

Cough drops, except pharma-
ceutical preparations

Dates: chocolate covered,
sugared, and stuffed

Fruit peel products: candied,
glazed, glace, and crystal-
11zed

Chocolate cnd Cocoa Products

Fruits: candied, glazed
and crystallized

Fudge (candy)

Halvah

Licorice candy

Lozenges, candy: non-
medicated

Marshmallows

Marzipan

Nuts, qlace

Nets, salted or candy-
covered: packaged

Popcorn balls and other
treated popcorn products,
packaged

Establishments primarily engaged in shelling, roasting, and
grinding cacao beans for the purpose of making chocolate
liquor, from which cocoa powder and cocoa butter are derived,

and in the further manufacture of solid chocolate bars and choco-
Establishments primarily engaged i{n manufactur-

late coatings.

ing products, except candy, from purchased chocolate and cocoa
are classified in Industry 2099, and chocolate candy in Industry

2065.

Baking chocolate

Bars, candy: solid choco-
late

Cacao bean products: choco-
late, cocoa butter, and
cocoa

Cacao beans: shelling,
roasting and grinding
for making chocolate
liquor

Candy, solid chocolate

Chocolate bars

Chocolate coatings and syrupi,
made in chocolate piants
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Chocolate liquor

Chocolate, sweetened or
unsweetened

Cocoa butter

Cocoa, powdered: mixed
with other substasces--
made in chocolate plants
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SIC 2067
(]

SIC 2074

SIC 2075

SIC 2076

SIC 2079

TABLE 1 {CONT'D)
Chewing Gum

Establishments primarily engaged in manufacturing chewing gum
or chewing gum base.

Chewing qum Chewing gum base
Cottonseed 0il Mills

Establishments primarily engaged in manufacturing cottonseed
0il, and by-productcake, meal, and linters. Establishments
primarily engaged in refining cottonseed o0il into edible cook-
ing 0i11s are classified in Industry 2079.

Cottonseed o011, cake and
meal: made in cottonseed
oil mills

Soybean Ji1 Mills

Establishments primarily engaged in manufacturing soybean oil,
and by-product cake and meal. Establishments primarily engaged
in refining soybean oil into edible cooking oils are classified
in Industry 2079.

Lecithin Soybean 0i1, cake and meal
Vegetable Qi1 Mills, Except Corn, Cottonseed, and Soybean

Establishments primarily engaged in manufacturing vegetable
oi1ls andby-product cake and meal, except corn, cottonseed, and
soybean, Establishments primarily engaged in manufacturing
corn o0il and its by-products are classified in Industry 2046,
those which are refining vegetable oils into edible cooking
oils are classified i1n Industry 2079, and those refining these
oils for medicinal purposes in Industry 2833.

—~

Castor oil and pomace Peanut 01, cake and meal:

Coconut oil | made in peanut oil mills
Linseed oil, cake and - Safflower o0il
meal Tallow vegetable
0ils, vegetable: except Tung oil
corn, cottonseed, and Walnut oil, except artists'
soybean materials
Qiticica o1l
Palm kernei oil Vv N

Shortening, Table Qils, Margarine and Other Edible Fats and
01ls, Not Elsewhere Classified

Y.
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SIC 2082

SIC 2083

SIC 2084

TABLE 1 (CONT'D)

Establishments primarily engaged in manufacturing shortening,
table oils, margarine, and other edible fats and oils, not else-
where classified, by further processing of purchased animal

and vegetable oils. Estabiishments primarily engaged in produc-
ing corn gil are classified in Industry 2046.

Butterine Olive oil

Cottonseed 0il, refined: Peanut 0il, refined: not
not made in cottonseed made in peandt o0il mills
ofl mills Shortenings, compound and

Margarine vegetable

Nut margarine Yegetable cooking and salad

Oleomargarine oils, except corn 0il:~

refined

Malt Beverages

Establishments primarily engaged in menufacturing all kinds
of malt beverages. Establishments primarily engaged in bottl-
ing purchased malt beverages are classified in Industry 5181.

Ale Malt extract, liquors and
oeer (alcoholic beverage) Syrups

Breweries Near beer

Brewers' grain Porter {alcoholic beverage)
Liquors, malt Stout (alcoholic beverage)
Malt

Establishments prfmari1y engaged in manufécturing malt or malt
by-products from barley or other grains.

Malt: barley, rye, wheat, Malthouses
and com Sprouts, made in malthouses
Malt by-products

Wines, Brandy, and Brandy Spirits

Ectablishments primarily engaged in manufacturing wines, brandy,
and brandy spirits. This industry also includes bonded store-
rooms which are engaged in blending wines. Establishments pri-
marily bottling purchased wines, brandy, and brandy spirits,

but which do not manufacture wines and brandy, are classified

in Industry 5182.
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TABLE 1 (CONT'D)

Brandy Wines: still, sparkling and
.Brandy spirits artifically carbenated
Storercoms, benced:

engaged in blending

wines

SIC 72085 Distilled, Rectified, and Blended Liquors

Establishments primarily engaged in manufacturing alcoholic
liquors by distillation and rectification, and in manufacturing
cordials, and alcoholic cocktails by blending processes or by
mixing Yiquors and other ingredients. Establishments primarily
engaged in manufacturing industrial alcohol are classified in
Industry 2869, and those only bottling purchased liquors in
Industry 5182.
Applejack : Liquors: Distilled,
Cocktails (alcoholic beverages) rectified, and blended-
Cordials, alcoholic except brandy
Distillers dried grains Rum

and solubles Spirits, neutral except
Ethyl alcohol for medicinal fruit: for beverage

and beverage purposes
Gin (alcoholic beverage)
Grain alcohol for medicinal

and beverage purpos2s

purposes

vodka

Whiskey: Bourbon, rye,
scotch type, and corn

SIC 5182 Bottling Purchased Wines, Brandy, Brandy Spirits, and Liquors
SIC 2086 Bottled and Canned Soft Drinks and Carbonated Waters

Establishments primarily engaged in manufacturing soft drinks
(nonalcoholic beverages) and carbonated waters. Establishments
primarily engaged in manufacturing fruit and vegetable juices

are classified in Group 203, fruit syrups for flavoring in

Industry 2087, and cider in Industry 2099. Establishments primarily
engaged in bottling natural spring waters are classified in

Industry 5149.

Beer, birch and root: bottled Non-alccholic beverages,

or canned bottled or canned
Beverages, non-alcoholic: bot~ Soft drinks, bottled or

tled or canned canned
Carbonated beverages, non-alcoho- Still beverages, ron-g!.nho-

1ic: bottled or canned heiic: bottled -r cdnned
Drinks, fresh fruit: botitled Water, pasteurized:

or canned bottled or canned

Ginger ale, bottled or canned
Mineral water, carbonated:
bottled or canned
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SIC 2087

SIC 2095

SIC 2097

-

SIC 2098

TABLE 1 (CONT'D)

Flavoring Extracts and Flavoring Syrups, Not Elsewhere Classified

Establishments primarily engaged in manufacturing flavoring
extracts, syrups, and fruit juices, not elsewhere classified,

for soda fountain use or for the manufacture of soft drinks,

and colors for bakers' and confectioners' use. Establishments
primarily engaged in manufacturing chocolate syrup are classified
in Industry 2066 if from cacao beans and in Industry 2099 if from
purchased chocolate.

- Beverage bases Flavoring concentrates
Bitters (flavoring concen - Flavoring extracts, pastes,
trates) powders, and syrups .

Burnt sugar (food color) Food colorings, excent
Coffee flavorings and syrups synthetic -
Colors for bakers, and Food giace for glazing
confectioners; use. except fouds (cozeen)
synthetic Fruit juices, concentrated:
Cordfals, nen-alcoholic for fountain use
Drink powders and cuncen- Fruits, crushed: for
trates soda fountain use

Roasted Coffee

Establishments primarily engaged in roasting coffee, and in
manufacturing coffee concentrates and extracts in powdered,
liquid or frozen form, including freeze-dried.

Coffee extracts Coffee, instant and freeze-
Coffee roasting, except by dried
wholesale grocers

Manufactured Ice

Establishments primarily engaged in manufacturing ice for sale.
ice plants operated by public utility companies are included
in this industry when separate reports are available. When
separate reports are not available, they should be classified
in Major Group 49. Establishments primarily engaged in manu-
facturing dry ice are classified in Industry 2813,

Macaroni, Spaghetti, VYermicelli, and Noodles
Establishments primarily engaged in manufacturing dry macaroni,
spaghetti, vermicelli, and noodles. Establishments primarily

engaged in manufacturing canned macaroni, spaghetti, etc., are
classified in Industry 2032.
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SIC 2095

TABLE 1 (CONCLUDED)

Macaroni and products, dry:
including alphabets, rings,
seashells, etec.

Noodles: eqg, plain, and
water

Spaghetti, except canned
vermicelld

Food Preparations, Not Elsewhere Classified

Establishments primarily engaged in manufacturing prepared foods
and miscellaneous food specialties, not elsewhere classified,

such as baking powder, yeast and other leavening compounds;
chocolate and ce~o- products except confectionery, made from
purchase materials; peanut butter;, packaged tea including instant;
ground spices; potato, corn and other chips; and vinegar and .

cider.

Almond pastes

Bakers' malt

Baking powder

Beans, baked:
canned

Bouillon cubes

Box lunches, for sale off
premises

Bread crumbs, not made in
bakerfes

Butter, ladle

Butte+, renovated and
processad

Chicory ruot, dried

Chili pepper or powder

Chocolate, instant, mfpm

Chocolate syrup; mfpm

Cider

Cocoa, instant; mfpm

Coconut, desiccated and
shredded

Cole slaw, in bulk

Desserts, ready-to-mix

Emulsifiers food

Fillings, cake or pie: except
fruits, vegetables and meat

Gelatin dessert preparations

Honey, strained and bottled

Jelly corncob (gelatin)

.eavening compounds, prepared

except

2l

Marshmallow creme

Meat seasonings, except
sauces

Molasses, mixed or blended;
mfpm

Pancake syrup, blended and
mixed

Peanut butter

Pectin

Pepprr, chill

Pizza, refrigerated: not
frozen

Popcorn, packaged but not
popped

Pork and beans, except canned

Potato chips

Sandwiches, assembled and
packaged: for wholesale
market

Syrups, sweetening: honey,
maple syrup, sorghum

Sorghum, including custom
refining

Spices, including grinding

Sugai grinding

Sugar, industrial maple:
made in plants producing
maple syrup

Sugar, powdered: mfpm

Tea blending

Tortillas, in bulk

Vegetables, preled vor the trade

Vinegar

Yeast
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4. Non-synthetic food colorings. It was established that guide-
lines for the manufacture of food colorings had been developed
in the organic chemicals guidelines, Phase II.

5. Baker's Malt. The only known producer of Baker's Malt dis-
continued manufacturing the oroduct several years ago.

6. Food emulsifiers processed by organic chemical plants.
Guidelines for these facilities were developed by the
Organic Chemical Industry, Guideline , Phase II. Therefore,
this document will develop recommended guidelines only for
food emulsifiers processed by edible oil refining facilities.

7. - Butter (ladle, renovated and processed)., These products were
determined to have been the subject of effluent guidelines
previously developed for the dairy industry.

8. Baked beans, cole slaw, vegetables peeled fcr the trade, .
corn and potato chips, cider, and pork and beans. These
products were established to have been the subject of effluent
guidelines previously developed for the fruit and vegetable
industry.

9. Jelly corncob (gelatin) and box lunches. These products
could not be establisnid as active industries in the
United States.

10. Sugar grinding. Other than in sugar refineries which were
subject to previously established guidelines, sugar grinding
could not be defined as an industry in the United States.

To the original industry scope as defined by the Environmental Protection
Agency were added several products considered closely related to the
miscellaneous foods and beverages industry. These sdditional products
were the following:

1, SIC 5144 Egg Packing. Establishments primarily engaged in
the washing, inspecting, grading, and packaging of eggs
purchased from laying farms or independent farmers,

2. SIC 2034 Dehydrated soups. The blending and packaging of
dehydratec soups, and the combining at previously dehydrated
vegetables with various flaverings and protein bases.

J. SIC 2099 Non-Dairy Coffee Creamer,

4. SIC 5132 Bottlirg purchased wines, brandy, brandy spirits, and
liquors.
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At. the ronclusion of the current study it is tentatively planned to
deveiop recommended effluent limitations guidelines for the pro-
duction of blended flour and hydrolyzed plant protein (hydrolysate)
as an &ddendum to this document,

SiC 2ul? - Egg Processing

General - According to the U.S. Department of Commerce ( 2 ), abou?

12 to 15 percent of this country's total egg output is processed

into egg products, anrd the demand is increasing as the use of specialty
and convenience foods increases. These products are whole eggs, whites,
"or yolks anc are in liquid, dried, or frozen form. These egg produc®s
are used directly or in Lhe production of other foods such as in
bakeries. Ego breaking and subsequent processing occurs in approximately
150 plants in 4] states. Nearly one-half of the total annual production
of 392,000 kke (433,000 tons) occurs in the north central states. .
Eqg processing occurs in a variety of scales. Plants have from 1 to

at least 13 breaker lines and produce from 5 kkg (6 tons) to 140 kkg
(154 tons) of 1iquid eng per day. Some processing plants also produce
shell eg3s (graded) and some plants receive only 1iquid eqg for further
processing. In plants which break and grade eggs, the majority of the
waste load from the plants is from breaking. In nlants which receive
liquid egg for processing, the waste load is sianificantly lower than
in the plants where the breaking is done.

USDA inspectors are present on a full-time basis of egg breaking plants
to inspect the sanitation practices of the oroduction. It should be
noted that some USDA health regulations, such as frequent cleaning
requirements, add to the waste load of the plant.

Egg processing operations usually operate on an S or 24 hour per day
work schedule, 5 or 6 days a week. Eagg processing cc-urs year-round,
but more eggs are broken during the spring snd suncier nionths when the
wholesale prices are the lowest.

Table 2(3) shows the distribution among frozer, dried, and liquid product
produced of the total of shell eggs broker The large majority of the
dried product is oroduced by a fex plants in the ncrth central region.
The 1iquid and frozon products are produced by the majority of producers
in al) geographical reqfons.

Description of Process - Eggs for nrocessing (breaking stock) come from
several sources. Tho:o noted at shell egg handlina operations with
cracked, checked, thirn, stained, or rough shells are sold to egg
processors, or are transferred to the breaking line if the plant does
both operations. Another scurce ni breaking stock is supermarkets.
Fresh eggs can only be hel:' for sale for a limited time, unsold eggs
are often scld to eqq procossors as breaking stock. Some breaking
stock {s purchased directly from egg laying farms. The S*eps in egg
processing are out)lined below and illustrated in Figure 1
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TABLE 2
Egg Products under Federal Inspection ( 3 )

Period
6/1/72- 6/1/73-
Item 5/30/73 5/30/74
(1,000 {1,000 (1,000 (71,000
kkq) tons) kkg) tons)
Total shell eggs broken 393 433 433 477
Edible liquid from shell eggs 306 337 341 378
broken .
Inedible liquid from shell eggs 16.6 18.3 17.7 19.5
broken
Liquid egg used in processing*
Whole 187 206 2N 233
White 117 129 N 144
Yolk 68 75 72 79
Tatal 373 411 414 456
Liquid product produced 118 131 137 151
Frozen product produced 153 169 166 183
Oried product produced 30 33 33 36

* Includes frozen eqggs used for processing.
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Delivery and Storage: Delivery of breaking stock and outgoing shipments
of processed eggs are normally made by truck. Since the quality and
product 1ife of eqqs is quite temperature dependent, the trucks used

for incoming as well as outgoing shipments are usually refrigerated and
the storage areas are always refrigerated (10" to 13°C). Relative
humidity is controlled at 70 to 80 percent in some plants. [n many
plants, the loading areas are also refrigerated. Incoming nest run

eggs are usually in cases containing 30 dozen eggs. The cases are
stored on pallets, although some contract shipments utilize steel racks
for shipment and storage of eggs. '

Loading and Washing: Flats holding 30 eggs are unpacked from tne 30
dozen cases mmanually. The eggs are inspected as they are unpacked and
cracked or leaking eggs are put in buckets to be sold as inedibles.

In most plants, the eggs are then automatically vacuum loaded onto a
conveyor which passes through washing machinery. Some small plants
transfer the eggs manually onto a conveyor, but this method results in -
increased egg breakage. In the washer, the eggs are sprayed, and
sometimes scrubbed by brushes, with a recirculating disinfectant and
detergent solution, the concentration of which is automatically maintained.
Candling follows washing. The eggs are passed over a light sourcr, and
visually inspected. B8lood spotted or other inedible eggs are manually
removed. It should be noted that one plant visited did not candle their
eggs before breaking. Some piants reverse these processes, contending
that candling can result in the removal of cracked eggs that would

break in the washer,

Sources of wastewatar prior to the breaking of the eggs are:
1. Cleaning of ¢gg handling equipment
2. Cleaning of floors
3. Overflow and dumping of the egy washwater

Since the shells of breaking stock are less sound than those at shell

egg handling plants, eqgs are sometimes broken during unloading, washing,
and candling. Unloading and candling equipment is normally equipped

to catch these brokén eggs which then may be sold as inedibles. However,
some eggs fal)l to the floor where they must be scraped or mopped up or
hnsed into a floor drain. A significant number of eggs are broken during
washing and these go into the washwater, and subsequently into the sewer.
Eqg washing equipment is normally of the recirculating type. The same
washwater is used over and over with a small quantity of constant over-
flow and make-up. This make-up comes from the water used to rinse the
detergent from the washed eggs.

Breaking and Pasteurizing: Egg breaking is usually accomplished auto-
matically by machines, normally capable of breaking 0.64 kkg (0.7 tons)
per hour. The eggs are transferred mechanically from candling to the

bredkers where the liquid yolks and whites are collected separately or
the whole egg is collected., Visual inspection of the broken egqgs is

also done to eliminate inedibles. The broken shells are conveyed from
the breaking room to a disposal vehicle by 3 conveyor such as an auger.
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The 1iquid egg9 1s conveyed from the breakers into an insnection tank
where odor {s perfodically checked. Next, the liquid is pumped through
a chiller and then into refrigerated holding tanks. i‘hen a holding tank
has been filled with egg yolk or whole egg, the contents are pasteurized.
Conditions used in pasteurizing vary according to the product. For
example, liquid whole eggs are heated for at least 3.5 minutes at not
less than 60°C (14G°F) and then rechilled. Due to the heat sensitive
nature of egg whites, they must be pasteurized at about 56°C (134°F) or
52°C (126°F? using hydrogen peroxide injection.

The sources of.most of the waste load from egg processing plants is the
cleaning of the 1iquid egg handling equipment. Egg breaking machines

are continually washed with a fin2 spray. The pumps, piping, pasteurizer,
ard tanks used in conveying and processing the liquid product are
completely flushed and cleaned every 4 hours. Similarly, equipment used
for the cannirg, freezing, and drying of eggs is water cleaned and

thus contributes tc the waste stream. Effluent from these cleaning
operations contains the 1iquid egg product in varying concentrations

plus detergents and disinfectants.

Some €99 processing plants receive liquid egg in tank trucks for blending,
freezing, canning, or drying. The wastewater generatiaon in this type

of plant comes only from cleaning the biending equipment, the tank

trucks, and the holding tanks.

Blending: Some industrial consumers of processed eqgs fprefer to
purchase blended frazen or dried - -7 products. Blending occurs before
pasteurization and rechilling. The 1iquid whole egg or egg yolk, or
both, ar~ transferred to blending vats where the percent solids is
adjusted. Sugar, corn syrup, occasionally salt, and various other
additives are combined with the liquid egg in assorted combinations
and quantities. After completion of the blending, the product is
transferred to a holding tank and then to the pasteurizer.

Canning and Freezing: If the final product s to be in liquid or

frozen form, the pasteurized liquid yolk, whole egg, or blend is
rechilled and packaged mechanically in 2.3 kg (5 1b) or 4.6 kg (10 1b)
milk-type cartons or 14 kg (30 1h) cans., The packaging room is equipped
with positive flow filtared ventilation to prevent contamination of

the pasteurized product. After packaging, the liouid egg may be stcred
at 2 to 5°C for up to ! month before use. Wastewater from the canning
process 1s normally only generated by the cleanup of the egq dispensing
equipment.

About one half of the total liquid egg production is frozen. Egg whites,
yolks, whole egg, and blends are frozen, normally in 14 kg (30 1b) cans
or 2.3 kg (5 lbg cartons. Freezing causes major changes in the texture
of some egg products and some reduction in bacterial count. Howaver,

the functional characteristics are only s1ightly affected. Some egg
products are adversely affected by slow rates of freezing, therefore

some producers of 7rozen products utilize air blast freezing at
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temperatures as low as -40°C (-40°F). Subsequent storage of the frozen
product is usually at -18° to -23°C (G° to -10°F),

Egg Drying: Dehydrated albumen (egg whites) must be prepared from
desugared )iquid egg to ~revent loss of solubility, formation of off-
color and objectionable fiavor, and decreased versatility of the dried
product during storage. Bacterial fermentation is the most widely
empioyed method of glucose removal from eggs., Controlled bacterial
fermentation is a process ir which a tank of liquid egg white is
inoculated with a culture. After 12 to 24 hours, the albumen is
compTetely desugarad and is transferred to the drier. Other methods
of desugaring include tne use of glucose oxidase enzyme or yeast
fermentation. Since the product is to be dried, almost all of the
1iquid eqqg white can be rinsed from the tank into the drier. As a
result, the wast= load from this process is quite low.

Egg whites can be either pan or spray dried. Pan drying 4s a procedure
in which 0.15 sqm (1.5 59 ft) aluminum trays are covered with a thin
layer of liquid egg white, placed on racks, and run through a heated
turnel fur 24 hours or longer. The resulting egg white solids are
packaged as a flake or granular product or ground and packaged as a
powder., Pasteurization is accomplished by storage of the dried and
packaged product for at least one week at 60°C (140°F).

The majority of all dried egg products are produced by spray drying.

In this process, the 1iquid egg is atomized into a stream of hot air.
The air used for drying s fijtered and heated to between 120° and 139°C
(250° and 375°F). Because atomization creates a great deal of surface
area, water evaporation is very rapid. The powder formed Separates

from the air in the drying ~hamber and in a separating device. The
dried product is removed mecnanically from the dryer, sometimes cocled,
and normally sifted before packeging in 2 or 5 kg boxes, or 45, 70 or

90 kg drums. ODried egg white needs no temperature control during
storage, but other dried egg products are normally refrigerated during
storage. Eqq drying equipment is normally cleaned semi-annually or
when required by a change in product (for evample, eqq yolk to egg white
production).

Inedible Eggs: Eggs classed as inedibles such as blood spots, cracks,
leaks, and stained eggs are processed separately. Eggs which break on
the floor or grading machinery are normally recovered and also classed

as fnedibles. Egg albumen is sometimes recovered by centrifuging from
the shells and is included in the product sold as inedible ega. Inedible
egqgs are normally frozen in 14 kg cans or dried at plants specializing

in {nedible egq processing. Inedibles are normally sold to pet food
processors to be used as ingredients in the{r products.

Egg Shells: Eqg shells are a s;?nificant source of solid waste from

egg breaking pla.ts. These shells are normally spread on fields as
fertilizer, 1f the location is such that odors do not cause a problem,
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or fn a landfill. Experiments have been conducted in the utilfzation
of eng shell wastes as feed for chickens. Despite the high protein
content, a satisfactory method of processing egg shells into feed has
not been developed.

SIC 5144 - She)l Egqs

Genera) - The fresh egys available at the wholesale and retail level have
Been washed, inspected, graded and packaged by shell egg handling firms,
Eggs from processor's laying farms or purchased from independent farmers
are the raw materials for this industry.

In 1572, the total volume of shell egg production was 50 million kkg
(70 billion eggs). The gross income of the industry was $1.8 billion.

According to the Bureau of the Census (2 ), an estimated 9,500 shel)

egg producers are currently operating. They range in size from family .
businesses to automated operations producing 20 to 20 kkg (several
thousand 30-dozen cases) daily. The top ten egg producing states account
for slightly over one-half of the total shell egg production, California
is the largest producing state with 12 percent of the national total,

and Georgia is second with 8 percent. Six of the top ten states are
located in the south and twe are in the midwest.

Description of the Process - Shell egg grading plants are normally not
Tocated at egg Vaying farms,

Since coo) temperatures improve eqgg 1ife, the trucks used for hauling
incoming and outgoing eqqgs are normally refrigerated. Storage areac are
always refrigerated ?10‘ to 12°C, 50° to 55°F% and sometimes humidity
controlled. In some plants, loading areas are also refrigerated.

Eqgs delivered to a grading plant are usually packed in reuseable
corrugated cases which hold 30 dozen eggs. 1In some plants which have
contracted suppliers, the egqs are shipped and stored on steel racks.

The eggs in storage are transported on pallets to the loading area of
the process room. The flats of egas are unpacked manually from the
worrugated cases and inspected. Brokan and obvious)y damaged eggs are
removed and the sound eggs are normally automatically vacuum loaded
onto a roller conveyor (see Figure 2). On the conveyor, the eggs are
moved through the washer in which tney are sprayed, and sometimes
scrubbed by brushes, with a warm {%0°C) recirculating detergent and
disirfectant solution, the concentration of which is automatically
maintained. As the eggs leave the washer they are dried, given a light
ofl spray to strengthen and prevent drying of the shell during storage,
and candl d. The eggs are passed over 3 high intensity light source

and visually inspected. Blood spots or other inedible eggs are removed
manually.

Sources of wastewater prior t0 the grading of the egqgs are as follows:
1. Cleaning of the egg handling equipment
2. Cleaning of floors

9
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3. Overflow and dumping of the egg washwater

Eggs are sometimes broken during unloading, washing, and candling. Un-
loading and candling equipment i1s normally equipped to catch these
broken eggs which then may be sold as inedibles. However, some eggs
fall to the floor where they must be scraped or mopped up or hosed

into & floor drain Eggs broken during washing go into the washwater,
and subsequently, 1nto the sewer. Egg washing equipment is normally

of the recirculating type. The same washwater is used over and over
with a small quantity of constant overflow and make-up. This make-up
comes from the water used to rinse the detergent from the washed eggs.

After candling, the eggs are graded by weight and packed, usually
mechanically, {into cartons containing one dozen egys. The cartons

are manually closed and loaded into a shipping container (usually -
a 24 or 30 dozen case or a 15 dozen wire basket) and stacked on

pallets. The pallets are transferred to the outgoing refr1gerated
storage area dnd from there are loaded onto trucks.

Wastewater generated during grading and packing comes from cleaning up
broken eggs and equipment cleaning. Some eggs fall to the floor where
they must te scraped or mopped up or washed into 4 floor orain. Waste-
water is also generated from the cleaning of the equipment.

S0:1d waste at shel) egg plants 1s primarily inedible eggs. Eggs classed
8s inedibles such 2s blood spots, cracks, leaks, and stained eggs are
processed separately. Eggs which break on the floor or in grading
machinery are normally recovered and also classed as inedibles., Inedible
eqgs are normally put 1n covered plastic buckets, dyed with a food color
to identify them as inedible eggs, and sold to processors. Inedible

e99s are also frozen fn 14 kg ? 30 1b) cans and sold directly to pet food
processors tu be used as ingredients in their products, or dried at

plants specfalizing in .ned?b!e egg processing and sold for general animal
feed applications.

SIC Code 2034 - Dehydrated Soups

Dehydrated soups are a minor but important part of the dehydrsted
vegetable industry. Typically, they are a combination of previously
dehydrated vegetables with various flavorings and protein "bases”
added.

The industry {s dominated by two large cor.orations which account
for the bulk of all production. Add1t1ona11i. thare are some small
oparations which blend and package regional brands.

Dehydrated soup manufacturers use as principal ingrediants various
vegetables that have been previously dehydrated. Typically, these

are potatoes, carrots, onions, garlic, bell peppers, celery, and parsiey,
but spinach, green onion tops, green beans, etc., may also be included.
various flavorings are used and normaliy incorporated in a sugar or

salt carrigr. Sugar and/or salt {tself may be a significant ingredient.

¢
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Also incorporated into niost blends are various types of soup bases;

e.0., hydrolyzed vegetable protein. One processor was observed to
manufacture 1ts own soup base and also to dehydrate from fresh vegatables
a small portion of its vegetable needs, All other processors contacted
used only ingredients preprocessed elsewhera.

Process Description. Figure 3 shows a process flow diagram for

4 typica: dehydrated soup operation. The manufacturing of dry soups

is essentially a dry ingredients blending and packaging operation.

A1l the various dehydrated ingredients (preprocessed elsewhere) are
taken from dry storage and carefully weighed as per specific formulation.
The ingredients are dumped directly into a biender (typically a ribbon
type) and mixed until the dry blend 1s homoganeous. Alternately,

some soups, such as onion soup, premix the dehydrated rnions and soup
base separdtely to prevent breakage of the onion flakes.

The premixed soup formulation or base mix 1s transferred to a filling
hopper on a packaging machine. The soup mix (other than onfon soup)
15 automatizally filled (by weight) into pouches, sealed, cased, end
sent to storage. Onion soup, however, 1s fillad in two steps: base
and onion flakes are filled separately to minimize breaking of tne
dried onion pieces and to assure a consistent ratio of onion to base.
The packages are then sealed, cased, an¢ stored.

Clean-up throughout an operating shift consists of dry methods--sweeping,
brushing, vacuuming, At the end of daily uperations, the ribbon blenders
are normally rinsed clean.

The daily e’fluent is of a low volume, typically less than several
hundred gallons. Packaging equipment may be steam-cleaned, vacuumed,
or both, but never washed with water. No other water is used in any
aspects of dehydrated soup manufacturing.

SIC Code 2038 Frozen Specialties

Frozen specialties include such specialties as fruzen baked goods,
frozen dinnars, frozen pizzas, and other frozen specialties. It does
not include frozen meats, fish, vegetables and fruit except as thay
appear as ingredients to prepared dinners or other frozen specialties.
sfnce production value of frozen specialties has increased 214 percent
since 1967 and currently constitutes 49 percent of the 1974 value

of al) frozen food production, these products were removed from 5IC
2037 and given a new industry identification, SIC 2038. The value

of production of frozen food specialties in 1974 rose to over two
billion dollars. In 1975, frozen specialties are forecast to increas?
16 percent over the 1974 producticr as illustrated in Table 3 .

The Department of Commerce Census of Manufactures, 1972, estimates
there are 436 plants rationwide tnat process frozen specialties.
The North Centra) states lead the natfun with 140 establishments.
The Hortheast {s next with 110 plants, followed by 94 plants in the
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TABLE 3
PRODUCTION OF FROZEN FOOD SPECIALTIES

Year Production in Million Dollars % Increase
1967 947

1970 1401 a8
1971 1397 -2
1972 161 16
1973 1779 10
1974 2028 14
1975 2352 16
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South and 92 in the West. This location pattern is due to the fact
that frozen specialty plants desire convenient distribution to major
consumer populations. The major producing states are California,
I11inois, Pennsylvania, New York, Arkansas, and Ohio.

For simplicity, frozen T.V. dinners, meat pies, and other frozen dinners
and main courses may be designated as "Frozen Prepared Dinners."

Frozen prepared dinners represent a substantial sales volume in America's
supermarkets. Specific sales information is lacking, but the American
Frozen Food Institute (1974) informally estimates that at least three
million T.V. dinners and other frozen main course specialties are

sold daily. The number of processing plants is estimated to be betwexn

40 and 60. This number was derived through analysis of industry organiza-
tion directories and the Standard and Poor index.

The industry is dominated oy about six large corporations. Geographical.
distribution of plants is generally in accordance with population
distribution; e.g., plants tend to be located in small communities -
because a large force of cheap labor is required to do the hand work
needed in the preparation of ingredients and assembly of the prepared
dinners.

Ingredients usually include meat, fowl, or fish; vegetables; gravies;
and minor additives. In addition, there may be added starches (such
as noodles), grains (such as rice), and a_variety of small dessert
dishes. These ingredients are usually pre-prepared elsewhere and are
then further processed, cooked, assembled, packaged, and frozen at the
prepared dinner plant. The bulk of the wastes generated originates
from preparation of the ingredients.

"Frozen Bakery Desserts" is defined to include frozen cakes, pies,
bromies, cookies, waffles, breakfast coffee cakes, turnovers, and
other desserts. This segment does not include bread or bread-1ike
rolls. The plants are generally large-scale kitchens and most have
national distribution. The magnitude of this industry in terms of
sales and number of plants is not known with exactness. It is estimated
that there are between five and ten million frozen bakery desserts
sold datly in the United States, and that there are approximately

50 to 70 plants manufacturing the bulk of these products. The latter
figure is derived primarily from an analysis of industry organizaetion
yearbooks and Standard and Poor's index. The industry is dominated
by six to eight large corporations whose brand names are household
words.

Frozen "Tomato-Cheese-Starch Combinations" include frozen pizza, lasagna,
ravioli, and other "Italian" speciealties made with a tomato, starch,

and cheese base. The magnitude of this segment of the industry is

not known in terms of total production or sales. It is believed that
there may be over 100 plants of various sizes manufacturing frozen

pizza. A1l those identified discharge wastewater into municipal systems.
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"Battered and Breaded Frozen Specialties" include many frozen meats,
fish, chicken, and vegetables which are battered and/or breaded.

Onion rings are the most common vegetable item in this segment. Shrimp
and other seafood are also commonly prepared in this fashion, as is
chicken. Generally, the seafood is thawed, washed, dried, dipped

in batter, and frozen without pre-cooking. Vegetables and chicken
follow the same procedure but are cooked before freezing.

As with the other -individual segments of frozen specialty items, there
are no accurate data availaple defining production volumes and number
of plants manuyfacturing these items. Battered and breaded frozen
specialties do, however, occupy a prominent place in the freezer section
of the average supermarket, am: it i$ likely that at least several
million pounds a day are sold. All plants identified in this study

that manufacture these items discharge into municipal systems. Two
plants were investigated, one processing primarily shrimp, and the
other processing primarily onion rings.

Process Description for Frozen Prepared Diniers. In many ways, the
unit processes of a prepared dinner plant can be compared to the activities
of an ordinary housewife as she prepares the evening meal for her
family, the only difference being one of scale. Just as the housewife
goes through different steps with each of her ingredients, of cutting,
thawing, conoking, adding spices, etc., and finally assembling them

on the plate to form a complete dinner, the prepared dinner plant

goes through similar steps and finally assembles the dinner on an
aluminum tray for packaging and freezing. The housewife generates

the majority of her wastewdter when she discards cooking 1iquids and
cleans her pots and pans. Similarly, the majority of the wastes from
a prepared dinner plant originates from clean-up of *he vats, kettles,
fryers, mixers, piping, etc., which are used during preparation of

the various components of the final dinner. The major processes as
they are conducted in a typical prepared dinner plant are described

in the following paragraphs.

Turkeys and chickens arrive plucked, viscerated, and washed. The

birds are placed on verhead meat hooks which travel down a dismantling
1ine operation. Th: Jeskinning of the birds is accomplished by the
manual hypodermic injection of air and subsequent expansion and separation
of the skin away from the flesh, The skin is then pe<led off, and
various pieces are cut from the bird as it continues down the line..

The pieces are placed in movable vats and either frozen and stored

for later processing, or moved directly to the inspection, sorting,

and deboning operation. The chicken is then floured and fried &s

whole pieces for later use in prepared chicken dinners or cooked.

If cocked, the cooking operation (for both chicken and turkey) is
followed by hand trimming from the bone and slicing for later addition
to meat pies or dinners.

Following the hand trimming operation, the bones with adherin; flesh
are run through a rotating drum that scrapes and tumbles the meat
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from the bones. The meat is collected, stuffed intu skin {sausage
1ike), cooked, frozen, and then sliced, making a uniform section of
meat.

Beef and cther meat normally arrive at the plant in frozen chunks
and are air thawed, sliced {for dinners) or diced (for Pies), cooked,
and then moved directly to the assembly area, or they are frozen for
later use. An alternate preparation involves the grinding of the
beef and pressing into hamburger or salisbury steak patties. Veal
patties are floured. The partial cooking of *he meat 1s usually
accomplished by passing the slices or patties through a long line

of infra-red lamps installed in the roof of the cooking tunnels.

Both sides are cooked by inverting the meat seament half way through
the tunnel., As the pieces emerge from the bro-lers, they fall ¢ff
the belt into trays and are carried to the asscmbly area. °

The juices from the meat cooking operations are combined witn flour

and milk to produce the various types of gravies. The gravy is then
pumped to the assembly area, where it is held ready to be sprayed

onto the appropriate section of the T.V. dinner tray as the tray passes
vnderneath the noz2le.

vegetables, other than potatoes, usually arrive frozzsn in bulk, cre
thawed, run through cluster busters, and are then brought to the assembly
area. The vegetables are placed in "hand pocket fillers" which rotate--
keeping the individual pieces from sticking together--and held until
needed for addition to the tray. Exceptions to the above are those
vegetables which require longer ccoking times, e.g., carrots, which

may be partially precookec prior to being brought to the assembly

area, Potatoes are usually prepared from dehydrated potato products.
Water is added to the potato flakes which are then cooked in steam
Jecketed kettles, mashed, pumped to stainless steel movable carts,

and wheeled to the assembly area, Other potato varieties, such as
French fries, normally arrive frozen and partially precooked--ready

t? assemble without further processing at the frozen prepared dinner
nlant.

“Mexican" prepared dinners utilize tortillas, which are normally made
at the plant. The rendering of corn into flat, pliable sheets involves
pumping whole kernels from a storage silo to a grinder which reduces
the corn to the consistency of paste. The paste is then extruded

and rolled into flat sheets, mechanically cut to size and cooked in
vegetable 0i1. The tortillas are then rolled, stuffed with meat,

and transferred to the assembly area.

Assembly >f the commodities that make up the finished product 1s perform-
ed along a moving belt assembly line. A hopper, placed at the start

of the line, holds the aluminum trays and drops them one at a time

onto the moving beit. Meat pieces, such as hot dogs, veal patties,
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chicken pieces, etc., are placed on the tray by hand counting the
number of pieces necessary to make up the correct weight. Portions
such as slices or smaller pleces are first hand weighed on scales
placed next to the moving belt and then placed on the tray by hand.
The tortilla products, e.g.. tacos, are similarly added to the trays.

Vegetables are added by hand packed fillers which are mechanically

cued to drop a measured portion onto the moving trays. Mashed potatoes
are pumped from their movable carts and are gun injected, from overhead
extruders, onto the proper section of the tray. The addition of gravies
and butter to the tray {s performed by overhead “guns" which spray

a preset volume of the liquid ontu the vegetables, meat, and potato
portions.

when the complete dinner has been assembled, the trays are mechanically .
covered with foil, sealed, packaged, and transferred to the freezers.

The dinners are then frozen, cased, and stored in refrigerated warehouses-
for shipment to customers.

Figure 4 schematically {illustrates the processes described in manufac-
turing frozen prepared dinners. Of course, there are many kinds of
frozen prepared dinner products an the market, and undoubtedly, some
are prepared and assembled differently than the foregoing description.
The reader, however, should have jained a general feel for how most
prepared dinners are processed.

Process Description for Frozen Bakery Desserts. Under the process
description for frozen prepared dinners, the analogy was made between
the housewife cocking and baking in her kitchen and the activities

of the large manufacturing plant. The analogy 1s equally valid for

the frozen bakery dessert industry. Rich ingredients, e.g., butter,
sugar, cream, etc., are purchased in bulk, recefved, blended under
controlled conditions, further assembled in the final product form,
sometimes baked, packaged, and frozen. All this is accomplished using
large equipment under sanitary conditions with a high degree of quality
contr~! exercised. Just as the housewife may use and “dirty" many
bowls, pans, and utensils on her baking day, so also the frozen bakery
dessert plant must thoroughly clean with hot water all the many mixing
vats, cooking kettles, measuring devices, pumps, piping, etc., which
have come in contact with the ingredients and product. This clean-

up is continuous during the shift as different products are manufactured;
e.9., & section of the plant may run several different kinds of pies
during a shift, and reaches a peak during the masstve final clean-

up at the end of each day's operations.

The process wastewaters thus consist of a mixture of water and the
product ingredients. In this industry the ingredients are very "rich,”
e.g., high in carbohydrates, fats, etc., and the resulting waste is
high in BOD, grease and oil, etc.
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Since health standards are strictly enforced, there appears to be
no alternative to the extensive clean-up requirements of these plants
or the resuylting strong wastes.

In-plant waste generation can be reduced, however, by separate disposal
as solid waste of spilled material and sub-standard ingredients.
Employees must be educated to refrain from discharging such wastes

to the sewer. Figure 5 shows a simplified diagram of unit process
stcrs in a frozen bakery dessert plant.

Process Description for Frozen Tomato-Cheese-Starch Combinations -

A1l major ingredients are preprocessed elsewhere and arrive at the
manufacturing plant in bulk containers. These ingredients include

tomato paste, cheese, flour, milk, 0il, noodles, seasonings, and meat.
Onfons and green pepper may be peeled and sliced at the plant, but

the processing of these vegetables is a negligible wastewater generator.’

Manufacturing processes consist basically of blending ingredients,
assembling the end product, and packaging and freezing it. Occasionally,
the product may be precooked or baked prior to freezing. Differences
between plants are mainiy a function of degree of automation used

versus hand labor. As might be expected, the larger the plant production,
generally cne greater the degree of automation.

In pf2za manufacturing, the dough is mixed separately by combining
flour, baking powder, salt, and suffi: ient water in large mixing vats
to make an elastic dough. The dough is allowed to sit for ceveral
minutes, and then repeatedly machine kneaded. Finally, the dough

fs extruded flat on a belt to uniform thickness, and mechanically

cut into the typical round shape. Meanwhile, the tomato sauce and
spices are being heated and mixed in a saparate vat, and the cheese
sauce heated in still another vat. The ingredients are then combined
mechanically on a moving belt assembly line by use of automatic spray
dispensers which place a measured quantity of tomato and cheese sauce
on each circular douyn segment. Topping ingredients such as meat,
onions, green pe.pers, etc., are then added by hand or machine. The
assembled pizza is wrappad, packaged, and frozen.

Wastewater is generated primarily by clean-up of equipment and spilis.
Refrigeration water is generally recycled, but, if not recycled, contributes
a significant volume of clean water to the wastewater. Because process
wastewater is primarily gene:ated by clean-up, it follows that the
wastewater contents consist of the major ingredients used.
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An efficient plant can hold 1ts waste of ingredients to under one
percent of the incoming ingredient weight, e.g9., loss of less than
one pound of tomato paste for every hundred pounds of tomato paste
used.

Process Description for Battered and Breaded Frozen Specialties
Generally, the food item to be battered and breaced has beern pre-
" processed to some extent prior to arrival at the plant. Typical
preprocessing 1s as follows:

Shrimp - washed and frozen

Fish - eviscerated, heads and tails removed,
washed and frozen

Meat - slaughiered, dressed, and frozen

Chicken - dressed and frozen

Onions and Mushrooms - washed

Since shrimp 1s the "worst case" for non-vegetable items, processing
of shrimp is descrihbed below and i)lustrated in Figure 6.

Frozen shrimp are bought in bulk, thawed overnight, and processed

the next day. Thawing produces a substantial waste volume since it

is followed by thorough washing. The shrimp is then shelled, ends
removed, deveined, and washed again. There is equipment to automatically
perform these steps, but in smaller plants they are done manually

by skilled workers. The shrimp are ther dried, "butterfiyed" hy machine,
spread on a belt, and conveyed through egg batter. Following battering,
the shrimp are tumbled through a breading machine which coats the
exteriors with bread crumbs and flour., Finally the shrimp is boxed

and quick frozen.

Waste generation results from the thawing water, subsequent washings,
and clean-yp of equipment and spills. [f the shells, heads, and tails "
are included in the wastewater, they constitute a major organic load
and should be removed as solid waste.

Frozon onion rings are by far the major item in battered and hreaded
vegetable specialties. A typical production hdas the onfons arriving
washed in 23-46 kg (5C or 100 1b) bays. They are then machne paeled
with the peels handled dry, e.g., air conveyed from the peeler. Next,
the onions are machine sliced, automatically arranged on a nesh belt,
and conveyed through agg batter. Following the batter, the onion
rings are machine dipped in bread crumbs and flour, packaged, and
frozen. They are sometimes precooked before being frozen.

Wastewater generation results from clean-up of equipment and spills,
and juices from the onion slicing operation. The hatter {s very high
in organic strength, and the clean-up wastes are correspondingly strong.
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S1C Code 2047 - Dog and Cat Foods

General - Food products for dogs and cats represent virtually all
of what 1s generally referred to as the pet food irdustry. Of the
two major pet foods, cat food represents approximately 20 percent
of the {ndustry tonnage and 30 percent of the retail dollars. Qog
food contributes the remaining €0 percent of tonnage and 70 percent
of retail dollars.

The 1972 Census of Manufacture (2) counts 204 pet food manufacturing
establishments nationwide. California leads the nation with 26 pet
food plants. The ilidwest also manufactures a good porticn of the
nation's pet food.

At least 90 percent of the dullar sales of pet foods are produced
by plants owned by a few major corporations; many smill, family-owned
pet food operations make up the remaining 10 percent of tne industry.

Tabla 4 shows pet food production by sales dollars, and pounds soi¢
from 1969 through 1974 (estimated). This table shows the trend toward
greater production of dry pet food for both cats and dcgs and a general
trend toward increased production of all pet fooa.

Raw Ingredients - Pet foods are generally made up 2f meat and meat
by-products, fish and fish by-products, cereals, and other nutritional
ingredients which may be received at the plant in the form of wet,

dry, or semi-dry products. Proteins and carbohydrates are principal
constituents, and other diet balancing components are present in varying
concentrations and ratios. The final product is marketecd in three
major styles: canned, dry, and semi-moist.

The variety, style, and form of:raw 1ngred1ents'used 15 pet foods
are numerous.

Meatec are delivered to the plants fresh in barrels or frozen, typically
in 23 to 46. kg (50 to 100 1b) blocks, The meat may be whole cuts, chopped,
or conminutnd to a particular desired piece size. The meats commonly

used are beef, pork, sheep, horse, poultry, ard various types of fish.
These cuts can be either striated muscla tissue or "by-products” (lungs,
tripe, esophagus, gullets, etc.). Poultry preducts normally are

either finely ground whole carcasses or by-products. Fish may be

fresh whole, frozen whole, fresh by-products, or frozer by-products.

Other ingredients used by pet food processors are typically derived

from soybeans, corn, wheat, barley, and oats. Storage is normally

fn silos for the larger processors but may also be accomplished in

23 to 46 kg (50 to 160 1b) paper or cloth bags. Size reduction is normally
performed prior to delivery, but grains may also be milled or screened

oy the pet food plants. Particle sizes utilized include whole grains,
cracked grains, grits, mids, flakes, and flour,
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TABLE 4

PET FOOD VOLUME

RETAIL DOLLAR SALES (MILLICNS) THROUGH U.S. FOOD STORES

P

TYPE

1974* 1973 1972 1971 1970 1969

Dog food, dry $ 675 § 531 s 397 3 355 $ 297 $ 259
bog food, wet (canned) 565 523 471 458 421 385
Dog food, semi-moist 265 214 174 152 128 108
Cat food,dry 160 129 101 90 75 61
Cat food, wet (canned) 400 343 308 296 270 237
Cat food, semi-roist 70 44 30 14 1 -
TOTALS $2,135 $1,784 $1,481 $1, 365 $1,192 $1,050

RETAIL POUND SALES (MIULIONS) THROUGH U.S. FOOD STORES

TYPE 1974* 1973 1972 1871 1970 1969
Dag food, dry 3,220 2,902 2,591 2,332 2,065 1,048
Dog food, wet (canned) 2,120 2,254 2,216 2,254 2,254 2,158
bog food, semi-moist 520 477 407 3156 310 265
Cat food, dry 420 390 347 309 265 217
Cat food, wet (canned) 9260 963 907 909 873 813
Cat food, semi-moist 90 58 40 17 1l —-——
TOTALS (in 1bs) 7,310 7,044 6,508 6,177 5,768 5,298

* estimated
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Formulations dictate what style, type, and amount of raw ingredients
are used. Other additives used in these formulations cover a wide
anJ descriptive field; for example, fresh onions, frozen carrots,
dried vegetables, gums and food starches, colors, flavorings, milk-
base products, praservatives, humectants, emulsifiers, sugars and
syrups, vitamins and minerals, and yeasts are often added. In most
cases, these additives are prepared elsewhere, but in certain circum-
stances some degree of processing may be needed to prepare ingredients
for a particular formulation.

Process Description for Soft-Moist Pet Food -~ There are two styles
of soft-moist pet food, extruded and expanded, each one requiring
a different processing approach. Figures 7 and 8 show typical
suoft-moist pet food process flow diagrams for both of the above styles.

The extruded chunk and patty forms can be of similar or identical
formulation. Each contains from ten to thirty percent meat and medt
by-products. Only the package size, shape, and individual proouct
form are different among the different brands.

The six basi¢c ingredients in extruded chunk and patty-formed products
are soybean mea) (and other grains), sugar, fresh meat by-products,
anima)l fat, preservatives, and humectants, Additionaliy, minor ingre-
dients such as vitamins, minerals, flavorings, and colorings are normally
used for various reasons (nutritional balance, finail product identity,
etc.). A1l of these materials are typically handled through automatic
mix cycles.

Soybean meal, sugar, fat, propylene glycol, and sorbitol are .sually
storad in bulk, Each of the bulk-stored ingredients is located so

that conventional conveying and pumping equipment are used to convey
the ingredients to a weighscale hopper iocated above the batch mixer.

Extruded soft-moist can be made in two ways. These are shown as A.

and B. on Figure 7, 1he first method involves pre-cooking a meat-
preservatives-additives slurry, mi11ing and subsequent addition and
mixing of grains, cooking of the mixture, extruding, further cooling,

and packaging, The seconu method involves the mixing of all ingredients,
a combination cooking-expanding-extruding step, cocling, and packaging.

In the first metnod, xnown as the meat-slurry method, a selection

of meats and meat by-products {fresh or frozen) is ground through
8 .635 ¢m (% in) or smaller plate and conveyed to a cooking tark where

a measured amount of water, sugar, and other additives are brought
together in a specific formulation. The entire slurry is heated with
agitation ¢2r a predetermised length of time and at a predetermined
temperature The heated meat slurry fs usually run through a mill

to further reduce particle size and is introduced into a continuous-
type mixer. wWeighed and blended grains are then added to the continuous
mixer, Following thorough mixing, the mass 1s conveyed through a
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heat exchanger (for cooling) and extruded into the desired size, shape,
and length. Additional forming (patties, burgers, etc.) is accomplished
after extruding but prior to further cooling.

The extruded and formed product is cooled in a continuous cooler,
wrapped, and packaged. '

The second method, shown as B. on Figure 7 , uses a continuous batching
system. This system is considered the most desirable for soft-moist
processing because less labor is used, and the interlocking systems
reduce human error. A typical .45 kkg (one-ton) batch makeup system

for soft-moist consists of:

1. A hopper bin scale which is equipped with a gate
for weighing and collecting all dry ingredients.

2. Hopper bin ccale especially designed for weighing
and discharging ground meats.

3, 0.45 kkg (one-ton) stainless steel paddle-type
batch mixer designed for proper mixing of soft-moist
ingredients.

4. An agitated heldinc bin below the batch mixer to
serve as a surge b°n and assure a constant and
uninterrupted flow 7 material to the extruder
feeder screw.

A typica) batch cycle is as follows: soybean meal, sugar, flavorings,
color, and micro-ingredients are fed into the hopper scale, each to
the desired weight, and transferred into the batch mixer below. Pro-
pylene glycol, sorbitol, and fat from storage are then pumped through
meters into the batch mixer. The meters are nreset for the desired
volume and stop the pump when the desired volumes in pounds have been
reached. The meat products are then pumped or screw conveyed to the
meat hopper srale above the mixer, where they are weighed and dropped
slowly into the batch mixer.

The mixture becomes very doughy and somewhat sticky. The mixture

is continuously fed into the extruder barrel where live steam iy
injected into the mix, The heated mixture is forced tkrough the ex-
truder head under pressure, resulting in:

1. Gelatinization of raw starch.

2. Further reduction of coarse meat fibers, improving
product appearance and texture,

3. Production of a well-hlended, homogeneous chunk
with a meaty appearance.

49



DRAFT

4. Cooking and pasteurization of the products.

5. Final formation of desired piece size and shape.
Since soft-moist becomes quite soft when heated
and extruded, various techniques in die design must
be used to produce smooth, uniform product shapes.

Product temperature varies from 52°C to 163°C (125°F to 325°F).
The extruded product may be further shaped into patties, burgers,
etc., as desired, The firal product is cooled in a continuous
cooler, wrapped, and packaged.

The second type is an expanded soft-moist which contains little or

no meat, but instead is high in cereals (soy, wheat, corn, oats, etc.)
which have been cooked during the processing cycle. After cooking,
extruding, and expanding, the product is coated with fat in a revolving.
reel prior to the cooler. This finished product will vary in density
and weight, depending upon ingredients used and formulation.

Figure 8 shows a typical expanded soft-moist manufacturing process.
The ingredients are weighed and mixed in a batch mixer in a manner
similar to that described previously for extruded soft-moist. Prooy-
lene glycol and sorbjtol can either be fnjected into the mix at the
batch mixer or can be pumped continuously at a prescribed percentage
into a mixing cylinder which is a part of the extruder-expander.
From the mixer, the product is typically fed into an extruder barrel
with live steam injection. The steam under pressure moistens and
pasteurizes the product which is in turn expanded while being ex-
truded. No drying of the extruded product is necessary since the
final moisture content is governed by the amount of water added

in the extruder.

Since fat is not added to the mix prior to extrusion, fat and other
11quids are applied to the product externally in a rotary fat appli-
cation reel prior to the cooling process.

When the hot extruded product leaves the extruder/expander and is

in the atmosphere a few minutes, 1ts temperature will drop to approx-
imately §6°C (150°F). From this temperature the product 1s further
reduced to approximately 27°C (80°F) or lower for optimum packaqing
ana handling qualities. This final cooling is typically accomplished
in a horfzontal continuous cooler. The product enters the cooler
and 1s spread uniformly to the desired depth over the entire width

of a wire mesh belt. Air drawn into the cooler flows up and around
the chunks or patties, cooling them. Product retention time within
the cooler is reguiated by changing the speed of the wire mesh belt,
After proper cooling the product is ready for packaginy.
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The preservation of both extruded and expanded semi-moist pet food

{s basically accomplished through a reduction of water activity.

Water activity (Aw) is defined as the ratio of the vapor pressure

(P) of water in the food to the vapor pressure of pure water (Po)

at the same temperature. That is, Aw = P/Po. Within the range favor-
able to the growth of mesophillic micro-organisms Aw is practically
independent of temperature. By incorporating an effective anti-micotic,
heating to destroy vegetative organisms, and aajusting to an Aw level

of 0.85 or lower, pet food packaged in various types of plastic wrapping
has proved to have excellent stability.

Process Description for Canned Pet Food - Canned dog and cat food

covers a large variety of styles. Essentially, however, there are

three major styles of canned pet foods--ration, gourmet, and high
meat/fish. Typically, canned ration pet food is characterized by :
its "meat-Toaf" appearance. It is usually a blend of meats, meat
by-products, and cereals. Additionally, vegetables and various vitamins
and minerals are added to provide desired levels of animal nutrition.

Figure 9 shows a typical process flow diagram for canned ration

pet food. Meat (fish) and meat (fish) by-products, fresh or frozen,

are taken from storage and ground to a desired piece size. Fresh

bones (usually beef) are run through a disintegrator. Theze are weighed
and conveyed to large agitating cooker-blenders. Additionally, fresnly
ground vegetables (onions, carrots, etc.) and other minor ingredients
may be added to the blender. A measured quantity of water is added,

and the entire mixture is agitated while being heated by steam (indirect
or "live" injection). Measured quantities of various grains including
soybean meal, ground corn, wheat, barley, milo, or oats are added

to the cooker-blender, and the mixture is heated. The product is

pumped to fillers, and the cans are filled, seamed, washed, retorted,
cooled, and packaged.

Canned grurmet pet food is characterized by the presence of "pre-formed”
chunks, p.tties, or meatballs mixed with varying types of gravies

or sauces. Additionally, in scme cases, vegetables, "biscuits," or
specialized "bits" may be incorporated. The mix is formulated to

provide a nutritionally balanced diet for dogs or cats, or for a particu-
lar subgrouping by age or condition; e.g., puppies, adult doys, lactating
bitches, etc. Figure 10 shows a typical process flow diagram for

c: ned gourmet pet focd. Meat (fish) and meat (fish) by-products,

frash or frozen, are taken from cold storage and ground to the desired
piece size. These are conveyed to a iarge mixer, Pre-weighed amounts

of grains and minor ingredients are similarly conveyed into the mixer.
The mass 1s mixed for a predetermined length of time resulting in

a product consistency closely resembling “dough." This "dough" is

dumped into an extruder storage bin and the "dough" {s extruded as

per specific product requirements. Alternately, steam may be injected
into the extruder head, and the product may be "expanded." The resultant
pieces are conveyed directly through drying ovens (drying temperature
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msy be as high as 316°C (600°F). The dried chunks are tumble-filled
{nto cans, frozen or dehydrated vegetables may be added, and the
containers are topped with hot gravy (starch-water-flavoring-color-
ing mistures). The cans are seamed, washed, retorted, cooled, and
packaged,

Meat (tich) and meat (€i1sh) by-products, fresh or frozen, are taken
from cold storage and ground to the desired piece size and conveyed

to a mixer-blender. Similarly, fresh bone may be disintegrated ard
added to the blender. Minor ingredients such as vitamins, minerals,
and flavorings are added as well as any desired slurries of starches

or gums (for thickening) or grains (textured soy products). Typically,
at least 50 percent of the weight is meat and/or fish. The entire

meat inixture may te filled cold at this point or it may be heated

with steam to produce different product characteristics. If the products
are filled "cold," steam-flow must be used on the seamers to achieva
ad2quate package vacuum. The product is pumped to the filler, and

the cans are filled, seamed, washed, retorted, cooled, and packaged.

A1l of the canned styles described above are typically pre-cooked

to some extent before being filled, and they are consequently filled
into cans at temperatures above €6°C (150°F). Stew products, how-
ever, are sometimes "cold-filled" so that cookirg and sterilization
are both achieved in the retorting cycle.

The lethal effect of heat on bacteria is a function of the time and
temperature of heating and the bacterial population of the product.

To design or evaluate an in-package heat process, it is necessary

to know the heating characteristics of the slowest heating portion

of the container (normally called the cold zone), the spoilage organism
present, and the thermal resistance characteristic of the spoilage
organisms. The various methods of retorting, cooking, and subsequent
cooling utilize various principles to achieve commercially sterile
products, One of the simplest applications of heating food in containers
is sterilization of cans in a still retort; that is, the cans remain
still while they are being heated. In this type of retort,

temperatures above 121°C ?250°F) generally may rut be used or foods

cook against the can walls, This is especially true of solid-type
products which do not circulate within the cans by convectiun, but

it also can be & problem with liquid products. Because of the temperature
Y1imit and because there is relatively little movement 1n the cans,

the heating time to bring the cold point to sterilizing temperature

is relatively long; for a small can it is about 40 minutes. The cooling
cycle may be accomplished by either carefully flooding the chambers

with cool water or air or by placing the cans in cooling canals,

The sterilization time can be markedly -educed by shaking or agitating
the cans during heating, especially wiin iiquid or semi=1iquid type
products. Not only is processing time shortened, but product quality
1S improved. This is accomplished with various kinds of agitating
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retorts. The cans rest in reels which rotate and thereby stir the
contents. Forced convection within cans also depends upon degree

of can fi11ing, since some free headspace within can< {s necessary
for optimum food turnover within the cans. In addition to faster
heating, since the can contents are in motion, there is less chance
for the product to cook onto the can walls. This permits the use
of higher temperatures than the 121°C (250°F) upper limit for a still
retort and decreases heating times.

Agitation may be of more than one type; for example, cans may be made
to turn end over end or to spin in an axial fashion with their length.
Depending upon the physical properties of the product, one or another
method may be more effective. These substantial reductions in time
with associated quality advantages are not realized in foods that
heat primarily by conduction. These cookers all nave as a last step

a cooling chamber which slowly exposes the container to either cool
water or @ir or both until desired final temperature is achieved.

Continuous retorts {usually of the agitating type) are pressure-tight
and built with special valves and locks for admitting and removing
cans from the sterilizing chamber. Without these, pressure conditions
would not be held constant, and sterilizing temperatures could not

be closely controiled. Another type of continuous pressure retort
which is open to the atmosphere at the inlet and outlet ends is the
hydrostatic pressure cooker.

This type of heating equipment consists essentially of a "U" tube
with an enlarged lower section, Steam is admitted to the enlarged
section, and hot water fil1ls one of the legs of the "U" while cool
water fills tha other 1eg. . Cans are carried by chain conveyor down
the hot water leg, through the steam zone which may involve an undultating
path to increase residence time, and up the cool water leg. These
legs are sufficiently high to produce a hydrostatic head pressure
to balance the steam pressure in the sterilizing 2one. If a
temperature of 127°C (260°F) is used in the sterilizing zone.

this would be equal to a pressure of about 1.36 atmospheres, which
would be balanced by water heights of about 16.77 meters (46 ft) in
the hot and cold legs.

As cans descend the not water leg and enter the steam zone, their
internal pressure increases as food mcisture begins to boil. But

this s balanced by the increasing external hydrostatic oressure.
Similarly, as high pressur2 cans pass through the water seal and ascend
the cool water leg, their graduslly reduced interna! pressure is balanced
by the decreasing hydrostatic head in this cool leq. I[n this way,

cans are not subjected to sudden changes in pressure.
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Process Description for Ory Pet Food - As shown in Table 4 , dry

pet food has rapidly increased 1ts share of the pet food market in
recent year5 and now represents approximately half the total pet food
sold by weight.

figure 12 shows a typical flow diagram for dry pet food manufacture.
various grains such as soybean meal, corn, wheat, barley, mile, and

oats are measured from storage Silos into a large mixer/blender,

Other items such as poultry meal, meat meal, liver meal, etc., may

also be added as per specific formula. In addition, micro-ingredients
such as calcium and potassium additives are introduced into the blender.
Agitation is sufficient to produce 2 homogeneous blend. The entire
mixture is sent through a hammermill. Oversized particles are removed |
by screening and recycled to a storage tank where they become an initial
ingredient and are remilled. The ground fraction of acceptable particle.
size 15 conveyed directly to a surge tank.

The mixture at this point may be fed directly into an extruder/expander
or it may be preconditioned with steam. Preconditioning softens the
product and raises its moisture leve) from a dry range of 12 to 14
percent, to approximately 20 percent. This also aids in gelatinization
during the extrusion process. Additional steam is injected into the
mix at the extruder/expander to raise the mojsture level to 22 to

30 percent.

The moist meal 1{s fed into the extruder chamber, which is a stainless
stee] tube containing & stainless steel screw., Water jackets around
the outside of the extruder maintain proper temperature. Tem-
peratures in the extruder range up to 148.9°C (300°F), and the
product can be in the unit from 30 to 50 seconds. During this time,
the grains and starches are cooked, and al) of the ingredients are
wall blended. The product 1s forced through the extruder die and

cut by a series of whirling knives. Moisture of the product leaving
the extruder 1s 19 to 27 percent.

The moistened and expanded product 15 conveyed to a drying oven, where
the mofsture level is reduced to approximately 10 percent. After

the product leaves the oven, it goes over a series of screens and

then flows through the fat and coating drum. Additional ingredients
:uch as flavorings and fat soluble vitamins may be added to the animal
at.

The finished product 1s either stored in bulk for several days or
directly packaged into desired container sizes.

Because of its low moisture content, dry pet food has excellent shelf

Vife without further preservation. Antioxidants and mold-inhibitors
are sometimas auded to the final coating.
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SIC 205) - Bread and Other Bakery Products, Except Cookies and Crackers

Background of the Industry - The bread, cake and reiated products industry
Yncludes establishments primarily engaged in manufacturing bread, cakes,
and other perishable bakery products. This industry also includes os-
tablishments producing bakery products for sale by home-service delivery
or through one cr more non-baking retail outlets.

Bakeries tend to speciairze in the products they make with the major
divisions along the lines cf the following: ({a) bread lypes and items
such as donuts, snack cakes, snack fies, and sweet yeast goods; and
(b) bakeries which produce primarily full size cakes or pies.

Mos* bakeries, when baking specialty items such as snack cakes and snack
pies, do not bake larger caxes or pies. Larger cakes and pies are
produced by bakeries engageu only in the production of these items. .
Such bakeries normally do not also manufacture bread and buns.

Raw materials used in bakeries differ 1ittle from materials used by hone-
makers. Flour is the principai ingredient and is purchased in larger
quantities than any other raw materjal. Sugar, salt, shortering, pre-
servatives, and other additives are also used in the production of bakery
products.

Present Magnitude of the Industry - The baking industry represents a

$10 billion annual business, including smaller, retail bakeries. The

U.S. Department of Zommerce { 5 ) reports that a total of 3,302 bakeries
were operating in 1972 with nearly half of them with 20 or more emplovees.
Bakeries tend to be located near their market. They are caoncentrated in
the eastern portion of the country and are usually situated in urban
areas, MNearly two-thirds of all bakeries are in the northeastern states.

Bakeries are generally owned by large corporations which have bakeries

throughout the United States. Many or these bakeries at one time were

independent or owned by smaller corporations and have subseauently been
acquired by larger companies.(6).

Future Qutlook - Most bakeries are located n older buildings which have
been built onto ovér the years. fenerally, these buildings are located

in urban areas, and additional expansion is limited because of neighborinn
buildings or street locations. There appears to be little construction

of new buildings in the industry. 11 additional floor space is needed,
neighboring buildings will be purchased wnen possiblie and equipment in-
stalled. If neighboring buildings are not available, remote buildings

are purchased. New buildings represent about 10 perccnt of new bakery
construction, vhile 90 percent represents the use and r-enovation of
existing builaings for expansion of bakeries.

Description of the Conventional Mix Bread Process - The conventional or
batch mix method of producing bread 1s the mpst extensively used process )
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method, accounting for more than 60 percert of 811 bread made ir this
country. This method yields a sonewhat coarse and unevenly textured
bread compared tc the continuous mix process. Tie conventional ietho.d
is described below. Figure 13 presents a typical prccess flow diaoram.

Raw materials used in the baking of bread are purchased in bulk and stored
in bins, vats, or bags. Flour requires larger storage facilities thar does
shortening, yeast, sugar, salt, and other lesser ingredients. Fruits

used in snack pies or regular pies are purchased frozen and with addition
of sugars and syrups are used as pie fillings. Cther ingredients which
are used in lesser quantities, such as raisins, sesar2 seed, and rye

meal, are purchased in paper sacks ancd stored in rooms with temperature and
humidity control.

From its 18,000 to 50,000 kg (4C,000 to 110,000 1b) storage bins, the
flour is pumped or screw conveyed to a sifter which removes undesireaple
foreign matter. From the sifter, the flour ic transferred directl, to .
the mixer where ingredients are either added autcmatically or mancally
depending on the type bread being made. This mix is referred to as &
“sponge mix" and contains flour, shortening, water, and yeast.

The mixing equipment ic cleaned each dsy by scraping the walis ov the
mixers to remove dary dough which myy adhere. Material removed from the
mixers is either used for animal feed or is taken to a sanitary landfill
for disposal. No water is used during the daily cleaning process unlass
mixing has hteen completed for the day because the action of water and flou-
together cnuld impede any mining which would occur soor arter cleanup.
Water is uced tc clean mixers after al) mixing has been rompleted for *the
day or during a down day when a major cleanup of the plant occurs. This
allows the mixers to dry sufficiently betore the next day's operation.

Once the sponge mix is completed, the dough is placed into 12rge greased
troughs. The trcughs ara rolled into a fermentation rnamn where the
fermenting actior of the yecst produces carhon dioxide which causes

the dough to rise. Tne fermentation room has contrnlled temperature and
humidity for optimum results. The dough cemains in this room for .bnut
five hours or until it has risen fully.

When fermentatior Is completed, the troughs are remaved fyom the room

and the dough beaten down by hand. The trouch s raised above the seccond
mixer, where it is tinped, and the sponge mix falls into the hopper of
the mixer below,

The greased troughs are not cleaned except for the ocecisional remove’

of dough which may stick to the trough. Gererally. the troughs are wipe-
out with rays when recessary anc regrcased to accept the next batch of
dough.

in the second mixer, additional water, flour. sugar and othe: minor
ingredients ar2 addea, and ‘the 'dough is given its firal mixing pariod -
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of about 20 minutes. After the second mix, the dough is emptied back
into a greased trough where it remains for an additional 20 minutes.

This is referred to as "floor time" and allows the dough a second risirg.
The second mixer is cleaned in a manner similar to the sponge mixer.

When floor time is complete, the dough is emptied into the divider, which
divides the dough into prescribed portions by weight for one loaf of
bread. At the end of each production day, the divider is dry cleaned

to remove excess flour and dough. Useable dough is returned to the
divider hopper for further use. Dough which cannot Le used is handled

as solid waste.

Once divided, the dough is conveyed a shart distance to the rounder. The
rounder is a centrifuge which forms the dough into round shapes and dis-
charges it. The rounder generates a considerable amount of solid waste
which is normally removed by dry cieaning. .
The next processing step is called “"dry proofing." The rounded dough is.
dropped into pans or into a dry proofer which has captive trays where
it remairs at room temperature from 8 to 20 minutes for further rising.
Again, the pans or trays used for dry prcofing are usually dry cleaned.

After completing the dry proofing, dough is conveved to the sheeter.

In the sheeter, the dough is first rclled into a pizza-like shape and
then through a molder to form it into the familiar blunt cigar shape of
a loaf of bread.

After shaping, the dough is put into pregreased pans. If a pullman or
sandwich loaf is to be made, a pan lid will be placed over the pans.

Thie creates the familiar square sandwich “2af by preventing the dough
fro: rising to form a rounded top. The pans are then conveyed into a wet
proof box and remains there for about 40 to 70 minutes. The wef proof
box is heated considerably above the room temperature (up to 53 C, 125 F)
and the humidity is increased. This causes the dough to rise and fill the
pans before baking. !hen removed from the wet proof box, the panned dough
is conveyed to ovens. The bread moves slowly through the ovens where it
bakes for about 20 minutes.

The pans of bread are then conveyed to a depanner which removes the bread
from the pans. This is accomplished by blowing air into the pans to free
the bread. Tne pans then pass under & series of suction cups which 1ift
the bread out of the pans. The bread is deposited onto a coavevor and the
pans go o a separate conveyor where they are returned to the production
line for further use. B8read pans are seldomn washed. Generally they

are regreased and used continuously until the glaze inside the pans begins
to show wear. tllhen this occurs, the pans are sent to 3 contractor to be
thoroughly cleaned and reglazed.

The loaves of bread are air cooled while being conveved to the packaging
area where they are fed through high speed knife bands which slice the
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bread. After slicing, the bread is automatically baggec and placed on racks
for distribution to the loading and shipping areas. The slicing generates
substantial amounts of crumbs. These, along with raisins from raisin

bread, are swept from the eguipment and floor and handled as a solid

waste.

Wet cleanup methods are used infrequently in most bakeries. During special
tleanup shifts or when a production line is shutdown, equipment and floors
are dry cleaned as thoroughly as possible using air to blow residues

from equipment and brooms and vacuum cleaners to clean the floors. This

is followed by wet cleaning the floors and the mixing equipment. The
floors are cleaned using mops and buckets or scrubbers which vacuums

the water from the floor as it is used. Mops, buckets, and scrubbers are
then cleaned and emptied as needed. Mixers are cleaned using a mixture

of water and mild detergents followed by a thorough flushing with fresh
water. ‘

Description of the Continuous Mix Bread Process - The continuous mix
method of making bread is used at some bakeries. It produces bread in
less time than the conventional process; however, the firnished product
has an extremely fine texture and is considered less flavorful then tread
made using the conventicnal process. Figure 14 is a process flcw diagram
for thic method.

In the continuous method, a slurry of ingredients is produced. The slurry
is much Tess viscous than the dough produced in the sponge mix for the
conventional process. This slurry is pumped into a refrigerated hoiding
tank in which it is slowly agitated and some fermentation takes plsce.

The slurry is then transferred to a Jremixer where additional flour and
other ingredients are added.

from the premixer, the dough is then pumped through a developer and the
dough is extruded and divided into irdividual loaf size portions and
deposited directly into pregreased pans. After being deposited in the
baking pans the dough is processed in the same manner as in the conventional
method.

The continuous mix .method eliminates the fermentation time, second mixing,
floor time, dividing, rounding, and dry proof operations of the conventicral
mix method.

Mixing equipment is cleaned daily because everything up to the mixer is
1iquid in form, The slurry and holding tanks are flushed with fresh
water each day and small utensils are washed continuously. Floors are
cleaned with brooms or vacuum cleaners throughout the area except for the
mixing room which is generally mopped. Because continuous mixing 1is
primarily liquid, the mixing area is wet and requires frequent mopping.

Description of the Snack Cakes Process - Snack cakes, which are widely
produced by bakeries, are product:, requiring special equipment for its
manufacture and handling. The equipment is designed to make a specific
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product. A typical process flow diagram is shown in Figure 15 ,

Raw materials for snack cakes include the basics of flour, shortening,

and sugar, plus minor ingredients such as 1leavening agents, preservatives,
artificial flavorings and colors, and ingredients for fillings. Storage
of raw materials involves bulk tanks, drums, and bags.

Some ingredients are premixed fn vats or tanks prior to transfer to

a mixer. In the mixer, other ingredients are added and blended into the
batter. The batter is then pumped to a depositor which releases the proper
amount into pregreased baking pans. Snack cakes require a large number

of smaller utensils such as small tubs and beaters for the mixing and

are cleaned frequently. Each time a different line of snack cake is made,
all related mixing equipment must be thoroughly cleaned in the wash room.
This is done using a high pressure spray. S501lid waste is in the form of
flour, paper sacks, and other ingredient containers which are discarded
when emptied. :

The pans arethenconveved through an oven for baking. 1In some plants, ~
air is bubbled into the batter to aid in the rising process. When baking
i$ complete, the cakes may be dumped out of the pans for further processing
or may be filled with creme. This filling is accomplished by injecting

the creme using a series of needles, Filled cakes are then dumped from

the baking pans for further finishing or packaging.

Most of the equipment used in producing snack cakes is water cleaned. The
mixing vats, mixers, piping, and depositors are normally washed daily,

or when the cake variety fs changed. The washing of cake pans is the

source of the strongest wastewater in most bakeries and occurs due to pans
being washed after each use. In-plant studies ( 7 ) at one bakery noted

a BOD of 54,000 mg/1 inthe pan wash water. Pans are wash~d as infrequentiy
as possible. At least one bakery has completely eliminated pan washing
with a resultant decrease in waste load.

After being dumped from their baking pans, snack cakes pass through a
series of finishing operations. These include slicing, icing, filling,
dusting, and enrobing. These operations generate large amounts of solid
waste and require wet cleaning. [n particular, Lhe enrobing machine,
which coats the entire cake with icing, must be water cleaned and yields
a strong waste stream; however, it may require only infreguent cleaning
depending on its degree of usage. The solid waste generated at these and
other steps in cake baking are often sold as additives for animal feed.

Packaging follows finishing. Snack cakes are automatically wrapped singly,
in pairs, or in larger groups in plastic wrapping material. They then
pass through a metal detector which removes packages cortaining metal.

Description of Process - Cakes - The production of full-size cakes is
similar to that of snack cakes, except far the lack of finishing steps
other than icing. Figure 16 illustrates the process flow for cake baking.

65



DRAFT

CLEANING _

SOL1ID
WASTE

NIN PREPARAT]QN

OF FINISHES

— — —— ——

| PREPARATIOUN

OF FILLINGS

CLEANING

SNACK

MIXING ___CLEANING |
3 CLEANING _ l
DEPOSITING e "]
BAK ING
I GREASING ]
1
COOLING | l
J WASHING |
[roine | ——
DUMP NG | —_—
-—-—-———-ttu______._._&EAN_I_Ng ___J
FINISHING CLEANING |
— — —— — e . GLEANING !
CDOOL ING |
— — PACKAGING
ROOM
3TORAGE J |

WASTEWATER

FIGURE 15
CAKE PROCESS FLOW DIAGRAM

66



DRAFT

’ CLEANING MIXING CLEANING

|
BAKING GREASING 1
|

!

—————— L '—_————_1
r : cLeaning__ |
[PEPOSITING ————— I
} 1
|
L.___-.._CE.EAN_}.ﬁG______{ CDOL ING J

WASH |CLEANING

l..-____CL..E_A'“__BG_.__—Lour{FING J.___j E

! IZING MIXING 1CING e o GLEANING

L&LEANIH&..J -E__.______i_m.___________SLEﬁElHQ_q_

|..._ — o GLEANING ____{ PACKAGE J _..C_‘-El"‘y_‘.’__..}

* )
SOLID WASTEWATER
WASTE

FIGURE 16

CAKE PROCESS FLIW DIAGRAM

67



DRAFT

Manufacturers of full sized cakes normally produce a greater variety of
product than do snack cake bakers. This large product variety results

in a frequent (every few hours) change of productior from one item to
another. The cleanup of the equipment between products results in larger
volumes (estimate: two to three times) than in snack cake plants which
produce a single product on a given production line, Wastewater is also
generated during daily mechanical scrubbing of the floors and occasional
mopping of accidental spillages. Cake pans are washed with high pressure
spray in a tunnel type washer with a recirculating reservoir which is
norm311ly emptied and refilled every eight hours.

Solia wastes result from the disposal of inaredient shipping containers,
breakage of the baked cakes, malfunctions of the packaging machinery,
incorrect baking and miring formulation errors.

Description of Process - Snack Pies - Snack pies are made from refrigerated
dough and contain one or more fruits nr other fillings. Snack pies can’

be either baked or fried but are generally baked. The two major elements
of pies are the dough and the filling. Figure 17 illustrates a typical
process flow.

Flour, shortening, sugar, preservatives, flavorings, and additional
ingredients are mixed together. After thorough mixing, the dough is

dumped into a hopper which feeds the dough through an extruder to form sheets
of dough. This is referred to as sheeting.

When siheeted, the dough is placed on racks and then into a refrigeration
unit for approximately 20 minutes. When refrigeration is ccmplete, the
dough is removed and piaced into a second hopper located at the production
line. When the dough is extruded or cheeted & second time, it is the
proper thickness and width and is a continuous ribbon of dough.

Mixers and extruders are cleaned daily by scraping excess dough from their
surfaces. Excess dough which cannot be used further is used as animal
feed or is disposed of as a solid waste. If the production iine is
shutdown for an extended period of time, the equipment s thoroughly
washed with water. The procduction area is dry cleaned then mopped with
mops and buckets as a part of the dafily cleanup program.

Fruit used in these pies iuw purchased frozen in 14 kg (30 1b) containers.

The fruit is first cooked in a vat then conveyed to a mixer where additiona)
ingredients are added for sweetners and for substance to prevent the fruit
from bleeding through the crust. When thoroughly mixed, the fruit is

pumped to the depositor located at a point where the fruit is added to

the pies.

A1l related fruft processing aquipment 1s washed each time a different
variety of fruit is used. Wastewater from this process is from Cleanup
water with some solid waste going into the sewer or on the floor.

As the dough is extruded and the ribbon of dough proceeds to the depositor

.
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for fruit filling, it is cut to the proper length to include the top

of the pie. When cut, the dough rests on a forming machine which folds
and crimps the pie after it is filled with the fruit filling. Once
formed, the pie #s then Inspected for quality before being conveyed

to the oven or fryer. After baking or frying, the pie passes through

a spray of sugar glaze for finishing and is conveyed to the final
inspection and packaging area. Pies are individually packed in cellophane
or glasene wrappers for distribution.

Cleanup of the production equipment 15 generally dry unless the line is
shutdown for an extended period of time. Daily cleanup consists of dry
cleaning the flioors and equipment with brushes and brooms. Water is

used for cleaning fruit filling mixer, cooker, and depositor. During down
days, floors may be wet mopped or cleaned with scrubbers. Wasted dough

is substantial where the pies are cut, formed, and crimped. Rejected
pies, doughs, and other solid wastes are used as animal feed or go to
sanitary landfills.

Description of the Pie Making Process - Pie making is very similar to the
process of making srack pies in that dough is mixed, refrigerdted, sheeted,
formed, filled, and baked. After the dough is mixed it is sheeted and
refrigerated cnce or twice to produce a flaky crust. The dough is put

into a hopper located above the sheeter and then is extruded in contiruous
ribbons which are placed on racks and then refrigerated. After cooling,
the- dough may be put through a second sheeter. See Figure 10 .

The dough is then conveyed to a point where it is placed over an aluminynm
pie pan and is pressed and formed into the pan. Immediately following

the forming of the dough, the dough-lined pan is trimmed of excess dough
which is reused. After the pie is ‘rimmed, it is moved to the filler
whera the fruit or other filling is deposited. If a top ¢rust is desired,
the unbaked pie is conveyed to a second extruder which extrudes a sheet
of dough over the pie, forms {t to the desived shape, and crimps the edqes.
The trimmings of dough from both lower and upper crusts are vrecytl2d and
used sq9ain for pie crusts. The pies are then placed on & continuous
conveyor which conveys them through an oven where they are baked. After
baking, the pies are placed on racks and permitted to cool sufficiently
befure packaging. If a finish onthe pie crust is desired, o mixture of
sugar and egq white 15 sprayed on the crust immediately after baking to
produce & glaze. The pie is then inspected, packaged, and boxed for
distribution.

Fruit used in pie fillings are purchased frozen in 14 kg (30 1b) containers
and cooked in a vat. From the cooking vat, the fruit is pumped to a large
hopper where additional ingredients are added for sweetness and to give

the fryit filling more substance. After being thoroughly mixed, the

fruit is pumped to the filler where it is deposited into the pie shells.

When pies are made with no top crust, the filling, as in creme or lewon

pies, is deposited after the pie shell has been baked. Additional finishes

or toppings may be applied. The pies are then inspected and packaged in boxes.
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Cleanup of the pie production area generally follows a daily dry cleanup
routine. The fruit cooking and mixing utensils are cleaned with water
each time a different fruit filling is desired. The fruit mixing area
fs generally clean except where spillage may occur and this is removed
by shovels with water being used where needed.

During down days or days when the line is not in production, a major
cleanup of all equipinent is done by washing thoaroughly with water. The
bulk of solid waste is generated by containers such as cans, cardboard
boxes, and cardocard containers which contained frozen eqgg whites, frozen
fruit fillings, or minor ingredients. A small amount of dough, flour, and
fruit fillings also contribute to the solid waste.

Description of the Cake Doughnut Process - The ingredients for doughnuts
are similar to those for yeast doughnuts and are stored and handled in
rearly the same manner. The princinal dry ingredients are, in some cases,
purchased premixed. Water i5 added to tie premix in a large vertical
mixer with cecondary ingredients mixed separately and added manuelly.
Figure 19 illustrates a typical process flow.

Doughnut vatter is transfeirred to an extruder. This machine forms the
doughnuts and deposits them intu the cooking 0il. Eoth the mixer and

the extruder are dry cleaned to the extent pnssible and then cleaned with
water.

Doughruts are fried in a hot oil bath. They are conveyed through the 03l
cooking on one side, Midway through the oi] bath, the doughnuts are
turned over in order to cook the other side. Upon completion of frying,
the doughnuts are removed from the oil and conveyed through a spray screen
of sugar glaze. 1If any finish is required other than sugar glaze, the
doughnuts are reheated by infra-red lights loceted above the conveyor

belt while a sgray of any one of several finishes is applied to the
doughnut. They are then cooled and cunveyed to the packaging area where
they are inspected and packaged. Packaging 1s normally in bags or boxes
containing a dozen doughnuts,

Wastewater from _he mixing, finishing, and packaging operations is generated
by the washing or related utensils such as mix bowls and oeater blades.
Floor cleaning is done daily using brooms or vaccum cleaners with occasional
wet mopping for spills. During down days or whentime permits, the floor:
are thoroughly washed with wet mops or with scrubbers, which pick up

the dirty water.

Description of the Yeast Doughnut Process - Yeast type doughnuts are made
using yeast, rather than baking powde-, as in the cake type, for leavening.
Generally, the mix is purchased in bags with all the needed dry inyredients
blended together as an alternetive and primary method to making doughnuts

from scratch and mixed with only water to complete the do.ghnut doujh., Sec
Fiaure 20.
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The dough is then scaled to verify that the proper amount of water has
been added. After scaling, the dough is fed into a hopper which extrudes
the dough in sheets and the doughnuts are stamped out. Excess dough

is returned to the hopper for further use.

The doughnuts are tnen pl. trays which are conveyed to a wet proof
room for about one hour to .te rising. After completing the wet
proof cycie, the trays are tipped, a'd the doughnuts fall into the hot
011 bath. Midway through the hot 0il bath, the doughnuts are turned over
in order to cook the other side.

Upon completing the frying period, the doughnuts are removed from the oi)
and conveyed for finishing with any one of several finishes, such as
glazing or powdered sugar. Finish and filling equipment is cleaned each
day to prevent clogging of the equipment. Creme fillers generate sub-.
stantial amounts of colid waste and must be cleaned frequently.

When the doughnut has been finished and coeled, fillings may be injected
by needle. After finishing and filling, the doughnuts are then inspected
and packaged in consumer size packages of 6 or 12 doughnuts.

Floors are dry cleaned by sweeping or swept with brooms dur1ng normal
daily cleanups. Related equipment for mixing doughnuts it washea at the
end of cach shift to prevent clogging of equipment. Excess dough is
constantly being scraped free of equipment and is handled as solid waste.

SIC 2052 - Ccokies and Crackers

General - The cookie and cracker industry is orimarily engaded in producing
crackers, cookies, pretzels, and other "dry" bakery products. In 1972,

the inductry consumed 1.10 million kkg (1.27 million tons) of flour

0.32 millicn kkg (0.35 million tons) of sugar, 0.27 million kkg (O °

million tons)of fats and oils, and 0.C5 million kkg (0.055 million _anc\

of other ingredients. There are a total of 311 plants, 40 porcent_of

which are located in the northeast. The total employment for the industry
is 41,000. According to the Biscuit and Cracker Manufacturers' Association
{ 8 ), of the total $1.69 billion value of cookies and crackers shipped

in 1974, large national and regional corporations were responsible for
approximately 70 percent.

According to the Bureau of the Census ( 2 )., the trends in the cookie

and cracker industry are a decrease in the number ¢f plants and employees,
and an increase in the q.antity and value of products produced. Thus,

the industry is apparently becoming mcre automated and consolidated. A
few new cookie and cracker plants are being constructed. These wil]_

rely almost entirely on computer-controlled processing, thus decreasing
the manpower requirements and waste due to human error.
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Description of the Cookie and Cracker Process - Process flow diagrams

for cookies and crackers are shown in Figure 21 . Ingredients used in
large amounts for the manufacture of cookies and crackers are received

and stored in bulk. These include flour, sugar, shortening, invert syrup,
and corn syrup. The flour is sifted before these dry ingredients are
weighed and pneumatically conveyed into the mixers. The liquid ingredients
are metered and conveyed to the mixerec,

Ingredients which are used in small quantities are received and stored
on pallets in their shipping containers. These materials are measured,
sometimes premixed, and added to the mixers manually. Normally, the
only source of wastewater generation from raw materials storage is the
periodic cleaning of the liquid storage tanks.

The mixing operation is normally performed in batches in one or two
stages, or continuously by either a vertical or horizontal mixer. The -
vertical mixer has a series of mixing blades attached to three vertica?
arms., The entire mixer can be raised and lowered and is desi¢ned for
use with a dough trough which is wheeled unger the mixer. This mixer is
preferred for use in two-stage mixing processes since the dough from the
first mixing does not have to be added at the second mixing stage.

Horizontal mixers are more common and have a single mixing blade which is
horizontally positioned. The mixing chamber is rectangular with a concave
bottom to allcw the mixing blade to incorporate ali the ingredients. In
this type of mixer, shortening and sugar are normally added first, foilowed
by the liquids, and then the flour. The temperature of the dough is
requlated by adjusting the temperature of the ingredient water.

Batches of dough range from 135 to 450 kg (300 to 1000 1b), primarily
depending on the capacity of the mixer. In the case of dough which

tends to dry out while standing, batches of less than maximum capacity

are usec. According to the Biscuit and Cracker Manufacturers' Association
{ 9), mixing time ranges from four minutec to one hour, depending on

the product.

In the plants of the major producers of cookies and crackers, mixing
equipment usually operates continuously five or six days a week. Mixer:
are cleaned out on varying schedules. In near-continuous operations, they
are cleaned on down days. In other situations, mixers are cleaned daily
or between varieties of product. Cleaning consists of scraping the mixers
as clean as possible and then rinsing with hot water. The ingredients
that are scraped out are handled as solid waste, which minimizes the
wastewater load from thic cleaning process.

After mfxing, the dough is emptied into a dough trough mounted on casters.
From ghws trgugh, the dough is transferred to the forming machinery. There
are five basic types of forming machines as follows:

). The stiffest dough is formed by a rotary machine. The forming

is accomplished by forcing the dough against an engraved
cylindrical die and scraping away the excess with 3 knife edqge.
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The top surface of the cookie retains the cesign on the cylinder,
as examination of a sandwich or butter cookie will show.

2. Fairly stiff and extensible (stretchable) dough is formed into
sheets and cut into cookies by a cutting machine. A1l crackers
and some cookies, Ssuch as ginger snaps, are made using this
machine. -

3. Bar forming machines use dough which is considerably softer.
These machines extrude .the dough from a die {with & number
of different openings) onto a moving belt which carries them
through the aven. The strips of daugh are cut into bars either
before or after baking. :

4. The wire cutting machines operate in a manner similar to the bar
forming machines except that as the dough is extruded from the.
die, it is cut into individual cookies with a taut wire. For
most products commonly formed with this machine, such as oatmeal
cookies and vanilla wafers, the cookies drop onto the baking
surface.

5. Deposit forming macnines deposit the dough as individual cookies
without the use of a wire. This method is similar to the cookie
press used by homemakers. These machines are similar enough to
wire cutting machines that a slight modification in formula
permits, for example, ocatmeal cookies to be made by the deposit
method.

Pretzels, sugar wafers and ice cream cones utilize specialized forming
equipmant., Pretzels are extruded and cut into sticks or tied by mechanical
equipment. Batter is injected onto plates or matching dies for baking
sugar wafers and ice cream cones.

Wastewater is generated in the forming process during the cleanup of

the machinery. Rotary formers and the nozzles from extruding machines

are commonly water or steam cleaned in a wash room. Other forming machines
are wet cleaned or dry cleaned in place with compressed air.

The standard oven in the industry is a long (normally 90 m) tunnel oven.
The baking surface is a continuous metal belt., In cracker production,
wire mesh belts are often used in the ovens. Baking time varies from 2
to 15 minutes depending ~n the type of product. Saltines and snack
crackers normally have the shortest baking time. Cookies such as fig
bars and chocolate chip are baked fram seven to eight minutes. Na
wastewater is generated as a result of the baking process since the ovens
Jre dry cleaned and wiped down with an organic solvent.

78



DRAFT

After baking, the product is protected from cold drafts to prevent checking.
Sandwich cookie bases are applied warm thereby reducing product breakage.
For most other cookie and cracker products, ambient air cooling is all that
is required. These temperature control processes do not produce a waste-
water load since the equipment is dry cleaned.

Cracker products are salted and/or sprayed with oil. The salting machinery
is dry cleaned. The oil spraying equipment recirculates the oil it uses
and does not normally require cleaning.

Sandwich cookie bases, marshmallow cookies, sugar wafers and similer
products are iced and/or enrobed (coated) after baking. The icings

and coating are mixed in stainless steel vats and carted or piped to
the appropriate machines. In large more modern plants, the vats and
piping are usually cleaned by a "clean-in-place” (CIP) system which
utilizes pre-rinse, wash, and final rinse cycles. In older plants, the
smaller mixers and other equipment are wet cleaned manually with hoses.
The mixing vats, pipes, ad enrobing equipment are scraped and not
cleaned at the end of each product run, which may ocCur several times a
day for each line. This is a significant source of waste load within
the cookie production process.

Packaging of the final cookie and cracker products is designed to minimize
breakage and maximize shelf 1ife. According to the Biscuit and Cracker
Manufacturers' Assoziation ( & ), both cookies and crackers may be tumble
packed or shingle stacked for packaging. Packaging containers include
bags, overwrapped plastic treys, and cartons. HMoisture proof materials
are used tn seal the packaged product. The packaging is performed
mechanically. The equipment is dry cleaned with compressed air weekly.

The steam rcem and the CIP system are the largest contributors to a
plant's waste load. A1l equipment associated with icing and enrobing

is cleaned by these methods, and these materials have high concentrations
of sugar and other organic materials,

General cleanup is a dry process. Wooden floors may be found in some
sections of cookie and cracker plants, evidence that the cleanup processes
in those areas are dry (vacuum and sweeoing). Areas which are subjected
to liquid and semi-liquid spillage are wet cleaned using hoses, mops,

and vacuum-type wet scrubbers.
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SIC 2065 Confectionery Products

Background of the Industry - Included in this classification are those
establishments primarily engaged in manufacturing candy, including choco-
late candy, salted nuts, other confections and related products. Confec-
tions have been produced since pre-historic times, however, the extensive
production of refined sugar based candies did not occur until the late
18th century. Candy-making machines were invented during this period and
the industry has grown steadily since then. Today there are over 2,000
different varieties uf confections and an average per capita consumption
of 8.5 kg (18.7 1b).

The confectionery industry marketed 32,472 million in products in 1972,
an increase of 32 percent compared with 1967. The growth of the industry
will likely continue in the future, but probably at a reduced rate due

to increased raw material costs and a leveling of consumer demand.

In 1972 there were 993 establishments processing confectionery products -
(2); however, of this number only slightly more than one third employed
more than 20 persons. Most of the larger plants are concentrated in

the north central and northeast region, the smaller establishments being
more widely distributed. The following process descriptions concentrate
on the basic production techniques which are common to most of these
varieties.

Description of the Candy Bar Process - Figure 22 shows a typical flow
diagram of a candy bar process. Although the range of cancy bar types

is diverse, the manufacture cof all bars {s basically a single process,

in which there are two stages. In the first stage, the candy nougat or
center 1s prepared by cooking together varying quantities of sugar, corn
syrup, water, starch, cocoa, milk and other ingredients.” The type of
ingredients utilized depends on the variety of nougat desired. The amount
of moisture removed in cooking of the various constituents determines

the density of the finished nougat. One of two types of cooking is generally
employed: 1) Pre-cooking, which is usually accompiished in open batch or
continuous- type cookers, and 2) vacuvm cookers, which evaporate of f excess
moisture from the mixture under vacuum. A combination of both types of
cooking can b2 utiljzed in a two step operation.

After cooking, the nougat {s efther cooled and aerated, or blended with
other ingredients. In the first cese, the nougat mass is cooled, then
subjected to physical working. For lighter, soft nougats, this physical
working is called aeration and is accomplished by some form of pulling
or whipping action, while for hard nougats, kneading is used to work the
mass. In the second case, numerous ingredients of various kinds may be
added to the nougat to modify its flavor, texture, and appearance. Such
1ngred:ents include vegetable oil, coconut, milk powder, peanuts, and
caramel,

)



DRAFT

LiQuip
SUGAR

CORN MISC.
SYRUP INGREDIENTS

COOK |jsg———  WASHDOWN

PAPER, CONTAMINATED CANDY

I

! .
L WASHDOWN 8 GOOLING H.O
cooL z- =

COCONUT "
MILK, VEG. |
BURNT oiL, ETC. |
PEANUTS —— ] — = WAGHDOWN__ _
ANT - .
X Mx v _waswom |
I
1 |
' cooL |--—-SROLING M0 _ _
} ; CHOCOLATE f
| v~ — oR 8 _RAW |
\ nT n MATERIALS |
1 haisc. 1
i IoEBRY BLEND & '
: ] CooK |
|| -V.I.B-@O_wﬂ___./b_—-_q
{ 'p-:_-::: ———~fm==—z=— cooL | _
{ |CONTAMINATED CaNGY<y _ _ _ _| | _wasHOOWN Lo
~T H,0
[ : 27
: | OR t
|
(! HOCOLATEe——
: : . ENROBE 14 STORAGEHG-J'-—PRE-PROCES i
I .___.I I CHOCOLATE ‘
I
H
It
Iy
!
I
!

ln:;:: = === PACKAGE
DL195 STORAGE

FIGURE 22

i CANDY BAR PROCESS

81

|
!
!
|
|

v

EFFLUENT



DRAFT

The cooled nougat, or "base bar", is then either molded or formed and

cut to size. Two types of molding are utilized for the base bar:

1) A compressed corn starch mold or 2) metal molds, some of which may

be teflon coated, Formed candy nougats may be extruded or passed through
rotating spinners to form candy ropes before cooling and cutting to bar
sfze. Some candy bar producers utilize various types of nuts in the

base bar production.

Nuts can be added to the nougat before or after forming the base bar.

The nuts, if not previously prepared, are first cleaned of stones,

lcose skins and extraneous materials. The nuts are then roasted,

cooled, and sorted or graded. The good nuts are used in the product,

and culls are removed as solid waste material. Peanuts, which are used
most 2xtensively in base bar production, are either sent to grinders for,
pearnut butter type bars, or added directly to candy bars in whole or
broken form. If the nuts are processed at the plant, solids resulting
from the cleaning and sorting operations are the primary source of wastes.

The second step, which is not utilized for all candy bars, is to coat
the base bar, normally with chocolate. The coating process is termed
"enrobing". Enrobing is usually a totally automated recirculating
system which coats both the top and bottom of the base bar.

Milk chocolate, which is usually used for enrobing, is prepared by blending
cocoa powder, powdered milk and sugar. After blending these ingredients,
vegetable oils are added to produce 1iquid chocolate. The mixture is
cooked and then cooied prior to being transferred to heated storage tanks.
Chocolate coatings may be purchased and stored in heated tanks prior to
being pumped to the enrobers. Enrobers use warm water jackets to keep

:he chocolate fluid. This water is continually recirculated in most
nstances.

Whether the candy bars are enrobed cr come directly from the base bar
formers, they pass through coaling tunnels. The ceooling tunnels utilize
recirculated chill water systems. From the cooling tunnels, the finisned
bars are inspected and individually wrapped and packaged.

The :aajor waste water flows originate during washdown ogerations. Wash-
downs may be in the form of C.].P, (clean-in-place) units, which are

used on conveyors, cookers, etc., or from minor cleaning and majcr wash-

down operations at the end of a processing day. The wastewater from such
washdown operations is high in dissolved solids, detergents, and carbohydrate.

Most plant: recycle the majority of the chill and cooling waters used in
their operations. Nevertheless, some plants do discharge some or all of
this non-contact cooling water., These streams coniribute significantly to
flow volumes but not to waste loadings. Other small periodic wastewater
discharge result from cleanup of spills, pump seal leakages, steam conden-
sates and other minor sources. Flows varied significantly between plants
depending on plant size, type of product, recirculation technique, and
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washdown procedures from 3,800 1/shift (1,000 gal/shift) to well over
1.3 cu m/shift (350,000 gal/shift). This large range of flows gives
some indication of the diversity encountered in the candy bar industry.

Description of the Soft and Chewy Candy Process - Figure 23 shows the
process flow diagram of a typical soft candy plant. Corn syrup, Sugar,
and water are the three major raw materials used in the manufacturing

of chewy candies. Dry ingredients, such as cooking starches, cerelose,
and cocoa, can be added to the syrup base. Various blends of the above
constituents are either pre-mixed in slurry tanks prior to cooking, or

in the cooking kettles themselves. After mixing, the Syrup i$ cooked
between 117°C (243°F) and 155°C (34°F). The cooking and mixing area

is termed the "kitchen," and is the location where most of the clean-up
wastewater is generated. The cooking kettles, either batth or continuous,
utilize steam for cooking from which the condensate is generally recir-
culated back to the boiler. Cooking takes from five to ten minutes, _
depending on the percentage of moisture desired. following cooking, which
is closely regulated, the processing steps change somewhat depending

on whether the finished candy is to be a fondant creme, soft or hard

gum, pastille, or jelly.

Fondant cremes, after cooking, are cooled continuously by taking them
from the cooker to a large slowly rotating metal drum cooled internally
by water sprays. The syrup is cooled from 117°C (243°F) to approximately
38°C (100°F) and by means of a scraper knife the syrup is removed from
the drum and discharged into a beater. The quality of the fondant is
largely controlled by the efficiency of the beater which, in addition

to bringing about rapid crystallization, muct remove the latent heat by
sufficient flow of water through a cooling jacket. If the fondant is
allowed to sit, the result is normally a rather dense product; a lighter
texture is obtained by the inclusion of “Frappe.” Frappe, or whip, is
prepared by dissolving egg albumen or a substitute in water and then
mixing with sugar/glucose syrup. This mixture is then beaten to a foam
by mears of a high speed whisk, either under normal or increased pressure.
Frappe may be used in fondant base in varying quantities depending on the
ultimate density desired.

Lozenges are a combination of corn syrup, sugar, and starch. This com-
bination js heated and mixed or lightly kneaded. Next, rollers are used
to roll out the candy into a sheet approximately 1.3 cm (0.5 in.) thick.
The sheet is fed into lozenge plungers which shape the lozenges to their
circular configuration. Ouring the subsequent inspection, broken and mis-
shaped lozenges are removed and reused in the process. The accepted
lozenges are placad on drying boards and air dried until hard.

Gums, pastilles, and Jellies comprise a large group of soft and chewy
confections. The prime differerces between individual products are

the gelatinizing agents usec and the moisture content. Most recipes for
gums rely on gum arabic or gelatin as the gelatinizing agent, but certain
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modified starches a-e also used. The syrup mixture is poured in

the gum solution and gently mixed. Flours and coloring are then added
to the mixture prior to deposition in starch molds, With the softer
gums and pastilles, it is usual to include gelatin as well as gum
arabic, and the glucose syrup content is therefore higher.

Jellies may be made with the use of agar, gelatin, or pectin as the
gelling agent. Different textures are obtained. Agar produces short
textures, gelatin is inclined to produce toughness, and pectin gives
soft tender jellies with qood keeping properties. Refractometers

are generally utilized for determination of the soluble solids eno point
during cooking. The flavors and coloring are added to the setup kettles
after the cooking process. From the set-up kettles the candy is trans-
ported from the kitchen area to the candy hcpper where it is dischargad
in measured amounts into starch molds.

The starcn molds are used to form the confection into desired shapes

The starch employed is usually the finest dry corn or maize starch, -
which takes the mold imprint in detail and is quick to absorb moisture
from the semi-liquid confectionery. Most plants utilize a fully
mechanized machine known as a "“mogul" or N.1.D. The mogu? automatically
prints a tray of starch, which is then moved by conveyor to @ multiple
depositer which in turn is fed by a hopper. The depositer works o the
piston principle, supplying precise volumes of liquid candy to each
starch impression. The starcn trays are fed into onec end of the machine
and, after filling, are removed at the other end and allowea to cool and
set in the conditioning room. After setting, the confectionery is re-
moved and brushed free of loose starch. Excess starch is then cleaned
and recycled along with makeup starch back through the machine to refil)
the starch trays.

The drying (conditioning) room may or may not be heated. Fondants are
usually held for 5 to 16 hr, depending on moisture content, in the
conditicing room at 13 to 16°C (55 to 61°F). The relative humidity is
maintained between 55 and 60 percent, MHard gums are generally dried for
6 to 10 days at 48°C (120°F), Soft gum and pastille drying times vary
between one and seven days. Jellies have higher mojsture contents, so
drying times are reduced and vary with desired moisture content. At

six to efght percent moisture a 5 to 38 hr storage is required, while

at 9 to 1l percent moisture a 16 to 24 hr storage is necessary.

After de-molding and cleaning of adhering starches, the candy proceeds
to the coating process, Fondants are generally en-obed with chocola‘e,
whereas gums and jellies are "sanded." Sanding is a process whereby
the candy is slightly steamed to make the surfaces sticky thus holding
the crystai-sugar dusting. The sugar coated candy 1s than subjected

to a slight drying in a warm room prior to packaging.

The main wastewater source emandting from the starch molding/packaging
area is washdown water, Lubricating water and steam condensate from
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the sanding machine are also two minor sources of wastewater originating
in thic area.

Washdown from the "kitchen" or cooking area i3 the primary source
of waste effluent; however, many plants save the 1nitial washdown
of cooking xettlies and hoppaers to be recycled, after ¢leaning with
carbon filters.

Description of the Hard Candy Process - There is a wide variety of
Rard-boiled sugar confections, a1l having a bastic formulation of sugar-
and glucouse syrup with color, flavor, and a number of other added
ingredients. Figure 24 shows the flow diagram for a typical hard candy
process. The first step in the hard-boiled sugar operation is pre-
cooking of liquified sugar and glucose until all traces of sugar crystal
are dissoived completely. The candy then goes to a vacuum cooker.

Vacuum ccoring takes approximately 10 minutes, depending on the cooking
temperature, which varies between 137° and 143°C (250° and 2S0°F). When-
the desired consistency is reached, the syrup may be deposited in

starch board molds analogous to soft and chewy candies, but more

commonly the syrup is taken to the kneading machine (3urk's mixer).

At this point citric acid, colors and flavoring are added, alsoc scrap
candy is sometimes added to form a seed. The kneadinj process incorpcr-
ates air into the candy and cools it to the desired texture. Chill

water s used to keep the kneacing table cold <o the syrup will solidify.
This water is normally recirculated., After the candy has been kneaded

to the desired texture, it 75 fed into machines, known as drop rolls,
which press the pliable sugar into shapes. Alterpatively, the pliabie
sugar is supplied to & "spinner," (parallel rollers) which forms it

into a "rope” which is then fed into a candy forming machine. This
machine cuts the rope into small sections and forms the candy into desired
shapes. Another continuous plant for the production of fruit drops and
similar products uses the principle of pouring the high bodied syrup into
mu1t1$1e metal molds where they pass through coolers and then are demolded
on belts.

After the candy has been formed, it is cooled either by a series

of cooling tunnels or by direct air cooling. The candy is then cleaned
and inspected. Some candies do not require a cleaning operation

and are gimply sized and inspected prior to packaging.

The major wastewater tlow associated with the hard candy proce.s

comes from washdowns. Another source of wastewater i3 the vacuum cookers
wiich utilize water to draw off the condensate from the conkers when
forming a vacuum., Additionally, water 1s used tc cool compressors,
condensors and other machinery. This non-contact cooling water 1is
generally recirculated.
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Description of the Cold Pan Candy Process - Figure 25 shows the flow
diagram for a typical cold pan candy process. A large variety of
cenfectionery cores can be used for this process. Some of the various
types of cores utilized are jellies, marshmallows, caramels, nuts, and
licorice.

Cold panning is essentially a cold process in which the cores are
rotated in a pan coated internally with a sugar layer. The cores

may be in any shape ard are dumped into the pans in measured amounts.
Glucose syrups (60 to 65 percent concentration) are applied alternately
with caster sugar and flavors until the correct size and shape is
obtained. The circular motion of the turning pan causes the cores to
become evenly coated with a wetting zgent (glucvse syrup) prior to
the addition of sugars. Tne final sugar dustings are with icing
sujar which gives a smooth surface. Following dusting, the candy

is put into trays and allowed to set for 16 to 23 hr in a dry (but
not hot) atmosphere. The candy is then given a luster usually by

the addition of beeswax, carrauba wax, or spermocet. The wax is
usually applied in a molten forni, in sufficient quantities to coat
the candy with a thin layer. The candy i5 then tumbled until a gloss
is cbtained.

The major waste source from this process is wasindown water. Flows
from washdown operations have a wide range with obsarved values from
2000 1/day (500 gal/day) to 4000 1l/day (1000 gal/day). \Very little
water is utilized in the actual production of the product.

Description of the Hot Pan Candy Process - Hot panning is done in
rotating copper or stainless steel pans which are provided with some
form of heating, such is steam jacwets, direct heating, or injection

of hot air into the pan. Figure 26 shows the flow diagram for a typical
hot pan candy process.

Many types of cores are utilized Tor this process but mainly they
cons.it of hard candies and nuts. Various types of coatings may be
utilized, i.e. nuts use a gum/syrup or chocolate coating aftar a
preglaze of gum arabic. The coatings are poured ento the cores

while the pan is rotating and a slight heat is being applied. As the
coated cores approach dryness, icing sugar is dusted on and further
applications of syrup and starcn are made. The rotating cores enlarge
gradually with each application of syrup and sugar. The operation
continues unti) the cesired size is obtained. Between wettings, the
confections are continually rolling and rubbing against one another
and the sxdes of the pan. This aids in girinding of the high spots

and smoothing the surface. During the last stages of tumbling, cclors
and flavorings may be added. Sometimes these additivas are dissolved
in the syrup prior to additiorn tn the centers.
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After the candy has been ouilt up to the desired weight or thickness
it is transferred to holding trays and taken to conditioning rooms.
The candy remains in the roum for approximately 24 hr at a relative
humidity of 45 percent. The candy is then polished with a coating

of wax, generally beeswax, carnauba or paraffin, and packaged. Waste-
water flows are the same as the ¢old candy operations described prev-
fously.

Description of the Marshmallow Process - Figure 27 shows the flow
diagram for the typical marshmallow process. There are many varied
recipes for marshmallow products; however, all contain sugar/glucose

. syrups which are aerated with gelatin, egg albumen, Hyforam, or other
whipping agents. The texture and density of marshmallows can be varied
by adjusting the quantity of such constituents as egg albumen and
gelatin or by the inclusion of various gelatinizing agents or gums,

The first step in manufacturing is the weighing out of the various
ingredients before blending. Sugar and glucose are first dissolved
in water and boiled at approximately 112°C (233° F) to the proper
consistency. After cooking, dissoived gelatin and egg albumen are
then added to the syrup which has been cooled to about 71°C (160°F).

This mixture is then beaten to a thick foam. Many types of beaters
are utilized, with the main purpose bein. to incorporate air intc
the product. Beating can sometimes be done under pressure to better
control the density of the product.

The marshmallow form is then augered through a scraped surface heat
exchanger which cools the product to approximately 61°C {110°F).
Sometimes water cooled surge tanks are utilized for this operation.
The cooling operation generally uses recycled chill water that does
not contact the product. Some wastewater may be derived from this
operation in the form of make up water, however, the waste lnadings
are insignificant.

After cooling, the product is formed by pouring into starch molds, by
piping through nazZles, or by extrusion, The last two methods are used
most extensively in the industry. Extrusion of the cooled foam directly
into jars yields marshmallow rream, whereas for marshmallows, extrusion
is into long "ropes" onto corn starch covered conveyors.

The marshmallow ropes, which may vary in diameter from 1.3 to 2.5 cm
(0.5 to } in.), then receive an overhead application of corn starch.

The starch must be dried to a moisture content of 4 to 6 percent and the
temperature should be below 55°C (100°F). If these conditions are not
met, the marshmallow foam may partially soak Into the starch and cause

a starch crust to form. After extrusion the marshmallow ropes are
conveyed through automatic choppers and cut to designated lengths.
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The starch covered marshmallows are then corveysd to a humidified
rotating drum. This drum "sets” the marshmallows and helps to prevent
sticking. From this operation the product is conveyed to a starch
removal drum. The removed starch is circulated back through the

process after screening and refining. The product may then go through

a cooling drum where a light application of powdered sugar is applied.
If enrobing with chocolate or other coatings is to be done a sugar
application is not employed. Marshmalluws then proceed to the packaging
area.

The major wastewater flow originates in the "kitchen" area where
washdowns occur. Virtually no water is used past the cooling steps,
since water in the drying and forming areas would inhibit the quality
of the final product. Dry sweeping, cleaning, and vacuuming is done

in the drying and forming areas. .

Most plants have a “cleaning room” which is an additional source of waste
water. This room is used periodically for cleaning equipment and
machinery. Many plants utilize dust collectors in the drying areas

to remove starch and sugars which are suspended in the air. The
collectors are usually dry collection systems, utilized to recover pro-
ducts for recirculation, but wet scrubbers are incorporated for dust
collection in some plants. Effluents from the scrubbers are high in
dissclved solids and add significant short term waste locads.

Description of the Candy Tablets Process - Tablets are a mixture of
flavorings, lubricant, binding, and laose material which have been

stamped or compressed so as ta form a hard, cohesive confection which
contains very little moisture. Stamped, or "cut" tablets are termed
"lozenges." A lozenge is a sugar dough which has been flavored, cut

to shepe, and subsequently dried to remove most of the added water

(see Figure 28 ). Lozenge dough is prepared by mixing together a solution
of gum arabic, gelatin, icing sugar, and flavoring. According to Lees,
{10 ), efficient mixing is the key to satisfactory production of lozenges.
Mixing times must be standardized to produce homogenized paste without
excessive flavor loss.

When the ingredients are thoroughly mixed, the dough is removed and sent
to the sheeting machine where it is rolled into a continuous smocth
sheet. This sheet is delivered directly to the lozenge-cutting

machine.

The tendency of the lozenges to stick to the conveyor or stamping

machine can be reduced by sprinkling the dough surface with a food

grade dusting powder. Stamped lozenges are then removed and deposited

in one layer on drying trays. The lozenges are then either put into
circulating hot air drying rooms or allcwed to air dry until they

are sufficiently hardened. Glazing the lozenges can be achieved by ight
steaming and drying.
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The scrap paste which is left after stamping is then recycled back
to the sheeting machine before excess hardening can occur.

Washdowns are the primary sources of waste effluents, and are derived
primarily from the blending and mixing areas.

Figure 29 depicts a typical candy tableting operatior. Tableting
is essentially a dry process in tnat ingredients such as powdered
sugar, corn syrup, gelatin, and requisite flavorings are compressed.

The actual production of tablets begins with mixing corn syrup, sugar,
and gelatine in a "masticator.” This materjal is then driad and
transferred to a blender where flavorince and a small amount of water

is added, such that the dry particles will adhere better after passing
through the tablet forming machine. The tablet forming machine molds .
the candies under pressures of about 1.9 atm (14 psi) into the desired
configurations. Tablets are then inspected and conveyed to the -
packaging area. Rejects are recycled back to the blender to be repro-
cessed.

Any water used in the forming areas would affect the handling of the dry
materials. If machinary is to be cleansad, it is removad from the

area and taken to a separate cleaning room. The masticator is the

major piece of machinery that is washed on a daily basis. Cleaning of
floors in the processing area is generaily done by vacuuming or sweeping.

Description of the Popcorn Ball and Treated Popcorn Products Process -
There are several varieties of glazed popcorn products. Figure 30 depicts
a typical flow diagram of a glazed popcorn operatiun, Corn is brought

in from the field in kernel form, ¢ 2aned, and fed into gas fired corn
poppers. After popping, the corn is passed over shaker screens to remgve
to mixers where it is combined with some type of coating.

Popcorn coatings are derived from the cooking of various combinations

of corn syrup, sugar, m.lasses, and vegetable oil. These ingredients

are first pre-cooked toyether to blend and !'iguify the constituents and

the mixture is then cooked to a viscous syrup. Other ingredients, such as,
coconut, margarine Or butter, honey, and corn or vegetable oils, may be
added to the syrup.

When the final cooking step is accompiished, the syrup is mixed with

the popcorn in either a continuous or batch process. After mixing the
glazed popcorn is eitner formed into oopcorn balls or sent to cooling
drums. Two major types of cooling drums are utilized. One type consists
of a rotating wheel which uses baffles to break up the adhering popcorn
as it cools; the other type is a large rotating wire mesh screen. Both
kinds of drums employ air injection systems to cool the glazed popcorn.
The glazed popcorn is then separated from clumps and chaff by shaker
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screens located at the end of each cooling drum. The finished product
goes into hoppers where it is stored until packaged. Other ingredients,
such as peanuts, may be added to the popcorn at the packaging area.

Wastewaters from the glazed popcorn operation are primarily derived from
washdown operations. The volume of wastewater from washdown comprises
approximately 35 percent of the total flow, with the remainder being
comprised of various cooling water and other non-contact flows. This
percentage will be much higher for washdown flows if cooling waters

are not discharged. With the use of corn and vegetatle oils, either

for coating containers to prevent product stickage or in the product
itself, some spillage results. This spillage creates grease and oil

in the washdown waters. .
Steam rooms are employed in mast plants to clean equipment and containers
of adhering syrups and solids. Therefore, the steam rooms are a primary
source of waste effluents which are comprised of detergent, germicide
solutions, corn il and kernels, peanuts, and molasses and Syrups.

Most solid wastes are removed by sweeping prior to washdowns and
separated into edible and non-edible wastes. cdible wastes are svld
for animal feed while non-edible materials are taken to land fill areas
by contractors.

The majority of plants visited during this study recirculate the cooling
and chill waters used in processing., Any water jost from cooling oper-
ations would be in the form of overflow or make-up waters.

Description of the Candied, Glazed and Crystallized Fruit Process -
Glazed (candied) fruits and peeis are confections which have nad the
water in the product replaced witn a high sugar content syrup. Figure
31 shows the flow diagram for a typical glazed fruit crocess.

Many makers of glazed fruits first bleach the fresh fruit in a "brine"
solution prior to blanching and addition of flavor and color. Although
processors use various components in somewhat differing ratios, accord-
ing to Soderquist {11 ), a typical brine contains 1.5 percent sulfur
dioxide, 1.5 percent calcium chloride, and 1.C percent slaked lime in

a water solution. Fruits may also be stored in brine solutions for
extended periods to insure @ continuous production.

Next, the fruits and peeis, whether fresh or brined, are "blanched"

or cooked. This is necessary to break down the fruit tissues and to
improve the penetration of syrups into the prodjuct. Futhermore, blanch-
ing helps to remove chemicals from the fruits which have been brined.
Blanching may be accomplished with the use of steam or boiling water.
Times allowed for blanciing vary from 2 to 15 minutes depending on the
softness of the fruit.
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After blanching, fresh fruits are cooled, wherzas brined fruit is
generally leached in water. Water leaching serves the purposes of
removing additioral chemicals and cooling the product. The fruit

is then ready to be immersed in hot sugar syrup in concentrations
between 70 and 80 percent. The amount of sugar transferred into the
fruit is of particular significance in connection with the product's
keeping qualities. As reported by Lees { 10 ) candied fruit should
contain at least 75 percent sugar and candied peel around 65 percent,
Some loss of coloration and flavoring may occur during brining. This
is artificially restored during the syrup diffusion stage.

The syrup application phase may be repeatec several times, foliowing
short drying times, to bring the candied fruits up to desired sugar
concentration levels. The glazed ifruits are then sorted and dryed

prior to packaging.

The major waste loadings are derived fi'om wishdowns and dumping of
blanching tanks. If leaching is employed, significant waste loadings .
occur in the form of trace minerals such as S02. Brine solutions are
generally reused, but periodically must be Jumpec resu’ting in low flow,
high concentration surges.

SIC 2066 - Chucolate and _Cocoa Products

Background of the Industry - This classification includes establishments
primarily engaged in shelling, roasting, and grinding cocoa beans

for the purpose of making chocalate Tiquor from which cocoa powder

and cocoa butter are derived, and in the further production of solid
chocolate bars and chocolate coatings. The value of snipments from

this industry reached 3735 million in 1972, an increase of 41 percent
compared with 1967,

The present technology for the manufacture of chocolate has evolved

over the last 200 years, Starting with the defat’ing of the cocoa

bean by French and Dutch processors during the late 18th Century.

This and other innovations lead to the praparation of a more palatable
cocoa powder and the first solid eating chocolate. The present
consumption of chocolate and cocoa in the United States is approximately
300,000 kkg/year, equivalent to about 1.6 kg per person. This consump-
ti1on represents the processing of over 1.5 million tons of cocoa beans.

The industry is concentrated in the northeastern states and primarily

in the state of Pennsylvania. Of the 48 plants located throughout

the United States, 30 employ more than 20 persons; hcwever, the majority
of the production is done hy 2 few large manufacturers.

100



DRAFT

Description of the Cocoa and Chocolate Process - Bulk cocoa i$

received in this country in a reiatively clean and also pre-processed
condition. Tnis pre-processing consists of initial fermentation drying,
and preliminary cleaning of the cocoa beans. The first step of chocolate
manufacture is the further cleaning of this “raw" material. The beans
are passed through screens, brushes, airlifts, and magretic separators

to insure the removal of any extrareous material such as grit, sand,
metal, jute fibers, and bean cluster which may interfere with later
processing.

As shown on Figure 32 the next step i3 the roasting of the beans,
Rzasting helps develop the characteristic flavor, cclor and aroma,
reduce the moisture content, and loosen the shell from the cotyledons
or nibs. The roaster may be of either the batch or continuous type
and depending upon the primary dispocition of the beans, i.e., for
cocoa pewder, chocolate, or cocod butter, the temperatures and times
oF the roast may vary considerably.

The beans, the shell now loosensd by roasting, are crushed in breaking
rolls so that mainly large pieces of nib and shell arc pronduced with

3 minimum of dust. The mixture of nib and sheli is subjected to an air
flow which carries away the sheil and dust discharging two main s ze
classes of nibs, large and small., The large nibs yield the highest
quaiity chocolate due to the proportions or cocoa butter, mcisture,
shell and garm (Table 5 ). Small nibs may be used in blends or
exclusively for the expeller pressing of cocoa butter. The sheli is
recovered for use primarily as cattle feed supplement or garden mulch.

The reduction of the nib to a fluid state ("liguor" or "paste") 1s
the next step in the process. Grinding of the nibs in any of a
variety of mills liquefies the fat portion of the nib suspending

the solid cocoa particles in a fluid paste. The nib may be subjected
to the "Dutch Process” which is the alkinization and subsequert
dryfng of the nib to give a desired color and flavor. The liguor
may be directed to milk chocolate processing or to the pressing
operation. The latter route will be considered first,

As noted in Table 5 , approximately 55 percent of the nib ‘s made

up of cocoa butter.  Separation of the particles of cocoa matter

and the cocoa butter is effected by subjecting the liquor %o a
pressing cperation. Hydraulic pressing of the liquor yields liquid
cocoa butter and also a press cake of cocoa with a fat content

ranging frcm 12 to 25 percent depending on how the ¢cocoa is to be
used. The cperation of the presses is completely automatic wherein
the ultimate fat content cf the cocoa cake is controlled by adjustment
of the pressure/time cycle. At the completion of each cycle the

ram travei direction is reversed and the solid cocoa cake is dropped
tnto a bin o~ onto a conveyor for transport to the grinding operation.
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TABLE 5
CONSTITUENTS OF COCOA NIBS

Moisture 2.0 - 3.5 (depending on degree
of roast)

Cocoa Bytter 52.5 - 55.5

Shell 0.2 - 1.5

Germ 0.1 - 1.5 (depending on winnow
setting)

SMALL NIB
Moisture ‘ 3.8 -7.5

Cocoa Butter 35 - 36
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The cocoa butter expelled from the press may be directed either to the
milk chocolate line or into solid liquid storage.

The reduction of the cocta press cake to a fine, high quality powder
is accomplished by the cocoa mill which incorporates several processes
in a single unit. Pulverizing of the press cake to a powder begins

by first passing the hard, compacted cake through breaker rollers

and subsequently through hammer mills or peg disintegrators in con-
Junction with sifters. The final particle size, however, is dependent
on that achieved during the liquor grinding process. During the
pulverizing of the press cake, set temperature limits are maintained
by cooling air to avoid liquefication of the cocoa butter fraction.
The powder is delivered by an air stream through cooling pipes and
subsequently to a cyclone for separation of the cocoa from the air.

Cocoa powder may be marketed in a pure form or mixed with other in- .
gredients to make drinking chocolates. The latter are usually preparec
by mixing with sugar, corn syrup, and flavors under controlied condi-
tions to achieve desired particle characteristics which impart the
qualities necessary for quick dispersion in hot or coid liquids.

In addition to the production of cocoa powder and cocoa butter,
the chocolate liquor may be molded into blocks of unsweetened choco-
late, or processed into milk and sweetened chocolate.

As noted on Figure 32 the production of sweetened chocolate begins with
combining the liquor with additional cocoa butter and sugar. HMilk
chocoiate is produced by mixing sweetened condensed or dry milk

with the liquor and, in the case of condensed milk, subjecting the mix-
ture to a drying process to drive off the moisture. Chccolate must

be relatively moisture free in that a trace of water can cause stale-
ness and if more than one percent moisture is present it may become
moldy. 1In addition the presence of moisture renders the product stiff
and difficult to work.

In order to achieve a homogeneous mixture and aid in the development
of a fine texture, the chocolate is passed through a series of water
cocled refining rolls before being subjected to period of agitation

in a process known as conching. Conches of various design function to
produce the final flavor and texture characteristics of the product.
The chocolate is agitated from a few hours up to several days before
removal to liquid storage or molding.

The final step in the manufacture of chocolate is that of molding

it into the desired size and shape for distribution. Because of cocoa
butter bloom, air bubbles, and other problems which may occur, molding
is a carefully controlled procuss. First the chocolate is brought

to the proper temperature during tempering and injected into metal
molding pans. The filied pans are then passed onto a shaker belt
which functions to distribute the chocolate evenly in the pans and
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liberate air bubbles. After or during the shaking process,

the pans are passed through a refrigerated chamber to reduce the
temperature of the chocclate under controlied conditions. Once set,
the chocolate is knocked out of the pans and proceeds to some form
of storage or packing.

As previously mentioned the presence of water is not compatible with
the production of cccoa products; therefore, the open use of water is
controlled so as to avoic¢ entrainment in the product. Fortunately
the characteristics of chocolate and the high production temperatures
are not conducive to spoilage of the product. This eliminrates the
need for continuous use of clean-up or sanitizing water. A variable
amount of wastewater is generatad during the periodic cleaning of
holding or mixing tanks, transfer buggies, and molding pans. The
procduction area floors are also cleaned on a periodic basts, usually
preceeded by dry collection and then mopping, and/or using industria!l
floor sweepers. (ocoa butter may often be used as a cleaning solvent
with the later recovery of tne cocoa butter and chocolate material.

The primary scurce of water is that used for cooling. Cocling water
discharge is quite variable in that it may be recirculated through
a cooling tower for reuse. The cooling water is non-contact and
therefore does nct contribute to the strength of the total plant
effluent.

Most Targe chocolate manufacturers also have a milk condensing plant
for the preparation of sweetened condensed milk for the preparation
of milk chocolate.

SIC 2067 - Chewing Gum

Background of the Industry - This industrial classification includes
those establishments primarily engaged in the manufacturing of chewing
gum and/or chewing gum base. According to the United States Department
of Coimnmerce Census of Marnufacturers (2), there were 19 establishments
processing gum in 1972. The majority of these plants are located in
the eastern area of the United States. The value of products shipped
in 1972 totalled $383 million, an increase of 26 percent over 1967,

The manufacture of chewing gum is most conveniently considered as two
separate industries: 1) the processing of raw later and additives
into gum base, and 2) the processing of gum base into various styles
of chewing gum. Both processes may occur at a single plant location;
however, they are more ccrinonly ceparated with a single gum base
plant supplying several chewing gum processors.
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Description of the Gum Base Process - Conventional chewing gum base
consists ot a combination of natural gum latex, synthetic resins and
rubbers, and plasticisers. The highest quality natural gum,

chicle, possesses the ideal characteristics for chewing gum but,

due to fluctuating price and supply, it is most often "extended"

by addition of other natural gums and/or synthetic gums. Various
plasticisers, e.qg., lanolin, oils, waxes, and glycerine may be added
to the gum blend to achieve the desired softness.

As noted on Figure 33, the production of gum base begins with the
grinding ¢f the crude gums and sub¢equent filling of the gums into

steam jacketed kettles. Water is added and the gums are preheated

to a state soft encugh to allow mixing with agitator blades. After

the gums are mixed to form a homogeneous mass, the mixture is bleached
with a weak solution of sodium hydroxide for several hours. The

gum is then subjected to a succession of hot water washes for two to

six hours. The wash cycles serve to remove ex:iraneous material as .
well as the caustic bleaching solutior. The excess watar is drained

and the gum is subjected to another cyclie of mastication.

After the gum is dried to a three to five percent moisture content,

it is mixed with other natural and synthetic gums and softeners in
heated mixing kettles. The hot mixture is pumped through fine screens
and then through a centrifugal separator to effect a thorougn removal cf
all extraneous material. The gum is subsequently poured into melds

and, when .ool, the blocks of gum base are removed from the moids and
stored for later processing into various chewing gum products.

Wastewater of significant volume and loading i< generated by threa
phases of the process: 1) hot water washing of the qums, 2) contact
cooling water, and 3) daily clean-up of floors and equipmert. In
addition, there are wastewater sources of low waste loading {but of
relatively high volume) which include non-contact cooling water and
air scrubber water.

Description of the Chewing Gum Process - The manufacture of chewing

gum is generally quite similar throughout the industry with slight
variations employed in proczssing to achieve product differentiation.

A typical process is shown in Figure 34 . In the first step of mznu-
facturing the ground gum base s placed in mixers, vats capable of holding
up to 900 kg (2000 pounds) eacn, equipped with slowly revolving blades.
These mixers blend together gum basz, powdered sugar, corn syrup or
glucose, seed gum, plasticisers, and flavorings. Corn syrup or glucose
additions he¥p sugar and flavorings to amalgamate with the gum base

while keeping the gum moist and pleasant to chew. Cowdered sugar is

used as a thickening agent which has an effact on the brittieness or
flexibility of the final product. As reported by Coux (12 ), plasticisers
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such as glycerin are extensiveiy used to help reduce the viscosity
of the gum base to a desirable consistency and to improve texture.

When the blending is completed, the gum base is "tempered” or pre-cooled
to reduce its temperature. After pre-cooling, the gum is mechanically
kneaded to a smoother and finer texture. The gum then passes to a series
of rollers that produce a sheet of varying thickness; the final thick-
ness of the gum sheet de*2rmining the type of qum to be made. Stick gum
comes from the thinnest sneets, candy-coated gum from a thicker sheet,
and bubtle or ball gum from the thickest sheets or ropes.

Stick gum, after expulsion from the extruder, then moves to the sheeting
machine. This machine is made up of a series of rollers, each pair

of rollers set closer together to reduce the thickness of the gum

in stages. A light coating of finely-powdered sugar is used as an
adhesion agent to prevent the gum from sticking to the rollers as

well as to enhance the flavar. After passing througn the sheeting
machine, the gum is cut into rectangular sheets, approximately 43 by

43 cm (17 by 17 in.}, and scored in a sinale stick pattern. The gum

is then stacked automatically on trays and allowed to "set" in an air
conditionad room for at least 48 hr. Fro- the conditioning room the

gum is taken to specially designed packaging machines which individually
wrap and seal the gum. The individually wrapped gum is then packaged

in multiple-stick packs.

The candy coating process for gums starts with sheets of scored and
flavored gum which are broker into small squares or oblong pellets.
Alternately, ball gum is extended in perncil shapa and passed through
specialized forming machines. These different types ¢f gum pieces
are then placed in panning machines which are simply rotating drums
equipped with blowers so designed as to deliver low humidity air,

A solution of corn syrup and sugar syrup is added and the drum is
set in motion until the pieces receive a uniform coating. A small
quantity of flavor is then added and thoroughly distributed. An
addition of finely powdered sugar is made at intervals and partially
coated gum is removed and allowed to season.

A coating is gradually built up with sugar syrups, starch, and gum
Arabic and dried rapidly by means of the blowers after each application.
A final polish is given to the coated gum by rotating the pieces in
arums lined with beeswax impregnated canvas.

Bubble gum is essentially a plastic base which allows for considerable
expansion when a volume 0 air is introduced. The gum base used for
bubble gum is made with various compinations of Jetutong rubber, resins,
and plasticisers. This gum base is then mixed with icing sugar and
glucose syrup in steam jacketed mixing kettles. After mixing, the gum
loaf is fed into an extruder hcpper. From the hopper, the loaves are
picked up by two auger-type screws comprising the kneader and forced
under pressure through round holes. These continuous ropes of gum dare
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then conveyed by rollers to cutters where they are cut into uniform
lengths. Bubble gum may also be formed in sheets and cut to size.

The gum i< then put into racks and tempered from one to seven days.
After tempering, the gum is formed into a variety of shapes such as
pencil. kiss, ball, or square. The gum is then lightly coated with pow-
dered sugar, individually wrapped and boxed.

Wastewcters from chewing gum manufacturing are derived from three
primary sources: washdown, cocling waters, and (if used) air scribbers.
Washdowns are the primary source of waste loading, averaging less than
7500 1/day (2000 gal/day) for stick-gum processing and siightly more

for candy-coated gum. Daily clean-up operations consist mainly of dry
sweeping or scraping and wet mopoing with solvent, disinfectant and
water. Very little actual water flushing is done in the plant, except
in certain specified areas. Many plants also utilize automatic .
scrubbers for cleaning flocr areas.

Non-corntact cooling water is gernerally recirculated; however, some
plants do discharge some or ail of their water. This water, if
discharged, has a negligibie waste loading, but may contribute signi-
ficantly to tne total flow.

Many plants utilize air sciruvbers to ¢lean and humidify the air.

The water used in these scrubbers, aue to sugar dust in the air,

may be relatively high in BOD and suspended solids. The flow and
strength of loading will vary with the number and size of air scrubber
and the frequency of discharge.

SIC 2074, 2075, 2076 Vegetable 031 Mills

Mechanical extraction of vegetable 011 from seeds originated with the
"stunp press” utilized by the Egyptians, Phoenicians, and Chinese.
Dunning (13 ) reports that the process consisted of a burned-out stump
with a heavy pole driven by oxen that rotated upon the seed, thus
crushing the seed and extracting the free oil. The industrial revo-
lution brought many mechanical improvements, including the irvention

of the hydraulic press in 179%5. The hydraulic nress remained the major
oil extraction device until the beginning of the present century, at
which time the development of the mechanical screw-press allowed con-
tinuous extraction of o0il.

Today in the United States, the oilseed crushing industry represents a

major industry utilizing a variety of mechanical and chemical extraction
methods for the removal o. vegetable 0ils from oilseeds such as soybeans,
cottonsecd, flaxseed, peanuts, safflower, and other miscellaneous oilbearing
seeds.

A U.S.D.A. Marketing Research Report (14 ) states that the marketing
and processing of cilseeds and vegetable 0il has been significantly
afrected by increases in production and an expanding export market over
the past two decades. As a result, the industry has witnessed changes
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in organizational structure, processing technology, and the size and

number of processing mills. As indicated in Table € , vegetable oil
production in terms of plant numbers has shown a mixed pattern of growth.
This is best illustrated by the 62 percent increase in the number of
soybean crushing facilities in the iast two decades, while cattonseed mills
decreased by 64 percent during the same period.

Approximately 67 percent of vegetable 0il production is used in the
manufacture of shortening, salad and cooking oils, salad dressings,
mayonnaise, and margarine. Refining is usually separated from crushing,
the former prefering proximity to farm lands and the latter to marketing
areas, anc over 70 percent of the final product manufacture occurs at

or near the refineries. .
Since Wurld War !1, more efficient solvent extraction methods have for
the mosc part, replaced hydraulic and mechanical screw press methods.
During the same period, other striking technological developments have
included hydrogenation, deodorizing, and plasticizing of o0ils. These
pf?cesses have substantially increased the range of uses of vegetable
oils.

Other important developments in racent years have included an incraased
use of safflower and sunflower oils in food products and the development
of meat analogs from oilseed products. The meat anzlogs, which compete
with lower cost meats such as hamburger, are expacted to exert an
increasing demand on vegetable oil production.

The United States Department of Commarce reports ( 15 ) that approxi-
mately 19.4 million KKg (21.3 million ton) of soybeans were crushed
at 142 oil mills throughout the country during 1974, Soybean 0il mills
are located principally in areas of heavy soybean production or meal
use with the greatest concentration of plants in the tastern Corn
Belt states of Illinois, Iowa, iinnesota, Missouri, Indiana, and Orio.
Arkansas and Mississippi represent the other major areas of soybean
crushing in the lower Mississippi Valley. Production data provided
by the National Soybean Processor's Association from 1§ plants shows
production ranging from 62 to 2,310 XKg (68 to 2,550 ton) per day
with an average production of 1000 KKg (1100 ton] per day.

The vegetable o1l industry is expected to continue the steady growtih
shown over the past two decades. rfurther development of new tech-
nologies are expected and the worldwide demand for oilseed products
continues to increase.

Soybean 0i1 - Smith (16) reports that during the past 40 years soybeans
have made more rapid progress in the feed and edible oils industries
than other oilseeds because of their (1) low cost of production (less
than 10 man-minutes of labor ner bushel); (2) adaptability to solvent
extraction processing; (3) ecoromic importance to the feed and edible
0ils industries; and (4) demand by foreign markets. The United States
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TABLE ¢

THE NUMBER OF COMPANIES AND ESTABLISHMENTS
PROCESSING OILSEEDS FROM 1954 10 1974

Industry and Year Companies Establishments

Number Number

Cottonseed oil mille:

1954 ’ 145 286
1958 125 214
1955 115 188
1967 9i 150
1974 74 102

Soybean oil mills:

1954 55 83
1958 66 17
1963 63 102
1967 00 102

1974 36 142

Other vegetable oil mills:

1954 N.A. 63
1958 38 46
1963 39 47
1967 34 4
1974 N.A, N.A.
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Department of Commerce reports (14 ) that the crushing and solvent
extraction of soybeans alone represented America's number one cash crop

in 1971, producing mcre revenue than corn, wheat, or cotton. In addition,
soybeans were the largest single farm export from the United States with
sales abroad in excess of 1.3 billion dollars a year.

Protein rich soybean meal, a by-product in the production cf soybean oil,
is a key ingredient in the nation’'s expanding livestock and poultry
industries. Supplies of soybean meal were more than adequate for
domestic consumption until mid-1972 whan the United States entered an un-
paralleled soybean and soybean mea! supply demand situation. Winner

(17 ) reports that developments su... as {1) unusualiy large purchases

by Russia; (2) a poor 1972 harvest; (3) curtailment of Peruvian fish

meal production, a protein source for faed grains; (4) reduced peanut
meal exports by India and Senegal because of drought and: (5) increasing
worldwice consumption, placed 2 heavy burden on American farmers and .
consumers as prices for these products were propelled from $118/KXq
1$130/ton) in mid-December 1972 to more ¢nan $362/KKg ($400/ton) by -
early June 1973.

Production data provided by the Natioral Soybean Processors Ascociation
{NSPA) from 14 soybean oil mills found typical plants operating in the
range of 450 to 230C KKg (500 to 2,500 ton) per day. Today 95 percent
of the industry processes suybears by use of prepress solvent and direct
solvent extract.on methors,

Cottunseed 0i1 - Cottonseed ranks second in total oilseed production

in the Lnited States with approximately 4.4 million KKg (4.8 million
tons) crushed in 1973. The National Cottonseed Processor's Associetion
(NCPA; indicates that there are 102 active cottonseed crushing plants
in the United States witn the major concentration of production occurring
in the states of Texas (28 plants); Mississippi (18 plants); Arkansas
(9 plants); California (7 plants); and Alabama (6 plants). Production
data provided by the NCPA for five crushing facilities ranged from 230
KKg (250 ton) to 700 KKg (750 ten) per day and averaging about 290 KKg
(430 ton) per day. Table 7 provides 3 summary ¢f the cottonseed
industry listing total numbers of plants per state and the type of
extraction methods used.

Linseed Gil - The crushing of flaxceed to produce inedibie linseed gil
was the third largest oil beairing crop produced in 1973 with 0.53 million
KKg (0.58 million ton) produced (about 2 percent of the total oil seed
crushing production). Flaxsead production is centered in the states of
North Dakota, South Dakot., and Minnesota which produce about 95 percent
of the nation's crop, with North Jakota alone accounting for about half.
According to the Naticnal Flaxseed Producers Association (NFPA), there
are presently a total of six actise crushing plants ranging in production
from (S0 to 800 KKg (600 to 900 ton) per day. The four largest flaxseed
crushing facilities utilize the prepress solvent extracticn process.
Fluxseed crushers also process soybeans periodically depending on the
market value of soybeans,
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TABLE 7

COTTONSEED MILLING OPERATIONS BY STATE AND TYPES

State

Tabama
Arizona
Arkansas
California
Georgia
Louisiana
Mississippi
Missouri
New Mexico
North Carolina
Ok’ ahoma
South Carclina
Tennessee
Texas

TOTAL
PERCENT

OF EXTRACTOR METHODS UTILIZED 1974

Extraction
Methods Prepress Direct
Number Mechnical Sotvent Solvent
of Plants Hydraulic Screwpress Extraction Extractinn

6 - 6 - -

3 - - 3 -

9 - 3 3 3

7 - 2 5 -

7 1 4 - 2

4 - 3 - 1

18 - 7 2 9

2 - - 2 -

2 - 2 - -

4 - 3 - 1

4 - 3 - 1

5 1 4 - -

3 - 3 - -
28 1 20 4 2
1n2 ' 3 60 19 20
100% 2.9% 58.8% 18.6% 19.6"

Source: fatinnal Cottonseed Producers Association,
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Peanut 0i1 - Peanuts ranked fourth in total oilseea crushing ir 1973
and totaled N.Z84 million KKg (0.313 million ton). This represents
less than one percent of the tota)l oilseed crushing production. Infor-
mation provided by the Southeaster: Peanut Association indicates that
there are presently eight active peanut crushers located in the States
of Virginia, Alabama, Georgia, and Florida. ODaily production at these
facilities renges from about 100 to 180 Kky (120 to 200 ton) per day.
Sixty-two percent of the industry processes peanuts using prepress
soivent extraction methods with the remainder, usually smaller capacity
operations, using mechanical screw press methads,

0live Qi1 - Olives utilized for procguctior of 0live 0il in the United
States are grown exclusively in California, Of the approximately
12,900 hectares {32,000 acres) of olives harvesied annually, about ten
percent are processed for recovery of olive oil.

The producticn of oliv= 0il can be divided into two product segments--
virgin and refined 0il. Virgin oil, the finer quality 0il, is producec

by mechanical pressing of whole, ripe nlives. The poorer quality re-
fined o0il is ontaineq by the scivent extraction of olive cannery pits,
culls, and from the nrecsing of low quality. whole, ripe olives. The ex-
tracted o1) 15 then refined and blended witn virgin oil. Currently, there
are two major preducers of olive 0i! in the United States. However, there
are numerous "“backyard" producers who press out the valuable virgin 0il

by any means available.

Virgin oil is in great demand but short cupply due to the fact that
roughly 0.9 <Xg {one ton) of raw olives is required to produce 100 liters
(30 galions; of virgin olive oil. The low oil yield is attributaole to
the materia] makeup of the olive. A good quality ripe olive is composed
of about 55 percent water, 24 percent pomace, and 20 percent 0il.

Generally, olive o0il is produced between the months of October and June
and continuous production during that period is dependent on the avail-
ability of laborers to harvest the fruit. Although demand for olive 03}
exceeds supply, it ic unlikely that the number of major produrers wiil
increase since uncertainty of crop yield will continue to cause a reluc-
tance to invest in equipment thereby hindering the production of olive

0oil on a large scale. '

Miscellaneous 0ils - The demand for a variety of other miscellaneous
vegetable oils such as safflower, cunflower, and seasame seed nils has
been increasing in the Unitea States since 1960. The denand for these
fooa materials has been must evident in the margarine industry where
food nutritionists and technologists have been utilizing safflower o011
as a source of polyunsaturated vegetable oils, important in contralling
plasma cholesterol levels in the diet. Coty and Lawler (18 ) report
that food use of safflower o0il in 197G totaled 36,060 KKg (40,000 tons)
and industrial use totaled about 9000 kKg (10,00C ton). Results of a
telephone survey duriny this study indicated that there presently exists
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two safflower-sunflower seed crushing plants in the United States with one
other under construction. Al) three facilities are located in California
and utilize both prepress solvent extraction and screw press extraction
tcchniques.

Description of Oilseed Crushing - The extraction of oil and the pronduction
of meal or cake from o0il bearing seeds may be performed by direct solvent
extraction, prepress solvent extraction, mechanical screw press or hydraulic
press operations. As indicated in Table 3 direct solvent extraction is
used primarily in the soybean industry; while prepress solvent extraction
and screw press pperations are utilized primarily in the cottonseed, flax-
seed, and miscellaneous industries; and hydraulic press operations in a
small number of old, small capacity plants.

The crushing ef oilseeds by £alvent extracti:n, prepress solvent extraction,
or mechanical screw press, with minor variations in seed preparation, are
generally similar operations regardless of the seed being crushed with

one exception--the crushing of raw olives. Therefore, the following

process descriptions will discuss oilseed crushing in reference to the
extraction methnds utilized by the major oilseec industries, while a
separate discussion will be provided for the crushing of raw olives.

Direct Solvent Extraction: Soybeans are commeonly processed in the

United States today by the direct solvent extraction method. The manu-
facturing of crude soybean ¢ii involves the _rusking and solvent extrac-
tion of the crude oil from dehulled, conditioned soybean meats. The
important by-products of the prccess are soybean meal and cakes which

are sold commercially as a protein supplement in feed grains. Other oil-
bearing seeds, such as cottenseed, present problems in that the seeds
tend to disintegrate into fine particles, called "fines," which interfere
with the operation of thc solvent rec . ery system. Modern technology,
however, has develop~d solvent extrac.ion processes applicable to almost
any type of oilseed. During 1974, 20 percent of all cottonseed processors
utilized the direct solvent extraction process.

Cofield {19 ) reports that in general, the initial and operating costs of

a solvent extraction plant are higher than mechanical screw press operaticns.
More skilled labor s required in a solvent extraction plant and a several
hundred metric ton capacity is required for economical operation. 5killed
labor is often difficult to obtain and a large capacity requires large
storage facilfties due to the seasonal production of oilseeds. Another
disadvantage of solvent extract:on is the nigh cost of the solvent (usually
hexane) and its explosive potential.

The disadvantages and problems of solvent extraction are generally more
than offset by its primary advantage--increased oil yield. Currently,
95 percent of the soybean industry and 38 percent of the cottonseed
industry vse either solvent extraction directly or in combination with
mechanica’ Jressing.
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TABLE 8

EXTRACTION OF OIL FROM OILSEEDS BY VARIOUS PROCESSES

011 Extraction Process Most Common Applications
Direct Solvent Extraction Soybean
Cottonseed
Solvent Extraction Kith Cottonseed
Prepressing Flaxseed
Peanuts

Sunflower Seed

Corn Germ (wet process)
Safflower

Seasame

Mechanical Screwpress Cottonseed
Peanuts

Oldves
Flaxseed

Hvdraulic Cottonseed
Olives
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As shown in Figure 35, raw materials arrive at the plant by rail or
truce did are immediately dried and cleaned before storage to eliminate
any fure.an matter that could cause combustion, affect oil quaiity, or
det~ricrete equipment. Cleaning is accomplished by a combination of
siwr2ens  air separators, and magnets.

A pret-eatment step unique to cottonseed is that of delinting. Brennan

(20 ) reports that any cotton fiber still on the cottonseed after cleaning
1s normally removed in two delinting steps, first-cut and second-cut. The
first-cut is a short, high grade fiber used in cotton-felt manufacturing.
The second-cut is usually sold to cellulaose manufacturers, The motes, or
remaining fibers, and foreign matter are removed by shaking and are sold

for their cotton content. Cottonseed delinting is also required in prepress
solvent extriLtion and screw press operations,

A1l oilseeds must be dehulled to increase the efficiency and capacity of
the snlvent extraction operation, and to reduce ahrasicn of equipment.
Dehulling is normally accomplished in bar or disc hullers or corrugated ~
cracking rollers, while screening and air separation are used to isolate
the hulls from the meat. Ir modern, efficient plants, this operation
creates i1ittle if any dust problem, However, in older installations,
particulariy in those processing cottonseed, a considerable amount of

dust is created with a resulting Inss in product quality and deterioraticn
of working conditicns. Rockwell ( 21 ) reports a number of plants have 1in-
stalied wet scrutber csystems, bag filters, and "cyclenes" to reduce air-
borne particulate matter in oilseed preparation areas.

In most cases the hulls are reccver2d for animal feed or fertilizer.
In some plants, particularly ir the peznut industry, the hulls are
incinerateag or used as boiler fuel.

Hutchins ( 22 ) reports that the hull-free disintegrated meats are sent
to the "conditioner”, usually a vertical stack cooker, where the meats
are heated to 70°C (158°F) maintaining a muisture content of 10 to 11
percent for 15 to 20 minutes. Cooking ruptures oil cells, provides dis-
infection, and stabilizes the enzyme activity of the meats. Conditioned
meats are then processed througn flaking rallers where the meats are
pressed into a flat.7lake. Pressed soybean flakes range in thickness
from 0.02 to 0.03 cm (0.008 to 0.012 in.).

The flakes are conveyed from the millinc preparation area to the solvent
extractinn building housing one of several .ypes of extractor units,
Although nearly all of the soybean extraction plants in the United States
now have percolation or basket-t pe extractors, a few immersion types

are still being operated on a small sc2ie. It is not necessary to in-
clude a full description of all commercial extractor units available in
this document; however, adcquate descriptions are available from pub!lished
references: Cofield ( 19 ), Encyclopedia of Chemical Processing L[quipmen:
{ 23 ), and langhurst ( 24 ). -
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The 011 bearing pressed flakes are deposited into steel baskets within
the extractor unit and an organic solvent, usually hexane, 1s allowed to
percolate through the flakes 1% a temperature of 48° to 54°C (120° to
130°F) from 25 to 45 minutes.

Solvent extraction removes oil from the meat of oilseeds by the diffusion

of solvent and oil through the ruptured cell walls. Replacing the solvent
outside the cell walls with solvent of lesser 0il content prevents the
process from reaching equilibrium, and the process becomes continuous.

The hexane solvent reduces the oil content of the meats to about one percent
or Tess with the flakes retaining 35 percent of the solvent.

Solvent extraction is accomplished either as a batch or a continuous opera-
tion. Batch methods have the advantages of low initia) investment and the
capability of processing relatively small quantities, thus being practical
for the small processor. However, batch processing fnvolves high labor costs
and presents danger of flammable and toxic solvent vapor. The latter disad-
vantage has been overcome in recent years by the use of nonflammable tri-
chicroethvlene, and there are some small operations 22 to 27 kKg (25 to 30
ton capacity) which use batch gperations. Most commercial operations

use hexane in a continuous operation.

A number of continuous solvent extraction systens are employed by the
oilszed industry, but all use the same basic operations of (1) passing
the solvent over the conditioned, pressed meats to produce the oil-
solvent mixture called miscella; and (2) reccrering the solvent from
the miscella and the extracted meats. A typical flow diagram of con-
tinuous solvent extraction is presented in Figure 36

Kingsbaker ( 25 ) reported that severa! desolventization methods are used
for recovery of the solvent from the miscella and the extracted meats, with
all having the object of removing the solvent at the lowest possible temper-
ature and recovering the solvent with a minimum of l0ss. In cottonseed
crushing particular care must be taken to quickly remove the oil from the
miscella to prevent oi] damage. This problem is not typical of othev o0ii-
seeds. The recovery of the solvent from the misceila is usually accom-
plished in a Tong tube evaporator followed by & stripping column, Each

unit evaporator removes approximately 90 percent of the solvent.

The first method of desolventization of meats, developed in Germany, is

still used by perhaps a third of the solvent extraction plants in the

United States. The method involves passing the meats via a ribbon conveycr
through a series of steam jacketed t.ces calied "schneckens,”, The schnec: s
are expensive, difficuit to clean, ung less efficient than more modern me* ..s,

The next method of desolventizaticn of meats that appeared in the industry

was the solvent vapor-desolventizing system. About 99 percent of the

solvent is removed from the meats by passing superheated hexane vapor over
them. The heat from the vapor vaporizes the solvent. A final steam stripping
removes the last of the solvent from the meats.
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The desolventizer toaster is perhaps the most widely used method of de-
solventizing meats, particularly in the soybean industry. [t consists of

a vertical vessel with steam heated tray sections. The upper trays provide
desolventization by steam sparging while the lower trays provide toasting
by heating the flakes to about 106°C (222°F). The desolventized meats are
:heg cooled, ground, screened and processed as finished meal for animal
eed.

Solvent recovery in every phase or method of solvent extraction is of

great importance to processors because of the high cost of hexane and its
flammability. Solvent recovery is involved in all of the extraction equip-
ment but is a special problem in the recovery of solvent from the final vent
gas discharge. Various methods employed for this purpose include all adsorp-
tion systems, activated carbon, and refrigerated vent condensers, with the
tast being most extensively used.

Modern plants ~an expect a total loss of hexane of 2 liters (0.5 gal)

or less per KKg (1.1 ton) of seeds processed and a concentration in -

the vent of less than 0.9 volume percent air. The total losses in

some plants are considerably higher, as much as 4 to 6 1/KKg

(1 to 1.4 gal/ton}. These less efficient piants, besides having the

danger of fire and explosions, will usually face economic problems.

The final product, crude soybean 011, i5 stored in 0il storage tanks
for later shipment via railway tank cers to area edible oi) refineries.

Soybean 0il Dequmming: There are a .rge number of solvent extracticn
plants in the United States which also process soybean oil for the re-
covery and refining of phosphatides. This process is generally known

as degurming.

Bioomberg ( 26 ) reports that a typical soybean 0i) will yield a 3.5
percent gum-1ike material which is 35 percent water and €5 percent

o1l soluble; the 011 soluble portion will be about one-third 011 and two-
thirds acetone-insoluble (lecithin). Lecithin 1s a complex mixture of
phosphatides which consists chiefly of phosphatidyl ethanolamine, phos-
phatidy) serine, and phosphatidyl inositol, combined with various

amounts of other substances such as triglycerides, fatty acids, and
carbohydrates.

A typical plant for dequmming soybean 0il, operating at 13.6 metric

tons (1.5 ton) per hour, is jllustrated in Fiqure 37 . 0il, containing
3.5 to 4.0 percent gums, is pumped from the crude ¢il storage tank through
heating coils where it is heated to 59 to 65°C (138 to 149°F); then
through an in-1ine mixer, about one and one half percent on a weight
basis, of water is added to the crude ¢11. The oil-water mixture re-
rains in the hydration tank under continuous mixing for about 45 minutes.
From the hydration tank, the oil-water mixture is pumped to a degumming
centrifuge. The two products are discharged from the centrifuge. De-
gummed oil, containing about 0.2 to 0.2 percent moisture, goes to a
refining process and lecithin, containing about 35 percent moisture,
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is pumped to & vacuum dryer. Dry lecithin, containing about 0.5 per-
cent moisture is discharged from the vacuum dryer. The moisture re-
moved from the wet lecithin amounts to about 227 liters (60 gallons)
per hour, and {s discnarged to & sewer or waste treatment system.

Mechanical Screw Press Operations: The primary emphasis of this de-
scription will focus on the cottonseed industry as 77 percent of the
processing facilities in the United States stil) use mechanical screw
presses, either for preprassing or complete extraction.

Cottonseed arrives at the plant by rail or truck and is stored in large
warehouses. Cottonseed is prepared for pressing by cleaning and sub-
sequent processing through the first and second cut linters [(Figure 35 ).
Brennan (20 ) reports that the first-cut recovered lint is baled and sold
to cotton-felt manufacturers and the second-cut is sold to cellulose
manufacturers. The delinted cottonseed 15 then dehulled by cutting

the seeds in bar hullers with the meats being separated from the hulls

by a series of shakers, beaters, and separators. Cottonseed meats are
passed through a crushing roller to flatten the meats into flake form
and to rupture a large number of oil cells. More importantly, crushing
puts the meats into a form that permits uniform treatment of heat and
moisture necessary for preserving good quality oil. Hutchins ( 22 )
repcrts that after crushing, the meats (30 to 34 percent oil content)

are conveved into a vertical stack cooker at a temperature of 84°(C
(138°F) anc¢ a moisture content of 12 percent. Cooked meats are then
discharged into the mechanical screw press or expeller where about two-
thirds of the 0il content is removed and sent to a sump.

Figure 2 shows a simplified flow diagram for mechanical screw press
extraction. Dunning ( 13) reports that the screw press extractor con-
tains a main worm shaft that exerts a pressure of 700 to 2,000 atm
(10,000 to 30,000 psi1) on the maats being processed; the shaft is
selected “or the type of seed being processed and the pressure required
by the seed. Tha particular shatt selectec, however, can have its pres-
sure adjusted for variations in the seeds.

A dratnage barrel, consisting of rectangular bars set in a frame, permits
drainage of oil from the pressing operation as well as acting as a
filtering media. The spacing of the bars will vary along the length of
the extractor and also accordiny to the type of seed being processed.

The 0il from the mechanical extractor is settled in a Sedimentation
basin to remove the settleable vegetable solids or "foots", which are
normally about two percent by weight of the meats being processed. The
final unit operation before storage is filtration,

The meat from the mechanical press is in the form of a cake. It may

undergo additional oil removal by solvent extraction, or, if the plant
1s strictly mechanical, it is ground in the meal room, The grinding
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operation presents a potential dust problem, particularly in the grinding
of cottonseed meal. At this point, ground hulls may be mixed with the
mea) for protein adjustment.

Prepress Solvent Extraction Operations: About 19 percent of the cotton-
seed, 50 percent of the peanut, and 50 percent of the flaxseed crush:

ing industries utilize the prepress solvent extractor method. Typically,
011 seeds are cleaned, cooked, and screw pressed in the same manner as
normal screw press operations where two-thirds of the 011 content of the
meats are remuved. However, the cooled granulated cake from the screw
press contains about 10 percent oil (one-third of the 011 content of the
seed). This oil 1s recovered by the same continuous solvent extraction
process described above., Solvent extraction reduces the oil content of
the cake to less than 0.5 percent and the crude o0il is sent to storage.

Olive 0i) Processing - Crude olive oi) may be produced from whole
ripe olives by the mechanical screw press operation or by hydraulic
press. Cannery crushed whole olives are processed Tor oil by direct
solvent extraction, The screw press and hydraulic press produce both
virgin and low grade oils while solvent extraction produces cnly )ow
grade 0i).

Mechanical Screw Press: Fiqure 2¢ illustrates the screw press process
iur olive oil production. The whole rige olives are hepper-fed into

3 transport pump washer for prewashing before passing into an air per-
colation washer for fina) wasning. The clean olives are then trans-
farred 1nto a hammer mill uy meens of a bucket elevator.

In the hammer mill the olives fall onto a metal screen and are struck

by a rotating drum fitted with steel bars, The pulverized fruit falls
througn the screen into an open trough which 16 sloped stightly toward
the discharge end. A rotating bar with interspersed. fan-like blades
blends tha crushed fruit into a meal and conveys it alony the trough.

The meal is then transferred intc a screw press with the resulting

pomacr being hauled away for fertilizer, while the slurry, composed of
0i1, water and fine particlas of nlives, 18 centrifuged. Certrifiguaticn
separates the slurry inte sludge, oil and rater, and fruit water fractions.
The fruit water is recycled intc the centrifuge to aid in separaticn

of the slurry. The tlucge has a low [:H end is normally usec for neu-
tralizing alhaline <oils,
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The oil-water mixture is separated in a polishing centrifuge with the
water being recycled back to the screw press slurry and the oil collected
in storage tanks. Finished oil is tested for taste, odor, and free fatty
acid content to determine if refining is necessary. If the oil proves to
be of high quality, it is retained for blending with refined oil, hottled
as virgin olive ¢il, or sold in bulk.

Wastewater generated in the screw pressing process consists of periodic
dumf 3 of wash tanks, centrifuge effiuent, and occasional equipment
clew..up.

Hydraulic Press Cperations: Figure 40 jllustrates the recovery of

olive 011 by hydraulic pressing. After crushing in the hammer mili, .
the ripe olives are placed in burlap "press bags" which are subsequently
layvered into the hydraulic press. -

Pressing is carried out in two or more stages, with the first press

(at pressurc of approximately 20 atm) (300 psi) yielding high grade,
virgin 0il. Successive presses at higher pressures yield a lower grade
0il which musi be refined. The extiacted 0i] is tnen centrifuced

to separate fruit water from the 0il. Low grade 0il goes directly to
refining wnile the virgin 0il is bleached by processing the oil tnrouar
a pressure clay filter. The bleached virgin 0il ic¢ then pumped 5
storage tanks.

The pomace remaining in the burlap filter bags contains about ten
percent 211 and is mix2d with <crusned cannery pits and culls for
solvent extraction.

Wastewater generated in the hydraulic pressing precess consists of
occasional wasning of the olives prior to pressing ana centrifuge effiusr:.

The Solvent Extraction Process: Figure 41 illustrates the solvent
extraction for olive 0il production. Cannery olive pits and culls and
deteriorated, bruised whole olives are manually placed into a hammer mil]
and pulverized into wet meal. At this point pomace from the pressing ¢f
the olive 011 nay be added to tne meal. The meal is dried in a rotary hi'»
to prepare it for extraction. The dried meal is placed into the extractor
where the 01] is extracted by a haxane solvent, The hexane is recoveregd.
the pomace sold for cattle feed, ana the oil recovered for refining. The
only source of wastewater in this process consists of water which drains
out of the fruit during storage.
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SIC 2079 Shortening, Table 0ils, Margarine And Other Edible Fats And
0ils, Not Elsewhere Classifieq

The refining and production of edible 0il products from both animal

fats and vegetable oils derived from oilseed products constitutes a
major industry in the United States. The Institute of Shortening and
Edible 0ils (ISEQ) (27) reports that fats and oils provide about 40 percent
of caloric nutriiional needs for the United States. Fats and oils com-
monly used for table use and cooking purposes are predominately trifatty
acid esters of glycerol, commonly called "triglycerides”. Triglycerides
make up approximately 95 percent of the constituents present in crude
vegetable 0il. Other principal constituents present include mono- and
diglycerides, free fatty acids, phosphatides, sterols, fatty alcchols,
tocopherols, carotenoids and chiorophyll (color bodies), and vitamins E
and K.

The USDA Foreign Agricultural Service Statistics (28) indicate that
world production of edible 0ils has been a growing industry for many
years. Prior to World War 1], cottonseed was the major oilseed crushed
in the industry, but soybean 01) has dominated the American market for
the last thirty years due tc its relatively high protein yield. Scybean
0i1 has been largely responsible for the last decade's increace in
annual world production of vegetable oil from 12.3 to 22 million

metric tons. Table 9 shows the growth 'n demand for major vegetable
0ils and animal fats in the United States over the last two decc.es.
Table 10 presents the annual producticn of the major crude vegetable
0ils produced in the United States from 1959 to 1973,

The ISEQ (29) reports that there are currently 121 active edible oil
refineries in the United States processing more than 8.2 million metric
tons (9 million tons) of edible fats and o0ils annually. The largest
concentration of edible o011 refineries is in California which as 20
plants; illinois is second with 15 plants, and Texas is third with 10
plants. Table 11 provides a summary table listing the geoaraphical
gistribution of edible oi] refining facilities throughout the United
tates. '

The following process description covers the refining of animal fats
(tallow and lards) ~d crude vegetable oils such as soybean, cottonseed,
peanut, palm, palm :rnal, olive, safflower, and sunflowei 0ils.

Description of Prncess - A typical, full scale edible cils refinery
usual]y purchases crude vegetable oils from a variety of oilseed ¢rushing
operations and refines the 0il into a number of finished products such

as shortening, margdrine, salad and cooking oils, salad dressings and
mayonnaise, The principal steps involved in refining edible oils include
(1) storage and handling, including tank car cleaning; (2) caustic
refining; (3) acidulation; (4) bleaching; (5) hydrogenation;
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TASLE 9 FOOD FATS AND OIL END PRODUCTS

U.S. DOMESTIC DISAPPEARANCE OF FATS AND OILS IN FOOD PRODUCTS,
BY TYPE OF FAT OR OIL, 1950-72 1/ (MILLION METRIC TONS)

YEAR Soybean Cottonseed Corn Coconut Peanut Palm Palm Kernel Safilower Olive

14vua

1950  0.656 0.655 0.10)  0.059 0.047 - 0.012 - 0.036
195V  0.697 n.473 0.09 0.064 0.052 - 0.n05 - 0.018
1952  0.867 0.552 0.091 0.087 0.038  0.0005  0.005 - 0.021
1953  0.965 0.521 0.107  0.083 0.021  0.0005  0.009 - 0.020
1954  (.908 0.732 0.105 0.093 0.02 0.007 0.015 - 0.028
1955  1.047 0.608 0.106 0.038 0.022 - 0.016 - 0.024
1956 0.978 0.568 0.115 0.103 0.030 - 0.019 - 0.020
1957 1.0M 0.55% 0.123  0.106 0.030 - 0.n21 - 0.022
1958  1.281 0.466 0.122 0.115 n.0?78 - 0.021 - 0.024
1959  1.43) 0.483 n.1a0  0.081 0.037  0.00) 0.022 - 0.24

1960  1.266 0.556 0.141 0.078 0.028  0.0005  0.024 - 0.023
1961 1.279 0.579 n.1318  0.093 0.043  0.014 0.027 - 0.027
1962  1.4R6 n.562 0156  0.121 0.028  0.013 0.043 0.018 0.026
1963 1.478 n.530 0.159  0.102 . 0.0M1  0.003 n.031 0.024 0.015
1964  1.696 0.611 0.187  0.115 0.026  0.005 0.030 0.017 0.030
1965  1.701 n.640 0.194 0,123 0.032  0.006 0.036 0.023 0.020
1966  1.949 0.552 0.180  0.157 0.065  0.024 0.029 0.038 0.022
1967  1.980 n.498 0.183  0.164 0.07¢  0.028 n.049 0.072 '0.025
1968 2.1a7 n.44s 0.183  0.167 0.091  0.03% 0.044 0.031 0.029
1969  2.48C 0.435 0.177 0.182 0.067  0.058 0.042 0.056 0.026
1970 2.650 n.442 0.188  0.156 0.063  0.05] 0.035 0.036 0.023
1971 2.638 0.327 0.177 0.207 0.083 0.0828 0.035 0.052 0.028
19723/ 2.8\ 0.319 0.210 0.222 0.078  0.1%% 0.03) 0.015 0.030

1/ Includes disappearance into products for both civilian and military consumption.
Data not adjusted for changes 1n finished product stocks and excludes exports,

2/ Less than 225 metric tons.

3/ Preliminarv, U. S. Department of Agriculture.
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TABLE 10

PRODUCTION OF MAJOR CRUDE VEGETASLE OIL Iff THE UNITED STATES FROM 1959-1973*

—_—

Seybean

Crude 011 1.97

Produ-tion {4383)
Cottonseed

Crude G4} 0.7}

Production {16t5)
Peanut

Crude 041 0.047
Preducticn {1043

Corn
Crude 0Oil C.1k6
froduction (322)

Linseed ON
Production NA

Safflgwer
o

¢ Agproximste Values
RA - Not Avatlable

1960

V.99
{4383)

0.8t
{1790)

0.038
(83)

0.108
(239)

AR

196}

2.01
(9423)

C.80
(1765)

3.042
(93)

0.1%2
{335)
L1

0.023
(1)

1962

2.
(4831)

.93
{2091)

0.028
(61)

0.166
(366)
NA

0.069
(152}

Source: Fats and Qil- Sftuation, 1959-197).

19583

2.29
{5057)

0.87
(1323}

0.085
(100)

0.1717
(390)

0.179
(3%}

0.047
(ina)

MILLION METRIC TYONS
(Million Pounds)

1984

2.28
{a928)

0.88
(1936}

0.056
(123)

0.188
{are)

0.209
(462)

0.050
()

1965

2.3
(5231)

0.9%
(20¢8)

0.061
(135)

0.272
(445)

0.185
(409)

0.0€6)
(10)

1966

_—

2.63
{5806)

0.1
(1692)

0.077
{170)

0.203
(eaa7)

0.206
{4s5)

0.077
(170)

1967

2.80
(6171)

0.50
(1095)

0.082
(182)

0.201
{a8a)

0.164
(363}

0.063
{139)

1969

2.8
{€127)

0.47
{1041)

0.096
(211)

0.205
{452)

0.138
{305}

0.035
(100}

1969

1.09
(6818}

0.67
{1480)

0.084
(186}

0.211
(466)

0.133
{294}

0.034
(75)

1970

3.76
(8300)

0.59
(1300)

0.125
(275)

0.215
(875)

0.127
(280)

0.0a§
{100}

9mn

3:74
{8265)

0.56
(1235)

g.12}
(266)

0.220
[485)

0.179

t395)

NA

1972

3.58
(7892)

0.59
{1308)

0.120
(265)

0.226
{499)
0.202
(4¢5)

NA

L1440

1973

3.40
(/509)

a.1
{156€)

0.124
{273)

0.2%
{523)
0.173
(381)

NA
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TABLE N

A SUMMARY OF THE NUMBER OF EDIBLE OIL REFINERIES

IN THE UNITED STATES LISTED BY STATE

Alabama
Arizona
Arkansas
Catifornia
Colorado
Georgia
IMinois
Indiana
lowa
Kansas
Kentucky
L0uisiana
Maryland
Michigan
Minnesnta

Missourd

2 nebraska

2 New Jersey

2 New Yorth
20 North Carolina
1 Ohio

4 Oklahoma
15 Oregon

3 Pennsylvania

8 Rhode Island

3 South Carolina
1 South Dakota

3 Tennessee

1 Texas

1 Virginia

2 Hashington

2 Wisconsin

TOTAL
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(6) winterization; (7) deodorization; and (8) plasticizing and packaging.
Figure 42 illustrates a process flow diagram of a typical, full scale
edible oils refining operation.

Storage and Handling: Crude fats and oils arrive at the refinery
receiving area by tank truck or rail car and are pumped to 2 tank

farm storage area. After use, the tank trucks and rail cars are systema-
tically cleaned with steam or detergents. Tank car cleaning and the
cleanup operations associated with the storage and handling areas cun-
stitute a major wastewater discharge from edible 0il refineries.

Caustic Refining: There are in use today several edible oil plants

which use the older methods of batc» ¢r “kettle" refining of crude
vegetable oils. Sanders (30) renorts that economics currently dictates
the use of the continuous caustic refinery process which utilizes
centrifuge separators for the maximum recovery of neutral oils. Figure 43
presents a simplified flow diagram of the caustic refinery process. .
The caustic refining process (also termed “saponification") is carried
out by the chemical reactions of a triglyceride (fat) with sodiun
hydroxide at a temperature of 60°C (140°F) from one to five minutes.

This chemical reaction is illustrated in Figure 44. Products of the
reaction are alkali salts of the fatty acids whose esters formed gly-
cerides and glycerine.

When tnhe reaction is complete, the caustic solution is centrifuged
to remove the neutral 0ils from the water solul ™ sludye or sodium

soaps containing free fatty acigs, proteins, ¢: bodies, and
phospholipids, These extraneous meterials are aniy known as

"foots" or "soapstock The neutral, rciic-ed are further processes
by a water washing steu to ramove residuét SOa. at could cause deteri-
or:ti. 1 during later storage or cricessing. Wa..r usage for ai) washing

is about 10 to 15 percent by weijnt of oil,

The wasnred 011 Tust be vacuum dried before storage. This operation
contributes arproximately two percent additional water by weight to the
waste load. In addition, clean up operations such as wash-ccwns ar
tana cleaning produce periodic water waste loadings.

Soapstock Acidulation: The c¢ tely saponified foots nr soapstuck
solutfon 1s cycled to an acid. n tank where excess sulfuric acid is
added to yleld free fatty acic t are recoverable for distillation
purposes for the manufacture o tty ac1d derivatives. The reaction

follows the gereral equation s/ .v in Figure 44,

During the processing of soapstock for fatty acid content, waste

water i5 generated directly from the process itself. Acidulation of a
basic soapstock-water mixture produces wastewater not only by neutrali-
zation but also frees water from the soapstock mixture. The end result
with respect to waste load is an acid water with a pH of approximately
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CAUSTIC BEEINING

R‘C‘O‘CHZ C-HZ-OH
60°C
Ry-C~0-CH; ————* C-H
NACH + 3 H,0
Rp-C-0-CH, CH,-0H
A TRIGLYCERIDE GLYCERINE

(A NEUTRAL OIL
SOLUABLE IN HpJ)

(CRUDE VEGETABLE DIL)

AC] J
R-C-00"Na* R-C~00H
Ry -C-00"Na*  +H;80, Ry-C-0CH
et e e e el
Rp-C-00 Na* Rp=-C-00H
SOAPSTOCK FATTY ACID

R-C-00"Na*
+ Ry -C-OO-NA+

nz-c—oo”NA+

SOAPSTOCK OR FOOTS
(A POLAR ALKALT SALT
SOLUABLE IN H20)

+ H0 ¢ NACH

(ACIDULATED SOAPSTOCK)

FIGURE 44

GENERAL CHEMICAL REACTIONS ASS3CIATED WITH THE CAUSTIC REFINING AMD
ACIOULAT ION FRICESSES
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1.5 to 2.0. The total volume of water will amount to €5 to 75 percent,
or less, of the soapstnck treated. Water from cleanup produces periodic
waste loading.

Bleaching: Bleaching of edible 0ils is usually accomplished by the
adsorption process which consists primarily of the usc of bleaching
earth, both natural and activated. A number of refineries use
activated carbon as a substitute adsorbent in place of bleaching earths.

United States refiners usually determine the colors of the lighter
bleached 0ils and shortenings by matching a 13.3 c¢m (5.25 in.) column

of the melted fat or 0il against red and yellow Lovibond color glasses.
For the darker colored oils a spectrophotometric method has been developed
for the evaluation of 0il colors. At the present time both methods are
widely used.

The three bleaching methods commonly used are batch bleaching, continuous
vacuum bleaching, and a newer development describted as countercurrent
vacuum bleaching. All bleaching processes are conductes under vacuum to
protect the oil against oxidation. Some cperators add the adsorbent, a
bleaching clay such as Fuller's or diatomaceous earth, at the beginning
of the reating period; others prefer to have thz ¢il at the bleaching
temperature (usJaily 103 to 134°C) before the adsorbent'is added to
facilitate denydration. In bleaching most oils, the cost of the adsortent
is exceeced by that of the 0il lost by retention in the spent adsorpent.
Lfter filtration, the o0il ic usually cooled to a temperature of 54 tn
© 2 {100 to 140°F) before being transferred to storage. Figure 45

strates 2 simplified flow diagram of the bleaching process. After

‘ation, the spent Tilter cake material containing 25 %o &G percent

is usuaily discaraed in either a dry or slurry form. It has not been

.nomically feasible in the industry to attempt recovery of the entraines

u:l present in the spent filter cake. However, practices for the recover.
of this oil have been developed by a few companies. Tha procedure calls
for the spent filter Cake to be subjected to a pressurized air flow feor
a few minutes until rost of the free ofl is displaced. Dry steam ic then
introduced into a press chamber fram 30 to 45 minutes t0 remove the ra-
maining 2i1., In some plants nitrogen is used in place of pressurized air.
Acid-treated clays and activated carbon have a greater retention tnat
neutral earth materials,

In the final analysis, the choice of an absorbent depends upon cost,
activity, and o3l retention. Bleaching dosoges wsually rance freom a low
of 0.2 percent for lighter 0ils to a maximum of about 2.0 percent fgr
darker o0ils.
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F IGURE 45
A SCHEMATIC DIAGRAM FOR BLEACHING REFINED OILS
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Waste loadings from the bleaching process are identified as follaws:
(1) contact cooling wate~ from barometric condenser systems; (2) liquid
waste from the filter cake vil recovery operation; and (3) cleanup
operations.

Hydrogenation: Hardening, or hydrogenation, of an editle fat

consists of the dirert 2ddition of hydrogen to the carbon double

bond of an unsatyrated 7atty acid chain, Primarily, hydrogenation is

a means of converting 1°5u’y ¢ils to semviolid, plastic fats suitable
for shortening or margarine manufacture. It also enhances the stability
as well as improving zclor. Figure 46 illustrates a simplified diagram
of the hydrogenation crocess. The reaction regquires a cat2lyst whicn
consists of nicke! in a finely divided form, prepared by special metheds,
and often suppcrted on a highly porous, inert material, such as
diatomaceous earth. ~he catalyst is suspencec in the 01} during
hydrogenation, and at the conclusion is remaved by filtriation. Although
catalvsts decreaze in activity with repeated use, a sinoir charge mey

be used a number of times.

In the usual type nf equipment, ine hydrogenation reaction is brought
about by agitating the suspensicn of -atalyst and 0371 ir. a ciosed
prossure vessel in an ctmasphere of hvdrogen. Agitation serves the
double purpose of increasing tne solubiiity of hyd-uoen 1n Qi1 anc
renewing the o1l at the catalyst surface. Tha rate of hydrogenation
increases with increasing temperature and oressure, The romposition

and character of the hydrogenate: product may vary alcording o the
positions of the double bonas wnicn are hydrogenaced, as well as certiin
isomerizing influences accumparying the reaction, ind are nighly de-
penger.t upon tre conditicns of n,lrogenation.

The hydrogenation process converts liquid vils to hard or "plastic”
fats, it also improves ihe resis:tarce of fats and oils %0 deteriorat-on
through oxidation or flavor reversion, Tne interchangeanbility among u
wide variety of fats and vils s largely a result ¢f the contripbution
of the hydrogenation process.

The only wastewater generated from nydrogenation pracess would be
from pericdic cleanup uperations.

Winteri2ation: The process called "Winterization", 4 term originatiny
from the fact that initially the nrocess was undertaken in outside
storige tanks during che winter ncrtns, involves removing higher-melting
glycerides from vegetable oils <..n as corn 0il, soybean 0ii, and
cottonseed 0il. At the present time mechanical refrigeration is used to
crystallize the higher-meiting glycerides 1nto a filterable mass, (il
is either batch or continuously ovesced or certrifuged to remove the
crystalline snlids from the o0il. interized oils are processed into

8 variety of finished products such as salad oils, and edible 01ls used
in mayonnaise. Wastewater generat:cn is primarily from genera’
housekeeping cleanun. Fiqure 47 presents a flow diagram of the winter-
ization process.
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Deodorization: Edible 0ils are usually subjected to a steam distillation
process known as depdorization. The purpose of this process is to remove
odorifercus compounds and free fatty acids in order to produce an oil

bland in flavor. Three types of deodorizing equipment are used: batch,
semi-continuous, and continuous. In each, the principles are the same with the
0il held in a vessel under vacuum using stripping steam to affect steam
distillation of the velatiles. A vacuum is generally produced by condensing
steam with water after the steam has been forced through a venturi. The
condensing water is recirculated back to a cooling tower where heat is
removed and returned to the condensing equipment for further use. Figure

48 presents a simplified flow diagram of the deodorization process. During
the process, certain fatty materials are concentrated within the stripping
steam and are removed by the barometric condenser water, where they are
eventually deposited on the contact ¢cooling tower grillage and in the tower
basin. Therefore, the contact cooling towzr presents periodic cleaning
problems which are generally handled manuilly.

Distillate recovery systems in common use today reduce the rate cf fatty’
material deposition at the cooling tower basin. Distillate recovery is

based on a liquid oil spray condensing the fatty materials before they

reach the barometric condenser. Recovery is on the order of 90 to 95
percent. The recovered distillate is collected in dry form and may be used
or sold as a by-product. The reduction of distillate concentrations of
organic matter to the contact cooling tewer has several advanatages:

(1) periods of manual cleanings are reduced; (2) cooling tower waste loadings
are reduced; and (3) odor control is enhanced.

Food Emulsifier Operations: [n addition to the previously described pro-
cesses, several manufacturers alsp produce a variety of food emulsifier
compounds. Production of edible food stuffs requires the use of an emul-
sifying agent in edible form. Items such as dressings, cakes, icings,

etc. are improved by the ability of an emulsifier to hold an oil phase

and a water phase in suspension. In the edible o0ils 1ndustry the production
of good emulsifiers such as mono-and diglyceride compounds fulfills this
need.

The production of mono-and diglycerides is a result of a chomical reaction
in wh.oh excess free glycerine in the presence of a catalyst such as sodium
hydroxide is added into a reaction vessel containing a suitable base 0il
(triglyceride). Under proper temperature and pressure conditions the fatty
acids of the triglycerides and the hydrohyls of the glycerine exchange
positions to produce a mixture of glycerine, monoglycerides, diglycerides,
and triglycerides. At the end of the reaction, excess free glycerine

is "stripped” off using a vacuum system empioying an intercondenser to
prevent contamination and 10ss of glycerine into the barometric condenser
water. [n many cases, however, some glycerine escapes into the condenser
water posing a problem with waste loading et the contact water cooling tower.
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Plasticizing and Packaging: The plasticizing and packaging of refined,
hydrogenated (hardened) edible oils into finished products such as
shortening, margarine, or salad dressing are generally processed in

the following manner. Sanders (30) summarizes the plasticizing process
for shortening where the melted blend of refined edible oils are de-
livered from a feed tank through a high-pressure pump where nitrogen

fs added. The blend is then cooled to 18°C (64°Fg in about 30 seconds and
is worked gently from one to four minutes during which crystallization
occurs. After crystallization is complete, the blend is allowed to
undergo a sudden decrease in pressure to remove the free nitrogen.

The blend (now shortening) fs filled into eijther number 10 cans or 23 kg
(50 1b) plastic lined boxes and is allowed to "set up" by storage at room
temperature for 24 to 48 hours. Figure 49 illustrates a typical flow
diagram for a plasticizing and packaging operation.

In general, the packaging of shortenings and other finished products

employ strictly mechanical treatment of oils and their conversion from
large bulk quantities into consumer or commercial sized packages. Con-
sequently, the bearing these operations have on the waste loading of
wastewater treatment facilities depends primarily on the cleanline-- and ~
efficiency of those operations. Cleaning operations, such as sal: 1
packaging, requires larger volumes of water and therefore, contri. more
heavily to waste treatment than a more plastic product such as shc ng.

Margarine production, because of the nature of the product and its auility
to provide a growth medium for bacteria requires considerably more sani-
tation than does the production of shortening. Margarine is by law 80
percent 0i) and the remainder is water, milk solids, and salt. These
ingredients are creamed and cooled for packaging. As in the packaging of
shortening, general cleanliness has a direct relation to the waste load
imposed. It differs, however, from shortening packaging in at least two
respects: (1) the use of emulsifiers in the product may impose more
severe problems with waste treatment; and (2) the volumes of water needed
is increased due to the addition of margarine mixing equipment and the
resulting necessity for cleaning. Figure 50 presents a typica) flow
diagram of margarine plasticizing and packaging operations.

The plas-icizing and packaging of salad dressings and mayonnaise presents

a variety .f unique waste loading problems. Dressings are generally an
emulsion of 0ils and other ¢il and water soluble ingredients such as cer-
tain vegetables and spices. These ingredients are blended and mechanically
and chemically emulsified to preduce a stable product. As in margarine,
the production of salad dressings also supports the growth of certain
pathogenic forms of bacteria. Consequent.y, CIP (Clean-in-Place) equipment
is wide spread throughout the industry. The production of salad dressings
and mayonnaise requires the use of food emulsifiers (mono- and diglycerides)
as a basic ingredient. The high organic content of food emulsifiers
coupled with their ability to exist in either an oil or a water phase
creates a difficult if not unique waste loading problem for the industry.
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SIC 2082 Malt Beverages

There are 104 breweries in the United States. According to the Modern
Brewery Age Blue Book ( 31 ) the 1973 sales for these brewers was 15.2

on liters million barrels). The total value of shipments
for 1974 was estimated by the Department of Commerce ( 32 ) at 48 billion
dollars. There have deen a considerable number of breweries constructed
since 1950. In addition, many brewerigs constructed prior to 1950 have
undergone major expansion. In general the past 1S5 years has seen the
number of operating brewerjes decrease while the size of those operating
kas increased. It would appear that any breweries constructed in the
future will be large and automated. As the 18 year old and over populatior
group increases during the decade, the product shipments for the brewing
industry are expected to grow accordingly.

Description of Process - The malt beverage industry produces beer, ale,
and magt Tiquor by the fermentation of sugars converted from the starcn
of various grains. The basic unit processes include mashing, brewing,
fermenting, aging and filtering, and packaging. In addition, some

form of by-product recovery is practiced by all brewers. A simplified
process flow diagram for a typical brewery is shown in Figure 51. It
should be pointed out that every brewer and, in fact, every individual
brewery, has features which make it unique. For the purgose of this
description, only those process variables which affect wystewater generation
will be discussed.

Mashing: Malt §s ground and mixed with water in a mashing vessel. Rice,
corn, and other grain derivatives are similarly ground and mixed, except
that they are brought to a boil. The two mixtures are combined in the
mash cooker, or "mash tun,"” where the starch from the grain is converted
by enzyme action into malt sugar and the proteins are partly degraded
into amino acids. Upon completion of mashing, the grains solids are
separated from the extract by "lautering,” by a plate end frame filter,
or by a grain separatdor. The extract 15 sent to the brew kettle. Spent
grains are sold wet or dried to produce marketable anima) feed,

Wastes from the mashing process comprise an extremely small part of the
total plant load. They are generated from intermittent clean-up of
vessels and grain separators. In newer more fully automated plants
vesse] clean-up {s accomplished by Clean-In-Place (CIP) equipment. This
procecure involves an initial hot water rinse, caustic wash, and final
rinse, with the initial and final rinses being sewered,

Brewing: Once the extract has reached the brew kettle it fs boiled and
mixed with hops or hup extract. This boiling destroys the enzymes while

it extracts the resins from the hops which impart flavor and aromas to the
beer. The hot extract, now called "wort," i< passed through a hop separator
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FIGURE )
FROCESS FLOW DIAGRAM MALT BEVERAGE BREWERY
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which screens out the spent hops. Insoluble materials which collected

in the brew kettle, now known as "trub,” are settled out either in the

“hot wort tank" or after cooling. Normally the “wort" is then filtered
with diatomaceous earth prior to fermentation.

Wastes from the brewing process are spent hops, trud, and filter residue.
Spent hops and trub may be added to the spent grains or sewered. Filter
wastes may be sewered or recovered separately from the spent grains,
Diatonaceous earth waste is filtered to separate solids from the liquid
waste. The liquid is then decanted and discharged while the solids are
hauled to land disposal.

Fermenting, Aging, and Fiitering: Yeast i; added to the cooled wort in
fermentation tanks to convert the malt sugar into alcohdl and carbon
dioxide. In addition, an excess of yeast is produced. About one-fourth
of this yeast may be reused. The carbon dioxide gas may be vented to the
atmospnere or reclaimed for other in-plant uses. .

Most brewers pump the completely fermented beer into primary storage tanks.
During this period additional yeasts and insoluble substances settle out.
In seme breweries the partially fermented beer is pumped to large tanks

for a secondary fermentation and aging period. One variation of the procass
allows the yeast to collect in the aging tanks on a bed of beechwood chips.
The chips must be cooked prior to their initial use. They are then removed
and sterilized before being reused, After aging 1n primary storage the
beer is chilled and filtered with diatomaceous earth or reusable pads
before final storage. The beer is normally filtered again for clarity
prior to packaging. Some brewers recarbonate at this time through the in-
Jection of carbon dioxide.

Wastes from fermentation, aging, and filtering include spent yeast and

spent filter media. Yeast residue from fermentation may be sewered, added
to spent grains, or in some cases evaporated. Filter cake may be ' -kwashed
to decant tanks or to vacuum or pressure filters before discharge r
those brewers ysing the beechwood chip process, yeast is difficu)

remove because of the large volume of wash water present, Aftar

these Lrewers utilize an additional clarification step producing

organic sludge which must be discharged.

Packaging: Malt Beverages are packed in cans, returnable and non-.. urnable
bottles, and reaturnable kegs. A packaging flow diagrar 1s shown in Figure 5¢.

Kegs are returned containing some unused bLeer, which {5 normally discharged
to the scwer, The kegs proceed to a washer with a prerinse, caustic, and
final rinse spray cycle. The cleaned kegs are filled and manually corked.
Since draught beer does not require pasteurization, the kegs are sent to
cold storage while awaiting shipping.
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Cans are rinsed with clean water to eliminate any dust particles which
they have accumulated. During filling and seaming there 1s & beer loss
due to the speed of the line and the configuration to the container.
Canned beer is usui1ly pasteurized, but 1t may instead be filtered with
milipore f{lters or simply kept cold. The cans are inspected for proper
product level and those rejected are crushed, thereby creating an addi-
tional beer loss.

Non-returnable bottles need only to be rinsed before fi11ing. Returnable
bittles, however, must be washed, cleaned, sterilized, and rinsed. Labels,
unused product, and other refuse are removed from returnable bottles in

a bottle washer. Basically the washers follow three steps: 1) prerinsiny,
in which both the inside and outside of the bottles are subjected to a hot
spray; 2) soaking, in which the bottles are immersed in a het caustic
solution; and 3) final rinsing, in which caustic carry-over 15 removed in a
fresh water rinse. The pre-rinse and final rinse are normally discharged.
The bottles proceed to the bottle filler where there is some beer loss,
Prior to shipment the bottles must be labelled and inspected and may be
pasteurized.

wastes from packaging are an important factor in total plant iload. Beer
loss is generated from keg dumps, bottle and can fillers, and compactors.
These losses are normally sewered although the beer may be collected con-
centrated, and added tc spent grains. Returnable bottle washers generatz
11quid and solid wastes, the solids being screened and hauled away and
the liquids being sewered.

Spent Crain Recovery: Handling of spent grains from the mashing process
follows une of the tnree following procedures: 1) spent grains may be sold
wat at B0 to 90 percent moisture; 2) spent grains may be screened and pressed
to remove as much moisture as possible, thereby producing sgent grain

1iquor which must be discharged, and grains at 65 to 70 percent moisture
then fed to gas fired rotary driers to produce anima) fecd; 3) the grains
may be screened, pressed, and feu to gas fired driers while the spent grain
iiquor 1s concentrated in evaporators to & syrup (20 to 30 percent total
solids) which 1s mixed with the dried grains. Spent hops, trub, and spent
yeast may be added to the grains in any of the above procedures. In addi-
tion, a plant may have 411 the above capabdilities and yet for economic
reasons choose to sell all or some portion of these grains wet. A flow
diagram for a typical spent grains recovery operation is shown in Figure 53.

Wastes from spent grain recovery form the principal part of the tota) plant
load. If discharged, the spent grain 1iquor 1s the largest single was‘e
source. If the spent grain liquor is recovered dy concentration in evap-
orators, then the evaporator condensate is the major wastewater contributor.
Multipie-effect, vertical tube evaporators are commonly used. Wet scrubber
discharge and perfodic cleaning of screens, presses, conveyors, and centri-
fuges will also contribute to the wasteload.
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SJC 2083 Malt

The malt industry consists of 29 malting companies located primarily
in Wisconsin and Minnesota. Total annual production for 1973 was 128
mi1lion bushels (33). Of this total 119 million were used in the malt
beverzge industry, 4.14 milljon were used in the distilled spirits in-
dustry, and 3.5 million were exported.

Description of Process - Malt 1s a primary raw material for the processes

of brewing and distilling. Fermentation depends upon the action of enzymes,
and the purpose of malting barley is to produce those enzymes which tring
about the eventual conversion of starch into fermentable sugars. Essentially
the process of manufacturing malt from barley consists of steeping, germjn-
ating, and kilning. A flow diagram for the malting_ process is shown i.
Figure 54. -

After preliminary clearing and grading, barley is stored in grair bins.
Differences in types of barley utilized relate primarily to kernal size,
two common designations being two-row and six-row. Once the proper type of
barley has been selected it is conveyed to the malt house for steeping.

The barley is placed in large hopper-bottomed steep tanks where it is

kept submerged in cool water for 40 to 72 hours. The purpose of this pro-
cess is to impart moisture to the grain and to remcve undesirable colcrs
and tannins. This 4s accomplished by changing the water in the steep tanic
three to four times while compressed air is bubbled through the mixture.
The wastewater discharged during these changes forms the principal part

of the total malt house load.

After steeping, the barley is transferred to germinating drums or compart-
ments for a period of four to eight days. It is during this period that
the formation of enzymes occurs along with the creation of heat and carbon
dioxide. Temperature and humidity controlled air is forced through the
malt while it is being turned. After a few days additional moisture is
added to accelerate germination, usually by spraying. The portion of this
water which is later drained from the germinating drums or compartments
forms the second part of the total wastewater discharge.

The malt §s now ready .or kilning. During this procedure the malt is
conveyed to drying floor.  where 1t is kept for three to four days. Furnaces
under the floors provide cu.ntrolled temperature conditions to dry the malt

to the desired moisture content. The floors are normally situated vertically
so that the malt may be dropped from leve! to level while the temperature

is increased. Upon completion of drying the malt is siored or shipped.

The wastewater effluent from steeping and germinating is normally screened
before final discharge. The solid by-product is generally sold as feed.
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SIC-2084 Wines, Brandy, and Brandy Spirits

According to the Department of Commerce (32) there were 496 bonded wineries
and wine cellars and 49 bottling houses in operation as of June 30, 1373.
The total value of product shipments for these estabiishments in 1974 was
estimated at $1.06 billion dollars, or about 14 percent of all alcoholic
beverages. Total sales of wine in 1973 were 1.31 billion 1iters (347
mi11lion gallons). Of the total, California produced (9.6 percent, other
states produced 14.5 percent, and 13.9 percent was imported. The distri-
bution of U.S. produced wine by area and type, as reported by the wWine
Advisory Bnard, {(34) is shown in Figure 55.

Beverage brandy production in 1972 was 6.49 million proof gallons, almost
all of which was grape brandy. Beverage brandy refers to those fruit °
spirits distilled under 170° proof. MNeutral brandy refers to those
spirits distilled between 170° and 190° proof. Wine spirits refers to
those fruit spirits distilled over 170° proof. Thus, neutral brandy and
wine spirits are not mutually exclusive classifications. In reporting
the production, withdrawals or stocks of spirits between 170° and 190°

to BATF, producers have the discretion of placing it in the classification
neutral brandy or in the generai classification "Alcohol and Spirits".
This classification includes other than fruit spirits and since there is
no breakdovmn of this classification in the BATF reports, the brandy com-
ponent cannot be identifieu. Tax-free removals of spirits for addition
to wines are reportec. Removals under this classificatior would consist
only of wine spiri%ts. Removals under this ¢lassification in fiscal year
1972 totaled 24,419,000 proof galions. Tax-free removals of "brandy" for
ad. tion to wine totaled 1,000,000 proof gallons. Most or all of this
was droduced in California,

The wine industry has maintained a growth rate which averaged

10.7 percent between 1567 and 1972. During the same period per capita
consumption increased 57.1 percent to €.12 liters (1.62 gallons). A
major factor in this increase was the growth of the 21 to 44 age grour--
the group associated with higher levels of wine consumption--which will
continue to increase during the 1970's.

Description of Prccess - The technology of wine making is comprehensively
described by Amerine, Berg, and Creuss (35). For the purpose of this
discussion empnasis will be placed only on those process variable directly
affecting wastewater generation. Each and every winery has features
which make it unique. The most conspicucss difference, hcwever, in terms
of wastewater effluent, is between tnose wineries which do not produce
spirits by distillation and these which do. Table wines (including
sparkling wines) are produced without the addition of wine spirits.
Wineries producing these form a general classification. These wineries
may alse purchase wine spirits and produce dessert wines. The second
classification includes wineries which produce table wines and dessert
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wines, but which also produce wine spirits for addition to dessert wines
and/or brandy. It should be noted that wineries in the eastern part of
the U.S. produce only-table wines or if they produce dessert wines,
purchase wine spirits for the addition to dessert wines. In either

case they do not maintain stills. Those wineries producing wine spirits
are located solely in California, and, for the most part, in the San
Joaquin Valley. For this reason the process description will be

divided into two sections: wineries without stills, and wineries with
stills.

Wineries Without Stills: Products from these wineries are red and white
wines, sparkling wines and dessert wines using wine spirits purchasec
elsewnere, The basic unit processes cormon to these wineries are:

crushing and destemming, pressing (procedure varies), fermenting, clari-.
fication, aging, and bottiing. In addition, all wineries are vaced

with distinct seasonal variations, as are most agricultural food industries.
During the grape crushing seascr, which lasts approximately six t0 eight
weeks in September and Octooer, all the fermentable material rust be
fermented. Finishing operations, however, are carried on throughout

the year, thereby creating differing problems in wastewater disposal.

A process flow diagram for the production of red table wine without
recovery of distilling material is shown in Figure 55. After picking,

the grapes are placed in containers and transported to the winery where
they are weighed and dumped intc a crusher/stemmer. There are three types
in use: the roller, disintegrator, or Garolla. The Garolla 15 the only
type frem which the stems ang leaves are removed. The juice, skins, and
seed, now known as “"must.” are pumped to fermentation vats. Wastes from
crushing and destemning consist of periodic wash downs of the crusher/
stemmer, which are sewered, and stems, which are normally spread on
vinayard property.

Fermentation is preceeded by the addition of a small amount of sulfur
dioxide to the must, thereby innibiting the growth of wild yeast or
bacteria. With the addition of a pure reast "starter" the formentation
process is initiated and the grage sugars are converted into rear'y enua!l
parts of alcohol and carbon dioxide. Considerable hect is generated and
the vats must ba cooled to mairtain optimum fermenting conditions. When
the fermenting must has attaineZ the desired amounl of color and tannin,
then it is drewn off the pomace as “free-run" juice and pumped to a
finishing tank where fermentation may be processed to completion. The
pomace is pressed to extract any remainirg liquid. The resulting press-
run may be used fcr the production of less expensive wines or it may be
recombined with the “free-run". The pomace is hauled end spread in the
vineyards or dried and sold as feed for poultry. Usuallv within six
weeks after crushing the fermentation is complete. The liquid, now
called wine, is decanted or "racxed" off the sediment of yeast pulp

end tartaratcs known as “lees". This procedure may take place three

or four times. Additional wine may be recovered by passing the lees
through a centrifuge or filter. The sulfur dioxide content is normally
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adjusted at this time, Wastewater from fermentation is generated from
wash downs of fermenters, finishing tanks, pomace presses, and lees
filters . Pressed pomace and lees filter cake are normally hauled and
spread in the vineyards.

The wine may now undergo a series of "finishing" operations which vary
from winery to winery., After the first racking a fining agent such

as bentonite ¢lay may be mixed with the wine to encourage the settling
of suspended and colloirdal materials. This step would normally be
followed by fiitration with filters or plant and frame presses. The
wine must ncw ba aged. This may be done in wooden, stainless steel,

or concrete containers of various sizes. During aging wine is normally
refrigerated to hasten the precioitation of tartarates which might

be desposited after bottling. Since refrigeration is expensive the use «
of ion exchange resins as an alternative has come into limited practice.
In this process potassium and calcium ions are replaced with sodium y
or hydrogen ions. Additional racking, filtration, fining, and centri-
fugation may be utilized to further clarify the wine. Uniformity of
quality and character are maintained by analyzing and blending the

wine. In every case a polishing filtration is customary shortly before
bottling to insure that the wine is perfectly clear. Wastes from
finishing operations consist of lees from fining vats, centrifuges,

and aging containers. Cake from filters is hauled and spread in the
vineyards,

Bottling, labeling, and casing are the fina! operations. Most wineries
find it more practical to bottie their own wines, although wine may be
shippea in tank cars to plants where the only operation is bottlinj. The
bottles are filled and corked under sterile conditions. There is little
spillage involved except in the case of breakage. The wine is inspected
for clarity prior to labeling and casing, and this operation vor the

most part, 1s entirely automated.

Figure 57 shows a process flow diagram for the production of white table
wine without the recovery of distilling material, Both white and red

table wine productipn normally occur in any one winery but the processira
operations are different. The white wines are not fermented in the pre-once
of the skins as are the red wines. As a result the tannin and extract
content are lower. It should be noted that either white or red grape:

can be used for the crush. The must from the crusher is allowed to

separate so that the free-run juice may be obtained. It is then sent

to a press, which is most often of cylindrical design, and the re-

maining juice is collected. The pressed pomace, which still contains

some sugar, i< hauled and spread in the vineyards. The press-run is
normally utilized for the production of less expensive wine. The free-

run 1s sent to fermentation and innoculated with pure yeast. From this
point on the wastewater discharge is similar to that of red wine production,
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Figure 58 shows a process flow diagram for the production of sparkling
wine. These may be defined as wines which have more than 1.5 atmosphere
pressure at 10°C (50°F). Although there are several methods for the
production of sparkling wines the most common involves the addition

of sugar and yeast to cause a "secondary fermentation"” of wine in a

closed container. A common example of one type of sparkling wine is

what is known as champaqne. To a properly selected and blended wine

or "cuvee", sugar and yeast are added. The moisture is placed in bottles
or tanks for fermentation and storage. After an appropriate time interval
the bottles are "disgorged" or the liquid "transferred" temporarily from
bottle to storage. This procedure allows the removal of yeast which

has accumulated in the bottle. The transferred wine is filtered, placec
back in the bottle, and caseu for Storage. If the "bulk" or tank

process is used then two tanks are empluyed with interconnecting fiitratipn.
Upon transfer of the fermented wine to the second tank the wine is bottled.
Wastes from sparkling wine production consist of mixing tank cleanup and .
yeast from filtration of fermented wine.

Figure 59 shows a process flow diagram for the production of dessert
wire. These winas contain more than 14 percent alcohol due to tne
addition of fortified spirits. Common examples of this process are

white dessert wine, port or other red dessert wina, and sherry. Fer-
mentation is allowed to proceed to a specified sugar level. The wine

is pumped to fortifying tanks for the addition of wine spirits. Fortified
wine for sherry production may be baked or aged shermat blended with
submerged cultuce of flor sherry. Fining, filtering, and aging procedures
follow as previously discussed. Wastes from the production of dessert
wine are substantially the same as those from the production of table
wines. Since the two operations normally take place on the same premisec,
the load represents and addition in terms of vessels required for fortifsing,
baking, and storage, and in terms of the associated filtratior and wash
downs necessary.

Figure 60 shows a process flow diagram for an eastern winery producing
table. dessert, and sparkling wines. Several basic aifferences in

easterr and western wineries are apparent. The grapes from ihe east

are the V. labrusca which are lower in sugar content and higher 1in

acidity tnan the V. vinifera grewn in (Celifornia. Preparation for ferren-
tation generally involves pressing. Grapes for white wines are cold pres:ed
as they come from the stemmer/crusher. For this pressing many continuous
and bladder models are being usea. Grapes for red wines are "hot presnca
i,e. the pulp is heated prior to the loading the p-ess. Amelioration

of up to 35 percent by the addition of dextrose may be required prior

tc the fermentation due to the high acidity and low surar content of the
Juice. In addition, if hot pressing was used, the juice must be cooled
before fermentation starts. After fermentation it is common practice to
blend 1in up to 25 percent of California wines. Eastern sherry wines are
made by fortifying finished wines and then baking by the Tressler method.
This consists of heating while oxygen is released slowly in the wine.
Another method involvas allowing the sherry to age in o2k barrels.
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Sparkling wine production 1s bottle rather than tank fermented and normally
employs the transfer system to clear the bottle of yeast deposits. Waste-
water from eastern wineries is generated in a manner similar to that in
western wineries without stil1ls, (For further discussion of wastewater

per unit of production see Wastewater Characteristics, Section V).

Wineries With Stills: Wineries with stills may produce all of the
aforementioned wines in addition to beverage brandy and wine spirits,
A process flow diagram for such a winery with complete recovery of
distilling material is shown in Figure 61 . Only the best wine is
used f.r the production of beverage brandy, whereas wine spirits cr
forti ying brandy is made from recovered distiiling material.

Beverage brandy is produced from the distillation of wine and normally -
takes place in a continugus column still. Indirect heat or steam
introduceg at the bottom of stripper evaporates the alcohol from the
wine which is introduced near tne top of the column in the counter

. current. The vapor leaving the top of the still is condensed to form

the spirit. The de-alcoholized residue, known as “stillage", is discharaned
from the base of the column, The beverage brandy as it leaves the still

is at 170° proof or less. Additional columns may be added at this time

to remove the higher alcohols (principally amyl alcohol) which comprise

the fusel 0il content of brandy. Removal of aldehydes is also practicea

by the addition of an aldehyde cciumn., Since the aldehydes (chiefly
acetaldehyde) have a lcw boiling point they are taken off the top of

the column and the product off the bottom of the aldehyde column. The
brandy is then reduced in proof, aged in wood, and bottled.

Fortifying brandy 1s made by & similar process but by the use of distilling
material such as lees, filter wash, “omace wash, unmarketable standard
wine, and other wine residues. The final product, either wine spirits

or neutral brandy, is distilled from 140° to 190° proof and sold as

such,

A major part of the wastewater from wineries with stills 1s derived “rom
stillage., Since the distillatiun process depends upon grupe crushing

for its raw mate ial (1.e., either newly fermented wine or distiiling
material) the distilling season and stillage generation roughly parallel
the crushing season. During this time period those (ulifornia winerie:
with stills use a land disposal system for ctillage wastes. This entailcs
pumping the stillage into shallow "checks" or ponds of not more than C.i(~
(four inchec) depth for evaporation and percolation. Enough land is
required for separate checks to accomocale at least 7 to 10 Aays of stilla-e
volume, at which time the orfginal check may be reused after having

dried and being dasced.
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SI1C 2085 Dictilled, Rectified, and Blended Ligquors

The distilled spirits industry is comprised of those establishments
manufacturing alcoholic liquors by distillation and rectification, and
those manufacturing cordials and liqueurs by blending liquors with
other ingredients. The major products associated with this industry
are whiskey, vodka, gin, rum, cordials, and liqueurs. As reported

by the Distillad Spirits Council of the United States, the relative
proportions of domestic distilled spirits bottled in 1973 are shown

in Figure 62.

The productinn of distilled liquor was estimated by the Department of
Commerce (2) at $1.9 b11lion in 1973, with per capita consumpticn amount-
ing to 2.85 gal (10.6 1) annually. The major producing areas are
Kentucky, 11linois, Indiana, Maryland, Pennsvlvania, and Tennessee,

which contain “*he majority of the 220 licensed U.3. grain distillers.
The production of rum by mclasses distillers occurs principaliy in

Puerto Rico, with some planis located in the Virgin Islands, Florida,

2nd Massachusetts.

Description of Process - Grain Distiliers - Wide variations in distilled
beverage progucts can be causea by one or more of the following factors:
(1) types of materials and their proportions; (2) methods of material
preparation; (3) selection of yeast types; (4) fermenter conditions;

(5) distillation processes; (6) maturaticn tecaniques; and (7) blending
experience. This des¢ription, however, wiil only discuss those varia-
tions germane to a basic understanding of the process and, more
specifically, those variations directly affecting wastewater generation.
Figure (63) is a simplified flow diagram for the basic process common

to al) grain distillers. The principal steps involved are mashing,
fermenting, disti11ing, aging, rectifying-tottling, and feed recovery.

After preliminary grading and cleaning the grain is milled to form a
meal. Milling breaks the oucer cellulose wall arpund each kernel to
expose more starch surface to tho actiun of cooking and conversicn.
Water is added to the meal anc the suscension is fed inilo a cooker.
Cooking may be carried on under oressurized or atmospheric conditicns
in either tatch or continuous processes. After partial cooling, the
addition of ground barley malt converts the solubilized starches by
enzyme action into grain sugar. This con.ersion may take place in a
separate vessel called a “converter” in craer to free the cooker fcr
the next cook. The slurry, at tnis point called “mash,” is further
cooled by vacuum or by tubular heat exchangers and pumped to the
fermenters.

Wastes from the mashing process consist of condensate from pressure

cookers and vacuum coolers in addition to vessel clearup. For plants
operating in this mode the 10ad comprises about 12 percent of the
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total plant waste. For plants with atmospheric cookers and shell
and tube mash coolers the load would be lower.

The fermentation process commences with the introduction of pure cultured
yeast, thus converting the grain sugars into nearly equal parts of ethyl
alcohol and carbon dioxide. Fermanter mash concentration, agitation,
and temperature cause the rate of fermentation to vary between two and
five days. The mash concentration is set between 28 and 40 gallons per
bushel of grain, depending on the amount of "thin stillage" or "back-
set" that is returned from the base of the whiskey separating column

and the amount of water added. In Lhe production of "sour mash" whiskey
this concentration. by law, would be greater than 25 percent of the
fermenting mash volume. The fermented slurry, now kncwn as "beer," is
dropped into a beer well in route to the still.

Wastes from fermentation are small, consisting of fermenter and yeast

tub cleanup. In most cases the first rinse, which contains considerable*
mash and alcohol, is discharged to the beer well. Sterilization by steam
thus becomes the only discharge and contributes about one percent of the -
total plant wasteload.

Distillation involves the separation of alcohol from the de-alcoholized
residue known as "“stillage". Although numerous varieties of distiilation
exist, for whiskey this 1s normally accomplished in a continuous whiskey
separating column. Indirect heat or steam introduced at the base of

the column strips the alcchol from the fermented mash introduced near

the top of the still. The vapor leaving the top of the still is condensed
and forms the product. The discharge from the b2se of the column contains
the soluble and suspended substances carried through the process and

from which several useful by-products are derived. The alcohol, at
approximately 115° proof, is stored in a high wine tank, and possibly

run through a doubler which raises the alcoholic content to approximately
130° proof. The product is then ready for shipmert to the cistern tank.

Beer still cleanup and doubler discharge, if not pumped back to the beer
well, constitute the wastes from distilling. These comprise only one
to two percent of the total plant load.

In whiskey production, deionized water is added to the product in the
cistern tank and the mixture is aged in new, white oak barrels with
charred staves and heading. The total years of storage depends on

the time it takes to attain the desirable ripeness or maturity. The
three reactions occuring simultaneously in the barrei during aging are
extraction of complex wood cunstituents by the liquid oxidaticn of the
original c¢omponents in the liquid and other material extracted from

the wood, and reaction between the various organic substances present
in the liguid resulting in the formation cf new congeners. Wastes from
maturation are negligible.
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If the production of grain neutral spirits is desired, then the product
is pumped from the high wine tank at approximately 105° to 135° proof and
sent through a continuous multi-column still system, thereby by-passing
maturation. Figure (64) illustrates this system, which normally
consists of aldehyde concentrating, rectifying, and fusel 0i1 columns.
The product is first fed to the aldeinyde column. The product is then
split into three paths. The main stream {20° to 40° proof) is pumped
to the rectifying column; the heads (aldehydes and esters) are pumped
to the heads concentrating ¢olumn; and the fusel oil is pumped to the
fusel 0il concentrating column. The grain neutral spirits are with-
drawn from the rectifying column at 191° proof.

Wastes from the multi-column nrocess comprise two to four percent

of the total plant wasteload. C(Concentrated heads may be discharged,

burnt as fuel, or returned to fermenters. Fusel gil tails are

discharged to the cewer while fusel oil is sold. Rectifying column -
tails maybe sewered or demineralized and used as dilution water. Most
complete distilleries alternate between wniskey or grain neutral spirits
production, and .here is littie difference apparent in the resultant
wasteload.

Blending and bottling may take place at a separate facility or as part

of a complete distillery. (& discussion of bottlers is included under
SIC 5182). At a complete distillery the aged preduct is dumped from
barrels ard filtered, with filter media and charcoal residue being
treated as a solid waste. After gauging, the product is final filtered
and the residue sieuced to sewers. The addition of deionized water fixes
the praof, and the product is ready for bottling. Some breakage will
inevitably occur and this also would be sewered. The waste associated
with bottling is probably less than one percent of total distillery
waste,

Several variations exist in the method of recovering whole spent

stillage. Basically distillerias fall intc two categories: 1) those

with no recovery and 2) those utilizing evaporators anc dryers for

complete recovery. Only the smallest distilleries practice no stillage
recovery. [t is more.economical for these plants to dispose of wet stillage
to nearby farmers for cattle feed than to install a feed recovery system.
These small distilleries have a substantially different wasteload, since
feed recovery is the major contributor to total distillery waste.

Figure 65 illustrates the process flow for a fecd recovery system. Since
whole spent stillage is aoproximately five to seven percent solids, feed
recovery is essentially a dewatering process. The first step consists

of passing the whole stillage over a screen. The coarse- solids are re-
tained and sent to a press far further removal of soluable solids. The
press cake, if dried separately on driers, pecomes "distillers light
grain.” The thin stillage liquid is ncrmally centrifuged to remove
suspended solids then piped to multiple-effect evaporators where it 1is
concentrated to a syrup containing about 25 to 35 percent solids. These
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evaporated solubles may be drum dried to produce "distillers dried
solubles,” or more commonly dried with press cake in rotary driers
to produce "distillers dark grains."

The major contribution to distillery wasteload is from the feed
recovery system. It can, according to Boruff and Blaine (36), account
for as much as 83 percent of the total distillery waste. The most
significant source of wastewater within the feed recovery system is
the condensate from evaporators., Dust emanating from grain dryers
may constitute a secondary source if wet scrubbers are used, or it
may be eliminated through the use of cyclones.

Description of Process - Molasses Distillers ~ While the basic process

of molasses distillers is similar to that used by grain distillers,

there exist some variations which warrant discussion. Figure 66 shows

a process flow diagram for a molasses distillery. .

Molasses syrup (either case molasses or citrus molasses) is received -
as by-products from the case and citrus industries and stored in large
holding tanks. The molasses is then pumped to tanks where phosphorus

and ammonia nutrients are added to satisfy the nutritional requirements
of yeast fermentation. The amounts of nutrients added depend upon the
grade and purity of the raw molasses.! Hiatt (37) cites instances of
pasteurization of the raw molasses prior to nutrient addition, but exist-
ence of this practice is not evident in the industry at this time. Some
pre-heating of the yeast sced cultures does take place though.l To
eliminate undesirahle bacterial contamination the pH is adjusted to be-
tween 4.C and 5.0 thi'ough the addition of sulfuric acid. Some distillers
also include the use of antifoamers prior %0 fermentation,

The molasses mixtue is seeded with the desired yeast cultures to initiate
fermentation. ‘'While cooling of the molasses to aid fermentation has been
repcrted, some distillers use a "wild fermentation" process where the

mash is inoculated by the yeast that is present in the air and in the

raw material. This takes place in lieu of cooling.:

Following fernentation the "mash" (8 to 12 percent alcohol) s sent
through & multi-colunn  stillation process. . Some experimentation has
been performed attempting to remove the spent yeast cells by centrifu-
gation prior to distillation. Currently, this is not a common practice
in tne industry.; One possible arrangement of the multi-column system is
shown in Figure 66. A separating column removes the alcohol from the -
de-alconholized residue known as “slops" or “stillage." The vapor leaving
the top of the column is condensed and sent to an aldehyde column. Here
the “heads" (aldehydes and esters) are removed. The product is drawn off
the bottom and sent to the rectifying column where fusel and amy! oils
are separated. The final product is now ready for flavoring, aging, and
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bottling. By-product fusel oils may be marketed. Aldehydes and esters
may be used for fuel in the distillery.

Stillage from distillation comprises the major part of molasses distillery
waste. Present methods of stillage disposal vary according to locale.
Puerto Rican distillers discharge their untreated effluents directly to

the ocean. Two of the continental United States molasses distillers prac-
tice periodic evaporation of their slops streams. In these two instances,
the amount of evaporation depends upon the available market for concentrated
moiasses slops as feed supplements.

SIC 5182 Bottlers and Blenders of Wines and Distilled Liquors

According to the Bureau of Alcohol, Tobacco, and Firearms (BATF) there are
90 plants in this category authorized to operate. These plants are dis- °
tributed throughout 25 states with the heaviest concentration in California.
The BATF reports only total bottled output, therefore no breakdown is
available between separate bottlers and bottlers combined with distilleries
or winerijes. Production may range up to 13 million proof gallons per year
for the larger plants in this category.

Description of Prozess - Typical operations in plants from this subcategory

are redistilling, rectifying and bottl: ~. As defined in the industry,
rectifying includes mixing, blending, zhilling processes. The princijal
products of such plants may be wines, ! ‘1es, whiskies, white goods,

cocktails, and cordials. Wastewater f. these plants is negiigible, as
documented in Section V.

SIC 2086 GEottled and Canned 50ft Drinks

The soft drink bott]ing and canning industry consists of franchised

and independent companies who purchase concentrate or Syrup and package
soft drinks. According to the U.S. Department of Commerce, { o2

soft drink bottlers and canners operate approximately 2470 facilities
with the largest conceniration of plants in the southern states.

The National Soft Orink Association ( 38 ) reported a total wholesale
value of 6.2 billion dollars for procuct shipped in 1973. Per capita
consumg,jnn.amounxad_Ln_2§ 9 gallons which was divided as follows: 91
percent regular and nine percent diet drink. Cola flavored drinks
represented 65 percent of the regqular market, with lemon-iime drinks
ranked second at 11 percent. The percentage distribution of package
types is shoun in Figure &/ . It should be pointed out that this
distribution varies widely by local market.

Total sales were marketed as 80 percent packaged and 20 percent bulk.
Packaged product includes all glass containers and cans whereas

bulk product reaches the consumer via stainless steel pressurized
cannisters of differing sizes classified as "post-mix" or "pre-mix".
The designation "post-mix" indicates fountain syrup prepared at the
point of consumption, and "pre-mix" indicates a finished beverage

ready to be dispensed. In 1973 "post-mix" accounted for 81 percent and
“pre-mix" 19 percent of total bulk volume.
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In addition to geographical differences in sales volumes and package
type, there are definite seasonal variations. During the summer
months of July through September, sales can peak as much as 50
percent above sales during the winter months of January through March,
Peaks 1n sales are preceded several months by corresponding peaks in
production. The value of shipments for the soft drink industry is
expected to maintain a future annual growth rate of 9 to 1l percent

as it has over the past six years.

Description of Process - Soft Drink Bottling and Canning - The term
"soft-drink” refers to those non-alcoholic beverages wnich are normally
flavored, acidified, colored, sweetened, and carbonated. A similar

but non-carbonated product is also packaged but in comparatively small
quantities. Figure 68 1is a simplified process flow diagram illustrat-
ing operations in a soft drink bottling and canning plant.

Raw Materials: Scft drink manufacturers must ultimately combire treated
water with finished syrup to form a final product. Finished syrug
received in bulk ~ill already have been flavored, cclored, acidified,
and sweetened. This syrup, which is prepared from a proprietary formula
at a corporate bulk syrup plant, is delivered by tank truck to the
bottler. In some cases a flavored, colored, and acidified concentrate
is received and the finished syrup is produced by adging sugar (liquid
or dry) and water to the concentrate. The concentrate may be received
in powder and/or liquid form depending on the type of product. In other
cases all raw materials may be purchased directly from members of

the flavor and extract industry and mixed at the boutling or canning
rlant. Under normal conditions, there are no wastes associated with

the receipt of raw materials.

Watar Treatment: Soft drink plants routinely treat incoming city

water. Two degrees of treatment are normally required: water utilized
for bottle washing must be low in hardness; water to be mixed with syrur
must be completely free of any substances which might affect the flavor,
color, and appearance of the final product. A typical water treatment
plant might submit incoming city water to chemical coagulation and
.edimentation in a large reaction tank through the addition of ferrous
suifate and lime. Water filtration and purification by means of sand,
gravel, and carbon media in addition to chlorination might follow.
Dearaetion and ion exchange units are sometimes utilized. Whatever

the means or degree of treatment, the primary goal is to eliminate

any contaminants destined for product usage. Some plants soften in-
coming city water to be used in bottle washing. This provides for
better wetting and sheeting characteristics, thereby increasing the

ease of caustic removal in the rinse cycles.

Wastewater associated with water treatment will vary widely depending
on incoming water quality and plant operating procedures. As a
general rule, however, these wastes are 3 small part of the tota)l
plant load.
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Syrup Preparation and Storage: Syrup received in bulk requires no
preparation. It is typically stored in tanks of approximately 20,000 1
(5,000 gal) until it is ready for use. Separate mixing tanks, however,
are involved in the preparation of syrup from concentrate. These
mixing tanks, which are smaller than the storage tanks, are normally
used to prepare only the amount of Syrup to be used in the final product
for tha. day. This means that, if four different products utilizing
concentrates are to be packaged that day, the equivalent of four mixing
tanks is required.

In order to minimize wastes, and to provide ease in handling ard
sanitation, stainless steel mixing tanks with cone/dished neacs are
used in the preparation and storage of syrup. Each "flavor cnange"
however, necessitates the removal of residual syrup from the tank
walls. This clean-up constitutes the wasteload from the mixing opera-
tion. Syrup storage tank clean-up also contributes to the tota] waste-
19ad, but it is on a less frequent basis.

Container Preparation: The three types of containers associated with
packaged production are cans, non-returnable bottles, ana returnable
bottles. The cans and non-returnable battles are normally only rinsed
with city water to eliminate particles that may have accurmulated during
storage. The returnable bottles may cuntain leftover materiais sucn

as unused product, c¢icarette butts, mold, and other rcfuse which are
removed automatically in a bottie washer. These machines must wash,
cleain, sterilize, and rinse all bottles. Figure &9 oprovides an
internal view 0f one type of washer currently in use.

A1l bottle washers follow the same basic steps of prerinsing, soaking,
and firal rinsing., During prerinsing both the inside and the outside of
the bottles are subjected to a hot spray. Solids remcved at this reant
pass first through a ccarse, then through a fine mesh screen before tne
rinsewater is sewered. Recirculated final rinse water 15 often used

in the pre-rinse section. Soaking involves immersing the Lottles

for not less than five minutes in at least a three percent aikaline
solution containing 60 percent caustic soda. This occurs in a single

or multi-compartment tank at a minimum of 66°C {150°F). The liguid levs]
and strength of the solution are checked reguliarly to maintain specifiec
standards. The entire solution is dumped intermi<tently, at periods
ranging from 5ix weeks to six months. After intermediate caustic removai
sprays, the bottles undergo a final fresh water rinse. This water, which
contains some carry-over ccJstic cleansing solution, is sewered 1f not
reused for pre-rinsing.

Inspection of soft drink bottling plants confirms that bottle washer
wastes represent the major portion of the total plant load. The
residual drink left in the bottle is the major source of £0D. Suspended
solids from the pre-rinse are inevitably sewered. High alkaiinity and
pH result from carrye-over detergent in both pre-rinse and final rinse.
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Ccntainer Filling: Finished syrup from storage or mixing tanks is
combined in specified proportions with treated water i» the "flow-
mix". This mixture is fed to a cooling-carborating ves.el where it

is chilled and infused with gaseous carbon dioxide. The mixture thern
passes to the "filler" where it 15 introduced intoc the container. In
some bottling plants an alternate method is used whereby syrup is first
placed in bottles which are then filled with carbonated water. In
either case the container is immediately crowned or capped. The

filled and sealed botties are passed through a warm water rinse before
inspection, possible labeling, casing, and shipment or storage.

Wastes fram container filling result from filler spillage, lost

product associated with flavor changes, and the corresponding clean-
up. A flavor change necessitates flushing the 1ines firom syrup

through the flow-mix, cooling-carbonating vessel, and filler. Chlorine
and treated water, plus any product left in the lines, are then sewered.
The percent of the total plant wasteload contributed by flavor changes
varies according tr the number of changes made daily and the efficiency
with which each plant eliminates product loss. Filler spillage varies
considerably between bottling and -~anning plants. In a bottling plant
there is littie or no spillage while the filler is operating. In a
canning plant, however, there is considerably more product loss in
filling due to the speed or the line and nature of the container. In

" & plant which only cans, this loss would be the major source of 80D
wasteload.

Bulk F31ling: As part of some plants' total production both pre-mix
and post-mix cannisters are utilized. This operation requires

only that separate syrup and water lines be provided to an area whera
the cannisters are filled under pressure. Ffigure 70 demonstrates
this procedure.

Wastes Trom bulk filling result from a small amount of residual
product left in the cans by the consumer. Hot water, caustic, and
final water rinse procedures are used to clean the cans.

SIC 2087 Non-Synthetic Flavoring Extracts and Syrups

When used for food purposes a flavoring extract may be generdlly defined
(39)as a solstion in ethyl alcchcl of proper strength of the sapid and
odorous principles derived from an aromatic plant, parts of the ,lant,
or essential oil from the ntant, with or without coloring matter, ccn-
forming in name to the plant ysed in its preparation.

flavorings derived from parts of aromatic plants are termed natural
flavorings whereas those prepared rrom synthetic chemicals, Such as
esters, aldehydes, ketones, and others, are considered artificial,
imitation, or syntnetic flavors,
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Common flavoring extracts include vanilla, lemon, clove, cinnamon, orange,
nutmeg, peppermint, and wintergreen. The most common methods for the
preparation of flavoring extracts are steam or water vapor distillation
(with or without vacvum). solvent extraction, and expression.

Flavoring extracts are produced in a wide variety of concentrations and
forms -- extracts, concentrates, powders, emulsicns, tablets, and
essences -- with the strength and form depending on the intended use

of the product. Natural flavoring extracts are then blended with other
substances, such as sugar, synthetic flavoring extracts, alcohol, and
food colors, in numerous combinations and proportions to produce finished
specific flavors. The finished flavors are also produced in the same
variety of concentrations and forms as the flavoring extracts. Finished
flavors are utilized in a number of other food related areas, principally
the beverage, baking, confectionery, and f-ozen desserts industries.

There are approximately 60 companies operating flavor producing piants ir
the United States. While little information is available from the
industry, it would appear that a typical plant produces flavoring extracts
as well as finished specific flavors and possibly spices.

A separate entity of the flavoring extract and syrup industry is the
manufacturing of beverage bases (concentrates and syrups). These bases
are almost exclusively producea by the major soft drink companies which
utilize them in their soft drink products. There are approximately 22
beserage base plants operating in the united States,

The cemand for flavoring extracts and flavors fluctuates in direct reiaticn
to fluctuations in the beverage, baking, confectionery, and frozen desserts
industries. However, the need for flavoring products prcbably maintains a
near balarce since beverage ard frozen dessert demand is high when

baking demand is low and vice versa (40). In 1973 the value of prcduct
shioments of flavorings accounted for an estimated 1.6 billion doliars

and was expected to rise to 1.7 billion in 1974,

Process Description-Standard, Terpeneless and Concentrated Flavoring
Extracts from Essential 0ils - Essential oils may be defined as liguids
which occur naturally in many types of plants or which may be reproduced
by a combination of substances in the plant upon reaction with one
another in the presence of water. Jlhe preparation of the most common
forms of flavoring extracts from essential oils is illustrated in

Figure 71.

I'ssential o0ils are generally purchased and stored in fiber drums, while
aicohol and other solvents are stored in storage tanks. A standard
formula exists for every type of flavoring extract which can be manu-
factured. The preparatiun of a standard flavoring extract (Figure 71)
involves a blending process in which a specified percentage by volume
cf the essential oil, alcohol, and water are mixed in tanks.
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For certain applications, such as in ices and fountain syrups, it is
desirous to produce a more water soluble flavor. Consequently, the
more insoluble components (terpenes) of the oil must be removed. This
can be accomplished by vacuum distillation (Figure 71) or solvent ex-
traction (Figure 71) of the essential oil. :

In the vacuum distillation process, steam is used to strip the more
volatile plant oil from the terpenes. The purified 0il is then mixed
with dilute ethyl alcohol of proper strength to form the terpeneless
extract.

In the solvent extraction process the solvent dissolves the ptant oil
from the essential 0il1 and is drawn off. The solvent is then recovered
from the purified 0il which is subsequently mixed with dilute ethyl
alcohol of proper strength to form the terpeneless extract. .
Concentrated extracts are prodrced in the same manner as standard extracts
except the percent by volume of plant 0il is considerably increased.

Wastewater generated from the production of these products consists
primarily of internal equipment cleanup when a flavoring change is made.

Process Description-Flavoring Extracts fram Direct Sclvent Extraction
of Aromatic Plant Tissues - There are few flavoring extracts prepared
from the direct solvent extraction of plant tissue. By far the most
common example is the manufacturing of vanilla extract as illustrated
in Figure 72.

Vanilla beans are received and stored in boxes. The vanilla beans takern
from storage are first chopped before being steeced in an alcohol-water
solution. In order to exhaust the desired material from the bean,
solutions ranging from 35 to 60 percent by volume of ethyl alcohol are
used. The vanilla extract, composed of alcohol, water and dissolved
vanilla flavor, is drawn off througn a filter, adjusted to a desirgd
water, alcohol, and sugar content in storage tanks, and subsequentiy .
bottled.

The alcohol remaining in the chopped beans from the steeping process is
extracted and reused. The beans are discarded as solid waste.

The major wastewater generation is attributable to filter backwash and
to the clea.ing of vanilla extract storage tanks when sediment accumu-
lates in the tanks.

Process Description - Natural Flavoring Concentrates nd Powders - Flavor-
ing concentratas and powders are derivea from plant liquor or essential oils.
Fruit liquor is usually used in the case of fruit concentrates and powders
while essential oils are used for spice concentrates and powders.

The typical process flow diagram for the manufacturing of these products
is illustrated in Figure 73 .
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In order to produce fruit concentrates or powders, fruits are washed and
chopped and the fruit liquor containing water, oil, and fruit particles

is expressed from the chopped fruit. To prepare the fruit concentrate the
liguor is evaporated under vacuum. Jf powdered flavor is to be produced.
the liquor together with vitamins, sugar, and acid is completely dehydrated.

The production of spice concentrates involves the evaporation of essential
spice oils. The o0ils are dehydrated for the production of powder.

Wastewater generated from the manufacturing of concentrates and powders
includes fruit wash water, evaporator effluent, and dehydrator effluent.

Process Descriptien - Finished Specific Flavors and Cordials - The manu-
facturing of finisned specific flavors and cordials is a blending process
in which natura} and/or synthetic flavoring extracts are blended in nu-
merous propertions and combinations with other ingredients such as
alcohol, sugar, coloring agents, and water.

If not produced at the plant, flavering extracts and colors are usually
received and stored in fiber drums. After proper mixing they are packaged
in bulk containers. The finishea flavors may be produced in all of the
various forms discussed above.

Cordials are a blend o7 flavoring extracts, sugar, water, and alcohol.
Cordials are a special case of flavor production in which aicohol
comprises a cons derab’e ;artion of the total product volume.

Wastewater attributable to the oreparation of finished flavors ard
cordials consists entirely of ci2anup of mixing tanks prior to flavor
changes.

Process Description - Beverage Bases - By far the majority of beverage
bases, both concentrates and syrups, are manufactured by major soft drink
companies in plants which produce corgentrates and/or Syrups exclusively.
The manufacturing of flavoring concentraZzes and syrups is illustrated

in Figure 74

The flavoring extracts, a~ids, treated water, colors, and sugar (excert
in concentrate production) ara proportioned from storage tanks into
large, stainless steel mixing tanks and blended. The product is then
strained throuyh a wire mesh screen and packaged or shippec in bulk by
tank cars or trucks.

The manufacturing of beveraga concentrates and syrups in flavoring extract
plants is done on a much smaller scale and excludes water treatmert and
container washing. There is also no need for flavoring material storage
as these materials are produced in-house.

The primary sourcas of wastewater in the soft drink concentrate and syrup
plants are cleanup of mixing tanks prior to flavor changes at the

end of each day; and washing of containers, arums, and tank cars. The
production ot beverage bases in flavoring extracts plants would generate
wastewater from cleanup of mixing tanks only.
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SIC 2095 - Poasted and Soluble Coff:e Processing

General - Coffee roasting and the production of soluble coffee extracts
occurs in 203 plants distributed throughout the country. According

to the Pan American Coffee Bureau . #1), in 1972 843,696 kkg (930,700 tons)
of roasted coffee and 81,048 kkg (89,300 tons) of soluble coffee were
produced with a total value of $2.32 billion. The grestest density

of plants is found along the Atlantic seaboard and in Caiifornia.

According to the National Coffee Asseociation “42 ), of the 21 million

bags (60 kg each) of coffee that are impo~ted each vear, 10 percent

has alreadv been processed, usually into :0luble coffee.

The Hational Coffee Association further reports that seven large corporaiions
account for 70 percent of the total production in this country. in the
soluble coffee segment of the industry, two corporations praduce 81 pergent
of total production.

Coffee is normally sold in a roasted and ground ar soluble form. Eoth

are available as either requiar or decaffeinated types, and soluble coffze
is produced by spray drying or freeze drying. Some coffee plants produce
all possible combinaticns af the above forms and types. The Pan American
Coffee Bureau , 43" indicates that decaffeinated coffee accounts for only
12 percent of all coffee sold;, however, 28 percent of all soltuble coffee

is made from decaffeinated beans.

Since 1962, the per canita cof<ze consumption in this country has been
declining. However, the lNational Coffee Association 42 ) indicates that
the soluble coffee industry continues to expand and account for a larger
share of the total coffee market each year.

A1l coffee processing begins with the green coffee bear. Further proczcsing
will include roasting, possibly preceded by decaffeiration and followed

by extraction and then spray or freeze drying. These processes are descrize:
in the following subsections. Fiqure 75 illustrates the basic processes

used in producing roasted coffee.

Description of the Decaffeinaticr Process - Green corfee beans usually
arrive at the plant-in 60 xg (1.2 Jb) burlan saclks from which thev are
transferred to a stcrage hopper. Tthe beans z2re then cleaned by air
levitation to remove foreian material and chaff which are lighter than

the beans. The beans are then either decaffeinated by individual type

or the various types nf beans are rmixed to obtain the desired blend ard
then decaffeinated. If decaffeinated roasted or soiuble coffee is desirnd,
the caffeinc s removed from green coffee beans usirg the direct solvent
method or the water extraction (liquid/liquid) method.

In the direct solvent method (see Figure 75). caffeine is removed by
contacting the beans with organic solvent, mest commonly methylerne chlor-ce.
The beans are prewetted by various methods before extraction, a necessary
step tc allow high decaffeination levels. The solvent is drained off and
fresh solvent added until the residual caffeine is at the level desired
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(usually 37 percent of the caffeine is removed). The used solvent is
distilled to recover clean solvent and a crude caffeine residue.

The method of extraction most commonly used in this country by the large
producers of decaffeinated products is called the water extraction or
liquid/liquid extraction method (see Figure 77). In this process, the
caffeine js extracted from the green beans in extractor columns with
©3°C (200 F) water. HNext the extract may be centrifuged tc remove solids.
The caffeine is then selectively transferred from the aqueous green
coffee solution stage to the trichlorethylene solvent by countercurrent
or rotating disk contactor linuid/liquid extractors. The water cxtract
is then stripped of its solvent residue and returned to the process

to extract further caffeine. The caffeine contained in the :richlor-
ethylene can be recoverd by distillation of the solvent, or by licuii/ .
liquid extraction with water. The solvent is purified by distillatior
and returned to the process. Caffeine may be packed and shipped in its-
crude form or it may be further purified to meet food and drug standards.
The extraction of green beans with recvcled water extract continues

until the caffeine level in the green is reduced to the required degree
(usually 97 percent removal), and the beans are then drained, washed

and dried.

In the extraction processes discussed, the decaffeinated beans are
rinsed and dewatered with an auger screw or screen. The beans are then
hot air dried, cooled, and stored in preparation for roasting.

Nastewater is generated in the decaffeinating process orimarily from

the washing of the decaffeinated hears, the flushing of the extrace
centrifuge and the sulvent anc caffeine separation process. Smalier
amounts of wastewater come from the caffeine solidifyirg process, storiane
of the wet beans and condersate overflow.

Descrintion of the Roasted Coffee Process - Coffee beans are roastsc ir
orde- to develop their flavor. Tinere are eight commonly used shages

or dearees of rcasting. Selection of a rar:icular shade depends cn

the type of beans and the flavor desiren

Green coffee beans are normally roasted in revolving metal cylinders,
directly or indirectly heated by gas or =1 fuel oil. Batch roasting
in Tots of 230 to 635 kg (500 to 1200 1bs) 15 the more common method,
with end temperatures in the 290° to 220 C (390° to 428°F) range at the
end cf rhe cycle in 8 to 13 minutes. I[f a continuous roasting method i,

used, tne temperature is 260°C (500"F) and the contact time is approximas::

5 minutes.

The roacted heans are covled by eitner wet or dry methods. The roastir;
procoss in cermed “wet” if it 15 checked by the spraying of water over
the hot beans (vile still i1 ihe roaster), This water is partially
evaporated and partially absorha! ir.o the bean. !lone is discharged

as wastewater. In dry roasting, .ne process is arrested only by air
cooling and by contact with the cooling apparatus.
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Stoning, removal of metal and other foreign material heavier than the
coffee beans, is then performed. lext the beans are stored until

packaged as whole roasted beans or ground., A “granulator” composed of

a series of rollers and often capcble of 10 size adjustments, is commonly
used to grind the beans at rates up to 1.8 kkg per hour (2 tons per hour).
The ground roasted coffee is packaged for sale or further processed into
a soluble coffee product.

There is normally no wastewater generated in the production of roasted
coffee unless the plant utilizes a wet scrubber for tne stack gasses,

and few coffee roasting plants have wet scrubbers. General nlant clean-
up is dry -- usually portable vacuum cleaners and/or brooms.

Description of the Soluble Coffee Process - The fresh grounds are added

to one end of a series of six to eight extractor chambers {see Figure 78},
through which hot water is passed countercurrent to the grounds. This °
countercurrent flow permits the fresh hot water to extract the remaining
s50luble materials from the most spent grounds, The conditions of this

flow are carefully controlled for maximum remov3l of soluble constituenis
and good flavor and quality.

The extract is cooled if it is to be stored before further processing,
and centrifuged or filtered. The liquid extract at this stage is 20

to 30 percent solids. [lor fireeze drying, the solids concentration nust
be increased to 40 percent. For spray Jdrying, it is economically
advantageous to increase the solias content to the same 40 percent.
Concentration of the extract to the desired 40 percent solids level

is accomplished by evaporation or freeze concentration.

Spent grounds are carried from the extractor by steam ejection to a
storage tank. In some plants, ihe grounds are then deposited in a
landfiil. In other plants, the grounds are rotary dried our pressed &nd
used as fuel for the boilers. The waste from the pressing of the g~ounds
is a significant source of wastewater as is the intermittent (every 3

to 10 minutes) cleaning of the centrifuge or filter. OQther wustewater
sources include the gereral washdown of the extractors, sludge from the
centrifuge or filter, the scaling tank, the heat exchanger, and the
holding tank.

Sprayv Drying and Aggiomeration: After concentration (if used), the exirc.t
is delivered to the atomizing nozzle and spray dried. The dried produc:
is stored in Lulk until it is packaged by automatic or semi-automatic
machinery. ihe powdered coffee produced by spray drying is usually
agglomerated by a second pass through part of the drying tower to yiela
the relztively large "corfee crystals” which are now popular in this
country.

Wastewater is generated in this process step when the equipment is cleanez.
Cleaning is done at the end of a run which may be as infrequent as monthly.

Freeze Drying: Another method of producing soluble coffee is freeze
drying (see Figure 79 ). In this pracess. the liqui- coffee extract
is cooled and concentrated by centrifugation. Follawing this, it is
trozen, ground, ard more vater is witidrawn through sublinrtion. The
product is then puckaged and stored prior to shipment.
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SIC 2097 - Manufactured Ice

General - Commercial ice producing plants fall within two distinct
product categories - block and fragmentary ice. Block ice s produced
fn 136 kg (300 1b) or 132 kg (400 1b) blocks which are frozen in rec-
tangular cans partially submerged in refrigerated brine tanks. Block
ice is sold whole, divided into 10 to 200 blocks, cut into cubes and
bagged, or crushed and sold as bagged sized ice. Cube ice machines
are sometimes found in ice manufacturing plants, but their low volume
capacity hardly justify their use. Cube and crushed ice finds its
greatest usage in the preserving and serving of foods and beverages,
or distribution to vending machines. Fragmentarv ice is produced as
small pieces such as disks, cylinders, and random shapes similar to
crushed ice and normally is bagged at the piant. It is often produced
on large capacity units for industrial users sucn as poultry plants,
dairies, chemical plants, ready-mix concrete suppliers, and fish and
seafood transportion. .

According to the Bureau of the Cencus ( 2 ), in 1972 approximately 4.1
million kkg (4.5 million tons) of ice were commercially manufacture"

ac some 2,000 piants located throughout the country, with the heaviest
concentration of manufacturers in the Atlanta, Georgia area. Production
at individual plants ranges from 0.45 to 363 kkg (0.5 to 400 tons) per
day; nowever, typica) daily production is in the 45 to 136 kkg { 50 to
150 ton) range.

Demand for ice fluctuates seasonally, with the highest demand in the
sumner and lowest demand in the winter. Some plants close in the winter
months; others continue to operate wilh a skeljeton crew; and still others
with large storage facilities, sell their product year-round but cease
processing during the winter,

According to the National Ice Association (44 ), approximately €0 percent
of ice manufacturing plants produce both frugmentary and block ice;

25 percent manufacture block ice only; and 15 percent manufacture
fragmentary ice only. Block ice is still the large volume product of
most ice manufacturers. However, increased efficiency of fragmentary

ice making machines and decreased demand for block ice has led to
decreased production of block ice and a corresponding increase in frag-
mentary ice. According to the Bureau of the Census { 2 )}, the quantity
of blocl ice produced dropped from 4.4 million kkg (4.9 million tons)

in 1967 to 2.2 million kkg (2.4 million tons) in 1972. This trend is
expected to continue, resulting in no construction of new block ice
plants. The last known block ice manufacturing plant was built around
1966. The demand for fragmentary ice has been and is expected to continue
to increase substantially, possibly spectacularly. Many manufacturers
have installed fragmentary ice making machines to supplement and/or

to replace block ice making facilities.

Generally, the water usad to make ice must be potable. It may be supplicd
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by the local water purveyor or a well. Depending on its quaiity, the
water may be treated by the ice manufacturer.

Description of Process - Block Ice - Municipal water is sometimes not
satisfactory for the production of quality ice. Undesirable water
qualities can result in poor color, residues, and tendencies to shatter
or crack. To obtain clear block ice, it is sometimes necessary to
treat fresh water with lime, sand filters, carbon filters, or reverse
osmosis to remove suspended and/or dissolved solids. According to the
National [ce Association (44 ), about 60 to 70 percent of the block

ice manufacturers treat their water supply. Sources of wastewater at
this stage of prccessing include backwash water, precipitate, and brine
from treatment facilities.

Figure 80 illustrates the processing of block ice. The cans in which
block ice is to be frozen are filled from an ¢'evated can filler. Once
filled, the cans are placed in agitated brine tanks either singularly .
or in groups. Grouns of cans are held together by grids made of fiat
steel with the weight of the grids assisting to keep the cans submerged-
and prevent tipping. The grids also hold the cans apart (seldom sver

3 cm) to allow the brine to flow between the cans. Yooden can cuvers
rest directly over the grids and provide additional weight to hold

the cans in the brine. There is virtually no make-up or blowdown from
brine tanks. Vater is kept in the tanks for years, and salt is acded
once or twice a year. Brine tanks are seldom, if ever, dumped.

During fre2zing, air miy be used tc agitate the fresh water in the cans.
The purpose of this aeration is to aid in forming clear, pure water
crystals by assisting in the rejection of most of the impurities

into the core of the ice block. The unfrozen core, consisting of abcu<
10 to 22 1 (3 to 6 gal), is usually pumped out and replaced with fresh
water preferably cooled. According to ASHRAE ( 45), the block of ice
will require up to an additional hour to freeze the core water. A 135
to 132 kkg (300 to 202 1b) block of ice requires 1 to 2 days to freeze,
depending upon the temperature of the brine.

When the blocks are frozen. the cans are removed from the brine. The
frozen cans are then transported to the dumning area where they are
submerged in a dip tank (filled with water) until the ice block igosens
and floates up in the can. The dip tank water should be below 21 C

(70 F) to avoid ice stressing and cracking or undue melting. After the
ice thaws from the can, the cans are raised and moved to the dumping area
where the cans are tipped, the ice blocks sliding free. Once the ice

is dumped, it is rinsed with fresn water. It may then pass through a
scoring machine tcircular saws) to score the ice for 11 kg (25 1b) bloc!s
and then is moved to storage. Alternativelv, the 136 to 132 kg (300 to
400 1b) block may be stored until sold, at which time the block is

scored and picked into smaller blocks, rinced, and distributed to
retailers or sold at the plant. Ice cans, once emptied, are refiiled
with water to firecze the next batch of ice.
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Nastewater from the freezina of block ice comes from core pumping,
water used to cool the refrigeration compressors, dip tank overflow,
and snow from scoring. In some ice plants, compressor cooling water
is routed to the dip tank where it is used to thaw the ice blocks
from the cans. In the dip tank, some chlorides and solids are added
to the wastewater. They are transferred from the brine tank as the
cans are being dipped.

Whole ice blocks are stored in freezer rooms with the bottom layer
held off the floor about 15 c¢m. A space between the ice blocks and
the side walls of the storage room is also maintained to promote cold
air circulation around all ice blocks.

Cubes: Cubes prepared from biock ice are sawed out of the whole by a
variety of automatic and semi-automatic machines which handle blocks of
11 to 182 kg (25 to 400 1b). Thne machines consist of one or two sets

of power operated circular saws operating in two plants successively -
and a third large power saw for cutting the indented cubes free of the
block. Ice losses from this type of processinc are 30 to 0 percent in
the form cf srow and end pieces. These waste pieces are sometimes used
to precool water which is tc be frozen, but most often are discharged as
wastewater.

Some ice manufacturing plants have small, 225 or 450 kg (500 or 1000 1b)
per day, cube machines like the cube machines found in hotels and other
commercial establishments. Cube machines are a very small percentige 9o
most ice manufacturing plants’' capacities, and are intended primarily fcr
retail sales.

Crushed ice: Sizing machines, which have come irto increasing use, consist
of an ice crusher intc which blocks of ice are fed. The crushed ice is
delivered into an overhead rotating screen, which separates the broken
pieces into bins containing the desired size(s). These pieces are then
weighed and placed in plastic bags for sale or distribution to retailers,
vending machires, or other larger customers.

Up to 50 cr 6C percent of the block ice may be lost in crushing. Part:cles
less than g specified size cannot be used, and must either be recycled

to manufacturing or melted and discharged as wastewater. A machine has
recently been introduced for use in compressing undersized crushed ice

or snow into blocks. ‘idespread use of this type of machine could
significantly increase the vield from block ice manufacturing, instead

of wasting the water or recycling the snow and end pieces back to the
product water.

Jescriotion of Process - Fragmentary Ice - Fragmentary ice differs from
sized ice in that sized ice is made from crushed block ice, whereas fraa-
mentary ice is prodiuced when water flows over a freezing surface. One of
five general methods is employed in removing ice from surfaces to which
it has been frozen. These are as follows:
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1. Separation from a flexible surface

2. Scraping the ice crystals from a wet direct expansion chilled
surface and pressing the sludge into briquettes

3. Hot vapor heating the surface to release ice frozen by direct
expansion to the inside or outside of tubes .

4. Mechanically separating the ice from a direct expansion
refrigeration drum

5. liater defrost of sheets frozen to refrigerated plates (45 ).

lhese processing steps are done in commercial fragmentary ice meking
machines. As indicated in Figure 81 , following removal from the .
fragmentary ice machine, the ice is sized by screw conveyors if necessary,
sorted oy size, stored in hoppers or a surge bin, and then packaged -
in plastic vaas. Unlike crushed ice, little, if any, ice is less than

the minimum size; accordingly it can ail be packaged for sale.

Fragrmentary ice varies from crystal rlear to opague depending upon the
water quality, and is irregular in form. Potable water {municipaily
supplied or from we11s),se1dom requires pretreatment for the manufaciure
of fragmentary ice. Wastewater sources peculiar ‘o the producticn of
fragmentary ice include the following:

1. Excess water not frozen on the freezing surface
2. Water used for defrost
3. Blowdown from fragmentary machines

Manufactured ice is stored on both short and long term bases. Facilities
for short tern (day) storage are normally large enough to accommodate

at least 3 days of production. Ice is stored for longer periods becsuse
of fluctuations in demand; e.g., production decreases during the fall

and stored ice is used to fill the smaller winter demands. According

to ASHRAE ‘ 4%5), the increasing demand for manufactured ice and subseaue~:
production of all types of sized ice has prompted the expansion of day
storage facilities by 100 to 200 percent.

General cleanup (diy sweeping with subsecuent melting and/or hose dowr’

1 to 4 times each day, and the periodic defrosting of storage facilitizs
add to the waste stream.
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SIC Code 2098 - Macaroni, Spaanetti, and Noodles

Spaghetti. .nacaroni, and other related products, known as alimentary
pastes, are made by forming unieavened dough into a variety of shapes,
which are subsequently dried to less than 13 percent moisture. Typically,
these products are made by mixing semolina with water and kneading

the res.iting dough until homogeneous. The dough is then extruded

or rolied before being cut into the familiar shapes of macaroni products:
spaghetti, macaroni, noodles, shells, elbows, etc. Egg noodles contain
added egg or egg yolk.

According to the Department of Commerce, Census of Manufactures (2)
there are approximately 191 manufacturers spread throughout the nation
which produce macaroni products. The West leads with 64 plants, followed
close'y by the Northeast with 63 plants. The North Central U.S. has -
43 macaroni and spaghetti plants, and the South only 21. The plants
range in size from large corporations to very small, family owned
businesses. Total sales volume is about 400 million dollars, and
production about 910 million kilograms annually.

The above figures for number of plants are believed to be misleading,
however, because they include many Italian eating establishments which
manufacture pasta only for their own use. Standard and Poor lists

only 24 companies in this category whicn manufacture on a commercial

scale. Since some of these companies have several plants, it is estimated
that the total number of significant commercial plants in the Unitez
States is between 30 and 40. A1l plants contacted dischargec to municipal
systems.

Process Description. Figure 82 shows a process flow diagram for

a typical macaroni and noodle processor. The basic raw materials

are semolina, durum flour, farina flour, or a combination of these,
and water. Semolina is milled from hard wheat.such as amber duru.,
Size of particles is less impcrtant than uniformity. Coarse semclina
is easjer to handle, but requires lorger mixing times.

Egg products are normally used in certain noodle formulations. In
some cases, frozen pasteurized egg yolks are usad. Alternatively,
freshly separated egg yolks or dehydrated egg yolk solids may be incor-

porated into the various eaqg containing products.

The other major ing~ediert common to all pastas is water. Quality
and temperature of incoming water are of special

207



DRAFT

FLOUR
STORAGE
DOUGH Pe—— WATER
MIXSR £GG SOLIDS
(OPTIONAL)
M PUMP COOLIN
EXTRUDE (LACYUM PUNMP COO0LING
WATER
RECYCLE FRAGMENTS
— ©orv
TRIM
PACKAGE
STORAGE
FIGURE 82

PROCESS FLOW DIAGRAM FOR-
MATARONI, SPAGHETTI, AND NOODLES

208



—

CRAFT

consideration to obtain consistent quality products. Other ingredients
may include egg-white solids, onion, garlic, celery, bay leaf, salt
or other seasonings, and disodium phcsphate.

Solid and liquid raw materials are mixed together in desired proportions.
On the average, about 30 parts of water by weight are added to 100

parts of solid raw material. The moisture content of the original
semolina varies between 12 and 16 percent.

Mixing methods vary with the type of dough mixer used. The larger
and rore modern facilities utilize continuous daugh mixing technigues,
whereas the smaller processors employ batch methods for blending and
mixing. Either process results in a homogeneously kneaded dough of
approximately 30 to 32 percent moisture. After mixing, the dough

is pushed through various shaped dies under high pressures.

In almost all cases, a vacuum is applied to deaerate the dough as

it enters the extruder. This requires extensive cooling water for
proper maintenance and operation of the pumps. This water, while

being non-contact water, is usually combined with remaining plant

effluent, and represents, in many instances, virtually the entire

effluent flow, exclusive of sanitary wastes.

If short macaroni products are to be made, a cutter placed directly
under the die cuts strands inrto the desired length. The "shorts"

are conveyed directly to the drier. Long spaghetti, macaroni, or
noodle straris are spread manually or mechanically on drying sticks.
After they are cut to an even length, the loaded sticks pass through

a predrier in which approximately s¥x to =2ight percent moisture is
extracted in an hour or less time. The goods come out of the predrier
with a moisture content of 22 to 24 percent.

At the discharge from the predrier, there is a recovery zone to insure
equal moisture distribution throughout the product and to prevent
the goods from checking or cracking during the final drying.

The final drier can be batch or continuous. Batch driers are typically
used when production figures are under 4,545.45 kg (10,000 1b) per

day. Batch driers in which products circulate in a closed circuit
through differant climate zones have proven to be efficient and reliable.

Special equipment is needed to manufacture twisted or stamped goods.
“Pasta Bolognese"” is made from a calibrated dough sheet which
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is extruded from the press. Since twists and stamped goods are
usually made in small quantities, production costs are relatively
high. They are typically dried in stationary batch driers containing
a number of trays, through which air, heated by coils containing hot
vater or low pressure steam, is blown.

Both long and short cut macaroni products are generally dried to about
12 or 13 percent moisture content. Once dried, the products have
excellent preservation qualities.

Short products such as soup pastas, elbows, sea shells, etc., can
either be dried stationary on trays or continuous’y in drum or belt
driers. Trays are typical for small operations, but continuous systems
were observed for high production levels.

Furthermore, microwave ovens have been recently introduced for the
drying of "shorts." Microwaves selectively heat water with little
direct heating of most sclids. Drying is uniform throughout; the
shorts' pre-existing moisture gradients are evened out. This unique
application r2sults in very rapid drying, but requires specialized
equipment and safety devices. WNormal 24 hour drying cycles were observed
to be reduced to 30 minutes.

In small factories, products are packaged by hand. In larger factcries,
long, short, and twisted goods are weighed and filled by semi-automatic
or completely automat*r. machines into cellophane or plastic bags,

or papa2r cartons. Cut corners or "breaks" inherent in the packaging

of "long" items are typically recvcled back through the process by

being finely ground and then used as a raw ingredient.

Those plants that utilize frozen egq solids were observed to do in-
place cleaning. Tne resultant waste flows were low (typically less
than 11,340 liters/day (3,000 gal/day)). Similarly, several plants
indicated the use of dried egg solids with all clearup being performed
with)conventional "dry" methods (i.e., sweeping, scraping. rubbing,
etc. ).

It is obvious that pasta production is essentially a dry process with
manufaciurers avoiding the use of water durirg processing and cleanup.

The only significant waste volume observed is non-contact cooling

water. The only strong waste from an organic pollutant point of view

is generated by periodic cleaning in special washers of the extrusion

dies, and cleanup of egg product biendiny equipment in nocdle manufacturing
operations. [n both cases, waste volume is very low.

210



ORAFT .

SIC 2099 Almond Paste Manufacturing

Results of this study indicate there are currently only four active almond
paste manufacturers in the Urited States. These operations distributed

in the states of New York, New Jersey, l11inois, and California, represent
a relatively minor industry in terms of food production. Several plants
manufacture almond paste in combination with a variety of other nut pro-
ducts such as nut toppings, pastry fillings, icings, glace bases, baker':
specialty items, and other nut pastes. In addition, some facilities manu-
facture almond paste less than 30 days per year. The following process
description was obtained through a plant visitation to one almond pacte
manufacturer.

Description of Process - Figure B3 presents a generalized flow diagram

of almond paste processing. Raw almonds (and similar nuts such as pecans,
walnuts, hazel nuts, cashews, and apricot kernels) arrive at the plant by
truck in bores and are stored in coolers, The raw almonds are roasted and
placed in a series of initial soak tanks at a temperature of 81 to 92°C
{180 to 200°F) for about 20 minutes. Durst (46) raports that from the
socak tanks, the almonds are blanched to separate the testce (red skins),
germ (small hearts), and cotyledons (almord halves or split almonds). The
testce and germ are aspirated and separated by screen from the cotyledons.
The cotyledons are inspected and are placed in pregrinding soak tanks at
59 to 72°C (140 to 165°F) for 15 to 20 minutes. After the almond cotyledons
have soaked they are cunveyed to a blending hopper where the almonds are
water cooled. At this point ingredients such as sugar and flavorings are
added. The blenc is then placed into a grinder which ruptures the fat
cells causing the mixture to have a pasty consistencv. The almond paste
is then transferred into a number of soaking units where it is cooked to

a moisture content of 10 to 15 percent. After cooking, the paste is hand
packaged into 227 to 286 gm (8.0 to 10.0 oz) vacuum packed cans or 22.6 kg
(50.0 1b) plastic lined bakes for institutional use. Substantial packing
care is required to contain the product and prevent oxidation and subse-
quent rancidity of the fat content.

The major scurces of wastewater generaticn in the manufacturing process
are (1) the initial and pregrind soak tank; (2) daily plant housekeeping
including equipment tleanup and floor washinjs; and (3) water used to cool
the nuts before grinding.

SIC 2095 Baking Fowder

Background of the Industry - Baking powdur is produced in at least Z8
plants in the United States, most of which are located in the Chicago
and New York metropolitan areas. Ten manufacturers account for a major
portion of the production of the indusiry.

Baking powder is produced for use by- commarcial bakeries as well as by
the individual consumer. Packaging requirements thus range from small
tins to barrels.
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Descrintion of Raking Powder Processing - A simple process flow diagram
1s presentec in Figure 84. The basic operations in the production of
beking powder are dry material transport, metering, blending, mixing,
sifting, and packaging. The hydrophillic nature of the raw materials
and the final product, and the stringent quality standards for the final
product make it imperative that water be prevented from contaminating
the material handling lines. For this reasnn, extensive measures are
taken to control humidity and to pravent the use of water in the plant,
except for emergercy situations. )

The raw materials used (corn starch, bicarbonate of soda, sodium aluminate
sulphate, ang monocalcium phosphate) may be delivered and stored either

in bulk or in bags, depending primarily on the size of the plant. In

the larger plants the material is unloaded from railcars or trucks by .
air or mechanical transport systems and diverted to dedicated storage
silos. In smaller facilities raw materials are received in palletized -
bags which must be mechanically transported to the blending area, opened,
and deposited in storage hoppers. The raw materials are then metered

into the blender in proper prcportions. The blended material is trans-
ferred to a surge nopper to await packaging so that a supzeouent batch

may be blended. T:e material is then sifted to remove foreign materials
and deposited into tne holding hoppers for each packaging line. The
finished product is packaged in the appropriate type and size cuntainer,
pailetized, and warehoused for future shipment. The entire operation

does not normally require the use of any water eithe - for processing
purposes, cleanup, or dust control, In-plant cleanup is entirely by

dry methods. i.e., aijr brushing, foxtail brushes, brooms, and vacuum
systems. Water would be used for cleanup only in an emergency situztion,
such as after a fire or an accident. The bulk raw material unloading
docks for the air-slide rafl cars or trucks and the bagged raw material
unloading and warehousing are3s may be hosed by water wash in some plants
in order to cleanup spills afier unloading operations are finished. However,
this cleanup procedure is infrequent and undocumented.

Dust from air transpor:i systems is apparently controlled by cyclone
separators, filters, and/or bag houses. Wet scrubbers have notl been
documented.

SIC 2099 Bouillon

There are only four known producers of bouillon cubes in the United
States. In the course of this study all four plants were contuCted,

three vere visited, and wastewater sampling was conductea at one plant.
Only one of the four producers manufactured bouillon prcducts exclusively.
0f the remaining three, bouillon was a major product in one and a minor
product (less than 20 percant total production) in the other two. Fro-
ducts produced along with boutilon include soups, soup mixes, puree,

drink mixes and specialty foods.

Retail sales of bouillon products was estimated at 30 millior. dollars

in 1973. Demand for bouillon products has been increasing in recent
years and is expected to continug as the cost of meat rises.
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Process Description-Bouillon Products - The manufacturing of bouillon
products is basically a four step process as illustrated in Figure 85.
The ingredients used to manufacture bouillon products are purchased

from a number of other food related areas such as the edible otl, spice,
and organic chemical industries. Ingredients are received and stored

in fiber drums, boxes, or plastic bags. It is not uncommon for plants
to produce a portion of the ingredients in-house. Two plants, for
example, are known to produce their own hydrolyzed vegetable protein.

The various ingredients, including hydrolyzed vegetable protein, salt,
meat extract, fats, spices, and emulsifiers, are proportioned in a

mixing tank. The mixture is dried in an oven and subsequently ground
into a granular form. The granular bouillon is either packaged in jars-
or pressed into cubes.

Wastewater generation in the bouillon process is limited to cleanup
water used to wash mixing tanks, ovens, grinders. The packaging area
is cleaned with air.

SIC 2099 - Bread Crumbs, Not Made in Bakeries

General - The manufacturing of bread crumbs outside of bakeries is a
very limited industry. Four manufacturers of bread crumbs, which are
not primarily bakeries, were contacted. The majority of bread crumbs
appear to be manufactured and packaged for retail sale by large
bakeries. ’

Description of the Process - Bread crumb production not in bakeries is
essentially an assembly process. 1In all of the plants contacted, baked
and ground bread crumbs are the raw material used. These baked crurfs
are purchased in 20 to 45 kg (50 to 100 1b) bags from bakeries. These
bags of crumbs are emptied into a vibrating mixer where they are
blended with the desired combination of spices. From the mixer., the
spiced crumbs are transferred to a holding tank on a conveyor belt,

The crumbs are then gravity fed from the tank to the packaging machingry.
The breud crumbs are packaged in 227 gram (8 oz) or 426 (15 oz} paper
cans. Lids are applied and the cans are boxed for storage and shipmer: .
Al o7 the equipment and the flcors are dry ¢leaned, and no water is
used in the product. For a schematic representation of the process,

see Figure J6.

For all practical purposes, bread crumb processing not in bakeries can
be consjdered a: a dvy process. There .s apparently o process waste-
water discharged.
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SIC 2099 - Chicory

General - Chicory 1s a flavoring which s blended with coffee. More
chicory is consumed in the South than elsewhere in this country.

Chicory is made from roots of the chicory plant. It is grown in Europe
and {s pre-processed prior to importing, The pre-processing consists
of harvesting the roots, cleaning, slicing, and dehyd-ating. It is
shipped to the United States in burlap bags.

There is only one chicory processing plant in the United States. It
produces approximately 2,270 kkg (5 million 1b) each year. Both the
building and the equipment of the processing plant are relatively old.

Description of the Process - Chicory processing is similar to roasted
coffee processing, as illustrated on Figure 87 . The pre-processad .
dehydrated pieces of root are shippec to the plant and stored in burlap
bags. The bags are dumped into a bucket elevator and then a screw -
conveyor for transfer to roasting ovens which are similar to roasters
used for coffee.

After roasting a specified time, the oven is turned off and anproximately
41 (2 gal) of water per 450 kkg (1000 1b) charge is sprayed onto

the chicory while it is still in the roaster. This water is used %o
reduce the potential fire hazard in the roaster. The roasted chicory

is then dumped into an air zunier. There are no liquid drippings “rom
this cooler, After air cooling, the chicoi is conveyed to the grinder
where it is ground into specified degrees of granularity and then pazked
into polyethlene inner bags and burlap outer bags. Excessively fine
particles are reconstituted and reground.

The bags are stored at the plant unti) distributed. A relatively low
humiditv must be matntained in the packaging and storage areas in order
to prevent “caking" of the chicory. Chicory tends to cake due to the
high sugar content of the materiai. In that form, it is not saleable
and must be reprocessed and repatked.

There is no nrocess water. A minor amount of water is used for an air-
cooled air conditioner during the summer months and as non-contact cooling
water for a smal) compressor. MNone of the equipment requires wet
cleaning; it is wiped out periodizally with rags. General plant clzanup
is dry -- predominatelv dry brooming. More severe spillage areas may
first be dry broomed; then mechanically scraped and bronmed, and possiblv
wet mopped using a conventional mop and bucket. The basement fioor

of the plant was concrete with one floor drain near the back door. The
chicory is stored on this level, which prevents use of water for cleaning.
The second and third floors of the plant were wood and di41 not show
evidence of water application.
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SIC Code 2099 - Paprika and Chili Pepper

Paprika and chili peppers are major dehydrated vegetables, ard are
important spices used in many foods. A handful of companies located
in the South and West process these commodities. For the purposes

of this study, three plants were field visited for the collection

of historical data, and composite samples were collected and analyzed
to verify these data. :

Paprika and chili peppers are virtually identical and generally can
only be distinguished by their obvious taste differences. The plants
are harvested between early October and December. Harvesting is done
mechanically or by hand, depending on the size of field, climatic
conditions, and availability of labor.

Preservation of chilis and paprika is accomplished by ttandard dehydrating
techniques, Drying is done either on continuous stainless steel helts

or individual tray driers. In either case the original raw moisture
content of the vegetable is reduced to below ten percent by the application
of heat to the sliced, diced, or shredded vegetable. The combination

of heat and moisture reduction preserves the product from bacterial
degradation; these low moisture levels are rot conductive to bacteria,
mold, and yeast growths.

Process Description. Figure €3 shows a typical process flow diagram
for denydratec chili peppers and paprika. After harvesting, the peppers
are brought to the plant in either large wooden tote bins or in bulk,
Storage 1is less than 24 hours to prevent any microbial breakdown.
Typically, the chilis are conveyed through a dry reel to remove dirt

and debris. They are then dumped directly into a large soak tank

which wets the vegetable and loosens adhering dirt, The chilis are
usually removed from the soak tank by a continucus elevated conveycr
with high-pressure overhead cold water sprays to further clean the
extraneous material.

The soak tanks and water sprays contribute the major volume of wastewater
genrratfon. The tanks may be dumped several times during the day,

the frequency depending on the condition of the harvested peppers

(mud, vegetable damage, etc.). Tote or storage bin washing can also

be a source of significant waste strength.

An inspection typically follows washing at which time defects are
removed as culls. The vegetables ire conveyed directly to either
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a chopper, & slicer, or & dicer where the entire pod 1s cut. The
various cutting operations contribute a strong concentration of organic
solids (Juices? to the wastestreams due to the macerating of the plant
cells., In addition, these machines are periodically washed to reduce
bacterial contamination. Finely comminuted organic pariicles enter

the waste flow from these rinsings.

The chopped pieces are coated with fine sulfite sprays to prevent
browning during the dehydration process. These sulfited pieces are
conveyed to either a continuous stainiess belt drier or alternately

to wooden trays. If trays are used, then a saries of trays are loaded
with even layers of the chopped peppers. When sufficient trays have
been filled, they are placed into & drying tunnel, and warm air is
introduced until the desired finished moisture is attained. With
either method of dehydration, final moisture levels of approximately
eight percent are obtained.

The other major source of wastewater is standard end-of-shift clean-
up, at which time all tanks, conveyors, dicers, etc., are emptied,
opened, and thoroughiy washed and sanitized before startup of the
next day's operation.

The dried flakes may be packaged directly or milled into fine chili
powder or paprika powder, The miiling is done oy conventional hammermi))
and screens; but after the dried pieces are finally ground, they are
added to a type of ribbon blender where water in the form of a fine
spray is introduced tc raise the moisture level to ten to twelve percent.
The increased moisture aids in color retention of these ground powders.
The powders are then packaged in the desired container.

Seed recovery 15 an important by-product of this type of vegetable
operation. Carefully selected fialds of either chilis or paprikas

are identified as being desirable for seed recovery, When these particu-
Yar lots are brought into the plant to be dehydrated, the pods are
cracked ard core and seed are separated {usudily by flotation). The

pods are skimmed from the surfaca while the seeds are diverted through

A dewatering reel. The seeds are sold to a seed company and become

the following year's crop.

Water reuse and recycling was not observed in a typical pepper dehydration,

In some cases the final water sproys became make-up water for the
soak tanks, but the process does not lend itself to water reuse.
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SIC 2099 Desserts, Ready-to-Mix (Gelatin)

Background of the Industry - Ready-mix desserts and prepared gelatin
desserts are produced in at least 46 plants in the United States with most
of these facilities located in the Mid-west and the Northeast. The

products, directed primarily at the institutional and individual consumer,
are marketed in nearly infinite variety of flavors.

Although the industry has used wet production techniques in the past,
technological advances have made dry production techniques virtually
universal in the industry. These techniques involve the mixirg and
packaging of raw materials and no significant contact with process
water,

Process Description - Ready-mix desserts and prepared gelatin desserts
are manufactured as shown in Figure 89. The basic operations are ary
material storage, transport, screening, metering, blending, mixing,
s{fting, and packaging. The hydrophilic nature of the raw materials
and the final product in adcition to stringent quality standards make
it imperative that water be prevented from contaminating the process
lines. For this reason, extensive measures are taken to control humidity
and to prevent the material from accidentally contacting water.

The raw materials used are generally delivered and stored in bags or

~ cartons, For ready mix desserts these materials may be dextrose, mod-

1fied food starch, and/or cornstarch, salt, carrageenan, sodium phosphate,
hydrox{1ated soybean lecithin, nonfat dry milk, citric acid, and miscellan-
eous flavorings and colorings. FPrepared gelatin desserts use edible gelatin,
salt, fumaric acid, and miscellaneous flavorings and colorings. Raw
materials are deposited in their designated storage and metering systems,

The various types of desserts are each prepared in a batch opaeration. In
larger plants mobile collection hopders are moved about the facility
collecting screened and metered quaniities of ingredients, When the
desired ingredients are gathered, the hopper is dischargad to the mixer.

The prepared gelatin-dessert mixing process requires the addition of a
tmall amount of water (less than one part of water per 600 parts of
product). The water is incorporated into the product and is not wasted.
The ready-mix dessert process uses no water in the mixing step. This is
the only difference in tue proces:.ing of prepared gelatins and ready-
mix desserts.

After mixing the product is stored in a holding hopper until it is packaged

in the appropriate sized container. The product is then warehoused for
future shipment.
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The only source of wastewater in the processing operation is from the
water washout of mixers to prevent color contamination of the product.
Wash out takes place in a segregated washroom. All other cleanup in
the vicinity of the process line is accomplished by dry means, i.e.,
vacuum cleaners and brooms. ' ,

Newer plants are designed to facilitate dry cleaning through provisions
for soft cleaning hoppers, conveyors, and other machinery. Floors and
working surfaces may also be coated to improve dry cleaning efficiency.

Wastewater generation rates from equipment wash out are highly variable
Mixers are washed only when there is a product change and it happens

that the previous product would cause color contamination of the following
product.

Dust control facilities are required for these plants, however, dry
collection techniques are used exclusively in the plants surveyed.

SIC 2099 Honey

Honey, the oldest known substance used as a food sweetener, was widely

used as such prior to the advent of -refined sugar. [ts utilization

today continues as a household condiment and also because of its
hygroscopic characteristics as an ingredient to retard drying in

baked goods. The annual production of honey in the United States

averages 100,000 kkg (110,000 ton). Exzluding small farm operations a
total of 16 plants produce the bulk of commercial honey. The value

of honey products in 1972 was S64 million, a 31 percent increase over 1971.

Description of the Honey Production Process - Honey is a natural food,
produced by the honeybee ({Apis tlellifera L.), and is available in

various forms, e.g. liquid, comb, cut comb, granulated or finely
crystallized, and creamed. It requires no elaborate processing and

a considerable proportion of the crop passes from the producer direct

to the consumer. However, when honey 1s to be sold in the retail market,
it usually goes to local producers for packaging. Figure 90 shows a
typical honey process for the retail market.

The honey arrives at the plant already extracted from the cone, unless
comb honey is to be processed. Comb honey, which makes up a small
proportion of the bottled honey, is usually cut and bottled by hand.
Honey which has been extracted from the cone is first stored in heated
tanks at the plant receiving area. Heated storage tanks serve two
purposes: 1) to make the honey less viscuus, and 2) to help remove
minute air bubbles entrapped in the cold honey. The tanks are usually
kept at a temperature between 60°C and 70°C, according to Manley (47).
The storage tarks are generally heated by a recirculating hot water
system. Since honey has many flavors and colors, mixing is sometimes
employed in the tanks to produce a more desirable blend. From the re-
ceiving tanks, honey is ther punped to another set of holding tanks called
“filtering tanks." These heated filter tanks are where honey is held
prior to pumping through the filter process.
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Filter presses employ a series of canvas or textile type screens, through
which the honey is forced to remove extraneous material such as wax,

bees wings, and other foreign substances. In some cases, a filter aid,
such as decolite, 1s added to the honey prior to filtering. The presses
are washed daily (outside wash), and are dismantled usually every other
day for a thorough cleaning., From the filter presses, honey can be
returned to storage tanks or directly to filling equipment.

Honey is generally bottled in glass or plastic containers; however, for
bulk purposes tins or paper containers are sometimes utilized. After
bottling and sealing, the containers ar- cleaned of spillage. Depending
an the size of the operation, the clean.ng can either be done manually
by washing and wiping or mechanically with hot water washers. Usually

the use of water in any operation is avoided due to the hygroscopic .
tendency of honey.

Honey that is to be sold in granulated form is generally bottled cold.
However, even heatea honey, if allowed to set for a period of time,
will granulate.

Washdowns are the only major source of wastewater in honey manufacturing.
dsually, steam/water hoses are utilized to clean equipment and floors.

. Washdown flows, depending on the size of plant or extent of washdown,
seldom exceed 800 1/day ?200 gal/day).

SIC 2099 Molasses and Sweetening Syrups

Sweetening syrups and molasses are considered in the Census of Manu-
factures as & single food preparation class and are designated by

SIC product code 20993. Included in this group are the producers and/or
bottlers of pancake syrup, sorghum syrup, maple syrup, and molasses.
Together these establishments accounted for $138.8 million in ship-
ments in 1967.

Maple syrup is oroduted in "e northeastern states from Wisconsin
through New England, with i rmont being the largest producer. The
annual production averaged 4,000 cum (1.2 million gallon) during the
last ten years and app2ars to have leveled off since 1949. The syrup
has been refined :n essentially the same manner since the local Indian:
passed the kncwledge on to the white settlers. The manufacture to
date remains a small farm tusiness with only a few establishments
engaged in the packaging of a wholesale product.

Sorghum was first introduced into the United States around 1700

primarily as a forage and silage crop. Approximately eight million
hectares (20 million acres) of sorghum are planted yearly. Thae primary
species of sorghum grown for Syrup manufacturing 1s S. Saccharatum

which ts grown primarily in the southern states. In 1972 the production
of sorghum syrup was reported by Agricultural Statistics to be 27,211 cu m
(7,189,100 gallons).
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Description of the Molasses Process - Molasses is a valuable by-product
of beet and cane sugar manufacturing. “Blackstrap" molasses is the final
syrup left after repeated crystallfzations for the extraction of sugar.
The major portion of molasses produced is utilized for animal feed,

ethy! alcohol, monosodium glutamate, and yeast production. Smaller
quantities are used in the manufacture of glycerine, lactic acid, acetone,
and syrup.

The molasses obtained in the early stages of sugar production has a
pleasant, palatable flavor and is used in the preparation of edible
molasses. As shown in Figure 91, the edible molasses is first heated

and filtered, befaore being pumped to filling machines which deposit

the molasses into the appropriate container. The containers are then
inspected, sealed, and rinsed prior to transporting to the labeling .
and final packaging area.

The bottling of molasses produces wastewater from two areas: the
periodic cleaning of equipment and the rinsing of the filled bottles.
Due to the limited processing equipment and generally small size

of the operarion, the volume of wastewater discharged is not large.

Description of the Maple Syrup Process - Maple syrup is produced from

the sap of the sugar maple tree, Acer Saccharum, which grows in the

north central and northeastern states. During the late winter and early
spring the trees are tapped to draw off the sap. The sap, containing
approximately three percent sugar, is boiled down to a sugar concentratioun
of 66 percent by the individual farmer prior to delivery to the processor.
The majority of processors are small farm operations; there are only

a limited number of establishments which bottle maple syrup on a large
commercial scale for wide distribution. The foliowing process description,
which is illustrated in Figure 92, {s concerned only with the latter

group of processors.

The syrup is received at the plant in drums and subsequently graded
according to color and sugar concentration. The raw syrup is heated

in kettles and then filtered through a medium of diatomaceous earth. The
filtered syrup.is filled into the desired container and sealed. The
containers are then washed in either a water bath or spray to remove any
spilled syrup. After washing, the filleu syrup containers are trans-
ferred to the labeling and casing area.

In addition to bottling syrup, the plant may also crystallize maple sugar
for production of variogus “ondant creme candies. The discussion of the
candy process has been handled in the section dealing with confections,
SIC 2065. Alsp, the maple syrup may be carmelized in cooking kettles

to intensify the maple flavor characteristics. The carmelized syrup

Is reconstituted in water and boiled for distribution as maple flavoring.

Thera are two major sources of wastewater in the maple Syrup process:
1) daily cleanup of processin? area floors and equipment, and 2) non-
contact cooling water. The cleanup of the floors is accomplished
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by mopping; the kettles, filters, and other equipment are rinsed with

a small amount of water to maintain clzanliness and efficiency, the total
volume of cleanup water being less thin 4,000 1/day (1,000 gal/day).

The discharge of cooling water may reazh 20,000 1/day (5,000 gal/day);
however, as it is non-contact, waste lcadings are negligible.

Description of the Pancake Syrup Process - The production of pancake
syrups from a sugar base is a relatively uncomplicated process which
requires 'ittle processing prior to bottling. The process, as shown on
Figure 93,Cegins with dissolving corn and or cane sugar in water

in heated kettles. Selected flavorings are added to the sugar water
solutions and the liquid is cooked until the desired color and viscosity
characteristics are achieved. Flavorings may be added before the syrup
is pumped to filling machines which deposit the hot syrup into the
appropriate preheated container. The containers are subsequently
capped, rinsed, and transported to the labeiing area for final packaging -
preparation,

A continuous flow of wastewater, about 9500 1/day (2500 gal/day) per
line is nenerated by the container washer. The other significant
source of wastewater is from the daily cleanup of the processing area,
«ettles, and equipment. Non-contact cooling water would also increase
the final volume of wastewater discharged but would not affect the
loading.

Description of the Sorghum Syrup Process - Sorghum cane is cultivated
primarily in the mid-western ana southeaste'n states. It is harvested
and processed during a three month season, normally August through
October. Most sorghum syrup producers are small farm operations which
dispose of any wastes directly to the land; however, there are a few
manufacturing plants with larger production capacities which generate
significantly higher volumes of wastewater. The process description
and subsequent effluent evaluations will concentrate on the latter.

Upon receipt at the plant, the cane is subjected to & dry cleaning
process to remove remadining leaves and extraneous material. As
noted in Figure 94,t.e next step is the crushing of the cane in
roller mills to extract the juice which contains about nine percent
sucrose and three percent invert sugar. The extraneous material

is separated from the juice by settling and skimming, A filter aid
is then added to the juice and the mixture is pumped through a filter
press for further clarification. Concentration of the sugar is
accomplished by boiling in a vacuum pan or, as on the small farm
operation, in open kettles. The concentrated product is hot filled
in the desired container which is subsequently capped, washed, and
labeled for market.

wWastewater 1s generated on a continuous basis from the container ash
operation and from the barometric leg used to draw a vacuum on the
reducing kettles. This latter source is the most significant with
respect to volume, but low in waste loading as the only potential

wastes are small amounts of volatile solids in the condensate. Periodic
cleaning of the filtering mechanism necessary to maintain efficiency

and daily washdown of the processing area contributes the highest

waste loading, but even this is a relatively low voluma.



DRAFT

|
|
{
CLEAN-UP
L -
|
i
]
CLEAN-UP
FILg e —m e ————- -{
|
|
CLean-Up I
SEaM/CAR [T T =S S
|
!
|
ConTarner | CONTINUOUS DISQMAPGE  _ o
WASH |
i
}
LameL ¢ ]
Case EFFLUENT

FIGURE 93
PANCAKE SYRUP PROCESS

232



DRAFT

EXTRANEOUS MATERIAL
nc_:::::::: CLEAN
7|

1

t

i CrRUSH
t

il

I

I PRESS
1

1}
11_EXTRANEOUS_MATERIA

\ 'C _________ SE TTLE
1!
]

I PERIODIC CLEAN=UF !
" FILTER =~ ——~===—= -

t CONCENTRATE]

I FieLsCap

I ConTa1nNER|CONTINUOUS DISCHARGE

T WasH |
t |
N}
1 LABEL/ :
v Case '
SoLI1DS Epr UENT
FIGURE 94

SORGHUM SYRIIP



DRAFT

SIC 2099 Non-Dairy Coffee Creamer

Non-dairy coffee creamer plants produce one of two distinct products --
dry or liquid non-dairy creamer. The mafn fngredients used in manu-
facturing non-dairy creamer are vegetable oil (usually coconut) and

corn syrup. If the creamer is to be a dry product, disodium phosphate

is the only additional ingredient. On :nhe other hand, if liquid creamer
is to be produced, a number of other ingredients such as sodium caseinate,
sugar, mono- and diglycerides, esters of fatty acids, and artificial
flavor and color are added. Liguid creamer is commonly packaged in half
ounce, pint, quart, or half gallon containers. Ory creamer is packaged

in jars or in 208 1 (55 gallon) drums for sale to distributors.

Virtually all liquid creamer is produced on a regional bacis in multi-
product plants. Products manufactured along with liquid creamer range
from cereals to dessert toppings. Dry creamer is produced by two
companies in two plants which produce solely dry creamer.

The demand for non-dairy creamer is dependent on price fluctuations in
the dairy and sugar industries and seasonal changes.

Process Descriptions, Liquid Non-Dairy Creamer - Vegetable oil is received
in railroad tank cars which must be steam heated upon receipt to allow

the oil to be pumped into stordge tanks. The other ingredients are re-
ceived in fiber drums, boxes, and bags and are stored dry. While there

is normally no waste generated in the storage of ingredients, occasional
spillage of vegetable 01l may occur in transfer from tank cars to storage
tanks.

The manufacturing of liquid non-dairy creaner s fllustrated in Figure 95.
The ingredients and water are proportioned fnto stainless steel mixing
tanks where they are mixed at temperaturas of approximately 71°C (160°F)
to aid in the molecular blending of the ingredients.

The mixture 1s pumped from the tanks throug: conventional or flash
pasteurizers. In conventional pasteurization the product must be held
at a temperature of at least 66°C (150°F) continuously for 30 minutes
or 74.5°C (166°F) for 15 seconds, whereas in flash pasteurization the
product {s pasteurized at 140°C (2BQ°F) for less than cne second. The
product is then homogentzed to provide a smooth consistency and avoid
separation of ingredients during use.

The Tiquid creamer s cooled by passing it between stainless plate coolers

and 1s then pumped into holding tanks before machine packaging into half

ounce, pint, quart, and half gallon containers, The packaged products

:re stored in refrigerated warehouses unti) shipment to commercial dis-
ributors.

234



DRAFT

MINOR
CORN VEGETABLE
YR INGREDIENTS ETA
)
MIXING ct -
I
cIipP
————————] PASTEUR]ZATION
BOILER
cip
HOMOGENIZATION |-~ e e m e e — o]
L]
NON-CONTACT >
ALOWDOWN
cle
PLATE CDOLER
c1p
FLOOR
FLOOR HOSES =——=——ey PACKAGING j~———e e —td
ORAINS
WARErOUSE PUANT EFFLUENT
FIGURE 95

LIQUID NON-DAIRY CREAMER MANUFACTURING PROCESS

235



DRAFT

Wastewater generated from the manufacturing of 11iquid non-dairy creamer
is due solely to cleanup operations. All of the equipment with which
the creamer comes in contact must be %horoughly sanitized to prevent
bacterial growth. The most common sanfitation method ts the clean-in-
place (CIP? system which may be automatic, stationary, or portable.

The sequential cycles involved in the cleanup of 1iquid creamer equip-
ment are; (1) hot water pre-rinse at approximately 43°C (110°F),

(2) detergent rinse, (3) chiorine rinse, (4) final rinse, (5) sanitiza-
tion, and (6) air drying. Hosing of floors, pri.ariiy in the packaging
area, is a secondary contributor to the waste stream.

Process Description, Powdered Non-Dairy Creamer - The manufacturing of
powdered non-dairy creamer 1s 1ilustrated in Figure 96 . Vegetable 0il
and corn syrup are received in railroad tank cars which are heated with
steam upon arrival so that the oil and syrup can be pumped into storage
tanks. Disodium phosphate is stored in separats noldir3 tanks until use.
The corn syrup storage tanks are maintained at a temperature of approxi-
mately 71°C (160°F) so that the syrup will remain fluid. Under normal -
conditions there is no wastewater generated in the storage operations

but an occasional spill of oil, syrup, or disodium phosphate may occur
during transfer into storage tanks.

The vegetable oil, corn syrup, disodium phosphate, and water are propor-
tioned into stainless steel mixing tanks where<ghey are agitated. The
blended product is then passed through a pasteurizer where it is heated
in coils to a temperature of 70°C (160°F) for a period of 15 minutes.

At this time the product is actually in two phases; oil and liquid-solid.
In order to combine the phases so that separation does not occur during
use, the product is homogenized by pumping it tigrough small diameter
nozzles at approximately 170 atm (2500 psig) to force the molecules in
the mixture together. The liquid mixture is transferred by the high
pressure nozzles into drying boxes where it is dried by blowing hot air
through the mixture. The resulting dry product; with 3 consistency
similar to diatomaceous earth, then passes through a cooling chamber
before going to the spray drying process. In tRe spray dryer the dry
product is sprayed through nozzles and falls as a fine mist through a
chamber where 1t 1S subjected to a stream of steam and then hot air,
This process dries and swells the particles and adds the bulk considered
desirable in the final product. The dry product is then cooled in shaker
coolers and graded for si2e in a sifter., Particle lumps are disposed as
sol1d waste, fine particles are recovered and returned to the initia)
mixing step, while particles of desired size are packaged in jars or
bulk containers.

Wastawater generated in the production of powdered non-dairy creamer
consists of CIP system rinse, sanitizing and caustic wash water (dis-
charged after two washings), floor cleanup of certain areas in the plant,
and a small amount of water from wet scrubbers over the spray dryers.

After the initial drying of the product all transfers of product to
unit operations are done by vacuum. Since it is undesirable for water
to come in contact with the dry product, all cleanup in these areas

fs done with air.
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SIC 2099 Peanut Butter

In the United States, peanuts are grown for such products as peanut
butter, candy, and salted and roasted nuts. Surplus peanuts and

those too low in quality for food use are crushed for oil and meal.
Total edible peanut consumption has increased about 3 percent annually
in recent years, and the greatest increase in edible usage has been

in the manufacture of peanut butter. Over 63 percent of all edible
peanuts go into peanut butter. Use per person increased from 1.1 Kg
2.5 1b) in 1950 to 1.6 Kg (3.5 1b) in 1970, and market outlooks

48 ) indicate consumption will continue tc increase.

In 1970 processors manufactured over 320,000 KKg (350,000 ton) at
115 plants (in 31 states). Woodroof ( 48 ) reports two brands,
of more than 90, produce 58 percent of the peanut butter found on
the market. Over 90 percent of all peanut hutter is made from
Runner and Spanish type peanuts.

The USDA ( 49 ) defines peanut butter as "a cohesive, comminuted
food product prepared from clean, sound, shelled peanruts by grind-
ing or milling properly roasted, mature peanut kernels from which
the seed coats have been removed and to which salt is added as a
seasoning agent". Texture of the finished product may be smocth,
regular, or chunky, depending on the size of perceptible grainy
peanut particles. Peanut butter types are stabilized or nonstabi-
lized, depending on other added ingredients involved, and are manu-
factured in three grades determined by color, consistency, flavor and
aroma, and absence of defects. The primary use of peanut butter is
in homes and schools, and as an ingredient in a variety of snack
foods.

Process Description - The manufacture of peanut butter is a relatively
simple dry process. No water is added in processing since peanut
butter is immiscible. Figure 97 , a simplified process flow diagram
for the manufacture of peanut butter from shelled peanuts, illustrates
the seven basic process steps of roasting, cooling, blanching, picking
and inspecting, grinding and cooling, salting, and packaging.

The shelled peanuts are received and stored dry in 45.5 Kg (100 1b)
burlap bags. A mixture of different peanuts is blended and then
transported t2 roasting by an elevator or similar type conveyor.
Shaker screens may be used to remove fines or other small fragments
at this point.

Ory roasting is done by eiiher batch or continuous methods. in the
batch method, peanuts are heated to 160°C (320°F), and held for 40
to 60 minutes in a revolving oven. Different varieties of peanuts
may be roasted separately and then blended. An advantage of the
batch method is that special attention can be given batches that
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vary in moisture content or other qualities. In the continuous method
peanuts are conveyed through a countercurrent stream of hot air.
Continuous agitation provides improved heat transfer, extraction of
moisture and volatiles, and an even and complete color from the center
to the surface of each kernel. Advantages of continuous roasting are
reduced labor and loss due to spills, more uniform roasting, and
smoother plant operations. Continuous roasting is the most common
method used.

Roasting nuts first become dark during the "white roast" as the
skins absorb oil. Then, the peanuts become done or "brown roa-ted".
Moisture content 1is reduced from 5 percent to less than 2 percent.
0ily spots called "steam blisters” form on kernels as voplatile com-
ponents are released to the skins as free oil. After roasting, the
peanuts are quickly air cooled using high volume filtered suction
fans to stop further cooking. Wastes to this point consist of fioor
wash, and conveyor cleanup.

Shelled peanut kernels consist of two cotyledons (halves), the heart
(germ), and the skin. After cooling, the split peanuts are mechanically
dry blanched or whitened by removing the red skins and hearts. Roasted
peanuts are heated to 138°C (280°F) to loosen and crack the skins.
After cooling, they pass through the blancher continuously where
brushes or rubber belts rub off the skins. By-products recovered in-
clude peanut hearts separated from the cotyledons by screening, and

the skins collected by cyclones. Peanut hearts are bagged and may be
sold for poultry feed, bird feed, or 0il recovery. Bagged skins may

be used in cattle feed, 0il recovery, poultry house bedding, or floor
sweeping compounds.

The blanched nuts are screened and inspected manually and electron-
ically. Light or scorched nuts and rocks or other foreign matter
are removed, and the pickout nuts are sold as inedible o011 stock.

Grinding is accompiished in two stages to reduce the peanuts to the
desired texture. Constant pressure is applied to procuce 2 uniform
product with 1ittle air entrainment. A wide variety of grinding
machinery is used in the industry. To avoid overheating, grinding
mills are cooled by a water jacket.

Various ingredients, including about 2 percent salt by weight, are
added hefore final grinding to improve flavor. Most processors also
add sugar to prevent grittiness. Partially hydrogenated vegetabie
oils are commonly added as emulsifiers to prevent oil separation and
improve spreadability. Peanut butter stabilfzed in this manner may
not legally exceed 55 pvrcent fat content, {( 48 ) including the
natural peanut 0il released in grinding. The finished peanut putter
1s cooled using votators, a type of heat exchanger, and deaerated
prior to packaging.
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Blanching and inspection produce no wastewater. Boiler condensate
and cooling water associated with grinding may be sewered or re-
circulated. A small amount of water is used in floor and equipment
washdown.

Peanut butter is packed in air tight containers since exposure to
air produces rancidity by auto-oxidation. Package types range from
plastic lined fiber drums to individual servings in flexible plastic.
The most common method of packing for retail trade is in glass jars.
All processors contacted use new glass which is air cleaned prior to
filling, capping, and labeling. Peanut chunks may be added during
filling.

In a few plants it is still economically feasible to reclaim im-
perfectly filled jars. The reclaim operation consists of manually
removing the peanut butter from partially filled or improperly sealed
containers, and collecting it in Vined drums for repackaging. Un-
damaged jars are fed to an automatic detergent washer and then re-
filled. Jar washers have prerinse, detergent, and final rinse cycles.
Normally, orly the detergent solution is reused.

Unusable cc.tairie s become solid waste. VWastewater produced by floor
and equipment washdown is normally sewered. Jar washer discharge is
the major wastestream sewered from packaging.

SIC 2099 Pectin

Pectin is a water soluble substance contained in the peel of citrus
fruits which binds adjacent cell walls in plant tissues and yields

a gel which 1s used in the preparation of fruit jellies and to some
extent in the pharameceutical industry. The recovery of pectin is

a complex operation which requires a number of processing days. Pectin
is marketed in four standard grades; rapid set, slow set, low methoxyl,
and special formula. There are three known producers of pectin in the
United States and in the course of this study three plants were contacted
and vtsited.

Pectin is produced by two different processes; alcohol precipitation
and precipitation by aluminum compounds. Other than the method of
precipitation, the twoc processes are similar,

Description of Process - Alcoho! Precipitation of Pectin - The

production of pectin by aicohul precipitation 15 11lustrated in Figure

98 Citrus peels are ground from raw citrus fruit in-house or purchased
wet or dry in bulk. Thase plants which obtained the peels from raw fruit
in-house generally produce citrus juice and citrus oils in addition to
pectin. The processing of wet and dry peels is essentially the same
except that dry peels must be rehydrated pricr to processing.

The peels are subjected to a hammer mill and then washed. The insoluble
pectin contained within the peel is extracted by immersing the peels

in a vat containing hydrochloric acid, water, and wood fiber while

steam is injected through the mixture. The combination of live steam

241



DRAFT

PILTER (am YT CYMRIRATION
COMIEWAA VI W™ CATRLE PERT

PILTER Qo ™D
VA%D D) BRI

————— AROR TO ATNONGIN

=
! i
" M.
i il
£
. 4
r 1
—
!
|
1
-

UlLwal vaTER

aden ST ST

[ S ———
Q. o J;_
v ‘bl!'lu.l'lu .

< oA
O (B

FIGURE 98

A TR TR

PECTIN MANUFACTURING PROCESS BY ALCOHOL PRECIPITATION

242



DRAFT

and acid renders tiie pectin soluble and the peel and pectin liquor

are subsequently separated by vacuum filtration. The pectin liquor is
passed through a diatomaceous earth pressure filter to remove insoluble
inorganics from the liquor and then cooled. Prior to precipitating by
alcohol, the liquor is concentrated under vacuum to three percent

pectin by weight thereby decreasing the amount of alcohol required for
precipitation. The alcohol removes the water from the liquor leaving

the crude pectin which is separated from the mixture by use of a drain
screw. The peciin is purified by three successive washings in the
following manner: (1) alcohol and acid wash with six to seven hour
retention time, (2) alcohol wash, and (3) alcohol wash with ammonia added
to adjust the pH to between 4.0 and 5.0. Each of the washings is followed
by a drain screw %o recover the spent alcohoi. Tne alcohol in the liquid
from the precipitation step and the three washiigs is recovered by
distillation.

The purified pectin is dried in a forced air dryer which removes the
remaining alcohol and decreases the moisture content to between six and
seven percert. The dried pectin is milled to a desired consistency and
blended. Four grades of standard pectin are produced from the blended
product by varying the corn cugar content in each grade.

Wastewater generated in the alcohol precipitation of pectin consists of
the following: (1) alcohol still bottoms, (2) filter sluice from
vacuum and pressure filters, {3) peel washing, (4) weekly caustic
cleaning of the evaporatcr, and {(5) general plant cleanup. Appreciable
quantities of non-contact cooling water and boiler blowdown ave also
generated with the total discharge of the plant being 1500 cu m/day
(0.400 1aD).

Process Description - Pectin Recovery by Aluminum Compound Precipitation -
The production of pectin by aluminum compound precipitation 1 1§1ustraLed
in Figure 99, Citrus peels are prepared or received in the same

manner as previously described, The peels are yround and washed prior

to entering the extraction vats where pectin is extracted from the peel

by the addition of sulfuric acid and the introduction of steam into the
wooden ‘vats. Following a 16 to 20 hour retention time in the vats

the mixture is adjusted for pH and the liquor containing the soluble
pectin 1s separated from the peel by vacuum filtration. The pectin

Tiquor 1s then stripped of insoluble inorganics by pressure filtration

or centrifugation. Pectin is precipitated from the liquor by the

addition of an aluyminum compound, commonly aluminum chloride or sulfate.
The pectin prrecipitate and liquor are run through a press which separates
the liquor from the solids containing the soluble pectin. The solia

mass 1s pelletized and tha. rinsed five successive times with the
following sequential rinses; (1) hydrochloric acid-alconol. {2) alcohol,
(3) citric acid, (4) buffer, and (5) final. The purified pectin is

then drained of excess liquid by a drain screw and prepared for packaging.

The wastestreams generated by the manufacturing of pectin by this process
include )eaching water, spent peel and wastewater, spent filter aid and
sluice water, press wastewatar following precipitation, and press water
from pressing of filter cake following sluicing.
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SIC 2099 Pgpcorn

Popcorn was one of the earliest foods prepared from Indian maize, the native
corn of the Americas. "Flint corn,” the most primitive of the commercial
types and the major variety used for popping 15 5til) much 1ike maize.
According to Agricultural Statistics, there are 19 plants which prepare
popcorn for wholesale distribution which, in 1972, produced 233,883 kkg
(257,271 tons) valued at $16 million. The mid-western states of I1linois,
Indiana, and lTowa account for the majority of production.

Description of the Popcorn Process - The popcorn process starts with the
weighing of the corn as 1t arrives at the plant from the fields. The corn
arrives 2lready detached from the cob in dry kernel form. FigurelQ0 depicts
a typical flow diagram of a popcorn process.

After weighing, the corn is then conveyed to storage bins. From the storage
tins the corn goes through a screening operation which removes split kernels
and other extraneous material. The whole kernels are then transferred to
2nother set of hoppers which gravity feed directly into density separators.
These separators are canted shaker type screens which utilize a vibrating
motion to separate the kernel by size. Fine wastes such as "bees wings"
(small warticles from the kernel edges) adhere to the screen and are washed
out daily, This washing of the density separator screens accounts for the
major waste loadings derived from a popcorn operation., Washdown flows frcm
this operation range from 3 low of 200 1/day (50 gal/day) to a high of 800
1/day (200 gal/day? depending on the number of screens utilized.

The separated corn then goes to a final set of hoppers where it is stored
until packaging. Packaging can be done either in bulk or the more familiar
one to three pound bags. Fumigation with methy) bromide is sometimes employed
in the final holding bins. '

A1l c¢leaning in a popcorn plant 1s usually done by vacuuming or sweeping
since any water coming in contact with the final product can result in
product damage. Solid waste from screening operations are generally sold
2s anima) feed. Packaging wastes are hauled away by contractors to local
disposal sites. . '

SIC 2099 Spices

Background of the Industry - Spices are produced by approximately 40 manu-
facturers in the United States. Most of the facilities are concentrated
in the midwest and northeast. The domestic consumer market is dominated
by three companies with strong nationwide positions; however, the total
domestic and commercial ma~ket is much less concentrated. Plants, in
general, process and package spices for both market sectors; however,
most of the smaller companies rely on a few major institutional customers
for most of their work. A typical spice plant processes & large number
of raw spices into a nearly infinite variety of final products. Conse-
quently a typica) plant may be characterized as being highly flexible in
its materfal handling processes so that it may readily respond to precise
customer requirements.
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Process Description - The large variety of spices and seasonings received
as raw material are generally in a dried condition and are packaged in
cloth bags or sealed bales. In most plants raw material storage, process
lines, and final product storage areas are climate controlled to prevent
damage from mold, fungus, and condensation. Processing is variable;
however, basic steps include cleaning, sorting and grading, chopping,
grinding, blending and mixing, temporary intermediate product storage, and
packaging. Rejects and spiliage from these operations are primarily cleaned
and removed by dry methods. i.e. foxtail brushes, brooms, vacuum cleaners,
and air brushes. Figure 107 outlines a general process flow schematic for
a typical plant. Final products may be packaged as whole spices, chopped
and blended spices or seasonings, or as ground spices. In most plants
equipment is not dedicated to a single commodity, therefore cleanup is .
necessary between product changes. This cleanup, except for the grinding
mills, is usually dry. Surfaces in many plants have been coated with
silicate based paints to expedite dry cleaning techniques.

The grinding mill, however, must be cleaned with hot water or steam after
certain products, such as black or red pepper, have been ground. This 1is
necessary to remove 0ils released by grinding. The mills are removed tc

a2 wash room if hot water or steam clean out is necessary.

Spice plants have a significant dust control problem. Modern facilities

. use their air conditioning system filters to remove fugitive particulates:
however, at least one facility (plant 87E01) uses a wet scrubber and dis-

charges to a municipal sewer. This method of control, however, is not

widely practiced in the industry.

SIC 2099 Tea, Instant and Blended

The development of instant tea in the early ]1950's stemmed from attempts

to overcome the perishability of tea leaves, which as a whole are sensitive
to odors, high humidity, and excessive heat. Tea leaves are imported into
the United States from a number of points in the world, but principally
Ceylon, India, and Kenya. The lepartment of Commerce {50 ) reports that
1973 imports of tea leaves totaled 78,600 KKg (86,600 ton). Of this
imported total approximately 70 to 75 percent is utilized in the production
of blended tea while the remainder is processed into instant tea. There
are five companies producing blended ang instant tea in approximately ten
plants. Ir the course of this study all five companies were contacted,
four plants were visited, and verification samples were taken at three
plants. The industry has provided documentation to the effect that tea
blending is a completely dry process with no wastewater discharge.

The majority of tea plants are located near major ports to facilitate the
receipt of the imported tea leaves. Several of the instant tea manufacturers
produce instant tea in multi-product plents along with such products as
blended tea, soup, salad dressings, instant coffee, and sugar substitutes.
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Production of blended ad instant tea remains relatively constant throughout
the year, with the highest demand in the warmer months. The production of
instant tea is dependent upon tea crop yfeld in exporting countries and this
yleld can fluctuate drastically from year to year.

Process Description - Instant Tea - Figure 102 illustrates the instant tea
process. Tea leaves are stored in ¢il lined wooden tea chests or silos
until processing. The tea leaves, with or without prior blending, are
careful v proportioned with water into an extractor, with the water-tea
ratio being determined by weighing the tea leaves as they enter the ex-
tractor. In the extractor tea leaves and water are boilea for a specified
period of time after which the tea extract is pumped into the first evap-
orator, The wet spent tea leaves are centrifuged and the liquid fractidn
1s pumped into the evaporator while the dewatered tea leaves are used for
compasting or cattle feed.

While the tea extract is being evaporated to a specified concentration,
the resulting aromatic tea vapors are passed into an aroma columa where
they are condensed and retained for later use in the finished tea product.
The concentrated tea extract is cooled in coils to render tannins and
caffeins insgluble before the extract is passed into gravity clarifiers
from which the clarified tea extract is transferred into the final evap-
orator., Clarifier sludge containing the insoluble tannins and caffeins

is adjusted to an 3lkaline pH and a catalyst, such as hydrogen perioxide,
is added. The mixture is regenerated within a heat exchanger where the
catalyst alds in breaking down insoluble, long chain hydrocarbon compounds
into soluble, short chain hydrocarbon compounds. The altered mixture s
cooled to render undesirable components insoluble prior t¢ clarification.
The clear tea extract is transferred to the final evaporator and the
sludge is recycled to tha pH adjusiment step.

The clear tea extract contained within the evaporator fs concentrated to

a composition of approximately 40 to 45 percent total solids and the
aromatic tea vapors thus generated are returned to the aroma column. At
this point tea vapors (regenerated by heating) from the aroma column and
the concentrated tea extract are mixed to a humogeneous blend in a feed
tank prior to drying in a spray dryer. The blended tea extract is cprayed
in the form of a fine mist from the top of the dryer and while falling

is subjected to & stream of hct air. Etvaporation of water from the
particles of mist produces soluble powdered ted particles which collect

at the base of the spray dryer.

Prior to packaging, the “{nstant tea"” may be blended with sugar, art-
ificial sweetenars, or pawdéred fruit concentrateas to yield various

tea "mixes". The tea or tea mix is packaged in packets, jars, or fiber
drums, depending on whether the final product is for wholesale or
retai) use.

Essentially, the only process wattestream generated during instant tea
manufacturing is periodic dumping of clarifier sludge. All other daily
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waste flow is attributable to cleanup operations. Daily cleanup gen-
erally consists of an almost continuous floor washdown to remove spills
and leaks from equipment connections.

Since instant tea manufacturers operate on a 24 hour per dsy basis, equip-
ment cleanup is generally done once per week and consists of the following
sequential steps: fresh water prerinse, caustic wash, fresh water rinse,
nitric acid wash for removal of silica formations, and fresh water rinse.

Process Description - Blended Tea - The blended tea process is a com-
pletely dry process in which tea leaves are received and stored in the
same manner as for instant tea manufacturing. Tea leaves are then tasted
for quality and dry blended in drums prior to being hopper fed into the
packaging line. The crucial step in the blended tea process is the taste
testing of tea leaves from each tea chest to determine which leaves shoyld
be blended together to yield the richest flavor.

SIC 2099 - Pre-packaged Sandwiches

General - Pre-packaged sandwiches for sale off the premises are dis-
tributed primarily from food outlets such as convenience stores and
vending machines. The manufacturers of these sandwiches purchase
processed materials and assemble sandwiches. The sandwiches are <>ld
either frozen or fresh. According to the Bureau of the Census ( 2 ),
in 1972, the value of total product shipments of fresh sandwiches

was $65.2 million, a 113 percent increase over the $30.6 million fiqure
for 1967. Nationwide sales figures were not available for frozen
sandwich production. Plants producing pre-packaged sandwiches are
normally located in major urban areas since that is where most of
their products are consumed.

Descrigtion of the Process - Plants producing pre-packaged sandwiches
are essentially assemblers of processed food items (see Figure 103).
Processed meats, cheeses, tuna fish, sandwich spreads. and similar in-
gredients are purchased from a wholesaler and stored in a refrigerated
cocler as required. Sliced bread is normally delivered each day for
that day's production. In some plants, bread or rolls are baked on
the premises. Meats and cheeses are sliced and the sandwiches are
assembled manually. Some plants purchase canned spreads for the
preparation of tuna or ham salad type sandwiches. Other plants
produce orly sliced meat and/or cheese sandwiches. Still other plarts
prepared salad type fillings on the premises, normally in a chopping
machine, for the preparation of sandwiches. After assembly, the ‘
sandwiches are cello wrapped mechanically and either frozen or distributed
for immediate consumption.

Plants which prepare sandwiches only from pracessed ingredients generate
wastewater only as a result of the cleaning of utensils in a sink and
¢leaning of the floor with a mop and bucket. Firms which prepare salad
type ingredients on the premises will also have wastewater generated
from the washing of the chopping machine and the assorted mixing con-
tatners.
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Solid wastes are generated in the slicing and assembly operations and
in tre salad filling preparation. These wastes are disposed of to a
landfill or sold as animal feed.

SIC 2099 Vinegar

The manufacture of vinegar is one of the most ancient of natural fermenta-
tions which has been used by man; the principle use being a flzvoring or
preservative agent in foods. There are currently 94 establishments processing
vinegar, some being independent plants while others are closely tied to the
production of other products, Although distributed throughout the country,
the major concentration of plants is in the eastern states. The value of
shipments in 1971 reached $77.9 million, an increase of over $4.6 million

from 1970 according to the United States Department of Agriculture's *
Agricultural Statistics. i
Description of Process - Vinegar is defined as a condiment made from sugar

or starch containing materials by alcoholic and subsequent acetic fermenta-
tion. The product is usually classified according to the materials from
which it is made: (1) from fruit juices, e.g., apples, oranges, grapes,
berries, etc.: {Z) from starchy vegetables, e.g., potatoes or sweet potatoes,
(3) from malted cereals; (4) from sugars such as syrup, molasses, honey,
maple skimmings; and (5) from alcohol from yeast manufacture. In the

United States most table vinegar is derived from apples.

The manufacture of vinegar involves two distinct steps: (1) The fermentation
of sugar to ethanol and (2) the oxidation of the ethanol to acetic acid. For
the purpose * this study, only the second step of the process will be con-
sidered in detail. Indeed, in most cases, the raw material for vinegar
production, i.e., either the fruit for fermentation or the ethanol are
actually the products or by-products of other industries. Fffluent 1imi-
tations guidelines have been, or soon will be, promulgated .or these various
industries, e.g., the production of yeast, apple cider, alcoholic beverages,
fruit juices, etc.

Vinegar preduction may exist as both a separate industry or as an ancillary
industry and will be characterized herein as an independent process.

As mentioned, the manufacture of vinegar begins with the raw materia! of
either unfermented fruit or 2thanol-containing materials. Production Path
(Figure 104 ) starts with the fermentation of cider or fruit juice. The juice
is pumped into fermentation tanks in which the fruit sugars are converted to
ethanol by selected variecies of yeasts, belonging to the genus Saccharomvces.
As the sanitation of these tanks 1s important tc prevent contamination oy
undesirable organisms, a significant quantity of wastewater is generated at
this point by tne washing of the tanks between uses.
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Production Path A, and Path B converge at the next step in the process, the
oxidation of ethanol to acetic acid which 1s accomplished by the vinegar
bacteria, members of the genus Acetobacter. These organisms are character-
ized by their ability to convert ethanol to acetic acid. The conversion is
accelerated and controlled by the use of a vinegar generator. There are
several types of generators in use, although the desigh principle remains
the same; 1.e., the rate of acetification is proportional to the amount of
oxygen available for reaction, which in turn is proportional to the surface
area. The reactive surface may be maximized by either of two general
methods: (1) utilizing a fill material such as wood shavings or (2) by
continuous aeration and circulation of the liquid. The generators using a
fill material require periodic cleaning to avoid plugging by the bacterial
growth. This cleaning is, however, not a daily practice and is done only
as necessary. The closed system utilizing oxygen injection requires less
maintenance and when operated properly produces vinegar more efficiently ~
than the other procedures. Regardless of type, the generators require a
cooling system to maintain the optimum tempera*ure for Acetobacter growth.
The cooling water is non-contact and may be recirculated.

Vinegar produced by the acrelerated generator process is often harsh in
flavor and odor and requires aging in wooden tanks to produce an agreeable
flavor and odor, as well as to allow it to clear. A final polishing of the
product is necessary to produce the characteristic sparkling clarity of

most vinegars. This final process may be accomplished by either filtration
or fining. Fining consists of introducing a suspension of clay, casein,
gelatin, bentonite clay, or other suftable materials and allowing the mixture
to settle. The clear vinegar is then racked. The more common method of
clearing vinegar is that of filtration. The filter system must be cleaned
periodically in order to maintain its efficiency.

The refined vinegar 1s either marketed in bulx or bottled in retail containers
at the plant. In order to prevent the continued growth and subsequent
clouding by the Acetobacter organisms, the vinegar is pasteurized at 60°C fcr
a few seconds. Pasteurization may te accomplished in bulk by passing a ccn-
tinuous stream of vinegar through a steam jacketed tube or plate pasteurizer
and then cooling 1t in a water cooled unit. Bottled vinegar may be pasteur-
ized by immersion or by flash pasteurization prior to bottling. The buttled
product 1s subsequently capped, washed and transported to labelling and
casing. During bottling, most of the wastewater is generated by the pasteu--
ization cooling cycle and the final bottle wash.

The major source of wastewater from the bulk operation is from the filtration
system. Periodic cleaning of floors, generators, and bnttling equipment also
contributes variable amounts of wastewater depending upon process and house-
keeping differences. Transient surges of wastewater occur when wooden
storage tanks are drained of the water to keep them from drying out between
uses.
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SIC 2099 Yeast

Currently in the United States there are 13 active yeast processors
representing four companies producing an estimated 204,000 KKg (250,000 ton)
of yeast annually. The largest producer reports supplying approximately

35 percent of the total market. Production facilities are located near
metropolitan areas in the states of New York, New Jersey, Maryland,
INinois, Missouri, Texas, Louisiana, Washington, and California.

Market demand for yeast products is reported (51) to be closely related
to growth in the baking industry, and is expected to increase slowly in
future years. Quring the last two years, the industry has witnessed the
closing of one new yeast plant, while another new plant is presently
under construction. Industry trends and economics indicate that new
production plants wiil be large scale, highly automated facilities.

Background of the Industry - As early as 3500 years ago, man collected
yeast deposits (52) from the surfaces of plant life and consumed them
for medicinal and dietary purposes. Science has since shown that ycast
is high in proteins and vitamins. However, despite its high food value,
yeast is primarily used for fermentztion. In the baking industry, yeast
ferments sugar in bread dough producing carbon dioxide gas responsible
for the rising or leavening of bread. In the brewing industry, yeast
ferments or breaks down sugars to alcohol and carbon dioxide.

In the nineteenth century, brewers supplied most of the commercially

grown yeast for the baking industry. During World War I, the scarcity

and high price of grain mashes led to the development of a mathod of

yeast production using molasses as the primary raw material. This process
was highly successfui, and with subsequent minor refinements 1s used by
the industry today.

Description of Process - The three basic products produced by the yeast
Tndustry are (1) "bakers compressed yeast" (2) "active dry yeast", and

{2) phamaceutical dry yeast" (52). The primary product, “bakers
compressed yeast", 1s utilized by large baking companies as a leavening
agent, while smaller bakeries, blenders of ready-to-bake cake mixes, and
repackagers require the active dry yeast. Pharmaceutical dry yeast, which
represents a small portion of total yeast production, 1s used by the
pharamaceutical industry as a protein and vitamin dietary supplement.

The basic raw materials necessary for yeatt growth are cane and beet
molasses, water, chemical sources of nitrogen and phosphorus, and a pure
stcck culture of the desired yeast strains. Other requireu production
materials may include sulphuric acid for fermenter pH adjustment,
vegetable oil or chemical defoaners, and small amounts of plasticizing
agents for forming and packaging. Although individual plants vary accord-
ing to size, age, and water usage, the processing steps and raw materials
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are virtually identical throughout the industry. Figure 105 presents a
simplified flow diagram for the following basic process steps: (1) molasses
feed wort preparation, (2) stock yeast preparation, (3) fermentation,

(4) yeast cream separation, (5) dewatering and drying, and (6) packaging.

Yeast production begins when the yeast food, called feed wort, is prepared
by combining cane and beet molasses, diluting the mixture with water,

and adjusting the pH to 4.5 before sterilization. The mixture is heated
with steam in a high pressure continuous cooker, ana after some $olid

matter is removed by vibrating screens, the sterilized molasses is fed to
centrifugal clarifiers where additional solids are removed and retained

in the clarifier bowl. The clear wort is pumped to storage tanks. Molasses
provides the primary source of carbon and sugar for yeast food, and supplies
calcium potash, and other eiements. The ratio of cane to beet molasses
depends on availability and nutrient content, but a mixture is always used
to provide a balanced yeast diet except that nitrogen and phosphorus must

be added since any molasses is deficient in both. il

Clarifier sludge, being mainly inorganic ond of little value, is hauled
to landfills or ploughed into agricultura) iand. Other wastes from foud
wort preparation are clarifier, tank, and piping sterilization and cleanup.

Parallel to feed wort preparation, a test take containing sterile mola:ses
is inoculated with a few cells from pu.. culture of the desired yeast
strain. These grow to a larger mess tnat is transferred to successively
larger vessels until there is a sufficient guantity of stock yeast for
starting growth in the main fermenting tanks. During each transfer, the
contents of the "“seed" fermenters are sent to continuous centrifugal sepa-
rators to remove spent nutrients from the stock yeast. MWastes normally
discharged from the culture stages include water used in sterilizing and
cleaning of tanks and piping, and spent nutrients.

Both stock yeast and feed wort are then delivered to the main fermenters.
Water and stock yeast are placed in the sterile tank. Feed wort, nitrogen,
and phosphorus are continuously added as the steadily aerated yeast is
allowed to ferment for about ten hours. Aqua ammonia and phosphoric ac1d
are commonly used sources of nitrogen and phosphorus, Foam caused by
agration is cut back periodically by adding sufficient vegetvable cil or
chemical defoamers.

Under ideal conditions the yeast growth is exponential. Since any surplus
nutrients tend to be fermented to alcohol, thus wasting raw materials and
retarding yeast growth, the feed wort and other chemicals are added by
automatic metering equipment at a predetermined, exponential rate. [During
growth fermentation, the pnysiological activities of yeast cells cause a
progressive pH decrease. Since yeast grows best in an acid medium, pH is
maintained at 4.5 by the addition of aqua anmonia. Because fermentaticn is
exothermic, cooling water is circulated through coils to maintain an optimum
30°C (85°F) temperature. Near the end of the 12 hour growth stage, the
temperature is further lowered and aeraticn discontinued to stop growth

and allow the yeast cells <0 fully mature.
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After fermentation, the cream yeast is separated from the fermented wort

by certrifugal separation. The separated waste resulting from first
separation is called first separator beer. After first separation, the
yeast cream s put through a second and third separation. In each of the
last two separations, the yeast slurry is diluted in a cold water washing
process, and then separated. Wastes from these steps is called second
separator beer and third separator beer. At least two of the largest
production plants use third separator beer as the second separation wash
water. Other discharges from fermentation and separation include fermenter,
centrifuge, and wort tank and piping cleanup.

The process for making bakers compressed yeast. active dry yeast, and
pharmaceutical yeast are identical up to this point.

The veast cream slurry must be filtered and dewatered prior to packaging.
Bakers compressed yeast and active dry yeast are pumped to either recessed-
plate filter presses or & rotating vacuum filter drum. If a filter press

is used, yeast cream is pumped into the filtering compartments and pressure
applied. After opening the press, yeast cake is scraped into stainless steel
carts for delivery to a mixer. No filter aids are used. IF a vacuum filter
is used, a revolving drum covered by a circular band of filter cloth is
evacuated and revolved in a vat of yeast cream. A thin layer of solid yeast
forms on the cloth, and the effluent is discharged from the interigor of tne
drum. Potatoe starch may be used as a filter cloth precoat or filter aid,
and is normally reclaimed by settling of the effluent.

Compressed yeast cake is fed to a mixer where it 1s blended and plasticized

to adjust moisture content and improve extrudability, Plasticizing agents
typtcally used are vegetable 0ils, emulsifiers, and shaved ice. After mixing,
bakers compressed yeast is continuously extruded as a ribbon, and cut into
blocks for packaging. Package sizes range from blocks weighing several

ounces to 50 pounds, although ] and 5 pound blocks are most common. Bakers
compressed yeast in saleable condition has a 73 percent moisture content,

and must be kept refrigerated until used.

The slurry for active dry yeast is extruded directly after filter pressing.
Then it is fed into rotary or belt type warm air dryers for 12 hours and
the granular product packaged in filter drums. Active dry yeast contains
only eight percent moisture, and keeps well without refrigeration. Four
parts of active dry yeast equal ten parts of bakers compressed yeast.

The slurry for pharmaceutical dry yeast i. pumped to the vertex of a rotary
double-drum dryer where it is preheated and passed in & thin film over
rotating drums heated internally by live steam. The sl._rry spread on the
drum surface dries and 15 scraped fo:" conveyor transport to a pulverizer

or flaker. Both powder and flakes are packaged in bags and drums.

Process wastes from yeast drying are filter effluent, spent filter precoat,
and equipment backflushing and cleanup. Drying and packaging produce only
minor wastes from machinery and floor cleanup.
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SECTION IV
INDUSTRY SUBCATEGORIZATION

In the development of effluent limitation guidelines and standards of
performance for the Miscellaneous Foods and Beverages Industry, it was
necessary to determine whether significant differences exist which form
a basis far subcategorization of the industry. The rationale for sut-
categorization was based on emphasized differences and similarities in
the following factors: (1) constituents and/or quantity of waste
produced, (Zg the angineering feasibility of treatment and resulting
effluent reduction, and (3) the cost of treatment. While factors such
as process employed, plant age and size, and nature of raw material
utilized tend to affect the constituents and quantity of waste produced,
the emphasis herein is not merely on an analyzation of these factors but’
on the resulting differencas in waste production, engineering feasibility,
and cost.

The Environmental Protection Agency preliminarily subcategorized the
miscellaneous foods and beverages point source category into the SIC
Codes listed in Table 12. As discussed in Section Ill, most of these
codes encompass numerous manufacturing processes, and the possibility
that some of the codes could be consolidated was well recognized.

Several factore or elements were considered with regard to identifying
any relevant sutcategories. These factors included the following:

Process variations

Raw materials

Age of plants

Siz2e of plants

Plant location

Products and by-products
Climatic influences
Seasonal variations

W~ DOUY & WP —
e s = w® o v .

After consideration of all of the above factars 1t is cancluded that the
miscellaneous foods and beverages industry should be further divided intc
subcategories as given in Table 13. The rationale for the subcategori-
zation 15 givan below. .

PROCESS VARIATIONS

The production of miscellaneous foods and beverages, as indicated in
Section 111, involves considerable variation in process opaerations.
These variations, whether caused by the end product desired or other
factors, can result in markedly different wastewater characteristics,
applicable control and treatment aiternatives, and costs of control
and treatment alternatives, Of all factors considered, process
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SIC
SIC
SIC
SIC
SIC
SIC
SIC
SIC
SIC

-

QL
SIC
SIC
SIC
SIC

SIC
SIC
SIC
SIC
SIC

SIC
SIC

SIC
SIC
SIC
SIC

TABLE 12

CLASSIFICATION OF THE MISCELLANEQUS FOOD AND BEVERAGES
INDUSTRY BY STANDARD INDUSTRIAL CLASSIFICATION CODES

2017
5744
2034
2038
2047
2051
2052
2065

2066
2067
2074
2075
2076

2079

208z
2083
2084
2085
5182

2086
2087

2095
2097
2098
2099

Poultry and Egg Processing (Egg Processing Only)

Shell Eggs

Dehydrated Soups

Frozen Specialities

Dog, Cat, and Other Pet Food

Bread and Other Baking Products, Except Cookies and Crackers

Cookies and Crackers

Candy and Other Confectionery Products

Chocolate and Cocoa Products

Chewing Gum

Coitonez2ed 041 Mills

Soybean Qi1 Mills

Vegetable 0ils Except Corn, Cottonseed, and Soybean

Shortening, Table 0ils, Margarine and Other Edible Fats and
0ils, Not Elsewhere Classified

Malt Beverages

Malt

Wines, Brandy, and Brandy Spirits

Distilled, Rectified, and Blended Liquors

Bottling of Purchased Wines, Brandy, Brandy Spirits, and
Liquors

Bottled and Canned Soft Drinks and Carbonated Waters

Flavorirg Extracts and Flavoring Syrups Not Elsewhere
Classified

Roasted Coffee

Manufactured lce

Macaroni, Spaghetti, Vermicelli, and Noodles

Food Preoarations, Not Elsewhere Classified
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Al

A2

A3

A4

AS

A6

A7

A8

A9

TABLE 13

RECOMMENDED SUBCATEGORIZATION OF THE MISCELLANEOUS
FOODS AND BEVERAGES POINT SOURCE CATEGORY

VEGETABLE OIL PROCESSING AND REFINING

Establishments primarily engaged in the production of
unrefined vegetable oils and by-product cake and meal
from soybeans, cottonseed, flaxseed, peanuts, safflower
seed, sesame seed, sunflower seed by mechanical screw
press operations.

Establishments primarily engaged irn the production of
unrefined vegetable oils and hy-product cake and meal
from soybeans, cottonseed, flaxseed, peanuts, safflower
seed, sesame seed, sunflower seed by direct solvent
extraction or prepress solvent extraction techniques.

Establishments primarily engaged in the productian of
olive 011 and by-product cake or meal from raw olives
by hydraul{c press and solvent extraction methods.

Establishments primgrily engaged in the production of
olive vl and by-product cake or meal from raw olives
by mechanical screw press methods.

Establishments primarily engaged 1n the processing of
edible o118 by the use of caustic refining methods
only.

Establishments primarily engaged in the processing of
edible ofls by the use of caustic refining and acidu-
lation refining methods.

Establishments primarily engaged in the processing of
edible oils utilizing the following refining methods:
caustic refining, acidulation, bleaching, deedorization,
winterizing, &énd hydrogenation.

Establichments primarily engaged in the processing of
edible 0ils utilizing the fo)lowing refining methods:
caustic refining, bleaching, deodorization, winterizing
hydrogenation.

Establishments primarily engaged in the processing of

edible of1s utilizing the following refining methods:
caustic refining, acidulation, bleaching, deodorization,
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TABLE 13

410 Establishments primarily engaged in the processing
of edible ofls utilizing the following refinery
methods: caustic refining, bleaching, deodorization,
winterizing, hydrogenation, and the plasticizing and
packaging of shortening and table oils.

A1l Establishments primarily engaged in the processing of
edible oils utilizing the following refining methods:
caustic refining, acidulation, bleaching, deodorization,
winterizing, hydrogenation, and the plasticizing and
packaging of shortening, table o0ils, and margarine.

A12 Establishments primarily engaged in the processing of
edible oils utilizing the following refining methods:
caustic refining, bleaching, deodorization, winterizing,
hydrogenation, and the plasticizing and packaging of
shortening, table oils, and margarine.

A13 Establishments primarily engaged in the processing of
edible 0ils into margarine.

Al4 Establizhments primarily engaged in the processing of
edible oils into shortening and table oils.

A15 Establishments primarily engaged in the refining and
processing of olive oil.

BEVERAGES

Al6 Production of malt beverages by breweries constructed
since January 1, 1950 and with a production capacity
in excess of 80C cubic meters per day. In addition,
this subcategory includes plant 82A16.

A17 Prodyction of malt beverages iy breweries constructed
before January 1, 1900 and with a production capacity
in excass of 2000 cubic meters per day.

A18 Production of malt heverages by breweries not included
in subcategories Al6 and Al7.

A19 Installations primarily engaged in the production of
malt and malt by-products.

R20 Wineries primarily engaged in the production of wine,
brandy, or brandy spirits, and not operating stills.

A21 Wineries primarily engaged in the production of wine,
brandy, or brandy spirits, and operating stills.
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TABLE 13 (CONT'D)

A22 Distilleries primarily engaged in the production of
beverage alcohol from grains and operat1ng stillage
recovery systems,

A23 Distilleries primarily engaged in the production of
beverage alcohol from grains and not operating stillage
recovery systems.

A24 Distilleries primarily engaged in the production of
beverage alcohol by distillation of molasses.

A25 Installations primarily engaged in the blending and
bottling of purchased wines of spirits.

A26 Installations primarily engaged in the production of
soft drinks; and which package exclusively in cans.

A27 Installations primarily engaged in the production of
soft drinks, and which are not included in Subcategory AZ26,

A28 Installations primarily engaged in the production of
beverage base syrups, all types

A30 Installations primarily engaged in the pr~duction of
instant tea.

C8 Installations primarily engaged in-the productiun of
roasted coffee.

C9 Installations primarily engaged in the decaffeination
of coffee.

C10 Installations primarily engaged in the production of
soluble coffee.

F1 Installations primarily engaged in the biending of tea.
BAKERY AND CONFECTIONERY PRODUCTS
Q1 Production or cakes, pies, doughnuts, or sweet yeast
goods, separateiy or in any combination, by facilities
using pan washing.
C2 Production of cakes, pies, doughnuts, or sweet yeast

goods sevarately or in any combination by facilities
not using pan washing.
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TABLE 13 (CONT'D)

€3 Installations primarily engaged in the production of
bread related products

C? Installations primarily engaged in the production of
cookies or crackers separately or in any combination.

C13 Installations primarily engaged in the production of
bread and buns in any combination.

C14 Installations primarily engaged in the production of
bread and snack items, in any combination.

D1 Installations primarily engaged in the production of
candy or confectionery products separately or in any
combination, except glazed fruits.

D2 Installations primarily engaged in the production of
chewing gum.

D3 Installations priiarily ergaged in the production of
chewing gum base.

D5 Installations primarily engaged in the production of
milk chocolate with condensory processing.

D6 Installations primarily engaged in the production of
milk chocolate without condensory processing.

PET FOODS

B85 Installations primarily engaged in the production of
canned pet food, low meat.

B6 Installations primarily engaged in the production of
canned pet food, high meat.

B7 Instai?at1ons primarily engaged in the production of
pet food, dry.

B8 Installations primarily engaged in the production of
pet food, soft moist.

MISCELLANEOUS AND SPECIALTY PRODUCTS

A29 Installations primarily engaged in the production of
flavorings, or extracts, separately or in any combination.

A3l Installations primarily engaged in the production of
boutllon products.

A32 Installations primarily engaged in the production of
non-dairy creaner.
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TABLE 13 (CONT'D)
A33 Installations primarily engaged in the production of
yeast and by-product molasses. if recovered.

A34 Installations primarily er n the production of
peanut butter by facilitie: .3 jar washing.

A35 Installations primarily engaged in the production of
peanut butter by facilities not using jar washing.

A36 Installations primarity engaged in the production of
pectin and peel by-products, if recovered.

A37 Installations primarily engaged in the production of
almond paste.

81 Installations primarily engaged in the production of
frozen prepared dinners.

B2 Installatiors primarily encaged in the production of
frozen breaded or battered specialty items, separately
or in any compinationn.

B3 Installations primarily engaged in the production of
frozen bakery products.

B4 Installations primarily engaged in the production cof
tomato-cheese-starch products.

B9 Installations primarily engaged in the procuction of
chili pepper and paprika, in combiratior.

C4 Installations primarily engaged in the production of
processing of eggs.

C5 Installations primarily engaged in the production of
shell eggs.

€6 Installations primarily engaged in the production of
manufactured ice.

Cl12 Installations primarily engaged in the production of
prepared sandwiches.

D5 Installations primarily engaged in the production of
vinegar.
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F2

F3

Fa4

TABLE 13 (CONT'D)

Installations primarily engaged in the production of
molasses, honey, glazed fruit or syrups, separately
or in any combination.

Installations primarily engaged in the production of
popcorn.

Installations primarily engaged in the production of
ready mix desserts or gelatin desserts, separate]y
or in any combination,

Installations primarily engaged in the production of
spices.

installations primarily engaged in the production of
dehydrated soup.

Installations primarily engaged in the production of
macaroni, spaghetti, vermicelli, or noodles, separately
or in any combination.

Installations primarily engaged in the production of
baking powder.

Installations primarily engaged in the production of
chicory.

Installations primariiy engaged in the producticn of
bread crumos : .
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variation has generally been found most significant in determining sub-
categorization.

The consideration of process variations resulted in the following sub-
categorization:

Vegetable Qi1 Processing and Refining:
The production of unrefined vegetable 0il from soybeans, cotton-
seeds, flaxseeds, peanuts, safflower seeds, sesame seeds, sun-
flower seeds and olives by mechanical screwpress operations.
The production of unrefined vegetable 0il from soybeans, cotton-
seeds, flaxseeds, peanuts, safflower seeds, sesame seeds, sun-
flower seeds and olives by direct solvent extraction and prepress
solvent extraction.
Edible 01l refining only.
Edible 01l refining and acidulation.
Edible oil refining, acidulation, 0il processing and deodorization.
Edible 0il refining, 0il processing, and deodorization.

Fdible 0il refining, acidulation, oil processing, deodorization
and the production of shortening and table oils.

Edible oil refining, o0il processing, deodorization, and the pro-
duction of shortening and table oils.

Edible 0il refining, acidulation, oil processing, deodorization, and
the production of shortening, table oils and margarine.

Edible o011 refining, o0il processing, deodorization, and the pro-
duction of shortening, table oils, and margarine.

Margarine production only.

Shortening and fab1e 0il production oniy.
Beverages:

Mait beverages.

Malt.

Wineries withcut distiliing operations.

Wineries with distilling operation.
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Grain distillers with stillage recovery systems.
Grain distillers without stillage recovery systems.
Molasses distillers.
Plants primarily bottling wines and distilled liquors.
Soft drink canning plants.
Soft drink bottling, or combined bottling/canning plants.
Plants producing flavor base syrups and/or concentrates.
Roasted coffee.
Coffee decaffeination.
Soluble coffee.
Instant tea.
Tea blending.
Bakery and‘Confectionery Products:
Bread and bread related products.
Cakes, pies, doughnuts, end sweet yeast goods utilizing pan washing.

Cakes, pies, doughnuts, and sweet yeast goods not utilizing pan
washing.

Cookies, crackers, and other "dry" bakery products.
Candy and confectionery products except glazed fruit.
Glazed fruit.
Chewing gum products excluding the preparation of natural gum base.
Chewing gum base prepared from artificial and natural materials.
Chocolate and cocoa products prepared from cocoa beans.
Pet Food:
Carined pet food.

Dry pet food.
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Fiscellaneous and Specialty Products:
Shell egg handling (SIC 5144).
Egg processing (SIC 2017).
Frozen specialties.
Non-dairy coffee creamers.

Production of specific flavors from the blending cf extracts, acids,
and colors.

Manufactured ice.

Bouillon production.

Yeast production.

Peanut butter manufacturing not including jar washing.
Peanut butter manufacturing including jar washing.
Chili pepper and paprika.

Prepackaged sandwiches.

Vinegar.

Molasses, honey, and syrups.

Dehydrated soup.

Prepared desserts, gelatin.

Spices.

Macaroni, spagetti, vermicelli, noodles.

Almond paste.

Pectin.

Baking powder.

Chicory.

Bread crumbs.

The rationale for the above subcategorization due to process varfation
is as follows.
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Vegetable 0il Processing and Refining

Unrefined Vegetable 0il - The production of crude vegetable o1l from oil-
seeds invalves three distinct processes each resulting in different waste-
water stream loadings. Mechanical screw press operations have been docu-
mented by plant visitations and telephone surveys to have zero discharge

of process wastewater. The extraction processes of direct sulvent extrac-
tion and pre-press solvent extraction do contribute an average daily waste-
water flow of approximately 100 cu m/day (0.03 MGD). This wastewater
results from 1) wastewater generated by wet scrubber systems, 2) dequmming
operations, 3) steam condensates contaminated by oil, fatty acids or hexane
solvent, and 4) in-plant cleanup resulting from spillage of ail or miscella,
tank leakage or pump failure.

Edible 0i1, Shortening, and Margarine - Wastewaters generated from edible
o1l refineries, on the other hand, vary greatly with respect to the degree
of process integration existing at each plant, For example, a large full-
.scale edible oil refinery may have an entire sequence of operations in
which vegetable o0ils are transformed into finished products Such as
shortening, margarine or table 0ii. A conventional full-scale operation
would include: 1) storage and handling facilities, 2) caustic refining,
3) soap-stock acidulation, 4) bleaching, 5) hydrogenation, 6) formula tlencing,
7) winterization, 8) deodorization, and 9) plasticizing and packaging a
number of finished products. In contrast there exists a number of small
scale operations ccnsisting of only tank farm storage and handling facili-
ties with steam or kettle refining, These smaller plants usually sell the
refined 0i1 to other edible oil processors who in turn produce a finished
product.

Due to the variations in plant size and process integration, it was
necessary to adopt & “building block" approach *c the assessment of
wastewater loadings within the industry. The eight unit processes listed
in Table 14 have been identified, each generating a different wastewater
effluent. Table 15 presents a list of the various unit process combi-
nations within the industry and the number of plants utilizing each
combination in the U.S. during 1970.

Three processes are common to about 95 percent of the industry. These
include 1) raw material storage in storage tanks, 2) tank car cleaning,
and 3) caustic refining. Seng (53) reports that as a result of handling
large volumes of edible oils there are erratic flows resulting from
washing and cleaning processes to remove vils and greases that accumulate
due to tank leaks, transfer operations pump failures, and the accumulation
of refuse materials and settled dust. These materials vecome a major
waste load problem when washed into plant storm sewers by rain. Becker
(54) reports that in scme cases the BOD increase as a result of storm
water runoff is considerable.
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TABLE 14
EDIBLE OIL PROCESS UNITS

1. Edidble ofl refining (i.e., caustic, steam and kettle refining,
and including fntersterification rearrangements)

2. Soapstock aciaultation

3. Edible 0il processing (i.e., bleaching, winterization, and
hydrogenation)

4, Contact cooling tower bYlowdown from deodorization barometric
condenser systems

5. Tank car cleaning
6. Storage and handling

7. Plasticizing and packaging (i.e., shortening and table oils
production)

8. Margarine processing
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TABLE 15
PROCESS INTESRATION IM THE EDIBLE OIL REFINING INDUSTRY®

Number of Plants Utilizing

Process Integration* Process Integration
1. R 21
2. R 6
3. RP 7
4. PROW 10
5. RDWH 2
6. RDWP _ 5
7. RDWHP 29
8. ROH | 9
9. RDHP 10

10. ROP 5
11. RHP 1
12. DP 2
13. P _3

TdTAL 110

a8 R = Refine; D = Deodorization; H = Hydrogenation;
W = Winterize;, P = Plasticize

* A11 plants are assumed to have tank car cleaning and
storage transfer facilities.

Source: 1970 Directory to Edible 011 Refineries
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Tank car cleaning operations are usually adjacent to outdoor tank farm
facilities and may at times contribute to the Storage and handling
wasteload. On the average, about 10 tank cars are washed per week during
the day shift, The wasteload of this operation consists primarily of
bulk 011 and detergents flushed out of the tank car by cleaning. Usually
a holding tank is used to recover the bulk ofl. The recovered o1l is
then pumped to an inedible oil holding tank. Seng (53) reports that
crude oil is treated with caustic and is centrifuged to remove micro-
organisms and soapstock, These "foots" are pumped to an outdoor tank
farm for sale or for acidulation purposes. The refined oil is then
washed and centrifuged. Caustic refining constitutes a continuous

source of process wastewater with a pH value ranging from 10 to 12.

Water usage for the oil washing process is estimated to be about 10

to 15 percent by weight of the oil processed. The acidulation of soap-
stock or "fcots" for fatty acid content produces a continuous wasteload
low in pH (1.5 to 2.0) and higher in organic content. The total water -
volume is estimated to be 65 to 75 percent of the soapstock treated by
weight.

Francois (55) reports that the thermo-compressor condensates from the
deodorization process constitutes a continuous wasteload high in
organic impurities or "unsaponificable" substances. C(Certain fatty
acid materials are concentrated within the stripping stream and are
removed by barometric condenser water where they are eventually con-
centrated in the contact cooling tower blowdown.

In general, the steps of bleaching, hydrogenation, and winterization
represent a relatively small wasteload in comparison to the above
defined unit processes. Seng (53) reports that bleaching produces a
wasteload containing a small amount of spent filter material that is
flushed down the sewer during cleanup; a source of suspended solids
found in the wastewater. In the hydrogenation process very smail
amounts of nickel catalyst sometimes reach the sewer from cleanup
operations. In the winterization process, the only wastewater that
would result is from general cleanup activities.

Wastewater generation for the plasticizing and packaging of shortening
{s quite different from that of margarine processing. In general,
filling rooms that process shortening require nuch smaller volumes of
cleanup water than do packaging operations that require the maintenance
of bacteria free filling equipment. The packaging of margarine, salad
dressings, mayonnaise, and other milk products capable of supporting
pathogenic bucteria require dail, cleaning and sterilization of all
fi11ing equipment. Therefore, margarine processing produces a larger
volume of wastewate~ conta.ning high strength disinfectants (chlorine,
detergents) in comparison to shortening and table o011 filling rooms.

Beverages
Malt Beverages - The sources of pollutants from the malt beverage industry
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can be documentated on a plant by plant basis. There are no process
variations justifying further subcategorization of the industry. As
discussed in Section I11, one brewing company uses beechwood chips
during fermentation. The cooking and washing of the chips, as well

as yeast recovery from the chips, creates unit process wastes different
from other brewers.

Malt - A1l maltsters in the United States process mait by steeping,
germinating, and kilning. Most of the resulting wastewater is associ-
ated with steeping, and all plants use submerged steeping. Process
variation 1s not considered to be a factor for further subcategorization
of the malt industry because of the uniform nature of the process.

Wine, Brandy, and Brandy Spirits - Data and field observaticns support
the contention that wineries operating stills have considerably higher
wasteloads in the distilling (crushing) season than those who do not
operate stills, Wastewater from stillage represents a 300 percent
increase over normal wasteloads.

Distilled Spirits - Grain distillers must be subcategorized according
to whether they do or do not operate stillage recovery systems. Those
plants which do not operate stillage recovery systems generally sell
wet spent stillage as cattle feed and consequently do not generate

a wasteload from stillage recovery (condensate from evaporation).
Molasses distillers stanrd as a separate subcategory since a majority
neither recover nor sell stillage, but dispose of it directly to the
ocean.

Soft Drinks - There are basically three types of soft drink plants:

T} those that produce only canned drinks, 2) those that produce only
bottled drinks, and 3) those that produce both bottled and canned drinks.
From a process point of view, there 1s a4 discrete difference between
bottling and canning operations -- the former involves bottle washing
while the Tatter is primarily a mixing-filling operation.

As docuinented in Section V, the pounds of pollutant per unit of produc-
tion are decidedly Yess in canning plants than in bottling or bottling/
canning plants. This difference is due primarily to the wastewater
generated by & bottle washer processing returnable bottles. This
difference in wastewater will vary depending on the percent of returnatle
or non-returnable bottles processed.

Therefore, based on process variations, available data justifies two
subcategories of soft drink production: 1) those nperations producing
only canned drinks and 2) those operations producing only bottled drinks
and others producing both bottled and canned drinks.
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Coffee - Virtualiy all production processes are common to all producers
of roasted coffee as a final product. These include: 1) raw material
storage and weighing, 2) air cleaning, 3) blending and roasting, 4)
grinding, and 53 packaging. Coffee roasting requires no process water,
with two exceptions. First, some plants use a water spray to check the
roasting process, but this water is evaporated and incorporated into
the product. Second, a few plants have wet stack scrubbers which
generate small quantities (up to 200 1/day) of wastewater. Cleaning of
all coffee roasting equipment is a dry process.

Decaffeination is a separate step that may or may not exist in soluble

and roasted coffee processes depending on product requirements of the
individua) plant., Water is used in the caffeine extraction process and
the rinsing of the decaffeinated green beans. The caffeine extraction
process (including equipment cieaning) is a significart source of waste-
water volume and concentration. Even though more than one decaffeination
technique is recognized ro exist, available wasteload data does not sub-.
stantiate a clear basis for differentiating among the process for effluent
guidelines development purposes. -

The able coffee process utilizes water to extract the soluble coffee
from .nz ground roasted coffee. General plant cleanup, extractor equip-
ment ‘eaning, and drying tower cieaning are significant sources of
wastewater volume and concentration. Ffreeze drying and spray drying

are the normal! methods of preparing soluble coffee for marketing.
Available data does not warrant differentiation between the freeze dried
and the spray-dried product.

Jea - The instant tea manufacturing process is essentially uniform througn-
OUT the tea industry. As noted in Section III, one source of process
wastewater generated from instant tea manufactur\ng is the periodic

dumping of clarifier sludge when regeneration of tea extract from the
sludge becomes minimal., Equipment cleanup water is the major source of
process wastewater. The production of blended tea involves no process
wastewater generat‘:n and may te designated a dry process. Subcategori-
zation of the tea manufacturing industry to account for process differerces
between irstant tea and blended tea production i$ necessary.

Flavoring Extracts apd Syrups - The processes involved in the manufacture
of flavoring extracts and syrups include solvent extraction, distillation,
expression, evaporation, dehydration, and blending. These individual
processes are discussed in Section [Il of this document. The smal)
amount of in“ormation available from the industry for these products
indicates that most flavoring extract plants perform blending, as well

as several of the extractisn processes listed above, and possibly some
dry spice grinding and blending. The one exception to this is the pro-
duction of beverage bases, the majority of which are produced by major
soft drink companies in plants solely manufacturing beverage bases.

Most beverage base plants purchase rather than produce the flavoring
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materials used and the principle process is merely one of blending.
The separation of beverage base plants from flavoring extract plants
is further reinforced by the fact that more wash water is used in the
former.

Bakery and Confectionery Products

Bakery Products - In the production of bread and other baked products,
except cookies and crackers, bread and bun production are virtually
fidentical and can be separated from cake and pie production because
bread production requires ng filling, icing, enrnbing, or other
finishing operations. Additionally, significantly less cleaning of
equipment is necessary. In bread production, pans are rerely, if
ever, wet cleaned. Other equipment is only cleaned weekly.

Cakes, pies, and sweet yeast goods can be produced by methods which may -
or may not require pan washing. This difference plays a major role in
the strength of a plant's wasteload. The BOD of pan wash water has

been reported (7) as high as 54,000 mg/1. :

Many processes are common to all cookie and cracker manufacturers.

These include: 1) mixing, 2) baking, 3) cooling, 4) stacking, and

5) packaging. Principal variations in the other processing steps are
the result of the category or style of the end product. The principie
process variations are the forming, ofling, and icing, or enrobing,
prccedures. Forming of cookies is usuxlly done by either rotary dyes

cr extruding machines while crackers are formed by sheeting or stamping
the dough. The forming equipment in both cases is dry cleaned with

the exception of rotary formers. This wet cleaning of the rotary formers
1§ not, however, & significant source of wastewater strength, although
it does contribute a relatively small amount to the volume. Some types
of crackers are sprayed with 0il following baking in order to help
improve the flavor. The equipment used for the oil spraying of crackers
15 normally not wet cleaned, and is therefore not assumed to be a con-
tributor to the wastelcad. Certain varieties of cookies are either iced
or enrgbed. In the ¢leaning of this equipment is additional source of
waste. However, virtually all plants produce a variety of cookie and
cracker products and discharge a combined effluent, /5 a result, avail-
able data does not justify further subcategorization of the cookie and
cracker industry on the basis of process variations.

Candy Confectionery Products - The candy and confectionery industry pro-
duces a wide range of products and employs a number of different pro-
cessing methods., However, some common denominators in processing lend a
certain amount of homogeneity. The several diverse processes have in
common a "candy kitchen" for the initial preparation of the candy base
and it is at this point that most cleanup water is used and most waste-
water generated, regardless of what later processing is invulved in pro-
ducing the final product. Glazed fruit production, however, employs
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processes which generate wastewater with distinct treatment generations.
The glazed fruit process often involves a bleaching o7 the fruit and
subsequent discharge of sulphur dioxide.

While the production of chewing gum and chewing gum base involves rathker
similar processes, sodium hydroxide is used as a bleaching agent in the

preparation of chewing gum bases and presents a pH characteristic which

must be given consideration in treatment.

In the production of chocolate and cocoa products from cocoa beans, the
incompatability of moisture in chocolate requires a careful control of
the use of open water. However, large volumes of water are used in
several aspects of the process, e.c., cooling water. These establish-
ments characteristically discharge large volumes of water of a relatively
low waste loading.

Pet Foods

The principal variations in pet food processing result from the type of
product being produced. The dry pet food product does not require
processing of fresh and frozen meat and meat by-products. The processing
of fresh and frozen meat and by-products requires an extensive separate
sequence of specialized equipment which may include grinders, screw
conveyors, slurry tanks and interconnecting piping. All of the special
meat handling equipment is a significant source of waste generation during
cperation and cleanup. In contrast the dry pet food operation is composed
of almost entirely dry ingredients which may require only dry grinding
prior to expanding.

The canned pet food product differs from the dry and semi-moist products
because of the .necessity for the carn filling--can washing retort oper-
ation. The canning operation is a signficant source of wastewater volume
in organic pollutant generation.

In terms of processing steps, the saft moist product 1ies between the
canned and dry product in terms of number of processing steps and resultant
waste generation, The soft moist product will normally utilize some fresh
or frozen beef products and by-products and will therefore have a prelimi-
nary meat processing' line. In formulation, the soft moist product is
generally similar to the low-meat canned product except for the lower
moisture level and the addition of preservatives. Tha soft moist product
does not go through a canning operation.

The extruding and expanding operations using soft moist and dry pet food
manufacturing are not major sources of waste generation. Equipment is
typically cleaned daily producing a short-term, high strength waste which
is relatively insignificant in terms of pollutant generation per v3lume
of production.

These variations in production processes result in substantially different
waste generations per ton of production, as described in Section V and
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support the subcategorization of the industry into canned, soft moist,
and dry pet food.

Miscellaneous and Specialty Products

Shel) Egg Handling and Egq Processing - Shell egg handling and egg
processing are distinct operations in that shell egg handling involves
storage, washing, oiling, handling, and grading of eggs in the shell,
while egg processing utilizes shell eggs as a raw material, whether
broken on the premises or by another praocessor, and produces dried,
frozen, or canned eggs or albumen. Food and Drug Administration
reguiations require that all egg products be pasteurized. The type

of products produced varies widely among egg processing plants and
even within a given plant as a result of changing seasons and demands; °
however, available data on wastewater generation preclude further sub-
categorization.

Frozen Specialties - While many production processes are common to all
frozen specialty manufacturers, variations do occur in some processing
steps as a resuit of the style of end product. However, these process
variations are not considered to be of significant magnitude to justify
further subcategorization of the frozen specialties industry.

Non-0airy Coffee Creamer - The production of both liquid and powdered
non-dairy creamer nas the following unit processes in common: 1) mixing,
2) pasteurization, and 3) homogenization. Fcllowing the homogenizing

of the liquid product, the unit processes differ in that the product

to be powdered is dried while the product to remain a liquid is cooled.
Based on existing evidence, this production variation does not cause an
appreciabie difference in wastewater generated per ton of solid product.
The distinction of solid product is necessary because 1iquid creamer is
approximately 50 percent water by volume.

Cleanup water from clean-in-place systems 1s the major source of waste-
water, the quantity and character of which would be the same for both
1iquid and powdered. creamer. Consequently process variations do not
substantiate further subcategorization of the non-dairy creamer industry.

Ice Manufacturing - Block and fragmentary ice are produced by signifi-
cantly different vrocesses, as detailed in Section lll of this document.
Block ice is produced by partialiy submerning rectangular cans filled
with water in refrigerated brine tanks. Fragmnentary ice is produced

as small pieces, such as disks or cylinders, by machines especially
designed for that purpose.
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The major volume of wastewater in many block ice plants is once-through
cooling water discharge. In addition, wastewater may be generated in

the production of block ice from treatment of incoming water, dipping

of the cans to loosen the ice; replacement of the unfrozen core with

fresh water; ice and snow losses; and from scoring, cutting, and crushing.
Conversely, block ice plants that follow good water conservation practices
do not generate these large volumes of wastewater. In fact, some block ice
plants generate less wastewater per kkg of production than fragmentary

ice plants. The quantity of wastewater is dependent upon primarily

plant management rather than process variations.

Fragmentary ice making machines are semi-automatic. Wastewater is
generated from excess water not frozen, defrost water, and blowdown.
The range in quantity of wastewater is relatively narrow, because it
is not highly operator-degendent.

Therefore, although block ice and fragmentary ice processing methods
differ, data indicates no appreciable difference in organic loading,
suspended solids, or potential treatment for the wastewater generated
by the respective processing methods. No further subcategorization of
ice manufacturing is justified.

Yeast ~ The production processes necessary to produce commercially
acceptable yeast are standard througnout the industry. These include:
1) raw material storage and preparation, 2) fermentation, 3) separation
of the mature yeast from residual nutrients, 4) dewatering, and 5)
packaging. Spent beer wash separated from the yeast by centrifugal
methods accounts for over 70 percent of the pollutant joading of com-
bined wastes. Spent nutrients, which may comprise from 15 percent to 50
percent of the total waste volume, depending on dilution water use and
reuse, have a BOD of 2000 to 15,000 mg/1. Although these process vari-
ations cause differences in combined waste volume, no substantial dif-
ferences in waste generation per unit of production were found. Spent
beer is normally discharjed to a sewer or pumped to an evaporator for
molasses by-product rec:very. Yeast dewatering practices, using filter
presses and rotary vacuum filters, constitute the second largest waste
stream in most yeast plants. Since there are virtually no differences
in the equipment and procedures used in yeast factories, no basis for
further subcategorization is judged tc exist.

Vinegar - As illustrated in Section II1, the process of vinegar pro-
duction is 3 discreet operation resulting in a wastewater differing
in characteristics from that of other food and beverage processors.

Pectin - As illustrated in Section 1]l, the production of pectin is a
unique process distinctly different from any other in the miscellaneous
foods and beverages industry. This process variation results in a
wastewater with significantly different characteristics as compared to
that of other food and beverage processors.

281



ORAF",

Bouillon Products - The process involved in bouillon production is
unique in its simplicity and the fact that equipment cleanup water
is the only source of wastewater generated in the process.

Peanut Butter - All peanut butter processors roast, blanch, inspect, and
grind sheiled peanuts to produce peanut Lutter. A1l of these are dry
precess steps, although water is used in heating, cooling, and aeration.
In packaging operations, som2 plants remove the product from partially
fiiled or improperly sealed jars, and then wach the jars before refilling.
Jar washer discharge is a low volume, concentrated wastestream which
significantly increases plant waste generation per unit of production
when sewered. The increased wasteload from jar washing constitutes a
strong basis for subcategorization of this industry. Other wactestreams
include floor and equipment cleanup. .
Chili Pepper and Paprika - The unit processes erploysa by the paprika and.
chili pepper irdustry are generally uniform. New techniques from time

to time have been employed to effect resuced volumes and/or strengths of
liquid process wastes. Special efforts have been made on those preduc-
tion processes which generaie the greatest amounts of pollutants: wash-
ing, fluminrg, and chopping. It may be concluded that the use cf alternate
process equipment may substantially reduce raw waste generation,

Since the new technicues are not entirely proven, they are viewed as
being pollution control cptions rather than a basis for subcategorization.
Subcategorization on the basis of these new methods is considered to be
inequitable for several reasons: 1) the new technigues are largely still
experimental for most commodities; Z) the magnitude of the new technigues'
effect upon raw waste load reduction is still largely undztermined, and
3) the establishment of 1 separate (more stringent) subcategory now for

those plants which are attempting pioneering efforts would be unreasonable.

Prepackaged Sandwiches - As cdescribed in Section 11I, the wastewater
generated by the production of prepackaged sandwiches results from the
cleaning of utensils and other equipment, and from floor washing. No
justification for further subcctegorization of the prepackaged sandwich
industry has been determined to exist.

Baking Powder, Chicor., Bread Crumbs - These rrocesses have bgen identified
to result in no water use Or process wastewater generation and may therafcre
be appropriately considered as "dry" operations.

Miscellaneous Products - The preparation and packaging of popcorn, moiasses,
the various syrups, honey, prepared gelatin desserts, dehydrated soup, and
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the various macaroni products, while involving diverse operations, is
characterized by low levels of wastewater generation. Therefore, no
further subcategorization of these products is considered justifiable
on the basis of process variations. For the purposes of effluent
guidelines deveiopment, these products have been given the designations
E1 through E6.

RAW MATERIAL VARIATIONS

Veqgetable 011 Processing and Refining

Unrefined Vegetable 0ils - With the exception of olives, available data
do not justify subcategorization of unrefined vegetable 0il production

on the basis of raw materials since most processing plants crush dif-
ferent oilseeds &t various times. Raw material and process variatior

are to some extent interrelated since procossing techniques are often
specially related to the type of oilseed being processed. Solvent
extraction is the most common method used to extract soybean oil while .
cottonseed oil is usually extracted by screw press operations.

A significant difference in wastewater characteristics results when olives
are processed for olive 0il. As ‘ndicated in Section V, a considerably
more concentrated wastcitream results from the handling of whole olives
and olive pits as compered to othar nilseeds. Therefore, it is necessary
to place the production of olive 0il into a separate subcategory from
other oilseed processing. No further subcategorization is justifiable as
a result of raw material variations.

Edible Qi1, Shortening, and Margarine - Variations in raw materials offer
no justification for further subcetegorization of edible o0il, shortenirg,
ard margarine {excluding olive oil). The refining of different o0ils dces
generate different wasteloadings, but a given plant frequently changes
the type of oil being refined and refines more than one type at one time.
As a resulct, there is no basis for further subcategorization of the
industry on the basis of raw material variations.

However, olive oil refining is done exclusive of other 0ils and generates
a distinctive wastestream. Therefore, olive 0il refining must be con-
sidered as a separate subcategory.

Beverages

Malt Beverages - Raw materials for the brewing industry include malt,
cereal, grains, hops, and yeast. In terms of wastewater generation,
thare is essentially no difference in the raw materials utilized within
a brewery. Scme breweries use hop extracts instead of hop flowers,
thereby eliminating the spent hop disposal problems, but the disposal
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practice with spent hops is normally the addition of this material to
spent grains. No further subcategorization of the malt beverage
industry as a result of raw material variation is justified.

Halt - Although different types of barley are used for the production of
malt, data presently available does not Substantiate any differences in
vastewater generated. No further subcategorization is justified based
on raw material variations.

Wine, Brandy, and Brandy Spirits - Wineries in the western Unjted States
use the V. Vinifera variety of grape and those in the east utilize the V.
Labrusca variety. The eastern grape is lower in sugar and higher in
acidity than the western grape. Although eastern wineries practice
amelioration prior to fermentation, there is no data existing to indicate
that the type of grape, per se, creates a difference in wastewater dis- °
charged. Therefore, no further subcategorization of the industry as a
result of raw material variations is considered justifiable.

Distilled Spirits - Differences in raw materials contribute to differences
in prccesses as a rationale for subcategorizing molasses versus grain
distillers, Citrus and blackstrap are used in molasses distilleries
whereas corn, rye, and malt are used in grain distilleries.

It should be mentioned that any grain distiller utilizing a 100 percent
rye mash bill may generate a higher wasteload than that from a straight
whiskey mash bill, although current data does not indicate the justifi-
cation of a separate subcategory for this type of operation.

Soft Drinks - Since diet soft drinks inherently utilize less sugar during
processing than regular soft drinks, lower wasteloads might be expected.
Diet soft drink production, however. is generally less than 10 percent

of the production at any one plant. ‘vailable data indicate the waste
characteristics of plants utilizing diet soft drink production to not

be significantly different from other operations. Further subcategori-
zation on the basis of raw material variation is not felt to be justified.

Coffee - Coffee processors utilize green beans as the basic type of raw
material, with two exceptions. Some producers utilize partially roasted
green beans as their raw material. However, since coffee roasting is a
dry process, this variation does not require further subcategorization.
Second, at least one producer of soluble coffee products imports a coffee
extract from which to manufacture the desired product. This procedure
produces less wastewater than the production of soluble coffee from ground
roasted coffee, but technical data is not available to support further
subcategorization of the soluble coffee process. Further subcategori-
2ation of the coffee processing industry on the basis of raw material
canndt be justified because the industry has adequate control over its
raw material quality and basically the same raw materials are used by all
manufacturers.
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Tea - Raw materiails in the tea industry consist of tea leaves imported
from various parts of the world. There is no reason to believe, nor do
available data indicate, that there is any difference in wastewater
resulting from the variety of tea leaves utilized. Therefore, no further
subcategorization of the tea industry as a result of raw material vari-
ation is justifiable.

Bakery and Confectionery Products

Bakery Products - A1l baked goods manufacturers utilize raw materials
such as fiour, sugar, shortening, and water. In the production of bread,
these are the only major ingredients. In the production of cakes and
pies, fruit, chocolate, spices, flavorings, and a larger amount of
sugar are consumed in addition to those ingredients used for bread pro-
duction. The result of this difference in ingredients is a significant
difference in the wastewater volume and strength generated by the pro-
duction of bread and the production of cake and related products. The
ingredients used in the production of cake require more frequent wet
cleaning of the equipment associated with their preparation. The large -
amounts of sugar used in cake production also contributes significantly
to the strength of the wastewater discharged.

These variations in raw materials result in substantially different
waste generation per unit of production, and support the recommended
subcategorization of bread vis-a-vis cake products.

A1l cookie and cracker manufacturing plants utilize the same basic types
of raw materials or ingredients. As detailed in Section III of this
document, these ingredients include flour, sugar, shortening, and
assorted additives, flavorings and colorings. In the production of
crackers, these are the only major ingredients. In the production of
cookies, chocolate is also a major ingredient and a much larger amount
of sugar is consumed per kkg of product. The result of this variaticn
is undoubtedly a greater wasteload from cookie production than from
cracker production. However manufacturers normally produce both prod-
ucts and discharge a combined effluent. Consequently, no data exists
to support the further subcategorization of the cookie and cracker
industry on the basis of raw material differences.

Candy and Confectionery Products - The refined condition cf sugar and
corn syrup, the major ingredients used in the confectionery industry,
leads to no requirement for pre-cleaning or pre-processing. The same
situation is true for chewing gum which uses natural qum base as a
prime ingredient. In contrast, the cleaning of raw materials for gum
base and for chocolate and cocoa products generates wistes of signifi-
cant differences. In general, while raw material variations lend sup-
port to the subcategorization proposed because of process variations,
further subcategorization is not justified.
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Pet Foods

A1] pet food plants use the same basic types of raw materials or ingre-
dients. As detailed in Section 111 of this document, these ingredients
fall into the following general categories:

1. Meat and meat by-products,

2. Poultry and poultry by-products,

3. Fish and fish by-products,

4. (Cereal grain and grain products principally derived from
soybeans, corn, wheat, barley, and oats,

5. Vegetables, fresh, frozen, and denydrated,

6. Sugars and syrups,

7. Gums and food starches,
8. Milk based products,

9. Fats and oils,

10. Minor ingredients such as flavorings, vitamins, minerals,
colors, preservatives, and others.

In general, the raw materials listed above have to some extent been pre-
processed elsewnere prior to arrival at the pet food manufacturing plant.
For example, the meat and meat by-products are typically delivered from
meat-packing plants where the animals have been slaughtered and dressed.
Accordingly, the pet food manufacturer has good control over the quality
and condition of his raw materials. [f they do not meet standards. he
may refuse to accept them.

The formulations used by different manufacturers in preparing various
styles of dog and cat food are described in Section III of this docu-
ment. Generally, all or most of the ingredients listed are used to
some extent in each formulation. The principal differences are in the
respective percentages of animal and grain derived ingredients used.

The ratio of meat (fish) to dry ingredients has a profound effect upon

raw waste generation and strength, Results analyzed trom twelve canned
pet food plants in Section V show that the organic poliutants strength

of the raw wastes generated increases significantly with increase in use
of fresh and frozen meat (fish) and meat (fishj by-products (not including
dry meal). Thus, the data support the subcategorization of the canned

pet food industry into high-meat (fish) and low-meat (fish).
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Miscellaneous and Specialty Products

Shell Eqg Handling and Eqgq Processing - All egg procassors utilize shell
eggs as the predominant raw material, whether broken on the premises or by
another processor. Sugar, salt, and assorted food additives are also
utilized as raw materials by some processors. However, these additional
ingredients do not produce a wasteload which distinguishes plants utilizing
them from plants which process only egg products. The strength and
cleanliness of the eggs' shell also varies. However, insufficient data
"exists for subcategorization on this basis. The chemical composition of
eggs is primarily responsible for the characteristics of egg processing
wastewater and consequently for the need for a single egg processing sub-

e processing plants break (and sometimes pasteurize) eggs for shipmen't
to other processors for pasteurizing, drying, freezing, or canning. How-
ever, available data does not justify a separate subcategory for egg pro-
cessors who do not break eggs.

Frozen Specialties - Frozen baked goods require rich ingredients such as
butter, sugar, cream, etc., and these are purchased in bulk, received,
blended under controlled conditicns, further assembled into final product
form, sometimes baked or fried, and packaged and frozen,

The frozen baking dessert plant must thoroughly clean with hot water all

the mixing vats, cooking kettles, measuring devices, pumps, piping, etc.,
which have come in contact with the ingredients and product. This cleanup
is continuous during plant operation as different products are manufactured.
For example, one section of the plant may run several different kinds of
pies during a shift. A peak in cleaning is normally reached during tne
massive final cleanup at the end of operation each day.

The ingredients for frozen T.V. di.ners and ethnic foods usually include
meat, fowl, or fish, vegetables, gravies, and minor additives. In
addition, there may be added starches (such as noodles), grains (such as
rice), and a variety of small dessert dishes. These ingredients are
usually prepared elsei.ere and are then further processed, cooked,
assembled, packaged, and frozen at the prepared dinner plant, The bulk
of the wastes generated originates from preparation of the ingredients.
Prepared poultry arrives at the processing plant in a form ready for
deskinning and deboning (if desired). Beef and other meat normally arrive
in bulk. Some vegetables, such as carrois that require a longer cooking
, may be partially precooked prior to being brought to the assembly
‘ Potatoes are usually prepared from dehydrated pctato products.

The primary wastewater generation results from equipment and container
cleanup, and the differences in ingredients greatly affect the
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characteristics of the wastewaters. Raw material variations further
support the subcategories proposed above for frozen specialties. No
further subcategorization is felt to be justified.

Non-Nairy Coffee Creamer - Raw materials used in the manufacturing of
[iquid and powdered creamer are discussed in Section III. The main
difference in raw materials between the two products is the use of
sodium caseinate, mono- and di-glycerides, sugar and fatty acids in
the production of iiquid creamer. However, the percent by volume of
these materials in the final product is small and has insignificant
effects on the wastestream. Therefore, raw materials variations do
not necess.tate further subcategorization of the industry.

Flavoring Extracts and Syrups - The raw materials used by the flavoring .
extract and syrup industry include whole plants, plant tissues (fruit,
stems, leaves, etc.), essential oils, synthetic flavoring extracts, -
alcohol, acids, sugar, salverts, and colors. These materials are
generally used by all flavor producers. The exceptions are the beverage
base producers which use only natural and syntietic flavoring extracts,
acids, sugar and colors in their production. The distinct difference

in raw material usage further supports the previous subcategorization,
but does not justify further subcategorization. )

Ice Manufacturing - A1l ice manufacturers utilize potable water as their
raw material. It may be supplied by the local purveyor or a well. |In
many areas, the water availaple is ngt satisfe-tory for the production
of quality ice. Treatment of the incomi~g water may contribute some
additional concentration of minor pollutant paremeters to the wasteload,
but further subcategorization of ice manufacturing is not justified by
this difference alone.

Yeast -~ Cane and beet molasses is the Jrimary row matevial used in growing
yeast. Differences in such diverse factors as s.gar coitent, trace mstals,
and minerals, physical stratification, aminc acid ¢antent and mix and
nutrient content may produce daily variations in the totel plant wasteload
due to the controls used in batch processing of yeast. Since all processors
are subject to the same raw material variations, no further subcategoriza:i:cn
on the basis of raw materials is justified.

Bouillon Products - The nature of raw materials used in the manufacturing

of pouillon products result in a wastewater high in proteins and thus hignly
biodegradabie. Therefore, raw materials usage suppcrts subcategorization

of bouillon products as a discrete subcategory.

Peanut Butter - A1l processors use shelled peanuts as toe primary raw
material. OSmall amounts of salt, sugar, stabilizer, and other ingredients.
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are added to improve product quality. Raw material quality may affect
roasting and grinding parameters, but there are no existing data to
document any effect on wasteloads from jar washing and cleanup.

Chili Peppers and Paprika - Paprika and chili peppers, as explained in
Section [II, are virtually identical raw products, indistinguishable
except for taste. Some of the contributing variables influencing raw
material quality as it arrives at the processing plant include the
following:

1. Physical quality:
- Dirt and foreign objects - type of soil
- Weather at time of harvest - muddy fields
- Unfavorable climatic conditions -~ yield decreases

2. Biological quality:
- Climatfc influences, drought, etc.
- Insect damage
- Bacterial or mold damage

It is not considered necessary, however, to subcategorize on the basis
of such unpredictable events which would usually be localized in
occurrence, [t is concluded that variations in raw product quality
are normal and should be expected from week to week and season to sea-
son. Therefore, the waste management program should be designed with
sufficient flexibility to handle the problems inherent in *he industry
due to expected raw product quality variations. It is also suggested
that a processing plant attempt to work out beforehand with its regu-
lating agency an emergency glan to handle a situation where uncontrol-
lable significant deterioration in its raw product quality may cause
subsequent upsets in treatment facilities.

Other variables which influence raw product quality and which are to
some extent under the control of the processor are listed below:

1. Harvest method,
2. Type of container and length of haul,

3. Degree of preprocessing in field, sorting, and
washing.

These variables should be considered when control options are being
considered to help meet the best available treatment limitation for
1983. They are not completely capable of guantitative evaluation
at the present time, but are deemed to represent good engineering
practice and pollution reduction benefits.
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PLANT AGE

The effective age of a processing operation is usually difficult if not
impossible to define -- the reason being that there is often little
correlation between the age of a plant building and the age of the
equipment within the building. A processor may constantly replace worn
out equipment with new equipment, or, in some cases, install old eguip-
ment in a new building. In general, data is not available or is it

likely to result to support clean differences in waste generation and
treatability within the overall miscellaneous foods and beverages industry
on the basis of plant age alone.

One very notable exception occurs in the malt beverage industry. The
construction of breweries has for the most part occurred prior to 1900

or after 1950, with the exception of those built immediately after the
repeal of prohibition. Data indicates that differences in the wastewater
loading as well as the applicable control and treatment technology, is
significant. Basically, the older breweries were not designed with waste
disposal in mind. Smaller tankage is coumon in the older breweries, thus
providing more surface area, and making cleanup more difficult. OQOlder
mashing vessels do not separate grain as effectively as newer ones, thus
creating additional lcads for by-product recovery operations. Intricate
and often unknown plumbing systems make isolation and segregation of
wastestreams economically impractical.

On the other hand, breweries built after 1950 have been increasingly aware
of wastewater dispcsal. Newer picnts feature efficiently designed vessels
in conjunction with automated cleanup. Wastes which might be sewered in
an older brewery are reused or added to by-product recovery in the newer
brewery. Plant design in the last few decades has allowed for ease in
waste collection. Wastewater monitoring has identified problem areas and
plant personnel are subsequently trained to be more cognizant of these
probiems.

Otherwise, age of plant provides no rationale for further subcategorizaticn
of the_miscellaneOug focds and beverages industry,

PLANT SIZE

The size of the plant may be significant from both a technical and economic
point of view. On the technical side, no correlation to justify a sub-
categorization on the basis of size was found between plant size and either
raw waste characteristics or wastewater volume, except 1n the malt beverage
industry.

Plant size is more important from an economic viewpoint. Virtually all
in-plant and end-of-pipe waste reduction tezhnology is subject to economy
of scale, and the larger plant will almost always benefit from economy of
scale.
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In the malt beverage industry, size of plant correlates to subcategori-
zation based on plant age. Plants constructed after 1950 have for the
most part been constructed for a production of more than 800 cu m (7000
barrels) per day due to the tendency for demand to be met by large
capacity. It can be expected that this trend will continue and any
future plants will be both large and automated.

Although there is no strict correlation betweer brewery size and waste
generation, a generalization may be logically made about old, large
breweries. These plants tend to be situated over relatively large areas
with segmented operations occurring in different buildings. The product
must be transferred more frequently and farther; supervision and corsoli-
dation of wastes are more difficult. Therefore, size of plant is another
key factor in the subcategorization of breweries, but is not considered
as an element of subcategorization for other products.

PLANT LOCATION

Plant location can be an important economic factor determining the
availability of suitable land, and of municipal treatment facilities.
Other potential effects connected with plant location include the fol-
lowing:

1. Both climate and weather affect end-of-pipe waste treatment
processes. Variations in temperature, rainfall, evaporation
rate, and sunshine can all afrfect the performance of different
types of treatment systems. This has been taken into account
to the extent possible in the selection of control and treat-
ment alternatives in Section VII. While variation of per-
formance of treatment systems has been recognized, it is known
that high loads of pollutant removal efficiency can be main-
tained under variable climatic conditions with proper design,
operation, and maintenance,

2. Availability of solids disposal facilities or marketing op-
portunities near the plant. The cost of solids disposal
(screenings and sludge) varies considerably depending on
local situations.

3. The quality of the receiving water and the state industrial
discharge limitations being imposed. Plants located in areas
designated by a state as being water quality limited generally
have to meet very stringent requirements.

The factors listed above are local in nature and cannot be considered as
factors for subcategorization for industries located throughout the
United States. In general, the technologies developed for reaching the
recommended effluent limitation guidelines set forth in this document are
largely land-independent. Use of land-based treatment measures where
this option exists may in many instances substantially reduce the cost of
effectively achieving the recommended effluent reduction level.
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Of all the products within the miscellaneous foods and beverages industry,
the one most definable by location is wipe spirits production. As pre-
viously mentioned, virtually all of the wineries producing spirits are
located in the San Joaquin Valley of California. These factors, however,
merely serve as substantiation of the subcategorization dictated by pro-
cess variatjons and do not justify further subcategorization of the
industry.

PRODUCTS AND BY-PRORUCTS

Many of the types of plants discussed in this document produce a variety
of products and by-products -- some change products with the season or
as the market demands, others produce varying styles of the same product.

There is no question that the nature of the products and by-products
produced by a plant usually affects the wastewater of that plant; however,
the subcategories previously developed adequately account for these effects.
No further subcategorization on the basis of products and by-products is-
warranted.

CLIMATIC INFLUENCES

Influences of climate correlate ¢losely with plant location discussed above,
and it is impossible to subcategerize nation-wide industries or the basis

of climate. The locatior of virtually all wineries with stills is in the
San Joaquin Valley where the climate is relatively dry thereby encouraging
the use of land disposal of wastewater for this previously defined subcate-
gory.

SEASORAL VARIATIONS

The seasonal demand of a number of products in the miscellaneous foods anc
beverages industry, e.g., soft drinks, beer, candy has been discussed under
the topic of process variations. Certain raw materials are available on a
seasonal basis. These tnclude various fruits, vegetables, and perhaps

most notably grapes. The availability of grapes restricts the pressing
(crushing) season to a short perioc of time during the fall of the year.
Since the material for distilling is generating in the pressing season,
distilli~q takes place at the same time as pressing with a small amount of
time lag. Although this factor doec not directly lead to subcategorizution,
it supports the subcategorization for the distilling industry.

[p\)
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SECTION V
WATER USE AND WASTE CHARACTERIZATION

The purpose of this section is to identify, for those subcategories
defined in Section IV, the wastewater quantities and constituents which
are characteristic of the subcategory. For each subcategory discussed
herein, a representative model is developed and defined in terms of
wastewater flow and characteristics.

It should be carefully noted that within this document, all pollutant
concentrations and loadings, unless otherwise specified, are in terms
of net units, i.e., do not include pollutants entering the procecs

in the fresh water supply.

It should also be noted that the raw wastewater flows and character-
jstics described for each model plant are intended ovnly to be represent- °
ative of the subcategory, primarily as a basis for developing control

and treatment tecnnology and cost analyses to be developed subsequently

in Sections VII and VIII of this document. These values should not under
any conditions be construed as being exemplary nor used as a basis

of pretreatment quidelines for industrial discharges into publicly

owned treatment works.

A1l pollutant parameters {except oH, color, and temperature) are
ultimately expressed as a ratio of their mass in kilograms to a process
unit. The process unit may be kkg or cu m {or in one case proof galicns;
of proauct or raw material produced or consumed per day. Tabla 16
defines the process units used for each subcategory.

VEGETABLE OIL PROCESSING AND REFINING

That segment of the miscellaneous foods and beverages industry involved
in the processing and refining of vegetable 0il (including the production
of margarine) has been subcategorized into subcategories A 1.through

£ 15 (see Tabie 13 in Section IV.)

Subnategories A 1 througn A 4 cover those installations processing un-
refined vegetable oil from various oilseeds and the production of olive
711 by hydraulic press and solvent extraction in combination, and by
mechanical screw pre§s extraction.

Subcategories A 5 through A 15 include those installations engaged in
what can generally be called edible oil refining. The historical data
complied for this study by the Irsti1tute of Shortening and Edible 0Qils
(ISEO) in conjunction with contractor plant visitations and verification
sampling of ten plants represents =he most current information availatle
on the wastewater characteristics of edible oil refineries. Wastewater
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TABLE 16

PROCESS UNITS EMPLOYED FOR
THE MISCELLANEQUS FOODS AND BEVERAGES
POINT SOURCE CATEGORY
SUBCATESQRY PROCESS URNIT
VEGETABLE OIL PROCESSING AND REFINING

Al, A2, kkg of oilseed
crushed/day.

A3, A4 kkg of raw olives

. crushed/aay.

A5 - A12 kkg of crude oil
processed/day.

A13, Al4, AYS kkg of finishad
product.

BEVERAGES

Al6, Ai7, A1B Cu m of beer
produced/day.

Al9 kkg of barley
processed/day.

A20, A21 ' during crushinjy, kkg

of grapes crushed/
day; during process-
ing, cu m of wine

produced/day.

A22, R23 kko of grain
mashed/day.

A24 * proof gallons of
spirits produced/day.

A2S None.

A26, A27 cu m of beverage
produced/day.
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SUBCATEGORY

A30

c8, €9, C10

F1

A1l Subcategories

A1l Sudcategories

MISCELLANEQUS AND SPECIALITY ITEMS

A29

A31

A32

A33

TABLE 16 (CON7'D)

BEVERAGES

BAKERY AND CONFELTIONERY PRODUCTS

PET FOODS

295

PROCESS UNIT

cumof syrup or
concentrate
produced/day.

kkg of instant
tea produced/day.

kkg of green
coffee beans.

None.

kkg of finished
product/cday

kkg of finished
product/day.

cu m of finished
prodict/day.

kkg of granular
bouillon
produced/day.

kkg of solid pro-
duct produced/day.

(1) kkqg of yeast
packaged/day.
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SUBCATESORY
A34, A35

A36

A37, B1-B4, C6, C1Z, D4
c4, C5

E1-E6, F2-F4

YA3LE 16 (CONT'D)

296

PROCESS UNIT

kkg of peanut
butter produced/
day.

kkg of dry pectin
produced/day.

kkg of finished
aroduct/day.

kKkg ~f raw eqggs
processed/day.

Nane.
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characteristics within the industry vary widely from plant to plant due
to differences in degrees ~f process variation, plant size, and the types
of oils processed daily. However, for the most part, process variation
is the single most important factor in determining the total waste load
for a particular refining operation. The total waste loading for an
edible 011s refinery is dependent upon the individual waste load contri-
butions from the various integrated process uaits within the refinery.

In general terms, large, integrated, full scale refineries produce sign-
nificantly higher wasteloads than small, iess integrated cperations.

The principle sources of wastewater discharge within the industry are
from tne following process units: acidulation; caustic refining;

contact cooling tower blowdown from barometric condensers; tank car
cleaning; storage and handling facilities; maraarine; shortening; and
tat e oils packaging; and general cleanup from oil processing procedures
sucn as hydrogenation, bleaching, deodorization, and winterization. .
Figure 42 in Section 11l presents a schematic dizgram of tihe various
wastewater flows frun individual process units for a typical full
scale, integrated, edible nils refining operation. Table 17 presents
a8 summary of the waste louding characteristicsof individual unit processes
commoniy associatea with editie 011 refineries as described in Section [I].
Due to the high degree of variabtiiity in refinery plant size and process
integration, 1t was necessary to adopt a buildira block approach for

the formulation of the mcdel plant '~d its associated unit process

waste streams. Model plants werc developed for subcategories A £

througn £ 14 by cumbining the waste luad for the various unit processes
making up a subcategory. Foir excmple the Subcategory A 5 nindel plant,
includes the unit processes of caustic refining, tank car cleaning and
storsge and handling. A totai waste load for Subcategory A 5 was

derivea by corverting ail unit process wcste loads to a 454 kkg (570 ien)
per day plant and then, by summation of the unit wast2 loads, a fotal

waste load wasassumed for cach parameter. The hypothetical mode}

plants develaped utilizing this procedure aro intc ‘ed to be representi-
tive of the subcategory as it presently exists, but cannot be expected

to pe icentical to any parcicular plant. In some 5525 the model may

be representative of an actual refinery oniy to a limited eatent, but

in all cases the model is considered adequate for the purpose of devei-
rping control and treaiment techkrnoiogy (Section VII) and for cos®

analyses {Sectian VIII;. '

SUBCATEGORY A 1, OILSEED CRUSHING, EXCEPT OL1vE GIL, FOR DIRECT SOLVENT
EXTRACTION AND PREPRESS SOLVENT EXTR:CTI1oN QPERATONS

A total of six direct solvent extraction plants and two prepress solvent
extraction facilities were visited and verification sampling was con-
ducted at four direct solvent extraction plants.
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TABLE 17

SUMMARY OF UNIT PRGCESS RAW DATA ON EDIBLE OIL REFINERY WASTEWATER

CHARACTERISTICS
Unit Production Flow BOD con SS 0LG PH 80D/COD 80D/0 & G

Process KKG/DAY M°/DAY kg/kkg ky/kkq kg/kkg kg/kkg Range Ratio Ratio
Caustic Ave. 320 72 1.0 1.8 0.51 0.61 7.3 -11.9 0.486 3.4
Refining Std. Cev. 221 145 1.59 1.7 1.13 0.06 0.19 3.9
Acidulation Ave, 486 . 225 4.69 14.97 1.66 1.20 9.6 - 3 0.58 77.69

Std. Dev. 459 148 5.08 23.44 3.83 3.06 0.20 153.56
Contact Cooling Ave. 348 178 2.21 4.29 0.3t 0.30 3.3 - 7.3 0.53 15.9)
-Tower Blowdown Std. Dev. 264 135 3.51 5.73 0.2 0.34 0.16 25.78
0iY Processing* Ave. 389 25 0.09 0.22 0.05 0.0? 7.3 -13.0 0.48 13.99

Std. Dov. 212 22 0.23 0.47 0.08 0.03 0.22 34.133
Tank Car Ave. 167 3e 0.49 1.3¢ 0.19 0.20 5.5 - 8.9 0.42 4,36
Cleaning Std. Dev. 112 32 0.84 2.4 0.2¢ 0.0 0.25 4.87
Storage and Ave. 285 83 1.36 3.83 0.87 0.69 2.5 - 1IN 0.51 53.89
Handling Std. Dev. 80 159 4.33 14.60 2.94 2.47 g.11 201.79
Shortening and Ave. 195 75 0.48 0.19 0.18 0.19 6.1 - 11.& 0.52 5.08
Table 0il Std. Dev. 103 113 0.75 0.15 0.2% 0.38 0.10 6.68
Production
Margarine Ave. n2 169 1.93 4.23 1.34 2.8b6 6.0 - 5.0 0.53 4.14
Production Std. Dev. 61 139 4.06 5.63 2.4 5.6 0.23 4.29

* Includes floor wash and general cleanup of the following unit processes:
Hydrogenation, deodorization, winterization, and Bleaching.
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The principal sources of contact process wastewater generated from
solvent extraction operations include wastewater generated from

soybean 011 degumming operations to remove and recover phosphatides
(Yecithin); wastewater generated from wet scrubber systems to reduce

air particulate emmissions from mill preparation areas; wastewater con-
taining oi), grease, and solvents, resulting from the extraction of oil-
seeds; steam condensates contaminated by oils, fatty acids, or hexane
solvent; and periodic in-plant floor washing and equipment cleanup
represented by oil or miscellaneous spillage, valve or pump leakage,
etc. In addition to these process wastes, a large number of processcrs
were observed to combine their process wastewaters with non-contact cool-
ing water from cooling tower and boiler blowdown.

Historical data supplied by the NSPA and the National C_ttonseed Producer's
Association (NCPA) for 18 solvent extraction facilities in ccabination

with four verification surveys found the following averages for

Subcategory A 1 plants:

Production 780 kkg/day (860 ton/day)

Flow 140 cu m/day (0.037 MGD)

BOD 311 mg/1; 0.058 kg/kkg (0.115 1b/ton)
€oD 619 mg/1; 0.140 kg/kkg {0.281 1b/ton)
) 140 mg/Y; 0.035 kg/kkg (D.07 1b/ton)
08G 253 mg/1; 0.064 kg/kkg {0.128 1b/ton)
pH 3.2 to 10.4

BOD/COD Ratio 0.50
BOD/0&G Ratio 19.8

Table 14 presents a statistical description of the process wastewater
characteristics compiled during the study including mean, standard
deviations, minimum and maximum values.

There was a significant correlation observed in the industry between

the volumes of process wastewater discharged per day and total daily
production as is evidenced ‘in Figure 107. However, there was no corre-
lation indicated between production, BOD, C0D, or oil and grease concen-
trations. These data are summarized by the scatter diagrams presented in
Figures 108, 109, and 110.

Total Process Effiuent

As indicated in the data presanted above, the pollutant concentrations
and waste loadings for solvent extraction nlants are highly variable due
to the following in-plant variations: (1) the amount of wet cleanup

and general hgusekeeping practices utilized by each plant, (2) the
quality of seed being crushed, and (3) plants that perform soybean oil
degumming periodically in combination with solvent extraction processes.
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VARIABLE

Flow (MGDY
Prod. (ton/day)
80D (mg/1)

$S (mgs1)

€09 {eg/))
*FOG {zg/})
80D (1b/day)
€00 {1bscay}
5S (ibsday]}
FGo (1bfday)
Lb/Ton-t0D
kg/¥rg-EO7
Lb/Ten-L0D
kg/¥hg-CQ0
Lb/Ton-SS
kg/kkg-35
Lo/Tun-FOG
kg/k«g-FOG
80D/C0J Ratio
80D/FOG Patio
Flow Ratio

TABLE 18

A STATISVICAL DESCRIPTTON OF THE WASTEWATER CHARACTERISTICS
FOR SOLYENT EXTRACTION PROCESS WASTEWATIR

“9
()
.8
52
2
5
(3]
(1)
»
58

MIAN

0.037089
059,9965%2
311.367307
139,8r08LS
619,333333
252,784 0¢7

18,0020
1762211113
33.312027
bad,108c52

5,11%201

0,0576CH

0.28111n

0.140557

0.37C630

€.03%¢32

0,127517

0.,0615¢e8

0.503620

165,806425
ae. 204018

* FOG = Fats, Qils, and greases.

N = Number of data points

STANDARD
CEVIATION

0,01494}2
028,020y
Q03 ,98R181
19€,248297
5712.18¢450
T59,7¢51%5

Sb,R$709)
154, 721087
§3,cug701
265,2960€S

e, l21c87

0,00605u¢

0,.3501'54

0,17%057

0.1188¢C3

0,059¢51
0,u21¢8s

0,210943

0,203248

32.029051
19.,2132K8

VARIANCE

0.000365
185205,55511?
163206,t322¢S

39301,59026n
327367,131331)
$772440,002549
J2¥r.279242
23%4p, 41427
283u,572c18
42131.292¢%%
d,01a9t82

D.0038&6

0.,122¢3e

0,03004%

0.01u13B

0,003y

o,177588

0.,046uQ7

6,061309

1025,8¢0C022
369,1K088¢

MINIMUN

0,003000
220,000000
$0.,0000CC
J.oceocd
1%0,0000¢C0
1,000000
§,50¢300
2).3691¢8
0.b628378
0.191017
0.,01%98¢9
0,607230
0,02697)
0,012¢ce8
o.Cocrel
0.,000361
0,000219
0,000119
0,3739¢5
t.191972
13.0630384

Note: Corputer calculations for this table show no regard for significant figures.

MAX [MUN

0,089300
1681,000000
2800,000000

87u,00C000
2976,006000
8930.000000
244,75885%0
BOU, 604928
2)8,110372
1197.77454u0

0.731781Y

0.3£5290

1.7831C0

G.295050

0.,925134

0.2%25¢7

2.681721

1.13c8¢Y

0.931418b
135,000000
91,2208070

COEFFICIENT OF
COVARIENCE (3)

a9, 171
129,.7a7
a1 721

§2.32?
100,756

12.5a)

e7.e03

138,48
301,880
109,109
185,109
128,574
124,576
160,851
169,05t
329,7¢2
329,782

40,0eS
181,700

01,58}
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Model Plant

The model plant for subcategory A 1 is based on the following
assumptions:

1. The model plant is assumed to have a daily.production of
816 kkg (900 ton).

. The model plant has a flow volume of 0.144 cu m/day

(0.039 MGD).

The model plant may or may not have the unit process

of degumming.

The model plant may or may not have a wet scrubber

system for removing air particulates.

H W N

By converting the data base compiled for this study to a model plant
production of 816 kkg (900 ton) per day by multiplying by a factor of
1.05 (i.e., 816 kkg/780kkg = 1.05), the following wastewater
characteristics were derived for the Subcategory A 1 model plant.

Production 815 kkg/day

Flow 148 cu m/day (0.039 MGD)

80D 340 mg/1; 0.061 kg/kkg (0.122 1b/ton)
cod 815 mg/1; 0.147 kg/kkg (0.244 1b/ton)
$s 210 mg/1; 0.038 kg/kkg (0.076 1b/ton)
0&G 380 mg/1; 0.069 kg/kkg (0.138 1b/ton)
BCD/COD Ratio 0.50

pH Range 6 to 8

SUBCATEGORY A 2 - OILSEED CRUSHING, EXCEPT OLIVE OIL, BY MECHANICAL
SCREW PRESS QPERATIONS

Severn typical nachanical screwpress extraction plants (three cotton-
seed crushers and four peanut crushers) were visited in conjunction
with information from the National Cottonseed Producer's Association
and the Southeastern Peanut Association. Only two sources of contact
wastawater were observed. These consisting of 1) contaminated steanm
condensate from steam cooker operations and C) wastewaters generated
from infrequent floor and equipment cleanup. Four sources of non-
contact wastewater were observed from the following unit processes:

1) non-contact cooling water circulated thrcugh the hollow expeller
worm shaft to keep the oilseed cakes from burning, 2) boiler blow-
down, 3) non-contact cooling tower blowdown (only during the winter
months), and 4) storm water runoff. 1In general, the resultant con-
tact wastewater generated from screw press operation is less than

4,000 Yiters (1000 gallons" per day. Screw press operations near to

or in conjunction with an edible 0ils refinery dispose of wastewater

by trucking it to the refinery where the 0il is recovered in the
acidulation process., Three plants were also observed to recycle their
wastewater into the boiler feed water. Due to the small volume of waste-
water discharged, it is not necessary to develop a model plant for Sub-
category A 2.
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SUBCATEGORY A 3 - OLIVE OIL EXTRACTION BY HYDRAULIC PRESSING AND
SOLVENT EXTRACTION

The process descriptions of the extraction of olive oil by hydraulic
pressing and solvent extraction were presented in Section [II. At
present, there is only one plant which utilizes either the hydraulic
press or solvent extraction prccesses for the recovery of olive 0il.
The only source of wastewater generated by the extraction of glive ail
by hydraulic pressing is centrifuge fruit water. Wastewater attribu-
table to solvent extraction consists of a small amount of water which
drains from pits and culls during storage, ard an equally small non-
contact condenser water flow. Equipment is wiped clean.

The wastewater from the hydraulic pressing precess was determined to
have the following characteristics:

Flow 10.9 cu m/day (0.0029 MGD)
BOD 63,000 mg/1

5§ 14,000 mg/1

FOG 3,220 mg/

pH 5.1

Model Plant

The model plant for this subcategory is plant 79102. Eetween the months
of October ..c June, the plart generally operates 24 hours per day. scver
days per wecek with the operating schedulz dependent on olive crop yield
and availability of harvesters.

The total plant effluent consists of centrifuged fruit water with the
characteristics listed above.

SUBCATEGCRY A 4 - OLIVE OIL EXTRACTION BY MECHANICAL SCREW PRESSING

At present there is only one o0live 0il manufacturer in the United States
thich extracts olive oil by the mechanizal screw press process. The ex-
traction of olive oil by screw press operations produces wastewater fror:
the following sources:

1. Wasning of whole ripe clives prior to pulverizing
2. Centrifuged fruit water

3. Centrifuged sludge

4. General plant cleanup

Fruit Wash Water

Prior to grinding in the hammer mill the fruit is washed by pump
and air percolation washers. These wash tanks are filled and discharged
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at least once per day or more depending upon friit condition. The quantity
of wastewater discharged from the washers varies between 19 cu m/day (0.005
MGD) and 38 cu m/day (0.9719 i1GD).

Centrifuged Fruit Water

The quantity of fruit water generated by the centrifuge is approximately
38 1/min (10 gal/min) for a total centrifuge effluent of 54.5 cu m
(G.0144 MGD). The constituents of the centrifuged fruit water indicate
a BOD concentration of 60,000 mg/1 and a fat content of 25 percent.

Centrifuged Sludge

Approximately 38 cu m/day (0.070 MGD) of'centrifuged sludge is generated
from the initial centrifuge following pressing. The poilutant concentra-
tinns of the centrifuged sludae were determined to be as follows:

BGD 48,000 mg/1
SS 51,000 mg/? -
FOG 34,000 mg/1

General Plant Cleanup

Cleanup of equipment is done on an irregular basis with little generation
of wastewater. DJue to the irregular nature and inherent variabilitv of
<he cleaning operation, representation of waste flow cannot be reliably
determined. It is, however, reflected i« the total waste discharge.

Total Plant Effluent

.The totz] effluent from the plant wolid amount to approximately 114 cu
m/day (0.03 1GD) and would have the foilowing characteristics:

80D 30,000.mg/1
SS 57,000 mg/1
FOG 20,000 mg/?
pH 5.5

Selection of Model Plant

The model plant, illustrated in Figure 39 in Section [II, processes

44 kkg/day (48 ton/day) of olives. The total plant effluent consists

of the combined waste streams as previously presented. The plant opera*as
24 hours per day, seven days per week between the months of September

and \pril except during unpredictable harvesting lulls. The plant's
wastewater has the following characteristics:

Flow 114 cu m/day (0.03 MGD)
BOD 30,000 mg/1

SS 57,000 mg/1

kGG 20,000 mg/1

pH 5.5

307



DRAFT

SUBCATEGORY A & - PROCESSING OF EDIOBLE QIL BY THE USE OF CAUSTIC REFINIYG
METHODS ONLY

The individuil unit processes characteristic of Subcategory A 5 plants
include: (1) caustic refining operations; (2) general cleanup of
storage and handling facilities; and (3) tank car cleaning operations.

Caustic Refining

A principle source of wastewater generation from Subcatcgory A 5 refineries
results from the caustic refining of crude vegetable or animal oils.
Wastewater discharged from the washing of refined edible oils will

vary considerably from day to day depending upon the nature of the

crude 0il being refined. Seng (53) reported an I1linois caustic refining
operation to have the following average pollutant concentrations:

BOD, 1240 mg/1; COD, 5000 mg/1,; suspended solids, 690 mg/1; and ether
solubles, 1800 mg/1. The average waste loads for the I11inois plant
were: BOD, 0.27 kg/kkg (0.55 1b/ton) COD, 1.1 kg/kkg (2.2 1b/ton);
suspended solids, 0.15 kg/kkg (0.30 lb/tcn); and ether solubles 0.4
kg/kkg (0.8 1b/ton). The average flow was recorded as 0.054 cubic

meters per day (0.0144 MGD),.

Historical and verification survey data compiled for this report from
six edible 0%1 caustic refining operations found significantly higher
concentrations of BOD, COD, suspended solids, and o0il and grease. liean
concentrations and wasteload values from all data collected were:

Production 353 kkg

Flow 75.7 cu my/day (0.02 MGD)

BOD 6,900 mg/1; 1.01 kg/kkg (2.02 1p/ton)
coD 14,800 mg/1; 1.8 kg/kkg (3.6 1b/ten)
SS 35,700 mg/1; 0.5 kg/kkg (1.0 1b/ton)
0&G 5,000 mg/1; 0.6 kg/kkg (1.2 1b/ton)
pH Range 7.3 to 11.9

B0D/COD Ratio D.46
Table 19 provides a statistical description of the data comgiled from

and mayimum values. Table 20 presents a summary of caustic refining

waste loadings from the six plants visited and sampled during the course

of this study. As would be expected, calculated zorrelation coefficient
statistics show a significant corralation between the concentrations

of BOD and COD in the caustic refining wastewater with a calculated BOD (O
ratio of 0.46. A significant correlation also exists between the kg/kkg

of BOD, suspended solids, and oil and grease. These data indicate that
much of the hexane extractable material exists as 211 attached to suspended
solids particles with a specific gravity close to that of water.

Tank Car Cleaning

The cleaning of tank cars to remove residual oil constitutes a major
waste stream associated with all Subcateqory A S through A 12 edible
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1ABLE 19

A STATISTICAL DESCRIPTION COF THE WASTEWATER CHARACTERISTICS FOR
THE EDIBLE OIL CAGSTIC REFINERY PROCESS

YAPIABLE N
Flaw (¥GOY a3
Prog. (ton/day) ¥1
80D (mg/1) 39
$S (rg/1) ~i
0e (n5/1) 37

05 (mg/l) 3l
BCO {1t/cay) 39
0 {it/day) 37

3S {lv/day) ¢l
FOG (1, /day) e!
Lb/Tea-300 39
kg/hks-L0D e
Lb/Ton-C3B 37
kg/kig-C0T 37
Lb/Yon-5S 41
kg/ki 3-S5 41
Lb/Tcn-F0G al
kg/kig-50G )

BON/CO0 Ratlo 35
BCD/FOG Ratio 39
Flow Ratio vl

MEAN

.6,01%002
382,902439
8613 817 2SA
371S.7rvuel
14781,075¢70
S5285,6584% 47
S€2,.1612¢29
1102.,.3517G00
¢33, C3e3e3
3194, 56C162
2.0citl2
1.C1C14A
3.8c0u73
1.612237
1.027a37r
9,.513738
1.225994
C.01a368
0.40¢)89
3,€28013
5¢.133ce}

* FOG = Fats, Ofls, and greases.

N * Rumber of data pofints

STANDARD
DEVIATINY

0.03838¢
2a3,959882
7707 _,790654
7ISYY.9%4R69
JUBSS, 901895
890S,13251¢
&3¢, ,39e229
1469,45u23
3990.209¢3¢
$69,220677
3,17086%8
1,%85298
3,405a27
1,702713
2.255%879
1.1298%7
1.,7:2138
0,285b69t%
0,15135%
},9ns 349
90,653221

VARIANCE

0,001
59516.02a
80028204 ,600
57365392,276
218729%054,.503
7630138%,.30
00%000,15S
215929¢,908
152263 .58
82148/ ,9n2
16,393

2,513

11.867

2,869

£,10b

1.¢77

2,931

0.74}

0,037

‘5,283
 8959,232

MINIMUM

v,001000
38,309¢C0
3s,0000c0
20,003000

136,000080
8,0000C0

3, C87¢50
25,078¢70

1.268400

s,375%¢€0

¢.,05¢063

0, 02p0U8

6,074529

0,53724

0,0301¢9

0,0150¢5
0,0188¢3
0,009u4?

0. 153782

0,059710

9,145}

Rote: Computer calculatfons for this tadble show no regard for significant figures.

MAXTNUM

Q.e16000
t¢16,000000
58300,000000
q1661,900000
61352,008000
a9a56,000000
2461.021050
7167,754180
1657,017709
3619,159740
18,627887
9.0u3b00
13.6CP008
6,7Q421a
12.723003
6.361501
6.0915¢€2
a,2a5499¢
0,8:8490
20,c77718
]96,551724

COEFFICIENT OF
COVARIENCE (2)

201,682

¢9,130
111,760
203,033

99,149
176,09
115,292
124,318
167,0ad
163,28
158,911
158,611

§4.0¢ed
219,638
219,638
139,199
139,169

Q1,€5¢
113,329
171,602
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Edible

Oils

Refinery
{Process Code)

75RO8
75RCY
75R15
75R17
75R05
T5R06

* (COC sample size was iess than BOD sample size.

TABLE 20
POLLUTANT LOADINGS FOR CAUSTIC REFINING VWASH WATERS

Volume
Wastewater
Production Discharged
{kkg/day) (cu m/day)
424 29.2
-388 331.6
310 36.6
245 54.%
227 31.5
276 56.1

BOD
(ka/kk3)
0.39
0.88
0.49
(.28
1.43
2.15

coo
(kg/kkq)
0.99
2.18
2.53
.
2.37
0.90*

{ka/kkg)
0.55
0.1}
0.38
0.15
0.36
1.46

0il and
Grease

(kg/kkq)

0.86
C.68
0.28
0.40
0.%4
0.75
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oil refiniau Tacilities. Average concentrations and waste loading of
polluraits trun six plants were as follows:

Preduction 184 kkg

Flow 37.8 cu m/day (0.0) MGD)

8oL 2950 mg/1; 0.49 kg/kkg (0.98 1b/ton)
coo 5850 mg/V; 1.38 kg/kkg (2.76 1b/ton)
SS 900 mg/1; 0.19 kg/kkg (0.38 1b/ton)

0&G 920 mg/1; 0.20 kg/kkg (0.40 1b/ton)

BOD/COD 0.42

pH Range 5.5 to 11.9

Table 21 presents a summary table of means, minimums, maximums, sample
size, standard deviations and coefficients of covariance for tank car
cleaning operations from six edible 01l refining operations. Tahle 22
presents a summary table of tank car cleaning wastewater characteristics
for each of the six plants investigated during this study.

Storage and [ransfer

Another typical unit process waste load associated with all edible oil
refinery Subcategories A 5 through A 12 is that of wastewaters generated
during cleanup from ¢torage, handling, and transfer areas within the re-
fining plant. Waste loads from these areas are highly variable and are
dependent on general daily cleanup necessitated by accidental spills,
leakage, or pump failures. Averaged waste lpad data from three plants
resulted n the foliowing pollutant concentrations.

Production 314 kkg
Flow 75.7 cu m/day (0.02 MGD)
BOD 8,000 mg/1; 1.4 kg/kkg (2.7 1b/ton)
coo 21,000 mg/1; 3.8 kg/kkg (7.7 1b/ten)
S5 5,400 mg/1; C.87 kg/kkg (1.7 15/ton
0&G 4,200 mg/1, 0.69 kg/kkg (1.4 1b/ton
e0o0/Ccad 0.5

. pH Range 2.5 to 111

Table 23 presents a statistical description of the data compiled for this
study including mean,. standard deviations, minimum, maximum, sample size,
and coefficients of covariance for the three plants investigated.

Refinery Floor Wash

Pollutant waste loadings result from general floor washing operations
necessitated by accidental oil spill: and pump seal leakages. In general
these cleanup procecdures are intermittent and represent a relatively minor
contribution to the total waste ioad of Subcategory A 5 plants,
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VAR LABLE

Flom (GO
Prod. (t3nfcay)
80U (=q/l)
$S {rg/1)
CCo (x3/1)
*FCG fmg/1)
8ch }lblday
<O0 {1b'day
SS (lo/cay)
£0G (1v/9ay)
Lo/ Ten-£70
ba/sbg-tiD
tL: Turn-COD
b;/ets-CCO
Lt/ 79n-3S

bg/ wkq-SS

tb/ 1an-F0G
3/0¥5-FOG
BOO/COD Ratio
BOD/FCG Batty
Flcw Ratio

3¢
Is
32

3
3c
3In

A STATISTICAL DESCRIPTION OF THE WASTEWATER CHARACTERISTICS FOR

TABLE 21

<DIBLE DIL REFINERY TANK CAR CLEANING OPERATIONS

MEAN

o.010128
je3.5%52778
2992 033333
902,322571)
S0ad.1%¢¢07
€23.191118
129.527384
105, .°2627%
es,Ptu1%?
87.9-1879
2.3811S
C.s51597)
2.7%2311
$1.873298
¢.32202)
c.ree2ly
9.uQe72A
¢,e023sa
Q.«23eF8
€,.15555%
€7.62748%

® §OG = Fats, Qils, anc greases.

N = mober of data pofints

STANDAR(
DEVIATION

0,003a11

. 123.2¢5%9Cs

atet, 352162
9a1,75%¢29
7338.8u5060
1166,3970Cs
159,110027
8Sh,_ S2100)
129,1¢0111
§115,04606C)
t.6764138
3.63183)1°
4,B20171
2.64163k¢

D, ev0582
0,242}
Q,811730
<,30Em52
0,2477%a

u 870500
€2.t79299

VAR [ANCE

1.0 ]
15189,553¢
21961890 ,58%
ee6sC3 t039
$3852¢30,6000
1355€26.321%
33317,5¢¢81
Q3101 FTT7L
16890 ,CPuR
te72,76817
c.8178
0,7C2S
231,211
c.80¢S
0.2-49
e.0e32
0.37u2
0.¢913S
a,0¢u
23.7219
2775,1065%

MINIMUM

0.,0002¢c0
15.0000C0
T0,00¢0¢C0Q
e.occdco
60,000063
1,000228
& 717785
€, 71582¢9
0.Te17a¢
0,2876¢3
6 ,C29EST
0,0146q280
0,025581
0.01275%¢
c,00%0%2
0,001736
0.0C12¢€0
4,00€C000
8.0270%?
0,302518

10,6060827,

Rote: Ccaputer calculations for this table show 0o vecard ror significant figures.

MAX [HUM

0.0u8000
150,.003000
18275.000000
3y20.000000
31510,000000
G846, 000000
603.580312
3552.,5¢7200
152.38S200
S38,2481700
8,.52¢L04
.z53232
25.3718337
12.¢291469
2.3% 1204
1.175802
2,800913
1,400057
1.08868)
23,.333333

. 382,8571a)

COEFFICIENT OF
COVARIENCE (%)

2y, 077
87,1345
158,565
108,258
125,083
12¢,138
122,207
1¢1,508
193,048
178,223
170,42
170,742
176,038
170,718
130,219
130,210
150,349
150,358
Se, 6t
111,623
91,087
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TABLE 22
POLLUTANT WASTE LOADINGS FOR EDIBLE OIL REFINERY TANK CAR CLEANING

. Volume of
Edible 01l Production Wastewater BOD coD SS 0il &
Refinery by Oischarged Grease
Pracess Code {kxkg/day) (cu m/day) (ma/1) (mg/1) mq/1 {mg/1)
75705 68 85.4 i.6 2.7 0.26 0.27
75706 170 21.2 0.37 0.79 c.09 G.16
75708 191 43.0 0.40 1.28 0.36 0.38
75759 127 124.9 0.31 8.07 0.21 0.68

75710 187 37.9 0.i3 0.32 0.10 0.03
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VERIASLE L}
Flcw (MGD) 21
Prod. (tonsduy) 2y
BCD (mg/1) 19
5§ (mg/1}) 20
€ (/1) 1e
*FOS (mg/1) 19
ERg (Ib/day 1e
Lo (1v/cay 19
sS (ip/eay) 20
FOG ('b'cay) 19
te 7200 9
brrbbg-800 19
tb, Ten-CCD te
Vi ,-00) 12
td/ Ton-SS 2c¢
bg/hig-$S 29
L8/ Ton-FOG ¢
bg/hbg-FOG 1%
€Q0/C00 Ratie 17
BOD/FOG Ratie 17
Flow Ratfo 21

TABLE 23

A STATISTICAL DESCRIPTION OF THE WASTEWATER CHARACTERISTICS FOR
tDIBLE OIL REFINERY STORAGE AND HANDLING OPERATIONS

MEAR

.22192a
J1a.73845S5
8173).¢8821)
S¢28.1700n0
2te0a. 111118
822).«73402
6€33.5%4ac>
26s2.1y717?
€ag,Net2ua
S11.7%¢952
2.7171597
1.3557499
1.~¢iS68
3,-3c7392
1.743632
0.271598
1.35826S
0.695t47
e.Snel3es
51,eP53s?

8l.c371sn

*  FOG = Fats, Oils, anc greases.

R = lumber of data pcints

STANDPRD
DEVIATION

0.00197%
e7,9%52213
2270%9.5283517
1395%,5819¢9
Tenue ,30ca%59
12911,.+02¢032
333a.274mR%)
11<89,.245ucCH
1963,2149%8
1940,.91649%)
8,050119
e,327¢50
29,1600¢eS
16,%6%a33
S.712828
2.530419
&,932987
2.,866383
0.l10249

ant -79&"30
133.963429

YARIANCE

0.00

Tbes,09
S1SY2°27121,78
1568757150.52
€783350390,¢9
166709%ueY,0a
11426231 ,0a
13192aeau,?}
.3aT1589.97
3787158.6€3
Ta.b89

18.72

es2.11
213,03

25.73

6,43

24,33

¢, 08

G.01\
60726,.99
10808,39

MINIMUN

0,00a800
1aq,co0c00
70.00060C0
ao.o00f0C0
130.000000
10.0000C0
2u,t30uc0
37.712R008
e,00285S
1.0917¢0
0.09873C
0.0u83¢S
o.180085
0,25500)
0,0274813
0,0137al
0,0066¢2
0,C02u1}
0,29&5¢C0
0,30752%

ta, 200183,

Note: Computer calculations for this table show ac regary for significant figures.

MAX IMUN

9.173000
498,000000
99000,000000
$5600.0000cC0
326000.000000
S8705.000000
1:2870.750%09
28968 ,360000
8351.47¢000
8S17,8652050
37.839380
18,919580
120,¢01679
62,160830
21.c51084
10.625542
21.¢73030
10.238715
0.8756%78
836,606687
397,70114a9

COEFFICIENT OF
COVARIENCE (%)

191,858
eT.019
277,037
257,089
saf, 748
3o5.710
358,258
3e9,042
392,888
379,2¢8
J12,0%0
J1e.a%0
jer1,003
361,003
290,875
290,875
3Sq.L18
35a.816
22,083
370,080
166,509
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Total Processing Effluent

On a daily basis the total waste load from the Subcategory A 5 plants may
be quite variable due to 1) differences in the raw materials processed;
2) the numbers of tank cars washed; and 3) the general cleanup pro-
cedures utilized to clean up accidental oil spills. Data compiled

for caustic refining, tank car cleaning, and storage and handling
indicate that flows and BOD concentrations vary greatly from day

to day as is indicated in the large standard deviations calculated

for these parameters in Table 17.

Model Plant

Based upon the data compiled for this study, a hypothetical model
plant for a caustic refinery operation was formulated. The following
assumptionc were made for Subcategory A 5 plants:

1. The model plant is assumed to have a production of 454 kkg
(500 ton) per day.

2. The model plant has separate discharge of process waters
and non-contact cooling water.

3. The model plant has approximately five tank cars washed
per day. Each tark car has a capacity of 68 kkg (75 ton).

4. The model plant has a waste lc+d generated from Storage and
handling areas based upon a 454 kkg (500 ton) per day
production.

The following pollutant parameter waste loads were caiculated for
Subcategory A 5 plants by assuming a linear reiationship between
production and wasteload generation. For example, the average
waste loading for caustic refinery from the compiled data base was
as follows:

Suspended 0il and
Production Flow 80D cob Solids Grease

gkk%L___ (cu T/daz) Lﬁg{&g%l 15345%%1 gkg(gkgl gkgékka}

The waste load for a caustic refining operation with 2 production of
454 kkg (500 ton) per day was then calculated by multiplying each
waste 10ad by afactor of 1.42 (i.e., 454 kkg/320 kkg = 1.423. Thus,
the model plant was assumed to have the following waste load char-
acteristics for caustic refining:

Suspended Qi ard
Production Flow BOD coD Solids Grease

(kkg) (cu_m/day) (kg{kkg}} Mﬁﬂ_ﬁﬁl (kg/ugz (kg/;kg)
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Historical and verification survey data compiled for storage and
handling was also convertad to a production of 454 kkg (500 ton) per
day by multiplying by a factor of 1.59.

In addition, the model plant was assumed to wash five tank cars daily.
Therefore, tank car cleaning data was converted to a production of
320 kkg (375 ton) per day by multiplying by a factor of 2.05.

The total waste load characteristics for establishments engaged in
the caustic refining of edible oils was then calculated as indicated
in Table 24. Therefore, the wastewater characteristics for the
hypothetical model plant Subcategory A 5 are as follows:

Production: 454 kkg (500 ton) per day

Flow 314 cu m per day (0.083 MGD)
80D 6,600 mg/1

coo 16,600 mg/1!

$5 3,60C mg/1

0&G 3,500

pH 5.5 to 11.0

80D Ratio 4.59 kg/kkg (9.18 1b/ton)
COD Ratio 11.49 kg/kkg (22.98 1b/ton)
SS Ratio - 2.49 kg/kkg (4.28 1b/ton)
0&G Ratio 2.39 kgskkg (4.78 1b/ton)

SUBCATESCRY A & - PROCESSING OF EDJEBLE QJLS BY THE USE QOF CAUSTIC REFINI'S
AND ACICULA. G5u METHODS

The major process waste streams associated with Subcategary A 6 plants
are the same as those for Subca ;ory A 5 with the addition of acidulaticu.

Aciduiation

The major waste loading unit process for the edible oil refinery industry
results from the acidulation process for the recovery of fatty acides

from the soapstock generated by caustic refining., DOata collected

from four piants found average pol}lutant concentrations and waste loeaingr
for the acidulation process to be:

Procuction 486 kkg

Flow 223 cu n/day (0.059 MGD)

BOD 12,000 ma/1; 4.70 kg/kkg (9.39 1b/ton)
coo 22,000 mg/1y 14.97 kg/kka (23.94 1b/ton)
SS 3,800 ma, 1. 1.56 kg/kheg (3.2 Tb/ton)
046 2,500 mg/Y; 1.20 kg/kkg (2.40 1b/ton)
BOD/COD 0.57

pH range 0.6 to 4.C

Table 25 presents a statistical description of the data collected
from four refinirg operations. Tanle 26 provides a summary of average
wasteload values calculated for each plant investigated.
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Unit Process

Caustic Refining
Storage and Handling
Tankcar Cleaning

Total subcategory
AS Plant wasteload

TABLE 24

SAMPLE CALCULATIONS FOR DETERMINING TOTAL
WASTE LOADINGS FOR SUBCATEGORY A 5 PLANTS

Flow BOD cao 55 0&6

(cu m/day} (kg/¥kq) (kq/kkg) (kg/kkg) {kg/kkg)
162.2 1.43 2.57 0.72 0.87
132.5 2.16 2.83 0.39 6.4
79.5 1.00 5.09 1.38 1L
314.2 4.5% 11.49 2.49 2.39
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TABLE 23

Ja
o
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i
—
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Can
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I0AL CESCRIPTION OF THD AASTEWATER CHARACTERISTICS FOR THE -
£ YLE JiL REFINERY S)A STUCK ATIDULATION PROCESS

VAR TR3LE \ wiay <1 MCARD ¥A51AKE HINIMUM Max [KUM CCEFFICIENT OF
CL.IRTI0N COVARIENCE (%)
Fize i*30) &3 3,C35224 s, c82 c.colecs G.228000 es,.971
Prii. [2-riday) 45 : TeIs 130858 2%e1e7,82393 1et, 020208 LESB.CCP0 9:¢,358§
ELotwyt, 1 3 13307 12G882  1QI91.162,7Y Teb,20C0¢C8 82icC,cCroQe 114,422
ot [ by 1TT43,90%1d3  1278ST28 62 | K-S A ] ce988,C232220 2ed,¢?8
LA 23 P 13 SICIT ITITIS 4TSt 0% 2730,-00080  1e2080.0CC500 119,272
e L2 H .2 aul7 Gazgdy Cle.TeuY €¢ €,30:302 14570,.,02¢2¢0 55 ,£3S
e 1: : civ ST e. e8] E3ltgzii.Loss 223 1131 39328 ,ceztcl 132,557
Lo L i Tt T N-Tedd aeliioale g €:2,.32475  TR2Ss.e3%300 y39.¢
" ! i Izrel -l 2083 TiAd: S,66% e, 1080220 Je1582,92538) 2SS..0S
b . : Limt, Ym0 e 1.7550%C 2182~.%2%4G0 257.018
{ : I - < NI SR B it PR RSN | TE,868p2S 1C%,130
v i cat ek PR Y : RPN 3 Sl 15,6978 1CP 130
] ' T N .. P AT ] 5 c.Bv7 0 233,762%¢) 18e.9sa
. 1 et P R Tewless, 121.58983¢2 1€ .%564
L s TLiCL T T.e ekl c.li8042 36,877 700 231.¢2%
| SN s . Y.3::2°3 $,058:28 19.68¢¢€83 231.c23
L L"-H'; < H T.lirfea i S.t t I..318213 2%u,¢<q
¥ Pl - .. = V. 355¢0-2 <2 NS S B 7.158438 2%4,550
bm CL katio 23 T, 3 T.2I63 a2 6,238 3.64B25Y 15,13}
B FLG Ratio 20 7. - 135,Se38%4 2357%,%¢cs c,82v229 673,33311) 197,54
Fio. Rat:c 43 18 3 117,e26209 PLtas 327 3, L2820 S§3,7€3430 1,28

* FJG = Fats. Si's, and gre:uos.
R = fuater of data pcinis

Mote: Cemouter calculatises tor tols tabie stow na rejard’ for significant figeres.
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PIlo. ToNT WASTT LJAJERGS FuR

Edisie Ml Frcducticrn
Refirery ty
Frocess Ccde iekgsday i

78218 337
75208
MR 5

THE EDIRLC

yolu-e o°
Nl tewater
Gischarged

(e gy

n

on

1

Ti RCFINERY ACIDCLATION PROCESS

ece ol SS

el {mg/1) {mq/1)

V.29 3.09 0.25
12.33 £6.4 €.34
7.5 11.07 0.45

£.08 10,72 2.9]

0il &
Grease
{ma’1)
0.23
5.3
0.03

1.86
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Model Plant

The hypothetical model plant described for Subcategory A 6 is assumed

to have a production of 454 kkg (500 ton) per day; to wash five tank

cars per day, and to have a separate discharge of process wastewater

and non-contact water. It is essentially the same plant described

in Subcategory A 5 with the addition of the unit process of acidulation.
By converting the acidulation data base to a 454 kkg (500 ton; per day
plant and adding this vaiue to the model plant waste loads calculated tor
Subcategory A 5 refineries, the f0llowing wastewater characteristics wern
derived for Subcatejory A 5 refineries,

Produc tion 454 kkg (500 ton) per day

Flow 534 cu m/day (0.141 MGJ)

BOD 7,600 mg/1

con 21,600 my,/? '
55 3,400 mgy |

046 3,000 mn/ i

pH range 0.6 to 2.0 :
BUb ratio 8.95 kg/kny T07.30 Yostor;
Co0 ratio 25,81 kg/wkg 1T0.82 1b/ton)
SS ratio 4,02 kg/krvg 1E.20 Tb/ton)
0&C ratio 391 kg, o3 7LD Yo,

SUBCATES i
ACILLLar

The ndividua) un1t nroces.es ang atiwrnsions for the nopagthetioad
Juboatenory 40 retinery dre o eetc U or0 TGybcate v, o 6oL ants oo
the addssion of 4 0 umit pruee s e L0 Condoaraiatier ord ol oneocess .

Deocorization
The zantact coolinrg water blowdown gerwrated from decdorization

barometric Condenyer Jnits weprasarts ) ~gior TonipriL LN Lo tre 4t a
waste load c* an edirie 0°0 reficrnr, Gpeyge arceteateoes g e

Tutant, ran sia refiming openycccma ava 3 BTT 0 200 oy L
. Sy Y P - L . I . e
i VUL TV T SusTeNOed S0 a2 s g, b, 295 000 add Joedae of

rande was from 3.3 to 7.3 The 3.0 wgite Thadtar were oo ot
pop R B T T R S
55 . T B FRT
(&6 S T L R VI O L
BOL, NI

Tabide 27 presonty g o2t sal e a0t s faty amp led
fOr wonlact coninmg TOWEr Lilwauwn oo o Lhp 31X pIANTS investigated,

011 Trocec,ing
dlorrocer.ng

011 rrocesaing irZludes e floor wairing ard general cleanur watte-
water disooaries Trov Ute Sdrous 0t L wentamizatoan, tleadhing,
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TABLT 27

) A STATISTICAL DISCRIFTION OF THI WASTEWATER CHARACTERISTICS FOR
ERIBLL GIL REFINERY CONTACT rOOLIRG TOWER BLOWUOWH FROMN BARDMETRIC CONDENSERS
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[EDITR B
Te9lul@3,B769
e72uneg, MR
{3ululp, nese
L2.7116,%517
LIS . ncbb
o7t 250l
«S.cVn?
10,322
11,8152
Igaces?
d.5197

0.1 %S

TawzTo

L1189
0272

ALl IMIM

0.0C%2)

6e, 505006
e0,3080C0
18,0000¢€0
fte,t0a9¢Q¢2
c0,cceQ0C
1S.60cfle
J3.EFT7378
L b22202
[l P
TL.03FEY2
e.216542s
9,0€81257
Cofutts
2.018602

I 0086

thes ta3tle shuw no rejard for significant fijures.

MAXIMUM

t.17)309
11v4.000000
2670C.0000C0O
766C,.£000C0
LUS2¢,00C0T0
1683.03%cC0c0
£793,6693¢CH
GeST, 504409
1129,04500)
2aS4,7711383
cy,01%238
2¢,C17e19
6t ,7251%s
33,2776
1.0 BY24
1.,83€ 187
3.1568S%
1.876547
C,2e2210
10,780 1"
6C7.C175+s

COEFFICIENT OF
COVARIENCE (1)

TS5)3
75.930
131.50)
172.2137
131,090
130.¢04
110.074
9v.071
118,582
169,123
15f, 737
158,737
13S.1¢e2
135.1¢2
118,75
11¢,°15
11,638
113,38
31.341
icd LR9
bT.722
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DRAFT

and deodorization unit process operations. The wastewaters dis-
charced from the.e operations represent a relatively minor waste loading
in compariscn to the other unit processes previously identifiea.
The average flow was 26.5 cu m/day (0.007 MGD). Average pollutant
concertrations were calculated as follows:

BOD 1800 mg/1
Coo 5000 mg/1
8S 1100 mg /1
0&G 1300 mg/1
pH 7.3 to 13.0

Average waste loadings from gil processing were a5 “6'lows:

80D 0.09 kg/kkg {0.18 1b/ton)

coo 0.22 kg/kka (0.35 1b/ton)

Q&G D.024 kg/krkg (.43 lb/ton,
The BCL/COD ratip was 0.40, Table 28 nresents a statistical
description or the compiled duta base from 3ix piants.
Mode! Zient
Deodcrizaticn ard cil processing cata were converted 10 a 394 ag
(500 zon) ner day plant 5y ke factors 1.32 and i.1%, rescectively
The waste loaas Trom these unit orocesses were then adced o the touw
waste!szs 2f tne 453 kka {500 ton: rer day plant cesIrived ‘or

Subcateztory A b refingries., The folicwing Jata ronresenis L adn e
water characteristics of a Suocategorv A 7 refining operatior con-
sisting of the urit orerations of caustic refining, acicuiatior,
deodorization, and 011 processing:

Productinn 4k4a Pk“

Flow ]]w/ m/ad. L0303 M
BOL dOF "q k

Cou 15,500 me:

cs 3,100 mg 1

0&G 1,500 ma)

pH ranage 7.3 w0 120

BOU ratic 16.09 b v WILTH Lo
COD ras SU. ol e e L ol i, ton,
S oratio P B R RAPIRAL
&G rat:n Jowd by ban o TLue T ton,

SUBCATELORY A 8 - PROCESSING OF TOIHLI AIus GTILIZING GaUSTIC REFINGGS.
T R N A

Subcateqory A 8 re essentiaily the sare as Subcategory A 7 owith the
deletion of the unit process of Jdciculation. As a result, tre mode!

3l



€t

TABLE 23

A STATISTICAL DESCRIPTION OF THE WASTEWATER CHARACTERISTICS FOR
EDBLE OFL REFINERY O1L PROCESSING**

yARlABLE N MEAN STANCARD VARIANCE MINIMUM MAXIMUM COEFFICIENT OF
JEVIATION CCVARIENMCE (%)
7inw (¥GD) ie 0.C3L881 t,ce87%4 90,0000 0,00€320 0,013000 © fEl.122
Frod. (tensday) td u29,171429 234,C6PC90 suvTb0,0222 218, ac000€2 9460,600000 Su,26
€0 (m3 1) 12 1263.2333%) IPIL,TELECE  14ERP2321,9515 13%,400C00 13620,.6000¢9 213,666
S {rgiY; ) 1C8S. »-<'=5 1775,831%%) 2906791.%867 35,938¢02¢ S7e0.,cCc000 156,071
13 ES19.57LL1ES 67S56.:t32.0b8) 1640,00026¢ e840C,.600000 162,028
1. 1665, 34081 2887770,518S 2.00008¢ 6GCC.CCU000 126.559
12 115, 8102704 35239,8709 1.518715) 624,20ec00 2¢0,0¢9
1! Jed.281892 132¢R8,u779 13.7917¢82 1353,4€5000 210,157
iy ct.7¢263S 3eCS . L1069 C.But17s 151.32¢520 117,064
- ce, Y754 Ped. 33 6,21¢972 152,81¢420 153.292
V- Daeit2al, Gl e.0c8:78 1,e2561¢ 24s, 826
12 L2782 C.oS1e c,cc1¢t8 O.81c7ed edS, 8¢
11 C.84%a8E 0,8¢€4L2 .otEdUp 3.15u%0) 211.%509
13 2, L2009 [ FETY ,0C%wz) 1.657251 211.%89
1: C.1:C¢02 9.025¢ 001149 0.47¢382 171,108
1 1.08%¢%e 2.2C84 5,604575 0,23¢181 171,106
H 2.370120 t.acc9 c,e20901¢C 0.,2£7118 181,513
- [RT-1Y "] 0.0C% C.CCCAES 0,113€068 181,513
12 t. 2ctote 0.6%12 0,110t} C.690609 46,584
E,tFOu batie 12 13660288 34,320408 1178,.72¢8 ¢,351617 122,500000 215,387
Figm %4110 HES 2%8.1+7572 . 2-.822038 616,132 C.12874%Y S4,830201 99,049
® F0G = Fals, Cils, and greasec.

N = furber of data pairs:s

% Includes flocrwashing 2nd zeneral clecarup for the foliowing unit processes. hydrogenation, deodorization,
bleacning, erd winte-izat!

se
n

Nute: Conputer calculatians for this tatle show ro ragard for signtficant figures.
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DRAFT

plant for Subcategory A 8 will have a lower waste loading and flow then
Subcategory A 7 plants.

Model Plant

£ssuming the same production rates and assumptions made for Sub-
category A 7 refineries, the mcdel plant for Subcategory A 8 was
calculated to have the following concentrations and waste loading:

Production 454 kkg

Flow 927 cu m/day (0.245 MGC)
BOD 5,750 mg/)

CcoD 11,300 mg/}

5 3,100 mg/

0&C 1,400 mg, |

oH range 6 to 9

80D ratio 11.73 ka/kks (23,46 1h/ton)
COD ratio 22.99 kg/kke (45.98 1b/ton)
S5 ratio 6.30 kg/kkg {12.60 1b/ton)
0&G ratio 2.81 kg/kkg {5.62 1b/ton)

SUBCATESURY A 7 - PROCESSING JF EDIBLE 21ILS BY THE USE OF CAUSTIC
REFINING, ACIDU'.ATidN, CIL PROCESSING, TECCORIZATION <ND, THE
PRODUCTION OF CHORTENING Alc VABLz OILS

Subcategor 4 § is identical %o Subcateqory A 7 with the addition
of the plasticizing and packaging ooerations asscciated with a
shortening and table 0ils processing

Shortening and Table (i) Production

Wastewater resulting from shortening 3nc table 0ils plasticizing

and/or packaging operaticns are primaril. gererated from floor washing
and periodic eauipment cleanu> procedurcs. Westewaters Jenerated

fron these operations represent a velati,ol, insianmificant saste

Toauw ny to the totd!l ref’ ~r.o efflient.  Averaes poilutant wasie loacs
for tre proauction Jt sn: Cning and tabie 2105 are aiscusnsed in dele.
in Subcategory A 14,

Total Processing Lffluent

Although the model plant for iubcatescry & 9 has an additional unit
process wasLte siream its fotal warie 0au 1S olserved %o Le lese
concertrated tnan subcategory AT lur tu the dilution effect attri-
butable to the relatively low waste load contributed by shertening
and anle vil precessing.
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Model Plant

The Subcategory A 9 mode) plant is assumed to be identical to the
Subcategory A 7 model plant with the additiun of plasticizing

and packaging of shortening and table ails (i.e., Subcategory

A 14). The shortening and table oils packaging waste loads were
converted to a 454 kkg (500 ton) per day operation and were added
to the total waste load for Subcategory A 3. The wastewater char-
acteristics for Subcategory A § plants are as follows:

Production 454 kkg

Flow 1320 cu m/day (0.349 MGD)
BOD 5,900 mg/}

€oo 13,500 mg/1

SS 3,000 mg/1

0&G 1,500 mg/1

pH range 3 to9

80D ratio 17.12 kg/kkg (34.24 1b/ton)
€00 ratio 39.15 kg/kkg {78.30 1bston)
SS ratio 8.68 kg/kky (17.36 1b/ion)
NS ratio 4.35 kg/kkg {8.70 1b/ton)

SUGCATEGCRY A 10 ~ PROCESSING OF EOIBLE OILS BY CAUSTIC REFTNIM
OIL PROCESSTRG, DtGDORIZATION, A0 THC PLASTICIZING ANE FACKAG!H
OF SHORTen:NG ALy TaBLs uils

G
3T
Al

The model plant develcped for Zubcategory 4 10 s principally the
saime as Subcatecory A 9 with the Jdelz2ticon of the unit process of
acidulation.

Total Process Effiuent

As a result of the deletion of 2cidulatian, <re *ntal processing
effluent from Subcatagory A 19 nlants will be sinificantly redu:2d,

Hoce! Plant

The model plant for Subcategory A 10 is identical to the Subcateyory
A 4 model plant with the deletion ot cidufation.  The model plant
assumes a 454 kg (500 ton) zer Jda, pradguct ion for both the re-
tining operat ons and the tilliny ang ~ackaging ot shortening

and table ails. The wastewater Znaracteri tiue af Subcategary A 10
plants are as follows:

Production 454 khg

Flow 1101 cu = 23, {0.79 50D
500 5,250 mg
coD 10,400 re/ )
55 3,000 mg,1
0&G 1,300 mg.t
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pH range 6 to9

BOD ratio 12.76 kg/kkg (25.52 1b/ton)
COD ratio 25.23 kg/kkg (50.46 1b/ton)
SS ratio 7.14 kg/kkg (14.28 1b/ton)
0&4G ratio 3.23 kg/kkg (6.46 1b/ton)

SUBCATEGORY A 11 - PROCESSING OF EDIBLE QILS BY CAUSTIC REFINING,
ACTDULATION, OIL PROCESSING, DEOCORIZATION, AND THE PLASTICIZING AND
PACKAGING QF SHORTENING, TABLE OILS, AND MARGARI!HE

Subcategory A 11 is a combination of Subcategory A 7 (i.e., edible oil
caustic refining, acidulation, oil processing and dendorization) with
the addition of shortening, taple oils, and margarine processing waste
load data presented in Subcategories A 13 and A 14. [t is assumed that
the refining unit processes operate at a 454 kkg per day ilevel. Sub-
category A 1] also assumes that the two additional unit processes (i.e.,
shortening, table oils packaging, and margarine packaging) operate each
at 227 kkg (250 ton) per day.

Total Processing Effluent

The total process effluent from Subcategory A 11 refineries representc
the highest poliutant wasteloading calculated for all the ecdible oi)
refining mcdel plants develcped for tr:s report.

Model Plant

It is assumed that the Subcategory A 11 plant has the same waste load
characteristics of Subcategory - 7, with the addition of: 1) a Short-
ening, table oils plasticizing and/or packaging room and 2) a margarire
plasticizing and packaging room. Each packaging operation is asscmed %3
operate at a production rate of 227 kkg (250 ton) per day. The waste-
water characteristice of Subcatezory A 11 plunts are as follows:

Production 434 kkg

Flow 1574 cu msdav (D.476 HGD)
BCH 5,900 g/

) 13,500 =g/ 1

$s : 3,200 may

08G 2,800 mg/1

pH range Jto 9

BOD ratio 2057 kastkz Y4714 157ton)
COD ratio 86.60 ka/i ks (93,2 1b/ton)
55 ratio 10.98 kv ka (21,96 1h/ton)
046G ratio 9.95 kg, hkqg {1%.20 1b/ton;
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SUBLATEGURY A 12 - PROCESSING OF EDIBLE OIS BY CAUSTIC REFINING,
OIL PROCESSTIG, UEQUURIZATION, AGD_THE PLASTICIZING AD_PACKAGIIG
OF SHORTENIHG, TABLE OILS, AiD IMARGARINe

Subcategory A 12 is identical to Subcategory A 11 with the deletion of
the unit process of acidulation. As a result, the final discharge from
the Subcategory A 12 plant will have a significantly higher pH and lower
pollutant waste load than Subcategory A 11,

Model! Plant

The hypothetical Subcategory A 12 model plant is ascumed tc have the .urc
daily production rates, assunptions, and waste loadings per unit prece
as the Subcategory A 11 model plant with the deletion of the umit pracen”
for acidulation. The wastewater characteristics of Subcategory A 12 ccd i
01l refineries are as follows: *

Beb 5,400 g/

Cub 10,60, g/

SS 3,200 mg/]

V&G 3,200 mg/i

pH ranae 6 to 9

BUD ratio 16.20 kg/kkg (32.4C Yb/ton)
COD ratyo 32.68 xg/kky {65.3n Tb/ton)
SS ratio 9.44 kg/kkg (18.33 1u/tor)
086G ratic 8.33 kg/kkg (17.06 lb/ton; -~

SUDCATEGURY 4 13 - PLASTICIZING AND PACKAGING OF MARGARI:E

Historical da*ta subtmitted Ly the dational Association nf Margarine “ar. -
facturers (Halit) for four plants with supporting verification sampling
represents the Jata base coumpiled for Subietegors 4 13 marcarire rrn-
Lessing plants.

Thero are princ Lolly taren sources of wdstoaator jonervated - von sar.
gar. .= plasticizing and pacrkasing ererations: VY wactouater i
fron cargarine reciamaticn raoma ) wastewater ditcugrand Fram genoe e
fioer vashing aberatdons containiryg deterents and cnlorne, uvu";? MR
dail, cleanup of CIF (cledan-tn-plate: COUTPRERt Wil the 07w
cieening cycles: hot rinse, caussi wash, chicring ringse, final vinee,
sanitation, and 2 r drying. The amounts of wastewater gencrated trom
these operations s primarily leponcent apon She cicanliness and of 4
ciency of the above three operations, [!'arvgarine croduction roqgusre:
considerdbiy more sapitation procedures than ather edible oil finighed
product paciacing aperations due to its abiiity to previde 3 growth
redius Tor pathorenic bactieria. o5 a resalt, clearup operations o° Ll
equipment and tioor washing procedures vequire relatively lavger vole oo
of water, Average pollutant concenirations, flow., and production for
the foor plants investigated were as foliows:
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Production 112 kkg

Flow 170 cu m/day (0.U45 HGD)

BOD 1440 mg/1

coc 4470 mg/!?

SS 900 mg/1

046 1760 mg/1

oH 6 to8

BOD ratio 1.93 kg/kkg (3.25 1b/ton)
€0D ratio 4.22 kg/vkg (8.45 1b/ton}
SS ratio 1.34 kg/kkg (2.69 1b/ton)
0aG ratio 2.36 ¥g/kkg (5.72 1b/ton)
Bob/CCY ratin U.33

Table 29 presents a statistical description of the data base collected
indicating mean, standard deviations, and minimum and maximum values.
Table 30 presents the caicuiated averaged data for each of the three
plants investigated.

Tota! Procecsing Effluent

The <otal was*te toad resuiting from a margarine processing operation in
combination with an edible oiis refinery represents a significant waste
loag to the =o%al processing e*¥luent. Dased upor the data provided by
the Ait, 19 735 evidert tha: the wastewater characteristics for margarire
processing is niginly verias’e from plant to nlant witn higher waste iveds
beirg correlateg witn larger peiouctinue ~rias,

Mode Plant

Vhe vypolne Tt el marzarine processing slant for Subcategory A 13 was
Q55000 T0 S.erITE 3T A produntiot rate of 27 kkg/day (250 lon/dey:.
The wastewater onaraceristrcs tor subcategery A 13 plants are as

Epqi T

[ IO T A

The Llastrordirg and vackaging o
relative nsignificant wante 1aa
mArgarite processing.

LLautl -

Prodyction

ol mange
WIomatio
(ML =310
w5

&G

207 kiy

38T oy oy N0 LU
206 L.
L7l s
160l Fq
3900 vy ]

O tc ¢

KN i Teien
AL e T b Ler)
200 v .o o Tustan)

10N b, ton)

FZING_AND PACKAGING OF SHORTINING AKD TABLE 5.

A
in genera

Soartanies gnd tahle oils represents o
ot ison 0 Subcategory A 13,
, suortening and tanle oils processing

‘¢
1
i
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TABLE /9

LOSTATISTICAL DESCRIPTION OF THE WASTEWATER CHARACTERISTICS
FCR MARGARIAE PROCESSING

¥2RIALE ) My STERTAFD VARIANCE MINIMUM MAX [HUM COEFF ICTENT CF

ZIVIATION COVARIENCE (%)
Fiem (1139) 1z 51 MR ALREY 2.6013% e,cCcE00C o.111400 42,44}
Prad. ‘ton/day) 1 R st 537eP8 «475,30¢8 36.c5000¢ 25:,500000 50,3ua
8,0 frpt) s sszcian 17 ,204%2 -732392,173} 13,¢000cCC0 11433,000000 151,2¢2
§L (70} I 1éIsY 2 1273,8¢cc5e8 1622724 ,545S 2L,200000 4476,000000 140,054
LR YAM o3 Tercty 1T EMRCE S55801793, PP ajc,cecoce 32554.000000 162.7¢3
e NeIYIL - 1782.:""32 2hnc,3¢ee? 7393565, 65866 ge.ertece 119€7.50C000 181,22
e D‘ibf::}; s PR U O z-%1.2c20¢8¢ L3731, 1408 £c,T618C0 1028 .u9upte J19.7¢8
[t} (L}::') 13 033 s 3 81T, -2an1} 79c¢533.1318 116,56216¢% 11033.814¢77 208,2¢2
<, “qur{ 1 - i £2 8398728 e7TEeY, et 3,87220¢ 3702.9¢¢eRSH 20S,0uu
oL iine ) 1- 72 3 22w, btT5¢e8 §z2C381,.1341 4, 21e7¢2 18592,193139 2)u.971
T e, EES ) - 2 1elnes £=.392) C.35¢5E “2.26001¢ 210,4%2
. boa I L. v S tedYZ te.=380 €,13995% 2i,1302¢7 210,t%80
ot 3 ©5 a 13 )i.2820:2 122.9708 1.te1289 L1,€67202u 133,258
e e ©3 - - IS PR | 31,7¢0ze 0,85C%S €1.83e012 133,z2¢¢
R S L 2 t . L TiESLe 2l.etsd 0,is2e1§ 19,2388y 179,129
e 1 1 k) Z.e0w2z¢ g.2:.5 8.02733¢ 9.£17692 179,19
st 1 < h 11,221278 124,91583 0.02buie 51.79556% 196,008
Y e 2 ) S.c1Celd 31,769 0,0112¢ 2S5.697783 196,008
ST, Ritsa ) : ’ N1 R 2,£S5¢086 0,2B6B42S 0.%T8744 42,741
s ._'3.% Bat1g E9 - 3 ~, 28853y 18,4003 c. 387847 20.434783 103,528
Flow =2t1C ig 2es ) 135,582332 19529,549 $18,512519, 615,384615 | u2,u70

= FLT = Fets, 3i's, and Greases.
N = horter cf data noints

Note: Computer caiculatfcrs for this table show no regard far significant figures.
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TABLE 30

Volume of
Wastewater
Diccharged

(cu n/dag)
219.5
176.7

59.4

80D
mq/ 1

4.05
0.95
1.36

0D

mg/1)

7.01
0.74
2.38

Ss

2.65
0.33
0.51

0il &
Grease
(mg/1)
6.58
0.19
0.42
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employs strictly mechanical treatment of oils for the conversion of bulk
quantities of hardened 0i) into consumer sized packaging. The waste-
waters generated from these operations are principally from general
sanitation of filling and packaging equipment and general floor washing
procedures. The volume of water generated from the process is signifi-
cantly less than that for margarine processing due to the fact that

the finished products do not support bacterial growth and therefore re-
quire less rigorous sanitation procedures The average pollutant con-
centrations furnished by the Institute of Shortening and Edible 0ils
(ISEQ) from five plants were:

Production 195 kkg (235 ton/day)
Flow 74.9 cu m/day {G.015€ MGD)
BOD 160C mg/1

CGp 4000 myg/1

55 750 mg/1

0&G 770 mg/1

pH 6 to B

BOD 0.43 wg/ivg "2.96 1L/ ton)
0D 0.19 kg/kky (.27 1bston)
S 0 13 kg/kvy (0.36 1bston)
C&G 0.13 hy/wky (L 3¢ ik/%ony

BOu/Clu ratio UL5E

Tobie 31 presents a statisticail description of the medrs, standard
geviations, and minimum and raxinum values talzulated rram tne fiue
olants investicates and samuied.  Tabiw 50 precent o gescriprior o
tne shortening $atd soliected 2t cacn poant.

Model Plant

The hvrathetical chorzening and tatle 231 procescing ~ode? Llunt wun
assued Lo Grerate at a progucticn deve! of JI) kg (ILC ten. v dal
Tre data tase colledtied wus LONwertey to @ daily proc.ctien rate ot

Aaa . el . Ca - - W DT
o/ owkgQ Uy omylliniving by a factyr or 115 Talel 0T kg T by

A - e - P L - - . -5 N -
LI Boow2ntoator ZTArQITer Lt L LT lalagteaer o L e Llant s g

- O T .
A5 L 0ws

Productiorn 247y

Flow Brocu o e, .
BOD 1560 » &

Col < F1APROR,

55 T

&6 550 ma,

BOD rata he LT e
Caf rylio 1.0 08 T e
Viordt o E R L
380 ratlio 0.1 (G20 tneon!
BCO/C72 ratic UL,

33
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TaBLe 3!

L I 5CRIPTION OF TiiE WASTEWATER CHARACTERISTICS FOR
iHles RHD TABLE OIL FACKMAGING OPERATIONS

vistazog “ MEEN IT81, A0 VERTANE S " PAY IMCH COEFFICIENT OF

SEVISTION COVARIENCE (%)
C.cls?~] L5287 €.c2G9 5.003720 0.,0908C0 150.¢38
21u, 5823500 110, 7SEAY S 13218,%38R5 38,720020 48S,290000 $3.¢12
186,12 %e00 22985,731737 L@e¥170,6605 ars,0efcee 1129%.000300 138,30
Tav, 7ezel3 813, <:PC2 Tecory ed20 1ce, 2000 Leus.caccc0 116,240
FRERRE L] eu2e Lptcte a3V _11e? §L2,0292¢) 2°F30,00030) 160.642
Fas.ebliiiy BAT, e 651.¢2,4%16? £3,00828s 33cs.58c0c00 19%.293
ez gy e 213,185 74768, 0568 e 182D Be2.CCe!SS 121,685
R TN R aASY 3¢, 513¢e 3568 18,87¢717 231.63302¢ 83,877
H IR S §9,:t¥:-3 T6.1,23°7 1.92%5¢6 317.e60153 136,346
: b 1270 2=%,%.197? TielF cett 2,1-c1¢2 1321,.6=80¢Ca 2E7,%43
2z NPEE TR 1,52754e e.:122 TL,0Ei63 $.5€£3562 16,1e1
. ] s A t,7 %1 t.tecd g,L1m18%2 C.e582%8 15¢,3¢%
e {0 . NS S t.ilters TLleet 2,0:6-13 1a3cib-9 B2.8q1
vy . » TLier.s [ TN c.2z)8 S, T1e C.et(5cd €2.r0t
re T i it SRl ey G, -30227 2,284 8. 055283 1,738058 136,536
LI - LT .1 C,086) MY Y | c. §57E.3 116,538
L2, funeil c~ TLirE T e,72002. ¢.cr27 0,2:%-z¢3 3,734 202,8a¢
Vi gdin i~ O RLES ) (. a8t 3.1.37 c.eI3y 1.E5701Y 202,84y
E). o5 Faten %t LLR TS 49 ISR o,0109 0,337423 C.ot3%23 €0.251
JLLFTS Rat:e ¢l PR RS 6, t2774% &e,.8%e5 [ o 2r.876S} 131,489
fle. Rabic s. TId,zea08] tel, 2rerc? 26993, . T1ed 2,169387% u9%6,45c227 150,655

* FOC = Fats, Sils, tng jraes=s.
N * Number :f gaza ;oin’s

Note: Cozpaster zalivlatiors for this table show no regard for stgnificant figures.
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FOLLUTART W2 T LOAGINGS FOR SHURTENING AND TAELE OIL PROCESSING

Valume of
Edibie (i1 Froduction histewater EQD Ccog SS 04l &
Aefinery ty liiucharyed Greace

Srozess Code (1¥q/day) (cu m/day) (ma) {ra/1) mg/) (mg/1)_

733608 142 12.9 §.33 .22 0.052 0.056
73578 283 7.19 0.036 0.12 0.001 0.052
75203 - 17.9 0.1i 0.24 6.12 0.067
TR0 Tl 2it.q 1.51 -—-- 1.03 0.28

1817 - 1.87

14dvdd
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SUBCATEGORY A 15 - QLIVE OIL REFINING

The refining of olive 0il is similar to the refining of other edible oils
except that it is done on a much smaller scale. The only wastewater gen-
erated is from caustic refining wash water with the following character-
istics:

Flow 1.13 cu m/day (0.002 MGD)
BOD 5700 mg/]

) 296 mq/ |

FOG 195 mg/1

Model Plant

Plant 79102 15 the only olive gil refiner in the country using caustic .
refining. Thus, the mode) plant is Plant 79102 and is illustrated in
Figure 111. The plant will have wastewater characteristics as listed
atove.

BEVERAGES

SUBCATEGORY A 16 - NOW LARGT MALT EEVESAGE ERLWEFIDS

In order to determine the wastewsater characteristics of tne malt bevery .o
industry, information was coliectec fran severa’l sources. The Umiteld
States Brewers Association (LIEA, cfch1atcd one ot two types of Lir.-

to all! known breueries. Tlhey then orocuce report entitied "1973 nee o
Eifluent Westewazer Characterictics” ke, Lleven Irewlries were vio ' .-:
curing the ztudy and four brawerics . cd.  Ar entensive iitorat
SEArcn was mage <o locate any ex1<tin n-sceorical data.

Process Waste Streams

As was noted in Section Tll, the scurcee of brewery waste car be fdenti< =

but the metrods of disposal var, for eacn indiv-dual Lrewers. Furtiner,
indivigual breweries may var, tae e ceesnods ot ditresal siased upen o

or envargnmental facTors.,  Tor thaca cegnont fhera Lan toone sl ra e v
OT the strengtns of waste STreams 1or ne ent.re INduLtry, NOWESIr Saver .
gercralizations can be made.

<

)pen° G(glﬂ“LlCuur - T i oone ot e cont sosuniticant sourcen of aa
in the brewing crocess.  [4 4. o0 e 01, carranydrate tatermial, v
BCO und suspenued solids and lov in wb. According to LeSeelleur (7.
averaae corcentrations ot o ang o atrenaed solids inospent graan VL
are 35,320 my, ¥ and 20,000 e, 1o e ectively, AL these concentration.
spent graae liguor, 1€ disgharge s, e ove aspected to comprise 30 Lo

pereent of the total plant jcad. -« reoort ted by Stein (58). spent cra:
liquor from Piant 8ZLOK'PY repre- e 3.5 vernent of the total pounc
of BUD and 60.5 rercent of the t¢ta! cunds of suspenged solids. s

the breweries 1n subcategery A 14 JJ net discharge spent grain liguor.

_.n-n_d__l»i(j_c_\._an‘. - These y.;u_nf Aro et n." nroLeries not 011”,, o

spent gralds or not disposing of ;scn: qraln j1quor to sewers. Ag ex.
plained in Section [11, the major wasitewater discharge from feed recovor.
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is the evaparator condensate. This is a high volume effluent with little
or no suspended solids and up to 200 mg/1 BOD. The concentration varies
from plant to plant depending on whether yeast, lost beer, or other wastes
are evaporated along with spent grain liquor. Wet scrubbers, if utilized,
comprise a minor part of total feed recovery wasteload. Some plants
utilize cyclones, thus eliminating wet scrubber discharge. More than half
of the breweries in Subcategory A 16 operate feed recovery systems.

Lost Beer - This may represent from four to eight percent of beer produced.
Lost peer is primarily derived from packaging, fermentation, and finisning.
Since beer has a BOD concentraticn of approximately 125,000 mg/), this can
account for a considerable part of the total plant load. Plant 32ACZIFT,
for example, estimated beer loss at 40 percent of the total pounds of BUD
discharged per day. Assuming no recovery, a four percent beer loss would
amount to a BOD load of 5.02 kg/cu m (1.3 lbstarrel). Four of the breweriec
in Subcategory A 16 practice some form of beer recovery. ‘

Spent Hops. Trub, and Yeast - Tnese are grouped togetrer simply because
their metnod of disposal may ne similar. They are all suitable for
addition to spent grains since they contain only carbohydrates, protein
materials, yeast, and beer residues. None of the plants ir Subcategory
A 16 discharge hops, trub, or yeast to sewers.

Filter Aid - This must either te hauled away to land disposal or sewered,
Consideracle susperded solias would result were this waste to be ¢is-
charged, hence all but one cf the plants in Subcategory A 16 recover

filter aid by decant tanks, vacuyur, Or pressure filters.

Alkaline Wastes - These are gererated frcm vessel cleanup and bottle
washers, Residue from vessel walis ig combined with caustic during
vessel cleanup. Paper labels, sodiun aluminate from aluminum labels,
and glue are combined with caustic discharges from pottle washers,
Although aikaline wastes may de readjusted and rzusec, tney are everniu-
ally sewerad. Several plants ir Subcategary A 16 meter caustic into
sewers from holding tanks.

Conbined Process Flow

Data from 77 breweries were catldiogued :n the JSBA wastewater charvact.r-
istics repart. These brewers roircsensed 7 percent of total sales *¢
the industry in 1973. Each brewery reported the ratio of flow (Learrsi
BOD (1b), and suspended s0l%ds ilb). to production (barreis) for a ful!-
capacity day. A full-capac 'ty da- was definea as the maximum putpul a1 -
could be sustained for a numnper ¢t censetutive days. Facn brewery .a
assigned a reliabiiity number based on the amount of accumulated daty
and on sampling technique. Reliatiitty numbers ranged from @ to 10, .- %
the higher numbers correspondiny to “nose breweries with more accura‘e
data. Breweries with reliaoilit, ratings of 8 to 10 were characterizae:
by continuous meterina with shert interval flow proportional sampling on
a daily basis for six or more muntns, [Lreweries with reliability ratir;-
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of zero had no data or data which would have an extremely high probabiiity
of yielding misleading results. The year of initial construction and last
major expansion was presented for as many brewers as possible.

Based on the survey data, the arithmetic mean for all brewers was as
follows:

Flow Ratio 7420 l/cum (7.42 1b/bbl)
BOD Ratio 9.43 kg/cu m (2.44 1b/bbl)
SS Ratio 3.83 kg/cu m (0.99 1b/bbl)

Data for breweries in Subcategory A i6 are itemized and summarized in
Table 33. Scatter diagrams of flow, BUD, and suspended solids ratios vercus
production for Subcategory A 16 are illustrated in Figures 112, 113 anu iid.
Log normal probability plots of flow, BOD, and suspended solids ratios

are illustrated in Figures 115, 116, and 117.

Other cignificant parameters for combired process flow are pH, nitrogen,
and nhosphorus. Several s-udies nave documented the fact that pH may
vary wigely over a 24 hour period. In fact, fluctuations of pH from {

to 12 can be expected due to the batch nature of the brewing process.

In general, the pH of oreweries in Subcategory A 16 can be expected to
remain between 5 and 11 due to the large number of compensating opera-
tions taking place simultaneous!y. [etering of caustic from holding
tanks can be expected to furtner buffer variations. Brewery waste -
known to be deficient in nitrogen. O0'Rourke and Tomlinson (5%) defiuc:
an average BOD/N ratio of 43.J. Tests at Plant 82i#321MP9 [E0) estan]
a BOD/N ratio of 50.7. These appear to be representative of the indu.*:.
as a whole. EBased on treatment nystens in operation the waste appears

to contain adequate phosphorus.

In order to demonstrate the daily variatility of brewery waste, the fic..

300, and suspended solids ratios fcr Mlant 32A43 have been plotted f2r 3

month period a3 shown in Figures 13z, 174, and 120, The means and 55an . n
geriaticns are wiso qiven, (Ut sovisdg Trom these fiqures tnat tren
TePT G STam fetiyn apg o offluoct ettt ore aust taend into account e

‘mignly variable nature Cf brewery waste.
Hodei Plant

The raw waste foads for the nodel plant “or “ubrategory A 10 dre banes oo
the mean ratios presented in Tabie 3, It should be noted that thec.
means were calcuiateg by excluding tre data from Flant 82A15.  Thic ;o -
has demonstrated superior in-house wasie reduction procedures. 1+ was
felt, however, that the raw waste loads tor this plant were not neces:iar: ..
vconomically acnievable for the other “rewers in tnis subcatenary n “v -
present configurations. For treat:oic systen design purposes, an aver: -
production for tnis subcategory =i culcalated to he Y600 cum (12,800

(9]
[#9]
~1
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TABLE 33

WASTEWATER CHARACTERISTICS
SUBCATEGORY A15
(NEW LARGE BREWERIES)

Fiow Ratio BOD Ratio SS Ratio Reliability
Plant (1/cum) (kg cu m) fkg/cu m) Number
B2A01 4640 9.62 .48 - 10
82A02 5200 7.88 3.49 8
82AGS 7329 10.40 2.40 3
82837 €350 12.490 4.4} 7
82308 9360 17 .40 E.35 5
82409 4970 7.38 5.08 8
82215 1627 1,743 108 s
8283% 3589 9.90 2.29 Z
B2A43 4329 §.57 2.98 10
82856 4600 11,70 3.94 7
HeALE 5870 15.90 4.6R s
BONGT 48690 552 2.7 11
A 16373 [ RN 344 9
EIAL3 3730 7 2.4 '
Heant 54190 10.77 1.84

(5.41 bLLI/bbY) (2077 " et (A0 Mg

*Calculated wi“hout da*ta from plart 2756
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barrels) per day. Process waste and non-contact water are assumed to be
separated. [ased on these assumptions, the model plant is defined as

follows:
Flow (MGD) 2.2
BOU {mg/1) 1900
SS (mg/1) 700
Total KN 40
PH 2 to 12

SUBCATEGCORY A 17 - OLD LARGE MALT BEVERAGE BREWERIES

The methodology for determining wastewater cnaracteristics for this sun-
category was the same as for Subcategory 15,

Process Waste Streams

HManagement uestionnaires were available for three of the four brewars

in this sutcateqcry. From tne questicnnaire recponses and from olant
visits the foliowing generalizations can 22 maue. Due to the originai
design of breweries in this subcategory there is a tendency for spent
wet grains to be sold and for sgent grain lizuor to be sewered instexd
ot evaporated. Spent hops, trub, ang yeast are generally added to i
wet spent grains, wh ie lcst Leer, filter aid, and Laustic are usua. ..
sewered.

Combined Procecs low

Data for breweriec in tnis suleategury arve itemized and summarizeu 1 7o lo
5. Scatter diagrais of flow, LiC, and suspendes Loiids ratios versos o oo-
ducticn are plolted in Figures izi, 1&g, and i23. Log normal probabiii-
plots of flow, 800, and suspengez soligs ratiow are illustrated in
124, 125, and 126. Age of fac*litiec ard effr:vercy of orerz2tion
result in higher raw wastelcads for thi, subcateyors. Smaller tanks:o
1$ common, thus causing more water %o ne used o cleaning speratior-.
Collection ang d 5posiiiun of agsties iu made mure difficult by old ar.

Tiguren

intricate sipinyg,
“lodel Plant
The raw wasce ina:d “or thys b o o aee aned on the mean valoe
presented tn Table 3h00 Taeoa o s 0t e g cadenigled Lo Lo
JEO0 cu om (2,000 haeret oY e : Dot e and nobeeantae e L e
e Laadred toote sonacaied., Corou b o Tt s tions tng mode .t
is detined J, *olluws:

Flow . i, . 7.5

oo d BTN

SS (my, ., |

Totai & 30

pt St

344



TARLE 35

WASTEWATER CHARACTERISTICS
SUBCATEGORY A1
(OLD LARGE BREWERIES)

Flow Ratio BOD Ratio SS Ratig
Pilant ey Py {kg/cu =) {kgsgu m)
82Fn4 14,700 18.9 982
82H36 3380 - -
82546 G870 20.9 7.85
82Ga4 10,270 1€.7 4.64
Mean 11,000 12.3 7.34

(i1.0 bol/sbe!; {(8.37 “hs,//bst) 7,30 Ths,/bhl)

Reliability,

Numoer

£
o}

0
2
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SUBCATEGORY A 13 - ALL QTHER 1'ALT BEVEPAGE BREWERIES

The methodology for determining wastewater characteristics for this
subcategory was the same as far Subcategory A 16 and A i7.

Process Waste Streams

Management questionnaires were not completed by aill breweries in this sub-
category hence no comprehensive analysic of methods of disposal is posc:-
ble. The constituency of the process streams remains identical to that
described in Subcategory A 17.

Comined Process Flow

Fighty-five breweries are included in this subcategory. The 27 plants
not responding to the USBA survey form part of this group. Twenty-five -
plants responaing, Lut repcrting no dzta, are also included in thiz
group. Data for thote breweries responding 15 itemized and curvaryzed

in Table 36, Only six of theue Lreweries nave a reliability rating of
four or higher. The standard deviatiorn for the group is guite high,
indicating the lack of a definitive data base. Scatter diagrams cf fio...
BOL, and suspended soiids ratics verus oroducticn are plotied in Fiqures
127, 128, and 129. Log normal protabiiity plots of fiow, 30D and sus-
pended solids razios are illustrated in Figures 13G, 131, and 132.

(X}

ode! "lam

Tne ras #aste Voads for the inpce’ vlant are based on the 30 percent
values for this subcategory as opresented in Table 3€. This ascumpticn
took into account tne statisticai varianc2 of the group in acdition tu
tno fact that those six plants with rel:able data tended to exceed tre
mean in several cases. The averaue orecuction for Tms subcatejory .«
calculated to be 370 cum (4200 Larrels’ ner das. Process vasie and
ron-contact water are asiumed o be serara*ad.  Ca.¢d an these AO5uT L0
the =adel plant s defined ao €oilcws:

Flow (MOC. 1.2

BGD imy. 1470

SS {mq.3 ey
Total i 30

pH Lo 1c

QUL Ty

In order to determine the wastewaler znaracteristics of this industry

a surver was conducted of all wrewr dltoter,. Three plants werg wini e,
tve plants were sanpled, and a searoh was male for any eaisting histor-cu’
data.

Process Waste Streses

As far bach as 1935 Ruf (61) idert:€-ed ~teeping and germinating as tae
primary and secondary waste sources, respectively, from a maly house.

R
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TABLE 36

WASTEWATER CHARACTERISTICS
SUBCATEGORY R 18

PLANT FLOW RATIO BOD RATIO  SS PATIO RELIABILITY
{T/cu mj (kg/cum)  (kg/cy m) ___NUMBER
82759 4300 9.05 1.62 3
82K3 620 2.20 0,27 6
82kd44 6810 9.82 6.2¢6 7
82K5G 3710 7.50 1.93 7
B2¥sS 4100 7.42 2.58 6
82LN3 970G 15.08 £.0% ]
82L10 4630 1.66 1.04 1
82114 28210 6.88 2.ad 1
gaL7 12960 12,34 040 1
32129 8980 1.6t 0.19 ]
gz2L21 5380 28,18 0.89 1
82123 3110 10,71 4.95 4
8aL? 3720 £.62 2.98 Z
82125 7190 5.99 1.47 )
82126 760 £.76 1.24 2
82127 180€0 3.97 5.98 1
82128 €6£20 2.55 7.€6 ]
B82L29 103¢ 5.4y 1.5% ]
32033 4760 1.7C . }
82140 H! 1.66 0.94 !
2Lz 4690 14,93 4.76 ¢
843 6450 14,37 £.35 i
8zL47 810 4.10 -8 2
£21.48 6500 0.66 ;.39 )
£2L87 11730 £.88 1€.3°C ]
A2 EQ 21839 16,27 £.46 !
JILEL THAY £.45 oL 3
B2Lea aqln 3.40 0. 65 1
BZL74 10860 1¢.22 4,04 3
g2 3810 - -e-- ¢
87113 10750 a-e- N 0
R RS 9RO - 0
87w 119 - - P
azMia 1130 ee- N 0
a2Mzz —-e- --- - 9
A2M30 74¢¢ n,nl roal 0
g:n3 . 1¢ec —.-- .- 0
az2'34 R0 c.32 2,2 0
o2Mi7 - - .- 0
f2'18 e e c--- 0
B2M32 B cmm- -——— D

357
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PLANT

821141
B2M49
82151
8252
82193
82M54
82M65
82167
82M69
82M70
82471
g2M72
82M73
82M7%
82476
82M77

MEAN

8C Percent
Value

TABLE e

FLOW RATIO BOD RATIO
(1/cum) (kg/cu m}
11750 ee---
6620 @ -----
5280 -----
4900 2 -=---
8310 emaa-
916C 5.41

100 .50

9220 6.61
12900 -----
15280 —eee-
LT 1o J—

(7710 1/bLY)  (B.47 1/EbY)

10000

! - A
(10,280 /bhY; 13,

SS_RATIO

(CONT'D)

(kg/cu m)
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According to lsaac (62) the steep liguor is a strong, deeply colored,
putrescible liquid which may contain high levels of suspeaded solids.

The quantity and quality of steep liquor varies according to the number
of steep water changes and according to the contact time for each change.
In general, the strength of the waste (as measured by BOD) decreases ap-
proximately 75 percent from the first to the last steep. This is illus-
trated by data from lsaac (62) and Simpson (63) presented in Table 37.

Westes from germination are known to be smaller in voiume and corcentra-
tion than those from steeping, althcugh insufficient data is available
to establisn a specific proportion tetween the twe.

Combined Frocess Flow

The significant parameters for this industry are flow, BOD, and suspended
solids. The ratios of these parameters to the number of bariey bushel:
processed were calculated for each of the 18 plants which responced to
the industry survey. These respenses are itemized and summarized in
Table 38. In additicn, a reliasility number was assigned to eacn plant
vased on the method and duration of sampling as follows:

Reliability 1 - 24 hour flow procort-onal sampling for 5 con-
secutive cays or aore.

Reliability 2 - 24 hour flow proportional sampling for less
than 5 consecutive days.

Reliability 3 - Flow metered, grab samdles.
Reliability 4 - Flow estimated, grac sampies,

A separate arithmetic mean was cdiculated for those plants with reli-
ability numbers 1 ard 2. A 103 mean was zalcuiated tc check the yis-
tribution of the data.

In order to demenstrate the varian i-:o, 2f malt waste, one vlant .as
selected wnich nad conauctel severss Lersods of five-dav. cd-nour, % .
proporticnal sampling.  Tadle 2% aives ‘he recults 0T those tests wiin
the standard geviazion for =acs measure.! pa-aneler.

Maltirg effluents can be craracterized ac consisting of aighly solnpi.
orzanic materials. Based on the even distribution of high relialil:".
plarnts throughcut the spectrur ¢f yrocuciion in ine industry, it %5 too:
that the following levels are Lypical.

BOD Ratio 4.55 ka/kke (0.276 1b/bu)
SS Ratio 0.77¢ i Wkg 10,0369 To/bu )
Flow Ratio 7410 1/kig (42.6 cal bu)

The pH of the waste varies between 6.0 and 8.0 as reported bv Isaac (52).
The waste i5 deficient in nitrogen. a fact which was confirmed by wet
sampling at pl