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CHAPTER 1
INTRODUCTION

1 1 Purpose of Manual

Tills manual provIdes an mtroductIon to the applIcatIon of pollUtion prevention technIques m
the canrnng mdustry Other helpful mformatIOn IS provIded m the appendIx

ThIS IS the seventh manual m a senes on the tOpIC of pollutIOn preventIOn The first manual,
"Pollution PreventIOn Concepts!ApplIcations," dIscusses the theory and practIce of pollutIOn
preventIOn technIques m general terms The reader should refer to thIS manual for general
pollutIOn preventIOn methodologIes and defimtlons The second manual, "PollutIOn PreventIon
m Metal Flmshmg IndustrIes," prOVIdes a survey of the applIcatIOn of pollutIon preventIon
technIques wlthm the range of metal fimshmg processes The thIrd manual, "PollutIOn
PreventIOn m the Textile Industry," provIdes an mtroduction to the applIcation of pollutIon
preventIOn technIques m vanous textIle preparatIOn and fimshmg processes The fourth and
fifth manuals, "PollutIon PreventIon for DaIry Industnes," and "PollutIOn PreventIOn m the
FISh and Shellfish IndustrIes," outlIne pollutIOn preventIOn strategIes that are applIcable to the
food processmg mdustnes The SIXth manual, "PollutIon Prevention m the ChemIcal and
Petroleum Processmg Industnes," provIdes mformation on the pollutIOn prevention
opportumtIes that eXIst m these mdustnes In addItiOn, there are plans to prepare pollUtion
preventIOn manuals for the pulp and paper, tanrnng, mmmg, and prmtmg mdustnes

The user of thIS canrnng manual should VIew It as a first source m pursumg process and
eqUIpment changes m the mdustry The manual IS mtended to aSSIst profeSSIonals m
determlmng 1) where there mIght be potential for Improvmg process effiCIency and
profitabIlIty In canrnng faCIlItIes, and 2) WhICh alternatIves are worthy of conSIderatIOn for
ImplementatIOn Users of thIS manual should not rely on ItS contents alone to carry out
speCIfic measures, but rather seek aSSIstance from expenenced profeSSIOnals m the firld
However, as a general rule of thumb, those process Improvement measures whIch can be
Implemented at no cost or low cost, or WIth mimmal effort should be conSIdered first, whIle
the more capItal and labor mtenslve Options WIll reqUIre more extensIve reVIew

1 2 Background

The canrnng mdustry uses bIllIons of lIters of water and produces tons of food and process
waste each day A long-term envIronmental management program IS reqUIred to ensure
envIronmental progress m water conservatIon and pollutIon control

The canrnng mdustry encompasses a WIde vanety of food products and procedures ThIS
course wIll focus on four mam canned food mdustnes fruIt and vegetable processmg, meat
and poultry processmg, fish and shellfish processmg, and daIry processmg
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The ImplementatIOn of practlcal pollutIon prevention measures IS one way to generate revenue
and profits by reducIng product loss In the cannery, a majorIty of the contamInants In the
wastewater IS lost product Many countnes reqUIre that before plant wastewater can be
dIscharged, these contamInants be removed, a condItIon that can lead to Increased treatment
costs By makIng process changes that prevent these matenals from gettIng Into the
wastewater, product losses can be reduced substantIally, further IncreasIng profitabIlIty
Product that prevIOusly was lost to the enVIronment can be saved and sold for additlonal
revenue

1 3 Waste CharacteristIcs

The major pollutants and wastes assocIated WIth any food processIng operatlon are orgamc
matenal (e g , fats, proteIns, carbohydrates) and although the types of wastes are lImIted, the
amount of waste that IS generated IS sIgmficant Although orgamc matenal IS not conSIdered
tOXIC, ItS effects on the enVIronment can be severe HIgh levels of orgamc waste In a plant's
wastewater contrIbute to hIgh levels of bIOlogIcal oxygen demand (BOD) In the body of water
to WhICh the water IS released When dumped untreated Into a body of water, thIS orgamc
matenal IS decomposed by microorgamsms In the water When breakIng down the orgamc
pollutIon, the microorgamsms consume oxygen In the water Depleted oxygen levels can have
a catastrophIc effect on the ecology of the natural water body and ItS surroundIng enVIronment
and populatIOns BOD IS dIscussed In more detaIl In Chapter 2
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CHAPTER 2
ORGANIC (FOOD) WASTE

21 What IS Orgamc Waste?

Orgamc waste refers to any waste matenal of plant or ammal ongm When discharged mto a
water body, orgamc waste lTIlpacts the receIvmg water body m two ways FIrst, It serves as
sustenance for microorgamsms, mducmg growth of partIcular specIes WhIch otherwIse would
not occur at all or would occur at only very low concentratIOns One example would be the
prolIferatIOn of algae, WhICh frequently mcreases turbIdIty and alters the aquatIc chemIstry,
often WIth dramatic negative lTIlpact on affected aquatIC lIfe Pathogernc (dIsease causmg)
microorgarnsms also thrIve on dead orgarnc matter, placmg populatIons usmg the polluted
water at nsk of Illness

Dependmg on the type of food bemg processed, waters polluted WIth food waste can contam
any combmatIOn of bactena, protozoa, fungI, algae, or VIruses The second way m WhICh
orgarnc waste lTIlpacts the receIvmg body of water IS by consummg dIssolved oxygen, leadmg
to reduced dIssolved oxygen concentrations Depleted oxygen levels cause water condItIOns to
become septIC (unable to sustam speCIes that reqUIre oxygen), resultmg m water qualIty
problems WhICh can senously lTIlpact publIc health Oxygen levels m receIvmg waters can be
replernshed after dIscharged orgarnc waste has been consumed by microorgamsms, but thIS
process reqUIres tlTIle The result IS a zone of lower dIssolved oxygen levels downstream of or
around the pomt of dIscharge WIth several pomts of dIscharge, entire water bodIes can
become septIC If there IS no longer enough tlTIle for oxygen levels to recuperate

22 What IS BiolOgical Oxygen Demand (BOD)?

BIologIcal oxygen demand (BOD) IS an mdirect measure of the amount of orgamc matenal
present 10 water WhICh can be bIologIcally degraded (by microorgamsms) Smce dIssolved

l

oxygen IS consumed m the process of degradmg orgamc matenal, the amount of orgarnc
matenal m the water can be expressed m terms of the amount of oxygen requIred to degrade
It BOD IS typIcally expressed as BODs WhICh refers to the amount of dIssolved oxygen m a
sample WhICh IS consumed over a penod of five days under a standard temperature and
pressure Calculations can then be performed to determme the total BOD (and thus the total
amount of orgamc matter) m the sample MIllIgrams of oxygen per lIter are the urnts
conventIOnally used to express BOD

2 3 EstImatmg BOD

Smce BOD IS an mdirect measure of the amount of orgarnc matter present m a sample, BOD
can also be estlTIlated m food plant wastewater by determ1lllng the fat, protem, and
carbohydrate content of the sample ConversIOns are accomplIshed relatively easIly smce fat,
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protem and carbohydrates each requIre a specIfic amount of oxygen to be degraded
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CHAPTER 3
WATER

3 1 IntroductIOn

Water IS unportant to all aspects of the food mdustry It IS an mgredient m many food
products, and It IS used for washmg products, blanchmg, makmg syrups and bnnes, cookmg,
coohng, clearung, and samtatlon

The amount of water used m food processmg operatIOns IS sIgmficant For example, some
large canmng operatIOns may use up to 40 mIllIon lIters of water per day, vegetable processors
use about four hters of water for every can of green beans produced

3 2 Water QualIty

Water quahty IS an especIally unportant consideratlon for cannenes because clean water IS
essentIal for the productIon of canned products Processmg water use mcludes washmg
products, scaldmg, makmg bnnes, cookmg, coolmg, cleamng and samtatIOn

Although recIrculated or reconditloned water may be used for a vanety of processes, cannenes
must pay attentIon to both the orgamc and morgamc lffipUntleS, and bactenal content of the
water that they use The U S reqUIres food processmg mdustnes to use only potable water
durmg the final preparatIOn and canrung of foods mtended for human consumptIOn

3 3 Wastewater Characteristics

As water IS used m the canmng plant, parts of the food product bemg processed are depOSIted
III the water, and thIS wastewater must be properly handled

Dunng productIOn, some mdustnal wastewater IS generated from spl1lage and activItIes such as
cleamng operatIOns The type and quantIty of food that IS canned WIll determme the
charactenstics of any partIcular canmng wastewater stream
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CHAPTER 4
CANNING PROCESSES

4 1 IntroductIOn

Canmng operatIOns, despIte the dIfferent end products, share several common steps These
steps, along WIth pre-canmng preparatIOn techruques for specIfic products, are outlmed m thIS
chapter

Canmng procedures vary WIth product type The general rule for all products, however, IS
that they should be canned as soon as possIble after harvestmg or Imtlal processmg

The canmng process mvolves several steps

~ Packmg the prepared product mto cans,

Addmg mgredlents to enhance flavor, unprove quahty, or aId preservatIOn,

Removmg aIr from the cans (usually performed by vacuum methods),

~ Closmg and sealmg the cans, and

~ Heatmg the cans to stenllZe the product 1

4 1 2 FrUIts and Vegetables

FruIt and vegetable products mtended for canmng are harvested before processmg In general,
all subcategones of fruIt and vegetable processmg have SImilar process operatIOns

4 1 2 1 Preparation

Harvestmg The crop or commodIty IS harvested, separated from "trash" (stems, leaves, etc ),
sorted, transported, and receIved at the processmg plant No wastewater IS generated

Washmg and Rmsmg Pnor to processmg, the fruItS and vegetables are washed and rmsed by
means of flumes, soak tanks, water sprays, flotatIOn chambers, or any combmatIOn of these
methods Great quantities of water are used

Sortmg and Gradmg The commodIty IS sorted and graded by mechamcal, optical, manual or

Processmg Aquatlc Food Products John Wiley & Sons, 1985
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hydraulIc means DensIty graders employmg bnne of controlled densIty are used to separate
npe from overrIpe produce Weed seeds, chaff, and stones may be separated from the
valuable food product by densIty and m froth separators

Stemmmg, Smppmg, Trzmmmg Stemmmg, smppmg, and tnmmmg are accomplIshed by a
vanety of mechamcal means No wastewater IS generated

Peelmg Many fruItS and vegetables are peeled pnor to canmng ThIS serves the multIple
purpose of removmg resIdual SOlI, pestIcIde resIdues, coarse, fuzzy, or tough peehng WIth
unpleasant appearance, mouth feel, or dIgestIve propertIes

PeelIng IS accomplIshed mechamcally by cuttmg or abrasIOn, thermally by puffing and
loosemng the peel by applIcatIOn of steam, hot water, hot oIl flame, or blasts of heated aIr, or
chemIcally, pnnclpally usmg caustIc soda (WIth optIonal surfactants) to soften the cortex so It
may be removed by mechamcal scrubbers or hIgh-pressure water sprays

Plttmg, Cormg, Sllcmg, and Dlcmg PIttmg, cormg, slIcmg, and dIcmg are accomplIshed by
a vanety of mechamcal techruques dependmg upon the commodIty used and end product
deSIred No wastewater IS generated

Pureemg and ]Ulcmg WIdely vaned techruques are used for pressmg and separatmg flUid
from fruItS and vegetables The eqUipment used for thIS process mcludes reamers and a WIde
vanety of crusher-presses, eIther batch or contmuous m operatIOn

Oxygen and other gases (mtrogen, carbon dIOXIde) present m freshly pressed or extracted fruIt
and vegetable JUices may be effectIvely removed usmg deaeratmg vacuums The lIqUids to be
deaerated are pumped mto an empty chamber eIther as a spray or as a thm film Products that
have been properly deareated exhIbIt lffiproved color and flavor retentIon, and have the added
benefit of producmg reduced amounts of foam durmg contamer fillIng and reduced separatIOn
of suspended solIds

Some solutIOns wIll requIre evaporatIOn to create concentrate In thIS process, the lIqUid to be
concentrated flows contmuously across a heat exchange surface WhICh separates It from the
heatmg medIUm After bemg heated, the resultmg vapors are separated from the resIdual
lIqUid There are vanous types of evaporators, mcludmg open kettles, shell-and-tube heat
exchangers, flash evaporators, nsmg and fallIng film evaporators, plate type evaporators, thm­
film centnfugal evaporators, vapor separators, vacuum evaporators and heat pump
evaporators

Size ReductIOn A WIde range of SIZe reductIon eqUipment IS reqUired to produce dIfferent
types of partlculated solIds It IS lffiportant to select a machme WhICh can most economIcally
produce the deSIred result The phySIcal charactenstlcs of the matenal and by the reqUired
partIcle SIZe and shape are consIderatIOns
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Blanching Blanchmg (scaldmg or parboIlmg) of the commodIty for canmng IS done to
achIeve any of the followmg results removal of aIr from tIssues, removal of solubles whIch
may affect clanty of bnne or hquor, fixatlOn of pIgments, mactivatlOn of enzymes, protectlOn
of flavor, leachmg of undesIrable flavors or components such as sugars, shrmkmg of tissues,
ralsmg of temperature, and destructlOn of mlcroorgamsms

Blanchmg IS accomphshed by puttmg the products m contact WIth water or steam
CommodItIes mtended for canmng are usually not cooled after blanchmg

The pollutlOn loads from blanchmg are a sIgmficant portlOn of the total pollUtion load m the
effluent stream durmg the processmg of certam fruItS and vegetables

4 122 Canmng Pnor to filhng, cans should be thoroughly washed There are usually
three steps m the can cleamng operatlOn FIrst, the cans travel a short dIstance m the mverted
positlOn, second, they are flushed WIth a relatively large volume of water under hIgh pressure,
and thIrd, they travel another short dIstance m the mverted posItion for the purpose of dralmng
excess water ThIS IS usually accomplIshed mechamcally

The commodIty IS then filled mto the can by hand, semI-automatic machmes, or fully
automatIc machmes, dependmg on the product mvolved In some products, there IS a mIxture
of product and bnne or syrup In other cases, bnne or syrup IS added hot or cold as top-off
hqUld When the top-off IS cold, It IS necessary to exhaust the headspace gases to achIeve a
vacuum and mamtam product qualIty

Exhaustmg m order to create a vacuum IS usually accomplIshed by one of the followmg three
methods

~ Thermal exhaust or hot fillmg The contents of the contamer are heated to a
temperature of between 65 to 81 degrees Centigrade, pnor to closmg the contamer
ContractlOn of the contents of the contamer after sealmg produces a vacuum ,

Mechamcal A portIon of the aIr m the contamer headspace IS pumped out by a gas
pump

Steam dIsplacement Steam IS mjected mto the headspace to replace the aIr, and sealed
A vacuum IS produced when the steam condenses

The descnptlOns below outlme the vanous processes that are used to prepare several of the
most popular forms of canned fruIts and vegetables 2

2 A Complete Course zn Canmng and Related Processes 12th Edztwn, Volume III -­
Processzng Procedures for Canned Food Products The Cannmg Trade, Inc, 1987
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4 1 2 2 1 Pineapple RIpe pmeapple must be canned on the same day as it is picked From
the field, the fruit is manually graded and sorted by SiZe It is then loaded mto a machme that
removes the outer casmg and the core, and cuts off the ends Any lffiperfectiOns are then
removed manually The prepared fruit is then washed and cut mto the desired shapes (e g ,
shces, chunks, crush) Cans are typically hand filled and, if deSired, are filled With syrup
The filled cans are then vacuum sealed, heated to approxlffiately 88 degrees Centigrade, and
then cooled m cold water

4.1.2.2.2 Beans VanetIes of beans are harvested and washed, and then sent through gradmg
and sortmg systems (manual and automatic) The beans are blanched, and then sent to the
cannmg area The cans are manually filled and then a bOllmg hot mIld brme IS added as a
preservative The cans are vacuum sealed and then cooled m water ImmedIately after sealmg

4 1 223 Tomatoes After harvestmg, tomatoes are thoroughly washed and manually
mspected for quahty and sUltabllity for canrnng Canrnng quahty tomatoes are either scalded
to remove their skm and then cooled Immediately to prevent heat damage or peeled by hand
The canrnng process requITes several steps TypIcally, small amounts of preservatives such as
sugar and salt are added to the cans Pure tomato JUlce and then the tomatoes are added next
ThiS process is mechaniZed

4 1 3 Meat and Poultry

4 1 3 1 Preparation

Cattle, hogs, and poultry mtended for canmng are usually slaughtered and prepared (e g ,
headed, skinned, eViscerated) before they reach the canrnng facihty A complete guide to
slaughtermg and meat processmg operatiOns and the pollutiOn prevention opportumtIes
associated With them are prOVided m another EnVironmental PollutiOn Prevention Project
(EP3) trammg manual, "PollutlOn PreventIOn for the Food Processmg Industnes " Although
processmg techmques vary With arumal type, procedures that apply to cattle, hogs, and poultry
are bnefly descnbed here

Slaughtermg and Processmg Annnals are JaIled and theIr carcasses are allowed to bleed
thoroughly They are then decapitated, skinned, and eVIscerated Carcasses are thoroughly
cleaned and cut to deSIred speCIficatiOns

Rendermg Cattle and hog meats are sent to a rendenng area The process of rendenng
separates fats and water from tissues and sohds, resultmg m a marketable product sUitable for
canrnng from otherWise unmarketable wastes Both wet and dry rendenng processes are used,
and either may produce edible or medible products It is lffiperative that all medible products
be separated from the edIble products

Dry rendermg, also known as low temperature or batch rendermg, is used more often for
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edIble products EdIble tnmmIngs and cuttIngs are collected from cuttIng operatIons and sent
to be rendered Into edIble fats and tallow ThIS process IS performed WIthout the addItIon of
water or steam

Chlllmg After thorough washIng, the processed products are chIlled and prepared for
shIpment to the cannery

4 132 Canmng As descnbed above, cans should be thoroughly washed and sarutIzed pnor
to filhng The descnptIOn below outlInes the baSIC process used to prepare canned meat and
poultry products Because the baSIC processes are so sIml1ar, they have been combIned Into
one descnptIOn Canners Interested In processes for specIfic products should refer to, "A
Complete Course m Canmng and Related Processes," Volumes I-III (orderIng InfOrmatIOn IS
avaIlable from the EP3 WashIngton ClearInghouse)

4 1 32 1 Beef, Pork, and Poultry The meats are cooked accordIng to the Intended reCIpe
The meats are cut Into the deSIred SIZe and then packed Into cans Flavonngs and
preservatIves are added as needed To prevent any bactenal growth or product spOIlage, the
cans are sealed ImmedIately, heated, and then cooled In water

4 1 4 Fish and Shellfish

A complete guIde to fish and shellfish processIng operations and the pollutIOn preventIon
opporturuties assocIated WIth them are provIded In another EP3 tralrung manual, "PollutlOn
PreventlOn for the Fish and Shellfish Industrzes "

Harvestmg FISh and shellfish are harvested by ShIppIng vessels of vanous SIzes and
capacItIes After emptyIng the catch from theIr fishIng nets, large commercIal fishIng vessels
are capable of performIng some proceSSIng activIties on board (such as hve-catch storage or
refngeratIOn) before returrung to port Smaller vessels, WIth Inadequate space for preserVIng
the harvest, must usually return to port ImmedIately to empty theIr catch UndeSIrable fish,
(e g , wrong specIes, unhealthy, or undersIZed) are returned to the sea from the boats

Sortmg The catch IS usually sorted Into categones of hke speCIes, market-sIzed anImals, and
debns whl1e stIll on board the fishIng vessel Manual sortIng procedures often contInue
throughout proceSSIng Tumblers have been developed to aSSIst In sortIng operatIOns and are
partIcularly effectIve In separatIng debns from shellfish

Washmg WashIng the harvest IS performed to remove undeSIrable elements such as slIme,
external bacterIa, dIrt, and addItIOnal contamInants As a clearung operation, washmg
processes must utilIze a hIgh grade of non-polluted fresh or salt water A varIety of
technIques eXIst for washmg fish and shellfish Tumbler, rotary, brush, and pressurIzed spray
washers proVIde thorough clearung and can be set to mlrumlze product damage Product can
also be effectIvely cleaned by beIng placed In tanks of water WIth Jets of aIr or targeted aIr
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currents to circulate around the product USlOg a hose to "clean" a plle of fish or shellfish IS
not considered an adequate procedure

Grading The catch IS sent to an area where ItS quahty IS evaluated manually The quahty of
the arumalls assessed dependlOg on factors such as SIZe, weight, color, damage, and odor
Bruised or darkened fish, not generally considered acceptable for human consumption, IS
separated and may be used for arumal feed

Scaling RemovlOg the scales from the extenor of a fish can be performed manually (by
rubbmg an abraSIve substance over the surface of the fish) Most commercIal fish processmg
plants, however, use manual electnc scalers or automated measures WhICh save a great deal of
time and allow a larger number of fish to be treated In automated systems, the fish are placed
on a conveyor belt and sent through a senes of scrap109 mechamsms which remove the scales

Shucking A process exclUSive to shellfish, shucklOg lOvolves removlOg the shells of arumals
such as oysters, mussels, and clams from their bodies Automated shucklOg machmes are
preferred because manual shucklOg IS labor and time lOtenslve The automated machmes
partially cook the arumal 10 order to weaken the bond between the meat and the shell and then
send the heated arumals to a tumbler which separates them from theIr shells

PIcking and Peeling Another process particular to shellfish IS that of plcklOg and peellOg
Crab meat IS typically hand-picked from Its shell Mechamzed pickers have been developed
but are not 10 Wide use because of theIr complexity and a certam degree of lOefficlency
Shnmp are usually peeled mechamcally and therr lOtestlOes are removed With a develmng
machme The machme cuts the shell the length of the lOtestlOe, separates the shell from the
body, and then washes away the lOtestlOe

Heading RemovlOg the head of fish or shnmp, or "headlOg," IS most often accomphshed by
manually cuttlOg off the head or by sendlOg the arumal through a machme that automatically
ahgns It 10 the nght drrectlon and then severs the head uslOg a saw or gu1l10tme method
Severed heads are collected and typically sent to a viscera holdlOg area 01ls and fish meal are
valuable by-products that can be extracted and manufactured from fish heads

EVIscerating The mternal organs are removed from the arumal either manually or With the
assistance of machInery EVisceration should be performed soon after the fish IS harvested to
prevent the enzymes that eXist 10 the aruma!' s digestive tract from attackmg the product meat
Although speCific eVlsceratlOg techmques vary dependmg on species type, the baSIC pnnclple
behlOd any eVlsceratmg process IS that the arumal's body cavities must be opened and the
entralls removed MalO artenes should also be removed at thiS tIme to Improve the bleedlOg
of the carcass (the better the bleedlOg process, the better the quahty of the meat)

FzlletIng DurlOg thiS process, entire pieces of meat are removed from either Side of the
skeletal bones Smce It IS an exact process (which vanes dependlOg on the species) requmng
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consIderable SkIll, typIcally only mediUm to large-sIZed fish undergo the filleting process In
the manual process, cuts are made along the spine and the head and the meat IS removed
Intact Automated filleting machmes, WhICh vary based on factors such as specIes and SIze,
generally onent the fish m the drrectlOn of the filletmg blades WhICh then cut the meat from
the bone For all theIr speed, filletmg machmes do not remove as much meat as manual
methods, and m fact, create a great many meat pIeces These pIeces can be reclalffied and sold
as mmced meat product

Skznmng Removmg the skin from all or part of a fish is not performed on scaled fish
Instead, it is a process reserved for fish such as catfish Skmmng can be performed manually
on a whole fish by removmg the fins, makmg an mCIsion m the skm, and peelmg the skin off
Fillets are skinned by msertmg a kmfe between the skm and the meat Skmmng machmes
UtilIZe a vanety of kmfe and abraSIve processes to remove the skin The mam dIfference
between manual and automated operations IS that peehng the skm off leaves a protective
membrane below the skin'S surface mtact, whl1e cuttmg the skm off removes that membrane
Leaving the membrane mtact creates an addItional protective layer agaInst decay around the
meat, removing the membrane and a dark layer of meat that often hes directly beneath It can
often lffiprove the appearance of the meat but WIll also mirumize the product yield

Candlzng FIlleted meats are passed over a glass-topped surface WIth a bnght, dIffused hght
underneath It The hght exposes product defects such as parasites, brUIses, or other
undeSIrable quahties These lffiperfectlOns are removed manually and the unwanted meat IS
dIscarded or sent for processmg as arumal feed

4 1 4 1 Cannmg As prevlOusly descnbed, cans should be thoroughly washed pnor to
fillmg The descnptlOns below outlme the vanous processes that are used to prepare several
of the most popular forms of canned fish and shellfish

4 1 4 11 Salmon After bemg prepared (e g , headed, scaled, eVIscerated, filleted), salmon
IS cooked or smoked and sent through cuttmg machmes that cut It mto pieces appropnate to
the SIze of can bemg used The cans are filled by product weIght, salt IS added, and the cans
are sealed by vacuum closmg machmes

4 1 4 1 2 Tuna EVIscerated, raw tuna are placed m layers m cookmg baskets The filled
baskets are placed m large capaCIty steam cookers Cookmg times vary by the SIze of the fish
After cookmg, the fish are cooled overmght The fish are then taken to a clearung room
where undeSIrable matenal such as skm, bones, and fins are removed from the edIble meat
InedIble meat is typIcally sent for arumal food processmg The good, chunked meat is packed
mto cans, mgredients (such as salt, vegetable 011, or water) are added for flavormg, the cans
are sealed by steam-vacuum machmes, and then heated

4 1 4 1 3 Sardmes Sardme canrung IS performed dIfferently m dIfferent countnes In the
Uruted States, sardmes are harvested, cleaned mecharucally, headed, scaled, eViscerated, and
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then sent to brmmg tanks The brme solution nnproves the overall canrnng qualIty of the
meat After bnmng, the fish are dned WIth warm aIr to toughen the sardme skm for further
processmg and to lower the mOIsture content of the meat The sardmes can then be prepared a
vanety of ways (mcludmg frymg, bakmg, or smokmg) before bemg packed mto cans
IngredIents such as oIl or tomato sauce are added to the cans, the cans are sealed and then
heated

4 1 4 1 4 Crabs and Shrimp Healthy crabs are steamed or cooked m brme or fresh water
prIor to canrung The meat IS then pIcked from the shells, packed mto lmed cans, the aIr IS
removed, and then the cans are sealed Shnmp destmed for canmng are headed, peeled, and
devemed before bemg cooked m a hot brIne Cooked shnmp are orgarnzed by SIze, packed
mto appropnate SIzed cans, weIghed, salt IS added, the cans are sealed and then heated

4 1 4 1 5 Oysters and Clams Oysters and clams are washed thoroughly before bemg
steamed to loosen shells from the meat The shells are removed, the ammals are placed m
cans, flavonngs and preservatives are added, the cans are sealed and then heated

415 Dairy

A complete guIde to daIry processmg operatIons and the pollutIon preventIOn opportumtles
assOCIated WIth them are provIded m another EP3 traImng manual, "Pollutwn Preventwn for
the Dairy Industries "

4 1 5 1 Preparation Many daIry products undergo sunIlar processmg techmques In
general, the mam techmques used for daIry products mtended for canmng mclude
pasteunzatIon, homogernzatIon, and clanficatIOn All fimshed products must be refngerated at
temperatures between one and four degrees CentIgrade

Pasteurlzatwn MIlk IS heated at a suffiCIent temperature to destroy most disease-producmg
microorgamsms

Homogemzatzon A umform product consIstency IS achIeved by emulsIfymg the fat content of
the mIlk product Because the fat globules are permanently reduced m SIZe and dIstrIbuted
throughout the mIlk, cream does not nse

Clanficatzon The deSIred fat content of the mIlk (whole, lowfat, nonfat, or skun) IS achIeved
through a clanfication process

4 1 5 2 Cannmg Cans should be thoroughly washed and stenlIzed pnor to fillmg The
descnption below outlmes the processes used to prepare the most popular form of canned
mIlk

4 1 5 2 1 Evaporated and Condensed MIlk MIlk IS heated to remove approxnnately 60
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percent of Its ongmal water content The product IS then homogeruzed and canned The
canned mIlk IS sealed and then heat treated for stenlIzatIon
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CHAPTERS
POLLUTION PREVENTION OPPORTUNITIES

S 1 IntroductIOn

Due to the potentially hIgh BOD content of all canned food products, canners should gIve
senous consIderatIon to takrng every possIble measure to prevent pollutIOn Tills tactic has
both econOInlC and envIronmental benefits Controllmg product loss can save money m two
ways by reducmg raw matenals costs and cuttmg waste treatment costs It IS Important to
remember that recovered product translates mto recovered revenues

Water IS used extensIvely dunng canning operations Not only IS It used to prepare foods for
canrung, but It IS often an essential mgredient m the end-product Itself For thIS reason, It IS
Imperative that hIgh qualIty water be conserved

S 2 PollutIOn PreventIOn Program

The overall ObjectIve of any pollutIOn preventIOn program IS the mInImIZatIon of losses of
product, matenals, water and energy to the greatest extent pOSSIble

Developmg a detaIled pollutIOn preventIOn program WIll depend to a consIderable degree upon
the SIze of the orgamzatIOn, the complexIty of the operatIOn, and the type of product(s) bemg
produced In any prevention program, the preventable wastes can be traced, m a large
percentage of cases, to mamtenance or mamtenance/operator mterrelated problems
Therefore, a strong pollutIon prevention program should focus on preventIve mamtenance

Employee education IS another Important element of a successful and comprehensIve pollutIon
preventIon program EducatIOnal efforts should generally follow three phases 1) an
mdoctnnatIOn program to acquamt management and operators WIth the background of daIry

l

food plant wastes, theIr sIgmficance and sources, 2) a how-to, short-term educatIOnal program
to mdicate the general pnncipies of pollutIon preventIOn applIcable to the partIcular plant
mvolved, and 3) a long-term contmumg m-plant educatIOnal plan

There are many measures that canners can use to effectIvely, effiCIently, and economIcally
reduce water use, product losses, and waste loads ThIS sectIon IdentIfies where waste IS
produced durmg canrung operatIOns and suggests pollutIOn preventIOn measures that can be
taken m speCIfic plant areas

5 3 PollutIOn PreventIOn OpportumtIes

WIthOut regard to the type of food product that IS bemg canned, there are several areas that
canners can evaluate to potentIally achIeve theIr pollutIOn preventIon goals These mclude
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Reducmg packagmg waste,

Morntormg the use of cleanmg chemIcals, and

~ Morntonng water use

One of the largest sources of preventable product waste IS the clean-up operatIon SpIllage,
leakage, and overflow are often qmckly flushed to the dram by employees Product remammg
m storage tanks, vats, processmg lmes and eqUipment are "nnsed" to the dIscharge system
Losses can be mirumized by proper mamtenance and care of eqUIpment, employee educatIon,
Installation of aIr purge systems to remove product, product recovery systems at filler and
other eqUipment, and by recovermg lrntlal rmses WIth hIgh sohd concentrations Overuse of
clearnng compounds and lubncants contnbute to the pollUtion load SpIlled dry mgredlents
(seasornngs, preservatives, etc) can be dIsposed of as sohd waste and not flushed to the dram
as these have hIgh BOD values

5 3 1 General Opportumtles

~ Utl1lZe a product-savmg pre-nnse at the end of the can washer and allow adequate time
for complete dramage

Make sure that the weIgh tank IS properly assembled and free from all leaks from
fittmgs and pumps

Handle all samtary fittmgs valves, rotary seals, pump parts and filler parts wIth
extreme care durmg every phase of operatIon to prevent damage to the surface whIch
may cause leaks Small parts should be properly washed m small parts washers and
placed on rubber mats for dralrnng to mmrrnlze any damage

Do not use a constant runrnng waterhose m any area

Encourage employees to elrrmnate the cause of spIllage rather than washmg away
spIlled product Valves, plpehnes, and pumps should be properly Installed, and gaskets
Installed and carefully sealed to prevent leakage

Thoroughly dram all hnes, tanks, and processmg vats before nnsmg The process
eqUipment surfaces should be nnsed as soon as pOSSIble after use so that the product
does not dry on the eqmpment and mcrease clearnng reqUirements

Ensure that all hnes on the suction SIde of the pumps are properly sealed to aVOld aIr
leaks and resultant foammg WhICh can cause exceSSIve waste

Ensure that all worn and obsolete eqmpment IS observed durmg plant operatlOllS and
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reported to the mamtenance department for repair

Correct all dnps and leaks occurnng dunng processmg runs If possible If thiS IS not
possible, the dnps should be collected m contamers and not allowed to go down the
drams

Where dnp shields are supplIed, they should be m place and provided With adequate
contamers for each day I s operatIOn

For processmg vats that are not supplIed With high level shut-off controls, the
employee must be responsible for fillIng the processmg vat and should pay careful
attention to the fillmg operations so that overflows do not occur

Make sure automated air-blow systems are operatmg properly For manual air-blow
systems, do not actuate for more than three seconds, smce this wIll empty the hne mto
the tank and allow product to reenter the pipe

,. Handle all return products or products that have to be repacked m a samtary manner
Collect them to use as ammal feed -- don't discard them down the dram Arumal feed
represents revenue whIle waste represents lost revenue

Dram and collect all product remalmng m the filler bowls of the milk operatIOn at the
end of the processmg day

532 Cleamng and Sanltlzmg Wastewater Opportumtles

,. Care should be taken to aVOId the possibilIty that cleamng compounds and/or samtlZlng
SOlutIOns Will seep mto mIlk products, thus elImmatmg the need for disposal of large
quantities of mIlk solIds

t

Control the concentratIOn of cleamng and samtlZmg compounds carefully Where
cleamng compounds are added by hand, only suffiCient cleamng compounds necessary
to ensure adequate cleamng and samtlZmg should be used to mlmmlZe discharge of
potentially tOXIC matenals or wastes at excessively high or low pH levels

5 3 3 Opportumtles for FrUIt and Vegetable Canners

FruIt and vegetable canners generate sIgmficant quantItIes of waste matenal (e g , nnds,
stems, cores, seeds) and use large quantItIes of water As WIth almost all waste preventIOn
SItuatIons, uruque solutIOns may eXist for each processmg operatIOn

One of the first and best approaches to devlsmg a fruit and vegetable pollutIOn prevention
program IS to mvestIgate the opportumtIes and techmques for m-plant modificatIOns The
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follOWIng IS a lIst of specIfic suggestIOns and good housekeepIng practIces whIch may help
fruIt and vegetable canners reduce waste and product loss

., Use aIr blowers and wash-filled floatatIon tanks to remove debrIs from the crop

ModIfy the peelIng and pittIng operations to use less water and waste less of the raw
product

Recover and reuse process water throughout the plant

Morutor process water use and sources to ensure that eqUipment IS not leakmg or
operatIng unnecessarily

Separate waste process water throughout the plant

Separate waste WIth dIfferIng characterIstics

Sweep fruIt and vegetable scraps found around machmery on a regular schedule

Ensure proper dIsposal of the fruIt and vegetable scraps For an addItIOnal source of
revenue, consIder whether they can be used m agrIcultural processes as a type of mulch
or fertIlIzer

5 3 4 OpportuDltles for Meat and Poultry Canners

The waste load from a meat or poultry cannery IS a result of blood, flesh partIcles, soluble
protem and fat from the meat and ItS byproducts Raw dIscharge of wastes pollutes the
recelvmg water and causes odor, Insect, and rodent problems To rntmmlZe the Impacts of
eIther of these factors, the goal at any meat cannery IS to IdentIfy pollutIOn preventIon options
that reduce the quantity of raw matenals, products, and byproducts or potentIal byproducts lost

\

to the dIscharge systems dUrIng meat processes and to mlmmlZe the water and energy used m
the manufacturIng process

., Ensure proper dIsposal of the meat and poultry scraps -- consider whether they can be
used m other food processmg operatIOns or sold as ammal feed If reuse optIons do not
eXIst, dispose of the meat as solId waste Do not dump It down the dram'

Recover and reuse process water through the plant

Morutor process water use and sources to ensure that eqUIpment IS not leakmg or
operatIng unnecessarIly

., Separate waste process water through the plant
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~ Separate waste WIth differmg characterIstics

5 3 5 OpportumtIes for Fish and Shellfish Canners

There are many measures that fish and shellfish canners can use to effectIvely, effiCIently, and
economIcally reduce water use, product losses, and waste loads To a large degree, the
technology to deal With many of the mdustry's waste problems already eXIsts, however, many
canners may find theIr Options constramed by non-technology based aspects of the mdustry
such as the tImmg of the fishmg seasons, the location of the cannery, or hIgh storage and
transportatIOn costs When consIderIng the feasibIlIty of any partIcular pollUtion prevention
option, the canner should thoroughly assess all of the factors that WIll contrIbute to the
optIOn's success or faIlure

~ Recover and reuse process water through the plant

Morutor process water use and sources to ensure that eqUIpment IS not leakmg or
operatmg unnecessarIly

Separate waste process water through the plant

Separate waste treatment and dIsposal of wastes WIth dIfferIng characterIstICS

Use Just enough water to thoroughly clean the harvest CentrIfuges can be used to
recover fish from process nnse water Hose statIons, WhICh can contrIbute to a hIgh
level of water use If employees do not tum off hoses when they are not bemg used,
should be regularly morutored to ensure that the connections are secure and that they
are not leakmg

Substances such as seasorungs, salt, and oIls are sigruficant contrIbutors to hIgh levels
of BOD Dry materIals should not be swept down drams whIch lead to the wastewater
dramage system, they should be swept up and placed m SUItable contamers Employees
should be careful to aVOId spIlls when addmg flaVOrIng mgredients to product

5 3 6 Opportumtles for Datry Canners

A certam degree of waste generatIon IS unavOIdable SpIlls and leaks from pIpe lme Jomts,
valves, and pumps contnbute to a daIry plant's waste stream Although these sources are
sigruficant to varymg degrees m dIfferent daIry food plants, they are mherently controllable
through the apphcatlon of good management practices Generally, the nature of the wastes
generated by the vanous processes IS SImIlar and COnsIStS of mIlk sohds m some form, other
mgredients such as sugar, detergents and sarutizers, and lubrIcants used m packagmg and
dIstrIbutIOn operatIons
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The hIgh product VISCOSIty and hIgh BOD of condensed nulk contnbutes greatly to the
wastewater load Spray drymg plants have the potentIal for losses of dned product,
WhICh IS often washed to the envIronment and contnbutes greatly to mcreased BOD
levels

When usmg hot wells, aVOId overfilhng to prevent the product from bOIhng over

Operate evaporators at sufficIently low hqUld level to prevent the product from bodmg
over

Where dry mgredients are utIhzed, or where mIlk powder IS spIlled on the floor,
contents should be swept up and not washed mto the enVIronment

Handle matenals carefully to aVOId breakage of contamers and product spIllage

Morutor lactose crystalhzatlon and the storage of condensed products to mmnnIze
precIpItatiOn of lactose crystals and loss of product that cannot be pumped

5 4 ConclUSIOn

Regardless of the commodIty bemg canned, slgruficant reductIOns m waste can be achIeved
WIth a mlffiffium of effort The canner who senously lmplements the pollutIOn prevention
measures outlmed m thIs manual can expect mcreased product yIeld, mcreased revenues, and
reduced operatmg costs
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APPENDIX 1

A POLLUTION PREVENTION GUIDE FOR FOOD PROCESSORS
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Food Processors

FOOD PROCESSORS

Comparues In the bUSineSS of processIng food may produce a varIet) of
wastes Much of the waste IS In the form of waste water but there mav
also be sohd wastes as well as emIssIOns to the aIr Some examples of
food processmg wastes are gIven by the followmg

• process wastewater
• sludge
• off-spec product
• waste Olls
• spent and duty filters
• empcy raw matenal contaIners
• outdated Inventory
• damaged pallets

All of these wastes have one thIng In common they all represent a loss
of resources and a loss of money

Busmesses throughout the country have Implemented waste reduction
programs and found that there are many benefits to be gamed from such
an approach to the management of resources Reducmg the amount of
waste your bUSIness generates can help you

• reduce operat1Og costs
• reduce waste disposal costs
• reduce long-term lIablhcy
• help sustam envIronmental qualIty
• Improve workplace safecy and health
• project a posltlve publIc Image

The most effectIve way to mmmuze the losses associated wIth waste IS to
aVOld producmg the waste 10 the flrst place TIus IS the concept behmd
DNREC's PollutIon PreventIon Program, whIch has produced thiS GUide
to assist you and others In the food processmg bUSIness to reduce your
losses whIle at the same tIme lDlprove the enVll"onment

GettIng Started

A comprehensive waste audit IS the essentIal flrst step In developmg ,
waste reductIon strategy The waste audit should evaluate opponunltles
10 the areas of unproved operaung procedures, process and equIpment
modifications, and reuse/recyclmg
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.-Iere are the steps to follow m conductmg a waste audit

1 LIst all wastes bemg generated

2 Idenufy the composltlon and source of each waste

3 Idenufy opuons to reduce. the generauon of these substances, focusmg
on those wastes that are most hazardous and those techruques that are
most easIly unplemented

4 Compare the techrucal and economIc feaslblhry of the OptIOns
IdentIfied

5 Evaluate the results and schedule penodlc reVIew of the waste
reductlon program

Improved OperatIng Procedures

Improvmg the faclllry' s operatmg procedures IS often the eaSIest and least
expenslve way to reduce waste No expensIve equIpment or matenals are
mvolved -- only small changes m the way thmgs are done ThIs mcludes
rrnprovements m housekeepmg, mventory control, matenal handhng, and
actIons taken to prevent splils, leaks. or equIpment breakdowns Here are
a few examples of good operatmg procedures that can reduce waste

• Keep storage and work areas clean and well orgaruzed and keep all
contamers properly labeled

• Inspect matenals upon delivery, and unmedlately return unacceptable
matenals to the suppher

• Keep accurate records of raw matenal usage so that you can measure
reductIons m use Mark the purchase date on each contamer and
adopt a "Hrst m, Hrst out" polIcy so that older matenals are used up
before new ones are opened, aSSIgn someone to dlstnbute and keep
track of raw matenals

• Practtce preventatlve mamtenance to aVOid future losses Penodlcally
rnspect contamers and equIpment for leaks

• Keep all contamers covered to prevent evaporatIon contanunatton,
spIllage, or drymg out of contents

• Keep ow aste streams separate for reuse recyclmg or treatment Keep
nonhazardous matenals from becommg contanunated

Keep Waste Streams
Separate

~
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Food Proassors

ProductIOn Process and Eqwpment ModIficatIons

Often a process can be modIfied. or the equIpment used can be unproved
or upgraded, so that the process wIll run more effiCIently and produce less
waste Some examples of productIon process and equIpment changes that
may help you reduce waste are

• Improved scheduhng SequentIal scheduling the products that use the
same productIon Ime or equIpment can reduce clearung requIrements
For example, schedulmg the use of 11ght dyes before dark d,es
through the same machine or productIon Ime elunmates the need tor
clearung between batches

• MaxunlZmg dedIcation of process eqUIpment ThIS can reduce
equIpment clearung frequency and waste generated

• MlIllIIllZmg the amount of cleanmg solutIon used If water IS the
clearung agent. use sprays or Jets of water to clean tanks or
equIpment Where possIble, small amounts of concentrated was
collected should be recycled or used as a raw matenal Rinse
machmery and tanks less often

• AVOIdmg use of the wastewater stream as a 'conveyor" Transfer
sohds md partIculate matter by mecharucal means (eg augers or
conveyors) or manually 11115 helps mmmllZe loadmgs to the
wastewater treatment system

• Substltutlng less tOXIC or non-toxIc substances as cleanmg agents

• Conservmg water Use automatlc shutoffs on hoses and at wash
statlons Use hIgh pressure, low volume washmg systems
Incorporate water conservmg eqUIpment Into process Imes

• MlD.1InlZmg the loss of product Prevent product from becommg waste
when It luts the floor PrOVIde catch pans under problem areas of
productIon lmes

• UtlllZmg "dry cleanup" methods Scrape up and scoop up paI1lculate
matter before wash down ThIS techruque prevents the unnecessary
addltlOn of waste to the wastewater stream



ReusIng and RecyclIng Other Wastes

Good waste reductIon plans address all of the waste streams bemg
generated by a particular busmess or mdustry Try to fmd ways to apply
the three R's to all of your plant's waste, mcludmg such tlungs as waste
paper empry contamers, lubncatmg fluIds, etc Here are some tIpS for
these rypes of matenals

• Reuse or recycle excess, off-specIficatIon matenals and samples taken
for quallry control testmg For example, off-spec matenal can be
added to an often alreadv eXIstmg waste stream that IS used for arumal
feed Some orgaruc waste products that are not sUItable for use as
arumal feed may be sUitable for compostIng operatIons

• Fmd as many ways to reuse paper as you can (as note pads, poster
paper, etc) When paper has been reused as much as pOSSible
recycle whIte paper and computer paper Recycle other office wastes,
such as alummum cans

• Recycle lubncatIon Olls

• Fmd ways to recycle water Recyclmg water can COnsISt of sunply
screenmg the water and reusmg, or recyclmg may COnsIst of a
complex clearung and filtratIon process The speCific process must be
evaluated before a declSlon can be made

GettIng the Job Done

Accomphshmg the goals of a waste reductIon program reqUIres the
cooperatIon of every employee of the company Top management must
make a comnutment to pollutIon preventIon, but It WIll be the workers
themselves who wlil make the program succeed

Management can demonstrate Its commItment to waste reduction by

• Provldmg employees WIth trammg m waste reduction technIques and
practlces -- mcludmg penodic "refresher courses" to mcrease
employees' awareness of the unponance of waste reductIon

• Involvmg the employees m deslgnmg and Implementmg waste
reduction measures

Organic waste products may be
SUItable for animal feed

I
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Food Processors

,..~-~~
I Publicize Ii

I Your FIrm's CommItment 11

I to Waste Reduction I

I I
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• Establlshmg mcentives to encourage v.orkers to use v.as,e reduetlcf
techruques and to suggest changes m deSign or operating procedures
that would funher reduce waste generation

FolloWIng Up

As long as wastes are bemg produced, there IS the potentIal for waste
reduction Less-polluung matenals, equIpment, and procedures are
constantly being developed, so that wastes that are difficult or costly to
control today may be easIly ehnunated tomorrow Stay alert for such
developments

When buymg new equipment, look for equIpment that \H11 mInimiZe
both the amount of tOXIC materIals used and the amount of waste
produced

Reassess the company's operatIons and waste handlIng practIces
penodically WIth an eye to aVOIding the temptatIon of slIpping back Into
old more wasteful ways of dOing things and to IdentIfvIng addmonal waste
reductIon possIbllmes

PublICIZe the firm's comrmtment to waste reductIOn Customers WIll
feel good about domg bUSiness With a company that IS envIronmentally
responsible

Sources of Additional Help

ThIS GUide IS not mtended to be comprehensIve lIst of all the techruques
that could be used to reduce waste In a food processing companv Each
faCIlIty IS umque, With Its own challenges and opporrunltles for
mmlIlllzmg waste, therefore, each waste reductIon program Will be
umque There are a number of resources aval1able to help Delaware
busmesses develop and unplement programs that meet their mdlvldual
needs

• A Waste ReductIon Self-EvaluatIOn Manual has been developed by
the Deparunent of Natural Resources and Envl!onmental Comrol [0

aSSIst small and medium-sIZed bUSiness m unplementmg waste
reductIon programs The manual Includes informatIon speCIfically
targeted for food processors Copies of the manual can be obtained
by ca11mg the Depanmem at (302) 739-3822

• The PoUutIOn PreventIOn Program In the Depanment of ~atural

Resources and EnVironmental Control (302) 739-3822 prOVIdes
techrucal aSSistance, information resources as well as assIStance With
other servIces that are avallable to your bUSiness



The Mid-Atlantic Food Processors AssociatIOn has many members
from the food processmg mdustry that mcludes but IS not Imuted to
regulatory agencies, food processors, and engmeenng firms The
aSSOClatlon holds yearly meetmgs and publishes a monthly newsletter
The associatIon's offices can be reached at (410) 546-5854

• The Delmarva Poultry Industry can provIde mformatlon to
comparues dtrectly In the poultry Industry and related busInesses ThIs
orgarnzatlon holds Its annual meetmg in October and publIshes a
bImonthly newslener for more Informauon, theIr offices can be
reached at (302) 856-9037

• The Waste MmJll1lZatlOn/Pollutlon Prevention informatIOn
Cleannghouse, housed In the Delaware Development Office, containS
a bIblIography of waste reductlon reference materIals and a case study
database of actual waste reduction expenences worldwIde, sorted
according to Standard Industnal ClaSSificatIon (SIC) Codes
Information relating to the food processmg Industry IS filed In the
database under SIC code 20 Use a modem to connect to the
computenzed database by callmg (302) 739-3757, or call the System
Operators at (302) 739-4271

• The Delaware Waste ReductIOn Assistance Program (DELWRAP)
at the Uruversltv of Delaware offers on-site evaluations of waste
reduction opporturutles for Delaware bUSinesses For Information
about the program, call the Uruvermy (302) 831-8522 or the State
Chamber of Commerce (302) 655-7221 m New Castle County, 1­
800-292-9507 In Kent and Sussex CountIes

• The ~ortheast industrIal Waste Exchange may be able to help you
find comparues that can use your wastes You can call the Exchange
dlrectlv at (315) 422-6572

ThiS pubhcatlOn IS one of a serIes of pollution preventIon guides
for various types of bUSlDesse5 For more mformatlon on thiS
and other pollunon prevention or waste mmmuzatlOn
programs, contact the IRpartment of Natural Resources and
EnVironmental Control at 739-3822 or 739-5071

The Department of 'iatural Resources and EnVironmental Control IS an equal
opportUDJty employer No person or group shall be excluded from
partlclpatlon. deDJed any benefiu, or subjected to d1scrUDJ.DatloD on the basIS
of race, color, national origin, or handicap
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