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Infroduction

David . Green, Seafood Technology Specialist
UNC Seo Gront College Progra
Box 1137, Morcheod Giy, NC
The 1990s are being toued as e *decade of the We gralefully acknowledge the following:
mm'hﬁwmm:dmw SPONSORS
is occuring in govemment, in indusiry and among

concemed citizens. The domestic seafood processing
indushy is no excepion. Foced with decining naturd m&wmm“w
et crems it oy s b
stricler enforcement of environmental regulations, the Norh Cordlina Bi Canter
indushy s focing ough challnges chead Noth Corlina Posion Prevenion Progrom
The Seafood Environmental Summit focuses on environ- U'%ﬁ?mmmp I'mm
in processi ‘aqu.uﬁgﬁslwywﬁfoduml.repmmisa-
brood and diverse view of subjects tha impact domesic CONTRIBUTING SPONSORS
fisheries and the seafood processing indusiry in the
United States, &wmﬁu&dimofhmﬂuleofw

Technologisls
It is hoped thot the ions and discussions resulting  Florida Cooperctive Extension Service
from this summit wil encourage o betier understanding Florida Sec Grant College Progrom
I!’leoomplailuofiswafocingourseofoodi\dushy Gulf and Scuth Alntic Fisheries Development
today. With this understonding, we may embark on o Foundation
path that would strategically plan for the future of he North Carolina Cooperative Exlension Service
seafood processing industry in the Uniled States, North Corulina Fisheries Association

North Carolina Sea Gront Cllege Program

Southeastem Fisheries Association

Tropicd ond Subiropical Fisheries Technalogicel Scxiely



Protecting Environmental Quality Today

Mike Street
N.C. Division of Marine Fisheries
Moreheod Ciy, Norh Carolina 28557

Wihout o environment, there will be litfle or no ic from nitrogen discharges in 1940s and 1970s,
seafood. hm(:molm,hmemdlnmof mmhedmmwebluevmdgoeblm
%mﬂM&i:%pmﬂeﬂmmdepaﬂaﬂ.ﬂw Nbvag s of i oger
environment commerciclly i imporiont species major new are no

depend on has wo parts: habitat ond waker. Habitat occurring, confinved coaskal resulfs in smoll

encompasses specific areas utilized by various stages
mdspecnesofﬁshmdshellﬁshﬂﬁendudespawmng
oreas,Feed'mgarensmdnng
ity for fisheries is the ob ofwulermdrts
corshiumlsbw u unonsof
ﬁshenesremm Conbmedstote
uresuﬁcnaﬂaiprsaﬂbproledlhemmmﬁom
most existing threots.

Until the last 20 1o 25 years, welands were considered
waslelordsbbeconvenedbbeﬂermes walers were
rounds, and resources were
umgle Rules controlling dredging and
Filhng, polluhon and harvest limits were minimal or non-
existenl,

State ond federol lows enacted from the lote 19605 o the
present have holted karge-scale hobitot destruction ond
reducedpolbhmdls&nrges. But the results of post
habitet loss and poliution persist. Thousands of ocres of
marsh have been converted 1o finger conals ond develop-
ments, Additional thousands of acres of coastal wellands
have been drained for mosquito control, which works
poorly ot best, Tens of thouscnds of acres of nor-coostd
wellonds were drained for ogriculiure and sibiculiure -
octivifies that affect runoff and nutrient input o estuaries.
Tens of thousands of acres of produciive shelfish botiom
have been dosed to harvest becase of poory sied,
malhunctioning sepfic systems, fofling package rectment
plants and municipal sewage treatment plonts.  Addi-
tional dosures occur sew:t?lccnlly Hlovwng heovy roins
mdlheaccomparmngmnoﬁ Fish consumption
advisories have been issved for some areas becouse of
long-lerm dicxin confomination. The Chowan River is st

incremental losses thot odd up. Hobitat lost ouslyls
not being reploced. And miligation, espec
creuhm,husndbemshownlobevelymh .
Somelimes mifigation works, but it can toke many years
o equal e lost ecological function. Fish kils and oyster,
crob and fish diseases are increasing. Naxious dlgoe
blooms and episodes of hypexia/ancxia stll occur.

Cocsidwulasureulh‘ne'aﬂofpa lﬁﬂ'em
pe.b

problems ore
These lndude lndushal and municipal discharges

runoff. Idmddevelopmemfuilsbmderinwﬂaﬁeds
the coastd area. Nodh Caroling'’s fotal coasal habitat
and water quality program is ameng the nation's bes!
ond if's improving. Coordinafion amang skt ogencies,
N.C. Division of Environmental Management, N.C.
Division of Coostal , N.C. Division of

B es s gefing beter.
Bulprogmnsm'eummdmeMW
ing needs os cooskal development grows. And enforce-
ment and pendlties are insvfficient.

bmumoddeamir;moded
5, developmeni will probably
confinue ko grodually degrade habitat and water quality.
wagnﬁ,mﬁumaswﬂlbemdabd
Coosial welands will be lost. In bulkheaded areas, the
esivary will not be able 1o refreat inland 1o create new
marsh, thus losing estuarine productivity. If decisions are
modebpwllwnecasarycosis(monelurymdodwer),
coastal produchivity con be resiored and maindained,
continuing o contribute economicolly.




Sea Grant and Fisheries Environment

B..

Copelond
Universily of Nort Coroling Sea Gront College Progrom
Nocth Cordlina Sicle Uriversiy, Roleigh, N.C. 27695

Awateressofheooosldemimmmdilscum
T
publi. not read or environ-
maidmn?mspuper,onmduoormld
Indeed, the tolk at socidl gaherings and on the sireet
comer wil include about the environment.
There is ample evidence that there is @ deslreb
do something about environmenial quality

dedine. For example, 12,500 volunieer dtende:l
“Big Sweep” ochviles in our scle and
hmdradsofublcymtlsoflruﬁﬁunhbeodmmd
waterways. Surveys of public opinion reveal that @
mqoniyarewillmglopay “exira” for o deaner and
safer environment. Discriminafing consumers are

ing their habits to improve their diet and
:Imo?n!ummofbodmddnnkﬂmmds

subscribe fo mogezines ond use \ndw-med educational
materials fo become beter informed

Seafoodundi'eanﬁmmrdoreinhicmelyimmwired.
A recent anclysis by o National Academy of Science
panel concluded that the quality of seafood is more
rellg:dbighev&i oFII'-eemm;naﬂﬁ'om“hd'nﬁ
fa n o o it processi
hondling. These finding smdefscorem:ngoreinn;guﬂ'ue
need for imp rovedemronmenid uuhrylfweareb
maintain he uvu'lub'hlyof%dmme and sofe seafood
for the future. Thot is what this “summif” is all obout.

Sea Grt:;t Collega,'gs ingtitufions, are mculedlb 0 .
prionity ot assisfing the nation fo ensure iy, sa
and abundant seafood. Sea Grant canbmr:

search, extension and education expertise of most of he
nfion's universies fo focus on identified problems ond
solutions offecting coastal economies. One of the most
prominent issues mdudes seafood ond its environment,
Sea Grant offers several unique qualities to address the
issve:

1. Networking: Sea Grant is & nelwork of insfitvtions in
each of the coastal and Great Lokes skrles. This dosely

knit nebwork endbles the efficient ond fimely exchange of
ideas ond rapid combination of sclulions fo address an

issve.

2, Mulidisciplinary Approoch: Sea Grant has the
unique abiliy fo combine disciplines o oddress an issue.
By combining legdl, technical, engineering and socidl
mu;pﬁ wlmbeoddbr:seddiurbosemﬂ

utions can be developed. Effective
research, e:d':rywm,educohonmdconmwcuhmum
applredsnmdbnewdybbnngnewmdvrﬂ information
o the workplace and the public’s atilention.

3. Interagency Coordination: By working wil oll agen-
cies, inferest groups and commerce, Sea Grant efforts
oFlengetbtheheartolesue.Bywo;hngbgdhu
e
ng thetr way inko the workings can
mokeadﬁamwy

4. Outreach: Sea Grant supports on outreach program
colled Marine Advisory Service. These dedicated
individuals, located in coastol areas, work direcly wih
mm?bwﬂ\ebﬂmhnﬂmpzundw’ﬁed
ems. In fum, relevant ems o
reseorchers for the nrjmsolum'ﬂm
mmushmh&mnmmbuke

ploce in a fimely fashion.

SOME IMPORTANT ISSUES

| wil suggest some issues thot seem o be most imporfant
as we ener the 1990s. Of necessity, those issues thot
foce the seafood industry are very similar o those that
foce other coastl resource inferests,

1. Resource ABocation: As the number of people using



coasial resources increase and the toldl amount of
resources avoilable remain the same or dedline, we ore
foced with the increasingly importont question of “who
bl i) Mt b
requires
ﬁviiyad?imdyidd&ﬂaeimdcddﬁglurge
rumbers of unintended species while harvesting torgeled
species [i.e. ﬁmldal has become extremely coniroversial,
Overfishing of many species is now problemaic. | befieve
gl ot e
require , inary reseq

careful application of the resulls in o well-educoted
indusiry and public.

2. Waler Qually: As we have olready heard, seafood
qualily is inextricably interwined with water quality, Unil
mmdﬂebmﬁehuﬂofmwﬁl; ine,
we will confinue fo have problems with qudlity of our
w&m&mmpmblemaﬂed&esdsof
produd, regardless of confamination has
octually occurred. There is some good news — the inflow
of many contaminants ko the nafion’s coasil zone hos
dedined. But, considerobly more progress is required if
we are o regain the oplimum producivity needed o
supply the increasing demand for good seafood.

3. Produdt and Wasle Disposal: Wit new
stondards of quality and safety, the seafood industry wil
need new information and techniques to remain compet
tive. Disposal of wostes is becoming more of o problem,
and we need o develop dltemative ways of using the
waste instead of disposing of it ino the increasi
stressed environment. This will require mulidisciplinary
research ond applicaion fo realize recovery, treciment,
recyding and redudtion. All of these have economic and
social ramifications s well as technical problems.

4. Habitd: We must mainkin crucial habitats if we ore
fo mainkin and even enhance secfood produdion and
quality. With the mood for mifigation and habitat
restoration, there are many opporfunifies 1o fest new
fechniques ond ideas on how habitats work and how
they are related 1o the magnitude of produdtion, ofien in
ecosystems far removed from the origindl.

The botiom line is thot we oll have a RESPONSBILITY o
tacKle these issues with purpose and our best ideas.



Overview of the Albemarie-Pamlico
Estvarine Study

Rondall G. Waile
Depariment of Environment, Health ond Natural Resources
Roleigh, North Carofina

The Abemarle-Pamlico Estuarine Study {APES) was the first
National Esiary Program i be designated under the 1987
amendments 1 the Cleon Water Ad. I represents o
cooperotive effort between the Environmental Proledion

and the siate of North Carolina. wos designed as
a hive-year progrom. ¥ combines scienific reseorch, evaly-
afion of pokenfill management altematives and public
involvement and education o profect the long-term produc-
tivity of our estuarine waters. The study area covers 30,000
square miles of the watershed for the Albemarle and Pamlico
sounds. APES has published a document compiling current
knowledge obout the status and trends of the system’s
environmental quality. This document, olong with results
from confinving research, will serve as the foundation for the
devdoprmﬁaﬁndc ive Conservation Man-
ogernéent Plon {CCMP) due in November 1992, The CCMP
will make recommendations for coordinating various sicfe,
federal and locd programs with responsibilty for specific

of the estuarine environment and its inon
effort fo profect these voluable resources.

Ore of the major contrbutions of APES has been the
creation of o geographically referenced database of the
region. This dotabase, which indudes more than 50 dota
loyers, confains information on lond use and land cover,
roadways, soils and hydrology o name o few, The
database is housed and maintined by the N.C. Center for
Geographic Information and Analysis and is availoble for
agency and public use.

The public involvement porfion of APES disseminates infor
mation and facilitates involvement of concemed cilizens in
APES ond the CCMP development process. To do so, APES
funds public involvement projects. One such project iden
fified and quanified the level of emvironmentd! profection
desired by citizens and the high level of public support for
environmentol management, The Cifizens Water Quality

Moniloring Program has resulied in dmost four years of
ﬂ:blewalerq:diiyddumdimdvedmvlomlreﬁ-

The technika acquisifion porfion of APES, through the
cempton of exing ke ond orcing ¢ row i
has oddressed fourrErood areas of concem: the human
environment, crifical areas, woter qudlity and fisheries. The
satus and rends of each area os well as highlighis of recent
research efforts are discussed below.

Ih 1990, the permanent human population of the Abemarle-
Pamlico counties was roughly 2,670,000 ond is expecied o
reach 3 million by the year 2000. This reloiively rapid
growh of the permanent population and @ concomitant
growh of the seasond population increases demands on
ond conflicts over the limiled and frogile resource base. To
oddress issues of resource ollocation, one APES-hunded
study developed o sample woter-use plan for Corferet
County by analyzing the county’s growth indicators, water-
use indicators ond policies rdgingheuseofpn.bliclrust
waters, and by developing a dassification scheme for waler
use.

APES has and will confinve i study the impacis of man's
mhao&hmwmﬁmhmm

critical oreas i whn:ﬂedoqjdcvegebﬁon
{SAV), welonds, nursery areas and fishery habikats, and
barrier idonds.

SAV occurs in shallow waters dong the easiem shores of the
Albemarle and Pamlico sounds and in much of Core, Back,

ond Bogue sounds. SAV hobict & ofons of
o e e o o &
SAV habilats in the eastem poriions of the Albemade and

Pamlico sounds are stable, but have been dlmost oblitercted
inthe Panico River cnd Back By, Decline of SAY may be



caused by decreasing light peneiration due fo increased

hnh:diiyb;d msiulu?ﬁy olgoe. | cerlain areas, the

e o e descin x dthnc by
, ers

these condifions and practices confinve, SAV will likely

continve fo dadine.

i b
ma are now

fions ond ore sicble in oreal exent. But there is evidence of
extensive kocdlized reducion of ecologically imporfoni -
parian welands and isclated inland wefonds, 1 is estimated
that 25 fo 50 percent of the weflonds that line iibularies o
g o e sl e

ioning has impoi 66

centofinlond 'mhuvebwncomerledmi m
uses. A sidy conducied by the N.C. Nard Heritoge
Progrom identified, described, mopped ond priorifized
excepfional welands and other special namrurarem n
counties adjacent fo Albemarle Sound. This data is avoil-
able 1o other agencies for resource assessments,

Fisheries nursery areas may be influenced by freshwoter
ﬂ,bdlomcﬁsiurbing practices or hypexic ond anoxic
fions. A program designates and profecs nursery
oreas o haefl Khing prossies, ond ot it
that most of the designated areas are curenty fundiioning
safisfactorily. However, records of waier quality indicole
deferiorcfing condifions within some nursery areas.

Human impacts on the barrier islands have reduced the
original coveroge of maritime forest, shrub, herbaceous
dune growh and soundside high marsh to remnant quan-
fiies. On private lands, osses of habilat confinve ot o
subsiantial rote [rg: ubrli';unizaﬁon ond rda:j develop-
ment. Acreage inthe public frust is increasing the prokection
of some of these hobitats. Fortunately, abouttwo-thirds of the
Outer Banks is now in public ownership.,

APES continues fo study water qudlity within the region
specifically addressing nufrients and evtrophication, meto
and foxicants, frahwute‘ discharge and flow regimes, and

anoxia and

The waters of the esfuarine system are phosphorous-richand
relotively nitrogen-fimited. These nutriens, clong with the

ik o
X dc or anoxic events, in in
and even Jaxic conditions. Algal blooms cre o common
occurrence during he summer and foll warm, low-flow
months, An APES-funded siudy indicated that to reduce
these events, inputs of nitrogen and must be
conirolled. APES is currendy funding a siudy o develop o
nuirient budget for the region as a first siep fowards
developing nutrient reduction godks.

Despite reported increases in loodings
system, concentrations of nérogen ond
water clumn have, in generd, in the recent post,
However, increased concentrafions of a fon
indicotor of ol abundance) may occount for the dedliring
concentrofion of nutrients.

APES-funded shudies of the concenirations of tauic pollvtonts
within the woter column describe sofe ond reasonable
levels, but studies of the sediments of Pomlico Sound and the
Neuse River indicate that arecs of locdlized but significont
uﬁdmuﬂofdmlsetiﬂ,mdm:ssmded' wi hm:nf
point source rgers. APES is on inveniory

foxiconts in the region o identify polential problem areos,

Alteration of the noturdl low regimes of the iibuiaries 1o
Albemarle and Pamlico Sounds can have significant effects
upon the water quality and the health and distribution of
flora and founa in the receiving waters. This alteration is
ofien o result of drainage dikhes, overdrought of coostdl
oquifers, dams, consiruction ond development. Due to the
complex hydrology of the estuarine system, precise frends of
changing salinity remain unknown, but the pace of that
change appears o be decreasing.

"y “wmm:ipwﬁh' usuolly
evenls are not wh are
shortlived., Alnm?gﬂhypoxicwﬂmmdmcaﬁedby
natural condiions of concument womm femperctures and
strafification of the estuarine woters, These events may,
however, be exacerbated by aigal blooms coused by
cuhiurd evtrophicaion.

APES confinues Yo siudy issues of fisheries dynamics within
the region, spedifically shellfish bed dosures, diseases,
commescial fishenies ond recrectional fisheries.

in the esiorine
in the



Curvently, about 36,000 acres within the shudy areo are
SR

0 or o heavy rainfall,
Baderia contamination from point sources and urbon and
agricsiiural nnoff can couse the dosure of shelfish beds.
Current regulations require immediate dosure of shelfish
beds in @ given proximily lo marinas,

Prevolence of fish diseases hos increased dramatically in
some areas since 1984, Several new or epidemic diseases
hove been documenied recenty the fish ond shellish
of he region. Couses of fish ond shelfish disecses seem 1o
e gt vt oy ot s
inked 1o waler quality ion,
levels oftexicants, phyloplankion-produced toxins, increased
salinfty during periods of drought and decreased saliny.

I 1989, wihin the sy areo, commercial Fishermen
landed o toid of 59.1 millicn s of fish, ond Norh
Carolina fishermen, a5 o whole, londed 85.4 million pounds
of estuarine-dependent fish [excluding menhoden). The
total commercial catdper-unit-effort has decreased de-
spile improvemerts in de?;ng gear and methods. Since
1988, lotal eommercial landings hove dedlined 14 percent
fo 151.5 milion pounds. Specific causes of the dedining
londings are unknown, but severdl facors have been
associoled with the declines, induding dlteration of riverine
flow regimes, dedining waler quality, increased “effective
effort” {the ability o inflict morkality), increased size and
power of fishing vessels and improved electronics, fishi
gear and fechniques. These improvements, in fum, can lea
lo overharvesfing,

Recreationdl anglers compele for many of the same species
as commercidl fishermen and can account for a significant
proporiion of the ol cofch. For some species of fish,
recreational harvest probably exceeds commercial harvest.
The totdl recredtional -unit-effort has also de-
creased, despile increasing eftecive effort due fo improve-
ments in gear and fechniques.

The oction plan/demonstration project porfion of APES was
developed o target funds o identified problems end b
support measures that could be employed on o wide scale
o address those problems. A siudy conducied in the
Merchants Millpond/Upper Bennett's Creek Watershed

investigated the use of best management prociices in animal
operations o achieve oppropriaie nulnient reductions in
I. l 'I. l

Coordination of dll focets of this program will result in o
hind consensus document = the ve Conser-
vation Management Plon — fo proled and preserve cur
esiuonine sysiem.



National Marine Fisheries Service
Environmental Research in the Sovtheastemn
United States
Dovid W, Engel

Notional Marine Fisheries Service
Southeast Fisheries Center, Beaufort Laboratory, Beaufort, N.C.

The National Marine Fisheries Service is mandated 1o
conserve ond living marine resources. This is
directy rel bm):ﬂ,aﬂ ity of fishery
habilat. In 1991, NMFS published a sirategic plan for
fisheries and God! 6 of the plan is: “Protect Living Marine
Resource Habita" and the objectives are:

1. Use the authority of the Fish and Wildiife Coordine-
tion Act, Magruson Act, Marine Mommal Profection Ad,
Species Ad, Oil Pollution Act, Superfund
and other legislation o implement a cohesive sirategy ko
protect ond restore habilat of fiving marine resources.
2. Quaniify the effeds of habiiat modifications and
contaminants on populations of living marine resources,
3. Delermine if artificial or restored habitat Rulklls
essenfial habifat needs of LMRs. Artificial habitats, such
0s reehs, or habilot restoration may be used o mifigate
development.
4. Restore depleted stocks that hove been odversly
impacted by habitat modification.
This goal and these objectives provide the basis for the
research programs that are oddressing how environmen-

tal quedity impadis seafood production.

ﬂwj?rironmenl iol research eﬂoninbemedSouheas:h isa
mulfidisciplinary, generic program concemed wi
&duarine—coast% mb mihg?oddmsa the above
mentioned goal and objectives. The progrom is o
mixture of field, satellite and loboratory research wit the
common goals of. {I} determining the key processes that
regulote fishery producion and {2) developing the
capobility fo predict and assess the effeds of habitat
alterations and contaminant additions on fishery omgan-
isms/production. The NMFS fuclities that ore primarily

involved in this resecrch effort are located o Beoufor,
Galveston, Miami cnd Mississippi. .The environmenial

issves being investigoted in o and specific
manner in slure:iilcousldhabiblmocﬁfim-
fion; (2) effects of water diversion; {3} the volue of
mitigated habilat; (4) contominant looding; ond [5)
cumulative/adkditive effects of habitat loss and contomi-
nord additions on fishery populoions, In addition,
coashal nutrient boading is a concem but is not being
addressed by existing ressarch in cur region.

The estuorine research efforts in the Southeast are
delermining the relative values of nursery areas, induding
marshes, seagrasses ond non-vegelated habiats for
fishery species. of physical changes ko fishery
hobiiot o well as the value of measures used Yo miligae
these changes ore being evdluated, The primary concem
i ol pay
divity emergent
uminhﬁﬁamuﬁgmh;wmaﬁa;::\ese
areas may imporiant fishery organisms.
studies ore using the reqrvitment of larval and juvenile
fish and shrimp info esharies as well os their abundance
as o measure of the value of natural welnds.

With occd};m development, the process of
mitigation on imporant lopic. | is i
ml,gahhere[m'e, fo defermine M&m ﬁ aededmijpuds
have the same or similar habilat value s the original
acreage that was desiroyed. These fypes of investigations
vilize the methodologies invesfigating
natural wetlands, ond the studies of experimentd
mifiation sites are being conducted in Norh Carohing,
Florida and Texas.

H



Ancther environmenial modification that has been
sudied exdensively is the effect of freshwaler diversions on
environmental quality in Texas ond southwest Horido, In
bohm,himnﬂigaﬁwmoddmﬁrghﬁan
of freshwater inflow, but the two problems are differert.
b Forida, the problem is salinity reduction due to
increased freshwoler inflow. | Texas, the situction is
ll'eﬂowdueb o e el b Bﬁiﬂy
n patiemns woler have signihi
altered hobitat produdtivity and quality ond species
composition. As a linkage between the open Gulf of
Mexico ond the eshuarine areas, sofeflie measurements of
surfoce seawater femperatures are being used to predic
the levels of primary jon i
how they inferoct with other estuarine processes.

Other environmentol concems are the increased contami-
nant loading and increased incidences of disease among
fishery organisms, both of which may be the result of
occeleroted coasiol development. In the Southeast,
selected esiuaries ond orgonisms are being moniiored os
puriofNOAA’shh’io:?;hmsuﬂdesBmﬁc
Survedllance Progrom.  This ongoing program is defer-
mining the concentrations of both organic and inorgani
contominanis in fish and sediments in 19 estuaries in the
Southeast, |4 of them on the Gulf of Mexico. In oddition
fo moniloring efforts, studies ore also conducied on the
processes that control the effects of irace meldls on
marine organisms. These siudies are not confined o the
Southeast because metdl contamination is much greater
in the estuaries in the Norheast, The data derived from
these studies and others on the melabolism of metals by
fishery organisms are useful in assessing the polential
impocts c:?m melal conkininars on esharine
Increased incidences of disease in fish ond shellfish hove
been reported from different locations in the Southeast.
The fish disease, ulcerofive mycosis, has been identified
in fish collecled From the Pamlico River in Novh Carolina
and the St, Johns River in Florida. Blue crobs, with an
oggressive form of shell disease, have been
collected in the Pamlico River in North Carolin and in
Biscayne Bay in Florido. An inwestigation o desaibe the
efiology of this disease omong the blue crab population is
curr:"ilg underway in Norh Caroling,

Efforis olso are being made to examine the cumulative

12

hions en imporfant orgonisms. itis
dmdw:ldii&m;dimdmdmmdbd&mdwwd
or disease outbrecks wellonds
mamwmﬁ;ﬂm
corvelafions are generally o simplistic probably
be miseading. For example, the etickgy of most disease
ore complex and require more than one foclor
ﬂforehcﬁmmbeecpremd. Ancther difficulty
in predicting how or why populations of orgonisms vary
isl‘:allhesoumaof iability have not been odequalely
described. Also, our wdersionding of such things as
lorval survival and recruitment is not complete encugh %o
how nomdl, unstressed populations should
In other words, the predicion or assessment of
cumuloive/infegroted effects of compromised environ-
merﬁqml:;t{muybeﬁrsrorderquwiau,bdedaﬁve

knowledge that control naturd '
kmﬁedm%dsmnbemm



EPA: Pollution Prevention

Related Legislative Acts

Bob Carter, Supervising Engineer
Waste Reduction Resource Center For The Southeast

The Waste Reduction Resource Center’s funciion is 1o mebm’ybdmm
serve s on information dlearinghouse ond o provide vmsie.bys?oppn'lg.llsgmefuhma.lhm The
technical assiskce in waste reduction effors fo dients in~ folowing summarizes EPA's Pllufion Prevenfion Progrom
mmw,m Our primary role is o provide bockup ~ inifiafion and new diredfion as reported in is wdl

icol assistance fo Region IV siole fechnical assisiance ~ report fo Congress in 198,

roms.
Pes * To provide lechnicd assisionce progroms on wasle
To undersiond the Environmentd Protection Agency's minimization ko wasle genen d the sictes.
{EPA) Pollution Prevention Progrom os it exisk foday, it~ ® To assist sioles in developing technical ossisionce
helps fo look ot whot preceded ifs creaion. EPAwnson  progroms. L .
ouigrowth of the massive public demonsirations which ¢ To develop o wosle minimizofion informaion system o
occurred on Earth Day, Aprl 1970. Congress wos disseminate information 1o producers and the states.
forced to take aciion to iniicke legidtion fo corect past ~ To implement wosle reduction throughout EPA across
mistokes ond fo protedt the environment. The Erviron- all media progroms.

mental Profection Agency wos creaied by the National
Envirorsmental Policy Act of 1970.

Legiskion confinued o be passed, ranging from
regulations designed fo protect individual media such os
air, woter and solid waste 1o legislation governing mult
medio wasles such as foxic and hazardous wastes.
Comprehensive emvironmental recovery ocs such as
CERCLA came info being foo. Regulations were offen
difficult to understand or were not acceptable to industry
resulting in profracied litigations.

Regulotions ofien were not only confusing bul were foo
siringent requiring repeated amendments or new ads. In
the 19805, new concepts were infroduced such as cradle-
fo-grave tracking and responsibility under RCRA. The
hirst reqirement o begin waste reduction planning
originated with the Hozardous and Solid Waste Adt
(HSWA) Amendments of 1985,

In 1986, EPA changed its emphasis from end-ofpipe
freatment fo the prevention of waste fion. Siotes
hod led this inifictive by developing dired, free non-

To implement EPA's propesed rediredion os siled
above, Region IV's Hazardous Wasie Roundiable,
including heads of the region's sile programs, represen-
talives of the Tennessee Valley Authorily, the Depariment
of Energy, and the Southem Skaes Energy Board,
decided on @ wo-pronged effort lo meet EPA's stoied

cbiectives.

The siates were fo siart lechnicol assistance programs in
woste reduction for indusiries, local govemment and the
general public. A central dearinghouse of waste
reduction information, stoffed with experts who could
ossist siotes in gelfing storled, wos needed. This gove rise
%o the Wasle Reduction Resource Center funded and
gyuﬁedprincipcﬂybyEPA, Region IV but with ossisionce
VA

The center wos Jocated with the N.C. Pollution Prevenion
Pays Program %o ioke advoniage of e siote’s extensive

waske reduciion ibrory and the expertise of its engineers.
The center opened is door for business on Aprl 1, 1989.

EPA's Pollufion Prevention Office and Program was
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initioted in 1988, four ko five years after mony skites
storted similor programs and affer Region IV sponsored ¢
progrom for the entire region.

Between its establishment in Ociober 1988 and passoge
of the Pollution Prevention Ads of 1990, the EPA's
Pollufion Prevention efforts were lorgely outreach. Thess
induded funding research, putting on training courses,
fwding 25 sile fechnicol assiskance progroms and
plonning the inlegration of polivion prevention in ol EPA
progroms,

lost year, mony new ads were infroduced thot wil have
a losting impact on the way waske problems ore od-
dressed in the future. The new Clean Air Adi, The
Pollution Prevention Act of 1990, The National Eriron-
mental Policy Act Amendments, the pending Federd
Focility Compliance Act and updates o CERCLA ond
RCRA dll phace new requirements on all wasle streams.

The Pollution Prevention Act of 1990 eskablishes poluion
ﬁrevenﬁonasamﬁondobiedive. The oct establishes a
F;'elmrd'lyofawimnemd prokection priorities as

ows:

bl:ciuh‘;on Prevem;;T, porg‘ai?ﬂy source reduction wlailgq
e an infegral part EPA programs, regu
and non-regulatory.

Other new inifiatives include the voluntary 33/50 Taxics
Reduction Inifiative; 1991 Smoll Business Grons for
pollution prevention projects; and a new $8 million siale
graﬂprogmhtﬁﬂs 16 new state programs (50
percent skale moich for initid gronts now reduced 1o 10
percent makh). Form R reporfing becomes a regulatory
port of The Pollution Prevention Act of 1990, A Municipal
Pretreaiment Progrom grant will ollempt fo demonsirate
that pretreaiment regulators and non-regulatory technicol
assistonice programs working locally can reduce woste of
the source suficienty to keep POTW'S in complionce
with discharge limits.
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i oddition & EPA, skales have independently inticied

legidation o require wosle reduction plons and the

eskablishment of specific waste reduction godls in

mdmdmmbrm'ﬁcmm Wise

Eudonaeitiﬁui’ngwmbmd.vcﬁmplasmdgods
ofl waske sireams.

Waste reduction mokes sense economically, envirormen-
ﬂaﬂmdy To get siorled or address difficut waske
ion problems, contact the Waste Redudion

Resource Center at 1-800-474-8486,



New England Seafood Processors and the

.
Environment
Susan H. Goldhor
The Center for Applied Regional Sudies
45 Museom Steet, Combridge, Massachuselts 02138
This tolk wos prepared on short nolice, and my inifial When the dallor weokened, making exports more
thought wos hat the woste disposal situation in New atiradive, and the skocks of more trodifional species
England could be summed up in one senfence; Yo wit diminished, more fishing vessels and more processors
The harsh effects of the fish med! plont dosings and he ~~ moved info the dogfish and skole fisheries, especially ino
skyrockefing tipping fees for landfills have been milignied  dogfish for which a larger market exists, New Bedford
by the diminution of the fish stocks and the Jower cakhes  processors are landfiling their dogfish wastes, but most
hat have resulied. This being said, I will iy fo sketchina  processors north of Baston are grinding and dumping of
few details of what is happening in New ) seq. The EPA officid who pemmis for dumping ot sea
has stated that, in his epinion, only about one in six of
| recently visited a New Bedford processor who is paying  the dumping aperations is conduded occording o EPA
$90 per ton for landflling dogfish wostes and $120 per  guidelines, but he is reluciont to come down hard on
ton for londfilling giant tuna heods. He is putfing obout ~ offenders uniil altemaiives ore identified.
$120,000 per yeor into tipping fees. His situation is not
vnique. A Phase | Depariment of Commerce Smoll Business
i o bt s had e d Innovation hsaarc::egui has beenofuwurded hﬁ[:raso-
15 processors are also having o hard fime dispos- chuselts to pursue the development of equipment

ing of shells. Disposal fees are going up, and some processing dogfish ond skates of sea and fo siabilize the
processors daim not io know where teir wastes are processing wastes onboard. The grant was owarded 1o o
token and prefer not fo know in cose they are disposed of  joint venture composed of several Gloucester-based
illegally. Ore relotively small crab processor poys about  vessels, Alphatron Corporation, an engincering and
$50,000 per year in disposal fees and is doing his best  manufacturing fim owned and manoged by wo ex-
fo reduce this by inding aliemotive markets for asmuch ~ fishermen, and our company. The fishing vessels are

of the crob as he can. For example, he has been
exporting back shells to Europe where crob meat is often
pm\!ed in the shell, and he is olso selling brown meat
obrood.

I Massachusetts, most siondard finfish wastes are
collected, ground, frozen and sold for pet food or o mink
Farmers. This is o breokeven situation for the processors.
n season, o tremendous amount of finfish waste is also
sold for lobster bait, although this morket is limited to
those species landed ond processed in the round. Thus,
our problem species are those that are undesirable as
bait and for grinding ond freezing; i.e., shellfish, dogfish,
skotes ond squid, with the latier two consfituting @
relatively small proportion of the region’s waste,

very inferested in the concept of onboard waste stabilizo-
fion since this constituies o second produd, which they
hope will increase their profiss.

North Aflantic Products of Rocklond, Maine, the largest
ﬁﬁshpmcessorhNe«Emglmd,purdmed, itted
prepared lond for compesting. They siarted 1o do
fumed, windrow composting and siopped before the end
of their first year of hull operation because of neighbors’
comploints. Bill Jackson, the president of the company,
has stated that he felt that the complainis were jusified;
there really was odor. The company has since purchased

a boot ond is now dumping ot sea,

Salmon oquoculture is growing in New England, and
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there are no firm policies yet on what to do with the
viscera ond morts, Since the morts must be collected by
divers, in icy, murky walers, they ore not collecied ofien
and ore not usable in pet food or livesiock feed. The
viscera are in excellent shope, but the quontities are |
small. The aquocuburisis are ofroid o i them
indo feed becouse of the dongers of recyding disease and
no one has set up ful-scale composting, which is prob-
ably their main eption. One company is said fo have
two 1o three years worh of viscera frazen and is il
frying fo decide on o path of action.

B recers s up b g Gl
ing operations and are seling most of their
product o the Massachusetts bogs. The price is
coming down but is stll higher than what is redlistic in the
run. On a per nitrogen basis, compared fo chemicdl
fertlizers, the price is extremely high. However, the cran-
beny fee! thot this is justified for use in bogs with
purﬁcjorlyporwssoikbecawethisorguiclerﬁlimrdoes
not leach out into water supplies the way that @ chemicdl
fertlizer would. The buyer of the hyd , who siores
ond re-sells fo the farmers, is not happy with the problems
of storing, sirring and pumping all of this waler {the ferflizer
isunconcmfmied)unﬁwldpmferadrypmducl. On he
other hand, he sees the hondwriing on the wal for ferflizers
d#f&nd[euchﬂ;ﬂﬁﬂnh}:uﬁridﬂe&hmdmeb
inking warer supplies. So he is commitied fo an organic
ferilizer for the sondy bogs.

The Stinson Canning Company, of Bath, Maine, which hod
the first hydrolysis plont in the Northeost and carried out the
first commercial fermentation of hydrolysed fish, hos been
purchased, and the new owners have dosed down the waste
utilization operation,

ﬂh;mﬁhhim,ﬁ?m&mlmmémdapmnﬂb
wasles and is currenty comrying out hydrolysis
on a smallscale. They have received Salionstall-Kennedy
funds o lest their prodixt on selected Maine crops this

SUmmer.

At least one company is collecting dom processing cooking
bereing rowbes e o e o

resulti red produd o5 a flavor soups
ond d‘-au:?ex
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A Report on an Incident That Impacis the Gulf

and South AHlantic Seafood Processors and the
Environment

Robert Jones
Southeastern Fisheries Association

s impossible for me 1o cover eight different sioles and
all processing seciors in 20 minutes. | would hove trouble
doing it in 20 hours. So | have decided I present @
g o ket o o o i
processing g houses in

Souh Aflantic regions.

Fm going o report on on incident | wos personally
imﬂgwihonbd\dfoflhehduﬂw.l’mgoingbcal
this incident, The Raffeld story, port

Roffield Fisheries lnc. is Jocated in Port St. Joe, Fla., about
25 miles east of Panama Gty and 15 miles west of
Apalachicola. Roffield Fisheries, like mony other

rocessing and packing plants in the st, cakch
Esh,icellﬂndm,bﬁngﬂmnb&edock,urloodﬂm
info 0 vot on the dock fo wash the ice off, send the fish
info the processing room by conveyor and then emply the
water into o flowing conal, river or bay.

In Roffield's case, he empties into the same condl used by
a chemical plant, o coal unkoading focility and one of the
largest poper mills in the state of Florida, There is swift
movement in this canal on the rising and folling fide. The
canal connects the Infercoasial Waterway on the north fo
ihgédfofMeadcomhesonﬂh,adishncedl&ssim?
miles,

Roffield ﬁ%eﬁeshi: ; \rf«fd!z-ll;I mainiained Io)[:rofasnorl}d fishing
operation. It is the third lorgest employer in Gulf County.
It has had as many as 350 people on the payrol during

the height of its production and processing.

About five years ogo, Gene Raffield was issued a federal
permit fo caich re:l?ish in federdl waters off Lovisiona, Al
least 12 other vessels were also issued permis, including

severdl from Florida, Roffield's boot harvesied 40,000
pounds of redfish in the exdusive economic
zone. His fishermen loaded them in trucks to ship them
back o his plont in Port St. Joe, Flo. When the trucks
carrying the legally horvested redlish crossed the Florida
line, they were immediately followed by undercover
agenis. When the trucks onrived ot the Port St. Joe plan,
20 marine patrol omested one fruck driver, o
female plont employee and Gene Raffield for possessing
Food fish token with o purse seine.

The Florida siatute said that o Florida citizen cannot
possess food fish ioken with o purse seine from
in the word. And this siatute wos upheld by the lori
Supreme Court in June 1991 cfter four years.

Raffield hod o federdl permit and o federal observer on
boord. He caught the fish in federdl walers under federdl
rules. Four other Florida boots cought redfish with
purse seine and were never . Raflield's
amest and the subsequent lifigation hos been festering for
almost six years. He and | felt that he had been unjustly
selected for specidl enforcement treatment by those
pe%db:imdﬁrwimhemrddﬁsﬁngidmy
in

On August 2, 1991, a federol judge in Washingion,
D.C., declored that the law used o amrest Gene Roffield
was unconsfifuional, On August 6, 1991, o Miami
federo judge rvled in Southeasiem Fisheries Association
v. Marinez that: “A siate con no longer discriminate
ogainst its own citizens and that such oction violated
equal profection, infersiate commerce ond is
compensable under the civil rights gquaranteed to
everyone.”
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bbqufrewm why fm teling you hés ot o

meeling cbout and the environment,
thcmlwiﬂﬁeao‘bm::dewpouEm{ierh
is preseniafion, | described the unlooding operations ot
Rciﬁelck Now | wont fo show what can happen 1o o
ciiizen when he becomes a “lorger” of “selecied low

enforcement” by govemment.

Roffield's immediotely siorted o come under
dmmmmsbhogatiu One of them
was the siate deportment of environmental regulaion.
An offiil for the depariment told Raffield he could no

put the vot water in the candl because # contoined
ol. Roffield soid it wos ish oil, The skte person said,
*Oil is ol whether it is crankease ofl or fish oil, and you
can't put it in the woler.”

Now | would like o show you the result of this declration
of “oll is oll.*

Roffields has instolled an occumdation tank that receives
oll wostewarier from the plant, indluding roinwerter if it
londs on the unloading docks. In the fifrotion fanks, solids
are removed, Water comes out of accumulation fonks
where sclids are removed by 1/8-inch diameter screens,
In concree tonk fop, one-third of the water is removed.
The botiom wo-thirds makes up o cuslomized oerohic

process,

The sand flirafion system further removes solick. The

main holding lonk is 10 feet deep, 40 feet long and 12
feet wide. boMlhirdis;.ﬁuﬁIizingmoembic

process that reduces odor and solids. The water is then
sprinkled on the grass of the lond surrounding the plant
One more problem has developed in that the warter is so
rich it has a fendency o kill the grass.

The Southeastem Fisheries Assodiafion has epplied for o
copyright on the system used by Raffield. ¥ costs cbout
$145,000. The system is effective and efficient. Any
processing or packing plant that has inferest in installing
this system con contact the Southeaster Fisheries
Association for more information.

The only recommendations Southeastem Fisheries
Association makes o the govemment regulators is 1o be
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North Pacific Seafood Processors and the

.
Environment
Donald E. Kromer
Sea Gront Marine Advisory Progrom
School of Fisheries and Ocean Sciences
University of Alaska ot Fairbanks
When Dovid Green invited me fo speak ot this confer- Alaska seafood processors. This is not surprising since
m,lcdledhmbaslzwfnihevmbdmedmmy EPAhnsﬁnedlZsedood ProCEssors in during
preseniation, He menfioned two things, Thefirdwosa  the last our years, Theymecormnedtbwluhd\er
discussion of concems that seafood have dmgswﬂloccurnheregjdmnnddwﬂmdm
d)ourlnwermmnaidfodouoﬂgorwiﬂuﬂedﬁeir in siriciness of enforcement of existing regulations.
operations. The second was a review of the information Compl'mwﬂleumngmgulahwnsnoldiﬂlculash
presenied of the Intemational Conference on Fish rules are few ond easy 1o understand. Some Alaska
Byproducts held in Anchoroge, Alaska, in Aprl 1990. seafoodpmcamuretmaedbyheGmdPennﬂ
So | have divided my tdlk info wo parks. But if they operate in areas where there are large
numbers of processors or large amounts of fish pro-
To determine what seafood processors in the Alaska cessad, they ore issued an individudl permit. The
fishing industry fedl are im environmental con- Genethﬂmhslssuedeveuyﬁveyem ond the cument

cems, | asked University NuslcoSeuGraﬂodm%
agents fo question processors in their communiti

survey induded large ond smol processi
mdlilndudedonesihdhoveaccessbn%d\mealplani
ond ones that do not. The information is from plants in
Alaska only.,

Very early in our discussions, we found that the concems

were in wo areas: processing plant operofion
and the supply of fish and shelfish.

ENVIRONMENTAL CONCERNS
AFFECTING PROCESSING
OPERATIONS

Table 1 lists the evironmental considerations that affed
or may affect in the future operation of a seafood
processing plont. The concems are hsled in order of
priority with the one fisted first being of greatest concem.
This order wos established by giving Iugier ranking fo
fopics mentioned most frequently and to fopics that
seerned more imporiont based on ensuing discussions.

Environmentdl Prolection Agency regulations for disposal
of seafood processing waske are of great concem o

onewmlssl.vedml989 The permit requires seafood
processors 1o hrwusleblasbmmhdfn&
and to discha mwubrbelowll'newrfuce. The wasle
ccmotbedisx into shoflow waters, kakes, areas
vnhpoorﬂushmg,m‘easclowl‘monem'lefran
dnnlu waler sources or areas such as eritical hobitot
rﬁuloreofqaecndemmmmdmem

Production of byproducts from processing woste is the
best solution for the environment. But byprodudt produc-

fion incurs power costs for production and freight costs
for shipping to market.

The use of plastic and siyrofoam king
nockoging for shi cnd markefing ofseum

high in the concems of seofood processors. These

materiols are inexpensive and are helph in maintoining
product quality. However, there are environmenkdl
problemsmhmrdisposd

A good supply of pokoble water is not a problem at most
processing plonts in Alaska. I can, however, be o

problem ot some remoe
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Erwimnaidcmc':r:daoulhmedﬂwocuﬂogd
refrigerands wos o fority. Processors seem 1o
h‘nlﬂisopmblaniormgermionindmtybsolve.

ENVIRONMENTAL CONCERNS
AFFECTING RAW MATERIAL
SUPPLY

Table 2 lists the environmentol considerations that relate
o a confinved supply of fish ond shellfish. As can be
seen from Tables 1 and 2, there is much more concem
over the availability of row material for processing than
there is cbout how processing can adversely affet the
environment,

Bycaich is of highest concer 1o seafood now.
Useofbycddmﬁsm'bhdmofmaﬁd
fishing for the torget species when o bycaich quota for
anoter species is reached. The hishery may be shut
down long before the cotch quota for the target species is
reoch;c}l;thrzcssors ore &mcanedabm disc;:erd-
ing prohibi ies. ish are supposed 1o
re;Jumed M\olemsea with hheh jon thot some
will survive. However, o very high perceniage probably
do not live. Thisisolossofbengawrce,mdh
discards may in the future be induded in EPA regulations
on waste disposal,

Processors are equally concemed about marine mommdl

prokection regulations. The enire fishery for some species

could be dosed o siop or fo dlow down the dedline in

population of @ porticular marine mommal. The commer-

cidl fishing indusiry may face problems similar o those

[:Aedhg fimber indusiry dve fo protection of spotted
o,

Compeition from the sports fishery and, fo o lesser
extert, lrom the subsistence fishery for access 1o the
resource is increasingly a problem for Alaska’s commer-
cial fishermen. Compefition for the resource bedween
lond-based fish processing plonts ond offshore fih
rocessing vessels creates some very complicated
isheries manogement issues,

Horvesting finfish for roe may have adverse affect on the
stocks of that species. 1 is olso o waste of the resource if
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the corcass is discorded. Concem has arisen recenlly
about waske of the Alaska pollock by fishing operations
that sirip the roe and discard the corcass. Decrease in
stocks of some spedies due 1o overharvesting has in the
past been o . Processors are also womried about
the effect of global dlimatic changes on productivity in
marine wolers,

Pollution of the marine environment hos long been an
immcumdhemmmd' fishing indushry.

c health concems about indusirial pollutonis ke
n ] a Wi
hl&dﬁgﬂ?ﬁmﬁmmﬁum,

) in offshore woters. Adverse
eﬁm%hﬁhﬁmﬁnﬁahamﬂhg,mﬁngaﬂ

hydroelecric develo:eiisofinpodmb
mwﬁn&w an anadromous species
S e o el iy Aot

a worry fo ing incustry in ve fo
the grounding of the Exxon Valdez in Prince William
Sound and the subsequent koss of nearly 11 million
ons of crude ol This spill spread over 800 miles.
illed thousands of birds and marine mammals ond
confominated finfish and shellfish,

There s o lot of disogreement as fo whether there are
serious odverse effects on genetics and health of wild
stocks of fish dwe o fish hokhery operations and pen
rearing of finfish. Alaska hos a large number of sakmon
hotcheries that release juvenile fish info the nairdl
enwironment for harvest in common properly isheries
[ocean ranching). Rearing of finfish in o tolally coplive
WImhmhg}istmlbdmh

Eanemkwhﬁmf;wﬁimad
oating processors fo comply wi rine Plasti
Pollufion Research and Conirdl Ad. This low implements
Annex V of the Inlemationol Convention for Prevention of
Pollution from Ships (MARPOL). The cost is not so great
as fo make this a very high priorily.



FISHERIES BYPRODUCTS

I April 1990, the Alaska Sea Grant College Program
G'K?J"IQAIOSIEUFM Foundation
Mumkmmﬁguu an;loslth

presented of this con were produc:
maﬂmﬂﬂmfm Table 3 gives a list
of the byproducts discussed at the conference.

Fish medl wos the byproduct that received the most
ahention at the conference, There were wo main areas
of inferest. One wos the demand or market, both corrent
and future, for fish meal. The other was a review of fish
meal qudlity or specificafions needed for the different
vses. Markess for fish off and bone meal were dlso
discussed. These two byprodudts are usually produced
along with fish medl.

A report on fish slage described the kelondic experience
in production melﬁs. In another report, @ composting
method was described for producing a lowscost sol

amendment. There wos dlso a paper presented that gave

a review of the uses of marine byproducs in ogriculiurdl
crop production.

Two papers wese given by researchers from Japan on
use of on enzymic to produce fish flour or fish
prokein. The fish flour is intended for use in animal feed
and the fish protein s inlended a3 an oddiive for human
food. A discussion of the size of the pet food market in
the United States and the potential for using marine
byprodudshpeifoodshdicuiedihiscouﬁbeagood
way fo use processing wastes. However, it was pointed
out that cats and dogs are sensitive to “off* flavors so
poor quality waste is not suitable.

Other byproduds that were the subiect of reports given ot
lhecongence are fih leather, &ug!:ﬂﬁitosm, ’

askaxanthin and seafood Javor extracts.

A copy of the proceeding of this conference is available
from he Universiy of Aluckn Pt Aleska S00
Grant College Program, 138 irving |l Fairbanks, Alaska,
99775-5040. The cost is $10.

Table 1. Environmenial Concerns of the Alaska Seafood
Indusiry: Concemns About Operotion of Seofood
Processing Plonts,

Subject Concern

Changes in regulclions
Varialions in siidness of
enforcement
Environmenkd congems
caused by vse of these
malerids

1. Wase disposd regulations
2 Wase diposal regulafions

3, Plskc ond boam podking
ond podaging

mmﬂsbﬁ)b

4, Byproduds

5. Woste disposdl reguiaions m%m
6. Byproducs P s b
7. Processing waler Supply of polcble woker
8. Refigercion Hm

21



Table 2. Environmental Concems of the Alasko Seafood Industry: Concerns About Supply of Row Fish and Shellfsh.

Subject Concem
1. Byenich quol use in hisheries manogement Cunmid[ﬁnirngdmmudmbﬁa&qtm‘s
2. Morine mammals Ege:n&mwldmmmmud
es

3. Offshore fish processing vessels Compeition for the resource

4. Sports fishery Competition for he rescurce

5. Finfish roe fisheries Adverse effects on stocks

6. Industrid pollufion Public health concems about PCB, DD, mercury, ek
in food supply

7. Microbid pollution Ptﬁlcyl'ndﬁmcbwlmmbdpahgn
s

8. Hobitat degradation Adverse effects on lish habitat due 1o timber harvesting,
mining, oil resource development and hydroeledrric
power development

9. Ol spills Disruption of fish harvesting operafions and
confamination of fish siocks

10. Chronic ofl pallufion Defesioration of water caused by deballasting,
recreational boats, {,m

11. Overharvesting Decrease in fish siocks from increased fishing effort and/or
soppy management

12. Discorded bycaich Waste of fisheries resource

13. Fish hachery operations mﬁe&mgmeﬁcs , health and food supply of
wi

14, Subsistence fishery Compeition for the resource

15. Pen rearing of finfish Adverse effects on genefics ond hedlth of wild stock

16. Globdl dimatic changes Effect on productivity in marine wolers

17. Marine debris Higher cost of ish due fo cost of bringing bock debris ond

disposing of
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Table 3 on Production of Byproducts from Seafood Wastes Presenied of the Infemational Conference on
Bym Archoroge, Alml:a, April 25-27, 1990,
Byprodud Author Topic
1. Fish meal B. Crowder U.S. demond for fish meal
T.. Storkey U.S. markets for Fish medl, fish ofl ond fish solubles
M.J. Meshan, FM. Husby, | Alaskon produdiion of fish byprodudts
C. Rosier ond RL King
B. Mork Fish meal qudlity
R Hordy and T. Masumoto | Fish med! specifications for aquaculture use
N.C. Jensen Fish med specifications for use in feeds
EV. Beriullo, JF. Bingomon | Bidlogical fish med
ond D.G. Snyder
J.S. Kilpatrick Fulure production and utilization of fish meal
2. Fishol B. Hialoson Markets for fish of
3. Bone meal J. Cowger Markels for bone meal
4, Fish sloge . Arason, G. Thoroddsson | Production of fish sloge in leslond
and G. Valdimarsson
5. Composted fish wosle | W.F. Brinion Composting of seafood processing wasle
6. Fish ferflizer B. Wyatt ond G McGourly | Fish fertlizer for use on agriculiurdl crops
7. Petfood T. Willord Use of marine byproduds in pet foods
8. Fish flour ¥ Sﬁfm qi-:dh"{hasrl.;‘i Production of fish flour using an enzyme process
9. Fish protein Y. Shoii Producion of creomy fish protein using an enzyme
process
10. Fish skin leather RV. tewis Opportuniies for aquatic leather manufocture
11. Chitin ond chitosan O. Skougrud and G. Sargent | Uses and markels for chitin and chitosan
S.P. Meyers, HM. Chen Preparation of chifin and chiloson from crowfish waste
HK No and KS. lee
12. Astaxanthin S.P. Meyers, HM. Chen Extroction of eskaxanthin from crowfish waske
HK No end KS. lee
13. Seafood favors Th Production of seafood flavoring materials by
enzymic hydrolysis
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Nuirient Management With Land Application
Systems

Joseph P. Zubleno
Depariment of Soil Science
North Carolina Skate Universiy, Raleigh, NC

Al Iving things contain nutrients. Nutrients occur in
bae':lﬁs, Ruids, enzymes and most ather parts of
organisms. A natural and biologically driven process of
decomposition begins when death occurs. Microorgan-
isms drive the process breaking complex molecles inlo
simpler ones and with fime eventually releasing nutrients
fo the environment. A simplified example of this process
is the decompasition of complex proteins into simpler
amino acids and eventudlly the release of nitregen in the

forms of ammonia ond ammenium.

land application of large concentrations of organic or
inorganic nutrients (uncontrolled dispesd) cre subjedt 1o

surfoce runoff and leaching that may conlaminate ground

or sugoce wolers, 1?'9 pdenhi fﬁar confomination is sile
specific, For exomple, sikes with flot fopography, coarse
fexured surfoce soils and permedble subsolls are
rrn:me.mceapﬂhd ebgromdwuhi:rwom’f;aminaﬁor:dizn
sifes wil ing lopog ing fine fextured clays
ond il mm permeable. ground water
confamination is @ concem, depth o ground woter,
location of wells and well-head profection are importont
fockors o consider in developing a land opplication
progrom. In areas where surfoce water confamination is
a concem, key foctors Yo know indude degree of slope,
disiance from surfoce waters, use and dassification of
surfoce waters, ond rote of water percolation into the so
profile. Although most site evaluation eriteria are
technical, there is an oddifiondl sociological foctor that is
becoming more important: distance from neighbors for
potential nuisance and odor complains.

The quantity of nutrients within organic mofericls varies
considercbly between different materials and within the
some matenid if processed or hondled differently.
Becouse of this diversity, it is extremely important that all
organic materials be analyzed for nutrient confent before

being lond applied. In addition fo a sandard nutrient
onalysis, it is dlso i o know the quonity of
heavy metols, ofl ond grease, and sodium that may be
present in the maerial and the chemical cxygen
(COD) required fo decompose it. Each of these factors
must be considered in o land opplicotion program.

The nitrogen and phosphorus present in organic materi-
dls ore common waler These nutrients con-
fominate surface water, but nitrogen is the predominant
groundwater polluiont. Contomination of surfoce walers
is rhnﬂyﬁunwﬂaoﬁmAhdwdmﬁam,ﬁ-
ciLcmdorgmicmaﬂerinerodedsoildisperse ghr
out the aquatic system. Algoe present in the water thrive
on the addition of nitrogen and phosphorus ond rapidly
increase in numbers, Mi isms use in the
water o decompose the deod dlgae. The low waler
oxygen level from dlgoe decomposition results in fish kills.
Management fo prevent surfoce waler confomination
ins with soil conservation. Best management practices
include conservation tlage, contour farming, sirip
cropping and grassed waterways and field borders.

Ground water is less winerble fo nutrient contomination
thon surfoce waters because of direct compeliion by
ond 5ol orgonisms. ination can occur,

, when concentrations applied 1o the sofl exceed
plant nuirient needs. The primary nutrient of concem
with groundwater conomination is nitrogen. Nitrogen is
o very dynamic element. ¥ con be present in severdl
molecular forms ond in a salid, liquid or gaseous siate,
Mosffomuo{rirommoﬂiﬂlemembhmm
health. The air we breathe is 78 nilrogen gos.
The first inorganic forms released from organic materials
opplied to soil ere ammonia, a gas, and ammonium.
Ammoniu,ifndinco:poruiedcmbelosthwﬂ
vlatllization. Ammonium NH4*, on the other hand, is o
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molecule with a positive charge. Clay parficles ond
humus in soll contain negative charges. The weok
magnefic forces of molecules with posifive charges, like
ammonium, are less fikely 1o leach to ground water,
While this “mognetism” is on excellent mechanism 1o
reloin nutrients in the soil, microorganisms use the
ammonium and convert it ino & negatively chorged
molecule cofled nitrote, Since nirote is negotive and sols
T ey o o e o
is the primary source of nifrogen in
woter. Nitrote is dlso the one form of nifrate that con be
a concem for human or animal health.

The maximum drinking woter stondard for nitrate is 10
pem for humans, Al concentraions ohove this level, an
P
oge. igesiive syslem of a i a
higher pH ond different microorganisms thon that of
oc?ulu When nifrate enters their digestive system, i
wmﬂdyonzabnn'ﬁdledrﬁﬁbhtwadmi
reactive and combines with cxygen-camying ’
in the baby's blood steam and forms o compound called
obin. This compound eveniually decreases the
oxygen ovailable to the boby's system, and the baby
begins to suffocate from lack of cxygen. The disease is
obinemia or blue baby syndrome. Death
occurs when 70 percent of the body’s hemoglobin
converts fo methemoglobin. Although cases of blue baby
syndrome are rore, it is stil imporiant fo prevent nitrate
bulldup in drinking woter. To prevent an over applica-
fion of nitrate o other nutrients, it is im gﬁw
the concentrafion ond availability of oll rutrients present
in organic matericls ond the nutrient requirements of he
plant being grown. A waste choracterizafion anlysis
performed by a certified loborotory should he
concentration of alf plont nutrients. When kooking cf the
concentrafion of nufrients, it is importont fo know that ol
ﬂ'sol;uh'ierﬂs are ng} ;Jdﬂyuvuilﬂebplunls..l n
about 50 percent organic ni is available fo
pluntsduringi'\eﬁrslyeuroflmdmgﬂaﬁm,wluhmod
inorganic nitrogen is readily avm'lumAwaste analysis
helps o land application progrom by balancing the
available nutrients present in the orgonic material with
the nutrient needs of the plant syslem. This bolance is e
best way to prevent the enry of nutrients from water

sources,
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ing iofion programs. C proper
iming of o cpplcoion b concde wib e e

) presence of constilents in the
organic moferial other than nutrients that would dlier
application rotes, such as sodium, ods, grease or
substances like mddshwldﬁimitheh'lghof
fime that the site could be used.

Lond application sysiems can be valuable tools for
recyding the nuirients present in organic moerials thol
now go 1o landhlls or 1o acean dumping. Land applico-

fion iraowdﬂfndpmgmbbdmce
mlri:gupmaih moteridls with  cropping system
copoble of using the same nutrients. A balonce

the application rute and plant use has a minimadl impoct
on the environment,
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Anaerobic Treaiment of Clam Processing

Wastewater
Albert A, Cocd*, Dwain R, Wilson ond Robert C. Landine
ADI Systems Inc.
Fredericton, N.8.; Canada; Salem, NH.*
A dom processor in the souheastem Unifed Stotes wos @ Determine the range of biogos qualily.
required to install secondary trectment for its woste 'Aﬁﬁsmdormlyundaib&awﬁcbo&ngs
effuent. A consuliont was engaged, and severdl wihout equdlization and with the high sodium concentro-
dliemative treatment iechnologies were investigated {viz,  ions characteristic of this type of wasie effluent.
S8R, high-rote UASB, poudetedodivdedcargona'lda
low-rote ancercbic reacior). Apparatus
The consultont conduded that the low-rofe anaerobic sys- ::ﬂp!sﬂir?d:;cl;ﬁsbddhblwingbusicemip-
fem was best in this opplication, based on iis lowest ten- >
year present worth and projecied effluent quality. An 1. Day kank, sample pump and timer (for collection of
irnmmhhecm‘ mzm_'smd |cwcr iitlourmpos'hmp'eb'wddaﬁpﬂdleed
::osalcosis. o shdge dis 2 Fe-edmk,mbteradﬁmercorﬂrdledvuﬁable-q:eed
pump [io feed reacior and recirculate readior sludge).
Based on the recommendation of the consullont, ADlwas 3. A 50+itre ADHBVF reactor with heating tape and
engaged Jo underioke an eighleen-week pilot siudy using  insulafion for Jempesature conirdl and biogas sampling/
its patented low-rate BVF™ reactor technology. venting sysiem,
This presents the results of the pilot study end Operations
higlJi@BmeoflheopemﬁngdduilsM[edbll'e The 504iire reactor was seeded with 14 lires of
installation of a 1.7 MG ADHBVF® readlor, Delails of bic sudge colleced from a nearby municipdl di
the hlscle BVF sysem are olso provided. Bt vt o Lameice e
PILOT STUDY OBJECTIVES percent V33,
The primary objectives of the pilot study were fo: The HRT was sat of opproximately six days and, based

* Verify ancerobic treotability of the raw dam processing
wuasiewater.

» Verify proposed design criteria for the fullscole system,
* Evaluate the syslem performarce at 25 C in terms of
COD, BOD, SS and FOG removdls ond of different
loadings.

* Project the net dudge production rote for e full-scale
reactor.

¢ Determine the chemical requirements for nutrient
supplementation and pH control,

on the inifidl seed charge and average wostewater
charackeristics, the F/M was approximately 0.16 day'!.
A sludge recyde rote of 1:1 and operating temperaiure
of 25 C were used throughout the sudy.

The reacior was fed on a semicontinuous basis, with new
feed being prepared daily. No macro- or micro-nutrients
were fo the feed as ample quantities were avail-
able in the row woste. Sodium bicarbonate was odded o
the feed ot slortup fo ensure sufficient alkalinity for
stable and satisfoctory pH.
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?@ﬁ;’mﬁmﬁwm- SAMPLING AND TESTING

ing fead warstewnter strength. Phose Two, The of sompling ond tesing and routine
W'”"PM"P""WH "““°° anclyses on the reacor are oufined in Toble
iepﬂdreodormwbpdedbmgodxloadigsmdhe L

Figure 1: Pilot Reocior System

RAW WASTEWATER
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BIOGAS
SAMPUNG
PORT
- BIOGAS TO
Y 1 TMER A, ATMOSPHERE
lr_r— JCONTROLLER| REASEOR
| : r PORT-\ s
e R
| [ et EFFLUENT
% _J meea |
- |
SAMPLE PILOT
PUMP INFLUENT : — REACTOR
N H L H | |
= " -
1 E | TEMPERATURE
: $ 4 4 & 4
b LT, - :.l.l.l.l.lll,l.|.i.|.;.|.|. ’ ' ’ ’
DAY FEED FEED / RECYCLE
TANK TANK PUMP
INSULATED RECYCLE
COOLER
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Toble 1. Sompling ond Testing Schedule

Reackr® Reaclor Raw@
Parameter Influent Effvent Waslewoler
COD ™w ™w ™w
BOD ™w W W
SS ™ ™ W
Vs ™w W W
pH D D D
T re D D D
Volotile Acids ™w ™ -
Alkdlinity ™w ™w ™
TKN and Ammonia M* M* M
Tokol Phosphorous M M M
m Mll M-l M
Biogos onalysis for CHY, CO7, HaS — weekdy, after ranching All srengih, wing Draeger gas analysis kit
otes
Samples are composites unless noked otharwise
g = one of the olher, not normally both lafier 100 percent, fhase cow the some dreoms)
M1w - 3’2.-..;»

on grob sample
= alier full-strenggh woswwater was being fed 1 recckr,
Al COD tust results wars totul COD, and ol BOD resuls were fokal Fve-day BOD. Biagos wes andlyzad for 007 ond HgS; Oy wos delermined by difference.
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RAW WASTEWATER DATA pabmddubwel:slﬂvwdﬂBw!mleed
sirengths o

A typical set of wastewoler characleristics for the row . were oo k
dm%ngeﬂuaimliﬁedhhble%dow. xﬁWbmddeMbo&@adm

PILOT REACTOR PERFORMANCE/ in the influent and eflvent COD,

RESULTS The
BOD,SS,CODcnd BOD loadings, removdls, alkalinity
The COD, BOD and SS remowalks are given below in (ALK}, volatle ocids {V: A)mdeu'egwmnanuraZ
Td)lesSmdA.Tablei'is.mmdzsﬁ'ewucﬂpulor through 8, respeciively.
monce for weeks 9 through 18; Table 4 is o summary of

Toble 2. Wostewoter Charoceristics

Fillered Unfiltered
Sample Somple
pH 6.04 603
BOD 2,100.0 mg/L 2,200.0 mg/L
CoD 2,656.0 2479.88 mg/
Tokol Kiddah Nirogen 3000 mg/L 1750 mg/L.
Ammonio 137.76 mg/L 149.52 mg/1
Total Phosphorus 49.50 mg/L 48.50
Filtered Iron 4.60 mg/L 430
Filkered Cobolt <0.05 mg/L 0.05 mg/t
Fitered Nickd 0.24 mg/L 0.26 mg/L.
Filtered Copper 0.08 mg/L 0.06 mg/L
Filtered Molybderum 5.4 mg/L 48
Filtered Manganese 0.10 mg/L 0.10 mg/L
Fillered Zinc 0.348 mg/L 0.298 mg/L
Sodium 8,005.0 mg/l 7,928.0 mp/L
Chlorides 11,579.74 mg/L 11,579.74 mg/L
Sulfotes 52.0 mp/L 65.2 mg/1

Table 3. Overdll Reator Performance ot Ful Strength (Weeks 9-18)

Influent Efluent Loading Removol

Parameler {mg/l) (mg/Y) (b/1000 B3.d) (%)
CoD 3813 594 346 844
BOD 1895 337 18.2 82.2
SS B854 130 82 848
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Table 4, Overall Reador Performance of Full Sirength Weeks 13-18

Influent Efflvent Loading Removol
Parameter (mg/1) (mg/l) /1000 B4 M)
CcoD 5854 733 541 875
BOD 2342 395 2.6 83.1
$S 976 148 20 84.8

Concentration (mg/L)

{Thoussnde)

12 3 4 § 6 7 & 9 10 17 12 33 14 15 16 17 18
Week of Operation

[ = INFLUENT [l = EFFLUENT
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Figure 3: influent ond Effivent BOD

§

Conceniration {mg/L)

12 3 4 5 6 7 3 # 1017 12 13 14 16 16 17 18
Week of Oparation

(] = INFLUENT [l] = EFFLUENT

Concentration {mg/L)

12 3 & § 6 7 0 9 10 %1 12 13 34 15 16 17 19
Week of Operation

] = INFLUENT ] = EFFLUENT
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Figure 5: COD, BOD and §5 Removal
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Figure 7: Influent ond Efffuent pH
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The biogas was o reavely high cuoli, o
kit i Qo

eethane and hydrogen sulfide concentration
approximately 76 and 1.4 percent, respectively.

At the end of the study, the reador confents were
for sodium concentration. It wos found 1o be

opproximatly 7,000 mg/L

The rute of dudge buildup during the sivdy wos minimel
Themassbdfzqniu:;smn;ﬁedﬂ'mmng:
258 g S5 odded os seed sludge

383 g S5 coplured in readior (from influent SS)
22 g SS generaied from COD destruction

331 g S5 remaining in readior ot end of study

The above numbers reved! thai, over the course of the

sl‘udy,therewusmincreoseofj)pmnatdy' 73gokSS
in the readtor [i.e., 331-258) and, over that same time

period, 383 g of S were odded. These figures indicate
;ﬂ;alSl of the 5 odded to the reacior were
igested.

DISCUSSION

The overall results indicote that the low-rate BVF reactor is
well suited for pretreaiment of this dam processing
wastewnter, Furthermore, the resulis revedl that BOD,
COD ond 53 removds of 80 fo 85 percent con be

expeded in full scale ot an operdfing temperature of
approximately 25 C and the range of loadings invest:-
goted here,

The influent and reactor (effluent) pH were generdlly near

neutral throughout e study. This wos also the cose even

affer bicarbonate additions were ferminated on day 92

{week 14). The influent (row wostewater) pH, throughout

!l;g’h:;e Fro(w;d‘s 14 bn:q?;;f no bicarbonate hudodditim,
approxi 56173 thod on

arithmetic average of 6.3 and was, thes, only slightly

acidic in nature. The reoctor pH during the same time

frame ronged from 6.8 10 7.9; it hod on orihmetic

ave ?7.3. This suggests that o hll-scale BVF

should be oble 1o operale without any pH cortrol o

the reoctor has reached maturily.

The volatle acid (VA] levels while ot ful ronged
from approximately Imbmm/Lmaﬁhdc

avernge of appraximaiely 230 mg/L. This range of VA
] sl ot i sl
ﬁiﬂzéﬂlﬂpmaﬂbkeqﬂ\embrpl'lda

FOG[sc;JmlucumddiasmhrdbbeMm
exisient during inspecfions BVF readlor, midway

through and of the end of the siudy. Lab fests on three

occasions showed values of FOG present in the influent

and efflvent o less than 5 mg/L ks therefore believed
that scum buildup in the full-scale reactor will not be

significant or pose any problems,

The sludge mass balance figures revedl very litle solids
buildup during the study. Furthemmore, it be
inted out that these mass bolance figures ignore any
E;syieldmd,ifblen ino accoun, the ocudl percent
digestion of net S8 is approximately 87 percent.

ADY's experience in full scale with food processing wastes
has shown that o 90 percent SS digestion figure,
incuding biomass yield, is a redlistic value; during the
course of the study an 81 percent figure wos obiained.,
This nember agrees very well with the dbove skilement
when one redlizes that 74 percent of the net S oddifion
fo the reactor look place in weeks 9 1o 18, This tronslotes
info @ solids refention time {SRT) of imately &
weeks for S digestion to cccwr. | a full-secle
the SRT would be much longer, and an overall 90
percent digestion figure is believed o be rechistic.

Regarding the need for micro and mocro-nutrient
, none were odded during the course of the
and the high level of (>80% BOD
remaval) suggests that none will be needed in Rl scole.

The biagas quadity throughout the study averoged 76

percent methane and 1.4 percent hydrogen sulfide,

which is typical of many industrial wastes.
CONCLUSIONS

The following condusions summarize the major findings
of this shudy. "
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1. This clam wastewater proved fo be well-suited For
ancerobic freatment.

2 F;G I'ewslwuleroonc?hd:u sludied;[o full-scale,
1.7 MG ADHBVF® system (design HRT of approsimiely
6c|oysd25Cor|ooding|asig-‘mr 60
COD/1000 3.d) should result in BOD and S removals
in the 80 1o 85 percent range.

3.Moa'o-mdh:\icromﬁaﬂoddiﬁmdﬁindbe
necessary as this wastewaler appears io have odequate
s of b

4, Chemicals for pH contrdl should not be ing
Mmmihmhsmwmmb
18 ).

5. Sludge accumulation in the full-scale reactor should not
besigmiai,aﬂifwﬂl probably be several years
before shudge wasting must begin.

6. The biogos produced was of high qudlity and should
pose no technical problems in a boiler for the produdion
of steam or hot woter if so desired.

7. FOG accumulafion in the Aull-scole reacior should be
minimal and not problematic,

B. The BVF reactor demonsirated is ability to handle
shock loadings without equalization and/or ony specid
operofional modifications.
9.1:‘|§highsodiummlmﬁonhndhﬂmiswmu-
fer did not oppeor fo inhibit reactor performance to any
significont degree, ¥ sodium was eliminaled from the
wastewater, marginally betier reacior performance would
be anficipated.

FULL-SCALE SYSTEM

As the result of o successful pilot study and fender for the
supply and insiollation of a compleie ancerobic ﬁm
ment system, ADI wos aworded a confradt o build o fulk
scale BVF syster,

The shell of the reactor is an insulofed, above-ground
steel tank; it has a special floating geomembrane cover
system fo provide posifive odor confrol, prevent heat loss
and allow coflection of oll the biogas generated. The
readive volume is approximately 1.7 MG, ond the tonk
dimensions are 77 Feet in diomefer by 50 feet high.

36

The reacior ond s ancillaries are in @ severe marine
emm,mdwdbrﬂ:mdmgso!ﬂmdemdw},
:alaidsofcauudionwereur;.mﬂu itself has a
design life of thirly yeors, as specified by the Owner.

The processing plont site was very congested ond

severe reador sifing problems. | the end, #
was decided that the readior would be located over the
water on a cop-ond-fricion piling sysiem; the piles are
110 feet long.

The low-rate BVF reacior, becouse of its physicdl size,
requires no equalizafion; furhermore, it requires no
primary freaiment other than coarse screening (10 mesh)
and grit removal 1o profect pumps and reaclor infernals.

The readior wil provide removal of dissolved organic ond
suspended solids (small pieces of cam) from the process-
ing effuent and convert the majority of these substonces
info biogas. For the present, the biogas will be flared.

A duplex pumping siation delivers the degriied ond
wastewater fo the reacior for freaiment. The
wasiewaler is siobilized within the reacior and then
dischorged k the receiving water, The reador contains
number of intemal proprietary features that assist in the
siobilization of wosles. These are:

1. A special influent heoder and laterdl system that
creates and distributes the influent in the sludge bed
where much of the sioblizafion tokes ploce.

2A that helps promoe better bics-
wmprwd:dpm&du&hngs
and recydes alkalinity fo provide better pH conirdl.

3. A syslem of id-solids-separdiors thot serve fo
Ol s o e
ond thus retoin bios in the reacior,

4, A system of sludge wihdrawal pipes for removal of
waste sludge in the Ruture.

Consiruction of the full-scle syslem begon eady in 1991
eted in Seplember 1991. The syskem is

and ves wppl h mode ond should reach
Fy oo g o) st



Bioremediation: Theory and Applications to
Seafood Industry Wastes

W. James Caiallo, Ph.D., Assistont Professor
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Lovisiona Skoe Universiy, Bakon Rouge, LA 70803

The presence of ic chemicals, eutrophicants
lminerﬂslurdpuhogemnbea'mmmlsmm

concem in the United Stotes and elsewhere.
hgmerdngmemomdsuremhoduoedmblhe
environment through releases from indusirial ond
fransporiation aciivilies as well as runoff from non-point
sources such o city streets ond agricsiural lands (16). In
manty cases, the presence of these pollutonis is known lo
pose significant human and ecological heath risks {4,
11},

Public demond for pollution obotement and environmen-
tal restoration has escalated in recen years {13 - 15).
Although subsiantial progress has been made in wasle

ing, process oplimizalion and waste volume

, it has been estimated that up to 90 percent of
hazardous wastes, wlmphlcanis infectious wasles ond
solids have been in envi wnsound
woys (4, 7, 15). Thecmtofmnecﬁaﬁﬂ:giedimeb:adﬁmﬂ
resioring mpacled ecosyslems is eshi fobe one
e, o g g e
currently (4).
Cearly there is a need to develop
gies that are economical, efficient in removing different -
lorget wastes, “dean” mgenerahmof
contominants, and deployable in o wide range of seftings
{4, 5,9 hlhsregard there is widespread inferest in
the polenﬁd applications of bioremediation in sile
deanup/recovery, wastewater purificoion and polishing,
ond kexicity abatement in soils, groundwaler ond surfuce
water bodies (9). b what Follows, the background and
E:’:chuhory il;romedlﬂmibbjgswssed d\;vnelh
sis on applications ques n

treciment of domestic and industrial waskewoters. The
potential significance of these approaches to wastes of
concem fo the seafood :nduslry will be discussed.

MICROBIAL ASSEMBLAGES AND
ENVIRONMENTAL CONTAMINANTS
Microbes in Extreme Environments
ﬂnpmdwanbﬂcamﬁa(l\ml,pmhcﬁslsaﬂ
parficulady baderia) in exireme ond inhospiioble
environments has been known for many decades (1, 5,
é). Mmmv&nd&dkaﬂ&qﬁaﬂ

employed by microorganisms in these environ-

mhosbmwﬂdcblid;dordumumof
confinuing inquiry (1}. b microorgonisms
exhibit short 'ceﬂz,dambsoomm),hdxmof
genehcnwir::tm,gmeanpl‘ﬁcuhm,hd\ biomass ond
mefobolism, and ease of genefic exchange (pkesmids,
conjugation, phogewmssaﬂ&nohchursfedm }, even
betwmdianuleq:ecles(ll These trais, in oddiion fo
small size, a range Mngorpmlecml‘fe and
broodyq:edﬁcdem'f)nngundmeld)ohc
sirotegies, allow for microbes and microbial ecosystems
o exist in environments that are refradiory fo higher
plcrtsmdmnmals(e.? hoiaadicwlhr

Antorctic
venis oilhddbnnes) Micro-
blal ossemblogs olso ore found in asseciation wih
utont midures ind ol spiﬂs (12|,
midures {8)
gemclurmncbm(fi) Forempleone
dﬂedinepmofwd:lebodmaad baleswr
exent, fungi and prolezoa in sediments confominced

wib high levels (100 0 30,000 porsper
m1lum:cmhch)dmcarbw nitrogenr
containing aromatic compounds and frace mekals

induding arsenic ond copper {Table 1) {3).

Significantly, some of the bacteria and fungi found in
these PAH-contaminated sediments wemr:glmng
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chemical consfilvents of the pollulont mixture as subsircle  mainfenance of esiuarine and coasidl food chains and
fie., “food" source} {5]. This meons thot severdl species  biogeachemical cydes influencing global woler and
of naturally occurring baderia existed and mufiiplied in~ clmospheric chemistry (2).

the presence of high levels of toxic ond corcinogenic -

hydrocarbons thot completely exderminaled other In natural systems, o wide range of biogenic materials
sediment lora and fauna, such as benthic meiofauna induding fovins {such as plant ond inseci-derived
{smoll invertebeaies induding nematodes and rotifers) poisons), melabolic wasles (feces, urine}, celllar ear
(Table 1, Sites 3 and 4). The growth of bacteria on dates {omino acids, sugars), lipids and strudturol elements
dmkdmihmdlnpjluhinimmdom {fignin, celldose, chitin, bone} are decompased readily
and degrode these compounds fo simpler ond usudlly less by aquatic and sedimentory microbes under ambiant
foxic end producs, condifions. Otherwise, the planet soon would become

Table 1. Abundance Estimates for Bocterio, Fungi ond ~ chilin, pollen and other liter, Some biogenic matericls,
Protodists in Sediments Contaminated with Polycyclic such as lignin, may accumulate in sediments under

Aromatic Hydrocarbons (PAHs) and Trace Melols condiions of ancuda, rapid sedimentation, nutrient
limitation and/or foxicity from materials such as polyphe-
Siel Sie2 Se3 Sked nols or dissolved sulfides. However, microbes associaled
with aerobic sedimentwoter systems specidlize in the
PAHs Tace 3141 33820 49207 rapid and efficent degrodation of a spedrum of

Bad. (ATP)" 22619 9117 5501 95 organi compounds 1o simple and non-kudc end
Boct (CFUF 5000 3500 1100 700 [e.g., carbon dioxide, wotes, nitrafe, ammonium, short
Fungi (ATH® 6983 327 136 10 chain hydrocarbons and metabolic acids).

Fungi [CFUJ* 58 40 3 025
Profoctist

. n. i l.
(ATP) 1911 5857 4951 78 “Bioremediation” is @ rubric for
. any procedure thot
MeiolounoH 133 38 0 . ois nohrel, enbonced o geneh )

R pe——y v o —— biologicol processes io dleviate a pdlufion problem {5)
on o sediment dry weight basis, P s pr milon 'Slmgeﬂ'ﬂbd'ﬂqwdermpnmpdyﬁom

*Mean foal odanosine i in relotive light uni fermeniation, food production, composting and

e ol e s ), 96 ool s et el whh v e bt v e

on selecive ogors of 37 °C. ) neered organisms under optimized conditions %o adhieve

o] teoana pr 10 o, it desired end poins (6}, b o sictsense, bioremediction

o ' ;&bhm&z%&h@hﬂ&

Microbicl Metobolism of Biogenic pounds wlords. Hence, the use of oxidized rhizosphere
of Com processes in the salt morsh cordgrass Sportina

I general, compounds of bidlogical origin are more altemiflora fo gir sirip [volotiize) polluianis from sedi-
kebile thon ic or synthetic organic chemicals mends is considered a form of bioremediation. For the
fond i palont michres o re cyded more rgidy  prposes of s dcysion, bowore, ®iommeaiics
through environmentdl systems. Diverse assemblages of ~ will dencte the use of naturally ocaunring microbidl
aquatic and sedimentary microbes have evolved bio- consortia in the removal and degradation of contomi-
chemicol mechanisms ko assimilate, transform and nonts rom waste sireams and waler bodies.

fransfer the basic elements of the living skrle — princ-
pally corbon, nilrogen, axygen, hydrogen, phosphorous,  The essence of bioremediation is simply 1o opfimize the
suliur and a suite of micronuirients {1,2). These microbiol  natural contaminant-degrading capacity of specific
tronsformation and cycling processes ore ot the bose of ~ microorgonisms bywpplyingmﬁalgm:micbrs
regional and global ecological processes induding [e.g., inorganic nuirients, carbon, porfides or other
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surfuces, axygen) and minimizing biotic and abiotic
m(egfmngbyprm,mpdiﬁmh' .

organisms, accumulation of foxic or inhibitory
products). The idea is 1o promote and enhance the
desired metabolic ociivily by increasing the biomass of
the appropriale microorgonismis} and then moinkining #
at high levels by minimizing growth limifing fodors. I
mary cases, this can be @ matter of simple engineering:
once the appropriale physicochemical conditions ore
ideniihied and receiving systems construdied, maintenance
of o biotreciment system con be as simple as fertilizing
ond regularly #lling o field, ceroting o treatment lagoon
or kming ples of regular infervals. Monitoring
siraegies for ion rafes ond efliciencies con afso
be implemented in stroightforward ways,

Badterial mefobdlism of conkaminants fypi
through 1) assimilation of dissolved or ports
compounds ond nutriends [nitrate, ommonium), 2) direct
dissimilatory readtions {oromatic ring opening, axidation
of fotly acids), 3} secretion of ex followed by
ossimilation, and 4) cometabolism, which involves the
breakdown of primary corbon sources in conjundion
with fortuitous tronsformation of e pollutant. Frequenty,
the degrudation of organic compounds and mixiures
requires o series of conceried melabolic everts involving
several species of badleria or coupled inferactions
between badteria and fungi. In these situations, on idedl
bioremediation system would optimize, as for s pos-
sible, the conditions necessary for the individud meta-
holic steps fo occur ot meximum rates and efficiencies. f
bioreadlors ore required in situations where concerled
microbial activity is exploited, the mainfenance of
opfimum physicochemical condifions can be dav

from an engineering perspective. But, for many applica-
ions, pc:rliculaor;)s;aI mdupin)éﬂ micipol mcmds iy
ireatment in coostal, or syskems, o
natural or construcied wellands offer more simple
allematives.

occurs

Compariments within the freciment syslem are tallored to
porficulor reacfions, and wastewaters or sudges ore
applied {loaded) ot predefermined rates depending on
various known parameters {ombient temperaiure,
insolafion). As solids end dissolved materials proceed
through the system ot oplimized rates, different communi-

fes of specialized degrading organisms are encountered,
oacvr in different areas of the freciment syslem,  This
approoch currendly is in use for domestic sewage
freatmend, indusiriol wostewnter polishing and removal of
some ogriculural and food indusiry byproduds from
wostewaters {17).

As suggesied chove, nofurdl have the capacily fo
occommodaie marty wastes of concem fo the food

icularly in worm coastol areas such as the Gulf of
Mexico. For example, a 25-hecare swamp in souh
Lovisiona was shown o assimilale and iransform lorge
quantities of sugor watter wastes (8). This swamp
received 10 fo 30 million liters o day of 200 mg/L BOD
waters (170 mg C/1, or 5100 kg C/d) that proceeded
through chonnels and flood zones before entering o
woterway leoding to  large river three kilomelers away.
Complete mineralization mBODwasobsam
the fime the efluent waters hod reached the karge river. |t
is likely that the BOD removal efficiency in this naturdl
syskem could have been increased and optimized with
physic modifications such as the esioblishment of
oeration ond seffiing ponds, a larger grid of controled-
ﬂw‘ﬁcdunelsd’uilﬁ'mons' o i d
specthc marsh and aqualic vegelation in ferminal greas
of the ouffall. As it slonds, the ability of the system fo
dd)hpmcsslorgevdumsofdevuledBODwmisformi-

Siartup and Engineering Considerations
As suggested above, bioremediation technologies con
span a range of approaches of widely differing sophist-
cation, con be os simple as passive composting or
os complicated as com ed sequences of
bioreadors conlaining networks of beds on which
microbes and enzymes have been immobilized. In ol
coses, e freatment system configuration should be

ofe fo accommodate the wasles of inlerest ond

d dllow for waste-loading rates and physi i
cdl porametess fo be contralled or monipulated in realistic
ways $0 that system efficiency can be maintained ot or
near opfimum. Over-engineering of the syslem should be
avoided {enough is enough), but considertion of fociors
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such as in waske fype or volume and polential
for Rature ilye:pwimshwldbehdudefi?\bi:

Table 2 condains @ summory of the kinds of
vmsluiulumdmmbhmidxkyﬂn

Although this list is odmittedly nol exhaustive, it i
apporent that the wastes of concem are biogenic, with

Table 2. Mojor Wastes of Concem 1o the Seafood
Industry

Solids:  Hulls, heads, skeletol remains, scoles, picking
scrop, shells.

Aqueous: Press, stick, and deaning wolers, cocling
waters, process liquids of high BOD/COD,

Microbes: baclerio, viruses, and other infecious agents.

Chemicd: huol:“ricmﬂs, pump oils, grease, and metals

processes or machinery. Depuration
water may also contain unacceplably high

levels of some contaminans.

bidlogical flids, proteins, lipids, cooking waters and
strucural materials (shells, bones, picking wastes) being
most common. As discussed above, many of these
materials con be readily degraded by naturally occurring
microbial assembloges. They should sequmﬁuy
bioremediate in logoon systems, digesters and/or
consiucied wellands after physical treciment of solids
ond separation of lipids and water soluble moterials from
wasle mixiures.

To decide whether bioremediation is appropriate for o
particular seafood industry woste, simple reatability
approaches such os oerafion/mixing, fertilizing ond land
spreading/composting with orgonic maerials (peat, leof
and wood chips, agricuitvral byproducss) con be

evaluated in the loboratory of minimal expense (5).
Virually any university microbiology, agronomy or food
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science depariment should have the equipment and
expertise needed o provide lab demonsirations and plot
feasibilty sudies for removal of BOD/COD, profeins,
e s A gt il

i r i

o the use of intermediaries, such os consulling
ms, especiolly in the preliminary stoges of evalucting
polenil eatment opfions.
it et
sency], the isolation *In
- . mk - v M’h
hazardeus and siubbom organic chemical mixiures hos
bty s o, i o oy s

is economical,
hmvcasa,ll'.ledagwmgmionofh‘gd. e
proceeds as efficiently occurTing m
ﬂ-@m"wm'hw

in \ in porlicr-
lor, bioremediafion should b:easelmsly wdmp:}im
considering disposal options, particulady when new
facilities are sited.

CONCLUSIONS

The basic theory of bioremediation promotes the constitu-
five degroding and essimilative activities of naturolly
by g b s s i

increasing specific degra
populations in the freaiment system iding micro-
nuirients and other growih-limifing m minimiz-
ing sources of biotic or abitic stress, The practice of
bioremediation in numerous physical seffings should
apply well © o voriely of seafood industry wastes and
byproducts. Development and deployment of
biomnﬁ‘mbpmﬁcuhr:u:isww,

:  wib the fisins ccels
mmatidmdediq)mdoplianomﬂecwse
many bioremediafion approaches are “ow fech,” the
principles of operation and mainkenance of many systems
con be implemented with a minimum of troining and
overhead. Woste trectment options provided by
bioremediation should be evaluated seriously by indus-
tries confronfing increasing costs for traditional forms of
waste disposal and siringent environmental regulations
regarding woter quality and land usoge.
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Process Water Filiration and Treatment for

Reuse
Brian W. Sheldon
Deporiment of Food Science
North Cardlina Siofe University
Box 7624, Roleigh, NC 276957624
The cbjective of this presenicion is fo provide the frectment are increasing ot an dlorming rofe. These cosis
on overview of process woter htration ond indude waler procurement cosls, waslewoler ireciment
treciment research findings that may be applicable o cosks, surcharges levied by POTWs for non-comliance of
secfood processors. | would like to prefuce this discus- woslewoler di permits and fines for dischorpe
sion by siating that many of the exomples that I wil refer  violafions. An example of how waler cosis hove esco-
fo involve siudies conducted using polry process waters.  lated over the last 30 years is seen by comparing woter
A considerable amount of research dealing with water ond sewer costs for Gainesville, Ga. Their woler and
reuse ond conservation has been ciled in the lierolure. sewer costs increased over @ 1,000 percend from 1940 %0
Due o the similarities between poubry and secfood 1991 {$0.28 1o >$3.00 per thousand gallons). Unfork-
ing water effluent characteristics, mony of the rcately for the food indusiry, food prices have not kept
reseurchgnd'i involvhg!;epwlhyhduslryara pace with water and sewer costs over that same time
diledyuppliclﬁebsec processors. period. |t has been estimated that by the year 1995 1o
2000 thot worer ond sewer costs may be os high os $15
A number of fadors have contributed o the food per thousand gaflons in some locolifies. Presenty, severdl

industry’s adoption of woter reuse, recyding and
conservation programs. Some of these fodlors include
water ovailability quesions, increasing domestic and
industriol woter demands, water quality issues and
escalaling costs. |t has been esimoted that 25 of
the nation’s groundwater resources are being depleted of
a fusker raie than they are being replenished. This some
frend is also true for some of cur nation’s surfoce woter
supplies. Furhermore, drought conditions, such os those
experienced on the West Coast and in the Southeast over
the last decode, and regional water shortages have dso
conmbuiedbinjmed dewdopmedﬁlywubf
consesvotion ond reuse progroms. Recently, questions
hove been raised ocross the country about whether
priority should be given fo domestic users versus indushry.
This issue could sesiously impact the food indusiry if o
wuter ollocation syslem were fo be infroduced across the
couniry.

The lock of sufficient water supplies across the United
Startes s forther compounded by the foct that costs
associated with water procurement and waslewater

communifies on the West Coast ore already charging

$10 per thousand gallons. Furthermore, the inci

and severiy of fines for waslewdter discharge violations

are also on the rise. Not only are corporate execulives

focing these environmental fines, but some

CEOs and top monagement officials are dlso focing

prison senlences due 1o discharge viclations, Ulimately,

ﬁ@dmﬁmﬂmingw from po"t*m.'em vickafions "
in ems in the comm

o Joss of icconﬁmm "

IF we look specifically at seafood processors, there is o
Iremendwsrurgeqﬁwulerusagemdasodaldmd
variation among processors as indicaled in Table 1.

Water flow rates range from 7,000 gpd for bhse crab
processors fo 3,600,000 gpd for some funa processors.
Estimated daily water and sewer costs for these two

mslria range from $49,000 1o $2,700,000, respec-

Finally, woter qudlity issues have dlso surfaced that raise
imporiant questions about the safely of foods
wih contominated waters. Numerous examples of woter
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Toble 1. Estimaled annual water and wastewaler

treciment cosls of selected seafood processing indusiries

Category Flow (GPD) Costs ($3.00/1000
gall

Catfish 21-45,000 $14,000-34,000

Ble Crob 7,000 $5250

Souhem Shimp  180-240,000  $135,000-180,000

Tuno 65,000-3.6 milion $49,000-2.7 milion

Finksh 6,000-400,000  $4,500-300,000

Oysens 14000115000 $10,500-86,000

9Coats do et include surchorges or prairsaiment cosh if discharging overboard.

pollution have been cited in the kterature over the last
decade. For example, there are an estimated 400,000
keoic dump sites in the Uniled Sicies and between
lOOOOOhAOOOOOIeaImgmdergm»ddomgem
I many cases, each of these have the poteniial for
conlominafing and surfoce water resources.
In oddition, groundwater and surfoce water confoming-
fion is also occurming from pesticide and ferflizer runoff
from farmland and landhll waste.

Thesefourfudorsaplaush&whylhsnecssayfufood
procms.

neursensuhvecou wutetsbdevelop
water conservotion, water recyding, and waler reuse
programs. Although this presentation primarily involves
woter recyding aciivities, all ihree of these necessary
achvities are relaled and therefore specilic progroms
should be developed for each.

Mmlheletmswmerre.lseorrecyclmgaremed they
the reuse or recycling of water for either edible
produdca'lbdorndlu'ediblefood roduct

confoct such as conveying oFfoodwasiemciendsma

water flume. Anumberohswashouldbemdered
when reusing or recycling water for food product conladt.

They include consumer healt protection from chemical

residues and microbial pathogens, product wholesome-
roduct adulteration; the regulofory requirement for
b[;waierm Food processing, sufficiency of potability

stmdurdsmdtesh methods o delect chemicd
mod:hmhmadbu1dup during recyde, and cesthelic
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concems generated from adverse public perception (i.e.
questions on dosing the process waler loop).

Severol regulotory agencies, regulations, ond recommen-
mreg.n wuer reuse racyclngodwihesnh
food sy e, USDA, FDA, EPA. Neiondl Acodry
of Sciences). For example, federal pouliry inspedion
s L e
] © prevent
pro&:do&dﬂuhnwwwubbemed&&m
conloct with carcosses ond must originale
from o polable supply. Polable water crileria, os defined
in the Nationd Prima hemDmlmng'Regulo-
S
nitrates
reuse of overflow water from chiling units for
direct contct with product wos in Z

The USDA Food Safety and Inspecion Service [FSS)
eriorcaumnbersagy ons fo address the sanilo-
fion level of pouliry , ond these measures rely on
the use of significant volumes of water. To help reduce
lwwda*mburdmmhpo&frygsshy& USDA
odopted ions permitiing recond-
ioned d\ilerwuiermpodhydﬂletsm Toble
1). Thsmguldmspeaﬁeslludll'elderﬁﬁbei;ng:i
must reduce m concentrations by at least 40
i’ :3 Bdm:dﬁ:wli Sdmoril:
und ﬂdmmnoagamsmcwrﬂ. regulations
call for the treated waer o have a light fransmission of ot
least 80 percent os measured at 500 nm. As the quality
of recondifioned weder improves, lessofhe
fioned woter is required o replace o gallon of fresh waler
in the chiler. Alhenmmmmzdemho 1.75
ochydeddmiﬂerwnlals ucelga
ﬁeshwder Ashequul
hsruhodecreasa mulungilpossiblebuse
usllllleusll ofreconcﬁhmedwuierbreplocea
gallon of fresh water. Tor::i'ded\ﬂlermbr , 0 petition
mustbesubmu»edeSls equipment speciicofions
mdraeurdldalui'la!danomiruleoomplmewlhh

recydmg criferia.



Table 2. USDA criteria for recycling chifler woter

Minimum % redudtion of Minimum % light transmission Gallons of recondifioned woler
microorganisms in in ireated wrer {500nm] ko replace 1 gal. of fresh woter
é0 &0 1.75
70 70 1.5
80 80 1.35
%0 80 1.25
98 80 1.10
Wetal microcrgenism, coiforms, €. coli, Solmonela.
hlheremaml time, | would like Yo summarize some of hcsofbecmbnedproc&wulmmdevdudedh
ing research tat hos been conducied ﬁah quality when these walers were sub-
usmgpo.vlhyclﬂselededbod woters. These woker in the gizzord splitters.
slucltshuveedlwrexanmedvamusesofreqded
ovedlow povltry chiller woter or hove identified ond ﬂee‘ﬂwﬂsﬁunaﬁndblrdwuslwmdhm
mwmhmdmmpojﬁy dmﬂumchbdsdgduﬂm _"H
or process walers. o the gizzord splifier rinse sprayers. Their
G demcrshotd e conbind e of chle
One early sudy fo examine the reuse doFover wulermclﬁndbudwuéwder[uﬂushngngmrd
flow broiler chiller water was an EPA- Hing mochines had no detrimental effects on the
ducted by Carawen el dl. (1), lnlhusludyhe b"? wholesomeness of the gizzards. Biological oxygen
of using the combined process waters from delnunclfBCl)]undwspaﬂedsdlds{SS)conier#ofh
wm‘\ermdwholecatrussduﬂerforsdechdusan gir  gizzond splier reel washer rinse woler were simiar
zard splitters was evatuated, Specific objeciives dda*- whm using either potable or combined dhiler and final
mined the physical, chemical ond bldoglcd chorockeris=  bird wushwuierﬂcble 3). Furthermore, no siatistically

Table 3. Qually charocteristics of reel washer rinse woter and gizzcords using different sources of woter in the

girzard splitter do 1)
Source of water

Choracteristics Potable [mg/L of water] Chiler & Final Bird Wash (mg/L of water)
BOD! 28 (13-19) 32 (21-49)
oD 80 (20-300) 45 (20-180}
Tolal solids 149 (31-302) 213 {127-315)
Suspended sdlids 25 {12110} 23 {4-54)
Grease 38 {1-297) 53 {6-180)

(colony forming units, log10/grm or ml)
Gizzards, total count 3.67 [2.91-4.58) 3.95 {2.86-4.83)
Gizzards, cdliforms 3.00 {0.79-3.78) 3.04 (0.76-3.95)
Reel washer water folal count 2.88 [0-3.52) 3.20 {0.32-3.89)
Reel washer water coliforms 0.30 {0-1.32) 0.08 (0-1.0)

‘Mwns(rmgolmmlwhdﬁwI?mphlﬁmprd:ylbhnwuﬁfun&ypﬁai
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significont differences in the toto] bocterial or coliform
counts were delecied between gizzords processed in

q:l'liersumg pod:lewahrorrecydeddﬁllermdﬁnd
rd rinse walers.

EPA-spomomd shudy which examined

ﬂ'le chiller water was

B o e
Research kwtinsie. in this several combinafions of
freoiment processes were evoluated for recondifioning
S e

vi screens, on Cenin

wasske concentrotion, fltration with didlomaceous ea
(DE)Fihermdmdodwunedmrbmhwmw Al
trectments were foflowed by o UV imodiation irectment o
control the microbial population,

Of the systems fested, the use of a DE pressure leaf filter
having an equivalent DE pore size of .7 microns (Hyflo
Super Cel) was the most economic oplion
bodmollelelsbelwbulnadﬂlervdm
water, ﬂmeDEﬁlia'removeddIsnpended | &
greatly reduced the BOD and removed a signi
poriion of the oil and grease {Table 4), Useofll'beﬁlier
elevuiedlheirmnssnonofUthhlﬁmlpemedblb
percent. b a companion study, a grode of DE

equivalent pore size smaller than Hyflo Super Cel (celite
512)musedbmierdfﬂerwola' DE onvnlhoul
chlorination was capable of removing in excess of 99
percent of ol bacteria present. Rogerscmducledlhdhe
recondifioning ofciﬂlerwmr h DE Hliers and
subsequent reuse could reduce wuter requi
ments in the chiller from 0.5 lonsb02
budwulhouldelenomhonn budenm
mmhdﬂlegeml'le

syslem been in use in 1970, 1.5

b2b'ﬂmga||onsofwalweoddhove suv:EYaﬂli
milion and 5 o 6 million pounds of s solids
andBODrespech:Ewwldnothave released in

Since Rogers (1978) shudy, severdl other researchers
have also examined the use of DE Flirafion 1o recondifion
pouliry chifler overlow water, Lllard (7,8,9) conducted o
series of studies that evaluated the efficacy of DE Flirtion
for reconditioning brofler dﬁllerwcﬂer In her studies (8),
iflard evalucted two grodes of DE in o verficd! tank
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Table 4. Choracteristics of prechiller woler alfer
frectment with o dialomaceous earth filer Rogers, 10)!

Waoler Quolily  Prechler Woler  Ftered Prechiler Woler

{mg/t of woter)

BOD 623 198
Tokal solids s 1184 778
Suspended 315

Filferable residve 869 73
Olod gecse 165 7
light kansmission ~ <1% 16%
254 )

1Pressure ot Rber, 0.1 b of Uoherr-Momvike] pracoot per squors
Ewmnmw%mwulwwmué

leufﬁieriuwmluﬂo.vedbydiomm

W'd1bo|h grodes of DE, significant reductions were
obimnedns.! leﬁdﬂdmﬂﬂﬂ'
CoD, Bd)mdbidl(i nitrogen which for
meﬁecﬁvedismfaclmmhody%b% chlorine

gas (Table 5). Totd aerobic counts, fecd fonmscnd
soinmelloewenddeledublenhwu!er
Htru!mudd’nlomnhm DE Firation dlone yielded o

96 percent reduction in the oerobic plate counts. bn
follow-up studies, Lillard (7,9} demonstroted that fecol
coliform levels and salmonellae incidence on necks
flumed in either polable waler or DE-fliered chifler woter
were similar, Furthermore, fluming necks with chiler
ol oo b

iy

wuter olso satisfies the current USDA recyding criteria for
revse in the chiller,

Noremmd'lsﬁﬁ,d,.ﬁ,]l)havedsolahdhe
quality charocteristics of overflow chiller woler fitered
hmd'lDE-coaled re leaf fhters. Sheldon and
Corowan (Hlsucceduly reconditioned broiler

woter using a combination of screening and DE
through a 1.0 square foot pressure leaf filter. Sign 'Hcai
reductions of 60.6 percent for COD, 958pelten”or
oerobic plote count, 984 for coliforms, and 90.5
percent Ecohwere eved\whlhefﬂierﬂubleé)

Light transmission {500 nm] averoged 95.6 percend



gcﬂy mﬂ:& hd\ﬂamwu:fdlﬁ
ng badk lo ol a ok
gallons of reconditioned water in replocement of one
gollon of fresh woter. The oddilion of o final UV
irradiation disinfection step resulied in further reductions
mheblulmmﬂorummd???pum No
culturable microorganisms were recovered from the
ﬁlhredmdUVm’ad’aiedwuierlﬂ?logreduchm)

mefelsohhs siudy, a projected
H!armnqi Sél'wsbraud\i\eéOp&g
pressure leaf fller maximum was predicied.

Table 5. Choradleristics of broller chiller water after
trectment with @ DE filer {Lflord, 8)1

Woler Quoliy? ~ Chiler Wader  Fillered Chiler Woder
[mg/L of woer}

BOD Q7(06770)  AT(79-38)
coD Q3544752  259(79451)
Suspended sdlids  160(125-189) 9215

Disched moter  414{198:528)  224(102:413)

Tokd grease 137 (73243} 16{2-43)
% Light tronsmission 56 (4464} 96(91-100)
{540 rm}

Mean ml.
Aerobic count 512 a0/ 3
Fecd coliforms 313 4|
Sdmonelloe 0 0

Wartica] sank pressure lecf fitl, 0.26 b of Dicalile 4200/Spwedliow {1:1 w/w)
{ohns-Marwille) per square foot of filler area, 0.05 percant DE fw/v) body
14.7 gollon per minuie fow rom.

pasns [range], n = 12 16 18,

The potential economic impocd of infroducing this weder
mcondlhmungireai'nemlrdoamombuﬂperdoy
broiler processing p Iardwere wmonzed Sheldon
ond Carawan (11). They unlo“us
copc:cnlyooddmﬂysaveﬂZm ion gallons of
chiller woter valued of approximately $41,000 (250
days $1.90/1000 gallons). Theplcnr’s effluent dis-
IdberecF mately 179,000
poundsofCODmdSlOOOpoundsoHoidsohdspa'
year. These redudions in wosle loods were projected 1o
suvehpmcasordmosi$25000payeuronBODond

S5 surcharges levied by POTWs. Furhermore, the
momaa:‘ssoﬁdsooddﬁd;ddbmﬂermbrmmvd
savings of $1,800 significant energy savings in

on costs of approximately $25,000 per year
might be redlized through these recyding efforts, Thus, o
fotol annual sovings of about $93,000, Base?
coslsmd itol invesiments, were projeced, on

Hiernquehmesrq:aledniﬂr
m,uﬁla'cosloHSOOOObIm{XI)waspre
dicted that would result in an equipment payback of
about one year.

b o separate skudy, Chang and Sheldon (3) examined
the effect of chilling broiler carcasses in reconditioned
overflow prechiller water en carcass quality and shelf life.
Prechiller overflow water was recondifioned using a
Perflex DE fililer (Hayward Podl Produds Inc.) cooled with
Celotom DE {Eagle Picher Indusiries). Following Hliration,
the water was ozonated for 15 minutes in @ countercur-
rent flow sparge fower. Broller carcasses were chiled in
reconditioned chiller water and ice, and the results were
compared fo carcasses chiled in potable woter ond ice.
No significant irectment differences between measures of
corcass quality indud; sluncolor cooledﬂavororsl'xdf
life were detecied. Fu ignihicont differences
belweenwlwlecarcnsmseoerobnc olecwrﬂs,
o pori o e o o s

wi eor
wﬁudediulpoulhyéﬂervmcwldbewk
through recyding prodices wihout adversely affecting the

wholesomeness of the carcoss.

In addition fo DE hlirafion of dhifler water, ofher fitration
mdmodshnbemﬂedbmmdihmpo::?
woters {6). | their sudies, pouliry scalder oE
water and frankurier chiller brine were ftered through o
Ceroflow microfiltration module (Norton Co.,
Worchester, MA} consisting of filler bundles of porous
{0.2 or 0.45 micron) w&ytﬁc iubes, Pnorbﬁ?fruh:&h
process walers were ini prascwmedhwda
aﬂmnﬁﬂma:dposedhwlmludw
ers 1o duplicate siandard wter femperctures

the processing plont. The results demonsiraled

qualiy permetes were produced that could
be recycled back o the origindl sysiems, All permeates
od’uevediut’oud‘lyreodmgsoflasl}m.SONTU with

A7



less than 1 NTU (Table 7). Al hod plate counts of
I'?al:s.'zu:nIOmit:rc:orgcmismspermilliliier. Alter 90

miowtes of cperation, fux rotes as high os 110 10 440 L/
m2h were ochieved depending on the water and ler
condifions used.
Table 6. Effect of screening, DE Rltrafion through a 1.0
s:pmlodprumhufﬁuaﬂwmionon
the quolity of chiller overflow woter (Sheldon ond
Corerwen, 1)

___ Water Qualiy Poromeders
Firion % Troremisson  COD Aerobic plae counl
Tmeimn)  (500nm}  (mg/l}  bogyodu/m
0 25.] 1370 376
0 9.4 486 277
&0 95.6 509 254
120 957 520 216
210 962 525 147
Megn? 9.0 510 228
% ReductionS 628 %7

Procure lock Fier, 90 gm of Cafie 512 pracaat (Mansille Preduch Corp), 51
ruiodDEbSdeyﬂZMlihpnﬁmﬂwm,N-l o
Zdacin of 30, 60, 120, and 210 min samples.

redction of maon valus ralaiive ko the O ime somple.

Furthermore, flux rotes were easily restored within 15
minutes of in-ine deaning at 78 1o 80 C with a detergent
deaner, They conduded that microfifiration is o promis-
ing method for reconditioning process water for reuse.

I addition to the physical methods summarized cbove,
Chang ond Sheldon (4) tested severd water treciment
systems including direct ozonation and a combination of
ozonation with either slow sand Hliration, dissolved air
flctation or DE Hitration for their ability 1o recondition
brofler process waters. The quality of prechiller overflow
water was significantly improved with all treciments
examined, surpassing the USDA's recyding requirements
in nearly oll tnals. A combination of screening, DE
fltration and ozonation yielded the highest qualily water.
Wit this treciment, significant redudions in COD, toldl
solids and the tofal microbial lood, indluding coliform
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boderia and salmonellae of 87, 65 and 99.9 percent,
respeciively, were achieved in the reconditioned
prechiler woter (Table 8). Perceniope of light ironsmis-
sion at 500 nm (%7} of treated water increased 1o 97
percent of top waler and compared fovorably with %T of
wader. This same woler reiment was lesied on
corcass rinse and neck dhiller overflow waters. The

could be effectively reconditioned for recycling by
screening, DE hliration and ozonation. Furhemore,
woslewater omanic loads disdharged to woslewnter
treaiment acilifies could be effecively reduced by
implementing thess fested reconditioning practicss.

Toble 7, Effect of microfitmation ceramic fillers
on the quality of food process wolers [Hort et ol, 6)

W,
Ty mbs:ﬁ'f Toid Nirogen Fot
INTU) 4

Comt  Soids (%)
bgio/m (%)

Samgle!

Chiller waer
Process
Pemeae 6.4 <10

Sedd waler
Process 170480 578 014
Pemecke 35 <1.0 0.08

Fronk brine
Process
Permeaie

0.009 0.05
0003 0.025

170480 740 014
007

0.020 0.02
0.021 0.014

0.025
0025

170680 356
185 0%

1572
1475

10.45-micron Fber vaed kor of vamples axcapt for fokal sclids, nirogen and fot
paromelers for scald weter whers a 0.20-micron Bller was vaed; range of 17040
430 NIU reported fer all procsss wolers lesied

ln condlusion, this review hos identified and summarized

pasimdpmatmeuld\siudiesbrlulmemn:ih

various wafer treaiment syslems for reconditioning

and other sefecied food process waters. Based on the

USDA criteria established for recyding poultry chifler
indusiry for reconditioni water. By for,

the use of dictomaceous m&ﬁﬁ?ﬁofappmb



pteduninblheﬁbmbmmoneo“memosle%dive

end economical treciments for reconditioning these

process waters. |t is my belief that food processors must

whalemefamofwuhrcomemﬁonmd

program.  The benefits of these progroms indude: (1)
improving the compeitive position of the processor,

espeauﬂy&mem drough-shclmed areas; {2) lowering

procmlgooslslhwdmduchasmwieruse,

wudewuhrwrdmgamd cosks; {3) the

jolluhon pdenilcll and {4) improving
pubhcamage processors.

ﬂ'elwodinmbquedlmﬂmulbod rocessors should
ask fo defermine whether recydli mofpmces
woers is worronied ore; 1, !swrffcml
ovoiloblelooulybmeelmnaimdhmneeds?mdl
Is freaiment coss for reconditioning water more
ﬂmmi\emofhmuﬁulcoslofwuierplushcodbr
discharging the wosiewater effivent info the sewer? If the
ni'sequ&onslsno then it is my belief that
wuferraqdmgmdrwselswurrumed

Toble 8. Effect of combining screening, diclomaceous
wﬁDﬂﬁhrdnnwndomndlonontheqmﬁlyd
recondifioned brofler process waters {Chang ond
Sheldon, 4)

Waler Quality Paramelers

% Trorsmission COD Aerobxe
(500nm) (mg/) log)

cound

Sample!

Chiler wofer]
Process 370 1570 39
Reconditoned 970 206 03

Neck dhiler wofer2
Process 17 3825 44
Recondfioned  80. 805 10

Find coronss rinse woterS
Process &9 690 48
Recondfiored 994 53 0

1Combinaion of prescresning through cheesackoh, 5-minute fircion and 15-
minule czonation [2.3 percant azone by wt), neb.

inafion of prescresning through cheesacloth, 10-minue filraton and 15-
minule ozoncfion (2.43 percant ozone by wh, nes.

ination of prescresning through , 10-minuie Eiration and 15-
‘minue ozonation [2.54% azone by wh), nwd,
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Comporate and/or Plant Environmental Policy

Roy E. Carawan, Ph. D,
Depariment of Food Science
Norh Cardlina Sicte Universiy
Food processors have generally hought ot they were o Table 1,
“dean” processing indusiry, However, os the body of
environmentdl low has confinued to evolve ond grow, Siohe Acrg
food processors have found themselves with greater and
greater exposure fo non-compliance ond oggressive Woler Qualiy Ad WQA
enforcement aclions. Further, management or coporate R Corservalion ond
boards have dicated that com must be Ad RGRA
done in @ more environmentol ible manner.
iR G o
oul of a sincere beli . e

" . . Comprehensive Envirormerid Response,

me:;mmwd:hr!ndiwrwoddlsbsaved C don & Lichily Ad CRAA
Sl Drinking Woler Ad WA

LAWS AND REGULATIONS Federd beciide, Furgicide &

hpor;r;federc:nﬂn&tshaf‘:mbj:mbdmul;m Rodenfidde Adt FFRA
uri wo siahle .

EHIHO;&T "’gf""““u‘l;*“'mm‘oﬁue Tovdc Subsionces Conirdl At TCA

. nunl:(q reg onsareexpedadb , ,

et saverolyears, A seleced it of hese i envirormental complionce duie.

in
reseried in Table 1 with their acronyms. This body of
continves fo grow, and states and Jocal

either pass lows or develop regulations in response ko the
federuiniﬁafivesahdin:';dls.

ENFORCEMENT

Arbuclel1990a} noted that historically certain lows
offecting business conduct hove been i
enforced, but others have not. He conduded that in
areas such os environmental law, where prosecuions
have been infrequent or confined 1o particulary egre-
giwsviola!im,rigorwsinsﬁbﬁajameduimb
assure full complionce and protect the company and its
personnelarendyeiﬁ:llytﬂveloped. Then he described
the transifion of environmental law info the category of

"Ha:v‘ D[.;Ir'r Individual Enforcement.” Atbudde summo-
rized owing skofistics regarding federal vl and
criminal enforcement ond concluded that is dear thot

prudent monagement cannat kil to diligently look after

Civil Enforcement — more than 6,200 federdl odmin-
ishrafive orders were issved in fiscal years 1987 ond
1988, n iscd year 1989, the fodl increcsed fo
4,150, In excess of 350 gvil enforcement cases ore
referred by EPA 1o the Department of Justice (DOJ} in
a typica yeor. Fines assessed in these cases hove
ronged os high as $36 million. Since the environmen-
td crimes unit of the DOJ was established, there has
besn a significant increase in the number of crimindl
prosecutions under the environmenial lows. From Oc-
iober 983 to 1990, DOJ records indicale that:

* 194 corporations were indi

* 333 individuals were convicted

* |46 corporotions were convicled

* $28,189 in crimindl fines hove been paid
* More han 122 years of acual ime served

o 315 years of ime hove been sentenced
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Arbuclle says (1) thot criminal presecutions can focus on
individudls os well os ormoni ond (2) that organi-
mmmoﬁmm ividuals from the
ofheu'cmdud Further, he reported that the criminal

m&omhhemimaﬂdloﬂspmideum
; ForﬂmuﬁnﬂedealerAd(CWN
indludes the following:

. Seckon 309(c) pendlizes “willul® or “negligent”
violation of efluent limilations or permit condifions
b{l:any person,” defined o indude “onty respon-
sible corporate officer.”

2. Pendlies: Fines range from $2,500 end $25,000

and/or up fo one year incarceration for
E:! For second or subsequent offenses,
fines range from $50,000 per day and/or wp i
iwo years incarceration, Section 309 dlso
criminalizes the making of folse siafements. Pencl
fies are a fine of up 1o $10,000 ond/or incarceration
for up to six months,

3. Example: United States v, Frezzo Brothers, Inc., 441
F. Supp. 264 (ED. Po, 1978) offd 602 F. 24123
(3d Gr. 1979) cert denied 404 U.S. K074 {1980).
Defendarts, the ion ond individuals who
owned or were officers of the company were
conviced of willhlly or negligenty discharging
runoff from composting operations.

Specifcally, e CWA indudes the follows
Soser 13910 Clon Wolr Act Scken 309

|. Any person who willklly or negligently violaes section
131, 1312, 134, 1317, o ISIBIyd ﬂu'?:?illg,a:rly any peemit
condiion or limitation implementing any of such sections
in a permit issued under secfion 342 of this tille by the
Adminisirator or by a Siate or in o permit issued under
section 1344 of this fide by o Siate, sholl be punished by o
fine of not less than $2,500 nor more than $25,000 per
day of violation, or by imprisonment for not more than
one year, o by both. I the conviction is for o vidation
committed alter o first convidion of such person under
this paragraph. Punishment shall be by a fine of not
more than $50,000 per day of viclation, or by imprison-
ment for not more than two years, or by both,

2. Any person who knowingly mokes any false
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, represeniafion or cerfification in ony
application, record, report, plan or other document filed
or required 1o be mainkained under this chapler or who
Felsifies, tampers with or knowingly renders inaccurcle
any ing device or required to be main-
iained under ki d?u,sldupmmidionbe
punished by o fine of not more than $10,000 or by
imprisonment for not more than six months, or by boh

Arbuce exploined how norrenvironmenial lows ore dlso
available to support environmental criminal prosecution.
These indude the following:

A False solements (18 U.S.C. Sechion 1001)

1. Person who knowingly and willhdly
molesHseslulemﬁbfederdgmmk
subject 1o @ fine of up 1o $10,000 and/or
imprisonment up fo hve years,

2 Exomple: The indiciment of the Perwalt
eeroy et o e

report composition
a chemicd spill,
B. Mail Fraud (18 US.C. Section 1341) and Wire

Fraud (18 U.S.C. Section 1343)

1. Penalizes use of mails, airwaves or infersiole
wires hcunei;nvﬁhu'sdmeorm;y‘ﬁce’
o defroud or obiain money or property
means of folse or froudulent representafions.

2. Example: United Stotes v. Gold, 470 F. Supp.
1364 {N.D. IL. 1979). Chemical corporation
and s officers indicted for moking fulse
stefements fo EPA.

C. Conspirary (18 US.C. Secion 371}

1. Con be used if two or more comporate employ-
ees conspire 1o vidlate environmental laws.
Pendlies include ines up 1o $10,000 and/or
imprisonment up fo five years,

2. Example — United States v, Olin %E 465F.
?ﬁpge:’ 1&3}%&[‘&2{1 979). o
ih violation of conspiracy wi
o defroud EPA regarding mercury discharges
info the Niogara River.

siglement




REGULATORY MANAGEMENT
Egail??l)oondudadl’ualregulaqumaganuits
onhelwmconzh
mdl'neprwrphmof lems, !'Ieldaﬂlﬁedhmqor

principles as the
Amlclpales
lssves
Requirements
Impacts
Develop
Aciion plans
Resou

inplen'la'ﬂ:;'livee%ris

gan conduded that the proadive/preemplive concept i
Ihedlﬂerencebdwaenbem?comiedadbemgm :

confrol,

Arbuckle{1990a) reported that the development of on
institutionalized appropriake monagement shucure
commitied fo scrupulous complionce with environmental
requirements ws:uur" d be the appropriate mechanism for
ovoiding environmentdl lichility, He nofed that here ore
anurrbero”adotsbcmdefm developi
environmental low complionce progrom He

1990b). He suggested that companies Iintaredevelop-

progroms fo assum iance with the environmen-
Elawsmdb actions should
begin by ashng he chmng quesfion.

What concrete steps con be Joken now jo make i less
kkely that violations will occur and assure that, #
violations do occur, the officers and employee diredtly
involved wil not be individudl fargets of erforcement
adtion?

Abuckle identified the best answer as on rigle

corporote monagement structure, carefully fomuloted with
0 view fo environmenta] compli compliance objectives ond dili-

genly hulfilled. The structure must be conducive to:
1. The development, mainfenance ond communication of

ond programs o e ccievement
T e ot

2. The effedive ond fimely implementation of these plans
ond progroms; ond

3. The documentation of a suitable level of atiention, core

and diligence by responsible, high level corporute
oﬂmsmdoliurrmbesofhcmm

He identihied the seven parts of an appropricte sruclure
(Table 2).

Jarman {1991) provided an ing oulline of his

approadh fo managing issues (Table 3).

I'isﬁmpnailymsbgdnmuganeﬂowepmuﬂ
He provided severdl questions Yo provide

ﬁ:mdwhmdmaﬂseekmawm
These induded the following:

What are the environmental issues and/or regula-
fions of most concem fo your company?

What depariments in your company are involved
wih some ospect of environmental offairs?

Are he ities bor compliance with environ-
mentdl lows ond regulafions dearly undersiood ond
assigned?

Have the legal liobililies associated with
mﬁmmﬁw laws and me;r;plim
renewaduﬂdmsedml\mtpomleoﬁicen?

operationd managers? employees?
POLICIES AND IMPLEMENTATION

The development of o corporute policy may well be the
comersione of an effective envi monogement

program. Three exomples of corporate policies were
selecleclloguudelhosewln vnsl'lb the
delelopmerﬂofsmﬂorsfam The Kroit stotement is
displayed in Toble 4. The Borden silement is repeated
in Toble 5. The Wesion Foods exomple is given in Toble
6.
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Table 2. Arbuckle’s Suggested Management Structure

l Dwdopnmofoorrplmplasmdpmgm 4, Delinected lines of responsibility,
ko senior management and
i bmmhm ™, 5. Trock potetily homiul subsiorces ond their e

courses. and the permit siokus of the company.
2. Adequale imgh ion of these plons é. mﬁmwﬂmaﬂm
3. Documeniotion jble high level officials of
c|sulli:leclegfaec:ut‘?lorm nl.:s.'camcutelmg 4 mq’mm
these programs.

Table 3. Jormon's Approach fo Manoging Environmental lssues - Elements of Environmenicl Manogement
Programs

|. Management Acceplance and Support B. Regulatory Compliance
A. Corporole 1. Assignment of Responsbiifies
B. Operational 2. Networking and Coondinafion
3. hfomation Monogement
B. Compony Policy 4. Lliobility and Enforcement
A Environmentd Principles 5. Planning and Training
B. Scope and Objeclives C. Environmentd Audits
1 pliance 1. Management Support
2. Focility Plonning 2, Scope
3. Foclity Opercfions 3. Organizston ond Conduct
4. Morketing and Customer Relations 4, legol lssves
5. Community and Public Relations D. Employse Parficipation
6. Product on
C. Implemeniation Guidance 2. Train
D. Public Scrviiny 3. Rewo
E  Public information and Right-io-Know
. Orgonizing an Environmental Program 1. forming Publics
A Orgonization a. Community
1. Cenfralized b. Cusiomers
2, Decentrolized c¢. Consumers
3. Representgtion d. Shareholders
4. Decisionmaking and Reporfing 2. Public Parficipation and Confidence
5. Dedicofed Sioff F. Immmns
8. Staff Network 1. Fi
7. Communicotions 2. Public Sennce
a. Training
b. Policy and Programs

¢. hfomation and Developments
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Table 4. Kroft Environmentol Policy

Bask Policy
kis the policy of Krofi Inc. 1o condudt its activilies with dve
mﬁ?ﬁmuﬂmhﬂ\eﬁh h:ﬁt
in o manner
brewd-ba'goﬂ'emmﬁeshmd\nmﬂid\
ik ik o @ g
, ot ol fimes, a5 good corporute di
e comgy vih oyt oy s o e

Responsbily

Bach business group shal be responsible for conduding #
mhumiumm;fi‘mwﬂwﬁm
menkd lows and with Kralf's policy. Ench business group
shall mairkoin on environmenid monagement ond comgl-
ance program appropricle o ifs i fulifiment of
his responsibiily, Environmenidl shal be taken ino

considrcion e devekprmentof o business e

end Low Department 1) regulaey ogercy pemid nokce; 2
mmwmhimdam,impmni
i ey
could resultin @ negalive impoct on the corporasion,

Table 5. Borden Principles of Environmentol Responsibility

As responsible coporote citizens, we recogrize e need fo
hamonize cur operations wih inreasing environmend re-
quirements. We foke a serious view of our environmentd re-
sponsibifies in handling and using row miterils, in manu-
facturing our produds and in ing and distibufing
what we moke.

We must confinue to make consisient, measurcble progress in

fulhling those responshiies worldwide, updating cur proc-

fees b rellect odvances in knowledge and ad

‘n - ‘.& . ¢l

1. To mainkain complionce wih govemmentdl and comme-
nity skndards of ervironmentol excellence.

2 To manufocure produds using materials and pockoges
detrniec o be ] cheics for e ol
3. To mainkgin programs fo minmize energy use per unit

of output,
4. To oggressively minimize waste fhrough source reduc-

, caird, /rwse, n
e e e, g 1 o

5. To engineer hucility expansions and modemizolion de-
sg'z' i approoch ond ochieve zero discharge of
hutonks: air, woler and sclid waske media pe

6. Toseledmdruuim.ﬁdeumhmw
posers, Irecters, honders, shippers
on their commiiment fo environmenkd

7. To examine consisienfy ond with the most reliable tech
rdaﬁinhpodwopadin}mempﬂchaih
ond the environment, and the ecclogical impact of our
pockoging and produck.

8. To opemis cur faclikies in o manner that s open, honest
ond cooperniive with employees, neighbors and goven
menkd auhorites.

0
)

10. To soff cur operctions with professionally qudlified
people Yo ensure that these principles are chserved and
that creative solutions o environmental chalenges
are vigorously ond effectively pursued.
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The Kroft Inc. policy (Table 4} includes the basic palicy,
responsbiliy, and reporing reqirements. The prompt
repoting reirenen e appropeice copore
cls the abiity fo assure a proper response.

The Borden principles {Table 5) give a brood ouliine of
how envicementl ofis wil b concced, The

inciple fo engineer focilities 1o o ond odhieve
zero discharge of pollutons is the most noloble.
Ik vill be inderesting fo follow Borden's future designs ond
rack any additiond costs associated with this decision.

Weslon Foods has the most complete and explicit policy
ond progrum, The policy is given in Table 6. The
program and guidefines are given in Toble 7. Then

i ocions are and are given in Toble 8.
Kspetificmquirermi'm and the board
of diredors a review environmenial complionce is
mmm policy is hely implemented ond

ng.

DISCUSSION

Aquatic food processors should be even more interested
in the environment than other food processors. This is
beconse the processing resource is dependent on
adequate quantities of quality woter. However, there is
no indication that the menogers of such companies have

moreﬂm\dy pursued environmental programs than
have other food processors. P

The following is offered s o partial response in how 1o
properly oddress environmental issues, A
environmental program should include the following:

1. Develop o corporate ervironmentdl policy.

0. I must be dear, concise, easily undersiood and
distributed 1o ofl.

b. Require each division and plant fo develop their
own environmenidl policy and procedures to
assure compliance with corporate palicy.

¢ There should be an annual review ond report of
progress.

2. Develop o corporate Environmentol Manogement
Manwal,
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3. Train the appropriale corporale, divisional, and
managers in ol necessary environmeniol
matters. Esiablish policies so that everyone knows
how 1o respond propedy o dll siuations.

4. Pedorm on audit of each focility to esiablish boseline
dala and 1o identify ereas of concem. Fon ko
oddress needed areas as soon as passible wih an
order of address based on the poleniidl and
possibiity for human and environmenial hom, and

Monitor sewer discharge | .,lood).
Bxamine sewer and surcharge bills monthly.
b. Ar
Review developing siate and EPA regulotory
programs.
¢ Stormwaer
Obigin permits if necessary.,

SARA

A dekailing use and release of

hararous moferic

lljnsrd;-gmﬂ fonks must be doau-
slorage must

mented, removed or moniiored.

L Others

6. Godls should be set for each of the ilems moniiored.
Consider goals such s gallons of woter per thov-
sand pounds of producks, ek.

7. A procedure shoukd be developed for obiaining
permis and assuring compliance.
a. Obioin complionce reports for cities ond siotes
where plants ore locafed.
b. Decide who should sign penmits.
When must they be renewed?



Toble 6. Weston Foods Environmental Policy

Resource, Emvironment ond Waste Manogement Policy

George Weson Limited and its subsidiary companies
(Weslon) are commited to complying with ofl lows
mplimHebhﬂruﬁmadocﬁvﬂideed.
Consistent with such policy, Weston believes in managing
ond conduding its business operations in @ manner that
i in the long-lerm best inferest of Weskon, the communi-
ﬁhwhidmﬂkhvohedorﬂitshz{ﬂda;;%m
em As o consequence \ owing
specific policy has been odopted by Weston,

— Weslon, its direciors, officers and employees wil
ot ol fimes sirive Jo comply with ol applicable laws
and regulations relofing the environment,

— Weslon, through its operafing companies, wil
develop, mairkin and implement policies, proce-
dures and ma sysiems fo monitor its
operations with a view fo protecting the environment.
Where not in compliance with exisfing regulations,
programs and procedures will be insfitvied fo ensure
complionce.

— Wesion operafing management shall review
environmental operating procices and procedures ot
least once a year to ensure compliance with this

policy.

— Weskon, through ils operciions wil shive fo
incorporale in ifs environmental praciices, the best
avalable technology that is economically achievable.

srontio b bt
mﬁ\esbblidm the programs ond
reporfing requirements throughout their orgonization
necessary o do so.

—IhestnBourdofDire&?nrsi:iﬂreview
annwally o corporcie Operaling
erpPruiclenlsmKM

proclices
throughout their group.

Weslon recognizes that as a corporafion, its dirediors,
officers and employees are port of a larger communily
ond as such, must make every effort ko protedt the
interests of that community. Although it is impossible in
anty policy %o cover the hll spectrum of aciivities, proce-
dures and requirements, it is possible fo provide guide-
ines ond encle employees o oncrsoe] e by of
conduct considered desirable and accepioble in the
course of their duties on behalf of Weston.
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Toble 7. Weston Foods Environmenial Protection Progrom

All Wesion Foods Employees hove o basic responsibilily
o oke every precaution available 1o protedt the environ-
ment os o part of their doily, houdy roufine.

This responsibility is equally shared by ol diredors,
execuiives, operafing manogement and supervisors.

To promole aworeness of this ity ond be
slnllmm. wih this progrom, each operofing division

= Implement an environmenid on
Ews ensure complionce with dwpﬁrmiw

— Eskablish remedial and confingency plans o
handle spils or accidens.

— Address ony environmental concems brought o
ll'leoperuﬁm’salmﬁmeiherbyhptblb{:,,g
govemment authorities or representafives of the
muﬂmmhuﬁeyurededlvﬁb

kmplementation Guidelines
The following actions are recommended for directors in
Ielmsofimﬁememhg the above pdlicy:
— odopt and dirculate 0 policy and supporting
operafion sirategy;

- ensuring

— 'mmimwnﬂh”lpam

?u‘lingperiodimlybhboudmh :
the syslem and any significant jonce in

a imely monner;

— review the environmental compliance report

provided by management;

— substonfiate thot management is promply

oddressing environmentol concems.

The following actions have been suggested for operating
management:

— implement the environmentol policies ond
sirategy established by the board of directors;

— esiablish an environmentad prolection in
mofbdncdsalaguu'ds,mmrb'n:::‘
—carry out envirenmenkl audils roulinely;
—mwwnpfmmzfmmaddlamd
reasonable infervals in li changes in proce-
dures and slandards;

;—eng.urel‘nlemimmerdd m:r‘;arebmd'ﬂy
ddmwii?m;m,bw&%
of the board of direckors or olher appropriate

officers.
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Table 8. Weston Foods Specific Acions

More specfically, these octions should consist of

Adopfing Policy and Stralegy

The board of directors of each major operafing compora-
hmmﬁadopfupdlqaﬂargmwd:%edm
sirategy consisient with Wesion's overall policy.

Monagement Responsibilifies
Determine who at the senior level of operations is
responsible for meefing the objectives and implementing

the programs. This mugt indude o defermination of who
mpakmdmmﬂemplanmhhmofhobjecﬁm

A dear allocotion of responsibilty and reporting is
imporfont.

Survey

Undertoke a complele review of operations or faciifies,
There should, for , 0 defailed emmchon ond
evoluation ofwhere s codld oceur, when spills may
have occurred ond how they con be A survey

ofeumngcwrssofmonfordmngupspﬂsnsdso
necessary.

Operafing Procedures
Defailed writlen operative procedures should, where

prud1cd bep red. Amnudmuybedeveloped
mmslmcllons on record keeping,

training procedures and the methods fo fodlilale rapid
deanvp.

Communications Strategy

This shoukd indhude procedures for the distribution of
rhnnbmonamrumﬂulprobdmﬂmedduﬂsof

e ] B P

ndudeawurmess fo ensure that the
gnir:ndewhutneedsbbe o
oanaeemProgm

Dardopuwuslemanganwplonmﬁspedﬁc o
reducewsleproduchonmdmdmmnn&mis

mi

Reporfing o the Board of Direclors

Apolicyofrepouﬁngbhboordofcﬁmdomma
ﬁdorbos:smusibe That report should
udeuwtveymdev:!duahﬂ:o”\eagrumﬂdﬁ.
management progrom reporting ot any signi
cont environmental problem,

Serious Problems
Auympmblmhdamdaﬂiﬁeddu

suwe;maywunuiodelmkdplmof
udmbresolveheq:euﬁcpmblen
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¢ Decide who should keep compliance files.
How will monitoring be done?
Who will send in the reporis?

d. Delermine o medhonism for answering regulo-
fory requesks.

e gl:ldopuq:ilprevedioncndcaﬂuirmed

8. Bdend training Jo supervisors and key employees.
a. Determine suiloble troining oids.
b. Decide # an incentive program would help.
¢. Decide if employee awareness materials are
necessary.
Buflefin boord
Potches, stickers
Newsletier

9. Appoint @ Woter/Waske or Environmental Supenvi-
sorlore:d'lplaﬂ. o o

10. Appoint an Environmental Manoger for the corpora-
fion,

11. Foreud-nﬁaﬂ, exomine the processes for woler and
waste on:

a. Appoint o leunndwil'n production, sanitation,
mainfenance ond management represeniaiives
fo review the processes and procedures for
pollution prevention dlfernatives.

b. Take sides and/or video of the processes.

To document areas needing improvement
To show proper procedures
To document progress and improvements

c. Exomine processes ond prodices o reduce
wuste ond prevent pollution.

}t is imporfant fo develop @ vision, mission and a siralegic
plan o address cument ond emerging environmenial
isves. For exomple, @ company should esiablish o
commilment fo reduce wasks af the source. Obwiously,
this sirategy is less cosfly ond better environmentally than
adopting conventional “end-of-the-pipe” technologies.
Managers of food processing corporations hove?;el
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oped environmentd programs and these efforts wil be
usehul fo cthers as they seek 1o help protedt our word,
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Prospecis

For Biotechnology in the

Seafood Indusiry
Celio Bonaveniura
Marine Biomedicol Center
Duke University Morine Laborolory

Beaufort, Norh Cordlin
i i 6 Akl il A Vgl S e
ing kis in very ways i management, : *no- ! or” sale”
tors, fish formers, secfood processors and ocademic Wﬁddﬁmﬁﬁwd\?ﬂﬁdﬂ .

: My own definifion and viewpoint have their polential environmental palfutorts is nol tencble. I is
foundations in basic biomedical research and have been  possible, however, fo search for ways fo sdbve sociend
colored by personal encounters with the problems ond Eﬂmuvﬁﬂepromdhg humon and environmenddl
challenges in the iransition from basic research discover- lih
ies bo “redl workd” applications. As a professor of cel
biclogy ot Duke University, | teach uete and APPLICATIONS OF BIOTECHNOLOGY
groduate sudents about the cellular and moleculor TO THE SEAFOOD INDUSTRY
adaplations of organisms o marine ond Freshwter o
ervironments. These environments are frequently mscg‘dmﬂngl mm?m':ﬂhﬁ nulul rd
changing. They are ofien hostile, and somelimes they ore " are increasingly hrectened by envi ol
mode siresshul by metallic and non-metallic industri dion. The oceans, once believed Jo be on infindle sink

vonk. Fosnbeical, | cen el sidas et be. Bt v o b o ot

medsourbodies o are beised o have  gr 0 R e
oniginated in exploding siors. We are, according to this mended o siop or remedy the sitvlions that led o recent

view, creatures of stardusi, yet we confront very sorhly
ﬁroblems. Metdl pollution is somewhat paradoxicol, At
igh concentrotion, the heavy melals ore life threotening;
and many environmentdl issues revolve oround how o
dedvﬁhﬂﬁ:lbikeﬁectﬁhohrm&v:m
recognize that lile as we it requires many
heavy metal elements. Exquisile adaptive processes that
operate ot the celllor and moleaulor level uilize,
regulate ond comparimentalize the metals that make life
possible. The requirement for metdls at Jow concentro-
tion, of levels that living organisms can handle effectively
and sehly, o th problens of iy v chovs
the manogeable threshold, challenge society of many
sioges. Similar concems orise with many other chemicals
thot are produced by industrial processes. As 1 bring
exomples of biotechnological advances that are relevant
o environmendal pollution o your atfention, | wish fo
advance a baonced approach that couples human
healh ond environmental heclth. 1 believe what is

Time Magazine cover article Jo focus on “Our Fil
Secs.” As directors of the Duke University Morine
Biomedical Center, my husband ond | have o long-
stonding interest in the human ond environmentd health

of environmental polluiion. Qur center,
cF:ﬁﬂbylheNolioncil‘)sliiuleofEnviromnedclHecilh
Sciences, focuses on the fundamentdl mechanisms
wderdying the adverse effects of environmentdl contomi-
nmlsa‘?stﬁvab new ogquatic models for
icology testing os well as new and improved methods
for assessing environmental | would like 1o
share with you now some of the ways that basic research
conducied by scientists of the Marine Biomedical Center
have led fo applications of potentid impodt in the

seofood industry.

About seven years ago, we were infroduced Yo Orky, o
killer whale who ug(':\SeuWoddonll'neWedogcyoost
We were inferesied in determining whether his blood
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prokeins have fnciondl properties that reflect his bty
bwmpmodsofnxygmdqamuhmdunngdwp
dives. Orky was o willing paricipand in

ments, By lfting his tail out of the water, hecﬂowadwr
colleogues on the West Coast fo foke blood samples for
andlysis. These samples allowed us 1o leam about how
hsl'unodobmhelpshn&mnglongd‘wsuﬂluv
condiions of environmentol-pollulion skess cfiered his
blood proteins. | the latter regard, weammeshgahng
the hypothesis that hemoglobin forms odducts upon
exposure fo environmeniol conlominants, Measurement
of these hemoglobin odducts may be ¢ useful ond non-
destructive means of assaying for poliviont stress condi-
fions. These measurements would be usehd in fish from
notural and infensive oquaculiure settings. Those who
ore concerned with fish hedth or the envircnmenidl
conditions in which fish live may find hemoglobin-odduct
formation o be a convenient and non-destructive
dosimeter o guide them in their endeavors.

A second avenve of biolechnological application o the
seafood indusiry fies within the realm of hi

products that miry be derived from the orgonisms being
aultured or horvesied from marine and Freshwarter
systems. A produdt derived from the swim blodders of fish
is used o crecte a special glue for restoring Egyptian
mummies. We become oware of this when we were
contocked by people whose supply of sturgeon swim
bloddenluiledhem.ﬂ-ney secking
onother source. Wecomucleduseufoodmdelhisdd
gray trout swim bladders as a special produd. This
produd is considered a delicacy by some people,
particularly when fried 1o the crispness of polao chips.
As a result of our efforts, museum curotors were oble 1o
oblain swim blodders and moke more mummy glue,
Other high-valve products may eventually be derived
from marine and freshwater harvesting or cufiure.

PROBLEMS OF OXYGEN SUPPLY
AND DEMAND

Humans cannot survive underwater without on extemoal
oxygen supply. Fish, which need oxygen for survival just
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as much as we do, “breathe” woier and use hemoglobin
ko exiroct the dissolved axygen. In addition, many fish
pump gaseous oxygen irdo their swim blodders. This
pumping is ochieved by specialized fish hemoglobins that
use pH chonges 1o unkoad axygen. When we proposed
0 project o the U.S. Navy o siudy the pH-dependent
unloading of axypen into fish swim blodders, we odded
urdmﬂebwgmipmaliﬂinudibeposs‘ble
o use hemoglobin as o “pump” o exdrad axygen from
mbrhmmeudawder Ths' in the
d:fwldmbmmupmq:adhﬁ:rﬂwitﬂmiol
development when, in 1976, we discovered the
Hemosponge, o form of immobilized hemoglobin and
polyurethane that made o motrix which did not impair
the hemoglobin functionalily. We showed that is was
feasible fo load axygen onfo @ Hemespange and that i
was possible subsequently 1o unload the oxygen in
gaseous form for further use. This concept is curmently
being explored by the Aquonauiics Corporaion, a Son
Francisco fim, who purchased cur patents from Duke
University. The Aquanautics process, which uses an
electrochemicol method for unkooding axygen from
synthelic oxygen carmiers, has polential application in
infensive oquaculiure where the density of organisms
offen exceeds available axygen supply. Growers
frequenty increase cxygen availabiliy by pumping pure
oxygen info the culture tanks or podls. Less expensive
methods for defivering cxygen fo orgonisms under
infensive culkure may be a biokechndlogical advonce of
great benefit 1o the indusry,

A foscinafing development that arose from the
Hemosponge technology is batfe caps having cxygen-
scavenging capability. “Smart Cops,” marketed by the
Aquonautics Corporaion, are being used by several
beer manufockurers fo extend the shelf life and Ravor of
i\elrprod.vd. This fechnology, spun from the-

concerr
ration in processed shelfish ond finfish, As | will discuss
in more detall loker, the use of immobilized biomolecules
fo dhter the environment is one of the odvances of



biotechnology that holds great promise in the area of
environmendal remediation and in other aspeds of the
environmenial monagement ore desired.

Ancher Marine Biomedical Certer applicaion of ineres
o the seafood industry lies in the area of toste recepions
in fish. Hoving demonsirated thet immobilized enzymes
could work for cxcygen extraction, we were asked
whether or not immobilized moterials might be used o
improve baits for sporffishing. By focusing on the tosie
receplors of the fish, it wos demonsirated that o combina-
tion of low-moleculor-weight materials could, in fod,
stimulade the foeding response in such Freshwoter fish as

resulting produd, whose research and development was
sponsored by Mann's Bait Compony, is being marketed
under the frade name of FS-454. In laborcdory tesks,
plastic worms cooted with FS-454 were taken more
readily than plastic worms cooted with oher producs.
We believe that hrher investigation ot the basic research
level has o high potentidl for improving fish food. By
toiloring the surfoce of feeds 1o meet the discriminating
nature of the taste receplors of the species being culiured,
it should prove possible fo use highly nutritious but less
cosdy ingredients fo provide nutrifion fo oquoculture
species. Two groduates from the Duke Universily
Business School seized on this idea and began markefing
what they colled Biosponge Fish Feeds. We have been
participards ond inferested onlookers as the challenge of
new technology and limited financial backing has met the
demands of the markeiplace, Other speakers ot his
conference have addressed the impact of diet on cultured
species. In some ways, we indeed “ore what we eat.” |
am convinced that with improved methodologies, he
finfish and sheflish produced by aquacuture con be
opfimized o meet the needs of people having speciol
dietary requiremests. There is, among the population ot
large, on increasing desire to enjoy the benefits of diets
rich in seafood. This increase in popular demand may
promote the basic studies that will dllow further refine-
ment of oquaculture feeds and the nutritional tailoring of
seafood producks.

LINKS BETWEEN HUMAN HEALTH
AND ENVIRONMENTAL HEALTH

The seafood industry is an oulsionding example of a case
linked. Gaod growing conditions for seafood are @
prerequisite for a good product for human consumption.
Manoging the level of effluents from seafood growing
and manufocturing plans is of great concem with regard
bo downstream uses of the released water, The need for
better woys of purifying input and output woter for
oquaculture use is readily apparent. When large bodies
of water require freament fo purify them of contaminants
or lo modily their nutrient load, the bickechnclogical
advances made in the area of engineered proteins and
immobilized enzymes may play an economically
imporiort role. Many of these b j
are being discussed by groups concemed with the
problems and prospects of what is being called
“bioremediafion.”

BIOREMEDIATION AND
ENVIROMENTAL HEALTH

Bioremediation is by no means o new development,
Bidlogical organisms have been utlized in trectment
wasle walers and in sewage kreaiment plants for many
years. There are many other examples of long-term and
profiicble partnerships with microorganisms for industrial
ond sociefdl odvanfoge. What is truly new is the abilily
fo engineer organisms genelically and select from
cclonies those particulorly desirable vorionts that meet the
needs for remedies of environmentdl polluion, There
have been dwo recent workshops whose proceedings are
directy relevant o this fopic. The first wos on EPA-
sponsored workshop, held in April 1991, Panelists were
asked ko identify the most imporiont questions in the hield,
questions whose answers would dllow bioremediation o
deal more readily with pressing environmentol problems
(1). Briely, the four primary research needs identified
were (i) determining fodors goveming the availobility of
pollutonds for bioremediation and devising woys o
increase their availobility for destnuction; (i} improving
the design of processes for bioremediation;
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(i) overcoming problems associated with from
s||'" Myvﬂmubﬁddm

(iv) developing innovative and novel
bioremediation processes. The pandlists of the EPA
Bioremediation Action Committee orgued that the results
of accelerated research in these four fields should grectly
expand the utility and scope of use of bioremediation for
the deanup of contaminated woters, sods and aquifers.
These techniques are dearly applicable fo those engaged
in aquaculiure and mariculture.

The second workshop of interest, held at Ruigers Univer-
sily in July 1991, focused on how dle
experiments involving bioremediaion con be transifioned
inko large-scole application (2). The conferees recog-
nized the need fo identify bioremediation technologies
that meet the spedific needs of a given area and its
cortominants. No single solution will bt ofl coses. I
summarizing the available bioremediation technologies
ond the difficulties arl;ldwuppproadmforlheir :'se, te
panelists of this wo pointed out some of the distinct
advanlages of using bioremediation Irecdments for
contaminated waters. They indicoted that modifications
of kong-standing techniques of conventional waste
treciment and innovotive new methods are now avoil
able. Quoting from that report, the bioremediation
approaches now availoble incude: “enhancing indig-
enous microbidl activity by odding specially omulated
fertilizer to beaches and sofls cordominated with ofl or
oher corbon-rich waskes; dand farming and composting
techniques for degradation of refinery woste and mililory
explosives; the degrodation of chlorinated compounds in
sils by the octivity of microbial enzymes; treciment of
polychlorinated biphemyls in soils and sediments with
microorganisms; and degrodation of recalcitront
compounds from logoon sludges and contominated soils
in slurry reodtors or other biological processing systems.*
It is dlear that some of these approaches are applicable b
the seafood industry, while others are better suited for
maintaining the quality of morine and freshwarer
resources o enhance the long-lerm produdivity of our
oquofic resources.
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human healih problems. In the seafood indusiry this gop
connot be allowed o exist for long without sericusly
impeding development of the industry. There needs o be
a befter apprecialion thot good environmenial health and
good human heath are muually desirable and inferde-
pendent objecives. You can not hove one without the
oher. As we consider the optians for global siewardship,
it is ey hope thot the existing gap belween those
concemed with preservalion of the environment ond
hose inkerested in lessening human hedth problerms be
recognized os an ortificial and undesirable seporation,
between human and emvironmental health wil surely be
of immediote and procicel benelit, Racogrition of tis
linkoge will Further the cbiectives of the seafood indushry
and facilitate o “biorationdl” approach 1o using the tools
of bictechnology in the seafood industry.
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Utilizing Scraps from Blue Crab and Calico

. .
Scallop Processing Planis
Jomes C. Cato, Professor and Direclor
Florida Sea Gront College Program
Universily of Forido, Goinesvl, Florido, USA. 326110341
i from blve crab ond calico examined induded in-plant controls induding waste
pmmpmﬁn%nduhmdwysbm lled.  restridions and segregation, alilemative screening and
Since these scraps ore highly organic and , recyding; secondary and innovative secondary freaiment
they have crected an environmental lond em, bacilities; and landfilling or oceon disposdl, use as oysier
Various ophions have been examined fo deal with these  culich or onimal feed, refining current ocean dumpi
ond okher seafood processing byproduck. These ange  operations and controlling odor, ond ol
from specific analyses induding dehydrotion for use as from treciment facilifies.
medl along with other handling methods {1,5) and as '
feedsiuﬁorﬁrs\ﬁnembamplelemvie«dd The Florida legislature in 1988 mandated that solutions 1o

seafood waste monogement problems nafionwide {10}

Blue crab scraps produced in Florida annually range
from 1,300 1o 2,200 torss, Blue crabs yiedd 20 percent
watter when cooked, 12 fo 14 percent meat, 35 percent
shell {carapoce} and 31 to 33 percent remaining
parts in scrops. Most of the waste management p
occurs in contiguous Dixie, Franklin, Taylor and Wakula
cwnﬁsofnorllmeﬂﬁm 'n:lgar Florida. mctla
county, scraps Le ¢ ing
repmmledd:wlme-ﬁﬁhofﬂudwaslam
londhll volume and consumed about 25 percent of the

solid waske budget.

Calico scallop production i nomally highly concentraied
in Brevard county on the Aanfic coast, Produciion on
i::?, weelly, monthly and annual basis is inconsistent
unpredicioble. Typical ennudl producion ranges
from 2 million to 15 million pounds (edible meat weigh,
with ane recent year reaching 30 million pounds.
Processing requires large amounts of water, with the
woste produdt induding bycaich from the vessels,
processing effluents, shell and raw viscera. Sofid waste
can represent more fhan SOTErteﬂ weight of the
original vessel production. The shells from calico
plants hove found potential use as oyster culich and as
in spoil areas, but the viscera and liquids have been a
londfl end trectment problem. Waste altematives

created by landfilling blue crab and cdlico
i eyl btk
by the v
counly officidls, seafood i leoders, privale
consoliards and university foculy [6). This paper presens
:\dgvd:kuﬂradbo”&epmm Topics covered

¢ In-plant methods for blue crob waste conirol
* Wet exdrusion

¢ Compoc

ocanmimm

* Composfing

* Blue crobs

» Calico scallops

* Blue crob compost markefing

¢ Blue crab compost o5 @ soil amendment

* Nematode control using blue crab compost

IN-PLANT METHODS FOR BLUE
CRAB WASTES

Three methods were examined to improve in-plant
hmdingofblue[:omjapmﬂwil;dudedw
exrusion info a aquaculiure, compaching
and grinding fo reduce volume and moisture, ond
anaerobic bioconversion 1o produce methane gs.
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Wet Exirusion

Blue crab processing scraps were used fo produce wo
types of peflefs (2). Crab scrops were mixed with
soybean medl (48% TIKON), pototo starch and heming ol
in wo formulas o form g sinking feed pellet, Ore
formula contained 45 percent crab, 41 percent medl, 10
percent siarch and 4 percent oil, whereas the second
contoined 35 percent erab, 60 percent medd, 5 percent
siarch and no oll. Without herring o, pellels did nat

Compacfing
A cusiom-built compador
wnits wos used in o crab

screens;

(using o hammermill) versus unground and ot variable
compression fmes. Fluids exiracied were andlyzed for
COD, TKN and ammonia. Compacting wos exomined
os on alfemative o reduce woske volume leaving the
plmiundasupliorslTboﬂwhmdlingm The
volume reduction of crab scraps was highest via grinding
dlone, of 50 . Compacting without the screens
achieved the best vdlume ond weight reductions for
ground (25.0 percent at six minutes} and unground (28.6
percent at five minutes) crob scrop. Ground scrops held
their compressed form much better [2).

Grinding using o hammemmill appears 1o be the best

meihodn?:\?umereducﬁmoi plont level and could
be implemered immedictely using existing plant

mmpmr.bT‘l:;s;?ndk:imimfefewdeﬁmmbul
changes its mokes storage easier, Compoding
creates excess fluid that could be a problem if dischorged
imoseﬁ:csysternsorwusmrerieuhwﬂsyﬂans.ﬂ\e
liquid radfion of the wasle stream contained 256 grams
per liter of COD, compared 1o stondard sewage woste-
water thot coniaing 300 milligrams per liter of COD.
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Ancerobic B .
The charaderisics of blue crab scraps for use os an
anoerobic bioconversion feedsiock in the production of
on physicd and chemicol onalyses of the waste ond
ussessmel'\loflheullimo::ulcorwersioncndralorta‘gofw|l1
conversion via biochemicol development, o )
opfimizafion using bench scale digesters.

analysis indicated an averoge totdl solid conceniration of
33 percent for the ol waste siream and a volotle sclids
conceniration of 50 percent dry weight for the toidl sclids
(7). This indicoles o very high averoge ash content {50
perwi]b'ir:dw;destalcan Forhmlijpidﬁmdim.
comparuble were 10 percent ond 70 percent,
respeciively.

COMPOSTING

Composfing profects were conducied fo lest and imple-
ment an dliemative fo continved londfilling of scrop
byproducts from blue erab ond scollop processing plans.

Blue Crab

Open Windrow: A large-scale demonsiration project for
composting bive crobs was conducted ot the Taylor
County landhll uhlizing oll crab wastes from Taylor,
Wakutla end Leon counties for a two-month period {3).
Eight windrows of material were composted using o
WIDCATIM tuming machine powered by o large
m?i;;Wusfmﬁdm "
, ot which 380 fons (34 percent) were ¢
serop. Cypress sawdust {431 fons), wood knots and
shives {148 fons), and pine bark {42 tons) were the
principal sources of carbonoceous moterial. The eight
windrows of matericds were formulated using the
¢ [resh cypress sowdust ond crob scrops
¢ fresh cypress sawdust and crob scraps freated with

phosphate

* oged cypress sawdust and crob scraps

* pine bark ond crab scrops

* knols and shives ond crab scrops

* yard trimmings, wood chips, erab scraps and manure

Al moterils fesed, wih the exception of knots and



shives, appeared to have qudlities which in the context of
opmpermuvnddbem;ﬁﬂwdordwmbl:fa

Al compost windrows wese
scheduled bdoamidumgeslulungplaoe&mg
the composting process. nifial mix moisture conlent, pH,
organic mafier conent, ratios and
aenmonium conlent were monitored.

femperoly
recorded every cther day throughout the composfing
jerm. Fredl dress m"")’ m;mdm ;s;u:zd the
adive Cypress
vandrowsshowed her earlier fermperctures,
mmwusmredlorl%dayshﬂmmduﬁ
rows octive compasting in &0
Fine bark windrows lost heofing ability in obout 50 days
asd'dl'nelmctundslwawmdrows alhough the lotter
had some of the highest recorded of ol
windrows and o higher-hon-ambient femperature for
100 days. Windrows with yord trimmings mainiained
the lowest femperatures of ofl windrows, and heated for
on}ySOdes Periodic rainfall may also have offecied
heabnghmsurdlevdsofsomesules. Al windrows
from 21 1o 34 days above 55C forlhe
yo hmmgs,whh#\hodmly*:mdaﬁ
femperalure. On the average, canpodsuppear
stable afier approximately 75 days.

All windrows were sampled ot the end of composting,
Tbeydlﬁeredﬁunlhelmhulcompostncolor odor and
fexture. Eoch wos darker, h.muslnlcemdﬁne-cnmﬂy
Avaugemshreconietﬂacmssullpﬂawusu
similar o the inifidl compost, Even with some roi
occurring, the compost lost water, a desirable result o
yield & marketoble product. Finished compost data on
woter confent, pH organic mafter content, TKN percend,
CN ratics, NHa, P, K,Ca,solub]esdlsmdco2were
dsoprowded(gi.

Analysis on the average composition of alf the blue crab
composts indicated several importont focks, A tolal of 53
percent of the organic maker was decomposed or 28
percent of the fotol solids. Total nitrogen loss was 46
percent, ond 49 percent of the compast volume was
reduced, based on inifial versus final volume measure-
ments.

Trud‘liord cosis have risen so significandy that
is now ovailoble o assess the economic

feasbﬂ A fin
e e g il
|m|ified1he

of composing os “olve
u-\dhepohmol oy

asusoil
nsebnew

the composting
option. A limiled economic

s for
:oslopauhmnToﬂandywm provided
|3).

ludonmderedmsibprepm?
eq operafing costs, sources
Irl:lm:ncods hpplngl:: , proposed
on

assump-
hanwiinednhrq:od ot annual costs of o
wouﬁd produce 5,000 fons of final produdt
be $103 000«52949perbnofad>scrcp
huncled. Revarwlhalwoddbegenerubdfrunu
mfeemdbuﬂtmd

compost sales
ot $107,000, yielding o net revenwe of

34000 Composting of blue cab sarep appears fo be o
feasible aflemative for the area in the demonsira-
ion project cocurred.

Static Pile: This demonsiration used a “low fechnology”
approach that has been used for fish scrap compasting in
Wisconsin, Ilmmnedbecwseohlsbvucosl

and less frequent handling characteristics. Overall, the
low sysfemodel courls;edn w:hcmb
scraps edmnely iffe uming

done, the mix ratios must be adjusted rdsbmdl.vce
Il'lepotenhdbrpooroemhmmdbg-mrdugmmtodor
generion (4],

Eoch day orab scraps were dumped off trucks direcly
orﬂoherﬂofmodwecanpodwmdmmdblended
info the windrow. A mixer was used for lorge
and o bucket loader for smaller amounts. Forhs
method, the proper ratios of coarse bark and chips o
crob scrap appear fo be 2 volumes wood fo 1 volume
crubscrq: At the end of the process, the compost
medhwdlahbgmdervdudpmdxedadmi
us-ike product. This final slep was not necessary in
Il'necpe'rwmdrwprooedurebecwsehecomposlw

Loboraiory andlysis was conducted on the crap scrop
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compost o provide information on woter content, pH,
omeanic mater conlent, TKN , C:N rafios, N, P, K
and other measures {4). Huspmdudshouldndbe
viewed as a fertilizer since the N, P, K ratio was .9:.5+1
bulasulow-gudesoilmﬂmﬂ The final C:N rofio
wos 25,

Cafico Scallops

A toid of 94 fons of scallop viscern were composted in
eardy 1991, materiaks used induded
1,200 cubic yards of pine bark, sawdust ond ree

timmings; 128 fons sewwdﬂbnsofremd
citrus pulp; 25 fons of water hyacinth weed; ond 14 fons
of horse manure {4). The viscera was of wo principal
forms: raw viscern ond viscera/shell mix. The principal
wood products used were log bark and log dhips from o
home manufaduring plant and eypress sowdust from o

mi,

A mechanical-lift SCATIM compost umer was used fo
fum the windrows. This process does not chop o any
eadaﬂlukel’neWﬂ.DCAﬂMmodune but this did not
poseopmblemdueioﬂ\escollopwscem The compost
piles showed a quick rise in femperature after the scollop
viscera was odded, but did not reach femperatures over
120 F, probably because water become a limiting focior.
The SCATTM tumer the piles well, which
reduced odors, but the infensive lif mdarrecpom
o“'ecomposlmeunsub«m of the femperture,
Fellby30degreaa&ereod1bmmg.

The beginning nitrogen content of the viscera was very
high ot 14.2 percent. The viscera shell mix wos ane
Fourth that level. The final compost seemed somewhat
course becouse of wood fragments, so the findl produdt
was screened. The coarse yord trimming piles performed
the best, resuliing mmoneEm?O percent fine materil,
wlmduspreferredforuseasasoilurnelﬂnaﬂandbr
potting mixes. ﬂiecwrsemlenl':edsorebestformuHr
type londscaping operations. nutrient composition
was dso changed offer screening. The density increased,
nitroggen content increased and C:N decreased, resulting
in a more siable product. The final andlysis for four
scallop viscera piles using various sources of the organic
motenials gave N, P, K volues ranging as follows: N, .3
.5 P 07I013K,08b9

é8

Scollop viscero, wih and without crocked shells and by-
coich, con be readily composted and converied inko a
sol-hurmus produd. Because of the high BOD of viscera,
lreq.uibm m“:edsaﬁrﬂmﬁudmof
wood is machine-uming
o wsod provided sxcelnt cerfon of he pies
and controlled composting odequately.

COMPOST MARKETING
Blue Crabs

A markefing progrom dlso was developed for the blve
atbconposlpmdacedbyi\eopa\wmclrawmed\od
{8). Pmdmess.vdicsgordenund[umcuﬂa's
lcmers mursesmcloantudousmmmd. A
piot m was esioblished in six norh
Florida counties and scles of the compost have occurred
in butk form ond forreiuﬂwllels Fourleen retail
oullets ond several pu ons were
mdvedmbebdsdesprqed By the end of 1990,
sailes foldled $8,558 (wholesdle value).

compost
sold 311 bogs (40 pounds each), pnmtlrﬂ;3

and feed supplies af @ whdesde
The relail price was $6 per bog. Bulksalahavebem
305cub|c n:kot$25 per yord. An estimated 200
ahcyurdsmleObogsmmbbesdd but the
s:;ﬂyl'nsbemcaﬁroledbmmlnacmﬂaﬂwpply

rket {C. Greenhield, 1991, Suwonnee River
Resource Consesvation and Council, Live
Ook, 1, communication). Adequale demond
exss in north Forida area fo annually sell
the enfire compost production from the blve crob
scrops of Taylor, Wokulla and Leon counties.

Other forms of use for the sialic-pile crab compost ond
for the calico-scollop cmasiorebemgexumned.A
free compost doy was

a way jo meosure product Hity. hfoor 1S,
63vehdes|oaded85060 pounds of compost which
homeowners and rdenesuseduspdhngsdlundmu
soilammdmaﬂ(lZ).

Calico Scadops

The calico scallop compost will be used in demonsiration
protects as a soil amendment for roadside wildfiower



projedts, in home gardens and as a passible amendment
o mixes used lo skart young cirus frees (B. Mahan,
1991, Brevard County Sea Gront Exension

Cocoa, A, personal communication). This will

esioblish demand and uses for the compost

BLUE CRAB COMPOST USED AS A
SOIL AMENDMENT

Blve crob hmehmdmmﬁodmcd
propesties, incuding a high chitin conlent that may prove
effective in immobilizing not only those mefdls (induding
Fe, Al, ond Cu) coniined in the scraps but dlso assoct
aled Irace melols from other compost consfituents
induding sewage dudge. A shudy to charockerize the
responses of sorghum/sudan grass fo vorying applica-
ﬁa\sofmﬁcanposledbfuecmbm,inm
parison fo fertlized ond non-fertilized contrdl ireatments
in field ond greenhouse lests, was condudied {11),

The field plot porfion of the test was an unreplicnted
demonsiration effort, comparing the growh, relotive
yields, and plant composition of tradiiiondlly festiized,
raw crab scrop amended and compost

areas. The greenhouse study was a replicated varioble-
rofe study in which soil and plont composiiion, ond plant
yields were compared for various rofes of row crob
scrops, crob compost, troditionally fertlized ond
unamended/unferfilized ploks. The shudies
induded an analysis of the soi and plants for resulfont
vu%ua olfDI Nﬁh K,QI c"'Mn'é;?iﬁf” all!'dhwin;ls;i
soil somple and o PondN. Plant yi
increases were made for the field tests {11).

Row crab scraps offer considerable potential as  soi
N YA gt
uninco portions are
folerable. They would seem fo be acceptable, for
example, in relatively remote sites {removed from human
residences) where crops of a low-input, low-maintenance
nature are being grown. This would include pine
plantation reploniing areas, which are common in Toylor
County. The compost produd, though more desirgble
from an cestheics stondpoint, is of fimited value os @
nuirientsupplying omendment. Long-ferm efects on soi
organic mafter levels ond adequacy of nutrient supply for
more slow-growing ¢rops, induding pine plantations, are

other considerations which may be of value but which
could not be evaluated via the current shudies.

"NEMATODE CONTROL USING BLUE
CRAB COMPOST
Chifin omendments s3 reduce populations of the
soybeon cyst , the southem ond peart rook
knot nematode, and the citrus nematode, Chiin is
coniained in several matericls used %o control nematodes
ond in cusiocean exoskeletons such as ble crobs. Tess
were conducied fo determine the effect of compost made
of blue arab scrop and cypress sowdust on the reproduc:
fion of Javonese root-knot nematodes!13).

Two greeshouse pot experiments i
hwm,domwﬂhﬁddmkmpldm
using the “Rutgers” jomalo.

of the Javanese rootknot nematode for inoculation to
delermine the effect of various levels of blue crab compost
on nemaode contrl, In both greenhouse tests, crob
scrap compost had o significant effect on the folior and
root weighs of fomatoes compared o the conirol
reatment. The cbserved increcses varied depending on
the rofe of nematode inoculation and of
compost added 1o the soil, In the field mi , N0
significont differences between compost levels and the
contral reciment were cbserved for plant top weights,
although o trend toward greater yield wos cbserved in
the compost treaiments (13)

In both greenhouse tests, the 20 percent compost
application rate was the lowest level of compost ot
produced kurge reductions in root galling ond nematode
reproduction, Pure chiin produces m:mgs at
Mwmmﬁm& The depletion of
nitrogenous wchion sources
hwghca'rpmhgprobobbrraduoeddﬁmm
fions and the nemalode suppressive characterishics of the
crab scrap as well. The 20 percent level of arab sarup
compost represents an application rate of more than 200
mi/ha, which would not be ecanomical for nematode
conirdl in commercidl ogriculiure. The crob scrop
compost has the same limitations for nemotode control as
many other materials contoining kow C:N rafios, The
greatest potential for crab scrap compost for nematode
suppression woukd be for container grown plonts and

rla



organic home gardens, where higher looding rales ore
common,

BLUE CRAB COMPOST AND WATER
QUALITY

Agricsiural areas in Florida are commonly underlain by
, well-drained soils that have low organic matter

adhdiymﬂem “&:wm
3 susceph bcoliumndm
insecticides, herbicides and lertilizer nutrients. Coupod
maclefrunmbscrupmympodhqnl;?r
gmnclwubrnhvowuﬁ.decmpoa

organic compounds, dunlcdmdmorm
elemenfslo ground weder; ond erob serop compost may
mcm?dwuﬂ Iheretem?:\d/or
de@t'do'sﬂl nuirients in
porionofhesoual?mﬁle Earlyda!umcl‘r.'c:l!e'mer
arseni, seleniumn and ma in the crob compost
could be of s m'ﬁcuiladsbcreufeapolamdhuzard
uhhwghlheworkhosndbemcompleled{]d)
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Fish Protein Hydrolysates and Their Uses

Suson H, Goldhor
The Cenler for Applied Regional Shudies
45-B Museum Street, Cambridge, Massachusetts 02138
rﬁmhddﬁsmwbexw&dﬁmh The simplest form of hydrolysis is offen colled “ensiling”
viewpoint of the fish processor, mdhrwllingpmﬁscdled'ﬁd’asﬂoge " (2,34).
d!amhvesbll‘uelmdﬁl Orit beapprood'nedfmn Ensiling is one of those processes where nalure does
l'newewpowdhemeardworaﬂrep almest dll of the work. Ifngmdl'leﬁshorlid\wusle
in product for the feed, foodorbtobd'ml- odd a sufficient quoniily of he proper odid 1o pn
ogy markeks. there bemlmsion spoiloge and mix well 5o that each piece of
belween these viewpoinis, one of which the cmludwiiloadﬁe mﬂr
simplicity of hydrolysis ond the other of which utilizes its the fish flesh,

UL/ e g
s

dlgoodbdmiogz,hs mﬂ’m“gﬁ
processes offering daﬂemnlhngslo people.

Fish proein hydrolysis {FPH refers 1o in
nsieshlsbrobnd%wen ?m
enzymes. enzymes may be present nol
m,wmmwbewrdnwdmuﬁm
ring the process. Digestion may go sul
For 1o fum the fish Resh to liquid, o it may be carried out
under controlled conditions such as are used in curing
henmgbsoflanhelaadumaﬂdevelopﬁmmsﬂl This
poper is limited to hydrolyses-producing liquids, How-

S s
2] et manu
and morketed utlizing hydrolysis echndlogy.
Toble 1. Hydrolysed Fish-Based Products Currently
Manufodured
Ferfilizers
Aquocutiure Feeds
Attractants
Baby Pig Feeds
Calf Milk
Peptones for Microbi Growi'l Media
Flavor Bxracts

Premature Infont Diets

e qw-dﬁd'll':udiy
Wdayw;nhﬂembdvﬁudl pleb
lemperaiure; it no
m?mnwwhbmmzmamn
Jarwory. This process works best when viscera are
present. Hwever”neodyfiﬁmu‘lublehusbm

ot seq, on acid-resistont
%m)mwﬁmmbh

fends fo be small-scale
parfy because it is difficult fo hold and stir very large

quaniifies of material for long periods of time and porlly
because this is o simple technology with low entry cosls,
whﬁuradnmcbrmcﬂpmdumhdeedyoum
owdycorryhspmoulmyax

barrels. Variations on ensil cn'emedou
on a very lorge scole, pamlrﬂarlym&:md'mu. For
W g ot S i i Yl

grinding, mixing and o fors

e iy
o speed up may deps 03
pasleurization and condensafion.

As the process becomes more complex, i requires more

wu‘lt,mreequmedmdmomcupaki However, the
Mrgprodudsmemmnsluﬂmdmsdeubh

F@mldmuwnde ess for the manufaciure of

musonablyxﬂmdnyrqmdhydrdysdeonumdb
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Tank Tank

. Digestion &
Woter |_—i Pasteurization
Heater ——
~—_

Figure 1. A Process for Simple Fish Protein Hydrolysis

b the heart o this fih i digesed in
o jacketed keffe, mmﬁ
opplied, ond fime and re con be atleas!

roughly monitored. Under optimal condifions, fish con
be liquefied in os litle os ffteen minutes. When the de-
sired level of di igesfion has been reached, the tempera-
Iummuybermsedajcﬂw rize the and o inac-
further digestion. The use of
Memﬁ"““ﬁ%ﬁ:%
lemperature changes occur
changes are parficularly slow if heat is applied through
hotwnbr(osopposedbsban)sohbyhimh
mass of liquid hsh hos been brought up 1o pasteurization
Ianpembre,llmybewdigesfed The stirring
mechanism of a ketfe m ha»edlﬁwllymum he
resistance of o mass of muﬂhdwvnﬂ'wwsceru,vd'nd\
'husbemsmyoﬂnmburger In oddition, if wastes
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with large quanities of bone are digested, the bone may

dog i'tewielvdvecnd ire monval removal. De-
L been included be-

of not

requiring sieam generation and of being easlly o

pemmus,slunolimodbhdemubly
q.vaﬁhao{mhrd—pa‘ltzsmbmperduy Ho.v-
ever, even using o ketle, the Herambelwemhspm-

cess and enstling are significont.

kol oyl ok o
enfire iges-

ﬁ.ﬁw.ﬂm hydrolysis, the processed materidl con be

pockoged and senlwtbwshnendhmdofoad\



. Wit ensiling, many days’ production must be
:yradmsib,ﬁnad"ﬂmihadbmsedigaﬁm
proceeds so sowly. | winker, the stored siloge may
amount fo o or more of production {Southern ar-
eas have odvaniages over te Norh in this respect) so
that space and logistics are Emiting fociors in ensiling.

Ancher difference is consisiency. 1 is eosier o manufoc-
fure a consisient product with hydrolysis thon with
ensiling. By keeping kme and lemperoture consion, you
emxrwmhmpmduddaynadday
e o s b oy T el
Zymes, otso § unitormity.  The ensi
product is not only difficult 1o ship cut ot the same stoge
of digestion each time. But, even afier the cusiomer hos
received it, & will continue o go on digesting itself.

Digestion of feeds is like medicine; if o litle is good, a ot
is not necessarily better, Proteins are composed of units
called amino acids. Most animal nufritionists currently
ogree that single amino ocids are not ideal in feeds and
that small groups of amino acids, cofled polypeplides,
are usvally absorbed betier. Even more importan, as
digestion confinues, some amino acids will be broken
down further o non-protein nitrogen, which has no feed
value for most animals. This loss of value over time in fish
silage is ilusirated in Figure 2, token from o paper by
Stone and Hardy (5).

2 .
11

i be freed than obhers 5o that the omino

o
is degroding wih e generol profein qualiy.

next figure, foken from the same paper, shows
does not hoppen with @ controlled hydrolysis, indlud-
ing o pasteurization siep. Afler enzyme inocivalion, the
materid is sioble and no loss in prokin quality is deled-
able. | Figure 3, the verticd axis shows the overoge

TF B
&

&

size of polypeplides in amino acid residves, and the hori-

zontdl aodis shows fime of There are three col-

umns ot each sampling time: the dotied cohumn depicts o
silage simlor io the ane siudied in Figure 3 stored of pH
4, ﬂnblod&cdmndqﬁdsusﬂogesluadatrlz A
this ocidily, most of the enzymes are inactivated so pro-

fein brea oceurs very sowly, The diagonally
siriped column depicis the hydrolysate in which no

ot ol ore seen,

100
90 |-
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70 |-
60_
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Figure 2. Hmdnbeg'oduﬁonusaFumionomehﬁshSilagedp?luro,Shradlor42DuysutRoomTanpetdu'e.
(Figure token from Stone and Hardy)
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7

Amino ocid residues per polypeptide

10

5

20 42
Days

mla Averoge Length of Polypepiide Fractions of Sdbge and Hydrolysote Over Time, (Figure Jiken from Sione and

Although siorage at pH 2 greatly reduces degradation of
the fish profeins, this is not an atiractive option for severdl
reasons. First, it fokes o tremendous quantily of ocid to
get the product fo that point. Second, it is quile comrosive,
which creates difficulies in storing ond handling the
. Third, the product must be neutralized before
ing fed, which adds 1o its cost. And, finally, only o
sirong ocid can get the product fo this pH, and strong
acidsareioodungmw o be used by operations

Fish processing wastes, particularly those from fllfing
operafions, ofien contain exiremely high proportions of
bone. In ocid silage, as time goes on, much of that bone
dissoheshhaddusedus?i:raavdiva As the bone
dissolves, it neviralizes the ocid, |n experiments like those
graphically depicied in Figures 2 and 3, which show
changes in on ocid siloge ot pH 4 over time, o graduate
sludmtismeasuringE\epHoHesﬂageeveryLdays
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and odding ocid to keep it from rising. In o commercidl
process, o ensure that the pH did not rise above 4, one
would hove fo siort out at @ pH of 3.5 or 3, depending
upon the amount of ash in the row materid. However, in
hydrolysis, most of the bone is scresned out as soon as
digestion is complele. The of this are
twolold, comprising First, lower acid costs, and second,
lower ash levels in the final produd, An eadier session
{Joe Zublena, Nuirienl Management with land Applica-
tion Sysiems) discussed the imporionce of excess phos-
phorus in waler pollufion. By screening out bone, one
cmoﬂeropmdadlower':plmplﬁun;&isisid
particdar in the oquocy mo
‘I:;leﬂhm alzvdekoresiurlingi:'ebelimiled

isiation {6). In addition, it permits the recovery

in from flleting wastes, where ash levels can be as
e e

screening may

ond sold os bone medl)



Whole fish ore about 75 o 80 waler,

ond rolysates mode from hish start out
e b e . G
gdm;;uﬂadwﬁebmmxw«
one and provides on economically vi o um

s frome e, b

fo skidize @ wet is one mojor

offered by i as oo
b . o o e b e
the economics of scole of produdtion, but it permits the
produdt ko wndergo inificl processing and sibilization ot
@ number of sites, induding those at sea, with subsequent
fransport Jo a central facility for concentration and/or
drying. | planning hydrolysis fuciliies, on imporiant
Queshion is, of what size does concentration become
wwldbesomewhered around 25,000 peunds per day of
row moterial,

In general, the removal of water by evaporation is more
eoonanicd,bolhhiermsofcq:%cosisordmrgy
costs per pound of water removed, than is drying. Also,
evaporators are designed fo deol with rapidly fowing
materidls conkaining large quantities of water. But dryers
oredwgnelgv:rdedmlhrrgemcwsr;:mds
conksining lower quaniities of water. | designing a
hydralysis plant, it would make sense to use evapordors
fo remove as much woter as possible, whether the end
product was fo be o concentrate or a dry powder. The
amount of woter which evaporators con remove varies
with the viscosity of the materidl; in the case of fish
hydrolysates, one con usually reach about 50 percent
solids. (kntuitively, going from 75 percent wuder o 50
percent woter does not seem like o large reduction,
However, it is an enormous reduction; each pound of
concentrate is derived from three o four pounds of
incoming row material. To do the calulation, it is
necessary o know that protein represents cbout 15
percent of the row matesial. ¥ the end produdt is 50
percent solids and that solids content is largely profein,
the lotal quantity of end product will be twice the initia
profein content or 30 percent of the raw materidl, Thus,
the ratio of water removed by evaporation fo the woler
removed by drying is about 4:1.) One reason that

evaporation i so much more efficient thon drying is thot
evaporaiors con be staged, pemitiing heat to be revsed.
Dlwdsigudleadtpuﬂﬁs‘i‘r;n,mnduﬂimd

ing. However, a cordllary fo this is that evaporalors
Eﬂ?&tbmmwmﬂmeﬁaﬂ'

I plans lage enough o have sioged evaporation, the
e il oy ol e R ot
h we dosi *h the GSE X
(learwater, Fla., o machinery line for up to 150,000
pounds of raw malerid per day con be handled by o
single worker pu'sl'n'ﬁ&\;ihom m'gycodiorﬁ:'iiwd
concenirated product of $10 per on. Adn'lrja ryer fo
this plant increases the energy cod of a ton of finished
o $34 per ton. However, one shoukd note that

one fon of dry product starfs cut s almast o fons of
mm"dmmmw&n
ion Jo economi :
cml':‘vepmms . as well. Becouse of the

idity with which the molerial reaches femperaiure ond
the 4 of process control, very consisient and high
quality produdis can be produced and a variely of
product fypes can be developed ond marketed.

As Figures 2 ond 3 make dear, hydrolysates are
ﬂ@ddumhmixofprom' , peplides, amino

ids and non-protein nifrogen. In odkifion, they
frequentfy conlain litle dumps of digesion-resisiont
fissue. As you push the syslem, for exomple, by increcs-
ing digestion fime, you con increase e proporion of
single amino acids and small peptides, but you never
reach homogeneity (3). (Note: this statement is true for
enzyme digestions; hydrolyses comied out by sirong acids
can result in @ uniform set of single amino acids. How-
ever, this is not o biological process and is not of interest
for lorge-scdle biomass utlization.)

mﬁbodscuﬂainﬁ?emim;ddds,mwelj

ides ond proteins, It s the fype ion

b sl clecs et impart b ouds maeh of e
distinciive flavors 7,8). For exomple, glycine, one of the
very few amino acids which fasles sweet, has been shown
obeani component of the distindtive favors of
crab and lobsker (9). As more free amino ocids and
small peptides are created by hydrolysis, favor is



inkensified, sometimes beyond the desired level. Thus, for
ordinary feed uses, where the will be a major
prolein source ond used of high inclusion rates, digests
should be kept o the absolute minimum required
liquefoction. The opposile side of the coin is o utilize
hydrolysates ot low indusion roles as Aavor enhoncers
ond afiraciants. In this cose, one may wish fo push the
cﬁgedlmpmcessalllielnrdermdmwse

ion of smaller molecules.

Protein hydrolysis, in o number of guises, has been used for
@ long fime o genercie very complex flavors for human

Southeast Asian fish souces and the curing of herring {1,3)
(Both of these are exomples of autolysis, which uilizes the
enzymes dready present in the row mokerial) A more
recent exomple is the use of enzyme hydrolysis by the French

ISNARD-Lyraz on a variely of seafood wasles of
corefully monitored quality 1o creale naturol extrocts for
flavoring soups, souces, ele(10} These hydrolysates are
wmﬂmbdbymuanaauﬁmadpumwdaiy

refrigeration, The prices their products at about
$4b$15perpou mﬁndsinlh\armorkehsmng
and their operotion is profiiable,

Tqmwﬁgﬁuﬁgﬁknhsm

propor-

are made from meat and
ugo,wlmlhemwusanadweUS funa conning

on the West Coast, ubm'duged‘wusupopdarpetfood
pdcrkb'hlyenlmer Hmvwerooruﬁemptsbdm itdhis
product wos an adud digest Hood
mdshd:wierfrunﬁe ond/or una meal manv-
Fudurehuvenotbemsuccasﬁ

I aquacullure feeds, e situation is polentially much more

m.?l;x:bdofhmm;?dfg‘o::xmwmbﬁ
systematic variability species

However, the use of has been fimited to species

ofhlghvduewhldwreproblemealas such as salmon or
Inlf;d Mom'ﬂm, bh:se[:iwos

, are bemng Inc inlo aquaculture a
are used for both purposes. Ore

analogous o human food flaver; i.e., what the ani

when it lokes the food into fts mouth. |n feedi sdmon his

is o key element, Allantic salmon will inge at
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as they see it, but, if it does not toske right, they wil spit it out
gwhwwédwwdmm
somefimes fo eat ot
siarvation. The other iype of flovor is more
aromo; that is, the smal molecules that leadh from ieed
info the woler and act as aftracionts, simulating the animd
bmbvmdsi\efeeda'dhgmt This is most imporiont
slwdgamgum\dbhur mdmedolfudorym
o distinguish it from the mud in which it is sitfing.

thuuﬁcm,MmhmnmtyoH\mpahreu

camied out, H\Eﬂ :ssmdbbe

uedmhmp da I seeems
bdhﬂuvorhudlom. Snceinsndmmd
ﬂgmmwu‘waﬂmwu
w iluckc:sl;ililﬂld)f.:ﬂﬂ::t:lt:rlir ﬂepotim i ml‘;

improves iy, thus Inclusion
up fo 40 percent medniaedid ite the foct
Ménmpdond soy. ltis cheaper o indude 5 percent
fish protein hydrnl)mab of 75 cents per pound plus 40
percent soy of 12 cents per iﬁb replace both
mgmdiwbbrﬁdlhn;eddmbﬁmhperpw‘d The
d purpose is o qaruydned
mdu manvfodured in Frmceby
i‘leCocpéltrbvedeTrmlanaiduProd.rilsdelaPéd)e. This
produd, alsolumnas'Soprq)ed'e'lusbeenm[uc-
tured for a quarler of o century

forcdfmillueplocasmdmhsmwyosmq:pelﬂe
enhoncer in baby pig feeds, ot indusion rates of 3 10 5

percent,

A different approach is utilized Baoproduds,acan
mWamrIon Ore., M\Id'li;:‘ sdmml'nm
mem ls\wdelyu;dunscimngmj

¥ is dear that much of the reseorch thot has been carried out
onthe use of hydrolysatesin feed has been done by industry,
e

in r ge, ey cre clea ng fo
druwﬁehneatsha their trade secrels. Alll'nsl?:e,
know very litfe about the effects of processing aids such as
diHeradmzymaandemoadsmﬁepdaldmlityof



of hydrolysis resides
mﬁmpﬂmﬂif\gi\epwdim&w,dryam
troted products for ino a number of markels, that
Rexibility is sHll incompletely undersiood ond uiiized. A
Irem»lmunwrlofmrdmmdmbbedmemﬁﬁe
complicated and varied products, and both researchers and
indusiry have imporiant coniribuions 1o make.
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Films and Fibers from Chitosan

Sam Hudson, Brent Smith and Y.C. Wei
College of Textles, North Carclina Skae Uriversiy, Raleigh, NC 27695-8301
ciﬁnmdilsfree*:ninefonnd'lbmummvd CHITOSAN FIBERS
wushs. Guhmsalsooot:d:ﬁ‘ﬂ:mﬂ i”“]mhm’”c 3"“*0“'1
Narer D Cross-Linking of Chitosan
bkmcelullﬁﬁ\m&;mm 'mdlas Fiaets.ith);lorLSa PHEG\em&inprusL bis
utlizafion, but i hs recendy iraced much clenion in °"’I°"'| G mpro e hnclr ,m“

bcmcmdq:pl'edrseard'lﬁelds induding biochemistry,
polymer chemistry and biomedicine. Gu'losmcmbe
regardedasunew rdymenc
die:mcdlyversaﬁle ﬂ\eumo”\ese
moterials was recently reviewed by Sandford [9] ond
Parisher [7].

These polymers are parficularly inferesfing in lems of
their |'.m:)ccn'npahb'hI)rpu For exr!:nple ch:I:g is now
believed 1o hove wound-healing properties. Both chifin
ond chitoson are being medoswbsl:uiesforcandmng
other bidl mdcornpwnda 11mepruﬁ3 es plus e

sl oy o
ine uhom[2]

have fremendous potential for development.

At N.C. State Uriversity, we have o major research effort

underway to develop uses for chifin ond its derivative,
élbsun.Wehavealeunoflwofuwhymdfive
groduate shidents working in this area, with funding from
various sources and collaborators in several other
countries. Cumerdly, we are researching the use of crob
shell waste from North Caroling operations; however, the
mast important sources of these wastes exist in the
Northwest, parficularly Aloska.

I this paper, we will review our ongoing proj
rcgn%lhe preparafion of chitosan fibers md Flms,

the rium fion properties of chitosan film
mﬂegueusecfdcmyz:ocimpmnforhdecolonmhonofbdﬂe

dye-mill wostewoters,

polymer
Chitosan is less easdly defined, os it is IL
deacetylate chitin. Chiosan is a preferred form of
. I is a more iractable material %o process info
fﬂlr:xysdﬂj:hgum Adrumvgbockd]ofdumlsib
enhanced icity b chitin, whi
mcmslderublelossm;ramﬂemhﬂ\enwd

Epudvladr)dnn-ILEhG'ﬂ was selecled mwﬂ base
calo An ECHis
el
n cross
Hmﬁ the chitoson

significandly improves

fims [4]. Amiaa?edndsodam’bedhereforh
crosslinked Fbers.

Matericls and Methods

Powdered arob-shell chifin was cbidined from Sigma

Chemical Co. The chitosan used for fber preparation

wus cbioined by the hydrolysis of chiin. Two-hundred
grams of chifin powder were added fo 50 percent NaOH

(2000m|.)nu3-liierﬂas|<. ﬂmemndurewuspuugedwd\
en ond stired for two hours ot 100 C. The readior
placed in an ice bath and cooled o room

femperaiure. The chitosan was fillered off,

washed untl the fiftrole was neutral ot pH 7, then washed

with ether ond air dried. The process was repeated fo

increase the degree of deacetylation.

Chitosan Flament wos wet spun by following the
methods described by G.C. Eastet. ol. [3]. A spin dope
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was prepared by dissolving 5 percent w/v chitosan in 5
percent v/v oq ocefic acid. The coogulating beth wes 1
MNoOH, Spi h&;::a;wdvgetwﬁméz
dicmeler and o fo diameler ratio
Apidm/md;.ifemmployedbmﬁhﬁ:as
at room lemperaiure,

The use of ECH Hlink
ity 5. P e i e ey

A 38-cenkimeter length of Fber wos tied as a single loop
mclplucedhulmgﬁhbecuﬁ\hghﬁﬁ-lwhﬁm,
purged with N2 ond seled. The stondard condstions

l'rxedusedo.%?MNaOH(leO)mdamdim
temperciure of 40 C. The reaction fime, lension and ECH
concenirafion were varied,

Results and Discussion

Table 1 shows the effects of ECH concentration during
crossdinking on the ensile properties. As the ECH
mﬂ;h.;misﬁrmiefd,hmdlyinawsadbr
two series lreahnenis: However, increasing
the concentrations obove 1.0 x 10°4M did not produce o
further increase in tenacily in the case of four hours of
cross-linking. For the wet Fbers, it is evident ot a

ﬁm*mmhﬁmdkﬁak&m
increase in the elongation fo faikure. Agoin,
?ismledidiueismiu&leluimseﬂadmh
dry fiber propeties os a result of the cross-inking,

i summoary, chilosan fbers and films ore
linked by ECH, which results in chonges in the mechani-
cal properties of these materials, There is o considerable
relotive improvement in the lensile srength of the films
compared fo the fibers. This is i fo reflect the
differing of the him compared 1o the fber, ¥
is expecied that the liber will hove o more orienied
Rbrous struciure thon the films. Thus i is obsarved that
crossdinking the films has a more profound effect on the
fenacity of oriented fim than for the fibers.
The wet of the libers is considerbly i ,
whereas gross-finking hos  negligible effect on the dry
fber properfies.

CHITOSAN DYEING ISOTHERMS
The application of color via dyestuffs o Bbers and flms
isbyq)ghdevelq)maﬂofm ing materiak.
Chilosan has the potential to be uselul os o renewable,
naturaly derived polymeric materid, However, dyeing

readily cross-

Table 1. The Effect of ECH Concentration on Fiber Tensile Properfies.

[ Reaction Swelling Tensile Properties (dry/wel)
foggM Time Ratio Tenacily Elongetion hus
fhr} (g/d) (%) (g/d)

0.125 4 soluble 1.32/ND 9.9/ND 73/4/ND
0.25 4 81.0 1.30/0.36 9.4/42.4 61.2/0.8
0.50 4 250 1.32/0.77 8.7/335 48.1/1.9
0.75 4 174 1.44/0.70 10.2/30.7 55.9/2.0
1.00 4 1.1 145/089  104/20  61.0/45
1.00 ] 244 1.24/0.81 9.1/38.1 52.6/22
1.50 ] 214 1.42/1.01 9.6/252 58.6/59
200 4 8.5 1.45/1.15 8.9/22.4 59.1/1
200 1 18.4 1.44/1.02 8.9/228 59.1/5.3
3.00 1 5.6 1.46/1.07 9.2/220 534/
Control Fiber 1.36/0.68 10.4/15.0 66.5/7.3

The chitosan fiber wos cross-finked with ECH in 0.067 M NAOH under no fension at 40 C.
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data reporied for chitosan Rbers and flms sill seems ko
be limited in scope [4]. I previous work, we reporied
the measurement of direct dye diffusion coefficients in
chitosan [1] | fod, we found that chilosan is easily
dyed with several dye dasses, induding ocid, Fber
reactive and direct dyes. Here we report the isohermal
ing behovior of dhitosan films with o number of direct
induding: Direct Yellow 105, Direct Green 26,
Direct Black 80, Direct Block 22, Direct Red 81, Diredt
Red 24, Direct Blue 98 ond Direct Violet 47.
Materials and Methods
Chitosan fims were cost on glass plotes using o docor
knife and a 5 percent (w/v} of chitosan in 90 percent
formic acid {aq). The solutions were filkered, under
pressure, fhrough a seven micron-pore-size sintered
melol frit prior fo casting. Alter drying of room fempera-
lure,llwﬁmsmlﬂledoﬂhglossmdploced
in 0.05M sodium methoxide in methanol fo convert the
chitoson formate salt back 1o the free amine form of
chitosan. Al dyes were commercidl product somples
from Sandoz Chemical Co., except for Green 26 which

was obfained from Cba Geigy, Fach dye wus used
without burther purification,

Dyeing Isotherms

Solufions of the dyestuffs were mode up in distlled,
deionized water. The chiloson films were cut up info
pieces of approximately 10 cmé. The dye solutions and
the chitosan Flms were combined in gloss stoppered
hbes;prdugﬂniedinﬂ::shumkerdbalh. 'Ihemrl'lpel'rxiuﬂalywI
was kepl constont with @ circulati rorylme
baﬂl,confrdledbyul'holeE%er. |

For each dye, the conceniration that gave 20 percent
fransmission o the wave length of meaximum absorbonce
lambda mex) was determined. These solufions were
then mode up and used as the stock solutions for the
dyeings. Absorbance was measured on o Perkin Eimer
UV/VIS 559A eler. The Beer Lombert Low
calibration curve was defermined for each dye.

The time %o equilibrium dye exhaustion was determined
for each dye. A period of 72 hours wos found 1o be
adequate for oblaining equilibrium, Following each

dyeing, the dye bath wos conceniraled fo o siandard
vlume and the dye conceniraion remaining in the bath
was delermined. The equiibrium dye concentration in
inefﬂmwmddemiem&sdvhgiwﬂnbh
siandard volume in 5 percent aqueous acelic acid and
defermining the absorbance, The poriition rotio of the
dyein % the dye in the bot is then easily
determined. For several of the dyes, the pH had 1o be
odjusted fo mainiain sohubility. The formation of insoluble
salts invalving dye and chitosan dlso coused problems
wih some of the dyes.

Results ond Discussion

Cear, tough, fledble fims are readily obiined by
costing chifosan from volatile solvents such as formic
acid. the fims weaken in waer more so than
, chiksan can be cross-linked to improve ifs
wet sirength os noled earlier. To hurther assess the
suitability of chitosan as o packaging materidl, we
underiook the present study fo delenmine e
affinity of direct dyes fowards chitosan fim.

Ih o previous siudy, we found that the diffusion
coem.Erbedireddys,RedSI,Gmm%,Blw
75 and Block 22, had volues in dhitosan thet are in the
same ronge for cellubose (4.48x 10-1110 4.54x 10 -
10.an 2 at 60 C and pH 9 [1]. Dyeing dara for severd
food colorants on Fims of pure chitosan is reporied by
IGbn[Aleo,:PI:e':dse dniosan'hbla.:s e
a preireciment applied 1o cotton fabrics fo improve
covemgelwsbemrnﬂed[ﬁ]. Here we report the
:?Lﬂn‘briunsapﬁon for several direct dyes on Hims
pure chifosan,

For each of the direct dyes em in his sudy, on
isotherm ot 40 C was mﬂ‘wn'le -'JUdY
isotherms were determined ko fit the Freundich equation,
which has the form ;

[DF = k [DPbx

where [D] is the dye concentration in the fim and the
bath respectively, k is the parfifion rafio ond x is
fraction. From the log vs log plots of the concentrafions, x
was delermined o be 0.7, Cell was used as o
control, with o value of x = 0.5, Volues for k ond the
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siondard offinity of the dye for the fim are shown in
Table 2. I is noted that for each dye the partifion ratio, k,
is greoter for chitosan than for cellulose.

Toble 2. Dye Adsorption Isotherm Daka for Chiloson
ond Cohios

Chiloson Celhlose

T=60C T=60C
Dye k  -{RTinkl/x k  {RTink)/x

{keal/md) {keol/mol)
Green 26 22 5) _—
Black 80 573 60 104 57
Red 81 & 39 17 37
Yellow 105 599 &0 252 73
Blue 98 833 44 75 57
Block 22 318 55 &3 55
Red 24 3?55 N 5
Violet 47 679 6.2 8 59

TEXTILE WASTEWATER TREATMENT
W ITH CHITIN

The fextile indushry is the largest indusirial wosiewater
producer in the Southeast, i North Caroling, there
are ot least 45 permitted fucilmso%:eubdbyladila
ond reloied {e.g.fiber, dyestuff, texile chemical specialiy)
indusiries. These are pemitied o discharge over 64
million gallons per day [MGD) or about 1/4 lion
gallons annwally. In oddition, there are about 100
permifted Publicly Owned Trecment Works (POTWYe] in
North Cardlina fo which exiles is o major contributor,
ranging in size up o 40 MGD.

Major current environmental concems for the future for
the texfle indusiry indude
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Stonmwaler
Aquatic foxicily
Toxic qir emissions
Color in waslewdler

These issves are not ol curvendly regulied, but each is
being written info os fime goes on, In fuct, some
mills are now being required to moniior color by testing
their effvent for APHA (P1-Co} color uni.

Of course, there ore significant problems with the APHA
odor measurement os @ means of monitoring color
poliuiont discharges in indusirial woslewoder. For the
example mill, many different dyes were used with APHA
oolordnz:isﬁcwlidigyhgmdy. Also,nuﬁ
opparent color is removed by the Riering skep in
method, Ths the APHA color data do not necessarily
refloct the appearance of the water, and color is in
essence on oeshefic pollutont. In view of the high
voriation of clor value with respect fo dye concentration
for different dyes, it is very difficult for a dyer 1o know
how much dye waste is “loo much” for compliance with o
porticuiar fimit in the woslewater.

The first and most imporfont skep in color pollulion contrdl
is 0 good source reduction progrom, of some
sirotegies for this are shown in Table 3. These ore the

imary line of defense of o fextle manufociurer against
color The example mill cited here uses good
source redudtion pracices.

As a second phase of color pollution conirol, one must
consider reatment of those color wastes that connot be
eliminated or reduced af the source. There are

severdl freaiment sirofegies which have been studied:

* Biodegrodation

» Destruction of color by axidation or reduction (eg
ozone, chlorine, aerobic processes)

* Precipitation or co-precipitation (eg polymeric or iron
hydroxide)

¢ Sorplion {eg polymer or ocfivaled carbon)

Many siudies have been done on the subject of color



dedmcﬁm or chemical degrodation, induding
UV:nudidton,reduchmmcl
obermei\ock hsmuecm,imelmempoded
successiul decoborization of wastewoler, I these
trectment processes, one one expects fo decolorize the wasle
I:ysomelw the chromaphore of the colornt,
khas been the of such treqiment
sirategies can be more hammful than the dyes themselves.

hhemseofdiomdmormdugc:l}:m“ process of
E’hmﬂ @n p
malerids in te

onorrecn

marndsdmmmmdlyhumumn

Ancher method that is procticed for color removal is the
useofcorbmasasorphonageri This, in combination
wihblologlcdmm,mleudbsuhshdoryoolor
removal in many cases. | one example, o POTW that
tneulsalu amount of colored lextile wastewoter hod
resulis are typical for decolorization using terfiary
octivated carbon sorption., Amdudmdubuﬁ75
percerﬂnAPl-lAcolorr&wadﬁanlhesecmdurf
odivaiedsl e treatment. Further reduclion of about 20
f cd T&ymm ?llnﬂrnd
eftivent color was 5 ot influent.
Whether or not this wil saf lﬁpmntrequurerrmbul
this shall result in “no noficeable change in color of the
receiving waters” is unknown. This would, of course,

on the momentary charaderistics (amomimd
color) of the recefving waters.

One padficlarly inferesing alemative treatment method
cun‘enﬂybelng investigated lnwrlcborutoneslswrpllm
of color using chifin. Utlizofion of chitoson as a foccu-
lent and absorbent in water treaiment processes has been
detnasfmfedmmdmd;sha[?] Aiprami we are
engoged in developing these crob shell wastes as a
means of elurnmahng color from industricl discharges
from textile dyeing operotions.

The dye sorption properties we observed in the labora-
fory for chitosan are remarkoble, The mixiures with
which we are working consist of portially {up to 80
percent) N-deacetylated(chitosan} products cbtained from
crab shell wostes. The unusud dye sorption properties of

chitin and chitosan result from the presence of {o)
cellulose-like polysaccharide sruclural fealures, (b)
nylon/woolike - NH2 groups and {c) the N-ocelomide
fecture. Welnveobsewedl’db hos the
abiliy 1o ropidly absorb essentio the color from
a dye boh, the residual completely
deor, even when dyes with low offinily (eg fber
mudm&mddyu)mmd All dye classes
except bosic dyes are srongly absorbed. Even disperse
dysummidyl%pacaie&nsbd

Our shudies thus for have centered mainly on the
of high-qudlity fbers and films of chitoson s
eardier. We found that exhaustion of dyebaths of acid,
diradu'\dﬁ‘bamdwedyu,smdylooarpam
even when no salt is used, With the exceplion of basic
‘*’“’“'dwbmmﬂm%
quontifofr iminary shudies
have been done on dll dosses, and specific dat has
S e
readweOJrcunuisludi&slorwasiewuludecolonm-
fion use the less refined versions of chifin/chitosan,
siarting with the received crab meal. This medl is
i lreabdwiﬁocidfordenimdimﬁmaﬂ
coustic for In our shudies,
acid and direct dye mixures {which initially had APHA
color of over 1,000 units} were completely decolorized
?ﬂ#mhnﬁiaw'mm At he time of "
wrih uremdelwuyb ze
ﬂ;c:imicudmmmwdmbddemm
on a wide vanely of dye washes,

Al present, the example POTW {cited earfier} is treati
wostewtter wih adiveed carbon and polymer Rocaden
ot o cost of $1,200 per day. We plon fo scoleup our
experiments fo the paint of on-site evoluations. We are
confident that we will develop from this some improved
e. we providing a
method of woste source redudtion for the secfood

processing industry,
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Toble 3. Typical Color Source Reckiction Acivities,

1L Engincering Conirols
Implements, conloiners (design, adequocy deanup)
D'mmm(wbmnswm chop

Segregation of color wasie
measures (drog-out)

P"mxun,dmmmm
Dyeboth renovation/reuse

l.  Process/Product Design

Shade/Tiber selection

Bxhaustion (dye process - femperalure, time, salt,
pH, nquor ratio, efc.

Dye dass selecfion

Equipment slection

on
Opfimized fixation
Minimize specialy chemicals in dye boh
V. Work Proctices

re {vocuum, broom ond dustpan)
Avonilugmdadunpsof dye mixes i

mnﬁmaﬂm&pmdms
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The Environment and Seafood Processing

Dovid Atioway
Silver Spring, Marylond

$eafood processors across the United Sices are foci
serious ond urgent problems in meeting requirements
county, siote and national regulations for protection of the
environment from wﬁmu%;ld airbome wusba_bﬁﬂ?;
regulations are not uniform, They are not enforced uni
across jurisdictions, ond they are changing. Penaliies for
vioktion of these regulalions con be severe, Heavy fines can
belev[;ledogainsiconpunuéaaﬂindividnls. Rapidly rising
cosis for freating water ond sewage are accruing fo govem-
mendal entities. Because hunsfadmecosfsbrdutr(' ;
disposdl and treciment of processing wastes in public
luciliﬁssiosmnslonget feasible ﬁclrnmy cunmI;tgi: opero-
fions, govemmental jurisdichions no accept
seafood wastes for disposal in landfils.

For the seafood indusry in the United States to remain
competitive and vicble on is cument scale, it must quickly
accommodate increasingly sringent and changing eviron-
mental regulations, Longer ferm, it must replace producion
of wastes with production of secondary producis. n many
cases, the need fo recover byproducts will prove o be an
opportunity for greater economic revm,  Maost seofood
processors have neither the expertise or financiol resources
fo oddress lhe requirements for change, short-term or long-
ferm, that are brought on by enviroamentol regulafions,
Thus the National Sea Gront College Program and oher
programs, such as the Cooperative Edension Service of the
U.S. Depariment of Agriculture and the National Coastdl
Resources Reseorch ond Development Instinvie, have he
responsibility and mofivofion to provide technicd assis-
fance.

Sea Grant has conducied programs of research and out-
reach over several years that have made echnicdl odvonce-
mmtsonsevero|ﬁlfsanduidediheseafoodindus!ry.
Most efforts have been by stofe or region. Helping the
indusiry to comply with environmental regulations offers an
opportunity fo demonstrate coordination of efforts in od-
dressing problems and issues across the nework, By taking

new o research and outreach, these efforts con
become gredier than the simple sum of the individudl ports.

of the problems facing § con be addressed
through proclices i

do not know lnplem:i‘giif
MOy Processors do not o i
prodiices, do not know what regulations apply to their
operation, do nol know the basic characteristics of their
operation (how much water they use, what its qudlily is
incoming and cuigoing) ond do not know what benefits can
beguinedﬁmwdawvdimmdoﬂﬁrbm'cmc-
fices. Current engineering lechnology is able to address
pﬂm%mﬁu_&eledvdogymﬂbe
, ond this is ot o trivid underioking.
Many of the ond issues relafing fo waste monage-
ment and environmendal qualily must be addressed through
inferdisciplinary efforts - engineering, economics,
science and technology, sol science and chemisiry, Bench-
scale ond pilot-scole experiments and demansirafion projects
wil be required to oddress some issues, show the value of
new opproaches o resolving problems and define where the
next skeps in research must be token. All research and
demonsiration efforts should have outreach and communi-
cotion bul in from the beginning,

RECOMMENDATIONS

The National Sea Grant Office should toke immediate steps
lo formulate ond describe @ progrom of outreach ond
mrﬁ,mortﬁnabdocrosshte&a&uiwvmkb
address problems and ities related fo waste mon-
agement ond byprodudt in the seafood processing
indusiry. This program and plan will have the following
three primary purposes:

{1}Ho enhance the effectiveness of current siate and regional
efforts through centralized coordination and planning,

(2} 1o help the seafood indusiry foce and solve ument
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that threcten fo put many processors out of

Siness soon, O

3o that will be persuasive in just

P
o

indusiry compeditive in hmm

n formulafing this plan, the National Sea Grant Office
Mdﬁndowyblulemmem:ydulebyslubofh
seafood processing indusiry ond the problems focing it
I'bwmvprocasorsu'eﬂwe?\%durel'eypmdmng?
How many peaple do they employ? What is their coniriby-
fion fo the economy? How much woler do they use? How
much efluent and sclid waste do they produce?

hod&mmg problems of the industry, research-

mmdwdlslswuﬂd nd usehd o

moferials. Thus, on early gool

MdbebpmduceusefofmdsuﬂgwdeshicwH

be used by processors in any state or region. The following
might be among them:

* A simple siatement of the requirements of federdl
fions ond essociated h?ddmgbmm
qud‘ﬂy,ll‘nlaﬂedsmm

-Asmemdhwm&mwm
regulations and associated pendalfies, relaling o environ-
meniol quality, that affect seafood processors.

* Basic principles of woter conservation and dry deanup in
processing.

* Guidelines for determining whether a processing plont is
in compliance with environmentd regulations.

°A ide o commercial firms and govemmental laborato-
can provide andlyses of somples of wosie ond
em.miscnd of associated environmental samples.
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Pollution Prevention Short Course

Sponsored by:
Pollufion Prevention Program
Office of Waste Reduction

Depariment of Ewironment, Health ond Noturdl Resources
Siate of North Cardling



Processing Plant Waste Management
Guidelines for Aquatic Fishery Products

Roy E. Carowon, Food Engineering Speciclist
Depariment of Food Science
North Corolino Stole University, Raleigh, NC 27695-7624

The and quality of woter has received mudh

bli?mm EL& lovmokers are considering,
orhavedmadypussed u’mmmnmlullymaws
i ot ks b g st
processors must economic
impact of environmental issves on heir future,

P"H'f.ﬂpd o il s o W
tory ond pdlit wi it

waler use in the food indusiry, Water use is very impor-
fant fo the oquatic fishery products industry. Cleon water
asessmhdforproduchmofrawproduds.Pm
water use indudes washi producs, scalding, malung
brines, cooking, codling, deaning and sonitation, Water
nsalsoanmgredlemmsomeﬁ; processed products,

Three areas of water use are of concem, These concerns
are {1} the availability of water of sufficient quality for the
miendeduse,(Z)lhedeplehonorlossonuansoaaied
w:huse,md(glah: | of industridl wostes — both
processing resi wastewoter freaiment process
ik how o el

atory and pubiic image radors.

ﬁnblnedaﬁmbiﬁearemofc?an m}loc;id i;' he

ation and continued operation of many anis.
The i fisheries production, harvesfing and process-
ing industries will feel the effedts of mony of these issues,

WATER AND WASTEWATER
REGULATIONS

Drinking Groundwaler
The 1986 Safe Drinking Waler Ad, prior amendments

ond the 1974 Safe Drinking Water Act mandate ceroin
responsibililies and establish the Environmental Profection

Agency {EPA] os the regulatory agency. The 1974 od
mandates thot oll public water supplies must meet EPA

safely criteria, The 1984 amendments mondate that EPA
setadmlevelsonaapalmbyl%? The Food ond
DmgA&nmlslmlm(FDA)ls

water for food plonts ond using ﬁGoodMumlud.l
Prucices(GMPsH2lCFR1|037(a)l The US.
maﬂongnwlmeSDA)regdabswuhme

o il WI:LdvdunlurilybyhUS. ke

wit prime
Tﬁh‘ﬁze produds
Humaon
SemcesFDA.Sheﬂﬁdnscon!roﬂed HJAondheskﬂe
public hedlth officidls. However, v
EA(wcmldllsmmHebrmgulmnglﬁnhm

wuferlorernplqeesifmoreban%mployaesocm.py
the leuclsclderedpnlsare
‘b:&eduﬂerﬁse

Some stofes are seing water qualily sondards more
than EPA's in response lo consumer pressure.

EPA siudies are underway fo determine the quality of cur

water supplies and the level of contaminants, including

ogricuhural chemicals such as herbicides and palmda

in our groundwater. Further, EPA regulotes pesticides

ond recommends oction levels 1o FDA for enforcement

Nolonlyurecomnergmupsdem
are Joking sleps re responses
officials. Recenﬂy !l'neCemerForR&q:onselawcnﬂhe
New York Public knterest Research Group repored that
2,110 contominants were found in a shudy of 3,422 U.S.
water Some 190 contaminants are suspected or
known ko be harmhd 1o health. A food plant monager
mayhavebusil[yusmgwolercmiuml a known car-
&odmwodd couse legdn?ub'lilylorhim
. Similarly, ore fisheries managers re
harved fish with known feacants?

action, they
our eleced
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Waste/Wostewater
Wastewater from food processing plants is
EPA ond stoke siahles. Plont monogers with ms-
or opplications of wosles and wostewater must
[ﬁmdpetmilsarﬂﬁleh
discharge o municipalifies
aledbylocd shleundfededregdahushud'l
beEPAPrelreulmaiProgrun New concems indude
et ooy e e o
com
siorage fonks. Key are listed in Toble 1.
TABLE 1. Issves ond Information
Environmental kssve Reference/Information
Surhoce Water Dishorge~—~ NFDES Permil
OR12ad 123
BPA 202 4758310
Biomenitoring Journd of WRCHJn. 1967)
Stormwaler Permils Federdl Regisier Nov. 16,
1990
Munipdl Discharge OTRA3
Nerhazordous Woske b lond 40 CRR 257
(she’s conirdl)
Sewerge Sudge o lond 40 CFR 257PA February
6, 1989 Proposd
Hozordous Subsonces HTR117,302370
LR3I
CommuiyRihtoknow 4070, 372
Underground Sioroge Tarks ~ PL 98616, 40 R 280, 281
PCB's 40CR 761
Asbests AR
| EPA 800 368-5368
Erployee Drinkng Woler ~ 40CRR 141
Accderkd Relense Reporing.  40CRR 117,302
NRC 800 424-8302
Mridpd Sid Wose ~ EPA's Agenda for Adion

EPA 800 4249345
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During the mid-seventies the federal environmenicl

regulotory runaxpmdedbcwem
cﬁsd'nrgaspt;mufucem m'z:mdm

mmpdmdmdhmm

Most of these changes became mandatory with the CWA

amendments of 1977, mhww':ogam
amended 1o d\cnges

monmdsdn Also, woler quality

penmilting was bmcludedlsd'n such

ot T it s el o g o

o
b nforesent mechiss

EPA officials have developed and tested oll the
mﬂ ond mechanisms for he CWA.

so(ﬁce hove o
e foich i e b choa

combination slncierlmrlsmdedmanems

an ever-increasing on actions iaken, fines
ond expendilures, e pcnd

Secion 309 makes CWA's enforcement provisions
Formidable. Ad\la‘dlri:ulao“eCWAmformnm
ph1osophysl1ee:dedbvh&nnd’mdudamnd
prosecution, or the threat theredf, is relied
T

igent ony smqorreqummem
is o gime altribulable o the ond 1o the
indvidudls responsible, Indluded are failure fo obioin o
pemmit, fakire 1o give nolice when required, foilure to
mmﬂorproperlyaﬂfailr:r;brepodl:m haca-
rate moniloring through negligence or the inenliondl
hlsification of reports are actions dealt with severely,
ﬂ\eodsmrdenforcmaiprwmuewple-
mented by on increased civl penalty avthority, o
pmambro&nnskuhvepanllypmceedingsa’dm
expansive provision for citizens’ suits.

All the waste ond wastewater regulations force stote/
local actions and responses. The current dimate is cne of
increased ltigation and cost. Examples of actions
ogainst food processors in the lost severdl years indude:



o Cilizens' Suils
Chesapeake Bay Foundation vs. Gwaliney
$1 3m1maproposedogolnﬂmm
Nole-This sut wos bled 1o help profect the Chesopecke
Bay, one of the nafion’s prime breeding grounds for o
variely of oquatic fishery producs.

* Discharge Violations

Nabisco Plant - Washington Siote

$300,000 fine

$250,000 reserve frust

$ 5,000finamdone-)eurirmrcerdionlorp|ai
manager

Ocean Spray - Middeborough, CN

$2. millnoncorpome fines proposed — fines and
incorceration for officers considered

Coca-Cola - Massochuselts
$200,000 hine

WATER USE

Only 6 percent of cur mlnwuz :sl::#ﬂe. 'lherahsdflosl
fo evaporation {70 percen) o (24 perceni)

the usable woter, industry uses 3 percent; ogriculiure, 2.5
percent: and mumclpalmes 0.5 percent. Industries within
municipalifies may occount for 50 percent of the
municipal use.

Reports indicote that 25 percent of the nation’s ground-
water is used foster than it is reploced. Groundwater

ies are threatened by leaking londbls, lecki
uvmlrg round fanks, pest;bgdes t:ig ferlizers "

Waterooslforloodprocasmlnsndbwnumnpr
concem in the past. Even foday most food plans pay less
thon $3 i'mrsmdgaﬂonsofwola' . Some
pouliry plards use more than 5 milion gallons of woter
per day. Waferardwusiewubrcosls?o:w&aaplai
could approach $4 million annually. Mest aquatic
produdts processing plants use much less wofer,

Woter Use
Woter use for food processing is calculated os either the

ool amount of waler used for the product or the amount
dwularmededbrpm\gdme The author
food plants depending on waler use per day
m]ndlwg;?ﬂdnfmh
mukwlutpeplort
" Toble 2. Waer Use in Food Processing Plois
Cotegory Water Use Per Day (gal)
Smoll 20,000
Medivm 20,000 — 100,000
Lorge 100,000 — 1,000,000
Very large > 1,000,000
Toble 3 presents the omount of water used o produce o

mﬁcmiofprodud Biclogical processes require
lorge quantifies of woter. For instonce, waler needed fo
E’odueubushelofoommuybeéomgcﬂwwhilea
shel of may require 23,000 gallons. kis
ahrmbdbut?,OOO of waler are necessary o
produce one pound ot sleck. Tmulmdculﬁ&nproduc-
fion require large quantifies of wote.

Water nesded for the food processing industry is not os
large as for agricubural For example, it
ires 6 o 10 gallons of water fo produce one

of beer, 810 13 ﬂomheud1fryu20lo35

lorubrlw md 1 gollon for each pound of

(Table 4). ond
wmubﬁummmhwd\?d
Toble 3. Waer Use Necessary for Agricuural Production
Podut  Quomly  WaterUse fgol
Bread lodf 115
Pokatoes 20 bbs. 1,200
Eggs Dozen 1,440
Steok [ b. 7,000
Milk Gal. 9,500
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Toble 4. Woder Use in Food Processing

bem Quuodity Woler Used for
Processing (Gdl]

Fryer (1) 8-13

Tokey 1) 2-35

Sweel pololoes [con #303 {1 b.] 1-4

Apples [oon #2031 b 1-2

Green beors [con #303 (1 b] 1-2

Hoamburger {1 b) 05-1

Pork dhops (1 b) 1-2

Beer (1 gul 6-10

Mk (1 gd) 1-3

Seimp {1 b) 7,

Water uoliy

Water q;ulztylslmpodu'dmpmsing. For example,

food processing about organic and

norgcrncmpunhamdbudmdoonm Poioble woler

tsreanedfordwuierusedmll'ne&ndprepumonof

foods intended for human Some latitude

exishs in thot recirculoled or foned woter may be

used for some purposes,

Becwseohheimporkrmeofshﬂcrdlzi waler quality

in their products, soft drink manufacturers have long

subjected their water supplies o rigorous freaiment, Soft

clnnlt ion plants fypically loke water through

ation, disinfection, pH adjustment and carben

Hhmhmslqasbremavehydrocmbmmdthlonnefrm

woter, Other woter ireatment technologies thot food
ants could use indude ion excl'mge, mbrme
liration, wira-violet disinfection, air stripping and

biologioal {bocterial) conversion. In hpﬁiu ,

oquatic produds processing industry may need fo freat

incoming wuter,
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WASTEWATER

trtrodduct
The volume and charoclerisiics of food processing
effivents ofien exhibit extreme vanabiiy.
beuslowcslﬂOmg/loroshdmsZO0,000ng?l The
BOD; of seafood processing plont effluens is sometimes
nshtnsww:ng/[ Suspended sclids, almost

absent from some wostes, may be found in
concentration os high as 120,000 mg/l. The wasle may
be highly alkaline {pH 11.0) or highly acidic (pH 3.5)
Nutrients such as nitrogen and phosphorous may be
absent or they may be present in quaniifies in excess of
those necessary fo promote good environmenial condi-
fions for biclogicd treatment.

Trectment of westewater from aquatic products process-
i con be costly and com sirengh

ity mﬂem@m
%hmhnaisdmamﬁedweuﬂndcodeﬁm

ofmwplmlsshlgﬂyclqaaﬂaﬂon
for
aq:ahcprodudsexpaxknﬁ: Wmmw
homper growh:

A majority of the pollutants of concem in the aquatic
produdss processing induskry are orgonic and compatble
mbmbldcglmlhmtnﬂm:dwdd jes as wel as
kend disposal. Hmﬁeuseofd\emcds(d\lm
for sanikation and deaning or sodium dhloride for

pickling operations} causes unique disposal problems.

ﬂnmhm“dadmbmﬂdmordimm
inances ond surcharge ordinances
d\mpmm:eﬂecamncwdﬂdydmnysburbunud
urbon food processing plors. Asmoremwcpoli::
mqu.mprumm Py
sd\anesrwolvelheuﬂ:mlionof
techniques 1o reduce pollution of mudrecyd‘ng
wuiabmwmmpohﬂembl:eedsadﬁdnmm
Bxising pretreiment processes for oquotic

cing i scroening, crfiation or dsclved cir
mp AFL. Thediposof b e o hec

processes is expensive and difficult



Toxins are not offen a worry for the managers of most
aqmtcpm\gplm Pbme!',nsreg.llaﬁm
more
sersitive, 0 number of waslewaters such os tose wih
highly alkaline or adidic wosles, copper, zinc, chrome,
prion Yowliiuicint oo padi
processing i
try—indluding oquatic produdts processors.

BODs5

Biochemicdl exypen demand {BOD;} is the fest used for
iforing wostewaer from food processing plonss. The
BODy fest is a bidlogicdl test used o indicate the amount
of axygen necessary o enable the biochemical axidation
of wostewater. The test is widely used becouse cxygen
deficiency is often the cause of polluted water and hish
kilk. Oxygen supply is usuclly the gredtest expense in

waslewaler ireaiment,

BOD;5 from food plants is directly reloted 1o food prod-
ucls in the wastewater. In fact, BOD; con be estimated in
food plont wostewaters by determining the kot, protein
and carbohydrates in a particulor waslewater and using
the following foctors:

Food Component Ibs BOD</1b Food Component
Carbohydrates 0.65

Fots 0.89

1.03

Any wusle parameter such as BOD;; is vsually reported
in terms of ppm or mg/], which uresequivula'rr meqsures.
To delermine the amount {waste load) of any given
parameter, the following formula is used:

Woske lood  Formula

bswode = 8.34 (CONQ) [FLOW]
1,000,000
where CONC = concentration {mg/1, or ppm)
FLOW = volume of wastewater

Example: We have o food plont that processes 20 days
per month with @ wostewater discharge of 1.5 miftion
gol/day with 0 BODs = 2,750 mg/l. What is the
monthly woste load?

Protein

For One Monh

ROW gol/day x 20 days

= 1,500,000
= 30,000,000 gol

Waske lood =
1,000,000

BODs (bs/monih) = 8.34 (2.750) (30,000,000}
1,000,000

BODs = 688,050 bs/month

How can we use this information? K the

discha
o o city that charges 20 cents per ofBCD&vE
is the monthly bill2

B = 688,050 Ibs BODs/month x $0.20/1b BOD
Bil = $137,610.00 per monh

Costs

Costs for woslewater indude those for prefreciment, for
rectment and for fo Pubidy Owned Traatment
Works {POTWs). In the lost 25 years, municipal waler
ond sewer bills, have increased o fenfold. At the
same fime, reshrictions on woste dischorge ore bei

imposed with new and/or expanded municipal ordi-
nances.

Disposal o POTWs

In e disposal of wastewater from food processing plonis
bPOTWs,herearehreelypsofcosbinmned:hd
cost of ent, the cost of residudl or shidge

disposal and the cost of discharge. Discharge cosis

oo 150 00 et e o
averoge 1.50 per 1,000 ronge
20cmlsbd)ou.vl$6pa'lm0;ﬂom Surcharges are
lovied for waste koads above the prescribed
limit. Surcharges are dharged for BODS, TS5, FOG,
phosphates, TKN, elc. BOD5 costs range from 2.5 cents
1o $2 per pound while TSS surcharges range fo almost
$3 per pound of excess suspended solids.

Treatment

Costs for treating food plont wastes vory depending on
the size and complexity of the operation. Common
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ore expensive, and is
fo meet the new resirictive limits imposed

ﬂnﬁglm&t’dd:‘:bderdpMth:WG-
fions. The objectives prefreciment reguiotions are
:Irwmhposs-hmughofpdlufanishlimeﬁm
ith freaiment systems. This ossures treaiment efficiency,
profects ireaiment system workers and improves or
enhances recyding and reclamation processes. Amend-
ments fo 1978 include those possed in 1981,
1987 and 1988, and thase proposed in 1988. Indusiries
located in municipalifies that discharge wastewater 1o the
local POTW were previously only responsible to the local
sewer-se ordinance. Not only do these new regulations
make the occepionce of, and compliance with limitations
in o plant-specific pemit a local matier, they also subject
corporations o stale and federdl reviews, oversighs, and
possibly non-complionce octions, Most comparies are
nollilathuverigorwsinsﬁhrﬁomlmed\aimb
m%ﬂﬂimﬁﬁbpmdhﬂmm;ﬁyﬁs
. Plant specific permi's are now being ropi
developed throughout the country o replace sewer-use
ordinance limitalions. Most plants have found significant
compliance problems with this process. The only way for
an industry Jo guaranies thot the pretreotment require-
ments placed on its discharge ore reasonable is o oke
an adive role in the development and implementation of
the POTW's program.

The generd pretreatment regulations require ol POTWs
that are designed o receive flows of 5 million gallons o

more per day fo develop and implement a locdl prefreat
ment program, Also, POTWsi'nIuredesignedForles
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thon 5 million but receive significant
Md&dﬁ&“@m@bmow

program
m'qmdmduilf(eﬂuieduhaﬂw.
POTWS that are required to develop and implement locdl
prelreatment progroms must design their local progroms
mrﬂhwguudlypaofprumh\etihm,
m&dmﬂurdsmdpdubbd&sdugem

' siondords are developed by
mmddmd users. These
limikations are based on the wostewaier frectment
fechndlogies available o the indusiry dass and the
economic ability of the i dass c:;)ly iﬂddhmd

Culegoncd o al i ]
users in the indusiry dlss unless local limits, site specific
limitations developed by the POTW, are more siringent.

Prohibited discharge siandards ban the discharge of
ceriain fypes of woste o the POTW, Specific bons ore
phced on pH, femperakure, explosive polluiants and
obstructive pollutonts. In addiiion, general prohibitions
ore ploced on ony pollutant that con inferfere with POTW
operations or pass through the POTW into the recerving
water. As part of the development of a local

ment program, the POTW must develop spedific locdl
|irnihﬁmbinphnaﬂhgaerdprd§;&

EPA's decision o delegate prefreaiment program
responsibiity fo kocal POTWs was made for severd
reasons. Most POTWSs were olready familiar with local
'lu:ll.vdric:ll.;lwrs.rel mPOTWshadscl:_rre:/dﬂi
indusiial clent reliionships hrough biling/surcharge
programs. And,perlmq:si::nsfmpd , the POTW's
NFDESpermiIseweda:rslidelulvehide ﬁregu;'ﬁng
mmt:l:m implementation. are,

red o dovecp and ,,."Z.',.Z":""‘“;.;'SEJ’“"
required fo develop and im a compls

program. Most of these problems direcly

offect the indusirial user.

The problems with prefrectment implemento-
fion by local POTsteghwihalochHmininga'ld
experience in o variety of arecs. Development ond
implemendotion of an effective pretreaiment progrom



uworrnaﬂdmgmeen ermrormﬂdd\emnshymd
indlusiricl engineering. MoﬂPOTWslookbl'lewush-
wa!erileulmedphiMWTPlsluﬁbdefelopaﬂ
implement their pretreciment progrom, but i is very
bdl\eWWTPshHusbereqmredskiﬂs. EPAond
indiidual sictes try o 0 for the POTW's lock of

i odopt
g f,:"“mﬁ“:n::: e

The purpose of a sewer-use ordinance is fo give the
K)Mhlegdmdbrhgemwhmﬁo:gd&
Ul retreciment

fions, Thsehwchmsmcludemp indusirial user
permils, inspections, monitoring and enforcement. EPA's
Guidonce Manud For POTW Prefreatment Progrom
Development advises POTWs fo review the current
ordinance and, if modifications are needed, provides o
model ordinance. Further, since the mode is inknded
only as o guide, POTWs should modity the model to
address kol concems, Un , most fowns fend
badop“hemodelvalhodsngu‘ficmﬂd-mg&

As part of industry’s role in the pretreatment progrom, a
plant should pariicipate in e local process of seweruse
ordinance modification. In mony fowns, this process
includes o public nofification that the ordinance is being
changed, umilednoﬁcebuﬁededmdus!ndummﬂ
one or two readings at the monthly council meetings. The
indusiry should find out the standard notification proce-
dures in its fown, I“'leonbroppodunﬂyforpublic

comment on ordinance is given

council meefings, the indy slmldmakewrelhdiey
receive a copy of the council meeting agenda prior to
oo b o et o e sty o
ore on the @ fain @ copy
complete o thorough review of the drot,

Locad Limits
As part of the development of o pretreatment program,

each POTW must develop specific local limits in accor-
donce with 40 CFR 403.5(c). hsomenuss,mluva
bound it easier Jo defermine their local limits by condud:
ing o pol of other FOTWs ond odapling the most
common limils. Aslongosi\eselmilsaedmgai
enough fo protect the WWIP ond the receiving

they are opproved by the opproval authority. “'lermis
are Yoo siringent, the approval authorily usually assumes
that the POTW s for Rure use.

mﬁmhﬁmwwmmwdm

it or the sewer-use ordinance
limits is 1o see cda.llal'msmuﬂ'ld'lhlmilsura

based.

Eh_ﬁzow}nsadoaladbcdulnibﬁted&msib-
specific information, they are said to have lechnically
bosed locdl limits. The process for developing technicolly
based local limits involves ining the maximum
amownt of each pollutont o the inflent [or
headworks) of the WWTP while still proledting the
receiving waler, the WWTP itself and the POTW's shudge

options. This process is called o heodworks
A

via res

bend:leuPO'lWIocmpleleaheadworks
m& with o minimum of site specific information,
Thewforewlmmndushyasksabomhemgmoflocd
limits, they may be old that the sown has technicolly
basedlirmismdbepmaﬂedwmuompna'pnwof
the headworks ondlysis. Such a response from the
POTWslnuldmtbelhemdoH\emduslr)/sq:edm
on local limits but rother the beginning of o defaled
review of the headworks analysis,

The headworks analysis con be divided inlo thres

sechons: pass cokulations, interference cokoulo-

fions and sludge calaulations. An ollowable influent Joad

is colaudated for each of the three sections, The three

allowable influent loods are then compared and the most

E:jclﬁvecdaﬂaﬁonisusedcsﬂebusisforlheﬁnd
imits.

Sumnuy

implement a hlly effective prefreatment
Wgrfed:lulmds!a&lfyreguhbrs local POTWs
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and indusirial users o coopercie foword achieving o
muival gook: the proleciion of the receiving water and
hméﬁwmmdnmm&m
cooperahion, all porhes must
ot the
S
) op $
Ehedmulpmgr:: Mtdnesmﬂldemomﬂny
prefrectment progrom ond, in
m&b@mhb&noﬁmﬁmw&
) its progrom
ke an adive role in the development and implemeni-
tion of their POTW's pretreatment program may find that
bcdprumineﬁsh-dnrdsmdreqmm\ts are more
stringent than those required by federal regulation o
bmeneededbprdedh‘meWWTFmdh‘:erewm
woler, The aquatic fisheries processing industry needs fo
usurehdiembmswu!usue ot e same
fime they need 1o be sure that they con comply with thess
regulations.

ATTITUDE

Top management is responsible for a fim's occomplish-
ments in the environmentol field. s atifude
is responsible for water-use reductions and waske
elimination. The lowest costconirol measures usuolly are
those that atlack the problem ot its source. No

for a food plant can be implemented successhully

management atfertion.

A thorough understanding of the production process con

help fo diminate excessive water use ond waste.

authors have indicoted that wosle

con best be solved by developi rodudslormimd

feed. Animal feed byproducts o

mlcd sohh:ﬁ':r Also, #es:lduhwpmm
alleviate or offer femporary solutions

byproduct market dies,

Joseph T. Ling [3-M Company) noted that we must
mandate conservation-oriented technclogy which means
utlizing o minimum of resources while creafing o

minimum of pollution. The authors of a booklet on water
and woste management in food processing nofed that the
raditional sanitary engineering approach of developmg
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i food plonts

rectment processes would not solve the wasle-conirol

problems of the modem food indusiry, The outhors

concluded that o lock of communication between

m&:emur\dmwdywmhmfor&
SUCCess.

the sufficient of
%mm‘@wﬂﬁ;
wdwhdmdswzmshmporhu
supplies of high qualily waler. Conservation
wuluweuermdncd:lylnladwiﬁdm
ﬂubandmhmulmnnformrmwﬂdq:dﬁy

MANAGEMENT

Monogement and Process Changes
The four faciors direcfly related o pollution that would

induce a food processing
. air)dpmcessp}ﬂlgsdwgwdbm

waste load are the following:

o Pblici o Hfi

. Codm . Regunilawbryrequmem
Public imoge

Modbodpmngplaﬂsa'e concerned cboul

Red;dgwﬂebodﬁmabodplairduiy

reduce costs, but in plards discharging banmmpalily,

ildsohebshemmopdilywducem Reduced loads
for municipdlities should reduce municipd treaiment

omsmmmmedbrmmdmmmbcaﬂns

help to maximize treciment efficiency and dllow new

cnhzensmdbusmasauﬂol’OTWsmh peak loading.

Eficiency



increase plant effidency. As wastes ore eliminoied and
more byproduct is recovered, there is ofien more product

packaged for sdle.
Cost Redhc
Cods[orwubrm,wrdnrgeordmdisposdum
significant expenditures for food processing
costs have risen dmost tenfold over the last
mddecodspossiblymhmayoﬁercostfcr
A recent survey by Arthur Young led
Gwm condude that waler cosls
mrausemmudzusSOOpercaﬂmhene:dﬁveb]O
years.

Regulalory Requirements

Exemal resiraints are another foctor that con influence o
food plant o consider water and waste reduction
progroms. These restraints con indude efffuent restric-
fions on selected wastewoter paramelers such as BODs,
chemical axyen demand (COD), fus, ofls and greases
(FOG),thelddinﬂmga‘l(Tm)mdllw e
restrictions can odversely affect plonis.

AQUATIC PRODUCTS WASTEWATER
CHARACTERISTICS

Infroduction

The aquatic products processing industry is mode up of
the seafood indusiry with many small processing centers
located dong the U.S. coastlines, aquaculiure centers
wdmntxwhnlddmurﬂwlﬁshlnMsslssxppl,mdu
rumber of larger p|onis locoted near industry and

population centers. The industry involves the processing
of numerous species of induding:

* mallusks (oysters, clams, scallops)
¢ qustaceans [crobs and lobsters)
o vorious species of saltwater and freshwater fish,

Seafood processors use the fnllcwnng mojor unit pro-
cesses: washing, eviscerafing, dressing,

rendering. Rendering of whole fish and Esh byproducts
produces fish med!, oil ond slubles

SEAFOOD INDUSTRIES
Bottom Fish

The most economically imporiant botlom fish species that
are primorily markeled fresh or frozen are: ¥

* Hoddock . (siver hoke)
* Holibut . Flou'.l'

s Cod * Hoke

o OceanPerch  « Pdlock

Indusirial Fisheries

Merhaden, hering and dlewives ore olly fishes that
canpnsehh:lmfh"hd:ﬂndﬁﬁmes’mhs
country. They are rendered info medl, oifs and solubles.
The medl is used primarily as onimal feed and ferffizer.
The oil becomes an ingredient in paints, vamishes, resins
ond similor products. K is dso to animol feed or
used for human consumption cbrood. The solubles are
eﬁaﬂﬁ&edybanhnkuwdﬁedmdprmsed
info meal,

Anodronmstluy

significant U.S. commercid anodromous fishery
sll'nesdmonfisl'lecy The five main species harvesied in

this country are:

¢ Chinook {king} * Sockeye (red)
. Silver(coln?g . Hr*leye
o Chum
The major porfion of the salmon caich is canned.
Tuna
Tuna ronks as the number one seafood in the United

States. Americons consume over one billion cans of ino

per yeor. Tuna are large migratory fish that feed on
mﬂmopicseuhla.

Shrimp
The shrimp fishery in terms of tokdl value is the most

imporiont in the United States. C the most
lnporbriﬁmshedprodudsmemlﬂbmded

shrimp,



Hnad)d‘i;mhmesbdonhﬂﬁ:icw,pﬁﬁ-
areq. The remaini
bbsplooeonl'ePoclﬁcCouslwlml;ugngeness
is the leading species followed by Alaskan king

i

hwj&uﬁlhuddwﬂadﬂmbﬁ;m
Coast processing i . The maior induslry
growh occurred in the mid 19405 and in 1958 when
new offshore beds near Long lsfond, N.Y,, were discor
ered. Hard doms occount for only 12 percent of the
landings but about 50 percent of the valve. The Chesa-
peake and Mid-Alanfic areas combine for much of the
clom landings.

Aquoculture

Coffish is o rapidly exponding indushry located primarly
in the South. Trout is primanly located in Idcho with
North Carobina and Coliformia developing segments. The
hybrid siriped bass is being explored.

SEAFOOD PROCESSING

Maior types of wastes found in seafood processing
wasiewaters are blood, offdl products, viscern, fins, fish
heads, shells, skins and meat “fines.” These wastes
contribute significanfly fo the solids concentro-
tion of the waste siream, However, much of he solids
can be removed from the wastewoter and collected for
enimal food.

Water Use

Tuna processing plants were fo have wastewaler
discharge os high as 3.6 million GPD {Table 5). Bottom
fish wostewater discharge ranged from 6,000 1o
400,000 GPD. Fish mea plants ronged from 10,000 o
92,000 GPD in the survey.

Waostewater Charoderistics

Carawan et of {3) reporfed on on EPA survey with BOD,
COD, 155 and ol and grease {FOG) poramelers,
Botlom fish were found 1o have o BOD;; of 200 0 1000

100

mgy1, COD of 400 to 2000 mg/l, TSS of 100 1o 800
mg/! and FOG of 40 1o 300 mg/1 {Table 3). Fish medl
planis were 1o have o BOD5 of 100 t0 24,000
mg/l, 150 lo 42,000 mg/), TSS of 70 o 20,000
mg/l, and FOG of 20 1o 5,000 mg/l, COD of 150 o
£2,000 mg/l, TS5 of 70 1o 20,000 mg/l, and FOD of 20
o 5,000 mg/l. The higher numbers were represenitive
of bailwoter enly. Tuna plonis were ko have a
BOD5 of 700 gy, COD of 1600 mg/}, TSS of 500

FISH PROCESSING

Tung. In an EPA report (8}, the authors noled that the
annudl luna cokch avernges about 400 million pounds,
almost ofl of which is conned. They conduded that as
much as 45 percent of the iuna is wasted in the canning

Tl\edegreeofwasbs’emdependsﬁu;yhspedes
ing processed so variations will ocowr., reporied
on a study that exomined the wasle from o kona canning

ond j in dekail for o five-day
peﬁmming o wererr:de

o The avernge waste fow was 6,000 oo/t of hsh,

A

. (€8 )) 1300103

¢ The tod solids overnged 17,000 mg/l of which 40 percent
WIS orgonic.

Delalled average una wostewoter charaderistics are
given in Table 6.



Table 5. Raw Wastewuler Charocteristics — Canned and Preserved Seafood Processing Industries

Subociegory FowGD] | BOD img/) CDfmg | TS5 Imgf) | FOG mg/l
Fom-raised cofish AM—4M | 340 700 400 200
Conveniiond bhe acb 700 4400 6,300 &0 7.y
Mechanized blve adb 20M—73M | &0 1,000 30 150
Souhem nonrbreaded dvimp | 180M—240M | 1,000 2,50 800 250
Breaded shrimp 150M—200M | 720 1,00 800 -
Tuno processing 45M--38M | 700 1,400 500 250
Fish Med M0 | 10024 150420 | 7020w 20--5\
Al sinen 58M—500M | 253—2400 005500 | 120140 | 2055
Botiomiish and frfish (off) &M—400M | 200~1,000 400—2000 | 100--800 40—-X0
Al herring 20M 1,200-6000 | 3000—10,000| 4005000 | 400800
Hond-shucked doms 86M—170M | 8002500 1,000—4000 | 600—6,000 | 1650
Mechankd dams 00M—3MM | 500—~1,200 700—-1500 | 200400 2 | 0—25
Al oysiers 14M—320M | 250800 5002000 | 200—2000 | 10—30
Al scodlops IM—115M | 200—10,000 001,000 | 274000 | 1525
qu for boilwader crly
M = 1,000,000
Table 6. Tuna Woste Choraderisiics
Porometers Conceriraficnimg /1) Locd bbs/Bsh 1,000 bs.

oD 2273 845

BOD, 895 40

) 17,900 4750

18§ 1,081 20

FOG 287 75
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FINFISH HANDLING AND
PROCESSING

Ca cnd'ﬂm(l?)wmyedh food industry
i Norh Corh e Ty e ind frich hencling
practicas in North Caroling related fo waskewoler. Finfish
E'n?uﬂ;bmdudaﬂwnder croaker, frout, spot and

Results of the survey (Toble 7) found that totol solids
WT2.4 ash 1.11, organic solids 1.30 ond BOD

lombvdl'lewda'mewasll(}gd/IOOOiv
of fish handled. Table 8 iMlustrates the species differences
found during handling of hish.

drop off during unloading, contributing large
unouﬂsmzsellecble solids fo the woste load, Slime,
blood and sand were akso found o be part of the
woslewoter. Fish were strenuously , and removed
mc:le:dsmmemuredbgumamdeuofmmrnun
woste lood,

Average BOD; of rinse tank woslewcders was 251 mg/1.
Scda:eanec's constitrie the bulk of the solids in the

effuent from the wash Jonks surveyed. The scales and

other solids were removed during screening wih a 20-

mesh screen, Results of screening tests are tabulated in
Toble 9. Sorne74b90pemenfofheseﬂ|ed:lesohds
were removed wih the screen,

North Cardling finfish processors use hond labor in
o o s
(1981} exami ree finhsh processing
These three planis were rocassmg?lelOOOlgﬂof
flounder, trout and croakers in the round or fllet. Row
e%aﬂromimeplmshodhe charocleristics
as listed in Table 10. Theovemgewulerusewuslu

gal/lb ond the wastewater BOD5 wos 190 mg/1.

Plont review confirmed that controlling woste solids
greatly influenced the wostewoler characieristics, Of 29
plonts by Carowan ond Thomos, nine sent their
solids for dehydration, 12 used their solids for boit ond
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eight plons disposed of of the makesial ovesboord.

processor cooperaied in iment where row
ﬁsh&mmpoﬂmwmhedammdnd.
Gross culfings, pine siow, horse monure and so were
mnedaﬂmpodedbrnwed& Raw fish frames

moddedaﬂwnﬂda&decmpwdulmhr

Table 7. Woter Use and Waslewdter in Finfish Handling

Wasie lood
(b>/1,000 b}

Parameder

Average Ronge
240 87—4.60
1.1 53215
1.30 34—2.44
23 01—1.00
(gal/1,000 Ib)
60—180

Tokal Solids
Ash

Organic Solids
BODS

Wastewoler 110

Toble 8. Wosle from Fish Hondiing

Trot  Crocker  Founder
{fbs/1,000 bs)

408
1.98
2.10

Tokl solids  6.56

Orgamcsdnds 406
2.50

320
1.36
1.34

Toble 9. Effect on Screening on Fish Handiing Wostewor
fer

Setfeable Solids {mg/1)
Pont1 Pont2 Plat3 Averoge
Eflvent
Raw 38 200 100 41

Sreened 1.0 20 14 57
Removal (%) 74 Y 8 86




Table 10. Waler and Wostewoter for N.C. Finfish BOTTOM FISH
Processors Sghmdmi}i;bmﬁéludoqmdﬂﬁedn
Table 11. Botlom waslewnler charoderis-
-?'::f wumod SF?;& Ceorup Tokd fics are presenied in Toble 12. waske lood
S 208 474 10.53
N 0w 2@ 1y om 3w SALMON
oS 11 240 208 015 45 plants use less woter for than do
IV v S TR o sl s
DS 071 185 29 013 565 Mwl&nwushloodinldomu'sdmonﬂat
BOD 059 05 08 010 201
FOG 010 03 071 003 114  Toble 13. Salmon Wostewater Chorocteristics
{gol./1,000 b)
Aow 544 318 457 16 1,335  Poromeler lnrgeSdmm Smdemon
A " A
. verage verage
able 11. Sources of Waste in @ Frozen Fish Factory ,'g,%%%‘” 74 1188
e ] } 113 52
Descripton of Souce SHI00H 13 22
1. i honding oo marverinvhich hore Ol 0B 2
cuwg'ﬁ'annelsbholdcunreducequdﬂyarﬂ —
2. Unloading fishing vessek: useofwulerbcorwfiﬁ Gulf Shrimp Canning
fo wash fonk for rinsing
Peclers use as much as 58.1 percent of the average
3. Fish handling operations on lond: corveyors from ~ wader use in Gulf shamp c:mmgplmis(l]) The BOD
waste fank fo processing rooms 5&unfmep|mlnsl,08]mg/|(l]l
4. Cleanup operations in processing room: wash down Table 14, Gulf Shrimp
Conming, Water Use and
of processing equipment Wastewcder
5. Compressors/cocling fower woler ) )
6. Solid wase through mishandling of whole fish Unit Operaion ___ Percent of Averoge Flow
Peelers 58.1
Washers 88
Table 12. Battom Fish Processing Wostewdler Charoe-  Separotors 6.9
teristics Blancher 1.6
De-icing 42
Reference BOD: 1SS Flow Cﬁﬁ/m 12.]
(NG/B (mg/ll  (GPM) Washdown 8.3
" o Ble Grobs Converfond s ontoked wih mechanicd)
C 17 — 1% blue crob processing has o flow of about 756 gd. per 1,000
D = 15 45 pounds of crobs The BOD5 Iooclls?_67|:sper
1,000 pounds of crobs, hlheTSSIoadusl?Zh




£

Shel Clonﬂwdmg

discharge of about 164 gal per

Ecﬂd.lheBODynd |oadsare2.49mcl074
per 1,000 pounds of dams, respectively.

Alondic Oysters Hard shucked {Atlonkic

1,000

0 woslewoter
pounds of doms

T

of

ing requires about 2,848 gal per

oysters. The BODs Iood52524 but the TSS lood is
8.73 bs. per I,OOOpomclsoloysB&

Table 14, Blue Crabs {Conventional Process)
Paromeler Unit Meon
Flow rafio {gal/1,000 I} 756
Setfeable solids {mg/l) 2.79
TSS {lbs/1,000 b) 1.92
BODs bs/10008) 247
FOG (Ths/1,000 I} 0.04
Phosphorus froial)  bs/1,0000}  0.04
N-NH3 (lbs/1,000 I} 0.04
TN {Ibs/1,000 Ib) 0.27
pH 7.63

Table 17. Soft-Shell Clams {Hond-Shucked)

Parometer Unit Meon
Flow rafio (gol/1,000 [b) 164
Setfecble solids (mg/1) 1.40
155 (lbs/1; ooo Ib) 0.74
BOD; (Ibs/1,000 Ib) 2.49
FOG (Ibs/1,000 Ib) 0.01
Phosphorus (tolad]  {Ibs/1,000 Ib) 0.04
N-NH1 {lbs/1,000 Ib} 0.01
TN {Tbs/1,000 Ib} 0.20
pH 7.1
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Toble 18. Adariic Oysters [Hond Sudked

Parameder Unit Meon
Flow rao (gal/1,000 b} 2,868
Setlecble slids (mg/M) 1.66
55 (ths/1,000 b} 873
BOD5 bs/1000k) 2524
FOG {ibs/1,000 b} 0.11
Phosphorus fioil)  {bs/1,000 b) 0.28
N-NH3 {bs/1,000 ) 0.08
TN {tbs/1,000 Ib) 312
oH 7.15

JAPANESE FOOD FISH FACTORIES

The Jopanese have an extensive background in
ing fish info vorious food producs. ﬁsﬂ
focbnshuveculwlabdwleruseall&%gd/lom
b. 1 6,000 gal/1,000 [b. for the various fypes of plaris.
If the highest wasie lood and lowest volume are used for
caleulalions of waslewader srength, the BODs5 could
exceed 7,000 mg/1 for surimi processing. However,
vduacdo;ldedﬁunbpameﬁshbcbns
tdicdedBOUs&?&mgﬂh'm,MOmg/”or
Frozen fish, 205 mg/l for kamaboko and 3,625 mg/! for
reported in Table 19
are dso for factories. Surimi
plcmwldhveuBG) of 8,204 mg/l. Kamaboko
plm'dswwldhmam5of6776mg/| and fish med
plants would have 0 BOD5 of 18,400 mg/l. Another
Japanese scientis! that woler use in surimi
processing was 25 fimes the . Thus, wader use
3,0 o000 fih or 27,300 gol/1000 b, ko
is con be contrasled with the reported volume
oH,BOOgd/lO(XJbﬁsh

The Industrial Fisheries

In a propedy managed menhoden rendering plani,
wostewaler quondiies ore smal. The only i
iroublesome waslewater source is the fish pumping wuter,
ﬂxedherwusbsmliﬁnmsp‘llsmdleulmgsbohof
which can be minimizad,

The menhaden is o small, oily fish of the hesring fomily.



lhisl‘d’h:z,lurgainll'ueUridem,isbcubdmuirly
in the Mid-Allontic and Gulf stotes induding Norh
Corolina. Menhoden have been sed primarily for the
manvfaciure of fish med!, fish solubles ond od. The

nghduigpmis(’nnwcasallﬁgﬂym

The fish are caught in purse seines and pumped inio the
%M&:h ckbhplm Then the fish are
ond conveyed indo the plant. Continuous steam cooki
is nomally employed. The cooked fish are then pressed
fo remove the oil and most of the water, This press waler
is screened o remove solids and centrifuged to separaie
the oll. The remaining water, colled stidwater, is
discharged or fo produce condensed fish
o vl b s i

is as cake.”
pressed coke is dried fo about 10 percent moisiure ond
then ground for fish medl.

The wostewaters from the produdiion of fish med,
solubles ond off from herring, merhaden and dlewives
con be divided info two categories: high-volume, low-
strength wastes and low-volume, high-sirength wostes,
The high-volume, low-sirength wostes consist of the woler
used for unlooding, fuming, transporting and handi

the fish plus the wosh-down woter, The fuming flow
been estimaed o be 200 gdl/t of fish with

solids of 5,000 mg/1. The solids consist of blood, flesh,
oil and fot. The figures vary widely. Other
estimates lisied herring pump woter flows of 250

with lolal solids concentrafions of 30,000 of
concentrations of 4,000 mg/]. The boat's bilge waler
hos been esimotd fo b 400 gal/t o fh wib
suspended solids level of 10,000 mg/1.

The sfickwaters comprise the sirongest wastewater flows.
The overage BODS value for stickwoter ronges from
56,000 de712,000 mg/1, with averoge solids concentro-
fions, mainly proteinaceous, ranging up fo & percent.
Thefishﬁmmcssmg' indusiryhosioundlherecovayofﬁs}'l
solubles from stickwoter to be ot least marginally profit
oble. |n most instances, sfickwarer is now evoporated 1o
produce condensed fish solubles. Vilumes have been
estimated fo be about 120 gal/t of fish processed.

Toble 19, Wostewater Parameters in Jopanese Produdt
Foctories

Parameter F T
. Sorimi W Kamaboks
Wastewoter Concentration (mg/1}

BODs 8,204 18,400 8,776
cob 1,210 5,032 806
SS 757 1,683 578
Fat 541 1,743 149
NH3-N 15 84 5
TN 305 912 199

Toble 20. Meosures jo Control Waler Use, Product Loss
and Woste load

Number Measure

1. Manogement undersianding, inferest and support

2. hstlaion of modem equipment and piping fo reduos koss
of product and mesimize recovery of byproducs

3. Appoiniment of waler-wasle supervisor

4, Employes voining

5. Accurcle records of weler use and wesie

6. Schedubing 1o reckue woter use and wasee

7. Proper deaning proceduves

8. Waslewoler monfioring

9. Porned mainkenance o rechuce losses ond waske

10.%@%&::3&0@&%&

1m. for ond byproduds
1zmdmmmmm
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METHODS OF REDUCTION

There are tree ways 1o reduce woler use,
waslewaler discharge, woste loods and produdt ks,
One method is o operate the plant more efficiendy. The
second method is fo institide process changes proven o
recuce woler use, product waste and woske loads. The
third method is 1o insiall conventional pretreciment
mswdmsdan'ﬁen, separators and/or

air Rotation (DAF) unils fo remove setlecble
(Roctable] solids. Measures o conirdl waler use, product
s ond woste boad ore given in Table 20.

Poliufion Prevention Pays Concept
Although ientists and technicdl have
i plion i, g oo o 2

Company con be credited with first vsing the 3M
Pollution Prevention Pays progrom.

ling concluded that government, indusiry and the public
are beginning Yo become aware of the shoricomings of
conventional polluion confrcls, not to mention their cost,
“Pollton Preversion Pays" uilizes fhe concept that the
conservation approach should be used 1o liminate the
couses of polluion before spending money and resources
for deanup ofierward, Ling defines the conservaion
approach as the procticdl application of knowledge,
methods and means o provide the most rofional use of
resources to improve the environment.

Ling believes that the pollution prevenion approach is
hindered or precuded by many rigid emwironmentol laws
ond regulations. One current example is municipdl
prefreatment ordinances with specific limits on the
concentration of polluknts in wastewater discharge. For
bood processing plarts, meximum concentration fimils on
¢ e ubnh,wd1mﬂOD5,oﬁmpredude
woter revse and recycling. Studies indicate that plants
with the least amount of waer use per unit of produdt
pmcesedhuveﬂwlemtmwnior:ollulmispermitof
produd processed. Thus, sudh ordinances may discour-
age waler consesvation ond woste redudion proctices.
Ling noted that pollution controls solve no problem; they

only dlier the problem. He noles there is a significont
opporkunity if realistic and effective solutions are sought
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for poliufion problems.

W&Wﬂdwmwmﬂy
¢ pollution problem, , prefreciment gener-
ales secondary nulrierds (shidge) that must be disposed of
ﬁupalyaspmimovingiepoﬂuﬁonbm
afion. As prefreciment or irectment requirements
MMSH‘MI‘M ook paradax as follows: 'rmhlm
resources & remove pallution, Pollution removed

ales residue. It kokes more resources lo dispose of this
Poiuﬁmdd'qmnlofhismdue' diso produces

m.

Michoel G, Roysion ized pollionis as materi
cesses that are discharged into the environment, He
o] el v i o

not n rst A
Royston noled that pollulion ads as on indication of
inefficient processes. He conduded that as inefficiencies
are reduced, 5o is poliution reduced.

The aquati ing industry hos on

e s i iy s e
oumwuler(ghneofwmosfvildmoumslmﬂ
increase profiobility. Knowledge, manogement commit
mw,buw@mgashn&ngdhepmcessaond
employee education ore the key components of o
successhd progrom.

The Time To Actis Now
Wula'mdwusleoommepingsbodﬂyupmd,
a'ldl‘iei'nmpmisebcorﬂim.htinpuhﬂa
tqudncﬁsl’ﬂlpmd.rdsprocessmb action now 1o
be prepared for limitations on water use and woske Joads
that are likely fo occur in the not-so-distance future,

Reduce your plonf's waste load before it has o chance fo
become a costly burden. Follow the waste redudion hints

supgested in Table 21.



Toble 21, Wasle Reduction Hints

mvmuse,mwwdermdnmm
¢ Use screens and efficient systems for recovering sclidks.
o Insioll dry systems for solid waste colledtion.

» Collect solids from the Roor ond equipment by sweep-

ing ond shoveling the material info contoiners before
acbddeuupbegm Do not use water hoses as

brooms,

* Adopt the oftitde that waste lood redudion is one of
the best business decisions a manager con make.

* Train W concepls of pallution preven-
ﬂunl\owbperfombelr@sma
wuylhalwﬂlaﬂwusieloodsnymn'plui

EXAMPLES

Groundhish. A Canadion study {13) compared extensive
wastewater analysis for dry and wetine processing of
groundhish. The data mdicolshoiwetlmeprocm'ng
produces an effvent in excess of three times the diy
effvent loadings. The authors condisded that the excess
wusduebi\efollamng

Al Inqreased BODs, wq:mdedsolndsmdoilm#u—
honsmi'lewel-lmeaqlueds h:l{duh
sclids, the

longer water is in conloct with
wuslewaler porometers will be.

B) Waler consumpfion for wet processing was iwo fo
three fimes that required for dry processing.

They conduded that the widespread adaption of dry
fransporting fechniques as opposed lo fuming would save

water and reduce wasles,

Frozen Fish, A:ﬁd\bﬁn(;gopmﬁc;didﬁm
process prevent 250,000 b. BOD
yearmddunmbi‘leneedloﬂ.‘jmilm 55«
polable water annudlly. Inifial costs fo implement the
changes would be $300,000. Annudl costs would be
about $300,000 per year with annual net savings

opproaching $900,000.

Shri ing. The wastewater from most breaded
seafood shrimp acceeds2000mg/|ofBOD i
SR
rofes. Georgia researchers shidy m“m
ulonts and this was summarized (2).

Screening reduced the BOD;; lood from processing

Table 22, Comparison of Wet and Dry Line Groundfish Processing

Plant Mean Wet Processing Lood Meaon Dry Processing Load
BOD, T8 FOG BOD, T$ FOG
{Io/1,000 b ik
57 24 1.0
27 16 | 075
1.3 0981 013
50 1.0 1.0
79 | 225

150 130
18.0
20.2
18.8

180

70
340
7.
120
150

éwmwmmnmm-—

o

130

45 56 | 072
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The angwer was yes! The woste lood resulfing from
cleanup operafions was reduced further from 49 pounds
of BOD5 per thousond pounds of shrimp processed fo
only 21 pounds, as the kable shows. This decrease of 57
in decanup lood meont o further 13 percent

o screening and dry
deanup, the fotal BODs; load dropped 1o only 92 Ibs/
1,000 [bs., o decrease of dmost 60 percent.

Anoter siudy (15) of a shrimp canning plant found that
an effective water ond woslewater manogement progrom
could result in 0 60.1 recuction in BODS5 lood.
Further, the cost of such a program was estimoted ot 1.3
cents per BOD5 s contracted with 65 cens for

screening and 83 cents 1o $7.18 for DAF removal,

Table 23, Effect of Screening and Dry Cleanup on BOD5
Loads in a Shrimp Plont

Operion B Wih Screening - Wi Dy Clcrup
BIOD ! Ty
Poesig 117 72 7]

104 49 2]
Tord 21 121 ¥2
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Toble 24. TIPS FOR EFFECTIVE DRY CLEANUP
Collect any dripping batler by placing pans under
breading iables.

Squeegee spifled batier inko a pan from the floor s0
bduwlmmh&uhm.gwdm.p.
Emply bater tonks inlo barrels insiead of pumping their
confents inko the droin.

Ploce mdercomeyorbehsbcdd'lmhds' of
bmd':;,:umuimﬁmdsd od
suspended BOD3,

Ploce trays under machines 1o help keep breading off the

flocr.,

Remove leflover breading from machines, such as sifters,
by hand. Do not hose or air-gun so that it wil not enfer
the drain.

Dry utensits should be deaned ond siored
sepi%mgda%demgeur.

Use o stiff broom o sweep breoding from the floor,
Saupmimdim ing is the only effeciive way o
recover breoding from under equipment.

Ploce breading in barels so it can be given or

sold for animol feeding; it i o
mﬂw.m is 0 good source of carbohy-

Remove shimp hulls by dry deanup whenever possible.
When keft in contod with water, enzyme adion ums
them info a major source of pollution.

Insiall @ ieve 1o remove any shrimp hulls and
parfides that enler the foor drains during wet deanup.
Collect material in o dumpsler and dispose of it in an

opproved mamer.

Look for opporiunities fo moke se of waste materials.
Sieved wastes conlaining shrmp hulls, breading ond

ohher particulate wostes can be rendered info medl for
animal food if enough con be collected.

+*REMEMBER: Keep breoding of the foor and outof
droins!




What Can You Do?

fyw‘rehmuguofoﬁnn you may have on

opporiunily 1o reduce wostes and save money. Reduding
waler use and waste lood now could sove you that much

money next yeor. ¥ waler ond sewer costs increase
fenfold over the next decade, you may be able fo save

mcnydolusmdlybylm Here are some sugges-
fions i help you conserve:

Ensure thot plani managers measure warer use daily
oraieud'nsh'llplcfmge.

¢ Emphasize Io personnd ot ol levels that conserving
water and reducing waste lood are sound business
prociices.

. nt someone in each plant fo be responsible for
w%admﬂmmpmmdbr
monitoring their effectiveness.

* Provide o iraining progrom for your managers and
employees.

s Show your interest ond example that you toke warer
cauavdmmdwuslereduchon Helping

e pesevel dovdp e prepes o s 90
of be bole hsrs e p. peen

DIRECT DISCHARGE

Alter you hove implemented effeciive controls, diredt
discharge has been suggesied as possible by some
resea mdmtpossible b foct, such
deferminations probably must be made on o site-specific
basis. Current EPA requirements mandaote screening, but
vanwsstufaa'dEPAoﬂzcambmd\dlﬂerw
condusions in regard 1o specific requirements for seafood
Processors,

Researchers {17) siudying the discharge from the tuna
processors on Terminal Islond, Cal,, noled thot the
processor’s discho edmcedi'ne[oodd'm.ﬂme
researchers ¢ energy-rich efluents should
beuh'lmdbydgelopmg d{emahvemelhocrlsuﬂfzvéfe
manogement and new regulaiory concepls n
imposing troditional secondary freciment.

Environment Canoda researchers (13) conduded that of

eﬂuutmubdmhﬁshprmmnmd
mE:“ of ireaiment. |
the mojority cuses,i'nerenmd solids is adequate
eavironment, This wil

ia researchers {18} shudied the Bushing of shrimp
m&unhmcsldwumw Brunswick
Harbor. They conduded thot shrimp heads were flushed
oway from the areas where they were deposited witin
bfwrdays.

CONCLUSION

minimize cosis and ensure the delivery of safe, nutritious
fishery produds %o the consumer.
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Appendix A. Environment Conoda Dola

Erwironment Conada {13) have provided the fish processing i with choradlerizaion and frealablity daka on their
efflvents. MMBmhhﬂuﬁb&pmwhw&méﬁm,mm
results are summorized in Table 25.

Toble 25.  Summexy of Environment Canada Charadterizotion Dato {Averages)

Fish Processed BODS (bs/1,000 bs row produdt)  Suspended solids (1bs/1,000 lbs raw produc)
Groundfish Filleling

a) Dry line 45 1.5

b) Wet line 180 150
Sokmon Processing 22 197
Herring

o) Filleting 220 210

b) Marinated 2150 850
Shellfish

a) Lobster 250 55

b) Crob 400 200
Freshwater fish

a} Combined perch and smelt 45 2.3
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Appendix B. Seafood Processing Monagement for Environmental Qualily

Have you ever thought of the wusies that go down the

drain in your plont os potentil sources of profifé Many
food processors have saved money by autling water use
and reducing the amount of waste material that finds its
way inlo the sewer sysiem. The resl? Sovings in woter
income from sole of recovered produds and byproduck.

Every ysor seafood processing planis discharge millions
of gallons of waslewaer, As he i confires fo
grow, so will the volume of woter used, the amount of
wastewater discharged and the waste lood unless we

toke acfion now,
At the same fime, will fce increasing woter
costs, rising sewer charges and tighter resirictions on

waslewpamda'ssudwsBOD& Some plants will
be faced with the possibility of a shuidown if they cannot
meet legol restrictions, cope with limited woter supply or
meet increased costs for woter and sewer servics.

WHAT YOU CAN DO:

Here are some steps you con foke fo help avoid water
mdmsieiredmerﬂpmblemshhﬁﬂfm:

s Conserve water; every drop of water that goes down
b drin becmes wosbwaler b s b bected
Rrinhripie ol o

* Toke steps o ring processing.
o Recover lost product and reuse this material whenever

you con,

* [Fmaterials con’t be reused, colled hem for sale os
salvage or animal feed,

¢ Don't ket employees use hases os “brooms” to sweep
waste products inb the droin. Use dry deanup methods
whenever possible.

* Emphasize o employees ot af levels thot conserving
warter and preventing pollution is imporiont and does pay
... for everyone.

112

POLLUTION PREVENTION PAYS
For seafood processors...

+ by reducing diposdand dichrgs coss

¢ bogidings
'Byrednmghcodo{rm w:ll'nregdsiom
Byprodwyzsngmne or reuse

For locdl govermments...

o By reducing wostewaler freiment costs

* By increasing capaxily for industridl growh

» By lessening copital expenses for londfills ond waske
freatment plands

* By reducing enforcement cosls

For cilizens..,
* By reducing risks fo public health and environmental
i

ly
* By improving the qudlity of communily life
'g;mdumbw&zduzr&:drymw

About Poluion Preveniion

Pollution Prevenfion encouroges innovative approaches 1o
valuable resources on treafing wastes, companies are
encouroged fo prevent waste maerils from going down
the droin—thus fuming o licbility into o potenfil osset.



Waste Reduction in Food Processing ==
A People Management Issue

Stephanie Richardson, Manager

Norh Carolina Polkion Prevention Progrom
The traditional approadch o wusle in the processing can result in wastes thaot are difficut and
Foodpromngndudrylmbem pipe frectment.  expensive o hondle.
With more siringent envi , ever-
ml&kmm&ﬁdmdﬁb;dm TYPES OF WASTE
inense sainy, food processors An understonding of what a wasle is and how and where
o examine oher management avenues. ltongp;:hslsbe lmdbefaemmmm
ﬂweﬁlﬂdepbavmanganeipmgmlsquﬂﬂy fion plon con b processng
iieproblem foodp wasles are broken info indushy, there ore direct ond indired wostes.

::]mdnm Diret woses .,

and inedible containers con
behnherbmlcmuﬂoiuamnlmdmmﬁord
washes,

Uninlenfional wastes and indirect wastes {sudge) are
these wastes that con be reduced with proper operation,
maintenance and deanup proclices. wusles,

hwemureoﬂennoiconsnderedwusiesbydu‘l

e ek
proctices may rent definitions fo he manage-
ment and the plont worker,

meﬂplo)eehumgpmgmordmodm

nvolvement progrom, these
wastes can be si Bcaﬂlyredwed Examples and

res.vllswiﬂbepmeniedbpmheﬁechvemso“‘e
people management approoch to waske reduction,

The food processing industry is extremely diverse, The

diversity of the industry is not only apparent by ifs vost

urruyofﬁm|produdsbuldsobyﬁews‘leil

(3). Feod ing waske is not considered 1o

health hezord; however, he q wﬁhsmrubdcmbe
formidable. Even the smlest seasond

plant con have waste loads wdemoupopduhonof
15000b25000pecp|e(3l Sludge generation from

process waslewter ireatment coupled with solid woste

generafion occurring during product handling ond

Direct woskes ore wasles that con be accounted for in the
dumpslers or inedible bins. These wasles ocour as raw
motesials are siored, kanslermed or processed and con be
dmﬁdmmwdwmmm\d

waskes are expeded wosles such as peelings ond pils
processing, bokeries and process
wash-down water from ofl processes.

Lhmﬁa\dwlsmel‘mewudsmlﬁmﬁmpoor

invendory control, improper mem

improper mainjenonce. Scme

dueb'g)oiogevhknsblgep:m

mdmplq:vedysupemeddempmm Diret
oflost recﬁeniscudsam-pmsedorfuly
s s

Indirect

Direct woske lost down the process drains resulls in the
umhonofi\erdradwasle sludge. Sludge is the solid
wosleproduoedfrunﬁetreulmmtofpmessms&ewu—
fer.

Sludge generation is dependent on the fype of food being
processed, fype of waslewoler reatment employed ond

113



|

of fod ket oo i,
bo sl e 1 b i
hom 1200105200 punck/oy (5

ronge
produds lost fo the droins can be directly reloted 1o
levels of biochemical demaond (BOD),

sdlids (T3S) and fats, ols ond grecse
{FOG). For one pound of BOD is equivalent ko
0.89 pounds of ki, 1.03 pounds of proein and 0.65
of carbohydrate (1).

APPROACHES TO REDUCTION
OPPORTUNITIES

bocourae recond keeping or lock of disposal problems
moy have kdled Embhmw:iem?ﬁm
are within occepable limits. ¥ monagement redl:
mweﬁcaﬂémwdbodarr;cwmngmaiyhd
to 5 percent of input matericd, they m a concept
of the lasses they are incurring, Y

lack of corporate commitment is the one most formidable
obsludesbwusbpdredwhm' .rzstblislma'dmgfudeu;
corkise corporate policy regarding waste reduction is
therefore imperative (4). Employees con sense the true
level of corporate commitment and will rise o fll i the
level that is expecied or allowed.

The next slep toward waske reduction foken by many
indusiries is o waske audit. This approoch con be lengthy
but results in detailed information being compiled on
eadch waske siream and on available, economicd waste
reduction solufions. The solutions may indude process
modification, chemical//ingredient substitution, on-site or
ﬁﬁbm,mﬁmdembma

BEFT L

The food industry is wique in ot the simple, low

approaches of employee involvement and
mwdemupodiviﬁscmhweudmaﬁc
effect on waske production. The basic concept of dry

deanup is fo feach employees to treat their work areo o
they would their own kitchen,

Observetion and Inquiry
The basic approach begins with cbserving work activities
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ond aski During the observation phase, & is
o] oo i s .
Video fopes con serve wo purposes, The first is fo help
identify wasiehd octivities. Curvent occepled or
udbﬁamuynduppwmmm
ewed away from the process line. The sacond purpose
is 0s an inikal troining fool for employees and lofer os
ool by which fo judge progress.

m'*““ﬁ*ﬁﬁi?ﬁmww?m
.m - b" » *
infrequent or occosiondl proclices. It wil dlso provide on
mnﬁybqnsﬁmmplmdnjhmﬁude
. b ot

Troining

Training and employee involvement are inferadiive ond
connot be separated. Employees are usudlly willing
parficipants in a woske redudtion plan once they redlize
what wasie is ond how their work prociices con di
offect the environment, the plont profikabiity and
ulfimately their job security. Troining is mulifoceted and
should be job specific. First, begin an edueation pro-

grom, This should indude an of
e e e o
on ic's K ils
environment ond pland profitability,

The second area ivolves “relrmining” employees 1o
wmdwﬁnﬂw&.ﬂmm;gﬂedosemi'
hmelhod'&,ie med.s#:pmdm'”: ofodydlmug:.'

During the refraining segment, employees should be
introduced fo dry deonup methodologies that are found
in Table 1. Training should not fo damoge the employ-
ees’ sef-respect. Emphasis should be on new,
befter approaches fo processing and
management ond line personnd dlike. Training should
emphasize keeping food ingredients out of the droin.



Table 1. Dry Cleanup Adtivities

'I(aqabodmgred'ﬂt/produdsoﬂﬂousaﬂanof
'Usebmorm/vummsbrumdryspilklromﬂoom/

equipment.
'Usebmshesbdemeqcmmaimdcoled'bndxed
of” woste.
* Use squeegees, shovels or vacuums %o remove liquid or

semrliqund qrediris/proceet Fom foors cnd s
Pmdelnediblebns/conhmiorddryurdﬁqmd

'Sq.eegaewldvulscndmkaspriorbwroducing

water.

» Assure all lines/pumps are complelely emply prior to

ning.

R e T cars, v

.Ewlp pressure, ume,

E.rbmohcs‘m-oﬁmzzlamdploceﬂowresmorson
ucets,

o Use minimum allowable amounts of detergents/

disinfectanis.
Kﬁbmoms vocuums, shovels, squeegees ond
bins accessible

Reloded Activities
Pruvnde colledion pans for drips/leaks until repairs are

Omedesa'eersforall Roor drains.
* Never overfil vats or mixers,
;Nevercln.vmpoﬁ-q:ecore:prod)ddmbe

* Keep liquid ond solid woste separate,

. Elrumme handling/iranspot procedures that result in
spilloge.

* Examine inventory contral fo assure spoilage is not

occurring,
* Never leave foucets/hoses running,
* Evaluate o disinfectants/deaners for BOD loading.

Corporate commitment fo a reduction program should be
apparent at training sessions. This can be accomplished
having represeniatives of fop management of ol

ining sessions. Management's responsibilifies are
biod 1o 2

Table 2. Management Responsihikiies

* Lislen o
* Esioblish o roufine, preveniolive mainkenance progrom,
* Assure prompt comechive aclion when woske is re-

ported,
°whmwbda@&vdewpw

* gy b el o ok v emploes

'Prowdamomﬁmpmgmnsmﬂuwwku
» Esiablish markets for process “waskes.” e
'Emnmdlme/recyd options.
'mdepm&dmbmdummqu:;ﬂmdeuw

o
e

The final area of iraining should indlude how o recog-
nize wasle streams ond wasieful adtivities, Once
identihed, there should be a sirudure for ioking actions o
eliminae the wosks,

At this point, the program ¢on move cheod in a positive
maonner or fo. wofofoﬂwbmd\swdwewl
send a dear signal fo employees that corporale commit
ment is limited.

Involvement

ﬂeslrudumlnlbq:sanployeeslmdvedbydlmmg

repori meiaandobwmgodam
hlw:sgialscnhcd food ﬁ'mlshava

discovered that the best follow-up To employee iraining is
memployeewggeshm/awurckpmgm Such

asm hi ide,
| oﬁulurgepa))oodsdtlz v

Ore sudch program, People Agoinst Wasle (PAW), was
creotedThE:fMuda Mk ond Icecm in New Bem,
N.C. This progrom is designed 1o i employees in
the waske reduction program and encouroge them o
search for wasie sources,
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The success of this program hinges on the prompt,
dekiled response sent Io each employee submilling o
waste reduction suggestion. No suggestion is considered
foo smal for a response. This personal response is
coupled with o visble award, o PAW ldllipop, and the

employee being recognized in o newslefter.

g v, s s ot o o

recognition , Sich as @ cost
savings from the woste reduction, gift cerfificates for steak
dinners or PAW cops. This progrom has been in effect
approximotely 18 months and has only cost $3,000,

Su\vilzmdﬁnglrmPAnggdonshavemﬁm
id for the program and are induded in sovings shown
mowhhedui:ypmdu:bwnple

EXAMPLES

Employee troining coupled with the deu;ipqr
prooz::peu:g simplisﬁc—merelydi?e use of good
common sense. But, as the old diche skrtes, “the proof is
in the pudding.*

Breaded Meat

The Equity Group in Reidsvile, N.C., manufociures 2.5
million chicken nuggets each day. Deboned dhicken meat
isblmded,[omﬂgbanered,bmded,hiedudﬁm
Due o o combination of poor maintenance ond
procedures, an averoge of 55 pounds of medl, three
pounds of fempura ond 15 pounds of dry baer per line
was lost 1o the sewer each shift {6). Addifionolly, over
4,000 pounds of waste per shift was kandflled.

In 1988 by improving mainfenance, training employees
and establishing markets for waste, 30 tons per week of
solids {scrop, inedible product} that was gaing o the
kondfll, olong with anciher 20 tons per week lost into the
droins, is now being used os animal feed of being
shipped o renderers {6). Additionally, BOD levels in
waslewater were reduced 2,200 /day. This
tronslates fo o sludge reduction of 120,000 fo 402,000

pounds of siudge per year {5, )
These adivifies, though impressive, did not lower effvent

choracteristics b complionce with
permit limits. And upgrade of the existing pretreciment
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focility did not help either. I wos defermined that
acldiﬁ:fnpb;eetuhingmdimdvamiwﬂdbe
i _

hOdd:alm,wéarﬂqumindﬁ-
il o eyt gy e o
, more groups bani
conference room where ived fraining as fo what
wuashe wos, where it came from, how it affecied the
environment ond how is cost offected job siabiliy. Most
employees hod nol, uniil that time, thought of produd or
food os waske. They were further irained in dry deorup
procedures and warer elfcent work aciviies.

Training was conducled using ond leminolo-
gijsdmidai\;iilhwwkas c:ndﬁI
iiondlly, o side presenkafion wos made depidting
aclual scenes from the work floor. This proved effective
os employees were amazed of the wasie that they saw.

This froining was presenied 1o oll employees with dight
Supervisors ond were dlso frained and
insiruded as fo their role in the wasle redudtion plan.
This training emphasized those poinis covered in Table 2.

The raining resubed in on enfhusiasiic, coopercive work

force. Waste loads showed marked reduciions with TS5

and BOD levels being reduced from the 2,500 mg/1

range fo the 300 mg/1 range. This tronslotes inbo a

E:ingsofmorel‘mSI0,000/md\inmar
ges.

The program, which continues as the Wasle Aworeness
Program, was im in Jonvory 1990. This
mgn@pswuﬂehhfor&aﬂdmbﬁop&uﬁom
as well as implementing programs with specific purpases
such s a water reduction program,

This is on on-goi . Like any similor
(exomple - ),iiﬁebbandhv,bul,wigproper
involvement ond emphasis, it will always be a positive

presence,



Dairy Produds

e b
woske
ru'lglrg"ﬁ':amamilklos revention program {employee
@Jmprwedmuuﬂumce)b
mﬁmmﬂb@ okl e
5,000
gallons/day of mik for a toid annual BODsa-nngsoF
130,000 pounds {2). This could easily transiate fo a
reduction in waslewaer freaiment ¢ produdtion of
19,500 %0 65,000 pounds {5). This was ent 1o
$210000ndmdmngsnsewerw rges and

savings,

Additiond BOD reduction due 1o rommodlﬁcahon
folalled 190,000 pounds/yea rfcra
ted.vdmd28,500b95000 Emds/yearﬂ , 5).
Annual associated cost savings for process modifications
were $92,050,

PAWhosbeenmﬁmushcollyrecewedbyMaolo
Established in April 1988 for the home
1:[[1::!1:7%3k

nhusrecmﬂybeeneq)m'ndedlodlhe

Awords given indude PAW of the Month, Outsionding
PAW, PAW Stars, PAW Plus, Masl Cmsudefuh PAW
and Persisient PAW. Al receive  wriflen
response ond offen i employee in formulating
the comective action.

ions indude:

Some examples of PAW sy
roined info o floor drain

s A chiler water line that
without chilling anything.
I;E:\dﬁ not properly rofating produd, resulting in

. Admgemmﬂzcasebundsh!raulledndlﬁicuhy
in handling and addifional cose warping which resulted
in case jam-ups.

kee cream cup samples used in the loboratory were
being put dovm the droin insteod of inedible bins,
* Wastelul activities regarding computer printouts.

The PAW progrom with its PAW punch ond coke
ceremonies is just another of the many unique ond fun

progroms that Macka hos used to oddress a problem,
Previous programs induded Coli Busters lo ded with
backria problems and Pig Palace 1o dedl with excessive
produd relums, All these pemlemung:al’
progroms have bean successhl because they involved the
employess, were vishle, and were not allowed 1o
siognate.

Snack Food.

Bahlsen of America inc. in Cary, N.C.,, produced over
5.5 million pounds of snack food during the first three

weels;fh.rgusﬂ%& Tl'nsca'le7mdedbmplanm-
ftion reuse opercfions.
penod 66,000 :Zofcrudwsm
wrlhanocldihaulZO?WJpomk
'pa:nlbmbr Ancther 132,000 pounds of
products were recovered for sale in oullet
sores. Recovered inedible waste toialled 803,000
pounds and was sold as animal feed for 2 10 4 cents/
. Recovered both edible ond inedible,
i infoncy of the

fraining; wasle rocessing
ﬁmmdbramslapeoplemmgammfn "
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Waste Audit = A Self-Help

Approach to Waste

Reduction

Stephanie S. Richardson, Monoger
North Cardling Polluion Prevention Progrom
Raleigh, Norh Cordling 27411

The readtionary approadh to polluion—ireatment and

L\medforyeam We are painfuly
aware that this atlempt fo control pollution is not now and
never has been effective. I wos not until enforcement of
siricler environmental regulations that the redlization
became that treating pollution merely moved
pollutonts from one media fo onother, and, that the only
mdldxmpmdlwmbpmiorm&cewasledlls
source.

Source reduction where possible, coupled with recovery

reusemdraqdungofwasieshoicmbesbpped

results in pollution prevention, Before this prevention con

take ploce there must be o thorough undersianding of

what o waske is, where it comes from, what process

elpmdxsaecﬂeulmdwhaibdmdoguaaeavaﬂcbleb
iminale i,

A waste audit con wd'nanunderslmcrmg The
six simple oudit stens cmhelpldmﬂylhe

mdquaﬂlilesofwasiesbel enemied(d] Addlhorr
dlly, ncunpmpowﬁ‘\epmmcesmdprocedmmﬁ'dum

resuliing in waste generation. The final steps help 1o
analyze the most cost-efiective solution while providing
the necessory wosle manogement iraining fo employees.

With more siringent limits being ploced on industrid

dischargers, the once sxmple biological treatment of food

processing wasle is omlng amo expense Facing
ever-mcreasmg the desire fo
remain a good co:pomb neug , has forced the
indushry o investigate diemate Iedmologles for the
elimination of woste.

One such technology is he cmcepi of polluhon prevenr-
fion ond source This concept forces the re-

evoluation of operoting procedures and re-education

mdhfas f sireams, Reouvely reuse o sale of
in some cases resulfed in new profit sources.
The first besf slep 1o this technology, and ultimately toidl
wasle manogement, is o wosle audit,

DEFINITION

A waste audit can be considered os a first step, selFhelp
doerighminet WYY St
operating paramelers In high wasle
excess waler , environmental non- mcecnd
reduced ||y(3}Anmdalpmds bosis for
cdlledion and evaluation of technicol and economicd
data necessary fo seledt appropricie waste redudion
ﬁ:ﬁ&(]) Byda'lifymgswrcs vonities and
can be
willdloxsourcemdwhmmd/orracmy
produd. This can have short and long-lerm
positive economic and emvironmentd effedts.

Benefits of Audis

A woste oudit can result in cost savings hrough reduced
loss of raw ingredients or produds, reduced trectment
cosbu‘dmdmedamrumaﬂdﬁmorwrduga

Additionally, new profit sources can be found through
m?msle * for reuse sither within the plant or

All food goodluwhmpommeofbelng "
corporate An
mm;u:::nofuwush msi'leelmma'

premhmofbodpubhcgduebemmnerﬂdm

complionce. Perception of the product is more importont
Iheioodndustryllmn other industry. Therehore,
aivnhprodudsmd (not wasles) that

hus good envi Ki:ed ond record wil be

percewedashawnggoodmd
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STEPS OF AN AUDIT

There are six bosic steps in a woste oudit. When

tolowed and combined with an employee troining

mﬁmmwbum%aﬂ
By,

Step 1 — Corporcte Commiiment.

The first step fo @ successhil waste audit end vlimotely o
waske monagement pian is corporale commilment.
esiablishment of a dear, concise corporate commilment s
imperative. Lack of corporate commitment is ane of the
modfomiddieoppaﬂ'ﬂsofwusbmd:dicﬁlmd
proper wosie manopement, s ull commit-
ment of fime, personnel ond financing is required if on
effective progrom is o succeed (4)

A delolled wrilen corporate policy regarding wasle
reduction should be esiablished. Such a policy

ot only oufine policies and procedures for dedling with
waste but olso detail corporate and personnel
responsibiliies for ofl woste-related ocivities. Employees
con sense the frue dagree of commitment sel forth ot the
corporaie level and will rise jo or fall 1o whatever level is

expected or dlowed.

Step 2 — Teom Selection

Alter estoblishing @ writen comporate policy and distribut
ing it o oll ma and supervisors, an oudit team
should be . A wasle oudit can be performed by
o single person, an inhouse feam of employees or
team of hired consultons.

The feam is preferable os it olows input from
with @ variety of perspectives ond o broader
base. Suggesied team members are shown in
Toble 1. Teom members should be reated os equals with
dde%sw?@mw heard ond evaluaied for
merit. The ailterend oreas of experfise represenied
w&ﬁnmbawﬂpmduwdiﬁeﬁngamsar?
levels of concem. Remember, management is not dways
aware of or fomilior with daily operations and concems
of the process fine or deonup crews. The feam leader
should be technically compelent and comfortoble with the
job. This comfort resulls from the knovdedge that he has
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been given the authority 1o get the job done.(2)
Step 3 — Gather Background Dada.

Touﬂaﬂuﬂhhws;\dhmmma
thorough undersionding is
uﬂaﬂuﬂ'mcmm&mmwrﬂogr:q:f'dml-
able background data.

There ore kour basic types of data that should be col
ﬁo(t;lSmnmd%hbnmimmﬁdathaHe
2,

For a more complete ofthe ond o
construct @ flow di mmﬂe@&k
mddahhtm“lomnsiisooﬂachdlhkdm
easy tronsfer 1o the flow and serves as a
usehl refesence for fulure adtivifies. An example is the
|i§i|g,inltbdaffpnn:’o‘5eod\t;ﬁbdprpwﬁha »
furctional description and assoc :
wasfe sireoms, lhisilﬂlslmldidm%b
o equipmen, Even
eyt o oy e Sk
ma&mﬁmiﬁwm:?mﬁpbéw
o ower exompe
bl s i
ing process fo sni
find procuctd)

Step 4 — Flow Diogram and Plont Survey.

Based on the gathered dota, a detailed Row
diagrom of the plant should be construcied. This will put
e information in a visud, usable form. Allinputs and
outputs should be idenified as o the source, quandiy,

type ond concentration,

fvmsleslraa&r:‘sn-— id,lsalid,dr—shoddbe o
makeup acivities should be noted dlong with any
recovery/recyde/reuse efforts.

The background information, tabudar information and
kabeled flow diagrom will help identify ony data conflics,



E:norausadneededmuﬂuhglomﬁm twil

M[y!::miﬂm’eupm bkdisposeof,
ore generaled from expensive raw materials or ore
causing handling or discharge problems.(3) Using this
information, conduct an o_[ydud in-plont dohmwﬁz. This
survey is designed o verily exish \ iSSi
d;eymd for addifiondl mﬂmn e
To undersiand problems faced by the focility, a complete
knowledge of each unit process clong with the interadtion
wih olher processes, is required. The iobulor data
compiled ecrier on each unit process will be of help
during this phose.

If detoiled dota is not available on waske streams or
wuter usage o if new wasle sireams are identified during
the suvey, then sampling/monitoring should be con-
duced. Sampling/monitoring should be conducied over
o pesiod of time o assure occurole, represeniafive
samples. If a voriely of products is run,
sampling progroms should be performed for each

. Woter usage should be monitored to determine
usage by shift and/or product. Dala collecied here can
be added to the flow diagram ond extropdlated o

morihly or yearly figures.

In addition %o colleting samples, i is impodont to

dnesd g e,
matericd receiving P ipping. i
and adivities should be observed on more then one

occasion. The use of video cameras is dlso recom-

::ddedVideopfwdesbd amrderammﬁdcmbe
as a training fool. By ! process
deonup octivities and talking with line personnel, obwious
wasle-generoting pradtices, such as dumping bod
baiches into floor drains, may become apparent, Toble 3
ides examples of information that can be obigined
mmirrplonwqr,denbledlislssomelypesof
questions that should be asked ond answered.(2,5)

Step 5 — Maleriaks Balance,

Upon completion of the in-plant survey, all data should
be reviewed ond vpdated hor accurocy and complete-
ness. At this point, the following information should be
ovailable for each wasfe siream:

* point of origin

. handling/treciment/di
; mm% ——

quanity genercled

* rofe of generation lb/uﬂmpmd;dl
* variations in generalion

» polential for confomination or upset

* cost o manage (4) ) o
survey information

With ol collected doto, i
reslts of monitoring/ the malerials balance eon

be performed. There are two basic balances ,
pmbyﬁmudmdphilm
out that these balances are mass quantities, i.e. bosically
what goes in minus what comes out equals wasie
generation.

The process-by-process balonce should pinpoint areas of
greatest wasie generation and waler These
areos/processes trondate fo poinis with the greakest
poteniial for reduced woler use, waske redudion polen-
fidl, waske elimination potential and/or recover/reuse/
recyde opporhunifies

The second madericls balance, the overall plont balance,
considers achivities not necessarily associated with o
single unil process. Some areas fo consider in this
r:lceid:debu";fezdlimiledb:
* discharges to rains
o discharges o sorm droins

m'ﬂsﬁedatmdbiocidamed

iondl, deanup, maintenance procedures
m&mi&pemrd(delivaypeq)hmd
areas of woste and pollution generotion.

Step #6. Evoluation of Reduction Allemctives.

The exact used fo identify, evolute and select
opplicable redudion technologies will depend

on the
complexity of the plant and quantity and variety of wasles
simple group disussions and manud evakuations by
feom members fo complex and sophisticated computer

modeling fechniques. Approaches token should conkain
the some basic four seps:
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1. List of woste streoms.

2. Identify potential woste reduction techniques for
each siream (i.e. brainsiorm).

3. Evoluate off fechnicd, economic and regulotory

{FDA) cspedsofeod\hd'lx

4, Based on life cyde costs, select the most cost-

effeciive reduction techniques.(2)

All ideas generoled during skep 2 should be considered.

Offens times the simplest or most for-feiched suggestions

con have the most positive impact

b addifion Yo evoluations for specific wasle
seams, overal iy rechctio plons hoold be
formulated. The focility-wide plans can indude such
ifems os:

¢ recyding progroms,

* maerk wr@

* maindenance ng procedures,
* deanup procices.

Upon identifying possible altemiives for consideration,
an engineering {technical) and financidl evaluation
shoid be pertomee, The most cotoffecive cmctives
- ledwoum financialy sound — based on Iife
cycle cosls be selected for implementation.
Ter:hniccdnl1 Fcejm'bﬂ' mlﬂmdr:vdude consubior
tions wil salely agences,
effect on produdt, applicabilily, reliability, O & M
irements, ease of implementation, ond wasle

ion potentid {2}

Ancther part of the technicol evaluation is the consider-
mmnabilﬂy, both for the individual and company as

a
b oddifion fo tte ledmc(eid analysis, finlrgdefeasibﬂily
analysis must be performed. By using o i cost
onalysis, @ payback period con be calcvialed. All cost
analysis should indlude capital expenditures and O & M
costs and shoukd be weighed against treiment and
disposol costs. Al costs associated with the aliemative
should be considered such as: initidl cost, replocement
cost, energy cost, chemical cost, operations col, ek.
These costs should be weighed against the obvious
freatment and disposal cost, and not so obvious costs
wd\aslossofmwmulaid,los:ffodud,hdﬂilyfor
more

waste generoted, ever-changing
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IMPLEMENTATION/EMPLOYEE
TRAINING/FOLLOW-UP

Implementation
The ochual wasie audit is now complele.

pracices
gloyeeslmldbeadmpim,am in wasle
uction.

This schedule con serve three major purposes. The first is
o allow iracking of the progress. The second s Io keep
b e o wase redution i i et of e
compony’s daily octivities. The third is o demonsirafion
of “good kaith” i there are current jance or
ik relations problesms associaled with the fociliy,

Employee Training

'lheﬁrsldlumﬁvehl&wldl:y&n isan

employee froining program on procedures.

Tminingpmgrunsmdbepmq:edﬁcmdocﬁvﬂy

P waogn o i S

o \
induded and invalved.  The imporfance of the raining
should be mode apparent o the process line

deanup personnd. Offen this con be achieved by



having upper management atiend oll fraining sessions.

Training sessions should be posifive. Emphasis should be
on a befter opproach. Most employees become wiling,
enthusiastic paricipank in a waske redudtion progrom
once they realize whot o waske is and thet their activifies
con hove a positive effect on the environment, plont
profiiability and their own job security. Training

grams should be repeated on o busrsmcf?mﬂd
allow for input and questions by employees.

Training should emphasize keeping food stuffs off the
floor and out of the drain by using broom and vacuums,
not everfilling vos, not dumping leflover or off-spec
product and not using hoses as brooms. Dry deanup
fools {brooms, shovels, vacuums) should be placed in
areas offering easy access.

Follow-Up

There are two types of follow-up — employee reloted ond
waste reloted. Many food processing hims have
discovered that the best fdllow-up Io ongoing employee
fraining is an employee suggestion/awards program.

Such programs keep enthusiasm high, generate pride,
cost litle and oﬂl:zrge paybacks glohihe compar?yﬂ.de

Ore such program, Pecple Against Waste [PAW), was
created by Moola Milk and ke Creom in New Bem, N.C.

This progrom is designed 1o involve em in the
waste reduction program and encourage them o search
for waste sources,

The success of this progrom hinges on the prompt and
defoiled response sent fo each employee submiting a
waste reduction suggestion, No suggestion is considered
too small for response. This personal response is coupled
with o visble reward, o PAW lollipep, ond the employee
being recognized in o newslefier,

At the end of the month, top ideas receive additional
recognition ond rewards ranging from money to stek
dinner gift certificates to PAW cops. The owords
increase for the best {most significant waste reduction)
suggestions received during ﬂ year.

The keys %o o progrom of this fype being successhul ore
hwi:)zdunpimbrheowseofmdndionmd
response fo ol suggestions. Remen-

The second orea of follow-up is wade reloed. Iniil
data obiained during the oudit con serve as a basdline
from which improvement con be measured. An angoing
wnslesui,wdewse moniforing progrom should

Monitoring/sampling results can be evoluated per
pmcess,peréib:rngpum:ilpmj;ldbddmnineh
progress that is bed as well os o & areas
ﬁmﬁwdﬂmah\dbhﬂ' Iong&’d.'
, when presented undessiandably, can go a
way foward boosting employes pride and enthusiasm.
Ore such presenidtion is a large, obviously located
depiciing water use, waske loads o the sewer
or solid wasle generafion, Such graphs are visud
reminders of o job well done or that backsliding is
oocurring. Company-wide rewords can be offered for
achieving present goals marked on the grophs,

CONCLUSION

The food i is on extremely
uwiclevumpmdxlswiﬂwdiﬂuingm,

ing techniques and market uses. The diversity of the
;guﬁryisml opparent by the vost amroy of final
produds but also by the wostes it creates. Food process-
ing washes are not considered hazardous; however, the
quantities produced are formidable{1) Due o the ever-
increasing cost of ireafing ond disposing of wases, it hos
freatment 1o prevenfion.

Kentifying waste streoms ond tednologies for reducing
orelimimﬁ'guisnkh of o woske oudit
Many have found, however, hat the simplest approach o
waste reduction, dry deanup, is the most effective
approach for the food industry.

Using a waste audit, any food plant should be able o
pinpoint wosle generation points ond eliminote or reduce
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them. The result being less wasle, more profi, less
Iicbiii)rmtlmi::.flftprt‘ugaat:lpul::lic'mage.m”it
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Table 1: Suggested Audit Team Composition

Personnd from:

. mor'nger_nent
03:/0:/

* shipping/receiving

o bl crcs

* ireatment/pretreatment
* mainfenance

» process line
* deanup crew
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Table 2. Sources of Bockground Information (2
Produclion Process

o Plont flow diograms and plont blveprinds fos bui)
» Sewer locctions - process/domesic/stom/cly

Woste Streom Information

* Manifests, anwdl reports and relofed RCRA information,
SARA reporfing doto

. Emimrmeﬂdmibrhgrjnk

* Environmeniol permits (solid woste, hazardous waske,
INPDES, pretreciment, cir emissions)

* Information on any regulatory violationseo Location of al
waske cdlection/slorage points

¢ m of oll wosle freatment unils with operting

s

. Ahe)mhwﬂediq:osdopﬁonlaﬁndbod,rerdem,

ekc) -

Foonomic Information

* Woter and sewer coss {inchuding prefreciment o on-sile
deu&huzardws

¢ Sali wusle management cosls

o Lobor, energy ond row produdt cost

o Wasls monagement coniracis/bilings

Generd Informafion

¢ Current recovery/reuse/ prodices
. Previwsemirumemdur:g:e
* Vendor information




Eble& Examples of Information from In-plont Survey

» Operafional procedures

* Source, quantity and concentration
of intermitient waste streams
oo ol s i

¢ ition of oll process eqmpmenl
ndvding fanks, pumps, pipes,

Ev:dence of leapmqmlsaﬁ
* Mainlenance res

schedule

» Potential sources of leaks and

spills

+ Operational procedures for woste
:n‘diis of ol
* Quantiy and concentration
trected wostes and residues
» Waske handling procedures
o Fficiency of wasle treaiment unis
* Waoste siream mixing

Waste

Management

Table 4. Questions 1o ask (5)
7. Receiog) Shin
in row matena

Y
mpmmﬂﬁfd spotlage prior

. hruwmdenollodd: ransfer aclivifies?
J Doesumﬂea.ppllumpeabdyﬂﬂoﬁipe:mk?

2. Process Line Operafing Procedures ond Equipment Moin-
jenance

* Is there loss of product due fo improper equipment fi
leaking lines, pumps, valves, ek.¢

* Are there spiloges resuliing from overfiing or mixing?

o Are there collection barrels or fonks for off-spec produci?
mmbadbddmhmcled?m&ydunpeddm

rain?

¢ Are there drip pans to cach produd, juices, peds, pil,
et.c:ndhcmcm‘.Il'xecoller:bdn'ucﬁemlsdlsposedofe

¢ Are there camy-over losses such as enirainment losses
from vocuum pumps?

* Are dry ingredients dllowed Yo pile up or blow around the

hc'ly
. employees know how o correcly operote their
equi
. pmdu.ndlodbfreene-morbum-on?
» s residual product left in lines, vats, mixers and washed
inko drains?

3, Clecarup Ackviis

) (l,sull};msedoroﬁspec product collected {kept out of
rain

o Are dry deon-up activities em prior lowash down?

) A:a? mmmmwoﬂm

o Do ofl floor drains have screens?

o Hove oll detergents and disinfeciants been evaluated for
ﬂ:;ewuﬂeloadcairﬂ:uhm' ¢ Are minimum omounis
vsed?

4. Miscelloneous

o Hovedl 'blerecyde/mm*n&[wwuierl ids
md“"'d}m for rwsc:ble/recydable:’od
o Have dllemate uses bor non

stuffs been examined?

o Are lights left on during the day?
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Low Tech Waste Reduction - The Equity Story

Stephanie Richardson, Program Manager
Norh Carolina Polition Prevention Progrom
N.C. Depariment Health, Emvironment and Noturol Resources
The food indusiry is very diverse. The row i are siored, ronsferred ond processed,
&vetsﬂyo} wd.:slrynsq:pmndcﬂybyhevusl Direct wasle can be dassified as infenfional and uninten-
of findl products the wasle fiondl,
Tﬂ hnolt.msl fo be o
hdhhamrdcunbefom e in the quoniites Infentional wosles ore wastes that are expecied, such as
gencroted, Evmh:ncﬂalmwdpluisccpubleof ings and pits from processing, blood ond
producing waste loads equivdent to o population of from meat breod ond dough from
15000b25000peop|e. Sludge generated from bokeries and woter from dll processors.
pmwsswusimtehz&naﬂcﬁpledh;nssdi‘dm Uumuﬂla:wv&uﬂesumbmewmm:’gﬁunﬂ
' fing product handling wmr mprowezhee
m&ﬂnmﬂsiﬂmd”ﬂiwhud m‘
expensive fo handle. ndudelossesaﬂn‘bdchb whilemdomge,
improperly supervised cleanup equip-
The increased cost of end-o-pipe treatment technokogies Mmmaumm injen-

and solid waske disposdl coupled with the negaiive public
unpodofermmnwmcomphmhosbrcecruﬁe
vl T ko by
wasle problem. proven

o o v T o]
md:slmmoreinnmydhmrdus ,is foriunote in that
low technology waste reduction is in reducing

waste generation, water usage and the associated costs.
Thqu:erwillpresmfhesiq:sﬂnrhavepmvm

generation in food processing

Nonnchmvfn?bevuhdoled bydoo.lmemedmils

[runlheEquﬂmeup,upmducerofbreudedd\ka
nuggels, located in Reidsville, N.C.

TYPES OF WASTE

Before an effective waste reduction progrom con be
implemented, an undersianding of what o waste is, and
how and where it originates is required. In food process-
?é,wasleombebrokenmmebgons direct and
indirect

Direct woskes are those wastes that can be accounted for
in the dumpster or inedible bins. These wasies occur as

tional or uninkeniondl, urempnsedo“odpmt:hd
ingredients and semi- orHypmcasedpmdud.

Indirect woste is o result of dired woste lost down the

droin. Product or raw ingredients lost down the drain
result in woslewater thal must be freated which leads o
the formation of sludge,

Sludge generation is dependent on the fype of food being
processed, the type of waslewaler irectment used and the
amount of food lost down the droin. There is a direct
soh o Bk he o

sireng fing generation.
One pound of Biochemical Oxygen Demond {BOD), the
polluiont measure most used by municipdlities, is
equivdent 1o 0.89 pounds of fat, 1.03 pounds of protein

ond 0,65 pounds of corbhydre,

IDENTIFYING REDUCTION
OPPORTUNITIES

hhoceurote record keeping of waste disposal and

Ireahnentcoslsorlock?dmosdpmblminmluﬂed
management injo thinking waste loods and water usoge
mm&mooceplcblelm& As management reclizes
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that efliciendly run wet processing planis should only lose
2 1o 5 percent of input ingredients, they become oware of
the losses they ore incuning. This coupled with increcsed
waslewater treaiment and solid wasle disposal costs os
well os public scrutiny have forcad management o
reevoluie operational procedure.

The best and quickest approadh o identifying waste
reduction opportunities is by conduc owus!euudiior
wasle assessment. This opproach nie

house or by outside consultons. ﬂmaresubasvcs!qn

fo this process.

First and foremost is corporale commitment. Lack of
corporate commitment is the mest formidable cbsiade 1o
wasteredt:ilm rl?;lr:]siuhlishrneﬂioFc:dear,t:mE"u'::sae
corporate poti ing waste is imperative.

ees hove snzmw}mdcomsbhm
corporate commiment, ond they will rise 1o or foll to the

level that is expecied of them.
Step wo is a feam fo conduct the audit or
assessment. & conducied by en outside fim;

however, plarﬂanployees Imwbefucﬂ beﬂerim
Audils/assessments con be

;r;n:z::ud weru?ﬁlnappmd\b\::rmbenﬁ
riment prcmde Ins

brwdzal:csebwmﬂrom ﬂems‘;\ouldbe i

hmfranmmugemaﬂ shipping/ receiving, QA/QC,

infenance, , and
:::/sfmlddrmmasmk Aclcr,mydc

is “sisler” plank, it may be odvisable to have a represen
fative from that plont involved. This dllows someone who
has knowledge of the bulm'hmolvedwiﬂnlon
doy-b-daybasnsbmntwrh'bsh

hmado procedures are foken for g Addnhorr
dlly, |twi|pmdelompufﬁunsanmwhohosm
ears, imaginary or otherwise, of repercussions.

The third step involves gathering of background informa-
fion. This indudes dl uvuﬂable information from the
Folowing areas: production/processing, waste manage-
ment, economic/financial and (vendor informa-
fion, previous sudies efc.). This data should provide
some correlations between wuste produced, woter usoge
per unit process or production ochvlhes thot result in
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ificant wasie generation. Further it should indlicole
:xiorycaﬂldlspoﬂogelhasbmopmﬂanmh

past or if environmental ance is

Assembloge of this data wall result in @ formidoble
colection of material that must be put in o usable form.
In step four, which is divided info two parts, the informor
hmgaﬁaedsmedbedd:l&ollawdwiwlﬁ
tracks ingredients from the receiving
bpmd.vdorwusle. Aampleﬂow

ﬂmw&rpdmdwlwlperprocessdiradshban
toward areos as well os j dal
gaps. In the second port of step lwohalauminddgo

mhplaimdobsemad jxum
Ilhereure mmiun b"ddum

Q process or

mmmdmwlffbemdkmim
workers, or “why nol’ given
mhaoh\mkmof‘becwsewevedwuys
a'necmlwcstddb Sound
lacking when wastefid
prochices ore discovered. Another response indudes: 4
told monagement about the problem {situation], and they
did nothing about it so why should | core2”

Slepﬁvemqmrahd toke information that was
Frunﬂ'ewne/admednmtoll'eﬂowd\uﬂ

ond perform a mass balance. As the term implies, this is
a "mess” balance. ﬂ\edeﬂrehefelsndboccwrﬂh'

every microbe of ingredient, procct or waste; instead it
gdnladh'hanwﬂofmngmgredisﬂsh
mmioffnusl'adprodudadhunmleﬁosm
performed. is process by process.
pwpomtndmdudprocminlwehmodwmbﬁl
ond waler infensive. The second balonce is an overdll
plont one. This will evaluate adivilies that are not specific
%o an individual process such as deanup, boich dumping,
ek. Thsbdanceofmldaiiﬁsmwfmudw
in employee atfivide is required.

Now that dll the information has been assembled and the
areas of concem identified, i is ime fo move o the sixth
ond findl siep ~ cliemnatives evduation, Technical and
economic evaluaiions are performed fo determine the
feasibility of woske redudtion options, These options

Q.



could include such approaches as chemicdl substiiion,
gtmnno&ﬁodim,msileretydhgpmgm,df-
site recydling progroms efc

Fahbodidﬂy,m&ﬁeﬂedﬂeﬁ
is fraining woske: is it,
ﬂmﬁunﬁlwiiuﬂechbewirmwi
their job. & dlso hefps fo refroin them in proper dry
octivifies. For ol industries, employee iining
d be the first opfion implemented with oher
roaches fo follow. Employees are the first line of
Without their involvement, ony waste redudion
plan is doomed 1o kaifure. Employee training programs,

1

2

4]

THE EQUITY STORY

The Equity story began in June 1987 and is engoing.
Equity Group, in Reidsville, N.C., was producing
approximately 2.5 million breaded chicken

daily. The process involved the grinding and blending of
high qudlity chicken meat and the formation of chicken
nuggels, which were battered, breaded, rebattered, fried,
frozen and pocknged. The plant, which employed 275
pecple on two produdtion shifts and one deanup shift,
operated five fo six days o week. The operaiion used
approximately 200,000 gallons of woter daily and
discharged wastewater with o daily BOD loading of
4,500 pounds, Even of these levels of discharge, it wos
not unil the implementation of @ new sewer-use ordi-
nance, pretreotment limits and surcharge levels in June of
1987 that excess waske generation inri focility was
recognized.

The Problem

The héﬂh;ad opproad;’b ﬁ;ﬂ; pmcss:;r}g v.;sd

prodi ity, Hign production quality

saniiation ﬁuazrds transloted info high woler usage.

Additionally, the requirements of the U.S. Department of

Agriculture directing all production lines fo be free of any

meat accumulotion while in operafion were interpreted os
iring all equipment fo be hosed down three mes per

m The result wos o fenfold increase in woter usoge

and waske produdion. Since discharge of wosle
maderials hod not presented @ problem in the past,
bshes o b ot b prreanet et O
i rain fo
on hwdﬁhmhsbij&uhwﬁs
hicken meai, e of |
?ﬁddrybﬂhpﬁpﬁﬂhluﬂmmé
nes.

During this same period, Reidsville was fined for noncom-
pliance with their wostewaler discharge limits. Subse-
quent onalysis reveded that the gity's waslewaler
frectment plont wus incapable of handting incoming
wuslewaler ot the loading levels that were being re-
ceived. This resulied in o new sewer-use ordinance being
prefreatment limits surcharge ity's
BOD loodings were wel above the estoblished limits and
were very costly.

Inifial Response

Upon notification of the city's wastewaler tregiment
problem, the new discharge limits and the increased
surcharges for BOD, Equily kook immediate adion, A
canmiﬂeewzsllforrnedmldd'mgedwiﬂwhhi:oﬁ_
investigoting oll epprooches 1o reducing waske loodings.
The commiiee wos chaired by the diredior of personnel
who confacied the N.C. Pollution Prevention Progrom
EPP)mﬂfi\eCoopemlin:dmionSewice. The "
reclor of personnel was a people-orienied

hod o proconcevd idecs cout vt cou and
cou|ch’ibedmevﬁl1r$ur:|bbd1\icd roblems and

wosle freatment. His la ofpremnca'vafidemcwpled
wih the employee frust proved 1o be very valuable ossels.

Tochnical Ass
In July ond August of 1987, preliminary wasle surveys

were performed by PPP ond exdension specialists. At this
poin, the severity of the problem become apparent. A

report outlining operotional ond deanup procedures wos
submitied fo Equity and o preliminary training program

Forselecledmangelsu'hdplinestpewisomwus

This initial froining progrom acquainied attendees with

wastewater lerminclogy os wel os informed them of the

129



&Hiwlbesl‘quu wos having with their woslewaer
discharge. Ad&lladyil pointed out that these
woslewoter problems were a result of hosing bofter and
meat inlo the droins ond that o new policy of keeping
the food off the floor and out of the droin would be
implemented.

opproach ko woske problems faken by
Equity had been . Sirge@IMmducim
and pollution prevention was a new approach,
q:pﬁedforaﬂmcavedagruﬂﬁunPPPb ish
ond implement o wasle reduction program.

Identification

After the preliminary survey and inifial ¥raining progrom,

managers ond line supervisors were when g
more defailed waler and wasle survey was conduded.

Thuanveymnsledofobwvmgmd ing

processing and deanup odivifies. S comera shots ond

wdeoswereblax Addlhomlbrmonrbnngmdiesil
on waler usoge ond wasle genergfion

slu'ﬁanddmngpemcﬁcpomishoud\heduy

This detailed revedled that sdlid woste such os fa,
rawclmcl:mI:nybdta'md essed nuggels were
ng woshed down the drain. hqndwushsrduded
dudmbloodcmliem batier. Additionally,
wmyslmadhafwahdfdhwsie mhed

from the dleanup.

Gosermmimﬁonofhﬂmmdedidsdid
waste was being woshed down the drain becouse there
was no oliemae disposal option ond becouse there were
no cordoinment oaich pans} faciliies fo capiure crumbs,
ﬂwr,m"mcloﬁerpmdudslosldmngpmdudhuufer
It aso become apparent that wasle wos being genercied
because of wom-out equipment, missing
mudugnedmeyors lea ngvdaamdlm,mda
generdl lack of routine maintenance.

The most serious problem wos the lock of communication
between management, the line workers, mainfenance
sioff ond the deanup crew. The fine workers were
unaware that their actions could have o direct affedt on
wastewater problems. They had not been trained in dry
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ices, The mainenance approach was “¥ it
sk it e e o
more waler n
ino 0 belierch done,

Dry Cleanwp

The diy decrup approoch ook on o The irs
o 1 oaﬂumbrhpl:;:dmad

sepu-uﬁm;;solldamldm ﬂ%\e:am
included coich pans produd was
T o)
wasie on

equipment or was on the floor. Calch pans were dlso
urpﬁedmiﬁewﬂm Wihmdamnp!loce
supervisors instrucied ranployaasasbpmper ry
decnup methods. These involved removing AlL d‘y
ingredients from the floor and equipment prior
cleumgwihwder anmdiedswelecolecbd

ﬁundrywoﬂes.Byl?BB this basic training

in 0 50 percent reduction of the BOD
badh\gnl\ewaslaﬂder

The effeciiveness of dry deanup wos not only demon-
siraled in the BOD udimbdnlheanwiofnlld
wusle i\afmg barb&ydmubdad The colbmdleded:ldad
wasle is rate ond protein is
marketable. More than 5 million pounds per year are
being sent off site for use os animal feed with the
remaining being sent fo be rendered. This resubled in
opproximately 30 Jon/week of solid woste being
ranwedfrunl‘nelmdﬂnlm

an'th

The

Mzhmhm mﬂlednh
S e T
Forrmldadmdheng ingredients were being vsed.
Thscpproodwmmedbredrmhod:dgawaﬁm
of the waske,

The Program Continues

Even though the gront from PPP ended in 1988, Equ
commiiment fo wasle reduction confinues. This is
by their more recent efforts,



Ih Oclober 1989 eadh ond every employee of Equity was
ivoved in e raining program. Eoch shilt wos
broken inko half or thirds so that production could
continve ond group size be fimiled. Troining wos
oudience specific so that workers were inimidated o
confused, preseniations were made fo produc-
tion line , deonup crew, supenvisors and mon-
ogement. A member of monogement atiended eoch
preseniation % emphasize corporate commitment,

Endmh%mmnhwfamwmm
using ant activifies. were
irained as fo what @ waste was, where it came from, how
it offected the environment and how the increased sewer
charges were affecting profitability and their jobs. All
fraining was positive. Employees were not condemned
for previcusly occeptoble procices. Instead, the change
in dsiu‘ynjurds wc;snd explained. They pr‘::l:d received Et::;Ining
in dry deanup ures,
ST
easier waoslelul, i was X
equipnuﬂll’dwwldl‘elporﬁl\eyhad;;yiﬁoon
the subject.

Employees became enthusiastic participants in the wiste
oy e oo et
ogy is opparent :

wuslmlerpdluhﬂloazfngsredlzed In Oclober
1989, toial suspended solids and BOD koodings in the
waslewater were in the 2,500 mg/] ronge, Following the
training they dropped 1o the 300 mg/l range. This

fo a $10,000 per month sewer surcharge

Savings

ﬂmﬁmﬁamwhfﬁmﬂlﬂuﬁ
oyee concem ot o peok, Equity decided to start an
environmental employee involvement group. Thus the
Waste Awareness Program (WAP) wos begun in
Oclober 1989. TheWAPcorrmiﬂeeisconEedd
workers from company depariments and shits. Employ-
ees are rololed on and off the committee periodically o
ensure fotdl employee involvement and mainkain fresh
approaches fo the complex waste isses. Commitiee
members receive fo wear on their uniforms.  The
committee and ifs input has been effective as woste
loadings have confinved 1o decline.

Recendy, Equily noficed bl woler vsage hod begun o

increase slightly. wus delermined fo nip
this in the bud ond i a waler redudion
program os part of the WAP, Addiionally, new ap-

Gﬂmﬁmb‘ddmwmww

thmmlbi\tﬁcddhdbdluimmarkeldﬂe
commodity without he cumrent handling requirements.

The Last Step

Even wih a wosle reduction program that is s acive as
the Equily WAP, most food ing plaris need some
form of pretrectment. The nature of heir wasle, toklly

orgonic, makes this o necessity. Equity is no different.

They hove invested in upgroding their wasiewaler
prummhdﬂymwﬁdsdmwuionbash,
on air scrubber, 0

The waske reduction within the plont reduced
loading 1o the focility which has resuied in

less energy required for cerafion and reduced pretreat

ment cosis,

SUMMARY

The diredior of personnel for Equity, Jim Waoynick, was
ﬁnkeyirtgmdiaﬂhhhﬁiduzmgohgwmof
their wase reduciion progrom. His people management
skills coupled with his lack of preconceived ideas made
him o chompion of the couse, Waynick recently com-
pared waste reducion fo alcohdlism. He referred 1o it as
“wasiecholism”. As he so aplly put it *waste reduction is
very much like dlcoholism, First there is denidl: No, |
don't have o problem.” Then comes admitfing there might
be o problem: “Well, maybe | have a problem, but it is
not that bad.  would be easy Io fix. The comes accep-
fance: ‘Wel yus, | do have o problem, ond it is going 1o
foke some red effort fo fix.”” Waynick continued the
onalogy by saying that like dlcohdlism you are never
cured of waskecholism, |t is aways an ongoing process,
if you let you guard down wostelul practices wall reoccur
will rvin any progress made.

Low technology approaches fo waske redudtion are very
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effeciive, but they do require a chompion that believes it
can work, corporale commitment, a change in attilde,
ond employee involvement. Each of these ingredients is
critionl #o the success of a progrom. As Equity proved, #
is not  one shot program; i must be an active, living

program.

Remember strt small, stort simple, look for the basics.
Low technology approaches 1o waste reduction are
wndersiood and accepied by the employee. Low techndl-
ogy approaches fo woske reduciion con be implemenied
b TR, S bo it e o e o
wasle is , are
the bogicdl choice.
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