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Mr* Chairman, and Members of tha Committee, I am 

Prank G* Milkas, Chief of tha Procaasas and Effacta Branch 

at tha Environmental Protaction Agency (BPA) Environmantal 

Raaaarch Laboratory, Gulf Braasa, Florida* I hava managad 

raaaarch at this Laboratory ainca 1975 following flva yaara 

aa a Branch Chlaf in tha Offlca of Raaaarch and Development 

Headquarters in Naahington, D.C.

My aducational background la aa follova: I racalvad a

B.A. dagraa in Biology from tha University of Louisville la 

1962; a Master of Science dagraa in Public Health from tha 

University of North Carolina in 1964; and a Ph.D. dagraa in 

Environmental Chemistry and Biology from tha University of 

North Carolina in 1968.

I aa pleased to be hare today to discuss tha 

Environmental Protection Agency's research and understanding 

of tha blomagniflcation in marina food chains of 

polychlorinated biphenyls (PCB).
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The mission of the Environmental Research Laboratory, 

Gulf ia to dattraint tha fata and affacts of toxic

aubatancas in tha aatuarlna anvlronaant. Bacauaa our 

investigations in thia important raaaarch araa involve tha 

impact of dredged material on tha aatuarlna environment, I 

have acted aa IPA Co-Chairman of tha Environmental 

Protection Agency/U.S. Army Corpa of Engineers Technical 

Comaittaa on Criteria for Dredged and Fill Material aince 

lta Inception in October 1975*

In September 1979 tha Gulf Braasa Laboratory received a 

letter from Mi. Barbara Metzger, Director, Surveillance and 

Analyaia Diviaion, KPA Region ZZ aaking for comments on tha 

deolsion of Region ZZ to grant ocean dumping permits to two 

applicants for disposal of dredged material containing, 

among other constituents, polychlorinated biphenyls (PCB)* 

Thia decision by the Region was baaed on "the relatively low 

levels of bioaccumulation shown and the fact that tha

bioaccumulation observed occurred primarily in the 

polychaete worm/ which la of minor significance to the human 

food web*" We were asked for "our written views and 

comments concerning the tentative determination to concur 

with the Mew York District that the test data described 

herein satisfies the Ocean Dumping Criteria*"
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Xn our rtipoBMi dated 5 September 1979, we statad that 

raaaarch bain? conducted at tha Environmental Raaaarch 

laboratory. Gulf traasa, Indicated that PCB'a are readily 

bloaccumulated by aquatic organisms. Ha further atatad that 

polychaatea play a significant rola In marina and aatuarlna 

food webs and tharafora are potential contrlbutora to a 

potantlal huaan health hazard. Wa docuaantad our coaaenta 

by attaching a Hat of eight refarancea which show that 

polychaatea are. Indeed, a algnificant food aourca of 

numerous bottom feeding flshaa of commercial Importance.

Baaed on thia information, wa atatad in our lattar that 

*wa faal that the potantlal exists for uptake and 

blomagnificatlon of VCB's found in tha tast animals.* Tha 

concerns which wa statad In September are tha same concerns 

that wa presently havei if a large-scale ocean dumping of 

coatamlnatad dredged material occurs, thora exiata tha 

possibility of transport of thasa materials up tha food 

chain to humans. Central to thasa technical issues ara tha 

processes of bioaccumulation and biomagnification. However, 

tha exact mechanism of uptake and concentration ara lass 

important than tha fact that such potantlal has bean 

repeatedly daaonatratad in tha permit testa performed on 

this material.
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Let me not* at this point that/ in discussing our 

response presenting our viava on tha issue of 

blomagnlfication and bioaccumulation to Region II, w* 

recognise that permit daclaiona ara in tha hand of tha 

Ragion and thay may have available data on othar aapacta of 

tha diapoaal opantion which ara not taken into 

consideration in our evaluation of tha laboratory 

bioassay data*

I would like now to turn to a discussion of what wa aean 

by "bioaccuBulation” and ”bioaagnification."

Bioeccumulatlon refers to tha uptake of chemicals by tha 

organisms directly from water, sediment, and/or food* 

Biomagnification refers to tha increase in toxicant 

concentration which occurs in successively higher trophic 

level organisms in an ecosystem*

Biomagnification of PCB's in marine food chains has been 

reported in the literature* Munson (1972), for example, 

reported on the movement of PCB's in a food chain in a 

California estuary* The lowest PCB levels were in the 

abalone, a strict herbivore; tha second lowest levels were 

in the red sea urchin, a herbivore-scavenger; and the 

highest levels were in the whelk and the spiny lobster, both 

scavengers* Munson states that these data "support the idea 

that higher body burdens are accumulated by organisms at 

higher trophic levels*"

Nisbet and Saroflm (1972) state that aquatic 

Invertebrates and fish can accumulate PCB's to levels 

between 3 x 103 and 7 x 10* times higher than those in
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tha ambient water. They also atata that PCS lavala «r« 

clearly magnified within food chaina involving birda and 

mammals by a factor on tha ordar of 10 to 100 at aach step.

finally, tha National Academy of Sciancea, National 

Aaaaarch Council Raport on PCB'a (1978) atatad that "Bacauaa 

PCB concantrationa ara magnified aa tha compound novaa 

through food chaina* tha moat pronouncad toxic affacta ara 

notad in tha uppar trophic lavala*"

Thus* alnca polychaata worma ara known to bioaccumulata 

PCB'a* and polychaata worma ara known to ba a primary food 

eource of bottom feeding fish and* alnca biomagnification in 

aquatic food chaina has bman raportad* wa faal that tha 

potantial for biomagnificatlon of PCB'a from polychaatas to 

highar trophic lavala exists.

Thara hava baan other atudiaa* howavar* in which 

biomagnification of PCB'a waa not ao evident. Bryan (1979)* 

for axampla* atataa that "avldanca from analyaaa of 

polychlorinatad blphanyls haa auggaatad that thara may ba no 

bioamplification from phytoplankton through food chain to 

fish.” Scura and Thailackar (1977) atudiad tha klnatlca of 

Aroclor 1254 in a food chain conalatlng of an alga* a 

rotlfar and a fish larvae. Their data auggaatad that PCB 

accumulation ia not a food chain phanomana but rathar tha 

raault of diract partitioning of tha compounds between
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ths •••water and th« t««t organism. Mack (>979) atudlad eh* 

relative laportaac* at dietary and aqueoua exposure of 

bluegill eunfleh to several organic compounds (not PCB) and 

concluded that 'bioaagnlfleatlon* of chealcal residua* In 

aquatic food chains is not e significant phenomenon in 

natural eyeteas.

finally, Nlsbet and Sarafla (1972), while stating that 

food chain bioaagnlfleatlon of PCB'a can ba lapllclt In food 

chains leading to birds and aaaaals, also conclude that "It 

Is not yat clear whether concentrations of PCB's are 

consistently increased as they pass up food chains froa 

Invertebrate* to fish and froa fish to fish.*

Conflicting data also exist on ths relative significance 

of PCB uptake froa food and froa water. While Macek (1979) 

concluded that dietary uptake was significantly less than 

that froa aqueous exposure, Bryan (1979) stated that 

'certainly In fish and crustaceans all the evidence points 

to food as baing the aain source or organochlorlns residues 

such as DDT and PCB's.* Also Thoaann (unpublished 

manuscript), who developed a steady stats modal on ths fats 

of chealcals in diverse aquatic food chains, stated that 

'this aodel indicates that for PCB, ths observed 

concentration in the top predator fish is almost entirely 

dus to food chain transfer and not uptake directly froa the 

water.*
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Thus# it appears that bioaagniflcation can occur in iom 

food chains and any not occur in others and that many 

factors influsnca our psrcsption of this fact* In 

organisms like birds and mammals# for example, which rtcslrs 

littls exposure from water, diet aust play an important rols 

in PCI uptake* In organisms where uptake froa water aay be 

aost significant# bioaccuaulation rathar than bioaagnifica- 

tion is the primary souree of the tissue burden* The lipid 

eontent of the organisa aay be a factor also# as PCB's are 

partitioned froa water to the organism's lipid pool* Thus# 

an organism's sise# age# food habits# lipid content# 

distribution patterns relative to PCB sources# and exposure 

variations in time and space# all aay affect its propensity 

for bioaagnification* We aay not know enough about the 

New York Bight area to know or predict the concentration 

that will be attained by a specific species at a specific 

trophic level given the considerations cited above*

What we do know# however# is that organisms will 

bioaccuaulate PCB's froa water and food* I have presented 

two tables which coapare the bloconcentration of PCB's by 

aquatic organisms with the bloconcentration of other 

compounds* Table I coapares the toxicity and bloconeentra* 

tion factors (concentatlon in tissue/concentration in water)
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of PCB'a and othar organic chaaicala for tha ahaapahaad 

ainnow, an aatuarina fiah. Thia tabla ahowa that, generally 

apeaklng, tha acuta toxicity of PCB'a to the ahaapahaad 

ainnow la lowar than aany of tha other compounda Hated in 

tha table, particularly tha chlorinated hydrocarbon 

peeticldee. However, tha chronic toxicity of PCB'a, 

particularly 1254, appaara to ba greater than for aoat of 

the coapounda liatad in Table I, The Bioconcantratlon 

Factor (BCF) for PCB’a ia vary auch higher in tha ahaapahaad 

ainnow than for any othar coapound liatad.

Tabla II coaparea tha BCF valuaa for PCB'a and othar 

chaaicala for a nuabar of aatuarlna organiaaa. It can be 

aaan that tha BCF valuaa for PCB'a ara higher in avery 

organiaa for alaoat all coapounda,

Thua, wa know that by whatever aachaniaa PCB'a gat to 

tha higher trophic laval organiaaa, i.a., froa water or 

aedlaant or food, high concentratlona of PCB'a can ba 

expected to ba found in the tiaaua of fiah of coaaarclal 

value. Whether thaae tiaaua lavala raault froa 

bioaecunulation or bioaagnification la not tha aignifiaant 

point; they ara nonathalaaa praaant and could praaant a 

potential health haxard to aan. To underline thia concern, 

wa need only point to the FDA propoaal to reduce tha action
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Xaval for PCB'a in fish fro* 5 ppa to 2 ppa 

thaaa vaXuaa wara darivad baaad on * knowXa 

health affacta of PCB'a*

Mr* Chairman, thia concXudaa ay prapara

• Wa aaauaa

dga of huaan

d atataaant*

that
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Aaaoc. Gama Fiah Comm. 192.
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Conf. S.E. Aaaoc. Gama Fiah Coma. 402.
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