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STATEMENT OF THOMAS W. DUKE

My name is Thomas W. Duke. T am the director of the
Environmental Pwtwtwr.t Agency's Gulf Breeze Environmental
Reseanch Laboratory at Gulf Brreze, Flonida. 1 have directed
neseanch activities at this Laboratory since 1968, The
m{ssion of the Gulf Breeze Laboratory 48 to study the effects
of toxic onganics on marine organisms.

My educational background is as follows: 1 necedlved
my B.S. degree in Zoology fnom Texas A § b University in
1953, my M.S. degree 4in Oceanography grom Texas A § M Uni-
vernsity in 1960 and my Ph.D. in Oceanography from Texas
A § M Univensity 4in 1962, A List of my scientific publi-
cations is appended Lo this testimony.

My testimony will be taken grom completed and ongoing
nesearch, as well as pentinent nesults of nelated studies
dn the Literature. My testimony {s concerned with the .
routes, nates and nedervodins of Mootm®!254 dn Eascambia
Bay, Flonida and with the effects of various Aoclors on
marine organisms as determined 4in the laboratory.

The following exhibits are included in my testimony:

1. Duke, T. W., J. 1. Lowe, and A. J. Wilson, Jn. 1970,
A Polychloninated Biphenyl (Moc&oa@lZSﬂ An the Water, Sediment,
and Blota of Escambia Bay, Florida. Bulletin of Enmvironmental
Contamination and Toxlcology, Volume 5, No. £, pages 171-180.
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2. Nimmo, D, R,, D, J, Hansen, J. A. Couch, N, R, Cooley,
P. R. Pawnish, and J. 1. Lowe. 1974, Toxicity of Aroclon
1254 and 1ts Physlological Activity in Several Estumrine
Ongandiams. Axchives Envinonmental Comtamination and Toxi-

cology. [In press)

3, Nimmo, D, R,, P. D, Wilson, R. R, Blackman and A. J.
witson, Jn. 1971, Polychlorinated Biphenyl Absorbed §rom
Sediments by Fiddler Crabs and Pink Shrimp. Nature, Volume
231, No. 5297, pages 50-52.

4. Wiltson, A. J., In. 1972, Escambia Bay PCB Survey.
Unpublished data.

5. Nimme, D. R., R. R. Blackman, A, J. Wilson, Jn.
and J, Fonester. 1971, Toxiecity and Distribution of Moc.toh.®
1254 in the Pink Shnimp Penaeus duonarum. Marine Biology,

Volume 11, No., 3, pages 191-197,

6. Nimmo, D. R., J. Forester, P. T. Heitmuller and G. H.
Cook. 1974, Accumulation of Moc&on®1254 An Grass Shrimp
{Pataemonetes puglo} 4im Laboratory and Field Exposures. Bulletin
of Environmental Contamination and Toxdcology. {In press)
7. Staff, Gulf Breeze Envirommental Research Laboratory.
1969-1974, Aroclon ®1?54 An Escambia Bay System, Unpublished
data,

8. Proceedings. 1971. Second Sessdion of Conference in
the Matter of Pollution of the Interstate Waters of Escambia
River Basin (Alabama-Florida) and the Tntrastate Portions of
Lhe Escambia Basin and Bay within the State of Florida. Second

Sessdon.
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9. Proceedings. 1972, Thind Session of Conference
in the Matter of Pollution ?6 the Intenstate Waters of
Escambia River Basin and the Intrastate Portions of the
Escanbia Basin and Bay within the State of Flonida. Third
Sessdon.

10, Staff, Gulf Breeze Envirommental Research Laboratony.
1969-1974. M,oc.toa@li'ﬂ An Selected Oysters from Escambia
Bay, Floadida, Unpublished data.

11. Cooley, N. R., J. M. Keltner, Jn, and J. Fonestenr.
1973. The Polychloninated Biphenyls, Moc.tou®1248 and
1260: Ef{fect on and Accumulation by Tetrahymenz pyrdifonmis.
Journat of Protozoology, Volume 20, No. 3, pages 443-445.

12. Lowe, Jack 1. 71969. Gul{ Breeze Envirommental
Reseanch Laboratory - Bioassay Screening Tesl on Aroclor
1241/ finpubBished data.

13, Cooley, N. R., Keltner, J. M., Jr, and J. Forester,
1972, Mirex and mwa@nw Effect on and Accumulation
by Tetrahunena pynifoamis Strain W. Journat of Proozoology,
Volume 19, No. 4, pages 636-638,

14, Witdish, 0. J, 1972, Polychloninated Biphenyls
{PCB) in Sea Water and Thein Effect on Reproduction of
Gammarus oceanicus, Bulletin of Environmental Confamination

and Toxdcology, Volume 7, No. 2/3, pages 182-187.

15, Wwildish, D, J. and V. Litho, 1971, Uptake of Poly-
chtoninated Biphenyls grom Sea Water by Gammarus oceanicus.
Manine Biology, Voltume 9, No. 3, pages 213-218,
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16, Parnish, P. R. 1972, Gulf Breeze Environmental
Reseanch Laboratory - Bioassay Screening Test on Modou@
1242 and 1254, Unpublished data.

17. Bourquin, A, W. 1974, Gnrowth Responses of
Estuarine Bacteria Lo Minex, Heptachlon and Polychlorinated
Biphenyls. Unpublished manuseript.

18. Kinter, W. B,, L. S, Merhens, R, H. Janick{ and
A. M. Guarino, 1972, Studies on the Mechanism of Toxicity
0§ DOT and Polychloninated Biphenyls {PCB's}: Disruption
of Osmonegulation in Marine FLsh. Envirommental Health

Perspectives, Volume 1, pages 169-173,
19. #Hansen, D, J., P. R. Paarish and J, Foreaten.

1974, Moc&on@lows Tox{city to and Uptake by Estuarine
Animals. Envinonmental Reseanch. {In press)

20. Stafd, Environmental Protection Agency's Gulf Breeze
Envitonmental Reseanch laboratony. 1974. Toxicity of Aroclors
1260, 1254, 1248, 1242 and 1076 to Salt Water Onganisms in 48-
and 96-houn Bloassays. Unpublished summary,

21, Lowe, J. 1., P. R. Panndsh, J. M. Patrick, Jn. and
J. Forester. 1972, Effects of the Polychlorinated Biphenyl
Modo&@liﬂ on the American Oyster Crassostrea virginicn.
Marine Biology, Volume 17, No. 3, pages 208-214,

22. Pamnish, Patnick R. 1974, Aroctor®1254, 00T and
00D, a;:d Diekdrin: Accumulation and Loss by American Oysters
(Crassostrea virgdnica) Exposed Continuously fon 56 Weeks,
Proceedings of National Shell{isheries. {In press)
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23, Couch, John A. 1974, Free and Occluded Virus,
Simitar to Baculovinus, 4in Hepatopancreas of Pink Shrimp.
Nature, Volume 147, No..5438, pages 229-231.

24, Nimmo, D. R. and L. H. Bahner. 1973. Physiologicat
Consequences of Polychlorinated Biphenyl and Salinity-stress
in Penaeid Shaimp.  Symposdum on Pollution and the Physdio-
Logical Ecology of Estuarine and Coastal Water Onganisms,
November 14-17, 1973, Hobcaw Barony, South Carolina,

25, Witdish, 0. J, 1970, The Toxieity of Polychlorinated
Biphenyls (PCB} in Sea Water o Grammanus (ceanicus. Bulletin
of Environmental Contaminat{on and Toxdcology, Volume 5, No. 3,
pages 202-204,

26. Hansen, 0. J., P. R, Parnish, J. 1. Lowe, A. J.
Witson, Jn, and P, O, Wilson. 1971, Chuonic Toxicity, Uptake,
and Retention of Modon®1254 in Two Estuarine Fishes.
Bulletin of Environmental Contami{nation and Toxicology, Volume
6, No. 2, pages 113-119,

27, Schimmel, Steven C., David J. Hansen, and Jerrold
Forester, 1974, Effects of Mooﬂon.®l!54 on Laboratory-
reared Embryos and Fry of Sheepshead Minnows (Cyprinodon
variegatus). Trangactions of the American Fisheries Society.
{In press)

28. Hansen, 9, J., 5. C. Schimmel and J. Forester. 1974.
M.odon®1254 4n Eggs of Sheepshend Minnows: Effect on Fenti-
Lization Success and Survival of Embryos and Fry. Proceedings
of the Southeastenn Game and Fish Commission. (In press)

+
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29, Johansson, N., 8. Jensen and M. 0Lsson. 1970.
PCB - Indications of Effects on Fish, 1n "PCB Conference,
Wenner-Gren Centen,” September 29, 1970, pages 59-68.
National Environmental Protection Board, Stockholm,

30, Hansen, David J. 1974, Moc.&oa®1254: Effect
on Developing Estuarine Animal Communities in the Laboratonry,
Contaibutions to Marndine Sclence. [In press)

31, Hansen, 0. J., S. C. Schimmel and J. Forestenr.
1974, Effects of Moc&on@low on Embryo, Fry, Juvenile

and Adutt Sheepshead Minnows (Cyprinodon variegatus).
Manuserdpt approved by Gulf Breeze Environmental Research
Laboratory,

32. Staff, Environmental Paotection Agency's Gulf
Breeze Environmental Research laboratory, 1974, Toxdcity
of Aoclons 1254 and 1016 Lo Salt Water Organisms dn Flow-
through Bioassays Exceeding 96~hour Duration. Unpublished
summany,
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ROUTES, RATES AND RESERVOIRS OF AROCLOR(:)1254 IN
ESCAMBIA BAY, FLORIDA

We detected the polychloninated biphenye, mwm®
1254, 4n the waten, sediment and biota of Escambia Bay 4n
1969 {Exhibit 1) and continue to follow the movement and
accumulation of this chemical within the bay system. Only
one source of the chemical, the Monsanto chemical plant on
the Escambia River, has been Located at this time. The*
Moclor reportedly entered the plant's effluent through
accidental leakage of a heat exchange fluid. The Leakage was -
stopped aften the company was notifdled of the appearance of -
PCBs in the bay system. However, a small amount of thia
chemical continues to enter the system, possibly from
Leaching §rom contaminated sediments into the plant's effluent
diteh, Several conclusd{ons have been neached grom this study:
(1) Much of the chemical entering fhe waler of Escambia
River appeared in particulate foam in the water
samples
(2) mma@m was distributed from the point of entry
Ain the Escambia River Lo sediment and biota in the
Escambia Bay system by physical on biological thans-
port
{3) Some of the organisms containing residues of Mocton@
1254 are used as seafood by man
(4) Although the quantity of the Aroclon in the Escambia
River was neduced drastically, residues continue
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10 appean 4n oysiens approximately 8 mides down-
slrneam.

Exhibit 1 summarizes the .histony of the discovery o4
the chemical in the bay. Exhibit 2, Tabfe 1, gives Modo&@
1254 concentrations in water, sediment and biota §rom
September 1969 to December 197! after the Leakage was
stopped. By comparison, samples of sediments had high
concentrations ranging from non-detectable to 30.0 mg/kg
(dry weight). 1In the initial survey (1970) of sediments
§rom the river and bay, concentrations were high at the
source of the pollutant (Exhibit 3, Fig. 1; see below the
industry) and also at the mouth of the river (Exhibit 3, Fig.
1). Other surveys (1970-1972) show that concentrations of
Mooton@? 254 in sediments from three Locations in the hiver
and bay appean Lo decrease with time (Exhibit 2, Fig. 3).
ALso, the concentrations in sediment strata appear 1o decrease
with depth. While the number of samples was Lnadequate fon
absolute comparison, these data indicate a trend. 0Data §rom
the Latest survey (1972) taken in the channel [Exhibit 4,
page 4, see Transect A-middle) indlcate that A{n November, 197{,
the sediments above the trestle sLill had considerable amounts
of chlof@i’“. Concentrations ranged from 0.16 Lo 9.0 mg/kg
(dry. wedght).

The sediment reservoir of A»we,ao@w 45 probably a
sounce of this chemical Lo the biota of the bay because resldues
continued fo appear aften the amount in the water was reduced
dwstically. For example, the {nitial swrvey of biota
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(Exhibit 1, Table 1) showed biota with Levels as high as 12.0
mg/kg. TIn surveys conducted in 1969-70, shrimp collected far
§rom the oniginal sounce had whole body concentrations as high
as 14 mg/kg wet weig‘!ut (Exhibit 2, Fig. 4}. Conerntrations of
Aroclor found £n species collected in Escambia and East Bays are
shoum in Exhibit 2, Fig. S. The biota in East Bay are about
35 hilometens from the onigimal source of the chemlical, and
yet have detectable Levels of the chemical. There is also
a higher concentration of Mod01®1254 An higher trophic
Levels in both East and Escambia Bays® biota which could
dmplicate a food chain thansfer from sediment to Large animatls.

Three separate studies have been conducted to study
the capacity of benthic animals to accumulate Modm@
1254 §nom contaminated sediments. The §inst of these [Exhibit
3) showed that shaimp placed on various naturally-occuwning
substrates containing this PCB accumulated the chemical in
proportion to the concentration of the chemical in the sediment.
The second study showed that penaeld shrimp (Penaeus duorarum},
ptaced on Mocton B1254-contaminated sediments, in upper
Escambin Bay, accumulated the material (Exhibit §, page 197).

Grass shuimp, Palaemonetes pugio, exposed for 3 months to

sediments in the bay accumulated wmn@m Lo aboutl 0.4 mg/kg
whole body (Exhibif 6) in the third study.

MONS 203416
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Additional data on the Levels of Mocl;oa®!254 in
the waten of the Escambia Bay system are shown in Exhibit 7.
We analyzed both {{ftered and unfiltered samples of surface
and bottom Water and monitored water from the new outfall
that the industry constructed in 1971, Duplicate samples
were also analyzed perdodically, and in general, there was
good agreement. The wafer column was fadirfy homogeneous
fudging from the consistency of surgace Lo bottom samples.
But in filtened samples of water, Little Moc,ton®1254 was
necoverable, This observation probably means that most
of the chemical was attached Lo suspended parnticulates in
the ndver water. Other evidence of thias 4is shown in Exhibit
8, Fig. 1; Exhibit 9, Fig. 1, where waters in Escambia Bay
show only trace Levels (0.3 to 0.0548/L), whereas the Levels
in the sediments ane relatively high (Exhibit 8, Fig. 2;
Exhibit 9, Fig. 2).

The Moc,bon® 1254 concentrations from a new outfall
condteted by the industrial plant in 1971 are Listed An
Exhibit 7. Levels of this PCB continue Lo be above 0.03 4/l
but well below those found in the initial Awwe.yb' (1969). Some
Moc.ton@l!ﬂ 48 now found 4n the aiver above the Industry and
we assume this 4{s due Lo the effects of high tides and winds
moving surface watersd slightly up the ndver,

. We oniginally discovered M.aezou®1254 An the bay 4in
oystens from Devil's Point Light and we have continued to
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moniton these moflusks {Exhibif 10}. The increases 4in
Maoton@!?ﬂ Levels 4in May to July each year are probably
due Lo the {ncrease 4in egg mass which could have a high
agfinity Lo Lhese chmm because of a high Lipid content.
The Levels drop shontly agten the oysters spawm. This
phenomenon also is obsenved in the Laboratony. 1§ the data
grom Devit's Point Light are analyzed by Limear regression
analysis it is projected that these mollusks would neach
the <0.03 49/l Level by 1985, This prediction assumes that
no mone chemical {s put into the system and that climate,
hydrotogic on other facions remain the same.

EFFECTS OF AROCLORS ON MARINE ORGANTSMS

At the time M.odoll®!254 was discovered in Escambia
Bay, essentially no data existed on the effects of this
chemical or other PCBS on marnine organisms. Since it 4s
difficult and sometimes impossible to determine toxic effects
of specific chemicals in the natural environment because of
the presence of other chemicals and {luctuating envirommental
conditions, we conducted speclfic Ltoxielty test with Moatm@
1254 and othen Aroclors under controlled conditions in the
Laboratory. 1In orden Lo make our bioassay information as
meaning§ul as possible, we conducted most of our tests with
indigenous organisms from Escambia Bay or similar areas, and
utilized §Lowing seauwanter when possible. The toxicity of the
test chemicals was deteamined for specific marine organisms fon
a given pendod of Lime. Detailed test conditions are given in

Lhe exhibits,
MONS 203418
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Residue analyses were conducted whene possdible 2o
deteunine if the animals concentrated the chemical grom
the waten in which they wene tested. This {& an important
aspect of thr:;se bioas says because Moczon®1254 occcurred
in animals from tacambin Bay that are urzd by man for §ood.
Obviously, these animals could serve as a veetor for the
movemend of Nwotou®1254 grom site of application to humans.
1§ reaidues in manine organisms were to exceed Levels deemed
haamgul fon human consumption, the {{shery redource could nof
be harvested and would be advernsely affected. Condequently,
the well-being of commercial §ishermen and those with nelated
occupations would be adversely affected,

The following conclusions werne reached from Laboratony

bioassay experiments:

{1} ALL of the Moclors tested are acutely toxic fox
centain estuarine organisms.

{2) Bioassays Lasting Longer than 96 hours demonstrate
that shont-term on acute tests underestimate Loxi-
cities of some of the Aoclors.

(3) Bioassays lasting over 96 houns indicate that
Moutoa®lzs4 L8 toxice to commencially valuable
shaimps at concentrations Less than 1 Kg/l and
its toxledty 4is greatest Lo young shaimp and to
shrimp that are subjected Lo streds.

(4) Fishes, particulantfy sheepshead minnows, are
extremely sensitive to Mootoa®1254. Concentrations
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of about 0.1.49/L in waten are Lethal to §ny
and affect reproduction of this fish. About
T4g/g in €99’ of the {ish (s Lethal Lo fry
hatching in waten free of this chemical,

(5] The acute on short-tewm Loxicity of Mouton@
1016 to estuarine organisms 4s simitan to other
Aroclons but it appears Less toxic Lo fishes
Ain Long exposures than does maon@mzu.

BIOASSAYS OF 96 HOURS OR LESS DURATION
AMoclon 1250: Acute bloassays Losiing as Long as 96
hours show that maoa®rzso {8 toxic to a wide variety of
animals. Growth of the ciliate, Tetrahymena pyriformis, was
neduced agter 96 houns in growth media containing 1,000.49/L
04 MooboJI@lzw (Exhibit 11}, Pinfish were apparently un-
affected and 10% of the pink shrnimp died in 100 43/L of the
PCB (Exhibit 12) duning a #8-houn test. Oystens, however, were

, densitive to Moutoa®126o with growth diminished by 44% in

10 48/L and 52% in 100 49/ in a 96-hour Lest.

Aoclon 1254: Acute bioassays {ndicate that Modon®
1254 may be more toxic to some estuarine onganisms than Azwoton@
1260, Gnowth rates of the eiliate photozoan, T. pyrifonmis,
were significantly neduced by 96 houwrs exposure to leg/L {part
pex buunn).og Aoclon—" 1254 in 10 mt of growth medium
(Exhibit 13}, A concentration of 10049/L of M.odoa@lzﬂ Ain
48-houn flowing water bioassays appeared Lo have no efgect on
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fuvenile pinfish, lagodon nhomboddes, but hilled 100% of

the juvenile pink shnimp, Penaeus duorarum, Shell growth

of oysters, Crassosirea vinginiea, exposed for 94 houns

was completely Anhibited by 10049/t and decreased 41%

over that of unexposea controls by 1049/t of Mocl.oa@

1254 {Exhibit 11}, ALL four species accumulated Moc!.on.®
1254 with quantitied in oysters, pinfish, and pink shrimp
exposed to 104g/L in excess of 1.g/g {part per million).

The Mocl.on@tzs# {8 Zoxic Lo the amphipod, Gammarus ocednicus,
{Exhibit 14). The amphiped also accumulated Moma@IZH
from watex {Exhibit 15},

Arocton 1248: The toxicity of M.ocloa®1 248 to 1. pyni-
formis (Ixhibit 2) {s about 1,000 times Less than that of
Aroclon' > 1254, 148 Loxicity Lo shrdmp, oysters, and pinfish
was simifar Lo that of MOM@IZM (Exhibit 12},

Moclon 1242: Bioassays Lasting 96 hourns demonstrate
that this PCB {8 toxic fo oystens and shrimps at concentrations

of 10049/t on Less (Exhibit 16). This PCB, Like the others

Lested, had no apparent effect on pinfdash. Moaoa®1242
Anhiblits the growth of certain strains of estuarnine bacteria
{Exhibit 17).

Moclon 1221: In static bioassays lasting 96 hours, 80%
of tfle Rillifish, Fundulus heteroclitus, exposed to 25,0004¢g/L
of Moc&m@lﬂ! died (Exhibit 18). ALL control and 7,500

(/L exposed fish survived Lhe 946-hour experiment. Llethal
concentrations of Mocl.on@l 221 did decrease the ability of

this hiLLifish 2o osmonegulate. The osmolanity and Na concen-
thation of the serum was consistently dncreased in fish exposed
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Lo Lethal levels of Moc&oa®12ﬂ.

Aoctor 1016: Bioassays Lasting 96 hours show that
mer@tow, Like other PCBs, s acutely toxic Lo many
edtuanine ong;znuma at concentrations of 100 4g/L on Less
{Exkinit 19). About 10.49/L was estimated to be Lethal to
503 of the oysteas, brown shrimp (Penceus aztecus} and grass

shrimp {Palaemonetes pugio) 4n §lowing water bioassays. Only
188 of the pinfish exposed Lo 100 49/l died in the 96-hour
exposure. ALL four of these species accumulated the PCB
with the quantities accumulated being related to concentra-
tions in the Testl water and apparently nol Lo species of
animat. Aroctor 1016 inhibits the growth of certain straing
of estuarine bacterda (Exhibit 17),

Data on the acute Loxicity PCBs Lested is summarized in
Exhibit 20,

BIOASSAYS EXCEEDING 96 HOURS DURATION

Moctor 12541

Mollusca - Young oysters were continuously exposed Lo
Maum.®1254 fon 14 on 30 weeks 4in {lowing, unfl{ltered sea
water (Exhibit 21). OGrowth rates (height and in water weights)
were sdgniflcantly neduced in oystens exposed for 24 weeks to
Sug/t (3.949/L measured), but apparently were not affected
by 30 weeks exposure Lo 1.43/L [0.64.49/L measured). Survival
of oysters was not affected by Lhese concentrations of Lthe
chemical., Oysters accumulated as much as 101,000 X the
mqummn in the test waten. Concentration was £0.3 «g/g

in S g/t exposed oysters after 18 weeks of depuration in PCB-free
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water and £0.249/g in 1.4¢g/L exposed oyslens after 12
weehs of depuration. Oydters exposed Lo 5.a/L for 24 weehs
displayed genenal Lissue alterations dn the vesdiculan
connective tissue around the digestive diverticula of the
hepatopancreas.

In another experiment, oystens were exposed continuously,
with no sdgnificant mortality, for 56 weeks Lo 0.01.4g/L of
Modm®1254 and showed a concentration factorn of 165,000
(Exhibit 22). Maximum concentration of 1.65.44/g occunred in
oysterns exposed for eight weeks. Patierns of accumulation and
Loss were seasonal., Residues decreased 453 Lo 81% in early
July and Late October, apparently as a nresult of spawning,
and increased following these periods. This data indicates
that Life-histony of oysters must be knoum when evaluating
nesidue data from monitoring programs.

Crustacea - blue crabs, Juvenile blue crabs, Callinectes
dapldus, exposed for 20 days Lo S5.4g/L (3.5 Lo 4.24/L
measured) of mwu®m4 were apparently not affected
(Exhibit 1]. Average concentration in five erabs was 234g/g.
The Mocxou®l254 was slow Lo flush from crabs. After one

week 4n PCB-free unter concentrations in a second group of

give crabs averaged 22.¢g/g and after 4 weeks six crabs
contained 11.cg/g. '

Fiddler crabs. Flddier erabs, Uca pugilator, were exposed
to M.aoton®l 254 contaminated sediment 5fwm tscambia Bay,

Florida 2o determine if the crabs would accumulate the AMc,Caa@
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1254 §rom the sediment [Exhibit 3). Fdiddier crabs accumulated
Aoclon 4n quantities dinectly nelated Lo the amounts in
sediments. The chemical was accumulated by ingestion on by its
Leaching into the wmtex,

Pink shrimp. Pink shiimp were exposed for 20 days o
549/t of Mocxom@lzsl (3.5 20 4,249/t measured) in §lowing
unfiliened water (Exhibit 1). Seventy-two percent (18 of 25)
died during the exposure, no controls died, The §irst shrimp
died on the tenth day of exposure, and a few died each day
dutring the next 10 days. Several died duning molting. Symptoms -
of {nsecticdde podlsoning were not exhibited by dying shrimp.

A senies of additional bioassays using pink shrimp showed
that Moczoa@nﬂ 4 differentially toxic Lo juvenile and
adult shrimp (Exhibit 5). In §lowing water bloassays, a
measured concentration of Aroclon of 0.944¢g/t killed 51% of
the juvenile shnimp (2.5 20 5.8 cm) within 15 days. Exposure
Lo 3.54p/8 (measuned concentration) for 35 days resulted 4n a
mortality of 50% of a group of (9.5 to 12,5 com) adult shaimp.
Dying shaimp exhiblted no apparent outiard symptoms of poisoning.
Moatatity was delayed, they died at the rate of one or two per
day and seemed most susceptible during molting. Shiimp obtained
the PCB grom uater and food and concentrated {t in the greatest
amounts in the hepatopancreas. Shiimp placed {n PCB-free water
Lost about 40% of thein total body burden of PCB within 5 weehs.
1§ Modon®l254 caused shrimp mortality in the environment,
it would be unlikely that it could be observed because:
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(1) shnimp would die over an extended perfod of Lime,
(2) dying shrimp would decompose rapidly on be eaten by
predatons, and (3) dead shrimp would not be visible, because
unbike §ish, they do not §loat on the surface of the water.

Pathological examinations of exposed pink shrimp
demonstrated that, even 4§ there were no owbward symptoms of
poisoning, there were altenations at the cellufar and sub-
celiulan Level., The hepatopancreas of shrimp exposed Lo
mmu@rm did exhibit dramatic tissue changes which
dncludes the presence of pyramidal crystallolds in the nucled
of epithetial cells (Exhibit 2). Along with the presence of
2his cnystalloid were nod-shaped, §ree (non-occluded) and
occluded vitons which appear similan to the Baculovirnus ghoup
of invertebrate vinuses (Exhébit 17). Arocton® 1254 may
facititate the transmission on enhance the expressdon of
Latent viral infections,

Brown shnimp - adult brown shrimp (Penacus aztfecus) were
as sensitive to Moctor® 1254 as adutt pink shaimp (Exhibit 24).
Three 40/t was Lethal to both shrimps within 30 days. Broum
shadmp exposed Lo a sublethal quantity of the Moc&oﬂ.®l254
for seven days died if the salinity of the test water decneased
graduatly in & hours §rom 302 to 10he and 10oe. Salinity
changes such as this occur duning tidal cycles. Oamoregulation
seemed impaired because concentrations of mosl magor ions in
dena of PCB-exposed shnimp became sdignificantly Less as the
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ambient salinity decneased. This was reflected as a decrease
An the sum of the majox Llons {e.g. Na, Ca, Mg, K, Cu, and CL}
and particutarty dn the sodium, chtonide, and caledum ions.
Grass shnimp - grass shrimp, Palaemonetes pugio, were
exposed Lo measured concentrations of M.owm®l 254 nangdng
grom 0.17 2o 12.5 48/t fon 7 on 16 days (Exhibit ). A
concenthation of 4.0 4/t produced signigicant montality but
montality of 1.3.ug/l exposed shnimp was not significantly
different from that of control shalmp, Shrimp exposed fox
seven days Lo §rom 0.17 2o 9.1 .49/L contained Aroclon in
amounts aangdng grom 3,200 2o 11,000 X the measured concentration
Ain the test water. Grass shadmp accumulated the Modou@
1254 in ever increasing amounts in exposures lasting as
Long as 35 days.
Amphipod ~ the amphipod, Gammarus oceanicid, was exposed
Lo nominal concentrations of Mocxo't@!isl of gdrom 1 2o 10,000
4 9/t for up to 30 days (Exhibit 25). M,odm@)iisl was Lethal
at concentrations as Low as TOug/L. Some Gammarus had severely
necwvsed branchiae. Branchial necrosds was found in some
animals exposed to 1 4g/L of the Moda&®l2§4. '
Fishes - Spot. 1In three separate fLow-through bioassays,
5 g/t of Moc&m®!254 {measurned concentration with * 20% of
nominal] was Lethalt to juvenile spot (Lelostomus xanthurus)
e@osd in §lowing water fon 20, 26 on 45 days (Exhibit 26).
Spot exposed to 1 arg/L showed no apparent effects. Affected
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spot wsually ceased feeding, became emaciated, and devefoped
nagged fins and Lesions on the body. Tn some instances, §ish
continued 1o die even though they were place in PCB-free
water. Mocton®1264 was accw;au&uted by exposed spot with
amounts nefated to duration and extent of exposure and not
apparently to mortality. Spot exposed to 1.(g/L of the Moo&an@
1254 fon 56 days napidly stoned this chemical, mau'mun] Levels
wene atiained in 14 1o 28 days. Maximum amount stfored ipn whole fish was
37,000 times that in the test water, After 84 days .in PCB-{ree
waten, 39% of the Anocl.ou®1254 remained in the §ish.
Pinfish - in two separate bioassays Lasting 14 on 35 days,
5.e9/L of Afwot.on®1254 was Lethal to juvenile pinfish
(Exhibit 26). Affected fish wsually developed fungus-Like
Leasions on the body, especially anound the mouth., Concentra-
tion of the Moo&an@rzu in whole pinfish exposed for 35 days
10 5.49/8 was 109 .ug/g (21,800 X the amount in the test waten),
Sheepshead minnows. Sheepshead minnows are the most
sensitive esfuarnine organism Lo Anod.on®1254 Lhat we have
tested {Exhibit 27). Intenmittent §low bloassays Lasting
thaee weeks were conducted with embrye, fry, juvenile and adult
§ish. Newly hatched fry were the most sensitive Life-stage tested.
Significant fry montatdity occuwvned in 0.3 49/8 (0.16.49/L
measwned) and 0.1 g/ (0,06 4g/2 measured) had no appaxent
eﬂﬂer.:zt. Fry did not die inmedintely upon hatching but wenre
Ritled over most of the two weeks following hatching, Embryos
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and ,;'uueni.t’.ea of this §ish wene affected by 10 4g/L (3,5_4{9/12
measured) but this concentration was not lethal to adulls.
Many fry, juvenile and adult (ish developed fin-rot.
Moc&on®1254 in eggs from adult sheepshead minnows
exposed in bioassays 0 as Little as 0.3.xg/t (0,14 4g/t
measured] of the Mocl.ou®’1254 can decrease survival of
embryos and fry that ere maintained in waten free of this

- — — o ——— e N,

chonical (Exhibit 28). Fertilization success was unimpaired

by concentrations in eggs as high as 201 4g/g but survival of

embryos and fry was significantly reduced. Usually, fry from
| eggs containing 7.0 «g/g or more began dying 24-48 hours after

e ——

hatching. Some preliminany Aesearch indicates that PCBS in eggs
may decreade fertility and survival in eanly sfages of embryonic
development in Allantic satmon, Salmo salan (Exhibit 29}.
Communities of Estuarine Organisms:
Moc.can®1254 affected Lthe composition of communities
of u-tuMine.l animals that developed from plankionic farvae
An salt uater that {lowed through 10 control aquaria and 10
aquaria contaminated with 0.1, 1, on 10 45/t of the Aocton®
1954 (Exhibit 50}, Comminities that developed in control
aquenia and ‘aqum Lhat recelved 0.1.4g/L of PCB in water
for gour months were dominated (>758) by artinopods, primarily
- the gmphipod Corophium volutator. 1In aq;;aua Aeceiving 1 and
10 2rg/2, the number of arthropods decreased and the number of
chordates, pummdy the tunicate Molgule mahattensis, increased;

over 75% of ‘the animats in 10 /2 aquaria were tunicates.
Numbers of bhyta, species, and {ndividuals (particularly

e T N Wy~ = T N e iy e S e o g b T e g g e —
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amphlipods, bryozoans, crabs, and mollusks) were decreased,

but there was no apparent effect on the abundance of annelids,
brrchipods, coelenterates, echinoderms on nemerteans. The

Shamwn-wéaum dndex of species divensity was not altered

by Arocton ®12:4.

Aroclon 1016 - Pinfish. The chronic toxicity and

uptake of Aoctorn ®1016 by pingish was zested 4n three
sepanate flow-through bioassays lasting 42 days (Exhibit 19).
Montality of pinflsh exposed to 32 ./l (13 2e3/L measured

4in one experiment and 21 4g/l in the second) on 1002/l (59

M8/t measuned) was significantly greater than moatalities of
unexpos ed pinflsh, Montality of 10..g/L (about 7.ug/l measurned)
exposed §ish was negligible. Colox of most dying §ish darkened,
they stopped feeding and they swam erratically with their head
Anetined dowmuand. Difficully in swimming progressed until
the §ish swam upside dowm just prion to death. Pathological
examination of 324g/l exposed §ish revealed several Liver

and pancueatic alterations that distingulshed them from control
4ish. Concentrations of Moctor(®1016 stoned by the pingish
exposed fon 42 days nanged grom 11,000 to 24,000 Limes the
nominal concentration 4n the test water. Concentrnations in
pingish exposed to 1.ug/L for 56 days increased for thaee or
four weeks and then sfablized, When placed im PCB-§rce water
gon 56 days, concentralions (ug/g) in these {ish decreased by
51%.
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Sheepshead minnows: The chronde toxiclty of Aoclon ®
1016 2o §ry, fuvenile and adult sheepshead minnows was
dnvestigated in intermitient (Low bloassays lasting 28 days
(Exhibit 31). Fry, juvenile, and adult gish were apparently
not affected by nominal concentrations of 0.1, 0.32, 1.0,
3.2 on 104g/L but died in 32 and 100./g/L of this chemical,
Chemical analyses of the test water showed about 4.«g/t in
the 10.49/8 aquanda, 15 4g/L in 32.4g/t aquaria and 42seg/t
An the aquaria contaminated with 100 «g/L of Mowa.@l 016.
Responses Lo podsoning Included darkened body coloration,
uncoondinated sulmming, cessation of feeding, Lesions on -~
the body of many fuveniles and adults, and death, Sheepshead
minnows accumulated the PCB in propontion to its concentration
in the test waten. Fay contained 2,500 £o €,100 X the nominal
concentration in the test water, adults 4,700 Lo 14,000 X and
juvenites 10,000 to 34,000 X. Eggs from exposed adults were
fertitized and placed in PCB-{ree water. As much as 77.40/g
0f Lhe PCB in these eggs apparently did not affect survival
of embryos and ¢ry for fwo weeks.

Information on §low-through bioassays Lasting Longen than

96 hours (s summarized in Exhibit 32.
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ACTIVITY IN SEVERAL ESTUARINE ORGANISMS }
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apd J. 1. Lowe

u. S. Environmentai Protection Agency
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Research Center, Corvallis, Oregon)

@%n this paper, Arotlor and PCB are used iantercnangeably for Arocloer
1254, Aroclorabis 2 registered trademark oi the Mousanto Company, St.
Louig, My. Reference to commercial products does not constitute endorse-—
men! by the Environmental Protection Agency.

1Conzribution No. 162, Gulf Breeze Environmental Rescarch Laboratory.
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- Abstract

The occurreﬁée of'hiéh conceﬁtration; of a PCB kA:oclor 1254) in ﬁhe
Pensacola estuary prompted field and laloratory §tudies by the Gulf Breezc
Environmental Research Laboratory (ETA). Monitorin% ?f the estuary indi-
cates the chemical is present in all conponznts-—;ariicularly in sediments

and fishes. Residues appear to be diminishing in sediments. Toxicity

+ tests show estuarine species sensitive at parts-per-billion concentrations

in water, with a ciliate protozoan Tetrahymena pyriformis W, shriwps Penaeus

duorarun, P. aztecus and Palacmonetes puglo, and a fish, Fundulus similis,

affected at or near 1.0 ppb._ Tissue conceptrations of Aroclor 1254 similar

to those found in natural populations of shrimps from the c;ntaminated .
feltuary were successfully duplicated iu laboratory experiments. Shrimps

also concentrated the PCB from very low concentrations (0.04 ppb) in the
weter. Three estuarine specles demonstrated pathologic changes at tigsue

and cellular level after chronic exposure po the chemical. Oysters,

Crassostrea virginica, developed abnormal infiltration of leukocytes in the

eonnectivt_E;asue, spot, Leiostomus xanthurus, developed fatty chaoges in

their livers, and sghrimp, Penaeus duorarqg. dereloped crystalloides in

hepatopancreatic nuclef.
4
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Polychlorinated biphenyl (PCB) residues were found in water, sedi-

ment and biota of Escambia Bay, Florida, in Aprti 1969 ( Duke et al.
1970). Subsequently, 1nves§}gaaion into the effg;fafof this chemical

on estuarine organisms has been a2 major research goal of the Gulf Breeze
Eavironmental Research Laboratory, Gulf Breeze, Florida. 1In this report,
we present data on the cherical in water, sediments and biota of Escambia

Bay and sdjacent areas, review toxjcolopgical data end present some physio-

"logical—pathological inforwation. Experimental methods and materials used

as well as chemical analyses are given elsewhere (Duke et gi. 1970; Cooley

| et al. 1972; Hansen et al. 1971; Nimmo et al. 1971a;Love et al. 1972).

PCB in Escambia Bay

Unlike other studies in which PCBs ha;e been found in the eaviron-
ment, the chemical in Escambia Bay apparently came from a single point-
source. Figure 1 is a comparison ;f chromatograns of (a) an Aroclor 1254
standard, Sb) Aroclor 1254 in oysters frow a 72-week chronic exposure
to the chemical 4in the laboratory, and (c) PCB isolated ffon oysters
taken from Escsmbia Bay. PCB concentrations fn both oyster samples were
similir and both samples and standard were analyzed on the same chroma-~
tograph. Earlier, it was established by wass apectroscopy that the PCB
in Escambila Day was Aroclor 1254 (Nimmo et al. 197la)and in the com-
parison presented here the similarity is apparent. In laboratory studies
with Aroclor 1254, the oysters were continuously exposed to approximately
10 parts per trillion for 72 weeke and the similarity of tissue residues

to the PCB found in oysters from Eacambia Bay indicates that the chemical
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- in the Bay has changed little with time, - T . - - -

Monitoring data for the period September 196? through December 1971
are presented in Table 1. Concentrations of Aréclor in unfiltered water
;amples from Escambia River.downstresm ;veraged D.;'sartn—per-billion.
Aroclor was found in 64% of the water samples from the River and fn 27%

of the water samples from Escambia Bay. Average concentration in gsedi-.

ment samples from the Bay was 2.3 parts-per-million (ppm). PCB in 101

samples of invertebrates, predominately mollusks and crustaceans, averaged

0.8 ppu. Fishes from the Bay had five times as much PCB in their tissues

as did invertebrates. .

Residues of Aroclor in sediment samples from & survey taken in

February 1970 (Nimmo et al. 1971b)are listed i{n Figure 2. The samples were

taken from the upper strata (e. g., upper'lo inches) by corer or by dredge.

In this survey, the maximum residue (61 ppm) observed in the River was
found at the outfall from the indubtry; t;g maximum in Escambia Bay
(30 ppm) was found pesr the mouth of tﬁe River.

The amounts of PCB in sediment samples from meveral locations within
the River and Bay have dacreased in the‘ensuing months. The number
of samples was inadequate for absolute comparison, but the data indicate
a8 trend. A decrease 1s eapecislly noticeable in the December 1970 and
October 1971 surveys (Fig. 3), in which sediment samples were taken with
a corer at three locations ip the Bay. Cenerally, residues in the 1971
survey were about one—tenth the 1970 wvalues, except one sample taken be-—
low the trestle in the surface stream. PCB in the lower strata (4-12
inches) in the 1971 survey was non-detectable, except at the outfall of

the fudustry. Later, we examined a deeper core — to 24 inches —- talen
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above the trestle but found no residues. Cores taken in & 1972 survey
generally indicated less PCB than in 1971.

Whole-body residues of Aroclor 1254 found 1ﬁ.shrimps from Escambia
Bay and contiguous waters during i969/1.970 are sbo:r'n,‘in Fig. 4. Each
datum represents a composite mample of at least 5 individuals. We show

these data to indicate the dispersal of the chenical ip an estuarine

enviropnment from an apparent point source by either blological or

physical transport. Although the material was originally localized in
the sediments of upper Escambia Bay, shrimps cabtured in lower Pensacola
Bay also contained significant amounts of the PCB. .
The amounts of Aroclor in biota from the estuary remain relatively
bigh and the latest survey showed amounts generally increasing at higher

trophic levels (Fig. 5). In the survey of October, 1971, we found no

detectable PCB in the sea grasses, Spartina sp. and Zostera marips.

The mollusk, Neritina reclivata, contained 0.49 ppm. Of two crusteceans,

tlve crabs, Callipectes sapidus, had the greater residues (6.9 ppm).

Among fisiies, one might expect sand seatrout, Cynoscion arenarius, and

Atlantic cutlassfish, Trichiurus lepturus, to have the highest residues

because these species are predators; instead, the highest residue (10 ppm)

was found fn gilversides, Menidia beryllina, a species whose diet consists

mainly of plankton.

In Figur+ 5, PCB residues are compared in the same species or in
species occupying similar trophic levels and captured on the same day in
Escembia and East Bays. The collecting site in East Bay is about 35

kilometers from the original source of the chemical. PCB residues in
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- species from Escamblia Bay were 5 to 10 times greater than those found in

East Bay but the data clearly show that the chemical was found in species

-

captured distant from the original source of the PCB.

LIS

> .

v
Toxicity of Aroclor 1254 to estuarine organisms

Laboratory research on the toxicity of PCB to estvarine prganisms
began immediately after the chemical was discovered in the Bay. Animals

from several trophic levels have been tested.

Population growth in teat-tube cultures of .the ciliate protozoan,

Tetrabyuwena pyriformis W, was reduced significantly by exposure to 1 ppd
Aroclor 1254 (Table 2). Reduction was weasured as effect ;n population .
growth rate and on population density at 96 hours. Growth rate was esti-
matad as the queatity b of the least squares estimare of the lipe y = a+bx
for the exponential growth phase of the population growth curve.
These ¢ilintes accumulated the PCB from the test media during the
exposures, Cells contained a maximum of 60 ppb (dry-weight basis) of
PCB when grovn for seven days in medium that cont;inzd 1 ppb Aroclor.
Because the r£illates can sccudulate FPCB from a culture me&ium, they
could be a step in the tzaaspo;t of the chemical into aquatic food weba
noder qatural conditiona. . -
Bioassays were conducted in flowing water to determine the toxicity
of Aroclor 1254 to a mollusk, three crustaceans and three fighes (Table 3).
Growth in oysters, Crassostres wvirginica, exposed to 5 ppb for 24 weeks
wag significantly reduced, but growth in oysters exposed to 1 ppb for

30 weeks was not. Earlier work showed that hydrocarbon compounds

inhibited shell deposition significantly at concentrations of 0.1 to 0.5 ppn
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in short-term tests (Butler, 1966). In testsilasting about 2 weeks,

various shrimps, Penaeus duorarum, Palasmonetes pugioc, and Penaeus

aztecus, were killed by exposure to 0.9, 1.3, and 1.4 ppb, respectively.
— . I- +

In tests lasting 2 weeks or longer this chemical Was lethal to longnose

killifish, Fundulug similis, st 1 ppb and pinfish, Lagodon rhomboides,

snd spot, Lelostomus xanthurus, at 5 ppb. Test animals exposed for over

one week accumulated the PCB-from the vatsr and concentratiouns ranged -
from about 10‘ in crustaceans end fishes to 10° in oysters over exposure

concentrations.

e e hrg— — v - —— R e

Acute toxicity tests did not show the true sensitivity'of mariane
species to this compound. In comparison to short-term tests lasting
48 houre, Aroclor im chranic bicassays lasting one week or more proved
to be 100 times more toxic. '

Mortalitics were "delayed" sa they us?ally did not bagin wntil
after ope week of exposure and contknued to occur after the animals
were rencved from the toxiesnt. 7This delayed mortality was siniltr‘to
that observed with the insecticide mirex {(Lowe st al. 1971). Grosa
signs of polsoning varled wvith species. fighas typically developed
hemorrﬂagic lesions on the bod}, ragged fins, and stopped feeding.
Shrimps became letharggé and aldo ;ﬁopped,feeding, thereby mimicking the
effects of low concentrations of BDT (1, 1, 1, Trichloro ~ é. 2 -~ bis
(p-chlorophe;yl) ethaneg) (Ntmé; apd Blackman, 1972), Shrimps appear
to be most susceptible to the cﬁzﬁical during molting, as previously

noted by Duke et al. (1970) and Wildish (1970).

{

|

MONS 203440

R e —



i

— ¢ -mem == v« Accumulation of Aroclor 1254 by shrimp

The pathway by which organisms obtain toxicants or the actual effects
observed in the laboratory under controlled conditions may Oor may not
approximate those obteined under field condition's.'-.,i'he pathway appears to
be an open question in the field of aquatic toxicology and the need for
such research was stated by Sodergren et al. (1972) after a lt;dy of the
accumulation of DDT and PCB by a crustacean. .

If we could produce in the laborstory tissue distributions of PCB

aimilar to those found in the field, some insight might be gainmed into

its mode of entry and concentrations present in mature. We began & study

by determining PCB residues of shrimp from Escambia and Pensacola Bays )
(Fig. 6). We administered PCB &t three concentrations (0.2, 0.68 and ’
43 ppa) in food (Fig. 7). PCB was added at 3.0 ppb to gseawater filtered
through gravel and charcoal aud 3.0 ppb was added to uqfiltered seawater
(Fig. 8). PCB was added to unfiltered seawater at 3.5 and 0.2 ppb (Fig. 9).
Anlly;ical methods for PCB were those of Wixmo et al. (19712). The results
of the fleld spurveys and laboratory studies are expressed as the "'rela-~

tive concentration” (Figs. 6, 7, 8, 9):

PP® in a single tissue or organ 2

RELATIVE CONCENTBATION = X 100.

PPo in all tissues or organs

The proportion of Aroclor found in tissues of shrimp exposed to 0.2
ppb‘Ln water in the leboratory was nearest to that found in shrimp which
were exposed naturally in the bays (Fig. 9). We assume thar shriwp in the
lub0ta§ory experiments obtained most of the chemical from the water but
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some may have been con;uqed in detritus that was in the test aquaria.

The distribution of PCD in shrimp fed 0.68 ppm in food and a1atr1but1on
in shrimp from the bays were similar (Fig. 7). '%ven though we varied the
time of exposure aund conducsed the tests at uhat'uB considered realistic
concentrations, we caanot distinguish the main pathway of PCB into shrimp
from these experiments. However, we believe that concentrations of

PCE available to ehrimp in Escambia and Pensacola.Bays were low (e, B,
<1.0 ppPb ¥; water; <1.0 ppm in food).

In order to determine if there was a concentration below which shrimp
couid not accumulate the chemical, we tested several hundrpd grass shrimp, -
Palsemonetes pugio, at 0.04, 0.09 and 0,62 ppb of Aroclor 1254. The
teats were conducted in flouingﬂwate; aquaria es before, with one wmodifi-
cation. Each tank had a false floor of oylon scresn to hold the animals
above the detritus. We believe the shrimp obtained wore chemical through
abosorption from the water thanm in previou; experimeuts.

Within éhe test qpncentrations. no threshold level existed below which
shrimp did not eccumulate the chemical (Fig. 10). Concentrations pro-
duced in tpe shrimp (whole-body) were about 0.2, 1.0 and 10 ppm, rospect-
ively; snd these were reached between the third and fiftrh weeks of ex-
posure. Cencentrations in the shrimp did not reach equilibrium during the
five-week exposure but th; tate of accumulation decressed with time. When
transferred to PCB-free water, the shrimp lost most of the chemical after

four weeks.
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Pathology in estuarine organisms ‘

Tohd;tc: ;;;;;;1;;;";F Pcés wi;h”réspect to histopathological eEf;cts
in estuarine organisms has been little studied. -~ Published sources of
information are from studies on mammals ;nd birds {Dalgren‘gs al. 1972;
Vos, 1972; Norback and Alle;, }972) and n_single'study oan fishes {(Couch,
1972). Structural changes found in tissues of oysters, fiah, and shrimp
exposed to Aroclor 1254 are characterized below,

Oysters exposed to 5.0 ppb Aroclor 1254 for up to 6 wonths showed )
several wajor tissue changes. Normal structural pattern of oyster
vesicular connective tissue (parenchyma) is geen in Fig. 11, and the _
irregular and broken pattein representative of altered tia;ue from ex-
posed animals is seen in Fig._llf In exposed oysters, an abnormal in-
filtration of leukocytgs was found in the vesicular connective tissue
(Figs. 13, i&). Sectigns of digeative glandas of norwal control oysters
(Fig. 15) can be compared to thosf in exposed oysters (Fig. 16). The
epithelgafof dietal digestive tubules of expoged cysters have undergone
atrophy and surround enlarged lumipa. Oysters that were removed from

Aroclor—contaminated watesr and allowed to live in natura}l water for

several weeks demonstrated partial or complete tissue recovery.

-
L

Spot, sn estuarine fi!h, exposed for two weeks or lomger to 5.0 ppbd
Aroclor, showed ferty changes in their livers. Normal liver tissue
has regular distribution of hepatic cells and typical nuclei (Fig. 17).
Xote the regularity in the orientation of liver cords, cells and uniform
scattering of nuclei. In intermcdiate stagea of liver pathogenesis in

experimental fish, there are extreme fatty changes characterized by

\
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presence of large vaCu91es within pepatocy:af and discrientation of liver
cord distribution (Fig. iB). Figure 19 shows an advanced stage og patho-
genesis in a woribund fish. Note the presence of intracellular PAS-positive
bodies {ceroid) and congestfon of blood sinuses,{ah@’Severe vacuolation.

Probably the most dramatic tissue change associated with chronic PCB

exposure was observad in shrimp. The normal hepatcopancreas, or digestive

. glend, of shrimp.is.a tightly.packed organ of small elongated tubules (Fig. - .

23). Figu}e 24 ghows a cross section through one of these tubules. In the

., hepatopancreas of exposed shrimp, pyramidal crystalloids of various sizes

were found as Inclusion bodies In the nuclel of epithelfal cells (Figs.” -
24, 25). Free crystalloids are showvn in Fig. 26. We know of no other
report of the occurrence of precisely shaped crystalloids in hepatopan~
creatic tissue of crustaceans. We have routinely studied unfixed, fresh
exposad shrimp and have found crystalloids in squashes of the tissue
(See Fig. 21, 22). . a

Ppithel{al cells of the hepatopancreas from shrimp which were exposed
to 3 ppb Arcclor for at least 30 days are shown in Figure 20. Exposed
shrimp that do ne¢t have crystallolds have no couspicuous pathologlc tissue
signs. In those that have the crystalleids, hypertrophy of the affected
nucleus results. Eventually, the growth of the crystalloid inclusion dis-
torts and ruptures the nuclear wembrane. Several nuclear membranes and
inclosed crystalloids are indicated in Figure 20. The crystalloids are
histochemically positive for protein. They occur in widely separated
nuclei but wmay also appcar in clusters of adjacent nuclei and are most
abundant in epithelial cells of tubules proximal to the nain_hepatopan-

creatic ducts.

- - MONS 203444
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These crystalloids were foynd in 1nd1vidqal shrimp before moribundity
or death. 1In certain exéﬁsures, crystalloids have been found in up to
807 of the survivors but the incidence is very low over time until about
75% of the test animals hav? died. Crystalloids were foun& more often

v -
in larger shrimp than in juveniles. At present, we are attempting to
eatablish whether crystalloids otcur in individuals from other localities
when exposed to PCB, in other species of shrimp, or in ghrimp from con-
teminated areas in nature. )

Several possibilities exist ss to the orizin of the crystalloid in-
clusions., One suggesrion was that-they may be the result of sequestering
of some normal or abnoirmal metabolite. Another possibility is that they
represent a material produced by a virus* and were produced under FPCB
stress. Io reference to this suggestion, Friend and Trainer (1970)

showed that PCB enhanced the pathogenic effects of hepatitis virus in

ducks. i

*0ne of ue (J. C.) as a regult of electron wmicroscope studies has recently
found rod-shaped virus-like particles occluded within the erystalloid

inclusion bodies. This watter is presently under study.
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Legend for Figures

Figure 1. Chromatograms of an Aroclor 1254 standard, Aroclor 1254 in

oysters from a 72-week chronic exposure in the laboratory and PCB

L

in oysters from Escambi% Bay.‘ . n
Table 1. Concentration of ArOCIOI'QD 1254 in water, sediment, and biota,
| September 1969 through December 1971.

Figure 2. Collecting stations in Pensacola Estuary, 24 February 1970.

Residues found in sediwments at each station are given in parts-per-

million (ppm). N. D. = not detected. (After Nimmo et al., 1971b)
Figure 3. Co;ba}iséﬂ‘of-cdﬁcéntf&iioﬁs of Aroclor 1254 in.cores taken
10 months spart in upper Escambia Bay and River. Concentrations given
in 1971 above aud below trestle are averages of 2 cores each.
FPigure 4. Residues of Aroclor 1254 in shrimp (whole body) from Escambia
Bay and contiguous waters during 1969/1970. Each datum represents
a composite sample of at least-5 indi;iduals.
Figure 5. C;nparison of concentrations of Aroclor 1254 found in species

collected in Escambia (left side) and East Bays (right side): sea-

grasses, Spartina sp. and Zostera marina; Rangia clams, Ranpgia cuneata:

clive nerite, Neritina reclivata; brown and white shrimp, Penaeus

aztecus and P. setiferus; blue crabs, Callinectes sapidus; bay anchovy,

Anclion mitchilli; sea catfish and gafftopsail catfish, Arius felis and

Barge marinus; tidewater silversides, mcnidia beryllina; silver perch

Bairdiella chrysura; sand seatrout, Cynoscion arenarius; spotted sea-

trout, Cynoscion nebulosug; spot, Lelostomus xanthuruss; Atlantic

croaker, Micropogon undulatus; hogchoker, Trinectes maculatus;
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and Atlantic cutlassfish, Trichiurus lepturusg.

Table 2. Effect of Aroclor 1254 on population growth of Tetrahymena
pyriformis W. (After Cooley et al., 1972) -

‘

Table 3. Chronic toxicity of Aroclor® 1254 to estuarine animals.

Figurs 6. Distribution of Aroclor 1254 in tissd@s-d} shrimp expressed
as telative concentration (%¥). The grey area represents the range of
concentratio;s in four composite samples of shrimp from different
locations in the Pensacola estuary on different datas.

Figure 7. Distribution of Aroclor 1254 in tissues of shrimp fed Aroclor

1254—contaminated diets.

W e e h b b E W e e e o w r——— e = R e e b —

Figure 8. Distribution of Aroclor 1254 in tissues of shrimp exposed to
Aroclor 1254 in filtared and unfiltered seawvater.

Figure 9. Distribution of Aroclor 31254 in tissues of shrimp exposed to
the chemicsal in flowing-water eqﬁnru'.

Figure 10. Aroclor 1254: Uptake and degytation in grass shrimp exposed
to 0.04, 0.03 and 0.62 ppb 1o water,

Figure 11. Normal vesicular connective tiosu; {paranciyma) froa control
oyster. Note uniform cell patterns and distribution of leukocyces.
X100. =

Figur: 12. Vegicular Fonuecfive tissue from oyster sxposed to PCB for
gix wonths. HNote losas of uniform cell distribution and infilrration
by woany leukocytes. X300,

Figure 13. Normal v;sicular connective tissue from control oyster, X450.

Figure l4. Tissue from exposed oyster., Note many leukocytes and degencr-

ation of wvesiculsr connective tissue adjacent to gut epithelium. X450.
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Figure 1,5. Noml digaetive gland tubules From conttul oystes.
e L e s e s - -

! - 0 - f

Noce the thick epxthelia which form nnrwal ttiradiate luuina, X450.

{from Love et al., 1972) ' n

-

Figure 16. Digestive gland tubules of vyster exposed to PCB. Note
v -

-

atrophy {thinning) of tubule epithelium and enlarged, abmormal lumen

of tubule. I&SQ,

Fi{gure 17., Liver parenchymz of normal spot (ngokon rhouboides) from
conl:ro'l tank. Note uniforw orientation of bepatocytes. X100, ]

Figure 18. Livexr parenchyms of spot exposed teo PCB for several weeks,
interandiate putiogenesis: - ¥ote large, ‘smooth-edged v?cuolés 4ndice~
tive of abnormal fatty-change in bepatocytes. XL00O. -

Figure 19, 'Liver parenchyza of spot exposed to PCB until woribund, ad- -

- wancad pathogenasis. Note ﬁme vacuplea, amorphous inclusions and
ainusotdal congestion. 11006.

Figure 20. Hepatopaucreas (digest}ve gland) tubule fru; plok shrimp ex-
posed to PCE. Wate trianguur crystalloids ia some hypertrophied
nuclei (H). ulso, normal nuclei {N) with large, proninent endosones.
{Feulgen reaction} DNA appears black in photomicrograph). X1000.

Figurse 21. ¥resh squash of hgpatnpancre.s from exposed shrimp. HNote two
cryatslloids in cémter. X1000, ' ) .

Figure 22,  Single, llrte crystlllnid from fresh squash of hepatopancreas
of exposed shrimp. XIUOO. .

‘Figure 23. longitudinal aection of hepatopancreatic duct with branching

tubules. TIn exposed shrimp, the crystalloids appear in the tubule

epithelia nearer the main hepatopancreatic ducts. X100Q. .

1
|
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Figure 24, Cross-section of hepatopancreas tubule from exposed shiimp,
Note crystalloids 1in weveral epithelial nuclei; alsc, norwal nuclei

with conspicuous endosomes. X450.

Figure 25, Intermediate size crystalloi? within hypertrophied epithelial
. .y

-

nucleus. X1000. - PR
Pigure 26. Pathologic effect of crystalloid in PCB-exposed shrimp. Note

rupture of cells and nuclei releasing the crystalloids. X1000Q.
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Figure 1. Chromatograms of an Aroclox 1254 standard, Aroclo£ 1254 4in

oysters from a 72-week chronic exposure in the laboratory and PCR |

in oysters from Escambia Bay.

- - .
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AROCLOR 1254 STANDARD

AROCLOR 1254 IN OVYSTERS
EXPOSZD IN LABORATORY

A

PCB IN ESCAMBIA BAY
OYSTERS
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Table 1. Concentration of Aroclo:®1254 in water, sediment,
and biota, September 1969 through December 1971.

ND = Non—-detectable: -wnter. <0,00003 ppm; Sediment or Biota,

LY
Location Samples Concentration
Total Positive Average Range
Type Numher Percent ppm ppm
Escambia River, Fla. Water 67 64 ¢ 0.0006 ND- .0086
Escambia Bay, Fla. Water 37 27 ; ND ND- 0.000Q7
t R
Escambia Bay, Fla. Sediment 36 78 2.13 ND-30,
Escambia Bay, Fla Invertebratas 101 92 | 0.81 ND- 6.9
: i
Eecambia Bay, Fla. Fishes 17 100 | 3.99 0.29-20.
1 8 t '
3 . . !
» H
i
i‘0.0l ppe.
!
i
)
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Figare 2. Collecting stations in Pensacola Estuary, 74 February
1970. Residues found in sediments at each station are given in

parts per million {(ppm). N. D. * not detected, (After Wimmo

et .1-. 6)9
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Figure 3, Comparison of concentrations of Aroclor 1234 in cores

4 '

' taken 10 months apart in upper Bscambja Bay and River. Concentrations

given in 1971 above and below trestlc are avcraqe; of 2 cores eack.
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Pigure §. l:uidnu of Aroclor 1254 -ix shrimp (thold body) from
Escanbia Bay énd contiguous weters during 1969/1970. Rach

datun reptesents a composite sampla of at least 5 individuals.
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Figure 5. Comparison of concentrations of Aroclor 1256 found in

species collectad in Escambia (left side) and Fnst Bays (right sida):

seasgranses, Spartink sp, and Zostera marina; Rangla clams, Rangia cuneata;

olive nerite, Neritina reclivata; brown and white shrimp, Penaeus aztecus

and P. setiferus; blue crabs, Callinectesy sapldus’; bay anchovy, Anchoa

mitchilli; sea catfish and gafftopsail catfish, Arius fclis and Barge

marinus; tidewater ‘silversides, menidia beryllina; silver perch, Bairdialla

chrysura; sand seatrout, Cynoscion arenarius; spotted seatrout, Cynoscion

nebulosus; spot, Leiostomus xanthurus; Atlantic croaker, Micropogon

undulatus; hogchoker, Trinectes maculatus; and Atlantic cutlassfish,

| .

Trichiurus lepturus,
B 1

t | o

1
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ArROCLORY 1254

(ppm) ND lil SPARTINA ND (ppm)
ND i+ ZOSTERA ND
L 0.a9 " OLIVE NERITE ND
ND, RANGIA " ND
. 0.98° . .+ PENAEID SHRIMP TRACE
1 6.90 | BLUE CRABS 0.46
3.00 BAY ANCHOVY " 0.68
. 3.80 | CATFISH. 0.58
' j0.00 TIDEWATER SILVERSIDES 0.95
4.500 | SILVER PERCH 0.438
7 oso ' SAND SEATROUT ——
f m—— | SPOTTED SEATROUT 0.12
1.80 g SPOT . TRACE
L 1.60 'ATLANTIC CROAKER TRACE
' 1.30 ' HOGCHOKER ND
2.90 ATLANTIC CUTLASSFISH 0.712
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Table 2. Effect of Arocloe
pyriformisg W.

f 1254 bn population growth of Tetrahymena

—

Toxicang " Mesn Growth Differenca Mean Population Difference
Rate® . Density
{ug/liter) - b = 4 (absorbance) 1
X5 !
0 N 0.0212 1.064
n. "'

0.1 . 0.0203 ; ~4 0.984 -6
1.0 _ 0.0195 | -8% . 0.936 -10%
10.0 0.0199 ; -6% 0.954 - b

: |

i
1After Cooley et al.(1972). 1
8p(3,15) = 6.00 (P>0.01); Pr(3,15) =

*Means of 6 replicate experiments.

23,001 (P>0.005).°
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Table 3. Chronic toxicity of Atoclor®125& to estuarine '.animals.'t
. 1

o e

—_— e - T e )

- - - e s hee ke
4 - ~ay L -

-

Test ’ Concentrations Minimum

Animals ’ (Range) L Affecting
- --== e LT 71 SEEEEE R

Pink - - - :

Shrimp 0.6 - 19.0 0.9

Longnose )

Killifish . 1.0 - 100.0 1.0

Grass

Shrimp 0.2 - 12.5 . 1.3

Rrown .- _— —— - e e ——— e e . -

Shrimp 0.1 - 1.4 . 1.4

Pinfish ‘ 5.0 5.0

Spot 100 - 5-0 5.0

Eastern ’

Oyster 1.0 - 5.0 5.0

Controls did not exceed 257 mortality. Toxicity in oysters was measured by
reduced shell growth.

*]1-30 weeks in flowing water.
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¥igure 6. Distributiaon of Aroclor 1254 in tissues of shrimp expressed
1 -

]
as relative concentratfon (%). The grey area represents the ranga of
|

. ’

concentrations i{n four composite samples of shrimp from different

locations in the Pe*sacoln estuary on different dates.
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Figure 7. Distribution of Aroclor 1254 in tissues of shrimp fed Aroclor 1254-

contaminated diets.
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Figure 9. Distributibn of Arcclor 1254 in tissues of shrimp axposed to

the chemical in flo'rdng-water aquaria,
I
l
|
i

|
!

1

MONS 20347)




S

DISTRIBUTION OF AROCLOR 1254
"IN TISSUES OF SHRIMP

. ! PANCREAS NERVE TRACT

80
1
i
t
- |
3 !
~
-~ 5 60} . | o Pink shrimp exposod to 0.2 ppb
o i Aroclor in water for 50 days
.y f
< i Pink shrimp oxposed to 3.5 ppb
o Araoclar in wator for 35 days
yd .
o 40
4
)
LW
(" V]
et
:_t 20} ¢
- ' P
eY) h ,/ ——.
[« 4 / N\\
N sy ® '""”"mmm \
ume Mitatinegyy, 0 RN SY
Rl LU TTTTTL, SRR vrr ey
HEPATO- | VENTRAL | DIGESTIVE | MEART | GIlLs 'Aaoommnf | ExO- |

MUSCLE SKELETON

MONS 203472



Figure 10. Aroclor 1254: Uptake and depuration in grass shrimp exposed to
' ' “
0.04, 0.09 and 0.62.ppb in water.
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Figure 11. Normal vesicular connective tissue (parenchyma) from control

oyster. Note uniform cell distribution and paucity of leukocytes, X100.

Figure 12. Vesicular connective tissue from oyster exposed to PCB for six

months. Note loss of uniform cell distribution and infiltration by

leukocytes. X100. R

Figure 13. Normal vesicular connective tissue from control oyster. X450. -

Figure 1l4. Tissue from exposed oyster. Note many leukocytes and degeneratinme
of vesicular connective tissue adjacent to gut epithelium. X450,

Figure 15. HNormal digestive gland tubvles from control oyster,

Kote the thick epithelia which form normal triradiate lumina. X450,

(from Lowve et al., 5),
Figure 16 Digestive gland tubules of oyster exposed to PCB, Bote atrophy

of tubule epithelium and enlarged, abnormal lumen of tubule. X450.
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Figure 17. Liver parenchyma of normal spot (Lagodon rhomboides) from

control tank. Note uniform orientation of hepatocytes, X1003,

Y

Figure 18. Liver parenchyma of spot exposed to PCB for several weeks,

« . intermediate pathogenesis. Note large, smooth-edged vacucles indicative

Yof abnormal fatty-change in bepatocytes, X1000,

Figure 19. Liver parenchyma of ¢pot exposed to PCB until moribund, advanced

pethogenesis. Note large vacuoles, amorphous inclusions and sinuscidal

congestion. XI10O0O.

-

-

Figure 20. Hepatopancreas (digestive gland) tubule from pink shrimp exposed
. to PCB, Note triangular erystalloids in some hypertrophied nuclei (H);
also, normal ruclel (‘N) with large, promineat endosomes. (Feulgen reaction;
DNAIappeafs black in ?hotomicrpgfaph). X1000.
. | . e
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Figure 21. Y¥Fresh squasit of hepatopancreas from exposed lhri..mp. Note two

crystalloids im center. X1000. - . e mee

I-'iéure 22. Siogle, large crystalloid from fresh squash of hepatopancreas
I

of exposed shrimp. X1000.

i P —— e —

Figire 23. Longitudinal section of hepatopancreatic duct with branching

bules. In axposed shrimp, the erystilloids eppear in the tubule

epithelia nearer the main hepatopancreatic ducts. X100.

Figure 24. C{ross—-section of hepatopancreas tubule from exposed shrisp. Note

crystalloids io several epithelial nuclei; alac, mormal nuclei with large

-“

andosomes. X450,

Figure 25. ‘Inkermedigte size crystalloid withic hypertrophied epithelial

nuzleus. xiﬁoo.
Figucte 26. TFathologic affect of crystalleid in PCB-exposed shrimp. HNote

rupture of cells and nuclef releasiog the crystailoids. X1000.
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ACCUMULATION OF AROCLOR 1254 IN GRASS SHARIMP (Palaemonetes pugio)

IN LABORATORY AND FIELD EXPOSUBES

A

- by v ‘.

- D, R. Wimmo, J. Forester, P. T. Eeitmuller and C. B, Cook

—_——— . [ el FES

V. §. ENVIRONMENTAL PROTECTION AGENCY
GULF BREEZE ENVIRONMENTAL RESEARCH LABORATORY

SASINE ISLARD, GULF BREEZE, FLORIDA 32561
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" Results of several experiments indicate that aquatic inverte-
brates accumulate totel body concentrations of polychlorinated bi-
phenyls (PCB) thousands of times greater than that of the sur~ ’
rounding water. For example, Sanders aund Chandler (1) showed that
fresh water insects and crustaceans rapidly (1 day) accumulated PCH
(Aroclor 1254) up to 24,000 timas greater than the concentration i
thie water. Results of similar exposures conducted with estuarine
animals showed oysters concantrating 85,000 (2), shrimp 10,000 (3)
and £ish 30,000 (4) times the amcunt of PCB in the water.

Although Sanders and Chandler stated that PCEs entering the
aquatic environment are below concentrations acutely toxic to in-
vertebrates (1), we have noted that most of the aceumulation

studies conducted thus far by the investigators cited ip the para-

greph above have been at concentrations of 1,0 yg/t and above,
i.e., concentrations demonstratively toxic to test animals, Little
is known sbout accumulation in tarins invertebrates at extrecsly
low concentratiocs, and with ona exception (3), no ons to our
knowledge has placed PCB-iree eunimale in & nctural environmant
known to have PCBs and folloved mccumuiatiom with tima,

We report here the results ol-several experiments on chroalc
toxicity of Aroclor 1254 to Palaemonetes pugio, &n estuarine grase
shrizp, as well as concentration and loss of the compound frowm the
snirals with time. We also exposed grass shrimp for up to 3
wonths to Arocloer lzslo-contln:!.nand ndimntl in Escambia Bay.
pear Persacola, Florida. .

-

»

1 Gulf Breeze Enviropzental Research Laborntory Contribution
No. 170

2 Associate Laboratory of the National Eavirommeutal Resesarch
Center, Corvallis, Oregon
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METHODS AND MATERTALS

With one exception, sll ilaboratery experiments were conduceag
in M-xl chanbers supplied with floving water from Sants Rosa
Three sats of 5 chambars each received test concentrations; the
fourth set was & control. Each chanbar contained 4-10 shrimp, ¢,
numher depending on thea size of the animals. Water flowed cog-
tinuwmsly through each chember &t a vate of 1.0 1/hr. Arctier
1254, dissolved ir polyethylece glycol (mol. wi. 200), wat Tetereg
ints sach mixing tank with & syrings pump bafora the wate exg
the tegt chamber, An equal smount of solvent was added v i
water flowing to controls. David J, Haunsen of this laboooyy,
found the mensitivity of a marine fish to Aroclor 1254 sestined o
changed vhan he varied comcentrations of polyethylene ghyak peyg
to deliver the toxicunt (personal coxmumication). The Sy vy,
fed dally a cammercial molly-flake diat {<0.02 mg/kg orprmitlaryy,
conpeunis) . . .

~ emy -,

tThe exparimsnt to detarmine the comecentration and Isalyun
the tissuas of P. pupio was also conducted fn & flowing=am: -
system, We constructed 18-liter pquaria with false- flomeik:
nylse screen (1/4-inch mash) to hold shrimp abovs the Axfe
brogght in with the watar or produced by the soimals. Wi,
ficstion was intanded to prevent the animals from eatisiim
partfcles with sdsorbed Aroclor 1754, Consaquently, we e’
that shrimp obtained more of tha chemical from the wais g .
sorpilon through ths gills rather than from ingestion ofaew-

teanfzated detzitus. The shrimp wers wot fed duriag tdsamper-

Concentrations of Aroclor 1254 in tissues by pas aliwiow-
tography were datarminad using pooled samples bf at lemX)
shifap eack (5).

¥P. pugio wars exposed to Aroclor 1254~contamina e’y
in spper Escambia Bey from Novembsr 1971 to February MMs
shriwp In speclally-constructed cagss (5) were exposed Hmes
to the sedimeats., Average concentrsticn of Aroclor 1¥:dn =5
upmrmost two inches of sediment in November 1871 was Sy
(dry waight).

RESULTS OF LABORATORY EXPOSURES

Tests conducted in flowing water showsd. PR puriomMe wir.
copiible to Aroclor 1254 (Table 1), In a 7-02F axposwm, A0%1
diak ar 9.1 pg/1, but significant wortality 48 not woxs o ©
and 0.62 yg/t. In the sacond geries of tests Magtinz® Amo-,
4.8 and 12.5 g/t were toxic, but significancluortal iy Bd oo

S e
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MOKTALITY AND ACCUMULATION OF AROCLOR 1254 IN
Palaemonetes puglo®

~ ! . 'r.sciconc. Days Average Mortality Body Conrc. Concentration
-t (ua/t)  Exposed (X)** (ng/kg) Factor
i
' CONTROL 7 4¢0 - 20) 0.1 —
i L % ¥ 7 8{0 ~ 40) 1.3 7600
¢ ¥ i i 0162 ’ 7 ‘(0 - 20) 5.4 8700
' i T 2.2 o § 60{20 ~ BO)#irk $5.0 7100
* b . R - L " -
Coe g oV an, CONTROL 16 25(0 - 50) 0.1 —
T Tt TTTIE T 40(0 - 100) 18.0 15000
- 4.0 16 45(25 = 50) %k 27.0 6700
X 12.% 16 55(50 - 75)%%  46.0 37100
;. *A11 expasure; were conducted. in flowing seawater: salinity asd
temparature ranges vare 22 to 284 and 17 to 28° C.
i ﬁplic;tu par concantration: st least 4 shriwmp per repli-
“d‘uo - ‘ - .
, : . .
; wwSignificant at P >0.05. . f
- ~ A . M t
‘ \ _“ ‘ : - . . .:.
. - |
— - .- .. MONS 203484
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- s TABLE 2. -

ACCUMULATION OF AROCLOR 1254 3Y
Palaemonetes pugiok

LY

—

Test Conc. Body Conc, . ..~ Concentration ‘'

(ug/L) (ng/kg) .o Factor
0117 1.3 - 1 7600
0.62 S.4 . - 8700
1.0 3.2 | 3200
2.3 25.0 11000
2.7 1%.0 - 7000
3’2 15-0 e o ,': - 4'800 R

—— 3.2 ~- 26.0 . 8100 .
5.2 * 29.0 . 5600
5.3 16.0 - 3000 -
5.3 -30.0 . 5700 -
9.1 £5.0 7100

. ~

#7-day exposures cc;nducted ic flowing seawater at salinity and
temperature ranges of 22 to 28 and 17 to 28° C.

Al
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i
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occur in 1.3 g/,

At tha conclusion of several cne-week exposures tq a ranga of
concentrations (0.17 to 9.1 ug/t), surviving shrimp from each ex-
posure were analyzed for whole-body resijues. Asbient coficen-
tration of toxicant in the water aud resultant residues in the
shrimp were correlated (r=0.91, Table 2), In some cases, duplicite
test concentrations producad bioclogical accumulatrions that
differed by a factor of 2, Concentration factors ranged from
3,000 to 11,000, These rangss were similar to thusa fourd in tests
using penaeid shrimp (3) but vere scmswhat lower than those found
by Sanders and Chandler (1), in testy using several i.nva:teb:;at-
gpecies in fresh water.

Thera appearad to be no threshold below whir.h levels of tha
chenical zdded to water ialled to produce residues in the tisaues
(Tatlas 3) in our tests. Whole-body concentrations produced after
S weeks exposurs to 0.04, 0.09 and 0.62 pg/L ranged from 200 to
26,000 times tha concentrations in the teat water, Concentrations
did not resch equilibrium and from 60 to 50 percant of the droclor.
1254 was lost from tha shrimp within 4 weeks after exposurs to the
chemical was stopped. Test concentratione of the chemical were mot
significantly toxic to shrimp. Although accumulation increased
with increasing concentration of voxicast in this tast, this was
not observed in earlier studies (see Tables 1 and 2) Implicatione
ara to ba discussed elsevhers. P )

-

RESULTS OF FIELD EXPOSURES

h

Avarage vhola-body residua of Aroclor 1254 4n P. gu‘gio after
1 month waa 0.41 wg/kg (0.34 ro 0.57); after 3 months, 0.42 mg/kg
(0.37 to 0.50). There was no evideace that significant mortality

areurrad duzing the exposuras of grass shrimp to contaminated
sedioents. .

DISCUSSION .

‘Concentrations of Aroclor 1254 in P. pugio, after exposure
to contaninated sedinments for 3 months was equivalent to a
lsboratory~exposure of 0.09 pg/L in water for 2 weeks {(Teble 3).
Ve expected rcsidues to be highar in caged shrimp since we had
found that fiddler crabs exposed in the laboratory accuzulated
residuea equal to or greater than (vet-welght basis) that of the
coctaminated subatratum (dry-weight basis) after 30 days¥6).
Concentrations of Aruclor 1254 in caged shrimp axposed to comn-
taminated sediments appeared to reach a plateau, but this was not
the case in laboratory exposures (Table 3) whers an equilibrium

MONS 203486




* - TABLE 3,

ACCUMULATION OF ARCCLOR 1254 IN Palsemonetes puplo WITH TIME
AFTER EXPOSURES TO THE CREMICAL IN WATER AT THRER CONGENTRATIONS (ug/L)
(Cach valuec represents a composite sampls of 10 snimals)

- m—

- o m

E TS R —

B

ey

L.
b
D
H

PCB - STOPPED -;

Length of Control 0.04 0,03 0,62
Trposure Dody Conec., . Bedy Conec, Bady Cone, Body CLaxe,
Conec. PFactor' Conc, Facter Conc. Factor Conc, Yagtor
(hr/ days) (mgz/%g) (wg/kg) (mg/ke) (ng/kg)
0 . 0.1 * 0.1 * 0.1 * 0.1 *
1 —— * 0.1 * 0.1 * 0.1 *
¢ 2 ——— v 0.1 % 0.1 " 0.1 *
3 — * 0.1 ) 0.1 * c.1 *

. & — * 0.1 ° T« 7 0.1 * 0.1 *

. B — * ' 0.1 * 0.1 * 0,12 180
Coo12 R v " 0,1 * L 0.1 f 0.14 230
P16 — * 0.1 * 0.1 # 0.26 420
o2 /2 — * 0.1 * 0.1 * 0.20 120

36 , 105 i * ' ’ 0l1 * 0;1 # 0120 470
, 48/ 2 ——— L 0.1 * 0.10 1100 0.37 600
72703 —_—,  ® S R 0,14 1560 0.58 930
i, 96/ 4 -— 4 0.1 * © 0,15 1670 0.40 650
+ "158 / 6.5 0.1 * - 0,1 1590 0.33 3670 1.28 2060
336 / 1 — LI 0.13 3250 0.43 4780 7.40 11930
504 / 21 0.1 LI 0.15 3750 0.45 5000 6.67 10900
672 / 28 0.14 £ 0.17 4250 1.57 17400 10.82 1745.
840 / 35 0.10 LI 0.21 5250 .- 0,75 8330 16,48 2658
) |
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TABLE 3 (Continued)}

1176 / 49 0.1 * 0.1 0.12 ¢* 3,26 *
1512 7 63 G.15 * 0.1 0.13 * 1.64 4

* Magnification factor not calculated,

fam
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was not reached, Therefore, we believe that ghrimp ex-
posed to the sediments might have obtained PCB from the water or
food singly, but shrimp exposed to Aroclor in the leboratory
obtained chemical from two sources, water and food. It might also
be more available in the laboratory than the field due to the

carrier. 1In earlier laboratory studies with penaeid shrimp, both
water and food appeared to be sources (3).
. A

No significant mortality was observed in caged shrimp and
noue would be predicted since residues produced in the field were

sinilar to those found in shrimp after laboratory exposures which
caused no death.

Penaeld shrimp apend only a fraction of their 1ife cycle in
an estuary, moving into oceanic waters after reaching maturiry
(7), but grass shriop are endemic in estuaries.- Therefore, in
relation to tine of exposure we would expact grass shrizp to .
accunulate a pollutant from a contaminated estuary to a greatar
degree than penaeid sghrimps, nevartheless, this is not true, In
August 1968, pensaid shrimps (Penaeus duorarnm, P. setiferus, and
P. aztecus) collected duxlug a survey of Escacbia Bay, Florida,
had whole~body residuss of Araclor 1254 aes high as 14.0 mg/kg (3).
in that curvey and in subsequent collections, P. pugioc had a
paximum residue of only 1.4 mg/kg.

Lover residues in P. pugio from Escambia Bay may be due to
arounts of PCB in bay sedinents and bahaviorial patterns of the
animals. We noted earlier (3) that raesiduas in species of penaeid
shrimp wvere related to highar concentrations of Aroclor 1254 in
gediments that predominate in uppar Escambis Bay. We found that
penaeid shricp, as adults, usually are captured in deeper waters
and burrcw inte silty or sandy substrates. In comtrast, grass
shriny usvally do not burzow, rather are found along shallow sandy
bzachas and grass beds, wherse thay obtain food that is relatively
uncontamineted with PCB.

v
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ABSTRACT .
PN .

Bioassays were conducted to determine the acute toxicities

of the polychlorinated biphenyl (PCB) Arocler 1016 in flowing sea

water to American oysters (Crassostrea virginica), brown shrimp

(Penaeus aztecus), grass shrimp (Palaemonetes Eggig)‘and pinfish
(Lagodon rhomboides) and to deterwine it; chronic toxiclty to and
uptake and retention by pinfish. "Acute 96-hour EC50/g were: = = 77
oysters, 10.2 wg/%; brown ehrimp, 10,5 ug/%; grass shrimp, 12.5

ug/L. fhu PCB was not toxic "to pinfish at 100 ug/t for 96 hours

but si;a;finant mortality occurred vhen pinfish were exposed to

32 u;{} o{ Aroclor 1016 for 42 days. Pinfish exposed to 1 ug/2 for

56 dayi né;umulated the chemical with maximum concentrations attained
in whole-fish by 21 to 28 days. Maximum whole-body residue (wet
weight) was 17,000 x the nmominal concentration in test water. Tissue
alterarions sucn as severe vacuolation in t;e pancreatic ervocrine

tissue surrounding the portal velns occurred in pimfish exposed to

32 ug/t of Aroclor 1016 for 42 days.
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Folychlorinated biphenyls (PCB's) have been used industrially
for over forty years (Broadhurst, 1972), and tecently there has
been concern about thelr envirocmental impact. 'De_hause of this

-

concern, manufacture and sale of most PLB's was discontinuad and
sales restricted for uses that are not likely to produce l‘:nviron-
cental cf:!ntaminacioh. A new PCB, Arocior 1016, is now manufactured
in the United States for azle to capaclitor manufm:turefs &S a
substitute for all other PCB'a. This naw 'éCli is gimilar to Aroclor
1242‘,. excapt that emounts of isowers containing five or more chlorine
atoms per biphenmyl group have been considerably reduced. Dorestic .
sales of Aroclor 1016 increasaed from about 3.3 x ].D6 pornds in 1971 to
20.9 x ‘.106 pounda in 1972 (W.B. Papageoyge, personal mmunicntinuy}.

Cur study was conducted to determine ths acute toxicity of Arocler

%
1016 to tha Aperican oyster (Crassostrea virgiaica), brows shrinop

(Penazus aztecus), gzass shrimp (Palasmonstes pugio), and pinfish

{Lagsodon rhomboides) and to determine ita chronie toxieity to and
uptake and Teteation by pinfish.

ya

’

2/ W. P. Papageorge, lonsanto Industrial Chemicals Company. 800 N.

Lindbergh Boulevard, St. Louls, MO 63166, USA.
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MATERIALS AND METHODS

Test animals i .-

Test animals ﬁere collected near the Gulf %Feeze L;boratory and
acclimated to laboratory conditions for at leést‘seven éays before
exposure. Lf mortality exrceeded 1% fm the 48 hours imnediately
preceding the test or if abnormal behavior was observed durlng
acclimaiion, the animals ware not used. Oysters testad ware froao
35 to 55 mm in height; brown shrimp, 11 to 26 mm rostrum-telson
length; grass shrimp, 20 to 32 mm rostrum-telson length; and pinfish
27 ?o 84 o standard langth., Animals vere not fed during acute
toxicity tests but they could obtain plankton from the unfiltered
sea water. In the chronic exposuras and thz uptake and retention
test, pinfish w;re fed commercial figh food that contained no detectable
PCB (<i01 u-gls). -

Acute end chronilc tests

Acute toxicity to Aroclor 1016 was determined gy exposing ten
individual animals to 1, 10 or 100 ug/t for 96 hours in ezch of two
208 aquaria. Each experiment was conducted twice, The PCB was
dissolved in acetone or polyethylene glycol 200 z2nd metered at 30 ox
0.1 ml/hr, respectively, into unfiltered sza vater that enterad each
asquarium at 75 L/hr. Two tontrol aquarie received the same quantities
of water and solvent. Tewperature aud salinity of the water flowing
inte esquaria 4in replicated tests were siniler (+ 107).

Chronie toxicity of Arocler 1016 to pintish was determined in threc

experiments, each lzsting 42 days. In each supericent, $C Fish wvarc

’ T e MONS 203496
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placed in each 90X aquarium that received 140 e/hr of sea water,

The PCB, dissolved in polyethylene glycol, was';etered fnto the
water at 0.083 wl/hr in the first two experimen:s'hﬁd 1.04 ml/hr

in the third experiment. Control aquaria receivad the same qQuantity
of water and solvent.

The same exposuré Eechniques that were used in the first two chronic
toxicity experiments were‘used to determinz:. (1) tke r;te of uptake
end retention of Aroclor 1016 in pinfish exposed to 1 yg/2 for 56
days and (2) the rate of depuraéion of Aroclor 1016 by pinfish in
PCB-free water for 56 days.

Effect of Aroclor 1016 was assessed by measuring percentage raduc-
tion in shell growth of exposed oysters as compared to control oysters
(Butler, 196Z), by determining mortality in shrimps and fish, and
by pathological e;aaina:ion of chionicaliy exposed f£ish.

Higstooatholozical exanination . '

Dr. J. A. Couch, pathoblologist at this laboratory, examined
viscera from live pinfish from the thi}d 4{2~-2ay expoasura. Viscera
were fixed either in 10X neutral buffered formalin or in Davidson's
fixativa, Those fixed in Davidson's were stored in 70X ethyl
alcohol untll processed for paraffin sections (7u) and stained
with Harrls hematoxylin and eosin (HEYE) or Periodic Acid Schifi's
(PAS). Viscera fixed in 107 neutral buffered formalin were

processed for frozen sectioms (12y) end stained with oil Red O and

hematoxylin.

1
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Checzical analyses

Concentrations of Aroclor 1016 in water and animals were determiged
by electron capture gas chromatography. Unfilta{ed water samples from cach
concentration were analyzed once during the é%—hour exposures and
veekly durlag longer exposures. Concentrations in animals that
survived the 96-hour exposures were determined as whola-body residues.
At the conclusion of each chronic exposure, surviving pinfish were .
dissected and PCB reslduss in flesh, flesh and scaleless skin, and
remaining tissue determined, Residues in all tissues were suvrerad
to ;;mput. concentrations of Aroclor 1016 in whola fish. The same
procedure was followed In th2 uptake and retention study, except
fish waera removed for anmalysis at selacted Intervals during exposure
end dapuration. Also, at the end of tha 56-day exposurz, brain,
gills, heaTt and liver were removed from exposed fish for residue
analysis,. - All £ish samples were composites of 10 individuals.

Tissue samples that weighed more than 5 g were prepared for
enalysis by ni*ing them with anhydrous sodium sulfate in a blender.
The/mixture was extracted for 4 hours with petroleun ether in a
Soxhlet spparatus. PExtracts were concentrated to zpproxioately
10 nl and transfer:zed in 3- to 4-wl portions to a 409 x 20 mo
chronatographic column that containad 76 ml of unactiviated Florisil.

After each portion settled in the column, vacuum was applied until

all solvent wvas evaporatred. This was repeatad with three 5 nl

MONS 203498
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rinses. Ih; residue was eluted from the column with 70 nl of a
§:1 mixture (v/v) of acetonitrile end Aistilléd water, The eluate
was eveporated to dryness and the residue trannf;}éed to a Florisil
coleen (1ills, et al., 1963) with petroleun ethar. Arocler 1016
was eluted with 6 percent ethyl ether ;n petroleun ethar.
Tissue,samplfi fﬁ;t welghed less than 5 g were analyzed by a rodi-.
fication of the micro method described in the Pesticid; Analytical
Manval, Volume III (U.S5. Food and Drug Administration, 1970) The
sauples were ueighed in;;“a-size i;hb;;II ti;;;e grinder’ and extracted
three times with 5 ml portions of acetonitrile. The acetonitrile
was flooded with 15 ol of 27 (v/v) sodium s:lfate in distilled water

and evtracted with three 5 wl portions of hexanre, The hexane was

evaporated to approximately ome ml and trznsferxed to a 9 x 200 mm

-

%

Chrcuaflex_colunn with a 50 ml resarvoir that coutained 3.3 g
of Florisil topped with 3.3 g of anhydro;s sodium sulfate. Aroclor
1014 was eluted with 20 nl of 5% ethyl ether in haxane aod adjustad
to cn appropriata voiﬁ:e for analysis. .

Wafer samples were extracted with petrolewm ether, dried with

anhydrous sodium sulfgte and adjusted to an appropriete volume for

-

analysis.

A1l sacples werza analyred by electron capture gas cﬂ}cmatography

using a 15 x 3,2 ©n glass column packed with 2% OV-101 on 100-120

Gas éhram Q. Nitrogen flow rate was 25 ml/min, the oven temperature

I
'
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was 190 C, and the iniesctor and detector temperature was 210 C.
Aroclor 1016 was quantitated by couparlng”the to;al height of all

peaks in the szmple with the total haight of 2ll peaks in a standard

of.knoun concentration, Recoveries were greater than 80%: data

were not adjusted for recovery. All tiséue residues were determined

on a wet welght basis. -

- - RESULTS AND DISCUSSION - e

- -

Acute (96-hr) exvosure

Aroclor 1016 was acutely toxic to the estuarine organisms tested
{Tables 1 and 2). , Shell growth in oysters was inhlbited greatly by

exposure *to 100 ug/% for 96 hours. Senmsitivities of browa shrinmp

and grass shrimp were similar and pinfigsh was the least sensitive species.

Acute toxicities of Aroclor 101€& to oysters, browm shrimp snd pinfish
were similar to thet of Aroclor 1242 to these specieggj and Aroclor

1254 to oysters, pink shrimp (Peraeus duorarym) and pinfish (Dule =t ol.,

1970).

Al snimals accumulated Aroclor 1016 (Table 1). The quantities
accunulated depended on the exposure concentrations and not on sp2cies.
¥hole-body coocentrations in live onimals ranged froa 440 to 4,200 x
the nominal ceoncentration in test water and 1,200 to 6,700 x the

neasured concentration in test water,

3/

P. R. Parrish, unpubliched data. MONS 203500



o -

-

Aroclor 1016: 1Joxicity to Estuarine Aninals ‘

Hansen |

Chronic (42-day) exposure

Toxicity of Aroclor 1016 to juvenile pinfisﬁ-was greater in
tests lasting six weeks th?n in 96-hour exposu;e;L‘ Pinfish seemed
. unaffected by 10 pg/f or less, but died in concentrations of 32
and 100 pg/¢ (Table 3). dMortelity began in the second week of
exposure. Fifty—pefcent portality did not occur in the third
exposure, for example, until the 33rd day at 32 wele anh the 18th
day at 100 yg/t. Delayed mortmlity of pinfish vas also observed
with proclor 1254 (Kausen et al., 1971). N

Most of the fish that died in the 42-day exposure éxhibited symwp-
toss of poisoning, such as changed appearance and behavioz. Initially,
their color darkened, they stopped feeding, and they swam erratically
with bodies inclined downward. Difficulty in ewlomming progressed
until the f£ish cwam with thelr tails ané dorsal fins breaking the
water surface. TFinally, the fish lost equilibrium, swam upaide
down, and died. Affected fish became vulnerable to attack by other
pinfish in the tank. In the third expearizant, the majority of
dying fish exposed to 32 and 100 ug/t lost scales, skin and,

inally, flesh in front of the dorsal fin forming lesions sometices
25 dzep as the neural spine. This condition did not occur in fish

exposed to 32 ugft in the second experizent.

Hepatocytes in liver sections of thirteen control fish showed no wunusual

characteristics when stainad with YME ard PAS or oil Red O, The

hepatocytes frow six fish denonstrated only a moderate PAS-positive

. - - MONS 203501
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reaction, indicating moéerate-to-light glycogen reserves. In

seven other control fish,. liver sections staid;d with oil Red 0 alseo
showved a bread range of ligid patterus. Strucgufe'of livers of con-
trol fish was normal, being tubulosinusocidal ip nature, with dis~-
seminated pancreas prominert along the course of the portal vein
(Fig. 1), '

Eight fish exposaed to 10 ug/e of Aroclor 1016 for 42 Aays showed
no pathologic microscopic visceral characteristics distinguishable
from control fish. Half of the fish samples were paraffin-praocessed;
half were prepared for frozen sections.

Pinfish exposed te 32 ygl/e of Aro;lor 1016 had saveral liver and
pancreatic alterations that distinguishad them from control fish
and fish exposed to 10 pug/g. Tissuves from eight fish were examined;
half viere paraffin-processed acpd half wérﬁ studied as frozan sections.
Hepa:ncytc; appeaved slightly enlarged end more basopailic than in
the control fish (Fig. 2). UFormal liver cord orieptation was scre-
vhat eltered and PAS-positive graoules accumulated at the edza of
the paacreatic acinar tissue in the liver (Fiz., 3). Less lipid
nateriz)l existed in the livers of fish exposed to 32 pg/t than in
control fish. This contrasts with the heavy, abnormal cccuzulation
6f 1ipid in the livers of spot expoeed to € ug/t of Aroclor 1254
for 30 days (Couch, 1973), Tha woat rerarkable zlteratiom in the

vinfish was the occurrence of severe vacuolation in the pancreatic

exocrine tissue surrounding the portal velns (Figs. 2,3). This

MONS 203502
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vecuclation was distinguishable from normal secretory vacuoles and

deposits in pancreatic tissue from contrel fish beacause those in

-

exposed fish were small, ebundant, 2nd contained no secretory

LS
.

granulea (Fig. 1). - - ’

After the firat exposure, 16 pinfish Fiom each control or Arocler
1016-contaminated aquariuzm were held in PCB-free wzter and the
salinity reduced to determine if ability of pinfish tg survive :
osnotic stress had been impaired by exposure to sublethal concen-
trations of Aroclor 1016. (Axoclor 1254 reduced the ability of
pink shrimp, Pe;aeus duoranm, to withstand stress of decreased

salinity-~D. R. Hirmo, personal cnmmunicatiOn.if) Salinity was

lowered from an iritial salinity of 28 o/oo0 by 50 on each of four
consecutive days (14, 7, 3.5 and 1.8 o}no). None of the fish died
until the salihity fell below 2 ofoo, At that salinity, mortalities
of control acd PCB-exposed fish'ware ginilar,

Pinfish exposad for &2 ‘dayl to cozcentrations of Aroclor 1016
between 0.) and 32 ug/L stored the chemical in prcportiun to the
concentration in test water (Table J). Conceatratioas in whole fish
re;ged from 11,000 to ZA,OQO x tha nominal concentration in the test waler

-

and 14,000 to 55,000 x the measured concentration in test water, wharaas

-

4f D. R. Nimmo, Gulf Breeze Environmantal Research Lsboratory,

Gulf Breeze, Florida 32561.

MONS 203503
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the concentration factor in spot (Lelostomus xantburys) exposed

for 42 days to 1 ug/t of Aroclor 1254 was 30,060 x the nominal
concentration (Hansen 55_3;,. 1971). ° v .t

The concentration of Araclor 1016 in edible tissve was less than
that in whole fish. Concentrations in whole fish averaged 2,1 times
those in flesh and scaleless skin end 2.8 times those in flash.
Pinfish exposed to 1 pg/L of Aroclor 1016 stored quantities that
exceeded thae Food and Drug Admiristration's provisicsal actiom-

level for all PCB's (5 ug/g) 1in adible tissues ({Tzble 3).

Chronic (56-day) exvosura

Pinfish exposad to ) ug/t of Aroclor 1016 for 56 days accurulated
the chemical, maximum coucentrations in'whole f£ish being attaired in
21 to 28 days (Table 4). In a sinmilar study with Aroclor 1254,
whole-body concantrztio;s of spot stabiii:e et zbout the gane tine,
14 to 28 d.aya (.l-i.nn:stn &t al., 1971). Maximum whole-body residus in
pinfish was 17,000 x the noninal concentration in test watar. Increases
in concentratioas in edible tissues were also rzpid {Teble 4}, but
ray #iot have reached a waximum even after 56 days of exp65ure.

The quantity of Aroclnr—iOIG accumulated by pinfish differed in
the various ti{ssues and o;gans. Fish euxposed to L yg/g for eight
weeks accumulated 17 pg/g whole-body residue. Concentratiens (ui/«)
1A other tissues or orgacs were: gills, 23; skin, 19; liver, 16;

brain, B.7; muscle, 5.9; 2nd remaining tigsues, 22.

Aroclor 1016 was lost from the tissues after pinfish were pleced
{

MONS 203504
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in PCB-free water (Table 4). After 56 days of depuration, concentra-
tions in whole fish decreased by 51Z. In an eariier study, spot which
had accumulated Aroclor 1254 lost 66% after 56'days in PCB-free water

(Hansen et al,, 1971). . 34

e - -

We examined chromatograms to compare the proportions of nine peaks
of Aroclor 1016 iu- reference standards (Fig. 4).with those peaks fra-.'?
wvater and pinfish tissue samples (Table S).‘ Chrmtogr.ms of stan-
dards, tissue spikes {md water samples were similar, while chrowato—
grars of standards and tissue samples were dissimilar. Chromatograms
of Aroclor }016 fron d.:.i.ffereut pinfish tissues (flesh, flesh and skin,
gnd rast) vare sioilar. Chrm:atogr.a.m from 211 tiszues nad smalier
sarly eluting peaks, nuzbers 1, 2 and 35 Reduction in early eluting
peaks of Aroclor 1254 from ehrimp and fish tissue was noted by limmo
et al. (1971). 'meé:;ntive proportion.:l of the nire peaks found in
chromatogr;na'ftam pinfish tissuas early in the 56~day exposure, lzte
in the exposure and throughout the $6-day depuration period were
sizmilar. ;Je do not know whather differences between chrematozcams
from reference standards and chromatograms from tissue samples
reflect alter;tim in Aroclor 101% wolecules, differential solu-
bility, or other fac‘tors. It 4s unlikely, howesver, that the PC3
:oﬁlecules vere altered because no changa in relative proportions
of peaks was poted throughout the 112-day experircent,

The potential envirormental hazard of a chemical is dependent

upon its likelihood of entering the environment and its potential
i

MONS 203505
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hazard to organisms. Aroclor 1016 is similar to other PCB's in

-

fts toxicity to and uptake and vetention by esStuarine animals,

., .
Therefore, its substitution for other PCB's reduckts environmental

-

hazard ooly if the pollcy of restricring sales for uses not likely

to produce envireonmental contamination is contimued.
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TABLE 1 i

Acute toxicity to and uptake of Areclor 1016 hylAmerican oysters
- o .
(Crassostrea virginica), brown shrimp (Penacus aztecus), grass

shrimp (Palacmonetes pugio}, and pinfish (Lagodon rhomboides) in

96:hour exposures. Lffect 1s expressed as percent reduction in
shell-growth in oysters and death in shrimps and fish. twhole body

residues are {rom animals alive at end of exposure period.

-

TEST CONCENTRATION WHOLE-BODY -
(ug/2) EFFECT RESIDUE
SPECIES Nominal  Msasured (Z) (wet veizht, ne/g)
C. virginica Control ND* 0 RD»
1 0.6 10 4.0
10 1.2 38 32.
100 58’ 93 95
P. aztecus, Control "D ] ND
1 0.9 8 3.8
~-. 10 8.9 43 42
100 33. 100 -
P. pugio Coutrol ND 8 N
- 1 0.4 33 1.1
10 9.4 38 22.
100 38. 93 44,
L. rhomboides Control ND 2 Nb
1 0.8 S 2.2
10 6.9 0 . 21 o
100 56. 18 65.

#ND - not detectable: <0,05 wp/t in vater; <0.1 ugfg in tissue.

MONS 203509
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TABLE 2
Acute toxicity of Aroclor 1016 to American'oySters (Crassostrea
virginica), brown shrimp (Penacus aztecus) aad grass shrimp

(Falaemonetes pugio). LCffeet is expressed as percent reduction

in shell growth in oysters and death in shrimps.

Y

| 96-110UR EC50 TEMPERATURE SALINITY
| —e/?) () °/o0
| Nominal Mean  Range Mcan Range
C. virpinica 10.2 30 25-32 29  26-31
! P. aztecus 10.5 , 31 29-32 29 28-30 ]

P. pugio 12.5 30 29-32 29 25-30

MONS 203510
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TABLE 3

Toxicity and uptake of Aroclor 1016 by pinfish (Lazodon rhocoboidas)

LI

exposed for 42 days in three separate experi:ents}

TEST COMCENTRATION MORTALITY CONCENTRATION IN FISH
(/s Z (ug/g, wet weight)
Nominal - Measured Flesh Flesh & skin Whole fish
Control HDLI 36 MD - . XD ND
p.1 0.1 <l 0.7 0.8 2.4
1.0 O-B "8 5'1 - 603 11.
10.0 3.0 38 €0. 90, * 166,
Control ND 12 0.% 0.6 0.5
1.0 0.9 15 4.0 6.0 17.
3.2 2.5 16 4: 39. 65.
10.0 7.0 28 61, 76. 170.
32.0 13. a2/ 140, 180, 620,
Control f 1) 6 ®D ®D ND
10.031 ) 6.8 6,’, 23- &90 * 111.
32.0= 2T. 50 30, 48, 106,
100,03/  sg, 502/ 3s. 72. 205.

..-L/ ND = not detectable:

2/
3/

<0,05 ug/t in water; <0.1 ug/g in tissue.

=" Mortality sipguificantly greater than in control figh,a =0,01,

= Exposure terninated and tissues eanalyzed when 50Z of the fish died:
33 days at 32 ug/t and 18 days at 100 ug/2.

MONS 203511
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Hansen

P T T - 3 -

TABLE &

Concentrations of Aroclor 1016 ( ug/g‘we: weight) in pinfish

(Lagodon rhooboidas) exposed to.l yug/t of this PCB. Each
- v r '
sacple consisted of tissuas from tem figh.

CONCENTRATION
DAYS OF . -
EXPOSURE Flesn Flesh and siddin Whole fish
0 wd/ ND W
3 0.8 T o9 T-mﬂ-- e
7 1.6 . 3.8 3
‘14 2.3 . - 3.3 6.5
21 . - 3.2 f";_‘:.‘ &3 9.7
., 28 I X 6.8 .25, ‘
Y ': 40 > " ea . 17.
$6 . 5.9 8.3 ‘ 17.
Depuration ’ L.
14 4.1 7.8 13.5
2 35 6.6 R
s6 2.2 3.9 N

c -8
b "

.l.'., ND ~ not dc;_ect'ablt; <0,1 pgle.

- MONS 203512
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Arocler 1016} Toxicity to Fstvarine Aniwmals

, 12

Hansen .
. TABLE 5
Percentages of the nine measured peaks from cﬁ;omacograns of Aroclor
1016 reference standards and fronm tis;ues of p;n%iéh exposzd to
1 g/ of Aroclor 1016 for 56 days and then held in PCB-free water
for 556 days.
PERCENTAGE OF PEAE;! CUROMATO-
CRAMS
. m,_Tu_h"_,lh_“_z P o3 4 . 5 6 7 B.. 9 -

Reference standsrd 12.4 11.3 10.0 23.5% 13.3 6.4 68,1 B.828 6.2 8§

K11 tissues througzn ]
14 days of exposure 2.4 5.3 1.8 39.6 7.7 10.3 12,1 9.4 1L1.& 7

All tissues, days 21-
56 of exposure 2.5 5.0 2,1 33.2 7.8 11.9 11.3 10.3 15.9 12

*x

All tlssues duriang ’
56-day depuration 1.0 1.7 0.3 ¥.2 2.8 15.0 12.4 11.9 16.7 7

1/ petarcined as peak height

sum of nine peaka 100.

MONS 203513
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LECEND FOR FICURES
Section of normal liver from control ‘pinfish. The vacolues
in heapatocytes are results of ext‘:act:l;,ot'r of 1ipid and/or
gElycogen curing paraffin processing., Kote the normal pan—
creatic exocrine tissue containing normal secratory deposite

(arrovs). '(X650).

Section of liver from pinfish exposed to 32 ug/f Aroclor 1016
for 42 days. Tha hepatocytes appear relatively-denQQ with
more proaicent nucl:i than in Fg. 1. Note the lack of lipid
or glycosgan vacuolss in hepatocytes. Small, abzormal vacunles
in pancreatic exocrine tissue (atrows) distinguish fish

exposed to 32 ug/2 from comtrol fish. (X450).

-
(

3. Pigment daposition (PAS-positiva) baiween pancreatic
exocrire tissue and live parenchyma {(arrow). Note naturae
of small vacuoles in panc:eaiic tissce. This tissue is

from fish exposed to 32 ug/e Aroclor 10le. (X1000).

-
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Aroclor 1016: Toxicity to Estuarine Animals

Hansea . I

— - - a~—

P —_— [ .-
- e+ - -

FIGURE 4

Chromatogram of nine peaks of Aroclor 1016 reference standard.
Operating conditions: gas flow nitrogen 25 mlfrin; injection
and detector temperature 210 C; oven temperature 190 C; H3

electron capture detector; 152.4 x 0,32 cm glass colusm packed

with 2% 0V-101 oo 100-120 Gas Chrom Q.

MONS 203516

24



Aol b e,

L T ————

3 R T Y T T N N T T T T T e e s e s
> T T T T LT T T oy o 1

A ATt ey

f
. .
T R W W IR M W W NS W R ROO8 o O OO N R 2O OO M NOOGONOON0 X GCONO000
.
. ! ’
1 > b
¥ [ 4
. '
. ' 3 . . .
1 » 1
. ‘ f ~ —_——
: P \ N
§ .
- T e
N .
'
A Ry
L} ]
.. "
e
.
- 1 .
. .
. .. X

MONS 203517



’

Aroclorc:)1254, DDT and DDD, and Dieldrin: Accurmlation and Loss by

: - American Qvsters (Crassostrea virginica)

Exposed Continuously for 56 Weeks1
.- . -}atrlck R. Parniéﬁ‘ "
e e U. S. Environmentzl Protection Agency
Gulf Breeze Environmental ﬁesearch Laboratory
X Sabine Island, Gulf Breeze, Florida 32561
(Associate Laboratory of thg National Environmental

Research Center, Cor&allis, Oregon)

-
L IY

Separate populations of oysters were exposed continuously for *

56 wasks to 0.01 pg/2 of Aroclor

1254, p,p'-DDI aud DDD, or dieldrin

and sampled at 8-week intervals for residues. Haximum concentrations

* based on body weight (pg/g) occurred after 8 weeks of exposure, but

maxim:m concentrations based on'absolute amount of toxicant accumulated
(ug) occdrred after 56 weeks of exposure. After B8 weeks, average
whole-body residues (wet weight) from fivc oysters analyzed individually
were: Aroclor 1254, 1.65 ug/g, 4.0 pg; DDT (and metabolites DDD and

DDE), 0.46 pgl/g, 1.0 pg; and dieldrin, 0.08 pg/g, 0.2 pg. After 56

1 Contributfion No. 174, Gulf Breeze Environmental Research Laboratory.

(:)chiltercd tradermark, Monsanto Company, S5t. Louis, MO. Mention of

commercial products or trade names dJdoes not constitute endorsement

by the Environmental Protection Agency.

.-
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weeks, residues were: Aroclo£ 1254, 0.89 ug/g, 25.7 wg; DDT and -
metabolites, 0.37 wg/g, 7.0 ug; and dieldrin, 0.03 uglg, 0.6 ug.
Seasonal patterns of accumuiation and loas of th; tﬂree toxicants were
sim{lar. Residues based on body weighg (ug/g) decreased 45% to 817

in early July and late October, apparently as the result of spawning,
and increased following these periods, This shows that the life
history of oysters must ba considered when gvaluating residue data
from monitoring programs. Crowth rate (height and in-~water weight)

of exposed oysters was not different from that of control ;ysters
(Student's t~test; o = 0.01). DYMortality vas not significant in

any group.

.
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PHISIOLOCICAL CONSEQUENCES OF )

POLYCULORIVATED BIPHFMYL~ AND SALINITY-STRESS
IN PENAEID SKRIMP .
by . . R LI

- L4

D. R. Nicro and L. E. Bahner

.

Papar t0 be presented at & syqpus;un entitled “Pollution and
the Physiological Feology of Bstuarine and Boastal Water Orgariszas”

November 14~17, 1973 at Hobcaw Barony, South C?roiina i
- ' _,-; - A

Cortribution No. 193, Gulf Breeze Fnvironmental Kesearch Laboratory.

i ) '

{
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INTRODUCTION 1
l -
Estuaries are dynanic environrants and animals that live in

E )

then rust be able to cope with change. goce dynami;';atutal fac-
tors are temwperature, salinity, currents, hydrostatic pressure,

and oxygan or carbon dioxide concentrations. ,?qfortun;tely,
dorestic sewage (nutrie;ts). oils, indus:riéi c;emical;, pesti~
cides, werals, or altered temparaturas are 2n influence in estuaries,
Unfortunazely, the conbined affects of the natural and wman-intro-
duced factors on estuarire organisos are largely uwoknown. Excep-
tions arm tne estuaries which receive undua amounts of pollutants
that far all practical purposes are blologically dead. In contrast,
vhen interactions occur gradually and in combination,-;he effect
could be tha death of assacblages of organisns or an entire estuary
without our being avare of tha trend.' Therefore, the prooler facing
s today is vonderstanding and predicting the interactiorns of pellu-~

tants and patural stresses, ~

It 18 comon knpwledge that the commercial shrimps along the
Guli Coast uncartake distincr suryhaline mi{grations. After ajult
apzizy spawm in tha épun‘Gu}f from spriag co fall, tbe post-rysids
znd juvaniles migrate into the fteshnr'wate;n of bays whers thay
grow rapidly to adulthood before returning to the Gulf, Obviously,
Lhese‘stages of shrir) must ba abla to adjust to the changing
salinities encountered in tha estuary and this adjustment reguires
physiological facilitias which wust operate at opcimum.

One groyp ol chenicals dntroduced by man that has rocently

baen the concern of many ecologists %a the PCEs, or polychlorinated

MONS 203521
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biphenyls. In 1969, a PCB, identified as Aroclor 1254 was
discovered ag 2 contaminant in water, sediment, and fauna ‘

" of Lscambia Day, Florida (Duke, Towe and Wilson, 1970). An early
survey indicated that whoie body resfidues of the chemlical in feral
shrinp were as high as 14 mg/kg whole body‘(Nngo et al., 1971a).
Subsequent toxicity tests on juvenile pink ihrimp (Penaeus _
duorarum) revealed that about 1.0yg/s in the water would lill
50% within 15 days (Nimoo et al., 1971b). :,

While conducting bloassays at our laboratory we noted on '
gevaral occasions that salinity appeared to affect toxicity,
. - _Inone gpgpance, we conducted a chronic exposure in which adult

~. - pink shrimp, vere exposed to a sublethal concentrntioé of the
chemical (about 1.0yg/g ). The purpose of the test was to
deternine if structural damage might occur in gill tissues, On

the 27th day ;f exposure at vhich time we had recorded no previous
deaths from the PCB, the salinity of th2 incoming water decreased
from 20??99 to 110/00 uithi; 4 hours dus to rain, tides and
wind. The reault was death of ten experimental shrimp before the
salinity had rtetummned to ZOO/OO . Durinz tha rext twe days, tha
zalinity was lovered again by aberrant tides and climatic condi-
tions and more axperimantal, but not contrel, shrimp died, We,
therefore, becane intecvasted in tha possible interacrion of
Aroclor — 1254 and environmantal strcs;. particularly the effrct

of PCB on the ability of shrimp to regulate osmutically and ienicallv

at reduced malinities.
| .
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MATFRIALS AMD MLCTHODS ! .

Adult brown shriop (Penceus aztecus), 11.5 - 13.7 cm, rostrum

te telson, we}e captured near Culf Shores, Alabama and used in ouw
studies, Approximately equal numbers of both sekes were used and

the methods of exposure to the Aroclor - 1234 waresgsimilar to those

- L4

reported previcusly (Wimmo et al., 197la). The wmodifications were -
11) ambient salinity was wmaintained at 30 1 9o and temperature,

et 25 + 2° ¢, and (2) the exposures to the chexical were "sublethal
and lnstad’bu: 7 days. Three pg/2 was chosen as the testvconcentratiun
tecauas previous tests with adult browm shrimp as well as 2dult pink

shriop (B, duorarun), demonstrated that this concentration would -

causs 50 qloo mortality within 30 days.

1]

Yollowing exposur:z to PCB, equal numbers of PCB-exposed and

"control" shrimp were traasferred to separate aquaria at amdient
temperature and salinity (Fig. 1). Whila temperature was kept
constant, the salirity in each squariua wds gradually lowared during
8 hours to a pradetermined level. Sinca the poasibility existed

of physiological stress from handling or irherant in the experirental
dezign, both PCB-expos2d ard control shri=m wave analyzad for osmotic
and ilonic concentrations after going through the procedure without

externsl salianity change (30 ®/oo). For the firsc group, the

salinity was caintained at 30 oloo for 8 hours; the sacoad, salinity

vas lowared fyom 30 o/oo to 22 oloo; the third, from 30 0100 to 10 °Ioa.

»

- 0
and the fourth, from 30 foo to 7 °/00. Although there was a time’

differential between groups of shrimp, end thersfore, & possible

e e A MONS 203523
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CONTROL SIPLP . ) EXPERIUENTAL SHRT:Z
Carrier only Held for 7 days in flowing AroclorG® 1254
water at 30 + 1 ° /oo {3 ug/L) + carric:
salinity g
. e T T T,

—— -

J——— "

30 %foowme 10 %/oo to 22 d/oo

|

| 7
30 %/o0 to 10 ®/oo 30 oqu to 7 %/oo

-

-

Salinity stress: }loujng water with the capacity of controlled flux
of B-hr duration .

1 |

E -

- Blood sample drawm fronm .
pericardial sinus, placed -
in glasa tube, allowed to
clot and oamoric comcen w———mem.. Shrinp saved

traticon datermined for resid.e
. . enalysis
‘ {GLC)

Serum separated from clot,
placed in small-crucible,

ashad at 480 C for 6 hours
and ash dissolvad in 28

W80, : ‘

Detarminacion of cations .
. (Atomic absorption)

|

Determination of chloride
{Coulometric titration)

FIGL2E 1. FLOW SHEET FOR EXPERTMENTAL FROCEDURE

v e - SN MONS 203524
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Table 1, WHOLE BODY CONCENTRATIONS OF AI{OCLOR&D 1254 IR
PCB-EXPOSED SHRIMP*

SALINITY “mafks
Cloo " AVERAGE RANGE
30 9.6 - ) 3.0-13,7
' _22 L 7.8 o 1.9-18.8
- 10 7.1 T 3.9-14.0
7 R 2.8-15.0

*Concentration of Aroclor®1254 in the test water was 3

pPpb; length of exposure,_7 days. GControl shrimp had less
than 0.1 ppn of Aroclor & 1254.

1
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difference in test aninals dus to a slight ioss of PCB, analyses

I
for the chemical ravealed no significant difference in whole body

~ LY

concentrations among groups (Table 1). As in earlier studies,
thare waa a wide ranze in individual conc&ﬁtrations of PCB (Nimmo

at al,, 1971b). : <y

L4

Samples of whole blood (hemolymph) for osmotic concentration
were removed from each shrimp by pericardial puncture. A ground-

glass syringe {iml), fitted with a 22 gauge stainless-steel

needle was inserted ints the animal at an oblique angle to obtain
| at lease 0.3 ml of blood from each animel. The blood was immadiately
trausferred to an osmocater tube and the osnotic concentration

-

determined with a Fisk Model G-66 osnometegj Since the blood

osmotic concentration on whole blood or on serum, but on analyz-

‘ clotted ouickly, it was difficult to determine whether we msasured
i -
| ing them separately, ve found no significent difference in their

osmotic concentrations. Replicate determinations of 10 separate

aliquoés of pooled sera from sevaral shrimp yilelded a standavd

error of 1.2 (mean concentratfion= 629 m0s).

Analyses of ions was perforwed on ashed msera. To prepare tha

sample, the clot contained in the osmoreter tube was squeezed with

a small glass rod, the clot was temoved and exectly 0,2 »l of the
' serum was traasferred to a szall erucible, The c;ucible vas placad
in an oven and tha contents ashed at 480 € for 6 hr, cooled and the

ash was dissolved in 2N H 80 . Analysic of chloride was performed
2 4

t
with a Buchler-Ceotlove Chloridometer and cations were determined

on a Model 403 Perkin-Tlmer atomic absorptlion spectrophotormater

. L . ) ) MONS 203526
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equipped with a deuterium arc-backaround corrector and an HGA-70
heated graphlte atomizer. Cations in standard solutions were in the
same proportions as.those in the sera. As a check on our methods, &n
analysis of a single aliquot of serum by emission and atomic absorp-
tion yielded 1dentical_resu1ts for the eleepﬂt; potassivm, Five
replicates of pooled sera from several shricp yielded a standard.
error of 0.24 miq/l for €1 (mean = 257 mEq/1l). Replicate aralyses

on serum aliquots yielded standard errors in mEq/@ of B.26 for Ma
(mean = 324.9%), of 0.04 for Mg {mean =« 16.0), of 0.07 for K {mean __-

= 8.1), of 0.19 for Ca (mean = 4.74), and of 0.10 for Cu fmean = 2.84).

The 95% confidence Interval was used to evaluate significance
;; differences in tha data. The 957 intervals ara iﬁdicated in the "
graphs by vertical bars on eachldatum and are listed in each table.
It {s sometimes difftcult to relate -"osmolality” or "osmotic con-
centration" to the environmant. For the purpose of our discussion
of the marine environoent, we expreised the concentration of tha
envizoment as galinitcy, The relationshiplbetueen nls anf salialry
is inddicated slong the X axis 13 Figure 2.

Conceatrations of Aroeclor 1254 ware determined on individeal
shrimp by gas chromatography, using procedures gummarized earlier
(Nimmo et al., 1971b),

RESULTS
The most significant result of this study was the discovery

that a sublethzl concentration of Aroclor 1254 at constant salin-

ity for 7 days hecame lethal when shrimp ware subjected to a

MONS 203527
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Our study covored tho
range of 7 - 30 %o salinity,
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FIGURE 2, OSHOTIC CONCEMTRATIONt SERUM-ENVIRONMENT IN PENALUS

AZTECUS (after McFarland &,Lee, 1963). Our study

covered the rangc of 7 ®/oo to 30 ®/oo salinity.

-

.
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gradual decrease in salinity over 2n 8-hr period. Usually the
shrimp exhibited increased swimring activity while che salinity
-changed from 30 t’/-cm to 20 °/oo, and this was the oaly behavioral
aberration observed., Deaths in expericmental shrirp began at a

o
salinity of about 12-13 ©/oo and &t 10 %700 and 7 /oo, vhen

L4

8 hours had elapsed, rortality of expzrizental shricp was nearly_ 507,
When S0% of the experimental shrimp had become wmoribund or had died,
living PCB-exposed shrimp vere taken for onalysss of oszotic con-
centrations and ion determinations on sera. -

The results of thesa analysesa indicated that concenrrations of

most major ioms in the sera of PCB-exposad shrizp bacame siznificantly

jess as the ambient sslirity decreased, the sum of major foms (e.g-
Na, Ca, Mg, K, Cu, and C1) beiprg 18% less after ambient salinity

reached 10 ojaa or 7 %00 {Fig. 3). .0f this total, sodium was 167

less (Fig. 4), chloride, 197 {Fig. 5) and calcicw, 25% (Fig. 6). There

was some indication that magnesium decreased, but not significantly

(Table '2).. No apparent differences in potassium (Tadle 3), or copper
(Teble. 4) vers notad,

Pata fo::- iron{i.bla 3) are not inr.luded-i‘n ths toetals in
¥ig. 3 because we could not distinguish the di{valent from the
trivalent form.

Despite significant alterations in th2 major ien complenant
or in some major ions, osrmotiec contentration was not significantly

affected by PCB and salinity stress (Tzble 6). Seemingly, oznotic

o o
pressure was less in PC3-exposad shrivo at 10 foo or 7 foo

MONS 203530
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IN RELATION TO SALIRITY

¥

FIGURE 5. SERUM CHLORIDE IN BROWN SHRIMF

L1
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Table 2. AVERAGE SERUM CONCENTRATIONS OF MACNESIUM
IN BROWN SHRIMP IN RELATION TO SALINITY

- —— ——

SALINITY nEq/f1
) CONTROL 95% CONFIDENCE ENPERIMENTAL 95% CONFIDELCE
'l ©/o0 . INTERVAL . ISTERVAL
X 30 20.1 16.7--23.5 17.3 12.7--21.8
I - - - -
- 2 16.3 14.2-~18.4 14.6 - 12.3--16.9
10 14.8 12.4--17.2 13.0 11.0--15.0
' 7 15.0 11.7--18.3 11.5 8.9—14.2
~.
i
|
1
i
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Table 3. AVERAGE ST CONCENTRATIONS OF POTASSIUM IN
BROWH SHRIMP IN RELATION TO SALINITY

© SALINITY nkqfl -

CONTROL 95% CONFIDENCE EXPERINENTAL 957 CONFIDLNCE
© /00 INTERVAL INTERVAL
30 14.2 13.5--14.9 16.7 - 13.6—15.7
N 22 11.7 11.1--12.3 12.1 T 11.2--12.9
10 10.4 9.8--11.2 101 B.7—1L.4
7 9.6 8.4--10.7" 10.0 8.4—11.6

MONS 203540
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Table 4. AVERAGE SERUM CONCENTRATIONS OF COPPER -
o TN BROWN SHRD'P IN RELATION TO SALINITY
SALINITY "~ mEq/l
. CONTROL 95%Z CONFIDENCE EX.PERHIEKEAL_ 95% COSNFIDERCE
/oo INTERVAL INTERVAL
30 4.7 3.6—5.9 5.3 4.4--6.3
22 4.0 3.4—b. 6 5.9 T 4.8--7.0
10 5.2 4.0—6.4 4.6 3.8--5.3
7 4.8 3.9—5.7 5.7 5.0--5.4
”
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Table 5. AVERAGE SERUM CONCENTRATIONS OF IRON IN
BROWN SHRIMP IN RELATION TO SALINITY -
SALINITY nM/1
CONTROL 95% CONFIDZNCE EXPERIMEXTAL 957 CONFIDENCE
%/o0 INTERVAL . INTERVAL "
30 .23 .17—.2% .3 .15--.48
. 22 .28 15--.35 A8 L L14--22
10 .20 L15—.25 .26 .17--.35 .
7 .24 14--.33 .33 L24--,41
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’[ Table 6. AVERAGE SERUM 05:'0TIC CONCENTRATIONS IN -
. BROWS SHRLP IN RELATION TO SALINITY
SALINITY HILLIOSMOLES .
: ) CONTROL 95% COLZIDZNCE EXPERLIENTAL 95% CONEIDLCNCE
; ©/00 INTEZ7AL INTERVAL
i
30 749 728--7171 . 752 726--779
“ 22 687 665--708 6838 658--718
!
10 551 508--593 523 500--546
7 547 521--572 516 495--337
-
iy

)
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salinity but individual wariation was too great to chow a signifi-
cant difference froé controls,
DISCUSSION L
Knowledge of interactions between toxic .compounds and environ-

- L4
rentel factors is essential for predicting their effects on ecosys-

ters or gpecles, ¥xamples of this need have been deronstrated in
both fresh and marine investigations, iIn fresh water, low-level

chronic exposure of the darter (Etheostoma nigrim)’ to dieldrin

greatly effected its ability to survive thermal stress (Silbergald,
1973)., The sublethal effects of mercury on fiddler srabs (Uca
;;gilator) reduced survival tines vhen crabs were placed uynder
temperature and salinity strass (Vernbarg and Vermbarg, 1972).
Mortality of fiddlar crabs previously exposed to cadmium vas grzat-
est at high temparatures and low salinites (0'Hara, 1973).

In our studies Aroclor'q? 1254 possibly iaterfered with tha
ederosige £riphosphatzse (ATPase) activiry in gills of shrizp,
ATPase activity is assoctated with activa fon transport (Tanaka,
Sakanoto arid Sakamota, 1971)., Polychlorinated insacticides pad thae

related polychlorinated biphenyls have bsen shown by aseveral "ia

vitro" essays to inbiblt ATPase in the tissues of fishes (Davis a2nd

Vledomeyer, 1971e; 137lb; Davis, Friedhof{ and tedemeyar, 1972: Cutko->

et al,, 1972; Yap et al., 1971) and in the nerves of lobsters (Matsunm-
ura and Narahashi, 1971}, The need for greater.efficiency or cupacity

of ATPzse in marine orgonisvs can be Inizrred from the results of

w
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Pfeiler and Kirschner (1972), who showad that gill AlPase activity
of rainbow trout adapted to salt water was greater than in fish

adapted to fresh water.

-
-

Polychlorinated hydrocarbons have Intarferred with either

osu0~ or ionlec-regulation in age2tic animals itisler and Edmunds,
1966; Grent and Mehrle, 1970; Kinter et al., 1972; Nirmo and i
Blacknan, 1972). Tha physiclogical relationship of ionic effects
to that of ATPase activity was first reported by Kinter et el.
(1972), who poatulared that lipophilic agants such as DDT and PCBs,
might interpct with the phospholipid-activating components of the
lipoprotein enzyre. The effect of dieldrin on ion m;vement in the
navvous systen of cockroaches shewed that dieldrin inhibited bird-
ing of calciun to tne phospholinid woissy of the sazyre, thus inkib-
iting the moveoent of calciua acros; the nerve mesbrane (llavashi
and Matsumura, 1957), Calciua salts in fresh water greatly in-
creased the ability of nnrin; a=d euryhaline animals to survive

in thft wediun (Black, 1957). Toxic syaptoms of DDT poisoning

in Ere;h water iish could ba allevierad by tha additdion of cal-
civa salts (Xeffler, 1972). In our studies calcium was lowerad

éSX in the sera of PCB-exposed shricp at 7 oloa salinity, and 1t
mey be that thie reduction wvas Tasponsible in part for the obsarvad

decreasz in sodiuw, chlorides, azd othar ions.

MONS 203545
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Field observations of juvenile and subadult brom shrimp Ly
1
several investlgators indicate that those shrimp tolerate a wide

rarpge of salinities:

Salinity ) ‘Location ' ‘-; Observer
0.22 - 0.36 %/o0 St. Lucie estuary, Fla.  Cunter and Hall (1963)
0-1.0 %°oo Mpbile Bay, Ala. ) Loesch (In Gunter

et al. 1984)

0 - é.O ®/o0 Choctawhatchea Bay, Fla. Nimmé {unpubl. data)
69 %/oo lLzguna Madre, Texas (1957)

Gunter, Christeras, and Xi{llebrew (1%964), found that in Texas
bzys, ycung bror shrirp were most aburdant et 10 to 30 94 with

greater abundancz above 20 °loo. Zein-Eldin 2nd Aldrich (19463)

found that postlarval brown shrimps withstood a wide ranga of salinity-

™

temperature combinations, .
It iz evident that adult shricp ave osroreguleters at all buce
e.treres of salinisy (Fig. 2). Williaxms (1950) gives the isosratic

point of shrinm ha-—olymph ot 26.53 o[oo {788 nDls), as compared ta nur

ealculation of 23.4 °/oo (694 m0s) in control shrimp. Neverthalass,

there wes no siznfficant diffarerce in PCB-exposed and control
shriep (Toble 8), Obviously, e slight change in environrantal
osrotic pressure would not be critical to the osmoregulatory ability
of the animals et isosraticiiy, but was critical in the dilute

eavironnent, Tharafore, tha2 salinitics whera the PCE exerted its
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1
preatest effcct in the laboratory (as judged from mortality of
b

ghrirp) were vell within the range in which broim shrizp occur in

nature.
Although no appreciable difference occurted fn osmotic concen-~
tration, there was significant difference in majop ions in the sera of

. .
PCB-exposed shrimp (Fig. 3). McFarland and Lee (1963) found that -

the point of convergence of the total ions in the herolymph of feral

shrinp to that of the environmant was 27 ojoo {300 m0s)., In our
study, by extrapolation, convergence occurrad at 34 °/oo'(1ooo r0s)
in controls, whereas in PC3-exposed shrimp sﬁowa@ no convergonce
and total ions paratleled unity.

L 1%

In surveys conducted soon after PCB vas first discovered in

tre Pensacola estuarv, the distribution of shricp in relation to
salinity sepmed to be Telated th2 emount of the chemical in the
animals {Nizzo et al., 1971b)., Of three species captured, brovn
shricp had the highast whole-body residues (14 ppe) although most
savoles were lower. Seeningly, & conceatration of 1& ppm PCB in
faral shrimp would have been lathal {f the animals wera subjectal
to salitity stress such as imposad by our exparimental precadura,
Ye have unpublished data that suggast existence of a threshold in
averege whola-dody concentration of PCB (5.6 to 7.8 mz/kg) in

pink shrimp (P. duoraxu~) that would bz lethal tvhen supericposed
on salinity stress causad by our procedure. Hovever, a recent sutvey
of feral shriwmp from the Persacola estuary showed that youngz adult

shrirp now have only a fraction of PCB concantrations found in 196%/70

NONS 20354,
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periods. For exanple, a semple taken {tom Escambia Bay in '
August,_1973 had a vhole-body concentration of ‘enly 0.1 ralkg.
Future studies shouid include researgh on interaction of
PCB and salinity on juvenile and postlarval ghrimp since chronic
toxicity tests have shown that rhese stage;'We;e noTe suscept- .
ible to the chenmlcal (Nimmo et al., 1971la). In eddition, studies
ty Dana Beth Tyler~Schroeder, of the Gulf Breeze Laboratory, have
showh the susceptibllity of larwvae of grass shrimp {Palaenoqgggi.

pupio) to the PCBs, Aroclors 1016 and‘1262, decreases vith aze

(personal cowmunication). Also, the "in vivo" effect of PCBs on’

L 1Y -

ATlase activity ia shrimp should be fully investizated.

M
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ABSTRACT | !

intificially fertilized shazepshead micvcow (Cyvprimodon vartematus) eprs ware

espoted to logarithmic concentrations of Aroclor 1254 (10.0 to 0.1 yi/2) in

scasater averzging 30 C and 24 %Joo in en inter~ittect-flow bioaszay.
. - . l-,
Fertilization was not affected but sigeificdetly fever enhryos developed

4p the 10.0 pp/i and fewer fry survived 4n coacentratioms greater than

0.1 pu/2. Fry were more susceptible to Aroclor 1254 than ware juvaniles

or cddlts.
Sheepshead nincow eggs were artificially fertilized and paintaized at

tenporatuzes from 15 to 35 C acd in salipities. from 0 to 35 /o0 to detar—iza j

tecperatera end salinity rcouges chosan, but hetching succass was greatest
2 . A= -
(x ;4=0.01) 2t a temperztuza rengs of 24 to 35 C end 2 salinity rengz of

15 to 37 ofoo. . ]
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vol,eblorin~ted bipheoeytn (PCP7 L} occur In cutuvaries in wany si-tes
| ) +
(Futler, 1973), e#nd the occutrence of one, Aroclor 1254, in nearby Focawbia

8oy and its acule toxicity to estuarine anirals has been docuzented (Muke

o 21.., 1‘)70). Hamsen et al, (1971) found S pgfl of Aroeclor 125% to~ie to

-

the guvanile estuarine fishes, pinfisn (Lagodan rhouwbeoides) ewd spot

- LA

(LeiLstOmuu aanthurus), in 14 to-45 day biocassays. e are unaware of
T

]
datz un the elfects of this PCB on erbryornic and larval stages of estuarice
|

fichea, -

Tre sheepshezad minnow {Cyprinodonm variegatus is found Zn brackish wate:s

fron Cape Cod, Massachusetts to Brownsville, Tenos (Aildebracd, 1917). It

-

13 important in estuarine food chaina as a voracious ommivore and a2s food

for cdatofb‘such as croakers (QHcropogon ucdulatus) and spotted secatrout

!
{Cynosclion nebulosus) (Darmell, 1958). The size, hardiness, high [ecundity,

and ganeration time of thz sheepshaad pdorow mikes it a nearly idzal lzbora-

tory test fish. . :

- "

In this paper, we detercived water temperatures aud salicitiss syitabla
for the culture of ecbryos sad fry of the sheapshead minsow 2nd obsacvead
the effect of Avoplor 12534 im water ona the various life stagas of this

£i-h, )
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Steven C, Schizm-—ol
FL?HODS AND MATZRIALS

Tempernatrre ard Saliplty Studies

Kearly identical metheds vare usa2d in the teomperatura aznd szlivity ewperi—

.

r2rds to fertilize ezga. Adult fish were zcclikmated for one week in salt
! - ’ * e

watar averaglog 25 € and 20 ofoo. The following week, female fish were
]

| -
given three intraperitonsal injections of 50 I.U. hucan chorxionic gona-

trophic horcone te induce egg wmaturation. Over 70X of the fish produced

[+

=]

vi

[+

2 egzs. YEggs were manually striupﬂd and deposited in 40 nl of

1 tered seawater. Only lara_,‘round clear eggs ware selectcd for
fertili:ntinn. Testes from 7-10 scclimated walas were excised, cacarztad
iz 2$ 2 08 filtered seawater a2nd pixed with eggs in 2 100 =1 beaaer,

2llcwing 30 minutes fer fertilizatlon. Seawater nonditioqﬁﬂczga for

——

ferrilization in the t=mparature test Yi:/ZS.C and 20 ofoo salinity waile
the salinity test conditions were 30 C and thke test salinity. Each

experipant 1asted as long as was requ_red for E£=DTYOS to hatch plLs 2o

3

- . -

752 effect of Temperatura on natchircg vas inveatigstad by withdrawis =% 25

zens froo thz 100 w1 baak=- with 2 wilz-bove pinztte ond placing thea in

S

two, 1./ dishes of 25 €, 20 ®/oo szawater. Each of the dishes werz partially

subzergzed in a bath at 15, 20, 25, 30, or 40 C in one temaratura t

It

o]

o
1]

cs

22, 24, 26 or 28 € 4n another. Onz hour la

ter, when temperaturzs in the

¢ichss ejualled the bath teoparature, fertilization vas confirred mievo-

ccopically. The eriterion for fertilizacion was cleavage. Dishaa vere

checled drily during the 3-ueek static tests znd dead or non~fertile

e 202 larvae were remaved. Tha criterla for ecbryo mortality was

- [ - . _—— - ———— R
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- »
an opii 2, vhite, fungal growth and for the larvae a2 white eoloration of

the trunl musculature. Teaparawuraes wer: ponitored continususly and were

~

vithin 1 € of the desired terperatures. Salinity alterations due to

eva%o:ation in both the salicity and teoperature .tests were cocpensated
. - 4 ‘v

for daily by additlon of distilied water.
l -

Fertilizotion procedures for the salinity study were identical to those

of tha teuparatura stﬁdy.except that the mumber of eggs in each salirpicy

varied from 35;75, dapending on 2gg availability. Filtered scawater frona

Santa Rosa Sound, Florida was diluted to give salinities of 0, 5, 10, 15

20, 45, 30 and 35 ®foo. The 30 e2nd 35 ©/oo concentrations ware attaimed

At LYY

by edding P.il?,®sa.1ts to tha vater fronm the Sounmd.” Selizities, checksd

. o, °
dally with a TS(:?refractomzter, vers within 2 _foo of tha desired level.

LA -

o .
t- Y

Arocloxr 1254 Exposuré

v

An Aroclor 1256 intermitte 1t—fl?w bicassay was aceozplished using
Sul‘rt"r e .

. ou

culture card*txons—daternlhed ia the tewparature “and salxnity tests.

LTI BT

Eggs were fertilizud.in control watar and plac=¢ 1n Pet:i dishea~ Tour

~.
éishes (20 eggs per dish) iz cach PCB conceatratd tion zod control. Fertility

w23 coniirmed after ooe hour. Terperatures in both tests zverageé 23 C
{range 27-31 C) and salinity averaged 24 %/oo (renge 16-32 ofoo). Tha

bl - —-ﬁﬂ T

seliniey Fluctuated uith that ol Santa Pasa Souad. Tha toxicent dosing

systen usad 4n thle test vaé a rmodificarion of the apparctus of Drungs and

. “n

Foust (1970). Yn our sysiea tha toxlcant and carrier were injectad into

the delivery tubs leading to each exposure tenk (Figure 1). Our apparatus
¥
RO

Gi

{0
' femistered tradecack, Amzrican Ontical Corp., Lrffnlo,

Kestvtered grademark, Rila Products, Teaneck, H.J.
¥. Y.
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allo.sd us to retaln the zdvantages of the Mouat and Brungs (1967) dowiug

soparatus and to select any concentration of toxicanl while valntaicing the

e

goce concentration of carrier in each toxicart concentration.
sawater used in this bioassay was puojed from Sianta Fosa Pound into a
{

coTstant.hﬁad box in the laboratory. An oscillating pump {1A), regulated by
. . .

-

a ihaostat, punped water from the head box through a 20;;-po:e polypronylepa
filter grd into tha cocpartmeats in the dosing apparatus. After all com
partoents vere filled, tha s2lf-starting siphoa in the;last compartmanal
c:%tied into ; receiving buckat (1D). The waight of the buckst being ££11ed
operated two miecro—switches. One switch (la2) sﬁut off the escillating pumn

acd the other (le) activated a solenoid (1) that raised the lever of thea

icizction appararus (1F). This rising lover was comaected to gears thak

forred thz barrels of six 50-nl syringes (1G) equal distences. ¥ixicg

-

bottles (1B) received injections frem a contral syrirge containfes tha

carrier (polyethylera glycal 200). Stock scluticms of the carrizr acd

-
——————— T S T s ety s 1 e at ot e e Er—_y o ¥

TeTT Aroclot” 1254 were mixed ha give concentzations 0. 1, 0. 3 i:b::j;iaéﬁd”iﬂ-ﬂ

-~

> ¢ hoxezs (Ficure 2) contalping one larze acd four szall compartracis, each with

- -

a stanipip> or siphem. Each cocpartzeat filled cozpletely duciag each

cycle aed tha slphon deliverzd vater to thna aanari"“ in which adults zrd

—— - - - .

juvanile f1sh were held. VWater remainirg in the four small compartments
flowed lele out through sudbmergad koles in the steadpipes into cach of
four contciners holding eges or fry. Each contziner received 100 =l of

“vater par-eycle, The nucher of cycles per day ranged from 100 to 140 and

veie sufficient to replace water in eech egp conteliner mt least three tima:

cach day.

MONS 203558
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. *

yode effcets of polyethylere glyeol 200 in this,tesc (7.4 'op 2/ 1) uare not

lcxp:n.cd because (1) 1% Vv polycthyleca gl:.‘col. was not lethal to
juvenile shecpshead micnoss in 96 hour tests aad (2) in earlier tests at

this laboratory, toxleity of 5 yz/t of Aroclor 1254 to pinflsh was not
{

changad by an idcrcaslng solvent concentrdtiorn oneih{ml‘.zed tin:ss {0.1 to

- -

10 oef 1) (Hansen, uppublished data).

Chorical Mathods

Aroclotr 1254 coucentragttions in test and control vater were datercirad

we2kly by gas ;:h:mtography. llzthods were the saza s thosa of Hic—o

et zl. (1971), except that aa OV-101 coluxm was used end all peax heighes i

were sveraged for PCD quantification. Maasured PCB concentratisems in test

water ware typlcally 357 to 60X of nominal coacestrations; control wator

-y

contaiced na _dg;tectable PC3 («<.03 yg/1). Recovery efficiency of Araclaor

s

1254 was greater than 60Z. IMeasured cormcentrations vere not correctazd for

iy =

Pl Ja

perceatage Tecovery. . ' ’

-
gt ot eI — y————

ey W ———— - .

- -msscl.ved Qx;'-e-v— was de tE.uit:.ﬂd waskly using. t:h~ uadifi..d Hu:l.l;;'“;nre‘:l-ﬁ:{ o

(s ricklead ead Par..aus 1965). Congeatratiocns sxeued adzquzte #nd above

-y
s b et s e

50% saturetion.

-t

.
. mma gt
. e e ———— i

L]
, Statdstical lathods

pr

Chi-square (,,2) test vas used in the sratistical znalyris of tha

i
o .._._............_l..._. - amtmetmen =i e e - ,—

deta. In tn-peratura and ...:—-iu\ity StLdle“ tt‘a .m"a.{imun .p;::-s‘itive' teSDO'\:é - T

row

was eczpared with a1l other Yesconses to deteccdee thz most nificienc

culterz conditions. Data in the two teaperature exparimscts wexe

- S

————— iy =8

aralyzed separotely.’ IR S

'
'
!
2
i
.
.
—r———
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Steven €, Schi—el
o ) RESULTS AND DISCUSSION

Terperature Study

Tcrperature determined the number of days roquired for hatching (time-to-

hztch) and affected the srrvival of eubryos and fry of the sheepshead cincaw

(Tsble 1), ) Sheapshead wicrpow eggs hatched at_wa_tér tewperatures from 22-40 C

4 -
. » N

but none hatched at lover tecmeratures. Hatching sucdess was greateat at

-

terperatures ranging fron 24-35 C. Fry survival did oot differ in the rzage

of 22 to 35 C, ‘Iha lo:geat tlcs-to-hatch wes 15 days at 22 €, and decreassd

rapidly, leveling ofx: at 2bout 4 days at temparatures ranging from .aU té 40 C.

-

Saliniq Study ) y

S2linity affectad survival of embryos and fry but did mot affect -ti.ma—to- :

hatch (Tsble 2). -Survival to hatching was greater at salinities £zon 15

to 30 ofoo znd fry survival ¢id not differ in that ranga. Under mztural

- e = T e A P

coxditions, adult end juvenile shespshead ninrows ocear in a wids sali_:u. ty

range (Simpson, 1955). Our dal:a. shos that exbryos ecd fry also can

o
+ L4 -
- SL"'"ViVE i-n a. u{d“_ aa]in ty_r ngh—-,..._,_,-__'_.._, i ol o Tt e I - - =
[ W i Teais . e e ITLT LR e LSk, LT LI WA Chee
. ' _.. ‘;_ -n" ':-; . ::;—(a— ‘_...;-.\-,4‘,_.:--.\_’-_ Lo P e L e "___‘__‘_; 2 .

e e et e - e ArOd.ur 1254 Scudy

'
rrm T e e me

- wm -

. -

Azoclor 1254 aEfected the survival of both exbhryes and fry of the

1
'
head rianow, but had no cffect on time-to-hateh., Ex3rros f2valdizad ond I

hatched at all PCB conceatratioss, but hatching success at 10 ugl/e was

- —y —

- |
TTC signt ca’xth—less thm-that of—-contrm. eggs.'“Afr.:r the eggs hatchied, 7

sutvival of fry was significaatly less than control fry at all PCh

cenceatrations except 0.1 pg/2. Mortality increass2d with an facronsi

oE1nT
ol

con:en..rztxon of PCB
«E - ~ =
SitL s

'I’nree—«.aek LCSO in :\-gosa'd gubryos end fry

xes
-

estizated at 0.93 ug/s (S E - 0 17 pf’/!) Tr)' dl.d not die imza -'1t21y

MONS 203560
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- . ] Stirvea C. Sciri-4,el

st haetching bub were hilled over no.l ol the tvo-werh period ol post
] +
hotel exposure. llany of the dying fish developad fin rot as previously

described in other PCB exposcd £ishes (ilansen et al,, 1971).

L AToclor 1254 was more toxic to fry of sheepsbead minnois that £t 3ras to

uveniles, adults or to the fertilization of ezos _('I‘ablc 43. In three week
t -

gxposuras to the sane concentrations of this PCB', mértality of the juvepiles
' -
tras significantly greater (tveaty-four perceat) im the 10ug/? conceatration.

Adult fish were not killed in a three-ireek exposure but beczma letharzic and

-

exaibited fin robt. Tnhe concentration of PCB in the fxy:goopared to that in

the vater (concentration factor) was nearly ideatical with that of adult

fish., Concentration factors ir fry ranged from 1.6 to 3.2 x -IUQ' apd thoge

fpr edults ‘ranged from 1.1 to 3.2 x 104, A twenty-four hour static test in

&l oW

| .
10.92g/2 PCB showad po ichibition of fertilization of sheapshead mirosw egos.
The greater sensitivity of early life stages of tinis fish to Aroclor 1234

stresses the need for bicassays designed to assess the effects of such

.

.

cuemical pollutants_ on’ these stages. ) ws T
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We thank Garj Cook and Denan—Knight for chemicnl anélyses 0L walboxr

" from the Aroclor 1254 test and Steve Foss for preparing the illustraticas.
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TIGUEE 1, Doaing cpparstus! A-ogeillating pump; a~-pump micro-switch; B-mixing
bottlce; C-vacuu linec; D-receiving Suckct; E—solcnoid;.e-solenoid micro=switeh;
F-{nicctor lever rpparatus; C-30cc. sysinge; H-toxdcant delivery tubing; I-vater

delivary tube,
' MONS 203564
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' FIGU#E Z. iSLribuEion dppnrutus: J-distribution box; K-egg/larvac trays:

L-Pot=1 diches; H-siphem,
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for two weeks following hotching 6F shecpohend minnowa (Cpprinodor vartepAtus) ., |
]

Terperatures varicd + 0,5 C; ealinity averaged 20 o/eo, + 2 o/oo, ’

.
r

gl
rl

Temperdture fags Hatching © Fry
(°c) Number  Fertile ) Doys Survivel ° - Survivel
- : ’ 7 S
15 - 92 . : No' hatch orr | . O
20 ' 50 98 _ ‘ : No hatch 0% ‘ O#H
2 50 100 ' 15,0 28.0m. . 100
% - 50 96 | o | 9.0 50,0 ' 100
25 : 50 98 | 2.0 817 . 80
26 ST Y T | 70 780 i 100
2 L 50 90’ ; R 6.0 - - 555 9
0 . s0 o4 o W53 90
35 ‘ 50 8 - | 5,0 70,2 100
' ! . 50 BS . s0. -

40 50 94

+

P W .
Loss of 25 eggs duve to spillnge, . +& < - L - W
1 ' N Ct "

* etgnificantly leso than the greatest fertility or survival (x“ja = 0,01), MONS 203566
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Table 2,--Tffect of saliniey on fer*ility, time-to-heoteh, hu ch 'ucc g9 and survival of fry

for twe weeks follor-g hotching of shcepchicad minnow %Cyp’inﬂcoﬂ variooatus),
Terperature 30 + 2 C; selinity varied + 1 o/oo, P
r ;
Salintity Tepn Hntchiné Try

ofco Nurber  Fereile Days Survlval Survival
Z . N 2 SR
da !
3 ' [
- . 4 . . !
0 60 35 No hatch 3: 0% 0 !
1, . Il
: 5 35 46 7.0 ,i,-rz-* Sosoet
' i - e : : : 4
10 75 35° 7.0 i ]35% bl ! 89 ¢
.13 35 51 5.5 {67 | 92 |
i’ . ! ,l :. . -1 L} 3 :
: 20 75 44 6.0 167 e © 100 o -
| i il «
- 25 35 54 5.5 1. Et;s st 90: :

2 ' Bt ' L
; 30 A 49 5.5 VAN ; 9% 0 3

* . v, . T . ¥ g
r [ .!. L. 1
P 35 37 6.0.. Uz . 50, L )
; i .‘ i
; Signif.cnnt..) lens then the preatest furtility' or survival (xzig = 0,01), J
| | Y £
.ol é;\i 3 . 4

‘ Jo MONS 203567
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Tebie 3,--Lffect of Areclor Lzsg:)on fertility, tinme=to-hateh, hateh ouceess and survival of fry foc

two weeks following haotching of oheépnhcad minnow (Cyprinodon variepatus), Terperature

averaged 30 C (roange 27-31 C); salinity nvcrugeﬁ 24 o/oo (ranpe 16-32 o/oco).

s
. ¥
}

'

C . e - ' :
Concentration ghg/zz © .. Epes - ’ : Hotelidng . Survival
Mominal Measured dumber -+ Fertile Days v Survival ’ b4
. b4 § . A
. . ' . .
Control <0,03 ug/2 _160,'; ' 86 7,0 79 IR 89
01 ] 0,06 6pf s . G 69 A+
0.32° * - £ 0.16 1605 86 7.0 13, L. 6w
. . \ vep o< i ) ) SRS Y .
1.0 07 0.36 1600 9l 7.0 ... 82 o . 63
3 Lo S S N T A
3.2 l‘ l:luod 11‘].6“0, o 85 7.0 -, ,:‘ , 75 - , ' L0%
Coa . : 1 e SN
10.0 3,48 11607 . lo1 6.5 © .5 g
' H ! xr!' ' . . 4 ‘ T ) -t
i 2 . ’ )
* Sianificantly different from control fish (x; « = 0.01),
"Li '
! ‘ . !
' [ * ' ;-‘ 4
' ) v ' ‘:" ' ' K
S ' MONS 203568
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Tatle 4 -—Rclativc susceptibility of various 1ifé ctopes of uhccp"hcad minnowo (Cyrrinaden varicparus)

to Areclor 1254O:lu a {low- through eystem, .Criterfa are infertility of oggs and dcaLh :
!

L

-

LTI

'
.
TR LR G L ey
e
~

[ —

) ' ‘
of embryoa, larvae, juveniles, ond cdults, | g:'. ' |
g ) 5
' L !
Lifa Stage Expesure. i Concentration (Mg/b) ‘ :
(days) ! Hnimum Maxinun .
Affcctinr' Yot affecting | f
- 3 -
Cpg fertilization® . 0.4 ; ——— 10,0 '
Eiyeyo8 7 {* 10,0 3.2
Larvac - . 21, 41 0,32 0.1
Juveniles 2. . {{ 10,0 - 3.2 ‘ 'l £
. ”'| ' '
Adults 22 ' P e 10.0 :
[ i
i . T T
. % 24=hour static test. | : . i
- M ‘-' '
41 .
;I r
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AROCLOR® 1254 1M ECGS OF SHEEPSKEAD HEHNGHS: EF!—'ECT ON
FER’I’ILI.ZA'IION SUCCESS AND SURVIVAL OF EMBRYOS AMND FRY L
Pavid J. Pansen, Steven €. Schire=al and Jerrola’foresterh
U. S. Environmental ProtecciPn Agency ST T
Gulf Breeze Envirorzmantal Rasearch Laboratory
sabine Islaod, Gulf Bresze, Florida 32561

(Assoclate laboratery of the Mational Environmental

Research Center, Corvallis, Oregem)

1

Contributiom Yo. 177, Culf Breaze Environmental Research Laboratory

—

Gp}wgistered trademark, llonsaate Conpanty, St. Louis, Mgo. Mentiea of

o

commercial products or trade names does not constitute endoraemant

by the Invironmental Frotection Agency. .
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ABSTRACT ' .

s B ‘.s.'-.-t -

The effect of the polychlorinated biphenyl (PCB), Aroclor 1754, in

egps of the sheepshead mincow, Cyprincdon variegatus, on fertilization

success and survival of eobryos and fry,was investigated. Adult fish
were exposad for four weeks to Oll, 0.32, 1.0, 3.2 or 10.0 ug/2 of
PCE, then injected t;ice with 50 IU of h;ma; chorionic gonadotrophin
to stimulate egg production. The aggs were fertilized, pl;ced ian PCB-
free flowing seawater and observed for moftality. Fertilization
success vas unimpaired by concentrations in eggs a3 high as ZOl we/g
but survival of embryous and fry wvas reduced. TUsually, fry from eggs

" contalning 7.0 ug/g or —ore began dying 24-48 hours after hatching.

" If this PCB affects other species similarly, then populations of

fish that presectly have corpareble concentrations in their eggs may

ba endangared.

-

INTRCDUCTION
Polychlorinated biphenyls (PCB'S) have been found frequantly in
eatuériqc orgacisns from many states (Butlar, 1973) acd io an estuary
near the Gulf Brsere Laboratery (Duke et al., 1970). PC3's in sea-
water are toxic to and eccurrulated by juvenile shrirp, crabs, oystars
., and fishes (N¥immo, et al., 1971; lLowve, et al., 1972 and Harcsen, et
al., 1971). Thc'relationship batwesn the amount accumuiated by fish
and scbsequent effects is poorly understood. EBowever, PC3's 1n eggs
may decrease fertility and survival in early stages of ecbryoric
development in Atlantic salmon, Salmo salar (Johamnsson et al.,

‘1970), and PCB's have been implicated in poor reproductive success

of striped bass, Morone saxatilis (Anonymous, 1971), Because
]
!

. ' MONS 203571
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reproductive success with both fishes var}ed, the exact relation-

e

§
shlp of success to concentratisn of PCB i{n eggs remalns unclear.

. = - - -
- .

Our study was cépducted to determine the effect of ovoe PCB,

Aroclor 1254, on fertilization success of eggs of sheepshead minnows,

Cyvrinodon varisgatus, and on survival oElembryos apd fry. lroclor 1234
wvas selected because‘we foumd eggs from striped bass that exhibitaed
decreased reproductive success contained a P'CB whose chromatograns
closely resemblad Aroclor 1254, Sheepshead minnows were selected
because they can be readily expesad in the laboratory and reproductiwe
success is excellent. .
MATERTALS AND METHODS e T T s e
Adult skeepshead minnows vars séiﬁnd from ponds on laboratory grouads
and acclizated to laboratory condixicnggfor four days before exposure,
During acelimation, mortality was 13?3 than 17 and no abnormal be- .
havior was observed. Temales averaged 42.5 mm standard length, range
35-52 =, and calas averaged 42.8 om, rangs 35-52 gm. [Curiag accli-
mation and exposure, fish were fed cormarcial fish food that coztairad

no datectable PC3I (<D.01 pg/g).-

- Adult expaosure

Ve exposed 20 female and 10 wmals fish in aguaria containing nore,
c.1, 0.35. 1.0, or 3.2 pg/t of Aroclor i254 and exposed 25 females zond
15 males to 10 pg/r for four weeks it an intermittent-flow bioassay.
The apparatus used was a wmodification of that-of Brungs and Mount (1979},

In our modification, Aroclor 1254 and carrier, polyathylece glycol ICJ,

were injected into seawater each tice the apparatus cgycled., Each cycleo
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siplioned water to six 80¢ test aquaria. The injection devlice was
I

operated by a solenoid that raised a 1ever‘each cycle turning gears

on six fnjectors and pushing the plungers of six 50cc syringes.

Each of the approximately 150 daily cyclgs delivered 1.52 of filterad
30C seawater, 11 yg of carrier and epproprigts mo@ts of PCB to
each aquarium. Water-and carrie; wi:houtvkcﬁzuere.éelive:ed to the
control aquarium, Salinity of water averagsd 17 o/oo, rangé 5 to

28 o/oo,

Ess'fertilization, enbryo and frv survival

The effact of Aroclor 1?55ﬁ1§ eggs was determined by enhancing egg
production in expoged fish b;'hornnnal injection, fertilizing tha eggs
‘;rtificially and nomitoring their development in fl;wing PCB-free
seawatar, Fermale sheepshead miunows were inje;ted intraperitoreally ]
with a 50 I.U. huran chorionic gbnidotrophic horaone oo exposure-days
.25 and 27, ..0n day 28,-egga'uare:sttipped manually‘fron five fenales
from each wquarium and thosi from each female placed in individual
beskers containing 40 ml of filtered 30C seawater. Ninety-thraa
of 96 females that aurvived produced eggs. Ezgs from a fexale
were fertilized with excised macerated testes from a rale from the
sare aguarium., Tn addition, eggs from five control fish end two
Eish surviving exposure to 10 ug/L PCB vere fertilized by males
expased to 1.0 ug/L, Twenty-five eggs from each fish were placed
4n Petrli dishes to which a nine e¢m high collar of S500u nitex mash

. was glued, Dishes vere subnmerged 7 cm iz the 801 aquariua wnich

received approxiwately 2258 ovf filtered PCB-free seawater per day;

ZNanufaccuted by Ceorge Frazer, 4528 Pitt Street, Duluch, Mian. 35804
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averagz salinivy was 18 o/co, range 10 ~ 27 ofoe. Success of
fertilization was confirced by checking microscopically for cleavage
1.5 hours after fertilization. Therzafter, dishes were checked daily

to determine survival of emoryos and fry. Dishes remained in the

aquarium for 34 days. Fry were fed brins,sﬁt{mp nauplii or dry
comzercial fish food daily. .

Chemical analyses

Concentrations of Aroclor 1254 in water, eggs and fish were

determined by electrom captur2 gas-chromatography. Unfiltered water

gamples from each aquarium were analyzed weekly during tha four-week

exposures of adults. At tha end of tha adult exposure, coucentrations

bk

were determined in rhe fertilized eggs from each fish and in surviving
gdult males and femalea. Alsoc, fry that hatched from thasz eggs aad
survived for four weaks In PCB-fres water were aﬁalyzed for Aroglox

1254 content. Analytical methods for water, eggs and fich wera tha

-

same as those of Mizao et al:. (2971), except than an OV-l0l columm

b

vas used and all peak haights wera sucmed for FCB queantificatiom.
Pecovary efficisncy of Aroclor 1154 exceedad 80X. IMeasured cou-~

centrarions were not corractad for parcentaga racovery.

Statistical analysis

Probit analysis vas used to daterwine whether ipcreasing con-
ceantratlion of PCB in eggs increased the effect on fertilization
success and on survival of embryos and‘fry. The 12 test for
indapendent samples was used to compare 'data for eggs from irndividual
unexposed and exposed fish. Differences were considerad rezl at

2
a= 0,05 for probit analysis and ¢ = 0.01 for y tests.-
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Aroclor 1254 in.wate:‘was toxic to and accumylated by adult sheeps-

- e ar e =, = . R

head minnows exposed for four ua;ks (Tablﬁ 1). ¥ortality of fish was
negligible, except in the aquarium receiving_io ¥8/¢. Dyinz fish in
this aquarium typicaliy became lethargic, ceased feeding, and sona
daveloped fin rot. Fish accumulatad the PC3 ia diract proportion
tc the concentration in the water and conc;ntrations in fish ranged
fré& 15,000 to 30,000 X the noninal concentratiom in the water.
Concentrations in males and females were similar. Concentratioms of
the chemical in eggs from exposed adult fish were proporticnal to
.Ehe concentrations in tha fish and concentrations in female fish
wvere 1.8 to 2.3 times greater than the concentrations in their eggs.
The PCD exposure apparently did not alter the percemtage of femalas
. producing eggs or their fecundity. )

Fewer emb;yos and fry from eggs of erposed figh survived than did
exbryaa 4ad fry from eggs of contrel fish (Table 2}, Tha percentaga
of éhe egzs fertilized was not affected, but survival of ecbryos to
hatching was less in eggs from fish exposed to 10 ug/f. Survival
yrate of fry in the first week following hatching was less in eggs
from fish exposed to 0.32 to 10.0 yz/t thanm in eggs from unaxposed
figh, The estimated 1C50 was 6.1 yg/g; 95 percemt confidence limic
equals 3.5 to 11.8 pg/g. Fry typically began to die one or tuo days
efter hatching, about the time they started feeding. If fry sur-

yived the first week, there seened to be no additional mortalitics

4
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related to PCD during three weeks of additional observation. Con-

centrations of Aroclor 1254 in surviving fry were similar, 0.26.;
0.56 ug/g, and not‘p:oﬁortional to-coAcentratio£;~in eggs.

Embryo survival decressed at the highe;t concentration of PCB in
eges and fry survival decreased with 1ncrea;ieg concentration of PCB
in eggs. The amount 1in eggs was critical’beéﬁusa it was the sole
source of PCB for the ecbryos and fry reared in PCB-free water.

PCE in milt was probably nmot critical to fertility and survival
becausa vhen eéga from control fish were fertilizeg with milc from
either coatrol or 1.0 ug/sL exposed males, survival rate of embryos
end fry was not altered (Table 2), Survival rate of fry hatched

wrom eggs contatoing 7.0 ug/g or core of PCE was siénificantly less
than the lowast survival rate of egzs from any of the five control
fish (Tabla 3}. i

If the #£fact of PCB in eggs of othar fishes 1s sinilar to that
found with sheepshaad minnows — and we have.no data to support
this view — then variations in published information concerning
:ha_qhnmicals relation to spawniag succass could be explained. )
Atlantic salmwon agzs containing up to 1.9 ug/g of PCB had
decreased fertilicy and survival of early embryos, but survival of
late embryos and sac fry was unicpairsd (Johannseaonm et el., 1970)7 -
Chesapeaka Bay striped bass eggs containing FCB's had decreasad
fertility and survival of newly hatched fry {(Aronymous, 1971).

Our analysis of eggs from eleven striped bass from the Eastern shore

of Chesapeake Pay showed that the eggs contalned about 2.5 to 8.7

vg/z of a PCB resembling Aroclor 1254, BRecause concentrations of
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PCE in eggs of sheepshead minnows as high as 201 vg/g were not
pccompanied by decreased fartility and only wminimal embrye mortaliry,
1t seems unlikely ihat decreased fertility and embryo survival in
Atlantic salmon and stripad bass could be'related solely to PCB in
their eggs. Diminished survival of newly'hétdhed striped bass fry,

-

hawever; could be PCB-related since concentrations in thair eggs
were similar to those In sheepshead ninwow egzs which procduced fry
whosae survival was poor,
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Table 1. Toxicity and uptake of Aroclor®1254‘ by adult sheepshead winaows

{Cyprinodon variegatua) exposed for 23 days in an intermittent-Flou biloassay.

Thirty fieh were tested per concemtration. Residue analyses are for a

winimum of 7 male and 17 fewmale fish arnd eggr.from 5 fish.

L

-

TEST CONCENTRATION MORTALITY  CONCENTRATION IN FISE FEMALES  AVERAGE
(ug /L) 4 - (ugfz, wet welzht) GRAVID FECTNDITY
" Nowimal Measured ° Wales TFewales Feoos A ¥o.
Control  KD* 7 0.64 0.47  0.52 100 97
0.1 0.09 13 2.5 1.9 0.88 89 121
0.32 7 T 0.14 TTUTYT T 97 T ey T s U7 100 110
1.0 0.3% 10 — 25, 11. 100 127
3.2 L1 3w, 4. 21, 94 152
10.0 5.6 95 —_— —  170#* 100 133

i,

% ND = pot detectands,< 0.03 ug/t.

** §ggs from twe fish.
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Tabla 2. Success of fertili:ation of eggs from sheepshead mincows enpos=d to

’ 2.:0:10:@1254 for four weeks, survival of e.nbtiyos from fertile eggs uatil
hatching and survival of hatched fry. Eggs are from five fish per con-

cectration (except two fish from 10 ug/R). Pe!:centage's are in parentheses.

L

CONCENTRATION . EGGS . ' FRY

Fcult T3gs Tested Tertile Hatched Survival
Tposura  Average - Veek 1 Weeks 2,3.4

Cug/) (ug/g)

Comtrol 0.52 125 125 (100) 116 (93) 111 (95) 106 (96)
0.1 . 0.88 . 125 120 {36) 106 (88) 103 (97) 98 (95)
0.32 5.1 126 120 (95) 107 (80) 82 (TTy* 76 (93)
1,0 1. 126 121 (96) 118 (98) 3L (28)* 26 (98)
3.2 2;. 126 118 (94) 100 (85) - 23 (23)% 19 (83)
10.0 170, S0 46 (92) 33 (7TD* 0 (@)% 0 —

Coatrol ¢ . — 128 119 (933 113 (95) 112 (99) 11l (9%;

ead 1.0 - . -

va/t d

# Siznificantly less than eontrol hatching or one week fry survivals (xzz

w e 0.0L) ¢ .
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Table 3. Comparison of concentration of Aroc16r691254 {n eggs (wet waight)

- from sheepshead mionows exposed to the PCB for four weeks and success of

- -
[— - B s

kertilizntion of eggs and survival of enbryos and fry.

Concentration ECGS "+ FRY

Adults
in Eggs Tested fertile Hatchad W;ek 1 Weeks 2,3,4 from
) | Aquaria
(ug/8) (ug/s}
0.41 25 25 23 23 22 Control
0.44 25 25 2% 19 19 "
feee o 0.45 25 25 25 25 - 26 - - M-
0.53 25 25 24 24 23 .
0.57 25 2 19 18 18 0.1
0.76 25 25 20, 18 Control’
0,84 25 ~23 21 21 19 0.1
0.91 25 25 . 25™ 28 23 "
0.98 25 23 17 17 ° 15 "
1.1 25 25 24 2% 23 "
3.7 25 23 227 21 20 0.32
4.1 26 26 23 22 n "
5.4 s 24 19 13 .12 "
5.6 15 24 22 | 3 1 19 "
< 7.0 25 " 23 21 S - & "
7.1 26 23 -~ 2% 2 - 2 1.0
9.5 25 " 24 ‘23 7. 7 "
10.8 25 25 25 8 5 o "
|
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Table 3. {(Contirued) ' !
| "
' Concentration EGGS . . ‘. FRY Adults
! t n Eggs Tested Fertile Hatched Week 1 Weeks 2,3,4  fram
' ' ' Aquaria
! (usfs)' - (sl
- ' 13.2 25 25 pal 9 ‘7 1.0
A T 25 24 23 "5 s "
o | 23.6 T a5 237 77 23 T4 4" 3.2 7
1 s 25 24 15 6 6 .
27.9 25 25 23 0 o .
28.6 25 25 25 s 3, "
28.7 26 21 13 8 6 "
| 145. 25 23 . 15 o o 10.0
. 201. T 23 18 a Q. "
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Gulf Breeze, Florida, U.S.A. ‘.32:561
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ABSTPACT

'
4

Aroclor(:)1254, a polychlorinated biphanyl, :f%ected the )
- composition of communities of estuarine aniwals that developed fronm

planktoni; larvae in salt water that flowad through. 10 control

aquaria‘and 10 aquaria conteminated with 0:1,‘l or 10 yg/fr of this

PCB. Communitlies that developed in contrél'hq;aria and aquaria

that received 0.1 yg/s of PCB in water for four months were

doninated (>7§Z) by arthropods, pricarily the amphipod Corophiuva

volutator, In aquavia rec:lving 1 and 10 ugik,‘the-number of

arthropods decreased and the rumber of chordates, primarily the

tunicate Molgula rmanhattensis, increased; over 75% of the aninals

in“iO pe/1 aquaria were tunicates. Numbers of phyla, species, and :
indiviﬁuals {particularly ;nphipods, bry&zaans, crabs, and mollusks

were decreased in this PC3, but there was no zpparent effect on the )
sbundance of mnnelids, brochipods, coalenterates, echinoderps or
nemarteans. The Shannopfyanvgr irdex of specias diversity vas rot

altered by Aroclorx 1254.
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INTRODUGTION .

*

|
Polychlorinated biphenyls (PCBs) have been manufactured for
various uses (Lrozdhurst, 1972) for over 40 ycars, Dut their i

occurrence in z2quatic ecosystems was not comfirmad until 1966

(Anon}mous, 196%). Since then, PChs have beaz detected in estuarine

]
L4

organisas from $ of 15 of the coastel United States (P. A. Butlcr,'
1973}, One PCB, Aroclor 1254, was discovared ia the warer, sedirent

#nd biota of Escambia Bay, Florida (Duke et al., 1970).

Chronic and zcute toxicity expariments conducted at the Gulf

; Breeze laboratory have established that Aroclor 1254 is toxzic to

. some estnarine orgamlsms. A concentration of 100 ug/? of Aroclor ~—°7 E—

-
-

1as acutely toxic (LB to 96 hours) to pink sh:imp. Penaeus duorarun,

and oysters Crassostrea virginica, bult not to pinflsh,

[Pp— T -‘—a.--.-..-— -

Lﬂgobaﬂ .

rhombnidas (mke et al., 19-70) Ch'onic toxicity wes up to 100 times
greater than acute toxiecity. TIn erpnsures lasting'mnre than two

u1-‘,~f--=u~ea¢s,- Jeppt i of— Aroelor*lzslwir_‘-u%- pin keshrimo=(liiz=o e':-a-l'.;' ~ . - -
[ N . e e, - 1. n_'-'h_; e " R .1— P ‘_:-_ = e e R C e -

1971a), ube:eas 5 ug/! killed pinfisﬁ ard spot, Le ioa:o~us Xarihuns

o we— - == - -

(tiansen et al., 1971) and signfficantly reducad gyster growih rate

(Parrish et el., 1972), but it wis not lethsl te bluz erids,

Callinectes sapidus=fbyke et al., 1970). Aroclor 1254 is, thezecfore,

toxic to cartain estvarine species expdsed sepzrately. However, its

.

; efiact on conmunities of estuarine animels is not knowm. This study

-

reports expariments that deterrined the effect of this chemical on

!
‘ . developmant of cstusrine animal cocmunities in the laboratory.
: . .
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MATERIALS AND METHODS'
\
I investigated the.effect of Avoclor 1254 on development of

estuarine commupniiics b; c;mparing the numger, species, and
diversity of animals that grew from plapktonic lprvae in appara-
tuses continuously contaminated with O 1 1 or 10 ug[,_ of PCR for
fOur: monl:hs, 18 May to 25 Septembar 1970 w..th animals from an
identical apparztus that was not corntaninated,

The apparatus used in this fnvestigarios 18 illustrated in Fig. 1
{only one of foux identical apparatuses is shown). ‘Sea wvater with its
patural component of plankton was puwped fron-l.the estuary adjacent to
thgﬁlnborntory inte the primary comstant head box. Salinity.of the

water raanged from 10 to 34 o[oa {averzza, 29.7 9%0c0) end temparature
'

-

ranged from 22 to 33 C (nveraga ,28. 5 c}

Lusas Aro:lér l?.SL was added to v.—ater after 4t wes stphored at the

In conteminatad anpara-

rete of 2 »300 m1/nin, from the primary into the seccnda.ry constant

--fhead:bot-;mtttbfcomtro1 »appa._a*u:-rete*ved theusan-e flou ol hater

N ) -».r u'a_-—:..- ~t - ‘.- ,-:.— —ra - . -

t.'cte: then flowal ‘rom tha seco:u:u:) ccns..ant .naad ‘box to_ea ‘n of 10

- -
.

sdjacent aquariz-10 replicates far each traateent. {Ireetrant in-

ciudas control cad contamina:ad apparatuses), ¥low rate r;hrough gacl
lquaﬂvm was mait;r.ained at iOO ml/min each by adjusting the-ha..g’nt of
a 2.7 n::\diar—nel:er hole in each of tha 10 standi:ipas in the secondary
Each aquariux

corstant head box. ves 46 ca long, 9 cm wide and

14 ¢m high, Vater depth in each aqua-_riun;. w25 maintained at B cm.
PCB-free sand was pl_a,cegliin_each aquarium to a depth of 6 ca.
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Figure X —— Apparatus used to test the effect of Aroclor 1254 on

- composition of estuarine animal communities.
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- The siphon and constant head boxes were cleaned weekly so that all -

Planktonic larvee colonized thic sand and the walls of the aguaria.

aquaria received planktonic larvae from a common source-the in-

coning water. Vater lcaving each aquarium flowad through a V-shaped

LS
.

opaniag and into a co-zon drain for the appﬁratus.
{ .

Aroclor 1254, dissolved in polyethylene glycol 200, was mzatered
by a syriaze pucp into rha water as it entered the secendary constant

head box of each experimentel epparatus. ‘The same amount of poly-

-

ethylene glycol (2 ml/day, 0.68 mg/f) vas nmetered into the control

apparatus. Solvent-induced effect was not expescted because: (1)

polyethylene glycol 200 did not affect development of two specles
of“crabs at thié concentration (Epifenio, 1971) (2) concerntrztiors

. .
up to 1% (v/) vere not lethal to grass shrimp, Paleewonates pusio,

£or shaepahaad .ninncws,- Crprinodon wvariesatus, i.n 96 hours in

statlic tests {Haonsen, unpublished data) and (3) tha tu 1cit}

_ e _of 5 p_g]_i, ©of, Azoclox _125_@3:0 br_m shx:iup, Pe-xaeu.s ?ztﬂ::us, znd pin—,

v -
L i
.

. . - -
- L -“0"‘":.".'-‘ - --5 “"‘,_ a'k""\ N -

s [ R
H - - ®

fish w;g nok :Lnr.reased b*r incre...sine th= concen r'-ci.o'\ o- solvert uz

to 100 .tiz:os £0.1 to 10. 0 u',glz) (Hanse-\, L.mublis’xed 2ate 3.
Conceatrations of Aroclor in test water and sedirent ware

determined b;' ges .chréz:atography. Methods of analysis for water

aze deacribed by Nimco et al, (19712) and for sedirmeant by lic-o et al.

{1971b), except thut an OV-101 column was used. Racovery rates ware

gbave 70%, but data in this réport do rot include & correciion factor

for recovery. Vater from the setondnry coanstant head box of cach

.t
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'pre-erved in 507 isopropanol and identified. -

—— e = P - -

apparatus was analyzed twlcza a zonth (Table 1). Corcentraticas

)

throughout this box were uniforn- vater froa cach st”ndpipn, analyzed

once during the 10 pg[g, expogure, averaged 7.9 DEII (range 6.8 — 6.7).
Sediment cores from & of 10 aquarla from each apparatus vere analyzed

at the end of the exposure (Table 1).

At the end of the four-ronth exposure, n;km;ls were scraped
from the sides of the aguaria and the contents of the aquaria
siphoned into 2 1 nm n2sh sieve. During the last three wonths of
the experiment, animals that left or were lasﬁ gréé the aquaria or
were cleaned from the s2condary constant head box and the drainags
area were also collected im a 1 v mash sieve. Animals retained by
the sieve vere placed in fingerbowls of seawater relaxed with MzCl,

To daternina effect of Arcelor 1254 in each treatwant, an index

of 5pacigs'ﬂivzraity £3 «<ell 23 the nucher znd percent occurence of

variocus spacizs in each treatment {coantaainated znd control.agquaria)

+

1

“wake cuﬁpargﬁﬁf A species-diversity—indaxprovides a-nucerical reans -

of assassing ceemynity structure that is indepandent oE sa:ple sizea,
evprazssas thne relativa icportance of each species znd is dicensionless,
lodifications of thz Shannon-Wapver (1963) formula, H' =" - z p logry,

rd . . =1
vhere py is the proportion of the ith species in the collection and

s = the number of species, hava bazn used in freshwater (Wilhc aad
Dorris, 156B8) and saltwater gne:htcl and Copeland, 1970) to assess

effects of pollution on natural communities, In unpolluted
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creas, many species of pnimals ave ebundant pud di\ers~t) is higﬁ

but pollution can decrease diversity by making a few specles very

sbundant and all others rare. In this study, the Shannon-Weaver
foroula (logz) vas used to determine the usefulness of the species

- . l"
diversity index Int assessing the effect of Aroclor 1254 on comnunlty

structure in laboratory experiments.®

Pooled data from each Aroclor concentration and control vwere

compared statistically usicg the XZ test for indepaudent sanples.

-

Dzta from each of the 10 aquaria receiving one treatiant vare com—-

pared with data from 10 aquaria receiving a different treztwent

using the Mann-Wnitney "U" test (Siegal, 1956). Diffcrences were

conaldered real ot o = 0.01.
N .

e ETIar e msw.zs L L

A large nucher and variety of anicals were found in 21l aquaria

,cgawa.“o thm&?med&s.,f:qm-qmwphﬂ-a. -2? vere mollusls

C s e el G —

- _,..,............... B ettt e Pt > .
n."‘-

{13 pslgcyvuds and 12 gast*ouads) " 23 anae l*ds, 6 aluhrn;;ie, 3
chordates, 2 cozlents ) 2 echiuodern;, 2 nemortes s,-l brechiopod
cnd 1 bryozosu, Azthropods ware wost abundant (3,842) of tha 5,897
aninals followad by chovdatas (1,302), annelids (§&8), mollusks (219)

scd lninals:fra: other phyla (856). 7The two most szbundent zonisals

wvere the amphipod, Corophiuvm volutater (3,770), and the turicate,
(T L |

Tolgula manhattensis, (1,164) -

Species corpos*tion nnd ahundhncc of individual specxc. varied

A -
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smoag the 40 aquarla, The num‘aar of specles in each aquarium ranged

—— -

fron 5 to 23 {average-13), Annelids and wollusks were present iu

81l aquaria. Animals from other phyla were present in from 1 to 36
gquaria g’rable 3). Seventeen specie‘s“ wvere found in all treatmeants

LS
-

and 26 we‘re in only cne. - L vz .

......

Axodor 1254 prevented animals of certain phyla from colonizing
('I‘e.ble 3). Although nine phyla vere found, the number of phyla

C ., . .. L

represented in any aquarqun .::-anged from three to seven. The nucher

of phyla in the control, 0.1 and 1 va/!. aquaria averaged 5.7, 5.4
. e -

. -

and 5.7, respectively. Fewer phyla, average 4.1, were in aquarla

contaminated with 10 ug[ g of Aroclor because fewer aqt;.aria. contalned

L1 R -

arthroeods, and none éo;\ﬁnined bryozoans.

The total nu...‘nar of spe:iu found in each apparatua rangei

CRIC .

.

£rom .25 to 52 but .tha percen tage of spescies in each phylua: was

sinilar 4n all four treat‘.nenta (Table 4). 1Tn each apparatus, more

_ 'sp‘e:‘t:ff:“b?‘*ﬁo“‘lusks ware! fcu':r&‘ th‘.n species froo 2ny-other ph}h.m

-"--P""‘F_ --;au..- T ke 4 %, .a.,._ :—,—_:-__- " - = - a A= sl -

The relative nucbers of molluscaa spe:ies we2re siadlar foy all

> - -

treatoants (40 - 44 parcent). The number of o2nn2lid specias was
only slightly less (29 ~ 35 perceat). Although fevar arthtopods
snd chordates vere found the relativa nunbers of each were similar

CEC

in all tteal:m-'\ ts.

- -y

The number of specles in each aquarium of en apparutus was

-altered by Aroclor 1254 {Tables 2 & 5). The total nambar-of

species and _the number of specles f£rot each phylum in the ten

P
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aquaria, chordates (primarily Folgula ﬁarh&ttensis) wera

. mar omes g e e

e - - e :.:.':n -
(i
- ...,"-f.,

control, 0.1 and 1 yg/f contaminated aquariﬁ were similar. How-

ever, there were significantly fewer spacies and the species cor-
position differed in ‘the ten aquaria contaminated by 10 Hg/f of the

PCB. The greatest shifts in specles
1
t

arthropeds, bryozeans, and mollusks.

cozposition were found in
’ .
Although’ there ware signi-

ficant reducticas in the nusber of molluscan species in the 10

pg/e aquaria, tnere was no difference in the gastropod - pelecypod

ratio. R . .

The total nurver of animals in each aquariun did not differ
significantly acong the four treatments, uhereas the nuober and

percentage occurrence of specles was marxedly different {Tables

2k 6). Axrthropods (primarily the :Lbe-d'elling amphipod,

Coroph*un volutwLor) were the doninant aninals in the control

(76 per_ezt) and 0.1 pgfp TCB (B4 percent) aquaria, In thesa

Secondarixy-abundant -Artfropods vere also abundant (SS'peLcenh)

ety il

[
_..-.._--

in aquarig thar recelved 1 ug/z but a si*nxf;caru decrease in

their abundance 2nd 2n increase in ebundance (31 percenu) of

-

chordates occuzre!. Dominance was different in agquaria contaml-—

.

naéed by 10 pg/fs; B0 éerceat of the animals were chordates. This
difference from corzunities dominated by arthropods in control’
ajuaria and in aquaria contawminated by 0.1 wg/f of Avoclor 1254
to comauaities dominated by chordates in aquaria receiving the

highest concentration of this PCB was the.zost striking PCE-~. -
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induced effcct in thle experiment.

The abundaace of z2nimals of o:harrphylas 5lthough less
) striking, was also altered by PCB. There were more mollusks in

the control agquaria than in treated aquaria, but the percentage

’

of their occurrence was not different in the PCB environments.

’ L

-

Colonies of the encrustiang bryozoan, Membradiuo}a tEnuis,'uere

pot counted, and therefore their nuzbers are not adequately

represented in Table 6. However, thair exciusion from tha ten

- -

aquaria contaminated with 10 ug/L was significant. Anundancg of

polychaates was not altered by any of the three conceﬁtrations of

PCE. ) : z

-

The Shannon-Weaver {1963) index of species diversity calculated

-

for each aquariua did not differ awong the control znd thras

contaminated spparatuses (Table 7). Speclea diversity is a
P U ‘

function-ef two comnohunts,-rfdhneSS‘fﬁﬁubers aof species {Table 5)

end equitability or relative nuaber of each species (Table ?)
'_.-:._.._; . W‘q——ammw_an"‘ LAY L -_— T -

= CLloyd end” Ghelardi, 1964)“““1n ny study,” species diveraity 15 ror

- e —— RYErY .

corralated (r = 0. 094) with richress of spacias, but iz ¢drrelatad
(z = 0.882) with relative abundaace of each species: J' =

ccleulated diversity ¢ raximum diversity (Pielou, 1966). Q(Maxizua

diversity is definad as spacies diﬁarsit} whare 211 species are

equally abundant.) Egquitability did not differ between treatcerts
ba2cause comrunities in this study we2re usually dorinated by one
species and were not rich in species. Therefore, the effect of

Aroclor vas not on speclas diverslt}'but on spz2cies composition,
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-?f crabs frox the effluents of the equaria. Eurvparopeus sp.,

Conclusions based on abundance and diversity of anirals

collected at the end of the four-ronth exposure uvere corroboarated

-

by the abundance end diversity of anirals that migrated from and

were washed from each apparatus during thé exvosure (Table 8).
i

The total number of animals zad species fro_,m'acluaria with 10

-

ug/t was markedly lower than those from the other aguaria. Arthro-
pods were abundant in collections from the effluents of coatrol
aquaria and aqu:'xria vith 0.1 and 1 yg/z but i:ar:e from the zquaria
with 10 ug/z,.‘ Th: effect of Aroclor on crebs collected Eron tha

aquaria could not be assassed at the end of the exposure bacause

only two were found in all agquaria. However, presente of exo-

ak:éltons in seven of 10 control, six of 10 0.1 pg/e and eight of
. . .

10 1yz/e aquaries and absence of exoskeltons in the 10 yg/s aquaria

+

strongly suggesis that crobs were sensitive to highest concantration

of Aroclor 1254. This sensitivity was substantiated by collections

.

‘Neopanove sp., Pinrix: gp., and portunids were sbundent in effluerts

-~

- u

of control, 0.1 233 1 pz/t aguaria but ebsent from the effluzat of

the 10 pg/!. agueria. Tha bryozoan, M. tcnuis, was absent in the

effluent from the 10 pglz aqﬁaria, but present in the effluant

froa the other aqueria, DMollusks werz rost abundant in effluznt

from the 10 coaxtrol zquaria.
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The polyc‘nlorinated blphenyl Arocloxr 1254, iufluenced the

composition of animal commualties that developed from planktonic

v
»

larvae in sea witer which entered the tost aquaria. The prircary
. A

inf‘luem‘:e was that the dominant species in the coatrol aquaria
the ¢

was the amphipod, C. volutator and the dominant species in aquaria

veceiving 10 pgl/i PCB was the tunlcate, H m-'nhattensis. Also,

_‘|.

there were fewer. spac.:!...s and the nuober of a:;:uaals was markedly

a‘\*" wt, -

but not sicv*ifican:‘y ‘oua* in the 10 vzf!. aquazia. The abundanca

of arthropods, churdates, bryozoans and mollusks differed signi-

- - -

ficaotly but abundan::e of annelids, brachio;:ods, coelenterates,

- -

echizoderma or nemarteans apparently did not differ.

ﬁ:.fferenccs in cu:zr.m.:.t:y structure that were gpparent at the

.
—D— s
-1. *

lo.rest~con:=ucra.tio*t La. 1 uglx) hecame note pronounced as the

e e v aete ot -t Fl
LIL o L R

e

concentration of Aroclor 1254 increasad to 10 ugl!..‘ Control aquaria

ware dominated by arthrapods (76 percent) with lesser numbers of

B ¢ o e ol " e 1-..--.—.-..“—,-—-.-.\ AT Ty W e C e s
- ...._,w.‘,..,p—v‘»,_—..ug-' -_—r-ua-—qu— e ‘b\_\.«.—. —- il
T anis fru':r‘eir'ht other phyla” Bquariz dentexin atad by 0.1, 1 or

-
. m————

10 11§/% contaired fewer “@oilusks than did control =zquariz; howevaer,

the percentages nccurrance cf mollusks ves not altexed by tne PCD.

‘

Aquaria tec:eiving 1 ugl/L or 10 pg/t had wore tunicates ond fewer

- -

arthropads than did control aquaria. aAgquaria receiving 10 ypg/2

were dominated by tunicates (BO percent) with lesser numbers of

.{ive-other phyla; only 1Z of the animals vere arthropods. Anirals

most. reduced in nucbers ar-the highest PCR concertration included

e airwl B e amm- e - [P S S .o S e e ce ey
- 3 = ¥
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the amphipod, C. volutotor; the xanthid crabs, Eurypanopeus

depressus and Yeopanopa texana; the bryozoan, M. tenuls;

the gastropod, Bittiim varivm; and the peleeypods, Abra azgualis

end Tellina alternata. .

+
] - ) ".
Few of these chanzas could have been predicted from in-

formation fron current literature, becausa orly one spezies in

this study had been challenged previously with BC3 and only a few
ere pﬁylogentically related to previously chéll?nged species.
Arthropods, particularly amphipods and crabs, were sensitive ta
Aroclor 1254 in this experiment and in the experinznip by Mir~o

et al. (1971a) in which pink shrixp were killed by 1 yug/2.

Ju:;n%}e blue crabs appeared resistzot to 5 ﬁgli (Duke et al.,
1970). In,w& experiment, tha nuzhars of xanthid erabs was
reduced by 10 pgf ¢ indicating that larval staées.nay ba pa}ti—
cularly sensitive to ¥YCBs., Sensivity of crab larvaa has been

shown with the insecticides dieldrin kEpifcnio, 1971) and ﬁi:ex )
(Bockhaﬁt et. al., 1972). Aroclor 1254 uas‘lethal to two estuczize
fishes at 5 pg/t (Yanszn et, al., 1971) but in‘fhis study lowar
chardates (tunicates) scaced unaffected and were most aSu;iazt in
the PCB-stressed comn;nities. Lethal effects of PCBs on mollusks
are not known. Howzver, growth of oysters was reduced sipnificectly
without mortality by 5 pg/s of Aroclor 1234 (Parrish et 21., 19732).

In my experiment feuver mollusks occyrred in all exposure concen-

o
trations possibly bacause the larvel stages are semsitive or becauus

MONS 203597



i

L ST \ ¥ SRR Rt
of factors otlier than the presence of Aroclor. Studies on proto-

zoaas (Cooley, Keltner, and Forester, 1972) provided the only other

data I am avare of on the sensitivity of estuarine animals of othsr

phyla to PCBs. :

i .
The Shaanon-Weaver specles diversity index.has been used as
+ Al ’ ., .

.

an indicator of the effects of some types of pollution on animal
corunities in estuaries, but in this experiment, the index was

not decreased even though compositioan of the coninmunities were

-

greatly altered. This spacies diversity index did not decrease
as the concentration of PCB increasad becavse the Index was
proportional, to the relative number of each species present in tha

aquaria, and ce:::unities that d.evalopsd a2t each treatzeat con—
. .

centration wera doninated by one species of animal. If Aroclar

1254 affected tha co:xposition of established comsunities in an

estuary as it dld tha devaloping com:mnit.ies in this experiment,

thais. spac.te.s ldi‘v::tsi.‘-x.in#& cou:Ld not;}: Lsed o esti:r.a.te affeces

--‘h—-.‘- . -
— - e

- -'\. ] Yoo - - .

. ® o ..'._.'.. L R .

¢f this pollutant 1‘n thl .tmrirormmt g o TR R

2 i

COn@ purposs of th:ls axparirant was to duterud.ne whathar the

eflfect of a voxicant on d.lwlopi.ng estuarire animal eommunities

»

cen be investigaced in the laboratory. _Preliminéry exparments
at this laboratory indit;'.l.ﬁad that the structure of comrunities of
organisas setting in aquétla 8S nltart":d by prcsencé of the

inseccicide ]Jursban® {J. I, Lowva, porsoncl communicatioqz). My

anuly*‘is of his data in j. ated that replicate aqua‘:la vere

-

necessary to separate the effects of a tom.:.canl: fron the effects

- -

r RS H
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of an efficlent predator or fron the effects of an adical with

great reproductive capacity. The use of ten replicate aquaria

L - -

for each treatment in my evxperiment readily separated tha effect

-
-

of Aroclor 1254 from other factors thar might influence comnunity

{ <
structure. My experimant also showad that's'ma'll aquaria can be

used, provided that larger anlrals ‘tan enigrate before they
drastically affect comiunity structure and thus wask effects of

the toxlcant., Emigrating aninals must be caught and enumerated

-

so the efFfects on th2m ca2n be assessed.

-

»a

: < .
2 : .
-~ ¥r. Jack J. Lowe, Ervronmantsl Protection Agency, CGulf Breezs

Fla, 32561 _

®R_egistcred trademark: Dow Chemical Co. -

A
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P Table 1. Range and average concentration oﬁ Aroclor(:)1254 in water

-

and sediment frop experimental] aud control apparatuses,

L e A e R L

" Water was analyzed twice monthly and sediment vas analyzed

at the end of the four wonth expérirent. Limit of quanti-

— - - e e e B b @ AR N T A e

) . fication was 0.1 wg/t in'water ang o.015 wg/kg {dry weight)
&F in sediment. Correction for recovery {>70Z) is not
!
X included.
a - ’ .
.
| :
Ly
i i e T T T/
- Concentration in water, pg/% Concentrztion in sediment, up/g
| Nominal ‘Measured Measured
» - " -,
Average Range | Average Raage
+ Contrel Yone Fona )
, 0.1 <0.1  <0.1- 0.1 0.1 0.05 - 0.18
" 1.0. 0.6 0.48 — 0.72 0.36 0.25 - 0.42
— . i E
10.0 6.7 5.2 - 7.8 2.0 1.5 - 2.5
1 ] - :-’ i -
—— .
- < -
N MONS 203603
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= . 7 - - _oulrcces frvem eoxtrel gquaria ene from aquaria coatarfvated for fouy -optbs n_th rocl-- L

e,

Funber of enfmale and number of acuarda’ from which they wore colleetad are . .

-

.sed Tor eacr treatment,

Aroelor 1254

Control ¢, 0.l g/t 1 we/t 10 ug/t Teral
Animals Aquaria ' vinimsls Agquaria Animals Aquaria Animals Aquaria $1=als

~n.

Cesevia aeilys - 8 * 5 y 11 4 1 2 0 0 22

) . 1 capitata, A 1 10 ! 0 8 3% 9 23 8 121

| . 1 1 0 0 1 1 0 Y 2

_f SP. 0 0 0 0 1 1 0 0 H

B cvignthus 6 s 8 .6 . 11 6 9 6 34

. L. p oorulicola 8 & 13 9 5 4 17 9 43

I« Hezz~-e=artes (iliforris 0 0 . 0 0 2 1 0 0 2

i 1 * lare ~reis culverd 1 1 0 0 0 0 0 o 1
Lot acrels sarvepedats 1 1 [ 0 ¢ 0 0 0 1

MaiTD .33 sTnpoares 1 1 0 o 0 0 0 v 1

. . zstus ¢ itlzrnelensis 0O 0 0 ) 0 0 1 1 i

! rvr 4.5 3.€CarEa 8 6 11 7 12 6 9 7 «C
, : sate stus hemapedus 0 0 0 0 l b 0 e :
i ‘ 1ear gusrics 1 1 1 1 ¢ o’ 0 C 2
vrasiery 23 10 35 10 31 8 22 b 126

3 5w, 2 2 1 1 1 1 0 ¢ 4

1 1 2 1 0 0 0 0 )

1 1 Q 0 0 0 0 0 1

6 4 ' ? 4 3 3 0 Q 1%

0 0 0 c 0, 0 3 1 3

6 b ' 0 0 0 0 Q c , a

. oz cmrdficl gp, L1 3 2 ' 0 0 A 1 1 1 ' 5
' Lmaanntillel zo, 2 1 1 0 0 1 1 0 9 : 2
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Aoy Aninals _Aquaris _ Animels
' Artnre;oda . ,

!
|
[ ! " -
i -
- ¥ ! Palcous ¥p, 6
b, .0, ) o Cearellz sp. 0
, i ]ygr + Cercohien velutater °° 1338
] ! _\gosarope texana h 2
R { Lporetia s M 0
, ooty Deerood larvee, '
o ‘,’ ! uridont. $p. 0
i ' “, t Pyenoponidae, v.m}dcnt. sp.; 0
i d o
P l . B'rlchiopoda
SN
f 7+ 1.y} Gloriidfa pyramidaca 1
by .
I);}i; Cherdata
AR | '
, (o ; ; Bes-richobranchug
R ! Toilriazts 100
I } 3rer:icstome caribaewm 2
3 i ! ¥elzila mannattensis 21
[ L I
| :’ j }. Coelenterata
I '
VoL g 1. ' ieplimndusae®, ypident,
i ’ : ‘ 5, 5
; ' Zoar:haria, waident, wmp. 0
1 -
¢ L , i
P
R
t N
' r
: !

Aroclor 1254

Animals  Aguaris

1

4
3
°.|

0
0
3
[

)

‘.9"

+*

FaN N )

d

i
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