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Toxieity and distribution of Aroclor® 1254 in the pink shrimp Penaeus duorarum®

D. R. Nuiuuo, R. R. Braockuax, A. J. WrLsox, Jr. and J. Forzsraa
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Abutrace
The polyelilorinated -biphonyl Aroclor® 1254 waa re-

loancd in an accidental leakago of hoat-oxchange fluid from an
industriai plant, into tho lscambis Rivor, noar Ponsacola,
Florida, UBA. This material was sarriod downstroam, and is
notv found in tho fauna of Essambia Bay and its contiguous
waters, prime nursory arcas for fishos and invertobratos such
as penaoid shrimp. Tho significanoe of poliution by this chem-
{cal was asscssod by ostablishing toxisity levels, determining
routes of entry, and investigating its movement and diatriba-
tion in various tissues of shrimp under oontrolled conditions
in the laboratory. Aroolor 1254 added to ths water was toxio
to the juvenile pink shrimp Penasus dworarum at a conoan-
tration of 1.0 part per billion within 15 days, but was less

@ tered trademark, Monsanto Company, 5t. Louis,
Missouri. Meation of commercial products doss not constitute
sndorsement by the Environmenta! Protection Agenocy.

® Contribution No. 128, Gulf Bresse Laboratory.

toxis to adult pink shrimp. Shrimp obtained tho contaminant
from wator and food and concontrated it to 510.0 parts por
million in the hopatopanoroas. Aroolor 1254 rosidus data from
shrimp oollected in the eatuary are inoluded in the study.

Iatroduetion

Binoc 1866, pesticide toxicologists and ecologists
have become inoreasingly aware of polychlorinated
biphenyls (PCBs). First discovered in fishes, feathers,
and buman hair (JxxsgN, 1866), residues have since
been found in many orgsnisms from divarse areas of
the world. Structurally, PCBs resemble ohlorinated
hydrocarbon peaticides such as DDT, and are widely
used in formulating plastios, resins for rubber-based
Iacquers, varnishea, paints, lubricants, heat-tranafer
fluids and electrical insulators. PCBs are relatively
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Fig. 1. Residues of Arcclor 1284 (in ppm) fouadlln shrimp bepatopanarssses from Escsmbis Bay and comtiguous waters

during 1960/1970. Each sawple listed
‘s Martas Bislegy, Vol 11 :
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Fig. 2. Residues of Aroclor 1254 (in ppm) found in ssdiments from Recambia Bay and ocontiguous waters during 1989/4970.
N.D.: less than 0.03 ppm

insoluble in water, but soluble in lipid and lipid sol-
vents. In addition to their thormal stability they are
also resistant to acid and base, and therefors, persist
in the onvironment.

PCBs aro toxic to trout and blue gill (spp. not
given) — GusTtarsoN, 1070; shrimp (Penaexs duors-
rum) and oystors (Crassosirea virginica) — DURE ot al.,
1070; ond o fish (Lagodon rhomboides) — Hansrx
etal., 1971, Alwo, 8 ’CB used aa & bindar in epoxy paint
was toxic to chickens (GusTarsox, 1970). Abnormally
thin.sholled oggs of Lirds in Great Britain and North
Amorica wore awsociatod with rosiducs of ehlorinated
livdrocarbone including the PCBs (RisxBrovan et al.,
1008). In 1960, a PCB (Aroclor 1254) was discoverod
as o contaminant in water, sodiment and fauna of
Escambia Bay, Florida (DUKE ot al., 1970). One source
of this matcrial was traced to an accidontal loak in &
heat-oxchango system of an industrial plant locatod
several kilometors upstream in Escambia River. It is
now present in cstuarino organisms, including ahrimp
captured from Lscainbia Bay and contiguous wators

(I'ig. 1). Sediments from tho river and uppor bey appear -

to Lo a ruscrvoir for the compound (Vig. 2). In carlior
exporimonty, shrimp oxposcd to thoso sodimonts for
30 days saccumulated the chomios! (Nimmo ot al.,
1071). In this paper wo roport toxicity of Aroclor 1204
in water, ratos of socumulstion from food and water,

and distribution of this PCB in the organs of the pink
shrimp Penaeus dworarum.

Materials and methods

8hrimp for laboratory studies wers obtained from
two eources. Juvenile (2.5 to 3.8 cm) pink shrimp
(Penaeus duorarum) were collected with s small net
from Santa Rosa Sound at Pensacola Beach, Florida,
in June through Septomber. Adult pink shrimp from
Tampa, Florida, were purchased from a live-bait
dealer. Background concentrations of chlorinated hy-
drooarbon compounds in the hepatopancreascs of all
shrimp never excoeded 0.6 parts per million (ppm);
wholo-body residucs were less than 0.01 ppm.

All shrimp wero acclimated in flowing sca water
for wovoral days in tho laboratory. Juveniles fed on
dotritus carriod in by tho flowing unfiltered sca water
and adults were fod muliet (Mugid cephalus) muscle
containing loss than 0.03 ppm organochlorine com-
pounds cach day. Boach sand with no deteetable

organochlorine compounds was provided a8 o sub. .

strato for tho shrimp.

Shrimp were cxposod to Aroclor 3234 (herenfter
oallod Arocalor) in flowing-water systems. The Aroclor
was dissolved in polycthylone glycol 200, infused into
the flowing water with syringe pumps, then mixed by
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a scrivs of bafTles aa it flowed into aquaria, The volume
of the aquaria varied from {8 o 100 | commensurnto
with the numbers and sizes of tost animals and flow-
rato of wator. Animal to volune rntio was 1 animal
per 21 wator. Conocntrations of Aroclor wore routinoly
wecasured by gos chroinatogenphy. No attompt wes
mado to ocontrol aalinities which ranged from 25 to
32%,, but odectric aquarium hoaters were used to main-
tain water tomperaturcs betwesn 20° and 30 °C.

vt
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w

Fig. 3. Aroclor chromatograms. (A) Arcelor 1384 standard,
(B) Aroclor 1254, recovered from Penacus duorarum hepato-
pancreas after shrimps had been fod Ash containing material
{sos Table ¢). Conocentrations of DDT and its metabolites
were aogligiblo, therefore, no attampt was made to scparste
thern from Aroclor isomers. Gas flow 25 ml/min, nitrogen;
injection tempersture 210°C, oven tempersturs 1% °C,
detector temperature 210°C; H® elestron ocapture deteotor;
1523.4 « 0.317 om glass-column with 3% OV.1 on
100/130 Gas Q

Concontrations of Aroclor in shrimp wero deter-
mined from pooled samplos by gas chromatography.
Whon a group of 10 shrimp was oxposed to a constant
concontration of Aroclor in flowing-water, individual
residues differesd by a factor of 10. Consequently,
laboratory analysos are from composite samples of at
least 10 individuals, unless statod otherwise. All
analyscs on Penueus duorarum from Escambia Bay
and oontiguous wators were on composite samples of
at leost 8 individuals,

»"
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Depending on type and weight of tho samples,
four mcthods of preparation wero cmployed. (1)
Samples of shrimp or foxd items Inrger than 1 ¢ were
mixod with anhydrous sodium sulfate in a biender and
extracted for 4 h with petroloum ether in o Soxhlet
npparstus. Kxtracts woro ooncontrated and cluted
from s Florixil column with 8% othyl cther in petro.
loum ether, (2) Samplos loss than t g were analyzed
by & modification of the micro-method of Ixos
{privato communication). Samples wero woighed in
Duall} tissuo grindors and oxtraotod with thros 2.0 mi
portions of sootonitrilo. The acotonitrile oxtracts were
eombined and diluted with 6 ml of 2%, Na, S0, in
distillod wator, then agitatod and exteacted with threo
2.0 ml portions of hexano. Thoso oxtracts were com-
binod and concontrated to about 0.5 ml, then trans-
forred to a Size "B’ Chromaflex! column containing
1.8 g of Tlorisil topped with 1.5 g of anhydrous sodium
sulfate. The residue was oluted from tho column with
20.0 m! of 19 ethyl ether in hoxane. (3) Water samples
were oxtracted with petroleum ether, thon the extracts
wero dried with anhydrous sodium sulfatc and re.
duced to an appropriate volume. (4) Sediments
were analyzed by tho method of Niamo et al. (1971).

All cluates wors adjusted to an appropriato volume
for analysis by clectron-capturo gas chromatorraphs
equipped with OV-1 columna. Quantitation of Aroclor
1254, o multiple-peaked compound, wes mode by
averaging the heoightsa of 5 major peaks which had
rotontion times relative to aldrin of 1.31 (IV), 1.55
(V), 2.32 (VIII), 2.74 (IX) and 3.27 (X) (Fig. 3).
Intarference from DDT was negligible due to the
relatively high reaidues of Aroclor 1254 in most samnples.
Laboratory testa indicated rooovery rates above 503,
but data in this report do not include a corroction fac-
tor for recovery. The presonce of Aroclor 1254 in
shrimp and sediments was verified by mass spectro-
soopy st the Environmontsl Protection Agency La.

boratory, Athens, Georgia.

Results
Acule and chronic biosassays

Acute toxicity tests at this laboratory showed
that Aroolor was sbout one tenth as toxic to juvenile
Penasus duorarum as DDT (Table 1). For example,
10.0 parts per billion (ppb) DDT in the water killed
1009 of a populstion of shrimp in 96 h, wherens
100.0 ppb in the wator was necessary to obtain the
same rosults with Aroclor.

In chronie flowing.water bionsaays, Aroclor at
0.94¢ ppb killed 519% of the juvenilo shrimp (2.5 to
8.8 om) within 15 days (Table 2). Juvenile shrimp
wers more sensitivoe to Aroclor than adults. Exposure
to 3.5 ppb for 35 days resulted in & mortality of 809
in & group of adult shrimp (0.5 to {2.8 om). Tho data

§ Kontos Glass Co., Vinoland, N.J., USA.
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show the noed for challenging soveral stagos in the
lifo oyole of shrimp with chendoals such as Arodlor,
\Wo have obsorved that symptoms of Aroclor
poisoning in shrimp are difforent from thoss of most
organochlorine inscoticides. Pink shrimp whioch we
exposed to 0.35 ppb or more DDT showed nervons
impairments such as tramors, loas of aquilibrium and,
finally, ;aralysis as dofined by coasation of locomotor
movomonts. In testa with Aroclor, regardless of its
oonoontration, shrimp showed delayed mortality and
died at & rate of one or two per day with no apparent
prior symptoms of poisoning. Like othars (DUxz, et al,,
1070; Wrpisu, 1070), we suggest that orustaceans
msy be more susoeptible ta the chemical during

molting.

Table 1. Panasvs duorarum. Comparison of temoilias of p, J' -
DDT ard Aroclor 1254 to shrimp in ﬂom‘x-uur teste. Mean
umjnratuu and salinily of sea water sn DDT Imens wers
24°C and 38 %, respechively; for Avoclor 1254, 19°C and 31 %,

DDTe Arcolor 1254

Test Mortallt Tost Mortall

concontration ¢8R u'! h concentration 43h 96 h

(ppb) (%) % (ppd) (% (%

10.0 100 100 400.0 90 100
1.0 3 80 10.0 0 0
05 0 «w 10 0 0
0.1 10 3  Control 0 0

Control 0 ]

» Porsonal communication, J. 1. Lows, Environmental
Protection Agenoy, Gulf Bresss, Florids 33501, USA.
* Duxz ¢t al, 1070
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Accumulalion and tranefer of Aroclor in (isaues

‘The uptake of Aroclor from water by adult
Penaevs duorarum (3.8 to 7.6 om) and the transioca.
tion to the hopotopancreas, whole body and ab.
dominal muscle waa measured (Fig. 4). Accumulation
was lincar with timo in the hepatopancroas (rw 0.97)
and wholo body (r = 0.80), but s plateau was reached
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¥ig. 4. Penaens duorarum. Rates of absorption of Aroelor 1254,

in various tissues of shrimp sxposed to 2.5 ppb of tho chemical

in flowing water. Unexposed shrimp showed no detectable
reaidue. r = oorrelation coefficient

Table 2. Reswlts of chronis biosssaye wilh Aroclor 1254 and ths pink shrimp Penasus duorarum in flowing waler

Shrimp Concentration® Average Aversge No. of test Raplicates Days Average Lovel of
rostrum-telson  (ppb) salinity temperstare  {adividwale mortality  significance
length (L) "0 (%)
{om)
25-38 Control a3 20 ¢ 8 13 12 —
28-~138 0.57 as 39 20 b 15 30 0.10*
25-~138 0.04 2 20 435 3 15 51 0.005»
2.5~38 9.4 13 b ] 20 2 15 0 0.001®
25-38 10.0 - 32 20 20 2 15 100 0.00t*
€2~72 Control 20 ] 23 1 32 4 —
42~12 24 20 28 20 1 17 05 0.001e
42-78 3.4 » 3 ] 1 32 80 0.001°
8.0~ 9.0 Contral 20 20 4 1 53 20 —
0.6 - 9.0 4.3 20 20 6 1 8 9 0.001+
7.6~ 88 Control 1 2 6o 1 18 ] —.
7.8~ 4.0 3 30 00 1 18 131 0.001+
9.5~ 128 Contrel " 20 80 1 35 8 —
9.5~ 13.5 L ¥ ] *» 2 80 1 36 50 0.001¢

s Average of at loast three determinations,

» Student’s ¢-test.

* Chi-aquare.
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Fig. 5. Penacus ducrarum. Ratos of olimination from hepatopancreas and subsequent incroass in remaining tissuo. Shrimp
were exposod to 7.5 :pb Aroolor 1234 in flowing water for 10 days, then placed in Aroclor-free onvironment. Composite

tissue samples from

in the muscls within 2 days, with little inorease there-
after. Residues in the hepatopancreas reached 510.0
prm after 22 days and represented & 2.04 x 10% in.
creass over the 2.5 ppb Aroclor in the test water.
During this experiment, 50% of the expossd and 7%
of the unexposed shrimp died.

In a subsequent experiment, most of the Aroclor
was lost from the hepstopancreas and transferred to
other tissues (Fig. 5). Adult shrimp (0.5 to 11.5 om)
were first exposed to 7.5 ppb Aroclor in the water for
10 days, then placed in an Aroclor.fres environment
for 5 weeka. Total weight (2g) in the hepatopancroas
decressed by 80%, in 5 weeks, but that in the remain.
ing tissues almost doubled. Whole-body loss was from
731 to 486 ug or about 60% in 5 wosks.

A slightly different pioture exists conoerning the
loas of Arooclor from the tissues if wo expross the
smount in parts por million (ig. 8). Aroolor (in ppm)
showod littlo change in tissues other than the hopato-
pancreas during post oxposure. In contrast, tho rate
of climination from the hopatopsncroos was constant
and linoar with timo (r = 0.90), the biclogicsl halflife
in this organ boing 17 days. Aroolor is moro porsistent
in the othor tissuos of shrimp than DDT, the in-
socticide being oompletaly oliminatod in 3 weeks
(Nixxuo et al., 1070). While tho Penasus duorarum
wero held in tho Aroclor-free environment, 23 % of the
cxposod shrimp diod, with no loss of the unexpased.

individuala wors anslyzed for esch dotermination. Unexposed shrimp showed no detactable residues.
r = correistion coefficient

Accumulation in body organa

Residues found in laboratory experiments are com.
pared with thoee in natural populations of shrimps in
Esoambia and Pensacola Bays in Table 3. In all tests,
the shrimp inoorporated the chemical. The propor-
tion of Aroclor in tissues of shrimp which were exposed
to 0.2 ppb in the water for 50 days was nearest to that
found in shrimps csptured alive from the bays.

The distribution of Aroclor in the tissues of shrimp
is much the samo as DDT, maximum amounts oc-
ourring in the hepatopancreas and ieast in abdominal
musole or exoskelston (N1mato et al., 1870). Generally,
the distribution of Aroclor in the tissues of Penaeus
duorarum corresponded to the amount of lipid in the
tissues.

Wae believe water and food are sources of Aroclor
to shrimp, but we do not know which contributces
more. FARFANTE (1000} summarizod carlier work on
the foeding habita of shritnp and reported that the
throe commoroially-important ponacid shrimps, pink
Penasus duorarum, white P. setiferus, and brown
P. axtecus, aro omnivorous. Somo of the contents found
in digestive tracts by othor investigators includo in-
organio debria, detritus, and s variety of algac, in-
olading distoms. Aroclor attached to detrital material
in aquaria or in field substrates was probably ingested
by the shrimp.
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Tablo 3. Disiribution of Aroclor 125€ in tissues of exposed Penaeuws duorarum which Mad accumulated chemical from waler and
food and in penseid shnimps from natural populations in the Pensacols esiuary, ¥lorida, USA

Meothods of oxposuro Hepato-  Vontral Digostive Ioart Gills Exo. Abdominal
panoreas nerve waot skeloton  musclo
rpm

Waler

I'ink ahrimp oxposcd to 3.5 ppb Aroolor In water 108 120 32 ” (4] 14 15
for 35 days

Pink shrimp oxposcd to 0.2 ppb Aroclor in water 3 3 3.2 28 14 08 0.7
for 50 days

Food

Pink siwrimp fed apots 148 0 16 25 38 8.5 57
{43.0 ppm whole body) for 18 days

Pink shrimp fed spot (fiold-captured, 0.2 ppm 0.6 0.6 <0.1 0.3 03 0.2 <0.1
whole body) for 10 days

Pink ahrimp fod croakoer® (0.68 ppm in musole) 6.8 2.0 1.0 1.3 09 048 0.8
for 50 days

Natural populations

Pink shrimp captured 10, I. 1970 15 9.4 1.4 - 14 08 0.9
Dink shrimp capturod 3. IV. 1070* 4.8 0.6 0.5 0.5 03 0.2 0.1
White shrimp captured 28. VIII. 1970¢ 17 4.0 1.5 1.0 08 0.8 1.3
Brown shrimp coptured 28. VIII. 1970¢ 83 14 9.7 4.2 31 22 0.9

* The spot Leiostomua zanthurvs were previously exposed to 8.0 PEb Aroolor 1254 in the water for 12 days.

* Atlantic crankor Aficropogon undulatus were captured in Escam

¢ Pensacola Bay.
¢ Escambia Bay.

Table 4. Perceniagest of & peaks in Aroclor 1254 recovered
[rom water, fleh and Penatus duorarsm

Item Poak (%)
v 14 vIil IX X

Standard 100 185 250 222 200
Water (30 %, S) 82 156 300 28 231
Fish muscle® 81 108 274 279 284
Shrimp hopatopancress* 2.8 10 230 314 814

* poak height .00

sum of 5 poaks )
» Tho Atlantic croaker Af undulatus wore captured

from Excambia Bay and contained 0.68 ppm Aroclor 1254.
* Tho shrimp Pinaeus duorarum ware fod Atlantio croaker

musolo.

Wo investigated' difforcnoos in tho proportion of
Aroclor peaks with reapect .o tho standard ; the chango
is greateat in tho hepatopencroas of shrimp (Tig. 3;
Tablo 4). HUcights of § peaks usod for quantitation of
the chemical shiow tho groatest reduction in peaks IV
and ¥, with some increase in JX and X. Wo do not
know whcthar this rofloots actual altorations in tho

is Bay, Florida.

molecules or differential solubilities in the various
systams.

Resulls of field studies

Distribution of shrimp in the estuary in relation to
salinity is a faotor which regulates the amount of
Aroclor in the body (Fig. %). The brown shrimp
Penceus avtecus from upper Escambis Bay had the
highest residues (132.0 ppm in the hepatopancreas).
The white shrimp P. setiferus from the mouths of
amoll strcams emptying into Escambia Bay had a
maximum residue of 59.0 ppm. The highest residue
in the pink shrimp P. duorarum captured in Pensacola
Bay was 15.0 ppm. P. setiferus is most abundant in
low salinity waters of less than 107, and . aztccus
oocurs mostly in waters of 109, or morc; the abun.
danoce of . duorarum is not as dependent on salinity
(Fanrante, 1969). Although this distribution may vary
with locale, types ol substrato and scasonnl tempera-
tures, shrimp with the highest residues in this study were
thoso captured in the lower salinities. Beenuse higher
conoontrations of Aroclor occur in the scdiments of
upper Iiscambia Bay (Fig, 2), it is possibie that~
burrowing aoctivitics of brown shrimp in these sedi-
ments could have caused additional absorplion of
Jonochod chomienl through the gills (Nimyo et al,
1071) os woll aa ingestion of contaminated food.
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Discussion and conclusions

In our invesligations, there hax boen no ovidenco
that Aroclor in the waler, scdimentas, or biote in
Eseambin Bay waa toxio to shrimp. Wo {ound no
deadd or dying shrimp in arcas of “fish killa™ which
occurred frequently during summer mouths of the
pant bwo years. Arvoclor in water samples collectad 48 cm
above the sediments in the upper Bay was below that
considercd toxic to shrimp, but it was dotectablo
(0.06 ppb in unfitterad water). It probably leachod
from tho sediments or wns attached to suepended
particulato mattor. Adult shrimp in live cages placod
directly on scdimenta in upper Escombia Bay for 8
wocks did not die nor did the “controls” held 48 om
above in an uncontaminatod substratum. Shrimp on
lower scdimonts accumulated almost 3 times more
Aroclor (8.7 ppm in tho hopstopancreas) than did
controls.

Neverthcless, our laboratory invostigations show
that Aroclor 1254 in solution is toxic in the 1 ppb
rango to shrimp. Thereforo, tho occurrcneo of this
ohctnical in the water of Escambia Bay or in othor
catuarine arcas is rcason for concern. We also boliove
the residues found in shrimp from the Escambia Bay
are high enough to be of importance, although we have
not found a correlation between residucs and mortality.
If postlarval or juvenile shrimp were exposed direotly
to tho sediments in upper Escambia Bay for a period
of weeks, a threat could exist because of availability
of PCB-laden detritus and also the leaching of the
chemical at the water-substrate interface. We are now
investigating this possibility.

Deaths of shrimp due to this or any other oon-
taminant in natursl environments would be difficult
to obsarve. Excapt as larvase, shrimp are primarily
benthie, aecretive animals, and hide by burrowing in
the sediment. If they are active at night, they usually
remain bolow the substrate by day. Here, they may
obtain higher ooncentrations of Aroclor than when
swimming, and if they die, dead shrimp do not
surfoce after dying as do fish, rathor thoy decomposo
rapidly or arc quickly caton by prodators.

Aroclor occurs in tho tissucs of shrimp which wero
captured soveral kilometers from the original sources
of the material in Escambia DBay (Fig. 1). This
suggests the potential of this material to be dispersed
through the scosystom, and it might be available to
man through hisssafood. We beliove this contamination
should serve as 8 warning to increase monitoring of the
snvirenment for Aroclor and relatod industrial mate-

. Summary
. 4 A concantration of 1.0 part per billion of Arodlor
In the water kills the juvenile pink shrimp Penaews
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duorarum within 15 days in tho Juboratory. Adult
shrimp aro not as susceptible, but higher concentra-
tions of 2.4 to 4.3 ppb kill within 17 o0 53 days —
dopending on tho maturity of test individuals.

2. In Iaboratory tests in which Aroclor way added
to tho water, 1. duorarum absorbed the materisl and
concentratod it in the hepntopancroas. Subsequently,
it was trankferred Lo othere tissucs, then lost. It was
more persistent in tho tisauon of whrimp than the
chemioally-related pesticide, DDT.

3. Aroclor was abserbed from the water and its
subsoquent distribution in tissucs was simijlar to that

found in wild shrimp from contaminated arcas. In
the laboratory, shrimp also obtaincd the Aroclor from

. food, and wo conolude that both sources are available

to shrimp in the Ponsacola cstuary.

4. Concentrations of Aroclor in P. ducrarum from
the estuary appear to rofloot distribution patterns in
shrimp. Aroclor in shrimp capturcd at considerable
distances (up to 24 km) from the original sourco
demonstrata the potontial for dispersion and concen.
tration of this matcrial in an ecosystem.
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