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

D. R. Nimnmo, R. R. BraokuMan, A. J. WiLson, Jr. and J. FouxsTen

Environmontal Proloction Agonoy, Gulf Drooto Laboratory; Sabine Ialand, Gulf Brooze, Florids, USA

Abstract

‘Tho polychlorinated biphenyl Aroclor® 1254 woa ro-
leased in an aetidental leakape of heat-exchango fluid from an
industrinl elnnt. into the Feecambia iver, noar Ponsacola,
Florida, USA. This material was earricd downstream, and is
nowv found in tho fauna of Escambia Bay and its contiguous
watcrs, primo nursery arons for fishos and invertobratos such
as penacid shrimip. TKo significanoe of pollution by this chem-
{cal was asscssed by ostablishing toxidity levels, dotermining
routes of entry, and investigating its movement and diatribu-
tion in various tissues of ahrimp under controiled conditions
in the laboratory. Aroolor 1254 added to the water was toxio
to the juvenile pink shrimp Penceus duorarum st a oonocen-
tration of 1.0 part per billion within 15 days, but was less

@ R.osinured trademark, Monsanto Company, 8t. Louis,
Missouri. Meantion of commaercial producta doce not constitute
sndorssment by the Environmental Protection Agenoy.

® Contribution No. 128, Gulf Breess Laboratory.
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toxio to adult pink shrimp. Shrimp obtained tho contaminant
from wator and food and concentratod it to $10.0 parta por
million in tho hepatopancrona. Aroclor 1254 residue data from
shrimp oollootod in the estuary aro included in the study.

Introduction

Sinco 18068, pesticide toxicologists and ecologists
have become inoreasingly aware of palychlorinated
biphenyls (PCBs). First discovered in fishes, feathers,
and human hair (JENSEN, 1068), residues have since
been found in many organisms {rom diverse areas of
the world. Strueturally, PCBs resemble chlorinated
hydrocarbon pesticides such as DDT, and are widely
used in formulating plastica, resins for rubber-based
laoquers, varnishes, paints, lubricants, heat-transfer
fluids snd electrical insulators. PCBs are relatively

S
»
b1
A
> ”
J
EAST BAY

1ound
'TY ‘0;“’_"_///
(Y

“‘ﬂco

Fig. 1. Residues of Arcelor 1284 (in ppm) found in shrimp bepatopancresses from Escambia Bay and contiguous waters
during 1968/1970. Each sample listed representa composite tiasues of at least 5 individuals
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Fig. 2. Residues of Aroclor 1254 (in ppm) found in sodiments from Escambis Bay and contiguous waters during 1960/1970.
N.D.: lau 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 therefore, persist
in the onvironment,

PCBs aro toxio to trout and blue gill (spp. not
givon) — GusTtarsoN, 1970; shrimp (Penaeus duora-
rum) and oysters (Crassosirea virginicu) — DURE et al,,
1070; and a fish (Lagyodon rliomboides) — IIANSEN
etal, 1971, Also, a ’CB used as & binder in epoxy paint
was toxic to chickens {GusTarson, 1870). Abnormally
thin-sholled cggs of birds in Great Britain and North
America wore associated with residues of chlorinated
hydroecarbony including the PCBs (Riseprovon ot al.,
1068). In 1069, a PCB (Aroclor 1254) was discovoered
a5 & contaminant in water, sodiment and fauna of
Escambia Bay, Ilorida (Duxe ct al., 1970). One sourco
of this material was traced to an accidental loak in a
heat.exchange system of an induatrial plant located
several kiluincter upstream in Bacambia Rivee, It ix
now present in cstuarine organisms, including shrimp
capturcd from Lscainbin Bay and contigugus waters

{}'ig.1). Sediments from the rivor amd upper bay appear -

to Lo a rescrvoir for the compound (IMig. 2). In carlior
experimentys, shrimp oxpused to theso sedimonts for
30 days accumulated the chemical (Nimmo ot al,,
1071). In this paper wo repourt toxicity of Aroclor 1254
in water, rates of avoumulation from food and water,

and distribution of this PCB in the organs of the pink
shrimp Penacus duorarum.

Materials and methods

Shrimp for laboratory studies were obtained from
two sources. Juvenile (2.5 to 3.8 em) pink shrimp
(Penaeus duorarum) were collected with a small net
from Sants Rosa Sound at Pensacola Beach, Florida,
in June through Scptember. Adult pink shrimp from
Temps, Florida, were purchased from o live.bait
desler. Background concentrations of chlorinated hy.
drocarbon compounds in the hepatopancrenses of all
shrimp never excceded 0.0 parts per million (ppm);
whole-body residuca were less than 0.01 ppou.

All shrimp wero acclimated in flowing sca water
for soveral days in the laboratory. Juveniles fed on
dotritua carricd in by the flowing unfiltered sea water
and adults wero fed mullet {Mugil ceplialus) muscle
contnining loas than 0.03 ppm organochlorine com.
pounds cach day. Beneh sand with no detectable
organochlorine compounds was provided o3 a sul.
strato for tho shrimp.

Shrimp were cxposcd to Aroclor 1254 (hereafter
called Aroclor) in flowing-water systems. The Aroclor
was dissolved in polycthylenc glycol 200, infused into
the flowing water with syringe punps, then mixed by
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a scrive of LafTles aa it (lowed into aquarin. ‘The volume
of tho aquaria varied from {8 L 160 ] commensurato
with tho tumbers and sizes ol test animals and flow-
rats of water. Animwal to voliuno ratio was 4 animal
per 2 1 water. Concentrations of Aroclor woro routinoly
mcasured by gaa chromatography. No attompt was
mado to control salinities which ranged from 25 to
32%,. but olectric aquarium heaters woro used to main.
tain waten temperaturca betweon 20° and 30 °C.

vl

vl

Fig. 3. Aroclor chromatograms. (A} Aroolor 1254 atandard,
{B) Aroclor 1254, recovored {rom Penaews duorarum hopato-
pancreas aftar shrimps had been fod fish sontaining roaterial
(sco Table 4). Concenirations of DDT and ita metabolites
wars negligiblo, therefore, no attempt was made to soparate
them from Aroclor isomers. Gaa flow 25 ml/min, nitrogen;
injection tempersturs 210°C, oven temperature 180°C,
detector temperature 210°C; HY elootron capture dotector;
152.4 x 0.317 om glass-column od with 24 OV.1 on
100/120 Gas Chrom Q

Concentrations of Aroclor in shrimp wero dotor-
mined from pooled samples by gas ehromatography.
When o group of 10 sheimp was cxposed to o constant
concentration of Aroclor in flowing.-water, individual
residues differcd by s factor of 10. Consequently,
laboratory analyscs are from composite samploa of at
lenst 10 individuals, unloss statod othorwise. All
annlysca on Pancevs dusrerums {rom Escambis Bay
ancd contiguous wators wore on composite samples of
at icost § individusls.

"’
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Depending on type and weight of tie samples,
four methods of preparation were cmployed. (1)
Samples of shrinp or food items larger than { g were
mixod with anhydrous sodium sulfute in a blender aned
oxtracted for ¢ h with petrolcum cther in o Soxhict
apparatus. Lixiracts were concentrated and cluted
from a Florisil column with 6% cthyl cther in pctro-
leum cthier. (2) Samples lcss than 1 g wero analyzed
by & modification of the micro-mcthod of Ixos
(privato communication). Samples wero weighed in
Duall® tissuo grindors and oxtraocted with threo 2.0 ml
portions of acctonitrilo. T'he neotonitrile extracts were
camhined and diluted with G ml of 29 Nn, 80, in
distilicd water, then agitatoed and extracted with thirco
2.0 ml portions of hoxane. These cxtracts were com-
bined and concentrated to about 0.5 ml, then trans.
forred to a Sizo *“B” Chromaflex! column containing
1.5 g of Florisil topped with 1.5 g of anhiydrous sodium
sulfate. The residue was cluted from tho eolumn with
20.0 ml of 1 % othyl other in hexane. (3) Water samples
were extraocted with petrolenm ether, then the extracty
woro dried with anhydrous sodium sulfate and re.
duced to an appropriate volume. (4) Secdiments
were analyzed by tho method of Niyyo et al. (1971).

All cluates wore adjusted to an apprupriate volume
for analysis by clectron-capturo gas chromatographs
equipped with OV-1 columns. Quantitation of Aroclor
1254, & multiple-pesked compound, was made by
averaging the heights of § major peaks which had
retontion times relative to aldvin of 1.31 (I'V), 1.533
(V), 2.32 (VII1), 2.74 (1X) and 3.27 (X) (Fig. 3).
Intorference from DDT was negligible due to the
relatively high residues of Aroclor 1254 in most samples.
Laboratory tests indicated rocovery rates above 8095,
but data in this report do not includo a correction fac-
tor for recovery. The presence of Aroclor 1234 in
shrimp and sediments wos verified by mass spectro-
soopy at the Environmental Protection Agency La-
boratory, Athens, Georgia.

Results
Acute and chronic biosassays

Acute toxicity tests at this laboratory showed
that Aroclor was about one tenth as toxic to juvenile
Penaeus duorarum o8 DDT (Table 1). For example,
10.0 parts per billion (ppb) DDT in the water lalled
100% of a populstion of shrimp in 96 h, whereas
100.0 ppb in tho water was necessary to obtain the
samo rosults with Aroclor.

In chronio flowing-watcr bioassnys, Aroclor at
0.04 ppb killed 51% of the juvenilo shrimp (2.5 to
3.8 cm) within 15 days (Table 2). Juvenile shrimp
were moro sensitive to Aroclor than adults. Exposure
to 3.5 ppb for 35 daya rcaulted in & mortality of 502,
in & group of adult shrimp (0.5 to 12.6 cm). Tho data

! Kontos Glasa Co., Vineoland, N.J., USA.
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show the noed for challenging soveral stagos in the
lifo cyolo of shrimp with chomioals such as Aroclor.

‘Wo have obscrved that symptoms of Aroclor
poisoning in shrimp are different {rom thoss of most
organochlorine inscoticides. Pink shrimp which we
oxposcd to 0.15 ppb or more DDT showod norvous
impairments such as tremors, loss of equilibrium and,
finally, -aralysis as definod by coasation of locomotor
movements. In testa with Aroclor, rogardiess of its
concentration, shrimp showed delayed mortality and
died at a rate of one or two por day with ne apparont
prior symptors of poisoning. Like others (DUXTE, et al.,
1970; Wupisx, 1970), we suggest that orustaceans
may be more susceptible to the chemical during
molting.

Tablo 1. Penasus duorarum. Comparison of toxicilses of p, p’ ~
DDT ar Aroclor 1254 lo ahrimp ia flowing-waler leste. Mean
femperaure and salinity of sea waler sn DDT iment were
24°C and 28 X,, respectively, for Aroclor 1254, 10 °C and 31 %

DDTs Aroolor 1254

Test Mortality Teat Mortalit,

conccatration ¢8h 96 h concentration (g 0 b

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

10.0 100 100 100.0 80 100
1.0 30 80 10.0 0 0
0.5 0 40 1.0 [ 0
0.1 10 20 Control 0 0

Control 0 0

» Persona! communication, J. 1. Lows, Environmeatal
Protection Agenoy, Gulf Breesss, Florida 32881, UBA.
* Duxzx et al., 1870.

Accumulation and transfer of Aroclor in fissues

The uptake of Arcclor from water by adult
Penacus duorarum (3.8 to 7.8 om) and the transloca.
tion to the hopatopancroas, whole body and ab-
dominal muscle was measured (Iig. 4). Accumulation
was Jinear with timo in the hepatopancrcas (r= 0 97)
snd wholo body {r = 0.90), but a platesu was reached
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Fig. 4. Penasus duorarum. Rates of absorption of Aroclor 1254,

in various tisaues of shrimp exposed to 2.5 ppb of tho chemical

in Bowing water. Unexposed shrimp showed no detectabls
residue. r = correlation coefficient

Table 2. Resulls of chronic droassays wilh Aroclor 1254 ond lhe pink sArimp Penasus duorarum in flowing water

Shrimp Conoentration® Average Average No. of teat Replicates Daya Average Level of
rostrum-telson {ppb} salinity temperature individuals exposed  mortality ngnificanoe
lonpth (%) °C) (%)

(em)

2.5-38 Control 32 29 85 8 13 12 -
25-138 0.87 32 29 20 2 13 30 0.10*
2.5-138 0.04 32 29 45 3 15 51 0003
2.5-18 9.4 32 20 20 2 15 00 0.0010
2.5~ 3.8 10.0 a2 20 20 2 15 100 0001
$2-72 Control 29 28 25 1 32 4 —
4.2-12 2.4 29 28 20 1 17 (4 + 0.001°
42-172 3.1 20 28 25 1 32 80 0.001°
6.6 - 0.0 Control 20 20 43 1 53 26 —

4.0 - .0 4.3 20 20 40 1 53 83 0.001¢
70-8.5 Control M 29 G0 1 18 0 -

7.8 - 80 4.0 31 20 60 -1 18 41 0.00t¢
9.5-125 Control 28 20 30 1 35 8 -
0.5-126 3.3 28 20 50 1 as G0 Q.001

s Avorags of at loast three dotarminations.
s Student's t-toet.
* Chi-squars.
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Fig. 5. Penacus duorarum. Rates of olimination {rom hopatopancress and subssquent increase in remaining tissus. Shrimp
were expoiod to 7.5 ppb Aroclor 1234 in flowing water for 10 days, then placed in Aroslor-free onvironment. Composite
tisaue samples from 8 individuals wore analyzed for each dotermination. Unexposed shrimp showed no detectable residucs.
. r = correlation coefliclent

in the muscle within 2 days, with little increase there-
afier. Residues in the hepatopancreas reached 510.0
ppw after 22 days and represented a 2.04 x 10% in-
creass over the 2.5 ppb Aroclor in the test water.
During this experiment, 309% of the exposed and 7%
of the unexposed shrimp died.

In a subsequent experiment, most of the Aroclor
wos loat from the hepatopancreas and transferred to
other tissues (I'ig. 5). Adult shrimp (2.5 to 11.5 om)
were first exposed to 7.5 ppb Aroolor in the water for
16 days, then placed in an Aroclor-free environment
for 5 weeks. Total weight {g) in the hepatopancreas
decreased by 809% in 53 weeks, but that in the remasin.
ing tissues almost doubled. Whole-body loss was from
731 to 400 ug or about 80% in § weeks.

A slightly different pioture exists concerning the
loss of Aroclor from the tissues if wo oxpress tho
amount in parts per million (Fig. 5). Aroclor (in ppm)
showed littlo chango in tissues othor than the hepato-
pancrcas during post oxposure. In contrast, the rate
of climination from the liepatopancroas was constant
ond lincar with time (r = 0.00), the biologioal halflifo
in this organ being 17 days. Aroolor i moro poraistent
in tho other tissucs of shrimp than DDT, the in.
secticide being completely oliminated in 3 woeks
(Nnesro et al, 4970). While tho Penaeus duvorarum
wero held in the Arocler-froe environmant, 239 of the

cxposcd shrimp died, with no loss of the unexposed.

Accumulation in body organs

Reaidues found in laboratory experiments are com.
pared with thase in natural populations of shrimps in
Escambia and Pensacola Bays in Table 3. In all tests,
the shrimp incorporated 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 captured alive {rom the bays.

The distribution of Aroclor in the tissues of shrimp
is much the samo a8 DDT, maximmum amounts oc.
ocurring in the hepatopancreas and least in abdominal
muacle ar exoskeleton (Nao et al., 1970). Generally,
the distribution of Aroclor in the tissues of Penaeus
duorarum oorresponded to the amount of lipid in the

tissues.

We believe water and food are sources of Aroclor
to shrimp, but we do not know which contributes
more. FanrrANTR (1060) summarized earlicr work on
tho fooding habits of shritnp and reported that the
threo commercially-important penacid shrinmps, pink
Penacus duorarum, white . setiferus, and Liown
P. aziecus, aro omnivorous. Some of tho contents found
in digestive tracta by other investigators includo in-
organio dobris, detritus, and a variety of algae, in-
cluding distoms. Aroclor sttached to detrital material
in aquaria or in field substrates was probably ingested

by the shrimp.
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Table 3. Disinibuiron of Aroclor 1254 in tissues of exposed Penaeus duorarum which had aecumulated chemical from waler ard
food and in penaeid shrimps from natural populations in the Pensacols estuary, Florida, US A

Methods of oxposure NMepato-  Vontral Digeative Iloart Gifls Exo- Aldomuna!
pancreas norvo tract skeloton  musclo
Ppm

Waicr
I'ile sheimp axposed to 3.5 ppb Aroclor in weter 108 120 32 77 59 14 15
for 35 davs
Pink shrunp oxposed to 0.2 ppb Aroclor in water 30 33 3.2 2.8 1.4 08 0.7
for 30 days

Foodl
Pink sirimp fed apot® 146 39 15 25 38 8.5 57
{43.0 ppm who's body) for 16 days
Pwic shrimp fed spot (field-captured, 0.2 ppm 0.8 0.5 <Q.1 0.3 03 02 <0.1
whole body) for 16 days
Pink sirimp fod croskor® (0.68 ppm in musole) 5.8 2.0 1.0 1.3 08 08 0.8
for 30 days

Natural populations
Pink shrimp captured 10, I. 18704 13 0.4 1.1 — 14 06 0.9
Pink shrimp captured 3. 1V. 1070+ 4.8 0.6 0.5 0.5 03 0.2 0.1
White siirimp captured 28. VIII. 1070s 17 4.0 1.5 1.0 08 038 1.3
Brown shrimp captured 28. VIIIL. 19704 98 14 9.7 4.2 31 22 0.9

* Tho spot Lejostomus zanthurus were previously exposed to 5.0 PEb Aroolor 1254 in the water for 12 days.

* Atlantic cronkoer Alicropogon wndulatus were captured in Esoam

¢ I'cnsacola Bay.
¢ Escambia Bay.

Table 4. Percentagess of 5 peaks in Aroclor 1254 recovered
[rom waler, fish and Penseus duorarum

Item Poak (%)

1y 14 viil 11X X
Standard 10.0 8.5 250 222 200
Whater (30 % S) 8.2 156 300 228 234
Fish muscle® 5.1 108 274 279 284
Shrimphopatopancroas* 2.8 108 239 311 314

* poak height
samn of 5 poaks

* Tho Atlantic crosker M icroporon undulatus were captured
from LEscambia Bay and coutsined 0.68 ppm Aroclor 1254.

¢ The shrimp Pengews dunrarum were fod Atlantio croasker
muscle,

x 10Q0.

We investigated differences in the proportion of
Aroclor peaks with respect .o tho standard ; the chango
is greatest in tho hepatopancroas of shrimp (1ig. 3;
Vable 4). Ileights of 5 peaks usud for quantitation of
the chemical shiow the grcatest reduction in pealis IV
and V, with somo inerease in /X and X. Wo do not
know whether this reflects actual altorations in tho

in Bay, Florida.

molecules or differential solubilities in the various
systems.

Resulls of ficld studies

Distribution of shrimp in the cstuary in relation to
salinity is a factor which regulates the amount of
Aroclor in the body (Fig. 1). The brown shrimp
Penaeus aztecus from upper Eacambia Bay bad the
highast residues (£32.0 ppm in the hepatopancreas).
The white shrimp P. setiferus {rom the mouths of
small strcams emptying into Escambia Bay had a
maximum residue of 59.0 ppm. The bighest rcs:lue
in the pink ahrimp P. duorarum captured in 'ensacola
Bay was 15.0 ppm. P. setiferus is most abundant in
low salinity waters of less than 10%, and . azfccus
occurs mostly in waters of 109, or morc, the abun-
danco of P. duerarum is not as dependent on salinity
{FarranTg, 1960). Although this distribution may vary
with loeale, types of substrato and seasonal tempera.
turcs, shrimp with the highest residnes in thisstudy were
thoso captured in the lower salinitics. Beeanse lrigher
concentrations of Aroclor occur in the scdiments of
upper liscambin Bay (Fig. 2), it iy possible thnt
burrowing activitics of brown shrimp in these sedi.
ments could have caused additional absorption of
lenched chomical through the gills (Niumo ¢t al,
1071) us well as ingestion of contaminated food.

DSHW 026451
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Discusrion and conclusions

In our investigations, thero has been no evidence
that Arvoclor in the waler, wediments. or hiota in
Isenmbia Bay was toxic to shrimp. We {found no
dead or dying shrimp in aveas of “fish kille' which
oceurrell {requently during summer months of tho
Perst two years. Aroclor in waler samples colleclad 48 ¢m
above the sadiments in the upper Bay was below that
considercit toxie 1o shivimp, bLut it was dolectablo
(0.06 ppb in unfilteral water). It probably lenched
from the sediments or was attached to suspended
prrticulato matter. Adult shrimp in live cages placed
dircetly on sediments in upper Escombis Bay for 3
weeks did not dio nor did tho “controls'’ held 48 em
albove in an uncontaminated substratum. Shrimp on

lower scdiments accumulated almost 3 times more |

Aroclor (6.7 ppm in the hepatopancreas) than did
controls.

Nevertitcless, our laboratory investigations show
that Aroclor 1254 in solution is toxic in the 1 ppb
range to shrimp. Therefore, the occurrcnco of this
chemieal in the water of Escambin Bay or in othor
cstuarine arcas is reason for concern. Wo also belicva
the residues found in shrimp from the ¥seambie Bay
are high cnough to be of importance, although we have
not found a correlation between residucs and mortality.
If postlarval or juvenile shrimp were exposed directly
to tho sediments in upper Escambia Bay for o period
of weeks, o threat could exist because of availability
of PCB.laden detritus and also the leaching of the
chemicel at the water-substrate interface. We are now
investigating this possibility.

Deaths of shrimp due to this or any othor oon.
taminant in natural environments would be difficult
to observe. Except as larvae, shrimp are primarily
benthic, secretive animals, and hide by burrowing in
the sediment. If they are active at night, they usually
remain below the substrate by day. Iere, they may
obtain highcr concentrations of Aroclor than when
swimming, and il they die, dead shrimp do not
surface afier dying as do fish, rathor they decomposoe
rapidly or are quickly caten by predators.

Aroclor oceurs in the tissucs of shrimp which were
captured scvernl kilometers from the original sources
of the material in Escambia Bay (Fig. 1). This
suggests the potential of this material to be disporsed
through the ecosystem, and it might be available to
man through hisscafood. We believe thiscontamination
should serve as a warning to increase monitoring of the
environment for Aroclor and related industrial mate-
rials.

Summary

. 4. A concentration of 1.0 part per billion of Aroclor
in the water kills the juvenils pink shrimp Panaeus

1. 1. Niamo ot al.: Aroclor in Penacus duorarum
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duorarum within 15 days in {he luboratory. Adult
shrimp aro not as susceptible, but higher cancentra.
tions of 2.4 to 4.3 ppb kill within 17 1o 52 days —
depending on the minturity of test individualy,

2. In Inboratory tests in which Aroclor was added
to tho water, £2. duorsrum abworbed the materinl and
concontrated it in the hcpuu»pnni:rca.n. Subscyuent]y,
it wan transferred Lo other Lissuen, then lost. [t wag
moro perkistent in the Lissucs of shirimp than the
ohcmically-relatod pesticide, DDT.

3. Aroclor was sbsorbed from the water and its
subsequent distribution in tissucs was similar to that
found in wild shrimp from contaminated arcas. In
tho laboratory, shrimp also obtained the Aroclor from
food, and wo conclude that both sources are available
to shrimp in tho Pensacola cstuary.

4. Concentrations of Aroclor in P. ducrarum from
the cstuary appear to refleet distribution patterns in
shrimp. Aroclor in shrimp captured at consideralle
distances {up to 24 km) from the original sourco
demonstrate the potential for dispersion and concen-
tration of this moatorial in an ocosystem,
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