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ACCUMULATION OF AROCLOR®D 1254 TN GRASS SERTMP (Palaemonetes puzio)
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. D. R. ¥moo, J. Foraster, P, T, Eedtwuller and G. E. Cook
T ﬂ;. 5. gnwmmm 'PROTECTION AGERCY
GULF BREEZE ENVIRONMENTAL RESEARCH LABOBATORY
. | BABINE TSLAKD, CULF BREEZE, FLORIDA 32561
L L;(f :

MONS Q47000

- AR T PRI WY T Yy v T e T A T /




A

ro—— . . — PR

Yoot perm, 2 TR TS COWRE e e, e s

Ca e 2T e e ..1 .-

" Results of several experiments indicate that aquatic inverte~
brates accumulate total body concentrations of polychlorinared bi-
phenyls (PCB) thousands of times greater than that of the sur- ’
rounding water. For example,.Sanders and Chandler {1) showed that
fresh water insects and crustaceans rapidly (1 day) accumulated PCB3
(Aroclor 1254) up to 24,000 timas greater than the concentration ig
the water. Results of -mm exposures conducted with estuarine
animals showed oysteras concentrating 85,000 (2), shrimp 10,000 (3)
and f£ish 30,000 (4) times tha amount of PCB in the water.

Although Sanders and Chandler atatad that PCBs enteripg the
aquatic environment are below concentrations acutely toxic to in~
vertebrates (1), we have notad that most of the accumulation
studies conducted thus far by ths ipvestigators cited ip the para-
gxzph above have been at concentrations of 1.0 yg/t and above,

i.e., conceutrations demonstratively toxic to teat animals. Little
is known about accumulation in marine invertebrates at axtrazely
low concentratiors, and with one axception (3), no ome to our
knowledge has placed PCB-free animals in a nctural environment
known to have PCBs and followed accmlut:lm \d.th tima,

We report here the results. oZ-several u:pnringnts on chronic
toxicity of Aroclor 1254 to Falsamonetes o, an estuarine grase
shrizp, .as wall as concentration and 1oss of the compound £ron thc
anirals with tize. We also exposed grass ahrimp for up to 3.
wonths to Aroclor wb-ecntm.nam udhunta in Escanbia ‘Bay,
nut Persacela, I’loti.dl
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METHODS AND MATERIALS

Vith one exception, all laboratory experiments were conducpey
in 3~-ml chacbers supplied with flowing water from Sants Ross
Three sets of 5 chambers each received test concentrations; the
fourth set was a control, Each chamber kontained 4-10 shrizmp, oy,
nunber depending on the size of the snimals. Water flowed con-
ticumsly through each chamber at a rate of 1.0 1/hr. Arccler
1254, dissolved in polyethylena glycol (mol. wt. 200), veb mwtereq
into each wixing tank with a syringe punp bafora the wate est
the test chamber. An equal amount of solvent was added tw tm.
vater flowing to controls. David J. Hansen of this lebooxwry,
found the senaitivity of a marine fish to Aroclor 1254 maminad o
changed when e varied concentrations of polyethylene giyall wepg
to dxliver the toxicunt (personal commumication). The 5w wey,

fed daily a commarcial molly-flaks diet (<0.02 mg/kg Srypomitorsy,

P T

The expariment to detérmine tha conceantration and ISty
the tissuos of P, pugio was also conducted in & floiiingem:
syetex, Ve constructed 18-liter equaria with false- flomesk:
nyle scresn (1/4-inch mash) to hold shrimp abovs the dmxfey
broght in with the water or produced by the aninals., Wil
ficmion was intended to prevent the animals from satleag i
particles with adsorbed Aroclor 1254. Conssquently, -we smm.
that sbrimp obtained more of the chemical from the watm lgmn: .-
sormicn through the gllls rather than frowm fagastion sfmew- -

tenfnated detritus. The. shrimp wera not fed during thkivempms.
went, R _ . v :

Concentrations of Aroclor 1254 im tissues by pas dskm- -
topraphy-wers determined using pooled samples vf-ar lemtd®? -
shrfap each (5). o :

. 2. pugio wars sxposed to Aroclor 1254~contaminaweice’vy’
in wpper Escanbis Bay from Novembar 1971 to February MiSs |
shrisp in specially-constructed cages (5) were exposed e
to the sediments. Average concentraticn of Acvoclor” L¥Edn =%
upprrzost two inches of sediment in Novewber” 1971 was Sdars).
{dry weight).

SR ' RESULTS OF LABORATORY EXPOSURES

Tests conducted in flowing water shoved P¥pur’omMee wir.
camibls to Aroclor 1254 (Table 1), In a 7-8a¥ exposen, MET
diak ar 9.1 pglt, but significant mortality ¢#8 not oex pmv ©
and 0,62 yg/t. In the sscond series of tests Mlesting® fimeys,
4.9 and 12.5 yg/t vere toxic, but significantiwortaliydid oo

L
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T MORTALITY AND ACCTMULATION OF AROCLOR 1254 IN -
. Palaemonetes pugio¥
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‘_1:h;_‘_ Test Conc. n.yi\ Avarage Mortality Body Conc. Concentratiom

S (ug/t)  Exposed (2ya> (og/kg) = Factor

7 4(0 - 20)
[ o e v 4 . -Bl0 ~ 40)
SRR N 0.62 T - 4€0 ~ 20)
i :‘ Vo SR O N 6020 ~ 80) %W
‘ . VT _
14

s CONTRS
8700

7100

000 Orwm

.. T

L]

e i e e CONTROL. 1& - 25(0 - 50)

..-.-.....-........ . ‘.:..4_._.--......... ..1.’ . —-_.....lsa-'-- ‘0(0 lm . .-
- ‘ 4.0 16 45025 « 50) %A

e o 1.3 o0 180 0 B3(30 = T5)Nee

14000
6700
3700

2NEA Buwe

-

e A1l exposures wers conducted. in’floving sesvater: salinify os
‘ . tt-pornturu ranges vere 22 o 28‘ and 17 vo 28* .C.

o “:5 n?lium ytr concentration: et least 4 shrimp per rapli-
. S qdw. ce i .
, . - S o . !
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ACCUMULATION OF AROCLOR 1254 BT .
* Palaemonetes puglo* .
L
Test Conc. . . . Body Conn. , Concentration
(vg/2) (ng/kg) Factor
0.17 . 1.3 - ;7600
' 0,62 - N s S 8700
1.0 3.2 2 3200
2.3 25.0 ) _ 11000
2.7 ‘19.0 .- . 7000
3.2 - ) . B0 oo ABOO
3.2 - 26.0 } .. - BlOO o
5.2 * 2%.0 L 5600
5.3 16.0 : - 3000
503 -”.U . 5700
9-1 ﬁs.o N

7100

.

~

(s

#7-day exposures ccnducu& in flwing umtcr at ul;h:ity and
temperature Tanges n£ 22 to 28 and 17 to 28‘ C.
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At the conr.lusion of several one-week eXposures tq & range of
concentrations (0.17 to 9.1 ug/1), sutfviving shrimp from each ex-
posure were analyzed for wholg-body teaidues. Ambient cohcen~
tration of toxicant in the water aund rqsultam: residues 1a the
sheimp wara correlated (r=0.91, Table 2). In some cases, duplicite
test concentrations produced biologicd. accumulations that
d1ffered by a factor of 2, Concentration factors ranged from
3,000 to 11,000, Thesa rangss were similar to those found in tasty
using penasid shrizmp (1) but vare somewlat lower than thoss found

by Sanders and Chandler (1), ia tenty mi.n; several invextebrats
. species in fresh water. . e . -

Thers appnnrod to be no threshold below \rhich levels of tha
chemical added to water falled to produce residuss in the tissuas
(Teble 3) in our tests. Whole-body concantrations produced after
5 wasks exposurs te 0.04, 0.09 and 0.62 yg/t ranged from 200 to
26,000 times the corcentratious in the teat wvater. Concentrations
did not resch equilibrium snd from 60 to 90 percant of ths droclor
1254 was lost from the shrimp within 4 weeks aftar exposurs to the
chemical was stopped. Tast comcentratioas of the chemical were mat
significantly toxic to shrimp.  Although accumulaticn incraased
with increasing concentration ¢f roxicant in this test, this was
not ohserved in earlier studies (see Tablas 1 and 2) Implicatim
ara to be diecussed elsevhers.. , - o

Tl

'EESULTS OF FIED EXPOSURES

o
-

Avarage vhnh-body rui.dnl of Aroclor 1256 in P, gu‘gio after
1 month vas 0.41 ug/kg (0.34 to 0.57); after 3 months, 0.42 mg/kg
(0.37 to 0.50). There was ne evidence that signif.innnt mortalicy

ozeurrad dusing the exposuras of grass shzimp to contaminated
sedincuts. : - .

DISCUSSIOV -

Couuntratim of Aroclor 1254 in P. mi_g, after exposure
to contaninated sedinments for 3 months was equivalent te a
lsboratory-exposure of 0.09 pg/t in water for 2 weeks (Teble 3).
Ve expected residues to be higher in caged shrimp since we had
found that fiddler crabs exposed in the laboratory accuculated
residues equal to or.greater than (wet-welght basis) that of the
contaminated substratum (dry-weight basis) after 30 days¥6).
Concentrations of Arwveclor 1254 in caged shrimp exposad to con-
taminated sediments appeared to reach a plateau, but this was not
tha case in laboratory exposures (Table 3) where an equilibrium

OV
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TABLE 3.

ACCUMULATION OF AROCLOR 1254 IN Palaemonetes pupia WITH TIME
o AFTER EXPOSURES TO THEZ CEEMICAL IN WATER AT THRER CONCENTRATIONS (ug/L)
(Each valua represents a composite sampls of 10 enimals)

. Length of Control ‘ 0.04 ‘ 0. 0% 0.62
Frposure - Body Cone, . Body Conc. ~ Body Cone. Body Cxc.
_ _ Con¢. Psctor' Conc. Factor Cone. Factor'” Conc. Fayor
"~ (hr/ days) (mg/kg) . Ceslkg) (mg/ke) - (mg/kg)
0 . » °.H. ' b . 0.1 * H O.H * 0.1 L]
‘ o1t : » 0. * 0.1 * 0.1 "
2 * K 5 SN 0.1 " 0.1 L]
. | * 0.1 n © 0.1 r 0.1 "
S : a0 01t e T 01 & 0.1 #
. BT ' . ©0.1 * - 0.1 # 0.12 190
i1z . ) 0,1 ] 041 ¢ 0.184 230
t1e oy S 0.1 * 0.1 # 0.26 420
REEET I L a7 0.1 * 0.1 A 0.20 320
36 1 1.5 L 0. # 0.1 " 0,20 470
s g2 01 _. . 0.10 1100 - 0.37 600
Lot 72103 O * SIS SR C 0,14 , 1560 0.%58 930
T R TS R S L R S S - 0.8 1670 | 0.40 650
oV 1s4 768 T T el T W : 04 1590 © 0.3 3670 1.28 2060
. 336 [ 14 —— L I 0.13 3250 " 0,43 6780 7.40 11930
~ .. 504 f 21 0.1 L I 0.15 3750 0.45 5000 6.67 10900
© T 672/ 28 0.2 .. * 0.17 4250 .. 1.57 17400 10.82 1745.
F860 1 35 ;010 . # 0,21 5250 . - 0.75 8330 : . 16.48 26587
AR : ' PCB ~ STOPPED . - . )
rtL/// g * |
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TABLE 3 (Continued)

1176 / 49 0.1
1512 / 63 0.15 R
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wvas not reached. Therefore, we believs that shrimp ex- _
posed to the sediments might have obtained PCB from the water or
food singly, but shrimp exposed to Aroclor in the laboratory
obtained chemical from two sources, water end food. It might also
be more available in the laboratory than tha field due to the
carrier. In earlier laboratory studies with penad.d shriop, both
water and food nppuu& to be sources (3)' KR

No uign:lfimt mortality was observed in éagid shrinp a.nd
none would be pradicted since residues produced im the field were

similaxr to those found 1:: uhr:l.-p after l.aboutory exposures which
caused no death, -

Penaeid shrimp spend cnly a frac:i.on of thti:: life i:y'clc':l.n
an astuary, aoving into oceanic waters after reaching maturity
{(7), but grass shriop are endemic in estuaries.: Therefore, in
relation to tine of axposure we would expsct grass shrizp to -
accumulate & pollutsut from s contaminated estuary to a greatar
degree than psuasid shrimps, neverthelass, this is not true. In
August 1968, penseid shrimps (Penseus duorarum, P. setiferus, and
P, aztecus) collected during a survey of Escambia Bay, Florida,
haod whola-body residuss of Arvclor 1254 as high as 14.0 ag/ks Q).
In that gurvey and in subsequant collectioms, P. zg‘g_had a
naximm residue of only 1.4 Iglkg

Lover 'resl.dun i P. pugio tm xsoubia hy may be due to
arounts of PCB in bay sedipants and bebaviorial pattamms of the

~animals. We noted sarlder (3) that residuas in species of penaeid

shrimp were related to highsr concentrations of Aroclor 1254 im
sedinsnes that predominste in upper Escanbia Bay. We found that
penaeid shrizp, as adults, usually ara captured in deeper waters
and burrecw into silty or sacdy substrates, 1In contrast, grass
zhr4np usvally do mot burrow, rather ate fournd aleng shallow sandy
bezaches and grass bads, vhere thay obtain food that 43 relatively
ucontamioated with PCB., - .
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