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Concentrations of PCB in sea water lethal to 
Gammarus o o e a n i o u s  Sergestr~le have been determined in 
continuous exposure experiments (1). This paper des- 
cribes the ef fect  of short-term exposure to PCB in sea 
water on the median lethal time and reproductlve per- 
formance of G. oceanicus. 

The so lub i l i t y  of Aroclor 1254 in sea water is 
inversely proportional to the degree of chlor inat ion 
and in two batches was 0.3 to 1.5 mg/~ (2). Field sam- 
ples from Escambia Bay, Florida, contained 0.0001 to 
0.275 mg/~ of PCB with detection l imi ts  of 0.1 ppb (3). 
In the Firth of Clyde, Scotland, estuarine water con- 
tained no PCB with detection l imi ts  of I ppb (4). 
Using a more sensitive technique, PCB in the ppt range 
bave been detected in lake and tap water (5). 

Methods and Materials 

Stock and test solutions were made up as described 
previously (1) with Aroclor 1254:Corexit 7664 (I:19 w/w 
ra t io)  in sea water (S = 29 • l%J. A temperature of 
5.0 • 0.5~ and a 12:12 hr l ight :dark photoperiod were 
provided throughout the experiments. 

In experiment I ,  2 groups of 5 animals were ex- 
posed for I ,  10, 32, 56, and 100 hr to Aroclor IZ54 ( I ,  
I0, or I00 mg/S) and transferred to 2-4 beakers contain- 
ing clean sea water. Ten control animals for each ex- 
posure time were treated in clean sea water. The sea 
water in a l l  beakers was changed weekly. Observations 
to determine the survival time were begun on exflosure 
and continued for 30 days. The median lethal time 
(LT50) for G. oceanicus was estimated graphically from 
plots of the percentage of animals dead against time on 
probit  and log scales, respectively (6). 

In experiment I l ,  two pairs of animals were exposed 
in 2-s beakers for l or 10 hr to Aroclor 1254 ( I ,  10, 
or 100 mg/s Ten pairs were used at each concentration 
and exposure time. Each pair consisted of a male and 
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female in precopula. Twenty pairs were treated in clean 
sea water and I0 pairs in 1.9 g/~ Corexit 7664 in sea 
water for 10 hr as controls (2 pairs/2-~ beaker). Obser- 
vations were made to determine the survival time, mating 
success, brood size, and wet body weight of each female. 

In experiment I I I ,  14 females were removed from 
experiment I I  af ter producing a brood. They were 
pinned out in a wax dish containing f i l t e red  sea water 
(S = 29 • I%J to which 100 mg/~ of chloromycetin had 
been added. Eggs were removed from the marsupium with 
a camel-hair brush and blunt needle under a binocular 
microscope. Eggs from each brood were transferred in a 
Pasteur pipette to a Petri dish containing f i l t e r  paper 
wetted with the an t ib io t i c  sea water. Water evaporating 
from the dishes was replaced with d i s t i l l e d  water. Ob- 
servations with a binocular microscope were made through 
the Petri dish l id  to determine the development and 
hatching success of the eggs. 

Results 

Experiment I 

The results in Table l show that the LT50 was below 
the lower 95% confidence l imi ts  of the controls at 
lO mg/~ (56 and I00 hr) and lO0 mg/~ (32, 56, and I00 
hr).  Control mortal i ty  was due mainly to cannibalism 
by males which is known to be a function of density (7). 
Cannibalism was v i r t ua l l y  absent in PCB-dosed animals, 
perhaps due to reduced pa la tab i l i t y  of,  or in terest  by, 
them. 

Survival time of PCB-dosed G. ooeanicus depended 
on the i n i t i a l  concen t ra t i on  (C o) and exposure rime ( t )  

and by p l o t t i n g  log LT50 (y)  aga ins t  log Cot(X) a 
l i n e a r  r e l a t i o n s h i p  was obta ined.  The f i t t e d  regress ion  
l i n e  was: 

y = 1 .62-0 .25 x ( t  = 8 .52 ,  d . f .  = 13, p > 0.001) 

This resul t  suggested that Aroclor 1254 is a cumu- 
lat ive poison with a time lag before the poisoning 
mechanism causes death. I t  also demonstrated the d i f f i -  
culty of defining a sublethal dose. At 30 days 50% 
mortal i ty had jus t  occurred and i t  was estimated that 
Cot = I mg/r hr had an LT50 = 35.3 days (LT50 = 41.6 

days calculated from the regression equation). 

In previously obtained data below the 'critlcal 
concentration' for G. oceanicus (1) at 0.I mg/~, 
Cot = 31.2 mg/~ hr wlth an LT50 = 13.0 days, and at 
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0.01 mg/~ Cot = 5.0 mg/~ hr with an LT50 = 21.0 days, 

both of which f i t  the described regression equation. 
Values calculated from the regression equation are 17.6 
and 27.8 days respectively. 

TABLE l 

LT50 (days) and 95% confidence l imi ts for groups of 10 
G. ooeanious exposed to Aroclor 1254 in sea water 

Ex- 
posure LT50 days 

hr 1 mg/~ I0 mg/~ I00 mg/~ 

1 35.3(10.7-116.0) 13.7(8.4-22.5) 13.6(10.0-18.5) 
10 24.0(7.1-81.6) 12.0(6.1-23.8) 9.3(6.8-12.7) 
32 17.0(9.0-32.0) 9.8(7.2-13.4) 5.9(3.2-10.8) 
56 15.3(9.9-23.7) 6.0(3.7-9.8) 6.0(4.9-7.4) 

I00 I0.7(6.9-16.7) 5.2(3.7-7.4) 4.4(4.0-4.8) 

Control LT50 = 13.1(6.3-27.5, N = 50) 

Experiment I I  

Populations of G. oceanicus normally breed through- 
out the year with a 3-month resting stage in the summer 
(8). A female in mid-intermoult is caught and held by 
a male with the specially adapted second pair of 
gnathopodia. The pair remain in this precopula position 
unt i l  the female moults, after which rime copulation, 
release of the female, and egg laying rapidly ensue. 
Eggs are carried by the female ventral ly and held in 
place by f l a t  outgrowths from the coxae which bear long 
interlocking setae and forma brood pouch. 

The percentage of females which successfully com- 
pleted mating in experiment I l  are shown in Table 2. 

In unsuccessful matings males abandoned females 
without copulating, either before or immediately after 
the moult. Such males frequently died a few days later.  
There was evidence (Table 3) that male mortal i ty was 
higher than femaie mortal i ty at concentrations of 
10 mg/{ of Aroclor 1254 and above. A possible physio- 
logical explanation for this is that some PCB is con- 
centrated by developing oogonia and thus unava�8 
for direct poisonlng of the females. In treated females 
which mated and produced eggs, and in the few unmated, 
treated females which laid i n f e r t i l e  eggs spontaneously, 
some PCB may bave been eliminated from their bodies via 
the eggs. 



TABLE 2 

The matin9 success o f  G. ooeaniou�87 exposed to A roc lo r  
1254 in sea water 

Cot (m9/Z hr) % mating success N 

Control (sea water) I00 20 
Control (sea water + Corexit 7664) I00 I0 

l lO0 I0 
10 85 20 

100 45 20 
1000 40 10 

No signif icant differences in respect of brood 
numbers between dosed and con t ro l  groups were found. 
For both sets o f  da ta ,  regard less  of dose, the brood 
number (y)  was dependent upon wet body weight  (x )  in mg. 
The r e l a t i o n s h i p  was: 

y = 7.48 + 0.91 x ( t  = 4 .43 ,  d . f .  = 20, p < 0.001) 

TABLE 3 

Number of male and female G. oceanious alive after 
30 days in experiment I l  

Concentration of 
Aroclor 1254 

Exposure tlme 
1 hr I0 hr 

Male Female Male Female 

1 4/6 2/8 5/8 
I0 - 4/6 O/lO 6/9 

lO0 O/lO 2/8 0/7 2/9 

Experiment I I I  

After approximately 1 month in the culture con- 
ditions embryonic development had proceeded normally 
{Table 4) in the controls. Development was also normal 
in embryos from PCB-dosed parents except for the two 
broods from parents exposed to lO and lO0 mg/g for 
lO hr. 

Soon f t e r  these observa t ions  were made the cu l -  
tu res  became i n f ec ted  w i th  an u n i d e n t i f i e d  fungal  i n -  
f e c t i o n  and a l l  embryos f a i l e d  to develop f u r t h e r .  
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TABLE 4 

Mortal i ty of embryos derived from PCB-dosed parents 

M aternal parent 

Concentration Exposure Wet body 
mg/~ rime (hr) weight (mg) 

Embryos 

Total Number 
number dead 

l l 59 69 0 
l l 62 41 0 

fO l 62 58 0 
lO l 78 lOI 0 
lO l 49 54 0 
l fO 47 64 0 
1 I0 55 79 0 

10 lO 69 33 25 
I00 I0 54 38 38 

Controls 100 129 2 
97 131 0 
78 87 0 
93 12 0 
60 62 0 

Conclusions 

I t  can be calculated from the results of experi- 
ment I that exposure of G. oceanious to 0.2 mg/~ of 
Aroclor 1254 solubi l ized in Corexit 7664 in sea water 
for lO hr w i l l  produce an LTSO = 35.l days. The data 
suggest that no s ign i f i cant  biological detoxi f icat ion 
process occurs in the animals during the experiments. 
However, n othing is known about the biological hal f -  
l i f e  or possible bio-transformation of PCB in animal 
t issues. 

The effects on mating success described seem best 
interpreted as responses of the male to impending death 
caused by PCB poisoning. Such effects should therefore 
depend on the same dose: survival time re lat ionship,  
with Cot= 10 mg/s hr as the minimum effect ive dose. 

Assuming that the maximum time in precopula is 20 days, 
the minimum concentration possible to produce this 
ef fect  is 0.02] mg/~ of Aroclor 1254 solubi l ized in 
Corexit 7664 in sea water. 
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