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Rotifers were exposed to ( I )  a single dose of 14C labeled benzene on day 1 with initial con- 
centrations of benzene at 0.1 and I.OpL/L declining over time and (2) a chronic exposure of 
0.1 and 1.0 rL /L  daily for 9 d. Both conditions resulted in rotifers accumulating IOOO to 10 OOO 
times the 14C activity detected in the seawater. These concentrations were maintained in the 
rotifers for 8 and 11 d, respectively, and remained high even after exposure was terminated. 
Analysis of 14C activity from 14C labeled benzene detected in the water revealed its source to be 
phenolic compounds, compounds with a potentially higher toxicity than benzene. The water 
maintained a low level of 14C compounds throughout the experiments. Rotifers accumulated 
high quantities and retained most of the acquired 14C compounds after 2 d in clean water. 
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une seule dose de benzene marque au 
I4C au jour 1, de concentrations initiales de benzene de 0,l et I,OpL/L, diminuant avec le 
temps, et (2) une exposition chronique a 0,I et 1.0 pL/L quotidiennement pendant 9 jours. Dans 
les deux situations, il en est resulte chez les rotiferes une accumulation de 1 OOO B 10 OOO fois 
l’activitk du 14C dkel& dans I’eau de mer. Ces concentrations se maintiennent chez les rotiferes 
pendant 8 et 11 jours, respectivernent, et demeurent B un niveau eleve mCme une fois I’exposition 
termink. L’analyse de I’activite du dans le benzene marque au 14C d k e l k  dans I’eau 
montre qu’elle a comme source des composes phenoliques, composes d’une toxicite poten- 
tiellement supkrieure h celle du benzene. Durant toutes les experiences, l’eau conserve un bas 
niveau de composes de I4C. Les rotifkres accumulent de fortes quantites et conservent la plus 
grande partie des compos& de 14C acquis, apres 2 jours en eau propre. 

rotifer Brachiotiusplicatilis from seawater. Can. J. Fish. Aquat. Sci. 37: 738-741. 

Des rotifkres furent soumis (1) une exposition 
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METABOLISM of petroleum hydrocarbons by  animals re- 
quires certain NADPH-dependent  enzymes (Sims and  
Grover  1974) .  M a n y  mar ine  fish and  invertebrates a r e  
able to  metabolize hydrocarbons (Varanasi  and  Malins 
1977) .  Some mar ine  phytoplankton and  invertebrates 
are  unable to  metabolize specific hydrocarbons because 
they d o  not  possess the necessary enzymes. T h e  ability 
of clams (Neff and  Anderson 1975), mussels (Clark and  
Finley 1975; Lee e t  ai. 1972) ,  barnacles (Morr i s  1973) ,  
oysters (Stegeman and  Tea l  1973) ,  and  jellyfish (Lee 
1975) to  accumulate oil components,  but not to metabo- 
lize them, stimulated my  interest in biomagnification 
through the food chain. 

T h e  cosmopolitan euryhaline rotifer Brach ionus  pli-  
cati l is  is easily reared in the laboratory and  has  proven 
to be adequate as larval fish food (Theilacker and  Mc- 
Master 197  1 ) . I t  is now used in the Tiburon  Laboratory 
to rear larval fishes (Struhsaker et ai. 1974) .  

Benzene, a monocyclic a romat ic  hydrocarbon of the 
water-soluble fraction of c rude  oil, has  a low toxicity 
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(Hawley 1971)  and  is soluble in seawater a t  1400 pLIL 
(Benville and  Korn  1977) .  Benzene occurs chronically 
in  the open  ocean  and  in estuaries at about  0.001 to 
0.1 p L I L  (Lee  and  R y a n  1976) .  

To determine the fate  of a single component of crude  
oil in a prey species, I studied the uptake and  depura- 
tion of benzene in B. plicati l is  exposed to  experimental 
concentrations of benzene tha t  approximated measured 
environmental  levels. 

Methods - A culture of E .  plicatilis w p  maintained in 
an 80-L glass aquarium under constant aeration, illumina- 
tion (Grolux’ and fluorescent lights at 215 Ix), salinity 
(20% .+- 2%,), and temperature (22 f 2°C).  They were 
fed a 2-pm-long green flagellate (Nephroselmis  sp.: 10’ 
cells/mL) reared under identical conditions, except for a 
higher light intensity (1615 Ix). The rotifers were fed daily 
for 1 wk before experiments to ensure a healthy population. 
but not during the experiment. 

Double cellulose-filtered (pore size 5 pm) and 8-L single 
charcoal-filtered seawater was placed in green, 10-L poly- 
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ethylene pans. The static pans were kept in a water bath at 
constant light (24 h: 108 lx), temperature (14-16"C), and 
salinity (23%,). Rotifers were concentrated on a 53-pm 
Nitex nylon net, rinsed with clean, filtered seawater, and 
transferred to the experiment pans. Rotifer populations were 
monitored daily using a model ZBI Coulter counter. Rotifer 
dry weights were obtained by rinsing with distilled water, 
drying at 20°C for 24 h ,  and weighing on a Cahn model 
4400 electro-balance (50 .1  rg ) .  The average weight for a 
rotifer was 0.35 pg. [l'C]benzene solution was prepared by 
combining a benzene stock solution with "C labeled ben- 
zene. The saturated benzene stock solution was prepared by 
vigorously shaking 99.9% benzene into 1 L of filtered sea- 
water. The concentration was measured on a Tracor MT220 
gas chromatograph ( G C )  (Benville and Korn 1974). An 
appropriate amount of stock solution was combined with 
"C labeled benzene to give the desired specific activity, 
and then stirred into pans for final concentrations of 0.1 
or 1.0 rL/L.  ["CJbenzene solution activities were monitored 
by sampling 1 mL from the center of each pan, mixing it 
with 1 0 m L  Instagela scintillator, and counting it on a 
Packard liquid scintillation spectrometer. The activity of 
experimental seawater was similarly measured daily, before 
and after the addition of fresh [T lbenzene  solution. Initial 
measurements were used to calculate how much, if any, 
new ["Clbenzene solution is needed to maintain specific 
activities of 10 and 100 in expt. 1, and 12 and 122 in expt. 2. 
Water samples were measured on a gas chromatograph 
( G C )  on days 1, 3, and 5 to determine actual amounts of 
benzene (Fig. 1 ) . 

The activity in rotifers was counted by concentrating up 
to 500 mL of rotifers, or -0.02 mg on a 53-pm net, washed 
into a beaker with 1 0 m L  of water, and transferred to a 
Pasteur capillary pipet plugged at the base with glass wool. 
Packard-1008 solution digestor was added (0.5 mL) ,  and 
the pipet sealed for 25 h at  20°C. The digest was transferred 
to a scintillation vial with IO-mL Dimulenea scintillator by 
using air pressure and then flushing the pipet twice with 
the scintillator. Samples were counted and corrected for a 
total method efficiency of 61%, determined by running a 
known concentration of ["Clbenzene through the sampling 
method. 

In expt. 1, rotifers (60/mL) were given a single initial 
dose on day 1 and left in the dosed pans for 8 d. The con- 
tents of two replicate pans for each concentiation of ben- 
zene, 0.1 and 1.0 pL/L, were monitored daily for "C ac- 
tivity in the water column and in the rotifers. 

In expt. 2, rotifers (20/mL) were exposed to benzene con- 
centrations at relatively constant levels of 0.1 or 1 .O r L / L  
for 9 d. Because about 70% of the ["Clbenzene volatilizes 
in 24 h (Eldridge and Echeverria 1977). concentrations re- 
maining 24 h after dosing were brought up to the target 
level by adding ["Clbenzene solution equivalent to the 
amount volatilized. "C activity in the water was measured 
daily with the scintillation counter. During the second ex- 
periment, the actual concentration of benzene was deter- 
mined every 2 d with a gas chromatograph for the two 
replicates of each concentration. 

Resrdrs - In experiment 1.80% of I4C was lost f rom 
the water to the air, pan surfaces, and  rotifers a t  both 
initial concentrations of [I4C]benzene af ter  2 d. How-  
ever, I4C compounds never completely disappeared 
from the aqueous phase (Fig.  1 ). 

I n  experiment 2, ['*C]benzene was administered to  

maintain an  actual level of 14C activity in the seawater 
of 0.12 (&0.04pLIL)  and 1 . 1  ( 2 0 . 5 p L I L )  (Fig.  1 )  
for 9 d. Actual concentration of benzene monitored by 
the gas chromatograph (GC) was compared  to 14C 
activity monitored by the scintillation counter.  On day  
1, measurements by both techniques corresponded to  
the target concentrations of benzene; however, by day  
5, the GC failed to detect any  benzene in the system 
while the scintillation counter was showing 14C ac- 
tivity. [14C]benzene solution was added  to the experi- 
mental  pans to maintain the concentration of [I4C]- 
benzene monitored by the scintillation counter.  F o r  
the duration of these experiments the presence of ben- 
zene and  of activity were not  correlated.  Water  
samples f rom a pan with a benzene concentration of 
<0.01 pLIL ( G C )  and  a 14C count corresponding to  
0.8 pLIL were sent to an  analytical laboratory.  Method 
C (Taras  e t  al. 1971) ,  a standard method for  the de- 
termination of phenols, indicated that  all activity 
(0 .8pLIL)  was due  to phenolic compounds.  This 
method includes possible interference f rom benzene: 
however, no  benzene was  detected by  G C  with a sen- 
sitivity of 0.01 pLIL. 

Adsorption was measured by taking water samples 
from the cleaned and  refilled pans o n  day  9, and  showed 

activity of 0.001 pL/L. T h e  only source of 14C 
would be leaching f rom the container walls into solu- 
t ion. 

I n  expt. 1 ,  the rotifers accumulated I4C compounds  
rapidly (Fig.  I ) ,  reached an  asymptote by  day  5 ,  and 
were maintained for  the duration of the experiment. 
Final biomagnification of 1% compounds  in the rotifers 
on  day 8 were 10' times. a t  0.1 pL/L, and  IO3  times 
at 1.0 pL/L. the levels in the water. T h e  rotifers accu- 
mulated and maintained a high level of compounds 
which did not appear t o  be depurated while in the 
treated water. 

In  expt. 2, the rotifers under  chronic exposure accu- 
mulated a max imum of - I O 4  times the initial concen- 
tration in the water.  A peak in  the rotifers was  reached 
o n  day  6 during which t ime the benzene (GC) was not  
present in the water. 

Both singly (initial dose) and chronically (constant 
dose) treated rotifers accumulated 14C compounds  to  
high concentrations. T h e  data  suggest t ha t  there is a 
limit to the amount  of I4C compounds a rotifer is able 
to store, with a state of equilibrium being reached be- 
tween the water and the rotifers. 14C compounds  never 
completely left ei ther system dur ing  the  8- or 11-d 
experimental periods. 

Discirssiori - T h e  presence of phenols in the experi- 
ments. instead of benzene, indicates some type of chemi- 
cal degradation. The stability of benzene and  the short  
duration of these experiments would eliminate photo- 
chemical oxidation occurring at any  significant level. 
Possibly the benzene was metabolized by bacteria. Bio- 
degradation of benzene has  been demonstrated with 
in situ marine microbes (Lee  and Ryan 19761, specifi- 
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FIG. 1. Expt. 1. Uptake of "C compounds by the rotifer B. plicatilis and the corresponding 
concentration in the seawater. Expt. 2. Uptake of "C compounds by B. plicarilis under 
chronic exposure, and the corresponding concentration in the seawater. Values in the sea- 
water measured daily on a scintillation counter and on days l, 3, and 5 on a gas chroma- 
tograph (02). *GC analysis, concentration of benzene approaches 0 between measure- 
ments; solid lines are 1 .O pL/L; broken lines are 0.1 luL/L. 

cally the bacteria P s e u d o m o n a s  p u t i d a  (> 1 .O Fm long) 
and N o c a r d i a  sp. (>l.Opm long) (Gibson 1976). It 
is not known whether any marine microbes capable of 
benzene degradation were present in the experimental 
pans. To determine if 14C activity was bound to bacteria, 
a subsample of water from all pans was filtered through 
0.45-pm Millipore filter paper and analyzed on the 
scintillation counter. 14C activity for unfiltered water 
corresponded to that of the filtered water samples meas- 
ured on the same day. Therefore, 14C was not bound 
up in any particle or bacteria larger than 0.45 pm. If 
the benzene was degraded by bacteria, it was not bound 
to them. 

Biodegradation of benzene by the experimental ani- 
mals is also a possibility; however, hydrocarbons stored 
for long periods indicate the inability of animals to 
metabolize them (Lee 1975). During these experi- 
ments, rotifers accumulated and maintained concentra- 
tions of benzene and phenolic compounds many times 

the exposure level. It is possible that the rotifers were 
metabolizing benzene into phenols, but because 1% 
compounds were retained by them, the effect is still 
the same : rotifers accumulated and retained concen- 
trated amounts of 14C compounds during the experi- 
mental time frame. Depuration may occur in clean 
water over a longer time than tested. 

Herring larvae exposed to l4C compounds through 
water accumulated 2 times the concentration in the 
water, increasing to 3.2 times when fed the rotifer 
(Eldridge et al. 1978). The ability of the rotifer to 
accumulate benzene results in the availability of a 
higher concentration of benzene and related compounds 
to feeding larval fish, and would increase the possibility 
of adverse effects. Larval herring showed alterations in 
their metabolic process when exposed to benzene at 
0.02-2.3 rL/L (Eldridge et al. 1977). Juvenile herring 
assimilate labeled hydrocarbons in the stomach tissue 
and lipids (Whittle et al. 1977), with unknown conse- 
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quences. Depuration of hydrocarbons in fish does occur, 
and  depuration of compound in rotifers is an un- 
tested possibility. However,  rotifers accumulate high 
concentrations of 14C compounds,  larval herring ac- 
cumula te  compounds  when feeding o n  rotifers, and  
there are  metabolic changes in larvae. Just  because the 
fish can  metabolize 14C compounds does not  eliminate 
possible adverse effects when both the  fish and  its food 
are exposed t o  the hydrocarbon. 
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