
THE UPTAKE, DISTRIBUTION. AND 
DEPLJRATION OF "C BENZENE AND 
"C TOLUENE IN PACIFIC HERRING, 

CLlIPFA HAKENGl'S PALLASI 

This note is a sequel to Korn e t  al. (19761, where 
uptake, distribution, and depuration of I4C ben- 
zene were examined in striped bass, Mororze 
saxatilis, and northern anchovy, Engraulis mor- 
dax.  Like benzene, toluene is a prevalent, water- 
soluble, and toxic monoaromatic component of 
petroleum and associated products. According to 
Anderson e t  al. I 1974a), toluene is second only to 
benzene a s  the most abundant aromatic oil com- 
ponent in the water-soluble extracts of southern 
Louisiana and Kuwait crude oils (6.75-3.36 pli 
liter benzine; 4.13-3.62 pliliter toluene, respec- 
tively). 

Although levels of the volatile aromatics a re  
thought to be low in areas subject t o  chronic oil 
exposure, few actual measurements have been 
made. Further, if fish can accumulate benzene and 
if energy is required to metabolize, detoxify, and 
depurate these aromatics, long-term physiological 
and population effects a re  possible. 

In this study. a comparison of the uptake, dis- 
tribution, and depuration of I4C benzene and 14C 
toluene, at a low sublethal concentration I100 
parts per billion (ppb)],  was undertaken to deter- 
mine which ofthese prevalent aromatics may pose 
the greatest problem. I t  was hypothesized that.  
although toluene is less soluble in seawater (An- 
derson et al .  1974a), it may be more toxic and 
exhibit greater accumulation levels and persis- 
tence. Our previous work with striped bass and 
northern anchovy indicated other tissues tha t  
should be examined, such as kidney, pyloric caeca, 
gonad, and intestine. and in the present compari- 
son, residues in the additional tissues were mea- 
sured. Pacific herring, C l i : p t ~ ~  harc,ngiLs pallnsi .  
were selected as  test animals because of their im- 
portance as  estuarine and nearshore forage fish for 
many important recreational and commercial 
species, including striped bass and chinook salm- 
on. 

Pacific herring were obtained from a San  Fran- 
cisco Bay bait dealer and were transported di- 
rectly to the Tiburon Laboratory dock. The fish 
were acclimated under test conditions for a t  least 2 



wk in 2,000-liter tanks. Fish were not in spawning 
condition. 

In each of two separate studies, 10 fish were 
placed into each of six 660-liter fiber glass tanks 
and further acclimated for 1 wk before exposure. 
Salinity and temperature were 24% and 9"-ll0C, 
respectively, during the  acclimation and test  
periods. In the first study, fish were exposed to 100 
nliliter (ppb) 14C benzene (4.2 dpmmg specific ac- 
tivity). In the second study, fish were exposed to 
100 nliliter (ppb) 14C toluene (3.2 dpm'ng  specific 
activity). In both studies, one of the six tanks was a 
control, with no exposure. Exposures were static 
(single dose with delining concentration) for 48 h ,  
preceded and followed by a continuous water flow 
of 2 literslmin. 

Water samples for radiometric aromatic anal- 
yses were taken from all tanks a t  0 , 6 , 2 4 ,  and 48 h 
after initial dosage. Gallbladder, intestine, pyloric 
caeca, gill, brain, liver, muscle, kidney. and imma- 
ture male and female gonad tissues were sampled 
for radiometric analyses a t  6 h, then daily for 7 
days. 

Methods of exposure and radiometric analyses 
are identical to Korn e t  al. (19761, except that  the 
tissues from fish exposed to toluene were digested 
a t  50°C for 24 h. 

Since accumulation levels in the gallbladder 
were based solely on radiometric analysis of the 
I4C present and could include metabolites of the 
monoaromatics as  well as  unchanged benzene or 
toluene, a n  additional study was made to interpret 
the residue. Two groups of fish, with six fish per 
tank, were exposed to 100 n1:liter 14C benzene ( 1  
t ank) ,  and 100 nl/liter I4C toluene t 1 t ank )  for 48 
h. Exposure was the same as  in the above experi- 
ments. At the end of the 2-day exposure, the gall 
bladders were removed, weighed, and extracted 
with 0.2 ml trifluorotrichloroethane-Freon.' The 
extracts were analyzed for benzene and toluene by 
gas chromatography (Benville and Korn 19741. 
Efficiency of extraction was not determined and 
therefore the gas chromatography analyses were 
more qualitative than quantitative. 

Res LI I t s and D i \c' LI ss i() n 

There were no mortalities in either exposed or 
control fish Unl ike  he r r ing  exposed dur ing  
spawning condition (Struhsaker 1977), no abnor- 

mal behavior was noted, thus immature herring 
appear less sensitive to exposures than  mature 
herring in spawning condition. 

The concentration of benzene and toluene in 
seawater in all tanks declined linearly ( Y  = a + 
bX where Y = concentration in microliters per 
liter, a = initial concentration in microliters per 
liter, b = rate of decline in microliter per liter per 
hour, and X = time in hours), during the 48-h 
static exposure, as  follows: 

Item Benzene Toluene 
Iota1 no. samples 

a 1 P-intercept) 0.094997 0.09195 

Percentage of initial 

20 20 I?  

h - 0.0006075 -0.0007587 

concentration remaining: 
24 h 85 80 
48 h 69 60 

The equation for decline in benzene and toluene is 
probably a function of the volume of seawater. In 
earlier studies, a t  smaller volumes, decline was 
exponential over the 48-h static exposure. At the 
volume in these experiments it was linear, but 
probably would have been exponential over a 
longer time period. The rate of decline appears to 
decrease with increasing volume. 

In all herring tissues, toluene accumulated to 
higher levels than did benzene (Table 11, despite 
the faster loss of toluene compared with benzene 
from the test solution. Certain trends were com- 
mon to  both aromatic components. The tissue 
exhibiting the  highest accumulation was the  
gallbladder (3.1 nl/g benzene, 34 nl /g  toluene, 
maximum level). The lowest level of maximum 
accumulation was found in the immature gonad 
(0.24 nl'g benzene, 0.44 nllg toluene). Pyloric 
caeca and intestine contained varying amounts of 
bile and therefore had a wide range of 14C activity 
and a resulting wide variance in calculated con- 
centrations. 

Benzene was accumulated up to 31 times the 
initial water concentration (gallbladder) and tol- 
uene reached 340 times the initial water concen- 
tration (gallbladder). 

In most tissues, and  for most components, 
maximum accumulation levels were reached 
rapidly. Within 24 h,  maximum residues were ob- 
tained in all tissues except the gallbladder and 
pyloric caeca.  Toluene  accumula ted  t,o t h e  
maximum level (0.25 days) before benzene peaked 
(1-2 days) in all tissues except the gallbladder and 
intestine. 



TABLE l.--Residues of benzene and toluene andlor metabolites (mean nlig-tSE) accumulated during and after a 48-h 
exposure to 100 nliliter (ppb) I'C benzene or 100 &liter (ppb) I4C toluene in the tissues of Clupea harengus pullasi. 
Number of samples in parentheses. 

Time (days) from stail of exposure' 

Uptake Depuration Tissue and 
compound 0.25 (6  h) 1 2 3 4 5 6 7 

Gallbladder 
Benzene 

Toluene 

Intestine 
Benzene 

Toluene 

Pyloric caeca 
Benzene 

Toluene 

Gill 
Benzene 

Toluene 

Brain 
Benzene 

Toluene 

Liver 
Benzene 

Toluene 

Muscle 
Benzene 

Toluene 

Kidney 
Benzene 

Toluene 

Gonad 
Benzene 

Toluene 

037*0075  2 1 2 0 7 1  3 1 2 0 4 8  2 7 2 1 5  0 5 6 2 0 3 0  0 9 2 ~ 0 7 9  0 6 0 2 0 1 4  

4 6 2 3 4  30211 27215 34217 1 9 * 9 0  1 7 2 0 9 5  0 2 4 2 0 4 9  
(4) (5) (5) (3) (3) (4) (4) 

(5) (5) (5) (5) (5) (5) (3) 

(4) (5) (5) (1) - (1) (1) 

(5) (4) (5) (5) (2 )  (3) (2) 

151 151 i51 13) 

0 8 3 - 0 7 8  ' 342 '028  0 6 1 - 0 5 5  0 1 6  --I 0 0 8 7  0081  

3 9 * 2 4  2 3 - 2 1  2 1 - 1 7  0 7 0 2 0 7  0 0 9 * 0 0 1 4  0092-0013  011*0025  

- 0058 '034  0 6 3 - 0 3 8  0 6 4 . 0 3 8  0 0 9 5 * 0 0 3 9  - 0 056 
- 

36.36  1 8 - 0 3 2  2 4 . 1 4  0 7 7 2 0 4 6  0 2 3 . 0 9 4  
(5) (5) (5) (5) (5) 

(5) (5) (5) (2) (1) 

(5) (5) (5) (5) 

(5) (5) (5) (2) 

(5) (5) (51 (3) 

(5) (5) (4) 

(5) (5) ( 5 )  (5) (4) 

0 5 1 - 0 1 2  061.033 0 7 3 1 0 4 6  0073  0068  

18.058 1 2 ' 1 2  1 0 . 0 9 6  0 2 0 * 0 1 2  - 
- 

0 7 4 - 0 1 1  075.014 0 6 2 - 0 0 5 2  0 5 9  - 

2 1 - 0 1 9  2 0 . 0 2 8  1 5 * 0 1 8  013?0073  - 
- 

- 

0 4 5 - 0 0 7 0  053.0096 0 5 0 - 0 0 6 7  - - 
- - 

1 5 * 0 4 4  1 4 ' 0 4 4  1 2 - 0 1 3  0 3 6 - 0 1 5  0 2 3 . 0 0 5  

0 4 1  - 0 2 2  063 .036  044.033 0035  0066  
(5) (5) (4) (1) 11) 

(5) (5) (5) (2) 

(5 )  (5) (5) 

(5) (5) 15) (4) 

(5) (5) (51 

- 1 3 + 0 8 0  052 .028  066.071 0 3 3  
- 

032-0066  0 3 2 * 0 0 6 6  0 4 0 * 0 1 2  - - 

13.050  1 1 - 0 4 0  0 7 5 . 0 3 3  0 1 8  0099  ~ 

-. - 

- 

0 15*0021  0 2 4 - 0 0 6 2  0 2 1  .O 10 - - 

0 4 3 * 0 2 4  0 4 4 ' 0 2 1  0 4 4 - 0 2 8  0 1 6  
- - 

- 
151 15) 14) 11) - 

- (1) 

(5) (5) 
0 1 3 + 0 0 3  0 1 1 - 0 0 3 7  

- 
- 

0 1 3 ~ 0 7 0  
(3) 

- 
- 

0 16 +O 081 
(4) 

'Exposure terminated after 2 days, then fish remained in flowing seawater for 5 days 
2- = nondetectable levels 

Residues were depurated rapidly, with most tis- 
sues having nondetectable amounts after 3-4 days 
(1-2 days after termination of exposure). The 
gallbladder, intestine, and pyloric caeca retained 
residues through the duration of the study ( 7  
days). 

In the  experiment in which gas chromato- 
graphic analyses were performed on the gallblad- 
der, no detectable benzene (<0 .1  nlig) was mea- 
sured. Gas chromatography analysis resulted in 
only 0 5 6 1 . 5  nlig toluene. This indicates that  
most or all of the radioactivity measured by liquid 
scintillation in the gallbladders of fish exposed to 
benzene is not the parent compound, but one or 
more metabolites. Fish exposed to toluene had a 
small amount of the parent compound as opposed 

to metabolites (1 .5  nlig toluene maximum, com- 
pared with 27 nlig expected [Table 11). 

The above result and the occurrence of delayed 
depuration in the  gallbladder, intestine,  and  
pyloric caeca supports the contention that benzene 
and toluene are metabolized in the liver, stored in 
the gallbladder, then passed into the intestine and 
are  excreted with the  feces. This agrees with 
Roubal et  al. (in press) who found high levels of 
benzene metabolites in the liver and gallbladder of 
sa lmon which had  previously received in- 
traperitoneal benzene injections. This also agrees 
with our previous results with benzene in  other 
fishes (Korn e t  al. 1976), results of Neff ( 1 9 7 3 ,  and 
with work by Lee et  al. (1972) who demonstrated 
metabolism of polycyclic aromatics in the liver 
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and  subsequent  s torage  in  t h e  gallbladder.  
Studies with polycyclic aromatics (naphthalene. 
benzpyrene) by other investigators (Lee et  al. 
1972; Anderson et  al. 1974b; Neff 1975: Roubal et  
al. in press) indicate higher accumulation levels 
and slower depuration than we have fbund with 
benzene and toluene. However, different species 
are involved, and these higher aromatics are also 
less prevalent in the water-soluble extract of crude 
oil. 

The results of this study are generally consis- 
tent with our previous work exposing striped bass 
and northern anchovy to  14C benzene a t  the same 
initial concentration and exposure period (100 nl/ 
liter for 48 h; Korn et  al. 1976), except for the 
considerably higher accumulation in the anchovy 
than in the other species. This is probahly primar- 
ily a result of the higher stress, activity level, and 
scale and mucus loss in anchovy while i n  captivity. 

The gonads sampled in this study were imma- 
ture  and  showed low accumulation levels. In 
another study exposing mature spawning herring 
to 100 nliliter benzene for 48 h (Struhsaker 1977), 
higher accumulation occurred in the ovary, with 
associated deleterious effects on the ripe ovarian 
eggs and on development of larvae subsequent to 
exposure of the parental females. 

Of the two components studied here, toluene 
would appear to be potentially a greater problem 
to fish. Toluene could be rapidly accumulated to 
high levels in fish after even a brief contact during 
an  oil spill. Since toluene is one of the more preva- 
lent water-soluble oil components, further re- 
search on the effects and uptake of this component 
a r e  indicated. Fur ther ,  chronic exposures a re  
probably of more importance to the survival of fish 
populations than are spills, and studies of long- 
term exposure to chronic concentrations should be 
made. 

Finally, the probability that benzene and tolu- 
ene  a r e  rapidly metabolized or converted to 
metabolites (possibly phenol, which is also highly 
toxic) leads to the need for metabolite research. 
Uptake studies with phenolic metabolites would 
be of interest, as would be the determination of 
uptake over extended time intervals. 
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