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Hexachlorobenzene (HCB) is pers is ten t  in the environment as 
i t  is  h igh ly  res is tan t  to photo lys is  (PLIMMER & KLINGEBIEL 1976) 
and is not read i ly  degraded by so i l  microbes (ISENSEE et a l ,  1976). 
Recent studies in remote areas of  the Pac i f ic  Ocean (Marshall 
Is lands) have revealed HCB in atmospheric samples (ATLAS & GIAM 
1980). HCB has been detected in the t issues of both marine and 
freshwater f i sh  (JOHNSON et a l .  1974, OFSTAD et a l .  1978, NIIMI 
1979). HCB has also been detected in oysters from Galveston Bay 
(MURRAY & GIAM, unpublished). 

The use of bioaccumulation factors as an estimate of p o t e n t i a l l y  
harmful ef fects of organic chemicals has become increas ing ly  
important in studies of b io log ica l  ef fects in aquatic systems, 
Likewise, the octanol-water p a r t i t i o n  coe f f i c i en t  seems to be a 
useful ind ica to r  of bioaccumulation potent ia l  in many instances 
(VEITH et a l .  1978); however, i t  has not been evaluated with 
marine organisms. Because of t h i s  and because of our extensive 
experience and in te res t  in the analysis of marine samples for  low- 
level organic contaminants (GIAM 1976, GIAM et a l .  1975a,b, 1977, 
1978), we were in terested in studying the re la t ionsh ip  between 
bioaccumulation in marine organisms and some eas i ly  measured 
parameters, e .g . ,  the octanol-water p a r t i t i o n  coe f f i c i en t .  As the 
f i r s t  part of that  e f f o r t ,  the object ives of th is  study were to 
determine the rate and extent of bioaccumulation in k i l l i f i s h  
cont inuously exposed to low concentrat ions of HCB and then to 
determine the rate and extent of  depuration in these animals. Low 
concentrat ions were used to i d e n t i f y  threshold levels and to more 
accurately approximate typ ica l  environmental exposures. 

MATERIALS AND METHODS 

Solvents used in th is  study were Burdick and Jackson pest ic ide 
qua l i t y .  S i l i ca  gel (Woelm, 70-230 mesh) was act ivated at 150~ 
for  at least  24 hrs before use. Water was pu r i f i ed  by ex t rac t ion  
wi th petroleum ether in a 15-1 i te r  ex t rac tor .  The petroleum ether 
was changed at 24-hr in te rva ls  un t i l  a 50-fold concentrate demon- 
st rated no impur i t ies  by gas chromatograp~(GC). 
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Al l  glassware and equipment were washed with Micro cleaning 
so lu t ion ( In te rna t iona l  Products Corp.),  r insed with d i s t i l l e d  
water and heated at 320~ overnight .  Just p r i o r  to use, glassware 
was r insed with pest ic ide grade petroleum ether. The petroleum 
ether washing (I00 mL) was concentrated to about 0. I  mL and checked 
for  contaminants by GC with an electron capture detector.  I f  any 
impur i t ies  were present, r i ns ing  was repeated as needed to obtain 
an acceptable blank. Procedural blanks were also performed at 
i n te rva ls  to ensure the absence of  contamination from reagents and 
solvents.  

A Hewlett-Packard 5840A gas chromatograph with a Nickel-63 
electron capture detector and a 6' x 4 mm i . d .  bo ros i l i ca te  column 
packed with 5% SP-2401 was used fo r  HCB analyses. The i n j ec to r ,  
detector ,  and column temperatures were 250 ~ , 300 ~ , and 160~ 
respect ive ly .  

Specimen ' Co! lect ign and Dosing System. K i l l i f i s h  (Fundulus 
s i m i l i s )  were col lected 'at San Luis Pass (which is a r e l a t i v e l y  clean 
area at the west end of Galveston Is land,  Texas) by sein ing the 
marsh areas and shallow i n l e t s .  Fish were placed in to  large ice 
chests containing natural sea water, c h i l l e d ,  and aerated during 
t ranspor t  to the laboratory.  The k i l l i f i s h  were acclimated for  
two weeks in Instant  Ocean, which was cont inuously f i l t e r e d  using 
act ivated charcoal; the f i sh  were fed Oregon Moist Pel le ts  or 
Tetramin f ish  food da i l y .  To measure bioaccumulation, f i sh  were 
placed in to  an exposure aquarium (Figure I )  and were cont inuously 
dosed with HCB from a sand dosing column. To prepare the column, 
sand (I00 g) was coated with HCB by suspending i t  in a so lu t ion  of 
HCB (I00 mg) in benzene (150 mL) and evaporating the solvent .  The 
spiked sand was then placed between two layers of clean sand in a 
glass column; both ends of the column were packed with glass wool. 
Water was percolated through the column in an upward d i rec t ion  using 
a p e r i s t a l t i c  pump. By adjust ing the f low rate of the p e r i s t a l t i c  
pump, concentrat ions in the water could be changed. Crushed oyster 
shel l  was used in the f i l t e r  pump to remove par t i cu la tes  from the 
tank. For the depuration experiments, f i sh  were t ransferred from 
the exposure aquarium to another tank equipped with a f i l t e r  pump 
containing act ivated charcoal. 

Anal~ses. At the designated sampling times, 12 f i sh  were 
removed from each aquarium (control  and exposure or depuration) and 
div ided in to  t r i p l i c a t e  samples (4 f i sh  each). 

Tissue was homogenized twice using 30 mL 20% acetone/acetoni- 
t r i l e  for  each ex t rac t ion .  Extracts were f i l t e r e d  and placed in to  
a I -L separatory funnel contain ing 150 mL 5% NaCI so lu t ion .  The 
combined ext racts  were then extracted 3 times with petroleum ether 
(PE) using 25 mL each time. The sample was concentrated using a 
250 mL Kuderna-Danish evaporative f lask .  Clean-up was accomplished 
by passing the sample through a column containing I0 g f u l l y  
act ivated s i l i c a  gel. The sample was eluted with 50 mL PE; the 
f i r s t  15 mL of eluate were discarded and the remainder was saved and 
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concentrated for analysis by GC-ECD. At each sampling time, 
duplicate 5.0 mL water samples were taken from test  and control 
tanks, and extracted once with 1.0 mL isooctane. The extracts 
were then quantitated by GC-ECD. 

RESULTS AND DISCUSSION 

The bioaccumulation factors measured in two experiments are 
summarized in Table I .  The values given represent average 

TABLE I.  Bioaccumulation Factors for Hexachlorobenzene 
in K i l l i f i s h  

Experiment 1 Experiment 2 
Time, hrs B F • S E* B F • S E a 

1 - - -  65+2 
2 68+5 112+6 
4 - - -  155+20 
6 215+28 255~71 
8 ---- 214540 
I0 - - -  3655101 
12 206+41 282u 
24 236533 ---- 
48 - - -  607+196 
72 128+20 - - -  
96 216530 667+47 
168 139T47 709T74 
264 235u ---- 

aThe bioaccumulation factor (BF) is the ra t io  of the concentration 
of HCB in k i l l i f i s h  to that in the surrounding water. Values report- 
ed are averages of 3 individual samples + the standard error (SE). 
Fish were exposed to HCB, sacri f iced at various times and analyzed 
for  HCB as described in the text .  The HCB concentrations ranged 
from 0.04 to 0.45 ~g/~ in experimental 1 and from 0.16 to 0.38 
~9/~ in experiment 2. 

bioaccumulation and standard error (SNEDECOR & COCHRAN 1967). The 
experimental data were analyzed by a curve f i t  method using the 
equation BF = K( l -e-~t ) ,  where K is the theoretical maximum bioac- 
cumulation factor when the time of exposure ( t )  goes to i n f i n i t y  and 

is a constant representing the rate of accumulation, excretion and 
metabolic turnover. Analysis of the experimental data by re i te ra t ive  
approximations gave the theoretical curve shown in Figure 2. Based 
on th is analysis, the theoretical maximum bioaccumulation factor 
was 375. Approximately 4.8 hrs were required to reach half  this 
value. A th i rd  experiment in which the f ish were not fed during 
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Figure 2. Bioaccumulation of hexachlorobenzene by k i l l i f i s h .  The 
sol id  curve represents the best f i t  of the equation BF = K(l-e -~t) 
to the experimental data. Sample averages for two experiments are 
plotted with the i r  standard errors. Each point represents the 
average of 3-6 values. 

acclimation or exposure gave s imi lar  values for the maximum bioac- 
cumulation factor (420) and the time (5.8 hrs) required to reach hal f  
th is value. These values are considerably less than have been 
reported in several freshwater species. VEITH et al.  (1979) 
reported bioaccumulation factors of 16,200 for HCB in the fathead 
minnow (Pimephales promelas), 21,900 for green sunfish (Lepomis 
cyanellus) and 5,500 for rainbow t rout  (Salmo gai rdner i ) .  ISENSEE 
et al. (1976~ exposed cat f ish ( Ic ta lurus punctatus) to 0.01, 0.09, 
and 0 61 ~g ~"C-HCB/g sand and ~ bioaccumu~ation factors of 
160~I0, 680+110, and 4170+160, respect ively,  af ter  12 days exposure. 
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Figure 3. Depuration of hexachlorobenzene (HCB) by exposed k i l l i f i s h .  
K i l l i f i s h  exposed to HCB for I I  days were placed in HCB-free water 
and sacrif iced at the indicated times. Their tissue concentrations 
of HCB decreased as shown; values plotted are averages of three f ish.  

After  I I  days exposure, HCB-exposed fish were removed from the 
dosing tank and placed into the depuration tank. The HCB concentration 
decreased exponentially for two days; during this time, tissue 
concentration fe l l  from about 70 ng/g to 1.8 ng/g (Figure 3). After  
one week, tissue concentration in the depurated fish had leveled 
of f  at 0.8 ng/g, which was also the concentration measured in 
control f ish.  The h a l f - l i f e  ( t l / 2 )  for loss of HCB from the whole 
body was calculated to be 9.3 hrL In duplicate depuration experiments 
in this laboratory, exponential loss of the pollutant was also 
observed, but at a s l ight ly  slower rate ,  i . e . ,  with a h a l f - l i f e  of 
about 12 hrs. The t l / 2  values reported in this study using Fundulus 
simi l is  were considerably shorter than have been reported in 
sunfish. SANBORN et al .  (1977) compared t l / 2  values for loss of 
total 14C-HCB from various tissues of green-sunfish; they reported 
a t l / ~  (days) of I0 .0  in carcass; 19.6 in l i v e r ,  8.0 in stomach and 
pylorlc caeca; 8.1 in intest ine;  and 8.5 in muscle. ISENSEE et al .  
(1976) reported that when catfish were removed from HCB-dosed 
water and placed into tanks without HCB for 4 days, the concentration 
in tissue fe l l  to 170+29 and 750+160 ng/g when previously exposed 
to 0.01 and 0.09 ~g HCB/g sand, respectively.  Studies conducted by 
ISENSEE et a l .  (1976) and VEITH et a l .  (1979) indicated that the 
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bioaccumulation factor  and t l / 2  increase wi th  increasing concentra- 
t i on .  I t  is therefore possible that  the low bioaccumulation factor  
and t l / 2  reported in th i s  study were re lated to the low concentrat ion 
used for  dosing. 

This study has shown that  HCB can be bioaccumulated by animals 
in the marine environment, but to a lesser  extent than in fresh 
water animals. Under the condi t ions tested,  the average bioaccumu- 
l a t i on  fac tor  for  HCB in F. s i m i l i s  was calculated as 375. When 
placed in clean water, F. s i m i l i s  w i l l  rap id ly  depurate the 
accumulated HCB. In th i s  study, the concentrat ion in t issue f e l l  
exponent ia l ly  wi th a h a l f - l i f e  of  9-12 hrs to w i th in  control  levels 
a f te r  48 hrs. F i n a l l y ,  the sand column described herein is a useful 
tool for  continuous dosing of chemicals, such as HCB, which are 
poorly soluble in water. 
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