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In recent years, volatile halocarbon compounds (VHCs) in drinking 
water have elicited increasing social concern and health problems 
(Rook 1974; Johnson et al. 1982). Further, it was reported that 
carcinogenic and/or mutasenic effects have been induced in animals 
by several VHCs (IARC 1979). 

These subs t ances  were a l so  d e t e c t e d  in b i o t a ,  sediment ,  and human 
food. Several  methods were developed fo r  the d e t e r m i n a t i o n  of VHCs 
in these  types  of  samples.  In each case ,  VHCs were e v e n t u a l l y  
measured by gas chromatography. One of the pretreatuent techniques 
involves the fairly simple procedure where samples are extracted 
with isooctane and subsequently isolated by micro florisil column 
(Daft 1989). However, this method is susceptible to low recovery. 
Ferrario et ai.(1985) reported that ecosystems in Lake Pontchart- 
rain were polluted based on the fact that VHCs were detected by 
the purge and trap method, using a pretreatment method slightly 
different from the ones mentioned above. Nevertheless, no report 
about an evaluation of the amount of pollutants in biota as human 
food was found. 

In t h i s  r e p o r t ,  the s u b s t a n t i a l l y  improved Daft method for  VHC 
a n a l y s i s  was app l i ed  to envi ronmenta l  b i o t a  and sediments ,  and an 
a t t empt  was made to c l a r i f y  the cause of  p o l l u t i o n  due to YHCs in 
b i o t a .  Fur thermore ,  we found s e v e r a l  i n t e r e s t i n g  phenomena con-  
c e rn ing  the movement of  YHCs in b i o t a .  

MATERIALS AND METHODS 

Oyster( Crassostrea gigas ), clam( Tapes japonica ), and sediment 
samples were collected on five occasions from October to November 
1990, at the Ariho and the Yoshinaga River(Figure I). The Ariho 
River, which passes through an industrial area, is about 30 ka in 
length. Towards the mouth and at the middle flow of the river, 
there are integrated circuits and dry cleaning product factories, 
which use l,l,l-trichloroethane or tetrachloroethylene. 

Send reprint requests to M. Gotoh at the above address. 
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Figure 1. Locat ion of  the Ariho(a)  and the u River (b) .  

The Yoshinaga River served as a c o n t r o l ,  which passes through 
a n o n - i n d u s t r i a l  area ,  is  a shor t  stream of about 10 ks in length,  
and f a c t o r i e s  using VHCs are not p resen t  in the drainage area.  
Sampling of b i o t a ,  sediment,  and sea water in both r i v e r s  and the 
ad jacent  sea area were done at the sane time. The c lans  were 
about 35 us in s i z e  and about 1 g in wet weight of f l e sh .  That 
of  o y s t e r s  were about 70 us and 2 g. All samples were immediately 
packed in an ice box, and then kept at -5"C un t i l  ana ly s i s .  

We analyzed for  e igh t  VHCs:chloroforz(CHCla), dlchlorobromonethane 
(CHClaBr),chlorodibrononethane(CHClBra),  bromofors (CHDra), carbon 
t e t r a c h l o r i d e ( C C l 4 ) ,  1 , 1 , l - t r i c h l o r o e t h a n e ( M C ) ,  t r i c h l o r o e t h y l e n e  
(TCE) and t e t r a ch l o r oe t hy l ene (PCE) .  The s l i g h t l y  modified vers ion  
of micro colusn cleanup method (Daft  1989) was used to analyze 
b io ta  and sediment samples. Sea water samples were ex t r ac t ed  d i -  
r e c t l y  with so l ven t .  The procedure of the ana ly s i s  is as fol lows:  
10 g of f rozen body t i s s u e  ( o y s t e r  and c lan)  were accu ra t e ly  
weighed and crushed by mortar and p e s t l e ,  sediments tha t  were 
a l ready  measured conta ined water,  and weighed exac t ly  log in dry 
weight under wet cond i t i ons .  Each of then was succe s s ive ly  added 
to 10 nL of de ion ized  water and 10 zL of  n-hexane. Samples were 
e x t r a c t e d  using a shaker(40 us of width, 300 c y c l e s / s i n  x 30 s i n ) ,  
and then c e n t r i f uged  at  1800 x g for  10 s in .  Hexane phases were 
cleaned up by micro column ; more s p e c i f i c a l l y ,  a micro f l o r i s i l  
column was used for  b io ta ,  and a micro s i l i c a  column for  sediments 
(Waters Assoc ia tes ,  i nc . ,Massachuse t t s ) .  The f i r s t  2 nL of the e f -  
f l u e n t  from the micro column was discarded and the fol lowing 2-mL 
volumes of the e f f l u e n t  were analyzed.  500 mL of sea water were 
e x t r a c t e d  d i r e c t l y  by two e x t r a c t i o n s  with each 5 nL n-hexane. 
A 4 - ~ L  a l i q u o t  of  the hexane phase was i n j ec t ed  into a gas chro-  
natograph(GC) equipped with a eaNi e l e c t r o n  capture  detector(ECD). 
The GC f e a t u r e s  and s e t t i n g s  were as fol lows : $hinadzu GC-7AG, 
3 z •  mz(id) glass  column with 20~ s i l i c o n e  DC-550 Chronosorb W 
AW DMC5 60-80 mesh, N2 c a r r i e r  gas a t  50 nL/nin,  i n j e c t o r  and de- 
t e c t o r  tempera tures  at 200"C and column tempera ture  at 80"C. 
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Moreover,  f o r  the =easurenent  of  the recove ry  t e s t s ,  0.1 =L of  
= e t h a n o l ,  which was n ixed  w i t h  e i g h t  VHCs, was sp iked i n t o  b i o t a  
and sed iment  samples from the Yoshinaga R iver  (wh ich  con ta i ned  no 
d e t e c t a b l e  VHCs). 

RESULTS AND DISCUSSION 

The r e s u l t s  o f  the  r e c o v e r i e s  were  ob ta ined  on f o u r  expe r imen ts  
and were p resen ted  on Table 1. The mean r e c o v e r i e s  were from 71.5 
to  99.5~ in o y s t e r  and c l a n ,  and from 91.3 to  lO0.Og in  sed iment .  
Da f t ( 1989 )  per formed a n a l y s i s  f o r  22 fum igan ts  i n c l u d i n g  VHCs in 

Table 1. Recover ies  of  VHCs from b i o t a  and sed imen t '  

Sample 
CHCI s CHC le Br CHCI Br= CHBr= 

Added = Recovery ~ Added = Recover) ,~ Added = Itecovery ~ Added = Recover~ ~ 
t t s  g ttg X tt~ ~ ~ e  g 

Oyster 0.2 80.0•  0.05 86.2•  0.08 93.8•  0.4 96.3• 
2 80.8•  0.5 81.7•  0.8 90.5• 4 81.5• 
20 88.7• 1.6 5 82.3•  8 88.2•  40 80.0+1.7 

Cla= 0.2 80.8+4.4 0.05 87.2+2.9 0.08 82.2• 0.4 80.8• 
2 78.0•  0.5 79.5+3.0 0.8 75.7•  4 71.5• 
20 81 .5+2 .7  5 7 8 . 7 •  8 80 .3•  40 78 .3•  

Sedlnent 0.2 91 .3+1 .5  0.05 99 .2 •  0.08 98 .2 •  0.4 98 .7+0 .5  
2 9 2 . 8 •  0.5 9 6 . 0 •  0.8 89 .0•  4 8 8 . 0 •  
20 95.8•  5 92.3+1.9 8 95 .7 •  40 93.7• 

L.C. ( n f / f )  d 0.5 O.l O.l 0.5 

Sample 
CCI~ MC TCE PCE 

Added b Recovery ~ Added ~ Recovery ~ Added b Recovery ~ Added b Recovery ~ 
/zs g t i e  g /zs g ~g  Z 

Oyster 0.01 95.7:1:2.2 0.08 9 4 . 0 + 1 . 4  0.3 9 7 . 8 + 2 . 3  0.08 9 9 . 5 + 0 . 8  
0.1 9 0 . 8 + 2 . 0  0 .8  94.5:1:1.0 3 98.04"1.3 0.8 9 8 . 7 + 0 . 5  
1 9 5 . 5 •  8 9 8 . 3 •  30 9 8 . 2 •  8 9 8 . 2 •  

Clam 0.01 8 0 . 7 + 3 . 0  0.08 8 9 . 7 •  0 .3  97.2:1:2.7 0.08 9 9 . 3 •  
0.1 9 0 . 5 •  0.8 8 7 . 2 + i . 8  3 8 8 . 3 •  0 .8  8 8 . 2 •  
1 88.7:1:!.9 8 8 1 . 5 •  30 8 7 . 7 + 1 . 8  8 9 8 . 7 •  

Sediment 0.01 8 8 . 2 •  0.08 8 8 . 3 •  0.3 9 7 . 8 + 1 . 2  0.08 100.0:1:0,8 
O.l 9 8 . 0 •  0.8 9 7 . 7 •  3 9 8 . 5 •  0.8 9 9 . 8 •  
1 9 9 . 3 + 0 . 8  8 9 9 . 0 •  30 9 9 . 3 + 0 . 8  8 9 9 , 8 •  

L.C.(ns ls)  d 0.01 0. I 0.5 0. I 

�9 CHCl#=chloroforz; CHCleBr=dichlorobrozozethane; CHCIBre=chlorodibromozethane; 
CHBrz=bromoforz; CCl~=carbon tet raohlor ide;  MC=l,l,l-trlchloroethane;TCE=tri- 
chloroethylene; PCE=tetraohloroethyiene. 

bAaount In 10r of raw biota or sediment as dry base. 
~ represent the mean• of four experiments. 
dL.C.=quantitated lowest concentration. 
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549 food samples,  and ob t a ined  55g of  the mean r e c o v e r i e s .  In our 
s tudy ,  Daft  method fo r  VHC a n a l y s i s  was s u b s t a n t i a l l y  improved. 
The q u a n t i t a t e d  lowest  c o n c e n t r a t i o n s  a re  a l s o  shown in Table 1. 
In a d d i t i o n ,  the gas chromatograms of  b lanks  had not shown any 
d i s t u r b a n c e  peaks in a n a l y s i s .  

The c o n c e n t r a t i o n s  o f  the e i g h t  VHCs in samples from both r i v e r s  
are  shown in Table 2. VHCs in sea  water were not d e t e c t e d ,  except  
fo r  t r a c e  of  CHBr~ in the b r a c k i s h  a rea  of  the Ariho River .  CHCIs, 
CC!4, HC and PCE were d e t e c t e d  in o y s t e r ,  c l an  and sediment  in the 
Ariho River .  Thus, in a c e r t a i n  mouth of a r i v e r ,  the contamina-  
t i o n  by VHCs o c c u r r e d .  To compare with F e r r a r i o ' s  r e p o r t ( 1 9 8 5 ) ,  
the same kinds of  compounds were d e t e c t e d .  However, the c o n c e n t r a -  
t i o n s  in these  da t a  were a l l  lower than those  of  F e r r a r i o  et  a l .  
These d i f f e r e n c e s  a re  caused by the d i f f e r e n c e s  in popu l a t i on ,  in-  
d u s t r i a l  or commercial  a c t i v i t y  and t empera tu re  at  the sampling 
s i t e s .  MC, PCE and o the r  VHCs were not d e t e c t e d  in the Yoshinaga 
River .  HC and PCE in b i o t a  and sediment  in the Ariho River might 
have been r e l a t e d  to p o l l u t i o n  from the f a c t o r i e s .  However, CHCIs 
and CC14 in samples were d e t e c t e d  in the Ariho River ,where  no f a c -  
t o r y  uses t he se  compounds. A p o s s i b l e  reason is t h a t  CHCIs and 
CC14 are produced through b i o t r a n s f o r m a t i o n  in b i o t a  or su r round-  
ing organisms because  t h e r e  are  some r e p o r t s  t h a t  CHCIs is p ro -  
duced from o the r  compounds in human or animals ( Soucek e t  a l .  
1960; Fowler 1969 ).  At the p r e s e n t  t ime, t h e r e  are  no r e p o r t s  
conce rn ing  VHC metabol ism by organisms on the  ocean bed. Fur ther  
r e s e a r c h  is needed to  c l a r i f y  the b i o t r a n s f o r m a t i o n  of YHCs in 
env i ronmenta l  s u b j e c t s  and exper imenta l  an imals .  

Table 2. VHCs mean c o n c e n t r a t i o n  (ng /g )  in b i o t a  and sediment  

Sample CHCIs CHCleBr CHClBre CHBrs CCI4 H C TCE PCE 

Ariho River 
Oyster" 6 .5•  2.1 ND ND 
Clam' 6.7•  ND ND 
Sediment b 1.2• 0.3 HD ND 
Sea water" ND ND ND 

Yoshlnssa River 
Oyster" NO TR ND 
Clan' ND TR ND 
Sediment b ND ND ND 
Sea water ~ ND ND ND 

HD 0.26• 0 .6•  ND 0.6•  
HD 0.54• 1 . 8 •  ND 0 . 3 •  
ND 0.07• 0.4•  NO TR 
TR ND ND ND ND 

ND TR ND ND TR 
HD TR ND ND TR 
ND ND ND ND ND 
ND ND ND ND ND 

�9 Concentration is expressed as wet weight. 
bConcentration Is expressed as dry weight. 
~ is Indicated wlth ng/L. 
ND:not detected; TR:trace. Figures Indicate the mean• n:5. 

About the p r o c e s s e s  of  p o l l u t i o n  due to YHCs in b i o t a ,  i t  is be-  
l i eved  t h a t  e i t h e r  b i o c o n c e n t r a t i o n  from p o l l u t e d  sea water or 
sediment ,  or t ha t  b i o a c c u a u l a t i o n  through b e n t h i c  or p l a n k t o n i c -  
nek ton i c  food webs o c c u r r e d .  In t h i s  s tudy ,  no VHC was d e t e c t e d  
in sea  water with our p r e s e n t  method, but the  sea water Night 
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inc lude a s l i g h t  volume of VHCs. There fore ,  the p o l l u t i o n  of VHCs 
in b io ta  at the k r i ho  River may accumulate over a lone per iod of 
t ime. I t  is necessary tha t  a more s e n s i t i v e  method is u t i l y z e d  to 
a n a l y z e  sea  w a t e r .  

C u s t o m a r i l y ,  J a p a n e s e  peop le  soak c lams in sea  water  f o r  24 hr in 
o rde r  to avo id  chewing on f i n e  sand p r e s e n t  in the  b i v a l v e s  b e f o r e  
cooking .  The o y s t e r s  and c lams a re  then b o i l e d .  

Table  3. Decreased  c o n c e n t r a t i o n  ( n g / g )  of  VHCs in b i o t a  by 
s e t t l i n g  1 d in sea  water  and s u b s e q u e n t  b o i l i n g  

Sample CHCla CCI4 N C PCE 

Oyster 
In i t i a l  0 .5•  0.26• 0.07 0 .6 •  0.6•  0.2 
After 24hr ND ND ND 0 .4 i0 .1z  
After 24hr+bolling ND ND ND 0.2• 

Clam 
Ini t ial  6 .7 •  0.54• 1.8•  0.3• 
After 24hr ND ND 0.6• 0.2• 
After 24hr+boilins ND ND O.l• O.l• lzx 

ND=not detected. Fisurea Indicate the mean• 
zzp<0.01, zp<0.05. 

As a r e s u l t ,  the  changes  in c o n c e n t r a t i o n s  of  four  VHCs in b i o t a  
were s t u d i e d  b e f o r e  and f o l l o w i n g  immersion in sea  water  and sub-  
s equen t  b o i l i n g .  As shown in Table  3, the c o n c e n t r a t i o n s  of the  
four  VHCs in b i o t a  were s u b s t a n t i a l l y  d e c r e a s e d  a f t e r  a 24 hr 
s oak ing  p e r i o d  and even f u r t h e r  d e c r e a s e d  a f t e r  b o i l i n g .  This  phe-  
nomenon might have been caused  by e x c r e t i o n  or b i o t r a n s f o r m a t i o n  
of  VHCs in b i o t a .  Moreover,  a f t e r  b o i l i n g ,  the  d i f f e r e n c e s  of  
VHCs d e c r e a s e  were c h a r a c t e r i z e d  by v o l a t i l i t y .  The d e c r e a s e  of  
PCE was smal l  compared with those  of  CHCI3 and CC!4. Thus, chemi-  
ca l  and p h y s i c a l  p r o p e r t i e s  of  VHCs, such as  b o i l i n g  p o i n t ,  vapor  
p r e s s u r e  and p a r t i t i o n  c o e f f i c i e n t ( S a t o  e t  a l .  1979), may e x p l a i n  
the  d i f f e r e n c e s  in the  d e g r e e s  of  c o n c e n t r a t i o n  in b i o t a .  We could  
s u g g e s t  t h a t  e x c r e t i o n  from b i o t a  was the  main r eason  fo r  the 
d e c r e a s e  in VHCs c o n c e n t r a t i o n s .  However, t h e r e  a re  no a v a i l a b l e  
da t a  c o n c e r n i n g  the  b i o t r a n s f o r m a t i o n  of  VHCs in b i o t a .  In f u t u r e  
s t u d i e s ,  we wi l l  i n v e s t i g a t e  the d e t a i l s  of  me tabo l i sm,  b i o t r a n s -  
f o r m a t i o n ,  movement and o tho r  f a c t o r s  of  VHCs in b i o t a .  
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