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ABSTRACT: In two experiments, conducted at 6 ~ and 16 ~ 43 Nereis virens were exposed to 14C- 
labelled y-HCH (lindane) at a concentration of 1 pg/1, which was maintained by intermittent 
monitoring and redosing. A closed system with individuals living in glass tubes was used. At 
equilibrium and during the subsequent phase of elimination, both ~,-HCH and metabolites were 
determined in individual worms as well as in the water and faeces throughout the entire experi- 
ment. The bioconcentration factors of ?-HCH were 480 and 440 at 6 ~ and 16 ~ respectively; those 
based on total radioactivity were 500 and 410. These factors were in the upper range of those known 
for other aquatic animals. The elimination may be described by an exponential function. The initial 
50 % decrease of y-HCH and N-HCH + metabolites in the worms occurred at both temperatures in 2 
and 3 days, respectively. The percentage of y-HCH metabolites in worms increased considerably 
during the elimination period. At least four metabolites were detected in worms and water. If 
pollutants are evaluated by accumulation and elimination kinetics, metabolization has to be taken 
into account. 

INTRODUCTION 

During a recent  inves t iga t ion  on levels  of organochlor ine  res idues  in animals  of the 

Weser  estuary seven  compounds  were  found, one of wh ich  was  y-HCH (Goerke et al., 

1979). Various inver tebra te  species  carr ied this substance at levels  of 2 to 3 ng/g.  Stadler  

(1977) de t e rmined  y-HCH concentrat ions of 5 to 6 ng/1 in North Sea water.  These  values  

result  from the w i d e  appl ica t ion  of l indane  as an insect ic ide  and from its pers is tence.  

Analyses  of env i ronmenta l  samples  support  our unders tand ing  of the fate of these 

xenobio t ic  substances.  However ,  only control led laboratory exper iments  wi l l  g ive  

de ta i led  informat ion on the basic  processes gove rn ing  bioaccumulat ion ,  e l imina t ion  and 

metabo l iza t ion  of the fore ign compounds.  Therefore,  the fate of y-HCH in Nereis virens 
was inves t iga ted  in the laboratory after this species  had  proved  ex t remely  sui table  in 

exper iments  on the fate of three po lychlor ina ted  b iphenyls  (Goerke & Ernst, 1977; 

Goerke,  1979). 

MATERIAL AND METHODS 

In two exper iments ,  conducted  at 6 ~ and 16 ~ 43 Nereis virenswere exposed  to 14C- 

7-HCH at a concentra t ion of 1/~g/1. At equ i l ib r ium 5 worms per  expe r imen t  were  

r emoved  for de te rmin ing  the concentra t ion factors. The r ema in ing  worms were  trans- 

ferred to vessels  the wate r  of which  was cont inuously  f i l tered over  charcoal;  in these  
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vessels they stayed for various periods for measuring the rates of elimination. Worms, 
water, and faeces were additionally analysed for ~4C-labelled metabolites. 

Test  an imals  and  their  m a i n t e n a n c e  

Nereis (Neanthes) virens Sars (Polychaeta, Nereidae) naturally adapted to low and 
high temperatures were used for the two experiments. They were collected in November 
1976 for the 6 ~ experiment (Peb./March 1977) and in July 1976 for the 16 ~ experi- 
ment (Sept./Nov. 1976) in the Kieler Bucht (see Goerke, 1979). They were acclimated to 
the conditions of the experiment: living in glass tubes, feeding on pieces of the 
polychaete Lanice conchilega, salinity 20 %0 S (sea water of the German Bight, dilution 
with tap water), constant temperature, aeration, natural change of dim daylight and 
darkness. During the dark period indirect low illumination (~ 1.5 Ix) helped to prevent 
worms from leaving their tubes (Goerke, 1979). 

Exposure  and  c l ea rance  

At 6 ~ 22 worms (~ 4.5 g, s 0.5 g) in 15 1 water were used, at 16 ~ 21 worms 
(~ 8.9 g, s 2.2 g) in 30 1 water. The glass aquaria (36 • 23 X 26 cm, 1 at 6 ~ 2 at 16 ~ 
were maintained in a water bath at constant temperature (Cryostat FK2, Colora, Lorch). 
14C-7-HCH in ethanolic solution was added to the water using a microlitre syringe to 
attain a concentration of 1 ~g/1. A circulation pump (No. 381, Eheim, Deizisau) was 
installed t'o ensure uniform concentration in all parts of the test vessels. A nylon gauze 
filter prevented escaped worms from creeping into the circulation tubes. At frequent 
intervals the radioactivity in the water was measured and maintained within the levels 
indicated in Pigures 2 and 3 by redosing with 14C-~,-HCH. 

At equilibrium Nereis virens were exposed for at least another week before either 
concentration factor determination or transfer to another aquarium fitted with a charcoal 
power filter (No. 386 SE, Eheim, Deizisau}. As the 16 ~ experiment was used to 
determine the appropriate periods the animals should spend in the elimination vessel, 
the worms had to be exposed for different periods at 16 ~ contrary to one period at 6 ~ 
The concentrations of 14C-y-HCH equivalents in the clearance water dropped from 3 to 
0.2 ng/1 within 4 days. 

Test  c o m p o u n d  

14C-7-HCH (= 1,�89 7-BHC, lindane), uniformly 
labelled, specific activity of 164 ~Ci/mg, from the Radiochemical Centre Amersham 
(Amersham Buchler, Braunschweig) was used in ethanolic solution (0.1 ~g/~l). Before 
use, the compound was purified on an aluminium oxide column using n-hexane (batch 
No. 1, 16 ~ experiment) or by thin layer chromatography (TLC) on silica gel G 
(Macherey-Nagel & Co., D/iren; 250/gn on 20 • 20 cm glass plates) using n-hexane/ 
benzene (3 : 1, v/v) as solvent; the separated 14C-y-HCI-I was detected by a radioscanner 
(Desaga, Heidelberg) and dissolved in n-hexane/acetone (2 : 1, v/v) (batch No. 2, 6 ~ 
experiment). All solvents were of analytical reagent grade (Merck, Darmstadt). The 
values derived from ~4C measurements in the following refer to 14C-7-HCH in terms of 
equivalents. 
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Fig. 1. Analytical procedure for worms. Dashed lines indicate an alternative, which was used in the 
16 ~ experiment (* preferably subsamples --< 4g) 

M e a s u r e m e n t s  of r a d i o a c t i v i t y  

W a t e r. Samples  of 1 and 5 ml  water  were  added to 10 ml  Insta-Gel  | (Packard Instr. 
Comp.,  Frankfurt) in a scinti l lat ion vial  and measured  by l iquid scinti l lat ion counting 
(LSC) (Betaszint BF 5000, Berthold/Frieseke,  Karlsruhe). For measur ing  the radioactivity 
in the c learance vesse l s ,  a 45-ml  sample  w a s  extracted wi th  5 ml  n-hexane ,  3 ml  of w h i c h  
were  taken for LSC with  15 ml  Quicksz int  | 501 (PPO/POPOP scintillator, Zinsser, 
Frankfurt). 

A n i m a 1 s. Worms were  w e i g h e d  l ive after blott ing off surface water,  wrapped in 
a lumin ium foil, and stored for 1 to 21 days at -- 20 ~ until  analysed.  Length of storage 
period did not affect the amount  of radioactivity or percentage  of metabol i tes .  

Res idues  were  extracted wi th  n - h e x a n e / a c e t o n e  (2 : 1, v/v) by either of two methods  
(Fig. 1): (a) us ing  an Ultraturrax (Janke & Kunkel,  Staufen) with  4 • 25 ml  so lvent  (16 ~ 
experiment) ,  or (b) grinding in a mortar mi l l  with  anhydrous sodium sulphate  and quartz 
sand, and extracting the result ing powder  in a cold co lumn (6 ~ experiment)  (Ernst et 
al., 1974; Goerke  & Ernst, 1977). The so lvent  w a s  r e m o v e d  from an aliquot (10 ml) of the 
100 ml  extract and the res idue redisso lved  in 5 ml  n-hexane ,  of w h i c h  3 ml  were  used  for 
LSC with  15 ml  Quicksz int  | 501 (Zinsser, Frankfurt). 
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Al iquots  of 0.5 g of the  res idue,  wh ich  con ta ined  par t  of the  po la r  metabol i t es ,  were  
d i s so lved  in 2 ml Soluene| (Packard  Instr. Comp.,  Frankfurt)  at 60 ~ wi th in  30 rain. 
For LSC 15 mt Dimilume|  Comp.) w e r e  added_to i ml  of  the  So lnene  | 
350 extract.  

D e t e c t i o n  of  m e t a b o l i t e s  

A n i m a 1 s. After  quant i t a t ive  m e a s u r e m e n t  of the  radioact iv i ty ,  the  r e m a i n i n g  
extract  (90 %) was  used  for TLC examina t i on  (Fig. 1). The  solvents  were  e va po ra t e d  and  
the r e s idues  r ed i s so lved  in 0.1 to 1 ml n - h e x a n e  accord ing  to rad ioac t iv i ty  p resen t  in the  
samples .  The compounds  were  s epa ra t ed  by  thin l aye r  ch romatography  and de t ec t ed  as 
desc r ibed  above.  Quan t i t a t ive  es t imat ions  were  m a d e  by  m e a s u r e m e n t  of p e a k  areas  
after  r ad io scann ing  (16 ~ exper iment )  or by  l iqu id  sc int i l la t ion count ing  of the  sc raped  
spots (6 ~ exper iment) .  

W a t e r. Dur ing  the exposure  of the  animals ,  wa te r  s amples  of usua l ly  100 ml were  
ac id i f ied  wi th  4 ml  15N H2SO4, and  ex t rac ted  wi th  n - h e x a n e  and  e thyl  ether.  W h e n  
chang ing  the wa te r  of the  aquar ia ,  l a rge r  vo lumes  of 1 to 16 1 were  ex t rac ted  wi th  n- 
h e x a n e  and  e thyl  e ther  after  acidif icat ion.  Extracts  were  d r i ed  ove r anhydrous  sodium 
sulphate ,  concen t ra ted  in vacuo  and  sub jec t ed  to TLC, as descr ibed .  

F a e c e s. Faeces  were  co l lec ted  by  a p ipe t t e  5 t imes  pe r  day  and  s tored at - 20 ~ 
Faeces  of 7 days  were  combined ,  a l l owed  to thaw and  centr i fuged.  The faecal  r es idue  
(~ 4 g) was  a n a l y s e d  by  co lumn extract ion,  LSC and  TLC, as de sc r ibed  for worms.  The 
superna tan t  was ac id i f i ed  to 1N H2SO 4, ex t rac ted  by  n - h e x a n e  and  e thyl  ether;  the  
extracts  were  then  m e a s u r e d  by  LSC and TLC, the  r e s idue  by  LSC (Insta-Gel| 

RESULTS AND DISCUSSION 

A c c u m u l a t i o n  

It took about  14 (6 ~ and  10 days  (16 ~ unt i l  Nereis  virens carr ied  a load  of 14C-y- 
HCH a p p e a r i n g  to be  in equ i l i b r ium wi th  the  concent ra t ion  in the  wa te r  of i/~g/1 (Figs 2, 
3). The  worms were  exposed  for another  w e e k  before  the concent ra t ion  factors were  
de te rmined .  Even dur ing  this add i t iona l  pe r iod  of exposure ,  14C-y-HCH had  to be  a d d e d  
for m a i n t e n a n c e  of the s t andard  concentrat ion;  the  reduct ions  are  thought  to be  due  to 
me tabo l i za t ion  and  subsequen t  evapora t ion .  F igure  3 shows a dec rease  in concent ra t ion  
from day  23 on w h e n  no worms were  left and  no 14C-y-HCH was  a d d e d  to the  
expe r imen t a l  vessel .  

Concen t ra t ion  factors were  ca l cu la t ed  for I4C-~,-HCH and  ten ta t ive ly  for the  sum of 
14C-$-HCH equ iva len t s  (Table 1). A s igni f icant  d i f ference was  not r e v e a l e d  b y  the t-test, 
hut  could  have  occurred  if cons ide rab le  amounts  of me tabo l i t e s  had  b e e n  p r o d u c e d  wi th  
b ioconcen t ra t ion  po ten t ia l s  o ther  than  that  of the  pa ren t  compound.  

The ave rage  concent ra t ion  factors of.~4C-y-HCH were  480 and 440 at 6 ~ and  16 ~ 
respec t ive ly  (Table 1); the  di f ference d id  not prove  to be  s ta t is t ical ly  s igni f icant  (t-test). 
W h e n  metabo l i t e s  were  inc luded ,  the ave rage  concent ra t ion  factor at 6 ~ 500, was 
about  25 ~ h ighe r  than  that  at 16 ~ 410. This d i f ference cannot  be  due  to different  
ave rages  of an ima l  we igh t s  because :  (1) in the  16 ~ e xpe r ime n t  there  is no c lear  re la t ion  
b e t w e e n  concent ra t ion  factor and  we igh t  (Table 1) and  (2) an imals  in the 16 ~ exper i -  
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m e n t  w e r e  on  a v e r a g e  h e a v i e r  a n d  t h u s  m o s t  l i ke ly  h a d  s o m e w h a t  h i g h e r  l i p i d  con t en t s ,  

w h i c h  w o u l d  f avou r  h i g h e r  c o n c e n t r a t i o n  fac to rs  t h a n  in  t h e  6 ~ e x p e r i m e n t .  T h e  

s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  500 a n d  410 in  c o m p a r i s o n  w i t h  t h e  i n s i g n i f i c a n t  d i f fe r -  

e n c e  b e t w e e n  480 a n d  440 s u g g e s t s  t ha t  t e m p e r a t u r e  i n f l u e n c e s  t h e  s t o r a g e  of m e t a b o -  

l i tes  of 14C-y-HCH; h o w e v e r ,  at  n e i t h e r  t e m p e r a t u r e  w e r e  t h e r e  s i g n i f i c a n t  d i f f e r e n c e s  

b e t w e e n  c o n c e n t r a t i o n  fac to rs  of 14C-y-HCH e q u i v a l e n t s  a n d  I a c - 7 - H C H  (Table  1). 

T h e r e f o r e ,  at  p r e s e n t  no  d e f i n i t e  c o n c l u s i o n  on  t h e  i n f l u e n c e  of t e m p e r a t u r e  on  c o n c e n -  

t r a t i on  fac tors  of 7 - H C H  m e t a b o l i t e s  c a n  b e  d r a w n .  T e m p e r a t u r e  d o e s  no t  i n f l u e n c e  the  

c o n c e n t r a t i o n  fac tor  of t h e  p a r e n t  c o m p o u n d  7 - H C H  in  N e r e i s  v irens .  Simi la r ly ,  no  

i n f l u e n c e  w a s  f o u n d  in  M y t i l u s  e d u f i s  a n d  L a n i c e  c o n c h i l e g a  (Ernst ,  1979). 

Table 1. Accumulation of 14C-y-HCH and equivalents in Nereis  virens, n. d. = not determined, 
s = standard deviation, t = t-test. * additional small-scale experiment,  * * significantly different 

averages at P = 0.02, * * * not significantly different averages at P = 0.1 

14C-7-HCH 14C-7-HCH Wet weight  of 
and equivalents Nereis  virens (g) 
6 ~ 16 ~ 6 ~ 16 ~ 6 ~ 16~ 

Level in Nereis  virens (ng/g) 

Concentration in water  (pg/1) 

Level in Nereis  virens (ng/g)* 

Concentration in water  (#g/l) * 

479 369 311 272 
458 458 309 332 
468 332 325 n.d. 
476 442 369 n.d. 
553 319 421 n.d. 
0.97 0.92-1.03 0.72 0.57 

505 339 
474 392 
437 292 
393 266 
318 166 

0.97-1.03 0.64 

Concentration factor 

Concentration factor* 

S 

t 

494 369 432 477 
472 458 429 582 
482 332 451 n.d. 
491 429 512 n.d. 
570 347 584 n.d. 

521 n.d. 
489 n.d. 
424 456 
405 n.d. 
309 259 

502 408 482 444 
39 69 66 135 

I I I I 
2.77** 0.56*** 

I l 
-0.66* * * 

I J 
0.59*** 

4.2 11.6 
4.1 9.1 
4.0 8.5 
4.0 4.9 
3.8 3.9 

7.4 
6.8 
6.4 
4.9 
2.9 

4.0 6.6 
0.1 2.6 
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Fig. 4. Elimination of 14C-y-HCH and its metabolites in Nereis virens at 6 ~ Values above points 
are wet weights of worms (g). Levels are on wet tissue basis 

The concentra t ion  factors (CF} of 7-HCH 440 to 480 de t e rmined  in Nereis virens 
compare  wel l  wi th  those in other  aquat ic  inver tebra te  species. In zooplankton  of an 

expe r imen ta l  f ield study, H a m e l i n k  & Waybrant  (1976) found CF = 170 to 450; Ernst 

(1975, 1977, 1979) de t e rmined  CF = 100 to 180 in Mytllus edulls and CF = 1200 in 

Lanice conchilega, H a n s e n  (1980) CF = 40 in Daphnia magna. Analyses  in Ceras- 
toderma edule, Mya arenaria, Arenicola marina, Crangon crangon and Solea solea of the 

Weser  estuary indicate  CF = 300 to 600 (Stadler, 1977; Goerke  et al., 1979). Concentra-  

t ion factors in various species  of f reshwater  fish appear  to vary from 420 to 1500 

(Hamel ink  & Waybrant ,  1976). Sch immel  et al. (1977) m e a s u r e d  CF = 320 for technica l  

grade  BHC (mixture of isomers) in Crassostrea virginica; Canton et al. (1975) de t e rmined  

CF ~ 60 for a - H C H  in Daphnia magna and CP -- 140 in Lebistes reticulatus, Canton et 

al. (1978) CP ~ 60-90 for a - H C H  in Artemia salina and CF -- 500 in sa l twa te r -adap ted  

Lebistes reticulatus. 

E l i m i n a t i o n  

The e l imina t ion  of 14C-7-HCH and all 14C-labelled compounds  is a s sumed  to occur 

according  to the function y = a + b - e <x (ycom pound  leve l  o n w e t  t issue basis, x t ime) ;  

this assumpt ion  appears  just i f ied from the apprec iab le  approximat ion  of the measure -  
ments  by the curves. The  calcula t ion of constants was  carr ied out by the me thod  of the 

least  squares  and i terat ive approximat ion;  the lat ter  is super ior  to a l inear  approximat ion  
after logar i thmic  transformation. 

The equat ions  are s tated in Figures  4 and 5; a is re la t ive ly  small  in three out of the 

four equat ions  of the genera l  form stated above. In these  cases, but  not in the case "6 ~ 7- 
H C H  + metabol i tes" ,  y = b �9 e - ~  (a ---- O) may  also be  accepted.  Por the purpose  of 
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Table 2. Elimination of 14C-y-HCH and equivalents by N e r e i s  v i r e n s  

Time (days) 
14C-y-HCH and equivalents ~4C-7-HCH 

6 ~ 16 ~ 6 ~ 16 ~ 

y = a + b . e  - ~  

~ 0  3.2 3.2 1.9 2.1 
~ 5  8.4 6.9 3.9 4.1 
~ 7 . 5  6.5 6.0 

y=b �9 e - ~  

Eliminationhalf-life (4.7} 3.0 (2.5) 1.8 

equal  treatment,  only the equat ions  with a ~ O are considered in  the following. It should 
be noted  that calculat ions were carried out only for short periods of el iminat ion.  
Therefore, it is not  justif ied to extrapolate the curves x--> Qo and  to conclude for a res idue 

that N e r e i s  v i r e n s  cannot  e l iminate  at all. 
At both temperatures,  the total of 14C-y-HCI-I and  metabol i tes  was e l imina ted  more 

slowly than  14C-y-HCH decreased by e l imina t ion  and  metabol iza t ion (Figs 4, 5, 6). a �9 O 
indicates  that no half-life t ime can be calculated;  therefore, in  Table  2 e l imina t ion  times 
teS0 etc., corresponding to successive 50 % lower ing of the levels, are compared, and  a 
half-life t ime is stated only for 16 ~ The ini t ial  50 % decrease of ~4C-y-HCH and  of 14C- 
?-HCH + metabol i tes  in  the worms occurred in  2 and  3 days, respectively, at both 
temperatures.  The levels of ~4C-?-HCH metabol i tes  in  the worms decrease extremely 
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Fig. 5. El iminat ion of 14C-y-HCH and  its metabol i tes  in Nereis  virens at 16 ~ Values  above  points  
are wet weights of worms (g). Levels are on wet tissue basis 
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s lowly  compared with  those of 14C-7-HCH; this is s een  from the comparison of the 
difference b e t w e e n  the two sol id curves with the lower curve in Figures 4 or 5. 

The period of t~50 = 2 days that Nereis virens exhibi ted  for 7-HCH is longer  than 
the va lues  re50 < 12 h and = 22 h k n o w n  in Carassius auratus, Lepomis macrochirus and 
Mytilus edulis (Gakstatter & Weiss,  1967; Ernst, 1977). Various init ial  concentrations of 
a -HCH in Artemia salina and Lebistes reticulatus were  ha lved  wi th in  t~50 = 48 - 72 h 
and re50 = 10 h, respect ive ly  (Canton et al., 1978). 

Contrary to various polychlorinated b ipheny l s  (Ernst et al., 1977), wh ich  are less 
so luble  in water, the percentage  of e l iminated  ~4C-7-HCH equivalents  recovered from 
the faeces  was  extremely  smal l  (about 0.3 %). This indicates  that there may  be routes of 
more importance than the faecal  one for 7-HCH e l iminat ion  in Nereis virens. 
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Trans format ion  

A n i m a l s .  As the levels of 14C-7-HCH metabolites in Nereis  virens decrease 
extremely slowly compared with those of 14C-7-HCH, there is a steady increase in the 
percentage of the metabolites in the worms during the elimination period (Fig. 7). The 
percentages are about the same at both temperatures. 

The chromatographic separation of ~4C-labelled substances of animal extracts from 
the 6 ~ experiment exhibited three metabolites (2, 3, 5 in Fig. 8c) in addition to a further 
metabolite (1) which was not extractable by n-hexane/acetone; thus, at 6 ~ Nereis  

virens contained at least four metabolites of 14C-7-HCH, the levels of which are shown in 
Figure 9 in comparison with those of all 14C-y-HCH equivalents (~4C-7-HCH + metabo- 
lites) throughout the elimination period. Metabolite 1 represents 22 % of the radioactiv- 
ity at the beginning; substances 5, 2 and 3 represent 3 %, 2 % and 2 %. The relatively 

a ~ ~ []  [ ]  

I I 

I I 

c [ ]  [ ]  [ ]  

[, . [ 
solvent front origin 

Fig. 8. Thin layer chromatograms present ing  14C-labelled compounds of: (a) water  extracted by n- 
hexane  (end of l l - d a y  exposure period, 6 ~ (b) water  extracted by ethyl e ther  after acidification 
(specification as in a), (c) Nereis  virens extracted by n-hexane /ace tone  (1.5 days after beg inn ing  of 
e l iminat ion period, 6 ~ Numbers  in squares  refer to different compounds,  4 represents  14C- 7- 
HCH. Differences in Rf values be tween  chromatograms c and  a, b are at t r ibuted to matr ix effects 
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Fig. 9. Decrease in levels of metabolic compounds (O, scales A and B) in comparison to decrease in 
concentration of t4C-y-HCH equivalents (0, scale C) in Nereis  virens at 6 ~ during the elimination 

period. Numbers in squares refer to different metabolites 

slow decrease,  s tated for all metabol i tes  combined,  is true for ind iv idua l  metabol i tes  

except  for substance 5. At 16 ~ only metabol i tes  1 and 3 were  de tec ted  in N e r e i s  v i rens;  

metabol i te  3 was  present  in a considerably  h igher  pe rcen tage  compared  wi th  the va lues  

at 6 ~ (Fig. 10). It is conc luded  that  N e r e i s  v i r e n s  has different metabol ic  capabi l i t ies  

concern ing  y-HCH at different t empera tures  (and/or different an imal  weights) .  The rate 

of convers ion of p ,p ' -DDT to p ,p ' -DDE in the fish S a l v e l i n u s  f o n t i n a f i s  also var ied  wi th  

t empera tu re  (Zinck & Addison,  1975). 
A E3 C 
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Fig. 10. Decrease in levels of metabolic compounds (�9 scales A and B) in comparison to decrease in 
concentration of 14C-y-HCH equivalents (0, scale C) in Nereis  virens at 16 ~ during the elimina- 

tion period. Numbers in squares refer to different metabolites 
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W a t e r ( 6 o C e x p e r i m e n t ). Dur ing  an  exposure period of 11 days extracts of 
the water  with n -hexane  and  ethyl ether  were made  daily. After chang ing  the exposure 
water, extracts were made  only at the end  of another  11-day exposure period. 

Chromatographic  separat ion of the water  extracts and  subsequen t  rad ioscann ing  
showed that at least the three metabol i tes  found in  worms were also present  in  the water  
(2, 3, 5 in  Fig. 8a, b). Addi t ional ly  the presence  of a polar metaboli te,  6 - n o t  extractable 
with ethyl ether, could be assumed from compar ing  the measurements  of radioactivity in  
extracts and  directly in  the water. Substance 6 might  be  ident ical  wi th  substance  1. 

Unchanged  ~4C-?-HCH (substance 4) and substance  5 were preferably removed from 
the water  with n -hexane  (Fig. 8a), whereas  ethyl ether extraction yie lded the major  part  
of the more polar  metabol i tes  (Fig. 8b). A considerable  amount ,  more than 16 % of the 
total radioactivity in  the water, was not extractable with ethyl ether from the acidified 
water. The pat terns of metabol i tes  at the end  of the first and  second l l - d a y  exposure 
periods largely re sembled  one another.  There was a cont inuous bu i ld -up  of the different 
metabol i tes  in  the exposure water  derived from daily measurements  dur ing  the first 11- 
day period f inally resul t ing  in the values  g iven  in  Table  3. 

W a t e r ( 1 6 o C e x p e r i m e n t ). The 16 ~ exper iment  could not be  fully evalu-  
ated from TLC data because  the incomple te ly  purif ied t4C-y-HCH batch No. 1 was used. 
This led  to some difficulties in  ident i fy ing metabol i te  5. Therefore, a small-scale experi- 
men t  with 5 animals  in  4 1 water  was run  addi t ional ly  unde r  the same condit ions as 
before but  us ing  t4C-?-HCH batch No. 2. Qual i ta t ively the same substances  as indica ted  
in  Table  3 were detected with the exception that substance 5 could not be traced by 
rad ioscanning  of the TLC plates. After scraping the corresponding spot from the plate 
and  measur ing  the radioactivity by scint i l la t ion counting,  the percentage  of substance 5 
could be  assumed to be about  0.2 %. The percentage  of the nonextrac table  metabol i te  
(substance 6) was considerably  higher:  37 % of the total radioactivity. 

This h igh percentage  of metabol i tes  is thought  to have caused  the remarkable  
uptake  of 14C-?-HCH by Nereis  virens at 16 ~ w h e n  the water  was changed  dur ing  the 
exposure period (Pig. 3): equ i l ib r ium of 14C-labelled compounds  be t w e e n  animals  and  
water  concerns both ~4C-?-HCH and  the metaboli tes.  If in  this phase, in  which consider- 
able  quant i t ies  of metabol i tes  are present  in  the water  and  in  the worms, the water  is 
changed  and  14C-?-HCH is redosed, the latter is t aken  up from the water  by the worms 
readily; and a decrease in  concentrat ion of the radioactivity in the water  is observed if 
the worms take up the paren t  compound faster than  they e l iminate  the metaboli tes.  

P a e c e s. In the extracts of faeces only u n c h a n g e d  14C-?-HCH could be detected, 
and  the radioactivi ty r ema in ing  in the res idual  matter  was ass igned to polar metaboli tes.  
At 6 ~ total amounts  from 3 weeks  of collection of faeces dur ing  the exposure period 

Table 3. Percentage of t4C-labelled substances (14C-?-HCH equivalents} detected in the exposure 
water at 6 ~ 

Exposure period Percentage of substance 
2 3 4 5 6 

First 11 days 3.2 3.9 82.4 0.4 10.1 
Second 11 days 5.3 1.3 74.3 2.7 16.4 
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Table 4. Percentages of 14C-y-HCH and 14C-labelled polar metabolites in faeces of Nereis virens 

Temperature Experimental period 1 4 C - N - H C H  14C-N-HCH Metabolites 
(~ equivalents (ng) (%) (%) 

6 Exposure period: 
first week 220.7 92.3 7.7 
second week 430.0 84.2 15.8 
third week 168.2 77.5 22.5 
Elimination period 66.5 25.0 75.0 

16 Exposure period: 
first week 308.4 82.4 17.6 
second week 366.9 63.1 36.9 
third week 377.1 51.5 48.5 

were:  676 ng  14C-7-HCH and  123 ng  polar metaboli tes.  At 16 ~ corresponding data 
were: 680 ng  14C-7-t-ICH and  373 ng  polar metaboli tes.  At both temperatures,  the 
percentage  of metabol i tes  in  faeces steadily increased dur ing  the exper imenta l  per iod 

(Table 4), as was descr ibed for the water. 
The results ob ta ined  so far al low only some suggest ions on metabol ic  pathways of 

14C-7-HCH in the exper imenta l  system. Al though 7-HCH is know n  to undergo  a n u m b e r  
of metabol ic  transformations in  soil microbes, plants,  and  mammals  (Engst et al., 1977, 
1979), only little knowledge  exists about  its t ransformation in  aquat ic  organisms.  The 
formation of 1,3,4,5,6,-pentachlorocyclohexene-(1) is descr ibed by  Sweeney  (1969) for 
un ice l lu la r  freshwater algae. However,  in  the common mussel,  Mytilus edulis, no 
substant ia l  t ransformation of 7-HCH has b e e n  observed (Ernst, 1975). Nereis virens is 
more l ikely to transform 7-HCH compounds  than  Mytilus edulis because  it is capable  of 
t ransforming lower chlor inated b iphenyls  considerably  (Ernst et al., 1977). 

From TLC data it may be assumed that pentachlorocyclohexene was formed, but  
addi t ional  exper iments  are necessary to confirm this structure. Further  compounds,  
probably  chlor inated benzenes ,  may be involved as wel l  as chlorophenols,  which  may  be 
in  a conjuga ted  form and  be responsible  for the inextractable  14C-labelled substances.  
Hydrolysis of the exposure water  after exhaust ive extraction with ethyl ether l ibera ted  
addi t ional  polar compounds,  which  could then  be extracted with n -hexane  and  ethyl 
ether; this suggests that acid labi le  compounds  have b e e n  formed. 

Acknowledgements. This research was supported by a grant from the Bundesministerium ffir 
Porschung und Technologie. It was carried out under the auspices of the Deutsche Porschungs- 
gemeinschaft and with the skillful technical assistance of Mrs. H. Ebeling, Mrs. R. Ernst, Miss B. 
Hinz, Mrs. I. Johannsen and Mrs. S. Unverricht. The introduction to the computer evaluation of data 
by Prof. Dr. G. Krause is gratefully acknowledged. 

LITERATURE CITED 

Canton, J. H., Greve, P. A., Slooff, W. & Esch, G. J. van, 1975. Toxicity, accumulation and 
elimination studies of a-hexachlorocyclohexane (a-HCH) with freshwater organisms of different 
trophic levels. - Wat. Res. 9, 1163-1169. 



3 2 6  H.  G o e r k e  & W.  E r n s t  

Can ton ,  J. H., W e g m a n ,  R. C. C., Vulto,  T. J. A., Verhoef ,  C. H. & Esch,  G. J. van ,  1978. Toxici ty- ,  
a c c u m u l a t i o n -  a n d  e l i m i n a t i o n  s t u d i e s  of a - h e x a c h l o r o c y c l o h e x a n e  (a -HCH)  w i th  s a l twa t e r  
o r g a n i s m s  of d i f fe rent  t roph ic  levels .  - Wat .  Res. 12, 687-690.  

Engs t ,  R., Macho lz ,  R. M. & Ku j awa ,  M., 1977. Recen t  s ta te  of l i n d a n e  m e t a b o l i s m .  - R e s i d u e  Rev. 
68, 59-90 .  

Engs t ,  R., Machho l z ,  R. M. & Ku j awa ,  M., 1979. Recen t  s ta te  of l i n d a n e  m e t a b o l i s m .  Part. II. - 
R e s i d u e  Rev. 72, 71-95.  

Ernst ,  W., 1975. A u f n a h m e ,  A u s s c h e i d u n g  u n d  U m w a n d l u n g  y o n  Lindan-14C d u r c h  Mytilus edulis. 
- C h e m o s p h e r e  4, 375-380.  

Ernst ,  W., 1977. D e t e r m i n a t i o n  of t he  b i o c o n c e n t r a t i o n  po t en t i a l  of m a r i n e  o r g a n i s m s .  - A s t e a d y  
s ta te  app roach .  I. B ioconcen t r a t i on  da t a  for s e v e n  c h l o r i n a t e d  pe s t i c i de s  in  m u s s e l s  (Mytilus 
edulis) a n d  the i r  r e l a t ion  to so lub i l i ty  data .  - C h e m o s p h e r e  6, 731-740 .  

Ernst ,  W., 1979. Factors  a f fec t ing  t he  e v a l u a t i o n  of c h e m i c a l s  in  l abora to ry  e x p e r i m e n t s  u s i n g  
m a r i n e  o r g a n i s m s .  - Ecotoxicol .  env i ron .  Safe ty  3, 90-98.  

Ernst ,  W., Goerke ,  H. & Weber ,  K., 1977. Fa te  of 14C-label led di-, tri- a n d  p e n t a c h l o r o b i p h e n y l  in  t he  
m a r i n e  a rme l i d  Nereis virens. II. D e g r a d a t i o n  a n d  faeca l  e l imina t ion .  - C h e m o s p h e r e  6, 
559-568 .  

Ernst ,  W., Schaefer ,  R. G., Goe rke ,  H. & Eder,  G., 1974. E ine  M e t h o d e  zur  A u f a r b e i t u n g  y o n  
M e e r e s t i e r e n  fiir d ie  B e s t i m m u n g  yon  PCB, DDT, DDE, DDD, y - H C H  u n d  HCB. - Z. analyt .  
C h e m .  272, 358-363.  

Gaks ta t t e r ,  J. H. & Weiss ,  C. M., 1967. T h e  e l i m i n a t i o n  of D D T - C  14, d i e ld r i n -C  14 a n d  l i n d a n e - C  14 
f rom f ish  fo l lowing  a s i ng l e  s u b l e t h a l  e x p o s u r e  in  aqua r i a .  - Trans .  Am.  Fish.  Soc. 96, 301-307.  

Goerke ,  H., 1979. Nereis virens (Polychaeta)  in  m a r i n e  po l l u t i on  research ' .  C u l t u r e  m e t h o d s  a n d  oral  
a d m i n i s t r a t i o n  of a p o l y c h l o r i n a t e d  b i p h e n y l .  - VerSff. Inst.  Mee re s fo r sch .  B r e m e r h a v e n  17, 
151-161.  

Goerke ,  H., Eder ,  G., W ebe r ,  K. & Ernst ,  W., 1979. Pa t t e rns  of o r g a n o c h l o r i n e  r e s i d u e s  in  a n i m a l s  of 
d i f fe ren t  t roph ic  l eve l s  f rom t he  W e s e r  es tuary .  - Mar.  Pollut.  Bull. 10, 127-133.  

Goerke ,  H. & Ernst ,  W., 1977. Fa te  of 14C-label led di-, tri- a n d  p e n t a c h l o r o b i p h e n y l  in  t he  m a r i n e  
a n n e l i d  Nereis virens. I. A c c u m u l a t i o n  a n d  e l i m i n a t i o n  af ter  oral  admin i s t r a t i on .  - C h e m o -  
s p h e r e  6, 551-558 .  

H a m e l i n k ,  J. L. & W a y b r a n t ,  R. C., 1976. DDE a n d  l i n d a n e  in  a l a r g e - s c a l e  m o d e l  l en t ic  e cosys t em.  - 
Trans .  Am.  Fish.  Soc. 105, 124-134.  

H a n s e n ,  P.-D., 1980. U p t a k e  a n d  t r ans fe r  of t he  c h l o r i n a t e d  h y d r o c a r b o n  l i n d a n e  (y-BHC) in  a 
l abora to ry  f r e s h w a t e r  food cha in .  - Envi ron .  Pollut .  (A) 21, 97-108.  

S c h i m m e l ,  S. C., Patr ick,  J. M. Jr. & Forester ,  J., 1977. Toxic i ty  a n d  b i o c o n c e n t r a t i o n  of B H C  a n d  
l i n d a n e  in  s e l e c t e d  e s t u a r i n e  an i ma l s .  - Archs  env i ron .  C o n t a m .  Toxicol .  6, 355-363 .  

Stadler ,  D. F., 1977. C h l o r i n a t e d  h y d r o c a r b o n s  in  t he  s e a w a t e r  of t he  G e r m a n  Bigh t  a n d  t he  w e s t e r n  
Balt ic  in  1975. - Dt. hydrogr .  Z. 30, 189-215.  

S w e e n e y ,  R. A., 1969. M e t a b o l i s m  of l i n d a n e  by  u n i c e l l u l a r  a lgae .  - Proc. Conf.  Grea t  Lakes  Res. 12, 
98-102.  

Zinck,  M. E. & Add i son ,  R. F., 1975. T h e  effect  of t e m p e r a t u r e  on  t he  ra te  of conve r s ion  of p , p ' - D D T  
to p , p ' - D D E  in  b rook  t rout  (Salvellnus fontlnalls). - Can.  J. B iochem.  53, 636-639.  


