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In s t u d i e s  p e r f o r m e d  to e l u c i d a t e  the  b i o a c c u m u l a t i o n  and  
f a t e  of m e r c u r y  in the  g l o b a l  e n v i r o n m e n t ,  the  a r e a  a r o u n d  the 
m e r c u r y  m i n e  of I d r i j a  b e l o n g s  to one of the  m o s t  i n t e n s i v e l y  
i n v e s t i g a t e d  l o c a l i t i e s .  In f a c t ,  the  t r a d i t i o n s  of  m e r c u r y  r e -  
s e a r c h  in t h i s  a r e a  c a n  be t r a c e d  b a c k  to the  p i o n e e r  w o r k  of 
T h e o p h r a s t u s  B o m b a s t u s  yon  H o h e n h e i m  (1493-1541  A . D . ) ,  
m o r e  c o m m o n l y  k n o w n  a s  P a r a c e l s u s ,  who d e s c r i b e d  m e r c u r i -  
a l i s m  a m o n g s t  I d r i j a n  m i n e r s  and  d e v e l o p e d  the u s e  of m e r c u r y  
a s  a d r u g  a g a i n s t  s y p h i l i s ,  a s  a d i u r e t i c  a n d  a s  an  a n t i s e p t i c  in 
the  c a r e  of w o u n d s  ( D ' I T R I  and  D ' I T R I  1977).  The  m o s t  i m p o r -  
t a n t  w o r k  w i th  r e g a r d s  to the  e n v i r o n m e n t  h a s  b e e n  p e r f o r m e d  
r e c e n t l y  by  a t e a m  of  Y u g o s l a v i a n  r e s e a r c h  w o r k e r s  (BYRNE and  
K O S T A  1970, B Y R N E  e t  a l .  1971, F U R L A N  a n d  K O S T A  1972,  
Z E L E N K O  and  K O S T A  1973,  S T E G N A R  e t  a l .  1973 ab ,  F U R L A N  
1974 ab ,  K O S T A  e t  a l .  1974 a b c ,  B Y R N E  e t  a l .  1975, K O S T A  e t  
a l .  1975).  The  Y u g o s l a v i a n  w o r k  is  of s p e c i a l  i m p o r t a n c e  b e -  
c a u s e  of the  v a r i e t y  of d i f f e r e n t  o b j e c t s  s t u d i e d  in  a s i n g l e  l o c a l -  
i t y ,  w h e r e  h e a v y  p o l l u t i o n  w i th  e l e m e n t a r y  m e r c u r y  h a s  c o n t i n -  
u e d  f o r  m o r e  than  400 y e a r s .  

In the Yugoslavian studies performed in Idrija, although 
some entomological aspects have been considered, the role of 
sarcosaprophagus insects has been neglected. These insects, 
however, have grown to be a speciality in the mercury studies 
carried out at the Department of Environmental Conservation in 
Helsinki University (NUORTEVA and H~SANEN 1972, NUORTE- 
VA et al. 1975, NUORTEVA 1977, NUORTEVA et al. 1978 abc) 
so it was decided to investigate the occurrence and fate of mer- 
cury in blowflies from Idrija. 

M A T E R I A L S  AND M E T H O D S  

F l y  t r a p s  b a i t e d  w i th  c a t t l e  l i v e r  a n d  m a r i n e  f i s h  w e r e  u s e d  
to c o l l e c t  b l o w f l i e s  a t  t h r e e  l o c a l i t i e s  on the  s h o r e s  of the  I d r i j -  
c a  R i v e r  d u r i n g  A u g u s t  1 -9 ,  1978.  The  f i r s t  l o c a l i t y  l i e s  in  s c r u b  
by  the  s h o r e l i n e  a b o u t  1 k m  u p s t r e a m  f r o m  the  m e r c u r y  d i s t i l -  
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l a t i o n  p l a n t ,  the  s e c o n d  on a h i l l y  s l o p e  j u s t  a b o v e  the  d i s t i l l a -  
t i on  p l a n t  (= a r e a  I by  B Y R N E  e t  a l .  1971) and  the  t h i r d  in s c r u b  
by  the  s h o r e l i n e  a b o u t  0 . 8  k m  d o w n s t r e a m  f r o m  the  d i s t i l l a t i o n  
p l a n t .  When  the m a t e r i a l  w a s  c o l l e c t e d ,  the  m i n i n g  and  d i s t i I -  
l a t i o n  of m e r c u r y  in I d r i j a  h a d  b e e n  s t o p p e d  fo r  a b o u t  h a l f  a 
y e a r .  O b v i o u s l y  t h i s  h a d  c o n s i d e r a b l e  i n f l u e n c e  on the a m o u n t  
of  m e r c u r y  p r e s e n t  in the  a i r  a s  w e l l  a s  i t s  f a l l o u t  on the  v e g -  
e t a t i o n .  The  d e g r e e  of s u r f a c e  c o n t a m i n a t i o n  w a s  thus  l e s s  than  
n o r m a l  in the  a r e a .  

F i n n i s h  o b s e r v a t i o n s  on the  m e r c u r y  c o n t e n t s  in f r e e  l i v -  
ing b l o w f l i e s  a r e  u s e d  fo r  c o m p a r i s o n s  w i t h  the  I d r i j a n  m a t e r i -  
a l s .  E a r l i e r  p u b l i s h e d  e v i d e n c e  f r o m  B r o m a r v  and  H X m e e n k y -  
r 5  ( N U O R T E V A  et  a l .  1975) h a s  b e e n  c o m p l e t e d  w i t h  m a t e r i a l  
t r a p p e d  in s d u r i n g  S e p t e m b e r  6 - 8 ,  1978 on the s h o r e s  of  
the  K o k e m ~ i e n j o k i  R i v e r ,  a b o u t  1 k m  d o w n s t r e a m  f r o m  the c a u s -  
t i c  s o d a  f a c t o r y  of  F i n n i s h  C h e m i c a l s .  

A t r o u t  ( S a l m o  t r u t t a  f a r i o  L.)  w h i c h  w a s  u s e d  in the  
r e a r i n g  e x p e r i m e n t s  w a s  o b t a i n e d  f r o m  the  I d r i j c a  R i v e r  a b o u t  
3 k m  d o w n s t r e a m  f r o m  the m e r c u r y  d i s t i l l a t i o n  p l a n t  on A u g u s t  
3, 1978. The  f i s h ,  Z3 c m  in l e n g t h ,  h a d  a m e r c u r y  c o n t e n t  of 
0 . 6 6  p p m  in the  f l e s h ,  0 . 9 4  p p m  in the  s k i n ,  1 .77  p p m  in the  
i n t e s t i n e ,  5 . 6Z  p p m  in the  l i v e r ,  17 .5  p p m  in the  s p l e e n  and  
Z4 .0  p p m  in the  k i d n e y .  The  m e r c u r y  d i s t r i b u t i o n  b e t w e e n  the 
d i f f e r e n t  o r g a n s  i s  c h a r a c t e r i s t i c  of c o n t a m i n a t i o n  by  e l e m e n t a -  
r y  m e r c u r y  in f i s h  ( B Y R N E  e t  a l .  1971, Z E L E N K O  a n d  K O S T A  
1973,  K O S T A  e t  a l .  1974 b)o 

Ephemerid larvae had obviously been the main source of 

mercury for the trout in question, because remains of these 

larvae were found in its intestine. Three samples of ephemerid 

larvae collected from the river at a distance of 6 km down - 

stream from the distillation plant on August 3, 1978 were found 

to contain mercury at 0. ZT, 0. 36 and 0.56 ppm (fresh weight). 

One sample collected at a distance of 1 km downstream from 

the plant had 4. Z8 ppm mercury. These mercury contents as 

well as the mercury content in the trout were low when compared 

to earlier observations (BYRNE et al. 1971). The decrease in 

the mercury levels is obviously due to the half year closure of 
the mercury mine as well as of the fact that the Idrijca River is 

extremely rapid and is thus able to eliminate in a short time 

all mercury pollution from its bottom, consisting of rocks, 

stones and pebbles, but very little sediments. 

The  r e a r i n g  e x p e r i m e n t s  w i th  f ly  l a r v a e  on t r o u t  f l e s h  
w e r e  c a r r i e d  ou t  in p o l y t h e n e  c o n t a i n e r s ,  i5  c m  in  h e i g h t  and  
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16 - 18 c m  in  d i a m e t e r .  S m a l l - m e s h e d  g a u z e  f o r m e d  the  c e n t r e  

of  the  l i d  a n d  the  c e n t r e  of the  b o t t o m .  In  the  u p p e r  p a r t  of  the  
c o n t a i n e r  a h o r i z o n t a l  f u n n e l  w a s  a t t a c h e d  f r o m  w h i c h  the  e m e r -  

g i n g  a d u l t  f l i e s  w e r e  c o l l e c t e d  in  a t r a n s p a r e n t  p l a s t i c  j a r .  T h e s e  
p o l y t h e n e  c o n t a i n e r s  c o n t a i n e d  s a n d  a n d  a l a y e r  of  m o s s ,  u n d e r  
w h i c h  the  l a r v a e  c o u l d  p u p a t e  a f t e r  e a t i n g  the  t r o u t  f l e s h  ( F i g .  1). 

_ / . . . . . . . . . . . . . . . . . . . . . . . .  

"----- '4 i 
.~.~ .6" ~., 0.6: sClnd ".~.~ !:~.::..:.; .:."fk s a nd 

honey 

Fig. i. A scheme for the rearing experiments. I = blowfly egg, 

2 = blowfly larva, 3 = pupa, 4 = adult fly in the trans- 

parent plastic jar, 5 = adult fly devouring honey, 6 = 

adult fly drinking water, 7 = adult fly trapped for mer- 

cury analysis. 

The emerging flies gathered in the plastic jar in accordance with 

their positive phototaxis (the rearing containers were held on a 
window sill with the outlet funnel towards the window). 

Adult flies emerging from the rearing containers were either 
killed immediately for mercury analysis or transferred to a 

feeding container which had two feeding dishes, one with honey 

and the other with water (Fig. I). During the feeding period for 

adult flies, the outlet funnel was held closed with a plug. The 

plug was opened only for a brief period in order to collect some 
flies from the container for mercury analysis. 

For mercury analyses, the samples of adult flies were air 

dried at room temperature for ten months, then oven dried at 

50~ for 48 h . There existed thus a good possibility for evapo- 
ration of surface mercury from flies. The dried flies were then 
ground in a mortar and digested in 5 ml of a mixture of HNO~ 

and H2SO 4 (1:4 v/v) and were shaken in a waterbath at 60~ ~or 

3 h . The-mercury content was determined by a Perkin-Elmer 

Coleman MAS-50 flameless atomic absorption spectrophotometer, 

which was calibrated by neutron activation analysis, The dry 

weight mercury contents of adult flies thus obtained were con- 
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vered to fresh weight values by dividing them by 3.8. This coef- 
ficient has been obtained by comparative analyses of dried and 

fresh fly specimens from the same reared fly sample (NUORTE- 

VA et al. 1978 ab). 

RESULTS 

The mean mercury contents observed in free-living L. illus- 

tris and L. caesar trapped in Idrija and in three Finnish areas 

are shown in Fig. 2 

DPml 
H;I I Free living flies 

II Lucilia illustris 
0 Lucilia_caesar 

it [ 
unpolluted water pollution air and water pol. I km upstream closely to 0,8 km down- 
archipelago by putpfactory lution bycaustic stream 

sodafactory mercury mine and distillation plant 
LBROMARV H~MEENKYRO . . . . . . . . .  AETS;~ s ~. .... IDRIJA l 

FIN L A  N D Y U G O S L A V I A  

Fig~ Z. Mercury contents in Lucilia illustris and L_z~ caesar in 

some Finnish localities and in the area of the Idrijan 

mercury mine and distillation plant. The mercury con- 
tents are given on fresh weight basis. The dry weight 

contents are 3.8 times higher. 

These results show that the mercury distillation plant of Idrija 

has caused heavier contamination of blowflies than the pulp facto- 
ry in H~meenkyr6 or the caustic soda factory in ~iets~[. The pol- 

luting effect of the distillation plants is, however, restricted to 

the near vicinity of the plant. The degree of mercury contamina- 
tion in blowflies at a distance of 1 km from the distillation plant 

was not essentially higher than the normal background contami- 
nation in Finland. 

In the rearing experiment with L. illustris on trout flesh the 

mercury content rose from 0.14 ppm up to I. 18 ppm, during the 

larval feeding period. Puparia and freshly emerged imagines had 
about the same amount of mercury (0.99 and 1.01 ppm respective- 
ly), but in adults living on honey the mercury levels decreased in 
two days to a third and remained at this level (Fig. 3). 

518 



ppm Hg 

1.2 

1.0 

0.8 

06 

i 

O.4; 

0.2 

I I I 

g 

Laboratory rearing of 
Lucilia illustris on Idrijan trout flesh(0.66 ppm ) 

o - "  - �9 ' 5 . . . . .  l b  2 o ,  
j t ~  A _ - -  

'~ lar~va pre~upa pupa imago 
25"~ 

days,.i 

Fig. 3. M e r c u r y  c o n t e n t s  ( f r o m  f r e s h  w e i g h t  in  p p m )  in  t h e  d i f -  
f e r e n t  d e v e l o p m e n t a l  s t a g e s  o f  L u c i l i a  i 1 1 u s t r i s  r e a r e d  
on t r o u t  f l e s h  w i t h  0 . 6 6  p p m  o f  m e r c u r y  a n d  m a i n t a i n e d  
a s  an  a d u l t  on h o n e y .  

DISCUSSION 

T h e  Y u g o s l a v i a n  i n v e s t i g a t o r s  h a v e  s h o w n  t h a t  t h e  m a i n  p a r t  
o f  t he  t o t a l  m e r c u r y  b u r d e n  in  h e a v i l y  c o n t a m i n a t e d  I d r i j a n  f i s h e s  
i s  e l e m e n t a r y  m e r c u r y  a n d  o n l y  a s m a l l  f r a c t i o n  o f  i t  i s  m e t h y l -  
m e r c u r y  ( Z E L E N K O  a n d  K O S T A  1973 ,  K O S T A  e t  a l .  1974 b ) . T h e y  
h a v e  a l s o  n o t e d  t h a t  e l e m e n t a r y  m e r c u r y  i s  e x c r e t e d  m o r e  r a p i d -  
l y  t h a n  m e t h y l m e r c u r y .  T h e  r a p i d  e x c r e t i o n  of  e l e m e n t a r y  m e r c u -  
r y  c a n  b e  s e e n  b y  t h e  f a c t  t h a t  t h e  h i g h l y  e l e v a t e d  m e r c u r y  c o n  - 
t e n t s  in  f i s h  n e a r  t h e  p o l l u t i o n  s o u r c e  r a p i d l y  d e c l i n e  w i t h i n  a s h o r t  
d i s t a n c e  f r o m  the  d i s t i l l a t i o n  p l a n t .  T h i s  f e a t u r e  a p p e a r e d  to b e  
e v i d e n t  a l s o  in  t h e  p r e s e n t  i n v e s t i g a t i o n ,  w h e r e  h i g h l y  e l e v a t e d  
m e r c u r y  c o n t e n t s  w e r e  o b s e r v e d  in  b l o w f l i e s  c o l l e c t e d  n e a r  t h e  
m e r c u r y  d i s t i l l a t i o n  p l a n t  b u t  c o u l d  n o t  b e  f o u n d  a t  a d i s t a n c e  o f  
0 . 8 -  1 k m  ( F i g .  2) .  

In  e x p e r i m e n t s  w h e r e  L u c i l i a  i l l u s t r i s  s p e c i m e n s  w e r e  r e a r -  
e d  f r o m  e g g s  on  I d r i j a n  t r o u t  f l e s h ,  t he  b i o a c c u m u l a t i o n  c o e f f i -  
c i e n t  w a s  1 . 5 3 .  In  72 c o m p a r a b l e  r e a r i n g  e x p e r i m e n t s  p e r f o r m e d  
on  F i n n i s h  m e r c u r y  p o l l u t e d  f i s h  a n d  s e v e r a l  s p e c i e s  o f  b l o w f l i e s  
t h e  mean b i o a c c u m u l a t i o n  coefficient w a s  4.  3 (NUORTEVA 1978  
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ab) .  T h i s  i n d i c a t e s  tha t  i t  is  e a s i e r  fo r  the b lowf ly  l a r v a e  to e l i m -  
ina te  such  d i e t a r y  m e r c u r y  ( m a i n l y  m e t a l l i c )  wh ich  c o m e s  f r o m  
I d r i j a n  t r o u t  than such  m e r c u r y  ( m a i n l y  m e t h y l  m e r c u r y )  w h i c h  
c o m e s  f r o m  F i n n i s h  f i sh .  

O b s e r v a t i o n s  on the m e r c u r y  e x c r e t i o n  in f r e s h l y  e m e r g e d  a -  
du l t  L .  i l l u s t r i s  f l ies  showed  tha t  they  had e x c r e t e d  d u r i n g  the 
f i r s t  two d a y s  of t h e i r  adu l t  l i fe  a b o u t  66 % of t h e i r  m e r c u r y .  
B l o w f l i e s  r e a r e d  on F i n n i s h  f i sh  had  c o r r e s p o n d i n g l y  e x c r e t e d  on 
the a v e r a g e  47 % of t h e i r  m e r c u r y .  H e r e  too it thus  s e e m s  to be 
e a s i e r  fo r  the b l o w f l i e s  to e x c r e t e  d i e t a r y  m e r c u r y  f r o m  I d r i j a n  
f i sh  than  m e r c u r y  f r o m  F i n n i s h  f i sh .  

The e a s e  of e l e m e n t a r y  m e r c u r y  e x c r e t i o n  in b l o w f l i e s  is f u r -  
t h e r  s u p p o r t e d  by one r e p o r t e d  F i n n i s h  e x p e r i m e n t  ( N U O R T E V A  
et  a l .  1978 ab) ,  w h e r e  the b lowf ly  P h o r m i a  t e r r a e n o v a e  R. - D. 
w a s  r e a r e d  on l i v e r  of a s ea l  ( P h o c a  h i s p i d a  S c h r e b .  found dead  
in the F i n n i s h  l ake ,  P i h l a j a v e s i  on A p r i l  Z0, 1975 and h a v i n g  
3 6 . 0  ppm m e r c u r y  in the l i ve r ) .  In th is  r e a r i n g  e x p e r i m e n t  f r e s h -  
ly e m e r g e d  adu l t  f l i e s  had  in t h e i r  bod i e s  18. Z ppm of m e r c u r y  
and they  e x c r e t e d  69 % of t h e i r  m e r c u r y  in two d a y s .  M e r c u r y  
f r o m  the s e a l  l i v e r  thus  a p p e a r e d  to be e x c r e t e d  wi th  the s a m e  
e a s e  as  the m e r c u r y  f r o m  I d r i j a n  f i sh .  Th i s  s i m i l a r i t y  is u n d o u b t -  
ed ly  r e l a t e d  to the f ac t  tha t  86 - 97 % of the to ta l  m e r c u r y  in s e a l  
l i v e r  is e l e m e n t a r y  m e r c u r y  (KOEMAN et  a l .  1973). 
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