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ABSTRACT 

The exper imenta l  work exposed i n  t h i s  paper r e f e r s  t o  t h e  s tudy  o f  t h e  p o s s i b i -  

l i t i e s  f o r  mercury t o  m i g r a t e  f rom r i v e r  sediments, where i t  remains accumulated, 

t o  ne ighbour ing  groundwater,  t h e  use  o f  wh ich  i s  planned f o r  d r i n k i n g  water  supp ly .  

W i th  t h e  m o n i t o r i n g  o f  t h e  q u a l i t y  o f  r i v e r  wa te r  and groundwater, n o t a b l y  on a 

s i t e  equipped w i t h  p iezometers  and w i t h  a catchment w e l l ,  t h e  research  e f f o r t  was 

cen te red  on exper imen t ing  i n  t h e  l a b o r a t o r y .  Mercury -bear ing  s ludges, t aken  i n  t h e  

r i v e r ,  were p laced  i n  columns o f  porous m a t e r i a l s ,  and t h e  l each ing  o f  mercury by 

n a t u r a l  and m o d i f i e d  i n f i l t r a t e d  wa te r  ( a d d i t i o n  o f  sodium c h l o r i d e  o r  h y p o c h l o r i t e )  

has been s tud ied .  When f o r  n a t u r a l  waters,  t h e  appearance o f  mercury a t  t h e  o u t l e t  

o f  t h e  columns i s  r e s t r i c t e d  t o  t h e  i n i t i a l  phase o f  f l o w ,  a l a r g e  i nc rease  o f  t h e  

o x i d i z i n g  power o f  wa te r  may d u r a b l y  m o b i l i z e  mercury a t  h i g h  concen t ra t i ons  

(up  t o  100 ppb).  Tes ts  e f f e c t e d  on sand columns w i t h  t h e  presence o f  c l a y s  enabled 

t o  a p p r e c i a t e  t h e  r e t e n t i o n  p o s s i b i l i t i e s  o f  t h e  so m o b i l i z e d  mercury .  

A d i s c u s s i o n  o f  t h e  whole r e s u l t s  shows t h a t  t h e  r i s k  o f  p o l l u t i o n  w i t h  mercury 

l i e s  i n  a p r o t r a c t e d  m o d i f i c a t i o n ,  due t o  an a c c i d e n t a l  cause, o f  r i v e r  wa te r  which 

s u p p l i e s  t h e  a q u i f e r .  

INTRODUCTION 

The danger r e s u l t i n g  f rom t h e  con tamina t ion  w i t h  mercury i s  p r e s e n t l y  w e l l  known 

th roughou t  t h e  wor ld .  Among t h e  v e h i c l e s  o f  p o l l u t i o n  w i t h  mercury,  wa te r  p lays  a 

v e r y  i m p o r t a n t  r o l e ,  e i t h e r  i n  a d i r e c t  way ( d r i n k i n g  w a t e r ) ,  o r  i n d i r e c t l y  

( f o o d  c h a i n ) .  

As mercury i s  a h i g h l y  t o x i c  element,  - t h i s  p o i n t  be ing  i l l u s t r a t e d  by t h e  two 

b e s t  known dramas o f  Minamata (1953) and N i i g a t a  (1960) i n  Japan, - v e r y  severe 

s tandards  have been fo rmu la ted  f o r  t h i s  metal  i n  i n d u s t r i a l i z e d  c o u n t r i e s ,  c h i e f l y  
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i n  r e l a t i o n  w i t h  t h e  consumption of  f i s h  and o f  d r i n k i n g  wa te r  ( p o t a b i l i t y  t h r e s h o l d  = 

1 ppb f o r  WHO and EEC, 2 ppb f o r  USA).  

I n  Alsace, t h e  wa te r  o f  t h e  r i v e r  Thur below Thann has f o r  decades r e c e i v e d  d i s -  

charges o f  d i s s o l v e d  mercury s a l t s  ; t h e  c o n d i t i o n  o f  t h e  raw w a t e r  o f  t h i s  stream 

has improved s i n c e  t h e  d i scha rges  stopped 1973 ; b u t  t h e  e f f e c t s  o f  t h e  accumula t ion  

o f  mercury i n  t h e  sediments c o n s t i t u t e  a problem wh ich  i s  s t i l l  t o  be so l ved .  I n  order  

t h a t  t h e  a q u i f e r  may be e x p l o i t e d  as a source  o f  d r i n k i n g  wa te r  i n  t h e  neighbourhood 

of t h e  r i v e r ,  i t  i s  necessary t o  know t h e  p o s s i b i l i t i e s  f o r  mercury t o  m i g r a t e  i n t o  

a l l u v i o n s ,  s t a r t i n g  f rom these sediments (mercury -bear ing  s ludges ) ,  a t  t h e  same t ime  

i n  to -day ' s  c o n d i t i o n s  and i n  t h e  case o f  an a l t e r a t i o n  o f  t h e  q u a l i t y  o f  r i v e r  water  

( e i t h e r  a f t e r  an a c c i d e n t a l  d ischarge,  o r  f o l l o w i n g  t h e  t rea tmen t  o f  p r e s e n t l y  d i s -  

charged e f f l u e n t s ) .  

T h i s  paper s t resses  t h e  exper ienc ing  on columns o f  porous m a t e r i a l s  i n  t h e  labora-  

t o r y  ; t h e  m o n i t o r i n g  o f  t h e  s i t e  i s  p resented  t o g e t h e r  w i t h  a t e n t a t i v e  t o  genera l i ze  

t h e  ob ta ined  r e s u l t s .  The d e t a i l e d  s tudy  o f  t h i s  r e g i o n a l  p rob lem has been t h e  o b j e c t  

o f  i n t e r n a l  r e p o r t s  under an  agreement between t h e  Agence de Bass in  Rhin-Meuse and 

t h e  I n s t i t u t  de Mecanique des F l u i d e s  de St rasbourg .  

EXPERIMENTS ON COLUMNS I N  THE LABORATORY 

The o b j e c t i v e  o f  these exper iments  i s  t h e  s tudy  o f  t h e  e lementary  mechanisms o f  

t h e  t r a n s f e r  o f  mercury between 

medium. 

Exper imenta l  c o n d i t i o n s  

(1 met re) ,  t h e y  have an i n s i d e  d iamete r  o f  0.09 and 0.05 m r e s p e c t i v e l y .  

ad jus ted  between 2 x and 7 x cu.m/s. 

a f l u i d  phase and a s o l i d  phase i n  a s a t u r a t e d  porous 

Two t ypes  o f  P l e x i g l a s  columns were used f o r  p e r c o l a t i o n  t e s t s  ; w i t h  a same leng th  

The c i r c u l a t i o n  o f  t h e  f l u i d  i s  secured by p e r i s t a l t i c  pumps ; t h e  f l o w s  can be 

F i g u r e  1 i l l u s t r a t e s  t h e  p r i n c i p l e  o f  t h e  exper imenta l  u n i t  and o f  t h e  execu t ion  

o f  t e s t s .  Water and mercury -bear ing  s ludges  c o l l e c t e d  on t h e  s i t e  a r e  b rough t  i n t o  

i n t i m a t e  c o n t a c t  i n  Column 1 ; t h e  second column i s  used t o  observe t h e  a c t i o n  o f  a 

g i v e n  porous medium (sand a lone  o r  sand + c l a y )  on a mercury -bear ing  water .  

The samples o f  wa te r  c o l l e c t e d  a t  t h e  o u t l e t  o f  columns have g e n e r a l l y  a volume o f  

0.5 l i t r e  ; t h e i r  mercury c o n t e n t  i s  de termined by f l ame less  a tomic  abso rp t i on ,  i n  the  

L a b o r a t o i r e  d ' H y d r o l o g i e  de l a  F a c u l t e  de Pharmacie de St rasbourg .  (Every  va lue  lower 

than 0.2 ppb i s  cons idered as n o t  s i g n i f i c a n t ) .  

The porous media a r e  c o n s t i t u e d ,  f o r  Column 1, o f  q u a r t z  sands, a p a r t  o f  wh ich  i s  

mixed w i t h  mercury -bear ing  s ludges  ; f o r  Column 2,  o f  sands o f  t h e  same type, w i t h  or 
w i t h o u t  a d d i t i o n  o f  c l a y s  ( k a o l i n i t e ,  m o n t m o r i l l o n i t e ) .  The sands had a mean diameter 

o f  0.5, 0.2 o r  0 .1 mm. 
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constant level weir 

sampling device 

.Fig. 1. Diagram o f  t h e  t e s t  u n i t .  

. The p e r c o l a t i n q  f l u i d s  a r e  o f  t h r e e  t ypes  : 

- n a t u r a l  waters ,  coming e i t h e r  f rom t h e  St rasbourg  d i s t r i b u t i o n  system, o r  f rom t h e  

r i v e r  (Thur )  a t  t h e  s t u d i e d  s i t e ,  

- mercury -bear ing  waters  f rom a manufacture,  and d i l u t e d  w i t h  groundwater f rom t h e  

s i t e ,  

- m o d i f i e d  n a t u r a l  waters ,  o b t a i n e d  by add ing  sodium c h l o r i d e  o r  sodium h y p o c h l o r i t e  

t o  r i v e r  wa te r .  

Exper imenta l  r e s u l t s  

As p r e l i m i n a r y  t e s t s  had shown t h a t  f i l t e r i n g  o f  n a t u r a l  wa te rs  th rough t h e  u t i -  

l i z e d  q u a r t z  sands d i d  n o t  a l l o w  t r a c e s  o f  mercury  t o  appear a t  t h e  o u t l e t ,  two s e r i e s  

o f  exper iments  were e f f e c t e d  : 

- t h e  f i r s t  one groups p e r c o l a t i o n  t e s t s  th rough columns c o n t a i n i n g  mercury-bear ing 

s ludge (Column 1, F i g .  I ) ,  
- t h e  second groups p e r c o l a t i o n  t e s t s  o f  mercury -bear ing  wa te r  th rough columns o f  

porous m a t e r i a l  (sand o r  sand + c l a y ) .  
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F i r s t  t e s t  ser ies.  For a na tu ra l  water w i thou t  mercury, f l o w i n g  through Column 1, 

one may observe a t  t he  o u t l e t  a f i r s t  and s h o r t  appearance o f  mercury a t  t he  beginning 

of f i l t r a t i o n  (contents  lower than 2 ppb), fo l lowed by a d i s t i n c t  decrease o f  t he  

concentrat ion down t o  values which a re  no more s i g n i f i c a n t  ( lower  than 0.2 ppb). The 

q u a n t i t y  o f  mercury ex t rac ted  from these t e s t s  i s  extremely low : about 1/1000 o f  the 

one contained i n  sludge. F igure 2 i l l u s t r a t e s  t h i s  behaviour w i t h  one o f  t he  t e s t s .  

c 

c 
8 

0 

delivered water volume 
(effective pore volume near 1,2 1 )  

F ig .  2. Mercury concentrat ion a t  the o u t l e t  o f  Column 1 . Perco la t i ng  f l u i d  : natura l  
water 

Note : i t  has been observed t h a t  t h i s  m o b i l i z a t i o n  o f  mercury can be momentarily 

a l t e r e d  under the  a c t i o n  o f  v a r i a t i o n s  o f  pressure o r  f low.  

Tests w i t h  an a d d i t i o n  o f  NaCl t o  na tu ra l  waters, a t  t he  i n l e t  o f  t he  column, have 

shown t h a t  a s a l i n i t y  lower than 10 g/1 has no a c t i o n  on the m o b i l i z a t i o n  o f  mercury. 

On the contrary ,  mercury could be ex t rac ted  i n  a notable p ropor t i on  from sludges, by 

adding sodium hypoch lo r i t e  t o  the na tu ra l  waters (NaC10 amount > 0.1" c h l . )  ; concen- 

t r a t i o n  up t o  100 ppb could be obtained w i t h  an extended contact .  

Second t e s t  ser ies.  The f i l t r a t i o n  o f  water conta in ing mercury bound t o  suspensions 

o f  i r o n  hydroxide leads t o  a r e t e n t i o n  o f  mercury by sand alone. The f i l t r a t i o n  o f  

water conta in ing mercury ( 2  t o  15 ppb) ex t rac ted  from sludge under the  a c t i o n  o f  

sodium hypochlor i te ,  leads t o  a f a r  more l i m i t e d  r e t e n t i o n  : on a column o f  sand w i th  

c lays  ( 2  t o  5 %),  a r e t e n t i o n  o f  20 t o  60 % has been observed from the  ou tse t  o f  

f i l t r a t i o n ,  f o r  a de l i ve red  water volume corresponding t o  about 20 times the pore 
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space ; mercury can t h e r e a f t e r  f a s t  e n t  

2 % k a o l i n i t e  u n i f o r m l y  mixed w i t h  sand 

40 micrograms. 

r e l y  m i g r a t e .  For  i ns tance ,  i n  a t e s t  w i t h  

one l i t r e  o f  porous m a t e r i a l  had r e t a i n e d  

MONITORING OF THE EXPERIMENTAL SITE 

From November, 1978 t o  September, 1979, i t  c o n s i s t e d  t o  c o l l e c t  eve ry  month water  

samples a t  seve ra l  p o i n t s  on a p e r p e n d i c u l a r  t o  t h e  wa te r  course  : r i v e r ,  an indus-  

t r i a l  w e l l  work ing  50 m f rom t h e  r i v e r ,  and t h r e e  bo r ings  equipped as piezometers,  

and s i t u a t e d  15,  30 and 150 m f rom t h e  r i v e r .  

Mercury con ten ts  p resen t  s t r o n g  v a r i a t i o n s  f rom one month t o  another ,  and range 

c h i e f l y  f rom 0.05 t o  0.4 ppb ; 10 % o f  t h e  va lues  a r e  comprised between 0.5 and 

0 .7  ppb. When comparing these va lues  w i t h  t h e  r e s u l t s  ob ta ined  i n  September, 1978, 

a t  10 wa te r  catchment p o i n t s  s i t u a t e d  l e s s  than  100 m f rom t h e  r i v e r ,  one observes 

t h a t  no va lue  reached t h e  p o t a b i l i t y  t h r e s h o l d  ( 1  ppb) a long t h e  Thur. 

# 

D I S C U S S I O N  OF RESULTS AND OUTLOOK 

The work, wh ich  comprises a t  t h e  same t i m e  a m o n i t o r i n g  o f  t h e  s i t e  and an e x p e r i -  

men ta t i on  on columns, enables t o  g a i n  a g l o b a l  v iew concern ing  t h e  problem o f  migra-  

t i o n  o f  mercury.  I t  i s  neve r the less  u s e f u l  t o  remind here  t h e  importance o f  t h e  

e f f e c t  o f '  s c a l e  ; i n  o t h e r  words, one must n o t  f o r g e t  t h a t  t h e  phenomena, i n  t h e  

na tu re ,  a r e  f a r  more complex i n  space and i n  t i m e  than  on t h e  phys i ca l  model, t h e  

i n t e r e s t  o f  which l i e s  i n  t h e  s tudy  o f  t h e  e lementary  mechanisms. 

I t  i s  n o t  poss ib le ,  w i t h  t h e  a n a l y t i c a l  method wh ich  was u t i l i z e d ,  t o  t e l l  i n  which 

fo rm mercury has been t r a n s f e r r e d .  R e f e r r i n g  t o  o u r  exper iments,  and w i t h  due cons i -  

d e r a t i o n  o f  t h e  l i t e r a t u r e ,  i t  s t i l l  may be admi t ted  t h a t  : 

- i f  t h e  mercury p resen t  i n  t h e  p e r c o l a t i n g  f l u i d  e x i s t s  as a p r e c i p i t a t e ,  i . e .  t h a t  

i t  i s  i n s o l u b l e ,  i t  may be r e t a i n e d  by s imp le  c o n s t i t u e n t s  o f  t h e  porous medium such 

as sand ; 

- i f  mercury i s  bound w i t h  v e r y  f i n e  suspended m a t t e r ,  a p a r t  o f  i t  may m i g r a t e  i n t o  

a sand medium ; 

- i f  mercury e x i s t s  i n  a s o l u b l e  fo rm ( i n  o u r  t e s t s ,  t h e  s o l u b i l i z a t i o n  was due t o  

t h e  a c t i o n  o f  sodium h y p o c h l o r i t e ) ,  i t  may be t r a n s f e r r e d  th rough t h e  porous medium. 

The s o l u b i l i z a t i o n  ob ta ined  i n  some t e s t s  i l l u s t r a t e s  t h e  r e s u l t s  desc r ibed  by Hem 

(1970),  who has shown t h a t  t h e  presence o f  c h l o r i n e  i o n  i n  an o x i d i z i n g  water  favours  

t h e  s o l u b i l i z a t i o n  o f  mercury.  

- i f  t h e  bo r ings  f o r  d r i n k i n g  wa te r  supp ly  a r e  s i t u a t e d  near  a medium p o l l u t e d  w i t h  

mercury,  i t  i s  compulsory t o  examine t h e  c h a r a c t e r i s t i c s  o f  wa te r  and sediments ( t h i s  

i s  t o  be done a t  r e g u l a r  i n t e r v a l s ) ,  as w e l l  as t h e  s t r u c t u r e  o f  t h e  a q u i f e r  ( f i s s u r e d  

o r  no t ,  g r a i n - s i z e  d i s t r i b u t i o n ,  c o n t e n t  i n  c l a y  o r  adsorb ing  complex, e t c . )  ; 

F o l l o w i n g  p roposa ls  a r e  suggested i n  t h e  management o f  d r i n k i n g  water  : 
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- when contro l l ing,an a q u i f e r  suspected t o  be p o l l u t e d  w i t h  mercury, water samples 

must be c o l l e c t e d  a t  l e a s t  every month, so t h a t  a s i g n i f i c a n t  op in ion  can be formu- 

l a t e d  ; a content exceeding 0.5 ppb requ i res  specia l  a t t e n t i o n .  

mercury i n  so lub le  forms i n  aqu i fe rs ,  i t  i s  necessary t o  e f f e c t  systematic exper i -  

ments, w i t h  a p rec i se  c o n t r o l  o f  such parameters as : chemical forms o f  mercury, 

physical-chemical c h a r a c t e r i s t i c s  o f  porous media, f l o w  regimes ... 

I n  order t o  ga in  a b e t t e r  knowledge o f  the phenomena o f  t r a n s f e r  and spreading o f  
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