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Redox transformations of mercurial compounds in nature 
have been explained in terms of actions of either specialized 
enzymes or certain biological products such as methyl 
cobalamin and humic acid (ALBERTS et al. 1974, KRENKEL 
1974, VALLEE and ULMER 1972). However, even though the 
formation of methyl mercury as a bi-product in the industrial 
preparation of acetaldehyde by the hydration of acetylene is 
well known (KRENKEL 1974), no attention has yet been given 
to the possibility that the biological products, ethylene and 
acetylene (SEQUEIRA 1973, YANG 1968), may be involved in 
a simple non-enzymatic reaction protecting organisms from 
exposure to mercuric ions. 

Ethylene and acetylene are known reducing agents and 
should readily reduce mercuric solutions because of the 
extremely high potentials of the Hg2+/Hg 2+ and Hg2+/Hg ~ 
couples. It has already been established that mercuric salts 
in reactions with high concentrations of propene and other 
higher molecular weight olefins may yield metallic mercury 
(STRINI and METZGER 1966). The possible involvement of 
ethylene or acetylene in a mechanism related to mercury 
tolerance in living organisms may have been ignored because 
of the low concentrations of these gases in the environment 
(0. 005 to 0.05 pl per liter of air). The data given below 
confirm that mercury may be vaporized from I. 5 pM solutions 
of HgCI 2 either by air, or by a purified airstream containing 
0.1 pl per liter (0. I ppm) of ethylene or acetylene. The 
reaction is light sensitive, pH dependent, inhibited by 20 ;IM 
AgNO 3, but is largely independent of oxygen concentration. 
It is hypothesised that unsaturated hydrocarbons may play an 
important role in the reduction or alkylation of mercury 
compounds in biological systems and in the environment in 
general. 

METHODS AND MATERIALS 

Mercury volatilization was tested by adding [203Hg]HgCI2 

Bulletin of Environmental Contamination & Toxicology, 
Vol.  14, No. 1 �9 1975 by Springer-Verlag New York  Inc.  

32 



to  e i t h e r  d i s t i l l ed  w a t e r  o r  an i no rgan i c  m e d i u m  which we would 
n o r m a l l y  use f o r  cu l tu r ing  the  alga C h l o r e l l a  vu lga r i s .  The  
inorgan ic  m e d i u m  had the fo l lowing compos i t ion :  

KNO 3 = 25 raM; MgSO 4 = 20 raM; KH2PO 4 = l l m M ;  

FeC13 = 10 ~M; ZnSO 4 = 7 .3  pM; H3BO 3 = 16.2 pM; 

MnSO 4 = 8 .9  pM; CuSO 4 = 0.12 pM; (NH4)6Mo7024 = 4 nM; 

pH= 5.3 

Solut ions at pH 5 and 8 w e r e  p r e p a r e d  by addi t ion of phospha te  
bu f fe r .  

Solutions w e r e  au toc laved  and, in s e l e c t e d  e x p e r i m e n t s ,  
w e r e  d e m o n s t r a t e d  to be f r e e  of m i c r o o r g a n i s m s  by pla t ing 
s a m p l e s  b e f o r e  and a f t e r  each  run  on b a c t e r i o - a g a r .  
[203Hg]Hg C12 was  added to 50 ml  of solut ion,  which  had b e e n  
p r e v i o u s l y  pu rged  with the  a p p r o p r i a t e  gas s t r e a m .  Excep t  
f o r  a 4 cm long Tygon  connec t ion ,  an al l  g lass  s y s t e m  was 
used  and a flow r a t e  of 100 ml  of gas p e r  minu te  was  
ma in t a ine d  (PALLAGHY and RASCHKE 1972). We used  g lass  
e n c l o s e d  ma gne t i c  s t i r r e r s  and found that  l e s s  than  1% of the  
HgC12 was  a d s o r b e d  on to  the  v e s s e l s  (GREENWOOD and 
CLARKSON 1973). An aqua r e g i a  t r a p  was  used fo r  the  
de t ec t i on  of m e r c u r y  vo l a t i l e s  (KOMURA and IZAKI 1971). 
In the a bs e nce  of a su i tab le  gas c h r o m a t o g r a p h ,  we a t t e m p t e d  
to ident i fy  the  spec i e s  of m e r c u r y  evolved  by using t h r e e  t r a p s  
p l aced  in s e r i e s  in the fol lowing o r d e r :  c a r b o n a t e - p h o s p h a t e  
a d s o r p t i o n  so lu t ion  f o r  co l l ec t ion  of m e t h y l  and e thy l  m e r c u r y ;  
ac id  p e r m a n g a n a t e  fo r  co l l ec t ion  of e l e m e n t a l  m e r c u r y ,  and 

~ old fo i l  f o r  o t he r  o r g a n o m e r c u r i a l s  (HENRIQUES et  al. 1973). 
03Hg was  m e a s u r e d  using l iquid sc in t i l l a t ion .  

RESULTS AND DISCUSSION 

When the  incoming  a i r  was  s c r u b b e d  with a lka l ine  KMnO4, 
which  r e m o v e s  t r a c e s  of r educ i ng  agents  and u n s a t u r a t e d  
o rgan ic  compounds ,  the  p e r c e n t a g e  of 203Hg2+ los t  f r o m  the 
ino rgan ic  m e d i u m  was  r e d u c e d  f r o m  27.6% in a i r  to 7 .9% in 
pu r i f i ed  a i r  o v e r  a t w e n t y - f o u r  hou r  pe r iod .  In d i s t i l l ed  w a t e r ,  
the c o r r e s p o n d i n g  amounts  w e r e  27.4% and 4. 7% r e s p e c t i v e l y .  
Subsequent  s tud ies  showed tha t  10 ~1 p e r  l i t e r  of e thy lene  o r  
a c e t y l e n e  added to  K M n O 4 - s c r u b b e d  a i r  c aused  203Hg2+ l o s s e s  
of 33.5% and 39% r e s p e c t i v e l y  o v e r  a s i m i l a r  pe r iod .  

F u r t h e r  r e s u l t s ,  s u m m a r i z e d  in Tab l e  I as the  a r i t h m e t i c  
m e a n s  of s e v e r a l  s e r i e s  of e x p e r i m e n t s ,  ind ica te  tha t  0.1 pl 
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p e r  l i t e r  of e thy lene  o r  a ce t y l ene  v o l a t i l i z e s  m e r c u r y  f r o m  
solut ion,  which could be quan t i t a t ive ly  r e c o v e r e d  in the  t r a p s .  

T A B L E  I 

P e r c e n t a g e  of 203Hg los t  o v e r  the  f i r s t  twe lve  h o u r s  f r o m  50 ml  
of 1. 5 ~M~03Hg]HgC12 in ino rgan ic  m e d i u m  at 25oc .  Q u a n t u m  
f lux f r o m  an i n c a n d e s c e n t  l ight  s o u r c e  was  a p p r o x i m a t e l y  
16 ~E m -2 s -1 (680 h x ) .  

P u r e  oxygen  
H y d r o c a r b o n  and n i t r o g e n  
added pH of I. C .M.  m i x t u r e  High p u r i t y  
(pl p e r  l i t e r )  so lu t ion"  (21% O2/79% N 2) n i t r o g e n  

0 5 .0  - 12.6% 
0 5 . 3  15.7% 14.8% 
0 8 . 0  - 16.8% 

C2H2(0.1) 5 .3  - 53.7% 
C2H4(0.1) 5 .3  44.7% 50.2% 
C2H4(1. 0) 5 .0  - 38.6% 
C2H4(I. 0) 8.0 - 52.2% 

Of the  m e r c u r y  evolved,  85% was  in the  KMnO 4 t r a p  and 
the r e m a i n d e r  in the gold foil ,  sugges t ing  that  m o s t  of the  
m e r c u r y  evo lved  m a y  have been  in the e l e m e n t a l  f o r m  (Hg~ 
T h e s e  p e r c e n t a g e s  w e r e  iden t i ca l  w h e t h e r  a i r  o r  e t hy l ene  
added to K M n O 4 - s c r u b b e d  a i r  was  used .  Howeve r ,  t h e s e  
t r a p s  a r e  not t o t a l l y  r e l i a b l e  i n d i c a t o r s  (HENRIQUES et al. 
1973). The  m e r c u r y  evolu t ion  o b s e r v e d  under  e t h y l e n e -  o r  
a c e t y l e n e - f r e e  condi t ions  (Fig. 1, T a b l e  I) i nd ica t e s  t r a c e  
amounts  of r educ i ng  agents  in the  so lu t ion  o r  tha t  s o m e  m e r c u r y  

of[203Hg]HgC12 suppi ied  was  a l r e a d y  in in the  v ia l s  the  
r e d u c e d  f o r m .  The  l a t t e r  was  m o r e  l ike ly ,  s ince  the amounts  
evo lved  w e r e  r e p r o d u c i b l e  f o r  s a m p l e s  t aken  f r o m  the  one vial ,  
but v a r i e d  b e t ween  v ia l s .  
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F i g u r e  1. Evolu t ion  of m e r c u r y  f r o m  ino rgan ic  m e d i u m  
plo t ted  aga ins t  t i m e  at pH 5.3.  (a) 0.1 pl of e thy lene  
p e r  l i t r e  of high p u r i t y  n i t r o g e n  (b) high pu r i t y  
n i t rogen .  The  r e a c t i o n s  do not follow f i r s t  o r d e r  
k ine t i c s .  In each case ,  the to ta l  amount  of HgC12 
ava i lab le  f o r  r educ t i on  was  7 5 n m o l e s .  Quantum f lux 
was a p p r o x i m a t e l y  16 ~E m -2 s -1.  

Addi t ional  e x p e r i m e n t s  showed that  d a r k n e s s  r e d u c e d  the  
e thylene ,  a ce ty l ene ,  o r  a i r  m e d i a t e d  evolu t ion  of m e r c u r y  by  
about 30%, whi le  20 pM AgNO 3 inhib i ted  it c o m p l e t e l y .  
AgNO 3 did not a f fec t  the r e s i d u a l  component  of m e r c u r y  
evolut ion o b s e r v e d  in high pu r i t y  n i t r ogen  o r  K M n O 4 - s c r u b b e d  
a i r .  Ra i s ing  the  pH m a r k e d l y  enhanced  the  e thy lene  induced  
m e r c u r y  evolu t ion  (Table  I), sugges t ing  tha t  the  known 
ins tab i l i ty  of weak ly  ac id  o r  a lka l ine  HgC12 so lu t ions  may  be  
due to th is  e f fec t .  

T h e r e  a r e  a n u m b e r  of s t r i k ing  s i m i l a r i t i e s  be tween  the  
data  p r e s e n t e d  above and s o m e  of the  f e a t u r e s  of m e r c u r y  
c o n v e r s i o n s  in b io log ica l  s y s t e m s .  F i r s t ,  TONOMURA et al. 
(1968) s ugges t ed  as a pos s i b i l i t y  tha t  the v a p o r i z a t i o n  of 
p h e n y l m e r c u r i c  a ce t a t e  by m e r c u r y  r e s i s t a n t  b a c t e r i a  m a y  
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involve  a ga seous  subs t ance  evolved  f r o m  the b a c t e r i a l  s u r f a c e .  
Second, p lants  and a l a r g e  n u m b e r  of b a c t e r i a  and fungi m a y  
p roduc e  c o n s i d e r a b l e  amounts  of e thy lene  (SEQUEIRA 1973). 
Th i rd ,  m e r c u r y  v a p o r i z a t i o n  by  an H g C 1 2 - r e s i s t a n t  s t r a i n  of 
E. coli ,  f r o m  which an Hg 2+ r educ ing  e n z y m e  has  been  
i so l a t ed  (IZAKI et al. 1974), is a lso  m a r k e d l y  inh ib i ted  by Ag + 
(SUMMERS and SILVER 1972). Four th ,  m e t h y l a t i o n  of Hg 2+ 
by  N e u r o s p o r a  involves  me th ione  b i o s y n t h e s i s  (LANDLER 1971), 
which is the p robab l e  pathway fo r  e thy lene  b i o s y n t h e s i s  in 
plants  (YANG 1968). Fif th ,  the  m e t h y l a t i o n  and r e d u c t i o n  of 
m e r c u r y  compounds  by  me thanogen ic  b a c t e r i a  is we l l  known 
(WOOD et al.  1968). It s e e m s  l ikely,  t h e r e f o r e ,  tha t  any one 
of a n u m b e r  of u n s a t u r a t e d  h y d r o c a r b o n s ,  e thy lene  and 
a c e t y l e n e  in p a r t i c u l a r ,  m a y  be involved  in the  b io log i ca l  
r e d u c t i o n  o r  c o n v e r s i o n  of m e r c u r y  compounds .  It has  a l r e a d y  
be e n  noted  by S U M M E R B E L L  et al. (1962), amongs t  o the r s ,  
tha t  w h e t h e r  one obta ins  the  a lky la ted  o r  r e d u c e d  f o r m  of 
m e r c u r y  in r e a c t i o n s  of Hg 2+ with an o lef in  depends  s imp ly  
on the mo l e  r a t i o  of the  r e a g e n t s .  In view of th i s  hypo thes i s ,  
it would s e e m  i m p o r t a n t  f o r  i n v e s t i g a t o r s  to t e s t  w h e t h e r  
H g 2 + - r e s i s t a n t  s t r a i n s  of o r g a n i s m s  a l so  had a g r e a t e r  
capac i ty  to p r o d u c e  u n s a t u r a t e d  h y d r o c a r b o n s .  

The likely reduction of mercury by low concentrations of 
ethylene and acetylene, regardless of whether they originate 
from biological sources or atmospheric pollution, suggests 
an alternate mechanism (ALBERTS et al. 1974) by which 
elemental mercury might be released into the atmosphere. 
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