29 1 Vol. 29, No . 1
2005 1 ACTA  HYDROBIOLOGICA  SINICA Jan. , 2005
if 1 n =2 ?ﬁ %;ﬁl 2 Lo 21
N G HHE A T e
(1 ;2 430072)
1 >
35°C pH7.0 0.7% 0. 5g/L Fe** ,
) pH
: X172 A : 1000-3207( 2005) OF 0050- 05
1 ,
[1.2]
, L (g .
, 50—100
1.1 Agilent
, C18 Sep-Pak HP1100
: 134 ; UV-9100
) Mill+ Q HeCly
, MMHg M:  166Hmol/ L
EDTA 0. Imol/ L - ,pH4.0
, SRB : KHoPO4 0. 5¢/ L. NH4Cl 1. Og/L
,  Hg* _)MMHg/ DMHg, He™ _’HgO[S] MgS04 2. 0g/L. NaCl 1.0g/L FeSOs 0. 5g/ L. NaxSO4
, , 2.0/ L 0. 2¢/ L 0. 2¢/L.
) (SRB) 3. Oml/L 1. 0g/ L
Lol A 1
, 0. 8m; B 1
, pH 1.2
A 96h
:2003-04-17; : 20040715
(KZCX2414; KZCX3-SW-431)
(1979—),

, E-mail: xuying@ ihb. ac. cn



51

1
pH Fe™* 2 HeCla
SRB 9d MMHg 35C ,
, UV9100 R 47% ,
,  625nm s SRB R s
1.3 , ,
SRB
, 35T 5d HgCl
, HgCl2 10mg/ L. 4 5 5C MMHg ,
5
(Lis(47)) , pH ’
5 , MMHg 20°C
, , 50% —70%'"  Callister ~ Winfrey'®
35C Korthals  Winfrey'
2 2
30%
2.1 5.0
. 4d S 4 T4
F62+ é 4.4 '/v/ . s
, , SRB E 3.0 /,‘/‘
5 Y il —a—= .
SRB SO42— 52— , F62+ % 20 /‘/ , —— 2
0
FeS  SRB B, /' /:;f e
R 35C pH7.0 0.7% jdf;f
2+ 0 -
0.5¢/L Fe , ) . . . i .
] 5 10 15 20 25 30
1 B 8 Time/(d)
, 2
, , Fig 2 Effect of temperature on mercury methylation
) 1- 5C;2- 15C;3- 25C;4- 35C
0.204
3
0.16+ pH
n HeClbod pH
& 0124
e} pH5. 0 ,  47%
(.08
] . . . "
0.041 _ u
" S 4 g
0t : ; . — & {
0 2 4 & & o I2 E /
B ] Time/(d} EREL D e e e w2
g /
1 SRB :JEJ / /_,«’:,“ !
Fig. 1 The curve of SRB growth under the optimum condi ons | .;‘{-/. £ vd
£ F L
2.2 o]
2.2.1 , ¢ 5 1o 15 20 25 A
. ] Time/(d)
, 35C pH
5.0 Omg/ L Omg/ L 3 pH
0.7% Fig. 3 Effect of pH on mercury mehylation

1- pHS5. 0; 2— pH6. 0; 3— pH7 0;4- pH8 0



52 29
SRB pH7.0 | Hg**
. 19% JHeS H SRB
pH . pH7.0 |
, pH5.0
-~ 5
pH % f( 1
g 4 .
. pH 3 /
Hg MMHg E s
£
10 g f
pH, Hg o] By e T
2+ o
-l ; He ¥ I
# 1 o .3
[11] i
ol - v
4 [ v
0 5 10 15 20 25 30
’ it iE] Time/(d)
S0mg/L , MMHg
23% , MMHg 5
s , Fig 5 Effect of sulfide on mercury mehylation
1- Omg/L; 2— 10mg/L; 3- 20mg/ L; 4— 100mg/L
6
? 2 N ” 47%
’ ’ " 3.5%
Porvari  Verta
, MMHg MMHg
, Miller' ™
Hg2+ HgO,
y —— (14
S |
Eﬁ . Ve 40%
E: /./ ha Nk a3 ’
£ ¥ s [15]
§ ‘/‘ — Ty
g 24 /" 1
2 b
o] X 54 .
B / 2 s
# é/‘{ v é o /
0 E /'
v T . T T v g 3
D75 T 15 do 35 do £ /
#e] Times () g 2] /
. i
£ )
4 /I .'.,.»Ai‘ k& 4 q
Fig 4 Effect of humic acid on mercury methylaon o &1'{:‘: _‘:Vvvv . . -
1- Omg/L; 2- 10mg/ L; 3— 0mg/ L; 4— Omg/L 5 s 0 15 30 5 %
B4 1A Time/(d}
5
NaS , , 47% 6
NapS , NaxS Fig. 6 Effed of salinity on mercury methylation
- 0.7%;2- 1 4% ; 3- % 34— 3.5%
100H1g/L ’ MMHg 1- 0.7%;2- 1 4% ;3- 2 1% ;4 5%

MMHg

SRB He( 1)



53

1
: 78 . MMHg 0. mg/ L,
1 Regnell
10 ~n—HgCi, . 1[16]
% ] —e—MeHg Tunlid HgCl,
£ , ,
2
= 6_
E —
. - MM H
]
(&) 2 f
m = |
© o \ , MMHg
oJ A
8 5 do 5 20 25 30
Bl Time/(d) MMHg ,
18
; , MMHg el :
Fig. 7 Dynanic curve of mercury methylation under MMHg ,
the optimum conditions MM]‘Ig
2
7 . SRB . Hg’ ’
. MMHg .9d ;
Hg2+ , MMHg , MMHg , MMHg
4. Tmg/1. , .SRB
2.3
MMHg (1)
Hg2+ )
MMHg 10mg/ L, 4. Tmg/ L, >
Hg™ MMHg
. SRB H,S, He* (2) ;
S HgS, HgS Hg*
, 35T ;
2
8 ’ SRB (pHS. 0) ;
MMHg ( 3), :
(0. 7%)
(2 9d  MMHg
0. Sme/L. 1% [ 1] EricD S Yoram C, Atthwr M W, Environomental distribut on and trans-
-omg/ L, . L. .. S .
5 ¢ format on of mercury compounds| J]. Crtical reviews in ewironmenial
5 i ’ sdence and technology, 1995,26( 1): 1 —43
- 4
'~§‘J 4 J [2] XuXQ,DengGQ,HuilY, et a. Heavy metal pollution in sediments
£ / . on et
- > > & g > resave aree . 1 ( C R N
E ] from the three gorge resavoir area[J]. Acta hydrobiologica sima
E H /' 1999, 23(1): 1 —10[ R s R
g 5 / ) L1999, 23(1):
; ’ 1—10]
# 1 jf 9 [ 3] Tetswo H, Hsamisu N, Yoshitada Y, @ al. Formation, digribution,
N AR oe i ::‘. . . ‘3 and ecotoxicity of methylmetals of Tin, Mercury, and Arsenic inthe er
7 ; . . . . — vironment [ J] . Giticd reviews in eironmentadl science and technology ,
10 15 20 25 30
B8 Time/(d) 1995,251) : 45—91
[ 4] SusanneM U, Trevor W T, Svetlana A. Mercury in the aquatic env+

8

Fig 8 Effect of microorganism on mercury methylation

romment: a review of factors affecting methylation|[ J] . Criticd revieus

in ewironmental saence and techrology, 2001, 31(3) : 241 —293



54 29

[ 5] Robinson J B, Tuwvinen O H,Mechansms of microbial resitance and water exchange of mercury over mid- cont nent al lacustrine regions| J] .
detox ffication of mercury and organomercury compounds-physiological, Water , Air, and S oil Pollution, 1991, 56: 745
biochemical and genetic analyses| J] . Microbiol. Reviews, 1984, 48 95 [12] Amyot M, Lean D R S, Poissant L, Didribution and trandormation of
[ 6] Gimouw CC.,HenryE A.,Mitchell R, Sulfd e stimulation of mercury elemental mercury in the St. Lawrence River and Lake Ontario[ J].
methylation in freshwater sediments [ J]. Emiron. Sci. Technol., Can. J. Fish. Aqua. Sd.,2000,57:155
1992, 26: 2281 [13] Miller D R, The role of humic acids in the uptake and release of mer

[ 7] Wright DR, Hamilton R D, Release of methymercury from sediments: cury by freshwater sediments [ 1], Verb. Inema.. Veran Limnol.

1975,19: 2082
[ 14]  Compeau G C, Batha R, Fffect of salinity on meacury methylating ae-

effects of mercury concentration, lov temperature and nutrient addition
[J].Can. J. Fish. Aquat. Sic. , 1982, 39: 1459

[ 8] Callister SM, Winfrey M R. Microbial methylation of mercury in upper
Wisconsin River sediments| J| . Water, Air, and Soil Pollution, 1986,
29: 453

[ 9] Korthak E T, Winfrey M R. Seasonal and spatial variations in mercury L13]

tivity of sulfa e reducing hacteria in estuarine sediments|[J] , Appl. En-
viron. Miaobiol. , 1987, 53: 261
Compeau G, Batha R, M ethylat on and demethylat ion of mercury under

methylation and demethylation in an oligotrophic lake| J]. Appl. Envi- controlled redox, pH and salinity conditions[J] . Appl. Environ. Micre-

ron. Microbiol , 1987, 53:2397 biol. , 1984, 48: 1203
[10] LeeY H,Hulherg H. Mahylmercury in some Swedsh suface waters [16] Regnell O, Tunlid A, Laboratory study of chemical speciation of mer
[J]. Emiron. Toxicol. Chem. , 1990, 9:833 cury in bke sediment and wa er under aerobic and anaerobic conditions
[11] Fizgerald W F,Mason R P, Vandal G M, Amospheric cycling and aie [J], Appl. Enwiron. Miaobiol. , 191, 57: 789

MICROBIAL METHYLATION OF MERCURY AND THEIR AFFECTING FACTORS
IN AQUATIC ENVIRONMENT

CHEN Xiao', XU Ying?, ZHANG Jia-Yao', HUI Yang’ and SUN LiPing'
(1. Depatment f Emvironmental Sdence, Wuhan Unwersity, Wuhan — 430072;
2 Institue ¢ Hydrobiology , The Chinese Academy of Sdences, Wuhan — 430072)

Abstract: Sulfate-reducing bacteria( SRB) was isolated fran the sediments of the oxidation pond of Ya Fr Lake hubei, a heavily
polluted lake by dired discharge of chloralkali effluent, and incubated in the laboratory. Iis physiology charaderistics and the ef
fects of environmental fadors were studied. The results show that temperature, pH, salinity, ferrous iron and sulfide grealy affect
their charaderistics. The effects on bivalent mercury methylation of SRB in the simulative anaerobic aquatic system were invest+
gated. The methylation conditions were optimized by the orthogonal experiment. The mercury methylations of SRB under anaerobic
and aerobic environment were studied, as well as its abiotic methylation. And we also studied the effeds on methylation of the sin-
gle environmental fadtor. The mercury campounds were detected by HPLC. In this paper, we developed a simple and rapid method
for in situ preconcentration of inorganic and organic mercury compounds in water samples. At the same time, this developed moth-
od was indicated to be applicable for detecting Hg** and MeHg in environmental water samples in this test. The results indicated
that this SRB grows best under the optimum conditions, such as 35 °C, gH5.0, 0. 7% salinity, 0. 5g/ 1. ferrous iron, and without
sulfide. Mercury methylation in aquatic environment mostly oceurs under anaerobic condition, and is mediated by SRB. And the
abiotic and aerobic mercury methylations are negligible. It has been found that microbial methylation in anaerobic aquatic environ-
ment is influenced by a wide variety of environmental factors. The temperature( 35 C) , pH( 5. 0) and saliniy(0. 7% ) are the most
important affect ing fadors for mercury methylation.

In aquatic environment, Mercury may be one of the most hazardous contaminants. Its elogical and toxicological effeds
strongly dependent on its chemical species present. Species distribution and transformation processes in natural aquaic systems
are controlled by various physical, chemical, and biological factors. Under the environmental conditions, inorganic meraury species
may be converted to many times more toxic methylated forms such as methylmercury. So it is of great necessity and importance for

us to study the miarobial methylation process and their affecting fadors in aquatic environment.
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