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Effects of Citric Acid on Activation and Methylation of Mercury in the Soils of

Water-Level-Fluctuating Zone of the Three Gorges Reservoir

QIN Cai-qing', LIANG Li', YOU Rui', DENG Han', WANG Ding-yong' > "

(1. College of Resources and Environment, Southwest University, Chongging 400715, China; 2. Chongqging Engineering Research
Center for Agricultural Non-Point Source Pollution Control in the Three Gorges Reservoir Area, Chongging 400716, China; 3.
Chongqing Key Laboratory of Agricultural Resources and Environment, Chongqging 400716, China)

Abstract: To investigate effects of the main component of vegetation root exudates-citric acid on activation and methylation of mercury
in the soil of water-level-fluctuating zone ( WLFZ) of the Three Gorges Reservoir area, simulation experiments were conducted by
extracting and cultivating soil with different concentrations of citric acid. The results showed that after adding citric acid, the total
mercury content in leaching solution before reaching peak were higher than that of the control, and increased with the increase of citric
acid concentrations. The maximum amount of mercury complexes increased initially and then reached plateaus with the percentage
against the total mercury in soil of 1.03%, 1.67% , 1.99% , 2.47% , 2.68% , 2.73% and 2.73% for different citric acid
concentrations (0, 1,2, 4,5, 6 and 8 mmol-L™"). In addition, concentrations of methylmercury ( MeHg) in soil remained stable in
the first 3 hours, and then increased accompanying with the increasing rate rising with the concentration of citric acid ( besides the
control group). This result indicated that citric acid probably could promote the transformation process from inorganic mercury to MeHg
in soil, which increased with the concentration of citric acid.

Key words: citric acid; water-level-fluctuating zone ( WLFZ) ; soil; mercury; activation

TKRE S HL TR SR (Hg) USRS R 5K
FETK PEAE 25 R G RS 2247 R 45 R AR G2
FRRITR S ) — Y RS R, K R
A R IR 035 A K B AR ol v % 1) 4 39 A
Wl K K A 44 R T LR ( MeHg ) Y o 52
RVR' T e K R R TR R R AR R K
R 14 1 1y X0 LA R R B A B v B R 30m,
TR IT 400 km® BT TEAT S I TR HLA R
PR KGR K 1 5, B4R 4 ~9 A Y BRI e) £ 2
K KR 8 ) B AR, B 7K A7 L R 7% X
W, e BT E TR AR AR S e A At
PR AR - T A - 1 A K Y BT R R T A B A

A R A 2 PP PR A i i o) ] - 7
TR AL O A SR 0 e v i AR R
LI =g B9 e s UL 7 T BT B u (A 6 S N
B i AR WIS PSR AL, o 8 25 88 50 3 09 3 Ak
FIRS SE T BUAFIR IO FREE A5 F. AR AR i) 17y
SR AL S R/ N T A HLIR (WA IR |
M AR ENREEE 4G W, E AL E R

Wi B 2015-06-11; {&iTHHA: 2015-07-08

ELWHE. B K & o &l WF 5 & B MR (973) W H
(2013CB430004 ) ; [5 5% [ $% F} 2 3£ 4 300 H (41373113,
41173116 5 1 Je m L He A0l 55 2% & 1 ( XDJK2015C124 )
BB WETE (1991 ~ ), 59 W5 A, R BT 07 1] IR B%
1EYfb  E-mail; 18883319112@ 163. com
# SRR A, E-mail : dywang@ swu. edu. cn



12 4] TSN A RIS — WK A T 7 X - h R AL SR S A 4495

AR 4 R AT B L | X b 2 R
FHEFORIIE2EAT . HIL, TS TE R LR AT
TR & K HOE S AR ACRRAE, SR AT < KRR
BN Y EE LAY

ENANC & A 1F 2 LR AN G . 5
B AR g Cd, Cu, Ph EHEBIH
—EMTEILEE S 1 T A LR X 3P H
A 2E AT R 5 W B 0 A X D 207 R R A
K ARS T PR 4 b T 4 R A T AR
Mfb . &4 IR DL R A AR R 25 2 SR
TN [R5 45 i 22 (AL A7E 25 57, AN R Fb 28 1 A5 AL IR X6
ANTRLHi DX A 498 ) 5 M RIOR AN AR R BRI, 56 F
53 A HLIR AT — e 7K P Vo IX. - 38 v SR fig i %
LIRS R A IR Z WA MEAR IR AR &, i kT
BRI AR 2R 53 1y v SR I 40 = A HLIRR
= IUR, A WR LTI RE A FOG R mE. H
I AR 9T RS T 91 ¥ X 3 il 5 2 AR L S
FHASTRI MR BE AT R R 1 W A3 o 2 B L 3% 8 ) 1R
TN [ e Ay AR T 9 B[] Xk = e/ P2 T v 1X £
B R A S A s IF A B B3 B R B
o B AR TR W T R 5 S sF [ 114 28 AL AR AE

1 #RE5FE

1.1 SRS e

PR T 2014 4F 7 H R B =K PEIE O MY
iR B 5 ZE B BCAP (N30° 257 7.5,
E108°10'5. 5") 1 7% DX AR #1050 3, HLILAS AL o
W 1. ¥ AL BRAEY B AR R AL, YR T HL(LG-
10C, db5t) ' VR 1 f5 FH 353 54 F B B i, ok 60 H
it , T — 80°C MR VKAR ( HARE S22 DW-HW328, %
B0 ROCORAAE . AR ERR (LR TR e ik 1
PR AR AL, K I ) e 2 3 0 (0 HR
H).1.2.4.5,.6, 8mmol-L™"WEH)E,HIED
AT Th BAE A ERIGH P pg IR oK. S0
it P00 A8 T 30 T e ML (50 P iy 34 A 7R (25%
R ) R 24 h DLE FEABAIK (18.2 MQ-cem,
Millipore integral 3, Molsheim France ) J& 1% , &5 7E
HEAE LT T, BB AR IILZE Hh 3R 7 500°C Ky ke 1
h, FETR 1 TCR B R N E G . SE0 B FH RG4S
TR I £ 4% ( Brooks Rand ). ZE56 4 1d 72
i E— ke T2 ke sg T5 4y, 2 RS 25°C
+2C.

F1 T ENERELER

Table 1  Physicochemical properties of soils used in this research

AL CECV HUZH B/ % KA ik
P /gkg™' /emol-kg™'  <0.002 mm <0.02mm  0.02~0.25mm  >0.25 mm THg/pg-kg ™! MeHg/ng-kg ™!
7.46 9.55 17. 12 19.28 50. 28 48. 69 1.03 45.09 0. 12 249.46 +10. 28
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Table 2 Fitting results and parameters of mercury complexation in soil for the treatments with different citric acid concentrations

PR AR R S

WG T . %% 5 18] B2/ min AHE R B R
/mmol + L. k b

c, =kt +b 0 0~120 0.0917 12.277 0.9979
1 0~120 5.0206 13.123 0.9857
2 0 ~60 6.5458 17.217 0.989 1
¢, =klnt +b 4 0 ~60 8.5070 18.961 0.9793
5 0 ~30 11. 496 19. 966 0.990 5
6 0~30 10. 464 25. 105 0.996 1
8 0~10 12. 413 33.334 0.9989
2 60 ~ 120 0. 000 1 0.9909
| | 4 60 ~ 120 0. 0002 0.9913
?_Z:kl 5 30 ~120 0. 000 2 0.989 4
6 30 ~120 0.000 3 0.996 1
8 10 ~ 120 0.000 3 0.998 8
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Fig. 1 Contents of RHg, DHg, THg and A in each time point for the treatments with different citric acid concentrations
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Fig. 2 Effects of different citric acid concentrations on

RHg,THg and mercury activation in extracts
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Fig. 3 Concentrations of total mercury in different sediments
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treatments with different citric acid concentrations
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