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Release of Mercury from Soil and Plant in Water-Level-Fluctuating Zone of the

Three Gorges Reservoir Area and Its Accumulation in Zebrafish

LI Chu-xian' , SUN Rong-guo' , WANG Ding-yong'>*, ZHAO Zheng', ZHANG Jin-yang' , MA Ming' >, ZHANG
Cheng'*”

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

Abstract: To investigate the production, distribution and bioavailability of methylmercury ( MMHg) in soil and plants of the water-
level-fluctuating zone ( WLFZ) of the Three Gorges Reservoir area, simulation experiments were conducted in laboratory. Results
indicated that the level of total mercury (THg) in soil decreased with the lengthening of submerging time while that in water increased
obviously. The level of MMHg in inundated soil and water increased, especially in the water treated by Echinochloa crusgalli and soils.
And the MMHg level in that treatment was 2. 52 times higher than that treated only by soils for 21 days. This indicated that soil and
plants of WLFZ were important sources of mercury in the water of the reservoir. Echinochloa crusgalli as the tested plant was
decomposed after being submerged, leading to lower pH and DO and higher DOC, which had little effect on MMHg in soil but
significant effect on MMHg in water. The level of THg in the head, viscera and muscle of zebrafish increased obviously, which had a
significant correlation with that in water (P <0.01). MMHg levels accumulated in the head, viscera and muscle of zebrafish differed to
some degree, particularly in the head and muscle. After treated in the soils for 21 days, MMHg levels in the head, viscera and muscle
of zebrafish were 1. 75-6.25, 3.53-8.38 and 2. 22-3.36 times higher than those in the control groups, respectively. While for the
treatment of Echinochloa crusgalli and soil, MMHg levels in zebrafish’s head, viscera and muscle were 3. 57, 2.37 and 1. 52 times
higher than those treated only by soil, respectively. Therefore, submerged soil was the main source of MMHg in fish. And submerged
plants changed the water condition and affected the release of mercury to water so as to cause elevated levels of MMHg in fish.
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PR B F AL R R, i T AL R ) H 3R R % Ak i
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S5 A R, TG BE 2 BIF 5T 7K P SR g Y T 2
TS

=K P SR TR R TS B AR R T UK R
FH4E 3 ~8 HHEAKIK N, TR, 2B 4 % 2N
30 m, ML 440 km® BYIEIEX . P IEHZIX
SRR AT, TV X 2 A R AR B, 9 A
~ WRAE 2 A E KK A b TF I 7 X W T
X KA IR EE 5 2, (o = 0ol A T 7 XK ) 2 PRk
YA - B o M- K A T R IR T RE S
M) 381) 914 % DX 385K 10 75 16 -5 B, 388 Jn X 38 2B 5 26

BEoR B RS, i, ABFTERAE T ¥ X 4 1l
PRIk 2R 28 BB, PR 1T 7% X 7K 40
I AR I AR AR IR AR Bx £ M SR A2 K-
IR,

1 #RE5FE

1.1 X5k

ik R | R B IR 2R B =0 DO
i H DR S8 B A0 5B BUR (N30°25°7. 57, E108°
10'5. 5") ik X, TIEFES KT | 220 2 mm | R
A). B AT R PE BT LR 1. MR I X
i BE e K BB ( Echinochloa crusgalli) , o i
K (THg) . MMHg & & 43 il 47: 10.62 ng-kg™' .
80.70 ng-kg ' HHAXFH/KFEI A A FEHERKIL T,
HHEAPEFT LR 2. A A0 R BE 0 (fA T 0.38 ¢
+0.03 g, 4K 3.90 cm £0.51 cm) , iR 5 FHAEHR
FHZKBIAE 30 d SBITE] 4 P R IR — K (ARDRHIA 1 =
KA 3 A R REE A BR 2\, dE 5T, THg < 3.57
ng-kg™' ,MMHg <2.63 ng-kg '), W& & A B M
REE Y 2% . 505 Bl AR B I 1, R L 60
cm X W30 em x H 40 cm.

F1 X TEHERELER

Table 1 Physicochemical properties of soils used in this research
- AL CEC HURZH L %o THg MMHg
P /g-kg ™! /emol kg ™! >0.25 mm <0.02 mm <0.002 /pgekg ™! /ng-kg ™!
7.97 12.43 15. 51 1.44 75.38 23.18 80.39 +7.39 489. 82 +34.39
R2 KEERMER
Table 2 Properties of water in the Yangtze River
AR T/ mg- L~ TH MMH
pH DOC/mg'L_] " _mg 5o _ g—l %1
Nat NH, Cl SOy NO; /ng-L /ng-L
8.53 3.80 £0.23 17.58 1.10 5.35 0.20 2.29 20.51 £3.71 0.1558 =0.033

1.2 @it 5k

IRV E 3 AALEE, 200 AL RE AU
Ky B BAE; Co M + R, X5 AT B, C 355
FORHAIMA 6.5 kg 8, LZEEAS em. K
Jo a4 H T B8 A 40 LKEE B8 7 d. 15
] C AEFRF BTN 150 g BREGERE | IF7E 45 A0 38+
B U7 2 em Ab B E —5K Teflon W, LB 1E 5 +
WAL . B A5 20 ORIV A BE
o ST T 3 MR, AR 3
NEE, B S EZ N E 3 K. %= EE A
14°C £ 2°C &M T, 3 5 1 (8] R % 5 5 £ 9 47
A

1.3 FESLCREE RS

TR R 1,7, 14 K21 d REKFEK
+4E. H Teflon B UL A 150 mL 7K FEF 0l fEDE
BT BRILE 0.5% R A, H A il EIRR
FEASAEDE B BT U J8) B (B) 2 050 R4 AT A B4
L RTHLR T BE AT 0. 149 mm B RIRAT.
FESS 7 S 21 d BB RAE (bt 5 ), BB FE VK
88 LR, S . IE LR T A 34 oL
T BEAIF R AR

JKHFE THg, MMHg 45 I J7 325 73 1l 4% B USA
EPA Method 1631 °! | Method 1630 "' 475, F|
FHAAR 3512 IR 28 6 1% ( GC-CVAFS) T & 1
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g R n R d MMHg 5 5, DMA-80 [ 44 1 R
H SR A 42 + 3 ) A rh THe & &, DOC
AN E « BOUK R 0. 45wm J5, FH 4 A 3 TOC 43 #F
Y ( Sievers InnovOx, GE, USA) Il . 53 [R] 2
M5 7K pH ( Sartorius PT-10, German) | ¥ f# 4
DO( YSIS50A, USA).
1.4 sl Mg ab 2

TG BT A %) B 38 A L 7E (5 R X A R
(25% ARFRIL) R 24 h LA b WAl Kk 40
B 500°C KIS 30 min, 78 77 15 0 R (IR TR H)
JEMEA. 3B ad B b R A R A o)
FE | ATRESE S BOMAR ISR SEAT B . AR
FRUEYIT ) GBWO7405 (GSS-5) , tatEbRifES %W
5 kT fkE NRCC-TORT-2. AR H6 %t T~ FEAFE 5
TRAE B IR DU A 181 e 2845 R 93% ~ 112%

88% ~ 109% ; MMHg il & fil A [=1 05 28 0] 45 531 Ay
86% ~109% . 89% ~113%.

B 4y M 5 48 B 43 ) 48 4 SPSS 16.0 5
Origin 8. 1.

2 HREWE

2.1 KHEESENAEL

M3 a0, K G  AbFE A pH JEHH A1k
A0 B FIC o pH ZEEK I B R HAR T Ab 28
A5+ pH T —3,7 d JFIAER pH HA LA
K. AR DO F e 359 B s (7] B SE K T FAAIG, SR AL B
C<B<A. 54bBEA ML AL B A C AR
A ML (DOC) HB 8 T+, HARHE C /) DOC i T
B, A, ULEH H 48 W 5 & K AR B CA AL, AR
R U 7K A DOC fy ke )

®£3 RWHEKEF pH {E, DO, DOC REEWL
Table 3 Variations of pH, DO and DOC in the water during the experiment

it i/ d pH DO/mg-L~! DOC/mg-1.~!
A B C A B C A B C
1 8.45 8.50 8. 46 6.98 7.06 7.11 3.44 3.56 3.43
7 8.43 8.01 7.88 6.54 6.23 5.50 3.19 4.58 9.50
14 8.34 7.98 7.82 5.87 5.74 4.45 2.98 4.67 8.85
21 8.35 8.19 7.80 5.43 4.83 3.09 3.23 3.87 8.56

2.2 RORMREHURAE

R 1 (a) ATUL, K S ALEE B 55 C 4P BOR
(THg) ¥ = Y REA, Ui H 88K 5 , R & K
Rk, Ak 7 d J5, &g T3 THg &2 A
B AR BIPAl. HIRWE WE TR 7R A
H THg S —/N Y ARIFE K 21 d J5  AbFE B

75

FHh THe f dit/pg kg™
|

(]
U
|

5 C 3 THe S0 TR T 18.49% | 15.62%.
AbFE A JKAAR Y THY ¥ FE i 5 7K B 7] 22 K T 2
Wi R R, TANEE B 5 C A R ORI
#FE, ZKAR THe W B SR B I T, O 2 Se 1 ) ol
s B 1(b) ], P fesE 7 d WAL B, C K
& THg ¥ F & &, 43 91 h 17.90 ng-L~"', 25.78

30

(b)

24

oo
T

=
T

AR THEHE g L™

T jil/d

E1 LTERKEF THg WELER

Fig. 1

Variations of THg levels in soil and water
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1r1g-L_1 ,ZE%@I@ THg (&fﬁﬂjlﬁﬁ, XA e S
THg [0 AR 4 1A e 4R B - HE P i A .
HE 1(b)RnT A1 AL B, C /KA THg ¥ B I 5
FXHR(ALFE A) A AR AL C K& THe ¥R
IR T B, X —ME it — 2 uE i 17 8
KW K n RE GBI TH 'Y 7R KR 565 1)
9521 d 403 B 5 C MIZKAKR THg We BE 430002 A 1Y
2.62, 3.07 £, R = WK K X L3 Y2
JiE XK THg () — > EER .
2.3 HIHSRIBEUERE

HE 2(a) A0, 40 B 5 C o 1 MMHg &

1600

g

S HEMMHe & fikng ke
g

.
=

et i o [R5 A0 13T B 4 e, W K — S PG e
S R R T K IR S R A R TR AR
Pk RT3 1o L 96k MMHg & 517 FEwioK 21
dJE, A3 B 5 C 9 MMHg & 43 5l & 956. 63
ng-kg™' . 1139.79 ng-kg ', B 1 d £92.20, 2.69
R T X E X R K S AT
MMHg i 7= 4. WK 91, kb3 B 5 ¢ L8
MMHg B 25 (P >0.05) HiXE 14 d 5,
WY AL HE ¢ + 3 MMHg & & P B & T4k B
B, U W] Fifi & B 0] Y S W T RE ) o3 i R TR Y
DOC |, EFEICHRFEXS 145 MMHg iY77 A= A 5.

28
(®)

ARk MMHg ik fE/ng-L™!

0.7

B2 L5k MMHg HEETH
Fig. 2 Variations of MMHg in soil and water

KM MMHg 2546 ULIE 2 (b) |, 50 BRAR HE, Ab
B 5 C  MMHg W B SRS EF. Horp 4b
B B " MMHg ¥k B 5 Je 3 f5 0l i a3 7E5E 14 d DU
FEAER S, R 1. 12 ng- L' B[R] E K MMHg ¥ B
B, TR SRR L AR | A e AR e
PRI A G, AbBE C 5 B KM MMHg ¥ B 78
Hi14 d TH B 2ZER (P >0.05) HIEH K 21 d 5,
K5 1.89 ng-L7' J& B AY 2. 52 5. X & FREE R
] B SE K AN FR C ORI RS I e K R e DOC %
i BT, DO TR (K 3) , AT ok 0y H Ak, DT 4
F kAR H MMHg %

WK 21 d 5 A0 FE B 5 C /KA MMHg ¥
BEAF IR A B9 4. 67, 11.79 £ 4bFE B 5 C AKAKM
MMHg ¥ 75 1k 55 + 2 b MMHg 75 52748 fb 2 4% 5
FH(P <0.01) 3R 77K MMHg E 2R IE T
3. AN 4R B 5 ¢ 3R MMHg 5 THg (9
4y H(MMHg: THg) S0 5 BT 3 (a) ], 45

21 d +3Erf MMHg: THg 43552581 d 19 2. 70, 3. 04
. AWEFEHE Y e B MMHg 5 5 DL %
MMHg & THg f H B3 25 .35 7. Ab3E B Kk
MMHg: THg 2 5G 0% 5 FH iR R & [ 3 (b) ], 1M
CHH7ERT 14 d T W 225, (A5 21 d B H
MMHg: THefx 5 , ik 13.84% , & B 19 2. 16 £i%, Uil #H
B A [ S A ) e 22 S K R 2 80 hE — e 2
JE 2 = /K A& MMHg: THg.
2.4 ORTEMARTYE RRHE
2.4.1  EORFEFRD R E EFRIE

RIS 21 d J5 , S A RP R TE N 0.48 ¢ +
0.13 g, FHERK N 4. 20 em 0. 11 em. il K] [E]
FER ARFE A SR BEFILAIIX 3 AR THe 7
HEARE,(HAE B 5 C SRR E FIHEH,
JFRM A C>B>A(K4). 21 d BAEFE B L& . N
JE e WUIA H TH & 5t 43 501 LA 46 34 3277 %
40.56% 5 42.21% , 1 C B9 W38 0 T 49.09% .
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3 MMHg: THg/%

(b)

ks MMHg: THg/%

B

1
1

El3 t#H55k{ MMHg: THg B4 L34
Fig. 3 Variations of the percentage of MMHg in THg in soil and water

84

(a) THg-3k i (c) THe-ILP
72
-+ A
- OB
P 60 ¢
E
B o4
¥
36 -
(b) THg- 14 I
A5 7 14 21 R 7 14 21 R 7 14 21
i i /d e i)/d it f)/d

B4 #MO&EEHH TH 28
Fig. 4 Variations of THg levels in zebrafish

31.98% 55 50.51% , , H 5 - HEF/K & THe 2 i
FIEAH (P <0.01) , KUY 3% 1 58 5 AE Y 1) KA
RS2 R THg 3800y H R UK.
2.4.2 WHEORTE AR & B FRE

HEL S AT UL, Bl A5 B R] A9 A8 4 4% b B £ fA
MMHg &8 T3, 55 21 d BF, 45 4h 8 fa {4
SLER . N E R LA FP MMHg &5 &80 513650 T 0. 40
~2.52.0.12 ~1.58,0.69 ~2.30 f%. A WL, BELfa
1 3 A~ ERAL A MMHg & 828500, Horpr, Sk 5 L
I MMHg R S B . DA AR B W,
kXt MMHg & 44 RBURGE | HEBR 2292 09 %
fIET

AL PRBE T 0 S R 5 B B A MM Hg i
R, HE A AT i 2, MMHg g8 2 9F Na * #5150 i
PER LR (R G L) NIUR R i i B i ), K

SREMES . A — T, R R K G T aS ey
FEII 0 REATAE TOHLR B R L AR
21 d J5 , 4bFE C B9 MMHg R 23K B thi,
SR 1,33 pg-(kg-d) ', 0.37 ug-(kg-d) ', H
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