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Investigation of the factors affecting the absorption of inorganic mercury and methylmercury by rice in the
Wanshan mercury mining area

ZHONG Shun-qing*?, QIU Guang-le?, MENG Bo?

(1.Hunan Provincial Engineering Laboratory for Technology of Traditional Settlements Digitalization, Hengyang 421002, China; 2.State Key
Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China; 3.College of
City and Tourism, Hengyang Normal University, Hengyang 421002, China )

Abstract: The health risk caused by the accumulation of mercury (Hg) and methylmercury(MeHg ) in rice grain has gained increasing at—
tention. To investigate the factors that affect the uptake of inorganic Hg and MeHg in rice in the Wanshan mercury mine area of Guizhou
Province, rice plant and soil samples were collected at Gou Xi village, Aozhai village, and Sikeng and Wukeng. Using correlation analysis,
we investigated the effects of soil factors, such as inorganic Hg and sulfur content, soil pH, total sulfur, organic matter, and MeHg, on the ab-
sorption of methylmercury and inorganic mercury by rice at the tillering stage. The results showed that the contents of inorganic Hg in the
roots and stems of rice and in soil were positively correlated (r=0.987 and 0.786, respectively ). There was a further negative correlation between
inorganic Hg in rice leaves and soil pH value(r=—0.645), and a positive correlation between inorganic Hg in leaves and total sulfur in soil
(r=0.621). A positive correlation was also found between the concentration of MeHg in roots and leaves and that in soil (r=0.710 and
0.599, respectively ). However, there were no significant correlations with other soil parameters such as total sulfur, inorganic Hg, organic

matter, and pH value. The amount of iron plaque on the roots of rice at Gou Xi was greater than that at the other sites, and there was a posi—
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tive correlation between the content of inorganic Hg in roots and the adsorption of iron plaque (r=0.891). No similar relationship was de—

tected for MeHg. The findings of this study showed that the content of inorganic Hg and MeHg in the soil was the key factor influencing the

absorption of inorganic Hg and MeHg by rice plants in the Wanshan mercury mine area, and indicated that there were different paths for the

absorption of inorganic Hg and MeHg in rice.

Keywords: rice; mercury; Wanshan; methylmercury
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Figure 1 Sampling sites on the map
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Y, 5 E AN ZIE . DCB $RIBOR P&k % F X A5
TR (Savant AA | IR )30 2E .

(3R AT

A v FE SR 2 SR FEVS S A6 B =K AH 2, A AT
He S ARS8 )R T 96 GC—CVAFS ) I A il 2,
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DM 5 mL 25% KOH ¥ ; 5 55 045 B F K
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C); RS2 U, BUH B O R A B =0, 8T N
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10 mL —E W BEIFFRE, % EE 7207 30 min, &
A>(3000 remin™) 25 min; ffifsi 12, R AL UK
F| 50 mL B0 FRE, INAGE fE B 47K (45 mL)
VEWOCE 24 h DL B TR N KB THEZE 50 °C,
AL SR, T2 B0 AR R I R i, AR
% 80 °C, A N, 24 8 min, IFAIRZEBOR N 52 2 WA
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SR S R R - ARBURE SR 4 0.2 g (RS
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W 1.5 mL, ARG R (2.86 mol - L™)7.5 mL, i — & H
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SRR ICHLR B s AR B (R 1) 1EIX 3 4>
XA TCHLOKR & A KA A B oA 2 IO AR S >
ZE M TR S UIRE AR, FHAME 1.65 pg-g,
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Table 1 Content of inorganic mercury in different part of rice organ

in tillering stage(pg-g™)

FE R it £ nf

Y& 1.65+0.60 0.23+0.09 1.32+0.62

#hze 3.29+1.26 0.47£0.23 2.030.61
USRI B 3.77+1.66 0.24+0.08 0.52+0.11

TE: R A S E R 22 (R )

Note : Data shown is mean+SD( the followings are the same ).
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Table 2 Content of methylmercury in different part of rice organ in

tillering stage(ng-g™)

B it £ i

Y& 31.48+6.49 17.07+5.65 10.36+3.69

pied 26.25+7.12 12.4742.55 11.72+4.47
PUhLA T 20.59+8.68 10.59+5.58 4.95+2.39

PEE S, KRRt B JCHLAR N Y R 35 A ] i
MR
2.2 MRFERFEXS K FE IR T A R A0 B B SR B 20T
TEJT LLoRAT XA [l A, K A AR 2 S A A it
¥ 2.7~26.0 mg- g (MR TH ) . 7EIRER FEZE UL
T A UK RS AR BRI 705 9 (23.3£3.9)
(6.1x1.5) .(7.8+1.6) mg-g (MR T ), I W] LAY 22
5, HR IR KRS R BRI i foe e o KRR R B i
Je L HEERIR P SO0 R AR R A A SR, se o0 e 1
AT R ) L HEERR 2 S R 3 R AR RAR I S KA
M ASCTCHL AR AN FH LR ARG 73 HT o KRR ZE Y
ToHLoR 5 DCB S B0 - ICHLoR & AR 5C 2 8000501
79 0.891,0.653(P<0.05) o (HAZHA RS FH-BEA A BK
REAR 25 25 B RO Y PR RSk B DCB S BGR
HA SR HAT Y S AR DG o R 1 MR AR X 7K A i

W ICHIL AR IR JE R 1 5 ) T REAF 1522 S
2.3 TIREAFMKTERB TR R BRI
T AT K R A5 R JCHLoR A ok 5 L
— OB ME SR R (R 4) KRB, KRR 25
TEALoR 5 1 e JCHILoR 75 i S AR A 35 1 IR A
KMk, IR IEHLoR i R B HSE KRR 25
X AR IR P JOHLoR & i 3R pH
{BEE R DG, TS L b Y SRR 0 42 1 2 TR A
SR, B A 3 PSR R 5 AR EJCHILOR [l A Ay i e
Hets o KRR R B MR B , K RS AR A o F
Bok it e F R B B AR OG  H L
Herp pH {EL A HLET B B R JCHLRIF B 5K
Fer A i B v R RS OR 5 5 R L W S A AR DG L mT LK
RS 8 v R SR B WSC A 5245 TR B 25532

3 itig

3.1 HIRIRE R KFE R TR B S0

TEJT th 23R HROR X (i) T P (BR 28 ) 2
W X (PG LGT ) =28 IXBCR A A /KA i 2%
o B R ICALIR B9 85 5 2 SO, B et AR 2% i
TEHLR Bz - SE BRI D R AR o DUSTEAN YT
W PREFEIX, A P LR S A T 59.1~621.6

R3 ABEBRETRERMENKRESES DCB BRI hk  EARMBERZ BRHELE

Table 3 The correlation coefficient between inorganic mercury and methylmercury in different parts of rice and amount of iron ,

methylmercury , and inorganic mercury in extract of DCB

DCB 25U I 3EoK TR
' i HIE LR % it e % 0
DCB $#2HU# 3 1.000 0.299 -0.307 -0.141 -0.108 -0.111 -0.096 -0.051 -0.054
LR 0.299 1.000 0.561 -0.011 -0.036 -0.249 0.813%* 0.564* -0.318
JeHLR -0.307 0.561 1.000 0.010 -0.119 -0.357 0.891°%* 0.653* -0.118
TE % FIRTE 0.05 KCF UMM B E . T,
Note : * correlation is significant( P<0.05 ). The same below.
R4 KBERBERENKMRERSESFRFELIFEEXSHMEXYE
Table 4 The relationship between inorganic mercury and methylmercury in rice and some parameters of soil
r pH LB S BE TR LR
TR Lits 0.283 -0.214 -0.201 -0.444 0.987+* 0.310
e -0.062 -0.077 0.102 -0.195 0.786%** 0.431
s -0.645%* 0.405 0.621* 0.471 -0.151 0.382
H LR Giss -0.266 0.298 0.113 0.316 0.053 0.710%*
E-3 -0.158 0.306 -0.033 0.288 -0.072 0.431
i -0.575 0.405 0.105 0.526 -0.329 0.599%*

TE % FORTE 0.01 KU M . T IE

Note: **indicate that correlation is significant at P<0.01 level. The same below.
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mg kg™, MR LIE P ICHLoR S i 10.8~14.4 mg-kg™'s
IKFE XS TCHL R A AR KR b 52 13 TeALoR &5 &
sz, KA ZEPICHLOR & it 5 R R
S HE I R B R 0.987* F1 0.786%, HHIKE 44T Y
SERADUESE T - e MR B i S IR B S e KA
X TEHLAR WA, A TE BRI LR X 5 Y +
BEPORIES R IRIES 17 79.65% . FHLG A8 N
19.97% AL 5 0.31% , PR B S FO i 5] 52
B 2550510 0.04%1 0.03% ., +33 pH {E 0K 1T
L YRR MERIERS H 13209 pH {E A 6.70+0.15, 1 Y
GUM AT - 581 pH {E R 7.32+0.25 (K 5), BEW
pH (B B A FI AR R AC IS ) s g e Ak KA T
HrICHLoR & R SRR PR - pH B HUARSE, AT A EH
B pH XK REIRISCTCALR 520 o 1338 b SRt R K e
I JEHLAR & 1 AH DG R EGA F 0.621% . H 2l Rl
BHEA B TR 7 b A TR AN
3.2 TIEIME XK AR IR R B SR ARG

F 2 MO TR KRR AN h SR B it
A3 ROR & B A DG R EGA B 0.710% F10.599%,
FNL S T KR v LR 2 R 48, ik 5 A
W E BT S R e — 3. 3P R SSRS E=
R KA R SR i — R A R R . RS
YaEAE H b TR SRR TR YT, B,
YRR M -3 rh B JOR & ik B 1.23~2.88 ng- g™, 1]
FYT A SRS A 0.53~0.98 ng g™, Meng

LGOI K BB TR I R 5 1 R AR TR Bl B 60K | IR
SET YRR PR P A BT DU SR A R T R
FLAE M TR & & IRE el & &
4.2%~4.6% , 1 ALK 1.7%~2.5% , G W5 H A
FITF RN, % 6 FHERGESAIURZ
()58 v PR AR G | S b T LB A Bl T4 g R
FLOR L R AE A I 0] 22 I AR I 2 (%
5), Wb, 5 - ORI AR AN 3 . B
DL, /K R R i B LR 1) 22/ S B I e - 48 v B SR
Ttk
3.3 IRFERIEXT K FE R T AR R ERAI MM

HR AN AR K A oy R AR A () 25 8, % E
G W™ A P Y R IR R KA
HR ARG 5 e B  DUBT R LT 3~4 %5, TRIE
- A LT RS AR i T AP X, K6
HK RN S I P B Z A B A
(Y IEAR G AHOC R B0 5128 0.653 Fi1 0.660, 76 HHAth
=B ESE TL R B LB R & i A R T AR R AR
TR 2224 Wang SEPIFFE 0 & KRR 25 JREK
R Fr i AR F AR R I 1A O, SRR SRR 0 Y
YRR G R BH L 7K AR W, SR, 7 A A
H I R IR AR I S5 KRR 45 A B i i e
HILSR AT LR 22 BB 8 () AH DG o 76 AL AR IR 51
T AR DX I A R R 22 b (R 5) R
FEARETE B A B L [R5 1 TEATL R A 25K 32 31 AR B

x5 F R RAKBIERR LTS F MR

Table 5 Some chemistry characteristics of paddy soil in Wanshan mercury mining area

FEA F &R /ng- g JCHLoR/mg kg AL/ % SR/ % A% pH

YiE 2.05£0.62a 12.2242.04¢ 4.38+0.24a 0.60£0.10a 0.36+0.04a 6.70£0.15b

Hhe 1.82+0.70a 65.12+12.82b 3.91x1.07 ab 0.54+0.15a 0.33+0.06ab 6.7120.10b
DS AN HBT 1.33+0.80a 116.98+23.60a 2.94+0.77b 0.42+0.08a 0.25+0.06b 7.32+0.25a

VI« 2P VAR R - P D) A7 88502 S (P<0.05 ).

Note ; Different letters in the same column represent significant difference(P<0.05).

&6 KBRERGKRESRELERMEETESHZ BABERYE

Table 6 The relationship between amount of iron plaque and some main parameters in soil

r oK Jalak BB AP pH HA MR B
FH IR 1.000 0.492 -0.277 0.394 -0.041 0.192 0.027
TeHLR 0.492 1.000 -0.391 -0.016 0.121 -0.069 -0.531
TR -0.277 -0.391 1.000 0.522 -0.459 0.488 0.660*
AU 0.394 -0.016 0.522 1.000 -0.746 0.943%* 0.653*
pH -0.041 0.121 -0.459 -0.746 1.000 -0.848 -0.487
B 0.192 -0.069 0.488 0.943 -0.848 1.000 0.537
MF 0.027 -0.531* 0.660* 0.653* -0.487* 0.537* 1.000
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