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Methylmercury exposure through rice consumption and its health risk assessment for the
residents in Guizhou mercury mining areas. LI Ping, FENG Xin-bin" ", QIU Guang-le
( State Key Laboratory of Environmental Geochemistry , Institute of Geochemistry, Chinese Academy
of Sciences, Guiyang 550002, China). Chinese Journal of Ecology, 2011, 30(5) : 914-921.
Abstract: Rice, vegetable, pork meat, and drinking water were sampled from Guizhou mercury
(Hg) mining areas to analyze their total mercury (T-Hg) concentrations. All the samples had
higher concentration T-Hg, but only rice accumulated methylmercury (Me-Hg). The average in-
take of Me-Hg through rice consumption by the residents in three villages of Wanshan Hg mining
area occupied 97.5% , 94.1% , and 93.5% of the total Me-Hg intake, respectively, and the
Me-Hg intake from rice per resident per day had significant relationship with the Me-Hg level of
hair, suggesting that rice consumption was the main route of Me-Hg exposure for the local resi-
dents in Guizhou Hg mining areas. The T-Hg concentration in the hairs of artisanal mining work-
ers was significantly higher than that of the common people and control group, and the proportion
of Me-Hg to T-Hg in the hairs of the common people and control group was only 12.4% on aver-
age, illustrating the impact of Hg vapor from artisanal mining activities. Comparing with control
group, the residents in Guizhou Hg mining areas had a higher Me-Hg concentration in their
hairs. The daily Me-Hg intake through rice consumption by parts of the residents in Guizhou Hg
mining areas exceeded the JECFA-recommended value (0.23 pg + d™' « kg™'), and that for a
majority of the residents exceeded the USEPA-recommended value (0. 10 pg + d™' - kg™ ). The
residents in Gouxi and Laowuchang of Tongren areas were at a health risk of Me-Hg exposure
through rice consumption, and those in other Hg mining areas were at a potential risk of Me-Hg
exposure.

Key words: Guizhou mercury mining area; methylmercury; rice; mercury exposure; health risk

assessment.
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RIe— AR TS Ye ), R oOR I EEIE A
J& He' B RS S R EHC R 0.5 ~2 4, 7]
DL 5RAE AT I IR B A5 4, 3 4 Bk AR 2 3
A9 5K 75 4% ( Lindqvist, 1991 ; Schroeder & Munthe,
1998) . RKE—MAHEEREITER, M ERE#H
PRI IR ARG W), BRI T IE 2 W &5
£, RG22 RGO Aok rh B 48 A B, Bt
TRURE IR Ry A A St B L L P W 4 | 3 sl 1 3 O 2k
I A B A T 5 A L DL SRR B ( Harada, 1995 ;
Clarkson et al. ,2003) , fift JL G B A B 6k i B 4
JR 7T PP 5 T I Y75 2ok i 3 B B 42 AT J LA
21, 0516 LAR 20 e 3 S SRy Tz T A
FEIR X0 L% R 48 (Chan & Egeland , 2004 ; Stern
2005) A58 R 8t ( Sakamoto et al. ,2001 ;Itai et al. ,
2004) | ¥ & 4t (Hultman & Hansson-Georgiadis
1999 ; Haggqvist et al. ,2005 ) 52 M LR 2 1 1

N W B oK 2 8 1Y) F2 SR A B #0268 R HAth
KT it BT DA B SR T 00 5 AR A ) B AR 3k 1)
WSSk Y NE SN RO 6P 31 PP % NI DR
w2 AR TRVAL 2R 1 KB s i, JF Bt e ™
fn P B2 G 43 ( Mergeler et al. ,2007)

St T LAY 1SR TR Sl X 55 N O A
KRR IR, 220 KA T 10 55 i Fh2E
PABE SHEAT 25 o S R 1) SR A TT 2R 1R R T
S CAE I AR IR IR &, R T XK
AR R FE R 15 Y ( Zhang et al. ,2004; T
PRI 2004 ; Qiu et al. ,2005a,2005b,2006 ; Feng &
Qiu,2008 ; Li er al. ,2008) , f i (IBFFE R, S
FRA X ROK FAT AR 53 19 B SR B BE T (Qiu et
al. ,2008 ;Meng et al. ,2010;Zhang et al. ,2010) , 77
LR AT DX YRR F B oK 1% 1 =535 144 ng - g7 (Hor-
vat et al. ,2003) , H 1~ FRW" X KK HEHL TR £ &k o ik
174 ng « ™', HIOKAY WV R R & 5 W I & i oK K
BiARAEYI (Qiu et al. ,2008) 111 KK 2 Hb fo 1S
B, B R SR T G 1 ROK A AT BE 36 il 24 1 Js
B 1 T SR B2 %

ML TT I A 55 )R X A R
WFFEXF G, 0 B I JOK Bk A S ok AT
ISR St s e RN NGRS IR YN
(e Fof 24 Sk i el g AR HY i 5 0 2, ) g G PP
KT Y B RAT A 24 R A0 Y B 2 5 X
I I B2 )

1 #RE5F=E
L1 FEACREE

T 2006 4F 10 H7EJT IHKOKEE T R R %
3 AR R AR M fE RSk A FES (B 1) o BEFEAE
FIaAE 3 N H UL ERARE, TRANIC AR 101
A O A TCS I oG s kb AR IR
I8 P I s DA R AR 2D B R, TR 2T 5
FAERE H IR (B 28 S 2RI FE i IR
BEENFRE F ARG . W RAE s REHRR
K(Oryza sativa L. ) |5 EMIE RS, 88 FEA
/J\Iilﬂ;ﬁé(Bmssica chinensis L. ) BB ( Daucus carota
L. ) . MM ( Raphanus sativus L. ) \FAZE(B. campes-
tris L. ) SFRh2E Rl RAERESAS HERY A SRIKAE 3 ~
44>, T 2004 4F 12 HAES5)IRETIX 2006 4F 12
FER IR B RS IIX (B 1) SR Rk A
TRt o PR SR B X HRIX, SR 4 24 3l
Ja B Sk e RN S5

Xof SR AR Sk AR, S PR T 700 P 0 ok,
LA T e PV R G, B R N B AR B T K
FINIRAF o JORBEM 7RSI TS, LA
PIREAEDLB BE 2 120 H A A EARTFI G S ke
moR SR A TG BER D 3 W TR = X
TE IR HE KA SRS DL A Y R D LR
2120 H A HEAERE,
L2 SEErk

SR (T-Hg) - MERRPRIBGE &8 A= PIAEah (k& R
KB ) IACKBC I #9 HNO,/H,S0, &5
M2, R K W 5 300 A7 0 i, v L 2 6Ot 3 ik
(CVAFS) M52 (FBHE4E,2006) o ZKHER A BrCl 42
& .SnCl, It V2 J5F 200G il E (1R i £ 4
2003) .
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Fig.1 Location of study areas in Guizhou Province
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Table 1 Comparison of determined and certified values for certified reference material

PRUED I S R AR
2% (H W5 i 2%l 5 A
GBW 07605 A5nt 13x1073 (12.7£1.0)x1073
GBW 10010 Kok (5.3+0.5)x1073 (5.5+0.3)x107?
NIES-13 k& 4.42x0.2 4.30+0. 17 3.8+0.4 3.84=0. 11

FHJEoR (Me-Hg) « B A= AR AR il (kK
K BREE JE) R KOH H 7 fff 17 751 26 L
FR A RBEIITAR) KA S AL, M @3
R IFFIICCTE S G 89400 07 2%, J5 A R
$70.003 ng - g”' (Liang et al. ,1994,1996; L] 4k
4 ,2005) , KFERHZEE K AH 2 B Ak SN A
58 IR T IO OETHEARLS G E (CH LIS ,2004)
1.3 sl

3 BT 0 o R P BR i TR 2 2 il |
BRER BT I P AT R B b T 1 g s 3 1k A7
FE o, ANTRIAR R BT Y SR I E 45 3R 5 S5, WL
1o AIRIZEBIFATARE I R 25 R 0 AR A o4 i 22
<10% . A W) FE b F KA B BE SR A B ] i % ok
80.2% ~111% ,~F-¥1°43 90. 5% ,

1.4 Hdmabr

K H SPSS for Windows 11. 0 3 F 347508 5 M7

Fe 2% e B R YS (¢ K ) R,

2 HRE5HMH

2.1 BYRESE

H 262 MR 3 Al SR IX ) KR KoK (F
) MR & R E R e TR R A
20 ng - g, KRS ER (MR E) 1Y SR & i E
R2 AERVEAKRMEXRNERESEN T (ng - g™')

Table 2 Total mercury concentrations in rice and vegeta-
ble from different Hg mining areas

H g 'Y mME RRE FIE bRk n
{2
J7 K KIE KK 211 192 66.6 39.9 25
W3 5.0 1900 350 470 25
T F g KK 10.0 66.9 24.2 16.8 18
WX 40 210 87 63 18
J7IARIZ KK 49 215 472 57.4 27
B¥ 40 740 110 110 27
el KK 6.0 113 268 24.8 17
B~ Y% Kk 40.9 277 134 79.7 25
w2 REY Kk 29.5 258 138 64. 1 18
X IR IX. Kk 3.2 151 7.0 2.8 24

P S R TS A

FE G DA RFRAE(10 ng - g7, WEHIRE XY
KU TGS E L B YR E 5 Y, (HAE, 5
FEOR B T, RO R IR S A B S i 1Y
H 3R S ARG,

TSRS X RAKE | T & MR 3 A
RE MR BRI &N 216 ng - ¢, B
BN 7.5~565 ng - ¢ o 7T DGRBS A 4 4
K EE & AR S0 ng - ¢, [
F LR S ARG, P90 0. 85 ng » g7, 28R TG FEL N
0.05~3.43ng-g "',

TR X KK | T @ ARIE 3 A A
SRR BRI SF- 24 5 143 B R 67 .56 126 ng + L7,
F LR & B AIK, — M <0. 10 ng - L7, B JE5R
SR 134<0. 3%

ANRISRAT X RO 38 J IR AR OK 33 3R
AR e 1A R B i, S 408 2 A I 1 I R T
A BREARE, T HRA FORH ISR & R, B
TFERSERE P, UL 5 MR B X ROk B AR5 G
FORMZRRES .,

2.2 AN[EEAEHEOR AR

BERE T 1L R A XY Hh i B AR X 4, iR =
55 R R OR B T Y ROK B SRS TR R R
2 Lo d BRI T T ILORET X3 R R
£3 FARARTERRKMBEENRERSESH(ng-g")

Table 3 Methylmercury concentrations in rice and vegeta-
ble from different Hg mining areas

o o ROME okt T BE
R

JT iRk E Jk o 7.5 276 146 4.7 25

W3 0.04  0.51 0.10 0.09 25

HILT & Kk 3.3 10.2 5.7 1.9 18
3 002 051 0.11 0.11 18

PRI St KK 1.9 147 44 3.0 27

w3k 003 018 0.08 0.03 27
el KK 31 134 7.8 3.6 17
H{ IR KK 6.37 34.1 144 975 18
W=y KK 6.37 34.1 144 975 18
X R X Jok o 0.80 4.3 2.5 1.2 24

Fok, T HHEE B,
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Table 4 Me-Hg intakes and the relative contribution of Me-Hg intakes from different routes for residents in three villages in

Wanshan Hg mining area

Hb A R e/ ME HRE EHIE M 22 n

KKiE Tk 0.035(91.6) 0.21(99.2) 0.12(97.5) 0.048(1.8) 30
A 0.001(0.6) 0.002(5.3) 0.002(1.5) 0.0003(0.9) 30
b 0.0003(0.2) 0.009(5.8) 0.001(1.1) 0.001(1.1) 30
ok 0.0002(0.001) 0.0004(0.01) 0. 0002 (0. 003) 0. 0001 (0. 002) 30
Jussy 0.038 0.214 0.123 0.048

TR KK 0.019(84.2) 0.085(98.0) 0.049(94.1) 0.02(3.5) 21
A 0.001(1.4) 0.002(6.2) 0.001(3.3) 0.0003(1.3) 21
fik 0.0002(0.5) 0.006(12.4) 0.001(2.6) 0.001(2.9) 21
ok 0. 0001 (0. 003) 0. 0003 (0.02) 0. 0002 (0. 008) 0. 00005 (0. 003) 21
JENiiy 0.021 0. 086 0.051 0.019

iz Kk 0.01 (81.1) 0.14(98.5) 0.04 (93.5) 0.03(3.4) 43
R 0.001(1.0) 0.004(12.2) 0.001(4.4) 0.0004 (2. 4) 43
fiE 0.0001(0.3) 0.002(6.7) 0.001(2.1) 0.0004(1.4) 43
oK 0.0001(0.001) 0.0002(0.01) 0. 0001 (0. 005) 0. 00002 (0. 003) 43
oSy 0.013 0.139 0.043 0. 026

FE45 N BT o LA

x5 ARAFRYFEREBERIERSE

Table 5 Hair Hg concentrations for the residents from different Hg mining areas

F5E Hb n BOR* (g - g HHOR (ng - g7") LR LUl (9% )

TRk E 30 7.35 (4.59-9.68) 2.83 (1.67-4.10) 42.4 (27.2-61.6)

TITF g 22 2.05 (1.37-2.72) 1.27 (0.90-1.50) 59.5 (42.9-79.5)

J7 IR Z 43 2.25 (1.53-2.97) 1.47 (0.95-1.83) 62.2 (44.9-77.1)

Eall| 159 5.65 (1.94-14.7) 1.38 (0.75-1.74) 38.0 (7.57-57.1)

I YRE 25 10.4 (5.86-139) 4.26 (2.65-5.14) 44.3 (26.2-56.8)

W~ ER 18 15.0 (6.52-29.7) 4.55 (2.66-5.80) 36.7 (14.0-56.4)

AHRIRAIX 297 5.26 (2.00-11.3) 1.97 (0.94-2.49) 44.0 (17.5-66.9)

Xif BE X 40 0.73 (0.62-0.84) 0.65 (0.46-0.78) 83.1 (72.9-95.3)

w JUE-BIE, F55 R 25% ~T75% 1,

R H il A g A ORI A R, W4 T
i, BRI P ROR B R8s, H b i
PN &Y LB 5k 97.5% | 94. 1% Al
93.5% , BFHJT 1L SR B X J& R H 3ok 2 88 ) =250k
B IEOR SRR,
2.3 kARG E

H 2% 5 A UL, X MR 2H Sk & ROR B s i J LT
N 073 pg - &', HFERMWEHFTEN
0.65 pg + g, FELTR &G BORE LB R 83. 1%

TR X 3 A R B 3k & SR 10 LT
YA M 7.35.2.05 Fl2.25 pg - g ' ifisk & H
FORF Sy 2.83 1,27 1 1.47 pg - g7,
TSR X Bk & 1 SRR R R B i i 3
R X R BB LR X s RAF A — R 1Y
KRR

55 ) RA X Bk & R 2 B 0 J LT S 3490k
5.65 pg - g, ORI RN 1.38 pg - g7,

FHOR o5 ORI LA 38. 0%

IR e B Sk R BOR A B i LT Y (E R
10.4 pg - g HERIFE RN 4.26 pg - g7,
FOKR 5 BORIEBI LB R 44. 3% s #i—2 R  J%
R R BOR G/ IUTFEE R 15.0 pg - g7, 1
HORBPEI SR 4.55 pg - ¢, B3R 5 BOR Y
FRI AR 36. 7% o

3 i i

3.1 SkREORGHHSRE HICHR

X HREH Sk e SR AT R 5 1 22 (A AE Bk 25 1
HIKIER (r=0.90,P<0.01) , 3k & IR & ERH
L5331 83. 5% X FIR Z2 B 45 R —
B, PR b X Rk e R OR f EOR Y H )
IBE] 70% ~ 80% , H: H 3 ok % i kil ik £ £ It 20
(Lebel et al. ,1998 ;Barbosa et al. ,2001)

TP TRAT X RSk A TR A LR 5 1 2 () A7
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TERFERM LR (r=0.35,P<0.01, & 2) fH[a]1)H
RERAN 0,019, K T X ALY 0. 82, JE Rk
KR b BRI LI 48. 6% |, i Ik T
XTHRZ, H— A (BR SR 325 pg - ¢!,
FIREH9.55 pg - ¢ ) T HAEREKR, AT RE ST
o B R G

TR X g RSk & B ORI IR |5 Bk A He
B 2 [BIAFAE 25 1Y S A 96 2 & (r=-0. 50, P<0. 01,
Bl 3), Bl k&SRS R, k& B HOKR 5 &
RO B R TR, UL X JE RSk & i iy B R
FTCHLREA AT R U5, AF 5% X B ] BE i i 1
I 1 R G JEE P AT 2 8 TG ALK, T Y 3 R 2
W) = AT R B R ORI B TR

2 6 Al UL, L3k TANB Sk & EOR &
FEET—RIER (P<0.001) , Hk & B3R & MR
B2 WAL R 12.4% , BB EK T — wE R
( P<0.001) , i B 4= 5 R BRI 17 7R 78 A5 2 366 ik

12

L »=0.019x+1.56
R*=0.13, P<0.01 .

—_
o

LEHER (ng-g?)

Sb 160 15.0 260 25‘0 360 35‘0
kERER(ng e

2 BNRTEEBERIEZSRMBPERSEZEMNXER

Fig.2 Correlation between hair T-Hg and Me-Hg concen-

trations for the residents from different Hg mining areas in

Guizhou Province

100
.80
S
g ¥=90.04x7""
0 60 R’=0.721, P<0.01
i
ﬁ 40
£
S

[
(=}

Iso 200 250 300 350
KEBE (pg- g

B3 SHMERTIRERLZZRMBERLEASEZ B

B3

Fig.3 Correlation between T-Hg concentrations and Me-

Hg pertanges as Hg in the hair for the residents from differ-
ent Hg mining areas in Guizhou Province

F6 RMRTRIEKRRIAN—BERILARESEN
xf Lt

Table 6 Comparison of hair Hg concentrations between
artisanal mining workers and general population in Guizhou
Hg mining areas

sEat4 n ROR IR LR He Bl
(ng-g™h (pg-g™") (%)

TR TN 79 43.5+47.2% % % 2,592,217 *F 12.4215.5" %

— R R 218 3.642.6 1.74£1.28 55.4123.8

* % % P<0.001,

THEOR G T, A E SN AT S
KA X JE R (FERE R IEHOR TN) Sk A RS
a5 ROR B EL BRI LAASBE FH 3k & R OR 5 2 1
PR AR L R i
3.2 HISREBABRTE

T IFRE™ X 3 AN R IR X AR [ 2 5
B H 8 8 F OK B SRR B AL Sk & ROk
TR Z A R E W IEA G &R (r=0. 65, P<0. 01,
Kl 4) ik S5k SER AT X B Sk & B 35K 1) > U8 ff
SRR HIROK BT & B, B ORI DT IR X &
B F o Bl 1) HRAR

R R, HEORTE AR AR R AR
DU SR B 3 1R s, Tl DAFE b A — A~ — ZE A
(WHO,1990; USEPA, 1997 ) . i Ifil & 1Y 5K & &
(pg - L) SHHEKFEHMAE (pg - d™' - kg )WY
KA A1) KRk
dxAxfxbw
T S
AP d AP EGREEA R (pg - d7' - kg™ ) ;A W HIEE
RIS R T, — A 0. 95 5 4 I 7 1 R 36 5 1 43
Tt 225, — ML 0. 059 5 bw o ANAKBIIRTE ;b J I 5
TR, —EHL 0. 0145V S AR I A FR

C =

8-
~ 1t y=15.67x+0.69
= ol R*=0.42, P<0.01
; 5+ . ¢ . .« *
&l * . .
%
A L

0 Aed

0.65 0.‘10 0.‘15 0.20 0.2‘5
BHAICRFERBAR (ng-d' -kg?)

4 AURFREREREAXAKPERBEANEMLLAE
REEBHXE

Fig.4 Correlation between hair Me-Hg concentrations and
Me-Hg intake from rice for the residents in Wanshan Hg
mining area
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6.

y=0.66x
R’=0.39, P<0.01

IS
T

WEE (pg- g

J
5 6

2 3 4
LWE (pg-g?)

B5 ALRTERERIAFERSEIMNEMEREEZ
i8] ) K 2

Fig.5 Correlation between the modeled hair Me-Hg con-
centrations and the measured hair Me-Hg concentrations
for for the residents in Wanshan Hg mining area

iz XA A S, T 0 B SRA  ] DA
I R R A B T A AR Sk T I T R R
() EG B — 8 250 = 1, Hor sk e Y 3 5R 5 i 11 Ly
Hopg g MRS EEAH peg - L' (WHO,
1990 ; USEPA ,1997) ., A1t 7] LAAS S AR B 353 114 3k
KR a, HA S S E T H LR 5, 3 22 1]
FETEREWIEA R (r=0.62,P<0.01) , HAER
k1 0.66, AR AR AEAR Z2 B AN E 1 49
R o 2 SR AL 5K 1) ELAB A 250 , {HJ& A [R) F 5% 45
Sy AR b5 Bl S 140 ~ 370 ( Bartell et al. ,2000;
WHO,2003) , HXHi 22 A +48% ~ -45% , #17 0. 66
IEAFE AR AN E IS 2 X BUESE T 7 1L
R X R ORI R B8R 1) B 2R AR
3.3 WHORZEER Ay e XU AT

SN R A RAR D S RRZY 0.8 ¢
SONGETTRI,2005) , ROK RS E R &/, i
HE T ARG 48 R AR 5T RE B, 2004 4F Bt M i
Ji R R ORI A 2N 403 g (BN STt A,
2005) . WFFEERW], B3R W2 ROK o g IR OR
AR HE KT H ARE (Qiu et al. ,2008) , AR Y
i S B SE R R A (R Y LS B H IOR A
4 600 g, 17 HJE R W ICR A 95% (WHO,1990)
S RBT X B R AR A8 T3 7, )
AR R 60 kg, Horr, XFIXFIS RS X &
FHRAK BRI HR A i A AGAE , oAb b X R R &

RT BMNRTEERRAXKRFERMNBEREE (pg -

d? - ke
Table"7g )Daily Me-Hg exposure dose through rice con-
sumption for the residents in Guizhou Hg mining areas

H 5 B/ME BOKME CPHIE S ARERZE
Xif HR X 0. 008 0. 041 0.024 0.011
SR X 0. 029 0.127 0.074 0.034
TR 0.035 0.210 0.120 0.048

FI R 0.019 0. 085 0. 049 0. 020
JTIARI% 0.010 0. 140 0. 040 0. 030

Lo e e 0. 048 0.396 0.148 0.098
R 0.037 0.341 0.122 0.088

FH R H SR 88 A B R SEBR A

MR T AT LLE YR R A R 3 L X R 4y
Ja B SR i O & M JECFA 2003 41l 5 1
FRUECO.23 g - d7' - kg™') (JECFA,2003) , HAt 7R
W DR AHE A H R A T 28 B R
HEFME (0.1 pg - d7' - kg™') (USEPA,1997) , ifij %}
FR DX S B g H SR B8 A ot B0 00 A i ot 2 [ A DR SR 1Y
HEAF 1A

H AL v T EOR g s s 45 R R W
LR PR RS <50 pg - g B, — R & A
BRI BRI AR AL, X AARAS 2344 1B S 7 495 5% ( WHO,
1990) , MRl A LR R rh e R i & K I
FUE ] 10 ~14 pg - g (NRC,2000) . —f&ili &, IE%
AHELEHEOR S i<l pg - g

L6 T LAE i35 & R R b X
Bk & B BEOR & &t e, B KE 35 2] 10.6
peg - g ATRE S H M H Y OR 15 Je A ¢, Y M A AE
FOKEAT R 1 B OR 5 8, DTS B80H ™ i Y
FORTETE

AL UL HA YRR R R Sy i X RAEAE—E 1Y)

12 -

* o

s T eeh

B0 ki&‘ﬁﬁg WE R ZEH

»
T

LRPEE (pg- g

*

* H

* — o — %

Ee6 MRAREBERHELZFERSEHXTLL
Fig.6 Comparison of hair Me-Hg concentrations for dif-
ferent groups
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