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WE . RECREMRGRTG Y b IX (FYEHAHE 0 1R AR B B IRR 5 CORK (B3R £8P )409 A, 5 HLROR & &8 LATA,
23 Ji R B A TR R B RO R XU . 45 SR R YRR R X ROK B SR A R LT (R 5.99 pe-keg'(3.02 ~30.7 pe-
kg™ AU 1 ARE S BOR A B Te E KOR R IR B AR TEQO wg-kg™!), BR A P EGR S50 01 0.646 ~544 pg-kg ' F11.80 ~
264 pg-kg' AT IR E G FORBREARME ; S0 R IX KOK BOR & LA E A 446 pg-kg'(3.13 ~8.67 pg-kg'), B
SERG P R R AR 0.760 ~7.83 pg kg Al 1.59 ~21.9 wg-keg', FTAT B35 K 4 i T 10 o R BR AT A vl s SR F ) i1 IX.
TR BRI IUTIIE R 3.63 pg-kg'(1.05 ~11.4 png-kg'), BFA AR BR T RN 1.12 ~3.78 pg-kg' 224 ~12.3
pg-kg' A SRS TR E SRR AR BYERAER SR AR LT 3 b X R FGE I B (OK M R
B BORBEA B IE 7354 0.068 .0.038 F10.031 wg-d”' -kg™, 248 H A DML A 4 4RI 3 T A 40 408 L s 31
AL R 22 BL 2 (JECFAHERF B9 AR 2 4 BORIE AR 071 wg-d” -kg™ ; M 3 MRS b X 8 B R 22 85 B0 KU 304k, ROk R
At 3 A4 H X R BRI A 1 L5338 77.2% (70.8% Fil 71.4% , B FHFOK 2 2 i i ROR B #E 1 £ 2R,
SR HOR R TS Y IX 5 (R AR s 0 s BRI
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Abstract; To evaluate the risk of mercury (Hg) exposure through foods consumption for local residents, a total of
409 rice, vegetables, and fish samples were collected from Pb/Zn smelting, gold mining, and coal-fired power
plants areas. Total Hg (THg) concentrations in rice samples collected from Pb/Zn smelting area averaged at 5.99 g
kg (geomean) with a range of 3.02 to 30.7 wg-kg"' and 1 sample exceeded the national food standard for THg in
rice (20 pg-kg"). THg concentrations in vegetable and fish samples ranged from 0.646 to 544 pg-kg'and from
1.80 to 264 pg-kg', respectively, which did not exceed national food safety standard. THg concentrations in rice
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samples collected from gold mining area averaged at 4.46 wg-kg' (geomean) with a range of 3.13 to 8.67 pg-
kg'. THg concentrations in vegetable and fish samples ranged from 0.760 to 7.83 pg-kg"' and from 1.59 to 21.9
ng- kg™, respectively, which did not exceed national food safety standard. THg concentrations in rice samples col-
lected from coal-fired power plants area averaged at 3.63 pg-kg" (geomean) with a range of 1.05 to 114 pg-kg™.
THg concentrations in vegetable and fish samples ranged from 1.12 to 3.78 wg-kg"'and from 224 to 123 wg-kg,
respectively, with no exceeding of national food safety standard. The averages of probable daily intakes (PDI) of
THg through foods (rice, fish, and vegetables) consumption for local residents in Pb/Zn smelting, gold mining, and
coal-fired power plants areas were 0.068, 0.038, and 0.031 pg-kg"-d"', respectively, which did not exceed the lim-
it (0.71 wg-kg"'-d") recommended by the Joint FAO/WHO Expert Committee on Food Additives (JECFA). Rice is
the main route of THg exposure for local residents, which contributed to 77.2%, 70.8% , and 71.4% of the total

PDI in three studied areas, respectively.

Keywords: total mercury; mercury contaminated area; health risk; food; probable daily intake

KiE—MAESMNESELR (T HELE
15 YL BIR LA ) K TR TC 2 N S B AR AR
SAFUR RS B M E R B CE I 0.5 ~
2 A S i KA R AT I S i AR
H A N —Fh RV TS Yol . R AR IS AR
FERERE ST AT A R B PR RN AR A A0 B i A HH
FORP IRl K AR B RE A AN A TS
RGeS R > A Bk 1 IR R
T Y A IR A B T PR A A (R
25y R ETF 2013 4F 10 A 25 (KRN A
EF 2017 4E 8 A 16 HERL,

— e, AR ROR B BN R A R EH
2 S HA K P T (T AR R 9T K B EE
PR S T 7K = i R o i A, B AR R [
AFRET SRS X AR AR (B0 38 | E KRR
KR i A R OR IRE AR 1E(GB2762—
2017) (H32 10 pg-kg' , A 20 pg-ke'), FAH
PRI, T IR X AR K & 4 H 3R, e
ik 174 pg-kg', B HFORIE R X B SR 2 5%
() EBERAR TR 2 1l AR R S 7 oK
YERFRER T B R EE, BAEKR, ERR S M
R Z M i 5 TR o (K 5 2 AN AR TR |
AL T S SRS B, B FHAOKR R R 58, AR X
TE P A0 PR Y R B R A e o A ik R IR B B

FRE 2 4 Bk O\ R R SOR HE R R K
FO2B 2014 4ERHERE A 530 t B SRHERANR TS
Pl A X433z . 2014 AEREA R A
SR A RHECRARUR Sy SR A 5,4 (B B T
W B G WA Y BEFIKJA F= 25 i 4Bk A K
PERARHECRA TR T TR NS 426 7™ |

BRI B O RIR UK A =Y W R %F
A O R IBER R R TR AHERCERIE ORI T K R, A7
04 SRR B R ORI 3R 2 s 4 s bed
FUG D = A WA, BER R AP 3 BRI T
AR FT 2 B, I vh R iE NSRBI 548 240
18 AR LR — U HE RN R SRR = L R R
PR EE A I b AR ORI R R R, R
B A Tl (LSGP) R R A E 2= A AEH, ki
T FEERERR BRRR TR s R
PRI A €04 R I AN B S Tl 8 &) 168 R R
BERERUK e A r= 25 R B AR R HERCE . IR
SEVERR TR N T E R R YRR BT )
X JE 4 km X8 H R & 5K 2 890 pg-kg™',2
km Y8 B PR £ 35 358 R AR T 3 A2 3 ™ 1 9 e,
MR EIEREE S E R — % AR
S RRERB G, CRIIE AR 100 t, 78 54
FEaEik 200 ¢ A BRSO R B BOR BRIRE R, B
EWEAERL 7.8 14 t,IZ BRI R rL T %601 120 7
TR, Z“VIHR AR “BHRE A EERFE A
— B2 E R PR TS YT iR R ARG TR Y
IBERIG Y 43 7 5, {0 S AR OR 5 YL ATl X 24
B LR IR 3 B SR V5 YA 0 I AN T 4
U, ASCHE PRI R A YRR A B SRINE &R R AR
JHEEL T 3 AR SR T Y b XA S F 5 X 38, 38 e
FE b R TR KOK B SR S OR
I, LA THT PR FE A5 R T R AT oMb R Hl DX (7 A 455 {gkt
AU, R P R (RN 20 ) 1 JE LSRRI S0 4%

1 ##15 7% (Materials and methods)
1.1 FESCREFAL B
T 2017 4F 9—11 A, 78 & FATEHR R
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IHAE TR AN S 4 TR T i3 3 km 1.3 ﬁ%?"‘ﬁﬂ
FI, RERAE Y E RE MBI KK (Oryza satival) 25 R 5 OF 47 B R AR HE 4 T (BCR-482 |

BN N SF YRR RORFIER SERE i R A T
SRS AR AR AR A ST g,y bR
77 BRI 4E /NI 3% (Brassica chinensis) | |57 ( Bras-
sica pekinensis Rupr.) . %5 .0>3% (Ipomoea aquatic) 3¢
(Lactuca sativa) , 51 5. ( Vigna unguiculata) F PU 7 5.
(Phaseolus vulgaris)55: , {028 F 2 M B4t (Ctenopharyn-
godon idellus ) V1.1 fi.(Leiocassis longirostris) ., ## ff1
(Cyprinus carpio) ., ¥ i fi1 ( Pelteobagrus fulvidraco) . i}
1 Carassius auratus )8 i Aristichthys nobilis)~ ,

KRR BT 5 AR AR I ERE L T 22 120
H A A BRI ; SRt 1 HORK R 15U, &
BREMTE SR Erve -, A B FRIERZR D 3 1K,
At 4 118 T e e 9 o v T XU TR AL R
T DU B K 3 A TR S UL ) BRI
PRZE 120 H B I EARFRHI ; 355 fAR12 (0] S50 =8
ICSRILARR R PR B M0 i RS
@WJJ# rA DI RN 29 20 g, 404

GPRe N A EHS T80 CHVRTHE, FHlE H &K%,

WHEE L 100 TR AT S0 1 BHASRED
1.2 ik

PREL02 g Ze M, BT 25 mL B REBEEE [E
@R A 5 mL T2 4k HNO, , /Ki% 95 C
SR, R FH BrCl %4k SnCl, IR 48 & 4 B TR
FHIIERE TR (Tekran 2500 JSRAX, T2 K i oK
A i [33] HEI ?Tmﬁéuu H’Jiﬁ%ﬁ# j(*ﬁnn El/]l_
#ijn 5 mL, A AN IFE AR B IEREE Y 1 mL,

GWBI10021 .GWB10024 #il TORT-3) [l & , XF 5L 56

BAE AT BT SRR ) BT A SR A A
H5ZHMEAX AR 1 s, PATHE I E i AR T
2£<10% ,

1.4 JHERORIEARITE

SR XS X8 B R R At B XU AT 1EA
JE R EY) 5Kk A H 8% A i (probable daily 1ntake, PDI)
(ng kg™ -d AT

PDI=(C><IR><10'3) /ow 1)
L. CHEY P EOR S & (ug kg™ ); IR 7@&]\&
HEYHA R d"! ) *E?EFF'I%T»TE%B‘”B% ,H
REE AR 2 BF7R s bw S AR IRE (kg), H B ALAR
N R 61.8 kg™,

1.5 HdlRgeitoath

K HH SPSS for Windows 20.0 4t it#k 44, % B4
HEAT IR PEARGS i 285 53 A B e 26 B0 e 52 1R 2
S AEAE R UL 3%03%7R . FH Dunnett” T3 75
P LA 2 (R R A A6 7K i P<0.05

2 458 (Results)

2.1 BYIORSEFHE
2.1.1 BYEHAEHLIX

R XY SOk & &, 45 R WK 3 s,
BRI i DX RO SR 1 i (T E) JL T BB R 5.99

pg-kg'(3.02~307 pg-kg™), HA A 1 MRS R
R E R E Z AR ) (GB2762—2017)

R1 REMRIRNEESSEERIIILL

Table 1 Comparison of determined and certified values for certified reference materials
R MiEpg-ke™)  BH(Hpgke™)
) AR H _ _ I 4/%
Certified reference Determined values Certified values
) Manufacturer Matrix Recovery/%
material Ang-kg™) Apg-keg™)
K P 2 A B L .
BCR-482 European Commission-Joint n 4807 480+20 100
Lichen
Research Centre Institute
o L 3t ST e b IR B B A2 B A 5T i .
GWB10021 Institute of Geophysical and Geochemical Exploration, ]; 4.12+0.10 38+14 108
eans
Chinese Academy of Geological Sciences
o ] B Bt 35 g B 3R A B A 5 T 0
2R
GWB10024 Institute of Geophysical and Geochemical Exploration, Scall 44+1 40+7 110
callo
Chinese Academy of Geological Sciences P
INEREZWI R Z 5 2 JEAF
TORT-3 297+5 292422 102

National Research Council Canada

Lobster-Hepatopancreas
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(K BOR R 20 pg-kg™), F A R 2 i (ff E)
JURTHME N 6.17 pg-kg™'(1.80 ~264 pg-kg™), B3k
SR (B T JLAT I ME N 2.32 pg-kg ' (0.646 ~
544 pg-kg), FORFIE R HEOR &8 B S T
FRRGE ZFEASITFE L (P<0.001), AR
MBS SR R B TRE(EM L2 EK
FRUfEY (GB2762—2017)(fi1 4 H F B SR FR 2 500 g -
kg™ BT UEORIRE 10 pg-ke™).
2.1.2 &R HHIX

SR P XK B R 5 2 () JLA A R
446 wg-kg'(3.13 ~8.67 ng-kg™"), A MR o (fE
H)JUTIIME N 431 wg-kg'(1.59 ~21.9 ng-kg™"),
RS AR k(B ) JLAT (R 2.22 pg - kg
(0.76 ~7.83 pg-kg "), BALK S &(TE)JLMY
BN 222 wg-kg'(1.38 ~3.63 pg-kg™"), Kk i
REERER THEMEKR, ZREAG%RIT%E
(P<0.001), i &Y RSB TEE
PRifE
2.1.3 KRR Hi X

R T b DXROK B R 5 2 (1 3 JLART A
3.63 pg-kg ' (1.05 ~114 wg-kg™), fi A MoKk & (ff
H)JUTIIME N 5.62 ng-kg'(2.24 ~12.3 pg-ke™),
Bie MoK & i (B E) JL (R 2.15 pg-kg ' (112 ~
378 wg-kg™), FOK AR UEOR &R S TSR,
25 F HA G475 L(P<0.001), T FARE b S oK &
PR T E AR, R B EY ok & bR 4.
2.2 KASRMY A ) o3 A

Al ~C3 9 MBI LS 9 KK R B 2 43 A G &
1 FiR ., YERAR A2 A5 (BB JA 2 km) FIERIE L
C3 S 1.8 km)kb , KKK & i 3 = T [A] b

*3

X340 2 ARAERL(P<0.01),

= 18F
&
0 -
= 15
F
LR 12t
=
e
=~z o9}
i
&I E
®T 6
R -
£ 3r
E
£
i 0 1 1 1 1 1 1 1 1 1
Al A2 A3 Bl B2 B3 (I

c2 C3
RAERL
Sampling sites
B1 ARRERAXKRSENST
TE:AL ~ A3 HEVRRR IR SRAERL, 0BT 02 2.0 F12.8 km;
Bl ~B3 GG MR RAE R, SN 0.15 1.4 H12.0 km;
Cl ~C3 NRMER ) RAE R, S0/ 0.1 .14 118 km,
Fig. 1 Comparison of total Hg concentrations in rice samples
collected from different sites
Note: Sampling points Al ~ A3 for Pb/Zn smelting sites were away
from the factory 0.2, 2.0 and 2.8 km, respectively; Bl ~ B3 for gold
mining areas were away from the factory 0.15, 14 and 2.0 km,
respectively ; C1 ~ C3 for coal-fired power plants sites were

away from the factory 0.1, 14, and 1.8 km, respectively.

R2 2016 FEAEMRRHNERSERMENE
Table 2 Daily intake of foods for inhabitants in
different regions in 2016

(g-d™")
HiIX Sites KK Rice i [A Fish #F Vegetable
I # Hunan 480 24.7 275
5t Guizhou 364 3.29 236

3R EMARBIEREE

Table 3 Total Hg concentrations in the edible parts of the foods in three studied areas

Hh a5 =Y HAR e/MEApgkg™) IRKfEAng keg™) JUfT B (ng-kg™)
Sites Foods N Min/(ug-kg™') Max/(pg-kg™") Geomean/(png-kg™')
N Jk Rice 70 3.02 30.7 5.99
WA .
1P Fish 16 1.80 264 6.17
Pb/Zn smelting .
T3 Vegetable 24 0.646 544 232
Kk Rice 65 3.13 8.67 446
SR f4 4 Fish 13 1.59 219 431
Gold mining ¥ Vegetable 17 0.760 7283 222
#Fk Adlay 45 138 3.63 222
HK Rice 126 1.05 114 3.63
SRBER ) ]
fii Al Fish 13 224 123 5.62
Coal-fired power plants
T3 Vegetable 20 1.12 378 215
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2.3 J R R ) g R ARG A

156 Er FEDRR A 4 20N T 35 T A 2l 06 O )
WA & K2 2 (JECFA)EZE i A AR SR & H AT
i 24 ARH 0.71 pg-kg™ -d'P Wk 4 FioR,
AR RGBS R AR
iy DX RE S B F OROK | Y R ST 24 6 OR 1%
A5 514 0.068 0.038 F10.031 pg-kg™' -d™", A
FE XN o R A T OK | P R S Y F- 3
BRI R YR T JECFA A7 19 AR 224 MR 5
N
2.4 SREFEKIE

WK 2 Frs , AYERG Fr X Rl S ROK |
0 IR g S B AR o5 S B R L4 R 77.2%
17.8% 1 5.0% , 4015 Fr Hb X 2 70.8% 28 4% Fll
0.8% ,BABERL T HIX N 71.4% 27.5 F11.1% ., #F5E

1 7.8%
1),

77.2%

D3 PN Jir B OR R R R IR R BN B ROK

3 112 ( Discussion)

3 ST XIS oK B AR OK S B, BR S
FEIGIRHLIX 1 AN FORFE R B il 30.7 pg-kg ™'
o ERARESS RO S I TE L 2R LN,
IF BRI /K5 ok 0 Hb XA IR 45 SR iy
25 PR, HE LT RE M X KO R & &, AL
TRERTT 7 BWIOKRE &, 458k 5N, BHHE
e EWIR R AR ) b X R V5 e 0 g E KT
R IXBYARTE G

SV A AP AR TN 2020 4 BYEEIR o i 5
R AORTS Y IR R /b 51.0 t B RARHRRL
,2020 AET, SRR R LV IRV S T RE N o8
PR EAE GBS 4 TTRRIZAT L 88 .8% By HEE: . Y

HYRRR A EARIE PRI AL
Pb/Zn smelting Gold mining Coal—fired power plants

2 3IMHEREBAERETFAERWREBN G LG

Fig. 2 Relative contribution of probable daily intake of total Hg from different foods for local residents in three studied areas

x4 3MHARREEREVWERBEANE
Table 4 Probable daily intake of total Hg through foods consumption for local residents

in three studied areas

R/ ME RME JUT I E BARBE b2
o 'Y A Mg kg™ -d™") Apg-kg™-d™") Apg-kg™-d™') Apg-kg-dT) Apg-kg-d7h)
Sites Foods N Min Max Geomean Mean Stdev
Mg kg™ -d™") Apg-kg™-d™") Apg-keg™-d') Apg-kg™-d") Apg-kg'-dh)
FK Rice 70 0308 0313 0.0466 0.0528 0.0331
HYERR R 1 Fish 16 0.0005 0.0069 0.0025 0.0035 0.0032
Pb/Zn smelting #53% Vegetable 24 0.0041 0.0338 0.0103 0.0121 0.0064
£t Total 0.0005 0313 0.0594 0.0684 0.0338
KK Rice 65 00151 0.0418 0.0263 0.0271 0.0073
SR fi[Al Fish 13 0.0001 0.0011 0.0002 0.0003 0.0003
Gold mining 3% Vegetable 17 0.0029 0.0299 0.0085 0.0108 0.0082
£t Total 0.0001 0.0418 0.0350 0.0382 00122
Kk Rice 126 0.0051 0.0547 0.0214 0.0223 0.0072
SRR i Fish 13 0.0001 0.0006 0.0003 0.0004 0.0002
Coal-fired power plants  #3% Vegetable 20 0.0043 0.0145 0.0082 0.0086 0.0027
&t Total 0.0001 0.0547 0.0299 0.0313 0.0096
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BER R B TR L )RS Y — (a5 e Bl
TGTB, AT AR R B il R AR SR HE ik, PR FEIR R
H DX B oR o Bl e 25 SR B, 2 M oR 75 Yeff i O
Aoy, S 5% AR IR SR O

KA E 4 A2 7= Tl (LSGP) i R S A E B PR T
GG, AR T FH R AE R B4 1) /N s F T
4 R Y LSGP R AR HE AL 5 10% ~
17% , 5 HAh FZRHRBOE A e, LSGP B A iR A5
Te g R s L BAR e, 2B RV A SR BRI IR
ARG () 4 0 TR B B R 4 =7 i
HARFHEMERE &0 IKZ — , O 2FRESE A 1
Bt JO KRR G JRMY ) 5 AT BO™ ORI Y
IRRIER AN IR T2 MR HEBOT =X, il e &
ML X )R S R R

RIE R T (0 R HE S B B HOH AR & 2R
B ORI E KRR EREA
BT IR BRI ) H AT R EE bR BT Y
S It S IR HE AR O SR AR I AR W R HE i
SREY R X B OR A IR T E R B T
ARE, I HAEARKOF B E R TR R S &R
PR X B R & 1 (P<0.01) , BRAT R HE B 4545 it
A, BT FH B ARt 1/ 32l X OR V5 e B e 1 o) —

XFROKAE i o2 25 S R AR A BB 1) 2
km &b A2 RAFE A, KOKOR G B E & T 0.2 km 40
Al 128 km &b A3 5 (P<0.05), A SHERAIERL T 1.8
km 4b C3 KA, KORR& 2 8% & F 0.1 km 4
C1 114 km &b C2 5 (P<0.05), &IS58 48
IR AR He MR o3 A 2w iy #e S TIR Ui k%
L[V S5, He v B S A (E Hh B0 AE BEHE O 1
~2 km BIIIE X IR, 7E 2.0 km JE SN, 555 S

Y He Mk R Bl R A s 5 75 Y TR IR S A 4 K i ik
JIN g i 2 2L ARG R BRI )T U R S R
v Hg A v J32 it 25 P 35 P 08 o e (1 58 300 2 1 ) I
fRRa SR 35 S AR B B HER 1T 2 ~3 km &b, AR BFGY 45
5 HT AR —5L,

XF 3 ANBIESE X B JE BB CROoK R S Al
P RBEA BT 25 5 3R B, W R A e el X
B REAT N 0068 pg-kg™' -d' BEEHTHRME
U6 M X 0.038 g - kg™ - d7 AT B N R H
J7 0031 pg-kg™ -d' (P<0.05), (MK T3 B MAE B
TFRBAR 011 pg-kg ™ -d™"™ G T 5t 7 Ll H
KAAEAN 19 pg-kg™' -dREBAR",

£ 2000 4 Hp ELEE AT R 3R B R ROR
JRE R IE EZON AR, R A LY 48.6% , 7K
72515 10.8% ; Zhang ZE" O RFSE B, B 4
DXRAE N ROK R A = B R B A = 1Y iR
34% ~50% , 02 5 L/NT 1% . SN &0 16 A
PRI R i DX R A0 PR SR B B 7 R A L
1], 5 Zhang SEV RIS AL 0 1% 4, K
KA Y R, BB, BV
SRR AR X R RO R Bk R 4
WK 772% 70.8% Fll 71.4% , 2 Y Hh fit [ o 52 2 110

Zi oy

(VBRGS0 16 R ARG T Hl X B R
KO IRAR, ROKOR & 43 5 5.99 ., 4.46 Fil
3.63 wg kg AR T IR B K e DA bR, X
I FE YRR R X TR AR 1 N ROKRFE oK &
RS, T A V6 MR RVR R & F A ) 214 b £ s ol —
SEMIRIT

QYEYEHAHE A0 TR AR 3 Nl X R R

R5 ARBRAKRFRSEHLLR

Table 5 Comparison of total Hg concentrations in rice samples in different areas

HiIX B PRI fEA g k™) Tl (pg-kg™) B3R
Sites N Mean/(ng-kg™") Range/(pg-kg™") Reference
% NI5R#" Wuchuan Hg mining 9 543 8.8 ~550 37]
% 117%™ Wuchuan Hg mining 17 268 60~113 [15]
J7 117k Wanshan Hg mining 70 362 439 ~215 [13]
J7 117k Wanshan Hg mining 168 424 24 ~401 [38]
HE R )7 7 AT Southern China 284 10.1 086 ~472 [20]
HYEEB MR Pb/Zn smelting 70 599 302 ~30.7 This study
& 1R % Gold mining 65 446 3.13 ~8.67 This study
JRIEHL ] Coal-fired power plants 126 363 105~114 This study
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Y (ROK | RIS %) i 42 50K 1Y F- 3
BEAESF R 0,068 .0.038 F10.031 pg-kg™'-d™', it
I T* JECFA #EFE M AR 4 BORBEA & 0.71 pg-
kg’1 -dt,

G)RA KR A& i W oK1 A & ] 53 5
K77 2% 70.8% Fl T1.4% | H7m 0 KK 2 24 L J
ROR BN EERR,

B EERN 2 F1981—), B, ki b W4+ AR
R, AR @ AR F  E R FREILS0 &5,
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