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EHREEF, SABFEEEEIE 1.9 ng/kg, Lﬁkﬁﬁﬂu‘*l%m ESI. RESRENTIYHEEEMHEE
TERENRERFER, HABHRREL/MREDEEARRAINTEEERERSUECFABER ALK
RETHERBAE 057 ng/kg - HMREHEFBAE 023 pg/kg + d), BEEINBEESREESHINE R
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Risk assessments and exposure pathways of inorganic mercury and methylmercury to popu-
lations from mercury mining regions in China
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Abstract: Mercury (Hg) pollution and human health risks resulted from Hg mining poses more concerns
worldwide. Routes of the daily Hg uptakes in the local populations include contaminated air inhaling, water
drinking, and contaminated food consumption. The risk assessment shows that the dominant pathways of exposure
to inorganic Hg for the local residents are rice and vegetables, with a high average daily uptake of 0.10 pg/kg for
rice and of 0.13 ug/kg for vegetables, respectively, which counts for > 80 percentage of the total inorganic Hg
exposure. Unlikely, the daily uptake of methylmercury (MeHg) through rice consumption was elevated compared
to other foods consumption, such as vegetables, fish, and water drinking. A high hazard index (HI) of 8.1 was
presented in rice, with an elevated uptake of 1.9 pg/kg. Although the average daily intakes of both inorganic Hg
and Me¢Hg through entire compartments investigated did not exceed 0.57 pg/(kg » d) for inorganic Hg and 0.23
ng/(kg +d) for MeHg recommended by JECFA, the total amount of both daily inorganic Hg uptake and daily MeHg
uptake exhibited a HI value of >1.0, indicating that the present high Hg concentrations in foodstuff might result in

an undesirable Hg exposure to residents, especially the susceptible populations, such as pregnants and infants.
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1.1 KEXK

KU XELRERIAET. P&, RiITHETIFERAKK
EMSRMASHMRERTCM).BE, RKIFXAS
RKEETHEEIEE KR, T 7.4~1950 ng/m’ Z [d]
G, ZRTWFENZ ur]E’JIZﬂz AhFARS[KEE

TREREENT

Table 1 Concentrations of inorganic Hg and MeHg in environmental compartments in Hg mining areas in China

FHR(Hel), ng/ke

B # Sk (MeHg), ng/kg

MR
Max Min Avg Std Max Min Avg Std
KRS (ng/m*) 1950 7.4 150 160
KK (ng/L) 9260 6.1 730 1530 25 0.022 1.5 3.8
11E (mg/kg) 790 0.10 93 160 20 0.091 2.8 3.4
Fax 1070 1.2 120 170 180 1.2 15 20
B
s 570 7.9 140 200 1.3 0.28 0.72 0.36
EOXE 1760 23 500 520 5.5 0.65 2.6 1.6
EN 460 3.6 92 100 0.51 0.020 0.12 0.13
n PN =k 960 12 220 280 0.18 0.031 0.073 0.038
IN=E 1890 60 290 460 0.18 0.042 0.090 0.039
=3 140 76 88 19 0.090 0.062 0.071 0.0080
Hith 970 80 520 300 2.2 0.056 0.88 0.71
& 630 7.8 170 160 110 6.1 53 33

i ARHIESI BIREE 2002 £ F 2012 F£HMEE . THRHD=-2

= 5K (He T)-BR £ 5k (MeHg)

Geochimica | Vol. 42 | No. 3 | pp. 205-211 | May, 2013



E3H

D RERT AL REFERRE

BES RS 207

HEAS. BRREASKREZBEMNEER
B, Z=HBTEEHTHRAKEES, LELZEA
HED, LABRIZEHWREFHME, RNE
WELZIRT 70%" . KisELBEBHESER, BAS
KB —1EERECY. AEERE, RTEXEREL
BEASMRBEMEE SIE 10500 ng/(m” «h), S
EHRKSREESIE 8.4~440 ngm’® ™, RELTIE
SREGRERRIE T £I1B B iE1E He B BUL R 1E A #0
Hg' MBRER, MEECREENESE, HIEDROBER
ERNGE, AR ARSREKEAS, KU XLIER
ASRRBHBESLIERESEMABEELESGH
BERAXHEE B4, PERSRT ASBBIEN
=Y. EAEAANSERSRH He' MEERAT X
RERM—PMEEXRR. MERETR, KXY 10%
L ERASRREPERMBR, pEMHIE
KEFRBFERE 5IA(2110£1480) ng/m> P,

1.2 KKK

KU XZHPEEZMMEKDEEFERENK,
KU XZHEZ M RARLHRESEE I pg/L
H2 N TF 6.1~9260 ng/L Z i8], HEFRY Xtk
KR THR TS 81X 730 ng/L (R 1), BT KKK
A UFRASAHE FHKERRETLHE
SETRWEET, FAHAKKRKEEEEZS TH
KE. RISRKART XRTEYIBT HHEE
ik, BAERMMEZRE THTRE, ERTE
SEEY KEAERMA, ISR drija 5RE B 1994
FARE 1997 FH 3 FAEE 15 t EBRMEEN
L BE KIS Z T if% 100 km BB 32381, 2209 5K 7E
HMBIRER, BAT ZRRITERIE RIS REKERIT
FULERENFELBEDE, BERKETENT
0.022~25 ng/L Z 8 (T 1). BAERE, ST XEKiT
FokEPRERILREASH, HMERETERFEDNKL
Kigsg, AREBRSKKRMBELEAT. &
T XKERBBEL, SBA TR, Ak E
EBRERFRRISEIFEMBERIKIE.

1.3 *IEXR

BERVELEZT LESFmM, HRISER
BES. TUEEM RRESFEEERFS. X
TIEREE 0.10~790 mg/kg, F13£3] 93 mg/kg (R
D), BEESHMBXIIERSE 0.10~1.2 mgkg. L
BIEAWAM, RSELBEFEEDAERE 0~30

cn [, Bl45em ITHIEREEBETEEE. &
RISERMITIZBESZITIERZN, KNEEEFLE
TSR HeS, AREE 60%-80%, HEE511E
FEEFRES SEAASEMEXXAR, 5 HeS &
SMRIRF, FAMNBERREEREAS, B5K
BEEK. BRATDR. BIEESEKNEEERHEIE
BEE, RSRTIBERASRNEBMTAEL,
TIERAREFREENT 0.091~20 pgkg 28, BE5
FBXTIERERKEE 0.10~0.28 pgkg, BFEH
TERERSEHESTEL LB, BE. 6
MUR. 1 pH. MEMUR T IEMNE U ITEZGHSE.
BRI UM RMBREE=EZN, FRAETHTHELS
REFMROFRELCRE, EFRNEPEMLERE
BINF 1.9%/d, HRIETESROERERULER
4.1%/d P, RERER L BRELENF 0.1%, BH
BHFMEREYMERRE, TREXMREYVTESE
EHsm.

14 %£#¥%k

RUXMEA. BRPMSTERMNVESGRE
B, KA RIEY SRR FEARARE . HEH
BER, FXSRAMMENEOR. EK, BXK
ZHMREEGR D, ZRBHRERRIERRN
HEMER] 0.01~0.02 mg/kg, EL AXIERE, K
FRETRSEBERK. FIHIE 180 pg/kg, BAT
RAHZERERNETESED ™. BEEW, K
FARABRERRRT LB, BANBPRRNRNESL
AR ER-EE S IRY L BRES—
MERRSE A S RS, ARBRETFEFRFELA
E)IRMH TIEEREFSY. EMAT REELRE
BIFFTEY, REY XA BSRMRAER KT S
RERSFRMFEABEEMRT EERRIE, XEH
MAMAEEBRSRERTTEMRKSIHAELK
Gigk), ENEREMERT. ESZTHELAS
WEFHEMBEERY S, #—SHAELH, =
MKERE T RBEMERTE KBLPM=M
KEFEHEERNRTEENAE, AMBEIL
FERMETRTZH. ERTRELER LR
AR aE A,

2 kEEMEITEME

KU KRSREBRERAXEZREREAE
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. BHAMEERSREIIZELORED BAKE
RENEEREZ—. AN, KT XSREXEEK
BEEENSESRAKEK, BIMFR. REEEE
i, ATAHANT RERAN. Bk, TTXAZK
BERAKRSKFAKDEEK, SUBTRYEEREE,
BERRSEMIER. Y%, &. . BEER
RITHRMWE. BE. AR, UMY, BHA
RARAEN.

XEEd, BITEEAKRBREERKEFT, 7
RSIEBERENIE, S8TRELE. FIEH
R EFREBITHOREEEUER. AXHKRIT
HEANSHRRERBEKRNT.

2.1 BiREH

e BRI bbb 4 P e o
R, SEEEMINETRMEKRORE. B, B
FRURXZABLEHREREF, BERN—H=81Y
NEFRBAMERAERRE, EERTEER
FRERmiEk. . &. ALENEYEATR
MHE=,

22 RBRE

RKIRERMEREEBEZTERZEREEEZERA.
RERBAMEEREBANSE. EREZNTRXERA
HRREZNEZRRZ. EYEPHRELEHE RN
AMRBEBERKBRHNEEREZ, RBEEWARE,
KHBAERS. BN, BEREHAAKPAEK,
TRFSKHRIEELRE. E6REMHEIEER
R, —BHANAKETLL 100%# B EHERAR
B, #FANAKRERERLVBI BTGB HERK.
B AR 9 LRy 7%~8%

BRERSRERENTZMEE, GFTED.
BEMT. £EXE. MREURKSHRIEK
LhE. AMRASRWBREE, BURTFNMKAKER
ARSHEE. BE, HFEATHRANKSHE
TIEIR 0.83 m’/h, 2920 m’/d. 38 1T P IR 3k N\ Bt SR A%
KER. WIS A 1K B9 L3R £ 60%~80%".

2.3 REEEMNITE

PE 1 FHESREYPRHEE. F5E%
WX RS P REREE. BUEERTERER
KA HREE. KETREREBEFYE. 230t
BERENRPERNEE, BTERMNTRMEITMEN
MRELTESHMER, FAMEERARANTELAR

2013 4
2 EERREAN, HELARMT:
]D:CMX]RXEFXED W
BW x AT

NP D ARETHHEES, £iipg/ (kg +d);
CMARBNRPREOEE, RABANEEZEET),
EF 0 ED A¥EMIREESRFZER, B A FHIKRE,
AT R #5E REU(ED X365 d/a),

RKOPHEANEEZET). EMEE, &5
B, AMREHAEREUREE XRESERRIEEEE
MEZFEESHIEF2. P, REGREFEREA
2. FHARESIRRENSITE, BERnE. 2%
FAHZESHEEN EEREEREEMMERTY
XA, EtSHSEF K-

24 RERERTFHHITE

RKIXEBEREMEBEZEEHER, UHEREE=E
(UD)FR REALAM R DT ERARRRMFAKESER
EZREVMENINRMBERNEREENE
RDFITREEFHEDMITE. TEARAT
_ b
RfD

N 0 ARKREF: ID hBERES RD AR
EXC PN

RQ)BRURLIENE RD ST RFBE
K, HPLHFRMBRELBAEHN 0.57 pg/kg * d),

#2 KT RERERARITEERRERESHLI

Table 2 Parameters for risk assessment on human mercury exposure in
mercury mining arcas

HI 2)

REERE & # F%EFUR) &t
— PEOR 2 (m’/d) 20
R E(L/) 2.5
BNHEK(g/dD) 625 T=
A BABFE(g/d) 350 ;iillg 7o
BANER(g/D) 35
BANFER(g/) 3.3
EFERREN  aAmHed) 7.8
BANER(g/d) 5.5 ’;iff
PNt 70%
TS TR 8%
FER 100%
THREBY)  (kg) 60
EMIRERER (d/a) 365
SFEFRED)  (a) 75
B REAT)  (ED <365 d/a) 27375
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FERMHZEEBAEN 023 pg/kg » d).
25 #R5E

BEASEH, ARXOFMARXOMERERTXER
AERZZBEZZARBEHITHE, FITERKE
F. MEIFEERIE 3.

% 3 BBER RV XERIBIT RN K
EMEEXIRNEEZERS. THHABZE=EN3A
0.13 pg/kg #1 0.10 pg/keg, HEXHKEFEER 80%LL
£ SHOKEETS5 4 023 1 0.18; =%
HMEAXREE S AL 048 ng/ke #10.89 pgkg, H
PRERKHFESHMXEEFA 1L.6. SEIREZER
E, BAHEFEMNBEREZEEDESY 7T HM
MFERIEE, FHRERMNHEREE 0.16 pgkg, 8
HEHEASRBEATIE 1.9 ngke, RIME TRSHR
METF, Bik81. REZSFBRENHEITHEIE
B JECFARf1 USEPAP a2 (A,
EBEEHEREFENEAREE(BIELIKRMBE
)., SBOXEEFELEBIET 1.0 8EXKEETF
NF1H, FEMARERRESE, SREEFAT1
B, BB aESEERXRP S,

LSRRG, RUREFAHCREESER
REMNEAERENR. EREMNBAEERTER.
KU RERKJADPERMBEREESIE 210
mg/kg A 5.9 mg/kg, EiTE T 3 BEX A F2410
MEBLEZRERSESHAWANEEZERZEMAX
P BARERELRERY. TEHYERHKE
KU XEFHAK2 AR, BN, FFHALR~%E
TEENTK, REEHEAS" P, XME T

x3 KERVEBRKZEZEHTETHYREEITLGHESER
Table 3 Results for average daily intake (/D) of inorganic Hg and

MeHg and hazard index (HI) for human exposures
in mercury mining arcas

TR HEF
m H ARZE(D) mMpEF BERHEEWD) RBRET

ng/(kg + d) (HD) ng/(kg « d) (HI)
FIRKS 0.037 0.065
TRk 0.0024 0.0042 <0.0001
PN S 0.1 0.18 0.16 0.70
BARXE 0.13 0.23 0.0037 0.016
BAER 0.0015 0.0026
BNFER = -
BAER 0.0046 0.0081
BANEH 0.0012 0.0021 0.0049 0.021
BREE 0.28 0.49 0.17 0.73

EACRIARFME. SLELERBTFERELEMAKRY
EAHMPERBRENEETERE WAKEENR
TEEMBRRAK. ATHRARSHERMER.E
xR XEEERBRAALHEERERFTREK. 3t
ARRERMZBETE 2,

3 Kk 2

IMERSRAE TS BRI EEIRED
T, UEARNKFRMNKEETRGZREIKKRTER
MR, BREKT WRSETIEMEKEIBRER
B EE, 2518 T xEPY miEx Rk Xk
HMEERERMINEMNAR, BRAIMERTREH
ROUBRIATERIZF B . RERY LWNIMERITE
BEEEERE, My XRSEIMEMEET AR
Whk, THERAEABERSEOE, LERA
MERMZMRAMEERZR AR Z—. EFHH
RERETR, RARKRAXMESRENZ MK/
HHEE, FTRRSHAT XRSERIMEBENEE
AITHIF R,

KEBXMAKRERIPERZIOMFARESEIET
KEHE, ERBRIMKANAMREANENFTRES
KEE UBEMAKBREWMMFAREFTREA
R, BAIARMMKREEERAUREFH ik
FhEERERMAE BEHTE&MKERPES
HTARAENNEYR, Mz ERIERIERE
(n-3 LCPUFA). BEfE. #. $%Z7" X5RKMH
BERSEACQVEEAR. B, XEHAELRFAE
MEERRZEURBHILSENBRREMFR, 7]
ANRKE, BFEREREZEXN ARERZ R
HEHFTATINIR .
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