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Research progress in mercury pollution in rice and methylmercury exposure through rice consumption

CHENG He-fa, GAO Xu, LUO Qing

(College of Urban and Environmental Sciences, Peking Universily, Beijing 100871, China)

Abstract: Mercury is a global pollutant that affects human and ecosystem health. With the growing mercury pollution of the environment,
pollution of rice, a staple food for more than half of the world’s population, by mercury has received widespread concern around the world.
Mercury occurs in the forms of inorganic mercury and methylmercury in rice grains, both of which have significant detrimental health ef-
fects on humans (with methylmercury being more toxic ). Thus, rice consumption could be an important exposure pathway for mercury, par-
ticularly methylmercury, for the population in the affected regions. This review summarizes the recent progress in research on the sources of
mercury pollution in the environment and rice, health effects of inorganic mercury and methylmercury, uptake and accumulation of methyl-
mercury in rice, analytical methods for the total content and chemical speciation of mercury in food (including rice ), current status of mer-
cury pollution of rice around the globe, and the corresponding exposure of humans to methylmercury through rice consumption. Existing
studies showed that severe mercury pollution of rice has occurred in the mercury mining areas of Guizhou Province of China and in South-
east Asia countries. As rice is consumed as the staple food by local populations, significant public health risk has resulted from dietary ex-
posure to methylmercury in the polluted rice. As a result, more research should be conducted to characterize the pollution of rice by mercu-
ry worldwide and assess the corresponding public health risk of dietary methylmercury exposure through rice consumption. In addition, it is
important to strengthen research on understanding the mechanism of mercury uptake, transportation, and accumulation in rice plants and
the chemical speciation of mercury during these processes.
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Figure 1 Schematic illustration on anthropogenic sources of mercury in paddy field , cycling of mercury in paddy soil , and the uptake,

translocation , and bioaccumulation of mercury in rice plants
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Table 1 Advantages and limitations of different analytical methods in the measurement of mercury
il 5 Analytical method It 445 Advantages Bt A5 Limitations %2 ik References
CV-AFS - USEPA R iy oA I I A2 7 0k < B it A AR T P A [49-50]
RSt < Xof AR W A T R
E (AR
- R
MR HE IR SR
AAS PRI < b A AR R P A [51]
RSt < X HERE A ST 5K
- YR P - REUERH
ICP-MS A6 BRATG R VAN B 22 [52,55]
- ] 5 IR I TR A 40 H RIS REEIN NS
GC-ECD  FRBE HHHESR [ SR A I 2 Ty 1 <K I PR A% 2 [53-54]
E (AR - RPUERU
- A
- TR L4

AR Hg™ M LR, I 0.1% (m/V)2-5ii
LI L2 2% .60 mmol - L BRI (4 5% H B4
R AR #F Cie (250 mmx4.6 mm, 5 wm) SEEL T
He \F BRI R 80053 25 o Cheng 58P #E ST 1 8§ XF
RPC-ICP-MS PR & A i f He™  FH 2R 2
FERM A3 AT ik R A AL Sl AH < (1)2.0 mmol - L
L—2F bt 2482 2.0 mmol - L™ -+ ¢ JE A 92 44 A1 1.0
mmol « L™ & N & R (pH 3.0) ; (2)2.0 mmol - L™ 3-%i
FE—1-TN T R AN ER 4.0 mmol - L™ DY T K & A AL 8% A
1.0 mmol'L_liﬁﬁﬁfi(pH 6.0) ,f# F Cis#E(12.5 mmx
2.1 mm,5 pm) , LI T HILER T E . HAECK
TR AL 3 A 5 VEAFAE A — > T SR SR (1 0 5
I A o AN TR B R i A H R E
1l oKk OC R M E T SR A USEPA HEF 1Y
Method 7474, | i W % €% it 145 98 Ak ) i CV-
AFS LI BUAT B K 22 806 ) 7 12 JCIE X ok e
A EEATINGE , 75 S50 5 Fi AL BT i o i YRR
AWy B 5O T E o R AR TR T
SR E C A —EWFIT, HEI T H BRI A7 125
T F A VERGR T R B 2 . R
A A P ORI B, 530 4 U LI R R A T2
B b e SRR R B AE  IX L) b R S
B 5 5 R HORE SR RS , I 2 o =
M (ChnER R | 0 TRURR ) K HY i oRe DA it 5 5 vh R 1y
KOREHRRTHR AP REFILER .
Huang 551z R BRI 42 19 5 vk DA #2 RRE o v 42 B
LR, TATISC% 155 7% 98% . Liang 554 7. 1 4 X 3R
BE RN A= R it v BB SR (1 R AR 5 0 25% (mi V)
SR - BEAE 75 CCR K 3 h i RAE i, AR

R H T pH 5 PRI A S H B AR 3 250 2 IORE i T iy
H R T4 25 45 A0 IR AILAE I A ZE 18 7K 7E 60~70 C
TR A = A B I AU S B ORI, e
FHV 2 IETRIR AN 2 FEAL AT 52 o 207 vk B ey
B RE SRR B3R (80.2%~111%) , & &8 FH Tk
DK R LR 7 A 0 00N VRO i T 1 P R
RN, H— AR NS A A b s I |, (R4
SR PA NG UK s W7 s N 1 e =" 2 e &
B TR FH R VS T B TR AR A, S A K R TR
A W A R i L 2 S R AT AR IO T . Jagtap
LGOI off 2R 1 IR A L 2R L2 B R
FEPLF ISR |, Coufalik 4520z F 21 4 & il /K Al 4+
fiJE LA 6 mol « L7 iR — it 118 404 £ BBUR 0 A it v 1Y
LR, AR T L PRAR A S U

TR B 0 2 T 2 A B A AL ) Can R R
S BE ) 16 5% PH 252 v R IO R A, PR E ST A
VAT, A v ek 5 PR A 1 T 4 R SR DR il B ol v A5 TR
K . Luo ZFF] F H 2K -30% $HBR7E 110 C R Xt K
K rp B SR A T AL B, SR S T 0.15% (m/V) L-
- bl 22 R A AT MLAR S 80 Y R A S A B ol ot
BB 5 s B RTE SO BOR T b B R rp 2 &
PSRN 0T, HA R AR FERT R T
I

PR AEAE B P A R L, Tk ok (H
TR B & AR T a2 B, R I ROK R IE A
XF 430 7 vk R R, WA BORHE  ORIE
BT ORI 8 5 K BR R4 100 ng- g7
WAL 2 S ng- o, LU A FEA T 355 0.01 ng- g™,
19 ORI B 1 ) 205 S S,
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5 EIKKAKKRTRIK

F2RGE T AR I8 KR M E K (S B4
BUARAE & R L PR BRSO LR
BT B RE (BB e VE . R ZR BN R
S el A D) ROK A SR 5 YA O, LA R AR SR
My AW RS ANBEIOK H AR (g- N-dDfER .
MR 2B T DL Y, 3205 g b IXOR AR 1 KOK A
oK HY R TR B i WY e T R B2 T e b DX DROK (Wil
coxon test, P<0.05) . AHLHFHi3ki5 Y kT ik
IG5 R I RAN R A2 1 Bl BT i LAY ROK R 75
DL Ry X S5 R S R )R G Ye IR DR —
o V5 Y D H B ROK R IEAILK | R 32k A
FOKREAR BRI 38 v i) o dl ok L koK T+ v
AITEALIR | F LR 15 YA AE R AR : B S ok T
SRB A BCR A RRN R AP ok i T IR R ] 2
B 5 R % R Tl KO e R TR A
P J S0P 80 7K Oy DR R AR T A W it T R
AR, PRt A= 35 vh 1) Hg™ A &) 3 o 26 4 H Ak
VE RIS AR WP SR K AR T F BRI s e
EERE 9 T HAWERAL , PRI R BOROK A Rk 75 Y, Kk
T ERESRA T, 7T LA IR 7R T5 G —
Xof Jra IS 14 ), B 22 AR T A 30 14 5 e 5L, PR X
RFRE SR TS YL I b R A 7 FIG SA BR IR R ™ Rk T G
AIRE A

LRG3 2 R N SR — FR L SR B s T LR B
KA EOR S LR 5 B 52 IEAH G (Pearson” s chi-
squared test, P=0.898) , (H A1 43 H B KK AE i v 5k
ik m {H R R SN S A O, BB ROK Hh ok Y R
SR A YR B TR Z R (5 H ETHLEE A B
WA , 9% 3 At T 3 IR iR 2 K R BE R B T A iR A
FFR AR 4200

M I A [ AR AR 21 21 (Food and Agriculture Orga-
nization, FAO)$2HEAY 2013 4F 45 A KoK H #E A 5L
P, H AlALF5 46 f) (363.8 g+ A7 - d™) il (396.0 g+
Ned?) it (4359 g+ A7 -d7) (N (470.5 g
N d)SEARME E AR ROK H AR AR L HR
TR E K IOK SR GRS BB SR B =
PG N 7 R S =t L ol

6 BEAKRSHHHBERFEZERNE

LRI Z DA A 1 T b DX R 1 FH RO 2 i 2 %
K B TR AYHE b (EAE D FARE R A RORAR AT g

S A ity L DXNCRE P BE OR 2% R 1 — S HE B R AR,
EREE PR ALSE LT A AR AR g I Y
N AR Sy FR ALk, 2 58 A [) s DX R
FEEL ROK A F B 5 22 5 175 D00 B A R 7 4 et R IXLRS:
S[BVE N

AT WG T 2R TN S ok Bl H ok 4 H ] fE
% A & (Probable daily intake, PDI, pg- kg -d™")/E R
PEAG HES R O Bk | i ol 2% 2 it B XU ) 4
B, X IR B8 £ B R i) S | Y ok PDIBEA 7 A 1
B, KRB E BT 60 kg, M4 45 [ AH N (1 A3
FRKFEARE (g N7 -d ) BAEHEA TR [J PR |
St AHEE H R ir Bk BRI S PR AE
USEPA & H i B 558 2 2% 55 & (Reference dose, RfD)
H0.10 g kg™ - ds B ARSI ER A R K& G4
(Joint FAO/WHO Expert Committee on Food Additives,
JECFA) $2 i By W 2 o 3 J] Fe 1/ 48 A it (Provisional
tolerable weekly intake, PTWI) M 1.6 pe - kg 'bw, B/~
JFH VAN 0.23 pg-kg ! d 7 EEIMREE
{8 F 1 3 PEAE 702 2 (Office of Environmental Health
Hazard Assessment, OEHHA) & 1% & 7K B9 RfD {8 N
0.10 pg kg™ -d ™1,

2003 4F Horvat 557 UK & LR 53 R 7 X 1Y
FOKH HA 5 BRI R, JOK rp F SR &5
T REIA 144 ng-g ! INZ SE M T ROOK HEBEA G =
WFFEAT H RO X2 5 H BOR A B B R4, Y
HiJE R B ROK 2 A — i R XU O 4598 o 1Bk
AT AL B T DM B 1ok B ROK 1Y)
BN SR 2 i ik, T LI L R A Y Rk PDIT R R
B} 0.19 pg-kg'-d”, Bk USEPA #2119 0.10 pg-
kg - d7 BRAE , {EAE T JECFA 2819 0.23 pg-kg '+ d”!
FRAH, 1 J7 1 s R 65K PDIT AR 1 0™ B, fie i 15
F1.74 pg-kg-d™ BEHIRA XK A5 45 2 b f
RHER 1™ A A B R Qi ZE A Li B T
AR A DX ERK B Bk ik 22 58 O BIEFE 45 21 5 Bt
MR A D B0 AH AL, A F 3L SR PDISE Bl 29 3l
0.04~0.18 pg-kg'-d" F10.03~0.12 pg-kg'-d™", ¥
BT HARES . BAT AR 5 IR 1 R B R
DX AHER UL, A T B 028, B ROK & F Aok
B A R R IR AL

AR5 G i DX ROK S 2 5 23 % a7 A A
FANAAAER VL AR VF Z W5 AR X AR ) R
KT T R R B BRI DL A o Shi S5 Y
] 1548 KOK 9 B FE 65K PDLE M 0.02~0.11 pug -



1672 URIEIR el 53855 8
R2 XEHMEREKAKPEER RERNASESHEMNRUT %, URIZEFRMEXERMFEHAXKEENE

Table 2 Summary of the contents of total mercury and methylmercury in rice worldwide , and the analytical methods used, along with the

daily rice intake rates in the corresponding countries/regions

o - Bk Rttt s K AL _
W% Tt R At MIRER gy JORHIRARE
L Total mercury Methylmercury . . Daily rice intake rate/
Country Sampling site  Polluted area or not . “ Analytical method* Ooaa Reference
content/ng+g content/ng+g g N'ed
(L] — & 2.3(0.3~10.4) NA" ICP-MS 88.0 [67]
B Jma R4 R 50.4(50.0~50.9)  4.6(4.1~5.0) CV-AFS 18.9 [68]
PR T — 4 3.04(0.53~11.1)  1.91(0.11~6.45) CV-AFS — [69]
PP LT o 2.1(1.6~3.3) NA CV-AFS 22.8 [70]
FERA — i 5.21 0.86 CV-AFS 15.7 [71]
B INEErs N — 7 2.6(1.0~4.2) NA TDA-AAS — [72]
EEE KA B
HRAE [ P HEA
i fitk — 7 8 NA ICP-MS 109.0 [73]
=R — 7 7.5(7~8) NA ICP-MS 300.6 (73]
TR — i 5 NA ICP-MS 33.6 [73]
El1 2 JE P L. RN A 15(8.9~26) 4.6(1.8~12) TDA-AAS( A4, 368.8 [61]
) ,GC-CV-AFS
(F3ESR)
E[1 2 JE 1 B BCRE) 140 11 TDA-AAS( A 368.8 [61]
7K),GC-CV-AFS
(FH3ER)
E[1 2 JE u I AP BCRAE) 89 NA CV-AAS 368.8 [74]
e sy ECRE) 20(1~43) NA AAS 3272 [75]
e AT ECRE) 212(172~268) NA CV-AAS 313.9 [76]
B BA(EFN 4 38(26~58) NA CV-AAS 190.4 [77]
R % &I BCRE) 12.7(9.90~16.7)  1.54(1.06~2.31)  AAS(HK), 435.9 (78]
CV-AFS(HIFE5K)
% TFt 7 10.21(5.91~15.1) 2.34(0.48~5.23)  AAS(EK), 435.9 (78]
CV-AFS(H JE5K)
R % Tt D 8.14(6.16~11.7) 1.44(1.17~1.96)  AASCEFK), 435.9 (78]
CV-AFS(HJE5K)
i [ — o 2 NA CV-AAS 203.2 [79]
EHE| Bt JEGRE) 149(11.1~569)  38.9(8.03~144) CV-AFS 214.2 [71]
] gl ZOGRE) 58.5(21.1~191.9)  14.6(7.5~27.6) CV-AFS 214.2 [9]
EHE| gl OGRS 30.7 18.7 CV-AAS(ER), 214.2 (36]
GC-ECD(FI3ER)
EHE| Bt (kW) BT ) 14.5(2.53~33.4)  11.3(0.71~28) CV-AFS 214.2 [71]
rh 1545 & 23(6.3~39.3)  4.7(1.9~10.5) GC-AFS 214.2 [80]
EHE| Wi (TR 22(15.6~68.4) NA HG-AFS 214.2 [81]

TE s a A 5 Bk T SRS B A48 5 L35 - TDA-AAS (IEALFAAR I T IRIBOGTE S ) \CV-AAS R T IR IO IEEL ) \HG-AFS (LY K A= 4% -5
TP CC-AFS UM G35 - IR T 28 ) 5 b. JSUR ST AR RGE 5 0,154 (X 1) B AR5 A 07 e SR N SEd ™
PO RS U TR AR SN R HE ORI 5 d B R IR T I B R K RO SR 2013 4F FAOSTAT %cffs i vh 4% [l KX Ok H AR A
(g Ned ™),

Note: a. Abbreviations for detection methods not defined before: TDA—AAS (thermal decomposition amalgamation—atomic absorption spectrometry ) ,
CV-AAS(cold vapor—atomic absorption spectrometry) , HG—AFS(hydride generation—atomic fluorescence spectrometry) ,and GC—AFS(gas chromatography—
atomic fluorescence spectrophotometry ) ; b.Not available in the original literature ; c.The 15 provinces include Jiangsu , Fujian, Liaoning,, Hubei, Helongjiang,
Inner Mongolia, Guangxi, Henan, Sichuan, Ningxia, Shandong, Guizhou, Tianjin, Anhui,and Hubei;d.Data from the daily rice consumption per capita(g+

capita”+d™) of countries in 2013 from the database of FAOSTAT provided by FAO.

kg d™, HEA A M2k USEPA FR{E . Zhang 257 36 [ A T JECFA #2 H 4 1.6 wg - kg 'bw PTWI, fii 1 T K
FETF I FT 25 20, 23 m A B 175 K R IX BN, B SR T 2 A R S R
377 H KK G F LR PDI A 0.009 5~0.49 g - kg 'bw, MR Ko Lin 778 & KA 0F 5 8088 s 3K
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KN B R PDI A 0.006 pg - kg 'bw, i {& F OE-
HHA #& #9558 RD {8 (0.10 pg-kg'-d™") o Zhao
ZE2019 AR AT X5 [ 15 48 KOK By S i et 3R B
A H 5K PDTE A 0.001 2~0.013 pg-kg™'-d™', 3
X T EPA X JECFA W BR1E . £ LA B 45 ] LA
R, AT Y b XN TR ROK 9 HH ROl 25 28 fdt B XU
BN RO Vg b DX N 1 S OR 2 58 o ke 1K 11t
P

IR b A 3% S o KOK B8 A 14 [ 52 (A
EEE R VU R 2E ) R 4 0 X R 4130 b XA KoK
H ORI DL A I8 408 o B JE V0 75 75 18] L5
SR A DX HP B ROR AT AR oy 9 B R YRR R i, AT
PO X A B 5K PDLFE 0.35~6.02 pg - kg 'bw, 2
OEHHA FRAH , M6 X AR R & an s B g iy KoK e ]
FEA 35 v A R HOR 1, B ORI X i J& RAFAE S
0 R D OR 2 R R XU 7, Cheng S5 7E B4 28
BB R W, i R ™ X R AR I 48 o v T
PRI R £ KK K 19 F 5Lk PDI 2 0.02.,0.03.,0.04
pe-ke ! d A BUB ARG OC , H T2 o Al A
(JUH RS (48 12 7 8O H IR Y 5K PDI
R ; [, OB T PR R OK HEEA R E &S T
T JE R, S B BUR A0 XS B FOKA e i
LR PDI R A O o 25 TEA [R) b IX e R £ 45
MR 22 5 N Z R 1Y RAUE R RE 1, TEROK BB 54
e I [ 52, &R SR DX VR SR R 4 X sl g A
T o) 48 RO Y F R DR 2 B [ (B 2% DD O .

fHASHE B2, HRER Z 8t o b oRds L 22
AT A R AT B 2 0 BT L AP IR R
K H L oK 2 i f B XURS: A 38 0 A BR . 2017 4
Brombach £/ 25 85 1 B[ |k [ Al dw 1 R 2 i
TR K A R R OR B 9 O, R 5 R FHROK H A
1400 g-d', B RN 65 kg A TIHE, & B 43
87 A ity A B OR B i YN S BN IR H R
1560 H B8 PDLRR H FRAE TG O o 58 b Xt 1 %
JLEE W] RE R BRI OLUEA T T ARSI, R AR Ry %
NHE, BRI R B PDLASE A, (HIE & TR .
TILEA BN N2 5 52 3 Bk 1 e 3, Hom
TR IO F R R B8 1 i 5 R E A

7 BEE5REE

[ N AN E 2T R AYAR XA BRI R SR
KIE ANFEICHLoR | H R R R iR ik e 2 — , JUHRS T

TROR B R B AR SV FIAS R I ) A i s S, B o9
Qe B ROK AT LAy SR S 25 A i B XURS: o L RT3 ROK
Hh R | PR R SR B ARG T i T LR, [ B b A S
THER TR RIE T vk . AR I OROK Bk
ARG EARARIES, BRI IG5 vk FURIK
REHEDR BUAT 5, (EROK rp B R ) 25 i 5 o5 G IR LA
Lo oK R JCAILoR 5 ik 22 6] B O 2R o AN BTG o S AT
T AT e DX IR B B RORIEAS AN A oK
7 5 (TR DXL, T 45 £ 775 4% 7 0 Ml X ™ ) A ROK T 45
20 iy Ry A 7 1 i B XU o

AR g i [ 5%, JE IR ARSI MK i I [ [
S B R AR A, 10 DR L 3 3 B oKk
19 YA K SO R KBl o I, T )iz i ROK
IR YA 2 -5 R LA AR 5k % B A R XUBS 3 A4 T
R A BOKAE X BRI v o W i s Fn R AR AL 0t
FEARR AL E . AR AN BT LT 4405
T4 1A -

(1) H Al Bk =2 X 42 BROROK 7k 75 QAR D A9 6 £ %
B, 5 BEARIOE 220k A W RORBEA 1 X, dn gk [ g
7 VAR S HA 3 R AL DX A OK o 35 8 i dle
CILEPIAE R RO NEWN I IR RS SN/ AP vt
NS T ROR R o 2 o f HE XURSE A 3 A, 9 TAIR
P RETA VAT IN 3 IR/ T S

() AR T2, RO SRS U, [R5
IR1ER LI AR SR (HIH AR AR R w5 . Al
TR A L T 358 IR o/, RO R ) PR Rk ik
AN B AL e AR R S SR A AR
Ao P, T EERATT AR IR 5 Aok 5
F BRI

(3) FHHTROK R e LR | H Bk 4 32 2875 LAY
TEA L, FEAR PR PR BT R U R s g
T ORE AR PR R PR o [RI RRR A K
FEHPJOHLIR | R AE LA A48 B Z A e iz L BB
PRI A F A o AR S o R, ik o T
FHASR A BERIAIF T, S J 2 i) 42 il AR i IR T TR 2R
R SRS, PR R ROK i 22 e B (IR 27 il

(4) 3 [ i R B0 2 M A7 A2 0K ) i sl P 22 5
P 7 AT DX LROR O 6, AR T e i X #28 R
KIFATR K . I, 75 2 X E XA R £ 454
DX R AT o | PP R R AR R (B KR Ay . £E 1L
Ll T AN 8 FE SR 5 P Bk L R R
o BRAEL, AT BT DR s R e
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