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Biogeochemical cycle of mercury in rice paddy ecosystem: A critical review. MENG Qi-
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Abstract: Mercury ( Hg) a highly toxic heavy metal pollutant has been recognized as a pollu—
tant with priority control by China the United Nations Environment Program ( UNEP) World
Health Organization ( WHO)  European Union ( EU) and the United States Environmental
Protection Agency ( USEPA) . The toxicity of Hg depends on its chemical speciation in which
methylmercury ( MeHg) is the most toxic compound. Inorganic mercury ( IHg) can be trans—
formed into MeHg in certain condition and then accumulated and biomagnified in the food
chain posing a potential threat to human health. Paddy soil is an important site for MeHg
production. Rice field is an important source of MeHg in terrestrial ecosystems. Numerous studies
have reported the MeHg contaminated rice worldwide. Recent studies have confirmed that rice
consumption is the major pathway of MeHg exposure in Hg mining area and in certain Hg contam—
inated areas. Biogeochemical processes of Hg in paddy field ecosystem have been well understood
in the past decades. This review systematically summarized the biogeochemical processes of Hg in
paddy field ecosystems including: (1) status of Hg pollution in paddy field ecosystem; (2) Hg
methylation in rice paddy and its primary controlling factors; (3) the mechanism of Hg accumu—

lation in rice plant; ( 4) health risks of human exposure to MeHg through rice intake; ( 5)
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management strategies to reduce MeHg in rice. With those results gathered we summarized the

shortcomings of the previous studies and prospected the future researches as well.

Key words: rice paddy ecosystem; mercury; biogeochemistry.
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Table 1 Concentrations of total mercury and methylmercury in rice in different areas of the world
. (pg-ke) (ng*kg)
Niigata Prefecture Japan 1.0( <8.0) - Nakagawa et al. 1998
Riyadh Saudi 1.6( <3.0~3.309) - Al-Saleh et al. 2001
Egypt 1.63(0.51~2.75) - Al-Saleh et al. 2001
Arabia Thailand 1.8( <3.0~3.5) - Al-Saleh et al. 2001
Korea 2(-) - Lee et al. 2006
Valencia Spain 2.1(1.6~3.3) - Silva et al. 2010
Palma de Mallorca Spain 4.48(2.15~7.25) - Silva et al. 2013
Paris France 5(-) - Leblanc et al. 2005
Western ltaly 5.21(-) 0.86( -) Harvat et al. 2003
Southern India 7.4(-) - Srikumar 1993
Brazil 2.3(0.3~10.4) - Batista et al. 2012
Recife and Sao Paulo Brazil 3.1(2.1~4.4) - Silva et al. 2010

Salavador City Brazil
Kampong Cambodia
Kandal Cambodia

N

Kratie Cambodia
Mindanao Philippines
Rwamagasa Tanzania
California USA

Phichit Province Thailand

Lombok Island Indonesia

8.36(4.1~13.72)
8.14(6.16~11.7)
10.2(5.9~15.1)
7.0+ 2.8(3.2~15.1)
9(-)
8.1(-)
3.3x1.3(-)
3.2(-)
2.8(-)
4.0( -)
3.6=0.33( -)
5.7(2.0~22)
16( 2.5~34)
13£7.2( 1.3~41)
15(-)
15(1.5~52)
81+15( -)
13(9.9~17)
18( 8~50)
26( 11~35)
50( 50~51)
212( 172~268)

1.44( 1.17~1.96)
2.34( 0.48~5.23)
2.5+1.2(0.8~4.3)
4(-)
6( -)
2.9+1.0( -)
2.1( -)
1.3(-)
0.3(-)
1.3+ 0.52( -)
2.4+ 0.72(1.7~3.8)
11(0.71~28)
6.01+ 3.6( 0.09~21.5)
1.2(0.28~3.5)
42+10( -)
1.5(1.1~2.3)

4.6(4.1~5.0)

58+43( 11~115)

Silva et al. 2012
Cheng et al. 2013b
Cheng et al. 2013b
Feng et al. 2008
Cheng et al. 2009
Cheng et al. 2013b
Meng et al. 2011
Zhang et al. 2010

Li et al. 2008a

Su et al. 2016
Rothenberg et al. 2011b
Xu et al. 2017

Horvat et al. 2003
Liang et al. 2015

Hang et al. 2009

Li et al. 2013

Tang et al. 2015
Cheng et al. 2013b
Appleton et al. 2006
Taylor et al. 2005
Windham-Myers et al. 2014a
Pataranawat et al. 2007
Krisnayanti et al. 2012

Mie prefecture Japan 23(3~60) - Morishita et al. 1982
Ganjam India 510( 470~530) - Lenka et al. 1992
29( 11~58) 11(6.5~24) Li et al. 2013
. 26( 13~52) 9.4(3.5~23) Li et al. 2013
N 36(4.9~215) 8.5(1.9~28) Feng et al. 2008
N 48+97(4.7~550) 12+15(2.9 ~26) Xu et al. 2017 ( in press)
N 103( 51~200) 22(8.2~80) Qiu et al. 2012b
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60 d
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2

C )

Table 2 Summary of average daily intake and blood Hg through rice consumption for the residents or sensitive population

( pregnant women) in different areas of China

(pgeg'-d’) (pg- L)
. - 0.062 - Cheng et al. 2013b
N N - 0.04 - Cheng et al. 2009
N N - 0.044 - Feng et al. 2008
N N - 0.032 - Rothenberg et al. 2011
N N - 0.63 1.5 Hong et al. 2016
N N 0.14 0.049 - 2016
. . 1.9 1.3 - Zhang et al. 2010

- 0.005 - Li et al. 2012

- 0.016 - Li et al. 2012

- 0.004 - Li et al. 2012

- 0.013 - Li et al. 2012

- 0.004 - Li et al. 2012

- 0.012 - Li et al. 2012

- 0.007 - Li et al. 2012

- 0.026 - Li et al. 2012

- 0.008 - Li et al. 2012

- 0.032 - Li et al. 2012

- 0.005 - Li et al. 2012

- 0.020 - Li et al. 2012
N N - 0.021 - Li et al. 2009
N 0.258 0.225 - Tang et al. 2015

0.112 0.105 - Tang et al. 2015

. . 3.3 1.30 - Zhang et al. 2010
N N 1.4 0.96 - Zhang et al. 2010
N N 0.13 0.065 - 2016
N . 0.17 0.074 - 2016
N N - 0.049 - Feng et al. 2008
N N 0.15 0.086 6.61 2016
N N - 0.040 2.75 Li et al. 2015; Feng et al. 2008
N N - 0.030 2.25 2016; Li et al. 2015
N N - 0.130 8.57 2016; Li et al. 2015
N N - 0.110 15.6 2016; Li et al. 2015
N N 0.51 0.095 5.93 2016; Li et al. 2015
N N - 0.050 4.93 2016; Li et al. 2015
N N - 0.140 - Li et al. 2008a
. . - - 3.0 Rothenberg et al. 2013
N N - 0.122 - Li et al. 2011
N N - 1.80 - Qiu et al. 2008
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