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brown rice grown in two arsenic-contaminated soils
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Abstract

Previous studies have reported that human beings would expose to arsenic (As) 

by consumption of rice (Oryza sativa L.). Rice roots absorb phosphate and arsenate 

(As(V)) through the same transport pathway. Therefore, P application is assumed to 

decrease As concentration of rice via competitive absorption by rice roots. However, 

paddy rice is grown under the reducing condition which As(V) is not the predominant 

As species. To create more aerobic condition during the rice growing period, we 

involved a water management which keeps soil saturated in comparison with 

conventional flooding in this study. Simultaneously, P was applied to evaluate its 

inhibition effects on As absorption by rice. The topsoils of Erlin soil (Eh) and Pinchen 

(Pc) were collected. Background As concentration of both soils were 10 mg As kg-1 

(Eh10 and Pc10). A portion of each soil was artificially spiked with As to reach the 

levels of 20 and 40 mg kg-1 for the Eh and Pc soils, respectively (Eh20 and Pc40). 

Treatment consisted of three P levels (150, 525, 900 kg P2O5 ha-1) and two water 

management (flooding and saturating). For the flooding treatment, the water head wad 

kept at 5~6 cm depth above soil surface throughout the rice cultivation. For the 

saturation treatment, flooding was conducted after transplantation for only 15 days 

and then the soils were kept saturated (operationally, saturated means that partial 

waterlogged condition with no water head above the soil surface). 

The results show that compared to conventional flooding, the soil redox potential 

increased under with saturation treatment, which inhibited reductive dissolution of 

iron (hydr-) oxides. Thus As concentrations of pore water were low because the As 
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adsorption capacity remained high. However, As concentration of pore water were no 

significant difference among P treatments. In the Eh soils, neither water managements 

nor P treatments, the As concentrations of straw and brown rice were not significantly

different. In the Pc soils, As concentrations of straw and brown rice decreased under 

saturation treatment. Only under the saturation treatment, the significant decreases of 

As concentrations in straw could be found after P application at 900 kg P2O5 ha-1 in 

the Pc40 soils (p<0.05). The As concentration of brown rice slightly decreased by P 

treatment, but there was no statistical significance. The positive correlation between

the concentration of total As and DMA in brown rice were found (R2=0.97). As(III)

concentration of brown rice approximately maintained 0.2 mg kg-1. Although total As 

concentration of brown rice exceeded 1 mg kg-1 in the Pc40 soils, arsenic species was

predominated by dimethylarsinic acid (DMA) but not the highly toxic inorganic 

arsenite (As(III)), which indicates that consuming rice may not pose high health risks 

in this study.

Keywords: Arsenic, Arsenic species, Brown rice, Soil water management, 

Phosphorus fertilizer. 
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Class 1, nonthreshold carcinogen IARC,

1987

(Sahoo et al., 2013 1983

1950

(Su et al,

2010)

(H3AsO4) (H3PO4)

(Wang et al., 2009)

(Hossain et al., 2009; 2012a; Brackhage et al., 2014)

(Meharg and

Macnair, 1992; Wang et al., 2009; Talukder et al., 2012; Jiang et al., 2014)

-

: ; 

(Chen et al., 2005)

(Xu et al., 2008; Arao et al., 

2009)
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( 2013)

(H2AsO4
-, HAsO4

2-)

(McGeehan et al., 1992)

(Takahashi et al., 2004)

(2014) 10 (276 kg P2O5/ha)

:

; 50

( 2012)
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2.1

(Arsenic) As 5A 33

(IARC)

(Ng et al., 2003; Halim et al., 2009; Johnson et al., 2010; Martinez 

et al., 2011) (AsO4
3-) (AsO3

3-)

(monomethylarsonic acid, MMA) (dimethylarsinic acid, 

DMA) ( 1)

As(III) > As(V) > MMA > DMA

(LD50) As(III) 15~42 mg/kg As(V) 20~800 mg/kg DMA 1200~2600 mg/kg

2 3
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1
Fig. 1 Structural formulae of arsenic species. 
(Meharg and Zhao, 2012) 
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2
Fig. 2 Arsenic cycle in nature. 
( :Asxban Technologies, http://asxban.com/arsenic-poisoning)
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3
Fig. 3 Arsenic cycle in soil.
(Meharg and Zhao, 2012) 
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2.2

88 47 1.5

mg/kg 1 (Vaughan, 2006)

(pyrite, FeS2) (realgar, AsS)

(orpiment, As2S3)

17 (

)

1987

(Williams et al., 2007a) (Roxarsone, 3-nitro-4- 

hydroxyphenyl)

35~43 mg/kg

( 2009b) (Copper chromated arsenate, 

CCA)

2003

( 2007)

30 mg/kg 60 mg/kg ( 2011)

2013

30 mg/kg 60 mg/kg
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1
Table. 1 Arsenic concentrations in rocks, sediments and soils. 

/ /
(mg/kg) (mg/kg)
2.3 0.18~113 
2.7 0.5~5.8 
1.3 0.2~15 
18 0.5~143 

/ 3~15 < 490 
4.1 0.6~120 

/ 2.6 0.1~20.1 
3.5 0.1~10 
- 0.3~35000 

( ) 5 - 
(Vaughan, 2006) 
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2.3

1950

( 30~100 

m) 0.4~0.6 mg/L

0.01 mg/L ( 2012) (1974)

(1985)

( 2004)

(1995) 9.8 mg/kg

(2003)

( ) (84 %)

(13 %)

( ) (Fe2+)

Fe2+

( )

( 2009a)

1970

( 2004)
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2.4

2004 2005

2006

( 2007)

120 (0~15 cm) 6.60~499 mg/kg

(15~30 cm) 6.37~506 mg/kg ( 60 mg/kg)

63 (30~60 mg/kg) 38

5.5 61.5

( 2007)

( )

( 2007)

(2012) 12.6~545 mg/kg

0.173~0.327 mg/kg

1 mg/kg FW

> > >

( )
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(2013)

0.2~0.9 mg/kg
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2.5

pH Eh

 

2.5.1

( 4)

Takahashi et al. (2004) X

XANES

(Xu et al., 2008)

(Arao et al., 2009; Xu et al., 2008; Takahashi 

et al., 2004; Hu et al., 2013; Violante et al., 2012; Yamaguchi et al., 2011)

( )

(Yamaguchi et al., 2011)

( -FeOOH)

(ferrihydrite, Fe(OH)3)

(magnetite, Fe3O4)

(Meharg et al., 2012)
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4 Eh-pH ( 10-4 M ) 
Fig. 4 Eh-pH diagram for the system As-H2O system. Activities of As, Mn, and Fe 

were all taken to be 10-4M.
(Meharg and Zhao, 2012) 
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2.5.2

(AsO4
3-) (PO4

3-)

(Roy et al., 1986)

(amphoteric) pH

(Bohn et al., 2001)

(Hingston et al., 1971)( 5)

(H3PO4: pK1 = 2.12, pK2 = 7.20, pK3 = 12.40; H3AsO4: pK1 = 2.20, pK2 = 6.97, pK3 =

11.53)

(Woolson et al., 1973) Violante et al. (2012)

(goethite) (gibbsite)

pH

(2008)

KH2PO4 K2HPO4 Ca3(PO4)2

KH2PO4 K2HPO4

Ca3(PO4)2 P 600 mg/kg

KH2PO4 K2HPO4

Neupane and Donahoe 

(2013)

Ca-Pi-As(V)
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5

Fig. 5 Phosphate and Fe oxides form stable inner-sphere complexes.
(Ryden et al., 1973) 
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2.6

(Food and Agricultural Organization of the United Nations,

FAO) 2004 Rice is life (FAO, 

2004)

90% 5.4

4.9 3.3 39.9 35.5 24.3  ( 2012b)

1960 85

1990 103 1990 2010 90-100

1.6 (Samarendu, 2013) 25.86 (

) 2007~2009 146 2012

45 ( 2014)

(transfer factor, TF=shoot 

As/soil As) 0.8 0.1 0.2(Williams et al., 2007b)

(As(III)) (DMA)

DMA (Zhao et al., 2013)

(Abedin et al., 2002c)

(Raab et al., 2007)

(Meharg and Zhao, 2012) Zavala and Duxbury (2008)

0.08-0.20 mg/kg Schoof et al. 1999

0.3 mg/kg( ) 0.07 mg/kg( )
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0.09-0.34 mg/kg( 2011)

60 45

0.09-0.34 mg/kg( )

1.3-5  bw (WHO) 1989

(Provisional Tolerance Weekly Intake,

PTWI) 15 (WHO, 1989) PTWI

8.6-33.3%

2013)

0.2 mg/kg ( 2012)

(Codex Alimentarius Commission) 2014 7

0.2 (Codex, 2014)



18

2.7

60 30 30

120 (4 )( A3)

35~40 20~25

( 1988; 2015)

Xu et al.

(2008)

2 10~15

2 mg/kg

0.5 mg/kg 2.6~2.9

25 mg/kg

 Arao et al. (2009)

(2012)

( )

(2013)

A/F ( )



19

(2014)



20

2.8

(PO4
3-) (AsO4

3-)

Abedin et 

al. (2012)

(phosphate transporters, PTs)

(Raghothama, 1999)

mM

Km 2~10 (Km

) (Barger 1984; 

Raghothama 1999) Km 1.8~14 

(Vmax)

(Abedin et al., 2012c) PHT1 13

OsPht1;1 OsPht1;1

OsPht1;8( OsPT8)

(Jia et al., 2011) Wu et al.

(2011) OsPT8

(Meharg and Zhao, 2012)
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2.9

(Geng et al., 2005) Hurd-Karrery(1939)

5 Geng et al.(2005)

30 (KH2PO4) 10 M As (Na3AsO4) Rumberg et al. (1960)

2

pH5.5-7.0

5.5

7.0  ( 2010) Jacobs and 

Keeney(1970)

Talukder et al. (2012)

40 mg/kg 0 mg/kg 25 mg/kg

(aman) (boro) 4.10 mg/kg 6.22 mg/kg

0.1 mg/kg (1000 

mg/L) 10 (Walsh and Keeney 1975)

 

pH
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2
Table. 2 Impact of different phosphorous treatments on arsenic concentration of 
 plants. 

Jacobs and Keeney(1970) 
Meharg and Macnair (1992)
Meharg and Macnair (1994)
Quaghebeur and Rengel (2001)
Wang et al. (2002)
Abedin et al. (2002a)
Abedin et al. (2002b)
Abedin et al. (2002c)
Tu and Ma (2003)
Liu et al. (2004)
Cao and Ma (2004) 

Geng et al.(2005)

Hossain et al. (2009)
Wang and Duan (2009)
Pigna et al. (2010)
Lou et al. (2010)
Hing et al. (2011)
Wu et al. (2011)
Talukder et al. (2012)

(2012)
Karczewska 

(2013)
/ Bolan et al. (2013)

Kumar et al. (2013)
Shaibur et al. (2013)
Brackhage et al. (2014)
Jiang et al. (2014)
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As(V) As(V)

( 6)

pH Eh
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6
Fig. 6 The basic framework of research.

 

pH Eh

(
)
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3.1

3.1.1 (Eh)

(186291 mE; 2641676 mN)

0 20

3.1.2 (Pc)

(268773mE; 2763331 mN) 0 15

10 mesh ( 2 mm)

3.2

3.2.1 : (Gardner, 1986) 

1. 25 mL (W1)

2. 20 g (W2)

3. 105°C

(W3)

( ww) ( ) × 100% 

[(W2 W3) (W2 W1)] × 100% 

4. ( × ww 100) 
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3.2.2 pH (Thomas, 1996) 

1. pH4, 7, 10 pH ( pH7, 4

pH7, 10 )

2. 20 g 100 mL 20 mL ( =1

1)

3. 1 1 pH

4. pH 30 pH

3.2.3 (Rhoades, 1996) 

1. 150-200 g

( )

2. 1

3.2.4 : ( Gee and Bauder, 1986) 

1.

15 g 250 mL 50 mL

10 mL 1 M NaOAc (pH 5) 50

mL

2.

600 mL 10 mL 30% H2O2

90°C H2O2 (

H2O2 )

3.

50 mL -  ( 125 mL 1 M 
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NaHCO3 1 L 0.3 M NaC6H5O7 2H2O )

100 mL 3 g Na2S2O4 (

1 g ) 80°C 20

10 mL

50 mL 10% 

50 mL

4. 250 mL 105°C

5. 10 g

10 mL 5% (Na-hexametaphosphate) 10 

270 mesh 1 L

10 g

6. 1 L

( ) 25 mL 10 cm

25 mL (12 )

40 10 g

7. Stokes’ Law : 

(hr)

18 8.41
20 8.00
22 7.63
24 7.28
26 6.95
28 6.65
30 6.37
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= -0.1696 ×[ ]+ 11.399

8.

3.2.5 : Walkley–Black (Nelson and Sommers, 1982) 

1.

1.1 1N (K2Cr2O7) 105°C

49.04 g 1 L

1.2 0.5 N (Fe(NH4)2(SO4)2 6H2O) 196.065 g

20 mL

1 L

1.3 0.5 g 20 mL 100 mL

2. 0.5 g 500 mL 10 mL 1 N

3. 20 mL 30

4. 200 mL 10 mL 85 % 30

5. 0.5 N ( )

6. (O.C) %

10×(1-Vs/Vb)×(1.0 N)×1/4×12×(1/1000)×1.3×(100/W)×100 % 

Vs

Vb

W

1.3
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3.2.6 : Bray-1 (Bray and Kurtz, 1945) 

1.

1.1 0.025 N HCl-0.03 N NH4F 25 mL 0.5 N HCl 15 mL 1 N 

NH4F 500 mL

1.2 15 mL 50 mL H2SO4 5 mL

30 mL ascorbic acid

 1.2.1 : 4 g ((NH4)6Mo7O24 4H2O)

  100 mL

 1.2.2 H2SO4 : 70 mL H2SO4 400 mL

  500 mL

 1.2.3 : 0.2728 g

  100 mL

2.

2.1 0 1 2 3 4 5 mL 5 mg L-1 25 mL

0 0.2 0.4 0.6 0.8 1 mg L-1

2.2 4 mL

0 0.2 0.4 0.6 0.8 1.0 mg L-1

3. 1 g 10 mL 0.025 N HCl-0.03 N NH4F

40 (Votex)

4. Whatman No.42 30 mL

5. 2.5 mL 4 mL 25 mL

30

6. (shimadzu UV-120-01) 882 nm

7.

(mg L-1) = [( )

] ×

8.

(mg kg-1) ×

(10 mL) [ (1 g)× ] 
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3.2.7 : Mehlich No.1 method (Mehlich, 1953) 

1.

1.1 0.05 N HCl-0.025 N H2SO4 50 mL 1 N HCl 25 mL 1 N 

H2SO4 1 L

1.2 5 10 mg L-1 5 10 mL 100 mg L-1

100 mL

2. 5 g 125 mL

3. 20 mL 0.05 N HCl-0.025 N H2SO4 5

4. Whatman No.42 30 mL

5. (flame photometer, Sherwood Model 410, Cambridge, UK)

5 10 mg L-1

6.

(mg L-1) = [( )

] ×

7.

(mg kg-1) ×

(20 mL) [ (5 g)× ] 

3.2.8 : (McKeague and Day, 1966) 

1. 0.5 g ( 100 mesh) 50 mL 

2. 30 mL ( 0.175 mol/L 0.1 mol/L

HCl NH4OH pH 3)

3. 120 rpm 2

4. 4000 rpm 10 ( )

(ICP-OES, Perkin Elmer, Optima 

2000DV))

5.
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6.

3.2.9 : DCB (Mehra and Jackson, 1960) 

1. 0.5 g ( 100 mesh) 100 mL 

2. 0.3 M, 40 mL (Sodium citrate, Na3C6H5O7 2H2O) 1 M, 5 

mL (Sodium bicarbonate, NaHCO3)

3. (75-80 ) 10 1 g 

(Sodium dithionite, Na2S2O4)

( ) 1 g 

80 dithionite

FeS

4. 10 mL 

( ) (ICP-OES)

3.2.10 : ( 2003) 

1. 1.0 g ( 100 mesh) 50 mL 1 mL

10 mL 95 C (

3 g 28 mL )

2. 5 mL 5 mL

4

2 mL

3. 100 mL
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10% 2%-5%

4. 2% HNO3 0-10 ppm ICP-OES

( 80-120%)

SRM2710 CRM2003( 80-120%)

3.2.11 : HNO3/H2O2 ( Meharg and Rahman, 2003) 

1. 0.2 g ( 100 mesh) 100 mL 5 mL

2. 60°C 60°C 1mL 30%

20 120°C 3 (

3 mL 30% )

3. 50 mL

(HG-AAS, Perkin 

Elmer, AA200)

CRM2003

3.3

10 mg/kg (Eh10,

Pc10) Na2HAsO4•7H2O

20 mg/kg (Eh20) 40 mg/kg

(Pc40)

3
2
1 mesh

65kg
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Na2HAsO4•7H2O

3
2
1 mesh

8
5 mesh( 15.9 mm)

(Wagner 1/5000 a pot) 15 cm

10 mesh 

3.4

150 kg P2O5/ha (1P)

525 kg P2O5/ha (3.5P) 900 kg P2O5/ha (6P) 1P

1P

( 2005) (Ca(H2PO4)2 H2O)

3.5

3.5.1 (Saturating) 

(

A1a) (Flooding)

( 2013; Talukder et al., 2012)

3.5.2 (Flooding) 

5~6 cm (

A1b) ( 2013; Talukder et al., 2012)



34
 

3.6

 (Eh10, Eh20, Pc10, Pc40)

(S) (F) (1P, 3.5P, 6P) 3 2

 2  2  3  3 = 72

3.2 (Wagner 1/5000 a pot) 15 

cm

(

2005) ((NH2)2CO) 400 kg N/ha(

11 ) (KCl) 150 kg

K2O/ha( ) (Ca(H2PO4)2)

3.3

(%)

% 20 % % %
50 30 20 100
100 - - 100
40 40 20 100

 
3.7

3.7.1

2013 9 2014 1 11  (Oryza 

sativa L. cv Tainan 11) 11

( /

30°C/25°C)

1~2 cm
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( 3.4 )

20 (120 kg N /ha, 60 kg K2O/ha) (

61 ) (80 kg N/ha, 30 kg K2O/ha)

3.7.2 ( )

15 36 57 75 124

(Rhizon soil moisture samplers, Netherlands)

10

45 10

20 mL

0.45 0.4 mL (

) 57 75 124

HG-AAS

ICP-OES

3.7.3 pH

pH

pH meter pH

(Eh )
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3.7.4

 

( 2~3 )

 

3.8

(

) ( ) ( ) 70°C

3.9

3.9.1 : HNO3/H2O2 ( Meharg and Rahman, 2003) 

1. 0.2 g 100 mL 5 mL

2. 60 C 1 3 mL 30% 1

mL ( 3 mL 30%

) 120 C 3

3. (25 mL) ( ) (10 )

(ICP-MS, Agilent 7700x, 

Agilent Technologies) 0~1

HG-AAS
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4.

ERM®-BC211 (rice flour)

100 ~ 128% ( 3)
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3 ERM®-BC211
Table 3 The recovery of arsenic concentration of brown rice.

ID Sample conc. Certified conc. Recovery
------- g/kg------- % 

STD1 292 260 112
STD2 311 260 120
STD3 332 260 128
STD4 267 260 103
STD5 279 260 107
STD6 261 260 100
STD7 277 260 107
STD8 280 260 108
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3.9.2 ( Huang et al., 2012) 

1. 0.5 g 100 mL 5 mL 0.28 M 

(vortex mixer) 30 (

1.5 g 15 mL 0.28 M )

2. 95 1.5

vortex mixer

3. 0.01 M 25 mL ( )

(HPLC-ICP-MS, HPLC

4) (As(III) As(V) DMA MMA) (

7)

4.

ERM®-BC211 (rice flour) 84 ~ 107% ( 5)

5. (HNO3/H2O2 ICP-MS ) (0.28 M 

HNO3 HPLC-ICP-MS ) 4.7

3.10

( ) (

) (Eh10 Eh20 Pc10 Pc40)

(1P

3.5P 6P) ( ) (analysis of 

variance, ANOVA) (Fisher’s 

Least Significant Difference, LSD) p=0.05 SAS 9.4
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4
Table. 4. The analytical conditions of HPLC. 

HPLC (Agilent 1260 series with auto-sampler)

Column Anion exchange column 

(PRP-X100, 250 4.1 mm, 10 m, Hamilton Company)

Mobile phase 20 mM NH4H2PO4 (pH 5.6) 

Flow rate 1.5 mL/min 

Injection volume 50 L 

Run time 11 mins 

7 HPLC-ICP-MS
Fig. 7 HPLC-ICP-
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5 ERM®-BC211
Table. 5 The recovery of arsenic species concentration of brown rice. 

ID DMA Certified DMA Recovery
iAs 

(=As(III)+As(V))
Certified iAs Recovery

------- ------- % ------- ------- % 
STD1 128 119 107 121 124 98
STD2 127 119 107 118 124 95
STD3 133 119 112 123 124 100
STD4 131 119 110 132 124 106
STD5 121 119 102 107 124 87
STD6 119 119 100 104 124 84
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4.1

 6 (Eh)

pH 7.4 (loam)

1.9% 8.6 g/kg

10.5 mg/kg ( Eh10 ) 8.5 mg/kg

2.6~18.9 mg/kg ( 2002) (2013) 40 mg/kg

10 mg/kg 20.5

mg/kg ( Eh20 )

346 mg/kg (260 

mg/kg)

(Pc) pH 4.2 (clay)

25.1 mg/kg

3.6 mg/kg

1% 2.3%

(2012)

50 mg/kg

30 mg/kg (10.8 mg As/kg, Pc10 )

36.1 mg/kg ( Pc40 )
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6
Table. 6. The basic physical and chemical properties of the studied soils.

Soil characteristics Eh soil Pc soil
pH 7.4 4.2
Texture Loam Clay

Sand (g/kg) 344 178
Silt (g/kg) 478 320
Clay (g/kg) 178 501

Organic carbon (%) 1.9 ± 0.01 2.3 ± 0.02 
Available P (mg/kg) 56.3 ± 0.2 5.84 ± 0.9 
Available K (mg/kg) 70.7 ± 2.9 48.7 ± 2.6
Free Fe (g/kg) 12.4 ± 0.1 25.1 ± 0.2 
Amorphous Fe (g/kg) 8.6 ± 1 3.6 ± 0.02 
Free Mn (mg/kg) 287 ± 4 85 ± 0.3 
Amorphous Mn (mg/kg) 224 ± 6 58 ± 1
Free Al (mg/kg) 1601 ± 37 5285 ± 15 
Amorphous Al (mg/kg) 1147 ± 133 1508 ± 3
Total As (mg/kg)

Original 10.5 ± 0.3 10.8 ± 0.6 
As contaminated 20.5 ± 0.9 36.1 ± 1.4 

Total Ni (mg/kg) 46.3 ± 0.1 31.5 ± 0.03 
Total Cu (mg/kg) 44.5 ± 0.6 34.5 ± 0.1 
Total Zn (mg/kg) 346 ± 0.5 104 ± 0.8 
Total Cd (mg/kg) 1.74 ± 0.1 0.90 ± 0.3 
Total Pb (mg/kg) 30.7 ± 0.7 46.7 ± 0.4 
Total Cr (mg/kg) 65.6 ± 1.0 59.4 ± 1.3
(n=2, mean ± std) 
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4.2

4.2.1 pH

 14

36

-100 mV 57

-100 mV 124

330 mV

-100 

~ -200 mV 75

124 80 mV ( 8a)

( 2014)

pH 6.7 ~ 7.7 pH 4.9 ~ 

6.3 pH ( 8b) pH 6.5 ~ 7

H+ H2O

CO2 CO2 pH

pH pH

( A1 A2 A3

A4) pH

(As(III)) (As(V))
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pH

4 Eh-pH pH 7 ~ 8 0 mV

H3AsO3 pH 6

-100 mV H3AsO3 pH

6 5 -90 235 mV H3AsO3

H3AsO3 H2AsO4
-
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V
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DAT
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4
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8

9

pH

DAT

8 (saturating, flooding)
(a) pH (b) (n=18) Eh ; Pc

; S ; F
Fig. 8 The redox potential (a) and pH (b) in soils under two water management 

(saturating, flooding) during the rice growing period. (n=18) Eh indicates Erlin 
soil; Pc indicates Pinchen soil; S indicates saturating treatment; F indicates 

 flooding treatment. 

(b)

(a)
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4.2.2

(15 DAT)

(Eh20-S) (Eh10-S) L(

9a) Eh20-S

(124 DAT) Eh20-S L

(Eh10-F) L

L (Eh20-F) 36

L (Pc10)

3~7 L( 9b)

(Pc40) 34 L

7 L 40 L 20 L (57 DAT)

(2013) 35 mg/kg

100 L 700 L

(sprinkler irrigation)

7 7

0.41 mg/kg (Moreno-Jimenez

et al., 2014)
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 Xu et al.(2008) As(III) As(V)

(aerobic) 4 ~ 16  As(V) DMA 10

L As(III) As(III) H3AsO3

As(V) As(III)

(Xu et al., 2008)

( Ars C) As(V) As(III)(Bhattacharjee and Rosen, 2007) Yamaguchi

et al. (2011)

As(III)

(CdS)

CdSO4 (Arao et al., 2009; Hu et al.,

2013)
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(F)
Fig. 9 As concentration in soil pore water under two water management (saturating, 
 flooding) during the rice growing period. (a) Eh soil; (b) Pc soil. (n=3) Erlin soil
 (Eh); Pinchen soil (Pc); saturating treatment (S); flooding treatment(F).

(a) 

(b) 
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4.2.3

10 (Eh20)

( 10a)

200 ~ 250 L 6

( 10b) 15 DAT 6P > 3.5P 

>1P ( 10c, 

d)

(2008) 20 ~ 100 

mg/kg

(Neupane and Donahoe, 2013)

15 DAT

6P > 3.5P >1P

0.5 mg/L 1 mg/L( 11a, c)

( 2012)
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Fig. 10 As concentration in soil pore water under three phosphorus treatment during 

the rice growing period. (a) Saturating water management in Eh soil; (b)Flooding 
water management in Eh soil; (c) Saturating water management in Pcsoil; (d) 
Flooding water management in Pc soil. (n=3) Erlin soil (Eh); Pinchen soil (Pc);
saturating treatment (S); flooding treatment (F).

(a) (b)

(c) (d)
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Fig. 11 The P concentration in soil pore water under three phosphorus treatment 

during the rice growing period. (a) Saturating water management in Eh soil; (b)
Flooding water management in Eh soil; (c) Saturating water management in Pc
soil; (d) Flooding water management in Pc soil. (n=3) Erlin soil (Eh); Pinchen 

 soil (Pc); saturating treatment (S); flooding treatment (F).

(a) (b)

(c) (d)
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4.2.4

(Takahashi et al.,

2004; Violante et al., 2002; Geng et al., 2005; Yamaguchi et al., 2011)

(15 DAT) 10 mg/L

(57 DAT) 124 DAT

30 mg/L 5 mg/L

( 12a)

(15 DAT) 250 ~ 300 mg/L

120 ~ 190 mg/L 7 ~ 23 mg/L

( 12b)

(15 DAT) -100 mV( 8a)

(pH 7) FeOOH + e- + 3H+ = Fe2+ + 2H2O 170

mV 57 DAT

( , Siderite)

(Yamaguchi et al., 2011)

(bulk soil)

Fe2+ Fe3+ (Chen et al., 2005)

(57 DAT) -200 mV

(pH 7) SO4
2- + 9H+ + 6e- = HS- + 4H2O -160 mV

(S2-)

(2012)
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(As-Fe-OM 

complexes) 2.3%

(As-OM-clay particles) (Sharma and 

Kappler, 2011)

(Pc40)

(Eh20)
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Fig. 12 Fe concentration in soil pore water under two water management (saturating, 
 flooding) during the rice growing period. (a) Eh soil; (b) Pc soil. (n=3) Erlin soil
 (Eh); Pinchen soil (Pc); saturating treatment (S); flooding treatment (F).
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4.4

(p<0.05)

( 7) (LSD)

(p<0.05) 3.5 P (

9) ( 8 10)

(2013)

F/A

2012

Fageria et al. (2014)

PMAP

(polymer-coated MAP) > SSP (simple superphosphate) = MAP (monoammonium 

phosphate) > PSSP (polymer-coated SSP) > TSP (triple superphosphate) > PTSP

(polymer-coated TSP)

(Ca(H2PO4)2 H2O)

Ca-Pi-As (Neupane and

Donahoe, 2013)
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7
Table. 7 Two-way ANOVA on the yields of straw between P fertilizer and water

management.

n.s.: no significant; ***: p<0.001; **:p<0.01; *:p<0.05 
 Eh10: 10 mg As/kg in Erlin soil; Eh20: 20 mg As/kg in Erlin soil; 
 Pc10: 10 mg As/kg in Pinchen soil; Pc40: 40 mg As/kg in Pinchen soil. 

8
Table. 8 Two-way ANOVA on the yields of grain between P fertilizer and water

management.

n.s.: no significant; ***: p<0.001; **:p<0.01; *:p<0.05 
 Eh10: 10 mg As/kg in Erlin soil; Eh20: 20 mg As/kg in Erlin soil; 
 Pc10: 10 mg As/kg in Pinchen soil; Pc40: 40 mg As/kg in Pinchen soil. 

Treatments Eh10 Eh20 Pc10 Pc40
-------------Main effects-------------

P fertilizer (P) n.s. n.s. * n.s. 
Water management (WM) n.s. n.s. n.s. n.s. 

P x WM n.s. n.s. n.s. n.s. 

Treatments Eh10 Eh20 Pc10 Pc40
-------------Main effects-------------

P fertilizer (P) n.s. n.s. n.s. n.s. 
Water management (WM) n.s. n.s. n.s. n.s. 

P x WM n.s. n.s. n.s. n.s. 
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9 ( ) (n=3, mean ± std)
;

; (*)
(p<0.05)

Table. 9 The biomass of straw (dry weight). Different letter represents the significance 
 difference between different treatments.

10 ( ) (n=3, mean ± std) 
;

; (*)
(p<0.05) 

Table. 10 The biomass of grain (dry weight). Different letter represents the 
significance difference between different treatments.

Rice yield (g/pot)

Eh Pc

10 mg As/kg 20 mg As/kg 10 mg As/kg 40 mg As/kg

Saturating Flooding Saturated Flooding Saturating Flooding Saturating Flooding

1 P 16.5 3.7 13.5 3.8 17.2 3.4 16.7 1.1 5.61 3.3 7.20 6.9 6.81 5.8 2.55 0.7

3.5 P 16.6 4.8 16.6 1.9 13.6 1.5 12.8 2.7 10.3 5.2 13.8 3.6 11.3 3.8 7.04 3.3

6 P 12.5 1.2 15.8 2.6 16.3 2.1 15.6 4.6 16.92 6.7 7.91 3.7 9.66 4.4 5.76 0.8

Straw yield (g/pot)

Eh Pc

10 mg As/kg 20 mg As/kg 10 mg As/kg 40 mg As/kg

Saturating Flooding Saturated Flooding Saturating Flooding Saturating Flooding

1 P 20.1 3.1 17.3 3.2 20.6 0.7 21.2 2.5 15.1 1.8 16.7 4.4b 14.4 5.2 14.1 2.7

3.5 P 20.6 5.5 18.5 1.0 20.6 2.1 17.2 6.7 20.6 3.5 24.9 0.9a 20.2 4.6 21.7 5.8

6 P 13.4 1.5 17.4 2.7 15.6 3.6 18.9 1.9 19.6 7.3 19.4 2.0ab 17.8 3.8 17.2 3.6
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4.5

 (Eh10) (Eh20) 4.4 ~ 9.3 mg/kg 8.1

~ 12.2 mg/kg( 13a, b)

( 11)

6

(Pc10) (Pc40) 0.67 ~ 2.01 6.2 ~ 

10.7 mg/kg( 13c, d) ANOVA

(p<0.05)

(p<0.05) (

11) 13d

 

(Abedin et al., 

2012a)

( 9)

As(V)

(Meharg and Macnair, 1992; Wang et al., 2009; Talukder 

et al., 2012; Jiang et al., 2014)
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pH As(III)

As(III) (Abedin et al., 2012a)

Bolan et al. (2013)

(Hossain et al., 2009; 

2012a; Brackhage et al., 2014)



61

11
Table. 11 Two-way ANOVA on As concentration of straw between P fertilizer and 

water management.

n.s.: no significant; ***: p<0.001; **:p<0.01; *:p<0.05 
 Eh10: 10 mg As/kg in Erlin soil; Eh20: 20 mg As/kg in Erlin soil; 
 Pc10: 10 mg As/kg in Pinchen soil; Pc40: 40 mg As/kg in Pinchen soil. 

Treatments Eh10 Eh20 Pc10 Pc40
-------------Main effects-------------

P fertilizer (P) n.s. n.s. n.s. n.s. 
Water management (WM) n.s. n.s. * ***

P x WM n.s. n.s. n.s. *
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13 (a)
; (b) ; (c) ; (d)

(n=3) 
; ; (*)

(p<0.05)  
Fig. 13 As concentration of straw under two water management and three phosphorus 

treatment in two soils. (a) Eh soil without spiking arsenic; (b) Eh soil with 
spiking arsenic; (c) Pc soil without spiking arsenic ;(d) Pc soil with spiking 
arsenic. (n=3) Different letter represents the significance difference between 
different treatments.
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4.6

 0.2 ~ 0.3 mg/kg ANOVA

( 12)

(p<0.001) 0.2 ~ 0.6 mg/kg

0.6 ~ 1.6 mg/kg

(p<0.05) ( 14)

 ( 15)

( 9 13) Khan et al. (2012)

Zhao et al. (2012)

73As 10%

3.3%

3.9% 2 ~ 3%

Bogdan et al. (2012)

< <

(bran) <

As(V) As(III) Norton 

et al. (2010)

 0.08 ~ 0.20 mg/kg (Zavala and Duxbury, 2008)

1

mg/kg (McLaughlin et al., 2000; Norra et al., 2005) Xu et al. (2008)
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(aerobic)10 15

2 mg/kg (Lombi et al.,

2009) (pericarp) (aleurone layer)

(endosperm)

( ) (Meharg et al.,

2008)
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12
Table. 12 Two-way ANOVA on As concentration of brown rice between P fertilizer 

and water management.

n.s.: no significant; ***: p<0.001; **:p<0.01; *:p<0.05 
 Eh10: 10 mg As/kg in Erlin soil; Eh20: 20 mg As/kg in Erlin soil; 
 Pc10: 10 mg As/kg in Pinchen soil; Pc40: 40 mg As/kg in Pinchen soil. 

Treatments Eh10 Eh20 Pc10 Pc40
-------------Main effects-------------

P fertilizer (P) n.s. n.s. * n.s. 
Water management (WM) n.s. n.s. *** ***

P x WM n.s. n.s. n.s. n.s. 
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14 (a)
; (b) ; (c) ; (d)

(n=3) 
; ;

(*) (p<0.05)
Fig. 14 As concentration of brown rice under two water management and three 
 phosphorus treatment in two soils. (a) Eh soil without spiking arsenic; (b) Eh soil 

with spiking arsenic; (c) Pc soil without spiking arsenic ;(d) Pc soil with spiking 
arsenic. (n=3) Different letter represents the significance difference between 
different treatments.

 

0

0.1

0.2

0.3

0.4

0.5

Eh10-1P Eh10-3.5P Eh10-6P

A
rs

en
ic

 c
on

ce
nt

ra
tio

n 
of

 b
ro

w
n

ri
ce

(m
g/

kg
)

Saturating Flooding

AAaA a a

0

0.1

0.2

0.3

0.4

0.5

Eh20-1P Eh20-3.5P Eh20-6P

A
rs

en
ic

 c
on

ce
nt

ra
tio

n 
of

 b
ro

w
n 

ri
ce

(m
g/

kg
)

Saturating Flooding

B AAB aaa

0

0.2

0.4

0.6

0.8

1

Pc10-1P Pc10-3.5P Pc10-6P

A
rs

en
ic

 c
on

ce
nt

ra
tio

n 
of

 b
ro

w
n 

ri
ce

(m
g/

kg
)

Saturating Flooding

AAA

aaa

*

*

0

0.4

0.8

1.2

1.6

2

Pc40-1P Pc40-3.5P Pc40-6P

A
rs

en
ic

 c
on

ce
nt

ra
tio

n 
of

 b
ro

w
n 

ri
ce

(m
g/

kg
)

Saturating Flooding

AAA

a

**

*
a a

(a) (b)

(c) (d)



67

0.0

0.4

0.8

1.2

1.6

2.0

0 5 10 15

A
s 

co
nc

en
tr

at
io

n 
of

 b
ro

w
n 

ri
ce

 
(m

g/
kg

)

As concentration of straw (mg/kg)

Eh
Pc

15 (Eh) (Pc) (n=36) 
Fig. 15 The relationship between arsenic concentration of straw and arsenic 
 concentration of brown rice in Eh and Pc soil. (n=36)
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4.7

(HNO3/H2O2 ICP-MS ) (0.28 M 

HNO3 HPLC-ICP-MS ) 78% ( 16)

(R2=0.98) (2014)

100%

HPLC (peak DMA MMA )

( As(V) ( 0.26 kg)

As(III)) 0.2 mg/kg

(p<0.05)( 13) (

DMA) 0.05 mg/kg

( 14)

0.2 mg/kg 0.2 ~ 

0.4 mg/kg 0.8 ~ 1.2 mg/kg ( 17)

DMA DMA

(R2=0.97) As(III)

0.2 mg/kg ( 18) ( 2014; Ma

et al., 2014; Xu et al., 2008)

(Lomax et al., 2012) DMA

DMA ( )

( 2014; Jiménez et al.,
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2014) Ma et al. (2014)

DMA

pH Li et al. (2009) pH 4.5 6.5

DMA0 MMA0 70% 35%

Zhao et al. (2013b) (arsM) 

copy number

DMA

DMA

(Abedin et al., 2002c Raab et al., 2007; 

Norton et al., 2010) Raab et al. (2007) 1 mg/L

As(V) DMA MMA 1.2 ~ 95 

 AsV/g 0.9 ~ 44 MMAV/g 0.8 ~ 13 DMAV/g AsV

DMAV MMAV

AsV (As(III))

(-SH, sulfhydryl) (PCs, phytochelatins)

As-PC DMA

(Norton et al., 2010)
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16
Fig. 16 The correlation between the concentration of total As and sum of As species in 
 brown rice. 
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13 (As(III))
Table. 13. Two-way ANOVA on inorganic arsenic species (As(III)) concentration of 
 brown rice between P fertilizer and water management.

n.s.: no significant; ***: p<0.001; **:p<0.01; *:p<0.05 
 Eh10: 10 mg As/kg in Erlin soil; Eh20: 20 mg As/kg in Erlin soil;
 Pc10: 10 mg As/kg in Pinchen soil; Pc40: 40 mg As/kg in Pinchen soil. 

14 (DMA)
Table. 14. Two-way ANOVA on organic arsenic species (DMA) concentration of 
 brown rice between P fertilizer and water management.

n.s.: no significant; ***: p<0.001; **:p<0.01; *:p<0.05 
 Eh10: 10 mg As/kg in Erlin soil; Eh20: 20 mg As/kg in Erlin soil; 
 Pc10: 10 mg As/kg in Pinchen soil; Pc40: 40 mg As/kg in Pinchen soil. 

Treatments Eh10 Eh20 Pc10 Pc40
-------------Main effects-------------

P fertilizer (P) n.s. n.s. n.s. n.s. 
Water management (WM) n.s. n.s. *** *

P x WM n.s. n.s. n.s. n.s. 

Treatments Eh10 Eh20 Pc10 Pc40
-------------Main effects-------------

P fertilizer (P) *** n.s. n.s. n.s. 
Water management (WM) *** *** *** ***

P x WM *. ** n.s. n.s. 
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17 (a)
; (b) ; (c) ;

(d) (n=3) (As(III))
; (DMA)  (p<0.05)

Fig. 17 As species concentration of brown rice under two water management and 
 three phosphorus treatment in two soils. (a) Eh soil without spiking arsenic; (b) 

Eh soil with spiking arsenic; (c) Pc soil without spiking arsenic ;(d) Pc soil with 
 spiking arsenic. (n=3) Different letter represents the significance difference 

between different treatments.
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Fig. 18 The relationship between the total arsenic concentration of brown rice and 
 the As(III)/DMA concentration of brown rice in two different soils. 
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1 mg/kg (McLaughlin et al., 2000; Norra et al., 2005)
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Buchet et al. (1981)

( As) MMA DMA
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(Agency for Toxic 

Substances and Disease Registry) DMA

(Chronic-duration minimum risk level, MRL)
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DMA 0.01 ~ 1.07 mg/kg
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WHO
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A1 : (a); (b)
Fig. A1 Treatment of soil water management, saturated (a); flooding (b).

a. b.
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A2 pH a. ; b. ; c. ; d.

Fig. A2 Dissociation of arsenate (a), arsenite (b), DMA (c) and MMA (d) as 
 influenced by pH. 
(Meharg and Zhao, 2012) 
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A1 (Eh10) pH
Table A1 Soil pH in original Erlin soils during the rice growing period. 
Treatment ID DAT15 DAT36 DAT57 DAT75 DAT124
Eh10-1P-S 1 6.8 7.3 7.6 7.3 8.1

2 7.0 7.6 6.5 7.1 7.7
3 7.2 7.9 7.4 7.8 7.8

Eh10-1P-F 4 6.9 7.5 6.5 6.7 7.1
5 6.8 7.0 6.4 6.9 7.2
6 7.0 7.4 6.9 6.5 7.3

Eh10-3.5P-S 7 6.7 7.5 7.4 7.5 8.4
8 6.9 5.3* 7.8 7.9 7.6
9 6.8 7.5 7.4 7.3 7.6

Eh10-3.5P-F 10 6.8 7.0 6.6 6.9 7.0
11 6.8 7.1 6.8 7.2 7.0
12 7.0 7.4 7.2 6.8 7.1

Eh10-6P-S 13 6.4 7.5 6.4 7.2 8.0
14 6.7 7.7 7.5 7.0 7.6
15 6.7 7.4 7.0 6.9 8.0

Eh10-6P-F 16 6.4 7.0 6.9 6.9 7.1
17 6.5 7.5 6.8 7.1 7.2
18 6.7 7.2 6.8 6.9 7.1

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A2 (Eh20) pH
Table A2 Soil pH in As contaminated Erlin soils during the rice growing period. 
Treatment ID DAT15 DAT36 DAT57 DAT75 DAT124
Eh20-1P-S 19 6.9 7.9 8.0 7.8 7.8

20 6.8 7.7 6.4 7.8 7.5
21 7.2 7.3 7.8 7.4 7.2

Eh20-1P-F 22 7.2 7.5 6.9 7.0 7.1
23 6.9 7.3 6.1 7.0 7.0
24 7.2 7.3 7.0 6.9 7.1

Eh20-3.5P-S 25 7.0 6.3 7.7 7.9 7.7
26 7.0 7.8 7.2 7.0 7.7
27 7.1 7.7 7.4 7.1 7.8

Eh20-3.5P-F 28 6.9 7.3 6.8 6.8 7.0
29 7.1 7.4 6.7 6.8 7.1
30 6.8 7.3 6.4 7.1 6.5

Eh20-6P-S 31 6.8 7.6 7.5 7.2 7.6
32 6.6 7.6 7.3 7.4 7.6
33 6.8 7.1 7.0 7.3 7.7

Eh20-6P-F 34 6.9 7.3 6.5 6.9 7.0
35 6.9 7.1 6.9 6.9 7.2
36 7.0 7.5 6.9 6.9 7.1

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A3 (Pc10) pH
Table A3 Soil pH in original Pinchen soils during the rice growing period. 
Treatment ID DAT15 DAT36 DAT57 DAT75 DAT124
Pc10-1P-S 37 5.9 6.4 6.5 5.2 4.4

38 5.7 5.6 5.4 6.5 4.3
39 5.9 6.3 5.3 5.0 4.1

Pc10-1P-F 40 5.2 6.3 6.4 6.3 5.9
41 6.2 6.5 6.1 6.9 5.7
42 6.2 6.1 6.1 5.4 5.9

Pc10-3.5P-S 43 5.9 4.5 4.8 4.8 4.8
44 6.0 5.5 4.5 5.1 4.6
45 6.0 6.2 4.8 5.5 5.1

Pc10-3.5P-F 46 5.9 6.3 6.3 5.3 6.5
47 6.2 6.2 6.5 5.5 5.6
48 5.9 6.2 6.2 5.7 5.8

Pc10-6P-S 49 6.1 6.7 5.3 5.7 4.6
50 5.8 5.5 5.4 5.4 4.7
51 5.7 6.1 4.3 5.0 5.3

Pc10-6P-F 52 6.0 5.9 6.1 6.1 5.9
53 6.0 6.0 6.2 5.6 6.1
54 6.2 6.7 6.4 6.3 5.8

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A4 (Pc40) pH
Table A4 Soil pH in As contaminated Pinchen soils during the rice growing period. 
Treatment ID DAT15 DAT36 DAT57 DAT75 DAT124
Pc40-1P-S 55 6.1 6.5 5.6 4.7 4.4

56 6.2 6.6 6.0 6.3 4.9
57 5.2 5.8 5.5 5.8 4.4

Pc40-1P-F 58 6.1 6.2 6.6 6.3 5.5
59 6.2 6.5 6.0 6.3 5.7
60 5.8 6.3 6.1 6.3 5.5

Pc40-3.5P-S 61 6.2 6.5 5.7 4.6 5.1
62 6.1 6.3 6.4 4.6 5.1
63 6.0 6.2 5.3 4.6 4.9

Pc40-3.5P-F 64 6.2 6.6 6.1 6.1 5.7
65 6.0 6.3 6.4 6.0 6.1
66 5.7 6.0 6.1 5.4 5.7

Pc40-6P-S 67 6.2 6.2 5.2 5.2 4.8
68 6.0 6.3 4.7 5.3 6.1
69 5.9 6.0 5.1 5.7 6.0

Pc40-6P-F 70 6.2 6.3 6.1 6.1 6.0
71 6.0 6.4 6.0 5.6 5.7
72 6.3 6.5 6.2 6.3 5.5

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A5 (Eh10)
Table A5 The redox potential in original Erlin soils during the rice growing period. 

Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124
mV

Eh10-1P-S 1 -108 -129 -139 -191 -210 
2 -130 -147 -50 -153 27
3 -135 -110 -164 -108 25

Eh10-1P-F 4 -114 -112 -194 -197 -203 
5 -52 -98 -155 -177 -213 
6 -100 -136 -174 -183 -186 

Eh10-3.5P-S 7 -112 -124 -133 -147 -49 
8 -114 -193 -87 -134 157
9 -121 -109 -25 -149 -19 

Eh10-3.5P-F 10 -125 -129 -174 -195 -205 
11 -108 -159 -192 -203 -186 
12 -112 -172 -148 -175 -196 

Eh10-6P-S 13 -57 -111 -140 -135 -183 
14 -108 -49 -74 -106 -93 
15 -87 -33 -128 -136 -156 

Eh10-6P-F 16 -61 -96 -155 -167 -200 
17 -70 -77 -142 -178 -207 
18 -103 -125 -175 -202 -234 

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A6 (Eh20)
Table A6 The redox potential in As contaminated Erlin soils during the rice growing 
 period. 

Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124
mV

Eh20-1P-S 19 -149 -114 -112 -164 80
20 -131 -154 -116 -168 79
21 -153 -163 -161 -151 -140 

Eh20-1P-F 22 -152 -150 -157 -190 -174 
23 -143 -158 -118 -217 -208 
24 -142 -147 -180 -197 -193 

Eh20-3.5P-S 25 -142 -171 0 -101 148
26 -115 -119 -73 -139 -230 
27 -143 -120 -140 -154 -139 

Eh20-3.5P-F 28 -116 -163 -158 -166 -156 
29 -135 -54 -188 -208 -188 
30 -51 -88 -144 -185 -198 

Eh20-6P-S 31 -140 -150 -166 -127 199
32 -32 -61 -138 -71 -50 
33 -75 -93 -117 -89 -74 

Eh20-6P-F 34 -135 -153 -167 -213 -185 
35 -22 -83 -182 -190 -228 
36 -135 -149 -195 -193 -185 

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A7 (Pc10)
Table A7 The redox potential in original Pinchen soils during the rice growing period. 
Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124

mV
Pc10-1P-S 37 -92 -110 -113 -128 354

38 -72 -30 19 -149 373
39 -88 -121 -42 -101 184

Pc10-1P-F 40 24 -68 -120 -132 -112 
41 -67 -102 -109 -128 -122 
42 -81 -114 -107 -112 -100 

Pc10-3.5P-S 43 -79 -93 77 106 220
44 -94 51 -41 70 229
45 -94 -105 111 176 285

Pc10-3.5P-F 46 -77 -111 -104 -113 -127 
47 -88 -99 -107 -90 -120 
48 -90 -104 -84 -131 -51 

Pc10-6P-S 49 -93 -129 -114 -68 250
50 -88 -114 130 211 322
51 -96 -57 304 175 207

Pc10-6P-F 52 -91 -115 -92 -79 -112 
53 -108 -131 -76 -30 -102 
54 -101 -113 -108 -130 -135 

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A8 (Pc40)
Table A8 The redox potential in As contaminated Pinchen soils during the rice 
 growing period. 

Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124
mV

Pc40-1P-S 55 -81 -108 -28 50 154
56 -84 -125 -92 -102 13
57 -54 -74 -99 -39 186

Pc40-1P-F 58 -86 -95 -97 -116 -125 
59 -84 -122 -131 -132 -137 
60 -88 -126 -111 -101 -119 

Pc40-3.5P-S 61 -99 -102 -16 25 106
62 -88 -101 63 -1 313
63 -93 -14 -90 55 322

Pc40-3.5P-F 64 -95 -114 -109 -102 -84 
65 -98 -129 -103 -105 -140 
66 -98 -99 -96 -86 -86 

Pc40-6P-S 67 -100 -106 10 143 271
68 -103 -115 31 96 217
69 -104 -121 132 86 246

Pc40-6P-F 70 -100 -123 -123 -139 -126 
71 -103 -118 -116 -71 -136 
72 -100 -111 -127 -126 -112 

DAT: Days after transplanting. 
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A9 (Eh10)
Table A9 As concentration of pore water in original Erlin soils during the rice growing 
 period. 
Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124

Eh10-1P-S 1 43.6 29.7 34.5 54.7 24.3
2 46.9 37.0 51.8 40.2 4.33¶
3 - 39.8 56.9 3.00 4.33

Eh10-1P-F 4 40.8 64.8 72.3 62.1 106
5 30.9 25.6 78.5 79.6 83.9
6 - 41.7 54.7 72.7 80.6

Eh10-3.5P-S 7 39.8 33.5 21.0 14.5 26.8
8 42.9 45.5 35.8 2.57* 4.33
9 - 32.7 47.2 16.2 7.58

Eh10-3.5P-F 10 52.0 73.6 82.8 110 87.8
11 49.3 68.5 82.8 74.3 110
12 - 76.5 78.4 79.8 55.0

Eh10-6P-S 13 17.7 17.6 43.6 36.9 25.8
14 30.5 31.9 53.7 13.5 47.8
15 - 12.5 43.7 33.9 23.4

Eh10-6P-F 16 28.8 20.5 61.8 72.0 47.0
17 11.8 43.0 84.2 53.0 85.5
18 - 25.4 90.2 96.2 77.6

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A10 (Eh20)
Table A10 As concentration of pore water in As contaminated Erlin soils during the 
rice growing period. 
Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124

Eh20-1P-S 19 241 160 49.3 15.9 4.33¶
20 244 59.4 14.3 91.2 6.80
21 - 212 199 129 77.0

Eh20-1P-F 22 232 205 67.6 242 219
23 296 182 248 111 218
24 - 149 266 337 290

Eh20-3.5P-S 25 249 252 2.6 76.6 4.33
26 216 93.3 173 172 58.2
27 - 105 10.2 58.7 142

Eh20-3.5P-F 28 203 312 207 72.8 139
29 241 255 269 356 361
30 - 144 358 277 168

Eh20-6P-S 31 233 216* 50.3 46.9 4.33
32 63.9 11.6 62.4 136 78.5
33 - 20.0 268 72.1 121

Eh20-6P-F 34 276 320 299 241 300
35 240 109 153 389 353
36 - 285 234 353 370

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A11 (Pc10)
Table A11 As concentration of pore water in original Pinchen soils during the rice 
 growing period. 

Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124

Pc10-1P-S 37 2.94 1.57 2.58 2.57 4.33
38 2.53 2.78 2.58 2.57 4.33
39 - 4.55 2.58 2.57 4.33

Pc10-1P-F 40 2.13¶ 4.07 2.58 2.57 4.33
41 3.00 1.93 2.58 3.64 4.33
42 - 5.01 2.58 2.57 4.33

Pc10-3.5P-S 43 4.23 4.46 2.58 2.57 4.33
44 11.6 6.53 2.58 2.57 4.33
45 - 4.93 2.58 2.57 4.33

Pc10-3.5P-F 46 2.13 13.8 2.58 2.57 4.33
47 2.68 6.30 2.58 3.26 4.33
48 - 3.84 2.58 2.57 4.33

Pc10-6P-S 49 7.37 3.12 3.16 3.20 4.33
50 4.97 3.42 2.58 2.57 4.33
51 - 5.80 2.58 2.57 4.33

Pc10-6P-F 52 6.30 5.57 6.00 2.57 4.33
53 6.64 8.07 6.85 18.3 6.42
54 - 7.01 24.4 3.08 4.33

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A12 (Pc40)
Table A12 As concentration of pore water in As contaminated Pinchen soils during the 

rice growing period.
Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124

Pc40-1P-S 55 10.7 42.9 25.3 6.54 4.33
56 58.3 19.3 18.3 9.68 13.2
57 - 53.8 15.2 34.1 4.33

Pc40-1P-F 58 10.7 27.5 27.0 36.1 23.1
59 70.3 33.2 41.9 37.4 20.4
60 - 38.3 24.3 12.5 17.4

Pc40-3.5P-S 61 77.8 50.9 38.1 14.8 4.33
62 76.2 29.8 7.96 2.57¶ 4.33
63 - 52.6 9.08 2.57 4.33

Pc40-3.5P-F 64 66.3 44.3 40.9 10.9 8.42
65 79.6 90.1 9.49 21.9 18.9
66 - 58.3 54.5 17.5 9.36

Pc40-6P-S 67 93.5 38.8 8.03 2.57 4.33
68 106 44.7 6.90 11.0 4.33
69 - 30.5 12.8 14.2 4.33

Pc40-6P-F 70 84.9 48.8 22.3 36.7 34.3
71 70.3 78.2 26.7 9.58 29.3
72 - 37.3 51.8 15.3 40.7

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A13 (Eh10)
Table A13 P concentration of pore water in original Erlin soils during the rice growing 
 period. 

Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124
mg/L

Eh10-1P-S 1 2.11 0.49 0.09 0.22 0.08
2 0.11 0.40 0.17 0.48 0.14
3 1.98 0.57 0.28 0.06 0.16

Eh10-1P-F 4 1.92 0.99 0.14 0.64 0.11
5 1.12 0.22 0.12 0.20 0.06
6 1.20 0.67 0.02 0.77 0.09

Eh10-3.5P-S 7 1.46 0.70 0.11 0.49 0.71
8 2.50 0.85 0.82 0.31 0.21
9 2.10 0.47 0.10 0.40 0.20

Eh10-3.5P-F 10 1.52 1.23 0.23 0.26 0.08
11 1.82 1.37 0.03 0.27 0.13
12 1.93 0.82 1.27 0.42 0.07

Eh10-6P-S 13 1.60 0.54 1.39 0.96 0.08
14 4.03 0.72 0.29 0.09 0.16
15 4.44 0.33 0.36 0.81 0.08

Eh10-6P-F 16 2.27 0.55 0.07 0.73 0.18
17 1.87 0.89 0.79 0.90 0.09
18 1.84 0.19 0.56 0.57 0.08

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A14 (Eh20)
Table A14 P concentration of pore water in As contaminated Erlin soils during the rice 
 growing period. 

Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124
mg/L

Eh20-1P-S 19 1.98 1.00 0.10 0.09 0.14
20 1.55 0.22 0.22 0.31 0.16
21 2.87 0.52 0.04 0.22 0.09

Eh20-1P-F 22 1.32 0.79 0.08 0.89 0.11
23 2.56 0.32 0.08 0.18 0.10
24 2.20 0.45 0.05 0.18 0.13

Eh20-3.5P-S 25 2.63 0.65 0.27 0.95 3.49*
26 2.17 0.27 0.21 0.21 0.08
27 1.81 0.73 0.13 0.91 0.11

Eh20-3.5P-F 28 2.32 0.78 0.16 0.31 0.11
29 2.00 0.97 0.08 0.64 0.08
30 2.29 0.33 0.89 0.88 0.08

Eh20-6P-S 31 3.38 0.61 0.15 1.13 0.32
32 2.76 0.42 0.10 0.20 0.16
33 2.69 0.30 0.56 0.52 0.45

Eh20-6P-F 34 2.14 0.67 0.12 0.57 0.08
35 4.69 1.08 0.47 0.51 0.08
36 2.89 0.97 0.02 0.06 0.11

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A15 (Pc10)
Table A15 P concentration of pore water in original Pinchen soils during the rice 
 growing period. 
Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124

mg/L
Pc10-1P-S 37 0.29 0.04 0.33 0.01 0.07

38 0.23 0.41 0.06 0.05 0.08
39 0.19 0.30 0.08 0.07 0.08

Pc10-1P-F 40 0.15 0.04 0.14 0.04 0.02
41 0.44 0.04 0.12 0.03 0.09
42 0.20 0.04 0.01¶ 0.02 5.40

Pc10-3.5P-S 43 0.36 0.58 0.14 0.10 0.08
44 0.52 0.36 0.65 0.14 0.06
45 0.22 0.07 1.33 0.04 0.08

Pc10-3.5P-F 46 0.16 0.15 0.01 0.04 0.07
47 0.24 0.09 0.09 0.06 0.07
48 0.22 0.06 0.01 0.07 0.08

Pc10-6P-S 49 0.36 0.11 0.08 0.07 0.11
50 0.36 0.47 0.78 0.20 0.08
51 0.67 0.30 0.26 0.05 0.09

Pc10-6P-F 52 0.11 0.30 0.32 0.11 0.04
53 0.41 0.15 0.23 0.09 0.15
54 0.48 0.19 0.10 0.08 0.06

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A16 (Pc40)
Table A16 P concentration of pore water in As contaminated Pinchen soils during the 

rice growing period.
Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124

mg/L
Pc40-1P-S 55 0.19 0.09 0.65* 0.09 0.09

56 0.19 0.11 0.12 0.09 0.08
57 0.11 0.22 0.06 0.06 0.08

Pc40-1P-F 58 0.18 0.06 0.05 0.09 0.06
59 0.26 0.08 0.03 0.05 0.20
60 0.22 0.07 0.04 0.07 0.07

Pc40-3.5P-S 61 0.31 0.07 0.65* 0.10 0.09
62 0.27 0.11 0.10 0.08 0.09
63 0.28 0.35 0.06 0.07 0.10

Pc40-3.5P-F 64 0.34 0.07 0.08 0.07 0.06
65 0.89* 0.15 0.08 0.13 0.08
66 0.34 0.06 0.03 0.04 0.07

Pc40-6P-S 67 0.46 0.13 0.13 0.10 0.09
68 0.45 0.11 0.11 0.14 0.09
69 0.70 0.10 0.72* 0.09 0.02

Pc40-6P-F 70 0.41 0.10 0.01¶ 0.05 0.08
71 0.25 0.45 0.18 0.20 0.09
72 0.36 0.08 0.10 0.06 0.09

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A17 (Eh10)
Table A17 Fe concentration of pore water in original Erlin soils during the rice 
growing  period. 
Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124

mg/L
Eh10-1P-S 1 7.36 13.1 29.7 39.8 21.4

2 7.30 21.8 55.3 27.2 1.82
3 7.98 19.2 48.5 0.27* 2.65

Eh10-1P-F 4 5.80 25.4 55.5 30.0 38.0
5 5.51 7.02 55.7 29.4 27.3
6 1.82 11.3 33.7 37.3 34.7

Eh10-3.5P-S 7 5.99 10.1 17.9 9.51 19.2
8 7.41 18.8 21.4 1.95 1.70
9 8.97 11.3 39.3 8.78 6.83

Eh10-3.5P-F 10 5.18 29.0 53.9 40.3 21.8
11 7.13 26.9 35.9 30.4 36.3
12 5.76 23.7 64.1 36.2 27.6

Eh10-6P-S 13 1.75 0.95 20.5 19.8 19.3
14 1.67 7.93 31.7 4.96 21.3
15 0.77 0.58 20.4 17.0 18.7

Eh10-6P-F 16 1.85 7.30 26.0 24.1 13.2
17 1.41 6.87 41.2 21.5 30.1
18 3.92 5.14 34.8 42.9 18.9

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A18 (Eh20)
Table A18 Fe concentration of pore water in As contaminated Erlin soils during the 
rice growing period. 
Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124

mg/L
Eh20-1P-S 19 13.3 25.0 15.4 0.11* 4.81

20 11.3 6.91 20.3 19.9 2.73
21 12.2 27.9 47.6 26.5 8.84

Eh20-1P-F 22 11.1 23.1 9.35 40.6 18.3
23 15.9 23.5 46.9 12.4 17.7
24 11.0 15.0 50.7 37.3 35.9

Eh20-3.5P-S 25 11.8 15.0 3.99 31.0 0.35
26 9.80 8.60 40.7 33.2 9.92
27 9.08 15.5 1.62 7.97 12.2

Eh20-3.5P-F 28 11.7 30.9 41.2 14.7 17.6
29 12.9 32.7 44.8 36.9 36.3
30 0.97* 1.82* 27.2 36.1 21.1

Eh20-6P-S 31 12.6 25.8 19.0 3.13 0.34*
32 1.51 0.00*¶ 3.08 14.8 15.1
33 2.40 0.83 44.1 8.27 27.4

Eh20-6P-F 34 12.3 28.6 57.7 29.8 29.4
35 1.67* 7.28 17.8 29.1 25.5
36 12.3 45.8 28.7 35.2 28.4

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A19 (Pc10)
Table A19 Fe concentration of pore water in original Pinchen soils during the rice 
 growing period. 
Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124

mg/L
Pc10-1P-S 37 275 181 233 197 5.12

38 276 87.5 96.3 54.9 0.36
39 263 269 141 49.3 14.9

Pc10-1P-F 40 210 123 297 74.0 187
41 370 268 252 225 151
42 218 183 156 110 224

Pc10-3.5P-S 43 267 184 14.2 0.48 16.1
44 264 205 133 7.07 7.04
45 287 230 105 3.22 7.10

Pc10-3.5P-F 46 347 287 184 83.1 150
47 314 264 175 66.4 91.7
48 327 132 195 10.5 94.9

Pc10-6P-S 49 284 226 176 111 0.37
50 346 63.0 39.4 20.6 0.34
51 231 97.9 1.03 0.01¶ 4.24

Pc10-6P-F 52 223 58.2 152 18.7 181
53 304 124 96.3 41.3 73.2
54 306 142 65.6 82.5 137

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
 



110

A20 (Pc40)
Table A20 Fe concentration of pore water in As contaminated Pinchen soils during the 

rice growing period.
Treatment ID DAT15§ DAT36 DAT57 DAT75 DAT124

mg/L
Pc40-1P-S 55 212 224 103 2.40 0.45

56 327 232 88.0 45.8 56.1
57 358 216 145 94.6 12.0

Pc40-1P-F 58 217 89.1 143 133 101
59 297 129 226 161 170
60 336 195 126 64.8 91.3

Pc40-3.5P-S 61 306 286 183 29.7 9.11
62 331 66.1 49.0 1.52 0.37
63 264 106 64.8 2.02 2.63

Pc40-3.5P-F 64 286 108 194 12.1 68.2
65 288 251 151 63.3 45.5
66 108 168 111 44.8 64.6

Pc40-6P-S 67 322 276 35.9 2.75 2.02
68 275 237 67.9 34.6 3.44
69 261 135 36.2 15.2 0.34

Pc40-6P-F 70 317 285 220 95.8 142
71 258 81.5 46.7 5.64 83.3
72 304 258 232 116 95.7

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 



111

A21 (Eh10) ( )
Table A21 The biomass of grain, straw (dry weight) and plant height in original Erlin 

soils. 
Treatment ID Grain Shoot Height

g/pot cm
Eh10-1P-S 1 12.3 16.8 101

2 19.6 23.1 104
3 17.5 20.4 99

Eh10-1P-F 4 16.8 20.3 98
5 14.3 17.6 95
6 9.32 13.9 91

Eh10-3.5P-S 7 19.2 15.9 96
8 11.1 26.7 99
9 19.5 19.3 96

Eh10-3.5P-F 10 18.5 19.6 99
11 16.5 17.6 93
12 14.7 18.3 103

Eh10-6P-S 13 12.7 12.5 99
14 13.6 15.1 93
15 11.2 12.5 97

Eh10-6P-F 16 17.1 16.3 94
17 12.9 15.5 90
18 17.5 20.5 88

DAT: Days after transplanting. 
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A22 (Eh20) ( )
Table A22 The biomass of grain, straw (dry weight) and plant height in As

contaminated Erlin soils.
Treatment ID Grain Shoot Height

g/pot cm
Eh20-1P-S 19 15.7 21.3 98

20 21.1 20.3 99
21 14.8 20.1 105

Eh20-1P-F 22 17.5 23.7 114
23 15.8 21.0 98
24 1.58* 18.7 97

Eh20-3.5P-S 25 15.3 27.5 105
26 12.5 16.0 105
27 13.1 18.2 100

Eh20-3.5P-F 28 13.0 19.1 108
29 15.4 22.8 94
30 10.0 9.76 99

Eh20-6P-S 31 18.6 19.7 101
32 14.4 12.9 102
33 16.0 14.1 103

Eh20-6P-F 34 10.3 18.8 100
35 17.8 17.0 85
36 18.6 20.9 90

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A23 (Pc10) ( )
Table A23 The biomass of grain, straw (dry weight) and plant heightin original 
 Pinchen soils. 

Treatment ID Grain Shoot Height
g/pot cm

Pc10-1P-S 37 2.27 14.5 84
38 8.89 17.2 107
39 5.66 13.8 97

Pc10-1P-F 40 6.70 15.9 98
41 0.57 12.7 84
42 14.3 21.5 117

Pc10-3.5P-S 43 16.3 24.4 108
44 8.07 20.0 111
45 6.53 17.4 101

Pc10-3.5P-F 46 18.0 25.8 94
47 11.6 24.8 96
48 11.9 24.0 103

Pc10-6P-S 49 0.93* 11.4 86
50 12.2 21.7 108
51 21.6 25.6 113

Pc10-6P-F 52 5.84 18.2 103
53 12.2 21.8 98
54 5.72 18.3 103

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A24 (Pc40) ( )
Table A24 The biomass of grain, straw (dry weight) and plant height in As

contaminated Pinchen soils. 
Treatment ID Grain Shoot Height

g/pot cm
Pc40-1P-S 55 12.4 18.5 97

56 0.78 8.59 93
57 7.27 16.0 100

Pc40-1P-F 58 31.2* 16.6 102
59 3.04 14.5 102
60 2.05 11.2 91

Pc40-3.5P-S 61 7.47 15.3 99
62 15.2 24.4 103
63 11.2 20.9 110

Pc40-3.5P-F 64 8.93 21.5 99
65 3.21 15.9 89
66 8.99 27.6 96

Pc40-6P-S 67 4.79 13.4 102
68 10.7 19.8 106
69 13.5 20.1 102

Pc40-6P-F 70 6.27 18.7 92
71 6.21 19.8 96
72 4.79 13.1 93

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A25 (Eh10)
Table A25 As concentration of straw and brown rice in original Erlin soils.

Treatment ID Straw Brown rice
mg/kg

Eh10-1P-S 1 4.94 0.22
2 4.56 0.23
3 6.63 0.31

Eh10-1P-F 4 9.30 0.34
5 8.86 0.28
6 6.11 0.25

Eh10-3.5P-S 7 6.02 0.27
8 1.50 0.15
9 5.60 0.31

Eh10-3.5P-F 10 9.18 0.33
11 10.0 0.29
12 7.12 0.26

Eh10-6P-S 13 6.15 0.25
14 6.51 0.30
15 5.57 0.27

Eh10-6P-F 16 10.5 0.34
17 8.58 0.34
18 8.87 0.27

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A26 (Eh20)
Table A26 As concentration of straw and brown rice in As contaminated Erlin soils. 

Treatment ID Straw Brown rice
mg/kg

Eh20-1P-S 19 9.35 0.28
20 10.9 0.36
21 11.9 0.28

Eh20-1P-F 22 12.4 0.32
23 10.7 0.25
24 8.66 0.23

Eh20-3.5P-S 25 3.54 0.14
26 9.76 0.24
27 11.0 0.25

Eh20-3.5P-F 28 9.95 0.25
29 12.1 0.31
30 14.5 0.34

Eh20-6P-S 31 10.7 0.33
32 12.6 0.31
33 11.0 0.29

Eh20-6P-F 34 9.85 0.21
35 14.2 0.32
36 12.7 0.28

DAT: Days after transplanting. 
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A27 (Pc10)
Table A27 As concentration of straw and brown rice in original Pinchen soils. 

Treatment ID Straw Brown rice
mg/kg

Pc10-1P-S 37 1.34 0.48
38 0.90 0.28
39 1.49 0.37

Pc10-1P-F 40 1.53 0.78
41 1.55 0.80
42 1.78 0.66

Pc10-3.5P-S 43 0.70 0.15
44 0.68 0.15
45 0.75 0.17

Pc10-3.5P-F 46 2.29 0.72
47 1.98 0.54
48 1.76 0.65

Pc10-6P-S 49 1.18 0.42
50 0.51 0.13
51 0.33 0.05

Pc10-6P-F 52 1.80 0.72
53 2.26 0.46
54 1.64 0.51

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A28 (Pc40)
Table A28 As concentration of straw and brown rice in As contaminated Pinchen

soils. 
Treatment ID Straw Brown rice

mg/kg
Pc40-1P-S 55 7.14 0.33

56 8.43 0.94
57 9.04 0.46

Pc40-1P-F 58 9.08 1.24
59 10.0 1.59
60 9.56 1.88

Pc40-3.5P-S 61 7.64 0.44
62 5.17 0.36
63 6.32 0.41

Pc40-3.5P-F 64 9.74 1.49
65 9.12 1.49
66 9.64 1.33

Pc40-6P-S 67 6.75 0.40
68 6.19 0.25
69 5.64 0.33

Pc40-6P-F 70 11.2 1.40
71 9.57 1.40
72 11.3 1.64

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A29 (Eh10)
Table A29 As species concentration of brown rice in original Erlin soils.

Treatment ID As(III) DMA MMA As(V)

Eh10-1P-S 1 189 4.60 0.30 22.4
2 204 9.01 n.d.† 4.98
3 218 13.0 n.d. n.d.

Eh10-1P-F 4 259 20.4 n.d. n.d.
5 209 21.9 n.d. n.d.
6 171 19.3 n.d. n.d.

Eh10-3.5P-S 7 236 20.0 n.d. n.d.
8 148 20.4 n.d. n.d.
9 208 13.1 n.d. n.d.

Eh10-3.5P-F 10 202 46.1 n.d. n.d.
11 216 30.8 n.d. 4.42
12 211 37.6 n.d. n.d.

Eh10-6P-S 13 236 25.8 n.d. 1.51
14 235 22.6 n.d. n.d.
15 223 20.9 n.d. n.d.

Eh10-6P-F 16 240 29.6 n.d. n.d.
17 262 21.4 n.d. n.d.
18 244 32.4 n.d. n.d.

DAT: Days after transplanting. 
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A30 (Eh20)
Table A30 As species concentration of brown rice in As contaminated Erlin soils. 

Treatment ID As(III) DMA MMA As(V)

Eh20-1P-S 19 214 18.7 n.d.† n.d.
20 235 22.4 n.d. n.d.
21 267 24.7 n.d. n.d.

Eh20-1P-F 22 230 40.6 n.d. n.d.
23 201 37.6 n.d. n.d.
24 177 53.8 n.d. n.d.

Eh20-3.5P-S 25 173 10.9 n.d. n.d.
26 204 26.7 n.d. n.d.
27 214 25.1 5.11 n.d.

Eh20-3.5P-F 28 189 36.7 n.d. n.d.
29 215 37.7 n.d. n.d.
30 232 28.4 n.d. n.d.

Eh20-6P-S 31 262 17.2 n.d. n.d.
32 260 18.8 n.d. n.d.
33 225 16.6 n.d. n.d.

Eh20-6P-F 34 204 48.8 n.d. n.d.
35 206 69.9 n.d. n.d.
36 204 63.6 n.d. n.d.

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A31 (Pc10)
Table A31 As species concentration of brown rice in original Pinchen soils. 

Treatment ID As(III) DMA MMA As(V)

Pc10-1P-S 37 111 235 n.d.† 2.93
38 112 87.8 n.d. n.d.
39 133 130 n.d. 1.70

Pc10-1P-F 40 114 445 n.d. n.d.
41 - - - - 
42 144 348 n.d. n.d.

Pc10-3.5P-S 43 118 46.6 n.d. 2.91
44 98.1 36.9 n.d. n.d.
45 98.1 49.1 6.54 7.18

Pc10-3.5P-F 46 141 448 n.d. n.d.
47 130 275 n.d. n.d.
48 129 270 n.d. n.d.

Pc10-6P-S 49 96.0 220 n.d. n.d.
50 92.3 31.0 n.d. n.d.
51 52.3 12.9 n.d. n.d.

Pc10-6P-F 52 121 400 n.d. 8.56
53 123 226 0.84 n.d.
54 123 259 1.33 n.d.

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 
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A32 (Pc40)
Table A32 As species concentration of brown rice in As contaminated Pinchen soils. 

Treatment ID As(III) DMA MMA As(V)

Pc40-1P-S 55 142 133 n.d.† 5.74
56 - - - - 
57 162 232 9.7 n.d.

Pc40-1P-F 58 155 834 13.1 n.d.
59 163 1196 26.5 n.d.
60 136 1178 21.1 2.89

Pc40-3.5P-S 61 131 171 3.41 n.d.
62 154 102 5.79 n.d.
63 147 156 5.56 n.d.

Pc40-3.5P-F 64 173 949 24.9 n.d.
65 168 959 19.2 n.d.
66 167 1015 22.2 n.d.

Pc40-6P-S 67 135 171 18.5 n.d.
68 125 106 1.63 n.d.
69 128 130 n.d. n.d.

Pc40-6P-F 70 130 998 28.1 4.12
71 170 904 17.0 n.d.
72 160 1188 33.7 n.d.

DAT: Days after transplanting.
†n.d.: Not detected. 
*: The data isn’t included in the average.
¶: The gray block represents instrument detection limit. 


