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Abstract

Besides various mitigation methods suggested to reduce arsenic(As) bioavailability,
decreasing inorganic arsenic accumulation in grain via organic matter addition into soil
have been discussed in previous studies since organic As species were less toxic and
may furthered leave rice plants through volatilization. However, previous studies also
revealed that organic matter addition may mobilize soil-As resulting from promoted
reductive dissolution of iron oxide. To evaluate feasibility of increasing organic As
species by organic matter application, risk of increasing As availability should be
considered at the same time. Our research aimed to investigate the effect of green
manuring Black heart (Polygonum lapathifolium) into paddy soils on arsenic uptake by
rice seedlings. Green manuring has received more attention recently owing to its low-
cost and landscaping. Among of green manure plants, Black heart is a self-broadcasting
wetland plant in paddy field and has been identified as the plant with potential on As
remediation. In our research, three paddy soils in Taiwan, Guandu series (Gd),
Chaikongtso series (Cl) and Chiwulan series (Ca) were used for pot experiments. There
were two levels of As concentrations in each soil (i.e. high level(H): 74 -139 mg As kg!
and low level(L): 21-38 mg As kg!). In the results, As contents in black heart were
mere comparing to that in rice plants, which implied that As releasing from black heart
caused little influence on As availability of rice seedlings. Plowing black heart into soil
brought slightly difference on pH and Eh measurements while As and iron(Fe) release
were promoted based on porewater analysis. Competition of non-specific adsorption site
between organic matter and As should also contribute to promoted As releasing after
plowing black heart. Based on rice seedlings analysis, in soils that were with fine
texture and less non-specifically adsorption-As such as GdL and CaL soil, plowing

Black heart mobilized As without severe toxicity. In addition, increased organic-As
Il
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proportion in plants was observed. In soils that were with coarse texture or more non-
specifically adsorption-As such as GdH,CIL,CIH and CaH soil, plowing Black heart

mobilized As and moreover, aggravated As toxicity in rice seedlings.

Keywords: Organic Arsenic, Green manure, Rice (Oryza Sativa L.), Methylation, Black

heart (Polygonum Lapathifolium L.)
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Figure 1. Arsenic speciation distribution with total Arsenic 10° M , toatal sulfur 10° M

under standard state (Sharma & Sohn, 2009)
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Figure 2. Arsenic speciation in plants ( Meharg et al., 2002 )
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Table 1. Arsenic concentration in soils of different countries (Saifullah et al., 2018)

Country District/Province Type/nature of soil/sediment No. of samples Range Mean Reference
India West Bengal, India Sediments 2235 10-196 103 Chakraborti et al. (2003)
Indo-Cangetic Plains Clay loam to day 58 3-35 19 Srivastava and Sharma, 2013
Malda district West Bengal Paddy soil - 11-38 245 Morra et al. (2005)
‘Wheat soil — 11-18 145
Bangladesh Dhaka Sediments 10 o928 21 Mickson et al. (2000)
Satkhira District Calcareous silts and clays - 7.8-10 932 Martin et al. (2007)
Chandpur and Jamalpur — 18 7.3-27 15.7 Das et al. (2004)
12 districts — 234 2676 46 Uddin (1998)
03 Districts - BB 0.69—-25 125 Saha and Ali (2007)
Tala Upazilla, Satkhira districts Paddy soil 263 47-52 172 Ahmed et al. {2011b)
Non-paddy soil 74 3.2-18 84
Dhaka Paddy soil 7 5.0-19 12 Gamier et al. (2010)
Faridpur District - - - 14 Morton et al. (2012)
Gaibandha - — - 81 Talukder et al. (2011)
Chile Cachapoal Valley — - 59 Ascar et al. (2008)
China Qiyang - - - 65 Morton et al. (2012)
Zhejiang - — - 14 Liu et al. (2006)
Fujian — — — 4.0 Hu et al. (2007a)
Changsha Paddy - - a4 Wu et al. (2015)
Hunan Shizhuyuan All types — - 38 Wang et al. (2016)
— — 42 Xinjun et al. (2009)
Zhejiang — - — 240 Li et al. (2015)
Hubei - - - 54 Liao et al. (2016)
England Hertfordshire — — 1023 165 Hartley et al. {2013)
South east All types - — 12 Li et al. (2009)
Rolawn - - a1 Morton et al. (2013)
France — All types — 01-5 2 Dufilho (1936)
Germany Berlin region All types 2 25-46 35 Lockemann (1929)
Italy - All types 20 1.8-60 20 Zuccan (1913)
Japan Matsue Paddy — — 40 Matsumoto et al. (2016)
Tsukuba Paddy — - 742 Suda et al. (2016)
Tsukuba Paddy - 1.26—-6.72 236 Ishikawa et al. (2016)
Korea Gubong As-contaminated - - 132 Ko et al. (2015)
Mexico Comarca Lagunera All types 18 30 — Rosas et al. (1999)
San Luis Potosi All types — - 19-17384 Razo et al. (2004)
Spain Huelva Mine affected - - 1409 Moreno-iménez et al. (2013)
Madrd - — - 7490 Beesley et al. (2014)
Switzerland Alps Forest — - 20800 Pfeifer et al. (2004)
Taiwan Guandu Plain, Taipei Background - — 123 Syu et al. (2013)
Contaminated — — 154—232
Low level contamination — - 13 Lee et al. (2016)
High level contamination — - 12
Low level contamination — - 17 Syu et al. (2015)
High level contamination — - 129
Uncontaminated — — 16
United States Arkansas - - - 6.0 Morton et al. (2012)
Arkansas - — - 59 Yan et al. (2008)
Arkansas - — - 59 Farrow et al. (2015)
Texas - - - 3 MNorton et al. (2012)
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GLOBAL ARSENIC CYCLE

Arsenic is a toxic element that is found in soil and water sources throughout the world. Arsenic can be found
naturally in volcanic rock. Man-made sources include pesticides.

Terrestrial volcanism Burning Up mAI 5 Ih'i::::zﬁgnms Emissions

INLAND WATER
(including groundwater)
Up to 13 million tonnes

SOIL
Up to 2.6 billion tonnes

LITHOSPHERE
Up to 130 trillion tonnes

OCEAN
2.5 billion tonnes

Bz ki d ¢ 28 kT LW

Figure 3. Arsenic cycle in the environment ( Pinson, 2014 )
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Figure 4. Occurrence of arsenic-laden groundwater in global world ( Herath, 2016 )
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Geological environment and occurring countries
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Figure 5. Relationship between geochemical process and Arsenic release to the

groundwater in different countries (Herath, 2016 )
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MRk e MR F KA S sl SRR F H B R A

B i N B2 AR R Ai’:—]%éw}; ezl fg_fs AR %ﬁrm T_o pLoh o e é’ﬁ*ﬁi’*’ﬁ

& A -KiRz2 % g (Talukder et al., 2014; Syu et al., 2015; Lee et al., 2016) -

*RoRfES AP RS R > BRI & ok im s £ 9 1.77 mgkg > +

7 &k he Jaya o 7 8 0.14 mg/kg o 3F2014) s 3 ¢ AT AT R G R
Sk ok fEgopR R § R R LT 0.34-0.92 mgkg o A Fe &k K AER R AR oS en
ABPHRIAIREL AT 3 - BFAFLEL P EEZTEAM

(Mitra et al., 2017)

153 kA5
A ARSE R R AE T P FE LS RERAEARS L LRk BB REE D
ARRF R RR S B FTBEE Pz G ok kS F R
AR CRRERFREET PR RIBE RPN RS G o o
SERBETRFREAR R RDEET G o 2RIk K
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fepp 2z M 7 £ (Xuetal, 2008; Arao et al., 2009) - @ fF % B AR i

( Alternate wetting and drying, AWD )si-k 4 F 52 vk 3 1 £ fd 3 E S A7 § 4% K
okt 2§ ¥ % B kA F(Islametal,, 2017) o 2R 9 %o Bk vt 2 5 4k A

FREMAEEE FPRTR Y FILEE s F iR 0 kA F IR O T

FlE o PAGFALIHLENST 2 FeFL RS FROFRAIETREIGH

KA TR RPFEY R 2P ER 0 v FE% S AMGE 4 4R 33 (Minamikawa et al.,

15448 ~ g Fs ®

By LHFEMEG LERfed > TR B ALY 5L B TS R
Pl o ke~ F B gl B Bl BRRRCARBET TG A RARRE
i ok 2 § g% (Matsumoto et al., 2016) » iFi‘:}& LA R T A |
R ETIRAgE AR 2R @$W#&@,Vﬁﬁofjp;%m%gWQE@@;
RS F 1 4B BB AT 3 2R SR § R R B e A SR AT )
Vi FA A g VR R RGEE T BE RIS S AT

Mg 2 B (Wangetal,, 2018) 465 47 fFd Y A - BT R b o)

ld

AT L ECESE SR REY R N RS I UL R I

B

FoAT B L FEARIEY A FHF AL - REEF o pHpse

Mo - AR RS B AT LR F A IR TR
F 7 483 (Saifullah etal,, 2018) - 44k 4555 * WP HFT T £ % » 5 Hc 2’ L
kARt g B 0 i r 0 BRSPS Toer B0 TR o - S R &

B2 ~xowr R FEEAINT - PR AR T WIS

e
f‘m
I
_\‘3—
-ﬂ)v

Q_
>

12

doi:10.6342/NTU201802829



155247

EART R TS R - TR H LS D e
P ooufhenBin S o EARTAPFOTIC B R RS LA S B
FEAIEER S S TSR R e R EE R R

E A RE GG - LR AR P p s EART S A

x—z
e
E

o

e el 00 AN R A SIS R

42 B F AT TR
(Oyuela Leguizamo et al., 2017; Sarwar et al., 2017) - /A7 A 7 > 2 3% ¢ LA
1 4E8 ¥ (Pleris vittata) - f81 K A6 PUF H RIS LS T8 1 M kRl e
2.8 (Yeetal,2011) o 7 7 5 % B0 Ao bfie B awae i ° % qfq? -

BB b PES BEES K DMA Bl R o R TR EH T g Y R o
BTy BRIl YRR LA B o F R B ERY k4G ¢ "$ 1

$ 2R R BRARTT NG e R E L L F gA0eE
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1.6 -k ALfE REm 0 A 1

Toshimitsu et al.(2016) 7w 385k ¢ - 3 3 & 43 mg/kg eh2d 3 A 3 ehdip
@5 B L 039 mgke k5 R 03] mykg e LA S RA S

43mgkg hd R Z R MO E RS RH AN DB RP 2 E AP R
AEEIEN S R S E R E R SR B L
P50 - 3o R R R R R R S (T o T A p
FIEE T K22 = Loond EH KA SRS AL § MO RIE o T xf 5
KRR T B AT R R Gl PR R e B BT R

ARG ASE T KAWL R R G T - FEA o - S B P RATT © Aol SR PR

k=N

PR EE AR A OKASEAE Y B IS R o R H G R P Ao
ERTHR FHRAI LM ZE 1.25mekg ~ 86%F - fE 5 BT AM e f 5 I
33%smh S R DR TR 0 TR AR L A SRS I o 7 3
(Zhaoetal.,2013) o ¥ - * 5 7 APV L @R 5 LHLF BB P b|4o= 7 W

( Dimethylarsine ) ~ = @ A % ( Trimethylarsine ) » #i& @ BB K fSe 48 - R FSF 5
»z 2% 1 (Chenetal, 2017) - Meng et al.(2011)%= 3 #-% & 2Lpmk & F(R.
palustris)gz ® L it 4p B ek 7] 7 B se 3 RS Y 0 TR T RSk B
WA K ALY BT ORP R o AT FMAPPOT I de AT A RfRE 2 Y
10 B B 408 M fe g > 4330 ~ 0 P 3R 2 § 0 B F "F X o Verma et al.(2018)
SR T 4 IR WaarsM L FI(20 A F1 A B 7 Woaurantiaca 5 F1 B 7|6 E A KR
kfsH R T R R o A BT e R T EL KSR TR
EAARMATY o P w AREMART o FECAFIEAE TS AL
o PR MY FR (TAofel Y RS 2T AR 5§ e i (Yang et
al,2018) > FSE (v 5 F B »kn 2B j AT B P FI AR 4 S

A FaviEa BEE T A &8 g (Zhao et al., 2013; Jia et al., 2013) ©
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1.7 9 B4 (TR fem 5 snli2 B2 58

Ma et al.(2014)F= 3 % 473417 70 IR (TR fegobm A 2 B &

]

K

K

AT FRE (B ;j{’%fj}u% WAEIIE)F 95 ﬁ‘g?ﬁ;’;lwt(@% 1 "T
o)~ AP R B0 BT BT E ST o KA E R FEE RN G R
MR AR R AT R ERBILRM R Rd RH 4] PR b T
RABF G BT AFPER {2420 FRFLR W FRFT R AP R H
PR PTG REFRL Pk BRI KA g I YT RS
BB A e BaRiE 49 feXnr B F E G FURRT B 8
ol ok ch ETRE 0 WA A B E TR R e BT P ARY 2 o fe¥ B
Lokfen @ ¥ Lo Bipic ALfeF@fis~8 #ijua« T RIL o B
BAp Mt d BT TS B RART R blche B TE 0 fe I g e cip
e AR R B R et R T LAE T (Norton et al,, 2013) » £ (2013) ek f% 5 2
Py PR AMREF RO LRI R L R AR BT
B RRIF A Bl kfemAd T TR ARERF O AL TR LR
IED LS B ﬁ&;%‘r AV OB R W B R BT U F R R
PRI LA FR IR o G T BRI R TR B
THFF R G oeth s ke TEEKER & -
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1.8 %97 (T35 2 i’:j-:kﬁéﬁﬂl’ﬁ bé;-f_’}_ﬁ’;_’gz

GHE R m g B AL A G e s 5 L ESLA &

5

ey t&%‘rnw A m;iﬁ;ﬁ%ufﬂ%@,.g (R E R ﬁ&%ﬁﬂwﬁi%@;? o H v %% Ae
WE A APHE U FWT RN F gt AL 3 FREN L g
VPR E R B AR B AR IS > T e RS LR E

n T h - Rl BT LN RE 0 B REEEEI IS Y g B

Wk
4t
-y
;*;.
Kl
>t
H

T it 2 chdT g 42 4 (Griiter et al,, 2017) o v F ~ 2 2 ~ % 2
SRl gwitpr A I p (¢ B g € 2000040 E # *F HW TS o PR
FEP AR S FMAE ARG R TS o b ke 5 1950
ERFC BT R > S n AR T E308 §F 2E; 1970 £ KR T
CERRE PR S B G - R 7000 5 F o TR Fe 2 R
P S(WTO)®m & Fehk A& &8 T s - 6 ek FE A7 £00 2 RigE >

T ,L._,l_%ﬁnm‘}l ) 4% e ,Fgf,,,fé*g Kﬁrﬁ;iﬁ.% o

AL > W Fp T 2o T IFR B RfSEH G e
GIVARE AR B Pl R BEMAP Z ERB DT Fla B R
BokfeR g e DANFETHET cMAP AR BT R EF PR AR INAE
w8 R > 4 FIABF 1 B R p fRiE 7 (Munch & Ottow, 1980); 8 7% 4 f % 7
RA L F MRS A (Y P Ao TR £ 5 gk g 248 (Bauer & Blodau, 2006) -
B fAdEm Y A ﬁﬁ?ﬁ e g i@ 2P M4k B o £ Rahaman et al.(2011)
0O RCRATL L A - 10-15 mekg 02 P MBS (Th 4 psE X
BHETRCERMZE  GFIHWF L BTEIER I TR S
Flm A pee i * 7Ot 2R G o o “é AR EMFAIR R R BT L G §

BHETAA A FFAATEFpH B AFATI /3 FItaidn
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TP RS AT R B Y s S R/ DT L B

R TE P

T
T,
_{‘

FRIFLHF BT R RS SN R Fl
27 - o Galloway et al.2018)4F 3¢ ip Rk ¥ F W FHM B &2 FH 2P <
R WTHABELEE > ¢ ZREF T T T ARG MAHE R

TEFRAEMRLEHEEPE2 LT L P s TR GEERAFIPBEEL 5
BRESLIREFRGT CFRRBMFE PPN 3 PTES AR
SRR FAEGEEY PR RIBABEMAEN G RTITIE RS L2

Rapg 320 f%iﬁ MR RAfRE R .
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1.9 % 5§

% v % ( Polygonum Lapathifolium L. ) - & 2 £+ £ 5 (B> ) > =5 & ¥R &
EFAKRTER S ERPF BB ) TR F A Ed o AT
¥R > BB R AL N Ef 0 ABFY F A kAR ) ol
BB AR AR o By - St o iRt L kDR T > H
BFEFIORRLZ PN BIESSEHENIEY i+ SRR HRR > 27 X
RE A R FT B AL kR LR eip T e s 3 § 2k &

DERGETEKE N FIGRR G KPR GR AP F L ETEE YD
AP @ ity > B ET P AR Th e L ke 2 op R
BKAERE DSBS A TR HER P o Eok4en ¢ 5 b F et
Foptdh s R P MR E R RETERF I AT BT B
4G R TE L G g BT (FR, 1995) 5w § 08 0 AUkqen e ¥ k2 g
Foo B A LRE ML S FRE 5 R ROL ~ {3383 B vk 2 i o 7

@ H 40

“.1

EZ?%%'E* AN S /AR V0 MBI PSR (Lietal,
2011) = 825 5 td B A ST OF AL FE PP I AT FEEE L
TR E L PSR R4 7 P FE(Mendez & Maier, 2008) o H i F L %
wiEfden F o F B2 ZERRAGAAMERE T E T MBI EAH
e ¥ 3 AT FRITTIEILF AL SWEFN HE BT RIS

v

5 <13 B 2 A # | is] (Fresno et al.,

\"'3\
il

o EREFLWRAL AN RE
2016) e feApdt 5% B FF AN REFERT F I RRBAT AR REA
oI PET PRI L I NLEET IR AR ARE P HEDS T
FoEh A BF LT O BT T RIVE KRB ORI AT R ke T

MR T FR S AA
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B>~ 5w §(#05 % E3,2017) W=~ FEFENRCRE

Figure 6. Black Heart( Polygonum Lapathifolium L. Figure 7. Leaf with black Heart icon ( Polygonum

Lapathifolium L. )

(a)
s G TR 3
B Tl

DR R £ ¥ ROLE R VS TORPEERTY o

Figure 8. Seeds of black Heart (a) with waxes (b)without waxes
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Table 2. Wetland plants with poteintial of phytoremediation ( Li et al., 2011 )

Species Families Cotyledon Origin
Alternanthera philoxeroides Amaranthaceae Dicotyledon Qi’ao Island
(Mart.) Griseb.
Ammannia baccifera L. Lythraceae Dicotyledon Huadiwan
Cuphea balsamona Lythraceae Dicotyledon Huadiwan
Cham. et Schlecht.
Rotala rotundifolia Lythraceae Dicotyledon Qi'ao Island
(Buch.-Ham. ex Roxb.)
Koehne
Polygonum lapathifolium L.  Polygonaceae Dicotyledon Huadiwan
Veronica serpyllifolia L. Scrophulariaceae  Dicotyledon Qi'ao Island
Hydrocotyle vulgaris L. Umbelliferae Dicotyledon Huadiwan
Echinodorus amazonicus Alismataceae Monocotyledon Huadiwan
Echinodorus osiris Alismataceae Monocotyledon Huadiwan
Echinodorus tenellus Alismataceae Monocotyledon Huadiwan
Cyperus alternifolius L. Cyperaceae Monocotyledon Qi'ao Island
Eleocharis caribaea Cyperaceae Monocotyledon Henggin
(Rotth.) Blake Island
Eleocharis plantagineiformis Cyperaceae Monocotyledon Qi'ao Island
T. Tang et F. T. Wang
Fimbristylis nutans Cyperaceae Monocotyledon Qi'ao Island
Echinochloa colonum Gramineae Monocotyledon Hengqgin
(L.) Link, Hort. Berol Island
Myriophyllum spicatum L. Haloragaceae Monocotyledon Hengqgin
Island
Vallisneria natans Hydrocharitaceae Monocotyledon Huadiwan
(Lour.) Hara
Philydrum lanuginosum Philydraceae Monocotyledon Qi'ao Island
Banks et Sol. ex Gaertn.
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1.10 =3 #4827 p eh

AET ARy ARSI SN TR AT RTI A L2k
ARG R TI 2RNATY T RA KA R 6
’hﬁﬂpﬂ*wﬂ*J%?ﬁwmﬁa@ﬁﬁﬁégﬂ&ﬁﬁif%ﬂﬁﬁﬁﬂ‘ﬁ%ﬁﬁ
A ER L AR B 7 R B KRR G Rl FRER ST S w
BB (Tre @ RASE MM ™ (71 & F 3 2R G stk § Gk e o 2

b FA AT 3 NS F AT A S 0 g 0 A M B
P RFTE G RGBT R R BT - R ARG R G
TFHF 2P ATMarcaiste e AT ER SBELIMFL BB K~ 5
BRI ERIEDT R A EPERE EAERADIE U RER S
FHETRB ST SR b2 % 7R R G TR B o
SRR TR SRS ST T S LR FEE EER =L

PERF N 5108 2 A -KoRend 3 K kLo Frﬁ SR L LR P T

(1) ;ﬁiﬂ T‘fgv%@,é,\*fr J?*E 4B j’]‘a%ﬁ‘ﬂ L_',n ’EE,"_EE_’A\'?F ,'5%;%_5_ E’,?—{

TV A R SR A IR0 B R S F S A
s

(2) B2 £ E T ¥R FHRFORMPLLI ZFIHEY > B Egm
TEBE KA RFRABR PR BRYEID SRS 288
pPH-~Eh ZR > RP S o ¥ 21 I RUEHIERBEE I kP52 B

<
l
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() k2 P REH L P HFIHME T RSP PR AL T TS v i
M2 2 MEALT §3RF eteWm G s d e B o) & &
EA AR TR S 1 NS AR R B e St YR O - N E ek

R B o
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L

2.1 RFIEHE

AR EGRIERED MRT R(D RFREL) ~ ¥ AL ke B (TR 4R
B R fen (- AR EE)E E RN R AUk fen (B AR EE) o o B &R
25 0-20cm % 2 > * 5 h §2 ~ BF -~ 12 10 mesh (2 mm ) & 43 & (5 218 Rk
2% o R EPMAT Rt MR IERPERB KL S HASM I E(GIH) ~ ¥
AR B (GAL) R B p B R RSN R4S el 3 S OE P MO 4 3 (Cal) ~ A

N
)

SRR A R R SR R EE (O R Y AN S
£k

B A 43 (CIH) ~ 3F o B O 4 3

22 MR G T FAAR

Frelale g orog ® 2T A pAHRE Y R g JIREE S
60 mg/kg > R 0 AFEHR AL L ,7’]‘ Seph i E N BE R 3 3E(Cal) | F AR A S
# (CaH)PF 12 60 mg/kg As(V) 7 2 3+ 5 e vBh 2 o fEB~ 4156 g T oK & R LA
A BARSRT BB kTR R 100mL T As(V) Rk o 3 E AR 2

& B 2 kg 2B 4 3K (Cal) 174 10mLAsS(V) Rk » &4~ § %

ke BB R As(V) RigZ IR AL R EDY S REBET DI PR T
XA - AFEIF > LA ERIF U SRR R A2 E(CaH) B 1S FEk L
* oo
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2.3 BRI EA KT A4

23133 kA& 122 RRAATERETNFE-£ £33

R rgd ARk BR BB k%R 2 2 8 2 2 (NIEA S280.62C, 2012) -
FEB-Sg b §o 4 H(GE 10 mesh & )t 50mL g3 '&4r @ > A wedrh i £ W
LR E wikh fo 2 T 105C 2 T RET 24 ) BF o ARSI E S MR &

Eotipdn @A AP E o B W kA R0 BT

W =(W —w)
B w
2323 pHE BB T &
# ;% % % Soil testing and plant analysis — % (Lierop, 1990) o #=8~ 20 g k 5z *

# (5 10mesh & )0 FF L g5 2 U ¢ o 3 k(AR H k) 12(F BB
2 %@,ﬁ ’5&?‘% ﬁ"@f’)@.g\' 4 ig/p/li’ ’ 'liﬁ»féF”%#%fa” 4 ig;/p R T ft @'—TI J B%lb

A+ i en pH meter(Jenco, model 6175 vision plus)ip| & pH -

233 2 £33
A2 5% Geeetal (1986)2- 42 3 %% o 2B~ 50 g b 4z 2 3£ (B 10mesh &

) A r SO0mL 2 B kgl 2 g 0 LB BeE A 2 30%EF 1§ T A 70-
BOCT 4 a2 £ hie(HFa bd i ) £12200mL 4 4 k-2 gk
I &K 0 4o » 100 mL 5% B s 40 (HMP) 3 73 % » 7 & g3 B84 10-15
AAE e WER I MAREE S IL B E F L 40 2 33 k3 1000 mL %] &
(FAokmF e R S EEURIIH AR ABR > Fher L ARRA T C R
g iR) o PRI RF 20T 0 P20 f) o et £ B R A0 F R E

Ps(i 4 Sk o ge § BAT) o« £ THF 20 THEBE S L LR £
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TR0 /AT E o H E PR AR R PR S Y R 20 Rk E
WEPs A3 detp o FXHP U EPHERFFRFREER > IREERHE
FRIBEZEE B 194CE Y £33 EH03 0 F 2-03 0 3 E @I EM 2

FRRERE AN > HEERE EMUSDA)SF 2 2 TR AMZ LB @

AEFE L AR BRI ER AR 2T

4

Ps

!

Pc
Fbk(%) = —%x 100%
w

B #.(%) = 100% — #) #.(%) — Z:4-(%)

HP PSP~ %5 Ps"PeEBERREEZ e REZVEFFE, Wi Bicd &

—_—

234 233 BF 7 E : Walkley-Black Method
&% % %% Nelson etal. (1982)er = 4 %% o =B~ 0.5¢g 2 h 524 3#(iF 10mesh
&4 > edkh 522 £ w)t 500 mL 48255g 7 > 4~ 10mL 1IN €484 - 33

e r 20mL JEFREE TR 30 A48 4r ~ K 200mL A%k 2 10 mL85% ik
B GRS R B AL 2 Z BB o TR R EF A 0 &
VBRI G ARAET ) S R B A o doAR M R I BT TR B
»30 GF = Frdgor Al 0 OSN FIELBIRRFLIBRES LRSI (I E
RRF S oA FE SR EI ) 20 BRI LS B E B o REF L

LR S W R OME 40T
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12 1.724 x 10
O77><W><(1—G)

0.M. (g/kg) = 10><( 1—%)><10

He 1724 G AP TR S 3 TR GTo0E 077 5 22w icF >0 5

ek

Lagka

REIEE: & & &0 T3 WU S g ¥ 5 P

A2 % %% McKeague & Day (1966)2_ 7 3 &% o #=B~ 0.5g h §2 2 H(iF
10mesh & 4)** S0mL &< g ¢ > 4e» 30mLO0.175 M ¥ fé4%% % (pH 3 £ 1 3-
3250 AT AKL 3.03) dRihe R @k A 150pm ~25CT RTFH
LENNGE SRR BER 1 SRR L E S R S S 5
Bes Fpt A | pF) o 14 JE 3 5 3o 8 (CR- 22GIIL Hitachi) + 4,000 rpm 4
10 A48 > #7(7 FFiR 13t 045 um 2. PVDF g ciig » M B 48 & 'J\J%'—r
&5k 3% ik (ICP-OES, Optima 8000, Perkin Elmer) B @48 ~ 45k B > B2 3

i e -

2.3.6 2 EPEHANBLEF VH F £:DCB 02

~i% 4%+ Mehra & Jackson (1960)2. 7 7 %% o fe @ 0.3 M ®R#FE4SE 1.0
M BPEE 4 0 R S 8 Rl BTG -REE R LR - 50252 R
§5 2 M (iE 10mesh & %) » * 50mL 3o ¥ ¢ 4o~ 45 mL 1R L4 -BFL & 40 5 B
R (PH7.3)* 50mL g ¢ > i e drs § 288 » K41 EAR T A 80°CRP
20 A 4) 0 4o r 1g - LRG0 MR BIFFMIE(LEL)- A4 e 15
AEB( P ARHEAE) o F e 1g B T ARRRAL 0 B E 32T Ad ¢ (Rd
¢ BB ST ) BB AL EE 1044 £ 4 10mML & feg

g 0 gy 33 #8(CR- 22GII1 Hitachi) *+ 4,000 rpm 3 10 4 48 > 78 F i
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i Az ok %8 T 100mL £ 534 /S 0.45 um 2 PVDF jh i B i8S R

W RS 8 5k 3 R (ICP-OES, Optima 8000, Perkin Elmer) B 48 ~ 480k B > b B

.7.

BEZO R

237 2L ERBE AN MR- kR

kit R AT R IR % T2 2 2 LI 2 (NIEAS301.60B » 2015) -
FP 05g B §o4 H(H 100mesh G8)TABLATN 49 5 4o r 3mL AEEE 9
mL BER G BEERRGEA ) T kg P &7 Hok i) i (Microwave Reaction
System: Multiwave PRO, Anton Paar) o = g # 34 0 12 10 4 48:F ] 600W mﬁg?J
Ji e 600W endiy 7 5 10 A4 0 £ 4 15 A gt F] 800W sl 3t 5
SFF BOOW £y MNP 104 FHRELTOC A4 s o AfRR4 » 510
mLAZ 3 -R(FERER - 3 HERpARIE) BLri i g 5CRAE S Bip o N4
FokRE I S0mL - £ 434 045 um 2 PVDF jp "% o 8 B8 6 TR
3 4 47 % (ICP-MS, 7700 series, Agilent Technologies) 4 +7 2 3 © 4% ~ 44 ~ 4 ~

SRR SRR c AR AL fRDERFT IO BRE VI RER T LS kR
I 4 5 (CRM025-050) FEid o 27 5 HCA B BS-2 K 2 i i 5 £ o

Yok 4 110% - 115% o
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24 55§ 28RO ERE e SRk T ASD)

2.4.1 #3853 F A2

Aps g * 2 fad A W5 GIL ~ GdH ~ CaL ~ CaH ~ CIL ~ CIH » # & 4 3%
WA EASL S Y Y A H AN s T Y (TS ke
(tPL)~ % e % w ¥ e 22 +PL &l pFiudt d 3 L f48 K f%(-PL) » & @ =
Ao %336 2 o SEERAEE 2 anS w SR AT S iR K S
AEPFF M OPE S BHIEREFY P BRI AL D3 e E

o EfEARERB- 20 £ 18 2 o Ry H 2D RBEFHEAL T 54

iy

242 3 w2y Y
R EE S
TEMAFR217E L G oA RBRESEEEELETF B RHQ5T0)

FeWS DD R BN R BN E@C) R T L

i g3 By
R S EL RIS R EACE R Rk R € FoE T ST S
A ERHERQSC)ERA- o - FLIFRHRTEFETIEFLEAERLR - &

- BT MR R RREL M2 g b ¢ o 11 25CSC(R 0 R /8

PF 16 ] PE)E RIBIEE YA R4~ kPR B BT IRT (R0 1995) -
i, &

FiT 2 fAF iR 05-1emo # ~ 72 FPRISCRE > MEA T IRE LR

—

S
ok

RPotgrond H)z £ AR A1 iz 7w o B9 BEHRIFEE L 25C/20C(P
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/) PR EA KA LKA c FREBRENSZ I ¥ e EEMSEL BRI R
REFEE -

243 % 5 ¥ e
AP PTAFENE TR > PR T E R F 52
FPEFAFHOFT > BT > 39 ¥ 288K FERT R4 R RS
T RS TSy e kg @A B2 £ (1/5000a
Wagnerpot) @ 2 W% o ¥ >0 BFend ERB(F 2-kv kD)2 4T BiRr%
Hi kAmmiTd - R 39 FRAHP T3 28 TRe Ry afF b FF -k

E o9 FEKERITNE FiZEFRREFR > P 50g b §g2 ;WL

=k
q 4

ﬁ;’\:’ T2

BlEgH

Bed AR FAA > V)0 e r 10mL Fl-k 0 FHEHT B 0 24 | pE

9N

EERF AR FUAR VO VE VATLRIMA . LR H L2 Rt B

¥

KBRS E T ARG R RE o PR RN B s AR F VY 2
PREFAH 0 TE K Lkg FHRIE P EROR(AREHL Z e 0 TIBE
i,"]t*‘\: 100-150 mL -k) » 4e-k 3 oe Bimibpf £ ¢ 2487 2 RORIVRBRR AR o o
P2 £ 8 €% 533 o

A ek 2 Z A e

sk TP ERIRLIPSF T PR

T‘-'?I-

244 % v e siipds
FEA ¥R N(RA4) PL g e dkfciithi PR NBELT 7 T2 &
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Figure 9. Inflorescence of Black heart
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FRE ~IIRE o P I IR R E UG IR 0 BT T0C EREsr- ¥ B

MR EAPET L ERER AR R RS E AT o

2.4.6 % 5 ¥ IGBE B DCB 2

A2 % %% Liuetal 2004)5%7 3 % % o 2P~ 1-2g & v ¥ #E4I3T 50mL
o d ¢ oo e r A0mL REFMA BT B3R Y 0.03M R RS -
0.125M Ui 4w 4) 2 0.6g #- TAAEATET 150mpm 2F T 60
Lh o PREEFET Y R e BRIV 045 um RIEER S LR R E ]Jﬁ'
S5 515k 3 ik (ICP-OES, Optima 8000, Perkin Elmer) = £ 48k & > M &8 & T
’jﬂ'{f B3~ 47 % (ICP-MS, 7700 series, Agilent Technologies) < & 48"+ 2. Ak & ©
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BOISC 2@ e p A= [P BT AR FEELE o e ImL B3

(30%, wiw)» B 125°C T 4cdt 30 A4b o A Frisdgd k2821 50

mL (e 5 A 27 0 b B (72 6 ESR S e Tk o A R 113 /T 045 um iRT
Wi TR RAREMN MR R E T jf: T3~ 47 &k (ICP-MS, 7700 series, Agilent
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2z 312z A BARS KRR
Table 3. The modified Kimura B solution

Stoke A In1L

1000X (NH4)2S04 2378 g
KNO3 9.10g
MgSO4 - TH20 66.65 g
KH2PO4 1225¢

Stoke B InlL

1000X FeSO4 + 7TH20 751¢g
Ca(NOs), - 4H20 4341 ¢
IN HCl 500 ml

Stoke C InlL

1000X H;BOs 1.56 g
MnSO4 -+ H20 036¢g
ZnSO4 + 7TH20 0.58 ¢
CuSO4 - 5SH2O 031¢g
MoO;s 0.07 g

Kimura B solution in 1L

Stoke A 1 ml

Stoke B 1 ml

Stoke C 1 ml

pH 4.7-438
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2.5.3 3 i e o A
T ;b_% %% Z’il\w ° ﬁa'@lfﬁ‘%

ROk lem 2 2 280 F B2}
(CONHo)) - #ifie = & 4F (Ca(H2POs) - H2O) ~ %
TRLIE L FI L0 TF > aF e k= X (RkH lom) e A5

Bi(fFreleh kL i 2 R FR3®ITE

ERpiFpsip 2 R g wwr §
K20 180

(KC]) %é % /|>? /,9]‘ 4 '-T_ ,\,r% i—\‘

Hi=%er), %% 3 2endin g * £:N: 220 kg/ha 5 P2Os: 100 kg/ ha ;

kg/ha o =3t g &3 5 » & 27 3 A w4 » 236.0 mg FJL% ~89.0 mg FAfi = 7
&6~ 1423mg & 449 - H¥ RE AL :'z;‘;’F%c v F - XL IEE LW B o=x
AMEEE IS X o b Bgp A 1508 BB A 1.3gm’ #E A

2.5.4 KAetE R 2

FER A LR E 2= Tk AEY Y
2R VEE o I TR P AT L E kAR

N IR o SR - R I R 4
BokiE

N BB

SRR 520
A F 15 %%&ﬁf]\’%iw A S % S8, 60,

BadF i 3-50cm e R fE%

61 = Hfciodl

255 kf@2 KRS I EpH-F L BRECER - T RIH ok EE LT

ik I pH-§F P RRTCER:
IVE R 7 &t 245 % 2] pH meter(G&B, MODEL MP6100A):| %k 48 2 4

pH & > B2 PF_-TiE» 2 F 1 20 K
HESNF P ERTRERIET ) Ehmeter Bl ok fs2 £ 3

TiEIE 2Rl L RgF CBRT DR ERR G AR
ZehpH B Z Ao g L pH4 ~ 7~ 10 = fatR 805

Fes Bedy 2134 & Auto-lock eV e (7 o 12
LB R T o R TR

B LR

r;\

»THRIS 25 bR E o &
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ii-kfe2 8 Mk R
FUMOREE B SV HokdRHR % S (Rhizon o H Az i K AR 10cm g6 §

FIZEBIBRERSFRY  GRCEFREMABIUKRTE BT TR AT 2L
P AR IR € TR K 30%F iR o 0 B 30%AN EE L R 2 AR € IR T D 3F 30%A
Fe(£ 0.5 mL)* 42 ¥ o BoipF > L TE 3 30%F) L AR gt R T MR R IR
KE PRBHRZEMA I FAHBOLE 2T 2 kP mY o R
FRHERP N A RFRERE I PNk S REBEI Rk
Feord 289 19 10-15mL 2 3 Biok o #-4F BT 5 123 0.45 um PVDF i
BRI KR R R RS RGNS E SRk Ikt
AATIE R 2 * o IHokEBREE NI IRERELEHERD qjg,ﬁ,-ﬁ&b%z&%:]\

e AR S S AR £ S

iR fe 2 5 3 IV HORA 73 Bk ~ FIER 2R B 8 4 47

ICHOKBER MR RIBE T ’]\ F =+ 3 5k 3 & (ICP-OES, Optima 8000, Perkin
Elmer) & £ » 3 H-kF kR g fed8 & R T3~ 17 & (ICP-MS, Agilent 7700
series, Agilent Technologies) Z_& o A 4= f& 4 47 R L #-3¢ M-k &4 0.01 M Bifis
HRGR > g 0t b)) > F A K TR 48 & T 4 41 & (HPLC-ICP-
MS, 1200 Infinity series and 7700 series, Agilent Technologies)fie & = § # ~ T #§
R AR HT AR BRESEFZRIREF e FRAPEOTE T

B 47 o
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iVoRFEZ P I EIH KA BT BT R AT
A R EY FRIARER BB O A 2 I8 3 (NIEA W530.51C -
2001) » U HORF BT AR R LG WA 1T R TR o AL IEHOKER AR
634120 045 um PVDF g "%iip > 0 etk 28 TR - P RA1TRH
Ft SR L Btk AR WA T E TG TR By R o TR T 2
AR AR R B F AP 0 ¥ AR S R TIEE & 18.0Q 1 ¢ o
B0 IR B TR TR GO ALUP IEL?J*% @R A FRIE o AT A
17 RE e & § 1 A A L4 (100g/L) 27 fe 1 HBEEL(S%)ehié % o F 1 W -k
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B A2 2 F PRECHRSITRE R TES FARE TS BRER
BAWRTEINE BT - "RISPFMEARESR > BB kRS S 10ppm o ¢
PR E BS BT RRALS KR S B ARG BRURIEAE R R X R R
- A o

2.5.6 K feHE M

R kR R R AR e LA K BUn IR R o
SRR SR [ 0 MR BB VA I Fgegr kg L B 3
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TOCHfakic- F > B EMEAPRET  EHE A SRR B FEMs 4T
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2.5.7 -k eI B F B~ DCB 3
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B PFE 3o 325 o FEUREIVE 045 pm B Ris R L T 5]% T+ 3 bt
% 2% % (ICP-OES, Optima 8000, Perkin Elmer) Z £ 48k & » MR B E T jf( B

A 45 % (ICP-MS, 7700 series, Agilent Technologies) *_# 485+ 2 F ik B o F B~ (4
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mL T3 Af3R PREFT BB v cdhsk o AR 345045 um g
W 0 o R iR R B8 & TR A 17 & (ICP-MS, 7700 series, Agilent
Technologies)~ #7#% )k & o W f ¥t B ™ § o £ - # & (SRM 1573a) Fzdpt > 2

Lwfed s AP B @R 5 R w oS 4 87% - 100% o

ii Pk A AR o 484 45

A % %% Huanget al.(2010)5%7 § B % o #-i%3530 -20C 2 ki + 30 e
AAARB T RAEF T EONL IR WICIES X o A S PR L
AR BT E ST R R A2 * o fF 4 0.1 g-02g B A B R3TA
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442 0.45 um PVDF g5y - it " & AR B A7- B t8 & TR oA 47 R
(HPLC-ICP-MS, 1200 Infinity series and 7700 series, Agilent Technologies) 4 #7#4 3=
o ¥ 06 F %% $F (ERMBC-211) FE3n¥ B 2 w fc % 22 HPLC-ICP-MS A
Bk w ek o FUR KT RHE L) AP 7 ey f 24 % F (ERMBC-
21D = g Ae T A (DMA)S A5 fh o 54 g d TR R M -
RO E o fE B AFE R 2 A T A 98% - 107% 0 BT AR w T 4

101% - 116% o &% cn& gpw g A3 117% - 124% ° A 3w jeF 5 3 84T

38

doi:10.6342/NTU201802829



& Hw e S (%)

CHmiE+I MR +E " AMTE +

7 AR 5 2) %100

Bz g

. As(TIT)

DMA

|

f ;
L

Count

L T A e T e L e

30

60 90
RT(min)

B~ v # %% 4§ (ERMBC-211)2 HPLC-ICP-MS % 15 3

Figure 10. HPLC-ICP-MS determination of arsenic species in ERM BC-211
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2.6 kfBR BRI 2 FET A

2.6.1 2 &3 8 F 7 £: Walkley-Black Method

&% % %% Nelson et al.(1982)e7%7 7 55 % o #2B~ 0.5g 2 h iz 3 3 (F 10mesh
G 2skih §52 £ w)Pt S00mL ALY s r 10mL 1IN £ 4874 0 33
{4 x 20mL EFREATHEE 30 A48 4r > ) 200mL 423 -k 2 10 mL 85% ik

BARL(M LB B TR R AL L 2 MBS o §FRF BB K

VBRI G BT A R B e o doAR RS AT R BB B ) | 4
»30 F = FrRdp A 0 L OSN BRLBIBRFRABRES - 5H (R &

FRER S SR FI BB ) 20 % LB B o R

A Es L SO T 2 E OMAEE 4o

- k)—10x(1 S)x10x12x 1.724 x 10
.M. (g/kg) = B/ 7T 4 7 077xwx (1-6)
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27 REFFERE

2701 & A48 & T R RS 4 463 &% (ICP-OES, Optima 8000, Perkin Elmer)

o B RE TR L E R AT R B

Table 4. Instrument parameters of ICP-OES

ICP-OES

RF power

Plasma gas flow
Auxiliary gas flow
Nebulizer gas flow
Wavelength
Viewing mode
Uptake rate

Delay time

Wash time

Read replicates

Parameters

1300 W

12 L/min

0.2 L/min

0.5 L/min

Fe: 238.204 nm / Al: 396.153 nm
Fe: Radial mode / Al: Axial mode
1.5 mL/min

50s

60 s

3 replicates
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2I2 R BB E R ﬁj& #4147 & (ICP-MS, 7700 series, Agilent Technologies)

2T CREME TRFTHAATRAATFER R

Table 5. Instrument parameters of ICP-MS

ICP-MS

RF power
Sample depth
Carrier gas
Dilution gas
Extract 1
Extract 2
Omega bias-cs
Omega lens-cs
Cell entrance
Cell exit
Octopole bias
QP bias

Cell gas flow

Parameters

1550 W

8 mm

0.4 L/min

0.8 L/min

ov

-120V

80V

6V

-60V

-60V

-18V

-15V

5.0 mL He/min
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273 Foxain KR e RE BME T E-FH#A & (HPLCICP-MS, 1200

Infinity series and 7700 series, Agilent Technologies)

Foh s kAR AT kA 1T Rl A MIE e R

Table 6. Instrument parameters of HPLC-ICP-MS

HPLC Parameters

PRP-X100, 250 x 4.1 mm, 10 pm, Hmilton
Anion exchange column

Company
Mobile phase 20 mM NH4H>PO4 (pH 5.6)
Flow rate 1.5 L/min
Injection volumn 50 uL
Run time 750 s

1. B 3 HPLC {4 en ICP-MS AP{iFR E 433 L =8 adp b S8k £ 7 >
e A 4 7 ;”F]{rﬁ % (RF power) { # & 1600W ~ §' i 5 48 (Carrier gas) { # 5 0.52

L/min > ## 5 #(Dilution gas) { # & 0.65 L/min
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Figure 11. Black heart plants analysis (a)Biomass (b)Arsenic contents in shoot (c)
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Figure 12. Seasonal variation in pH of (a)GdL (b)GdH (c)CIL (d)CIH (e)CaL (f)CaH

soil ( -PL: without plowing black heart ; +PL: plowing black )
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Figure 13. Seasonal variation in Eh of (a)GdL (b)GdH (¢)CIL (d)CIH (e)CaL (f)CaH

soil ( -PL: without plowing black heart ; +PL: plowing black )
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Table 8. DOC concentration in porewater of Guandu, Chaikongtso and Chiwulan soil on

0 day after transplanting

Treatment DOC(ppm) Treatment DOC(ppm) Treatment DOC(ppm)
GdL(-PL) 42.42+2.86 CIL(-PL) 34.04+6.34 CaL(-PL) 7.214£3.27

GdL(+PL) 38.51+12.32 CIL(+PL) 65.71+27.86 CaL(+PL) 34.26+20.54
GdH(-PL) 39.51+18.14 CIH(-PL) 17.28+8.28 CaH(-PL) 15.91£21.11
GdH(+PL) 28.46+10.95 CIH(+PL) 40.52+19.93 CaH(+PL) 31.05+17.67
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Figure 14. Seasonal variation in iron and arsenic concentration of porewater (a)and(c)
iron concentration in GdL soil;(b)and(d) arsenic concentration in GdL soil ( -PL:

without plowing black heart ; +PL: plowing black )
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Figure 15. Seasonal variation in iron and arsenic concentration of porewater (a)and(c)

iron concentration in GdH soil;(b)and(d) arsenic concentration in GdH soil ( -PL:

without plowing black heart ; +PL: plowing black )
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Figure 17. Seasonal variation in iron and arsenic concentration of porewater (a)and(c)
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plowing black heart ; +PL: plowing black )
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Figure 18. Seasonal variation in iron and arsenic concentration of porewater. (a)and(c)
iron concentration in CaL soil;(b)and(d) arsenic concentration in CaL soil ( -PL: without
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Figure 19. Seasonal variation in iron and arsenic concentration of porewater. (a)and(c)
iron concentration in CaH soil;(b)and(d) arsenic concentration in CaH soil ( -PL:

without plowing black heart ; +PL: plowing black )
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Table 9. Pearson’s correlation coefficients between iron concentrations and arsenic
concentrations in Guandu, Chaikongtso, and Chiwulan soil. ( -PL: without plowing

black heart ; +PL: plowing black )

Treatment r Treatment r Treatment r

GdL(-PL) 0.60 CIL(-PL) 0.98* CaL(-PL) 0.77

GdL(+PL) 0.83* CIL(+PL) 0.56 CaL(+PL) 0.85%

GdH(-PL) 0.99* CIH(-PL) 0.90* CaH(-PL) 0.81

GdH(+PL) 0.78 CIH(+PL) 0.76 CaH(+PL) 0.66
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Table 10. Arsenic species distribution of porewater on 0 and 54 DAT( Day after

transplanting ) in GdL soil ( -PL: without plowing black heart ; +PL: plowing black )

As concentration in porewater (ppb)

As Species 0 DAT 54 DAT
GdL(-PL) GdL(+PL) GdL(-PL) GdL(+PL)
As(I1T) N.D. N.D. 5.72 +0.90 2.74 £0.47
DMA N.D. 0.99 £0.16 N.D. N.D.
MMA N.D. N.D. N.D. N.D.
As(V) 13.35+3.08 11.19 +3.08 18.33 £1.47 20.73 £1.72
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Table 11. Arsenic species distribution of porewater on 0 and 54 DAT( Day after

transplanting ) in GdH soil ( -PL: without plowing black heart ; +PL: plowing black )

As concentration in porewater (ppb)

0 DAT 54 DAT
GdH(-PL) GdH(+PL) GdH(-PL) GdH(+PL)
As(1I) N.D. 099+0.13  337.64+241.58 1230.97 +44.03
DMA N.D. 1.46 + 0.50 N.D. N.D.
MMA N.D. N.D. N.D. N.D.
As(V) 73.09+ 5598  50.95+2529  73.42+82.71  193.52+45.34
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Table 12. Arsenic species distribution of porewater on 0 and 54 DAT( Day after

transplanting ) in CIL soil ( -PL: without plowing black heart ; +PL: plowing black )

As concentration in porewater (ppb)

0 DAT 54 DAT
CIL(-PL) CIL(+PL) CIL(-PL) CIL(+PL)
As(TIT) N.D. 2.08 +2.95 22451 +91.86  1246.95+417.61
DMA N.D. 18.46 + 8.08 22.46 +0.76 19.31 £27.31
MMA N.D. N.D. N.D. N..D.
As(V) 4548 +7.58 76536+ 129.08 20426 +94.64  273.76 + 106.35
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Table 13. Arsenic species distribution of porewater on 0 and 54 DAT( Day after

transplanting ) in CIH soil ( -PL: without plowing black heart ; +PL: plowing black )

As concentration in porewater (ppb)

0 DAT 54 DAT
CIH(-PL) CIH(+PL) CIH(-PL) CIH(+PL)
As(IID) N.D. 5.53 +£2.41 166.09+44.37  686.96 + 59.72
DMA 0.13 £ 0.06 16.67 + 6.37 17.78 +2.91 N.D.
MMA N.D. N.D. N.D. N..D.
As(V) 2414+£932  237.50+17536  103.71+725  110.98 = 11.67
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Table 14. Arsenic species distribution of porewater on 0 and 54 DAT( Day after

transplanting ) in CaL soil ( -PL: without plowing black heart ; +PL: plowing black )

As concentration in porewater (ppb)

0 DAT 54 DAT
CaL(-PL) CaL(+PL) CaL(-PL) CaL(+PL)
As(1II) 0.04 + 0.003 N.D. 44.98 + 44.09 19.91 +0.22
DMA N.D. 1.31+0.21 2.34+331 2.29 4 1.09
MMA N.D. N.D. N.D. N.D.
As(V) 18.22 +3.16 5164221 39.26+26.74  11.24 +24.83
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Table 15. Arsenic species distribution of porewater on 0 and 54 DAT( Day after

transplanting ) in CaH soil ( -PL: without plowing black heart ; +PL: plowing black )

As concentration in porewater (ppb)

0 DAT 54 DAT
CaH(-PL) CaH(+PL) CaH(-PL) CaH(+PL)
As(TIT) 0.85 + 0.34 17.66+ 9.44 347.64 +183.98  1365.56 + 525.61
DMA 2.32+0.94 151.19+ 67.97 2.34+331 14.87 £21.04
MMA N.D. N.D. N.D. N.D.
As(V) 89.63+26.14  325.89+186.67 110.32+156.02  317.88 +48.26
71

doi:10.6342/NTU201802829



3.7 kAt A 4

AL A FERPAG ARG RISE RS R AT A

72

ER TR e w4@apﬂéw’ﬂkwAﬂﬁL%ﬁ@%Pmm®%mé2%
%7 o Duan et al.(2011)s7#7 3 3 Mpr4 - K F5E 7 54 & & % ( Phytochelatins, PCs)
2R R/ B o PCs P AT AR TS RFSEMP FlEpe ) HiF
ﬁiﬁﬁgw%ﬁﬁé%ggéoF&%‘Fﬁﬁ%\i$A¢ﬁ§ﬁ%Pfi

MRS EET LB PR ARG AP L 2 LR RED R

o

b 2 £ 2§ 24549 M 12 (Chen et al., 2015; Feng et al., 2017; Zhao, et al., 2011) -
AT RERPARA G SR o T A e B U P MM R e iR iT

RIS R R LN i g R

F_k
=
&

LEE SRR £ M 3k o U R
R A 3G F L FRLDEFIA] (W= () o P2 o) S L5
FA e~ KSR e & 84 (Syuetal,2013) 0 ¥ % 5 F 40 2 IR pF i
B R D R RAR e AT I KA T B RIRE . TR S v R
FTACRA KA G o 0 s T TG R B R KRR
$H A LS B PR e KA o BS (D)5 MR K 2 & R kA

IR E > B9 AMAMMIE S BYREAaNFLE AMARMIE
BB ENES T RS > By RS BT F w4 AT AR A
I ALCTEY RSB L FHOES X o BlZ L(0) 5 MRS L ARITRAGE b IR
Te > BRI Y o ST RS PR RE R TR AN AR
GEE SEEENE LR NS A A L T S Y

A S RARRARS o THOLL SRRSO FOTH R Ve E RS o LR

Bt b A ROBEF o MR K 2R RN g DR B el S L (d) 0 Ay

72

doi:10.6342/NTU201802829



BL 4 > TR BTG AP & AL R i B2

&)
£
¢s
&
s
F_L
-
bt
M}
GX
1=
=%
ol
=
)J
T
Ry
i3

I AR kR onlh gl B
Bt FIZAR A § TH05 5 R a e § enT B o AR M g
VoS e SRR ERB RSP G ol 2 EFFIA TR c AMAR AL R
PRSI RFIHATE B E A S

NEJT o e FEE F MRS TR A N BE S v AT 0 B

§ AL R IR Sk ) SR R o bR 3

¥
9%
SIS Y TR R ER S St I R

I RSN 5.8 ETER R LY LR HS SV L ke
Moot g ¥ =
IR GATEE AR FZ - o

73

doi:10.6342/NTU201802829



Dried weight ( g/pot )

Shoot-As contents ( ug/pot )

100

80 -

60 -

40

20

(@) (b)
250
— P A g L A
= +PL Q == +PL
3 By 200+
A S ]
T o
c 150
Q
e
C
(o]
O 100 |
(0]
> a
g
— 50 o
a o b
b 5
M- 2 m
Gl GdH GdL GdH
Treatment Treatment
() (d)
. 600
- -PL a 0 ——T) ® a
_— L & so0 | =3 +PL
| 2
>
E 400
C
A : 2
g 300 A
A O A
i (2]
< 200
+
(o]
o]
I CE 100
Q
D 0
GdL GdH GdL GdH
Treatment Treatment

Rl - ~MARAEZR LY sl s 4T (2 TR0 2 2 (c)F 1+

SRS (DRSPS E R (-PLEMES v ¥ i +PLiG S v e
)

Figure 20. Rice seedlings analysis in Guandu soil (a)Biomass (b)Iron plaque

contents (c) Arsenic contents in shoot(d) Arsenic contents on iron plaques ( -PL: without

plowing black heart ; +PL: plowing black )

74

doi:10.6342/NTU201802829



RESB IR ST ERELTEPEL DR L - ()t
AR R F S A U E AR AT < 2%y FE O mZ(BlZ -

D) =M eB e PP I T R THELIBRIEF®B @) A

< N“

I RTINS G R e - (d) B R S e

FRBSZ I o RPN EAIRI R PRSI METEA

=|

g
43
|
Rz

TE? TS 2R P R AR TSR R LA
FE TR o UMK S AR R A TR KA s PR R AP A YR T 0 B

VR RGEA S PR RSB kB LB RIAE 2R
B Fmilsd v s BN Pkh e FOBIEIBT LR SRS A
BHMI ARSI g T ST SBE PR AR 2R
PRGIAR R SE TR (NP B N R A F D

CEE SEZ S0 EL ERR R £ SR SRR N o

75

doi:10.6342/NTU201802829



Dried weight ( g/pot )

e
=

[}
=

.
=

Shoot-As contents ( ug/pot )

(a)

70

=

50 |

40 +

30+

20

Iron plaque contents ( mg/pot )

1400

100 +

o
=

=2}
=

DCB root-As contents ( ug/pot )

- PL
E:#L|| ||
CH
Treatment
(©)
A
. Pl
T =3 +PL
a
A
CIL CH
Treatment
Bl t- ~Fomume gl

(b)

60 -

. -PL
—=3 +PL

11

(d)

Treatment

1200 +

1000 |

800 |

600 -

400 +

200 +

Pl
—3 +PL

BB A T ()4 B (b

i

Treatment

CH

y4 A (o)

PR G T § (DI R B (-PLiE B4 S v § 2 +PLiG dE S u

Y QELY)

Figure 21. Rice seedlings analysis in Chaikongtso soil (a)Biomass (b)Iron plaque

contents (c) Arsenic contents in shoot(d) Arsenic contents on iron plaques ( -PL: without

plowing black heart ; +PL: plowing black )

76

doi:10.6342/NTU201802829



BER A EY S MR EEE A FERIFFI(RZ L2 (a) 0 4B

AR EB Lo b)) UErF Y aIE > &Sy F R IR0 IO R e
BogEr S5 AL < BR E 0 ARIZ(R S (o) TEA ST aRAH
M Y G OEAR A N2 sl 0 P AR A B F M P IR RS g o
RPN BB L) B AR I ET AT SRR A F
TR GO G EPES T TR N AR LR AHEF  BER R
R o R R de el d TR 0w H 0.05M Frpided AR W
0.028 mg/kg » AN F T HrR > TR AT A BES T AR IR AR

A L ETCHORPER c MEAFRM I LS TSRS T EP K

J

PR = 2 (@) o 0FE AR R B E A < % 0§ RIZ(F
L) B IMP RS R N BT AT < B% v ¥ AIT(BlZ L
(€) e 4B M-z DB (Bl L= (AR X 5 5 F AL > 85 5 3 gar o

TR A FEEFedApM o LIRS WRMIEY PSR ReA ko 2EAER
MRS : > R AL REM NGB ST O OREOBLE

AT EL AT 8RR

-w

HER S BV TR SR P Ty &1

Y

m:
”"'?
<
E

THEER T T

77

doi:10.6342/NTU201802829



Shoot-As contents ( ug/pot )

Dried weight ( g/pot )

o

@

=~

X

160

=]
t

@
E=1

~
r=3

[
1=

o

(a)

. -PL A

—= +PL
B
1 a
b
Cal CaH
Treatment
()
Pl
/= +PL
a
B
b
Cal(-PL) CaH(-PL)
Treatment

Iron plague contents ( mg/pot )

DCB root-As contents ( ug/pot )

r
o
=

o
o
1=

o
1=}

=3
=3

o
=

o

5000

4000

3000

2000

1000

(b)
Pl
— +PL a
A
B
b
Cal(-PL) CaH(-PL)
Treatment
(d
- Pl a

— +PL
b
A A
||

Cal

CaH
Treatment

Bl= 4= ~EBRFHMEM LY A 1 ()2 TR Ob)rE & (o)

0 e T B ()19 - e F B ((PLiE i S 5 AUT S +PLiG S v

JJ2)

Figure 22. Rice seedlings analysis in Guandu soil (a)Biomass (b)Iron plaque

contents (c) Arsenic contents in shoot t(d) Arsenic contents on iron plaques ( -PL:

without plowing black heart ; +PL: plowing black )

doi:10.6342/NTU201802829



Eu S mEAMERM  ERFHRAIBEA GNP F T AMBRM  E
4 %

DB ERFRMAER G PR D o MIENA R R B

ZEER Ml gt 'Fﬁ'k. i ﬁg’?ﬁ';}ﬁ* BN ) q”@”ﬁ

LR B kB Ak R A AFREE R T AEAE T o}

kB R FA EARE P RRAEORSE  FIUAER MR bl A

Fou ALl TR R b aries Flt A E o MR 2

B R R B IRTE AR RS A AR ER RS g

Fple s LR ED P Rl B B E T b AR R

il

WA R

FeR2TAANEMLIT  AMATien BN FE ERF L F BoEd &

a4

PIRA TR o bR e R L S RIF A TG 4T R R s i

ek
¥

PR Ay R B SHF o
RRURE LS L A I RS A R o S P R L L

LRIy LR I-FLP L Rel o R L
Woih § fiABF A s 3 £ 7 ke (Dixit & Hering, 2003) ~ £33 4 3 HF A 2

RS s B R E R

R LR R S

BT ST B3 (40 2017) 0 4
U EROY - RF] TRy EE L PR RS ES > BAFY T AR

q Z?_?f}%\ )g.ﬁy o

79

doi:10.6342/NTU201802829



3.8 K ALHEALR g0 F

F AL A T KRR T AR i 4 TR Rk
ALY 7 AR el T R BT AR LK B it e @ % (Pandactal,
2010; Tang et al., 2016; Verma et al., 2018) » ~ 7 7 -K fi-te 48 A 37 6 4 7 22 3L -k Ao
PARA Gk ASE Y SON AR T M 0 AR F BS  ER PR sl
LR R R . S = T B A

FRWHPE G TRE K RS G P A REIME T o AR

m-.

FERIAAFREMMLIL [t AWM AR TR AR AE

Y T L R RS R AT T RN R Y P
@5 M

€ ﬂ

FIRBIRPGREG RS PP BT A TR -

BEE S Y &AL KA R S A A he S L 2 (a) 0 MR MR ARG/
EBENEGIAOEHP L ARREE 20T BB > Z B o g4
WERILY CREET A FEN ST E IR B S 5 T IR T AR
(3 HY AMAS G2z 7 % K RHET o BIE R A S AR S MM 3 e
o ERPEr S E AT RAEAPFRE S FE ST 2R REET A
Rt o 0 55 F AL AMB A Y TRF T APEE b A MAF A
IEVECZ T LY AR R AR P HABPAES T T 2 e
Wi T AR (T ) o I KR B R T R L SRR R f A
,anyfé/,,\# T A MR EE Y MEENRT Y BRI
BRENE ST e BAIINBEE S ORI KRR E Y G R T AR
RS54 A u G R ET AR HE T AR B G R oo B R R
FHEIENCL T VRI A INGOAREBE IR 4 TR BB

Joo MORBA L EE A AN S G ARG RS T R F O

80

doi:10.6342/NTU201802829



FHP L RIE R EL F R AV B L2 (b)) MY 5/
U R AR L RS S g s T R B
RS W T AT R > T A e et A B Y i E

FEE T ARIZEG eI E T AR FaB3MI R /EE ST T RJIL K

Fele @ o g 5 3 HY 2 R T A GRT 3 E NS T e
BN EEET AR BE e TR PAKRNET AR ET AR o uE R

j;!%r’ﬁ—:"’:}i)xf..—‘g‘ﬁ ﬁﬁ'r—g‘«};ﬁ\gﬁdw,{wﬁj Pl E AR }a—_%‘r.ﬂll \ﬁ‘ﬁdy_%_;;

24

A LRI KRR A O AV AeBl S 2 (0) 0 2R

i~
?v‘
=
ﬂ’&

WA G R B ASRS ER LA RS E = R s T A G
Feif o B0 A5 G FARIIA RO R T E ASIP A S T T AR H T
BRI MO RHRL SRR R L /B T I RS A R

P B G ENE T AIL 2 B T R BT R 5 Y R T

%
=t
15
)
(.
¥
™
A4
|

RS> R e /A ST IR T AR o R

CEETTRF S I BASLEIE 0 AARAFRAIEE ST TR

PP Fe oo

81

doi:10.6342/NTU201802829



100

mmm As(l)
s DMA
— 80 e MMA
xX mm As(V)
c 60 |
o
=
(]
i)
(] 40 F
o
w
w
< 20 +
0
GdL(-PL) GdL(+PL) GdH(-PL) GdH(+PL)
Treatment
(b)
100
mmmm As(ll)
mm DMA
—~ B80F e MMA
X m As(V)
| 60 |
o
4
(]
©
[h] 40
o
w
w
< 20
0
CILL(-PL) CIL(+PL) CIH(-PL) CIH(+PL)
Treatment
(c)
100
mmm As(lll)
=== DMA
— 80 == MMA
X mmm As(V)
60 |
o
=
©
[&]
(] 40 F
Q.
w
w
< 20
0

Cal(-PL) CaL{+PL) CaH(-PL) CaH{+PL)

Treatment

Blo L= KAl a7 (a)bl B M & 3 a0 3 3 (b)F O B i 2 g 2
BEEZFAFHUPEFE I (PLEPRES ¥ AL +PLi 45 5 /L )
Figure 23. Arsenic species distribution of rice seedlings in (a) Guandu (b) Chaikongtso
(¢) Chiwulan soil

82

doi:10.6342/NTU201802829



RN SR A R EE S R AL TR K AR A
o BIRIT FISRFREMT BRI LA DR A AR PRS0

k3 F Py A AR e i A fE(Reid et al, 2017; Zhai et al,, 2017) » v g

f

%
|

P EEAGHT AP aE B4 o B9 Zhaietal (2017)5%7 3 3 Wk K 3a e
MEEF R e P Y AR gl G A o P el B oarsM AFIAEE R
AE L ARRME  TR E s ? B4 9 AR cd $ F4p 73 & Yang et al. (2018):0
T RE Rl //T b fE AR R AR AR T AT B arsM A T4 E R D
A TAPRAE o P IR N BT RS G AT AR R R 1 e
RFEMIE RAFLAEBEE ST AN ET - F O MM S
MEBP -~ FO0BBFP EFAFEPRRAF P FE e FErn R PP
FaE b o Mt i R T It R S A 4T SRR S A 4T 8 o A s
PR & T ARG G R B o BI LGV MOk Y g G g o A
ER BN R FEM A Y AR 2 A A (Xiao etal, 2016;
H.Yeetal,2017) > fe A2 3 2 £ (7 FE 8 AT AL E A4 Flp 7 T‘%
P EARALRIS Fl o GV ok 3 5 RS 0 g RS RATIA TR Fla AR

et e AT R0 R o ARSI R FT P A S ARk S

EI R R LR SR YA CEVE R R S A IR F A M
4%{1‘.&'1:!!{;‘#4 PR E T E T PP m—l%ﬁ‘ﬁ—rugm@,r‘]m/ —%JP

HE iy £ AR T 52 A3 hanipl 24758 % 2 A WP - i
QOI7)E BETIFP LI B RF ¥ § LR ML T2,V 3 AT BT A0 TS
FAOBRACRIRA DA FREN S DI REEG ASBH - REFH IR
RSk Y APROT E A B 7 A e 4 L ok 4 fE( Lafferty & Loeppert,
2005);» F AT HORE T A - BT AT A S h2 WIER R SRR
A0 PRI WA FALEF 1L 4 v (Shimizu et al ,2010)  PEd5 A 3 0 7 KA
PRAAPFOTEBD VRIS FRERFIRG o VARG RS ES S

83

doi:10.6342/NTU201802829



Eh ERlg% v v FHIEFiEE ke 2 {1707 A5 4 (Sharma &
Sohn, 2009) » FIMl e R F 2B MAEMAEFM FOBFM  ERFE ML HE
WY AR BABREF T AL EIERRY G2 AR B A 8 kAR

RS0 o B S AR IR s R T R T AR R o

84

doi:10.6342/NTU201802829



3O8BBIKI BT IEL

T AT MR EAFEMES & 4 AT Ak e A (e B

F 1.53%~326% »F @5 FlAS RS E it E RN V2 2R g

BrzE "RIEE > STIHIREIBT R 208257 88 5%
Fo2RiPFieRIAGErPAIZTEFZIRFPT IR LEF L § &

P B AITAR b St 2 R0 O S v FASIRE 2 T BT (B
L) iAoyt MERH CERAFRMES T T RIZART Er 5T T
TEEr G BBV G T RS o IR - PTG R Sy AT Y
ARG S T AT AR R TR RS R TR SR A
LA R sheT KA 6 £ 5 42 o Lietal2018)F § 45 ¢
BHBAM T RRR AR RS AL R A FAE S SRS
ARSI G oG A R B ok B UK S R Y S A
FRE3S0CTRED &4 F RASL, BB FE CRBEMERP I HE L 2
PR G 3501C T U A H 2 RASE o B E AR BT AR
st 2 B Efwfp?: PR AR k- Sk aE 4 47 ( Excitation/Emission Matrix,
EEM B3+ L4625 350C T '@ a £ 4 5 # ~ L R HEAR A 3500 T BHa
XA RO FRAF G FREERS FeAA RGBT
FREFESHT LTI BT R A3 RETLE -

85

doi:10.6342/NTU201802829



(2)

A
= B =
/= +PL
a
a
6 — T
S
~
= .
(@]
2 L
0
GdL GdH
Treatment
(b)
5
. PL
= +PL a
4 T
A b
A
O\O 5l T
=
o,
al
0
CIL CH
Treatment
(©
4
Pl A a
—= +PL a
A L —
3 L
o\o
=,
@]
L
0
Cal CaH
Treatment

Bt ~BREIRFPFIE @QMANPRFMIRDO)F = f KM e G
d LA 3R g (PLiEfE S v I A HPLF R v

L

N

Figure 24. Organic matter content in (a) Guandu (b) Chaikongtso (c) Chiwulan soil after

incubation under flooded condition

86

doi:10.6342/NTU201802829



S 2P RRET  IEM TR A EFHIS T I AR RS T S EM

/Eér\:,\'{(-ﬂ A J\yft:n}g K8 o /\_a%ﬁ Do Fp j;x;ﬁﬂ v Ry f%ﬁ%&;’ié%ﬁé tg,*_

&
]

-
A-
Ik

B RIS A R A 2 E R R o TR KR T 8

Sl

2,

i

SRR LT TR RS S E R RS B P

>
2

B¥ AT MDD
Mok o R EEP Y B OREL TRBIBEE T I IEY G 6 Ea e
EFORE T - ke g okt bk o kfe2 £3#% 4 5 pH ~ Bh £ RIE A
AR ¥ ¥ pH -Ehabx a8 2 ¢ Eh A4ofpdp ™ i o 4 IR ~ Bk
BAATE T 039 T GEME L RRRE RS PRI LR
MBI AE BRI EENEF O REAIETE ORI ERE - F BT A R
B oo 23EICBORAS ~ FURRARBZ A TR o 5 B u E G R D o 0f
TR RBE PRI AF IS, TR A Sy TRl S
Mgl - o I RPFBELITRERIESCS T VRB T AP A2
Wbl e ey BEEY SRR o KA TR T AR ER
BEERMESER S ) Ao A R AR F TR WA
iR SRS REABN R RESPES T BT B
R Gl E 0 T TR RA RAST R bl BRI AR 7 B RF
RAFRHaEM Pl BIMARA FOBIECERFFMIE S FIEF
AT ERUPAETE RGERFOIGEM B S E be BT 2

BFF R WFABRE BAR T TRAZIH L BPFRE HRE

FAEARNE AT o L F o ARRERFEGIL Tl 3 0 FIRGEEE
R RBPERAFRN S 3P FEMRS Y T A GEM R DT &
o2 TR AP BE R G R SR L s bt

R

doi:10.6342/NTU201802829



s
\\\ﬂr

32
TR iz (2000) o B IER ISP (5o K)o R L § RS

FrRlat R BB w&HST (2012) 232 KE-kLo Z RBlT 2 2-£ 802 -

(NIEA S280.62C)

(Frelitk - B AR S 0T(2015)° 2 3¢ £ & e iRl 2 ik -2 ok ik

(NIEA S280.62C)

B - 2012 - 3 TR KL ABRABARS & S KT L RS - W2
BAFREECE AALH

2R E 2013 o rﬁjpa &??ﬁ_Lﬁéz_;k‘Jgé}-j-J&/a,?ﬁé’k)ii ke u
P g2 PR R OB FREEMNE MFALG>

FREHE 0 2014 o kSRR PIIBIEHMAT RI KT ERM AHZ FHLE
PRz LRLFRECR E L

PFE 2017« BRfrT 4 Herm 4 sep hokfed EHF R 284 -
/%-J‘;.Q?% iaﬁ/’ Eﬁ ;4\71—7

88

doi:10.6342/NTU201802829



é%’%‘f( (1995) "kfen * R g ¥ Fa W2 AT - A2 L2 {24

AFRFFEL o4 o

Althobiti, R. A., Sadiq, N. W., & Beauchemin, D. (2018). Realistic risk assessment of

arsenic in rice. Food Chem, 257, 230-236. doi:10.1016/j.foodchem.2018.03.015

Arao, T., Kawasaki, A., Baba, K., Mori, S., & Matsumoto, S. (2009). Effects of Water
Management on Cadmium and Arsenic Accumulation and Dimethylarsinic Acid

Concentrations in Japanese Rice. Environ Sci Technol, 43, 9361-9367.

doi:10.1021/es9022738

Byrne, A. R., Slejkovec, Z., Stijve,T., Fay, S. L., Gossler,W., Gailer, J. S. & Irgolic, K. J.
(1995). Arsenobetaine and Other Arsenic Species in Mushroom. Appl

Organomet Chem, 9, 305-313. doi: 10.1002/a0¢.590090403

Chen, C., Huang, K., Xie, W. Y., Chen, S. H., Tang, Z., & Zhao, F. J. (2017). Microbial
Processes Mediating the Evolution of Methylarsine Gases from
Dimethylarsenate in Paddy Soils. Environ Sci Technol, 51, 13190-13198.

doi:10.1021/acs.est.7b04791

Chen, Y., Moore, K. L., Miller, A. J., McGrath, S. P.,, Ma, J. F., & Zhao, F. J. (2015). The
role of nodes in arsenic storage and distribution in rice. J Exp Bot, 66, 3717-

3724. doi:10.1093/jxb/erv164

Chiang, K. Y., Lin, K. C., Lin, S. C., Chang, T. K., & Wang, M. K. (2010). Arsenic and

89

doi:10.6342/NTU201802829



lead (beudantite) contamination of agricultural rice soils in the Guandu Plain of
northern Taiwan. J Hazard Mater, 181, 1066-1071.

doi:10.1016/j.jhazmat.2010.05.123

Dixit, S. & Hering, J. G. (2003). Comparison of Arsenic(V) and Arsenic(IIl) Sorption
onto Iron Oxide Minerals: Implications for Arsenic Mobility. Environ Sci

Technol, 37, 4182-4189. doi: 10.1021/es030309t

Duan, G.-L., Hu, Y., Liu, W.-J., Kneer, R., Zhao, F.-J., & Zhu, Y.-G. (2011). Evidence
for a role of phytochelatins in regulating arsenic accumulation in rice grain.

Environ Exp Bot, 71,416-421. doi:10.1016/j.envexpbot.2011.02.016

Fageria, N. K., Carvalho, G. D., Santos, A. B., Ferreira, E. P. B., & Knupp, A. M.
(2011). Chemistry of Lowland Rice Soils and Nutrient Availability. Commun

Soil Sci Plan, 42, 1913-1933. doi:10.1080/00103624.2011.591467

Feng, X. M., Han, L., Chao, D. Y., Liu, Y., Zhang, Y. J., Wang, R. G., Guo, J. K., Feng,
R. W, Xu, Y. M., Ding, Y. Z., Huang, B. Y., & Zhang, G. L. (2017). Ionomic and
transcriptomic analysis provides new insight into the distribution and transport
of cadmium and arsenic in rice. J Hazard Mater, 331, 246-256.

doi:10.1016/j.jhazmat.2017.02.041

Fresno, T., Penalosa, J. M., Santner, J., Puschenreiter, M., Prohaska, T., & Moreno-
Jimenez, E. (2016). Iron plaque formed under aerobic conditions efficiently
immobilizes arsenic in Lupinus albus L roots. Environ Pollut, 216, 215-222.

90

doi:10.6342/NTU201802829



doi:10.1016/j.envpol.2016.05.071

Frohne, T., Rinklebe, J., Diaz-Bone, R. A., & Du Laing, G. (2011). Controlled variation
of redox conditions in a floodplain soil: Impact on metal mobilization and
biomethylation of arsenic and antimony. Geoderma, 160, 414-424.

doi:10.1016/j.geoderma.2010.10.012

Galloway, J. M., Swindles, G. T., Jamieson, H. E., Palmer, M., Parsons, M. B., Sanei,
H., Macumber, A. L., Patterson, R. T., & Falck, H. (2018). Organic matter
control on the distribution of arsenic in lake sediments impacted by ~65years of
gold ore processing in subarctic Canada. Sci Total Environ, 622-623, 1668-1679.

doi:10.1016/j.scitotenv.2017.10.048

Gee, G. W., & Bauder, J. W. (1986). Particle-size Analysisl. In A. Klute (Ed.), Methods
of Soil Analysis: Part [—Physical and Mineralogical Methods (pp. 383-411).

Madison, WI: Soil Science Society of America, American Society of Agronomy.

Griiter, R., Meister, A., Schulin, R., & Tandy, S. (2017). Green manure effects on zinc
and cadmium accumulation in wheat grains (Triticum aestivum L.) on high and

low zinc soils. Plant Soil, 422, 437-453. do1:10.1007/s11104-017-3486-4

Guo, W., Hou, Y. L., Wang, S. G., & Zhu, Y. G. (2005). Effect of silicate on the
growth and arsenate uptake by rice (Oryza sativa L.) seedlings in solution

culture. Plant Soil, 272(1-2), 173-181. doi:10.1007/s11104-004-4732-0
91

doi:10.6342/NTU201802829



Herath, 1., Vithanage, M., Bundschuh, J., Maity, J. P., & Bhattacharya, P. (2016).
Natural Arsenic in Global Groundwaters: Distribution and Geochemical Triggers

for Mobilization. Curr Pollut Rep, 2, 68-89. doi:10.1007/s40726-016-0028-2

Hettick, B. E., Canas-Carrell, J. E., French, A. D., & Klein, D. M. (2015). Arsenic: A
Review of the Element's Toxicity, Plant Interactions, and Potential Methods of

Remediation. J Agric Food Chem, 63, 7097-7107. doi:10.1021/acs.jafc.5b02487

Honma, T., Ohba, H., Kaneko-Kadokura, A., Makino, T., Nakamura, K., & Katou, H.
(2016). Optimal Soil Eh, pH, and Water Management for Simultaneously

Minimizing Arsenic and Cadmium Concentrations in Rice Grains. Environ Sci

Technol, 50,4178-4185. doi:10.1021/acs.est.5b05424

Honma, T., Ohba, H., Kaneko, A., Nakamura, K., Makino, T., & Katou, H. (2016).
Effects of soil amendments on arsenic and cadmium uptake by rice plants

(Oryza sativa L. cv. Koshihikari) under different water management practices.

Soil Sci Plant Nutr, 62, 349-356. doi:10.1080/00380768.2016.1196569

Huang, J. H., Ilgen, G., & Fecher, P. (2010). Quantitative chemical extraction for arsenic
speciation in rice grains. J Anal At Spectrom, 25, 800-802. doi:

10.1039/c002306j

92

doi:10.6342/NTU201802829



Islam, S., Rahman, M. M., Islam, M. R., & Naidu, R. (2017). Effect of irrigation and
genotypes towards reduction in arsenic load in rice. Sci Total Environ, 609, 311-

318. doi:10.1016/j.scitotenv.2017.07.111

Jia, Y., Huang, H., Zhong, M., Wang, F. H., Zhang, L. M., & Zhu, Y. G. (2013).
Microbial arsenic methylation in soil and rice rhizosphere. Environ Sci Technol,

47,3141-3148. doi:10.1021/es303649v

Munch, J.C., Ottow, J.C.G. (1980). Preferential reduction of amorphous to crystalline
iron oxide by bacterial activity. Soil Sci, 129, 15-21. doi: 10.1097/00010694-

198001000-00004

Joseph, T., Dubey, B., & McBean, E. A. (2015). A critical review of arsenic exposures
for Bangladeshi adults. Sci Total Environ, 527-528, 540-551.

doi:10.1016/j.scitotenv.2015.05.035

Kanasaki, J., Tanimura, H., & Tanimura, K. (2014). Imaging energy-, momentum-, and
time-resolved distributions of photoinjected hot electrons in GaAs. Phys Rev

Lett, 113,237401. doi:10.1103/PhysRevLett.113.237401

Lafferty, B. J. & Loeppert, R. H. (2005). Methyl Arsenic Adsorption and Desorption
Behavior on Iron Oxides. Environ Sci Technol, 39, 2120-2127.

doi:10.1021/es048701

Lee, C.-H., Wu, C.-H., Syu, C.-H., Jiang, P.-Y., Huang, C.-C., & Lee, D.-Y. (2016).

93

doi:10.6342/NTU201802829



Effects of phosphorous application on arsenic toxicity to and uptake by rice
seedlings in As-contaminated paddy soils. Geoderma, 270, 60-67.

doi:10.1016/j.geoderma.2016.01.003

Li, G., Khan, S., Ibrahim, M., Sun, T. R., Tang, J. F., Cotner, J. B., & Xu, Y. Y. (2018).
Biochars induced modification of dissolved organic matter (DOM) in soil and its
impact on mobility and bioaccumulation of arsenic and cadmium. J Hazard

Mater, 348, 100-108. doi:10.1016/j.jhazmat.2018.01.031

Li, H., Ye, Z. H., Wei, Z. J., & Wong, M. H. (2011). Root porosity and radial oxygen
loss related to arsenic tolerance and uptake in wetland plants. Environ Pollut,

159,30-37. doi:10.1016/j.envpol.2010.09.031

Li, N., Wang, J., & Song, W. Y. (2016). Arsenic Uptake and Translocation in Plants.

Plant Cell Physiol, 57,4-13. doi:10.1093/pcp/pcv143

Lierop, W.V. (1990). Soil pH and Lime Requirement Determination. In R. L. (Ed.), Soil
testing and plant analysis (pp. 80-81). Madison, WI: Soil Science Society of

America.

Limmer, M. A., Mann, J., Amaral, D. C., Vargas, R., & Seyfferth, A. L. (2018). Silicon-
rich amendments in rice paddies: Effects on arsenic uptake and biogeochemistry.

Sci Total Environ, 624, 1360-1368. doi:10.1016/j.scitotenv.2017.12.207

Lin, Y. B, Lin, Y. P, Liu, C. W., & Tan, Y. C. (2006). Mapping of spatial multi-scale

94

doi:10.6342/NTU201802829



sources of arsenic variation in groundwater on ChiaNan floodplain of Taiwan.

Sci Total Environ, 370, 168-181. doi:10.1016/j.scitotenv.2006.07.002

Lin, H. T., Wang, M. C., & Li, G. C. (2002). Effect of Water extract of Compost on the
Adsorption of Arsenate by two Calcareous Soils. Water Air Soil Pollut, 138,

359-374. doi: 10.1023/A:1015534302225

Liu, W.J., Zhu, Y. G., Hu, Y., Williams, P. N., Gault, A. G., Meharg, A. A., Charnock,
J.M., & Smith, F. A. (2006). Arsenic Sequestration in Iron Plaque, Its
Accumulation and Speciation in Mature Rice Plants (Oryza Sativa L.). Environ

Sci Technol, 40(18), 5730-5736. doi: 10.1021/es060800v

Ma, R., Shen, J., Wu, J., Tang, Z., Shen, Q., & Zhao, F. J. (2014). Impact of agronomic
practices on arsenic accumulation and speciation in rice grain. Environ Pollut,

194,217-223. doi:10.1016/j.envpol.2014.08.004

Mckeague, J. A. & Day, J. H. (1966). Dithionite and oxalate extractable Fe and Al as

aids in differentiating various classes of soils. Can J Soil Sci, 46, 13-22.

Matsumoto, S., Kasuga, J., Makino, T., & Arao, T. (2016). Evaluation of the effects of
application of iron materials on the accumulation and speciation of arsenic in
rice grain grown on uncontaminated soil with relatively high levels of arsenic.

Environ Exp Bot, 125,42-51. doi:10.1016/j.envexpbot.2016.02.002

95

doi:10.6342/NTU201802829



Meharg, A. A. & Hartley-Whitaker, J. Arsenic uptake and metabolism in arsenic
resistant and nonresistant plant species. (2002). New Phytol, 154, 29-43.

doi:10.1046/5.1469-8137.2002.00363

Mehra, O. P. & Jackson, M. L. (1960). Iron oxide removal from soils and clays by a
dithionite — citrate system buffered with sodium bicarbonate. In I. E. (Ed.),
Clays and clays minerals, (pp317-327). Washington, D.C: Clay Minerals

Committee, National Academy of Sciences—National Research Council.

Mendez, M. O., & Maier, R. M. (2008). Phytostabilization of mine tailings in arid and
semiarid environments--an emerging remediation technology. Environ Health

Perspect, 116, 278-283. doi:10.1289/ehp.10608

Meng, X. Y., Qin, J., Wang, L. H., Duan, G. L., Sun, G. X., Wu, H. L., Chu, C. C.,
Ling, H. Q., Rosen, B. P., & Zhu, Y. G. (2011). Arsenic biotransformation and
volatilization in transgenic rice. New Phytol, 191, 49-56. doi:10.1111/5.1469-

8137.2011.03743.x

Minamikawa, K., Takahashi, M., Makino, T., Tago, K., & Hayatsu, M. (2015). Irrigation
with oxygen-nanobubble water can reduce methane emission and arsenic
dissolution in a flooded rice paddy. Environ Res Lett, 10. doi:10.1088/1748-

9326/10/8/084012

Mishra, S., Mattusch, J., & Wennrich, R. (2017). Accumulation and transformation of
inorganic and organic arsenic in rice and role of thiol-complexation to restrict

96

doi:10.6342/NTU201802829



their translocation to shoot. Sci Rep, 7, 40522. doi:10.1038/srep40522

Mitra, A., Chatterjee, S., Moogouei, R., & Gupta, D. (2017). Arsenic Accumulation in
Rice and Probable Mitigation Approaches: A Review. Agronomy, 7.

doi:10.3390/agronomy7040067

Nelson, D. W., & Sommers, L. E. (1982). Total Carbon, Organic Carbon, and Organic
Matterl. In A. L. (Ed.), Methods of Soil Analysis. Part 2. Chemical and
Microbiological Properties (pp. 539-579). Madison, WI: American Society of

Agronomy, Soil Science Society of America.

Niazi, N. K., Singh, B., & Shah, P. (2011). Arsenic speciation and phytoavailability in
contaminated soils using a sequential extraction procedure and XANES

spectroscopy. Environ Sci Technol, 45, 7135-7142. doi:10.1021/es201677z

Norton, G. J., Adomako, E. E., Deacon, C. M., Carey, A. M., Price, A. H., & Meharg, A.
A. (2013). Effect of organic matter amendment, arsenic amendment and water
management regime on rice grain arsenic species. Environ Pollut, 177, 38-47.

doi:10.1016/j.envpol.2013.01.049

Oyuela Leguizamo, M. A., Fernandez Gomez, W. D., & Sarmiento, M. C. G. (2017).
Native herbaceous plant species with potential use in phytoremediation of heavy
metals, spotlight on wetlands - A review. Chemosphere, 168, 1230-1247.

do1:10.1016/j.chemosphere.2016.10.075

97

doi:10.6342/NTU201802829



Panda, S. K., Upadhyay, R. K., & Nath, S. (2010). Arsenic Stress in Plants. J Agro Crop

Sci, 196, 161-174. doi:10.1111/5.1439-037X.2009.00407.x

Pinson, S. R. M., Tarpley, L., Yan, W., Yeater, K., Lahner, B., Yakubova, E., Huang, X.
Y., Zhang, M., Guerinot, M. L., & Salt, D. E. (2015). Worldwide Genetic Diversity
for Mineral Element Concentrations in Rice Grain. Crop Sci, 535.

doi:10.2135/cropsci2013.10.0656

Rahaman, S., Sinha, A. C., & Mukhopadhyay, D. (2011). Effect of water regimes and
organic matters on transport of arsenic in summer rice (Oryza sativa L.). J

Environ Sci, 23, 633-639. doi:10.1016/s1001-0742(10)60457-3

Rahman, M. A., Hasegawa, H., Rahman, M. M., Miah, M. A. M., & Tasmin, A. (2008).
Straighthead disease of rice (Oryza sativa L.) induced by arsenic toxicity.

Environ Exp Bot, 62, 54-59. doi:10.1016/j.envexpbot.2007.07.016

Redman, A. D., Macalady, D. L. & Ahmann, D. (2002). Natural Organic Matter Affects
Arsenic Speciation and Sorption onto Hematite. Environ Sci Technol, 36, 2889-

2896. doi:10.1021/es0112801

Reid, M. C., Maillard, J., Bagnoud, A., Falquet, L., Le Vo, P., & Bernier-Latmani, R.
(2017). Arsenic Methylation Dynamics in a Rice Paddy Soil Anaerobic
Enrichment Culture. Environ Sci Technol, 51, 10546-10554.

doi:10.1021/acs.est.7b02970

98

doi:10.6342/NTU201802829



Rostaminia, M., Mahmoodi, S., Gol Sefidi, H. T., Pazira, E. & Kafaee, S.B.
(2011). Study of Reduction-Oxidation Potential and Chemical Charcteristics of a
Paddy Field During Rice Growing Season. J Appl Sci, 11, 1004-1011.

do0i:10.3923/jas.2011.1004.1011

Saifullah, Dahlawi, S., Naecem, A., Igbal, M., Farooq, M. A., Bibi, S., & Rengel, Z.
(2018). Opportunities and challenges in the use of mineral nutrition for
minimizing arsenic toxicity and accumulation in rice: A critical review.

Chemosphere, 194, 171-188. doi:10.1016/j.chemosphere.2017.11.149

Saint-Jacques, N., Parker, L., Brown, P., & Dummer, Trevor J.B. (2014). Arsenic in
drinking water and urinary tract cancers: a systematic review of 30 years of
epidemiological evidence. Environ Health, 13, 44. doi: 10.1186/1476-069X-13-

44.

Sarwar, N., Imran, M., Shaheen, M. R., Ishaque, W., Kamran, M. A., Matloob, A.,
Rehim, A., & Hussain, S. (2017). Phytoremediation strategies for soils
contaminated with heavy metals: Modifications and future perspectives.

Chemosphere, 171, 710-721. doi:10.1016/j.chemosphere.2016.12.116

Sharma, V. K., & Sohn, M. (2009). Aquatic arsenic: toxicity, speciation,
transformations, and remediation. Environ Int, 35, 743-759.

doi:10.1016/j.envint.2009.01.005

Shimizu, M., Ginger-vogel, A., Parikhs, A. J., & Sparks D. L. (2010). Molecular Scale

99

doi:10.6342/NTU201802829


http://ascidatabase.com/author.php?author=S.B.&last=Kafaee

Assessment of Methylarsenic Sorption on Aluminum Oxide. Environ Sci

Technol, 44, 612—617. doi:10.1021/es9027502

Sun, G. X., Williams, P. N., Zhu, Y. G., Deacon, C., Carey, A. M., Raab, A., Feldmann,
J., & Meharg, A. A. (2009). Survey of arsenic and its speciation in rice products

such as breakfast cereals, rice crackers and Japanese rice condiments. Environ

Int, 35, 473-475. doi: 10.1016/j.envint.2008.07.020

Syu, C.-H., Jiang, P.-Y., Huang, H.-H., Chen, W.-T., Lin, T.-H., & Lee, D.-Y. (2013).
Arsenic sequestration in iron plaque and its effect on As uptake by rice plants

grown in paddy soils with high contents of As, iron oxides, and organic matter.

Soil Sci Plant Nutr, 59, 463-471. doi:10.1080/00380768.2013.784950

Syu, C.-H., Huang, C.-C., Jiang, P.-Y., Chien, P.-H., Wang, H.-Y., Su, J.-Y., & Lee, D.-
Y. (2015). Effects of foliar and soil application of sodium silicate on arsenic
toxicity and accumulation in rice (Oryza sativa L.) seedlings grown in As-
contaminated paddy soils. Soil Sci Plant Nutr, 62, 357-366.

doi:10.1080/00380768.2015.1125763

Talukder, A. S. M. H. M., Meisner, C. A., Sarkar, M. A. R., Islam, M. S., & Sayre, K. D.
(2014). Effects of Water Management, Arsenic and Phosphorus Levels on Rice
Yield in High-Arsenic Soil-Water System. Rice Sci, 21, 99-107.

doi:10.1016/s1672-6308(13)60172-9

100

doi:10.6342/NTU201802829



Tang, Z., Lv, Y., Chen, F., Zhang, W., Rosen, B. P., & Zhao, F. J. (2016). Arsenic
Methylation in Arabidopsis thaliana Expressing an Algal Arsenite

Methyltransferase Gene Increases Arsenic Phytotoxicity. J Agric Food Chem,

64,2674-2681. doi:10.1021/acs.jafc.6b00462

Tessier, A., Campbell, P. G. C., & Bisson, M. (1979). Sequential Extraction Procedure

for the Speciation of Particulate Trace Metals. Anal Chem, 51, 844-851.

Tseng, C. H., Huang, Y. K., Huang, Y. L., Chung, C. J., Yang, M. H., Chen, C. J., &
Hsueh, Y. M. (2005). Arsenic exposure, urinary arsenic speciation, and
peripheral vascular disease in blackfoot disease-hyperendemic villages in

Taiwan. Toxicol Appl Pharmacol, 206, 299-308. doi:10.1016/j.taap.2004.11.022

Verma, S., Verma, P. K., Meher, A. K., Bansiwal, A. K., Tripathi, R. D., & Chakrabarty,
D. (2018). A novel fungal arsenic methyltransferase, WaarsM reduces grain

arsenic accumulation in transgenic rice (Oryza sativa L.). J Hazard Mater, 344,

626-634. doi:10.1016/j.jhazmat.2017.10.037

Vriens, B., Lenz, M., Charlet, L., Berg, M., & Winkel, L. H. (2014). Natural wetland
emissions of methylated trace elements. Nat Commun, 5, 3035.

doi:10.1038/ncomms4035

Wang, S., & Shi, W. (2018). The Role of the Photo-Generated Carrier in Surface
Flashover of the GaAs Photoconductive Semiconductor Switch. /EEE Journal of
the Electron Devices Society, 6, 179-182. d0i:10.1109/jeds.2017.2783898

101

doi:10.6342/NTU201802829



Wang, X., Liu, T., L1, F.,, Li, B., & Liu, C. (2018). Effects of Simultaneous Application
of Ferrous Iron and Nitrate on Arsenic Accumulation in Rice Grown in
Contaminated Paddy Soil. ACS Earth and Space Chemistry, 2, 103-111.

doi:10.1021/acsearthspacechem.7b00115

Wang, Y., Zeng, X., Lu, Y., Bai, L., Su, S., & Wu, C. (2017). Dynamic arsenic aging
processes and their mechanisms in nine types of Chinese soils. Chemosphere,

187,404-412. doi:10.1016/j.chemosphere.2017.08.086

Wenzel, W. W., Kirchbaumer, N., Prohaska, T., Stingeder, G., Lombic, E., Adriano, D.
C. (2001). Arsenic fractionation in soils using an improved sequential extraction

procedure. Anal Chim Acta, 436, 309-323. doi:10.1016/S0003-2670(01)00924-2

Xiao, K. Q., Li, L. G., Ma, L. P, Zhang, S. Y., Bao, P., Zhang, T., & Zhu, Y. G. (2016).
Metagenomic analysis revealed highly diverse microbial arsenic metabolism
genes in paddy soils with low-arsenic contents. Environ Pollut, 211, 1-8.

doi:10.1016/j.envpol.2015.12.023

Xu, X. Y., Mcgrath, S. P,, Meharg, A. A., & Zhao, F. J. (2008). Growing Rice
Aerobically Markedly Decreases Arsenic Accumulation. Environ Sci Technol,

42,5574-5579. doi:10.1021/es800324u

Xue, X. M., Ye, J., Raber, G., Francesconi, K. A., Li, G., Gao, H., Yan, Y.,
Rensing, C., & Zhu, Y. G. (2017). Arsenic Methyltransferase is Involved in
Arsenosugar Biosynthesis by Providing DMA. Environ Sci Technol, 51, 1224-

102

doi:10.6342/NTU201802829



1230. doi:10.1021/acs.est.6b04952

Yan, W., Dilday, R. H., Tai, T. H., Gibbons, J. W., McNew, R. W., & Rutger, J. N.
(2005). Differential Response of Rice Germplasm to Straighthead Induced by

Arsenic. Crop Science, 45. doi:10.2135/cropsci2004.0348

Yang, H. J., Lee, C. Y., Chiang, Y. J., Jean, J. S., Shau, Y. H., Takazawa, E., & Jiang, W.
T. (2016). Distribution and hosts of arsenic in a sediment core from the Chianan
Plain in SW Taiwan: Implications on arsenic primary source and release
mechanisms. Sci Total Environ, 569-570, 212-222.

doi:10.1016/j.scitotenv.2016.06.122

Yang, K., Jeong, S., Jho, E. H., & Nam, K. (2016). Effect of biogeochemical
interactions on bioaccessibility of arsenic in soils of a former smelter site in
Republic of Korea. Environ Geochem Health, 38, 1347-1354.

doi:10.1007/s10653-016-9800-x

Yang, Y. P, Zhang, H. M., Yuan, H. Y., Duan, G. L., Jin, D. C., Zhao, F. J., & Zhu, Y. G.
(2018). Microbe mediated arsenic release from iron minerals and arsenic

methylation in rhizosphere controls arsenic fate in soil-rice system after straw

incorporation. Environ Pollut, 236, 598-608. doi:10.1016/j.envpol.2018.01.099

Ye, H., Yang, Z., Wu, X., Wang, J., Du, D., Cai, J., Lv, K., Chen, H. Y., Mei, J. K.,
Chen, M. Q., & Du, H. (2017). Sediment biomarker, bacterial community
characterization of high arsenic aquifers in Jianghan Plain, China. Sci Rep, 7,

103

doi:10.6342/NTU201802829



42037. doi:10.1038/srep42037

Ye, W. L., Khan, M. A., McGrath, S. P., & Zhao, F. J. (2011). Phytoremediation of
arsenic contaminated paddy soils with Pteris vittata markedly reduces arsenic
uptake by rice. Environ Pollut, 159, 3739-3743.

doi:10.1016/j.envpol.2011.07.024

Yoshida, S. (1976). Laboratory Manual for Physiological studies of Rice: Routine

procedure for growing rice plants in culture solution ( pp. 61-66). In Yoshida, S.,
Forno, D.A., Cook, J.H. & Gomez, K.A. (Ed.). Manilla: International Rice

Research Institute.

Zhai, W., Wong, M. T., Luo, F., Hashmi, M. Z., Liu, X., Edwards, E. A., Tang, X. J., &
Xu, J. M. (2017). Arsenic Methylation and its Relationship to Abundance and

Diversity of arsM Genes in Composting Manure. Sci Rep, 7, 42198.

do1:10.1038/srep42198

Zhao, F.-J., Stroud, J. L., Khan, M. A., & McGrath, S. P. (2011). Arsenic translocation in
rice investigated using radioactive 73As tracer. Plant Soil, 350, 413-420.

doi:10.1007/s11104-011-0926-4

Zhao, F. J., Harris, E., Yan, J., Ma, J. C., Wu, L. Y., Liu, W. J., McGrath, S. P,
Zhou, J.H., & Zhu, Y. G. (2013). Arsenic methylation in soils and its relationship
with microbial arsM abundance and diversity, and as speciation in rice. Environ Sci
Technol, 47, 7147-7154. do1:10.1021/es304977m

104

doi:10.6342/NTU201802829



Zhao, F. J., Zhu, Y. G., & Meharg, A. A. (2013). Methylated arsenic species in rice:
geographical variation, origin, and uptake mechanisms. Environ Sci Technol, 47,

3957-3966. doi:10.1021/es304295

105

doi:10.6342/NTU201802829



Root-As contents ( ug/pot )

Root-As contents ( ug/pot )

120

o
I3

==
=3

[=2}
=3

.
I=3

(%3
(=3

3000

2500

2000

1500

1000

500

(@)

- L a

| == +PL ;L

GdL GdH

Treatment

(©)

. PL
—3 +PL

-

Cal CaH
Treatment

Root-As contents ( ug/pot )

350

300 ¢

250

200 +

150

100 +

50 |

(b)

. Pl
—3 +PL

CIL CH
Treatment

df— o~ R ABIIIRA e e B (a) Bl B MR 2T 3 R 4 3R (b)F O B IR 2 B R 4 3 (o)

Pt

b

7

106

A g R (Lo S 5§ AU [ 4PLiG BE S v AL )

doi:10.6342/NTU201802829



Treatment As(III) DMA MMA As(V)
mg/kg

GdL(-PL) 1.84 N.D. N.D. 4.95

GdL(+PL) 1.63 0.12 N.D. 3.39

GdH(-PL) 27.09 0.84 N.D. 26.64

GdH(+PL) 69.89 N.D. 0.64 92.73
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Treatment As(11I) DMA MMA As(V)
mg/kg

CIL(-PL) 15.13 N.D. 0.13 8.31

CIL(+PL) 23.67 N.D. 0.45 35.1

CIH(-PL) 9.42 N.D. N.D. 10.31

CIH(+PL) 49.11 N.D. 0.15 62.18
EZ OB BKASEAE SR fh 7 B (-PLiE PSS & A [ 4+PLi
0% L)

108

doi:10.6342/NTU201802829



Treatment

As(IIT) DMA MMA As(V)
mg/kg
Cal(-PL) 8.29 N.D. N.D. 6.00
CaL(+PL) 7.24 0.97 N.D. 6.95
CaH(-PL) 10.42 0.62 0.18 13.52
CaH(+PL) 39.11 4.00 0.37 66.63
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