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Abstract

Emerging contaminants gallium (Ga) and indium (In) are trace elements extensively
used in semiconductor manufacturing and electro-optical industry. With the vigorous
development of high-tech industry in Taiwan, a great amount of wastewater derived
from the manufacturing process may become a potential contamination sources.
Recent studies have shown that the concentration of Ga and In in the environment are
soaring. Assessing the potential effect of Ga and In on the plant growth and their fate
in soils are indispensable, whereas related research is still in it’s infancy. To better
understand the impact of Ga and In, pot experiments with rice seedlings (Oryza sativa
L.) were carried out. Rice seedlings were grown in three kinds of soil spiked with 50,
100, 200, and 400 mg kg* of Ga or In, respectively. In the Ga treatment, low CEC and
lack of O.M in Pinchen soils made Ga easily to be released into soil porewater, which
enhanced the availability of Ga. Owing to similar chemical properties of Ga with
aluminum (Al), Al rich in Pinchen soils would be replaced by Ga, which can be
demonstrated by the increase of Al concentration in soil porewater with high Ga
application rate. Since the Al concentration in porewater was higher than the toxicity
levels of Al to rice plants, Al replaced by Ga from soil colloids suggested to be the
dominant factor resulting in growth inhibition on rice seedlings when the Ga
concentration in soil reached 50 mg kg™. For the In treatment, due to precipitation,
the availability of In was relatively low in neutral and alkaline soils (Chengchung and
Changhua soils), which mitigated the toxic effect of In on rice seedlings. Although the
replacement of Al for In in soil colloids was also observed in Pinchen soils, the
concentrations of Al in soil porewater was still below the toxicity levels of Al to rice
plants. It indicated that Al may not be the main factor affecting the growth of rice
seedlings. High concentrations of In exposure is the main reason which inhibited the
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growth of rice seedlings in the acid Pinchen soils.

Key words: Emerging contaminants, gallium, indium, rice seedlings, phytotoxicity.
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2 AANY a) 25°C b) 100°C

C) 200°C d) 300°C
E') 1'1 1'3 !\\ 1 3 5 7 9 11 13
pH pH
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w
4]
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Bl- ~ 42 FERZ2 pHET 244~ % (Woodand Samson, 2006 )
Fig. 1. Distribution of Ga—hydroxide species as a function of temperature and pH.

0 — Ga*'; 1— GaOH?*" ; 2 — Ga(OH).*; 3 — Ga(OH)s?; and 4 — Ga(OH)4
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Table 1. The gallium background contents in soil of different countries

Country Background contents Reference
(mg kg™)
United States 16-35 Wilson et al., 1994
Japan 18-23 Takeda et al., 2004
Sweden 3.4-16 Eriksson, 2001
Russia 6-17 Gribovskaya et al., 1968
New Zealand 6-48 Wells, 1968
Slovak Republic 13 Curlik and Sef¢ik, 1999
7
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Gl ARk add g £ <40 pg kgt o 9 £ G R E B
ok P EUEEA K AR T AR o - A T ARG HAE B 2R
Moo S B AR AR L A np s ded 4 (Gallium
chloride, GaCla) & B4+ 4 48 € i S v B oA ~ X FIEREN R E L @
Bor HOZ 4 2 R FERE o AL KRR S L iR iR %«@” (Ivanoff et al., 2012)

EEFF OSSP BT g BEEAL T BRI IR LR
# 4~ 48 (Rumack, 2010; Stellman, 1998) » i& @ & 4= ek 42 ~ T 2 vp 8
BAE AT o ut o R AT RN T F R S kel
% P A3 T (Omuraetal, 2000) » @ wx ~ ¥ i 45 (Gallium oxide, Ga203) 4

RI g+ Homng 4 5 %> i@ @& %30 it X 4f (Venugopal and Luckey, 1978) -
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1.3.1 4Fp_ v B 4%
Fe k223 £ A% R3 A5 49 R+ £ 5 114181 ¢
molt> B3 Xz 4 181pm: £ % A& 5 7.30gcm=: 3 8.5 156.61°C » i gk
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Flet oo 0z W hA] iR S F8 . (Jones and Stasch, 2011) -
FIE G RRUEN  VHEMET TR AVEY VEIERF B
FOW BRFaM Vb e s RS L bR EEET B E
B dF B R A 2 F & (Schwarz-Schampera and Herzig, 2002) - 47~ ¥ & 3
sz axstit > 20 Wn L p e o pt o fFE R AR ARE
Vinpefa e g pH AR (Bl ) ApE I P M pH BT 0 4F)
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7)o Rk g en In(OH)z ik 5 #ic> g ¥ k3 pH Eigit + 231 95 w1t

2 In(OH)s s3] i die 5 F & (Wood and Samson, 2006 ) -
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1 3 5 7 9 11 13 1 3 5 7 9 11 13
pH pH

Bl= ~4F 1?2 FEARZ pHET 2444 % (Woodand Samson, 2006 )
Fig. 2. Distribution of In-hydroxide species as a function of temperature and pH

0 — In®; 1 — InOH?* 2 — In(OH)2*; 3 — In(OH)3%and 4 — In(OH)4+
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o2 2 FRAEESZ 7 202 2RI ¥ AL (Maetal, 2013) -
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Table 2. The indium background contents in soil of different countries

Country Background contents Reference
(mg kg
Japan 0.08-0.1 Takeda et al., 2004
Brazil 0.15 Fergusson, 1990
China 0.03-4.1 Govindaraju, 1994
Sweden <0.04 Eriksson, 2001
13
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(Nakajima et al., 2007) - g+ #b » i % 4 (1999) 2 F7 3 @ = g N 4F 8 4
SRR ~ BRI H*U;FK" F MR o
GRS AMAE PR T L AR PARAEAE? G E 2 24 i L FR
Bk Hisfgied o gﬁg;\cﬁk AEL A sl IR LB iF A IR 2

e R AR B L d 4 ae eoRh 1 4F) (Indium arsenide, INAS) » f3F 5 2

&3

/]?c“ MEFELFAAIME PV AEHNTRLI A g+ BT (Conneretal,
1995;Ohyama et al., 1988;Omura et al., 2000) - ¥ ¢ » § R ez ~ L E gL
Bk - 4F] (Indium phosphide, InP) = A& & & G2 = 5 B % % g~ 1 ¥
(International agency for research on cancer, IRAC) 7| 5 2A &7 i 2 A 8RB
# (Group 2A, probably carcinogenic to humans) - Gottschling % %« (2001) 2z #>
FRBEERT > S RE ) RA kBB FERORE > § IV

i A
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14 B4R Bai™ 3Rk

FERI N LA TAENZ LENAEFRELE > Fn A5 3
GpAraFR. 1 E AR H P Aok A B ek Gk - 448 (light-emitting diode,
LED) #Az® e & A7 Fed 20 5 L it 4 (Gallium arsenide) 1% 5 247
Flm AT RS N T G- H TR HORE o ok oA AN e o
TREFFARCEA W~ 25 W2 &5 F WAt = 7 A (Trimethyl gallium,
TMG) 2 2 = z A 45 (Triethyl gallium, TEG) % > (5 isdE it 's mJdLis s ¥ it
§A2- B2 g4k GFE 4 0 2014) 0 IRk RIAL R P T

go RH % &b Eom %/’3’ ER =i x ¥ (array) B AT FlgR * F 1 4FRF Yo 4 AR T

k=
Al

A58 ITO & & mweis ’gﬁ,é’u i 4FRF 4 %] % B 7};;%3_&1@:{1?%
R A el 2 % (;;rgﬁ X5 2014) > F@ BER ITO &3k A-k" x gv};
EFF AR R Ak g R

HF 4™ (3 0 2003)

ITO &%)k i & &4 % ¥ (HCo00)

H2C204+ 2H20 — 2H30+ + C204%
SnO; + 4H+ — Sn*" + 2H,0
In203 + 6H+ — 2In* + 3H20

Sn** + 2H,C204 — Sn (C204), + 4H*

2In*" + 3H2C204 — Inz(C204)s +6H*

15
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15 52 4Fpt 2 B IR
PEFRFR2 L EME LTALE L TEARPERFE2Z AL B keh

N

BAAES RN GG ER- 2 SRS BL RS 2

{w
(%
Shi

YA
PO A LA i r B ST S T IR AR

ez BRI R EIRIEEE S FLIBTRR Y PE TV € HIER

Gerp Bt A5 2 A2 Hz T M A LY RAARY A fE
WEAF o FAEFIRAEFEA T L ERKY CBRARS A AF Ly
FraP Al GREE A MER B a ek L2 B8 SR
BT ANFAIFEH R D] 3 2010 E 2 HE T HE AR E
PEIEFAFRZTFF TR E o W37 ~ 4 40 - RA G 852 2
PAEFPERD ZE4 c AP dFP g FHEF 5 0lmg Lt o 4pR 5 06
mgLto pbob o f 2013 £ 13 B H o ToRE L E FHREY 2 B4 4R
FALRE > B Y 5 - gy JORBOR T RE R 2 TR EHIES 007 mg L
Loom ad o (‘,%%i—iﬁ."z g ToR) P2 F AR ER S 07 mg Lt e
R oIS GEFRIM AR 277 el I ETRER CEHESFALR

E4

PR LA L 0 T BRI SR TR R R Y AT
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16 F 5682 p ch

GoFP A~ LT T LT M ALESFE S IR agrE s

L B ARG d o~ ROk P o BRI AR A Gk R AR
Wivg Fig- Hemi o LR EFANFH R G F L FA AT T E K

IR PR AT P AR AT RSB LB TR T GEFR EREFDE
BB AR P B TRz R Iok R A W 5 1934ugLt ¥ 9.25ug
LY > PR HBREY LE EERTAEFT) 0 002ugLt & 001ug L
1(Chen,2006) - d y* + itz A A2 %K1 0 B A H A XA TE T2 BOKT N 54
BFR BT 2he— >~ FIo8FHIER2 A2 iy - L1 ¥k
BEBRRET AR H RS L RFHEFIT e 2T

{w
|

it i HIRBEEAMESGE T EIREL o FEF I LR R

EHEG o FHBE IR £ BP0 B QR o

4 BUFE KA FRED A BA R B Apg AT R p A
"“”‘*“”’5“% R MY 4R S T R B2 A fhen A )
i 75t (Matsumoto, 2000) > @ B Jk R 4R 3 T € a2 F B o i
PR IIMD BB S F Y BB L TR AR o MEF S pH Bt

Ao MR PAER T R R RS MR A A G L F

Blg H oz 4 ARG 2 Y chfs a2 B 4 £ BB

e

PRCER L o R R R RRRETAL CKBE JBE Zk
Pt o A A3 NSRS e BARRER g4 E 2
B LR e R S AT 9 B (T RAR2 R RS% 0 TR G FH A

R SIS R IR RS 2 50 O RN I LR o
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FoF o HEa

21 @I E 2 HE
MG oz s u B A T4k (Pinchen series, Pc) -~ #-F i
(Chengchung series, Cf) 12 2 §5i % (Changhua series, Cc) 3% > 34 0 %

20 24 o MR Bz 3 ISR 95 - BB 16 (10 mesh) o 5T R N B

* o

22 Wi A I A4
221 23 pH E : B T #&iE (MclLean, 1982)
FEB~ 200 2 A BIEFEI e F Rk 101 (wiw) b
P gREe > Y 30 A48 FB TR EIEE > 12 pH meter (Orion 3 star,
Thermo) Bl 2 4 /M Fik2 pH & -
2223 #F 7 £ : Walkley-Black /&35% § 7= (Nelson and Sommers, 1982)
FeB 059 353 3 (2 80mesh & %) * 500 mL 4L755g ¢ » e~ 10
mL 1N #4&pi47 (Potassium dichromate, KoCr207, J.T.Baker, analysis grade) -
EEHG 6V BB r 20 mL Jkaipe (Sulfuric acid, H2SO4, Merck, analysis
grade) i 5 it Aot B AR I HIR g FE 30 A48 04~ 200mL F
£k § ek 7 4v 10mL85% k#apc (Ortho-phosphoric acid 85%, HaPOas, Merck,

analysis grade) » 2% ™ Fe (I) s =2 F4f » FF R L Fris 4o > 2-3 jF 8=

B

Z24p 7 A (O-phenanthroline) » & {8 v 0.5 N #ipk &z 48 (Ferrous sulfate
heptahydrate, FeSO4 - 7H.0, J.T.Baker, analysis grade) #-% /% & jF £ 1 % &> o
BarpEpd BEmsd (S FREwT v 2% (B)-

(4

N

LE 3 -

£ 73

—=\
k3

ek

2
?

)
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1 1.724>< 100
1000 0.77  ‘#iz2 £(g)

_ FeSO4 if % (S) 12
OM(%)—lOX (1- W)X 1.0x —

IN £aepisrpetl
#- KoCroO7 i » -4 » 1 106°C R R | pF{s > f2B~ 49.037 g 2

KCroO7 0 3% k3 28+ -k2 1L &Y »"gie B ¥ 1L 2 &4g7

TOA KR A R R R TR

05N #ipe & 4ipetl

FEB~ 14009 2 FeSOs- 7TH20 *v %3 S E£4 43 k2 1L 283 2

4e ~ 15mL /k%‘n‘ﬁ’x T {8 AT B K 2 Y ’f-rgﬂ_/pﬂiﬁ’lc"’

223 23 Fy £33 (Gee and Bauder, 1986)

P~ 50Qg B EA
hexametaphosphate, Na(POs3)n ) 2 300 mL Z45-k » f1* 3 F323 4 10
SR

gAY > T4er 20mL5 % BmAEp 4, (Sodium

Y RN IR B < B I I KR G SRl A
TE I 1000 mL - 1% #gEHE TR 16-20 T o S RIEE B IR 4t

RN f R Stk = N :};’rf: Foo* 40 fipEzeskpl e (PS) o b PBF G AR
Feh g NSRRI E Y TN 1520 ToEE 2 it £
E )

&

PR R gRE (PC) B S AR R R £ 2R ET A

B R B £ 4

FEFRE S T
Zi# Sand (%) = 100 % - (Ps / 17 2 & x 100 %)

£ Silt (%) =100 % - ( Sand % + Clay %)

Ak Clay (%) = (Pc/ 24 2 £ x 100 %)

\“

BUSEHRIFL LN NG AP 2 JHTEZ LF (F2) ™
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/ / /
\ ~. / Y. / i
100 | 0 80 70\ 60% 50 40\ 30\ 200 10

Bl= ~ 25 = &£ B (US. Department of Agriculture, USDA, 1993)

Fig. 3.Soil texture triangle

596 imERe 4 Al
FB~ 5 g Na(POz)n i3 ¥t 3 A k? » H = 2381 5~ 100mL 2

BHLP 0 UARH R IRE A RAART TR T ER -

224 1 BRI IHFE Y URRE&R (FRRBEFFRABRRT > 2011)

B AT gtk LY o fEB g 100g w4 (celite) B iR
S dder bR EARRRERET 5 2 P 59 BRI BT 2 kg
B oM E)RIRE T BRI AR ERFE THPLRELR
B> > 100mL ¥ pH @5 70 2 1N i f& 4% (Ammonium acetate,
NHsOAC) i3k ts » 3B ARIEL2Z B M BdHit A& HER T %15
FiRFER 3mm R o HAR BT R ER > BARIELD R Y IT
T EARRESE S PR E R R P AR M P AR

Az B~ 100mL pait 2. 10% # 4 (Sodium chloride, NaCl) % /% »
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o dofs — tpfoe o e die > L pAg2e7 NH 2 28 -
#-%75 2% 20 mL #2p& (Boric acid, HsBOs, Merck, pro analysis). % i 2
100mL = & 5B > AT AR 2 4 JF T I Mg I BN o4~ SmL
AfRR D EARFLY 0 MBS RBEE RS > L4~ 10mML40 % & § 4
(Sodium hydroxide, NaOH, J.T. Baker, analysis grade) ;3% o 4c# 7 § %% » %
GARLF TR - FEERBRA R R T A 4R 0 BB 0.0LN B
e TR BB TP ERE2ZFER - AERETZEH PR #E%k

v

Ly = o+ ¥ -

e

s

TEBRES EY E T E S
F TR 100 1
CEC (cmole(+) / kg soil) = (—% @_) x 0.01 x = = 0.1x- F (@x0001

pH 7.0 22 1 N NH4OAc i3 e el
#- 5TmL 2 kg s (glacial acetic acid, 99.5 %) 4z k4 3 500 mL -
R4~ 6OML 20k ck o 4ok 3 X 990mML o B i rL kR R R R & KB
zo pH BRI 70 FuggHke g3 1L
fait 2. 10% NaCl 3 pe il :
F2B~ 1009 2= NaCl 3 >rig B2 4% k@ > 4o r ) 042mL E@pL &3
%5 0005M > & rudgi-k 83 1L
2% FREL R R el
P~ 40gBoricacid % ** 1000 mL &5 ¢ > 4c %) 800mL Az %k 5 FR 1S 4
B B RABIE FAIPSRZIRE > 2000mL TR HLP 0 T AR B R
BTS2 AR R er A0 ML R Ed T A [BELT BY
(bromocresol green) 0.099 g % ¥ A = (methyl red) 0.066 g ** 100 mL ¢ f%
(95%) ¥ > £ 4v ~ 2z fg 400mL] > 4edg ki€ BAEAE 9 1900mL > £ 2 0.1
N 3§ “4p3% 01N BB RAFE pH 2 4850 ot Az 5

Fred o Bisrided kR D 2L
21
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40% 3 5 tHppirRE
#=P~ 400 g Sodium hydroxide 2 1000 mL # ##’&4x ® - 4r » ¥ 900 mL
Aok FHAERHTEEE » 1000mL F RIS o AL kR D

1L-

225 33 & T A4B4EF VP L T RSP 2 (McKeague and Day, 1966)

F=B~ 059 3¢ 2 3 (B 80 mesh &) *> 50mL g ?d > 4 r 30
mL0.175MpH & 5 3.0 2z ¥ pi4x (Ammonium oxalate, (NH4)2.C20s, J.T.Baker,
analysis grade) %% > ©2 125rpm e >t e aufEk 27 4 0] pF o £ 2 5000
pm iE T AR 5 A& Jod b FR o B IR 045 um 2 R R 18 2R
I 50mL A EEREMER £ # R 3 ¢ &k 2% % (Inductively coupled

plasma-optical emission spectrometer, ICP-AES, Perkin Elmer, Optima 8000) 7]

TARER o HARM A 493 T2 S ¥chcd = 957 o

0.175 M ¥ pié Az 4
A f2B~ 24.87 g (NH4)2C204 - H20 fr 12.61 g H2C204 - 2H20 73+ 900

mL z4gs-k? > #5372 pH @a k3 30 * 283 1L

2.2.6 2 A4 4EF L ¢ (Mehra and Jackson, 1960)

P~ 059 2 (L 80 mesh & ) »t 50 mL drw g @ > 4e r
20mML 18 FEphdh-BRpL & 4R &% 0 NELS ML F B Y 75-80°C KB,
Flpo gp A ERE T B4 r 19 i - TAifid (Sodium dithionite,
NaS;0s4, Sigma Aldrich, analysis grade) » #F F# 4 1 45 > FFE#4Ey 156 4~
4815 %% 5000rpm fiE T He 5 Ao o i b ik o EAF 4 20mL R FF
Fdp-BRPLE 40 R SR 19 @ - LAtfs it § 9 i fogpe 2-3 %o
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FIEAE ARG I T iﬁ-%ﬁﬂﬁ%ﬁﬁﬁ@:ﬁﬁ&@iﬁﬁgoﬁ
BArg PR ek ® 2 100mL o 1% 0.45 um g sy 0 1 ICP-
AES A~ {74 ~ gEk R o

BRIP4 -BFL T AR 23 R WA

u] =B~ 88.2 g NaCeHsO7-2H20 - 84 g NaHCOsz *+ 1L &4 @ » rig

LI -RBREE T aonlEr 1L 2 EFLY o URILFIRET N A AR R
is i‘;‘é_j‘. %%L—%ﬂ B {14 &gf‘;‘ bo8:1 z_ vt /lil ﬁbﬁl’]‘* ’}'-‘ﬁ&ﬁ}?‘ E}Jiﬁ';i _[I}}‘/ %/] °

227 3 gpfgadFp 78 2k (FRRREFFREREK T > 2003)

2B~ 19 b §c2 32 3 (F 100 mesh &) B o jdy @ o R0 3F
ARG E RN T REAE > B F A w4 r 75 mL kB (Hydrogen
chloride, HCI, J.T.Baker, analysis grade) ¥ 2.5mL kit » S A 4% 8 235
RN FRERTFE DR FE R SRR SR BE AR Y 0 140
C EETLIZ 2 o rfaRisFHEltr BofEand gl kg
2 100 mL > &A% iz 045 pm g iilie 0 RESHFRLE UL BRE T
fﬁ{r B3 & (Inductively coupled plasma mass spectrometry, ICP-MS, Agilent
Technologies, Agilent 7700x) ip| %% @ 45534 k& » B AR A 472K T %

Hchek o o o

23432 2 QH
el 5000 mg Ga (1) L™ ;3% o 4 =B 15~ 30 ~ 60 2 120 mL 2. 5000
mg Ga (1) Lt ik » 4e ~ g 740k 2 R & > i) 15Kg 382 39 > 0F
B EAKIAEEFRE IR BRI BEARRLARLE > A HY
% & 50100200 ¥ 400mgGa (I kg™t :&sk 2 3 > %3 B30 T k7
Rogfs#-d R E 10mesh &> L4 rFEhpt kifery kEr
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W23 - FET R A X2 RERLT O S BRI R TR
- E 21 % o B EAEEE 10mesh di > TR P B2
WER2 o FBIRA IR B AT B (s > i 80mesh &g R F oo A
% ¢ € 1 PcGa50 ~ PcGal00 ~ PcGa200 ~ PcGa400 * # T4 % % Ik k&

2 kR > ¥ PCCK & T4F k2 $mRie » 330 8-F kergiit kPl oy

#-4 gz gl Pc i Cf &2 Coor HAEZ 7 2 5V ¢ orid o

5000 mg Ga (I11) L™ ;2 7% #l &
F=P~ 12.624 g % * 4% (gallium chloride , GaCls, Alfa Aesar , ultradry ,

99.999%) A t4gFk? > 2 E L 1L

2.4 fFpd 2 R el

pedl 5000mgIn (1) LY 3% o 4 %2 15+30~60 ¥ 120 mL 2 5000 mg
IN() LY 25 > 4o ~ g B F4-KP R E > i~ 15kg ks e il
EAAGRIIRZEFLE  JIr R BRI BEBEZRALLRL > SEEFE
50 ~ 100 ~ 200 ¥ 400mgIn (1) kg™t 32 2 3 » -2 T B T h 70 b 3218
Bt BT E 10mesh &4 L 4r » FENFEAH LRI F KT X HES
FoMFETRI X ZAIRITF > Ry BRI BT RERF -
21 = o M-I B 10 mesh Er e o FAOTE A P B2 L E% 2
oo T BN BRI B TS 0 iF 80mesh R o AP RES
# ¢ 12 PcIn50~PcIn100~PcIn200~PcInd00 & 4 T 4 % % I )k B 2 4F 2
¥ s PCCK 4 T4 k2 e » 23083 kgl it kPl o wjs-d k2 (5

Pc :xi2 Cf g Ccr» HAL T35V Forit o
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5000 mg In (1) L3 5% 4 %
F=B~ 9.632 g % *4F] (Indium chloride , InCls, Alfa Aesar , anhydrous ,

99.99%) At k? > xE D 1L

2.5 1 iz kT Bk
fePe 20 3R Y BOmML e F 4 o der 20 ML FARk 0 2t 150
rpm i T AR 30 A4he fTRALC BILE > Mo R ENERfE Y 25C
T EEkmET 037214212835 % 50 % o & BRERAELZ £4F
BT F AP FE o KD A 1l BRI ge il (3354 Q) A
5 m48>2 {500 0.45um Jp'iEim 1% ICP-MS Bl ¥ mi » 45504F R B & o
Rk HF € 1% pH 2 Eh meter 4wl %% 037142128~

35%2 50 =iy CBRTEE pH E -

2.6 kfE R 5%
2.6.1 Hid-KALEA
AERET W L2 VA ke (Oryzasative L) o 9 %L
(Taikeng 9) it & skt » # B fLAS » #8534 F B2~ AR 13
a2 bk e
262 fu BT
WAL 9 BKARMET BONMETY o dor 30% BF CE 2 1% i@
G B 0 X e B G AR Tween20 - ki i 4 30 A4Rf K
FIRRFSE T B AE R R 2L R Y L F RN R o M RIRIBRLBS
AENEED P BT T4 LR > N BRE R dr o ¥ id
TS F T 2 @Rky > %r 37C 247 Y 3 2 BYHT§ R
BETRESRAEF R AR L kA FE YR BT B AR
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o~
[}
s
=
p
]
Y
-
s

PA Y TRT EEN 20-25C 2 A1 FiEEp oo

263 v 35w

i,"'JHt 5009 2 @& 1L v > 23 (v L p 2 seplig @
%% £ :N:110kgha'! ; P20s:50kghat ; K20:90kg hat (1245 7 etz o
$LF 62 LA EE nhor) % a By £ HY fovne £
AL AR E M (S 10 XE4) B KEH o PEA T RIDIE L A s o
SRR 2 At §ow L 58.98mg fkE (CO(NH2)2) - 44.4mg
Bife = & 4T (Ca(HaPOu)z - Ho0) 4r 71.25mg & 49 (KCI)» #-H fie 8l & i 5
o NP BB RACIEEHEISI L B2 P BE A iR FE T

3z .

2.6.4 2 $385%

EPEr R AN AL A2 2 EkfeRy 0 A uRERED
PRI EGEEFRIZZ 2P 0 FBRIZEREZEA o HuiE 2 E
HURR A G 3 AR MR BT E 20 A e hEk L
AH2 RFRZ AL FiEEY BT RRFFREA A 20:25C 2 kiR
PRk T 50 X (8B FoRAES w R M R T > AP KRR
PeRiE o O EARR RAR - e BRI F 2 i d R RCE R
PREET R 1785 LA Sk A sl Y RET
7 ORAE R BB L IRE IR0 T A B T 302 RF R L 0 (S A B
KA 2 RN PR AR 0 BT T0C daa o RIA ST E S

)% S R - B 08 R A L E AR Y o
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265 2 EIH kL HE B AT

Wk T 2R RREFHRF AN ABHE S Dy 03721422128~
354r 50 = J1* 3t k% F (10 Rhizon SMS, Rhizosphere research products)
fe 2RIV HOK o BRGNS R OKREFEARE 2 RREES
B2 P FAAL R 2R P ERD AL NE TR kD
AR 045 um e B RSB RF 0 BA B Z RS NIITK 0 B8
ICP-MS B 23" M-k 2 g frdFPh & » 1% 5 R 4FfodFhd 39 § »aib2 ik
P50 ¥ oL ICP-AES I Z3 HokARk R o gt b o 303 B 2 R B 44

F 3 pH 2 Ehmeter — Hp|z 3Eeng CBRFT 22 pH & -

2.6.6 £ 24583472 £ £ 15 ¢ (Mehrag and Rahman, 2003)

Aol fEpe 0.1-029 2§20 b InEREE A B0mL A fEE ¢ ,-,‘/91343
10mL GERRE > THATEE » R MR RS RA RO R L FEIE R
s fEE RN FEAIRR S SRR I 125C 0 BT g A Lt d oo §
CEEE O Y RAARABEEE N RASED, 0 Faes 2 S i d i
Koo R fRE KRR R BT IR LA LR i&zl 4v 1 mL il
F0@ 02 125C 4o 30 Ak BRI TIRREF L L FA
fRRL a2 I kTR : 50mbe FREME Y E% o RHRLZFH o
{6 B R A fRi% 1 045 um JRMCEIR 1S 0 iR 1 ICP-MS & w[ip] 45 T 4FE

R

2.7 245
g E i E 75 ¥ 2 #A 45 (one-way analysis of variance) (P <
0.05) » # 2 %Lzt gt %8 SAS (statistics analyse system) i& {7 LSD (least
significant difference) '+ R AJZ B2 £ £ -
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\\\Xr

%2~ B ds & T ARG sk &k (ICP-AES) Rl 2482 R T 5K

Table 3.The analytical parameters of ICP-AES

ICP-AES (Perkin-Elmer Optima 8000) Paramter
Wavelength Al:396.153nm
Viewing mode axial mode
Plasma gas flow 12 L/min
Auxiliary gas flow 0.2 L/min
Nebulizer gas flow 0.6 L/min
RF power 1300 Watts
Sample uptake rate 1.5 mL/min
Replicates 3 replicates

28
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2w B b TR R (ICP-MS) iRl %45 2 4Fp 3 %

Table 4. The analytical parameters of ICP-MS

\\ﬁr

#

ICP-MS (Agilent 7700x) Parameter
RF Power 1550 W
Sample depth 8 mm
Carrier gas 0.5 L min*t
Dilution gas 0.7 L min*
Extract 1 ov
Extract 2 -180 V
Omega bias-cs -0V
Omega lens-cs 6V

Cell entrance -60 V

Cell exit -60 V
Octopole bias -18V

QP bias -15V

Cell gas flow 4.8 mL He min!
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DES SRR S A

31wl A A
ARy 2 Emd Ea ko p Tk (Po) ~#-E & (Cf) 2 gy i (Co)
TA AL AFE IR T B BRSSP 2 F FERT 5387 2 ik iT
ATV T R R R T RE LR BT A S A
ERE VAR Y o SRR X oA R 1 O RIS | E AR EUI A S N
E LS T RN R £ S et L S
T pH B 41 o BiEpEiE2 2 (PH<45) 5 #-F % 23 pH
274 Bickktt 23 (pPH7.4-78) a5t k23 pH &R 5 6.8 ¢
AEE R PR 3 (PH6.6-7.3) o 2T GG o T4k SRS ) K-E
HEBWAREY A5 K AARTHE S o
R EEs TR v w4 Pl 2 474 (40 1967) > 1RV F QLR R L
FWFZEVAGEBR M P B F e BEEHY T I RTIE
9gkg'  BrriEiM s (<10gkg) 1 HE RGBT EL 15gkgT o
v s (10-20gkg™) A k2GS F BRI T BRI RS A

—=\

B B3 B4 29gkgt o B & s (20-30 g kg?)
AT R EEL B2 pH EaY s PE KB koo T g
LB pH RETE B G RV RN LF  8 5
R EA T

RS ECANEE UL A T A

r

cF

fﬁﬁ' ilhf%é}ﬁi—?— I x)s Mk o 7 LL,,L ﬁ&ﬁfﬁz

MR AT g A B B 0 k2 (T6gkgT) > #EF
G4 Blgkgl)y> Tg ki 29gkgl) o2 DCB 3Bz 534 7 ¥

d B3 MEAEP L T4 (329gkgT)> 51 k2 3 (10.1gkgh) > #

A

k2 (T99kg?)
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DI S ERE R ISR

2

Wy

a3

GURIFER » AAS A i e

G o T

CEE AT A BARER BB AW L 122 ~ 8 NE 11mgGakg

BAFPE R RIS EOT R B2 PR -
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1T RSk 2 A ABE

Table 3.The soil properties of studied soils

o CEC o.M Feo Alo Feq Als  Total Ga Total In
Soil series pH Texture Kal Kql
(cmol kg 1) _____________________________ g kg L (mg g ) (mg g )

Pc 4.1 Clay 7.8 9 2.9 2 32.9 6.2 22 N.D.

Silty clay
Cf 7.4 9.3 15 3.1 0.8 7.9 1.5 8 N.D.
loam
Cc 6.8 Clay loam 12.4 29 7.6 0.8 10.1 1.4 11 N.D.

Pc : Pinchen series
Cf : Chengchung series
Cc : Changhua series

Fe, and Al : ammonium oxalate extractable Fe and Al

Feq and Alg : dithionite-citrate-bicarbonate extractable Fe and Al

N.D. : not-detected
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Fig. 4. The variation of pH in soil solution of Ga treatment during incubation

period. (a) Pinchen series (b) Chengchung series (c) Changhua series
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Fig. 6. The variation of Eh in soil solution of Ga treatment during incubation

period. (a) Pinchen series (b) Chengchung series (c) Changhua series
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Fig. 8. The variation of Ga concentrations in soil solution during incubation

period. (a) Pinchen series (b) Chengchung series (c) Changhua series
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Fig. 11 The growth of rice seedlings in Ga treatment after 50 days cultivation.

(@) Pinchen series (b) Chengchung series (¢) Changhua series
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o~ GFIR Y RAES 2 IFNA TR e 3R R SR

Table 4. Root biomass , shoot biomass and shoot height of rice seedlings in

Ga treatment.
Treatment Roots biomass shoots biomass Shoots height
et 015 g 0) :11 | B cm

Pe
PcCK 0.28 £0.01° 0.64 £0.01 * 51.17 £ 0.23°
PcGas0 0.20 £0.06 ° 0.43£0.01° 5148%035°
PcGal00 0.09 £0.01°¢ 024 +0.02°¢ 45.64 £043°
PcGa200 0.04 £0.00 ¢ 0.10 £0.02 ¢ 2820+285°¢
PcGa400 0.03%0.00°¢ 0.08 £0.01°¢ 19.86 +0.32 ¢

Cf
CfCK 023 +£0.02%® 0.42+0.01° 4028 +131°
CfGas0 022 +0.05° 0.44 £0.07 4051 £0095%
CfGal00 025 +0.02 ® 0.43 £0.04 39.78 £2.30 2
CfGa200 025+0.02% 0.45%0.03° 41641572
CfGad00 0.28 £0.00 * 0.47 £0.02 4220+085°

Ce
CcCK 0.59 £0.04* 0.99 +0.02° 4834 +051°
CcGas0 029 £0.04° 0.62 £0.03° 4783 +263°
CcGal00 0.26 £0.00 > 0.59£0.02° 4744 +0.71°
CcGa200 0.24 £0.00 > 0.53+0.07°¢ 4578 +2.41°
CcGad00 023001 °¢ 0.48 £0.09 ¢ 4183 +234°
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Fig. 12. The concentrations of Ga in roots of rice seedlings. (a) Pinchen series

(b) Chengchung series (c) Changhua series
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Fig. 13 The concentrations of Ga in shoots of rice seedlings. (a) Pinchen

series (b) Chengchung series (c) Changhua series
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Fig. 16 The amount of Ga in roots of rice seedlings. (a) Pinchen series (b)

Chengchung series (¢) Changhua series
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Fig. 21. The variation of pH in soil solution of In treatment during the
cultivation period. (a) Pinchen series (b) Chengchung series (c) Changhua
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Fig. 25. The variation of In concentrations in soil porewater during the

cultivation period. (a) Pinchen series (b) Chengchung series (c) Changhua series
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Fig. 27.The growth of rice seedlings in In treatment after 50 days cultivation.

(a) Pinchen series (b) Chengchung series (c) Changhua series
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Table 5.Root biomass , shoot biomass and shoot height of rice seedlings in In

treatment.
Treatment Roots biomass shoots biomass Shoots height
e g 3 T g0 2 | B cm

Pc
PcCK 028 £0.01° 0.64 £0.01° 51.17+023°%
PcInS0 0.30 £0.01 2 0.75 £0.00 * 5292+049*
PcInl00 0.18 £0.04 ° 0.56 £ 0.08 © 5210+0.07®
PcIn200 0.07 £0.01 © 0.22 +0.03 ¢ 4733+075°¢
PcInd00 0.04 £0.01 ¢ 0.09 £ 0.02 ¢ 2237 +0.67 ¢

Cf
CfCK 023 +0.02% 0.42 £0.01 % 4028 +131°
CfIns0 0.18 £0.01° 0.40 £0.04 ° 3968 +1.79 2
CfIn100 0.18 £0.03 ° 0.40 £0.01° 4092 +3.77°
CfIn200 0.19+0.02° 0.431001% 3995+138°%
CfIn400 0.26 £0.04° 0.46 £ 0.06* 4296+030°

Ce
CcCK 0.59 £0.04 * 0.99 +0.02° 4834 051 °
CcIns0 0.31+0.04° 0.60 £0.00° 4540 t134°
CcInl00 0.26 £0.03 > 0.55 £0.03 > 43.65t156°
CcIn200 030+0.01° 0.61 £0.02° 4823+1.16%°
CcInd00 0231007°¢ 053%012° 4740 +1.03°
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Fig. 28. The concentrations of In in roots of rice seedlings. (a) Pinchen series

(b) Chengchung series (c) Changhua series
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Fig. 29. The concentrations of In in shoots of rice seedlings (a) Pinchen series

(b) Chengchung series (c) Changhua series
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Fig. 32. The amount of In in root of rice seedlings. (a) Pinchen series (b)

Chengchung series (c) Changhua series
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Fig. 33. The amount of In in shoot of rice seedlings. (a) Pinchen series (b)

Chengchung series (c) Changhua series
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Fig. 34. The amount of Al in roots of rice seedlings in In treatment. (a)

Pinchen series (b) Chengchung series (c) Changhua series
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Appendix 1. The concentrations of heavy metals in studied soils

As Cd Cr Cu Hg Ni Pb Zn
-------------------------------------------- mg kgt -------

Pc 14 0.02 43 20 1.7 29 25 86

Cf 21 0.1 25 12 1.4 23 21 81

Cc 12 0.2 28 46 2.6 25 27 151

Pc : Pinchen series
Cf : Chengchung series

Cc : Changhua series
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