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5.1 HPLC # %48 A B Bsx sk b5k (0.1 M pH 6.2) X R # B - (a)K
# 1 (4 100 pg/L TI(I)Z EPA ##K) ~ (b)K#k 1 €42 HPLC & #F
3 o 2 Nolan et al. (2004)Z HPLC # &4 R 24k > #8487 © 1.5 mL

10031+ SRR USSR USSRR 36

52 HPLC ##48 %4 % 5mM DTPA B84k (0.1 M pH6.2)
Z R H B o (a)7kAk 2 (4 200 pug/L TI(III) = EPA # 7K ) (b)7kff§ 2 &
#4 o %% Nolan et al. (2004)% HPLC # &40 /R 4% #8487k 1 1.5 mL

=

5.3 HPLC #%48 %4 5SmM DTPA & 2% MeOH (v/v) BS B 44 sk (0.1
M pH6.2) ZE# E#¥ - (a) 4 10 ug/L TI(III)Z EPA ##&K ~ (b) 4 200
ng/L TI(II1)Z EPA ##£7K - %% Nolan et al. (2004)Z HPLC £ 48 i b1k

=

o B ENAB IR T LS ML MINT oot 38
54 #IA HPLC-ICP-MS %5 # R FE f4e A2 R b2 B AT B L AR E L © (a)
¥edt 24 200 pg/L 2 TIAINAZ £ & ~ (b) TID A TIAIDMR ZEE e 39
5.5 BA$:3 HPLC-ICP-MS 7 kA8 B4R M2 Z (0.3 ng/L) 0 #r Z & 7 B 3% -
(@) TII) > (B) TIIID) ...t 40
5.6 48X ASV 5 A7 B (a) & A 5 200 pg/L TI()Z EPA ##K~(b) &
RAZE S > BRFHE A 100 nug/10 ML TID) ..o 41
5.7 BIEAEBFARMEFERB (a) JFCW ~ (b) BPCW ~(c) TCGW..... 43
5.8 FRIABIRAER A (JECW > BPCW) oo, 44
5.9 BIAKBIRAREBE (TCGW) oo 45
510 JRIRIRARIEE T ZE B oottt 46
Bl 5,11 JRBIREEB A oo 47

5.12 HPLC-ICP-MS #& RI4Z 2 5b R4 A AN B B KA 2 47 B 3 - (a) TI(I)
#2235 (200 pg/L) ~ (b) TI(ID)4Z % 5% (200 pg/L) ~ (¢) v 200 pg/L TI(II)
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5.13 HPLC-ICP-MS #RIAR 2 b R 48 A hu it BB B K AR Z & 47 Bl 3 < (a) TI(D)

2% 3% (200 pg/L) ~ (b) TI(ID)4Z % 5% (200 pg/L) ~ (¢) #Av 200 pg/L TI(II)
7 TCGW F ~ (d) A 200 pug/L TIIIDFS WSPW % oo 49
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FEFRAE R BHIA R F L HEMBTE (Technology-critical elements,
TCEs) Z## & ¥ ¥ 2B AR » AM > TCEs 893RIIE o BAL R BB
BATAT4aJE % A Mk » 42 (Thallium, T1) % #-# 3584 B &% TCEs > B
WEBRBRMREINAERIEEEST LY  RERAE DR £ TR
KABEE -~ KRREZE -~ BRARR - AEHH FERAZERTNEE LR
B EAKERE > 8 ERARKBERBRAETRERNRREREANT AL
EMERFARBIRTRBE REAT S TR M2 RETH MRt dsl
A EMME - Bk KB RJRR 4T 2T AeA B Rdhie R ™M E £ AWK K
BE o EMBHARRREAABALET AR TEZBE A B4
( Thallous, TI(I)) & =1&4% (Thallic, TI(III) ) > B M B AT 4+ R B 18 fEde 2 38 3%
WA BRARAERAERRAG A IR > BEEH R EMEMATEEHIRL T
fE R BR 2 B AL R AR R T kA B o Bk 0 AR BB AU X IR IR AR B
RS EERMR SN SR — SRR B N KRR (AL RER)
ZARRN S A BARATWHE R At ER I RAM AL (—RER
=B 4E ) XA R oM ik B4E S AR IRAR B AT & S R EAE A E 4L H %R (High
performance liquid chromatography inductively coupled plasma mass spectrometry,
HPLC-ICP-MS) #5447 4 R %% (Anodic stripping voltammetry, ASV ) &
AL 547 $4l7 » 3E 2L EPA M FE/K 8L 4 #8338 35K AR (BRMERR L HEK ~ /I EIR
WF K~ EIRFLIEAK ) BIRE o 3P4E R AR 047 7 ik B A AR BRI K AR F
FREME EsethiEx B MM EmAR Rt > B8 —FRFRBREAE 54 (Jo pH
B REETHAME) KT ZBEBIHIBE - ARERET > WS X
% HEAR B R BB RE4E > 2R > HPLC-ICP-MS #4947 BB KAk + R E fedex
BURE - RAEEERMIEN ASY k0 RARBGSAEZIHER ] &
P A fn Ak T M e 7 TI() A TIII)ZR L o b4 TI(HD#M& pH A (pH < 5)
B/ DTPA Z KU T AE 3948 R A AL A K ¥ » A3t & Roh @ 338 A 7% 5 4 3R 3%
TKARZACEE 57 Ty i 0 R R T 4 RE A 7oA R B 9 & 7K B8 BUR R IR IR Z 48 69 I
B BIRRURANTRABME RS B RIBIE TR RH AT &
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Thallium (T1) belongs to technology-critical elements (TCEs), which include a class
of trace elements, increasingly produced and used in a variety of industries and
manufactures worldwide. T1 is also a priority pollutant suggested by the U.S. EPA because
it has high toxicity to mammals. TI can enter surface waters via human activities such as
mining, burning of coal fired power plants or cement manufacturing and/or wastewater
discharge from high technology industries such as optical, semiconductive and
superconductive factories. However, the environmental fate of most TCEs (including TI)
and their hazardous impact on human health and aquatic ecosystems remain unclear. TI
exists in the environment as monovalent (Thallous, TI(I)) or trivalent (Thallic, TI(III)) state,
and TI(I) is the dominant species in the aqueous environments. Recent studies indicate that
TI(IIT) could stably exist in surface water under specific environmental conditions with
high oxidation-reduction potential or special environmental matrices, and it may be more
toxic than TI(I). In this study, we aim to establish a reliable, effective and high throughput
analytical strategy to assess the stability of different Tl species in mimic river water
matrices and their potential occurrence in environmental samples. We have successfully
developed two analytical methods including high performance liquid chromatography
inductively coupled plasma mass spectrometry (HPLC-ICP-MS) and anodic stripping
voltammetry (ASV) for identifying Tl speciation. As compared to the ASV method, we
showed that the HPLC-ICP-M method have less interference from environmental matrices
in quantifying different TI speceis; therefore, HPLC-ICP-MS is a beter and more sensitive
analytical approach for Tl speciation than ASV. Additionally, we showed that TI(III) could
be stabilized in synthetic environmental water matrices in the presence of lower pH levels
(pH< 5) and addition of organic acids (DTPA). The outcomes from this study provide
systematic analytical methodology and wuseful initial information about potential
occurrence and fate of different Tl species in Taiwan’s aquatic environments. We will
further use the established methods for assessing Tl contamination in environmental
samples collcted from Taiwan’s watershed including surface water and sediment in the

future.
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BEMBZBWMAE  HEMALFAENEE LXMW HERER > ML
HEREEFHE W T AHBRRARBRALIEAZERATRRTEH X ER -
BR M #H4 A-1F 424k ( European Cooperation in Science and Technology, COST )
T & ¥ AU F ( Technology-critical elements, TCEs ) €44%( Ga )~ 4%( Ge )
48 (In)~ #F (Te)~ 42 (Nb)~ 42 (Ta)~ 4% (Tl) -~ 48 % ;% (Platinum group
elements )& % ##% + % (Rare-earth elements ) ¥ (Cobelo-Garcia et al., 2015)°
COST it 4% i 48 Bl 7% £ ( Action TD1407: Network on Technology-Critical
Elements, NOTICE ) > #A /5 3% Bt R & B Z B &-1F BA4E 3t TCE X3R5 & R f
BRI > NOTICE £ % B ey &4 (1) 223 TCE B Bem B F 7% ~(2) TCE
ZHRBENRARETE > A& (3) TCE # AR R BRIP4 o

AN F B UE 0 42 (Thallium, T1) R EHEHLSHMEE S
FHZEBEAE > HHEMANEK &AM Bk £RBHREREINAHEL
3% 2 % E 75 %4 (Priority pollutant ) (He et al., 2015) - B aT# 45 ) > 484
HAAEEEANKBEIBIRE LRE LHERBER G ~ BRI R AR KR E %
%842 (Peter and Viraraghavan, 2005) > ¥ F R 4844 fR 2 JE A 7 B An i ~ &
MM FERAZHELTHEXEE M LA S (Cobelo-Garcia et al., 2015)
BAE MR TAEL A MRS (mFERAKIER) EAKYE  RETHENE
RE c MRNERRAFS T RMOHEL BRI RETHM ARG HEREDER
#& M (Lapointe et al., 2009) « F b KA KRR TEET BB RME R M E A
AMBRBIE » ABIARZZERGEMRS > EMPARREELABAL
BE -

BT £ Z1E K @45 — 1848 (Thallous, TII)) A =1&4¢ (Thallic,
TI(ID) ) H T #3384 R4 — K BERIEF X £ Z{E & (Casiot et al., 2011) e
W RPT R R AACZ R AE MR T TI)AALA TIAI) > EA/ A& TI(II)
5 mAF AR IEKE (Karlsson et al., 2006b; Li et al., 2005; Twining et al.,
2003) s £ K BEIE I T 0 TI(D) 75 € 82 H A0 12 B 4o S8R T Roo BRAR B T 571 AR
&4 (Nriagu, 1998) @ AL A # % &% EDTA R DTPA #&is 4 A4
(Krasnodebska-Ostrega et al., 2011) ° sb4h » F AR KR ¥ 2 TI(I) IR & #%4: 81E
4 (Birnessite ) #Abtax TI(I) > 3EA Ak, 1 B 45 &4 (Inner-sphere complex ) #
4 8.1t 4 & @(Peacock and Moon, 2012) ° &K B AT4EH A KA LA M HEHRLE
b8 A2+ > A MR (Tatsi et al., 2015) * 4o ] 21080 48 > 462 T € 218
RRRBHEATZPE  —&32A TI()ZFHMHEZHH TIJ) (Ralph and Twiss,
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7 EIE 422 A5 547 ok BB RS R BUR R IE 8 4R 3 AT
2002) (Lan and Lin, 2005) - H k> REME E4e £ KB IE (A HZKRR) 2k

AR BERCRENFRFREAZTE—FHAR -

BAREA SHEMEMKERRRZINAZBLERFESTED (He et al,
2015) » A B AT 2t R4 SEER I - BB EY - R ARBKAKRET X EH]
BEBRTE  LFAREWABIRE T LR 2R 48T F L&Y
hu o B OATHANAE A KR P ALL LA R0 A TR 0 B b LTI KA B3k 4
2o gbth o REAMEZEGILR (MR KBAEDRRG 4 A KR
ot F o dE B FURR R A 4 75 R LT 2ALRR A 2 A A bk - &
o B AT ANME N KR IR 2T KRR A A SR TR SRR S HEk
RS (L KBBRIRER) B4 I &EA 26T MATH
TRV AR RIAE o Bk o ko fiPE R KB P REBEEZF LR &
PRREET R AENAE RN AEALEREFABATA NI E RTINS R
B Ly G 3RA

BATE TN BRI AKB AR ALZHM R ER T2 AR H—R
oA B FLREMEZ A RK S RBKRBKRZLBERESA 15~24 ng/L
(Meeravali and Jiang, 2008) ° 7% — X k¥ & & AR A K BE & A7 4 K 3 3 4T 55
Mo BIAFAKRELALEIRE 53 A 71 R 119 ng/L 0 EFRFHAK TIAN)REL %
23 ng/L (E% 3£,2006) ; & > 487 KR T /7L RNE AT 424 R0 E/E4T48
Mt - RBRBREEVERE S TREBGRKAEE - KRHBERFTE
PAHAMAEEZETHMENKEIEE  LERARKEEEBZART RS BNKR
REAMTRE > M RIF ARG RHA - 6 L3l > BATE W44
MBI B RAFRAEZ MM R ARG A R B R B ATE
BRI > A F B AT HUT AR B B AL R A SR A RIS TR R dedh AR
ZALE AR AARE T & 0 BN LAARZ AR ERRREFZRE X — TR M
B Z AR B & 2R AT A TR AR R BT A B o Bk 0 LS H R FME B R
BiAR R Rk o B E R MR GG > AR — SRR RN 2 KR LR R
BILZ A RBI ~ RA ~ BB A FEFHRA -

BATSURR Y A B R BEHH AR EMEZ oM H ik 03 &R
J& A & A R JE A8 4A E B H 34k (High performance liquid chromatography
inductively coupled plasma mass spectrometry, HPLC-ICP-MS )~ 447 1K %2 7%
( Anodic stripping voltammetry, ASV ) ~ #{B5 X #2757 & F A2 547 7 i%(Lin
and Nriagu, 1999a) (Chu et al., 2012; Karlsson et al., 2006a;
Krasnodebska-Ostrega et al., 2011; Nolan et al., 2004) ° 22 > B W #h B A7 =T A #
KB BRIEAR St F R BB 488 S REAL 2 4T T kAN B AL R AR © 4%
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P I SRR BB Z &8 R AIA HPLC-ICP-MS 2 ASV A&7 A b & & 2
BR A RERERE T REMEEZE4E - Bt A3t ER LI R4
HPLC-ICP-MS i ASV % > ¥ w7 A AR N RRAT T EHTERF
B ERERERMN  EMFENENKBIBER T TRZE G

st A I 2 Ty i U R R AR A A TR R SR AR B 1 R R
RESE A BATHR EATHE IR - R ERBRIFE - ARMEE BRI T R
2 5 A o Ak by AT B AR TO R RN T S AR B AR R B W B
W RGBT B ko BR M A A4 4a 8% (COST) WM¥ B A% L3855 1k
LR PTRRK °

e
Ul\\'
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AHERBEHREBANER > EEEIARREMEXCESH H L i
AR B R B SAT R U AN EERREE (A
KEEBIRR) F 2 B3 AE4E 75 FARBIBANT o sbob - R R AF & — F AT R )
18RRI IR AR (A4 RRILIAK) 2B RM U RIEIRA Y SR %354 >
A F R RALRIE T TRRZE G

At EZ AEBZ LT

(1) ZIXAREME B4 (— B4R =1848) AL 547 ik > &35 HPLC-ICP-MS
B ASV mAELET ik BB mET ZZ ERE - BRHEREE - 3k
Wy AF L EPA #MHREK AR T B R KAy BREEEED O 3
BB > 4842 8] 24 ICP-OES 2% ICP-MS % #7 °

(2) 3F4F L RAEALS b R E A AR 2 SRR R A M o AT E K
I M A RAKRAIRIERLY » &35 1 RRBILMRAI 1 RATIIK > 2L
BAREME BN R R BB ARARZ W R A4S M > MBI IR AR R A s
7 ) 4g R& 4% 2L HPLC-ICP-MS 2% ASV 7% 2 #7 > 48.4% A 2L ICP-OES 2 ICP-MS
SN 0 T IS MAEAL R AT AR RUK R FLIR K P R BB AR 4E X T AT
Mo BRFABEAS P BELE FIERTF -

(3) WA AR seh A KB RIRRIZIZEF X EERTRZE 4 - Rt E
A EPA #REAK ALY > REFEFIREEELA T 54 (o pH 1~ 23T
AT FE ) Bk P TII)Z 45 8RR B4 o



K EME B de 2 AL 547 ik BB BN K BRI B IS iR 3 %~ XBRIFEE
2~ XBRIET
31 ey EAMNH - BHBRHERR

4z (Thallium, T1) AT EEEL 13 (3A) %RE XA - LA RHELL
20 Y 4ok 2.1 AT o420 £ Z4F B8 A —1& 48( Thallous, TI(I) )& =1& 4&( Thallic,
TI(I)) wAE > TI()FF % WAL LW E AL - e F BT EH—BEE ~ &
K%t 2 (Dehydration energy ) R #-F-F4&4837 (TI" : 77.6 kcal/mol ~ 1.40 A ;
K" : 76.4 kcal/mol ~ 1.33 A) (Zhou and MacKinnon, 2004) ~ & AAt4-4 /8 7> 5%
i~ BB BT IEAUAR ARG R IEEESME > K TR R A A7 A
( Analogue) (Zhou and MacKinnon, 2004) » TI(II) 8] 4w [5] B4 = 18 [ 8 F > &
Ao MEmEMR (Ksp = -452) Rtk AF SR I ETHURFENAE
(Johnsen et al., 2011) °

AMEBTHEERS 0 FHEE4 0.5 mgkg (Peter and Viraraghavan,
2005) = ¥ A F R aysekd €8 4Pk (Lorandite, TIAsS: ) ~ #i A 48 & #k
( Hutchinsonite, (TICuAg) * PbS * As>S3 ) &K ## 4% 4R #% 48 ( Crookesite,
(CuTlAg)Se) ¥ » 25tz &+ oMY > 42 % F LR X ULBERM Y XG5
MR T o S R FHE 478 T (Goldschmidt classification ) ] 85 B4 #,
% &M (Lithophile) & #.4A1 (Chalcophile) > B Jb ] BFAE4E K Ak & (Igneous
rock) B #i#gk (Sulfide) ¥ 453489 HEIT o TI()W 4IRS M E $a047 » Bk
48 HIRAE S A 4 (Geochemical system) F % sAIRAX 4789 F K A5 AN S 472
B4 o 4w 0 & B (Feldspar) B E#H (Mica) % ; MAE#IR %4 % (Hydrothermal
system) W48 & £ AKE RSB R VEVER (Epithermal metallogenesis ) # $14-
FRZ ML > 4o 0 F4RHE (Pyrite, FeSy) ~ Pi4#5% (Sphalerite, ZnS ) &R 75 %
5% (Galena, PbS) % - iz gk BMAL G S50 ERENH S ~ S48k
MBAME (Lo P R ) AT SR T SR B B R
FYL T B3 L3 B A AR IBE SR 2B iR » #1538 E A
F# & zeed ZRAE (Lisetal, 2003; Liu et al., 2016b) °

SCREBIEYERAANAR S FEEANS 1-15 > HAFFEFHTES
72 10 "8 £ 4 (USGS, 2015) ° i K& ¥ &2 AR A& 4% (Thallium sulfate)
YeA# A B (Rodenticide) £ > £ & &k - ARFEELHAARBEH LAY
Ao BEFARZHEERZRAEE  FaNHHEE BERRUARERF
BHatE o EIF BG4 1972 42 A (Gratz, 1973) ° L F R4 B AN Bk
KB~ SR R S B AR E B % 4838 (Cobelo-Garcia et al., 2015) & » f£ 8



R EE R AE 2 ACEE 47 7 vk B AR ROV K BUR R IR B8 R 3 %~ UBRIR

B EZ R CERIFR > mBRIEKREIK  (Coronary arteries) &£ & A MEZ
B sy ¥ SHAERAR S > 4 TIGaS: ~ TIBr ~ ThS & TlGaSe; % > A4 &
AHDEBROAKES  E2RESTEAARETR  EZANLINE - Xeray
A y-ray 1878 % (Johnsen et al., 2011; Owens et al., 2001) - IR T A»F 82 7 ¥
Ih 0 SER R F AR A R EH B 0 e ThASS: THEA T4 a9 JFa b A2 &
#2 (Nonlinear optical crystal ) > TI;PSes B T £ & % % % & (Optoacoustic device)
8 %44 (Light diffraction) &% > TIBr-TII (KRS-5) & &% A A4 I8 k&
R 4t (Attenuated total reflection ) #9#%4% (Feichtner and Roland, 1972; Pinnow et
al., 1978) ° 4277 B 7 % = A8 &4 (High temperature superconductor)) ¥ > 4w
T1-2212 (TLBa,CaCux0s) A T1-2223 (TlBa,CaxCusO19) % (Malik and Malik,
2011) > 12 B AT TR 2 &R A SR8 EE R & (Crtical temperature ) 47 3 K7 3%
BB BRI

32 BREFPERIFILERRRAGBE

SEAIRE A BEL 109 - 1534 F 2,000~5,000 HEE AL EE) ALK
B EPRBER G MBEMBEAR B KRR EZZRIR (Peter and
Viraraghavan, 2005)°4% 5 ¥1 5 BR Z 4 45 A 3R & RG240 2 2B Birg( 4o
SR~ 4 SR B8 DR B @ M NIRIE T (Peter and Viraraghavan, 2005)
¥R R & BROGIRE M IL B A &R R Z 48 (Boughriet et al., 2007; Lis et al.,
2003) o ko BPEREBRERBMER N EA REZSEMBEE FEL > &
L E Z 4875 4 (Casiot et al., 2011) °

WrE b sea B4 % 0.05~10 mgke * 484 5 BRI 5 1B > B b
W R HIESERMERAT » KA EERIEKZIE A (Fuel gas) 48R E &K &
T3 700 pg/m’ 0 B M E B LG M E C RGBSR E o KA TR
ek (Fly ash) 428 E £ 4 29-76 mg/kg * 4 AMIEATHAEZ 2~10 4% > BB
FERE AR FER KM o TR R EZNERFEERRE XM
NI % T (Lopez-Anton et al., 2015) ©

KREERNHBRBEFELE > A A AR HEBR T € H
H AR REGAKRMEE » M3y Thotn e Bk 48 0% 28 SR RS
AT Re £ HAE KRG B T - M ENRRBREENEIRE T (Brockhaus et al.,
1981) ¢

MR =48 B2 405 FRRIS » L FRETAMKE Wielkopolska # F
#t (Miocene) AME BB AHEEAT AR EAEZREEZL RS



7 BB R4 2 AL S A Ty ik B A RS AR BUR R IR B 18 R 3 %~ kIR
%26 ng/L > AP RFE# (Suspended solid) 424 & Al &£ 58 mg/kg » #w
R ABRENAHEI T AT TRAES LN EZRRZ —
(Wojtkowiak et al., 2016) °

BAT4CAE R £ b i - A REE L IES £ %54 RIR > 12 Kang F A%
RBEFEETLTRGHEHECEANRRE Y » ARET KRS FPHREES 773~
481 mg/kg (E #1424 700 mg/kg) > A WET ( Waste extraction test) Ff 3 B2
éb/ﬁ@iﬁj 1.00~7.86 mg/L > £ F W B4k st ZH 7 E HIARE 7 me/L » AR
fELEEMA R/ ABERETLERARMER ARG EEREZ— (Kang et al,
ZMS’%mé%Tﬁ ERABREZ EREANTRR T ARETHRER A
LASE B RAT ) A shho B BAR T M E NG R S 0 SEANBBEERTE
Z AR sl GG 38 Jo o

— MM TN B AM KRR GHIE R 20 RF SRERER M
miﬁ%&%%%A%%%%m’ﬁéé&g%ﬁim R LR 0 o b BB
R~ RBEREH (Olkusz) A EIEF NE A #H (Guadalix) &
(Gomez-Gonzalez et al., 2015; Wierzbicka et al., 2004; Xiao et al., 2012) > £ 4 /b
HIE ARIEE R RKRE R BRE T L4742 R 4875 % (Cheam, 2001;
Lee etal., 2015) (& 3.1) c # R TI(D)4&R A AR T X BFE > 2 E£35 Xk
BEE N A B TIN)Z A7 > 2B E @Y (Lake Michigan) T & EZH 68%
oy 7T M 42 B % TI(II) (Lin and Nriagu, 1999b) © % #b » £ & AFde k&
(Tuscany ) B &K F 78 & B14F 36.19 pg/L &9 4a4ei B » 2+ TI(ID)E E A 21.87
ng/L & 48428 74% (Campanella et al., 2017) > B i 7 T 247 TI(I) &) F IR
1 R R o

BAT 2SR FPHBEAMALEAGERN T AR PLREHLZ AR
K~ R R KB K BT 2 KA R FE A 15~24 ng/L (Meeravali and Jiang, 2008)
B — Xk S A AR K S K S B R AR A R AT A 0 R4S
KEGHEEEIRE A A 71 B 119ng/L > H ¥ AEFHAK YA 23 ng/L & TI(I) * )
BRI T BA TIAD)Z A A » #1E T AIH 164.2 ng/g 894848 RE (£
# %, 2006) 0 EAUAMEEE BB FEML > a2 RMEAZETH
RIEERESERTER XEFTEZIBLRAR -

33 SNBEYZEFEAICLEHN

se KR F E 2 TIDA TIRAEEEAE > £ F TIDAALA TI(II)
ZFACBRREMAE D (128 V) HE TINERA AL —RAKBEERE T £



R EME 4T X ALE: 57 7 ik B AR RO AR BUR IR IR TE iR 3t %~ XBRIRE
BB R (Casiot et al., 2011) o 1237 F R M 48 A o R4S R AL 2 R A M 1E
o T TI)RAE A TIAND) » 3B s TI(ID) 4% &4 M 77 £ 7 BRI K88 & F
(Karlsson et al., 2006b; Li et al., 2005; Twining et al., 2003)° % 9~ I8 A B 5545 ) >

% TI(D) &7 JER F 89455 8164 (Birnessite ) € 4% A& TI(IL) > 3EF Az M B
4444 (Inner-sphere complex ) 74 A 4b4 %k @ (Peacock and Moon, 2012) °

TID /K T Z M EMF 78T > R H SRR FRAKE W st bt &
R & H KR IE (Hydrolysis) £4 > Bt TID)AEKF L A— B2 A G55k
TR A4 (Turner et al., 2010) ° R FE# TI() > TI(II) 4 pH 2 A& # A KB
JEZE % (TIOH?") 3£ pH F+ & s R Bl Z KR & 410 5 % T sk TI(OH)* (Lin
and Nriagu, 1998)° TI(IID) &K % 75 & $2 H b [ B T 4o FUBE T Bomg BRAR Bk T F 0
&S (Nriagu, 1998) ° & ¥4 # % & %] EDTA & DTPA ) i is & 2 44 &
# (Krasnodebska-Ostrega et al., 2011) > 12 £ Z2 35 K 5% & 89 TI(II1)44 &4 A& 48 >

1% E— SR -

PR T MRS IN AT ASURK B 42 KR %8 K B8 4 31 = F A48 ( Dimethylthallium )
B BT EUHAKIRAER AT 24 = F K48 (Schedlbauer and
Heumann, 1999; Schedlbauer and Heumann, 2000) > 48 &7 & 4% 4% > A #e 2 ot
KRIFAE D o

34 SHEFRERSTEE

HALREA HEMEMEI AR LTS EETED (Heetal, 2015) {2 H
AEHNHHLERE BEY - RUMARBAREFTBIEHBEREEIRTE >
ERERAAEMAEMAL  TFRMRMEBEAERREZALHEY > B
B2 B FITTARMZE BAZE AR AR - sbot > B AT N 42
REMBHEBEARAR S EFEHRREREFIREHLRAE RF BN B AT AT
B2 5ERE (K 32)  BAMERARREFREI BB OREZESLEH 2

( Reference dose for oral exposure, RfD ) % 0.08 pg/kg-day ° H 4 1RE A K &
90 B B £ K & ( Hair follicle atrophy ) Z & 8 % 3| * R K &

( No-observed-adverse-effect level, NOAEL )0.2 mg/kg F& £ 3,000 &4 7~ #8 & 4 3

( Uncertainty factor) (USEPA, 2009) > RfD R#E & 4 # B & k6 % M oL BT
B8R BT R 8K RID > BHLARE LR FE T AEZ LE T 2 E 4
BERGHFARE -

3.5 AREseHIESHT T L EAR

B TI(DA TIAAK P ZA L2 8 > ARHAKEAMZ FRFEMEE -



R E)E B4 2 AL 547 O ik B4 B KUK IR IR IR T8 R 3t %~ XRRAR R
WEAT O SRz s ik AP R BExA TR LSy hx
— (Lin and Nriagu, 1999a) - ¥ & ¥ % #] A #tf5 (Chelex-100) 78K & %
BAENEHN—BHET > Bty TIND@EBEREEHFRLES > TIDA &8
R AR AR B AR B A B A 2 TI(L) Ak 2 Rk - 3% st 8 TI(D)
A TI(III) e

B AR AR B #T A R JE 8 A E L H £ 1R (High performance liquid
chromatography inductively coupled plasma mass spectrometry, HPLC-ICP-MS ) 4
A —HEE R Ok o BAkd R E R AT B AR SAT 2 8 TI(DA TIAN) > SR 2 5]
A ICP-MS # TI(I)k TI() 42 E 4 F R4t ~ R-FAbEmdEF4b > BagskTn
HHARLEZARPUTHRE ENH - BATCHE R SHEWHGEN > 2R 8T
X # %4 (Hamilton PRP-X100) ~ B8 24 & 4 (Dionex CGI2A) AR/
J& #7 % 4 (Perkin-Elmer C8 silica based ) % %R At 20 5 8 R T R B 18 A& 2 4%
(Chu et al., 2012; Karlsson et al., 2006a; Nolan et al., 2004) °

H 4t 4o [] 48 2 B % (Solid phase extraction, SPE) & 48 &7 #4486 E 2k 7 31
# H % (Sequential mixed-micelle cloud point extraction) % % ¥ & & & 4T4840
#& /5 #7 ° SPE & Fa0l 8t s X #7%  #1 A & It & ( Sorbent ) & [ Ak of F 849 TI(II) »
TI(D) B A& & KE ke m > 35 sk 3 TI(D) A TIII) ° &4 AR #F 2k 7% (Wash
solution) # TI(IID)ZE & - ™ B AT € B 45 69 & I &) €2 ALOs-SDS ~ Al,Os-oxine
& DDTC 15462 SGX C18 #4:% (Biadun et al., 2016; Dadfarnia et al., 2007;
Krasnodebska-Ostrega et al., 2013) © & & #4 i 25 5 7 £ BUX Al A A A SDS
& Triton X-114 #9485 &7 #7544 DTPA 442 TIID# AR & P 3R E il & o
TI(D) A & 28 AALE ] A 48 5] 27287k 3 B0 32 BAR 04 75 0% P DA AR & 8 3 B 32 B

(Ultrasonically assisted back-extraction) Z-FBthzEL (Cysteine) KER T >

2L ICP-MS # 47 %€ & (Meeravali and Jiang, 2008) °

TR % A5 P BEAS X 44k 4w Chelex-100 4B B/ A8 4% » 3% B LUR
e84 ERE%EKR (ICP-MS) 2484 F (Lin and Nriagu, 1999a) © ¥ F R
F I L HPLC-ICP-MS #AT R B S8 o7 » sbik B AR - R ELH A
AN BT R R E ER iRkt T X R BB B 4842 (Chu et al., 2012;
Karlsson et al., 2006a; Nolan et al., 2004) * HA48 B 1& 35 3% 8 50 & AR B AR AR A
g o sbsh o AR ASV IR R E 7 AR & TI(IN) - R AT A2 48 $HEL A
f ¥ (Krasnodebska-Ostrega et al., 2011)° &g % B A7 #] § HPLC-ICP-MS 2 ASV
ERMBRBEARREREBUR PSR EZ M X+ A R > BéedhiEfH <
BBEATRAACRZRKELERZ A9 - Bk Rt FHAHFEHRMAEL



7 BME e 4E 2 AL A7 O ik B AS B K BUR R IR ST 4 4E o1 %~ UBRIE S
HPLC-ICP-MS ¥ ASV %> 3G mfE I EARNBRELTEH4T » 8
TEAFBRAZEFHE - BERREAMN  URETHHBEEZY
H3t o
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T BB Be 48 2 A0S o4 F 0k B RN KRR R IR B /s 5 3 B B R R ia A
BRI xEE
4.1 3 HPLC-ICP-MS & ASV (A 54 R B 1B & e

At EAER RS IR > 2% A TI()E TIQI)R & 7&7R > TIEE %
RBHE ok AR 32575 mg A EE 4 (D) (TINO; ) &% 500 mL #8 &k K
(Ultrapure-water )’ J& £ % 1,000 mg/L° TI(IIT)&% # 7% 7% % B 54.3 mg &4 B 42 (110)
(TI(NO3)3-3H0) AR 25mL 0.1 M BEE:+ > JEE % 1,000 mg/L > 14 48 & H 4k
BRI T XAL IR B R AR AR, o

4.1.1 #H 3 HPLC-ICP-MS o#r ¥ 7%

HPLC-ICP-MS % # 7 7k 44 % # Al Atk ## (Nolan et al, 2004) »
Krasnodebska-Ostrega et al. (2012)& £& Z (2006)) EATwAEAL #7144 R
2 £ &3 d TIDAE$E DTPA ( Diethylenetriaminepenta-acetic acid) % A&
BEG#HAns) (LogK=46) 245 E 4464 > m TI()RI & € 42 DTPA 7 4% &40
Z 45 0wk DTPA-TI(I)AT » 2 & 4782 pH A8 B » R4 pH<2 BHERNTFHIEE
MopH>6RIMaETH #T&pH > 6 EHM T UARETREE4 (Anion
exchange column ) %-# % iE & 2 TI(1)¥#2 % & € DTPA-TI(II) * HA A RE X

3

s 63 BE R P43 8] 2 ICP-MS Bl {E TR E T E -

A3t 44 A HPLC (Agilent 1260 Infinity Quaternary LC System, , Agilent
technologies, USA ) #-Eel& #F X #4244 (Hamilton PRP-X100, 250 x 4.6 mm x
10 pm, Hamilton Company, Reno, NV, USA ) 4T R B4t n it > 24258
B AeH 5mMDTPA ~ 2% F8F (v/v) 2 BEBR4k%E R (0.1 M > pH6.2) K
BRABSA 1S mL FRABEREA 25°C HEGIEHREMES 100 L B —4#
X MR A 15 o4 AR ICP-MS #4722 (Agilent 7700x, Agilent
technologies, USA )* & & 7 R & UAME 5| 48 2 b5 M L3R X AR BT E 2
TI(D)ZAZ % B85 & 2 ICP TI 42 % &5 (1,000 mg/L ) (Sigma-Aldrich) 2245
mM DTPA Z 78R E/TEE M A S #FE ? > TIIDZAZE LA A4 5 mM DTPA
Z_ TI()E%# %% (1,000 mg/L in 0.1 N HCI) ° £:8]K 4 Bl & #2 5 mM DTPA %
RIA 2:1 Z eI ARARAE o

4.1.2 FE3IL ASV 5 ¥ F ik

ASV RISt R F Bl 2 £ RALERZEE£Z B BITE MM > K
3T B R (Krasnodebska-Ostrega et al., 2011) 5 AAT4 th 2 7 ik 3 b 204 AL

11



7 FME RE 48 2 AL o4 77 vk PR 48 ROV /KUK IR IR B 18 4R 3t H Ry ki
BBRBEMAREAET TIDRE > BoNBRE (PR 0EE) Bl E/EAE
WEEIRE > WmEZ AR A TI)RE -

B IR 10 mL KA A 5 mL 5 mM DTPA ## %, TI(II)A 645842 B R A&
TI() » sb3F 5 KA A H: LM ASV > ATRIAFRP 2 TI(DRE 5 HE A 4 10 mL K
B SmL 6 g/L i B (Ascorbic acid) #F:2% F &4 TIII)E R & TI(1)44 >
B 2L ASV ER] 0 sb3R 5 R ATAT RIME 2 V5 AR R 484 (Total soluble) » TI(II)R
FE By 5 AR RE 4R 4T AT TI()R (B 4.1 ) Rl tR KR SRR T % (GRMAT, 2009)
HATHAL » Ao AKAR 1/50 R84 2 IR AH B 3 24 85°Chm #h Z 7R AR AR F 20% » %
BRI EHRE B RKARREAR 0 b3 A 4848RE (Total concentration )
A ICP-MS 2 ICP-OES #| & °

ASV B EARF AR 35 mL SREZAFNA TR T FE BN 35mL
2N BAER/BE R 4% 5 187k (pH 6.2) A 3 mL5mM DTPA» #:¥ AANRA 75 #&
BB 0K 4.1 ZHEATAE L F TR (Deposition time) 4K
SR EAE KRR TARA 90~150 £ A F RAR S Z BIRR AL A 0.1 mL
10 mg/L Z TI(I) M 4% % & (Internal spike) %R 24 » LA RA 30 £ H R F v
ANRBRELZEREE  EEARMR > REAWARN KRR E S EREEH
Bt R IR B AT IR SRS

4.1.3 X EPA #FBAEEEFZE KB AE 5%E HPLC-ICP-MS
B ASV 5 ¥ F ik

AT ERFF BRI B ARE P Ao B AT L F ¢4 HPLC-ICP-MS A
ASV ot ik EARE FHARARE Z5F LRBMRFALS RFEKZERT
FARIE B K G M pH AR B Bodin B )32 4 F 52 . EPA # # K ( Dilution water )
LAKL$R IR 35 K B8 2 KB 4K U (USEPA, 2002) * EPA ##EKELH 4ok 4.2 PR ©
# TI(D) S TI(D) 6 B & A M FE K B g S AR 2 4748 BlUR L X K4k » B 4818 B 4e
O 3HERE > B4 B R 412 iy F ik (HPLC-ICP-MS & ASV
) BlE — B R ZABLEIEE 0 4848 R] L ICP-MS 2% ICP-OES 5 #F - AHA K&
LB BESN T EHARAB RN H R PZERERGE TN Ei—F
M AR SR R K R IR IR Z AR K T P2 pH R B AR T 2 T HhiEse a7
HiEERBELERE T -

12



7 FE R A2 2 AL S 5 7 ik BB BV A BUR R BR H 78 - 4R 31 H R kb
4.2 I4E HPLC-ICP-MS $ ASV 4 ¥ 2R ANEESA L2 E
A (LBRAKEARE)

42.1 FHAAAKBEZGFERA

At B —F DORE AR ALY 35 AT it HPLC-ICP-MS #2 ASV 5#7
ik AN AR BIIRE 2 RIBIEAKMAR S > 45 AR RILIRAK (A8
SIERFEI) T R A 1R M AR R T R E R R IR B
KA > EATIR IR AR KRR TAE -

422 HBRGE EHRATRE

B K BN B IIRARAT JE A FERIRAR T ERAR B R B E KRR T E 0 &
BB BB R Z BB KA 2~3 R HE 4 500~1,000 mL B4X & M2 K
¥ 3B BT ARIRAR I B AR AT AR B HIRAR SRS - sk 0 B
B KAk BAL 2 M R A G b Bl LM E o B Z ARAEF R AFN 4°C
IEAE R X 0.45 um JE LB XA F AR UERAMM TR NS HZR
AR o A2 KB R RARAR I 2 > AR T B RAR 5L 8 B R AR AT 75 JE — Bk 3R
RZBFEREZE D500 g-RE X RIRIEAZNBBL DRI EAZ
o8 3% ~ PRAK B BA RAR SR AR 0 ARTER 4°C 0 B AR -SUEHY 4,500 rpm T B
310 4 0 AR BEIRK 0 B RS 2 B AR 0.45 pm R BIE A L EFLIE
Koo RIEFS B AL P E H 4°C 1R A7

I BFERIB GRS Z S0 E 0 A E A — HF E B 50 F 4Rk 55 (Field QC
samples ) * IR E 2 b —F A - £T & ARG EE (Field blank ) ~ 3%
# % & (Equipment blank ) &% %2 & (Trip blank) % 3 #8% > ffifi4u T :

(1) ApEha  HFRSEEAR S LA AT 24k ah (JoAB KRR
KE) WEEBREREMELRZEH - B ERRE > R ENRRK
AT (WITHRES ) BUFRARZBREZFTRHEL -

Q) ZHEEEG I HGHRA B ARBE AL ZFRZHMEEE T BREEEK
AL EH  BEUFRRRRE LT ERFTE -

3) EEZA I HRSEEA D ZIRGANET R EALZR DML ESH
#T%iiﬁi%ﬁ‘ﬁ%{&%%%zﬁia%’@%@Jf/ﬁ,ﬁq ’ @ficlaiéjzzﬁﬁif y %%19{
R SRR E R
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R RE 48 2 ALE 447 77 sk PR ROV K BUR RSB LT 4 4R 3 S BEE ki

423 BRI RFFELTH

BETIEBAELKE RRAAREURT ZELBEENH » LT o5

— ~ K

(1) AARFFHEER G Z TN R G K T KAk 5 BUR RFLE K BUR
¥)2pH ~ DO ~ ORP ~ EC RIZ R 2R &L pH 1 - EAZ ~ A4LBRE
BREEHE » BIRFTAAFERBAKS T EABHEITER -

Q) FEESBRELEZA M 422 8 AT 3 BARF 2 KAk > 838 0.45 pm
SRR B 3 48 3E E M4 E4% 0 L ICP-OES (NIEA W311.53C) 2 #74a ~
BANAR AR A S BELB B o

=~ KR

(1) pH 1 © #FE 20 g B3z EIR A 100 mL B4R 7 » AvA 20 mL #3847k 3%,
0.01 M CaCly /7% » SAS Ik Fal BT 43 30 48 > #F B A7 K e 4% 24 pH
meter B & & &R Z pH & -

(2) FALE R ELL ¢ A AR/ AALR T, G & TR - £RAK (W)
L1 RETHESHRIBAKRIRE 1 D0 RELTRE -

Q) HEETFRLEZ  FIR 2 g RILERKN S0mL # <& F > A 25mL
pH 7 IM 2 NH4OAc & & 30 %42 - & & 30 4214 42 3,000 g T #E-3 3
SeEdEH EFER BAaA2SmLpH 7 1 M % NH4sOAc E % 10 4% »
Bl AR AE T a0 3t M EF iR - Aun 25 mL 50% B B G 15 b
BES3E AR EER o AmA 25 mL 95% B EE 30 pdEhEEo ik
MR L F & e w25 mL 0.5 M MgCl & % 30 48 # o Bl & EFR -
MA25mLOSMMgCL E#& 15 24> E& 15 sl E EFR -
WMER 2 EEREEE SO0mL > FUAYUK K R0ER NHGEE - 3088
AT RMEE -

(4) B Wy AIU AR B L F 3 F R AR IR 50 g R SL R R A 500 mL
HeAR P o oA 200 mL ALK 4 0 BAvA 10 mL 50 g/kg sk
IR > EAANRBEKER DY = 2 g 0 WA o KB HRE
AT LUEMPN > EEE 1L AHHFEETHS 20 R > BRbHH R
% EBAd RS > 20 AR NE E3 0 R LT RE) 0 40 BB sk LE
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7 FME RE 48 2 AL o4 77 vk PR 48 ROV /KUK IR IR B 18 4R 3t H ARG AR
FRB (Ps ) WEAN LRI L E - EMMRH 20 R #FE 28>
MANLE0skE 8 (Pe) hEAfELE o

(5) tafn oK E P AFER 50 g RILER » BRMWAMLAKILIFHZ4050 > &
Ak E > BREABLEAB 100g ALK REZEKE (%)

(6) EHAE: AR S0 g RILEIREN 100 mL HeAr ¥ > Aw A b A AR IRE
g ok RE > P ETEHE 1 /1N 8544 24 Whatman No. 1 JE 4536 23808 » T8 & LA
E R E o

(7) FAAE A7 FH48 LR IR AL L 105°CT B30 2 /N oF > B
BN f o8 B EW o AP E (Wo) MY 10 g Z KR
T (W) FEAL 10 g RIRZHEBEN D BIE T A 250°CTF Ank 2 /1
B B B 35 BA 375°CAhn 2k 16 /N B o 45 Uk Ao 4% f8 3 BN P 440 £ 49 200°C >
R BN P AP ETREMAE (W) AT EARL S

\=4

v -
FHESE (%) =[(W1-W2)/(W1-WO0)]x 100%

R) FEELB SR 45422 B ATRIZ LR Z KRS » BT AL
2 Mok W Bh B 16k (NIEA S301.60B) #-8& ICP-OES - #74& ~ 4% »
S8 BELRBRE c RERMKE Y XK AFREBRLIHR
5 24 N EFZAFRIRY 2 g A E PN A m N B o ALK
A EALF| IR EAFFE 0.5 g ALK > BRAFHALNEF © Fiw 9 mL
B EE R 3 mL R BB > R B R R R R BURAE R AL o TR
R KA e & 4.3 AT © HAER RAF KR BB AN EE A 50 mL
TEM R FREAKTRBIERNESE FTREBATER > KELE
£ 50 mL ° &38 %4 /8 X ICP-OES # 478 % - RIEATZA LR 0.45 pm
ERRE - AR ELBREFPATIAXGEELE 4 F

JERE 4K A E(mg/kg)=C (mg/L)x D x 50 (mL) /0.5 (g)
C: M ICP-OES B4 2 &4 B R &
D: B
42.4 HmFEFESEN B ARKEAHEERLE THEERME

A ERMBEREAMEEZ TIDA TN 3 BEEALT (5% 42.1
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R E)E B4 2 AL 547 O ik B4 B KUK IR IR IR T8 R 3t b= R A R R Y
B A228 )% Bk 4.1.1 8 & 4.1.2 & A7l o #7 % 7% (HPLC-ICP-MS A& ASV
%) BB R ZAB 4R 0 4848 R BL ICP-MS % ICP-OES #4754 ° A&
3t £ 4483 HPLC-ICP-MS £ ASV 75 MBI R B4t A7 R Bl 3 3 A H 2 BL
E o EFAMN - THREE FHEELIRSEIRD > LIy THFERECET X
F DAAR R KBS VA AR RE 4 BOR R A sk tEde (FLIEAK P 4eiR E it A ) 2 i
F M o

425 EBEER

A3 E R R 2 TI(D) 2 TI(I)EE 750k > SAAB &bk ~ HREK R MRS A A8
Mz AEREAEBAZRERL > & 10 BRLEFE > | BERAL 5
RARSEE D10 18 > R BRREIT 1 BEZARS W © BRI S5 HTE
BrERER AT BRFEZKLSHIE o B EBARGREM - B
Hon R EERELER - BBk RS REEHFLE 80~120 % > JE LBk
BRAHULEHRRE  BEBINHEERART R » HRIRIGE/THK B EH
AT -

EiE (%)= ((AREE) / (EBALCEFEE) x100%

43 FHAEsEMEZRTH - BRBFILRIEH (XX EPA #
BABLE)

43.1 SNHBAZIETHEBEE

B T AAB K FEFAET » HBFREAR T Bk Kt ELFATA
SUBK R #E4% 2 TI(I) = BeAr Sk (Ligand ) (Krasnodebska-Ostrega et al., 2011) »
THE (L0 RUBET - e ERAR ~ BEERAR - S AR BOAR - AMLBL R DTPA FEfuwi -
L EEABBEREXFAEMEI X ZREMSEMHT (Vandam et al., 1995) > F
BRMAB T THRELEZARBTENEZTIRAY -

51

R G FE BB IR AR AR KRR P TR AR R TIDZ B %> £
FoRAERE pHE ~ o THAMY - ARZBRERFERT ALY > 01
M BB R 8, BB A FE K2 pH > 745 608 AT ~ s ERAR ~ BEEAAR - 45
FEEAR ~ AL EE 3 DTPA F3REAE » UFAEH TINDRCEZHE -

4 100 puL % 100 mg/L Z TI(D) A& TI(I)EE AR % %] e £ 50 mL 4R
RIS AT 2 MK BHIRE B 200 ng/L 2488k £B4E 24 N4
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7 FME RE 48 2 AL o4 77 vk PR 48 ROV /KUK IR IR B 18 4R 3t H Ry ki
2L ICP-MS 3 ICP-OES #-#7 484¢ » 3 A HPLC-ICP-MS & ASV %R B ée4h
R A EBEBIRA TGMT X HEKE T e 45 2 M LB fE 4L
ZHRE > BFBORBEER T THRBE TII)Z 28 FRAKE -

4.4 &I

At E 2 SPSS 16.0 #A BT AT - KXER T4 547 (One-way
analysis of variance, one-way ANOVA) M EHNZEH £ZR » BEKER A p
<005° A BELZE > AINEZ&/BEE £ R % (Fisher's Least Significant
Difference Procedure, LSD) #47 %1% (Post Hoc) # & » R tL#BUR 32 48 B 4 4]
wmz 2R EREIFEATFHME £ 2% £ (Standard deviation, SD) 23 °

4.5 SR/ TEE

BB RR BRI E S RIFBRATAEZAZE R BEBLAEZ
mAREERITEBARTAEIR B » By HEBRA R £ ~ BIERILEZ
REEWRE  UHERBIFEENREHE - BEE - T8 - REAMFZR
ok B AR e & 4.4

4.6 TERTEE

k 45 AAREERAZRZINAEL - AT EZ i mAEA
HPLC-ICP-MS & ASV H#& R B8 4t (—1B4e R = 1842 ) 2ALS 5 M F ik >
3t LA EPA #FEK ¥ 4 R IESEAKAR (BRMERR LHEAK ~ TR K~ JRIRFLEAK ~
WFK) BEAE  LbBRRME BN REI BB AR Z e F B 4g 2 M > F3t
WA DM T R R A AR R P AR e L A E TR R & o sbdbh 0 K3
TR RRIEE R T (o pH B~ PR3 TR AMY ) HKP =184
Z A% R NE > P LNBE R R B 4E A A TR B KB BUR R T 248 MR T g

T84

S o

s
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7 FIAE RE 482 ALSE o4 7 % B3 RO KUK IR BB 18 -4 5t 15~ R M3t
15~ BRANH

5.1 #3 HPLC-ICP-MS xR &K F R F{E &4

5.1.1 BEORAER IR ZRE

A3t E 2L HPLC (Agilent 1260 Infinity Quaternary LC System, , Agilent
technologies, USA ) #-Bt& #-F X 42 £ 4 (Hamilton PRP-X100, 250 x 4.6 mm x
10 pm, Hamilton Company, Reno, NV, USA ) #47 TI(1)$2 TI(II1)##& = 58k > F]
Al DTPA-TI(I) A7 7 2 B AT 745 2 pH A e Z B 5 8 R BB e 44 -

() MR E AR ERZDE

o RIS R T AR - A3t E—MBERZBHHEFLETATA
SCEA (Nolan et al., 2004 ) 3EAviiel R > SABS & 4% sk (0.1 M > pH 6.2)
BAS AT B SRR AE S 1.5 mL o SRR A 25°C 0 #k
SHEST A A 100 pL > 4R P A Aw 5 mM DTPA BA4% % TI(ID) » & — kst
Z AT e B 15 ndE -

PR o SURKPT LR AR AR R AR EBUR Atk B E 0 A E B IEK
ARG A7 & RB T AR LG A ARET o TI(D# G 05 F] & A& 238 M
HHARB IR AL FYRFRM QLIRS 23~25 54 BEN 1S pENT
A TI(D A TI(D)Z 28 (B 5.1) #RR R TReMAk LK E REA M B &%
HOALLEBAGHLRAELHRHERZITE

(2) RS H S pH BH B ERZIBY

FERRAKBRETRINATZ R MAEABRKEZR  BEKRSHEX
M BHERE HPLC B4 m sk > &8 R w5 848 48 B 2 BE BL
s MR (0.1 M) £ 5mM DTPA ¥ > A BUKES B 3% NaOH (4= fakr ) A%
pHﬁi40&60<1%?%ﬁ LB ARIE R B IR KA B R A R 4R ¥ pH
8 2 DTPA 75 Rk b i & pHAE £ 2 2.0~3.0° #4 LA3¥ Aok &b F DTPA-TI(III)
P BB T RBET R EZH X 0 442 DTPA-TI(ID)#F &E o5 R - RERGE RI5 1 >
BES MRS pHEZE THE L BEA K GEEFGRFR > 854E 15 58K
7 TI(DA TI()Z %8 B BE TIDEH AR FRESHKERE(H
52)°

() RUBHMARHENERZIPE
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R E)E B4 2 AL 547 O ik B4 B KUK IR IR IR T8 R 3t 15~ BREH

K3t £ 5B 4% Krasnodebska-Ostrega et al. (2012)& £ 2% (2006 ) # %k X
RRIEAn A B R 5B 48 % B A5 H 5 mM DTPA X BS BL/BS B 4% 45 #8750% (0.1
M pH 6.2) > b 2 RMERIKZ FE (2%, v/v) > 3 je DTPA-TI(IID)#>#%
AT IR MAFGRN o SWERET > WESHMAAREHA KILE
Lg% TI(MD A G oEr > B4R AR F dedhnde o8 R > TID)# TI(IN)Z 7 4 o
Rl 3 B 4.5 4R 113 548 (B 53) b EH I ZREHFFRLE SmM
DTPA & BA 2:1 Z ELf]iR A ©

512 HRESEH

TI()# Z 4% 244 5 mM DTPA % EPA ##7/K (pH 7.4~7.8) :#4TE % » EPA
AR AR 6L 2w B 48 (NaHCOs, 96 mg/L) ~ #iBk4: (MgSO47H-0, 123
mg/L )~ #4bé7 (KCl, 4 mg/L ) A 5i#4 45 (CaSO4+2H,0, 60 mg/L ) & %4 TI(I)
12 S RATHFE 100 12 2 10 mg/L > HA2 B o 3R #FEZE 200 ~ 100 ~ 50 ~ 25
& 10 pg/L e TI(II)4% & & A] B4~ 5 mM DTPA % TI(II)E# #7247 (1,000 mg/L in
0.INHCl) #478 % » K7 #H8EH X farik TI) A x4 R - TI()REZ &%
KAAUB G M2 BRIy mEETEE > 7 o TIADHKR 4
B B G A AR o te ]2 TI(UD)E R & TI(T) > $e 28 H TI(I) & 47 B 3% F
TINRE R TIDAR BT @R Jork M ERETL T TIUDZE TR
B oo B 5.4 BB MR B AR EL A ER > TIQDE TI(D)Z 7 E B R o
B E 45 B 11.3 548 0 TIDA T4 & 4218 5 dh &2 R 7] 5 %13 0.9998
A 0.9999 -

51.3 FERAER

AT ASUEK (Nolan et al., 2004 ) 45 % > HPLC-ICP-MS 7 R R 18 fde 2 F 7%
BRI E 03 pg/L > At EFEREMEREE TIDE TIAI) @ 4 3] 2
HPLC-ICP-MS #4746 R » 18 B4R PR Z 445 S BB AR B BBARFR N5 Z IR AR
7 &8 R PR R E 45 5] (NIEA-PA107 ) > A HPLC /& #7 B 3% P 4% 32k b (S/N)
2.5~5.0 #4743 0 B 5.5 BEom A3t £ A7 3 2 HPLC-ICP-MS 7% » TI(I)$2
TI(ID) F & A8 B4R R TR E 0.3 pg/L °

52 I ASVEREAKPARFEE &4

A3t & B R AT A XUk (Krasnodebska-Ostrega et al., 2011) » s h #] A 4K 4%
3£4& (797 VA Computrace, Metrohm ) AT KIERECHFE m A # B BALRE
B TI(D AR Ktk sad TI)RE > BuABRE (FUfadk) BEEMEL
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BB R4 2 AL 547 ik B2 RN KRR R R 38 18 4 3 VANETE R
SCIRE  WmEZ ZEE A TI(N)RE © Bl 5.6(a)R] & AR R Z TI()Z ASV
B % > TID % @ % £ -047 V S48 S A F M & AT A X B
(Krasnodebska-Ostrega et al., 2011)48 F] © ASV & T T SLEAT 5479 > TR+
RFAR B AT RAEMZ Ay R E 8T RE » A RGBS
MR ERRERZ R B EEREREZIRE 0 B 5.6(b) AR E R
(Standard addition) M=% 0.1 mL % 10 mg/L 4843 & b2 B3 - & 5.1 A B3R
Hon Z BME » DW-TI(D#k st X RAME S Fa #1331 ™ DW-TI(IID) 4k s F TI(ID) 7R
BAEAR TABMEZ 10 %~20% > HBRFS>ZATI() EZ2H TI()HERE
£ (1.28 V) A Bl » #4E TI(D)AMBEAK & g ik B R & TIT) > B M TI(ID)
A 75 R RE 4B AT 2 bE R KM R o

53 #HA EPA #BAEBEEIEKBEA Y 58E HPLC-ICP-MS
B ASV jEZ B R M

Bk (1,000 mg/L) &4 # B 4e(1) (TINOs > TI(I)) ~ &4 B 42 (110)
(TI(NO3)3-3H0° TI(IIT) ) » BA & 44 0.IN HCI & 5 mM DTPA % DTPA-TI(III)
5 3 IR R D A UA EPA M EEK A ATHAE 10 /52 2 100 mg/L» BARF#
FZE 3HEE (30200400 ug/L) > 483t &4 TII) (30 ~ 200 ~ 400 pg/L)
TI(II) (30 ~ 200 ~ 400 pg/L) & DTPA-TI(III) (30 ~ 200 ~ 400 pg/L) % 9 184
B KAR

5.3.1 EPA #REAKBLERIFEAKMEE Y 5% HPLC-ICP-MS i@
)il 3

# 5.2 % B ¥ AT TI(D) ~ TI(IID) » DTPA-TI(IID) % 9 18448 K4 » %R ] BF
P25 (0 hr~ 24 hr) B4k > A HPLC-ICP-MS 2 #7 R FI1& f&4ednfe - £ > 4
RIB IR 4842 R E A ICP-OES 2 ICP-MS #ATRIE > FrRlAF 3 MR Rl éethfs
M’z 3 AEIRE (30 ~200 ~ 400 pg/L) % #17adAR & (Nominal concentration )
AR REBA2.0%~18 %2 o] o REMBE RIS HTER A RALT ¢

A

oY

(1) ##%fe4a4e (Total soluble T1) : 75 A% f8 4840 R L7 3 #& R Bl 4e4h A5k
PLIEERR AR BP0 A TI)Z & F 0 7 0 hr B2 7% 4% #& 48 44k 484%( Total
TI) Z 81 %~98 % * ## & 24 hrfk » RIREMAEIFAE R (B4R E X
92 %~94 % 5 F& TII)A R F > # 0 hr B2 75 4% A& 48.4u 4k 4842 2 83 %~98
% * #F & 24 hr 1% » TI(I)/E R T 75 AR S 4adefh 4848 2 78 %~T79 % » AKX
% # TINDRER A TIDZ A T E A AR L XL S EME >
i M RGBT 28 A% BB 4848 R JE 5 42 DTPA-TI(IIDZE& F » 7 0 hr 855 47 B&
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T EE e 48 2 AL 5547 Ty 7k B AR RO K BURIR IR L T8 R 5t VANETE R
Wseih st 2 81 %~93 % > #E 24 hr 1% > RARRE4E4EAE 48482 7T %~92
0 o

(2) —1&4& [TI(D]: & TI)&E®&R T > B AL KBI4F TI(I) > &R E TI(D) (30
200400 pg/L)F 24 /NBF P 34 4 545 7€ 0 4k 5 AR RE 4848 TR 100 % 42 TI(II0)
BP0 0 hr B TI(OAG B AR RE 48482 42 %~57 % > # & 24 hr 14 ° TI()
A 75 AR RE 4842 2 84% ~ 100 % » BT N TI(1)IR B B I B9F ) 3% 37 3 Ao
TI(I) & ik #3B R A TI(D) 5 £ DTPA-TI(IDZ & T > # 0 hr 8 TI()E46 7%
FRAEMBAEZ 3 %~13 % #E 24 hr # » R ¥ TIOME AR RELLEZ 13 %
~42 % °

(3) =1&4¢ [TI(ID)] : & TI(D)E& ¥ > TI(I)R B Af4h et #4& > 4 0 hr & 24
hr 346 75 R AR 4848 R FE 2 0 % 5 & TI(I)& & F > TI(D7 0 hr B4k 7 4% 58
4he2 43 %~58 % % & 24 hr %4 > TIIIEAE AR RE 48422 0 %~16 % >
B TI(ID)EE 85 ) 32 878 R A TI(D) » #0OB E R ¥ 5K 5 4£ DTPA-TI(II)A
AP o TIAIN# 0 hr 8546 75 A7 & 4842 2 87 %~97 %> # & 24 hr 44 ° TI(I1I)
A4k 75 AR RE 4B 42 2 58 % ~87 % > BB~ s /m DTPA f& 24 /NEF N AESA A 2L
i TI(IDE R & TI() ©

53.2 EPA #RBABEBEABATRE ASV XZEAM

& 5.3 B AT TI(T) ~ TI(II) ~ DTPA-TI(IIN) % 9 18442 KAk > 7R ) BF
Rl 25 (0 hr~24 hr) Bo Ak > BL ASV 7047 TI() R A A2 & 48 4R > 33+ & TI(IID)
B o ARFERE 531 BiE AR ZAKM 0 BARE X RAEFMEAG o R
BB eS8 T 6 R o B F ¢

(1) 7% R 4a4% (Total soluble T1) : /&A% fE 4840 R L7 3 #& R Rl dedh 8R4
SIRHNR R AR 4G LBAE IR E 2 74 %~109 %o £& TI(D)% &+ 22?5 48 TI(III)
B P 0 N0 hr BRI AR R 4R AR AL 4848 2 101 %~110 %> #E 24 hr 14 > &
AR RE R 4u A Ak 4848 2 99 %~ 101 % > ££ DTPA-TI(II)/ER T » /547 RE 48 4u
0 hr B5A6 48482 77 %~102 % > #% & 24 hr 1% > 75 R 48 4e itk 4848 2 77 %
~99 % °

(2) —1&4e [TI(D]: 4 TI()ER T > B &3 K R4F TIA) » &R E TIT) (30
200 ~ 400 pg/L) # 24 NNEF NI 4EIFAE R > 1E4AEEIRE Z 81 %~97 % ° f£
TIADZER& F > # 0 hr 8F TI()AS 75 4% fE 4848 2 45 %~60 % ## & 24 hr 1%
TII)AE 75 A RE 4848 2 71 %~82 % BR T & W TI(1)iR & B I B Fa) 3% 37 3 Ao >

21



T EE e 48 2 AL 5547 Ty 7k B AR RO K BURIR IR L T8 R 5t VANETE R
TI(I) & B2k #3B R % TI(D) 5 £ DTPA-TI(IIDZ& F » # 0 hr 8 TI(1)1£4E
TSR RE KB AE 2 34%~41 % FE 24 hr 150 R P TI S E s 4842 71 %
~82 % °

(3) =1&4e [TI(1ID)] : £ TIA)E%& F > TI(IDF 0 hr 546 75 42 A& 4842 2 40 %
~55 % > # & 24 hr % > T EAE B B E 48422 8 %~29 % ° &5~ TI(IID)
B Rl 3R B R A TI(D) ° 3B 3R FE 1K 5 4 DTPA-TI(IID & F » TI(III)
70 hr BRAL 7 AR RE 4848 2 59 % ~66 % ° %7 E 24 hr 14 > TI(I)A7 4k 75 44 A& 48
482 48 %~62 % BA A /m DTPA 4 24 /NB§ N RE$9 A 2B ok TI(I)E R 4
TI() °

53.3 tb#& HPLC-ICP-MS & ASV 49# F 7 EPA #EBKZ
BA M

5.3.1 & B 5.3.2 & o %% 3 44 7R Bl 4e4 4 (TI(D) ~ TI(ID) ~ DTPA-TI(III) )
ZikZ 3 AR E (30~ 200 ~ 400 pg/L) » # 0 & 24 hr 854 %] 84 HPLC-ICP-MS
B ASV iES MK T REME RE4E o $TH M RN R EE B &R RER
Fl4e e A L B A 4o F

(1) —1&4 [TI(D)]7A#%& * ASV 75 & HPLC-ICP-MS ¥ fesRIAR & 2 TI(I) * &
7 TI(D A% P 3 & B14F TI(T) - B b &8 & TIT) (30 ~ 200 ~ 400 ug/L) #
24 NEF I HERAE T 0 S RIME LA IR E Z 81 %~97 %K 85 %~94 % o W
FES T EARR] 3 AR EERE (30 ~ 200 ~ 400 pg/L) A8¥n4ase 2 3% £ 5
B2 2.6 %~193% (ASV) & 6.0 %~15.4 % (HPLC-ICP-MS) °

(2) =848 [TI(I)])ZE#& - 4 TIA)ZER T » L ASV & 447 TI(II)F 0 hr 854k
AR RE M8 AT 2 40 %~55 % ## & 24 hr % > TIIIME16 A E4ade 2 18 %
~29 % > M HPLC-ICP-MS 48] % R # o~ TI(IDF> 0 hr B4k 7542 fE 48482
43 %~58 % # & 24 hr 14> TI(I)FEAE 5 A R 48482 0 %~ 16 %° B35 ASV
& TIQ) R E AR B H X (AR — 1848 ) 3T E M > D
HPLC-ICP-MS * ASV % 5 % 3| & 38 B % T & B8R & - &M s TI(II)
R BB AT -

(3) DTPA #& € 2 ={&4¢ [DTPA-TI(II)]i&#& * £ DTPA-TI(IID)E%& ¥ > A ASV
R TIAD# 0 hr 8546 725 AR R 48422 59 %~66 % > %% & 24 hr 44 > TI(III)
A5 5 AR RE 488 2 48 % ~62 %> 1 HPLC-ICP-MS #:#] 4 £ 85~ TI(II)# 0 hr
BF AL VA AR RE 4848 2 87 %~97 %> ## & 24 hr 44 > TI(II)4& 5 A iR 4848 2 58 %
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7 BB Rede 2 AL A7 ik B AR RN KRR R BB I8 3R 3 VANETE R
~87 % ° Ak P AT % LA DTPA-TIAINH X A48 > ASV %R € 1&45 TI(II)
IR 0 BT A ASV k28 DTPA-TI(I) AR F 2 TI() R A AR R R4e i i &
HBXTHEMBEL W EERE -

5.4 HPLC-ICP-MS & ASV BB A28 A M e

HBTHRBATRREKBGAZIAEATHRRE EEXRA WK ELET
BRER O AT ESERE 3 RBIARAE | RIKRILEA (RBESEZEIR) > 4
% & JFCW (Jiufen Creek ) ~ BPCW ( Banping Creek ) ~ TCGW ( Tucheng
Groundwater ) ¥1 WSPW ( Waishuangsi Porewater ) #4738 FA M 3F4& o #4554 Bk 4%
(D) A B s (1) B4 757& (1,000 mg/L) 4% sA#8 47K & 0.1N HCI # % 10 1%
(100 mg/L) » 5 %1 A AT H KB BRI A 200 pg/L 27808 @ 3620 ASV i
B HPLC-ICP-MS & AR B g f& 48 2 R & S ALK » BATF A -

54.1 BB ERAETERGHE S

Bl 5.7 B 3 REBEFASRIRAREEAL B A B o #8425 JFCW (Jiufen Creek)
BT F & AT ERBR O A ERTERA (BRMERLBEK) BiRE
Z F# &3 > BPCW (Banping Creek ) RU%/8 ¥ #8300 /AT % Z ¥ J 5 IR
BRI LBKEN > EHREHAMETHEREARABLERE > HHN 542
BB BRAR R B do [B 5.8 AR 5 3 F KR4k B TCGW( Tucheng Groundwater )
AIREAMETLEREZRL  RERNHBAME  BHEEE% » AR
BR4wE 5.9 Arom ° & 5.4 AERFARBERFAIEZAREN » K 55 Ak
TR IRAREE B 38 30T KB A 2 K E BR B

% 5.6 ARBAMSKE RARAGF s ER L+ BPCW K pH 2 ¥4 >
JFCW B 8GR L JK B A% » pH 18 2388k (pH 2.50) > B it Afy
&NERE T A A4 A FAH % (Enargite, CusAsSs) > HES (Alunite,
KAIOH)s(SOs)2) * Eda & (Barite, BaSO4/PbSO4) ~ 5% (Pyrite, FeSz) ¥
Bl RBBLH AT GARBBHARTLBETFRTEEAGHIAL

(1,201 pSjem) - TCGW BB s 8% 8k » A K Zdtt (pH 9.10) > Ak P78
BB RA R ARG REZFEE (2443 pSlem) -

FKEFZRESH IS IJFCW B MAKRAKENE NG B E L I3E 8
HEMHEB > 5B NFALERMFRENAKT > BBEHAALLERE 2 ELBE M
FiER B FA X B MR L HEK 0 JFCW K F 4% ~ 8% ~ 48 ~ SR REFRE M Z 7 Kb
o HP o 4B B 886 mg/L (% 5.7)°JFCW A& BPCW E 4 4% Z 3 »
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7 BB Rede 2 AL A7 ik B AR RN KRR R BB I8 3R 3 VANETE R
0~ 48~ A EH BN TCGW > M JECW X E B g% LEE KT G 248 ~ se ik
T 5% & 73.9 & 35.5 mg/L o shoh o B aiEE AN R Z TCGW 48 ~ 474 &
T H A 2 IR KA 0 SR 5 155 me/L 0 ME5IR Al A RAKE -

542 JFEIRIFABERIER ~ FURAR RFHE S

JRR#RAREE WS (Waishuangsi) &A% L msh % (B 5.10) 0 BW%
KRR AN ELETEREREERE  BRNRELEREY > L%
TR R MR BE BRI R R AR g S AN R -
511 BRRFAKRIGRRA -

JRIRARNEE phrdwk ST iSRG EMEB Stk B& L pH
BEPH  AHRHSER 04% ACLBREMSA 178mV > £F FIREIS
PREpABIBR RS HIERTRME (A TR TFTMRME) 29 Héhotx 5 BES
B AMEI RN TFIRAE » LR AN BB E LB KA HBEAE 4 F2EHD
7 JECW & BPCW > 458 B B /7 JFCW #2 BPCW R(14.1 mg/L X % 5.9)

54.3 HPLC-ICP-MS & ASV J: A RIBAS Z MR &R
543.1 MR LBEAKETN ER

B 533 i RiF4e ASV ERGZ TI)EEZ B ER H SR ELBAEHR
THRRER |4 BB EREE 82 TIUDRE - Bk AREER A
i (S BMRRLBEK - JFCW) ¥ RET#II K (BPCW) ARKE - &
Au TI(IIT)#% A HPLC-ICP-MS & ASV 54T R 48 Z 5 #7 » A6 R fE
KBl ik E RN KR @AM (£5.10)

A ASV ik 447 JFCW R BPCW KAk F 7R Bl 444 2 & R B~ 0 TI(D % %)
16 75 AR RE 4B 4e 2 40.4 % (JECW KAK) ~ 55.4 % (BPCW 7K#k) » d TI(IID) A 23]
A5 5 AR RE 4842 2 59.9 % (JECW 7K 4%)~44.6 % (BPCW 7 4%); A HPLC-ICP-MS
S & R BRT  TI(D) - BIAb B R A& 48 de 2 47.1 % (JFCW 7K48) ~ 69.1 % (BPCW
kAk) 0 @ TI(D) R 2 %46 75 4% fE 4842 2 52.9 % (JFCW 7K4%) ~ 30.9 % (BPCW
KAk) (% 5.10)° #1 EPA #fERKZ oM &Rt (K 52~ % 53) B
HReNAeBERELBETFTEREET CREASVEZI o ER TRTI(D
BR%E T &S TIDAREE  — 5 BEBETEH 2 TIAN)EE >
BT AREBIEAET LR ASVERATIDSHA RS AT FHERUMBERL
SN EFERE o 2R > HPLC-ICP-MS &7 % #1 335K 4585 - TID) ¥ TIII)Z %
BerRl AT (B 5.12) 238 45 4Rk 11.0~11.3 24 » Ak Fi
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7 BB Rede 2 AL A7 ik B AR RN KRR R BB I8 3R 3 VANETE R
£ > B85~ HPLC-ICP-MS F s 82T > 22l a LT 2880 -

AR EE ASV 75 A HPLC-ICP-MS ¥R 5 B 3n Kk T IE R R 48 4e 2
aE o KW oM R EME B4 4 0 HPLC-ICP-MS A&7 ASV %
RHRE WA TIDA TIADZRE > BARXEIEARAE X HE 5432
B i — SR RSN F A H T AR ERILAAKZ ERA M -

5432 JRRILIEAKRITF K

A Eh i —F 3 ASV 75 & HPLC-ICP-MS J&E A 7% 5 #7 3o T K &R R FLIR

K REME B 4e 2 A M o b ASV ik A BRI AR S P TI(O) &5 A7 B 48 he iR

Rz TIA)RE » &R ERILEA (WSPW) RMTFA (TCGW) #54m TI(I)

(200 pg/L) ARG T F LB AL BT EREATEVE T EoMER

(k 5.11) © sbh > TI(IID) (200 pg/L) 4.3k 7 47 ho 2 b A8 K AR F AR LR

KEHTATERE BARARLTE €% HPLC-ICP-MS (s m#r 4 R (& 5.12
5.13) °

% 5.11 BAm 2L ASV 354 WSPW & TCGW & £ » TI(I)4k 75 4% FE 48 40 8
B2 100% > 3 & TI()RA A TIIDZFHH > #E8 5.3.2 & EPA MK 54 #
o B A ML 2R BT ASV AL REH AT JRIRALIE K B TF K & 4748 2 TI(I)
BBk B RSEIR A  T  5 RIKARTEA TIAIDES - RIBCE 5 2 214k F
HF#EmipEstEx TIADR A -

% 5.12 » %A TI(I) A A ERILE A (WSPW) B3 TF A (TCGW)
Z 57 & R - HPLC J& #7 B 34885+ TI(D)$# TI(IID) X # & B B $2 JFCW & BPCW
AL WA 45 o4 [TID)A 11.3 548 [TID] (B 5.13) > ¥ K FIE A 4e 2 i
Gurh A2 AR AT ZBE - I AT ERTE H TIAD)E R WSPW &
TCGW F BF & # 60%Z TI(IID):& & #& TI(I) (& 5.12)° 48 &7 EPA ##K(DW )
2 45%  TIAI)# AR P ATR A Z IR A BT R Y H R BREE ik
REEHALEAAEREM - EXEHRE BT ESZEAMMME > L35
AFH 5.5 Bp AT ERE AR o

55 FRE4HFEN EPA HEBAKZ R 2B E 1L
551 pHEZH%E

AR TID# R B pH 242 =4 0 A3t £ 4% TI(UD) (200 pg/L) Av pH
4~8 2 EPA #FEK T > 24 /[NEHZ UL E KRB EHFBER T oethFE IR - HFEK
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7 BB Rede 2 AL A7 ik B AR RN KRR R BB I8 3R 3 VANETE R
B pH #9% 8 > UAMEREE AL E pH 5 LUF » &18 24 /A0 A e 4538 4%
Z pH 18 He KRR E pH 5~7 X B Rl & X 2| M FEK & o B SR R BRAR 2
BN BE > 24 % pH HEEAR EAR L (£ 5.13)°

TI()# pH 6~8 X Rl Z Bl Ak EERK > 88 9.0 %~15 % 12
F£pHS5 B pH4 BA B HZ LG > 55 A 26 %A 19 % (& 5.13) > # TI(II)
AR pH HFATRART > HAXZRAEHEKRKALKT TINDE R & TI(DZEF
REHA O HMOREEFHREAELE O, A H ° & pH BAKE > KRR+ H
8% HO0 RMEFIREREET  EUREETFL TIH)ETERRE
2 AE TINDFM& pH EEIR F R AFE T -

pH &R T %% TIUDX A2 E W » TeB s TII) KB EHZAE4
pH 6 BAF A TIOH)* A £ > pH 6~8 2 TI(OH). A £ > Rl 844 TI(OH)* &
TI(OH); > £ F TI(OH); # pKsp & 45.2 ° AR EARAK > 12 K E B pH 6~8 Z#
BRI BB BIMER IR R B AR MRS AL R AR 2 B SEN T
B B THBKERA LI RS A TI(OH): WUBRR L - RSB R P HEZ
Cl B MBtE > CITHE €40 TI(OH)Z K A% » 3£ s [TICI(OH)]" 2 %8 64 44 &
o BT A% T TI(OH); el K > RN RKERAATZFHELEZ P H2 pH
8+ & & 4 A8 TI(OH); Z st KL (Lin and Nriagu, 1998) e

552 BETRAMREZIBE

AT A SUEK (Krasnodebska-Ostrega et al., 2011)4% H e 4% € TI(II)Z Befr &
(Ligand) &5 fBET ~ s BRAR ~ BEERAR ~ S AR BRAR - LB R DTPA ~#EE
ik AN EERAIERMARARENSEREREIHEEMRILIIZIRE
(Vandam et al., 1995) ° % F 4wk 5.14 A7 » J5AR R 4848 IL I AL 1% AT Z 48482
ERFAEDN T EEES A 10%A > TIAI) B LRI FmABET (10 & 20
mg/L) ~ BEEEAR (20 & 40 mg/L) ~ BAEEE (1 A 2mg/L) UEBAEHFER (1 &
2mg/L) ZMHBEKY FER DB R R EABEEZ R » @ TI(D) L) 42 B
g BEAR (D 34 B 68 mg/L) ZMFEK T 0 BlIARSL KA B Z MR T &AM
#£F > A DTPA (1 A 2 mg/L) RlAeH 248 & TI(II) » £ TI(ID) 4 # K
Y2 LB BEE SN R B R 2 FEK o DTPA A A 2452 TI() > £ &R
® 7 DTPA £ TI(IID) #4552 € B (log K = 46) H#*ER RIEH log Kr
(log Kr =42 ) (Paldyna et al., 2013) > # B m#9 & % TI()Z B R RIEE % > M
HEtb A OMAE R FHE IR ERRIEN logKr > Bt 5B A ERREZE
A ARZZFRAWAEBT TIUDZ G L HELSMBITEASNERR
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7 BB Rede 2 AL A7 ik B AR RN KRR R BB I8 3R 3 VANETE R
Jetg logKr=42 (% 5.15)°

56 WAR/ILTEE

A ENBATH R BB AR AR B 24 AR R E X Lt/ BAR >
EMEEL S ELEL 80~120% > M ELH R>0995 > i ELE N ERTB
SEEHEFE 20 %A o SR/ B B IR o E 516 A o

5.7 &mmEH

1. A3t & Ry AB RS o F % (ASV 75 & HPLC-ICP-MS 7% ) > it AR
WRIRIE AR REME R4 (—1848 ~ =1B4) -

ASV R AR R4S 3.5 mL A RIKAR 3.5 mL 2 N B 8% /BS B 4% 4 18k (pH

6.2) & 3mL5mM DTPA > 8RR 75 #) » JUAEBFRIARAR SHBR A% > T83% A 90

~150 # > £ AN 0.1 mL 10 mg/L 2 TI)RNAZE L > B & 15 FE BB Ee

ANRZRE L2 TRGHE » ERRR  TI)SEEZD B F-047V R -

HPLC-ICP-MS R 44 : #%48:4 %4 5mM DTPA & F & (2%, v/v) X B4

/BB 4R A% (0.1 Mo pH 6.2)° TI(DE TI(INZ #5314 % 4.5 o

S8R 11.3 448 kS A ik S KR 5 mM DTPA JE7R A 2:1 Z LefliR 4 -

2. e 3 FEARE4eHmAE (TIA) ~ TIAI) ~ DTPA-TI(IIT) ) # EPA #fEAZ &%
BT > A8 #7% HPLC-ICP-MS 7% > ASV 7% % % %| EPA # K ¥ &BX Y T
BEMEE TIDWEE > b ASV MBS X (R EHLLEIH—154E)
A TIADRE > B fm % TI()Z kA -

3. A ARREsemaE (TIO) > TII)) 7 4 & R EEE AL (BEMEs LBk ~ 7T
NGER ~ TR~ RIRFLIEAK) 894 R B~ > HPLC-ICP-MS ##7> ASV
o PREREHE S TIDA TIADZEE » B2 m X T2 BE 8 -

4. Azt RE 4 £ 78 HPLC-ICP-MS £ J& Al it #7383 K4 R BB i de 2
R AER ASV 7k 0 IR KRS TR BB & SEAR B AR R O Uk BRAT L
HPLC-ICP-MS A £ &% % -

5. K3HE 5 UAEPA # A BRI EMNIRIE T 5 4 BT TII)7M& pH E(pH
<5) RZ/m DTPA Z R AE9 8 A4S R AN KT o

6. A3t E A& 3L AN AT IR IEAKARZ TR BB RB 48 69 L2 AR B ik R AR TT
TERIE RN EKBERIKRES > £RBRA RSN KBEEBEIREZRA B ER4E
245 T R BT A8 B B 4 R BB AR N R AT EUE RIS R A& B R R P
162 5 F Rz
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& 3.1 SERNTRT XA A
Location Total Tl concentration Pollution source References
Surface water
Background 7 ng/L N/A (Tatsi and Turner, 2014)
Michigan, USA 3.0-19.2 ng/L N/A (Lin and Nriagu, 1999a)
Kaohsiung, Taiwan 4.7-24.0 ng/L N/A (Meeravali and Jiang, 2008)
Kaohsiung, Taiwan 19 ng/L N/A (E# %, 20006)
New Brunswick, Canada 0.05-23.61 ug/L Power plant (Cheam, 2001)
Guizhou, China 0.09-33 ng/L Mine (Xiao et al., 2003)
Gard, France 26-534 pg/L Mine (Casiot et al., 2011)
Udine, Italy 12-30 pg/L Mine (Petrini et al., 2016)
Tuscany, Italy 7.8-768 ng/L Mine (Campanella et al., 2017)
Gard, France 5.44-537 pg/L Mine (Casiot et al., 2011)
Sediment
Background <0.07 mg/kg None (Rodriguez-Mercado and Altamirano-Lozano, 2013)
Nord, France 0.4-227.1 mg/kg Smelter (Boughriet et al., 2007)
Lesser Poland, Poland 1.57-147 mg/kg Mine (Lis et al., 2003)
Guangdong, China 2.1-17.3 mg/kg Mine (Liu et al., 2016a)
Soil
Background 0.5 mg/kg N/A (Huang et al., 2016)
Guizhou, China 40-124 mg/kg Mine (Xiao et al., 2004)
Chungbuk, South Korea 1.2-12.9 mg/kg Cement plant (Lee et al., 2015)
Madrid, Spain 0.87-2.65 mg/kg Mine (Gomez-Gonzalez et al., 2015)
La Colorada and El 0.60-46.7 mg/kg Mine (Cruz-Hernandez et al., 2018)
Tecolote, Mexico
Nerva and Zaranda, Spain 3.39-136 mg/kg Mine (Cruz-Hernandez et al., 2018)
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k32 AFBLERNRSERE

Guideline Country Reference

Environment
Soil 1 mg/kg Canada (CCME, 2003)
Surface water 0.8 ng/L Canada (CCME, 1999)

Waste water 0.14 mg/L USA (Rosengrant and Craig, 1990)

TTLC 700 mg/kg California (DTSC, 2005)
WET 7 mg/L California (DTSC, 2005)

Human health
RfD 0.08 ng/kg-day USA (USEPA, 2009)
MCL 2.0 pg/L USA (USEPA, 2003)

TTLC: Total Threshold Limit Concentration.
WET: Waste Extraction Test.

RfD: Reference dose for oral exposure.
MCL: Maximum contaminant level.
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& 4.1 FHESE TIDZ ASV £ 5 8%

Parameter value
Cleaning potential 0.1V
Cleaning time 5.0s
Deposition potential -0.75V
Deposition time 30s
Equilibration time 10s
Start potential -0.75V
End potential 02V
Pulse amplitude 0.05V
Pulse time 0.05s
Voltage step 001V
Voltage step time 0.1s
Sweep rate 0.1 V/s
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HidpERE 2018#12% 2560 T = 05:58

7 BB Rede 2 AL A7 ik B AR RN KRR R BB I8 3R 3 VANETE R

TI1 solution

DTPA| [viC| [Digest

TI(I) | |Soluble TI|| Total TI

TI(IIT) = Soluble T1 - TI(I)
Solubility = Soluble T1/ Total Tl
TI(TIT) ratio = TI(IIT) / Soluble Tl

B 4.1 #A ASV ko ¥éemiErER
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% 4.2 EPA ##XK&% (1L)

16~ 8 R

Chemical Content (mg)
. B 8.4 (NaHCO3) 96.0
AEEE4E (MgSOs 7TH,0) 123.0
AAtsr (KCD 4.0
— K45 (CaSOs » 2H0) 60.0
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ZACEE 57 T ik B BOR AR IR RIS IE AR 3 1B~ R A

%43 PEFICBBRESLE

Steps Solutions Orders Raise (min) Hold (min)  Power (W)
- 9 mL HNO3 1 5 10 500
+ 3 mL HCI 2 5 30 800
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R FR A58 2 AES A7 77 ik B B KRR TR IR 413 15~ SR
k44 KA EHSBRBRBE SR BAE
o T EHBES e 5 5 o
ALK R ik ERE NI AT E I AT E
GRER) (%) | CERE) (%) | (R#HE) (%)
HPLC-ICP-MS 0~20 80~120 80~120
e ICP-OES 0~20 80~120 80~120
AVS 0~20 80~120 80~120
b ~ A5~ 4R~ 4R >
& éj %r; * ICP-OES 0~20 80~120 80~120
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Se2 AL 5

% 4.5

( (rrr

7 BB &

*ﬁ‘ﬁ/%%g}&&ﬁ/\7ki&/§./@}& 'f :};‘;:ﬁ 1B ~ f‘é%éﬁ%%‘ﬁ‘fm‘

FHEARBRERRTAZIAARE (HEH)

%A

T4EIA B

I {2 |3 (4 (5|6 |7 (89 |10 |11 [I2 #

&
HPLC-ICP-MS
B AVS 545 7
*

s
HPLC-ICP-MS
M ASV BN
BAR 2 i A
i3

HPCL-ICP-MS
R ASV xR
JEIRFLBR K &
KRB sz
AT R
T334

E ARl 4edh
K IRIE I
zﬁ*i&%

IAEREAAEI |10% | 20% [30% [40% [45% [50% |60% |70% [80% [90% [100%
Bt (R#% *
#)
1. %A HPLC-ICP-MS & AVS »#f ik 2 3% 31 B %% (EPA
WEEK)
b ok
2. Ex¥ HPLC-ICP-MS #2 ASV /e ERIEA S @AM (3BiE
KAk)
ﬁ/’i’ﬁﬁ% 1. *Ff& HPCL-ICP-MS A ASV &40 JE RFLIE K P R E) 1B A
seZ T AT ME

gk |2 WA ARERZAGEEATRE @ 0 A EREER
M ERBERNEZBRAMATATR (RFHAE Tk
e
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7 BME REse 2 ALE: 547 7 A B RO KRR R I T8 R =t 12~ &R AT

Full Time Range EIC(205) : 17.0
(a) TI(D)
xi05| RT: 1.[‘88 min

|
‘ |
|
\

Count
N

4.0 8.0 12.0

RT{min)

Full Time Range EIC(205) : 18.D

(b) T1(D)

«o5| RT: 1.88 min
)

|

DTPA-TIII)
‘ RT: 24.5 min
| (k8 — e 2 )

Count

7_1—_—

T T T
4.0 8.0 12.0

RT(min)

B 5.1 HPLC # %48 A B ek 487 5% (0.1 M pH 6.2) Z B # B3 (4
200 pg/L TI(IID)Z BPCW) © () —RESH ~ (b)F —REH - £
# Nolan et al. (2004)Z HPLC # &4 Mokt B HHimAR 1.5

mL min!
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12~ &R AT

Full Time Range EIC(205) : 2.D

() TI(D)
«04| RT: 1.88 min
o _
4.0 8.0 12.0
RT(min)
Full Time Range EIC(205) : 3.D
b) DTPA-TI(IIT)
x10°5 | RT: 28.9 min
(REF—R
1 EHZRG) |
CE N (O
RT: 1.88 min
4.0 8.0 12.0
RT(min)

B 5.2 HPLC ##%48%%% 5mM DTPA E&ss#a% (0.1 M pH
6.2) Z R B (4 200 ng/L TIAI)ZAZ EEZ) ° (a) % —RE

&

* ()%

-
—

&Y BEAAHRE ¢ 1.5 mL min?!
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Full Time Range EIC(205): 10PPB.D

TI(I)
(@) RT: 4.50 min DTPA-TI(III)
x10 4] RT: 11.3 min
— 1-
0
40 8.0 12.0
RT(min)
Full Time Range EIC(205) : 200PPB.D TI(N) DTPA-TI(IIT)
(b) 5 RT: 4.50 min RT: 11.3 min
x10 3 |
0
4.0 8.0 12.0
RT(min)

B 5.3 HPLC ##48 % 5mM DTPA & 2% MeOH (v/v) B8 4545 7%
% (0.1 M pH6.2) ZEBHEH - (a) & 10 pg/L TIAI)Z EPA
FAEK ~ (b) 4 200 pg/L TI(IIDZ EPA ##27K - 4% Nolan et al.
(2004)Z HPLC # & m etk > $8H48A:R © 1.5 mL min’!
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7 BME REse 2 ALE: 547 7 A B RO KRR R I T8 R =t 12~ &R AT

(a) Full Time Range EIC(205) : 200PPB.D TI(I) . DTPA_TI(III)
RT: 4.50 min RT: 11.3 min

x10°

Count

4.0 8.0 12.0

RT(min)

(b) TI(D)

14000000

y =65670x + 42515
12000000 - R2 =0.9998

10000000 -
8000000
6000000 -

Intensity

4000000 A

2000000 { ¢

0

0 5I0 160 15:0 2(IJ 0 250
TI(l) concentration (pg/L)

TI(IIN)
9000000

SRO0H00 5 y=59219% + 29791
7000000 - R =09999

6000000
B 5000000 '
S 4000000 Lo
< 3000000 1 o

2000000 - =

1000000 { &

0 & : :
0 50 100 150
TI(lll) concentration (ug/L)

B 5.4 #/A HPLC-ICP-MS 5 # AR BREERERZ BB LRKRESR -
(a) ¥ & A4 200 pg/L Z TIAIDAR#E & ~ (b) TI(DA TIAIDAR E 4%
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7 BME REse 2 ALE: 547 7 A B RO KRR R I T8 R =t VAN R

Full Time Range EIC(205):24.D TI(I)
(@) RT: 4.50 min
x103
(&)
04 -
40 8.0 12.0
RT(min)
Full Time Range EIC(205):25.D TI(I)
(b) RT: 4.50 min
x102
DTPA-TI(IIT)
E 51 RT: 11.3 min
) AN
0 Y a '." - aly e vl '-_-4. Ty
40 8.0 12.0
RT(min)
B 5.5

L33 HPLC-ICP-MS F kA RIEMRBEE (0.3 pg/L) o#zf
B - (a) TI) ~ (b) TIAII)
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7 BME REse 2 ALE: 547 7 A B RO KRR R I T8 R =t 12~ &R AT

(a) tk

20.0n)

€0.0n}

z
40.0n
20.0n) u
e T1(200 ug L)
070 Crfﬁ -C‘fo 40 ‘ -",‘C 020
U
(b) BRARE o
| T .
8000 2nd gtandard addition

(100 pg /10 mL)

60.0n |

] 4\ 18t standard addition
s00n) (100 pug /10 mL)
20.0!‘\:

l < TI1 (200 pg L)

———————————————

1(A)

B 5.6 48X ASV o#rB3-(a) kst A2 200 pg/L TI()Z EPA # K ~
(b) MRZES R > BRF R HE R 100 pg/10 mL TI(T)
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T MG BE4E 2 ACE: A7 O ik B AR RO AKIBJR IR IR T8 AR ot 12~ SR AT

(a)

n
m
"
N
) ‘Eaeun
H
®e
5 &
= <
" \ ]
3
.C. c. P
o-mmunwo

(b)

) 200m @ Frmaane
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7 BME REse 2 ALE: 547 7 A B RO KRR R I T8 R =t 12~ &R AT

© . =

N
L n;q
3 n*-' e g
n 2
TCGW )
A
‘1‘0
o3
» :.;. l.:.
# b W n
5 i £ Y . i
B Y
»
o)
AR
3
o) som g en .

% th

3£ : 1. JFCW: Jiufen Creek
2. BPCW: Banping Creek
3. TCGW: Tucheng Groundwater
BORHROR CATER KA F 0 33T F AR F w0 http:/gic.wra.gov.tw/gic/HomePage/Index.aspx ©

B 5.7 BHEAKEZEBEFER (a) JFCW > (b) BPCW
(¢) TCGW
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tigpER o 2018# 120 25p T = 05:58

7 BB 422 A0S 547 ok B RO K BUR R IR LB 4R 15~ BRI

3
2

FAy & T s (JECW) FAy & T s (JECW)

* BT (BPCW) * BTt (BPCW)

#ikBH 1 107F4A38 -
3£ ¢ JFCW: Jiufen Creek * BPCW: Banping Creek °

B 5.8 ZEEAKFHZRERHE (JFCW » BPCW)
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7 BB Rede 2 AL A7 ik B AR RN KRR R BB I8 3R 3 VANETE R

W KA (TCGW) W KA (TCGW)

HAEBH107F8 A 108 °
3£ ! TCGW: Tucheng Groundwater °

B 5.9 EHAKKZKERAE (TCGW)
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L mpERF 2018120 25p T = 05:58

7 FME BE 88 X AL 41 77 5 B BV KR IR IR IR IR

el 15~ SR
- 1
x
" i. ”
“‘ '_“v-l.
*®
5' ASESARR
N sE%
. ‘ 1
o “
" SHREENS 2
HNEEE
=
';p .
WSPW =
5]
xS A
[§]
nEnEf ; f;
S T
-
@ o
0 100m g-"”““

3£ ¢ WSPW: Waishuangsi Porewater °

B AROR D ATEUR KA F 0 33 FAUA RS T 0 hitp://gic.wra.gov.tw/gic/HomePage/Index.aspx °

B 5.10 ERFKFEBIETER

46



FdpER 0 2018& 127 25p T = 05:58

1~ BRI

3
2

KK X m-h % (WSPW ) R Lm-sh % (WSPW)

R Lm-sh % (WSPW)

#ABHE 1077 A 178 -

B 5.11 ERFKERA
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7 BME REse 2 ALE: 547 7 A B RO KRR R I T8 R =t

16~ 8 R

Full Time Range EIC(205): 200PPB-I.D TI(I)
(a) RT: 4.50 min
x105
= 51
3
0
40 8.0 12.0
RT(min)
?{;l )Time Range EIC(205) - 200PPB.D TI DTPA-TI (H_I)
0 RT: 4.50 min RT: 11.3 min
0
4.0 8.0 12.0
RT(min)
Full Time Range EIC(205):13.D TI(I)
©) RT: 4.50 min
x105 DTPA-TIII)
. 2 RT: 11.0 min
0
40 8.0 12.0
RT(min)
Full Time Range EIC(205):15.D TI(I)
(d) RT: 4.50 min
x103
. “ DTPA-TI(IIT)
S 14 RT: 11.0 min
. VAN
4.0 8.0 12.0
RT(min)
B 5.12

HPLC-ICP-MS # AlA% & st R 8 H N B KK Z B # B e (a)

TIA% & & (200 pg/L) ~ (b) TIAIARE & (200 pg/L) ~ (¢) Fiw
200 pg/L TIAIDH JFCW ¥ ~(d) 4w 200 pg/L TIAI)# BPCW F
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Full Time Range EIC(205): 200PPB-I.D TI(I)
(2) RT: 4.50 min
x105
= 51
3
0
40 8.0 12.0
RT(min)
Full Time Range EIC(205) - 200PPB.D
TI(I)
(b) ) ) DTPA-TI(III)
os) RT: 4.50 min RT: 11.3 min
0
4.0 8.0 12.0
RT(min)
Full Time Range EIC(205):19.D TI(I)
(c) RT: 4.50 min
x105
5] DTPA-TI(II)
3 RT: 11.3 min
14
: AN
4.0 8.0 12.0
RT(min)
Full Time Range EIC(205):21.D TI(I)
(d) RT: 4.50 min
x10 37
= 21 DTPA-TI(II)
8 . RT: 11.3 min
. AN
4.0 8.0 12.0
RT(min)
B 5.13

HPLC-ICP-MS # AlA% & st R 8 H N B KK Z B # B - (a)
TIAAE & & (200 pg/L) ~ (b) TIAINAE & & (200 pg/L) ~ (c) Fta 200
ng/L TIAIDH TCGW F ~ (d) FAe 200 pg/L TIAID)F WSPW ¥+
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% 5.1 LA ASV :RIF AR éeh R E

Total soluble TI? TI(T) TI(II)*
Water sample ng/L
DW-TI(I) 182.6 £6.2 186.7 + 4.6 ND
DW-TI(III) 208.1 £4.9 170.5 + 7.8 37.5+10.7

TI(I) and TI(IIT) (200 pg/L) were spiked into EPA dilution water (DW).

Data was shown as mean + SD (n = 3), ND: Not detectable.

2 6 g/L ascorbic acid was immediately added after sampling and measured by ASV.
b5 mM DTPA was immediately added after sampling and measured by ASV.

¢ TI(III) = Total soluble T1 — TI(I).
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15~ RS

A HPLC-ICP-MS % # EPA # XK} KRR seiiE &

Nominal Measured concentrations (pg/L)
Sample type  concentrations Total TI° Total soluble TI¢ TI(T) (%) TI(ITL) (%)°
(ng/L)
0™ hr
30 342%09 29812 29.8 = 1.2 (100%) ND (0%)
(1) TI() 200 227.0 + 0.0 213.3+3.9 213.3 + 3.9 (100%) ND (0%)
400 435.0 + 2.6 3682+ 7.1 368.2 + 7.1 (100%) ND (0%)
30 313+ 1.4 25.9+0.4 14.8£0.1 (57%) 1.1+ 0.5 (43%)
(2) TI(IIL) 200 210.0 + 3.6 194.8 £5.2 87.4 + 3.7 (45%) 107.4 + 2.8 (55%)
400 408.3 £ 0.6 401.7 +12.3 169.4 + 2.1 (42%) 232.3 + 13.8 (58%)
30 355+5.3 288 0.1 2.20% 0.5 (7%) 26.7 = 0.4 (93%)
(3) DTPA-TI(III) 200 2173 +42 202.0 £11.9 6.50 + 1.4 (3%) 195.4 + 10.6 (97%)
i 400 434.0 + 4.4 398.9 + 12.4 53.0 + 0.8 (13%) 345.9 + 11.8 (87%)
24" hr
30 342%09 315+18 31.5 % 1.8 (100%) ND (0%)
(1) TI() 200 227.0 + 0.0 213.0+ 0.9 213.0 + 0.9 (100%) ND (0%)
400 435.0 + 2.6 407.8 +2.2 407.8 + 2.2 (100%) ND (0%)
30 313+ 1.4 244+1.0 24.4 % 1.0 (100%) ND (0%)
(2) TI(IIL) 200 210.0 + 3.6 164.2 2.3 150.3 £ 2.5 (92%) 13.9 +£2.1 (8%)
400 408.3 £ 0.6 322.0 + 6.6 269.4 + 4.4 (84%) 52.7 4 2.4 (16%)
30 355+5.3 274521 1.6+ 1.7 (42%) 15.8 £ 1.4 (58%)
(3) DTPA-TI(III) 200 2173 +42 2003 +2.5 26.5 +3.9 (13%) 173.8 + 4.5 (87%)
400 434.0 + 4.4 394.7+3.1 103.2 + 3.4 (26%) 291.5 + 3.3 (74%)

Data was shown as mean + SD (n = 3), ND: Not detectable, N/A: Not available.
& Nominal concentrations of 3 types of Tl-containing solutions (30, 200 and 400 pg/L), DTPA-TI(III) contained 600 png/L DTPA.

b Samples were measured by ICP-OES (200, 400 pg/L) or ICP-MS (30 pg/L) after acid (65% HNOs3) digestion at 85C.
¢ 5 mM DTPA was immediately added after sampling and measured by HPLC-ICP-MS, Total soluble T1 = TI(I) + TI(III).

4 TI(I)% = [TI(I) / Total solublé T1] x 100 %.
e TI(I11)% = [TI(IIT) / Total soluble T1] x 100 %.
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1B~ &R

%53 LAASV k5¥ EPA #EAK T RRsehiEiRE
Nominal Measured concentrations (pg/L)
Sample type Concfigtjit)lons Total TI° Total soluble TI¢ TI(T) (%) TI(II) (%)°
0™ hr
30 342+0.9 N/A 282+ 1.4 (82%) N/A
TI(D) 200 227.0 + 0.0 N/A 214.2 + 13.1 (94%) N/A
400 435.0 £ 2.6 N/A 413.9 + 20.0 (95%) N/A
30 313+14 343 £3.0 15.1 % 0.2 (45%) 19.0 + 3.0 (55%)
TI(IID) 200 210.0 + 3.6 211.7+6.7 127.5 + 9.1 (60%) 84.1 + 6.8 (40%)
400 408.3 + 0.6 420.2 + 14.8 241.5 + 11.3 (58%) 178.7 + 19.6 (42%)
30 355+53 262 +1.3 9.10 £ 0.5 (35%) 17.2 1.5 (65%)
DTPA-TI(IIT) 200 217.3+42 207.6 + 11.0 71.2 + 1.5 (34%) 136.4 + 12.5 (66%)
i 400 434.0 + 4.4 444.6 £ 14.2 180.6 + 3.9 (41%) 264.1 + 13.0 (59%)
24% hr
30 342+0.9 N/A 27.6 = 3.3 (81%) N/A
TI(D) 200 227.0 + 0.0 N/A 221.0 + 7.1 (97%) N/A
400 435.0 £ 2.6 N/A 423.2 + 15.9 (97%) N/A
30 313+14 31.1£45 21.6 22 (71%) 9.6 + 5.6 (29%)
TI(IID) 200 210.0 + 3.6 208.1 + 4.9 170.5 + 7.8 (82%) 37.5+10.7 (18%)
400 408.3 + 0.6 410.6 + 20.5 321.8 + 7.7 (79%) 88.8 +25.9 (21%)
30 355+53 275+0.6 14.4 + 1.4 (52%) 13.1 % 1.9 (48%)
DTPA-TI(IIT) 200 217.3+42 212.3+22 81.0 + 3.6 (38%) 131.4 + 0.9 (62%)
400 434.0 + 4.4 428.8 + 9.4 204.0 + 6.2 (48%) 224.8 + 14.5 (52%)

Data was shown as mean + SD (n = 3), N/A: Not available.

% Nominal concentrations of 3 types of Tl-containing solutions (30, 200 and 400 pg/L), DTPA-TI(III) contained 600 png/L DTPA.

b Sample were measured by ICP-OES (200, 400 pg/L) or ICP-MS (30 pg/L) after acid (65% HNOs3) digestion at 85°C.
¢ 6 g/L ascorbic acid was immediately added after sampling and measured by ASV for total soluble concentration.

45 mM DTPA was immediately added after sampling and measured by ASV for TI(I) concentration, TI(1)% = [TI(I) / (Total soluble TI or total
T1] x 100 %.

¢ TI(III) = Total soluble T1 — TI(I), TI(I11)% = [TI(III) / Total soluble T1] x 100 %.
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15~ &R

A% (TWD97, m)

FRAREE Nyl FRAR IR R
X Y
JECW b7 utriE 337085 2779591
BPCW #ibW FFEN A 338673 2779619
TCGW b o B 8,40 % 291650 2761258
WXPW ZIbH KT X RSN 305267 2776381
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o DO ORP EC
PRACE pH
mg/L mV uS/cm
JFCW 2.50 £ 0.03 7.97 +0.12 488 +14.2 1,201 +39.7
BPCW 6.59 +0.08 8.09 +£0.23 204 +4.58 214.8 +9.04
TCGW 9.10 + 0.02 7.20 +£0.09 170 £ 4.51 2,443 £11.5

3x : Data was shown as mean + SD (n = 3).
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L Cd Cr Cu Ni Pb Zn
PRI ES

mg/L
JFCW 0.010  +0.000 0.031  +0.000 8.856  +0.177 0.159  +0.005 0.031  +0.000 0.890 +0.014
BPCW ND ND ND ND ND 0.103  +0.001
TCGW ND ND 0.050  +0.000 0.018 +0.001 0.031  +0.002 0.028  +0.000
o Fe Al Mn Ga In T1
PRI ES

mg/L
JFCW 7391 +1.234 3547  +0.708 1.857  +0.035 0.032  +0.002 0.114  +0.005 0.069  +0.008
BPCW 1.191  +0.010 1.000  +0.008 0.336  +0.002 ND ND 0.077  +0.011
TCGW 0.076  +0.006 0.023  +0.010 ND ND ND ND
- Na K Ca
PRI ES

mg/L

JFCW 10.25  +0.177 1.353  +0.025 33.29  +0.343
BPCW 9.462  £0.068 1.449  +0.021 8711 +0.123
TCGW 155.3  +0.323 7.040  +0.042 2.479  +0.029

3£ ¢ 1. Data was shown as mean + SD (n = 3).
2. ND: Not detectable.
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Analysis item Unit WS
Texture (sand / silt / clay) 98 /2 /0 (sand)
pH value 7.1 £ 0.0
Eh (mV) 178 * 10.1
EC (cmole/kg) 03 %+ 0.0
OC (%) 0.4 %+ 0.0
CEC (cmolc/kg-sed.) 44 + 03
Water content (mL/100g-sed.) 36

3£ © Data was shown as mean = SD (n=3) o
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- Cd Cr Cu Ni Pb 7Zn
" mg/L (mg/kg)
WS 1.51 % 0.03 1146 T 1.54 26.90 * 0.80 11.03 £ 0.30 9.57 T 0.81 76.69 T 7.66
WSPW ND ND ND ND ND 0.067 * 0.001
P RF le
JE e B 4 AR 0.65 76.2 50.0 24.0 48.0 140
T FRAE
JE R E 6 4%
) 2.49 233 157 80.0 161 384
ERAAE
o Fe Al Mn Ga In T1
FRAK B
mg/L (mg/kg)
WS N/A N/A N/A N/A N/A N/A
WSPW 0.051 £ 0.002 0.045 £ 0.003 0.013 % 0.000 ND ND ND
e Na K Ca
FRAK B
mg/L
WS N/A N/A N/A
WSPW 12.82 % 0.004 2912 % 0.081 14.13 £ 0.002

3£ ¢ 1. Data was shown as mean + SD (n = 3).
2. ND: Not detectable.
3. N/A: Not available.
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Water Measured by ASV (ng/L) Measured by HPLC-ICP-MS (ng/L)
sample o 1Tl Totalsoluble TP TI(D) (%) TI) (%) Total TI? Total soluble TI¢ TI(T) (%)" TI(IIT) (%)2
86.2 £2.3 129+ 7.1 106 + 1.4 118 +3.8
+ + 9, + 3. 2.
JFCW 201 + 14.9 215+9.3 (40.1%) (59.9%) 217 +3.78 224273 7.1%) (52.9%)
118 £4.5 953+ 11 143+ 0.7 65.0 = 1.0
+ + 15. + 5. 0t 2.
BPCW 198+15.6  214+155 (55.4%) 44.6%) 215 + 5.46 208.0 +2.5 (69.1%) (30.9%)

Two natural water samples collected from JFCW (Jiufen Creek) and BPCW (Banping Creek).

TI(IT) (200 pg/L) was spiked into JFCW and BPCW. Data was shown as mean + SD (n = 3).

& Samples were measured by ICP-OES after acid (65% HNO3) digestion at 85°C.

b 6 g/L ascorbic acid was immediately added after sampling and measured by ASV for total soluble concentration.

¢ 5 mM DTPA was immediately added after sampling and measured by ASV for TI(I) concentration, T1(I)% = [TI(I) / Total soluble T1] x 100 %.
d- T1(II) = Total soluble TI — TI(I), TI(1I1)% = [TI(III) / Total soluble T1] x 100 %.

¢ 5 mM DTPA was immediately added after sampling and measured by HPLC-ICP-MS, Total soluble T1 = TI(I) + TI(III).

£ T1(1)% = [TI(I) / Total soluble T1] x 100 %.

& TI(IT)% = [TI(II) / Total soluble T1] x 100 %
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Water a b 0/\C 0/\d
sample Total TI Total soluble TI TI(D) (%) TI(II) (%)
DW N/A 183 +6.2 187 4.6 (100%) ND
WSPW 218+0.3 196 £ 2.1 198 + 0.4 (100%) ND (0.00%)
TCGW 214 £ 0.1 196 +4.0 204 £ 3.6 (100%) ND (0.00%)

Two natural water samples collected from WSPW (Waishuangsi Pore-water) and TCGW
(Tucheng Groundwater).

TI(I) (200 pg/L) was spiked into WSPW and TCGW. Data was shown as mean + SD (n = 3).
N/A: Not available, ND: Not detectable.
 ng/L, Samples were measured by ICP-OES after acid (65% HNO3) digestion at 85°C.

b ug/L, 6 g/L Ascorbic acid was immediately added after sampling and measured by ASV for
total soluble concentration.

¢ ng/L, 5 mM DTPA was immediately added after sampling and measured by ASV for TI(I)
concentration, T1(I)% = [TI(I) / Total soluble T1] x 100 %.

4 ng/L, TI(IIT) = Total soluble T1 — TI(I), TI(II1)% = [TI(I1I) / Total soluble T1] x 100 %.
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% 5.12 #|A HPLC-ICP-MS % #7 & RFLIRKRIT K P st

Water a b 0/\C o/\d
sample Total TI Total soluble TI TI(D) (%) TI(II) (%)
DW 210+ 3.6 194.8+5.2 87.4+ 3.7 (44.9%) 107.4+ 2.8 (55.1%)
WSPW  219+£25 196 £ 2.1 114 £ 0.5 (58.2%) 81.8 +£3.8 (41.8%)
TCGW  220+10 195+3.4 117 £ 1.2 (59.8%) 78.5 = 1.0 (40.2%)

Two natural water samples collected from WSPW (Waishuangsi Pore-water) and TCGW
(Tucheng Groundwater).

TI(I) (200 pg/L) was spiked into WSPW and TCGW. Data was shown as mean + SD (n = 3).
& ng/L, Samples were measured by ICP-OES after acid (65% HNOs3) digestion at 85C.

® ug/L, 5 mM DTPA was immediately added after sampling and measured by HPLC-ICP-MS,
Total soluble T1 = TI(I) + TI(IIT).

¢ ng/L, TI(1)% = [T1(I) / Total soluble T1] x 100 %.
4 ng/L, TI(1IT)% = [TI(III) / Total soluble T1] x 100 %
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% 513 TIAIDA AR FE pH 2 EPA #BK ¢ 8- Hsemia R E #1t

Nominal pH Initial pH Final pH Total TI? Total soluble TI TI(I) (%)° TI(II) (%)¢
pH4 3.64 £0.01 3.62 £0.02 208.0£2.6 180.4 £2.0 128.5+ 4.2 (71%) 51.8£ 5.6 (29%)
pHS5 492 +0.01 494 +0.03 206.7 £5.0 197.8 £ 1.6 147.2+ 4.9 (74%) 50.5£ 6.1 (26%)
pH6 5.92 +£0.03 6.61 £0.08 198.7+£2.3 183.9+2.7 162.7+ 3.0 (88%) 21.2+ 1.6 (12%)
pH7 6.79 £ 0.05 7.29 £0.06 192.0 £2.5 197.3£2.5 179.0 £2.6 (91%) 18.3 £4.3 (9%)
pHS 7.75 £0.10 8.04 £0.04 205.0£6.2 198.8 £ 1.6 169.8+ 2.9 (85%) 29.0 £ 4.4 (15%)

TI(IIT) (200 pg/L) was spiked into EPA diluted water at different pH value. Data was shown as mean + SD (n = 3).
& ng/L, Samples were measured by ICP-OES after acid (65% HNOs3) digestion at 85C.
b ug/L, 6 g/L ascorbic acid was immediately added after sampling and measured by ASV for total soluble concentration.
¢ ng/L, 5 mM DTPA was immediately added after sampling and measured by ASV for TI(I) concentration, T1(I)% = [TI(I) / Total soluble T1] x 100 %.
4 ng/L, TI(IIT) = Total soluble T1 — TI(I), TI(II1)% = [TI(I1I) / Total soluble T1] x 100 %.
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Treatment

Total TI? Total soluble TIP TI(1)(%)© TI(II)(%) ¢
Substrate Concentration (mg/L) o ot SOTube I (D)
Dilution water (DW) - 197.3+ 4.1 176.5+ 1.3 156.9+ 1.4 (89%) 19.7+ 2.6 (11%)
DW - CI +10 187.7+ 2.4 *191.7+ 2.4 175.2+ 2.5 (91%) 16.5 £ 3.6 (9%)
+20 191.7+3.5 *194.2+ 3.2 173.5+ 1.6 (89%) 20.6% 3.9 (11%)
+ % 0 0
DW + Acetate 20 194.3+ 0.9 185.0+ 2.4 162.3+ 1.1 (88%) 22.7+ 3.4 (12%)
+40 205.3+ 2.6 *204.2+ 1.9 181.7+ 0.7 (89%) 22.5+ 2.1 (11%)
-34 *211.0+ 9.0 *191.0+ 4.5 167.5+ 2.5 (88%) 23.5+ 3.0 (12%)
DW + COs*
-68 188.3+ 2.0 *186.0+ 1.6 159.4+ 1.0 (86%) 26.6% 0.6 (14%)
, +1 194+ 5.1 192.2+ 8.3 161.3+ 9.7 (84%) 30.9+ 1.6 (16%)
DW + Citrate
+2 205.7+ 3.2 *186.1+ 3.8 168.4+ 8.1 (91%) 17.7+ 11.7 (9%)
DW + Humic acid +1 191+ 2.1 165.2+ 8.0 157.5+ 6.2 (95%) 7.70 + 3.8 (5%)
(HA) +2 188.3+£ 3.8 184.2+ 1.8 159.5+ 2.6 (87%) 24.7+ 3.5 (13%)
% % 0/ %k 0/ %k
DW + DTPA +1 181.3+ 2.7 203.6+ 2.4 81.3+ 1.3 (40%) 122.3+ 1.7 (60%)
+2 195.7+ 4.3 ¥220.2+ 2.9 91.1+ 1.6 (41%)* 129.2+ 4.4 (59%)*

TI(II) (200 pg/L) was spiked into EPA diluted water with different substrates. Data was shown as mean + SD (n = 3).

“*> indicates significant difference from control at p < 0.05, ANOVA followed by LSD test.

& ng/L, Samples were measured by ICP-OES after acid (65% HNOs3) digestion at 85C.

b ug/L, 6 g/L ascorbic acid was immediately added after sampling and measured by ASV for total soluble concentration.

¢ ng/L, 5 mM DTPA was immediately added after sampling and measured by ASV for TI(I) concentration, T1(I)% = [TI(I) / Total soluble T1] x 100 %.
4 ng/L, TI(IT) = Total soluble T1 — TI(I), TI(II1)% = [TI(I1I) / Total soluble T1] x 100 %.
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Ligands Log K References
Chloride 17.0 (Krasnodebska-Ostrega et al., 2011)
Carbonate 15.8 (Nriagu, 1998)
Acetate 15.4 (Krasnodebska-Ostrega et al., 2011)
Citrate 12.0 (Nriagu, 1998)
DTPA 46 (Krasnodebska-Ostrega et al., 2011)
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DT ik S TLE TR ZRERE (%) BEHBEESSHEKRE (%)  FHERBABAER (ug/l) HE 4% R?
TI(I) 3.2 N/A N/A N/A
ASV Total soluble T1 2.7 N/A N/A N/A
TI(I) 5.0 96.6 0.3 0.9998
HPLC-ICP-MS TI(IID) 4.4 97.8 0.3 0.9999
Tl 9.1 107 0.1 0.9999
cd 1.1 108 0.5 0.9998
Cr 1.2 104 2.0 0.9999
Cu 1.7 112 0.9 0.9997
Ni 4.2 108 3.0 0.9999
Pb 11.5 112 10 0.9998
Zn 3.8 107 0.6 0.9998
ICP-OES Ga 16.1 112 10 0.9998
In 14.5 109 20 0.9999
Fe 10.6 109 0.7 0.9998
Al 12.2 119 2.0 0.9997
Mn 0.9 107 0.2 0.9999
Na 3.7 114 3.0 0.9994
K 3.1 108 20 0.9990
Ca 0.8 113 0.1 0.9974

3%  N/A: Not available.
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