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Thallium (Tl) 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. Tl is also a priority pollutant suggested by the U.S. EPA because 

it has high toxicity to mammals. Tl 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 Tl) 

and their hazardous impact on human health and aquatic ecosystems remain unclear. Tl 

exists in the environment as monovalent (Thallous, Tl(I)) or trivalent (Thallic, Tl(III)) state, 

and Tl(I) is the dominant species in the aqueous environments. Recent studies indicate that 

Tl(III) 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 Tl(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 Tl speceis; therefore, HPLC-ICP-MS is a beter and more sensitive 

analytical approach for Tl speciation than ASV. Additionally, we showed that Tl(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 useful 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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另ɪųÞHʔIȐ	ȣ�ɢ®2ƶ�ʔͅȏʖȩ六Ƞɼɝ:͕|	·�

û|ɹȩ¥手^*�	（今͜ˎ{介Ȫ§*̆Ψ:�Ɨƌ͐�ȩ六ĉ）Ƈɭ�

̌ťųÞ�Æșͻ�European Cooperation in Science and Technology, COST	
ĒʫʔͅųÞ2ƶ�Technology-critical elements, TCEs	̀ Ôς�Ga	�π�Ge	�
ο�In	�ξ�Te	�μ�Nb	�ν�Ta	�列�Tl	�之？2ƶ�Platinum group 
elements	:�日ɢ�2ƶ �Rare-earth elements	ɣ(Cobelo-Garcia et al., 2015)�
COST õɅ]ůΒĭƧ�Action TD1407: Network on Technology-Critical 
Elements, NOTICE		Ɏƿ;}TŬ�ǜ,Î�ÆXǰǃ TCE*͜ˎǢč:Ǔ
ǩƌ͐Ν用	NOTICEVž�Ĵ`Ô�1	Œ� TCE*͜ˎ͘əGĭ��2	TCE
*͜ˎǢčǰǃ:ˠȌ	X:�3	TCE今�石Ǔǩ:͜ˎƌ͐ɮÂ� 

®ÌĠ（YʔͅųÞ2ƶ	列�Thallium, Tl	ȠˬĒ今ƖöǖĲĂ®Ǐ
Ţę*ľ亦2ƶ	（Ţę�Ġ。�΂:˂��°	Ÿǜ͜Ņ子ǥ列�ũ͓�

�ˠ*ŢƗ²ŞĲ�Priority pollutant	(He et al., 2015)��ňŲ：Ř]	列大
}�ũŨǖɸ�Oα͜ˎVžȬƟ`＜ǶΚ:ÊΚ�͂́ʠΚX:OĪ反Ȫ

ɣ不ɡ (Peter and Viraraghavan, 2005)	Ľ¥þ列Ƞ̂İ͕|Ġ΀͘͝份��
加åơ�b功α:Ǐ也ɵ功αȏʖɣǏųÞȏʖ (Cobelo-Garcia et al., 2015)	
ś列�œfƿ大}ůΒȬƟ�¡÷ʖğŦOǷğ	ɸ�Oα	ȵŕê去ĠĖ

Ī)�}ĠĖĪũȣ�²ŞĲ`＜Ƈľ亦*ȵțĉα	Ų：Ř]列Ă{ĲȚ

去ę(Lapointe et al., 2009)��°	OαĚĖĪ)列fƿȫ不ƎĲ目Ț去·ȏ{
{Ĳğ�Ơ͕	�αΡ�列*̆Ψƌ͐�·ɅǏ	ɸ·今�αǓǩȏ{水�

�Ɨ� 
列�͜ˎ)Vž˽介`＜�˽列�Thallous, Tl(I)	:�˽列�Thallic, 

Tl(III)		（)	Tl(I)Ƞˬũŝ��ǀOα͜ˎ)*Vž˽介 (Casiot et al., 2011)�
Ľ¥þŲ：ɝȍ�8加:ʐ{ĲÆ|fǥ Tl(I)ƪ8§ Tl(III)	õÙ§ Tl(III)
͍�Ĳ·£�Ġ͜ˎOα (Karlsson et al., 2006b; Li et al., 2005; Twining et al., 
2003)��Oα͜ˎ)	Tl(III)�上˧（Yȱ瓜 ¡ɔ瓜 :分尤ƨ瓜 ɣÙ§
͍�Ĳ(Nriagu, 1998)	Ěŝ˧®半ρ�̲ EDTA : DTPA Ù§由Ē͍�Ĳ 
(Krasnodebska-Ostrega et al., 2011)�°j	£�ĠĖĪ)* Tl(I)�上Ƞ͌ƪ8
Ĳ�Birnessite	ƪ8§ Tl(III)	õÙ§3Ǜ͍�Ĳ�Inner-sphere complex	Ġ
͌ƪ8ĲļƊ(Peacock and Moon, 2012) �ɛ·�ň列今ĠO{{ĲŢę�Ɨ
半Ć它川�6®ƈ(Tatsi et al., 2015)	¡�（Y不ɖľ亦	列*Ţę�上ĉ˽
介:͜ˎǞ̢*方Ω	�ǀˬũ Tl(III)*Ţę孔ǏĠ Tl(I) (Ralph and Twiss, 
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2002) (Lan and Lin, 2005)��°	(�˽介列�Oα͜ˎ�?（ŝĖĪ	*Ŧ
o�由Ēę�˽介ή8:{ĲŢęɣΝ用Ŗ˹ɸ�æŲ：� 

打ɛ列�Ă®ǏŢę·ȠŸǜ͜Ņ子�ũ͓�ˠĆŢƗ²ŞĲ (He et al., 
2015)	ɛ·�ň�TŬǋ今列�͜ˎ�文ǽĲ�ƎĲ:二|OɣGƊ*ˠĆ
木ʜõ(×ɦ�Ľ¥�TŬ��Oǝ͜ˎ)˛ə）Oαĉ列²Ş*ǭĮȩ六手

^	�ň今Ġ列�Oα)8加ή8ěĶ®ƈ	（)�X Tl(III)O8加ʶǄȵũ
ƺW�°j	Ėɐ{ĲVž大}=˸�ɽ˸	OǱΜ）ĖĪ²ŞĲ	ś¹ĖĪ

月ŋ)6瓜]=˸OX6Ĩ（²ŞĲ卡őfɹ8ĖĪ²ŞĲ*{Ĳ®Ơę�ɛ

·	�ňΒĠ列ĠOαĖĪ*²ŞĳĮ:（{Ĳ®ƠęěĶ®ƈ	śȍ0ēΓ

XɂɆ列�͜ˎ�`＜Oα:ĖĪ͜ˎ	*Ǣč	�ɚĭ®Ơ�ɸ½ůΒ½Ś

ˠĆÆũ˧ƌ͐ɮÂ��°	¡ÁɮÂ͜ˎOα)(�˽介列*²ŞȍĮ�Ǣ

č�ĖĪ列²Ş*{Ĳ®Ơę˧水��Ɨɡőɣũ�ňǜ3jƇžĴ͜ˎ²Ş

˛ə˧ôįΝ用� 

�ňǜ3ǋ今列Ġ͜ˎOαŦo̠ŠůΒFΙʶơ�6®ƈ	（�Ų：

6Ĩ¹)"�加■Ľ*¹þO�ļ支O:ƬO*左列卡őũ 15�24 ng/L 
(Meeravali and Jiang, 2008)�h�FΙǶʁǏʀ二|O:毛ȅɘɘOõɸ½6
Ĩ	əǫOα左列卡ő6Ìũ 71: 119 ng/L	（)毛ȅɘO Tl(III)卡őŷũ
23 ng/L (Sżĺ, 2006)�ɛ·	列ĠĖĪ)²ŞȍĮ�ň�˦先ŉ/ɚ�Áů
ΒŲ：�ù包ÜǜȏʖŌ介þŰ	列fƿ;}P�ɝ˅�OĪ反Ȫʖ:b功

αůΒȏʖɣŨǖ·ɸ�Oα͜ˎ	大ķƩĚOαʇ͇ŕʗfƿ˨去ĠĖĪ

Ěɸ���O支	ɸ·Ȫ§ŗ�ę͜ˎ²ŞΝ用�ˣ��／	�ňǜ3ǋ今

列Ġ͜ˎŦo:²Ş�Ɨ̠Š*ůΒŲ：/ů口®ƈ	Uētĉ）�Á½Ś

ˠĆȢ牙	¶ɹ�ňŚĕůΒȸ¿ēt5Ò�ÁΒĠ͜ˎ月ŋ)(�列Ĳ˞

*8加͘ə木ʜGĭ	ǜ3°引ǝ*Ų：ƿɹ:§ĥ͋內*ƕ�*�fƿ˧

ƺWůΒǏƠƿ6ĨGĭĚ͘əÞȟ®Β��°	Œ�ǋ今(�˽介列*͜

ˎ͘əGĭĂǏőƇžę:ŖƆę	'ǫXɸ�æ它川列Ġ˦先Oα˧ĖĪ

͜ˎ*²ŞȍĮ�Ŧo�Ǣč˧�ƗęɣΝ用� 
�ňFΙ)%®ɝļ日˞ǋ今(�列Ĳ˞*6ĨGĭ	`＜ǏƠƿȂů

支Ĩɤ�三͕̚�˅比̢白戈�High performance liquid chromatography 
inductively coupled plasma mass spectrometry, HPLC-ICP-MS	�一ʗĨ]�¤ĭ
�Anodic stripping voltammetry, ASV	�̼ƽ�Ɉĭĭɣǧ|8加6ĨGĭ(Lin 
and Nriagu, 1999a) (Chu et al., 2012; Karlsson et al., 2006a; 
Krasnodebska-Ostrega et al., 2011; Nolan et al., 2004)�ɛ·	ǜ3j�ňf|Ġ
͘ə͜ˎ月ŋ)(�˽介列ĴǏƠƿ8加6ĨGĭ/®Ŕãï:ɼɝ�ȗ̻
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ǜ3jFΙ�伏*ɤĥ	Í| HPLC-ICP-MS Ě ASV ĭ͕f®Ơ�ĒęĒɹ
͜ˎO月ĚĖĪɧĈȂ)(�˽介*列Ôɹ��°	sſɜŒ�õȵú8

HPLC-ICP-MS ˧ ASV ĭ	ɮÂ°ā˞Gĭ�ǜ3͜ˎǞ̢�ĒęĒɹ(�
˽介列*βǹő˧以|ę	õĻæǰǃ列ĠOǝ͜ˎ)fƿ*Ǣč� 
sſɜŒ�*Gĭ˧Ų：§ĥǥɅü加ȟŬ:ŚĕůΒȸ¿ǋ今(�˽

介列�ɸ½ŕΣ½ŚˠĆȢ牙�̆Ψƌ͐ɮÂ��αǓǩ:͜ˎ�Ɨƌ͐ɮ

Â*Ǚ¶ù包�;}sſɜŲ：§ĥ�f˧TŬůΒ引ǝŲ：Ǳƃ	õćÎ

TŬƸŲ：ȸ¿¡̌ťųÞ�Æșͻ�COST	ĠʔͅųÞ2ƶ͜ˎ²ŞΝ用
�®ěǅΙ�
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ɱ�Ų：�Ĵ�

sſɜ�͕TŬ:ǜ3˹、	¬�Œ�(�列Ĳ˞*8加6ĨGĭ	õ

ǥÍ|ǜ3͜ˎOα月ŋɸ½Gĭ份Ώ	XŒ�以|Ġ˦先Oǝ͜ˎ�`＜

Oα:ĖĪ	)*ǏƠƿ列²Ş͘əÞȟ�°j	sŲ：ǥɸ�æŲĨ(�

˽介列Ġ͜ˎOα�`ÔĖĪ=˸O	*由ĒęX:͜ˎǞ̢Ơ͕ɣΝ用	

õĻæǰǃ（�͜ˎ)fƿ*Ǣč� 

sſɜ*Ăα�木¡�� 

(1) Œ�(�˽介列��˽列:�˽列	*8加6ĨGĭ	`＜ HPLC-ICP-MS
: ASV ā˞8加Gĭ	õLʺ°ā˞Gĭ*βǹő�由Ēę:ƠȊ�°
ȭ6ǥX EPA ɢΞOũǞ̢止四¹ɛOα§6	，˞˽介列º>`＜ 3
Ɠ卡ő	左列ŉX ICP-OESĚ ICP-MS6Ĩ� 

(2) ɮÂ�／ā˞8加6ĨGĭ͕|Ġ͘ə˦先͜ˎ月ŋ*以|ę�sſɜǥ
可͊ 2˞¹ɛO月ũ͜ˎǞ̢	`＜ 1ȞĖĪ=˸O˧ 1Ȟī#O	XL
ʺ(�˽介列Ġ(�͜ˎO月*�ªȊ˧由Ēę	ćÎŕΣ木ʜGĭŒ��

(�˽介列XHPLC-ICP-MSĚASVĭ6Ĩ	左列ŉX ICP-OESĚ ICP-MS
6Ĩ	ɸ�æɮÂā˞8加6ĨGĭ͘əĖĪ=˸O)(�˽介列*f½

ę	õǰǃ͜ˎ月ŋ)水�Ǟ̢&Ͳ� � 

(3) ǰǃ(�列Ĳ˞�Oα:ĖĪ͜ˎ)*由Ēę:fƿ*Ǣč�sſɜǥĻ
æX EPAɢΞOũǞ̢	Ȣˊǰǃ(�͜ˎǞ̢Ǿ��¡ pHƑ�ȱ瓜 
˧®半̢ɣǊ¿Ǟ	今O) Tl(III)*由ĒƠ͕:Ǣč� 
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Ǚ�FΙǰǃ 

3.1  列ĴǞsę̢�ůΒΚĲ˧|Ȭ 

列�Thallium, Tl	¿Ġ2ƶɶɎļ 13�3A	ǻȔ4ČɎ	（ǞsĲȌ8
加ę̢¡ļ2.1ě��列ĴVž˽介®�˽列�Thallous, Tl(I)	:�˽列�Thallic, 
Tl(III)	ā˞	Tl(I)ȣ�ĲȌ8加ę̢石Äˁ�¡āĸ瓜 ŭǨ�˽v˅�e
Oƿɹ�Dehydration energy	:瓜 bƟůĽ�Tl+�77.6 kcal/mol�1.40 Å�
K+�76.4 kcal/mol�1.33 Å	 (Zhou and MacKinnon, 2004)�ȁƪ8�Ĳ亦ĠǪ
δ�尼尤εf久X:(上Ù§Ǫ͍�Ĳɣ	ś Tl(I)ȠˬũŝˁĴ石ÄĲ
�Analogue	 (Zhou and MacKinnon, 2004)�Tl(III)ŉ¡�（Y�˽一瓜 	ȁ
ƪ8�Ĳ久川őÇ�Ksp = -45.2		õƿÆũb功α)˅ ǱªĸĴñ» 
(Johnsen et al., 2011)� 

列��ɒ)ĴÔɹ(�	pÖÔɹŷ 0.5 mg/kg (Peter and Viraraghavan, 
2005)�ʺũǧðĴ列ΚĲ`Ôŵ伍Κ�Lorandite, TlAsS2	�ȒƳ列˂Κ

� Hutchinsonite, (TlCuAg)2�PbS�As2S3 	: 冰列 ˴Κ 屯� Crookesite, 
(CuTlAg)2Se	ɣ	ÅȦøΚĲŭ�6ɢ>	列�b�(ŝX°石ΚĲÙ¦£
�Ġ�ɒ)�列�C¸ɊǣƯ6石)�Goldschmidt classification	�ƤĂ®右
Ĕ�ę�Lithophile	:右屯ę�Chalcophile		�°�Ƥƿ�P§Ĕ�Igneous 
rock	:ȒΚ�Sulfide	)ɝȍ列ĴͿ干�Tl(I)ĴĲȌ8加ę̢石Äˁ	�°
列��ȋ8加？ȗ�Geochemical system	)�XĈZˁĴG¦£�ĠÔˁ*
ΚĲ	¡�Ŀ��Feldspar	:ʂw�Mica	ɣ�·�火Ȃ？ȗ�Hydrothermal 
system	)列上�Ç也火Ȃľ亦§ΚÆ|�Epithermal metallogenesis	)˧Ô
Ȓ*ΚĲɤ�	¡�人伍Κ�Pyrite, FeS2	�ǌ̨Κ�Sphalerite, ZnS	:G˂
Κ�Galena, PbS	ɣ	口ȦøΚĲȠƌ8ŕ上ûǫ列ͱɉºê去Ĕ�伍͌ƪ8
Ĳ:®半 �̢¡�ʠΚ		ûǫ列��˞ΚĲ)ŭƿɝȍ（Ϳ干	)ǜ�ĬΤ�

¾ưR:ʣ�ȭ6�ǘ®�Ȣ止ĴÇ也火Ȃľ亦§ΚÆ|	ûǫȦø�ǘĂ

®ʺǏ*列ŹɌ卡ő (Lis et al., 2003; Liu et al., 2016b)� 

列:（ε石Ĵ͕|Ȯ(�	¥ȏɹŷũ 1-15 出	ĽɁ¥¥ȏɹ由Ēˤŗ
� 10出mg(USGS, 2015)�不eȵVž*|ȬŝǥȒ尤列�Thallium sulfate	
ÆũȀ五̲ �Rodenticide	û|	ɚ»ɚĊ�ƠĥúU今ě®˞石Ĵµ五ŭ
®Ơ	�口Ƥŝ̂İȠû|*Ȁ五̲	Å}ĠŢę不Ǐ�̹͊ęÇX:天Ǝ÷

�͒ʇ	ûǫȒ尤列� 1972 ¥Ƞ土| (Gratz, 1973)�Ľ¥þ列Vž|Ġ΀͝
͘份��加åơ:Ǐ也ɵ功αɣ引ǝ (Cobelo-Garcia et al., 2015)�（)	�΀
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͘͝əVž|ĠBΫǳɃ	͘əŇĳǖƾ �Coronary arteries	ŝÐ®□ʋ*
ǭÙ�列Ĵb功α˞石ȑ�	`Ô TlGaS2�TlBr�Tl2S: TlGaSe2ɣ	（Ư»

ũ今�ĬšĴ�ǹőǏ	��Ĭšŭfȏ{�˅Ŧ	Vž|Ġŵj̘� X-ray
: γ-rayǔə̵ (Johnsen et al., 2011; Owens et al., 2001)�ǎ�|Ġb功αȏʖ
j	列�Ƥ�ǧÆũ�加åơ*ƕơ	¡ Tl3AsS3fÆũ˄ƙĴŃ̘ę�加ɋ

α�Nonlinear optical crystal		TI3PSe4ŉfÆũ�市山ʩ (Optoacoustic device) 
Ĵ�ͼƙ (Light diffraction) ɋα	TlBr-TlI�KRS-5	ŝǧ|Ġŵj̘ǁɗ�
;ƙ�Attenuated total reflection	Ĵ士皿 (Feichtner and Roland, 1972; Pinnow et 
al., 1978)�列f|ĠǏ也ɵ功α�High temperature superconductor)	)	¡
Tl-2212�Tl2Ba2CaCu2O8	: Tl-2223�Tl2Ba2Ca2Cu3O10	ɣ (Malik and Malik, 
2011)	Å�ň%ɼɝ*Ǐ也ɵ功α平Ŭ也ő�Crtical temperature	/孔ÇĠ͜
ˎ也ő	ɚĭȠ̂İû|� 

3.2  ͜ˎ)列²Şþʚ:Ŧo卡ő 

列�ȋ¥ȏɹ入ŷ 10出	ÅÂſŷ® 2,000�5,000出大�ũŨǖɸ�O
α͜ˎ	（)ǶΚ:ÊΚ�͂́ʠΚX:反ȪOĪũȵVž*þʚ (Peter and 
Viraraghavan, 2005)�列ġ˧ÔȒ*ΚĲɤ�	Ƕʁ:ÊʡÔ列*ľ亦ȒΚ�¡�
伍�ľ�屯�˂ �̨ ɣ	�Ƥ上Ξğ列ɸ�͜ˎ) (Peter and Viraraghavan, 2005)	
Ȫ§Κǘ:Êʡ̃■ĽĂ®Ǐ卡ő*列Ŧo (Boughriet et al., 2007; Lis et al., 
2003)�°j	ÏûΚǘ文ǽ(�û|	/上®Ǐ卡ő*列ǬΚǘ)Ξ]	Ȫ
§示Ƈ*列²Ş (Casiot et al., 2011)� 

ʠΚ)列Ôɹŷũ 0.05�10 mg/kg	列�Ǐ也͂́Ƥġɇɝ	�°͂́ʠ
ΚƤƘġû列ɷɉº�Ʃ)	P�ɝ˅̃Ƿğ*ʟƩ�Fuel gas	列卡őȵǏ
fʾ 700 µg/m3	列ɇɝĲ�Ƥ�上■ɪ�卡͢Ġ³母ͮȖ�	P�ɝ˅̃Ĵ

ƍ³�Fly ash	列卡őŷ� 29-76 mg/kg	ŷũ͂́ňʠΚ* 2�10Ɛ	U卡
ő另ƍ³ͮȖ�!·少ɗ	ûǫ(ġȠªʁ*!ͮȖÀ另ɪǏ卡ő*列·ɸ

�͜ˎ口) (Lopez-Anton et al., 2015)� 

OĪVž§6ũ�³:ͯ�ɣ	ũ手^_ƿ:|Ȭ	反Ȫ不ɡ)上Ȅ^

（Y§6þãήOĪę̢	·ȭ6Ȅ^ĲĴƕơ¡人伍ΚżÔ®Ǐ卡ő列	

ŉfƿ�反ÆOĪĴ不ɡ)	■ɪĠƍ³Ξğ列Ġ͜ˎ口) (Brockhaus et al., 
1981)� 

ǎ�／�˞Vž*列²Şþʚj	Ľ¥þɝȍ�ĬΤ Wielkopolska Ĵ)
ʔT �Miocene	®半̢ê去支ěȆŧ]Ĵ��O)Ô®Ǐ卡ő*列	ȵǏ
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ʾ 26 µg/L	O)ΗƭĎα�Suspended solid	列ÔɹŉǏʾ 58 mg/kg	ί�
°˞þ¹®半̢ê去支*��O�fƿŝ列²ŞĴƇžþʚ*� 
(Wojtkowiak et al., 2016)� 

�ň列ůΒȏŋ反Ȫ�û|:文ǽõŃ列Vž²Şþʚ	Å Kangɣ�ɝ
ȍ文ǽ̫˅±fƿ上Ξ]列ɸ�͜ˎ)	ə已̫˅±月ŋ)列左ɹũ 77.3�
481 mg/kg�ˠĆ木ʜ 700 mg/kg		XWET�Waste extraction test	ěɧĈ*
列卡őũ 1.00�7.86 mg/L	（)āƓ月ŋǏĠˠĆ木ʜ 7 mg/L	õ�ƌ͐ɮ
Â�列Ƞˬũŝ文ǽ̫˅±Ȫ§�αǓǩƌ͐ĴVžƕ�*� (Kang et al., 
2013)	ί�列/fƿ上Ǭ�ũ反Ȫ*ȏŋɸ�͜ˎ)	tþ̫˅±û|Ěŝ
X列ũƕơĴȏŋ¡Ǐ也ɵ功αɣĴû|ɹŗΣ手^	列ɸ�͜ˎȪ§²Ş

*ƌ͐ʉq上另*手^� 

�ǀ·ò	列Ġ͜ˎŦoĳĮ˧口��̢wĔÔ®Ǐ卡ő列Ă®Β布ę	

^�ǶΚ:ÊΚɣ�ũŨǖ手^	û列¹wĔΞğºOα:�Ζ	¡)ǜ外

J̃�ĬΤʎ˚Ɲ.�Olkusz	:¾ưRyʾÍɊ�Guadalix	ɣ�ǘ 
(Gomez-Gonzalez et al., 2015; Wierzbicka et al., 2004; Xiao et al., 2012)	入®>
日�ǘũ͂́ʠΚĚOĪ反Ȫ不ɡɣ$ʖ½ũȪ§*列²Ş(Cheam, 2001; 
Lee et al., 2015)�ļ 3.1	�打ɛ Tl(I)Ƞˬũŝ͜ˎ)Vž˽介	Å�ȭ6FΙ
̠Š�®͘ə Tl(III)*£�	Ÿǜǣ¾ƨɘ�Lake Michigan	)ūº® 68%
Ĵf久ę列亦Ġ Tl(III) (Lin and Nriagu, 1999b)	hj	�ʫ�Í©Ɋcl
�Tuscany	¹þO)�ɍəǫ 36.19 µg/LĴ左列卡ő	（) Tl(III)卡őũ 21.87 
µg/Ld左列Ĵ 74%  (Campanella et al., 2017)	�·(fĘɭ Tl(III)Ĵ͜ˎ:
Ǔǩƌ͐� 

�ň˦先͜ˎ)列͜ˎŦo̠ŠǞ̘ʶơ�6®ƈ	)"�加■Ľ*¹þ

O�ļ支O:ƬO	əǫ*左列卡ő1Ġ 15�24 ng/L (Meeravali and Jiang, 2008)�
h�FΙǶʁǏʀ二|O�毛ȅɘɘOX:OĪ̃ƢΞƅ̼小ɸ½6Ĩ	əǫ

Oα左列卡ő6Ìũ 71: 119 ng/L	（)毛ȅɘO)® 23 ng/LĴ Tl(III)	�
月份Ώ͜ˎOα)Ă® Tl(III)*Ŧo	̼小)ŉ® 164.2 ng/gĴ左列卡ő (S
żĺ, 2006)	�／əƑ打ŭ˧͜ˎŹɌƑůĽ	Ǯ}ĠƺW�Ɗę̠Šʶơ	
ɚĭ̓Ē˦先ŝÐ®ĉ列²Ş*水�ƌ͐� 

3.3  列Ġ͜ˎ)*Ǣč:O8加民1 

列�Oα)VžX Tl(I): Tl(III)ā˞˽介ũV	（) Tl(I)ƪ8§ Tl(III)
*ƪ8ͨƕ˅¿ů口Ǐ�1.28 V		�°� Tl(I)Ƞˬũŝ��ǀOα͜ˎ)V
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ž£�˽介 (Casiot et al., 2011)�ÅĽ¥þȰΣ®Ų：ɝȍ�8加:ʐ{ĲÆ
|	fǥ Tl(I)ƪ8§ Tl(III)	õÙ§ Tl(III)͍�Ĳ·£�Ġ͜ˎOα口) 
(Karlsson et al., 2006b; Li et al., 2005; Twining et al., 2003)�hj�®Ų：Ř]	
口 Tl(I)Ó■ĠĖĪ)Ĵ͌ƪ8Ĳ�Birnessite	上Ƞƪ8§ Tl(III)	õÙ§3Ǜ
͍�Ĳ�Inner-sphere complex	Ġ͌ƪ8ĲļƊ (Peacock and Moon, 2012)�
Tl(I)�O)*Ưę石ÄĠˁ瓜 	(ġ˧（Yȱ瓜 :®半̢Ù§͍�Ĳ	�
(上®O川;͕�Hydrolysis	ȏ{	�°	Tl(I)�O)�X�˽*¹}一瓜
 Ō介£� (Turner et al., 2010)�(�Ġ Tl(I)	Tl(III)� pH 2mgȿ®O川;
͕ȏ{ (TlOH2+)	õ另 pH9ǏÙ§(�*O川ȏĲ	ȵ�fÙ§ Tl(OH)4- (Lin 
and Nriagu, 1998)�Tl(III)�O)�上˧（Yȱ瓜 ¡ɔ瓜 :分尤ƨ瓜 ɣÙ
§͍�Ĳ (Nriagu, 1998)	Ěŝ˧®半ρ�̲ EDTA: DTPAÙ§由Ē*͍�
Ĳ (Krasnodebska-Ostrega et al., 2011)	Å�͜ˎOα)Ĵ Tl(III)͍�Ĳ˞石	
/˹ɸ�æŲ：� 

ǎ�ɚ半列j	ň�FΙɍ��¾ŤOαɝȍ�~Ǟ列�Dimethylthallium	
Ĵ£�	õ�ˏ份ŎXɘıĖĪ�ˋƪǾ��ȏ{�~Ǟ列 (Schedlbauer and 
Heumann, 1999; Schedlbauer and Heumann, 2000)	ůʺĠɚ半列	®半列*Ų
：ŉů今ɢ>� 

3.4  列ĴˠĆ木ʜ:Ǚ¶木ʜ 

打ɛ列�Ă®ǏŢę·Ƞ�ũ͓�ˠĆŢƗ²ŞĲ (He et al., 2015)	Å�
ň�TŬǋ今列�͜ˎ�文ǽĲ�ƎĲ:二|OɣGƊ*ˠĆ木ʜõ(×ɦ	

˦先äŝ；®�ÁůΒȢ牙	Ľ¥þɴþɴ�͜ˎ̠Šɝȍ列*²ŞǭÙ	U

中È�ȋ	śń˹ƀĒůΒ*ˠĆ木ʜX̓Ņ�xǓǩ�°j	�ňΒĠ列*

˓Ţęʶơʺ(心�	ûǫˠĆ木ʜ:Ǚ¶木ʜũ；®óǡʶơƝÆũƀĒ木

ʜ*Ǚ¶ù包�ļ 3.2	��ňŸǜ͜Ņ子Ʌü*列，H�Ĥ̆ΨǙ¶̲ɹ
�Reference dose for oral exposure, RfD	ũ 0.08 µg/kg-day	（Ǚ¶ù包ũ�五
90 H Ȝ M ; ͕ � Hair follicle atrophy 	 * t 全 仍 ） ( ï ; ͕
�No-observed-adverse-effect level, NOAEL	0.2 mg/kgǎ� 3,000Ĵ(̓Ēņ日
�Uncertainty factor	 (USEPA, 2009)	RfD(̓Ēņ日�ʶơƺW·q了ȤĒ
ʺ�	�°ǫ）ʺÇ* RfD	�°了Ʌüóǡ˓ęŢęʶơXŒ�以口*ˠĆ
木ʜ:Ǚ¶木ʜ� 

3.5  (�列Ĳ˞6ĨGĭ�伏 

}Ġ Tl(I): Tl(III)�O)*8加ή8	X:今O{{Ĳ*Ţę®ěƜȐ	
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�°�ň%ɼɝ�˞列Ĳ˞*6ĨGĭ	（)̼ƽ�Ɉĭũǧ|*8加Gĭ*

� (Lin and Nriagu, 1999a)�（ƕȌũÍ|̼ƽ�Chelex-100	今Ġ不ɖľ亦*
右��孔ǏĠ�˽一瓜 	�°口 Tl(III)ȧ不ˠş上˧ˠşɤ�	Tl(I)ŉ上˧
久Ȃ�ǆŦ]ˠş	�Xɟ尤ǥɤ�Ġˠş* Tl(III)Ȇŧ]þ	;°6瓜 Tl(I)
: Tl(III)� 

ǏƠƿȂů支Ĩɤ�三͕̚�˅比̢白戈�High performance liquid 
chromatography inductively coupled plasma mass spectrometry, HPLC-ICP-MS	ũ
h�˞ǧðĴGĭ	（;}ǏƠȊ支Ĩˠş�½6瓜 Tl(I): Tl(III)	�ŕ6Ì
X ICP-MSǥ Tl(I)Ě Tl(III)�˅比)Ʃ8�ƕ 8ɸ·瓜 8	�ǥ瓜 Ğ�
̢白戈*Ʋķ？ȗǟ½列̢ɹ6Ĩ��ň%ɼɝ]�˞支ĨǾ�	`Ôȱ瓜 

�Ɉˠş�Hamilton PRP-X100	�一瓜 �Ɉˠş �Dionex CG12A	:;�
支Ĩˠş�Perkin-Elmer C8 silica based	ɣȮƿ®Ơ6瓜əĒ(�˽介*列 
(Chu et al., 2012; Karlsson et al., 2006a; Nolan et al., 2004)� 

（Y¡ĎůɧĈĭ�Solid phase extraction, SPE	:̞�ŌʐźʂͰØ�
ɧĈĭ �Sequential mixed-micelle cloud point extraction	ɣŭf®Ơɸ½列Ĳ
˞6Ĩ�SPEŝ石Ä̼ƽ�Ɉĭ	Í|Ó■ �̲Sorbent	Ó■月ŋ)Ĵ Tl(III)	
Tl(I)ŉŝ上另ȆŧȂŦ]	;°6瓜 Tl(I): Tl(III)	ȵŕÍ|ȅŧ久Ȃ�Wash 
solution	ǥ Tl(III)ŧ]	·�ň%ɼɝĴÓ■̲`Ô Al2O3-SDS�Al2O3-oxine
: DDTCƔ互* SGX C18 ˠşɣ (Biadun et al., 2016; Dadfarnia et al., 2007; 
Krasnodebska-Ostrega et al., 2013)�̞�ŌʐźʂͰØ�ɧĈĭŉŝÍ| SDS
: Triton X-114Ĵ̞�Ōʐź久Ȃǥ DTPA͍�* Tl(III)Ǭ月ŋ)ɧĈ]þ	
Tl(I)ŉŝXʞƪ8ŕÍ|ů�*久ȂɧĈ	ɧĈŕĴ久Ȃ�XɵƋĬ˯ÎɧĈ
�Ultrasonically assisted back-extraction	ºbƼ再尤�Cysteine	O久Ȃ)	
X ICP-MSɸ½Ēɹ (Meeravali and Jiang, 2008)� 
«ɎŲ：�û|̼ƽ�Ɉĭ¡ Chelex-100 6瓜(�˽介列	Ǳɪ�X三

͕̚�˅比̢白戈�ICP-MS	Ēɹ列Ôɹ (Lin and Nriagu, 1999a)�Ľ¥þŲ
：ŒΝX HPLC-ICP-MSɸ½(�列Ĳ˞6Ĩ	°ĭʺũÛȨ�ǏȧɹUʧŮ
��	Uf�Ƥ6瓜:Ēɹ͜ˎ月ŋ)*(�˽介列Ĳ˞ (Chu et al., 2012; 
Karlsson et al., 2006a; Nolan et al., 2004)	ǮůΒ戈̵ȤȴĢɳ	ě˹͘ə§s
ʺǏ�°j	Í| ASV ĭ�fɽǱG¦Ēɹ Tl(III)	（ňȞȌɡØů今ʺũ
民ȸ (Krasnodebska-Ostrega et al., 2011)�}Ġ�ňÍ| HPLC-ICP-MSĚ ASV
ĭ6Ĩ͜ˎO月ĚĖĪɧĈȂ)列卡ő*ůΒFΙ�6®ƈ	U列Ĳ˞ġĉ

͜ˎǞ̢:ƪ8ͨƕĳ介方Ω·ȏ{ή8��°	sſɜ四ɼɝõȵú8
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HPLC-ICP-MS ˧ ASV ĭ	õɮÂ°ā˞Gĭ�ǜ3͜ˎǞ̢Ǿ��	Ēę
Ēɹ(�˽介列*βǹő�由Ēę:以|ę	X:ɸ½ůΒ͜ˎǢč*Ļæ

ǰǃ� 
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ʬ�Ų：Gĭ˧不ɡ 

4.1  Œ� HPLC-ICP-MS: ASVĭX6Ĩ(�˽介列 

sſɜû|ā˞列͔ȴ久Ȃ	6Ìũ Tl(I)˧ Tl(III)͔ȴ久Ȃ	Tl(I)͔ȴ久
ȂǊ反GĭũĈ 325.75 mg ɟ尤列 (I)�TlNO3	久Ġ 500 mL ɵƷO
�Ultrapure-water		卡őũ 1,000 mg/L�Tl(III)͔ȴ久ȂũĈ 54.3 mgɟ尤列(III)
�Tl(NO3)3·3H2O	久Ġ 25 mL 0.1 Mε尤)	卡őũ 1,000 mg/L	ŕΣ申反͘
ɹ̘ě˹*木ʜ久Ȃŭ}͔ȴ久ȂɢΞ·§� 

4.1.1  Œ� HPLC-ICP-MS6ĨGĭ 

HPLC-ICP-MS 6ĨGĭņǙ¶ň�Ǿ�  (Nolan et al., 2004)� 
Krasnodębska-Ostręga et al. (2012):Sżĺ�2006		 ɸ½ȵú86ĨǾ�ə
Ē	Vžŝ;} Tl(III)ƿ˧ DTPA�Diethylenetriaminepenta-acetic acid	Ù§
ĂǏ右ċ��Log K = 46	*由Ē͍�Ĳ	· Tl(I)ŉ(上˧ DTPAÙ§͍�Ĳ
*Ưę	^� DTPA-Tl(III)ěǨ*˅ȝ˧ pHůΒ	（� pH < 2ǭĮ�Ǩv˅
ȝ�pH > 6ŉǨƂ˅ȝ	śf� pH > 6ĴǭÙ�Xȱ瓜 �Ɉˠş�Anion 
exchange column	6瓜Ǩv˅* Tl(I)˧ǨƂ˅* DTPA-Tl(III)	�Í|(�*
內ƱƤɽěǫ）* ICP-MSəƑɸ½卡őſˡ� 

sſɜǥû| HPLC�Agilent 1260 Infinity Quaternary LC System, , Agilent 
technologies, USA	下Ǌȱ瓜 �Ɉˠş�Hamilton PRP-X100, 250 x 4.6 mm x 
10 µm, Hamilton Company, Reno, NV, USA	ɸ½(�列Ĳ˞6瓜	6Ĩ*ȓǖ
ůũÔ® 5 mM DTPA�2%~̦�v/v	*他尤˷王且Ȃ�0.1 M	pH 6.2		Ŧ
Ȩũ，6交 1.5 mL	ˠş也őȤĒũ 25℃	月ŋĩƙα去ũ 100 µL	，�月
ŋ*6ĨƤɽũ 15 6交	�Í| ICP-MS ɸ½Ēɹ�Agilent 7700x, Agilent 
technologies, USA		ĒɹG¦ũXƓÌĲ˞*Ƥɽ˧Ǆʯ*去6Ɗ去ɸ½Ēɹ�
Tl(I)*木ʜŋņǥnǚ* ICP Tl木ʜŋ�1,000 mg/L	�Sigma-Aldrich	XÔ 5 
mM DTPA*久Ȃɸ½Ǌ反˧？�ɢΞ�	Tl(III)*木ʜŋŉũÔ 5 mM DTPA
* Tl(III)͔ȴ久Ȃ�1,000 mg/L in 0.1 N HCl	�ŔəO月ŉŝ˧ 5 mM DTPA 久
ȂX 2:1*Lýȇ�ŕŅ£� 

4.1.2  Œ� ASV6ĨGĭ 

ASV ĭŉfǋ今(�一瓜 ȏ{ƪ8˅Ŧ*ƛƑƜȐɸ½Ēę6Ĩ	s
ſɜãï (Krasnodebska-Ostrega et al., 2011)ɣ�ěɅ]*Gĭ	;}ãήƪ8
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:ͨƕ˅¿XəĒO月) Tl(I)卡ő	�^�ͨƕ̲�ÝΈ¼尤	əɹ久川介
左列卡ő	āĸ*ƜƑÏũ Tl(III)卡ő� 

Ə�Ĉ 10 mLO月^� 5 mL 5 mM DTPAͧÉ Tl(III)Ġ͔£不ɡͨƕ§
Tl(I)	°ȭ6O月ĵǱ�半 ASV	ěəǫÏũ Tl(I)卡ő��Ĉhj 10 mLO
月^�5 mL 6 g/LÝΈ¼尤 (Ascorbic acid) ǥ久Ȃ)ĴTl(III)ͨƕ§Tl(I)ŕ	
�X ASVɹə	°ȭ6O月ěǫəƑũ久川介左列 (Total soluble)	Tl(III)卡
őũ久川介左列ɗǲ Tl(I)卡ő�ˍ 4.1	�ȷ冊O月Ǚ¶木ʜGĭ (͘͜ě, 2009) 
ɸ½ƫ8	^�O月 1/50α去*卡ɟ尤õX 85℃^火º久Ȃα去ȷ 20%	Ë
ŊŕXĒɹȎĒɹºƕO月α去	°ȭ6ũ左列卡ő�Total concentration		
X ICP-MSĚ ICP-OESəɹ� 

ASVəɹɡØũĈ 3.5 mL大ȞȌ*O月Ġəɹ̉)	Ǳɪ�^� 3.5 mL 
2 N他尤/他尤˷王且Ȃ (pH 6.2) : 3 mL 5 mM DTPA	Ǳɪ[�ɓƩ 75Ŵe
ǎ久ƪ	õXļ 4.1*Ǿ�ɸ½əɹ	（)ê去Ƥɽ�Deposition time	ɭ月
ŋ卡ő̠̻	sŲ：ˆȤũ 90�150Ŵ	əɹ×月ŋ*˅ŦǪőŕ^� 0.1 mL 
10 mg/L* Tl(I)3木ʜŋ�Internal spike	Ġəɹ̉	[�ɓƩ 30Ŵ�əɹ^
�3木ʜŋ*˅ŦǪő	Ƈ̞ā¯	ȵŕX^�ā¯3木ʜŋ*˅ŦǪő˧

ƕĐ˅ŦǪőɸ½月ŋ卡őſˡ� 

4.1.3  X EPA ɢΞO止四͜ˎOαǞ̢份Ώ HPLC-ICP-MS
: ASV6ĨGĭ 

sſɜǿǰǃ͜ˎ�ƊOα)ěÔε石瓜 ŝÐ上今 HPLC-ICP-MS :
ASV6ĨGĭȏ{Ǟ̢&Ͳ:（ɡő	̔ Ǚ¶Ÿǜ͜Ņ子�$�§ȃO*ǊG	

�ù包ǜ3O̢Ưę�pH�ɠő:δő	͊ ̹)ɠő EPAɢΞO�Dilution water	
X止四͜ˎOα*O̢ĳĮ (USEPA, 2002)	EPAɢΞOǊG¡ļ 4.2ě��
ǥ Tl(I)˧ Tl(III)͔ȴ久ȂXɢΞO反ȴ˧͘ɹ̘ů�卡ő*O月	，˞˽介列
`Ô 3˞卡ő	�X 4.1.1ʧ: 4.1.2ʧě／6ĨGĭ�HPLC-ICP-MS: ASV
ĭ	əĒ�˽列:�˽列卡ő	左列ŉX ICP-MSĚ ICP-OES6Ĩ�sŲ：Ə
�ǥLʺā˞6ĨGĭ今(�˽介列ĠɢΞO)*βǹő:由Ēę	õɸ�æ

ŲĨ止四ȍ�Oα͜ˎ*ɢΞO)ěÔ* pHƑĚε石瓜 ŝÐ今ā˞列6Ĩ
GĭȪ§水�Ǟ̢&Ͳ� 
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4.2  ɮÂ HPLC-ICP-MS˧ ASV 6Ĩĭ͕|Ġ͜ˎ月ŋ*以
|ę�X¹ɛO月ũǞ̢	 

4.2.1  Ƕ月Oα*可͊ƕŉ 

sſɜǥɸ�æX͜ˎO月ũǞ 	̢ɮÂň／ HPLC-ICP-MS˧ ASV6Ĩ
Gĭ*以|ę	sŲ：ȢˊǶʁ 2Ȟ͜ˎOα月ŋ	6ÌũĖĪ=˸O�X瓜
BĭɧĈ	˧��O月ŋ� 1Ȟ	ĻæXtĉ²Ş*ī#ʝŦļ支ĖĪ:也ţ
Oũ木Ĵ	ɸ½ĖĪ:O月Ƕ月$Æ� 

4.2.2  月ŋŅ£�才Ǉ:ňȞȌ 

͜ˎOαĠȍ�Ƕ月ň͕�̓ˬǶ月$Ă:月ŋƘ̵õtĉ）²Ş	Ƕ

月Ƙ̵X四Ƕ*͜ˎO月ŧ公 2�3¯	Ƕʁŷ 500�1,000 mLĂZļę*O
月	õ�Ƥǂ͎Ƕ月�Ͱƞ木�月ŋ̗ʯ�Ƕ月HɎ:月ŋĳ介�°j	ũ

ͧÉO月�8加ęĚ{Ĳęή8·ãή（ę 	̢Ĉ月ŕ*O月ǥŅ£Ġ 4°C	
õ̱ȨX 0.45 µmͷ世不ͷeǎΗƭͮȖ	XƉÇ{ĲęĴŨǖ:3ÔĲ*Ó
■Æ|��OαĖĪǶ月ȭ6	Ƕ月$Ă:月ŋƘ̵ĠǶ月ň�͕�ÿ̓ˬ

tĉ）²Ş	Ƕʁº>500 g-͚Ƈ*ĖĪõĜ山Ġʌ̜ȡ	ǂ͎Ƕ月�Ͱƞ木�
月ŋ̗ʯ�Ƕ月HɎ:月ŋĳ介	Ņ£Ġ 4°C	�X瓜BĭĠ 4,500 rpm�瓜
B 106交	X6瓜ĪO	�ǥ瓜B*�ȅȂX 0.45 µmͷ世不ͷŕªʁ=˸
O	ȵŕȓº月ŋȎ)ǣŏ 4°CŅ£� 

°j	ũ̓ˬȍȺ月ŋ*ŋ 	̢sſɜǥ�ÿ反ȴȍȺŋˠ月ŋ�Field QC 
samples		õ˧Ƕʁ*月ŋ��͘ə��fǘ6ũȍȺķ��Field blank	�Ȥ
ȴķ��Equipment blank	:才Ǉķ��Trip blank	ɣ 3石Ō	民／¡�� 

(1) ȍȺķ��ǥ(Ô͜ˎ月ŋU石Ä月ŋǞ̢*月ŋ�¡ɵƷOĚɢΞ
Oɣ	Ġˏ份ŎǊ反Ġ月ŋȎŕǣŏ	΢ºǶ月�Ͱ	ΉΨĠǶ月ĳ

Į��¡rɼȎ˩ɣ		包XǫĶǶ月:Ǉ不ɡ*²ŞǭÙ� 

(2) Ȥȴķ��ȍȺǶ月ňǥɵƷOȓºȅ氏*Ƕ月Ȥȴ)	�ǥɵƷO
ȓ�月ŋȎŕǣŏ	包XǫĶǶ月ȤȴŝÐ̤ĉ²Ş� 

(3) 才Ǉķ��ǥ(Ô͜ˎ月ŋ*ɵƷOĠˏ份ŎĜ山º月ŋȎõǣŏ	
΢ºȍȺ�˧（YǶʁ*月ŋ��Ǩ�͘ə	不ɡ)Ö(ɼŏ	包X

ǫĶ才Ǉ不ɡ*²ŞǭÙ� 
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4.2.3  ͜ˎ月ŋ*ǞsƯę6Ĩ 

əĒ九�`ÔO̢�ĖĪǞsę̢X:ŹɌƇľ亦卡ő6Ĩ	X�6Ì

Ǻ／*� 

��O̢ 

(1) ǞsƯęɹə�Ƕʁ*ī#ļ支O���O月ŋ:ĖĪ=˸OɧĈȂ	
ÖX pH�DO�ORP�ECəĒ戈ɹə（ pHƑ�久ƪɹ�ƪ8ͨƕ˅
¿:功˅ő	əĒG¦ũǥ˅ʗɄ�月ŋ)ĵǱɸ½ɹə� 

(2) ŹɌƇľ亦卡őɹə�ǥ 4.2.2ʧňȞȌõŅ£*O月	大不 0.45 µm
ͷ世不ͷõ大以口ɢΞŕ	X ICP-OES�NIEA W311.53C	6Ĩ΂�
˶�屯�΁�˂�̨ɣľ亦*卡ő� 

��ĖĪ 

(1) pHƑ�ƴĈ 20 gƌǐĖĪ山� 100 mĹħ)	^� 20 mLɵƷOĚ
0.01 M CaCl2久Ȃ	XŪ̒ɏɽͳ任ĝ 306交	͑ʩŔ（êƉŕX pH 
meterəļ支久Ȃ* pHƑ� 

(2) ƪ8ͨƕ˅¿�Í|˴/ɔ8˴˅ʗċ�ľ˅ʗəĒ��ĪOL�w/v	
1:1ĳ介�ǥ˅ʗɄ�ĖĪȉ 156Ȟɸ½əĒ� 

(3) 一瓜 �ɈƘɹ�ƴĈ 2 gƌǐĖĪğ� 50 mL瓜Bˠ)	̂ � 25 mL 
pH 7 1M* NH4OAc充͞ 306交�充͞ 306交ŕ� 3,000 g�瓜B 3
6交õeǎ�ȅȂ	�^� 25 mL pH 7 1 M* NH4OAc充͞ 106交	
�月ĳ介�瓜Bõeǎ�ȅȂ�^� 25 mL 50% ǉ化	充͞ 156交	
瓜Bõeǎ�ȅȂ�^� 25 mL 95% ǉ化	充͞ 306交ŕ瓜Bõe
ǎ�ȅȂ�̂ � 25 mL 0.5 M MgCl2充͞ 306交	瓜Bõªʁ�ȅȂ�
^� 25 mL 0.5 M MgCl2充͞ 156交	充͞ 156交õªʁ�ȅȂ�ǥ
ªʁ）*�ȅȂĒɹº 50 mL	�XȶN及ɓĭə NH4

+卡ő	õǥə

ƑɈˡ]一瓜 �ɈƘɹ� 

(4) ̢�6Ĩ�XêƉǼ下ǊLƇſɹə�ƴĈ50 gƌǐĖĪõğ�500 mL
́ħ)	^� 200 mLɵƷO[6任ĝ	�^� 10 mL 50 g/kgǕ尼尤
ɻ久Ȃ	õ^�ɵƷOºħ�ŷ�6*�Ȟ	任ĝÖ7�ǥΗ占Ȃƒ

� 1 LêƉǼ3	Ēɹº 1 L�|任ĝ̋��任ǖ 20¯	Ĉ]任ĝ̋
ŕɼĐſƤ	20Ŵŕ˰˰ğ�LƇſ	(Ƥ��ƥǖ	40ŴƤŶ͎L
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Ƈſ件日�Ps		°Ƒũ共�:ͯ�ɹ�Ƈʔ任ĝ 20¯	͑ʩ 2!Ƥ	
ğ�LƇſŶ͎件日�Pc		°Ƒũͯ�ɹ� 

(5) 井ċÔOɹ�ƴĈ 50 gƌǐĖĪ	ȩ¯^�ɵƷOõ任ĝº井ċ	Ŷ
͎^�Oɹ	�ǥ（Ɉˡũ， 100 gƌǐĖĪ*ÔOɹ�%	� 

(6) ˅功ő: ƴĈ 50 gƌǐĖĪ山� 100 mĹħ)	̂ �ɵƷOûĖĪʾ

井ċĳ介	ɽͳ任ĝ 1!ƤŕXWhatman No.1ͷƹĞƩ不ͷ	ͷȂX
˅功őſəĒ� 

(7) ®半̢Ôɹ�ǥď必˧ƌǐĖĪğ�Ʈ片� 105℃�Ʈǐ 2!Ƥ	Ĉ]
ğ�ǐ͛�)ËŊºŎ也�ƴď必Ƈ�W0	˧ď必^�ŷ 10 g*ĖĪ
Ƈ�W1	�ǥ山®ŷ 10 gĖĪ*ď必ğ�Ǐ也立)� 250℃�^火 2!
Ƥ	�ǱɪX375℃^火16!Ƥ�ǑK^火ŕ�Ǐ也立)ËŊºŷ200℃	
ǥ（Ĉ]ğ�ǐ͛�)ËŊºŎ也ŕƴƇ�W2	�X�¦ſˡ®半̢Ô

ɹ� 

®半̢Ôɹ (%) = [(W1 – W2) / (W1 – W0)] x 100% 

(8) ŹɌƇľ亦ɹə�ǥ 4.2.2ʧňȞȌõŅ£*ĖĪ月ŋ	X͘͜ě5Ò
*ʐĬ˯Î尤ƫ8ĭ�NIEA S301.60B	下Ǌ ICP-OES 6Ĩ΂�˶�
屯�΁�˂�̨ɣľ亦卡ő�ĖĪ月ŋªʁG¦ũƴĈ大不ȇ7半ȇ

7 24!Ƥ*井ċĖĪŷ 2 g	ǥ（p代ĠŪ̒Ǡ̯�3ƌǐ�ƌǐŕ
XƴɹǗąĈõ化ƴ 0.5 g*ƌǐĖĪ	ğ�ƫ83ˠ)�Ȅ^ 9 mL
卡ɟ尤: 3 mL卡ε尤	ǥ戈̵山Ȥ õȤĒʐĬǾ�ŕɼĐƫ8�Ė
ĪʐĬƫ8Ǿ�¡ļ 4.3 ě��ƫ8×§ŕǥ月ŋ}3ˠƒ� 50 mL
ĒɹȎ	X>ɹɵƷOëŧƫ83ˠż&¯õƒ�ĒɹȎ	ȵŕĒɹ

º 50 mL��九Ƈľ亦X ICP-OESɸ½əĒ	əĒň了�X 0.45 µm
ͷ世不ͷ�ǥəǫƇľ亦卡őǨ���5¦ſˡƇľ亦Ôɹ� 

ĖĪƇľ亦Ôɹ(mg/kg) = C (mg/L) x D x 50 (mL) / 0.5 (g) 

C : X ICP-OESəǫ*Ƈľ亦卡ő 

D : ɢΞƐ日 

4.2.4  Ȅ^(�˽介列Ġ¹ɛO月XɮÂ（Ǟ̢&Ͳ˧以|ę 

sſɜȄ^͜ˎůΒ卡ő* Tl(I): Tl(III)Ġ 3 ˞͜ˎO月)�Ǚ¶ 4.2.1
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: 4.2.2ʧ	)	�X 4.1.1ʧ: 4.1.2ʧě／6ĨGĭ�HPLC-ICP-MS: ASV
ĭ	əĒ�˽列:�˽列卡ő	左列ŉX ICP-MS Ě ICP-OES ɸ½6Ĩ�s
ſɜǥǰǃ HPLC-ICP-MS ˧ ASV ĭ͘ə(�列Ĳ˞Ġ(�͜ˎǞ̢*�ª
Ȋ�Ƈ̞ę�fƿǞ̢&ͲɣŋŅŋˠ九�	°ȭ6�ǥɮÂā˞8加Gĭ

|X͘əOα久川介列:ĖĪ®Ơę列�=˸O)列卡ő˧Ĳ˞6o	*以

|ę� 

4.2.5  ŠƦ木ʜŋ 

ǥ以口卡ő* Tl(I)˧ Tl(III)͔ȴ久Ȃ	XɵƷO�ɢΞOĚ˧月ŋǞ̢ů
Ä*Ǟ̢Ǌ反ũ列ŠƦ木ʜŋ	， 10Ɠ月ŋ�Ƥ6Ĩ 1ƓŠƦ月ŋ	ż，à
¯月ŋ日>Ġ 10Ɠ	ŉ，à¯͕ǟ½ 1ƓŠƦ月ŋ6Ĩ�ŠƦ月ŋ6ĨƑX
´6�ªȊļ�	õǂ͎ŠƦ月ŋ̗ʯ�6ĨHɎ�ŠƦ月ŋ卡őƑ�ŠƦ

月ŋəĒƑ:�ªȊ�ŠƦ月ŋ�ªȊżtʾˠĆ牙ȹ 80�120 %	͕�ÏǶ
Ĉ½ǖXɯͳƕ�	U口H*6Ĩɤĥɭũ(f̮	ǶĈƔv½ǖŕ�Ƈʔ

6Ĩ� 

�ªȊ�%	=�ə已卡ő	/�ŠƦ月ŋ%Ķ卡ő	x 100% 

 

4.3  ǰǃ(�列Ĳ˞*由Ēę�˽介ή8:Ǣč�X EPA ɢ
ΞOũǞ̢	 

4.3.1  列ĠɢΞO*由Ēę˧˽介ή8 

}Ġ Tl(III)�ɵƷO)ʗ(由Ē	ġͨƕ§ Tl(I)	�°	sſɜǙ¶ň�
FΙɅ]ƿ由Ē Tl(III)*Ǌ¿Ǟ�Ligand	(Krasnodebska-Ostrega et al., 2011)	
fƿ`Ôɔ瓜 �分尤ƨ�他尤ƨ�未本尤ƨ�升ɑ尤: DTPA ɣǊ¿Ǟ	
õǙ¶（�͜ˎ卡őĚ今{ĲƿÚĉ*卡őǾ�� (Vandam et al., 1995)	Ⱦ
ßȍ�Oα)fƿ£�*ƿ由Ē列Ĳ˞*͜ˎǞ̢� 

sŲ：;}̠̻ɢΞO§6XǰǃOα͜ˎ)fƿ由Ē Tl(III)*�ƶ	（
)	Ȉ˩(� pHƑ�ȱ瓜 ˧®半̢���九͜ˎ�ƶǊG̠̻ȭ6	X 1 
MȒ尤:ȁƪ8ɻ̠̻ɢΞO* pH	hǥ可͊ɔ瓜 �分尤ƨ�他尤ƨ�未
本尤ƨ�升ɑ尤Ě DTPAɣ͜ˎǞ̢	Xǰǃ（今 Tl(III)由Ēő*方Ω� 

ǥ 100 µL卡őũ 100 mg/L* Tl(I): Tl(III)͔ȴ久Ȃ6Ì^º 50 mLÔ(
�͜ˎǞ̢*ɢΞO)	Ǌ反卡őũ 200 µg/L*列久Ȃ	Ŏ也͑ʩ 24!Ƥŕ	
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�X ICP-MS Ě ICP-OES 6Ĩ左列	õX HPLC-ICP-MS : ASV ĭ(�列Ĳ
˞卡ő	ǰǃ�九͜ˎǞ̢Ǿ��*ɢΞOǊG今列Ĳ˞*由Ēę˧˽介ή8

*方Ω	õȾßOα͜ˎ)fƿ由Ē Tl(III)*ȱ瓜 Ě®半̢� 

4.4  ȗſ6Ĩ 

sſɜX SPSS 16.0 ȥαɸ½ȗſ6Ĩ��Xȸ� ήG6Ĩ�One-way 
analysis of variance, one-way ANOVA	͘Ēș3ŝÐ®ƜȐ	ίɪOʜĒũ p
�0.05	ż®ίɪƜȐ	ŉXɲȲȵ!ίɪƜȐĭ�Fisher's Least Significant 
Difference Procedure, LSD	ɸ½÷ŕ �Post Hoc	͘Ē	þLʺȞȌș:ǯĆ
ș*ɽĴƜȐ	ˏ份日包XpÖƑ ± 木ʜƜ �Standard deviation, SD	Ñȍ� 

4.5  ŋŅ/ŋˠÆʖ 

͜ˎ月ŋǶ月:Ņ£Æʖŭù包͘͜ě5Ò*木ʜGĭ	õ͉ʢ5Ò*

ŋŅÆʖȢ牙ƀĒŋŅ$Æ九�	XəĶ6ĨGĭŜ®ǕƜ�北ÆĳĮ天Ɯ

Ě另半天Ɯ	X̓Ņ日包�Ġʜ̓ő�化ǣő�×̻ę�Zļęɣ*ȢĒ	

ŋŅ�木元͎¡ļ 4.4� 

4.6  ſɜǟ½ɸő 

ļ 4.5 ũŲ：ɸő:×§*$Æ九��sſɜ%Œ�õȵú8
HPLC-ICP-MS: ASVā˞(�˽介列��˽列:�˽列	*8加6ĨGĭ	
õX EPAɢΞO˧ 4Ȟ͜ˎO月�尤ęΚ"ǷO�ī#ʝŦO�ĖĪ=˸O�
��O	ũǞ̢	Lʺ(�˽介列Ġ(�͜ˎO月*�ªȊ˧由Ēę	ǰǃ

ā˞6ĨGĭ͘ə�˞͜ˎO月)(�˽介列˧Ǟ̢&Ͳ�ƶ�°j	sſ

ɜ��ÿǰǃ(�͜ˎǞ̢Ǿ��¡ pHƑ�ȱ瓜 ˧®半̢	今O)�˽列
*由ĒƠ͕	包X它川(�列Ĳ˞�͜ˎOα:ĖĪ͜ˎ)*由Ēę:fƿ

Ǣč� 
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��ɤĥ˧ǃ乏 

5.1  Œ� HPLC-ICP-MSĭĒɹO)(�˽介列 

5.1.1  ǏƠȂů支ĨǾ�ȤĒ 

sſɜX HPLC�Agilent 1260 Infinity Quaternary LC System, , Agilent 
technologies, USA	下Ǌȱ瓜 �Ɉˠş�Hamilton PRP-X100, 250 x 4.6 mm x 
10 µm, Hamilton Company, Reno, NV, USA	ɸ½ Tl(I)˧ Tl(III)Ĳ˞*6瓜	Í
| DTPA-Tl(III)ěǨ*˅ȝĠƯĒ pHěǨ*˅ę6瓜(�˽介Ĳ˞� 

(1) 月ŋǞ̢(�今支Ĩɤĥ*方Ω 

ȓǖůȵú8ɤĥ¡�ě／�sſɜ�ɼĐû|*ȓǖůǾ�Ǚ¶ň�

FΙ�Nolan et al., 2004	õ^Xãï	X他尤˷王且久Ȃ�0.1 M	pH 6.2	
ũȓǖůɸ½列Ĳ˞6瓜	ŦȨũ，6交 1.5 mL	ˠş也őȤĒũ 25℃	月
ŋĩƙα去ũ 100 µL	õĠ月ŋ)Ȅ^ 5 mM DTPAX由Ē Tl(III)	，�月ŋ
*支ĨƤɽũ 156交� 

ɛ·	FΙě／支ĨǾ�ņXɑĲɧĈȂũ月ŋǞ̢	sſɜX͜ˎO

月ũǞ̢Ƥ	6Ĩɤĥί�O月Ġ工支ĨǾ��	Tl(III)內ƱƤɽȏ{ė͋·
功Ż月ŋ�ªȊ(ú	內ƱƤɽŷė͋ũ 23�25 6交	ɚĭĠ 15 6交3×
§ Tl(I): Tl(III)*6瓜�ˍ 5.1	�Ǵəƕ�fƿ˧月ŋǞ̢(�®Β	ŕΣʽ
;}̠̻�九Ǿ�õǰǃ（今支Ĩɤĥ*方Ω� 

(2) ãή月ŋ pHƑ今支Ĩɤĥ*方Ω 

¶ɹ͜ˎO月尤δƑfƿ�Ǟ̢(�·ȏ{ʺ�ƜȐ	方Ω月ŋ反ȴ*

由Ēę	õ方ΩŕΣ HPLC 支Ĩ6瓜§Ơ	ʽ什已Ȅ^˧ȓǖůů�*他尤
˷王且久Ȃ�0.1 M	º 5 mM DTPA)	�X�他尤Ě NaOH�ȘͮȖ	̠̻
pH Ƒº 4.0Ě 6.0	õĠ反ȴ月ŋƤ	ù包(�͜ˎO月尤δƑ̹͊以口 pH
Ƒ*DTPA久Ȃ	û月ŋȵțpHƑŷũ2.0�3.0	ɎX手^月ŋ)DTPA-Tl(III)
ěǨv˅ȝ:瓜 Ǫő*G¦	͢ɞ DTPA-Tl(III)內ƱƤɽ�已份ɤĥŘ]	
̠̻6Ĩ月ŋ pH ƑºĎĒ牙ȹõɚĭ®Ơ͢ɞ內ƱƤɽ	ɚĭ� 15 6交3
×§ Tl(I): Tl(III)*6瓜	U上方Ω Tl(I)支ĨƠĥ	功Ż月ŋ�ªȊ(ú�ˍ
5.2	� 

(3) ãήȓǖůș§今支Ĩɤĥ*方Ω 
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sſɜhǙ¶ Krasnodębska-Ostręga et al. (2012):Sżĺ�2006	ɝļF
Ιõ^Xãï	ǥȓǖůήäũÔ® 5 mM DTPA*他尤/他尤˷王且久Ȃ�0.1 
M	pH 6.2		õȄ^>ɹʗęʺÇ*~̦�2%, v/v		手^ DTPA-Tl(III)Ġȓ
ǖů)久川ő	͢ɞ內ƱƤɽ�6Ĩɤĥί�	°ȓǖůș§ƿǡ®Ơõ由

Ē͢ɞ Tl(III)內ƱƤɽ	õɅ9(�列Ĳ˞6瓜Ơĥ	Tl(I)˧ Tl(III)*內ƱƤ
ɽ6Ìũ 4.56交: 11.36交�ˍ 5.3		月ŋ反ȴGĭŉˤŗǥ月ŋ˧ 5 mM 
DTPA久ȂX 2:1*Lýȇ�� 

5.1.2  ͘ɹ̘反ȴ 

Tl(I)͘ɹ̘XÔ 5 mM DTPA* EPAɢΞO�pH 7.4~7.8	ɸ½Ǌ反	EPA
ɢΞO§6`Ô分尤ȁɻ�NaHCO3, 96 mg/L	�Ȓ尤ͩ�MgSO4•7H2O, 123 
mg/L	�ɔ8 �ˁKCl, 4 mg/L	:Ȓ尤ɺ�CaSO4•2H2O, 60 mg/L		Ə�ǥ Tl(I)
木ʜŋ�½ɢΞ 100Ɛº 10 mg/L	（ŕ�6ÌùØɢΞº 200�100�50�25
: 10 µg/L�Tl(III)͘ɹ̘ŉXÔ 5 mM DTPA* Tl(III)͔ȴ久Ȃ�1,000 mg/L in 
0.1N HCl	ɸ½Ǌ反	Ø�ɢΞG¦˧ň／ Tl(I)Gĭů��Tl(III)卡őĒɹG
¦ņXƓÌĲ˞*Ƥɽ˧Ǆʯ*去6Ɗ去ɸ½Ēɹ	（)	}Ġ Tl(III)͘ɹ̘
ĠǊ反不ɡ/上®ȭ6Lý* Tl(III)ͨƕũ Tl(I)	śq了ǥ Tl(III)支Ĩˍ白)
Tl(I)卡ő�X Tl(I)͘ɹ̘ɸ½�Ǵõ¨ǎ	ɸ·ſˡ͘ɹ̘) Tl(III)*Ʋˏ卡
ő�ˍ 5.4ũůΒ*支Ĩˍ白:͘ɹ̘6Ĩɤĥ	Tl(III)˧ Tl(I)*內ƱƤɽ6
Ìŷũ 4.5 : 11.3 6交	Tl(I): Tl(III)͘ɹ̘*ǈ末­̘ R2f6Ìʾ 0.9998
: 0.9999� 

5.1.3  Gĭǔəʗƈ 

ň�FΙ�Nolan et al., 2004	Ř]	HPLC-ICP-MSĠ(�˽介列*Gĭ
ǔəʗƈũ 0.3 µg/L	sſɜʽǊ反ů�卡ő Tl(I)˧ Tl(III)	6ÌX
HPLC-ICP-MSɸ½͘ə	ǔəʗƈ*ǴÂǙ¶͜Ņ子͘͜ě5Ò*͜ˎ͘份
GĭǔəʗƈəĒŘA�NIEA-PA107		X HPLC支Ĩˍ白ěǫǄ̴L�S/N	
2.5�5.0 Ɛɸ½Âſ	ˍ 5.5 ί�sſɜěŒ�* HPLC-ICP-MS ĭ	Tl(I)˧
Tl(III)GĭǔəʗƈfÇº 0.3 µg/L� 

5.2  Œ� ASVĭĒɹO)(�˽介列 

sſɜãïň�FΙ(Krasnodebska-Ostrega et al., 2011)	§_Í|�¤ʗ
白戈�797 VA Computrace, Metrohm	ɸ½O久Ȃ列Ĳ˞6Ĩ	;}ƪ8:ͨ
ƕ Tl(I)XəĒO月ŋ) Tl(I)卡ő	�^�ͨƕ̲�ÝΈ¼尤	əɹ久川介左
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列卡ő	āĸ*ƜƑÏũ Tl(III)卡ő�ˍ 5.6(a)ŉũsŲ：ɹə* Tl(I)* ASV
ˍ 白 	 Tl(I) ƛ Ƒ ʭ � -0.47 V ˧ 戈 ̵ û | D \ : ň � F Ι 
(Krasnodebska-Ostrega et al., 2011)ů��ASVǎ�fXɸ½Ēę6Ĩj	�f
ù包月ŋƪ8˅Ŧ˧˅¿*去6Ɗ去Xſˡ一瓜 卡ő	sŲ：ņX生jȄ

^%Ķ卡ő木ʜŋ*去6Ɗ去�ǴƕĐ月ŋ*卡ő	ˍ 5.6(b)ũ木ʜȄ^
�Standard addition	ā¯ 0.1 mL* 10 mg/L列木ʜŋ*ˍ白�ļ 5.1ũə已
月ŋ*əƑ	DW-Tl(I)月ŋ*əƑ˧ˆɎǱĽ	· DW-Tl(III)月ŋ) Tl(III)卡
ő入®ˆɎƑ* 10 %�20 %	（冊�ȭ6�ũ Tl(I)	Vž˧ Tl(III)Ǐͨƕ˅
¿�1.28 V	®Β	Żû Tl(III)�ɢΞO)上ÛȨͨƕ§ Tl(I)	�·Ȫ§ Tl(III)
Ã久川介左列*LȊ�ɀƉÇ� 

5.3  Í| EPA ɢΞO止四͜ˎOαǞ̢份Ώ HPLC-ICP-MS
: ASVĭ*以|ę 

͔ȴ久Ȃ�1,000 mg/L	`Ôɟ尤列(I)�TlNO3	Tl(I)	�ɟ尤列(III)
�Tl(NO3)3·3H2O	Tl(III)		X:Ô® 0.1N HCl: 5 mM DTPA* DTPA-Tl(III)
ɣ 3˞	ǥ͔ȴ久Ȃ6ÌX EPAɢΞO�½ɢΞ 10Ɛº 100 mg/L	�ùØɢ
Ξº 3˞卡ő�30�200�400 µg/L		左ſ`Ô Tl(I)�30�200�400 µg/L	�
Tl(III)�30�200�400 µg/L	: DTPA-Tl(III)�30�200�400 µg/L	ɣ 9ƓÔ
列O月� 

5.3.1  EPAɢΞO止四͜ˎOαǞ̢份ΏHPLC-ICP-MS*以
|ę 

ļ 5.26Ìǥň／ Tl(I)�Tl(III)�DTPA-Tl(III)ɣ 9ƓÔ列O月	Ġ(�Ƥ
ɽͰ�0 hr�24 hr	Ĉ月	X HPLC-ICP-MS6Ĩ(�˽介列Ĳ˞�（)	ü
已久Ȃ左列卡őX ICP-OES Ě ICP-MS ɸ½əĒ	ěəǫ 3 ˞(�列Ĳ˞久
Ȃ* 3˞卡ő�30�200�400 µg/L	ŭ˧ˆɎ卡ő�Nominal concentration	
ůĽ	天Ɯʭ� 2.0 %�18 %*ɽ�(�˽介列6Ĩɤĥ6Ìˮģ¡�� 

(1) 久川介左列�Total soluble Tl	�久川介左列卡őĠ 3˞(�列Ĳ˞久ȂÖ
˧ˆɎ卡őůĽ	（)	� Tl(I)久Ȃ)	Ġ 0 hrƤ*久川介左列Ã左列�Total 
Tl	* 81 %�98 %	͑ʩ 24 hrŕ	（卡ő/ƿˤŗ由Ē	Ã左列卡ő*
92 %�94 %�� Tl(III)久Ȃ)	Ġ 0 hrƤ*久川介左列Ã左列* 83 %�98 
%	͑ʩ 24 hrŕ	Tl(III)久Ȃ)久川介左列Ã左列* 78 %�79 %	Ǵə�
�日 Tl(III)ǎͨƕũ Tl(I)*j	®fƿȏ{ȁƪ8ĲĚƪ8ĲɣΓ久Ĳ̢	
ɸ·ƉÇəǫ*久川介左列卡ő�� DTPA-Tl(III)久Ȃ)	Ġ 0 hrƤ久川介
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左列Ã左列* 81 %�93 %	͑ʩ 24 hrŕ	久川介左列Ã左列* 77 %�92 
%� 

 (2) �˽列 [Tl(I)]�� Tl(I)久Ȃ)	�ũõtəǫ Tl(III)	�卡ő Tl(I)�30�
200�400 µg/L	Ġ 24!Ƥ3Öˤŗ由Ē	Ã久川介左列卡ő 100 %�� Tl(III)
久Ȃ)	Ġ 0 hrƤ Tl(I)Ã久川介左列* 42 %�57 %	͑ʩ 24 hrŕ	Tl(I)
Ã久川介左列* 84%�100 %	ί�久Ȃ3 Tl(I)卡őŉ另Ƥɽȩ六手^	�
Tl(III)上ÛȨ�ͨƕũ Tl(I)�� DTPA-TI(III)久Ȃ)	Ġ 0 hrƤ Tl(I)入Ã久
川介左列* 3 %�13 %	͑ʩ 24 hrŕ	久Ȃ) Tl(I)Ã久川介左列* 13 %
�42 %� 

 (3) �˽列 [Tl(III)]�� Tl(I)久Ȃ)	Tl(III)卡őěÃLýūÇ	� 0 hr: 24 
hrÖÃ久川介左列卡ő* 0 %�� Tl(III)久Ȃ)	Tl(III)Ġ 0 hrƤÃ久川介
左列* 43 %�58 %	͑ʩ 24 hrŕ	Tl(III)入Ã久川介左列* 0 %�16 %	
ί� Tl(III)另Ƥɽȩ六ͨƕũ Tl(I)	ś卡őȩ六ƉÇ�� DTPA-TI(III)久
Ȃ)	 Tl(III)Ġ 0 hrƤÃ久川介左列* 87 %�97 %	͑ʩ 24 hrŕ	Tl(III)
/Ã久川介左列* 58 %�87 %	ί�Ȅ^ DTPA� 24!Ƥ3ƿǡ®Ơô
K Tl(III)ͨƕũ Tl(I)� 

5.3.2  EPAɢΞO止四͜ˎOαǞ̢份Ώ ASVĭ*以|ę 

ļ 5.36Ìǥň／ Tl(I)�Tl(III)�DTPA-Tl(III)ɣ 9ƓÔ列O月	Ġ(�Ƥ
ɽͰ�0 hr�24 hr	Ĉ月	X ASVĭ6Ĩ Tl(I):久川介左列卡ő	õſˡ Tl(III)
卡ő�s¯已份˧ 5.3.1ʧû|ů�*O月	左列卡ő*ˮģ主ʴ̬工ʧ�(
�˽介列6Ĩɤĥ6Ìˮģ¡�� 

(1) 久川介左列�Total soluble Tl	�久川介左列卡őĠ 3˞(�列Ĳ˞久ȂÖ
˧ˆɎ卡őůĽ	Ã左列卡ő* 74 %�109 %�� Tl(I)久Ȃ)	???�� Tl(III)
久Ȃ)	Ġ 0 hrƤ久川介左列Ã左列* 101 %�110 %	͑ʩ 24 hrŕ	久
川介左列/Ã左列* 99 %�101 %�� DTPA-Tl(III)久Ȃ)	久川介左列Ġ
0 hrƤÃ左列* 77 %�102 %	͑ʩ 24 hrŕ	久川介左列/Ã左列* 77 %
�99 %� 

(2) �˽列 [Tl(I)]�� Tl(I)久Ȃ)	�ũõtəǫ Tl(III)	�卡ő Tl(I)�30�
200�400 µg/L	Ġ 24!Ƥ3Öˤŗ由Ē	Ã左列卡ő* 81 %�97 %��
Tl(III)久Ȃ)	Ġ 0 hrƤ Tl(I)Ã久川介左列* 45 %�60 %	͑ʩ 24 hrŕ	
Tl(I)Ã久川介左列* 71 %�82 %	ί�久Ȃ3 Tl(I)卡őŉ另Ƥɽȩ六手 	̂
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� Tl(III)上ÛȨ�ͨƕũ Tl(I)�� DTPA-TI(III)久Ȃ)	Ġ 0 hrƤ Tl(I)入Ã
久川介左列* 34%�41 %	͑ ʩ 24 hrŕ	久Ȃ) Tl(I)Ã久川介左列* 71 %
�82 %� 

(3) �˽列 [Tl(III)]�� Tl(III)久Ȃ)	Tl(III)Ġ 0 hrƤÃ久川介左列* 40 %
�55 %	͑ʩ 24 hrŕ	Tl(III)入Ã久川介左列* 8 %�29 %	ί� Tl(III)
另Ƥɽȩ六ͨƕũ Tl(I)	ś卡őȩ六ƉÇ�� DTPA-TI(III)久Ȃ)	 Tl(III)
Ġ 0 hrƤÃ久川介左列* 59 %�66 %	͑ʩ 24 hrŕ	Tl(III)/Ã久川介左
列* 48 %�62 %	ί�Ȅ^ DTPA� 24!Ƥ3ƿǡ®ƠôK Tl(III)ͨƕũ
Tl(I)� 

5.3.3  Lʺ HPLC-ICP-MS: ASV6ĨGĭĠ EPAɢΞO*
以|ę 

5.3.1ʧ: 5.3.2ʧ6Ìǥ 3˞Ô(�列Ĳ �˞Tl(I)�Tl(III)�DTPA-Tl(III)	
久Ȃ* 3˞卡ő�30�200�400 µg/L		Ġ 0: 24 hrƤ6ÌX HPLC-ICP-MS
: ASVĭ6ĨO)(�˽介列�ǋ今āGĭĠ(�˽介列6Ĩɤĥ	ù包(
�列Ĳ˞6ÌLʺˮģ¡�� 

(1) �˽列 [Tl(I)]久Ȃ�ASVĭ: HPLC-ICP-MSÖƿ͘ə久Ȃ)* Tl(I)	}
Ġ Tl(I)]久Ȃ)õtəǫ Tl(III)	�°�卡ő Tl(I)�30�200�400 µg/L	Ġ
24!Ƥ3Öˤŗ由Ē	6ÌÃ左列卡ő* 81 %�97 %: 85 %�94 %�ā
˞6ĨGĭ͘ə 3˞(�卡ő�30�200�400 µg/L	ů今Ġ左列*天Ɯ6
Ìũ 2.6 %�19.3 %�ASV	: 6.0 %�15.4 %�HPLC-ICP-MS	� 

(2) �˽列 [Tl(III)]久Ȃ�� Tl(III)久Ȃ)	X ASVĭ6Ĩ Tl(III)Ġ 0 hrƤÃ
久川介左列* 40 %�55 %	͑ʩ 24 hrŕ	Tl(III)入Ã久川介左列* 18 %
�29 %	· HPLC-ICP-MS͘əɤĥί� Tl(III)Ġ 0 hrƤÃ久川介左列*
43 %�58 %	͑ ʩ 24 hrŕ	Tl(III)入Ã久川介左列* 0 %�16 %�}Ġ ASV
ĭ) Tl(III)卡őņXɽǱG¦�久川介左列¨ǎ�˽列	ſˡ·ǫ	ů今Ġ
HPLC-ICP-MS	ASVĭġĉ）�九�ƶ&ͲUʺ(化ʜ	ɸ·͍Â Tl(III)
卡őõ方Ω͘əʜ̓ő� 

(3) DTPA由Ē*�˽列 [DTPA-Tl(III)]久Ȃ�� DTPA-Tl(III)久Ȃ)	X ASV
ĭ6Ĩ Tl(III)Ġ 0 hrƤÃ久川介左列* 59 %�66 %	͑ʩ 24 hrŕ	Tl(III)
Ã久川介左列* 48 %�62 %	· HPLC-ICP-MS͘əɤĥί� Tl(III)Ġ 0 hr
ƤÃ久川介左列* 87 %�97 %	͑ʩ 24 hrŕ	Tl(III)Ã久川介左列* 58 %
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�87 %�久Ȃ)打/�X DTPA-Tl(III)Ù¦£�	ASV ĭŉ上ÇÂ Tl(III)
卡ő	ί�X ASVĭɹə DTPA-Tl(III)久Ȃ)* Tl(I):久川介左列ƤʺƘ
ġ̤ĉ&Ͳ·方Ω（6Ĩʜ̓ő� 

5.4  HPLC-ICP-MS: ASVĭĠ͜ˎO月*以|ęɮÂ 

ũ�它川Ʋˏ͜ˎOα£�*Ǟ̢ŝÐ今(�˽介列*͘ə6Ĩȏ{&

Ͳȍɰ	sſɜʽǶʁ 3Ȟ͜ˎO月: 1ȞĖĪ=˸O�X瓜BĭɧĈ		6
Ìũ JFCW�Jiufen Creek	�BPCW�Banping Creek	�TCGW�Tucheng 
Groundwater	˧WSPW�Waishuangsi Porewater	ɸ½以|ęɮÂ�ǥɟ尤列
(I)Ěɟ尤列(III)͔ȴ久Ȃ�1,000 mg/L	6ÌXɵƷO: 0.1N HClɢΞ 10Ɛ
�100 mg/L		�6ÌXň／O月Ǌ反卡őũ 200 µg/L*久Ȃ	õX ASVĭ
: HPLC-ICP-MSɹə(�˽介列*卡őή8ĳĮ�X�ˮģ� 

5.4.1  ͜ˎO月Ƕ月Ͱ:O̢ǞsƯę6Ĩ 

ˍ 5.7ũ 3Ȟ͜ˎO月Ƕ月Ͱ¿ʩ6oˍ�Ƕ月Ͱ JFCW�Jiufen Creek	
亦ĠʔanʣĹǘ��ʝŦǝ	��ʝ˧人ľ正o�尤ęΚ"ǷO	ʊŦŕ

*�ɕǘǝ	BPCW�Banping Creek	ŉͬ亦Ġ̥Ľ��ʝ*bŐʝŦǝ	�
ɚ尤ęΚ"ǷOʊ�	û（O̢˧��ʝ�ɕǘǝĂ®ģίƜȐ	ǥĠ 5.4.2
ʧˮģ	Ƕ月ʢQ¡ˍ 5.8ě����OǶ月Ͱ TCGW�Tucheng Groundwater	
ŉǶʁ¹ʔan�ōǘ*也ţ	ţ̢亦Ġ分尤ȁɻţ	ȫģɚ»ɚĊ	Ƕ月

ʢQ¡ˍ 5.9ě��ļ 5.4ũ͜ˎO月˧ĖĪǶ月Ͱ*ǞsʶǄ	ļ 5.5ũ�
�OǶ月ͰČ̤��O˛ə+*O̢˛əʶơ� 

ļ 5.6ũ͜ˎO月O̢ǞsƯę6Ĩɤĥ	（)	BPCWO̢ pHÑ)ę	
JFCW �尤ęΚ"ǷOʊ���ʝ	pH ƑÑǪ尤ę�pH 2.50		U}Ġ��
ľy�Κǘ*�̢ș§Ô®ȒƳ屯Κ�Enargite, Cu3AsS4	�ģΛ��Alunite, 
KAl3(OH)6(SO4)2	�Ƈɋ��Barite, BaSO4/PbSO4	�人伍Κ�Pyrite, FeS2	ɣ

ΚĲ	XŻΚ"ǷO)ȽÔȒ尤ε石:Ƈľ亦瓜 û˅功ő®ǕǏ*ȍɰ

�1,201 µS/cm	�TCGW�亦分尤ȁɻţ	O̢Ñδę�pH 9.10		O)ěÔ
ε石û（Ă®͜ˎO月)ȵǏ*功˅ő�2,443 µS/cm	� 

�O̢ŹɌ卡ő6Ĩȭ6	JFCW�łO:ŦO˘�ľy�文Κǘ�Ζ˧
Ĕ�ɽɫ˸	Κ�3Ȓ8ΚĲ̆ΨĠO)	ŻΚĲƌ8õȪ§ȽÔƇľ亦˧

Ȓ尤ε石*尤ęΚ"ǷO	JFCWO)΂�˶�屯�΁:̨卡őÖǏĠ（Yā
ĸ	（)	屯卡őǏʾ 8.86 mg/L�ļ 5.7	�JFCW: BPCW��̢ș§*ś	
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伍�̪�͌ÔɹÖǏĠ TCGW	· JFCW ��尤ęΚ"ǷO·ȽÔ伍�̪瓜
 	6ÌǏʾ 73.9: 35.5 mg/L�°j	亦分尤ȁɻţ* TCGWɻ�ˁÔɹ
孔ǏĠ（Y 2˞͜ˎO月	ɻ卡őǏʾ 155 mg/L	·ɺ卡őŉũȵÇĸ� 

5.4.2  ĖĪǶ月Ͱ:ĖĪ�=˸OǞsƯę6Ĩ 

ĖĪǶ月Ͱ WS�Waishuangsi	ũǞɿīEŦj甘ʝ�ˍ 5.10		亦Ġȃ
OīŦǝŦǝ	6oĠ˦anaáǘ˧�Ħǘ	ɝʚĠ�@"͖<Ǧ	�ɕ

Ŧǝ勻3甘ʝ	˧ɨΦʝʊŦŕĐ勻j甘ʝ	（ŕ˧͡ʝ上�õĩ�Ǟɿī�

ˍ 5.11ũĖĪǶ月ȍȺʢQ� 

ĖĪǞsę̢6Ĩ¡ļ 5.8ě�	共ͯȖÔɹěd´6LÇ	亦ű�	pH
ƑÑ)ę	®半分Ôɹũ 0.4%	ƪ8ͨƕ˅¿ũ 178 mV��ŹɌ卡őȭ6	
ǎ΂ɵ不ĖĪŋ̢Ř木�ƈƑ�X�勻�ƈƑ	*j	（冊6Ĩ* 5 九Ƈľ
亦əƑÖÇĠ�ƈƑ	=˸OĠ�九Ƈľ亦t®ģίəƑ	ɻ�ˁÔɹÖǏ

Ġ JFCW: BPCW	·ɺ卡őŉ1Ġ JFCW˧ BPCWɽ�14.1 mg/L	�ļ 5.9	� 

5.4.3  HPLC-ICP-MS: ASVĭĠ͜ˎO月*͘əɤĥ 

5.4.3.1  尤ęΚ"ǷO:ī#ʝŦ 

} 5.3.3 ʧɤĥǫĶ ASV ĭəǫ* Tl(I)卡ő*ʜ̓őʺġĉ）�九ˏ份
æ光:͜ˎ�ƶ&Ͳ	õ方ΩŕΣſˡ]* Tl(III)卡ő��°	s¯已份X�
�ʝ�Ô尤ęΚ"ǷO	JFCW	˧bŐʝ�ɕī#O�BPCW	ũǞ̢	Ȅ
^ Tl(III)ŕX HPLC-ICP-MS : ASV ĭɸ½(�列Ĳ˞*6Ĩ	XɮÂā˞
͘əGĭ͕|Ġ͜ˎO月*以|ę�ļ 5.10	� 

X ASVĭ6Ĩ JFCW: BPCWO月)(�列Ĳ˞*ɤĥί�	Tl(I)6Ì
Ã久川介左列* 40.4 % (JFCWO月)�55.4 % (BPCWO月)	· Tl(III)ŉ6Ì
Ã久川介左列* 59.9 % (JFCWO月)�44.6 % (BPCWO月)�X HPLC-ICP-MS
6Ĩɤĥί�	Tl(I)6ÌÃ久川介左列* 47.1 % (JFCWO月)�69.1 % (BPCW
O月)	· Tl(III)ŉ6ÌÃ久川介左列* 52.9 % (JFCWO月)�30.9 % (BPCW
O月) �ļ 5.10	�˧ EPA ɢΞO*6ĨɤĥůLʺ�ļ 5.2�ļ 5.3		͜ˎ
月ŋ3ěÔε石:Ƈľ亦瓜 ɣǞ̢̓ˏ上方ΩASVĭ*6Ĩɤĥ	功ŻTl(I)
ɹəĉ）&Ͳ	ÇÂ Tl(I)6Ĩ卡őƑ	ɸ�æ方ΩŕΣſˡ]* Tl(III)卡ő	
ί�(�͜ˎO月�上功ŻASVĭ͘ə Tl(I)Ƥ®̤ĉǞ̢&ͲĳĮ·方Ω（
6Ĩʜ̓ő�ɛ·	HPLC-ICP-MS ĭĠ6Ĩ͜ˎO月Ƥ	Tl(I)˧ Tl(III)*內
ƱƤɽˤŗ由Ē�ˍ 5.12		6Ìũ 4.5 6交: 11.0�11.3 6交	U�ªȊʺ
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ú	ί� HPLC-ICP-MSGĭůʺ*�	ĉ）月ŋěÔǞ̢*方Ωʺ!� 

sŲ：Ώˏ ASV ĭ: HPLC-ICP-MS Öƿ6Ĩ͜ˎO月)久川介左列*
Ôɹ	ɛ·	�6Ĩ(�˽介列Ĳ˞ȭ6	HPLC-ICP-MS ůʺĠ ASV ĭ	
äƿǡʜ̓�6Ĩ Tl(I): Tl(III)*卡ő	U(ĉ͜ˎO月Ǟ̢*方Ω�5.4.3.2
ʧǥɸ�æǰǃ°ā˞6ĨGĭ今��O:ĖĪ=˸O*以|ę� 

5.4.3.2  ĖĪ=˸O:��O 

sʧɸ�æǰǃ ASV ĭ: HPLC-ICP-MS ͕|Ġ6Ĩ��O:ĖĪ=˸
O)(�˽介列*以|ę�}Ġ ASVĭĵǱəĒ月ŋ) Tl(I):久川介左列ͨ
ƕ* Tl(I)卡ő	śĠĖĪ=˸O�WSPW	:��O�TCGW	)Ȅ^ Tl(I)
�200 µg/L	ǰǃO月)£�ε石˧ľ亦瓜 ɣǞ̢ŝÐ上方ΩGĭ6Ĩɤĥ
(ļ 5.11)�°j	Tl(III)�200 µg/L	�Ƞh½Ȅ^º°ā˞O月)Xǰǃ=˸
O˧��O)Ǟ̢¹ɛŝÐ上方Ω HPLC-ICP-MS ĭ*6Ĩɤĥ(ļ 5.12�ˍ
5.13)� 

ļ 5.11ί�X ASVĭ6ĨWSPW: TCGWɤĥ	Tl(I)Ã久川介左列卡
ő* 100%	õɚ Tl(I)ƪ8ũ Tl(III)*ǭÙ	今ʢ 5.3.2ʧ EPAɢΞO6Ĩ日
包	Ă®ůĽ*ɤĥ	ί�ASVĭƿǡ6ĨĖĪ=˸O:��O)£�* Tl(I)
:久川介左列卡ő	ɛ·	ż͜ˎO月£� Tl(III)Ƥ	ŉʺƘġĉ）月ŋ)Ǟ
̢&Ͳ·方Ωſˡ* Tl(III)卡ő� 

ļ 5.12 6Ìũ Tl(III)Ȅ^ĠĖĪ=˸O�WSPW	:��O�TCGW	
*6Ĩɤĥ�HPLC支Ĩˍ白ί� Tl(I)˧ Tl(III)*內ƱƤɽ˧ JFCW: BPCW
ůĽ	ŭũ 4.56交 [Tl(I)]: 11.36交 [Tl(III)] (ˍ 5.13)	ś(�˽介列*內
ƱƤɽ(ĉ月ŋǞ̢*方Ω�°j	6Ĩɤĥ�Ř] Tl(III)Ǌ反Ġ WSPW :
TCGW)Ï®ŷ 60%*Tl(III)ͨƕũTl(I) (ļ 5.12)�ůʺĠEPAɢΞO�DW	
* 45%	Tl(III)ĠsŲ：)ěû|*=˸O:��O)®äÛ*ͨƕȨȊ	Ǵ
ə˧͜ˎO月ƪ8ͨƕ˅¿��¦ε石:ľ亦瓜 ÔɹĂ®ůΒę	°ȭ6

ǥĠ 5.5ʧɸ½份Ώ˧ǰǃ� 

5.5  (�列Ĳ˞Ġ EPAɢΞO*由Ēę˧˽介ή8 

5.5.1  pHƑ*方Ω 

ũǰǃ Tl(III)Ġ(� pH*由Ēę	sſɜǥ Tl(III)�200 µg/L	^� pH 
4�8* EPAɢΞO)	24!ƤŕªʁO月əɹɢΞO)列Ĳ˞卡ő�ɢΞO
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ƕĐ pHŷũ 8	XɢȒ尤̠̻º pH 5X�	大不 24!Ƥŕ/ƿˤŗ̠̻ŕ
* pHƑ	ǮO月̠̻º pH 5�7*ɽŉ上ĉ）ɢΞO)分尤ȁƨ:分尤ƨ*
王且ƿ�方Ω	24!Ƥŕ pHģί®�9ȍɰ�ļ 5.13	� 

Tl(III)Ġ pH 6�8*ɽ*Lý6oĳĮƜȐ(�	ŷũ 9.0 %�15 %	Å
� pH 5: pH 4Ă®ʺǏ*Lý	6Ìũ 26 %: 19 %�ļ 5.13		ί� Tl(III)
�Ç pHǭĮ�ʺũ由Ē	ǴəV�ũɢΞO？ȗ) Tl(III)ͨƕ§ Tl(I)*˅ 
Ʌüĸũ H2O	H2OɅü˅ ŕ上ȏ{ O2: H+�口 pHʺÇƤ	O久Ȃ) H+

ʺ�	H2O Ʌü˅ *;͕ʺΓɸ½	ΓXɅü˅ ɥ Tl(III)ɸ½ͨƕ;͕	
Żû Tl(III)ĠÇ pHƑ͜ˎ)ʺũ由Ē� 

pH Ƒǎ�上方Ω Tl(III)*由Ēęj	�上方Ω Tl(III)O川ȏĲ*˞石	
pH 6 X�X Tl(OH)2+ũV	pH 6�8 X Tl(OH)2

+ũV	�ƤÔ® Tl(OH)2+:

Tl(OH)3	（) Tl(OH)3Ĵ pKspũ 45.2	久川őʗÇ	Å�sˏ份 pH 6�8*ɢ
ΞO)õɚ全仍）�Áê̾ȍɰ	久川介左列˧ƫ8ŕəǫ*左列Ôɹ��6

ǱĽ	ί�ɢΞOˏ份？ȗõtɝ{ Tl(OH)3ê̾ȍɰ	Ǵə˧久Ȃ)£�*

Cl-Ă®Β布ę	Cl-fƿ上âĆ Tl(OH)*O川	õÙ§[TlCl(OH)]+*石Ĵ͍�

Ĳ	ûǫ？ȗ) Tl(OH)3 LýƉÇ	ǴəĠsˏ份？ȗ˹ž̠̻ºäǏ* pH
Ƒ'上ȏ{ģί Tl(OH)3*ê̾ĳĮ (Lin and Nriagu, 1998)� 

5.5.2  ȱ瓜 :®半̢*方Ω 

ň�FΙ(Krasnodebska-Ostrega et al., 2011)Ʌ]ƿ由Ē Tl(III)*Ǌ¿Ǟ
�Ligand	`Ôɔ瓜 �分尤ƨ�他尤ƨ�未本尤ƨ�升ɑ尤: DTPA4˞Ǌ
¿Ǟ�sſɜû|*Ǌ¿Ǟ卡őŉǙ¶͜ˎ卡őĚ今{ĲƿÚĉ*卡ő 
(Vandam et al., 1995)�ɤĥ¡ļ 5.14ě�	久川介左列˧ƫ8ŕəǫ*左列Ô
ɹ�ě®șÌ)ƜȐŭ� 10%X3	Tl(III)Lý�生jȄ^ɔ瓜 �10 : 20 
mg/L	�他尤ƨ�20: 40 mg/L	�升ɑ尤�1: 2 mg/L	X:未本尤ƨ�1:
2 mg/L	*ɢΞO)ŭ˧tȄ^Ǌ¿ǞɢΞOɚģίƜȐ	· Tl(III)Lý�ɗ
>分尤ƨ�ɗ> 34: 68 mg/L	*ɢΞO)	�月˧t̠̻*ɢΞO)ɚģί
ƜȐ	Ǯ^� DTPA�1 : 2 mg/L	ŉƿ®Ơ由Ē Tl(III)	û Tl(III)�ɢΞO
)*LýίɪǏĠtȄ^Ǌ¿Ǟ*ɢΞO�DTPA ƿ®Ơ由Ē Tl(III)	Vžƕ
��Ġ DTPA˧ Tl(III)Ĵ͍�Ĳ由Ēő�log K = 46	ǏĠͨƕ;͕Ĵ log Kr
�log Kr = 42	(Paldyna et al., 2013)	ƿ�·ǡͧÉ Tl(III)*ͨƕ;͕ȏ{	·
（Y-˞͍�Ĳ由Ēǧ日ŭ!Ġͨƕ;͕Ĵ log Kr	�°ɚĭͧÉͨƕ;͕ȏ
{	tþżžȾß（Yƿ由Ē Tl(III)*Ǌ¿Ǟ	（͍�Ĳ由Ēő了ǏĠͨƕ;
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͕Ĵ log Kr = 42�ļ 5.15	� 

5.6  ŋŅ/ŋˠÆʖ  

sſɜĠǟ½Ɏɽ͜ˎO月*͘ə6Ĩ	Öȕ�ˆɎȤĒ*ŋŅ/ŋˠ�木	
ŠƦ木ʜŋ6Ĩ�ªȊũ 80�120 %�͘ɹ̘ R2>0.995�月ŋƇ̞6ĨƜȐ´
6LˤŗĠ 20 %X3�ŋŅ/ŋˠ日包十̻¡ļ 5.16ě�� 

5.7  ɤ乏˧ŒΝ 
1. sſɜ§_ɼɝā˞8加6ĨGĭ�ASVĭ: HPLC-ICP-MSĭ		õ|Ġ
͘ə͜ˎO月)(�˽介列��˽列��˽列	� 

ASVĭȵúǾ��ȇ� 3.5 mLŔəO月�3.5 mL 2 N他尤/他尤˷王且久Ȃ�pH 
6.2	: 3 mL 5 mM DTPA	Ήɓ 75Ŵ	ê去Ƥɽɭ月ŋ卡ő̠̻	ˆȤũ 90
�150Ŵ	（ŕ^� 0.1 mL 10 mg/L* Tl(I)3木ʜŋ	Ήɓ 15Ŵŕ�əɹ^
�3木ʜŋ*˅ŦǪő	Ƈ̞ā¯	Tl(I)ƛƑ͕ʭĠ6Ĩˍ白)-0.47 VȞ� 

HPLC-ICP-MSȵúǾ��ȓǖů:Ô® 5 mM DTPA:~̦�2%, v/v	*他尤
/他尤˷王且久Ȃ�0.1 M	pH 6.2		Tl(I)˧ Tl(III)*內ƱƤɽ6Ìŷũ 4.56
交: 11.36交�月ŋ反ȴGĭ�ǥO月˧ 5 mM DTPA久ȂX 2:1*Lýȇ�� 

2. Ȅ^ 3 ˞(�列Ĳ˞�Tl(I)�Tl(III)�DTPA-Tl(III)	Ġ EPA ɢΞO*ɤĥ
ί�	ů今Ġ HPLC-ICP-MS ĭ	ASV ĭġĉ） EPA ɢΞO)�九Ǟ̢&
Ͳ·方Ω Tl(I)ĴĒɹ	^� ASV ĭXɽǱG¦�久川介左列¨ǎ�˽列	
ſˡ Tl(III)卡ő	�·方Ω Tl(III)*ʜ̓ő� 

3. Ȅ^(�列Ĳ˞�Tl(I)�Tl(III)	Ġ 4˞(�͜ˎO月�尤ęΚ"ǷO�ī
#ʝŦ���O�ĖĪ=˸O	Ĵɤĥί�	 HPLC-ICP-MS ůʺĠ ASV
ĭ	äƿǡʜ̓�6Ĩ Tl(I): Tl(III)*卡ő	Uĉ）月ŋǞ̢*方Ωʺ!� 

4. sſɜ已份ɤĥί�HPLC-ICP-MSĭ͕|Ġ6Ĩ͜ˎO月)(�˽介列*
ʜ̓ő͓Ġ ASV ĭ	ŒΝtþĆƀ(�˽介列木ʜ͘əGĭƤǫX

HPLC-ICP-MSũVž¶ɹ� 

5. sſɜhXEPAɢΞOĻæǰǃ列Ġ͜ˎ)Ǣč	ί�Tl(III)ĠÇpHƑ�pH 
< 5	:Ȅ^ DTPA*ĳĮ�ƿǡʺũ由Ē£�ĠO)� 

6. sſɜ§_Œ�以|Ġ6Ĩ͜ˎO月*(�˽介列Ĵ8加͘əGĭ	tþf
ͱ�͕|Ġ�Oα:ĖĪ͜ˎ	ɂɆǜ3列ĠOα͜ˎ*ŦoʶǄ	õɅü

加ȟŬ:ŚĕůΒȸ¿ǋ今(�˽介列ĠŕΣ½ŚˠĆȢ牙:̆Ψƌ͐ɮ

Â*Ǚ¶ù包� 
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� 3.1  )�("����!� 
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 119 ng/L N/A (
��, 2006) 

New Brunswick, Canada 0.05-23.61 µg/L  Power plant (Cheam, 2001) 
Guizhou, China 0.09-33 µg/L Mine (Xiao et al., 2003) 

Gard, France 26-534 µg/L Mine (Casiot et al., 2011) 
Udine, Italy 12-30 µg/L Mine (Petrini et al., 2016) 

Tuscany, Italy 7.8-768 µg/L Mine (Campanella et al., 2017) 
Gard, France 5.44-537 µg/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 
Tecolote, Mexico 

0.60-46.7 mg/kg Mine (Cruz-Hernández et al., 2018) 

Nerva and Zaranda, Spain 3.39-136 mg/kg Mine (Cruz-Hernández et al., 2018) 
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W 3.2  �=ë�»I�{;È­ 

 Guideline Country Reference 

Environment    

Soil 1 mg/kg Canada (CCME, 2003) 

Surface water 0.8 µg/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 µg/kg-day USA (USEPA, 2009) 

MCL 2.0 µg/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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W 4.1  &fEw· Tl(I)� ASVU{Æ�K 

Parameter value 

Cleaning potential -0.1 V 

Cleaning time 5.0 s 

Deposition potential -0.75 V 

Deposition time 30 s 

Equilibration time 10 s 

Start potential -0.75 V 

End potential -0.2 V 

Pulse amplitude 0.05 V 

Pulse time 0.05 s 

Voltage step 0.01 V 

Voltage step time 0.1 s 

Sweep rate 0.1 V/s 
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µ 4.1  @) ASVU�PëVº+©µ 
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W 4.2  EPA�，�v��1L� 

Chemical Content (mg) 

¹¾�¤�NaHCO3� 96.0  

���¾Û�MgSO4·7H2O� 123.0 

��²�KCl� 4.0  


��¾£�CaSO4�2H2O� 60.0  
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W 4.3  ¨To�ÃÓ�K{Æ 

Steps Solutions Orders Raise (min) Hold (min) Power (W) 

1st 
9 mL HNO3 

+ 3 mL HCl 

1 5 10 500 

2 5 30 800 
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W 4.4  &g�Ç[Ù。ÆÕ[Z*È 

 

  

�P�r Ù。�U 
hÍ�P 
l�:��   

�¼�]��%� 

anÈ­[ 
�P27�   

�­É]��%� 

Ç[�! 
�P27�   

�­É]��%� 

ë 

HPLC-ICP-MS 0�20 80�120 80�120 

ICP-OES 0�20 80�120 80�120 

AVS 0�20 80�120 80�120 

à�À�¿�ß�

³�Ò 
ICP-OES 0�20 80�120 80�120 
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W 4.5  &g�fE¡]�C6�
?¦*�(pµ� 

5� 

 


?¦* 

1 2 3 4 5 6 7 8 9 10 11 12 � 

� 

^,
HPLC-ICP-MS
� AVS�P�
U 

             

。å
HPLC-ICP-MS
½ ASVUNÚ
¶Ç[�Ð)
M 

              

HPCL-ICP-MS
� ASVUÙ�
LR�Â��
�0Ä¸ë�
#=M½~Ï
�Ý > 

             

�t�0ëV
ºN�}Ú¶
�ãKM�Ä
¸、� 

             

              


?¡]>g

:����×

Æ� 

10% 20% 30% 40% 45% 50% 60% 70% 80% 90% 100%   

´KanÜ 

�� 

1. C6 HPLC-ICP-MS� AVS�P�U�^,�。å�EPA

�，�� 

2. 。å HPLC-ICP-MS½ ASVUNÚ¶Ç[�Ð)M�Ú¶

�Ç� 

�' 

1.  > HPCL-ICP-MS� ASVUÙ�LR�Â���0Ä¸

ë�#=M 

2. �të4�êÚ¶�ãKM�#s�J�^,F。å1¦

�P�UNÚ¶�Ï�Ð)M�#=M�`A8~Ï�Ý

|â� 

 

* 
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µ 5.1  HPLC�zedÑ¾ÁËÌ«��0.1 M�pH 6.2��ÅPµä�B
200 µg/L Tl(III)� BPCW��(a)��9Qk�(b)�
9Qk�{
; Nolan et al. (2004)� HPLC�zebc�.��zeb��1.5 
mL min-1 

 

 

  

(a) 

(b) 

Tl(I) 
RT: 1.88 min 

Tl(I) 
RT: 1.88 min 

DTPA-Tl(III) 
RT: 24.5 min 

(G<��9Qk��q) 
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µ 5.2  HPLC�zedB8 5 mM DTPA Ñ¾ÁËÌ«��0.1 M�pH 
6.2��ÅPµä�B 200 µg/L Tl(III)�È­«���(a)��9Q
k�(b)�
9Qk�{; Nolan et al. (2004)� HPLC�zeb
c�.��zeb��1.5 mL min-1 

  

(a) 

(b) 

Tl(I) 
RT: 1.88 min 

Tl(I) 
RT: 1.88 min 

DTPA-Tl(III) 
RT: 28.9 min 
(G<��9
Qk��q) 
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µ 5.3  HPLC�zed 5 mM DTPA� 2% MeOH�v/v�Ñ¾ÁËÌ«
��0.1 M�pH 6.2��ÅPµä�(a) B 10 µg/L Tl(III)� EPA
�，��(b) B 200 µg/L Tl(III)� EPA�，��{; Nolan et al. 
(2004)� HPLC�zebc�.��zeb��1.5 mL min-1 

  

(a) 

(b) Tl(I) 
RT: 4.50 min 

DTPA-Tl(III) 
RT: 11.3 min 

Tl(I) 
RT: 4.50 min 

DTPA-Tl(III) 
RT: 11.3 min 
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µ 5.4  @)HPLC-ICP-MS�P�0Ä¸ëÈ­[�ÅPµä�Ù¢Ê�
(a) Ç[dB 200 µg/L� Tl(III)È­[�(b) Tl(I)� Tl(III)Ù¢Ê 

 

 

  

(a) 

(b) Tl(I) 

Tl(I) 
RT: 4.50 min 

DTPA-Tl(III) 
RT: 11.3 min 

 Tl(III) 
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µ 5.5   �X HPLC-ICP-MS�Uy�ªiÖ]�0.3 µg/L��P�Å
Pµä�(a) Tl(I)�(b) Tl(III) 

 

 

 

  

(a) 

(b) 

Tl(I) 
RT: 4.50 min 

DTPA-Tl(III) 
RT: 11.3 min 

Tl(I) 
RT: 4.50 min 
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(a) Ç[ 

 

(b) H9È­�! 

 

 

 

 

 

 

 

 

µ 5.6  ë�ASV�Pµä�(a) Ç[dB 200 µg/L Tl(I)�EPA�，��
(b) H9È­�!�D9�!¢d 100 µg/10 mL Tl(I)  

Tl (200 µg L-1) 

2nd standard addition  
(100 µg /10 mL) 

1st standard addition  
(100 µg /10 mL) 

Tl (200 µg L-1) 
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(a) 

(b) 
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��1. JFCW: Jiufen Creek  
2. BPCW: Banping Creek 
3. TCGW: Tucheng Groundwater 

±mG¬�=_x�@°�3�±ujØ���http://gic.wra.gov.tw/gic/HomePage/Index.aspx� 

 

µ 5.7  Ú¶�Ç�Ç3Ü+©µ�a�JFCW��b�BPCW� 

�c�TCGW 

 

 

 

  

(c) 
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�Ç���1075 4� 3�� 
�� JFCW: Jiufen Creek�BPCW: Banping Creek� 

µ 5.8  Ú¶�Ç�Ç¯��JFCW�BPCW� 

 

 

 

 

 

 

 

 

 

 

 

 

 

	/®���JFCW� 	/®���JFCW� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

§YÞ%�¾Mæ���� §YÞ%�¾Mæ���� 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 

"\®���BPCW� "\®���BPCW� 
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�Ç���1075 8� 10�� 
��TCGW: Tucheng Groundwater� 

µ 5.9  Ú¶�Ç�Ç¯��TCGW� 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3���ÇÜ�TCGW� 3���ÇÜ�TCGW� 
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��WSPW: Waishuangsi Porewater� 

±mG¬�=_x�@°�3�±ujØ���http://gic.wra.gov.tw/gic/HomePage/Index.aspx� 

µ 5.10  LR�Ç3Ü+©µ 
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�Ç���1075 7� 17�� 

µ 5.11  LR�Ç¯� 

  

 

 

 

 

 

 

 

 

 

 

 

 

��S�b-$á®�WSPW� ��S�b-$á®�WSPW� 

 

 

 

 

 

 

 

 

 

 

��S�b-$á®�WSPW�  
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µ 5.12  HPLC-ICP-MSÙ�È­[�ë�!NÚ¶�Ç�ÅPµä�(a) 
Tl(I)È­[�200 µg/L��(b) Tl(III)È­[�200 µg/L��(c) �!
200 µg/L Tl(III)N JFCW��(d) �! 200 µg/L Tl(III)N BPCW�  

(a) 

(b) 

(c) 

(d) 

Tl(I) 
RT: 4.50 min 

DTPA-Tl(III) 
RT: 11.3 min 

Tl(I) 
RT: 4.50 min 

Tl(I) 
RT: 4.50 min 

DTPA-Tl(III) 
RT: 11.0 min 

Tl(I) 
RT: 4.50 min 

DTPA-Tl(III) 
RT: 11.0 min 
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µ 5.13  HPLC-ICP-MSÙ�È­[�ë�!NÚ¶�Ç�ÅPµä�(a) 
Tl(I)È­[�200 µg/L��(b) Tl(III)È­[�200 µg/L��(c) �! 200 
µg/L Tl(III)N TCGW��(d) �! 200 µg/L Tl(III)NWSPW�  

(a) 

(b) 

(c) 

(d) 

Tl(I) 
RT: 4.50 min 

DTPA-Tl(III) 
RT: 11.3 min 

Tl(I) 
RT: 4.50 min 

Tl(I) 
RT: 4.50 min 

DTPA-Tl(III) 
RT: 11.3 min 

DTPA-Tl(III) 
RT: 11.3 min 

Tl(I) 
RT: 4.50 min 
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W 5.1 ASVU���0ëVºÖ] 

Water sample 
Total soluble Tla Tl(I)b Tl(III)c 

µg/L 
DW-Tl(I)  182.6 ± 6.2 186.7 ± 4.6 ND 

DW-Tl(III) 208.1 ± 4.9 170.5 ± 7.8 37.5 ± 10.7 
Tl(I) and Tl(III) (200 µg/L) were spiked into EPA dilution water (DW). 
Data was shown as mean ± SD (n = 3), ND: Not detectable. 
a. 6 g/L ascorbic acid was immediately added after sampling and measured by ASV. 
b. 5 mM DTPA was immediately added after sampling and measured by ASV. 
c. Tl(III) = Total soluble Tl – Tl(I). 

 

 

 

 

 

 

 

 

 

上傳時間：2018年12月25日下午 05:58



��# )��%��������	���'��
��                     ����"�$ 

51 

� 5.2  
 HPLC-ICP-MS�� EPA�(	���)�!&� 

Sample type 
Nominal 

concentrationsa 

(µg/L) 

Measured concentrations (µg/L) 
Total Tlb Total soluble Tlc Tl(I) (%)d Tl(III) (%)e 

0th hr      
 30 34.2 ± 0.9 29.8 ± 1.2 29.8 ± 1.2 (100%) ND (0%) 
(1) Tl(I) 200 227.0 ± 0.0 213.3 ± 3.9 213.3 ± 3.9 (100%) ND (0%) 

 400 435.0 ± 2.6 368.2 ± 7.1 368.2 ± 7.1 (100%) ND (0%) 
 30 31.3 ± 1.4 25.9 ± 0.4 14.8 ± 0.1 (57%) 11.1 ± 0.5 (43%) 

(2) Tl(III) 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 35.5 ± 5.3 28.8 ± 0.1 2.20 ± 0.5 (7%) 26.7 ± 0.4 (93%) 

(3) DTPA-Tl(III) 200 217.3 ± 4.2 202.0 ±11.9 6.50 ± 1.4 (3%) 195.4 ± 10.6 (97%) 
 400 434.0 ± 4.4 398.9 ± 12.4 53.0 ± 0.8 (13%) 345.9 ± 11.8 (87%) 
24th hr      
 30 34.2 ± 0.9 31.5 ± 1.8 31.5 ± 1.8 (100%) ND (0%) 
(1) Tl(I) 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 31.3 ± 1.4 24.4 ± 1.0 24.4 ± 1.0 (100%) ND (0%) 

(2) Tl(III) 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 ± 2.4 (16%) 
 30 35.5 ± 5.3 27.4 ± 2.1 11.6 ± 1.7 (42%) 15.8 ± 1.4 (58%) 

(3) DTPA-Tl(III) 200 217.3 ± 4.2 200.3 ± 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. 
a. Nominal concentrations of 3 types of Tl-containing solutions (30, 200 and 400 µg/L), DTPA-Tl(III) contained 600 µg/L DTPA. 
b. Samples were measured by ICP-OES (200, 400 µg/L) or ICP-MS (30 µg/L) after acid (65% HNO3) digestion at 85�. 
c. 5 mM DTPA was immediately added after sampling and measured by HPLC-ICP-MS, Total soluble Tl = Tl(I) + Tl(III). 
d. Tl(I)% = [Tl(I) / Total soluble Tl] x 100 %. 
e. Tl(III)% = [Tl(III) / Total soluble Tl] x 100 %. 
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� 5.3  
 ASV��� EPA�(	���)�!&� 

Sample type 
Nominal 

concentrationsa 

(µg/L) 

Measured concentrations (µg/L) 
Total Tlb Total soluble Tlc Tl(I) (%)d Tl(III) (%)e 

0th hr      
 30 34.2 ± 0.9 N/A 28.2 ± 1.4 (82%) N/A 

Tl(I) 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 31.3 ± 1.4 34.3 ± 3.0 15.1 ± 0.2 (45%) 19.0 ± 3.0 (55%) 

Tl(III) 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 35.5 ± 5.3 26.2 ± 1.3 9.10 ± 0.5 (35%) 17.2 ± 1.5 (65%) 

DTPA-Tl(III) 200 217.3 ± 4.2 207.6 ± 11.0 71.2 ± 1.5 (34%) 136.4 ± 12.5 (66%) 
 400 434.0 ± 4.4 444.6 ± 14.2 180.6 ± 3.9 (41%) 264.1 ± 13.0 (59%) 
24th hr      
 30 34.2 ± 0.9 N/A 27.6 ± 3.3 (81%) N/A 

Tl(I) 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 31.3 ± 1.4 31.1 ± 4.5 21.6 ± 2.2 (71%) 9.6 ± 5.6 (29%) 

Tl(III) 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 35.5 ± 5.3 27.5 ± 0.6 14.4 ± 1.4 (52%) 13.1 ± 1.9 (48%) 

DTPA-Tl(III) 200 217.3 ± 4.2 212.3 ± 2.2 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. 
a. Nominal concentrations of 3 types of Tl-containing solutions (30, 200 and 400 µg/L), DTPA-Tl(III) contained 600 µg/L DTPA. 
b. Sample were measured by ICP-OES (200, 400 µg/L) or ICP-MS (30 µg/L) after acid (65% HNO3) digestion at 85�. 
c. 6 g/L ascorbic acid was immediately added after sampling and measured by ASV for total soluble concentration. 
d. 5 mM DTPA was immediately added after sampling and measured by ASV for Tl(I) concentration, Tl(I)% = [Tl(I) / (Total soluble Tl or total 

Tl)] x 100 %. 
e. Tl(III) = Total soluble Tl – Tl(I), Tl(III)% = [Tl(III) / Total soluble Tl] x 100 %. 
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0 5.4  �8SI[tc�l�v
F�bB 

Ilv s�" IlvN9 
;m (TWD97, m) 
X Y 

JFCW \�� ��_�>� 337085 2779591 
BPCW \�� �2_�>� 338673 2779619 

TCGW \�� fjJY5 291650 2761258 

WXPW h�� K�-�6-�w_ 305267 2776381 
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0 5.5  ���Ilv$p���eR�
�oeRbB 

�o

R@ 
uV3 u]a&x/ Qy =P UjyP Ljy u rf 

mg/L 

M:
D� 155 230 14.0 0.04 3.46 45.9 0.71 

X�Il�O7 2017� 11� 15�� 

b<# �̂!4Ct1 �̀�Dtc�oeRbBg�https://wq.epa.gov.tw/Code/?Languages=tw� 
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0 5.6  tc�l�oF�?( 

Ilv pH 
DO ORP EC 

mg/L mV µS/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 

X�Data was shown as mean ± SD (n = 3). 
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� 5.7  *"	&����,)� 

�&+ 
Cd Cr Cu Ni Pb Zn 

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 

 

�&+ 
Fe Al Mn Ga In Tl 

mg/L 

JFCW 73.91 ±1.234 35.47 ±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    

mg/L  

JFCW 10.25 ±0.177 1.353 ±0.025 33.29 ±0.343       

BPCW 9.462 ±0.068 1.449 ±0.021 8.711 ±0.123       

TCGW 155.3 ±0.323 7.040 ±0.042 2.479 ±0.029       

 �1. Data was shown as mean ± SD (n = 3). 
2. ND: Not detectable. 
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� 5.8  ���
�$�� 

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) 0.3 � 0.0 

OC (%) 0.4 � 0.0 

CEC (cmolc/kg-sed.) 4.4 � 0.3 

Water content (mL/100g-sed.) 36 
��Data was shown as mean ± SD (n = 3)� 
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� 5.9  ��
�:�%/& EA" 

-<C 
Cd Cr Cu Ni Pb Zn 

mg/L (mg/kg) 

WS 1.51 � 0.03 11.46 � 1.54 26.90 � 0.80 11.03 � 0.30 9.57 � 0.81 76.69 � 7.66 

WSPW ND ND ND ND ND 0.067 � 0.001 

��!?#=
�'(�

0.65 76.2 50.0 24.0 48.0 140 

��!?#=
�'(�

2.49 233 157 80.0 161 384 

 

-<C 
Fe Al Mn Ga In Tl 

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 

 

-<C 
Na K Ca    

mg/L  

WS N/A N/A N/A       

WSPW 12.82 � 0.004 2.912 � 0.081 14.13 � 0.002       
2�1. Data was shown as mean ± SD (n = 3). 

2. ND: Not detectable. 
3. N/A: Not available.  
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� 5.10  �� ASV�
 HPLC-ICP-MS��9�D�.�
��4$�	F�7 

Water 
sample 

 Measured by ASV (µg/L)  Measured by HPLC-ICP-MS (µg/L) 

Total Tla Total soluble Tlb Tl(I) (%)c Tl(III) (%)d Total Tla Total soluble Tle Tl(I) (%)f Tl(III) (%)g 

JFCW 201 ± 14.9 215 ± 9.3 86.2 ± 2.3 
(40.1%) 

129 ± 7.1 
(59.9%) 217 ± 3.78 224.2 ± 7.3 106 ± 1.4 

(47.1%) 
118 ± 3.8 
(52.9%) 

BPCW 198 ± 15.6 214 ± 15.5 118 ± 4.5 
(55.4%) 

95.3 ± 11 
(44.6%) 215 ± 5.46 208.0 ± 2.5 143 ± 0.7 

(69.1%) 
65.0 ± 1.0 
(30.9%) 

Two natural water samples collected from JFCW (Jiufen Creek) and BPCW (Banping Creek).  
Tl(III) (200 µg/L) was spiked into JFCW and BPCW. Data was shown as mean ± SD (n = 3). 
a. Samples were measured by ICP-OES after acid (65% HNO3) digestion at 85�. 
b. 6 g/L ascorbic acid was immediately added after sampling and measured by ASV for total soluble concentration. 
c. 5 mM DTPA was immediately added after sampling and measured by ASV for Tl(I) concentration, Tl(I)% = [Tl(I) / Total soluble Tl] x 100 %.  
d. Tl(III) = Total soluble Tl – Tl(I), Tl(III)% = [Tl(III) / Total soluble Tl] x 100 %. 
e. 5 mM DTPA was immediately added after sampling and measured by HPLC-ICP-MS, Total soluble Tl = Tl(I) + Tl(III). 
f. Tl(I)% = [Tl(I) / Total soluble Tl] x 100 %. 
g. Tl(III)% = [Tl(III) / Total soluble Tl] x 100 % 
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� 5.11  �� ASV�����	%������*�# 

Water 
sample Total Tla Total soluble Tlb Tl(I) (%)c Tl(III) (%)d 

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).  
Tl(I) (200 µg/L) was spiked into WSPW and TCGW. Data was shown as mean ± SD (n = 3). 
N/A: Not available, ND: Not detectable. 
a. µg/L, Samples were measured by ICP-OES after acid (65% HNO3) digestion at 85�. 
b. µg/L, 6 g/L Ascorbic acid was immediately added after sampling and measured by ASV for 

total soluble concentration. 
c. µg/L, 5 mM DTPA was immediately added after sampling and measured by ASV for Tl(I) 

concentration, Tl(I)% = [Tl(I) / Total soluble Tl] x 100 %.  
d. µg/L, Tl(III) = Total soluble Tl – Tl(I), Tl(III)% = [Tl(III) / Total soluble Tl] x 100 %. 
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� 5.12  �� HPLC-ICP-MS����	%������*�# 

Water 
sample Total Tla Total soluble Tlb Tl(I) (%)c Tl(III) (%)d 

DW 210± 3.6 194.8± 5.2 87.4± 3.7 (44.9%) 107.4± 2.8 (55.1%) 
WSPW 219 ± 2.5 196 ± 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).  
Tl(III) (200 µg/L) was spiked into WSPW and TCGW. Data was shown as mean ± SD (n = 3). 
a. µg/L, Samples were measured by ICP-OES after acid (65% HNO3) digestion at 85�. 
b µg/L, 5 mM DTPA was immediately added after sampling and measured by HPLC-ICP-MS, 

Total soluble Tl = Tl(I) + Tl(III). 
c µg/L, Tl(I)% = [Tl(I) / Total soluble Tl] x 100 %. 
d. µg/L, Tl(III)% = [Tl(III) / Total soluble Tl] x 100 % 
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� 5.13  Tl(III)��� pH� EPA 0	��&3�&.�2� 

Nominal pH Initial pH Final pH Total Tla Total soluble Tlb Tl(I) (%)c Tl(III) (%)d 

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%) 
pH5 4.92 ± 0.01 4.94 ± 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%) 
pH8 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%) 

Tl(III) (200 µg/L) was spiked into EPA diluted water at different pH value. Data was shown as mean ± SD (n = 3).  
a. µg/L, Samples were measured by ICP-OES after acid (65% HNO3) digestion at 85�. 
b. µg/L, 6 g/L ascorbic acid was immediately added after sampling and measured by ASV for total soluble concentration. 
c. µg/L, 5 mM DTPA was immediately added after sampling and measured by ASV for Tl(I) concentration, Tl(I)% = [Tl(I) / Total soluble Tl] x 100 %.  
d. µg/L, Tl(III) = Total soluble Tl – Tl(I), Tl(III)% = [Tl(III) / Total soluble Tl] x 100 %. 
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� 5.14  ������
-+$ Tl(III)� EPA 0	��&3�&.�2��)1 

Treatment 
Total Tla Total soluble Tlb Tl(I)(%) c Tl(III)(%) d 

Substrate Concentration (mg/L) 
Dilution water (DW) - 197.3± 4.1 176.5± 1.3 156.9± 1.4 (89%) 19.7± 2.6 (11%) 

DW + Cl- 
+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%) 

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%) 

DW + CO32- 
-34 *211.0± 9.0 *191.0± 4.5 167.5± 2.5 (88%) 23.5± 3.0 (12%) 
-68 188.3± 2.0 *186.0± 1.6 159.4± 1.0 (86%) 26.6± 0.6 (14%) 

DW + Citrate 
+1 194± 5.1 192.2± 8.3 161.3± 9.7 (84%) 30.9± 1.6 (16%) 
+2 205.7± 3.2 *186.1± 3.8 168.4± 8.1 (91%) 17.7± 11.7 (9%) 

DW + Humic acid 
(HA) 

+1 191± 2.1 165.2± 8.0 157.5± 6.2 (95%) 7.70 ± 3.8 (5%) 
+2 188.3± 3.8 184.2± 1.8 159.5± 2.6 (87%) 24.7± 3.5 (13%) 

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%)* 

Tl(III) (200 µg/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. 
a. µg/L, Samples were measured by ICP-OES after acid (65% HNO3) digestion at 85�. 
b. µg/L, 6 g/L ascorbic acid was immediately added after sampling and measured by ASV for total soluble concentration. 
c. µg/L, 5 mM DTPA was immediately added after sampling and measured by ASV for Tl(I) concentration, Tl(I)% = [Tl(I) / Total soluble Tl] x 100 %.  
d. µg/L, Tl(III) = Total soluble Tl – Tl(I), Tl(III)% = [Tl(III) / Total soluble Tl] x 100 %. 
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� 5.15  �
����
+)& Tl(III)��,���.�� 

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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� 5.16  ��*
9@)����/�58? 

��	� ���! �<���3:1$� (%) � :1�����( (%) 	�#)0� (µg/L) @.; R2 

ASV 
Tl(I) 3.2 N/A N/A N/A 

Total soluble Tl 2.7 N/A N/A N/A 

HPLC-ICP-MS Tl(I) 5.0 96.6 0.3 0.9998 
Tl(III) 4.4 97.8 0.3 0.9999 

ICP-OES 

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 
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 

-�N/A: Not available. 
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Í�ǑW³�ɎÆs�>(ÃÏ)�ùſ�ȉûȗÓ(ÆƘ

�)×ǐſȦ]Å,ïǨË(ĊƎĦ'Ǒ）¦|Í×ǐł

Ȧ]Å×ǨË,&·ɜ) (VĊƎ×）¦ďȷø�ø1

Î:Ñ×？b? 1Î:Ñ×？bÀŎW³ȨŎǀÕȋ

jǚq�Ǭ1ÎȩƊǀÕȋĥ×1ÎȩƊ|Vj�Ƙ

�) (？ɐVĊƎ¡ƕďÊȭǏŌ½×œķ4¸ũȚĮ

Å) 

8. V）¦ĊƎĦ×9ɏǤƤÁ�ȗ�ǑŇ.RV）¦ǭň
šÒ�ƿ 

9. V）¦ōĨŊ�ƆĐpŠ 

10. V）¦ĊƎĦ'Ǒ）¦×ǌƆ|Í#ǨË��ǑǐłȦ
]Å×ǨË、&·ɜ 

11. VĊƎ¬&øÄɔÅĊƎ 

12. V）¦ĊƎǑǌƆ|Í×�šǨËCȓūƏÞĀB�Ǒ
ǐłȦ]Å×ǨË&·ɜ 

13. V）¦ĊƎ#®」ĊƎǓƮĦ×ǱûƬªĚY 

1. ȳȳ¾ĝ×Ƭª� 

2. ǝprȾ:VĊƎŎƟƏ(ÆŹ¯2)Ň.Rȭ

Ǐǻ。'&lǯǒɡ(Ľģĵ2ȓ1Î:Ñ�¬

�] HPLC-ICP-MS Æ ASV ÑȩƊȭǏǻ。(J

óÐ!>ǢÃÏ5Ǫ>m 1 Ū)'&lǯǒɡ�

ƞ�CƘ��¶ǘ1Î:ÑtŇ.ȭǏŉȋ�¿

Å¿ƞ&lǯǒɡ×ɝř：�Ȍ]Å4（Ɋ1Î

|V(ȈŅ�¾ĝ�Ƭª)�VĊƎŢGŎƃ±ȓ

ūĂ4ôÂ（ɊŽ�ĻǑȭǏɡ�ù(ďĉȩ

Ɗ:Ñ�C4ǡɟɡ�ù—�(Ý£Ņ�Ǻȕ�

）¦|ÍMƃ±ðɔŞ�）¦(whĒÅ—�Æ

�ùšÒȉû��ɜľŏ4ȭǏkĞĔȣƘ�Æ

�ôǚ¹ŬȃƑɐɄ)(Ņ�®ȕ�  

3. ^Êħ¿ƺƚǢ」gŬǍàɃ�Ƃđ��q�

」VŬǍɊÊɡ(Ʌ¿Å4ȭǏŌ½(ǐɛű

1ŎƖĊƎŊ�Ǣƺƚ°]ÖÒ)CȰƉ(ȈŅ

�¾ĝQƬª)� 

4. VĊƎĀãÄɔÅĊƎ 

5. Ƚ^VĊƎ）¦|Í(BĉĀ）ķƱÆƆHȊ9

ƏÞ)MǢAĂ（Ɋǭň）¦Ŕč�¬Ê TCE ȭ

Ǐ�ùɐɄ�~ÇĹɏ� 
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¾ĝ� 

1. ȭǏ>ɜVĊƎƧŬǍ�Ū>ɜǢ�ŪÃ

Ï�ȦǰIǻ。Ǻ�ÆƯȡȌÀ¼Ɗ>ɜǑƙĀ

ǿtņɄńň� 

ȳȳ¾ĝ×Ƭª�VĊƎ(ÝȂ)」ŬǍ 2 ŪȭǏ

ǻ。(Jó 1 Ū>ɜǢ 1 ŪÃÏǻ。)�^Êħ¿

ƺƚǢ」gŬǍàɃ�Ƃđ��q�VĊƎƌÑ

ǰIŘǻȷ��ĘŎĻǑǿtņɄńň	w?/

Əǋ�>ÏǥůƲ�ɁȮȩɛ�fȓ¢Ĥ�LȔ

ɜ4ĽƶƜȔɜƑŢƲÿŃâß(>ɜȭǏ
ĳ

ĀŘǻ>ɜ(țȡq��¬ǱƯȡȖ¼Ɗ>ɜ� 

¾ĝQ 

1. ~ɊɡÊÃÏ(ȭǏŌ½Ƙ��ÊĊƎĦ'¬

WǨËœķÆƘ�(:Ñ�Ê>ɜÆÃÏ(ƦȞ

Ș¹Æ—�ĮÅ�cȦ~ÇƘ�Ǣœķ� 

2. ǑÊ&lǯǒ(ɡ�ÊȩƊ1ÎǊƐ(Mĵ$

ȸq�Ā��w�ȴ��？ɐÀÊ:Ñ？b(

lĥ�)CƘ�ǢǨË� 

ȳȳ¾ĝ×Ƭª� 

1. ^Êħ¿ƺƚǢ」gŬǍàɃ�Ƃđ��q�

」VŬǍɊÊɡ(Ʌ¿Å4ȭǏŌ½(ǐɛű

1ŎƖĊƎŊ�Ǣƺƚ°]ÖÒ)CȰƉ(ȈŅ

�¾ĝ�Ƭª)�VĊƎ¬Wĭ4>ɜÆÃÏ(Ʀ

ȞȘ¹œķ��Ŏƃ±Ý£(—�Ǻȕ	Jó 1

Ū>ɜǢ 1ŪÃÏǻ。
� 

2. ȭǏǻ。'&lǯǒɡÊȩƊ1ÎǊƐ(M

ĵ$ȸq�BĉȦ³�ȭǏŉȋ$ȸ�wƈɂ

��ǖǩĩ�Ȏǩĩ�Ⱥȹǩĩ�ǠƇǩƑŉȋ�

VĊƎŎĩȕƓÍĻǑŉȋ$ȸőÒƝ�Ƙ�

ǢǨË�¬？ɐMĵ(ȴ�:Ñ� 
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VƼǱûƬª� ĊƎŽ�rȾ�

1. ƺƚȅjpŠ� 

2. ĊƎBñ�ȅjŉƷV{：#¡ưĀ¤<

20,000�Đ�ºlBñ�¤< 18,000�Đ�ȈŅ

�Ƕ¥Ħâd 12-16¡ư� 

3. ȈŎƬªrȾÞƻÊĖēð� 

ȳȳƛƼƬª�ȠƸȟŠ� 
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�ôļȭǏåɕƼ��Ɏ4s�>�ùȗÓŉàƾ�）¦ǢǽſǂɛōĨ�  
 

�  

_ȈĊƎĦ� �Ɔ'ƀ� 

ĚYĊƎĦ� 
ƆXƀ� ǱûƬªrȾǑƸÞ�

ĊƎ{：� 107{：� ĊƎɌê� ��）¦ĊƎ�
�ǽſǂɛ�

ĊƎɌ�� 
ȉû� � �
ȗÓ� � ��¸D� Bñ��ŴµČ� �

ĊƎoǙ� &lǯǒɡ(2ȓ1Î:ÑƟƏ4Ê>ňÃÏȭǏŌ½œķ�

¾ĝǱûƬª� ĊƎŽ�rȾ�

¾ĝ� 

1. VĨȱģ�ƘÞŇ.）ķƱȊ9 1Ȅǈ|�

ŇRƆHȊ9Wǈ|�ȈǨË」q4 Y� 

2. `，ɡǑ�ɌkĞƧ~ǧĕ(Æ�ý?)(ƀ

��Ǒ>\\Õ(ýÅ）¦&u��VĊƎ

�Oƕţt？bHPLC-ICP-MS4ASV(1

Î&lǯǒɡ(）¦�Ǒ�>）¦(�İȈ

iuƕȑ� 

3. `，#œķG ASVÑMĵǆ&Ȍp�Ā1

Î�ƍ>ǻV'&lǯǒɡ(:Ñ�ðɔȈ

ñɔɛɉ HPLC-ICP-MSǑ&lɡÕǘǢȭ

Ǐ>ǻÆÃÏ5Ǫ>ǻ(Ȍ]Å� 

1. Ā¥Ȋ9ƏÞ.Ġ(�ȗÅ�VĊƎȨÊƆ
X，ƪȗmƥǐɛǺȕ4ǄĤ�ŎƓÍƏÞ

ÊŇRƆH� 

2. VĊƎ`×Ā？bHPLC-ICP-MS4ASV1

Î:Ñ�¬CȭǏ>ɜǻ。�wÐ!>�ɓ

Ƌ]È>*s�>4ÃÏ5Ǫ>>ǻƝ�

:Ñɛɉ�C�ƿɡÊ&lŉȋ'(ǯǒ1

TÖÒ�lĥ�Ŏ9ɏrɗɡtȭǏ'Mĵ

(Ō½4ǿtkĞÅ� 

3. ƭȳ¾ĝ？ɐ�ȠƸȟŠ� 

¾ĝ� 

1. ǐǫƝ：ŧpǌ¿Ɲ：� 

2. ōĨŉVǄĤÞȈɆo�¬âðɔ"�Ǩ
Ë� 

3. ȈŎ#�Ň.Ȋ9Ê�ƘÞŸƗ4âƀ�
âd� 

4. ？ɐƆXŎȩɛ1Î(。å。ǚƓÍâd� 

1. ƭȳ¾ĝÛ¿� 

2. ƭȳ¾ĝ？ɐ�#ĚY� 

3. ƭȳ¾ĝ？ɐ�#ĚY� 

4. ƭȳ¾ĝ？ɐ�#ĚY� 

5. ƭȳ¾ĝ？ɐ�ȠƸȟŠ� 
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¾ĝ� 

1. VĊƎƟƏ&lǯǒ×2ȓȩƊ:Ñ�Ǒɡ
-ĲŎ³？ƻŇğǼƷȩƊ:Ñ~Ç�İ� 

2. �ƢüŎŘƤųR>ǻ4ÃÏǻV1Î
ĥ�Ȧ�ƞEÞÅǢÇ·Ƭƽ� 

1. ƭȳ¾ĝÛ¿� 

2. ƭȳ¾ĝ？ɐ�ȠƸȟŠ� 

¾ĝQ 

1. #�|ǽȨȭǏ>ǻŉȋ�ɉǐmǘ>ɜ'
ɞɌɂ�ƱǑ ASV1ÎÑ4 HPLC-ICP-MS

ÑǑ Tl(I)4 Tl(III)1ÎƓÍ(ǵɖǢ$ȸ� 

2. #Ý£œķ$ȸ Tl(III)tƴŝ'&Ʌ¿($

ȸŶɂ��pHǢ~Șȋ�Ǒðɔ）¦ȁ~�

İ� 

3. #�|Ɔ'ûħȷ(）¦ƥ`� 

1. ƭȳ¾ĝÛ¿� 

2. ƭȳ¾ĝÛ¿� 

3. ƭȳ¾ĝÛ¿� 

�

¾ĝ+ 

1. V）¦Ȩœķ&lɡÕǘ(2ȓ1Î:
Ñ�？bȌ]ÊPɟ>ňȭǏ(ɡ�ùȩƊ

�ū� 

2. Page 23�Tl (III)ƴŝȤƻ 24�ĥƱŢ\ɋ

ƴ×ŜĬ2ÕÆĬ2Õ�ø�MCƺ^ǊȻ

»Őɋƴ×2pÕƝ�1Î� 

3. Page 2(2) Tl (I)�t�øò Tl (I)Æ Tl (III)�

VüǨË'òGưȶĺǥ(Tl (III)ƴŝ#~

42%-57%ȵ」| Tl (I)�ø�Yȁ�（Ɋǂɛ

？ɐǰI pH�ORPǺȕ� 

4. Page 2(3) Tl (III)�t�øò Tl (I)Æ Tl (III)�

VüǨË'òG Tl (I)ș：t 24�ĥ�ĵǟ

ñɅ¿�õ¸ Tl (III)ș：Ç�=²ā��ø

�Yȁ�（Ɋǂɛ？ɐǰI pH�ORPǺȕ� 

1. ƭȳ¾ĝÛ¿� 

2. ƭȳ¾ĝ？ɐ�®ȕɡ(>2ȓĮÅ�Tl(III)

Ê>'Ɣ�uǺƱȢĥƠȵ」Ā Tl(I)��ƞ

Tl(III)Êƴŝ'Ţ\(ŜĬ2ÕÆĬ2Õɑ

6ƞ(2pÕ��Ȳɡș：=ş（Ǒǆ��

`，Ȳɡș：,CƴƿǒȲɡĀB�ðɔM

�Ǹĳ�ãƴƿǒ(ɡș：� 

3. ƭȳ¾ĝƃņ�®ȕɡ(>2ȓĮÅ�Ćã
~ĮīȭǏśdÆŉȋ�Tl(III)Ê�Ķ>ɜ

ȭǏ'�Ʊȵ」ĀɅ¿yt( Tl(I)�（Ɋ

pH�ORPǺȕŎN�ƾFÊƆXƀ�� 

4. ƭȳ¾ĝƃņ�ȈŅȐŦ 3Ʉ(rȾ� 

5. ƭȳ¾ĝ？ɐ�ɊÊŤǩĩǑ&lǯǒɡɅ
¿Åə2(ǵɖ�ŎÊƆXƀ�'N�ķ

Ȋ� 
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5. 5.5.2Ŷɂ�4~Șȋ(ǵɖ�？ɐǰIŤǩ

ĩ×ŅǺ� 

¾ĝ/ 

VĊƎ"��ó？bHPLC-ICP-MS4ASVƑ�

ǘɡ(ȩɛ:Ñ�Œƺš�ȩɛƓÍȁǦ ASV

Ñi�ƍ>ǻ¼$ȸő�ǆɍď��Ŏ C

HPLC-ICP-MS Ɲ�ðɔ&lɡÕǘÊȭǏ>ǻ

ÆÃÏ5Ǫ>ǻ。(Ȍ]Å��ƞ`，Ƙ�

HPLC-ICP-MS Ê�ƍ>ǻȌ]Å(ǻVǺ,

6�ðɔwǉ~Åȋ&l(�ƍ>ɜĥ�ĵ�ȴ

�ǀȩƊ:Ñǉ~$ȸ�Ɲ�ȁåðɔ）¦1Î

�Ʋ(YȁÅ� 

ƭȳ¾ĝƃņ�^，�9ɏŐØ�HPLC-ICP-MS

MȌ]Ê�uǺ(�ƍ>ɜǻ。�Œ¸1ɂģÍ

Ş¼ïƊǻ。 pHėǵɖ	pHėǵɖDTPA-Tl(III)

(ǋÅ� ə¸Êɂ�1ɂǚú(ǔįĥƠ
�

VĊƎȽ^ȉȗïƊǻ。 pH ėÊĮ¿ȃžCǟ

ñ©vǳÎģÍ�~Ɋw�ȴ�ǀȩƊ:Ñȍǉ

ȭǏǻ。$ȸ�ŎÊƆXƀ��´Ɲ�ǨË� 

�

 
ōĨBñ��__ŴµČ__________________(Ɇo4ǣŷ)�
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_ȈĊƎĦ� 
Ɔ'ƀ� 


ĚYĊƎĦ� �ƆXƀ� 
ǱûƬªrȾǑƸÞ 

ĊƎ{： 107{： ĊƎɌê � ）¦ĊƎ 
 ǽſǂɛ 

ĊƎɌ� 
ȉû   
ȗÓ   �¸D Bñ��ŴµČ  

ĊƎoǙ &lǯǒɡ(2ȓ1Î:ÑƟƏ4Ê>ňÃÏȭǏŌ½œķ 

¾ĝǱûƬª ĊƎŽ�rȾ 

¾ĝ� 

1. Ɔ'ƀ�ǱûƬª�~rȦ�ȱģ�ƘÞ|
Í�ĵǈ|� 

2. VĊƎ#？bHPLC-ICP-MS4ASVÑ¿ƞ

>'&lǯǒɡ�，Ú Tl(I)4 Tl(�):Ñ□

ƊƳĐMǈ 0.3µg/L�¬ɛɉ4=ǆ

HPLC-ICP-MS4 ASV(Ȍ]Å�1�ȬŐ

ȩƊŹ¯śd� 

3. W³MȦ]t>ɜȭǏ4ÃÏ'ɡ×ȩ
Ɗ�ŒǑɡÊȭǏ'Ō½œķǆĀ&«� 

1. ƭȳ¾ĝÛ¿� 

2. ƭȳ¾ĝÛ¿� 

3. ƭȳ¾ĝ？ɐ�V{：ĊƎ#�|÷~ŭ¿
`Ǽ�#ǑɡÊ>ȭǏŌ½Ɲ�Ý£œķ�

W³ȨÊ¸DōĨĊƎN�ĻǑŌ½ű1

Ɲ�Ş�ȉûǢ）¦� 

 

¾ĝ� 

1. ĊƎƝ：ǈ|」ċ`Ǽ� 

2. ĊƎ|Í#ƏÞÊŇ.RȊ9�ȈÊ�ƘÞ
ŸƗƏÞŪ�ĳ�¿ȂV� 

3. ĊƎƀ�.9'(ć9ȰǲȈ1�ƗËE
ÞƬƽ� 

1. ƭȳ¾ĝÛ¿� 

2. ƭȳ¾ĝ？ɐ�ȠƸȟŠ� 

3. ƭȳ¾ĝ？ɐ�ȠƸȟŠ� 
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¾ĝ� 

1. #·ɜƟƏȩƊ:Ñ�=ǆ AVS Ǣ

HPLC-ICP-MS ¶ǘ&l:Ñ1Î�ǯɡǢ

�ǯɡ�ɚaðÚȥÊ，ÚM±Cð�ôŽ

�ċ¿ǼƷ(]� 

2. ȦǰIƘÎVĊƎoǙǢ`×'×�ȭǏŌ
½�œķ� 

1. ƭȳ¾ĝÛ¿� 

2. ƭȳ¾ĝ？ɐ�V{：ĊƎ#�|÷~ŭ¿
`Ǽ�#ǑɡÊ>ȭǏŌ½Ɲ�Ý£œķ�

W³ȨÊ¸DōĨĊƎN�ĻǑŌ½ű1

Ɲ�Ş�ȉûǢ）¦� 

 

 

¾ĝQ 

1. ĊƎ|Íȁǐ#ǈ）¦`××mƥ|Í� 

2. ĻǑ&lȭǏšsŘǻǻ。 (s�>ǢÃÏ

×5Ǫ>ǻ。) 1Î&lǯǒɡ(1Î:

Ñ�.ĠǑ HPLC-ICP-MS 4 ASV 1Î(

QA/QC~Ƴɍȿ(ķȊ� 

3. V|Íc�ǸȭǏǻ。&lŉȋǑ1Î×
$ȸƘ��4&lǯǒɡÊ>ȭǏ(Ʌ¿Å

Ƙ��ǑW³1Î&lǯǒɡ(0�1Î:

Ñ·Ņ�ǯė� 

4. ？ɐŎǱûƬªrȾÞÉƀ�ŹðĒ� 

5. ĊƎBñ�Ǒ 107ĨōĨ|Íȱģ�ƘÞ·

ɜ�#ǈĊƎŊ�`Ǽ�？ɐƆXƀ�ŮǊ� 

1. ƭȳ¾ĝÛ¿� 

2. ƭȳ¾ĝÛ¿� 

3. ƭȳ¾ĝÛ¿� 

4. ƭȳ¾ĝ？ɐ�ȠƸȟŠ� 

5. ƭȳ¾ĝÛ¿� 
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¾ĝ+ 

1. V）¦Ȩœķ&lɡÕǘ(2ȓ1Î:
Ñ�？bȌ]ÊPɟ>ňȭǏ(ɡ�ùȩƊ

�ū� 

2. ）¦ƓÍɚa�ǑÊȭǏ>ǻ'&lǯǒ×
ɡ�HPLC-ICP-MS ×ⅢƷ：= ASV ÑⅢ

Ʒ�？ɐǨËW³¹¿ǼƷĥø�C

HPLC-ICP-MSĀB� 

3. ？ɐƾFǨË HPLC×ǚúw�ȡȖ� 

4. wÍ Tl(�)ƴŝtȭǏ>ǻ'ƱŢ\ɋƴ×

ŜĬ2ÕÆĬ2Õ��2pÕƝ�1Î�C

ȴ�Ţ\1ÎǧĢ� 

5. ？ɐW³MCœķ¸DȭǏ'àɑɂ�Ǒ
Ê HPLC-ICP-MS4 ASVÑⅢƷ：(ǵɖ� 

1. ƭȳ¾ĝÛ¿� 

2. ƭȳ¾ĝ？ɐ�ȠƸȟŠ� 

3. ƭȳ¾ĝ？ɐ�#ƾFÊƆXƀ�¿Ȃ'� 

4. ƭȳ¾ĝ？ɐ�ȠƸȟŠ� 

5. ƭȳ¾ĝ？ɐ�ȠƸȟŠ� 

 

 

¾ĝ/ 

    ĻǑĊƎǌĊƟƏ(2ȓ1Î:Ñw�Ɔ

�|ű1ėŐÛ¿�ŒƓȊ.ĠĻǑɡ(ȭǏŌ

½ȊĎ.ĠȦM¡ĀǁŨ�¡ĵëpĊƎǌĊ`

×� 

ƭȳ¾ĝ？ɐ�V{：ĊƎ#�|÷~ŭ¿`

Ǽ�#ǑɡÊ>ȭǏŌ½Ɲ�Ý£œķ�W³Ȩ

Ê¸DōĨĊƎN�ĻǑŌ½ű1Ɲ�Ş�ȉ

ûǢ）¦� 
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