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WIFBE K — R AR 0 AR R R
TG R LPTARE T1 V53 —ANSRIE . K2 H0E
Tl (R4 0.01 ~2mg/kg, (HIEAN GRS T1 2
HIRFM SR, REWAT WX AEZES T S8
5 12 ~ 46 mg/kg!", B T R B 20 I IRk
TI 54 10 ~ 100 mg/kg™, FLE ML T1 15 &
ZE 5k T RS T R A A 5P 5 At R 1
ST R AR 2 IR HE O T1 PO TL ZEBAR
Tolby AN BRI T I R, R E
BORAT BRI, bE T FREMH M, &
TI BIEFRIGSEE R AW, 5 T1 V5
RAORAE, T T OFREE IR & 40 [a)
B (20~30 4F) , T1 FREEEA 5 128 A 20N i
HONAT W SRR VER, R T1 REeiE Y 5]
e A

2

2.1 Tl

1 Tl

KTE TUWIRE A CHEAD o T 540 KR
Z T R AN 71T A U W 25 17 e el
BEIRMK (0.75 mg/kg), FEAELIE Tl Pb. As. Sb.
Hg R Z 48 BETIKNESE, WrME RNz
&I TUAYEE & T1 sl k16 ~ 139 mg/kg™,
T TSR, TI F2E 5 T RS AR
KN, Rl TR S N AE8 K o AR G,
* F. Cl. H,O KEEFH, Tl siENEE, R
S S EN RO RN TS RS L
263U My etition g, TI FELMEICRIEANT
T TR BT BT GRIR SRR,
FEARIR AR A IR G B S s 4, L my DA
SR, WIPE SRR S T AR T &
H A 100 ~ 3500 mg/kg, “FHA1E A 4400 mg/kg!.
TL 75 A AN ) (0 s o i R v, & A AN ) 1)
A (1) P RE RS RE, T W — &
R &, HEaA LSRR,

Table 1  Variation of thallium during diagenesis and mineralization

K5 T1 (A LR

MR R TI SEATEME, BT44 Rby Ko Csy Nav Ca ZERERR LT 4

AR Tl SERRIEWI S, WIELE Pb. Zn. Hg. Sb. As. Bi 25BN 4t & 4k

JL I N 3 FUFME TL A8

A L L EIGIEL T1 A

Fep £eE St RS <Sbs <hils <mlEs <mtbds, TI SRR

R AL eSSt B <REPUE < <Fi LA <TCE <A A <KH, TI & RARRIE M

B A B R <&H A <A <KP A, TL ZEKREN

2R ] ST < DVRERT <BESTRRET <BERH < R <HEERT <7 T <SR <M <A

<EEWY), TI&EARKIE N

BT AR T (A AR 25 32 28 R 25 )
B BTG T R HPRAERY, T i
K" [ ERAG 24T by Al ARABL, T R] LA 5 [R5 7 o0k
R Pk K X5 eNFyamEr, HRfA
AL B 2B 424 5% (T1"=0.140 nm; K" =0.165 nm)
BT 1 2R G B e AR B Y ol R i S0
A, EERZ NN SR ZERE S A, B
o B BOAT S SAMEMIREE A T4 (pH {H.-
W R B JERAT AR prdashl. 78 AR
HAERR, TI i LU SEAEANFIZE A AN [R] e o B
ANFRFEEIT A, TR T1 A 5 AR IR AT
FAE FH b R v 1) 3 S PR

WA T fERAERE A RN IR T
B, ST T T ISR R AR TUR A0 BRI A

ANFIA T (pHL HRIERFIA]. ANFEFEREE) T
PLERIELO, 0T HARSME T AT TI KT
LB D o DFUR IR AERAE T T & —Fhamitk
JETuE, HURBUE AR L RIS pH AR R AT
P 29, ERDh Ik, RES T B RIRR
EZAERTFRAM MRS, T C&mEEE (R 2),
HAAE—Ly X B T R AFEmmEtt 11 v5 4
W1 R RIMEAE RS T W AR,
Tl 76 R KT EEMHE R TPIEE CE4E 10%~40%)
B, RRA T A TU B W PR AR R R Py DU LK
B ST AR IS SO E I S kig gk, H ATk
AR —26 5 T1 & @ I X RS H T1 34T
TIEAER WA, MRTFRET XEAE T T
PR 1) R i) B A 90 I o
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2 Tl

Tl 1 (mg/kg)

Table 2 Tl contents in typical Tl-deposits and minings of China

WA R K

B R

VPR

BERH (3D 720 ~ 3800 BERH (3D 964 ~ 1900 YA D 10.0 ~ 56.4
s (2 35.8~45 s (3 21.4~36.1 R (3 49.7~51.6
Wb 1-3E (6) 17.5~55.2 W13 (5) 0.1~3.6 T4 (D 4.99 ~15.36
SR #(3) 86.3 ~ 243 SR (5) 29.7 ~ 450 s 21.7~454
Hr RS RS EREES SR BERIESCER8].

22 Tl

EHEFEE Y, AR LD T MEEN
0.01 ~3.0 mg/kg, —MAHELL 1.0 mg/kg®, Fk|H + 3
T SHE T Y 0.29~1.17 mg/kgY . [4RTY 5t
THET TE A RS R KA RES T T S A %
(F3) W, 5145 pH. RiFE. TR W] I o6
AL T R A AR, I T 5168 .
IKURT HIVE A B D R R doe de et v m el KA )

3

JE IR BRI, RO KM, B TL VG
Yel30 B TR DL R — RAVE & T BRI &
FH, TU Oy T e Roc s, R E 5
ML T T A f R R A IR AE R R4k
IERAE e T & & e e, R IX T mik
40~ 124 mg/kg® T TI X RZ LS TI &
HOMCAREMIL, M TE T B S 1A
X BB A b T [0 A S B AT A D RIS o

Tl mg/kg

Table 3 Tl contents in soils from different parent rocks

e HR DB [LREES

AR Btk MRE

LYiee

TR T SR 0.32 ~ 1.69 0.32 ~1.69 0.04 ~ 0.88

0.11~21.56 0.05~0.52 0.35~0.73 0.26~1.0

Tl 76 B3 IE B i sgm R 2= LI T1 TR
ke T TI SR E A, BT T R
PHCZ 2 3% pH M. AV HUBRALE ChigE . BH
H PR (CEC) MM, Tl £ LiEd
AT 5 A LS A R EAR G, ms i
3G F i U O, JF Bl R E L T & &
B, GRS N R EE P TR,
H AT T1AE 13RI A 1 5 mi PR 250 B4 B3 e 4L
G T A DGPE A B, 0 SR P R ALEE A I 5 g A
RIEA R FIRAWIT .

FHER T WAAE A EEA AKES . L4
HAL HHURE S SREER, KEER T 51
BV LL TS, TP ML [TICL] %5 s 2B &4 & LA
SO, AsO, MEAEMIERAAEN TIPS, gy Hnf
WHEAVIAT Tle AKEER TI 0] DAY H B
WA ELAR 75 50 bk g 33k N 39 2 BR Bt bR 8 5 T
%o WA m T WA E, EEAEAIFTIRE
DRI K, ERAELIEP T LUTRE . RIS
() TI L EERAE SiO, DUTHARZ ks Hh DURE TR £h
gitn TL, EEALITE. BEEENAGT G
J¥. pH. Eh), AEKSAR T tn] LS IE g2+

HeT B, LR AR TUAEEARS AR, Jf
H Tl 1 S8R 5 HAFE IR B VAR, i)
TR IR £ A BB R B oK, AW ASAFAE R T1 &5 = LR
ey, HERBEE RN, ERNIRM . HIERIE
UG R WIS E T e TL IRERE R, [
UEAE T y5 3 b I\ BE LS P 5l B AR T1 1Y)
R RETT, ITUAE—EFEE AT R T ik
— LY
23 Tl

HARGEH T 20 A P mok e, (HILE
PRS0 T A SO ACRIA 5 Tk B0k
KPR R, BT MR KR T SR
HATRE @ (& 0 o KM T1 Yok Ak
TI (K53 A AU AT BT 7 % %, HAiK A Tl
oA AFE A TR T X KA AP e
T TR E . BV R M DM R K SR K TI
B R A ER AR, S T R
MWREEL A RAAER] . ACEAEARR], a0
PR T1 AFRLHEA M R K s 3RK s eJm bk A
IR AR R, S T BEA KRR P 5 —
Mgz,
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TI ZEKMh EZLL T, TP 4E4E. TI ££ Eh-pH
B, TU LT A7 88 THrE 16 Bh-pH 23], HUA 70
AR T TP A A7AE, RIKARS TI 2 T1 3=
FHER 7 RO Tl X AR KR R A 2 A ) 2 1
TU /KR IR A7 A R, Hodifgk . K, H

4

FKAR TV T 68 % ~ 96 %, IMAEANURS
B KAER T %# TL 53 %~61 %, T1 7F
KA IRAFARS PRI R IR 2, AR R 74 1)
KA (WSOF . AsO v CI) FI I Ky i 1)L 15 #48
SRME] TI TG TE.

Ti (ng/L)

Table 4 TI concentrations in natural water bodies and water bodies in typical mining areas

HARK A WA RAED X FIERIEER X BB X
ik 0.012 ~ 0.0612 SR (2 0.36 ~ 0.61 K (2) 0.078 ~ 0.437 XK 0.35~7.86
K 0.006 ~0.715 K (3 0.57 ~ 1.66 WK (3 2.91~16.5 K 4.82
7K 0.001 ~0.0036 Tk (2) 26.63 ~26.89 fil 7K 55.2
i F K 0.001 ~ 1.264 %K (2) 1.01 ~ 1.08 Heagox 93~21.6
K 0.001 ~ 0.006

e 5 WERACR IR R .

5 AN B A [ AR B0 AH ) T S K AR R —
WIAEAE B, Lin 1 Nriagu®BF50AN TIT R84
AT e A WP S i R e = S-OH CBREk Y&
D+TI"—=S-0 TI+H", /E¥W pH 3.0 B FF WL,
76 pH 6.5 524 b TP £ES A2 it A A= i
Bt R =S-OH (BREAEMEID +TI —=S-0
T +H', fE¥W pH 4.6 WIFGAWT, 7 pH 6.5 It
W e 4y HHAbSEE T (Cu*'. Pb*T. Cd*. Zn™'.
TPOYMILL, TU ZERRBRYE 4 Tk nT e Bk A AL & 1
KA, VEF N IX SRR, T1 MELUKEE
Ko AT LT TR BT S5 A7 % T A0 T FR R B B )
TR 2R AW B A 71, KRR ) AR R )
X T PRIV B R g At B 308 a1k S A ) 3 T 1 I Y
1N, K TR P B ORI A 2 e LRI AL
RATA ALK, A AR R SR R BE 1, T
LMK B, DR T BB ES L v A ek
MR KT, {5 TP 535 AlL Fe. Mn. Mg Al Zr
A EAIE B3R R, TI T RAT N
5K ML i TP 5 kR A T e W
51, Bidoglio Z5IHF5T ik ki {E B AL, TIF W
PR A TP, B TLO; 8¢ Tl (OH),
(logKy,=-45.2), MIMAERE T1 Piie b, HR B g
53w pH AW ERRR. RS 4 &+
Tl F S EAE, B Mn R 2RSS I SAE L T
7E AR IR R AR S AL T AW B & SR T e B T
— AN EEER] . FAT IR T1 058 ZL 0 E A
N RA AL I RHA B T1 V5 YR K P24 T
LR

POHIKH T1 B8 3 B85 [ 58 FIAR S5 (USEPA)

AL, LAE 1993 £EUHIE TUCHIKH T1 R s e
{H MCL (maximum contaminant level) & 2ug/L, %
K HFBR{E MCLG (maximum contaminant level goals)
0.2 pg/L, iR 2 R K 2 AR dE R 0.1
ng/LI, PRI BRI T MCL b T1 3R ]
IR NMEMBEA R BRI B . SR
AU BT, R E RS HE T A SR b
e, XA ICAKAR T1 15 G PPt ke A HE
24 Tl

KA T B SR IAE S TL A e Hkid
o TI LB R ZEOE S35 RN, W TR
AR RELLAS AR IEH, T kb fi
H 60% ~70% FEANHIE . TIF 1k s H 298°C,
PRI TIF 2 T1 ASIEB R E L8, H OO iR gk
WP DL I I 2GR 77, J A s e X K
T HTE TURARGE, SEMTERKIHEH
T 5 3B S MK i & 2R TL A8 PE R gt FR X1
BTW R B AR 42 T1 Vs Qb B 317 &
GETI AESVEOY, SRS+ 5g, FREMRHT
FE) FESET A [ T1 S AR -
2.5 Tl

YRR B AR TL A E AR K G
FONRIEIE TI B QAT ) 2 (i LS T 4345534 730
G X ER R R A T & B R sy, AR
Yk T SRR ERGA T R TS E, AR
W) T & BRI TR > FER > B AR B » AR
FEYIXT TI s AR R B I 22 5, B AR v DA
KW I, s LS e A sy, J34h T1 af BLEE /N
R R E A 7O XS KRS R R
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T1 A8 B0 8 b2 wr fm w1 T1 P g
S, BEF, SR T AR, IXLEHOY T1 G
/PSS e T

Tl 5 K AMHEFHER, — B TR T R4
WK, MY IR WIEN 1 mg/L (1 Tl
WAATHIY T, WAKEESRM T /K% 100 pg/L
sl kB e T U, T 5 KT R, ek
WL FIEA A thigal, JHWH K fEAEY A P sk,
B R, AR A K Z B, A KAE
SZTL 5 4 T3P /NS RN KA . R
73 25,

T1 W UL & WRE . e Dctein . SRR 25 0E N A AK,
L PIRIE WA RN B RROAC, BN ML 4 A T
G INABRST, BBk pEkE, AR, &
B ARG . T4 DNA HI& & a9, T & Ak
WAELFCE, IEH AEN TI =M™, T &
ANBIEEA 6 ~ 40 mg/keg™ A H il L ik g AL
2 pg® KIS LW X, & TLRE . ki) 4%
BTS2 T1 35 i g s IR BRI 52 TL 35 B 7K m)
g T S B2 g TI pE R
VUSRS TR R o 84 T1 g — AR KRR
HIHEISWT, RASW AN, JEH TI RGREE, #
(ERGIEY T

3

3.1 Tl

BT T V54 FE 2RI & T Aa . 075
JEAK G HT THE K AR R & T1 KRS ot
Bk, DRIMEISCAE P DA vt T1 v Yk A7 i o

(1) X TURIRIFER . T 1. B S5
VERLFRREAT b s BRI T1 A, B, Tolk
PR IR AR AREE S T TR K, Kk
TL RIS s 5% v R ME TR AT P A i b A kAT
A ERIE L, fRT I FELEAT P (Y PR 0

(2) WE TV ATB MR IR B AT 222t R R Al
TIPSR, BRARST T1 AR HER

(3) A T XBEATHAEE IR, PPASH™ X TL ()9
O MRS A e F98 ) A T1 Bk IR S, A
TER X R B 55 B )

(4) XTI TN BT DX RS AT S A
K, X5 TU B g R R K HRYT .
32 Tl

KT R T V5 G436 BT 7000 Ak T 52 56 == AUy
By BT RBHE . 56 EPA #ERE T HIVE

P AL AR AR SRR S B AR S (<
10 pg/L) MHIK, HZI7 240 85 K T1 &
A AR 2 ug/L MHARAE, A7 ik oA
FER S T PR Al A o e LA T, Bl
W RS (pH>7.4, Eh<<-200 mv) , il 7R INai4L
W5 3, FERESE R AR OL T, T AR TLS
DURE, BEKH T1 nT LA R 2.5 pg/L ZKFY. A
NaCl %3l M 2K T LA TICH T XA 2800t
VE, KA TL MR AT LARRARE 2 pg/L /KT,
UEAN T EAA B 7 1A DL . RIBIE R BT
AT ORI 0 A A R S R A 4 8 AR M T
M A S RE o TR R ) LA 2 YRR SRR
BRI, IR YRS IK K (140 ~ 200 t/h) H T1 %
VLY 100 ~400 ng/g, & E O IR SE
TSR, A WK R YR R R K R T AL
A TEJERE .

3.3 Tl

FlE AR S FLF JE T LTI V5 G R
K. ARE TL 7E LB oA SO RRAE, s
DU 590 38 T1 Vo et 476 B

(1) Bk, 1) g T v YT A A 2 v
YT, W LA T A5 b3 b KT A G 1k o 7 VAT B
geyr, AN RTCARTIE T1 5 s S58#, A B S
) TI FERRYEN A N b4 BRI T

(2) TREALHE. Rl T1yGYedshlx, 347 3R
BIH AL EL . AR IR T1 75 YR B RIE T1 5 4t
WIS, R P EAT &t (FETG e H 3 X 19 0
WAL et BHASAEL, XM OTEE T T V5%
P, HG GBI .

(3) Mt Ik R AR A ) S5 IR A R B LA
b Tl BREREALY) . AHUIRT T1 V5 39 B A R
W B e T, DR g O I R AR A . A HLIE R
REPE ] T V599 1.

(4) EPaE. SRS E S T Y, Wb r
WEA (Biscutella Laevigate) FilJut th e BH Y Clberis
Intermedia) > 7HEAT 145 TI V5L VABE, X ERESAE
SR NAFR], QAP S, & TV g
K VG QFERERAR N TL V5 4 8 ya 2,

4

AR T V5 BI85 2738 TR O, AR 1
JCE T IMIREE R 2 AT N RIE AN, WT9T A2+
BN XS FIREE A TR T & i o Ay AFARAS |
B TU 1 R IR S 56 S0 L TSP b B4 1



o

bl

4 1

KRB 55 TR JRAE TS P M Bia 0] SR

533

faray
=T o

B T B, DAAHFAES T SR LA, fif

B E A, MBEAS T1 & AR R0 ) 32 5 ]
FA& T REIEE TS R IR EE 8. T T VS gk
LR AL BRSO I R R, R L BT AR i
FEH fERE#E Hge Cdv Niv As. Pb. Cr. Zn 5H 4
JERIAME, HArdk = T1 H5iXEeiEH o s 8 575 2 nif

51

DA A BT T1 5 AR T s (1 R i et 5

Ja =TT R

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

JAAE, AR K. WM E)Rinil. A6aE GRIEES), 1994
(1): 42-46

WP BT SRR 2 KB bt MR AL,
2004: 23-68

George K. Thallium in the environment and health effects.
Environmental Geochemistry and Health, 2000, 22: 275-280
Zhang Z, Zhang BG, Long JP, Zhang XM, Chen GL. Thallium
pollution associated with mining of thllium deposits. Science in
China (Series D), 1998,41: 75-81

Yang CX, Chen YH, Peng PA, Li C, Chang XY, Xie CS.
Distribution of natural and anthropogenic thallium in highly
weathered soils. The Science of Total Environment, 2005, 341:
159-172

Xiao T, Guha J, Boyle D, Liu CQ, Chen JA. Environmental
concerns related to high thallium levels in soils and thallium
uptake by plants in south-west Guizhou, China. The Science of
the Total Environment, 2004, 318: 223-244

Xiao T, Guha J, Boyle D, Liu CQ, Zheng BS, Wilsond CG,
Rouleaub A, Chen JA. Naturally-occurring thallium: A hidden
geo-environmental health hazard? Environment International,
2004, 30: 501-507

WA, MOKT, 2P, B9, WM, SR S sk
PRI AE B AR IS TE P EE R IE R SR FMERATTA,
2005, 18 (2): 99-102

Xiao T, Boyle D, Guha J, Rouleau A, Hong YT, Zheng BS.
Groundwater-related thallium transfer processes and their impact
on the ecosystem: Southwest Guizhou Province, China. Applied
Geochemistry, 2003, 18: 675-691

Kaplan DI, Mattigod SV. Aqueous geochemistry of thallium //
Nriagu JO. Thallium in the Environment. New York: John Wiley
and Sons,1998: 15-29

Brockhaus A, Dolgner R, Ewerrs V. Intake and health effects of
thallium among a population living in the vicinity of cement plant
emitting thallium-containing dust. Intern. Arch. Occup. Environ.
Health,1981, 84: 375-389

Lukaszewski Z, Zembrzuski W, Picla A. Direct determination of

ultratrace of thallium in water by flow injection differential pulse

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

(22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

anodic stripping voltammetry. Analytical Chimica Acta, 1996,
318:159-165

W2, GUmZE, FORE, TR bR VR A
EHIX R Z B E TG 4. LS, 2003, 4003):
374-379

JAFHE, FRE, . IR R GRS g S
3, 2004, 36 (4): 387-391

MFEE, FARE. &8RN R PCEEM k. -
3, 2005, 37(1): 13-19

FXEHT. PRBE R SE T I R VP — 5 VY i [ B PR M Bk
ARG A ZE B HUSRHB AR, 1997, 16(4): 75-77
FEIF, SAETE, E IR T AR A AN T B
SRS LR TR BN, 1) A M kA6 A= A, 1998,
17(2): 97-100

FREED. 5 LA EA S IRAL 2 R TR 2 2. M iR
154, 1997, 16(4): 78

Bl H N R E B HIRAL 2 2 AR S R, B,
2002, 47(23): 1839

BRAEHE, RREHE T, SRR, DRI (b ) MET R B4R 4
FIBUIR S5 va BxT k. 135, 2003, 35 (1): 76-82

FETENS, PR, KL, Bl E, BOOM, BB KIS
XTI R R TS . IR, 2004, 41(6):
896-904

BRVRE, MFER, FERRE, W, mibk. MR R
T 5 (K S N R BRI G v AR, R AR AR, 2005,
42(1): 29-36

Ziko V. Toxicity and pollution potential of thallium. The Science
of the Total Environment. 1975, 4: 185-192

30, AW, BRI, BRI T SRR, s
), 1992, 23(1): 31-33

Ainsworth C. Spills and kills,wildlife is still feeling the deadly
effects of a chemical disaster in Spain. New Scientist, 2001, 26:
20

kT, KA. EEIR — ISR T SRR BN ML,
1996, 13(1): 38-44

Mok, B0, RPUH, FIEW, £5, Wbz, ki, 75
B, R R BT R S IR AR VS ST VTR, BT
TG TTREFEREZRIRRSCE. bt PEREASOR AL,
2000: 440-443

Hofmann BA, Knill MD. Geochemistry and genesis of the
lengenbach Pb-Zn-As-T1-Ba mineralization, Binn Valley,
Switzerland. Mineralium Deposita, 1996, 31: 319-339

Smith IC, Carson BL. Trace Metals in the Environment. Volume
I-Thallium. Michigan: Ann Arbor Science Pubblishers, 1997: 307
BUC, M, JeltF. —— A BRI R goi R +
ek, 1995, 23( 3): 21-28

Jankovic S. Sb, As, Tl mineral assocation in the Mediterranean



534 +

1

%39 %

[32]

[33]

[34]

[35]

[36]

[37]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

region. International Geology Review, 1989, 31: 262-273
FEot, ok, RO, BREBN. SR T IR B

i‘@ﬂ%%‘?ﬁﬂ%. SEMIHL, 1997, 14(1): 71-78
BRI, TAR, TR, 403RVE. 46 HhERIE % 5 Hm 35T
Wl A e — DU P R R SR IR O B, e A R Ak A
R, 1999, 18(1): 57-60
FRARIE, ARHRVG. STMIVE
2000, 17(4): 236-242

HRAG. R RN T EPT. MR ERAL 2%, 1996 (1):
35-38

] EERTRIITTT. 3 MR

PRI

Shaw DM. The geochemistry of thallium. Geochim. Cosmochim.
Acta, 1952,2: 118-154

Shannon RD. Revised effective ionic radii and systematic studies
of interatomic distances in halides and chalcogenides. Acta Cryst,
1976, 32: 751-767

Witz ek, 1R, 1960 (3): 148-158

JELLAT-. BATECHE DR 5 B PR IR R Bk A0 27 S LIRS 30
WEFT. Hu T ER AL 272, 1995 (6): 89-90

FRUE, WRKCE, i, ARRAE, DT, B Sk
W PR IR B R EG. FRIEIE2, 2000, 19(5): 447-454
FIEME, PR, B, B0, BokT. SERREISE
R MR T MR, 2000, 29( 3): 283-285

TGP ERMIRILE . B0 RERER / h E R
PR BRAL 7 FF TS0 90 S 36 S R4k b at: MBRE H ARAE, 1994:
116-121

G, RESL, L, KK, BRE. RS ARIT R
PRI Yo, TE R (DI, 1997, 27(4): 331-336
WO, BRAE, BREER, EHRE, Wi, SiEeeky Lt
K5 be P2 W Hh T S B A SRR AR, W ER G R, 2001 (2):
23-25

Mok =, 8IS0k, SR8, Wohg, FIEM, BRE, BER
R, R RS AESTE S f”}lljiﬁ”é
(ARFHFRR), 2002, 1( 3): 62-66

Fergusson JE. The heavy elements: Chemistry, environmental
impact and health effects. Oxford: Pergamon Press, 1990: 614
Tremel A, Masson P, Sterckeman T, Baize D, Mench M.Thallium
in French agrosystems-I.Thallium contents in arable soils.
Environ. Pollut., 1997, 95: 293-302

Hofer GF, Aichberger K, Hochmair US. Thallium gehalte
landwirtschaftlich  genutzer Bdden  Oberdsterreichs.  Die
Bodenkulter, 1990, 41: 187-193

Hésdnen E, Aunela-Tapola L, Kinnunen V, Larjava K, Mehtonen
A, Salmikangas T, Leskeld J, Loosaar J. Emission factors and
annual emissions of bulk and trace elements from oil shale fueled
power plants. Science of the Total Environment. 1997, 198: 1-12
PROC, UET, RS 0T R EERIN A A . AR
SRIABIRE S AR, 1998, 35(4): 527-533

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

SR, BT, B FOR O X YRR AN A SR AR ) Hh Bk
AT . AMEEREE LR, 1998, 17( 1): 113-115

%ﬁi*, KA, TROK, BRIEEN. ST MR BT IR IR EE
HERAESABIETT. ST, 1997, 14( 1): 71-77
TRIGE. R AERMEEY R RFIER B BRI 2. T E A

BRI 2FB R, 1998, 17(1): 44-45

TR, BRIEEN, KB WA RERT IR R A BT HhER G E Y.
R ERE (D#), 1999, 29 (5): 433-440
JEARE, ZEnldE. By G bR . T R, 1982,

19 (4): 409-411

Flegal AR, Patterson CC. Thallium concentration in sea water.
Marine Chemistry, 1985, 15: 327-331

Hall GEM, Pelchat JC. Performance of inductively coupled
plasma mass spectrometric methods used in the determination of
trace elements in surface waters in hydrogeological surveys.
Journal of Analytical Atomic Spectrometry, 1996, 9: 779-786
Cleven R, Fikkert L. Potentionmetric stripping analysis of
thallium in natural waters. Analytica Chimica Acta, 1994, 289:
215-221

Banks D, Reimann C, Royset O, Helge SH, Sather M O. Natural
concentrations of major and trace elements in some Norwegian
bedrock groundwaters. Applied Geochemistry, 1995, 10: 1-16

B AL, BRMiie, M5 R FERIKHBERAL 2 SR R0, M Bk
IR, 2004, 32(1): 28-34

Vink BW. The behavior of thallium in the (sub) surface in terms
of Eh and pH. Chemical Geology, 1993, 19: 119-123

Lin TS, Nriagu J O. Speciation of thallium in natural waters //
Nriagu JO. Thallium in the Environment. New York:
Wiley-Interscience Publication, 1998: 34-39

Schiewer S, Volesky B. Modeling multi-metal ion exchange in
biosorption. Environ. Sci. Technol., 1996, 30: 2921-2927

Muller B, Sigg L. Interaction of trace metals with natural particle
surface: Comparison between adsorption experiments and field
measurements. Aquatic Sci., 1990, 52: 75-92

Flegal AR, Sanudo WS. Particulate thallium fluxes in the
Northeast Pacific. Marine Chem., 1989, 28: 61-75

Bidoglio G, Gibson PN, O’Gorman M, Roberts JK. X-ray
absorption  spectroscopy investigation of surface redox
transformation of thallium and chromium on colloidal mineral
oxides. Geochim. Cosmochim. Acta, 1993, 57: 2389-2394

Li YH. Interelement relationship in abyssal Pacific
ferromanganese nodules
Geochim. Cosmochim. Acta, 1982, 46: 1053-1060

Thomas O, Jewellyn L. Thallium. Ceramic Bulletin, 1990, 69(5):
885-886

Frengstad B, Skrede AK M, Banks D, Krog RG, Siewers U. The

and associated pelagic sediments.

chemistry of Norwegian groundwaters: III. The distribution of



o

%4 4

KRB 55 TR JRAE TS P M Bia 0] SR

535

[70]

[71]

[72]

[73]

[74]

[75]

[76]

trace elements in 476 crystalline bedrock groundwaters, as
analysed by ICP-MS techniques. The Science of The Total
Environment, 2000, 246: 21-40

Nriagu JO. Thallium in Environment. New York: John Wiley &
Sons, 1998: 55-57

RN, sKTOL, BRI, R, RS R R P
HEH R, 1999 (3): 39-44

FRPUR, WK, EIEM. AP EE R TS SRk
HUFERTE2E, 2001, 29 (1): 52-56

TR, WREEE, KRES, Bk, sKkMO%. & REERR LY
] AR IR R AR D ARG M5 B R, 2000,
36 (5): 27-30

Allus M, Martin MH, Nickless G. Comparative toxicity of

Rl

thallium to two plant species. Chemosphere, 1987, 16: 929-932
Leblanc MP, Petit D, Deram A, Robinson BH, Brooks RR. The
Phytomining and environmental significance of hyperaccu-
mulation of thallium by Iberis intermedia from Southern France.
Economic Geology, 1999, 94: 109-114

Anderson CWN, Brooks RR, Chiarucci A. Phytomming for
nickel , thallium and gold. Journal of Geochemical Exploration,
1999, 67(13): 407-415

TG A RRSRICRE. T2, 1996 (4): 12713
WA, BN, . MR RUERE A

[79]
[80]

[81]

[82]

[83]

[84]

(85]

[86]

[87]

WESaeys Jeimdr. Tl BAHIRE, 1996, 22( 3): 158-160
FIE BRI O, dbat T E TR B R, 1991
PR, EE. BEX AR, BN — A
i, 1999, 20( 2): 73-75

WMIvERL. FERRE B2 ol e, B AMEE A — AR, 1995,
22(4):201-204

B AT, dolkyg, A, $iK, Boyle D, Guha Jayanta. 257G
FIAu-As-Hg-TI" (16) X755 & mIc R K ERAL . HiEk{e
2£.2000, 29 (6): 571-578

IS, Rk a . DAEBHE%IE, 1992, 402):
78-79

JAVER, M, 2%, K, A, BRI IR RS
bR KA TS YA A 5. R YF, 2005, 51(2): 181-188
SEPA (Environmental Protection Agency). Technical factsheet on:
Thallium. [2005-12-16] ( http: //www. epa. gov/safewater/conta-
minants/ dw_contamfs/thallium. Html)

Vink BW. Thallium in the (sub)surface environment: Its mobility
in terms of Eh and pH // Nriagu JO. Thallium in the Environment.
New York: Wiley-Interscience Publication, 1998: 56-57

Sengupta AK, Clifford D. Important process variables in
chromate ion exchange. Environ. Sci. Technol., 1986, 20:

149-155

Thallium Pollution and Its Countermeasures
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Abstract:

Thallium is a typical heavy metal element of acute toxicity and quite low in concentration in the background environment. With

the exploration and utilization of Tl-containing mineral deposits, coal, oil and so on, T regional pollution and poisoning accidents occurred from time

to time, posing a serious threat to public health. An introduction was presented to advancements in the study on thallium pollution, origin, distribution

and migration of thallium, its harm to the ecosystem, and countermeasures. A new direction for the research on Tl-pollution was also put forward.
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