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TR EPBILTEZE T IR (L3 B &1 T & B RHFERSHT T 4
A, BT T T S 50 70 A AL RRAE S IR B X

1 MR

L1 HmREMNLLE

2R SCAE Al 2R v o PR35 M 4 R s S BR AL S T E R (BT T R HR) . RAE
RN 1B /1000~ 10000km?, B BBTARE & b A0 AR 2 B R, REEN VR ZRAEFEE AT
RABWRRUARS—Z M VIR (28), R (1994) " xHBIK % B RN R R T R
RBPF, ERERY,TE 1 ADHE /1000~ 6000km#) 8 I 7K £ b 1 11 40 3R 52 #93Z 107 SR B A0 40RE T
KEDEHYEES, BiCR D FW R, SR TR EES 'S LKk K EREEN
ML R - BMITA, BUREE S RA RAFHAR R,

WU ERETE, T 9B ERETERTENLTEN 17 MZHTERRY (L8R, T

F1 ERmERIERESR (mg/ke)
Table 1 The natural features and Tl contents (mg/kg) of samples

BSORAD) | RESLE FIEKR MBIRRE RENMR  BSE 0 &R pH HHLE
Sample No. | Sampling River system Geomorphic Sampling Tl content Tl content g
location features medium (A) (B) oM.
(g/ kg)
Li 2 i i N =] R T 0.88 0.66 7.2 19.8
L, =]cd] & FOR T 0.68 0.39 6.9 24.5
Ls 2R | R T 0.40 0.83 7.5 20.8
Ls W ¥R e | 0.53 1.01 6.8 21.7
Ls A T 4 E B T 0.96 0.58 7.4 48
Le IR % K T3 0.63 0.53 6.5 14.4
Ly B X% W R B et ! 1.36 0.66 7.5 6.2
Ls T wooom KR foe: 0.82 0.53 6.6 6.6
Lo iL A X T R b | 1.09 0.35 6.4 30.1
Lio &4 WE-Fiif R Bt 4 0.65 0.54 7.5 28.9
Ly b %Mo R et 0.91 0.38 7.9 15.1
Li2 M N TR bt ¢ 0.90 0.75 7.1 8.2
Lis Lrp Al &) HE IR RR: ! 0.61 0.74 7.1 78
Lus = K WM PR + 0.58 0.53 6.8 13.6
Lis FHA Z 0w b T 0.72 091 6.3 9.1
Lis R K i ot 0.60 0.96 5.4 12.3
Liy FE B2 Wom FOR T 0.82 0.70 58 8.8

AREERTHRET AR, —RHE 30cm LA R ZZMTRABEY(GEN A), 5 —FEEHE

1) BT, AR SRR R T 5T B 10K 8 B kAL 4P B R P (L 221298 30). 1994
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80cm LA FHY St DAV (bR iz i F RIS By B). XS AR IERESERE 1.
HREARRTE, THIER 40CHERNE T, MEHHE A DR REN P BEE 180~200
H. BRIV THE&MN. SR A 220 8 / 4050 &4 T 50T 10 2040, SRF45HL 30 40 8p A TFAILOF
& LA AL S FE B B 1 FR P IR S 40T, B IR M BRI R.
1.2 SRHEEESHAE
TR RN R E SR KA R TR, TR R 1. KRR YRR 1
T1(1) B EAGT, 38 0 T 66 R TR K B 4 ) < Bk B EDTA YRR A, 7T T 5 B B 00 s FRAR AL 78 JAA
TRMER LS, REUEE, ST, R EGK. AR R T (943t R8N 2 x 1075,
AT AT B R ORI 7 i L 2,

FR2 REESNAE
Table 2 Analytical procedures for fractions of Tl

B & 4 o F B

Fractions Analytical procedures
KIS (38) | Ak (R S5 1/ 55 B, 06 6 i Ak 3 b R R J3E 24 5%, 0 VTR S BR3% 1/ ), il 2% EDTA
R, A B 37 180-707 iR 38 2 ST W WO 4 S B S I K AR R T
KES 1Y) | BRETHERR EEZ 1omUG A SmI /K ZE T, SEEB A, KRR, B 10/ 5%NaNO, K& S
Syih, BB (JR 3 1/NE) , FI2%EDTARE R, 7 b 5002 K B h sl
HUPEEE | M-S EAE RS, 460~ 80C F M4 TARF305 81, B P INSmI EKFE R ERER, thk
AL, KRR, 107 5% NaNO, J B S541, FE 1 28 R Bt (B35 1/ ) , A 2%EDTARR R, 1 B3k
WAETIA) . TIN5 Tlauwms 2 50, 982 BT R0 D B0 258 B8 TL
REMERAE A | B EFAY PR IRIE KL S BU% A HNOs+HF+ Ha SOs 53+, Hl2ml £ /KIS H R Z WK
HEERER AL, KRR, JI 107 5% NaNO; JUE S5+, M MM (JR % 1 /b et) , HEDTAS R, Ll
HRELSESTIZE.
HIRGESE | AEBRMBIGEREEE, IMHNO:+1: 1H, SOMBFRA LY. B EABRIFRERLR, R
BRAK, 7K H B, 0 107 5% NaNOJCE 553 4h, W BB Bt (R 1/Ne) , FIEDTARREL, 0 L3 EH
ESaETIEE.

1) ACRFT M NI RUER R R B AR BER (00.1—0.5mm, p0.03-0.04g / om’)F S BRI KB R
HEFEUNFETERBH T BERBERE, ALK NaNOMEE (1)K EIH

2 BRI o A R AE

St BT R R N E B R B LR TR EE R EA b, SR A R BE B A 5T
KEZm R REMEY. B1 hITERU T 80cm Z MV RUTEY (13%) B)+ T
M ARG, MR R LB R, IS BE AT 030~ 085mg / kg ZHI B3, FHEEN
0.65mg / kg £ 7. HChE R TEEZADFRT, 28 %5 T #FHE 0.620mg /
kg, AT, WP T TFE 0 HIEBEAR A EZ TIGH. A TIEAN -8 EENEE, R
E FE MRS, WE TR MR B R R, A5 A 38 ™E. EM RS ER 40~
50 4EfE], BIE T 1993 4, L TAAE A HMKE HEHH T S8 (B D I RUAKENR
Rl (B DA, T EESEE1AR 0.60~1.0mg / kg, “FIHEIX 0.77mg / ke.
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Fig. 1 Distribution of total thallium in soils

of Liaoning Province in 1943

B2 1993 L TH HRPHLBES T
Fig. 2 Distribution of total thallium in soils

of Liaoning Province in 1993

Fole s X BB 2T T B9FRBE TS Yy, 0 L s 06 80 K e YT 3 380 5 455 44 59 T T B L LA G 3 [XC
M58 T1 & BB 1.36mg / kgs L, A 0L K F I 303805 B 75 6930 FR. 8k 10 K AR 3R i [X.
BT S B X 1.09mg / kg, XKW, AREHE THS LM FBRE, M NE 2F
ATLLE R, LA BTAAR I R MR R, LA BT AR R0 4 W S8 L A TR R G 7
TS L s TR B S IR, L, AL BT R B /NI L s TR R B A
TP XL X 4 TS B 8w, #B7E 0.80mg / kg WA L. X e R R 7E T1I5 ¢
19 £ B b X

REFRRA, ZHFIRABYRIRERKLELTE 12cm / 20, FHY 1.5cm /
4, S5, T DUMLBS B #3R DLF 80cm MY VZ T R AY (B) i T1 & 82 1943 4E1
HREEY, AN 1943~1993 FEEE M KZ A T SEH K (B TH) ERFHE
SO, BT USRI 203 F UL TH T EMN TIAAAEEE3). B3 %A, BT (1993
F)MBE TS RXE 2043 EHFBEERE TIER, MHAEEZ2E TSR 8 K%
T L SRR K F T O 4R, B R B TS Bl — 2 TR, TIE B4 515 ) 2.06mg/ kg Al
1.83mg/ kg A K TL,,, = Tl,, + 50 X (Tl,,, — Tl,,,) / 50 i+ E$E, DRERBE S0E R
QU E)TFBRYT TIN FHEBNARETHELERTEE 9B ETINERSE)
SEEE—NSOFNEREZHEERSOFEMNERRZA]., RE L REEEBR TIHL
FEMEBRTREGRAER, ENEBBEE, WRARBAE RN TP, LG FE
FILHEZERL2A TR LM X 4 TI E EARERR.
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Xt H R 30cm LA &R A (A) T AETETE BT T AT (R 3). 5REI, TIEXLE
®3 ITHIRTEARESRER (mgke) REBSEE (%)
Table 3 Contents and percentages of different thallium fractions in soils of Liaoning Province

BS (EAD) KBS M) KBS M) KESERT) BRELEE BADEEeS AR EE
Sample No. Water—soluble Water-soluble Water-soluble Silicates—bound Sulfides—bound Organically bound

() (1) (Total)
L&& 0.12 0.14 0.26 0.54 0.05 0.04
Bl 13.48 15.73 29.21 60.67 5.62 4.49
L3& 0.16 0.19 0.35 0.24 0.07 0.03
B4tk 23.19 27.54 50.72 34.78 10.14 435
LEE 0.18 0.18 0.36 0.15 0.06 0.05
Ttk 29.03 29.03 58.06 24.19 9.68 8.06
L& & 0.12 0.14 0.26 0.32 0.05 0.03
Bt 18.18 21.21 39.39 48 .48 7.58 4.55
L& & 0.10 0.18 0.28 0.56 0.10 0.07
Horth 9.90 17.82 27.27 55.54 9.90 6.93
L& B 0.13 0.17 0.30 0.30 0.06 0.08
"o 17.57 22.97 40.54 40.54 8.11 10.81
&R 0.09 0.11 0.20 0.90 0.17 0.07
Horth 6.72 8.21 14.39 67.16 12.69 5.52
Lo & 0.10 0.13 0.23 0.50 0.10 0.07
ot 11.11 14.44 25.56 55.56 1111 7.78
L& & 0.09 0.13 0.22 0.74 0.11 0.10
B 7.69 11.11 18.80 63.25 940 8.55
Lo& & 0.12 0.14 0.26 0.35 0.10 0.12
HirH 14.46 16.87 31.33 42.17 12.05 14.46
LS E 0.15 0.18 0.33 0.50 0.09 0.09
Aot 14.85 17.82 32.67 49.50 8.91 8.91
L.F & 0.08 0.13 0.21 0.60 0.10 0.06
Bt 8.25 13.40 21.65 61.68 10.31 6.19
Lo& B 0.10 0.10 0.20 0.30 0.09 0.03
A 16.13 16.13 32.26 48.39 14.52 4.84
LuE8 0.12 0.14 0.26 0.24 0.06 0.07
Bk 19.05 2222 41.27 38.10 9.52 1111
Lis& & 0.09 0.10 0.19 0.45 0.10 0.15
Ttk 10.11 11.24 21,35 50.56 11.24 16.85
L& 0.12 0.20 0.32 0.20 0.07 0.09
A 17.65 2941 47.06 29.41 10.29 13.24
L& & 0.16 0.16 0.32 0.45 0.12 0.08

[ikidid 16.49 16.49 32.99 46.39 12.37 8.25
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Fig. 4 Distribution of silicates—bound fraction of

thallium in soils of Liaoning Province in 1993
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thallium in soils of Liaoning Province in 1993
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TEMPORAL AND SPATIAL DISTRIBUTION AND FRACTIONS OF
THALLIUM IN SOILS OF LIAONING PROVINCE AND ITS
IMPLICATIONS TO ENVIRONMENT

Yan Wen
(South China Sea Institute of Oceanology, Academia Sinicu, Guangzhou 510301)
Cheng Hang—xin
( Institute of Geophysical and Geochemical Exploration, Ministry of Geology and Mineral Resources)
Liu Xiao-yi

(Shenyang Agricultural University)
Summary

The characteristics of temporal and spatial distribution and fractions of thallium in
floodplain sediments (soils) of Liaoning Province were dealt with in this paper based
on the basic thought of “chemical time bombs (CTB)”. Seventeen samples of
floodplain sediments (soils) which covered all the area of Liaoning Province were
obtained through wide—spaced sampling, and four fractions, i.e., silicates—bound (SILB),
sulfides—bound (SULB), organically bound (ORGB) and Water—soluble (WS) fractions,
were found through fractionation. The results indicated that:

1. From pre-industrialization (1943) to now (1993), the content of thallium in
soils of Liaoning Province increased obviously with the rapid development of industry
and agriculture, and some parts such as the Daling River Basin and Taizi River
Basin have been slightly polluted by thallium, therefore, it could be predicted that the
area polluted by thallium would increase fifty years later (i e., the year 2043).

2. Thallium mainly existed in SILIB and WS fractions, secondarily in SULB and
ORGB fractions.
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3. The accumulation of thallium in the soils and sediments was mainly caused by
human activities, and the rate of accumulation was closely related to the fractions of
thallium,

4. The fractions of thallium in the soils and sediments were related to the physical
and chemical properties of soils and sediments themselves such as soil types, pH and
organic matter to a certain extent.

Key words Thallium, Wide—spaced sampling, Temporal and spatial distribution,
Fractions of thallium, Environmental implications



