+ ## (Soils), 2008, 40 (6): 939~944

EEREULEMER A F SIS A E LIRS RE M P R

pUL EL0

(TR TN R IR R 22 L T RS2, T M

FEEZ, RS,

510006;
3 P EBEBL MR 2R SCT, |

Brok=2, B 2, {FE2

2PN IR TR, N
510640)

510006;

A OE: BHWEREGE EF) NTARRR) S (T SO0 G REE MR F 8 T1 53R T TR LT
Wro iRFH], BHETIECZHTYEMLIE T /5, T SRYEEEDE 0~ 165 com HIRRETEH, JFHRL R

LT T 1) IR ARk s HIERIZRH T W RS B RUIR S

T1 V5 Qe Gk e R 2 R R BBUE . i a4k

BT BRREERE, Rl FRTIE 0~ 6 cm Jul TI G RGERIP G RUKE, e HRIEL 15 em LU NRHZE TI K
V55 AT AR 39 T, PR b 3 iy Qe s ), P RZ A 0~ 1 em TI SRR RIS AEV5 4, 3 1~ 5 cm

WREZVEIE T JyepEEvG %, e LRI Rz A 15 eom LURBAARE] T1 1755,
LUK AT 2 o

AT, ERRBERY] T S R A R e
ES I Y

FESES: X825

BRSNS WIR) RS

JUEEE (T1, thallium)E 1861 FE4% William &K
RILIK, Oy N T mEB . Bk, BT
TR, PASEE AL, 2k R AR 0 S
MEHOEEA ", ke S H A,
AR E OB T 56 Fies T, bR i
7/ A1 ES O SN T 1A N e miN Y £ IR ES 1 o ey L
HAEEA P I TIRE] 15 ¢, i i Tk
T T {53 K44 2000 ~ 5000 t, HAH 294 500
ZE IR P,

TUZ — PRI 25 (0 3R 85575 Yo b, Foub s L 3h #  2
PEALIK T F3ESR, b Hg. Cr. Cd 58, WFsrEn]+
BERITL V5 AU AR W 10 A KR B R O™ S (1)
BEHEMEM, AT DR S N AR R A E
BB, /D TR 48 NI PR o 2 T i 00 ' 25
P, M ARNTIS B 12 mg/ke B AT 6E S84
WIETO, ik, SEEIAME R C4K E4JETIS Pb,
Cr. Cd. Hg. As — [ IITS G,

R T oA s & ZR8 (0.75 mg/kg)
B HT4Esk, BEEE T B A I RAA RS Tk
g1, ORI AN R RS, Rl e+
b, DR PR AR A R R B T P 0 JE

EEIEEIEN T HHE T ¥5 30K id

TR R E T W IX i RS K AR T B e 1 A
SO EARES I, R E T X 3 TS
FWHIVEOT TAER T ORBEEEAT X 2 A FEH A T8
o R, BIHRECA L, A ICHIETIG R P R oL
75 B A AMEAR > L, G AR B - S BRI s i v Ak
TERFFN B 2 Hb

YT E SRS RN, B R 2 R
4 ¥ #1 2: (enrichment facter, EF). Hh 2 1 ¥5 ik
(geoaccumulation index)- V5 % £ fif $54472: (the pollution
load index) . ¥ 7% 4 2 f& 5 45 % 7% (the potential
ecological risk index). [F[JHILHE 5 HT17% (excess after
regression analysis) « A5 ] 42 # i (theory of fuzzy
subset) « J& i V% (face-graph) « £F & V5 4 ¥5 B ik
(comprehensive pollution index), JE M %' 4 & +5 $ i
(nemerow index). K EAHE 4L REL (secondaryphase
enrichment factor, SPEF) 4%, FiRvFMY ikt T [H
b A 5 3 R ORI R R VA B S s L

NEREE M Bk A 22 A B R, PR I R TR
HEEIGY, ROAE BN G R 5
BRAG A TS SUEANE N %7 18 3 T 3R B FUE A 7 H AT
TEM B 7S, WEBEEMH S % T E N MR %E

OFLIH: ZEH B RHAA SRR HEMEABHE (207083) ) M@ @RI ST (2034), 7 M RHEUFRISH

(2006J1-C0061) FIJ" 7= TV K 2= AE A4 i H (072054) %8 .
* WIR/ERE (xychang@gig.ac.cn)

VEF I XU (1979—), 53, Wb, UHl, F 2 N IR ARLE B KRHfF L AE . E-mail: www53991@sohu.com



940 +

s W40 %

FUR oy HOAT hitEAl, SRAh T HAB P IR A L
ASCUNBHE AR S TL STk BRIR) TR ER b X
T1 V5 3 EHODFFON G, 0 H e T1 V5 Qe & st
A7 T, ISR R RGO AN R TI
FGRAAT TRV

1 #MRE7E

1.1 HRERE

JTRERBGRIR ) LA VR R A ok SRR A
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FRAPTHHD,  IFAERE G AN A S 78 o 7R o,
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m x 200 mfAIPUKE [ 45 2 (RiFRR 45 2) (B 1), &
WSO PR 45 A 3 L 2 AR 1 R
I G2 5 AL B), RIS 2RISR E 8 A
FE &b, ol i Ay BR8] 85 2004 5 m 1
RAE, HH B AL TEEMER LS 5 m (A
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Fig. 1 Sample localities around slag site
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1 K. ALL 30 mI/L [ HNO; 525 A FE 5L
2000 5. 8129 4 g BRI VLTV 0 SR
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FI] ICP-MS (Perkin-Elmer 6000, USA) Jiiit %
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Fig. 2 Tl concentration in the soil profiles
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Table I Concentrations of thallium and reference elements in soil profile

P WJE (cm) TI Rb!" sr 19 sbl™ cs
Al 0~2.0 9.56 45.1 313 5.52 572
A2 40~60 6.49 36.5 28.9 422 3.89
A3 145~165 227 35.0 252 4.13 247
A4 28.0~30.5 1.24 307 322 322 3.18
B 0~1.0 1831 83.2 547 5.40 8.12
B2 40~50 9.77 56.0 442 1220 5.64
B3 145~ 16.0 2.87 37.1 412 11.00 6.11
B4 29.5~31.0 2.84 328 35.5 6.54 4.84
DI 0~2.0 1.87 03 36.1 7.58 5.07
D2 45~65 1.85 394 347 6.33 429
D3 135~ 1550 1.92 39.6 30.1 6.51 3.02
D4 29.5~32.0 2.02 457 347 8.44 3.20
LA EIERAEAT TIERE, SO IREAMNE R TL i P EESEEE; Cor MTIBWITSHITRNEE: A,

G PR N AR LI
3 TIEFSEMEERECETEN
3.1 BEERHE

w4 R HL (enrichment factor, EF)/& Buat Al
Chesselet 1~ 1979 4E4RH 1, TP IR & s
TR A ok

EF = (Cn/Cref)/(An/Aref)
X, EF WUIRYIPESE LRI Cy AUTRY)

HNRZERIBEYPESESE, WELSENYS
s At WARZIGRGURYH S e &S &, S
TG M 5.

VIRYIh ESEE L REBBRK, RoRUIIRY b
G RTG YL, FRT, B AR AR B b
Agi—, W Tania 2517 4% BF >2 1ER 035 &£ MR
#E; Blaser %06 EF >1 M4 0K B EMbAE; 1M
HEi 732 (& Sutherland™ 32 B kR UE, W3
2,

® 2 BERAUSFEEEXAR

Table 2 Relationship between enrichment factor and contamination degree

EF 8 <1 1~2 2~5 5~20 20 ~ 40 >40
et e 0 1 2 3 4 5
P S Toi5 e BRPEVGYe rp G Y WG (S AEE S WY Y

3.2 BETEHIER

TR TCER N AR AT 2 B IR . AL
SR BREE . B TSR R R, TP
X Pl AR ZE R, TREMSE U E N ME e Rm TR
HEARDTY, FRUEAL AT It 2 SR AEN S % U R, ik
BARMSZ e R RS HIUARE VP &5 8, U5
s A R AR N 22 o0 R H AT M e bR
e o HE S 2% 0 K IR PR J0 2 DL T 41202 g
K2R F I O FTuE FERE T AR BT
(et £, AR KE:; @2FcR 5B
MIITCEAE ARMER SR L K, e AT [RIE 2 By

B, 2% 08 5 RTTEAEI R, ©5%
TR B A BRIIPURGRE 77, HoTU R 7 504N 5 % 2 4
B BRI R BR AR BT T et ad R 25 25 1 R
EFI R g, FEHEA BN A B, 2 — M
FUERIJCZ (conservative metals), 5 & — PP g M oT
#o

RS EIIu R MEH A, HiWEZHEoRN
fi: Al. Fe. Zr. Liv Ti. Sc. Ca. Cs. Rb. FitJc
. OBUHTERAI R RAEPIC, RS, AL SRR
Tk IR R A W P LA P Ay, Rt b YA R P RN,
WAE S a g )z AP, R N5 3 5]
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WA A7) (HJE Fe SMEILE MO ZEE
AR IR B AR B 2 A 15 I FLAE R Ak AR TR R e
WAk, XA Fe /EArUEA G 38 B 5e > 7T
#r Cr MANVS Y AT LCR A Yb 12 %0 &P,
PERFFCGE S VKR CRR ) B 4 S v Yo R Li LAty
GO D] e AE e 3 2 2 76 25 IR AR AR AT 50 X fy b e 1
FINZETF AR CA B A 15 ey s 64T

AW T T IX 3 4 vs Yo 20k 3 T
FRYE MR IR, CA IR WA R YA I PR 1) 5 2
WA Y SRR (38%) . BEHT (25%) . A1k
(25%)~ BRIKEHEMY 3%). LRIEAHKE LY
(3%)~ B 2%) WENYAE 2%) &, K,

EEHFESEITUEN, HEHRES RER KT
Fe. Siv Ca. S\ Mg &, HIXHRSTI fEERczE W
Pb. Cu. Cr. Ni. Hg %%,

AT Rb. Sr. Sb. Cs 1E NS #IC R,
HPH T XS E IR ST PR RE S H AR
R GR 3). LAER 3 HIRG R ASE T RIER R
#E, AICiE$E Rb fENSHE IR, AR TI £
FELL TIUAAAE, M TP R WL, P T fsthERfb 2%
ZH 5 1A W48 K Rb MRMIT, Hee AT s i
027 B U ERAE 2 M R ARAHIE R, Xt TT1 76
FP—E &M T RUERFEZRIEAHEAS K. Rb 1
Ty, WK RS, MR Rb — &G, AR
4 EF RIEHSHE TR &M

® 3 Tl SHESELENEREREERRH (CV)

Table 3 Correlation coefficients between Tl and reference elements and their CVs

il T H Rb Sr Sb Cs
A 5 TI SRR 0.94 0.24 0.91 0.92
A R AL 0.16 0.11 0.22 0.37
B 5 TI MAERE 1 0.95 -0.39 0.86
A R AL 0.44 0.18 0.38 0.23

3.3 E=EM®E

TE & RFRH VS, A48 b2 DT e R oy 4
SPIE B A ER DU J0 2 TR 2 B BEAE 1 5
o BRI, E T AN RCER IR 4 LA B 8 R A 2 2 ik,
LA Ay R 5 35 A 1T 51 1 398 rh oG 3R 1K o A R R A
BI5ny . [FIR TR A R0 o ek, [W-—JuE
TEAS R AT T B 0T 1 7y BnT LS BN R ) £ 2. )
AT IRR I VERIA R, AP g Rl
HA AT PER?, Rk H Rk 22 $e o 40 F X 4R 7Y 5%
U200, Sy T ARAIE N M BT RS B IR A TG
MRS R, AN SO £S5 9T X 4 8] i 2 AT A4
(1) 1 2R AL, I A ST DR AL, T A
AbAS B2 N KI5 Bl 5% 1 3R O i S (B WLk
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FIHAZIAT 850 T EFRAS YRL s /g (%
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Table 4 EF index of thallium in soil profiles and grading of pollution levels

HITH B WIE (em) EF YGRS
A Al 0~2.0 4.85 2 e G
A2 40~6.0 3.79 2 o REYG G

A3 145~165 134 1 FREES

A4 28.0~305 091 1 FREE S
B Bl 0~1.0 5.04 3 YT Y
B2 40~5.0 3.72 2 e g

B3 145~160  1.60 1 FREES

B4 295~31.0 196 1 EREES

LA 3T ¥5 2 LU AR b 358 7™ 5 1R nT RE s
KA QR [ 45 2 1 v 5 [ AR El L i) ek 2
B, DUAHE RIS LN B 3N R AR 3 @
WELIX AL TR E K X, BRI IIRIE (7 AR X R WY
SRR pH = 4.02) FET Y0 S840 K 4 R S8 AL
PR A S N 5 S5 R IR Ak, AN k55 X TR 1
B BE B S TIR kg T A IR AT &1 @t
AR B TN T1 FER A BEVEAAR [,
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Application of Enrichment Index Method to Evaluation of Thallium Contamination
of Soils Around a Slag Dump of a Sulphuric Acid Plant

LIU Jing-yong', CHANG Xiang-yang®, TU Xiang-lin®, CHEN Yong-heng?, CHEN Nan’, FU Shan-ming’

(1 Faculty of Environmental Science and Engineering , Guangdong University of Technology, Guangzhou 510006, China;

2 School of Environmental Science and Engineering, Guangzhou University, Guangzhou 510006, China;

3 Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China)

Abstract:

An investigation and assessment was carried out of thallium pollution of the soils around a slag dump of a Sulphuric Acid Plant in

Guangdong Province with the enrichment index method. The slag contains thallium pyrite. Results of the investigation showed that the soils around

the slag dump were obviously polluted with T1. The pollutant of thallium was mainly concentrated in the surface layer (0 ~ 16.5 cm) of the soils and

its concentration drops rapidly and vertically along the profile. However, the Tl adsorption in the surface layer has not yet reached its saturation state,

so it keeps on accumulating in the layer. Results of the enrichment index method also showed that the soil (0 ~ 6 cm) underneath the slag pile was

polluted with TI to a moderate level, while the soil layer below 15 cm in the profile was not contaminated. In comparison with the soil underneath the

slag pile, the soil in the periphery of the pile had its surface layer (0 ~ 1 cm) already severely polluted with Tl, and its 1 ~ 5 cm layer, moderately

polluted, but the soil layer below 15 cm remains clear of T1 pollution. It is quite obvious that the enrichment index method is applicable to analysis of

soil Tl pollution level, but it is not good at exploring status of its existence, its ability of translocation, and its bioavailability in the soil.
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Thallium, Soil pollution, Enrichment factor, Sulphuric acid slag



