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Distribution of Heavy Metals in Waters and Pollution Assessment in Thallium
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(1. School of Chemistry and Chemical Engineering, Guangzhou University, Guangzhou 510004, China; 2. South China Institute of

Environmental Science, Ministy of Environmental Protection, Guangzhou 510655, China)

Abstract: Distribution of Thallium(Tl), Cadmium( Cd), Chromium( Cr), Lead(Pb), Nickel (Ni), Arsenic( As), Copper(Cu),
Zinc(Zn) in water and sediments of Yunfu pyrite mine area was studied. The environmental risk assessment was conducted
systematically using Sediment Quality Guidelines ( SQGs) and Hakanson potential ecological risk index. The results indicated that
concentration range of Tl in stream water was 0. 19-65. 25 pg/L, which is higher than the environmental quality standards for surface
water. Concentration ranges of Tl, Zn, As, Cd, Pb in sediments were 5. 89-63. 0 mg/kg, 1 215-5 754 mg/kg, 208. 4-1 327 mg/kg,
4.20-17.5 mg/kg, 282-13 770 mg/kg. According to Sediments Quality Guidelines, sediments was moderately to severe level of
pollution since concentrations of Tl, Cd, Cr, Pb, Ni, As, Cu, Zn were much higher than LEL (lowest effect level) values, and the
concentrations of Pb, As, Zn were higher than SEL (severe effect level) values, the others were partly higher than SEL values, which
may result in severe negative biota effects in the watersheds. Compared to soil background values of Guangdong province, the metals in
stream sediment showed strong to severe strong ecological risk, and the ecological risk of heavy metals in the descending order of T,
Cd, As, Pb, Cr, Ni, Zn and Cu. Besides, the sediments were severe contained by toxic element thallium and cadmium. Besides, the
mainly ecological risk of heavy metal is thallium. More emphasis should be placed on thallium and cadmium control and disposal in
future.
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R R R AE TR — 2K kY, B A e
MERE AR PE RS, g g R T A& E R TR B TR AR (AT A T A A A
FOEM. HETEPR E# e HER RN EBTRA i, H A i SOR TR EE A B R RO, 2
Tl Hg.Cd.Pb As Cr.Cu Ni %" H TI B R LS S KEET Y. 26K 8 T%kiE 2
L JRT L Sy P 19 TR He G As PD, Y75 B #9:2010-05-27 ; 1&1T H #5 :2010-08-23

Cu, X ABIEF 4 10 ~ 15 mg/kg, I HHAHE BETA 0K [ AR AF L S50 H (40903044 ) ; [ 1+ /5 B
A4 IR H (20080430847 ) 5 [ KRBl B 4 % 51 42

‘fi TR R R B8 A AR 2 5KH W AR N BRI 4R 4 T (U0633001 ) 5 th s S8 3%
PERMIT B¢ T 2 25 3 4 700 B (2x-200809-09 )
ARG PR R IA BIRIR SRR e b (1979 ), e, WAL £ BB A
B & 2T TR IR A R AR, — R B1E AT ALY E-mail; Lxping] @ sina. com

« JHIHEE R AN, E-mail: chenyong_heng@ 163. com; qjyyjq78

SRR E, HE NS T 2 b RS A R @163 com



1322 B2 5

# 32 &

1k

SIRMEET IR, FL0 AT YW RERY , T4 N
WEBR RGN A 2 M i T
FU AR T & B A2 0002 t(HE T X Hb R
). BT TR ZE T T A A0 WU
K TS 6 F TR R B AL 2 i se 5 /0. 3
10 247k A PR X = 7% KB PE 8 00 A R H
SRR E IR MR A BRI SRR AR ST T ARG,
FEAS T — & BRI R G M SE T &80 A 0
R K R M b SR ] A R ) B g3 A RRAE
IR A e T B AR A B B I R R K
PR K VEH K EE N K E LR B T HEA B K
( SUFREE L), I e 290 AP T, WK 4 K 2 62
km , ] R SRS = P X, R B KO 2, KR
Gy Bk Vg VAT R REAE R M L AE R = A
IR T T R BRI KR R 5T % L X L AR T AE N Y
BHE SR K BRI 2 B 2R R A&
B IR TR R AT DX R IR K HE R X3 K A
B ma AR S oF 5% O A XF 4, DA DT R W A o vk A
Héankason A= 725 KU $8 800k, XP 0™ X ML R A2 i A7 1
WEAESKE IS, BER G MR E S EE AN R
W15 s A A SRS T 19K HBR Ak 22 R AE R H A= 25 R
S LT R 0 o= o e g R I A i B2 -S|
I TR X K I B 2 4 R B35 At 5 5 ) S50

1 HFmRERSH

1.1 5 X HENL

DIFREEFER AR M AL )™ R = 3% AL 5 km
Aib AT 5 )WY 23 R K Wiy 40 v Be i Pa Ae i, = 3% K
A TS B A AR R v & W B ZE KU X IR
W0 2 W, R i el AR Y BRI R 1 700 mm, HLFEF
ZEDTHERME R AEHRR21.5C, Z4E WK
) pH (H o 4. 89. ™ 7= A= 0y R AP M A7 £ B E ]
B HEA BN R EOE Y AP PR | H AR K 2 i i
. S DX BB T K B 2 5, K BlR e B K
AEYE SRS, PR 30 m IR YA D
1.2 CREEASNI AR

BB LR T R 7K HE B 1T 2 T W AT YA ¥ KT
SRJG W KT AP VTN 11 Ak W 38 R 4 8 Nk A
T A DU AL . SRR X BUK Z R B R LA 1.
1.3 R YR AR S

TKAE b SR 4 . B0 22 7K IR pH DL i i 4
KA AR, LA 0. 45 pwm B U85, T N vk 6l
R (KA pH (H < 2. 0, fR 17 T 2R i sl 3% B 0, IR
[ S5 56 % 5 EL A% B AL E .

YLt

B1 REXEBKRERE

Fig. 1 Schematic graph of sampling stations
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TP R T He, Tl EK R Z ANk, 456
Hakanson™" F1 Pekey 4:%[12] B TAE R, MYl )G B4
J& B N R B TBEIF Y A T1 > Hg =40, Cd
=30,As= Cr=10,Cu=Pb=Ni =5,Zn = 1. V5 YL 3 i
IYHANE . E' <40 5 RI <150 MR HUA S 5 40<
E' <80 5% 150 <RI <300 i &4 A B, 80<E!
<160 2% 300 <RI <600 A 5RAEZSKK ; 160<E! <320
o, 600 < RT AR 38 A= 5 KUK 5 320 < B A 58 A 25 XL
W AT AR 2 XU 338 B, — R FH 42 3R M Ak PR
AUTRR ) B e (E S S M TR ) 15 (BN S % E. R
W R T R 48 1 385 S AR o 2 UM, BT X L Y
SEENFE 1T

F1 NBRYHHEHXELECSENSEE /mg-kg ™!
Table 1  Reference value of heavy metal concentrations in sediments/mg-kg ™'
s Cu Ni Pb Cd Zn Cr As Hg Tl
RE RS HEN 100 50 300 0.8 250 300 25 0. 50 0. 81
HF w7 50 na 25 0.5 175 90 15 0.25 na
LEL (ERL) »[15.16] 34 21 47 1.2 150 80 8.2 0.15 na
SEL (ERM) 2)115:16] 270 52 218 9.6 410 370 70 0.71 na

1) AR Tl AT UL B o 5 S s 2) SQGs AR W 1

2 EREHH

KR 8 & A
TKRE S B 45 JL 5 T 38 2. w0 Bk [
WX IR PE R K, 152 0 1L R M R /K HE T 5%
TUTE W 5 P 7K HE Tl 1K A B2 B o 4 5, K i R 3
R TR

WFREKT TI &R 151 pg/L. 7FH
Pk KR T T Y& N 65,25 wg/L, #E A E #% K

2.1

W JE T & R 1. 97 pe/L, 2 F i B T
(&R 0. 19 pg/L, 33X Fl A8 £k s #4322 K AR 76
TR A5 RN B A ML A 36 T KA L BT 38 550k 4
(R [ VR A 25 L. TL 26 9K 3 3R 1% 3t AL 7K o
TN 0.006 ~0.071 pg/L. 0.001 ~ 0.036
pe/L  mIF MR E G D T & R & X A
T RV U U Sk Ah R M R K HE T 4 JE 40 Min
Cd \Ni Zn %5 @45 15 00 o™ 5l 5 6 K A
10 ~ 1001 , /™ 8 5 4L Y b K 3R 55 . N F2 7 LLF

®2 WMRBAKGEHEESER pHEMNSHRRL /pg- L7

Table 2 Concentration of heavy elements and pH value in stream/pg+L '

A= Cr Mn Ni Co Cu Zn As cd Hg Tl Pb pH
VLVE 17.90 11256 237.20 139.20 5.58 10456 52.46 43.10 0.64  65.25 48.28 3.1
JE K HE A 3.12 8394  193.20 103.00 27.80 7431 2.73  21.80  0.59  24.70  43.62 3.7
XA 4.90 6632 115.90 66.08 19.50 4962  3.38  14.46  0.41 18.01  31.94 5.2
1o U A 1.81 5947  71.80 40.52  6.79 2781 1.95 7.92 0.33 9.35  14.09 5.5
& et 1.90 5356 19.55 10.62  3.53 495.30 3.21 1.13 0.26 1.97 3.22 6.3
] O 2.52  334.90 2.70 0.65 2.14  29.94 5.02 0.06 0.27 0. 49 5.32 6.9
NG 2.55  893.30 4.57 1.65 1.78  27.45  3.88 0.27 0.25 0.21 6.93 7.2
WK 3.20  512.00 5.07 1.47 5,13 26.29  3.91 0.58 0.23 0.19 4.45 7.1
[LIRAR 0.55 22.52  4.37 0.23 2.58  19.07  4.99 0.08 0.05 0.02 0.36 7.3
HUR #8H/mg - kg ™! 235 90.90  30.40  1.40 8.30  17.40 — 2.10 — 6.47 1033 —
WK R /mg - kg ™! 142 89.70  67.90 17.40 13.70  36.60 — 2.30 — 15. 10 813 —

1) “—="FoR Rl
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CEEI s Wl G <R AL RT AN S TIREL o STV 7 | 2
W ONE TEA P FUBOR Y B AR R T, R
AN WL TE BEA K AR TURR Wy b, DT 8 A5 K A R B
A W RN B I A AL TLAE N R
G HOA LR R R K HE T 1T RO B i
FH AR, (H Mn 59 & BARR B bR s 5. 5 H
T PH VLA A B8 7K IR B AR T, BT AT 1 3 2 42 3

XiF PG VT 7K A 35 v A B e A AR A BR (3 K
RN ATS SR AB AT .
2.2 RPK R E S JE I A S A HT

Xf AR K 4 JE S AT gt o b, KB
FARRI G B A IES 6. e 5 al B, R A
SPSS 13. 0 Gt 4K 4o X Ktk rp B 4 8 & & R 47
MRS T3 BT 5T ,ﬂ‘%:l'fl*ﬁ@ﬁ@ Pearson #H ¢ &
B, Hgb sk 3 proR.

®3 FRARAFEESEBTREAMNEXRER" (n=8)

Table 3 Correlation coefficient matrix showing relationships between concentrations of elements

Tl Cr Mn Ni Cu Zn As Cd Pb

Tl 1. 000

Cr 0.933** 1. 000

Mn 0.856" 0.655" 1.000

Ni 0.921*" 0.726* 0.925** 1. 000

Cu 0.264 ~0. 041 0.506 0. 602" 1. 000

Zn 0.946 " 0.773" 0.922%* 0.997** 0.553" 1. 000

As 0.897 " " 0.984 " * 0. 605 * 0.659 * -0.169 0. 706 * 1. 000

Cd 0.992** 0.883 " " 0.888 * * 0.963 %" 0.382 0.979** 0.835" " 1. 000

Pb 0.883 "~ 0.687" 0.869 * * 0.984 " 0.674" 0.981" " 0.598* 0.933* " 1. 000
1) % % R p<0.0l; % FARp< 0.05, FH

GERFW TI A& B 5 Cr Mn Ni Zn As . Cd, 2.3 JIRITHAYHESEN SO0

Pb %5 5 B AF 9 EAH OGP IXUESE T KA T1 5
CESREAREE; M5 Cu 2 PUE S M A .
Cr & W5 Mn Ni Zn, As, Cd 17 7E 84 1E M 5%
P, 5H Cu HEAME; Mn &5 As Ni Zn Cd,
Pb & P IE A G ; Ni U5 Cu As . Zn . Cd,
Pb A B IEM X, Zn &S Cd.Pb A
WA RIIEA SE M As 55 Cd HoA B A9 15 A e
HE &8 Z [ A S M5 55 , 3643 0 2 1h) 2 B 55 1Y
TUAH M. M BR Ak 2 1 Sk A TL 8 T 2R i ot
R, HBRIb 2= i 5 Hg As Pb . Zn Mn ZEAHL,
I, T 55X 26 4 | AR GF g A SC M 1 . T1 % T4E
Fe Mn 48104 5 &0 A AL P ST T B 114 152 A v A W% o A
e A SR RE T AP RS K KL, B R T
K B M F AR I 7K 1 3 30 AT A AL B B G A R

MR BE S o BTl R ORI A R Y B e
4 fros, T & = FE oy 5.89 ~63.0 mg/ke,
FHIME K 27,59 mg/kg; B8 AT BT 49 £ T
Ui 4 DX, DTRR A v TL A & i A7 4K 38 395 SE 93 10
£ T i de i (B YFL £ B4 63.0 mg/kg,
BEAS T U] KO X IR ER AE AR T PR 5 XUR: 5 T7T
Y rp Zn W LG Bl M1 215 ~ 5754 mg/kg, - (H
M2 276 mg/kg, 7 fE S [F 5¢ 1 8 PR B A AR fE )
FRUEFRIE Y 5 ~ 23 1755 As FUMRJE L Bl 4 208. 4 ~
1327 mg/kg, FHIME N 547.9 mg/kg, j& 138 — Jihx
HEBRME A9 7 ~ 50 fi5; Cr A9 ¥ B [l 135.7 ~ 927
mg/kg, FEIIMEH N 318 mg/kg, J& T HE IRk & b 1
FRAGEHY 0.45 ~3. 1 1%; Pb Yk i 75 I 282 ~ 13 770
mg/ kg, FHIMEH K2 577 mg/kg, N BRAEFR #EFR) 0.9 ~

F4 TREABVARNBUPIESERIESHMRR/mg-kg ™!

Table 4  Distribution of heavy metal in sediments of mining area steam/mg-kg~

(As Cr Co Ni Cu Zn As Cd Tl Pb

TLVE Hh 927. 00 41. 60 122. 20 325. 80 5754. 00 1327. 00 17.50 63. 00 13 770
KR 158. 30 7.16 38.73 99. 15 1215.00 455. 60 4.20 37. 80 1093
XA 138. 80 9.38 43.95 98.95 1891. 00 530. 30 4.46 22. 10 621. 00
e W 135.70 115. 60 233. 80 171.90 2 130. 00 337.50 31.00 46. 40 668. 00
I [ 207. 20 28.20 120. 10 292. 60 1 355. 00 664.70 6. 62 11. 50 1303. 00
K w5 ) 327. 60 80. 40 359.10 206. 10 1637.00 208. 40 8.90 5.89 299. 30
WK 332.30 73. 80 397. 50 213.50 1950. 00 312.00 8.20 6.42 282. 00
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45.9 %, AN S5 8 B a5 A oK O BR A, B R R A R
>87.5% . Cu A1 Ni,Cd M ZK i 77 1] 2 % /K ] e JF 2
FREE R REM, UE AWK G R 2O BT X R
JER AT AN TE L i R AL Cd R VR B LR
4.20 ~17.5 mg/kg, #A i + 3 — F bR E 14 ~ 60 £iF,
IR H G gL

3 XMW

K SPSS13. 0 ZEH#4F XH LR W) & s
g PEAT A ARG o A 5T, 1155 AR B9 Pearson
F G Z B TR DURR W) v G TR 2 ) A A S
Fr(#s).

x5 MRYPEESETZEAMBRERE(n=7)

Table 5 Correlation coefficient matrix showing relationships between concentrations of elements

T1 Cr Co Ni Cu Zn As Cd Ph
Tl 1. 000
Cr 0.504 " 1. 000
Co -0.017 0.001 1. 000
Ni -0.480 0. 055 0.777 " 1. 000
Cu 0.133 0.719 "~ 0.189 0.231 1. 000
Zn 0.710 " * 0.935" " 0. 040 -0. 100 0. 601 * 1. 000
As 0.670 " 0.808 * -0.375 —-0.488 0.613" 0.859 " 1. 000
Cd 0.585" 0.184 0.757 " 0.213 0.225 0.393 0.113 1. 000
Pb 0.724" " 0.939 " " -0.143 -0.255 0.634" 0.964 " " 0.939 " " 0.259 1. 000

RN, TI %85 Cr.Zn As Cd .Pb & EAF1E
BB IEA G (HS Co Ni Cu FHBEAMKE; Zn 5
Cr.CuzZf As 5 Cr.Cu 28] .Cd 5 Co ZIa] . Pb 5
Cr.Cu.Zn As Z [A)F7 75 35 09 IEAH SCPE. AR 40 T1 &
5 Co Ni,Cu & HAHIE, TLZ KM AEITCER, LW
X 3 FhOTER A Al R B AN IR

4 EEEREREITFM

AT A WIET L AR /N 3K 30558 T AR v
G B8 AR SO, 23 ) SR TR A AR 2 XU Al i LA
L GURR D) K8 o 105 o8 07 3 0 AR kA7 T 3 58 XU 3
fi. A 4E Hakanson 899575 A= 25 XU 38 BOLTHAE 74
DXl 28 A58 AL 1 AR 2% IBURE s 1) 5 i A 2 KU 2R K
AL 2SR 5 5. SR L35 6.

W DX R AR U BT AT AL DT AR ) v o 4 R AV A
Az ZS KBS 48 E R B T 600, &b 5 9 A= 285 XU RS IR
A0 MR AR AR SR R E W IR YRR K 1Y
HETOR ™ DX/ 3T S8l 2 A2 U A0 52 e 2 R BRI,
TI RS EFIRE(E) TEFTA TR PR R,

I R IKF4 345 F A 1 W T LK 3 /KT T ) AR 285 K
SIEB(ED) A m T 320, 40 T4 A9 AR S KU
A e VAT JL T 2 A BRI R T I 46 00 1 i AN AR
KAE R T R0 s, R T R i A
AR XA 25 R BE 9 5% Wi 2 BRI, Cd 78 2 4% ]
T 1) A 25 DRI 45 2 hy A i 28 A0 e A 25 RS 25 405 As
AT 60% 1 £ A7 Ab F AR 38 A S KU % 9%, Cr Ni,
Cu . Zn IAESERE (ED) 2H6 <40, kb TR A S
IR S5 985 Ph BRAS SIS A0, JeAS b oAb F AR i A 2 5
RS, LR ST R M AES B ERE(E) i,
5 2 55 B % 4 T1 > Cd > As > Pb > Cr > Ni > Zn
> Cu. H1 UL AT AT X A58 3 DURR A 10 5 4 8 2 0
SR 28 A B A A 2 XU, EL DAL B 2R S XU o R
WA | TR B TR 22—

TRV X R AR R E VR 4R TS
YeHUIR MR HE SQGs FEUER) LEL 1 SEL I # 7K - (£
1) K &R S0 E 4R & 8 5 AR TR LEL
M SEL fH#EAT T 88, #5 H 45 BT LEL {4, & W]
TURR ) A 05 Yo il e 0 g | 6 AR TG AR 0 75 200

x6 RERRYUHNESENBELESKKIELY

Table 6  Ecological risk factor and the potential ecological risk index of trace elements in surface sediments of mining area stream

LB ERB(ED)

i & RI
Cr Ni Cu Zn As Cd Tl Pb

DRzRIA 30. 90 12.20 16. 30 23.00 530. 80 656. 30 4344. 80 229. 50 5843. 80
J K HE T 5.30 3.90 5.00 4.90 182.20 157. 50 2 606. 90 18.20 2983. 80
XL HR 4. 60 4.40 4.90 7. 60 212. 10 167. 30 1524.10 10. 40 1935. 40
1 e 4 4.50 23.40 8. 60 8.50 135. 00 1162. 50 3200. 00 11. 10 4553.70
HEug:a) 6.90 12. 00 14. 60 5. 40 265. 90 248. 30 793.10 21.70 1367.90
KB R 10. 90 35.90 10. 30 6.50 83. 40 333. 80 406. 20 5.00 892. 00
K 11. 10 39. 80 10. 70 7. 80 124. 80 307. 50 442. 80 4.70 949. 10
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Fig.2 Relationship of heavy metal concentration in surface sediments and biological effects limits
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W) 4 R i &R T b R B S g n R L
SRR K S W 7 A ™ R Y 7T S e, 30 5 R A
I AR 5 T 3K — 5L W A R AR Wi B )
TG AR KD A PG YL 1 5 A K 5 0 R e —

5 itig

HR Al A 7 A 25 5, V5 Y X M R 42 T DT AL h
AR GTECLY BRI RS BRI
1 Cu.Zn Cr .Cd B9 & & g it & T 50 3 DR
YF 3 K % (32, 127, 71, 0.2 mg/kg). Fl H
Hankason A7 7E A2 25 KU 38 B0 EE 3F 47 DU AR 9 KU
AL & BRSO Y vh B 4 R 38 S IR 9 3 A iR
AR 2 RURSE , T A9 A 25 RS e 5, Cd L As IRZ, Zn
Cu fe k. FEZZ 4 T1, Cd 1Y 28 %8 i B2 AR L8R
IS (A F M R B X 38K, Zn  Cr Cu & it B4R
R (BB 2 2 NS T S R YR T
BEAIR. SR PR A6 A 25 AU 8 30725 DAk A 25 XU | B 28
7T B A W A A A AU, T SRR RS ] A L
B, Cd, As 11 [a) B4 ok 7 . DR B U DX T1
FEDURR Y h i) SR R AR L IR 858 XU | I B 1 X TR
PRI IR e 7K | DX 2R A2 AT 7K PR BE TR B Y A

TL7E [ R AR A 2 B SR T1
TU HLL T S 3 TU A5 W0 10 5 fife i — AT L 4%
K (40 ~800 g/L). T A% & 5 bl K E#  (HULHE
FUOBY R TLAS S84 JEH T T 54 5
T B AL E R A 2S00, BT LA TL 3E A KRG, #% 5 i
AR K T 7K R VR Dy WO F B A B B v
FEAEA B 1 BB ALNE , 1 T X A B i i 5
T AT DL 28 52 Bk 122 fk 1 i fl B 1 3 © 2 BUAS T 8%
Z AL SEE EPA i@ AR K H TR i s &
S BMEHR 0.5 we/L, B W7 0k K bR T1 i BRAE
R0, 1 we/ L, A M2 K 5 A o RER K A o
TIHBRIEEI N 0.1 pe/L, BT ZHEENE SR
(AR HE 4% 15 2 (As 4 10 wg/L Hg A 1.0 pg/L,
Cd }5.0 pg/L.Cr°" 4 4.0 ng/L). = iF HEH X
B4 8 Mn T1 As &8 T35 44 (0 T ft 37
WK PE R AR M 2B WK b i & AT
5T R K A i AR X s K R T B
HH0.19 ~65.3 pg/L, HKIKREH—EMERM:, H

B A DX 3t K AR T4 5 32 B8 L T A3 Bl i 3 G
R H

6 #ig

(1) HHTH X M 3R K A 5 LA™ H s

Qe KA TR E 25 RITEE Mn (Ni (T1,Cd. Tl 8975

YOU Rh e E P E RO 1501 we/L; #E BUFKIR

A RN 65,25 pe/L, i 5 b 2 K bR oE T L

iz A SURY R RS e T RHE LA,

VIR Y JE R TLPb Zn As Cr.Cd H OV 9k

S A 27.59, 2577, 2276, 547.9, 318 Al 11.6

mg/ kg, 2 ML) T YRI5 G
(2) PAARAE LHEW SO B Al I AT iR A A 7S

AU PP, DU X 3 2% )22 D0 AR ) 5 B iR 2 A iR 1Y

AR SRS, e T2 AR A XU B R JC 3R, 45 b L

2 J8 TUER I A 5 KUK, H 5 22 55 B T AR Cd >

As>Pb > Cr > Ni >Zn > Cu. 2K 4 & 3 HEEE SQGs

PGS FE R, LAY hH 48 Pb As Zn

SR KA A W i R 58 B 3 E A s TLNG G, Cu

Cd T2 % 7K Az A Wy i R E AN 45 1 B 35 1 L A

3 7 B TURR W) 3 A o B T b B S
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