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180 °C, %Y 1 h ZeA7 HF2a Bak | 0 IA1 28 B2 S 30 bR 2 A v JE (1 0 26 i 25 £ 28 68 L (e )
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R 13 FhOTER A FTE BRI R
Table 1 The detection limit of 13 heavy metal elements by ICP-MS

VIS B (m/z) LA R AL (r) R/ (pg-L7")
Cr 53 1.0000 0.02
Mn 55 0.9997 0.03
Co 59 0.9998 0.02
Ni 60 0.9999 0.05
Cu 63 1.0000 0.02
Zn 66 0.9996 0.20
As 75 1.0000 0.05
Se 82 1.0000 0.01
Cd 111 0.9996 0.01
Tl 205 1.0000 0.01
Ph 208 1.0000 0.01
Th 232 1.0000 0.01
U 238 1.0000 0.01

F2ICP-MS P bR I T AR S AR (pgg )
Table 2 Analytical results of National Standard Material (pg-g™") by ICP-MS

b - GBW07312(GSD-12) GBW07318(GSD-14)

JLE e RIHES I5E fE FRUE(H
53 Cr 36.5 35+3 239 243 £ 16
55 Mn 1388 1400 47 1264 1230 +82
59 Co 8.46 8.8+0.7 28.4 28 +2
60 Ni 11.79 12.8+1.3 83.6 87 =9
63 Cu 1250 1230 £33 71.2 66 +6
66 Zn 480 498 +18 158 165 £15
75 As 113 115 6 15.8 18 +2
82 Se 0.24 0.25+0.03 0.24 (0.15)
111 Cd 4.06 4.0+0.3 0.18 0.20 +0.03
205 Tl 1.55 1.76 £0.27 0.55 0.47 £0.19
208 Pb 277 285 =11 66. 1 66 +6
232 Th 20.4 21.4 1.1 12.9 12.4 1.2
238 U 7.45 7.8+0.7 3.38 3.0+0.4
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3 ICP-MS W U i b T G )R 5 Bt 2 AR E (pgeg ')
Table 3 Analytical results of heavy metals in sediment samples by ICP-MS (pg-g™")

P B ” . - MR A T &Ik
1% % % A% B 2%
53 Cr 33.8 11.5 21.4 90 300 400 500 1000
55 Mn 651 114 667 — — — — —
59 Co 13.9 5.88 23.8 — — — — —
60 Ni 15.5 5.04 13.5 40 50 200 100 200
63 Cu 20.5 301 627 35 100 400 500 1500
66 Zn 98.9 63.2 387 100 250 500 1500 3000
75 As 10.9 99.9 23.3 15 25 30 30 75
82 Se 1.36 1.02 1.22 — — — — —
111 Cd 0.49 0.41 1.76 0.2 0.3 1.0 3 15
205 Tl 0.85 0.44 0.79 — — — — —
208 Pb 54.7 61.7 64.2 35 300 400 300 1000
232 Th 14.8 26.2 27.8 — — — — —
238 U 5.02 11.9 12.9 — — — — —
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Fig.1 Enrichment factors of 13 heavy metals in the sediments

B 37 7 Cu A Cd B4R T & FHEITE, /00 33.2 F135.2, HigmF 2% g 15.9
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EAEWTRE i Cu As AT Cd BT 3 FBORIETIL B AIEHE T
2.5 JRIEE SRR
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B e s o 4w 15 Y R 1 AR AR HRGA N 1, = log, [ €./ (k x B,) 1,3, C & E 1
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Table 4 Index of geoaccumulation and classification of heavy metals pollution degree of the sediments

1* 2# 3#

iR 1 9 1 T I T 4
Cr 0.5 1 -1.0 0 -0.1 0 -0.2
Mn 1.7 2 -0.8 0 1.8 2 0.9
Co 1.6 2 0.3 1 2.3 3 1.4
Ni 0.9 1 -0.7 0 0.7 1 0.3
Cu 0.7 1 4.6 5 5.6 6 3.6
Zn 0.9 1 0.3 1 2.9 3 1.4
As 1.7 2 4.9 5 2.8 3 3.1
Se 2.0 2 1.6 2 1.8 2 1.8
Cd 3.9 4 3.6 4 5.7 6 4.4
Tl 0.7 1 -0.3 0 0.6 1 0.3
Pb 1.2 2 1.4 2 1.4 2 1.3
Th -0.1 0 0.7 1 0.8 1 0.4
U 0.9 1 2.1 3 2.2 3 1.7

=

TE:l,,, <O N0 %, 5 Y 0—1 N 1 R, To—PEs e 1—2 g 2 G, TS 323 O 3 ), h—Si TG e 3—4 4 9 TS 3
4—5H 5 G IR—RERTT Y >5 R 6 P T Y.

Cd 76 3 ALY AR EETS Y L B, Cu BR 1P TET5 Y 2 400, g WA 500 5 R 6 Sl s is
P As 7E 270 5 YmEET5 YL, Se F Pb 428 2 P EETG P U Co Zn N TC—PET5 44, Mn  Th \Ni Tl Cr
SENTETS Y. AR T R AR SRR AL 1, M SR BTz X e v 13 e 4 R A S e AR B i
KA Cd > Cu>As>Se>U>Co=2Zn>Pb>Mn>Th>Ni =Tl >Cr.

2.6 JRUeH S JE AR A A KBS PR

1980 4F-Hiij 27 Hakanson $2 H W 7E AR /8 F5 K04 (risk index, RI) , Al HUTA Y & 4 @ A0 X F
Tl AR LART IO 0 o 15 5B Y HUAEL, DA S B 4 1) A i Mk R BEA T IR A, 459 210 4 5 fa 3 4
VG = §AL VAL -9 07 -y A VAN 2 il ke R R L 7 RSN A TGS VAR N g DR R G A1 &
AR AS [ H 4 8 V5 e A A )32 N TR TR A R KU A R A O

RI = Y E = Y T(C/C))
K, CRRIZVIBY T ESE  FSEWE; ¢ CAESIR § WS HE, R TRy hE 4 s
T 5ol T, N EAR @ M R 5, RMGZ AN E 4 a1 3 MK Bk AR o5 Y i Uk 5 E, A
LR i M ESEERI. E, <40 Rl <150 FRAENEERERM,E, b 40—80 150 <RI <300
FRAESEEREPS, E, 4 80—160 300 <RI <600 F/nAERGHEREM, E, 4 160—320 ,R1=600
FREBEEBRBEIRE, £, =320 2840 56 EFL R,

FEARWFFE I E ) 13 FEE 4, FEITE Cu Pb Zn Cd Cr Fl As 78305 15 DA 45 1 AR W) BRI
FRECT, HOR X 6 FhICE M E, A RUAERXTC Vet i A i e AR S B € 2R F 4 [ 30
BewF SAE A A 5 R b Y i TS B 0 LT AMEAE 0 2 UE, e 245 0 A G FE PP 8 B e an g - 0L
5.
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Table 5 Risk index of heavy metals in the sediments

Cu Pb Zn Cd Cr As RI
¢, 18.9 35.8 78.8 0.05 35.4 5.1
7,53 5 5 1 30 2 10
1# 5.41 7.63 1.26 294 1.91 21.5 332
E, 2% 79.6 8.62 0.80 246 0.65 196 532
3* 166 8.97 4.91 1056 1.21 45.6 1283

Pb . Zn Fl Cr B9 E, {5351/NF 40 , 373X 3 P &)@ 15 Y37 i Cd 1Y E, {0 1056 , Rn ARG
FERRBEAR , e WA SAEA T 160—320 Z 1], Ui A G E R BRI ; Cu 76 17 2" 3/ E, {EAKIK
0 5,41 .79.6 F1166 , Fn ARG HE BB R PSR As £ 2" E B HEBREMRR £, (H
196 17 F01 3% 43 55l Ay i FE N b A AR 2B 25 1 R AR, 6 T 4 J@ i T AE AR ARG T H 9 2 55 BT A
Cd > Cu > As >Pb >Zn > Cr. Cd %I RI B/ 5T ik 28 ), FLRJ& Cu. 19F1 2% 5547 RI E AT 300—600 2
], Fen A A5 ERR TR, 3% 557 RI(E A 1283, Fn A A6 E R R .

3 Z5ip

AMFFEH ICP-MS M5E T H B e S b 4 B 0 & i, T 13 Fhon R M A Al FHPIRR 5 ik
W T EH AR 15 Y i A S XU . B BRI E0 M 8 T 48 & & 5715 SeErx LLiva, 2 R MR &
GBI EEFLE SRIET IG5 1Y Cd Cu Ml As B4R N T8 I5 Qe 1. 4R S UG Fe 50 %
JEELS BRI, G AN F 48 AR v 52 e, 2k FH ) 8T S (8 0T BB 5 SE PR DL 25 5,
6 P 4R VTR AR G FE R P 55 A9IFE N Cd > Cu > As > Pb > Zn > Cr. Cd XF RI {H 89 STk i 58
YRR Cu. 3* 57 RIAH Rk 1283, ARG H R EAR SR, 1981 27 5547 RIE 20510 332 1532, A e
JEE 5. VR U S 0 Kb 1 I 4 e ot 2 b T B ELA — R, LA Cd A Cu TS YN .
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Determination of heavy metal contents and evaluation of
the ecological risk of the sediments of Tingjiang River

ZHANG Linlin™ LIANG Xiao WEI Fusheng
( China National Environmental Monitoring Centre, Beijing, 100012, China)

ABSTRACT

The contents of the heavy metals in the sediment samples of Tingjiang river were determinated by ICP-MS
to investigate the distribution of 13 elements. The Index of Geoaccumulation and the Potential Ecological Risk
Index were employed to evaluate the pollution degree of heavy metals in the sediments. The results indicate
that ICP-MS was rapid, simple and accurate for determining the heavy metal elements. The descending order
of pollution degree of various metals was Cd > Cu > As >Se > U > Co =Zn >Pb >Mn > Th > Ni =TIl > Cr by the
Index of Geoaccumulation. And similarly the potential ecological risk intensity caused by 6 different metals was
Cd>Cu>As>Pb>7n>Cr. Cd, Cu and As were the main factors. The RI value of 3" was 1283, which
suggested that the ecological risk and the pollution was the worst, followed by 2, and 1* was also polluted.

Keywords: sediment, heavy metals, ecological risk.
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