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Evaluation of heavy metals pollution in surface sediments using an improved geo—accumulation index method
LIU Zi-he',MENG Rui-hong', DAI Hui—xiang', HONG Qing—yang', YAN Qiu—he', LIU Yan—ting', WANG Hong—tao"", CHEN Tan>
(1.School of Environment, Tsinghua University, Beijing 100084, China;2. College of Life and Environmental Sciences, Minzu University of
China, Beijing 100081, China)

Abstract: The geo—accumulation index method (GAI) is a commonly used approach for the quantitative assessment of heavy metal pollu-
tion in sediments. However, it can hardly be adapted to conduct an integrated evaluation of multi—~heavy metals pollution in an entire river
basin as it focuses only on a specific heavy metal in individual sampling locations. This investigation presents a novel approach in which
pollution of multi-heavy metals sampled from different locations in a basin can be systematically assessed. Two indicators of both maximum
and average concentrations were embedded into the GAT method through the Nemerow index method. The concept of “Equivalent Eco—Tox-
icity Index” was proposed considering the integrated effects on environment as different heavy metals have different eco—toxicities and dif-
ferent concentrations. This improved approach used the maximum concentration of heavy metals that plays a key role in the assessment, as
well as the eco—toxicity of all metals presented. Therefore, a more integrated assessment result was obtained. The improved Geo—Accumula-
tion Index (IGAI) approach was employed and validated for evaluating heavy metal pollution in the sediments of the Chaobei river catch-

ment(a river branch of Danjiangkou reservoir basin ). That IGAI approach avoided the problem of averaging the heavy pollution points used
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by conventional GAL It could effectively express the serious pollution condition of Hg at individual points. The results of the pollution rank-

ing sequence of different heavy metals could systematically reflect the pollution status at the catchment. In assessing the composite pollu-

tion of heavy metals, the IGAI approach produced similar results as the Potential Eco-Hazard Index method, but with much less deviation

caused by using uncorrected heavy metal toxicity coefficients as in the previous study.

Keywords : sediment; heavy metal; pollution evaluation; improved geo—accumulation index method; equivalent ecotoxicity index
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Table 1 Classification of geo—accumulation index

1241

Lo <0 0~1 1~2 2-3 3~4 4~5 >5
Lo Z0) I I I v \ Vi VI
15T EREES JEF RS T Hh RE BI5iR EE T S B 54 B8 B 75 e AR




b, 26 T B AU R B0 1 DURY R 15 e DA 2159

B AT L T 1AM B R IO KA
FIAME RO OB v, HERE VA B4 T 0 20
LHERB LA TSN . A BFTTR R
SRR 5T o A 44 (8% T 4 VB (L0
T TR AR (1) BT 4 R , (AL A
i v T A TR A T R 0T L, I 5 7
35 e S T O B T R 075 R
W M0 BB RO R AR I F

Pon= > (C.IKB) (2)

i=1

Pmaxl :Cmax /KB (3 )

L =loga/ (Pt + Piat) 12 (4)
K2 P R TRIR n AR A H 4 Wk B AR AL R 5L
HEEME ; COR S n RS E S B ,mg-kg'; B
R AR I AEE TS 5o, mg kg5 Puw NV 5
KRR A S5 B 4 Ja VA P AR A A8 85 Con W SR R
B B KAEL, mg - kg5 Lo R el0 ik 1) 1 BRALFE H. K HL
1.5 75 it AR B0 0 Phn e (L& 1) .

13 SIMHERMLSHESREESTLIFMAI B
i RIRIBEE

BT A 2P 4 2 A TS Y PP Y [
PPN R PR TR 255 Je & A i 4 JB VR I i 75 %5 TR
XA AR R B RN ASCEEH R B 4
Ja A 2 G T AR ) B R Y e e ——S Y
ANTHRE (W), e A S faF ST K IE 4
J& , BTz AR B AT i B ABE RO .

1.3.1 4850 S AR B i

4 A I PR EE 0T i b ofE PR S M RBUR T
MELEAESEEENEERR, ELEIERE
P v BIRAEL AT DA Sz e o 4 Ja 118 B AL P 5 K L R AL
P74 S ) BRI R AT LR B e B RN I
AR A JE RO AR FEP, £ A T IR L[]

SO 3R A R A SRR B (W) IS . R
Az S BEPESR BT LA e X AR 25 e 3 DUk R R E
IR G 2 SR i R

(DA RPERCEAE Wi — BT R E SR
F18 0 5 P55 JF A 0 7 T4 DXL B 0 L 22 S 1™, RV <
JiE 0 2 4 DXL 7 1 (L AR, 2270 3% 1) A 2 A 7 P
Ko K 4% B4 Jm A 3980 G XU i 22 1L (S,) Y e K
{EL S 55 S FLER, BIVER £ i EE 5 J8 B0 AH Sk U AEL (R o
R R/ INT LIS A2 T 38 R A1 516 35 1 PR A R 5 55
HAEJEICR RATBOR, HOOH AR S PR R I A 15 35 B
Ko B4R A SCHE H AR (R) S A R AH (W)

AN
Ri=S.u1S; (5)
Wi:Ri/ES[ (6>

i=1

(2) T R B A Waro AN [R) B 42 8 X A2 25 2R
S5 FE RS R AN [) , B 4 R AR 0T LS T 4
R A S F . I TE B4 2 5 A R R 4L
A e O R N R — T b R
RCEAE (W) o -

Wa=T./Y.T: (7)
i=1

K TR P E &R M BB R4

(3) AL EE (Wi W) FRAE S B 4 i () B 1
PCE(ETCERER E N 2E 5 R A BASCR A LRk =
H RN S m AR R (W) iR
g w/ {1l

Wi=(Wi+Wa)/2 (8)

I IRE AR MES A B A R AR Y AR
B R (W) TS R LR 2,
1.3.2 eilbaysh BRE S0

I A Y i A AR PR AR B (W) T et AR B e

R2 ESRFRHNFLUEBESEEER (W)

Table 2 Equivalent ecotoxicity index of heavy metals(W;)
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SCHR29]-

Note: a. Soil Environmental Quality Risk Control Standard for Soil Contamination of Agricultural Land (GB 15618—2018;risk screening values for soil
contamination of agricultural land , paddy field,pH 6.5~7.5); b. Data from reference[29].
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Figure 1 Location of the study area and distribution of the sampling points
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Table 4 Assessment results of geo—accumulation index method

and improved geo—accumulation index method
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Table 3 Descriptive statistical parameters of heavy metals in sediment
28 Index v Hg Cr Ph As cd
/Mg kg™ 233 0.012 20.1 14.2 2.12 0.147
WA A /mg kg™ 117 0.581 547 18.8 771 0.893
{3/ mg - kg 742 0.047 47.1 174 421 0.280
Y /mg- kg 71.4 0.099 43.9 16.8 455 0.382
PRIfE2E/mg kg 304 0.182 11.4 1.6 1.90 0.239
75 5 R E % 42.6 184.2 259 9.7 417 62.4
{llis -0.005 2.959 -1.292 -0.594 0.574 1.334
e i -0.568 8.821 1.158 -0.899 -0.561 1.579
A FH Hb A= 5575 YL RS i BE {1 /mg - kg™ 130 0.6 300 140 25 0.6
PHL OGRS 5o - 82.40" 0.07 43.81 29.20 11.42 0.84

T e, (CRMERREE B A b - 4075 Y KU A P A5 1 GAT) ) (GB 15618—2018 , 4% JFI 1l 13875 42 XU 0 e (i, /K [, pH 6.5~7.5) 5 b. i3] H

SCHR[32]5 ¢ B S| A SCHEk[11].

Notes : a. Soil Environmental Quality Risk Control Standard for Soil Contamination of Agricultural Land)(GB 15618—2018; Risk screening values for
soil contamination of agricultural land , paddy field,pH 6.5~7.5); b. Data from reference [32]; c. Data from reference[11].
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Table 5 Pollution assessment results of heavy metals in sediment

of Chaobei River
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