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Abstract: In order to support the scientific management of land resource in Xiong’ an New District and improve the assessment

system of soil pollution in China, a metal smelting area in the District was selected to conduct geological survey. Total 541 surface

Y Fs HHA - 2020—-12-31 ; BCE B H#A: 2021-01-31

HETH . b E A R H (DD20160325, DD20189122)% Bl

EERN . EET, 59,1001 24 i+, TR, F 8 N EE IS BRI 240858 TAF ; E—mail : Cgstjwchangyu@126.c01nO
BIEE KR, L0, 1981 44 Bt IE w2 TR, =2 A ISR b ER AL 25 F 58 T4F s E-mail: zhangsurong@126.com.

http://geochina.cgs.gov.cn H1E LT, 2021, 48(6)



1698

ol EE| H

T
soil samples collected from the smelting area were analysed for the concentrations of eight heavy metal elements of Cd, Hg, Pb, As,

2021 4F
Cu, Zn, Cr, Ni and pH values. The principal component analysis method was used to study the combination and distribution
characteristics of the heavy metals. The methods of the single pollution index, Nemerow synthesis pollution index, geological
accumulation index and potential ecological hazard index and health risk assessment model were adopted to evaluate the degree and

risk of heavy metals pollution in soil. The results show that the excessive concentrations of Cu, Zn, Cd, Pb in soil of the area are

mainly influenced by smelting activity, the high value anomalies of As and Pb are principally caused by irrigation of the polluted
groundwater from Tanghe River. The order of over-standard rate of the single pollution indices of the elements is Cd>As> Cu>Zn>
Pb>Hg>Cr=Ni. The assessment results by the Nemerow synthetic pollution index method show that fifty-four percent of the samples
reaches the pollution standard. The order of over-standard rate of the geological accumulation indices is Cd>Cu>Pb>As>Zn>Hg>

Ni>Cr, of which the extremely heavy pollution ratios for the elements of Cu, Cd, Zn, Pb and As are 13.5%, 10.2%, 9.1%, 10.9% and

cgstjwchangyu@126.com.

17.2%, respectively. Cd and Hg are the major ecological risk elements. The ratio of moderate-considerable potential ecological risk
heavy metals in the soil of study area have a relatively high health risk to children.

of Cd is 65.2%, and that of Hg is 71.3%. As, Cr and Pb are of major non-carcinogenic factors. There are 95.2% of the samples (As,

Cr, Pb) with non—carcinogenic risk index over 1, and 29 samples with carcinogenic index of As over 10 to children, indicating that
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Fig.1 Geographic location and sampling sites of the study area
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Table 3 Classification standard for potential ecological risk index and degree of pollution of heavy metals

Gonl HOTRBAES KGR E POURBAESKERE SaESREEES X RIRERL SRS KGR
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S4 BB THAR em? 2699 3950
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ED RFERK/a 6 25
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P (B30I ) RN P K
AT 3B B RS F SR 1/ 2190CIEEE ) 9125 CIEEUE)

3 ZER51TNHE

31 TIEESEAEHE

g LR I 5T X 1 pH E A T 7.77~9.30, j&
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Table 5 RfD and SF values for different types of exposure of heavy metals in soil

, R/D/(mg/(kg-d)) SF/((kg:d)/ mg)

T LA IR N P Ik i EINEEIN LR TSON B kB fid
Cd 1.00x10° 1.00x10° 1.00x10° 6.10 6.30 6.10
Pb 3.50x10° 3.52x10° 5.25x10"

Cr 3.00x10° 2.86x10° 6.00x10° 4.20%x10'

Ni 2.00x107 2.06x107 5.40x10° 8.40x10"

Cu 4.00x107 4.02x107 1.20x107

Zn 3.00x10" 3.00x10" 6.00x107

Hg 3.00x<10* 8.57x107 2.10x10°

As 3.00x10" 1.23x10™ 1.23x10™ 1.50 1.51x10' 3.66

2017) , Jl il A I E R F T 3235 G i i R oK, 5
Yoy bifi 2 3T 75 28 M 3% 38, 7RO 43 K b 3 A Ab
MIEAMETT 15 G e R W B & AR A 6B 45
2017) , HoAth f50PR 23415 D] [ 5505 AR G 5 — R+
(Cr Ni) = Z 434 TR 5T XA 00 L) & 25 i, I
{H X LA AR A —PE R ) S IR SR A, N i [R5,
XA TCR ST SHE T, N POk A, H
EE X 5 1:25 772 BAR X ER {24 R A ALO, 5
{8 X0 A B AR, ALOs FBAFTE T8+ 9 9,
FiLw R A (B E M, 2020) , B T
(2019) X Be FH H = HEWF 5% & I0AE 2 DU 2 vp it AR
X ALO; i {H X =243 A1 FEAR L X, IZ X 38 Cr .
Ni.,Cu.Pb {0 K [FIRE 2 B S (EAFE , FEEIEH
T2 20 P0%F Cr Ni 5570 HA Bm 0 W FHER
Rt — 2R T AR 15 5t
32 TEBELRETHREE
THEFESBEGAEENEEERELSS
FUABRLHEA X L, TEI8 2 B R P45 B0 2 b o R AR
B, e A A R R S (R ) —
o AR SCLA A 85 e AU T 10 (0 Sk o R T PR

*o TIEEEESHSIT(mg/ke)

Table 6 Parameter statistics of heavy metals in soil (mg/kg)

TLER /ME RNE HE AR5 A
Cr 48.60 110.00 81.30 0.125
Ni 21.50 58.50 40.31 0.147
Cu 18.60 856.00 87.81 0.749
Zn 50.20 1664.00 167.37 0.638
Cd 0.09 10.33 0.92 0.842
Pb 16.80 2363.50 76.87 1.441
Hg 0.0121 1.175 0.0725 0.884
As 6.32 421.50 23.69 1.073

(2 O =28 N o A B B ke, W TS
Yot 2 I i (R A7 0, T30 FH A e AR 1T
FHEAE N R 2T BOEMN 192 o 32 22 0
HF 9% IX 4 8 1) AT L

WF5E X 1= 498 5 4 J L R T8 80 N 25 5 45
B b i BEURBOEM ST aE R L 8, PEE 3
I 7R ] 38T Yl AR i 56 (B AH L, Cr Ni Hg 175 %
FRBERIR, Hodr Cr (Ni 100% 75 5%, Hg {UA 1 FREN
MR Y AR e TE Y Ho T R bR e
B K /N Sk Cd>As>Cu>Zn>Pb, 73 3 K 67.1% .
47.5% .23.7% .5.9%H1 4.6% , 84w H il i 19 Cd, 1
e E BT L LU R 19.4% 5 % IEETT N
BLE LB 455 R S4%RIRE AR T Ik
S R E TG Y O A 8.1% 1 4.3%.

[F] B PR 95 e F8 BT AN 45 SR AL, Cr NiKIH
S5 X b 5T SRR EE YK AR IR TR
TCT5 YL F 49143531 M 100% £ 99.8% , {H Hg 7 b i 2
TR BTN 45 5 b 25 1% 0 RE S AE B AR I 42, H:

R IRSHIER

Table 7 Results of principal component analysis

TiH %

B £ %=

FHIEAE 2225 2.135 1.964
DR 27.81 26.69 24.55
Cr 0.047 0.131 0.963
Ni 0.058 0.119 0.966
Cu 0.793 0.225 -0.063
Zn 0.785 0.421 -0.009
cd 0.599 0.649 0.176
Pb 0.703 -0.114 0.141
As -0.063 0.844 0.216
Hg 0.342 0.855 0.014
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Fig.2 Distributions of scores of principal component analysis and Al.O; concentration
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e Ik e G AR G (R, I - 4 S S A
AR E ERH
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Table 8 Grading of single pollution index and geological accumulation index of heavy metal pollution of soil

CRAWARFS 15 L5 Cr Ni Cu Zn Cd Pb As Hg NPI
0 541 541 267 433 103 469 49 540 106
1 0 0 146 76 75 47 235 0 143
BT 2 0 0 100 29 258 22 229 1 225
/N HED s iR
3 0 0 21 1 69 1 12 0 44
4 0 0 7 2 36 2 16 0 23
0 541 540 262 374 256 290 370 405
1 0 0 29 10 53 37 6 11
2 0 0 94 41 101 78 25 25
bt SR AR AL 3 0 0 44 41 44 42 20 20
4 0 0 24 11 22 24 6 17
5 0 0 0 0 0 0 0 0
6 0 1 73 55 49 59 93 55

3.3 TIESEXE N

- 45 G KBS PE M S 4 3 T e it R
IR N A A I R REPE VAR AR S KU AR
T YR TS e s A 7S R G D RE R R Y AT g
T ARIE A BRERURS: PR 1 H A o A, 2 BN
HER AR DL B i AR R B T BB . ME
SR N B XU B0 B8 A A 5 A28
TG B VIAHOC IR DL R AR AR S R GE, RS
DU PEAN U B 3 A A S R S

F 5T IX 1= 38 4 g o0 R WA A A AU PR 445
(& 5) W : Cr Zn Ni BT A AR 25 UG 38 Hi 4 /)
T 40; HUEFARAY J9 Cu Pb . As, 5 25 KU BE
JITF o5 B HE A5 0 5300 99.1% .98.9% .97.0% , T3 4 5 1F

25

20

oo oo
o oloYoRNN

HH TR 4

4@ T
u
oo o
—O‘ﬂ]—mﬂ)
@—D]—mo [eXo o}
h)‘,o ©

Cr Ni Cu Zn Cd Pb As Hg NPI

K3 BRI
Fig.3 Box—plot of single pollution index of heavy metals in
soil

B il Cu S Fp A AR S AU, T RRE A Cu Ry
BEE  AMFFRER P Po o TR SRS EE LIRS
Pb MARHR A S SEFE , 10 RS P As P AR A e
AR As IR E 2 FRES T As N
RS faE, CdMHg EMR X AR ENAES
feE M, Cd TS e AR RSy h A —ii B B a4
TR 5 65.2% , 1R 0 — e 3 A 250 AU
2.8% , Hg VAR AR S KU A 25— A S e S50
(R RE & 71.3% , R 5 — i i AE 25 M 35 S 0 oy
2.6%. MR LA 2R AT LK B, 715 YK L A
FEIXZHL L RS CuZn As PO E TR T HE A T
T S (E AR B, (H H A S F ARG, X 2
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Fig.4 Box—plot of geological accumulation index of heavy
metals in soil
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Fig.5 Potential ecological risk classification of heavy metals in soil

J TR SRR AR B R SR TR, Cd Hg 4 BIFFE DX S ) AR R XU 245 53 L35 9
S EER AN =i m T ARES A 2100 RS0 KR P25 2R /R L2 iy XU P 22
T 2RO RBEBOFM AR Al AD , 55 —Jri RPN TEA TR B 2 F2 iR A b, 28 1A B XU
st TP R R B s T ARG PEEOR T HAb AR, WA B MBS M A . ARICR

®9 T EESEFBIEERNEIEE

Table 9 Non—carcinogenic health risk index of heavy metals in soil

et GitE Cr Ni Cu Zn Cd Pb Hg As
MOLER RUME 22x100 0 1.3x107 0 5.7x10° 2.0x10°  1.4x10°  5.9x10°  5.1x10° 2.6x10"
RN WARME 5.0x10" 3.6x107  2.6x10"  6.8x107  1.6x10" 8.3 4.9x10? 1.7x10'

(HQ) SPEIME S 3.7x100 2.5x107 0 2.7x107 6.8x10°  1.4x10°  2.7x10" 3.0x10°  9.6x10"
O8N B/ME S 2.0x107 1.3x107 5.6x10°  2.0x10°  1.1x10°  5.8x107  4.9x10"  2.5x10"
A WK 44x10" 3.5x107 2.6x10"  6.7x10*  1.2x10" 8.1 4.7x10? 1.7x10"
SPEME S 3.3x100 24x107 0 2.6x10° 6.7x10°  1.1x107  2.6x10"  2.9x10°  9.5x10"

JLE

MNARSE:  B/AME 3.6x10° 3.5x107 15107 5.6x10%  2.9x10°  1.6x10°  4.7x10* 1.7x10°
A 5.7x10% 9.4x107  7.1x10°  1.8x10°  3.4x10*  22x10*  4.6x10° 1.1x10°
SEEME 13x10° 6.5%x107  7.3x107  1.9x107  3.0x10°  7.3x10°  2.8x107 6.4x10°
R R/AME 2.6x10° 1.3x10° 5.0x10°  2.7x10°  2.9x10%  1.0x10°  1.9x10° 1.7x10°
A B 6.0x10°  3.5x10°  23x10°  9.0x10"  3.4x10%  1.5x10"  1.8x10° 1.1x10"
FEME 44x107 24x10% 2.4x10*  9.1x10°  3.0x10°  4.8x10°  1.1x10" 6.3x10°
WOLER R/ME 3.1x10° 1.8x10°  7.9x10%  2.9x10*  1.9x10*  83x10°  7.1x10° 3.6x10?

KB B 7.1x107 5.0x10°  3.6x10%  9.5x10°  2.2x10? 1.2 6.9%10° 24
(HQ) SEEME 5.3%10° 34x10° 3.7x10°  9.5x10*  2.0x10°  3.8x10°  4.2x10* 1.3x10"
KON R/ME 2.7x10° 0 1.8x10° 7.9x10% 2.8x10%  1.5x10%  8.1x10°  6.8x10° 3.6x10?

KBS B 6.2x10°  4.9x10°  3.6x10°  9.4x10°  1.7x107 1.1 6.6x10° 2.4
B FEME 4.6x107 3.4x10°  3.7x10° 9.4x10*  1.5x10°  3.7x10°  4.1x10" 1.3x10"

NS e/AME 3.0x10° 1.9x107  8.3x10°  3.0x10°  1.6x10°  8.6x107  2.5x10* 9.2x10°
KM 6.9%10*  5.1x107  3.8x10°  1.0x10°  1.9x10*  1.2x10*  2.5x10° 6.2x10"

FEME 5.0x10* 3.5x107  3.9x107  1.0x107  1.7x10°  3.9x10°  1.5x107 3.5x10°

Rz R/AME 3.8x10° 1.9x10°  7.2x10°  3.9x10°  4.1x10°  1.5x10*  2.7x10° 2.4x10*
PR 55 WA 8.6x10°  5.1x10°  3.3x10%  1.3x10%  4.8x10°  2.1x10>  2.6x10* 1.6x107
SEYME 6.3x10° 3.5x10° 3.4x10°  1.3x10°  43x10*  6.8x10*  1.6x10° 9.0x10*
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Table 10 Carcinogenic health risk index of heavy metals in soil
B i ﬂ&)\ﬁﬁzﬁmrﬁ 2 DR B0 X ek Fe i B0 XU
Cd Cr Ni Cd As Cd As

f/ME 1.54x10™ 5.66x10°  5.01x10™  2.64x10°  6.04x10*  9.53x10°  1.63x10” 6.28x10°

L R 1.80x10°  1.28x107  1.36x10°  1.76x107  7.09x10° 6.36x10* 1.91x107 4.19%10*
SPEME 1.60x10™  9.46x10°  9.38x10™  9.91x10°  6.30x107 3.57x10° 1.70x10* 2.35x10°
B/ME 3.46x10™ 1.28x107  1.13x10°  5.96x10°  8.46x10°  5.56x10°  2.34x10™ 3.75%10°

WA KM 4.07x10° 2.89x107  3.07x10°  3.98x107  9.93x107 3.71x10 2.74x10* 2.50x10*
SEEME S 3.61x10™  2.13x107  2.12x10°  2.24x10°  8.81x10"  2.08x10°  2.44x10”° 1.41x10°

- 27 4k o KU (HQ) 1 K /NI T 2k As>Cr>Pb>
Cu>Ni>Cd>Zn>Hg; N KA , [ As Fl Pb [
S XS HE B 1, L AU As AR 20 XU 5
BOF- 8 53 591 4 0.96 F10.13, 75 R AE 1Y 541 14K 5
WG T PRRE A R As St L 9 A1 250 KU A AR ]
B2, Bk 20.5% , As XF JL 35 A7 7 55 K AR B K
B 5 3 PR A 1 As X N 1 I B0 XU S AS ] 42
Z, HeBR 0.6% . JLEE AR 1) Pb A B0 AU 45
BOV-HE 290K 0.27 F10.038, &6 5 1 F1 1 141FE 5
7 ek I 0 RS W w2z . LB R B0 K
& MAS KL (HD X918 9 1.68, 1 ULiZ b X %} L A7
TR i AR B0 XU , HIEB 3 1 B FE 5 8k 515
A, b HERETR 95.2% 0 AR B0 KU SR BT 241E
M4 A (F6), As Cr . PbJ& 5 M 5% X AR 0
DAV B 2 2R o S0 XURS: DT 25 SR R R s L
FE A RSP L RN S i, HLXURS: B RN B iR il i
KRBV, & AR EZORIE, MAS
JLZE Y As B0 KU S 35 28 5.92 x 1077 F13.49 x
107, M TE AT 32 i B N (EATS A 29 1 ARE d X JLZE 1Y
As B RS AT 107, 15 AR A X Bl A A 500 XU
RAA

S5 5 FTSC T AR B PR -8 H5OR b o 2R AR R AL
PSSR LI, 76 R BARTE DA™ 1 As 21
XA B BRI R RS, X 5 AR 45 (2019) 1
WEFTEE S — 5, ) FH SR JRURS: P 1133024 =X T LA
WA, 2 4 As i o 25 mg/kg i, JLEE As )
A 2o XU T8 B E T 1, i IR A A
SRS R A 39S e XU A P bR 1fE ) (2018)
AR5 i A 150 Ml 4 3985 e UG i 45
TEY (2018) HH A 1Y pH>7.5 I As 15 34 XU 75 6
15 20 mg/kg, B HE(E 5 10 100 mg/kg (A FHHb) |
120 mg/kg (—ZHE ML) 140 mg/kg (S H B FH

Kl6 8 FEE <G Jm %) LB EUm XIS 18 BoTHkR

Fig.6 Contribution rate of 8 heavy metals to children's non—

carcinogenic risk index

Hb ), AT VLY A s As TR B X AR A AR EoE KU
I, AR ST AR 14 1.25 485 , 5L - 38 1 5 SO 22 42 )
PR AR ROR B . Al b - b Ay 5 s
B i A A A S RS AR R AT AR HTH
PEs AR (175 BB A il B g FRE XU, [7)
SR As HAT B B EUR AR (Li et al.,2011) 518
045 (2019) X PR 7€ < B /N A bF L b AT 2 R E A
S5 R /NERE S T Cd P AEAE AR R TR 5
R ST FP s A AU T N AAAE BRE XU, P-4 48 SR
NI, £5 b UL E i 5 e R v m] 5 e i i
5 Cd 5 Pb S E 1 1T As BOMETR, As S 7E A4
At FRE XSS PE A B PR OGRS
RN BE N As JB T 22 4 R TS il IR A o
Cu. Zn 7EA DX HIAR HE BI85 g , (X A2 25 R AR
PIAIE G B a5 Je ) IRE bR it Cu  Zn
MR bR, 32 B T Cu Zn B2 H3E5 e R b
JEIR P ILER , AT G ETEA R, U AE
Cu . Zn (HEFR , AT L5 RE s of L e pO A4 , Iy
P+
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ZE TR, B PN v T
SE T RRTE R, 15 Y L IR AR A4 P TR 2 FTN
TG e H5 R g ORIERAEEE. ANH
M HE r S8 AR E A R e, A
[ PPy 3 [ 1y A B S8 3hE G0 PR A 25 SR 1Y 22 57
P AR IR BT EE . DAAR X R, XN
NIVEESE  Z IR R 3 R 7R £ B R ) et
T v 1 3 T 4 e P AR i B e L U As L Cd
Pb, [F] s 25 £ . R 15 H50R b o SRR B0 FEAN 7T LA
R IXBE TR AEA X 2 A RS s s 0y, Rtk
As . Cd . Pb & AR X W 8 SO 15 Yoot &, B ILFE
B DX A5 R P R s 4 1)y SO AR
A i Y IR TIA B 1T X AR R ARG £
AT DAXT FC AT R M2 A8 8 DA Sy A b, sl
KA 2R it , A LA, TR s v R S
Bl e L R BUE L O AR A5 )
4 45 B

(1) WF5E X 13 Cu . Zn . Cd . Pb = X F 2504
FHFFE X PG, SR s X R % V) ; As Hg =i
X BN TR X AR BB, 5 RS YA G 5 Cr Ni
FEMIRT B

(2) WF5EIX +3E Cd . Cu . Pb As 0 X & i H
I SAE 5 TS e XU O e A, B PR 15 AR 4L
554l i BRHR B AR AR X ) E 4 A S e AR
AR AR T Sl 5 XS (e 22 5,
25 TCE R LA R/ INIUT A X b 5T SRR £
15 YL b B K /N A Cd>Cu>Pb>As>Zn>Hg>Ni>Cr,
Cu.Cd.Zn Pb, As #f 5 {5 4% He i) 43 51 4 13.5% .
10.2%.9.1% . 10.9% 1 17.2% ; 5. 715 YLt BB b
FeflHER Jy Cd>As>Cu> Zn>Pb>Hg>Cr=Ni, H:H1 Cd
R HL B 19.4%

(3) WFEIX + 4 Cd T Hg A B A E 56
P, Cd haF—as B S H T N 65.2%, He Ha5—im
S E R 71.3%, A MAEERRE XU T 25 51
7 LFE A AU KT RO, AR S50 AU R 3222 As
Cr 1 Pb, 95.2%F i 1 LZE A E S0 KU =5 1 15 iz K
BAL G R LI TS B kiAol 3, 29 14
FEf As X LERABUERE . Cd As MU BR
TCER I X AR A A R AT 5 5 1 XU, Hg R
SRR SR A 25 LA A v XU o
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