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Fig. 1 Schematic diagram of sampling location of downstream
surface soil near the mining area
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Table 1 Judgment criteria of risk evaluation coding method
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Table 2

metal pollution

Classification of potential ecological hazards of heavy
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Table 3 Toxicity response coefficient of heavy metals
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AT 0 F11 2z ,?ﬂpp%ﬁrx‘ﬁi‘rimu R Table 5 Contents of various chemical forms of heavy metals in
downstream surface soils of the mining area
F4 TRMERZLEESEOE T2 45/ (mg - kg™)
Table 4 Heavy metal content of surface soil in the downstream of L ORAE BREREAL FHLY 2%
. E T TS W L REA
the mining area = YIZEOA  mAS Z R/%
A (F1) G8(F2) 5 - (Fs)
e FoE i/ (mg - kg™') (F3) (F4)
e Pb Cu /n cd Cr A 2.9 1.22 2.54 3.07  15.8 97
A 26.40 17.64 80.21  0.22 19.32 B 3.60 1.89 3.32 1.48 15.95 108
B 24.30 16.52 79.62 0.23  21.35 C  6.49 0. 66 3.07 1.48 14.74 105
o 25.30 16.35 72.36 0.19  20.24 D 4.5 0.21 112 1.61 13.03 106
Ph : : : : :
E 18.54 15.21 58.65 0.22 19. 68 240 5 51 > 16 0.9 B2 107
F 19.56  13.24 57.25  0.19 19.32
G 3.51 2.05 1.04 1.96 11.31 106
G 18.75 13.35 64.35 0.18 19. 14
H 2.91 2.69 0.72 0.67 11.75 108
H 17.35  13.65 54.36  0.17 19.36
I 17.58 13.32  54.26  0.15  20.14 r 2o 247 2.2 0.20 11.48 110
LA R R 23,50  20.70  68.00  0.08  57.30 A 0.029 0.005 0.001 0.014 0.189 108
oMl 26.40 17.64  80.21 0.23 21.35 B 0.023 0.007 0.002 0.02 0.198 108
B/ME 17.35 13.24 54.26  0.15 19. 14 C  0.014 0.006 0.002 0.017 0.136 92
BRI 20.79 15.17 64.52 0.19 19. 86 D 0.014 0.005 0.005 0.016 0.137 93
b2z 332 171 975 0.02 0. 66 ca E 0023 0012 0002 0.021 0.145 92
" .
225t AR 0.16 0.11 0.15 0.13  0.03 F  0.014 0008 0000 0019 0.155 104
3 Ede s
MM ST R 0.88 073 09 24 0.35 G 0.018 0.005 0.002 0.021 0.118 91
H 0.015 0.004 0.003 0.015 0.139 103
20 I 0013 0003 000 0015 0.125 105
50 A 1.80  0.53 217 2.3 991 95
~ 70 r
™ B 1.95 0.84 2.41 3.12 9.25 106
= 60
& meb c 215 0.98 2.35 2.05 10.15 108
Es0
= 0 mcu D o0.21 1.69 2.50 2.91 10.07 101
i Zn E  1.87 1.02 2.05 2.12 9.48 109
E 30 - Cu
& mcd F 1.64 0.26 1.52 2.12 9.06 110
=20 |
o ‘ ‘ ‘ ‘ ! H 0.16 0.27 2.09 1.65 9.31 99
A B C b E F G H I 1 1.63 0.80 1.58 1.30 8.87 106
HRS
A 0.97 1.16 1.93 2.90 16.54 122
B2 §XFEHESRESESR SR B 0.21 0.85 3.20 2.99 19.11 124
Fig. 2 H 1 f h li int in th -
1g : eavy met.a .content of each sampling point in the down C 1.21 1.21 182 165 15.15 104
stream soil of the mining area
D 0.81 0.81 1.62 2.01 16.25 106
o E 020 1.77 1.85 1.69 15.24 105
2.2 FRTIHBRELTEEERENMEES F 039 019 1.8 174  16.63 108
"N R (1) G L7 0.96 1.76 1.63 15.94 115
LAY
TR A LTSS E S, AR (D) T v om i ras ie a0
2 RS 4 =L \X B
HTE 95% ~ 110% , 15 45 B il 52 00 B 4 s 5 i DU A A 11.09 5.6l 8.12 5.14  50.14 100
PN . e s
HFEWHESBESRENLERS B LB — B 8.8  3.98 834 521  49.69 9
B C 832 434 7.5 447  50.24 103
HE 3 A, 7 X i HiE P& EL R E IR AE D 514 2.68 3.26 2,98 49.39 106
WA, MR, BILMESRRBEL 4 P 73 29 102 323 04 1o
2 ; . . . ) .3
B, ZHHTE 50% ~T70% ,Cd 1 Cr 538 5 A b0 2.2 1.25 331 48.35 109
IUSEVEN . e G 6.3l 3.86 3.24 3.30  56.21 113
w1, 70% LA Lo BRERE A SN, Ph B F Al Ac e A
H 4.21 2.17 4.94 1.15  49.48 114
2R o _ . : b I e
’ 9 b
b, EEEPRLE 11% ~24% ;Cu (A PLE B &
I 2.18 4.88 3.24 1.68  48.84 112

ttﬁ% 9%1:':?{9% ~ 17% o
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Fig. 3 The proportions of various chemical forms of heavy metals
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Table 6 Pb isotopic composition of samples

FERAS  FERORIERERME 2P/ Pb *"Pb/*Pb  *Pb/*™Pb
0 By 37.536 15.498 17.569
S e =s3s 36. 454 15.424 18.015
A 14 37.137 15.501 17.521
B 135 37.029 15.498 17.325
o + 45 37.025 15.315 17.684
D +- 4 37.105 15.306 17.714
E - 36. 832 15.289 17.824
F 14 36. 985 15.168 17.834
G + 36.969 15.584 17.996
H 44 36. 874 15.402 18.201
I - 36.747 15.314 18.245

16 30 SO B B SR R2 R, BT LA, AR U P [R]7 Z%
ML T XR 9 A AR AL 1 Rt B R
FEA BT XN LA RO RS T A RE A Y P[RR
HIMILF 6, =S hEah Pb LR E 7B/, WA T4
ST B JE R IR IR A 1

3 i
3.1 FRTHIEESBREHRELESKE

3.1.1 ETELRELEBESNE M

A7 DT U7 R S A% 4 11 SRR R () B2
FWEASEFIRR(RD 45 R IR 7, Hop Cd 1 E;
72,50, BN AR A F R BRI A . Al OT R
INT S I TRMBRFRE o 578 IX LIRS Cd [

Fofth H 4 J H A 5 g AR B2, X X A S P g
A TAE R BT o

KT RRAX LR R EA T 64,21 ~
97. 33 2 [a] , AR T AE A A5 XU S k) 73 (32 2) P34
DT RS VAR AR S KU AR B A, 202 Cd By
AR AE A R o MR 9 B dh SR A 5 AL B Al
AR DORAE AL EL Je RTBJBOR, I B 67 X 45 KU
FRBOR R R BT R 3 o SOt 17 DXCAR 7 1 2l
MR EGR S A —E R

RT7 BEGRPI RGBS HFIREL
Table 7 Single coefficients and comprehensive potential ecologi-

cal hazard indexes of heavy metals

E;
Fedh =
Pb Cu Zn Cd Cr RI
A 5.62 4.26 1.18 82.50 0.67 94.23
B 5.17 3.99 1.17 86.25 0.75 97.33
C 5.38 3.95 1.06 71.25 0.71 82.35
D 4.11 4.16 0.88 71.25 0.71 81.11
E 3.94 3.67 0.86 82.50 0.69 91.67
F 4.16 3.20 0.84 71.25 0.67 80.13
G 3.99 3.22 0.95 67.50 0.67 76.33
H 3.69 3.30 0.80 63.75 0.68 72.21
1 3.74 3.22 0.80 56.25 0.70 64.71
ia 4.42 3.66 0.95 72.50 0.69 82.23
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Fig. 4 Proportion of available heavy metals in surface soil
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Fig. 5 The correlation between the enrichment coefficient of heavy metals in the surface soil and the primary/secondary forms
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3.2 E&RBHREST

3.2.1 MRS

CAMIREY, LHEHE SR 5 ES (F5) ik
EVER, — A S S 5K - LS, T
FEFR I A LR My AT W i R ARG BRI R
58, NI 2 T 3 B 4 B T e — R T AR BRI S
V228 a5 (FS) 8 SO E AR AR5 G &
(F1 +F2 +F3 + F4) & CRWERDT, BE R EE
SEZHARIUR BCAERA I, BRI, K
AR FEGWAEERA X, WA E T A G
ER AP SL N DN E 3 S

WA RS ES BN E L R(EF) 5EES
YRS MO PR 43 A, W &1 5 7, Pb (Cd  Zn IR
A ERY EF Z A7 B35 A, R A4 BN
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Risk Assessment and Pollution Source Analysis of Heavy Metals in the Down-
stream Soil of a Gold Mining Area

WEI Hao! , ZHU Sujia?, XU Liangwei® , JIA Wenru!, LI Wei'

1. Hebei Center for Ecological and Environmental Geology Research, Hebei GEO University , Shijiazhuang 050031, China;
2. Institute of Geographical Sciences, Hebei Academy of Sciences, Shijiazhuang 050011, China;
3. School of Earth and Space Sciences, Peking University, Beijing 100871, China

Abstract; In order to quantitatively evaluate the degree of pollution of heavy metals in the downstream soil by a gold
mine, based on the potential ecological hazard index method and the risk evaluation coding method, the ecological risk of
the soil is evaluated from the two dimensions of total amount of heavy metals and chemical morphology, and on the basis of
analyzing the correlation between the enrichment coefficient of heavy metals and the sub — ecology and the original ecolo-
gy, the Pb isotope ratio is applied to trace the source of heavy metals in the soil. The results showed that with the increase
of the distance from the mine, the heavy metals in the soil except Cr gradually weakened. Soil heavy metals are generally
at low risk. Cd has a high single coefficient (mean value of 72.50) , but its active state proportion is relatively low, con-
centrated in 10% to 17% , while Pb, the total amount is small, but has a higher proportion of active state, concentrated
in 15% to30% , Pb, Cd elements brought by the potential ecological risks should be paid attention to. There was a signif-
icant correlation between the sub — ecological content of Pb, Cd and Zn and their enrichment coefficients, and the R* val-
ues were 0.765 7, 0.911 5 and 0.602 9, respectively, indicating that these three heavy metals were more related to the
production activities in the mining area, that is, anthropogenic sources were more likely, while Cu and Cr were mainly
based on natural sources. The Pb isotope ratio relationship showed that the soil sample as a whole was located between the
tailings source ( anthropogenic source) and the soil — forming matrix ( natural source) terminal element. With the decrease
of the distance from the mine, the heavy metal content and exchangeable state showed a generally increasing trend, and
the isotope ratio of **Ph/*”"Pb showed a downward trend, which was more inclined to anthropogenic sources, indicating
that the production activities of the mining area contributed more to the heavy metals imported in the soil area near the
mining area.

Keywords: gold deposit area; soil; heavy metals; chemical forms; Pb isotopes
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