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Fig.l Distribution of sampling points of water quality samples in small river basins
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x1 KEHERDWHE
Table 1 Methods for analysis of water quality samples
ST B PATHRE IUF R S R pR/ (ug/L)
B TTIKAE HJ700-2014 HE B A 55 B TR R i {X Agilent 7850 ICP-MS 0.67
] KRR HJ700-2014 FHL B £ S5 TR R B (X Agilent 7850 ICP-MS 0.08
G TIIKEE H 700-2014 HE B A S5 B AR BT {X Agilent 7850 ICP-MS 0.09
3 TKEE i H 700-2014 FHL B B S5 B TR R B (X Agilent 7850 ICP-MS 0.05
i KR H 694-2014 JF T2 G BE T AFS-230E 0.3
K KR H 694-2014 JRF 5 N EIFXGY-1011A 0.04
2 KRHERDWHEE
Table 2 Methods for analysis of sediment samples
AHTICER BT PATH € & W & KPR/ (mg/kg)
B JRVEHFE H 803-2016 FL RN B S5 B A T 1% {X Agilent 7850 ICP-MS 7
i JERVEFF i H 803-2016 FHL BN & S5 B TR (X Agilent 7850 ICP-MS 0.5
Y JEVERE H 803-2016 FHL B £ S5 8 T B B (X Agilent 7850 ICP-MS 2
58 JRVEFE i H 803-2016 HE B B 55 B TR T [ Agilent 7850 ICP-MS 0.07
i JERVEFE H 680-2013 JR T 565 66 BE T AFS-230E 0.01
&K JERVERF i H 680-2013 JR T2 e X GY-1011A 0.002

®3 MRKBERFISREESR
Table 3 Classification of single factor pollution degree of
surface water

TSRS 5y TG JREL (P SR
I Pl REZIG R
II 1<P<2 S G
il 2<P<3 T v Y
v 3<P<5 v i v e
\ P=5 GG

R4 HWRKGEESEEEIR
Table 4 Classification of comprehensive pollution degree of
surface water

YL Ay SRETSREEE (P U
[ P.<0.7 RE2i5Y
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11 1.0<P,<2.0 2 R VS
v 2.0<P,<.3.0 Fp R 5
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#E{d ERL A1 ERM, 5| H H Long A1 MacDonald 7£
AT 5 3 [l b EB UTRR A A W 25 H 4 A H AR P 7
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x5 KETEEREMSMERE
Table 5 Biological toxicity threshold of heavy metals in
sediment

ME As Cd  Cr Cu Hg Pb Zn

ERL 8.2 1.2 81 34 0.15 46.7 150
ERM 70 9.6 370 270 0.71 218 410
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Table 6 Classification of geological accumulation index

I, (Forstner) 2| TSYTERE Ieeo (Anon) 20 HFYFRE
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3~4 5 R >5 5 DEEEA
4~5 6 SRR ~ A B 5 )
>5 7 &2

2 #XR5i%

2.1 JAKEEREEEFERSEITMN
2.1.1 VK E R & B REE

MR THRKERTEESESETUESR,
KR 6 FiE &8 & B R E R, &AE
a3 ) A Hb 2 K BR BRI & A dE (TR br D 1Y
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Pb. Cd. As. Hg % 5 Fi i &R AFEA FIRE R (1095
Yoo MWNFRBOKAEE S B S & FIETUE

H, As T 3R 2 M 3 K PR 58 & A5 AE 1Y) 304.84
B, RERARERACENESECR. 2584
R &R, Hg A WA S &0k 3 1 15 242
(pg/L) F14209.46 (pug/L) , sEifipk Hg P&
BREAREN—ANEERRF. NEELSENLR
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Table 7 Statistical characteristics of heavy metals in water of small river basin

TTE  BONME/ (ug/L)  fMES (ug/L)

FEME Cug/L)

R ZE R RPU%  HWERKIAEFREISARME (ug/L)

Cu 1069.00 0.41 22.60
Pb 859.00 0.10 17.19
Zn 163.00 0.61 8.67
Cd 71.01 0.06 2.90
As 15242.00 1.50 389.86
Hg 0.33 0.05 0.08

139.98 619 1000
113.54 660 50
26.80 309 1000
12.45 429 5.00

2062.39 529 50
0.05 63 0.10

2.1.2 K EE 8T YA

ZINYRT 3L 3K R B G T R TS G R Bk 8
7N, Cu fU/NATE Sk SCU S12 R FE A B fis
e, HoAl SR W53 . P fE [ B0 BN 52
it S46 KAE AU EE IS Y, S46 5 KA pi Lo

AR R, AREMXALE T, ZaAL
Pb 55 B R A R, HAh s AR K5 G
Zn FIT A RAE AR S 5, RIS . CdEH
BRI B SR S47 SRR AL L L T G
S47 RihL KA RN T, R R S ME— )
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Table 8 Single pollution index and comprehensive pollution index of heavy metals in water of small river basin

e YL e %
peB o o IR N e Gr i Y
S1 0.006 0.043 0.001 — 0.129 0.720 0.525
S6 0.005 0.007 0.004 — 2.219 3.300 2.461
S7 0.004 0.003 0.006 0.014 0.272 2.500 1.798
S9 0.006 0.008 0.004 0.192 84.189 2.000 60.395
S12 1.069 0.199 0.036 0.494 0.030 0.550 0.806
S15 0.004 0.008 0.163 0.098 0.156 1.300 0.942
S17 0.003 0.007 0.015 — 0.148 1.000 0.726
S20 0.003 0.022 0.007 — 0.144 0.900 0.654
S25 0.002 — 0.004 — 0.144 0.600 0.444
S27 0.005 0.002 0.004 — 0.148 0.600 0.438
S29 0.003 0.003 0.002 — 0.148 0.600 0.437
S30 0.002 0.092 0.002 — 0.156 0.600 0.441
S31 0.001 0.048 0.002 — 0.150 0.500 0.367
S32 0.005 0.042 0.003 0.026 0.172 0.500 0.364
S34 0.000 0.025 0.002 — 0.182 — 0.134
S35 0.005 0.043 0.001 0.012 0.174 0.500 0.364
S36 0.006 0.024 0.001 0.018 0.180 0.500 0.364
S37 0.001 0.013 0.003 — 0.154 0.500 0.366
S38 0.005 0.065 0.002 0.102 0.214 0.500 0.369
S39 0.004 0.168 0.007 0.016 2.540 0.600 1.839
S44 0.006 0.254 0.006 0.084 0.104 0.900 0.656
S45 0.006 0.277 0.001 0.070 17.080 0.800 12.267
S46 0.024 17.180 0.003 0.360 304.840 0.900 218.896
S47 0.001 0.026 0.004 14.202 0.164 0.600 10.197
S48 0.001 0.047 0.002 0.196 0.150 0.600 0.440
S49 0.001 0.033 — 0.126 3.880 0.600 2.821
S50 0.003 0.036 — 0.022 0.128 0.600 0.439
S52 0.002 0.034 0.001 0.172 5.040 — 3.640
S53 0.003 0.041 0.002 0.282 4.980 0.600 3.590
S54 0.000 0.030 0.024 0.140 0.500 0.367
S55 0.003 0.046 0.010 0.288 5.340 0.600 3.848
S57 0.002 0.037 0.001 0.108 5.360 — 3.869
S58 0.003 0.026 — 0.352 0.138 0.500 0.382
S59 0.004 0.025 0.001 0.336 0.138 0.500 0.373
S60 0.003 0.028 — 0.090 0.030 0.500 0.365
S61 0.002 0.004 — — 0.136 0.600 0.444
S63 0.002 0.021 0.004 — 0.126 0.700 0.509
S64 0.002 0.013 — — 0.124 0.700 0.517
S65 0.002 0.006 — — 0.128 0.600 0.444
S66 0.002 0.004 — 0.015 0.138 0.900 0.654
S67 0.002 0.006 — — 0.130 0.600 0.444
S68 0.002 0.005 — — 0.128 0.700 0.517
S69 0.002 0.005 — — 0.120 0.600 0.443
S70 0.002 0.005 — — 0.114 0.700 0.516
S71 0.001 0.006 — — 0.126 0.700 0.516
S72 0.000 0.008 — — 0.118 0.600 0.443
S73 0.001 0.005 — — 0.118 0.600 0.443
S75 0.001 0.008 — — 0.124 0.600 0.444
S76 0.001 0.007 — — 0.116 0.700 0.516
S78 0.002 0.020 0.001 0.048 0.036 0.700 0.504
S79 0.002 0.024 0.001 0.048 0.962 0.700 0.710
S81 0.001 0.014 — — 0.074 0.700 0.514
S&2 0.002 0.021 — 0.044 0.036 0.700 0.508
S&3 0.047 0.056 0.002 0.054 0.842 0.700 0.628
S&4 0.006 0.027 0.002 — 0.078 0.700 0.508
S&5 0.004 0.033 0.002 0.050 0.788 0.700 0.587

S86 0.003 0.018 — 0.052 0.718 0.700 0.550
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Table 9 Statistical characteristics of heavy metals in sediment of small river basin

B gty g oy 02 2R O il mgie

Cu 1178.00 68.00 291.00 275.97 95 24.00 100.00
Pb 13545.00 216.00 211600  2676.64 127 23.00 170.00
Zn 2345.00 198.00 780.00 569.01 73 67.00 300.00
cd 11.63 0.84 3.70 3.07 83 0.155 0.60

As 1420.30 3.38 191.40 349.12 182 12.00 25.00
Heg 8.59 0.10 1.78 1.74 98 0.042 3.40

222 JUERAEEIE G, BB EAEYIRIEAN KA. As 144

HE 3 ATLUE H: ANEREREH Zn. Cu.
Pb. Cd. As. Hg6 fmxHHE 7 ERM A, H
T Zn 22 AN AUGER T ERM {H, 1 B IX 28 X 3
V5 Y, Ok B P AR T E AR ) B N A
10 /> fikbF ERL 5 ERM 2 [a], B ik S Arik
Bl ARE Yo g, HL A&7 A i SR AR ) B I RN A
fFo Cufi 11 AMFEAE T ERMAE, 21 M b
T ERL 5 ERM 2 [a], #ibBHiZ 11 MR TR E 4
JES YRR IR R TR L, AR AR E A
PN 26, 21 MFE UK IR Z B H 5 5%, Al RE
S REIR S EY RN . Pb A 32 AN AT
H 30 MRS E T ERM M, 2 AM%EiE ERMAH,
B /N TR) SR X BT AT KA i A7 BV 52 B ™ H Y5

M ERM M, VXS X ks Y, AR
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Fig.3 Distribution of heavy metals in sediment of Xiaohe Basin
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Table 10  Geological accumulation index and pollution level of heavy metals in river sediment

_ _ _ . R R o E %6

JLE /M S INE] FEME HRHE 0% 1% %5 3% A% 5o 6%
Cu 0.92 5.03 2.57 24 0 3.13 28.13 34.34 21.88 6.25 6.25
Pb 2.64 8.62 5.18 23 0 0 0 6.25 12.5 28.13 53.13
Zn 0.98 4.54 2.63 67 0 31.3 28.13 3434 21.88 12.5 0
Cd 1.85 5.64 3.55 0.155 0 0 3.13 25 37.5 21.88 12.5
As -2.41 6.30 1.21 12.00 43.75 9.38 3.13 12.5 18.75 3.13 9.38
Hg -9.30 -2.87 -5.89 42 100 0 0 0 0 0 0
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Water Body and Sediment of Xiaohe Watershed in Xiongershan Ore
Concentration Area Heavy Metal Pollution Assessment

ZHANG Dengfeng, SUN Jianwei
(Xi'an mineral resources investigation center of China Geological Survey, Xi’an 710100, Shaanxi, China)

Abstract: This is an article in the field of mining environment. Rivers are the main migration paths and
convergence places of heavy metals produced in the process of mineral resources development. The impact
of mineral resources development in Xiongershan ore concentration area on rivers is not clear. In order to
clearly understand the impact of mineral resources development on river heavy metals in Xiongershan ore
concentration area. Taking the water and sediment of small river basins in the mining area as the research
object, the content characteristics of Cu, Pb, Zn, Cd, as, Hg heavy metals in the mainstream of the small river
and its main tributaries and sediment were analyzed. The single pollution index and Nemero comprehensive
pollution index were used to evaluate the pollution degree of heavy metals in water; The accumulation
degree and pollution degree of heavy metals in river sediment were evaluated by geological accumulation
index method and quality standard method. The results showed that the average contents of six heavy metals
in the water body of the small river basin ranged from 0.08 to 289.866 pg/L, the pollution degree
As>Hg>Cd>Pb>Cu>Zn, the main heavy metal pollutants are as and Hg, the main polluted river reaches are
distributed in the areas with strong mining activities, and the development of mineral resources is the main
factor causing river water pollution. The accumulation effect of Cu, Pb, Zn, Cd, as and Hg in the river
sediment of the small river basin is significant, and the pollution degree of heavy metals is serious. The
evaluation results of the quality standard method show that all samples of Pb, Cd, Cu, Zn, as and Hg in the
river sediment are seriously polluted. According to the evaluation results of the comprehensive geological
accumulation index method and the quality standard method, the pollution degree of the river sediment of the
small river basin is: Pb>Cd >Cu>Zn>As>Hg, in which Pb, Zn, Cu and Cd are the main pollution elements,
Hg, As is a secondary pollution element. The research shows that the development of mineral resources in
Xiongershan ore concentration area is the main factor causing heavy metal pollution in the water body and
river sediment of the small river basin. It has caused heavy metal pollution in different degrees to the river
water body and sediment. Strengthening the source control and supervision in the whole process of mineral
resources development is the fundamental means to protect and improve the heavy metal pollution in the
small river basin.

Keywords: Mining environment; Water body; Bottom mud; Heavy metal pollution
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