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Spatial-temporal distribution characteristics and risk assessment of heavy
metals in a river flowing into the bay in a typical gold mining area
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Abstract: In order to study the pollution characteristics of heavy metals in Jiehe River in a typical
gold mining area and propose targeted remediation measures four sampling surveys were conducted
from 2014 to 2016 to analyze the content occurrence forms and spatial4emporal distribution
characteristics of four heavy metals (Zn As Cd and Pb) in river water and surface sediments. The
pollution levels and ecological risks of the surface sediments were evaluated using the Nemero
comprehensive pollution index method and risk assessment coding method. Results showed that the
concentrations of Zn As and Cd of some sampling sites exceeded the national standards of surface

water environment quality standard IlI class limits and Pb concentrations were lower than the limits.
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Three main pollution sources were identified along the Jiehe river including the upstream chemical
plant the midstream Guoda Metallurgical Group tailings pond and the Jinchiling gold mine. The
water quality of the Jiehe river has not been improved after the river regulation. Therefore it is
necessary to take corresponding measures to repair the three main pollution sources. The contents of
Zn As Cd and Pb in the sediments were 218—5878 17—4177 1—67 and 35—974 mg-kg™'
respectively. The content of weak acid extracted form of Zn and Cd were above 60% while the
speciation distributions of As and Pb varies greatly along the river mainly in reducible and residual
forms. The results of pollution level and risk assessment showed that the sediments in the 11 sampling
sites were all heavily polluted. Among the four heavy metals Zn and Cd have the highest risk level
in 4 sample points Zn and Cd at an extremely high risk level and As and Pb at a low risk level in
most of the sample points. Therefore pollution remediation should be focused on Zn and Cd
pollution.

Keywords: mining area Jiehe River sediment heavy metal spatial-4emporal distribution risk

assessment.
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1
Fig.1 Sketch map of the sampling sites

1
Table 1 Sampling points of water and sediment samples
Water sample Sediment
Sampling sites Distance /km 2014.03 2014.11 2015.03 2016.05 2014.03
0.2 — — 1523 1523 —
0.7 — LS22 LS22 1822 —
1.8 — LS21 1S21 Ls21 —
2.6 — LS20 LS20 LS20 —
3.2 LS19 LS19 LS19 1519 LS19
3.6 LS17 LS17 LS17 LS17 LS17

4.5 LS16 LS16 LS16 LS16 LS16
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1
Water sample Sediment
Sampling sites Distance /km 2014.03 2014.11 2015.03 2016.05 2014.03
5.7 LS14 LS14 LS14 LS14 LS14
8.4 LS12 LS12 1S12 1S12 LS12
10.1 — LS08 LS08 LS08 —
10.7 — 1507 1507 — —
11.0 — LS06 LS06 — —
1.1 LS05 — 1505 — 1505
11.3 — 1504 1504 — —
11.4 — 1503 1503 — —
13.3 — LS01 1501 LS01 —
13.6 — — JH10 — —
13.8 JH11 JH11 JHI1 — JH11
14.2 — — JH22 — —
15.4 JH23 JH23 JH23 JH23 JH23
16.8 — — JH24 JH24 —
17.3 JH26 — JH26 — JH26
19.2 JH27 JH27 JH27 JH27 JH27
20.0 — JH29 JH29 JH29 —
25.6 — JH20 JH20 JH20 —
27.4 — — JHO8 — —
27.9 — — JHO7 — —
28.7 JHO6 — JHO6 — JHO6
31.1 — — JHO5 JHO5 —
32.7 — JHO4 JHO4 —
33.8 — — JHO1 JHO1 —
36.2 — — JHO2 — —
37.5 — — JHO3 JHO3 —
BCR a2 2
HNO,-HCIO,-HF " Zn.As.Cd Pb
(ICP-MS Perkin Elmer) (SO .CI".F".NO; ) (1IC
Dionex 1CS-3000) . ( GB-07404)
+10% BCR 90%—110%.
2 BCR

Table 2 Sequential extraction procedures used in this study

Steps Speciation Reagents Nominal target phases

| 0.11 mol*L™" CH;COOH (20 mL) ;25 C 24 h ( )
(200 remin”") .

) 0.5 mol L™" NH,OH*HCI ( 20 mL) ;25 C 24 h
(200 remin”") .

3 30% H,0,( 10 mL) 85 C 1 h; 1 mol*L”! CH;COONH, ( )
(25mL) pH2 25C 24 h (200 remin”") .

4

1.3



4 1171
( Nemero comprehensive pollution index method NI)
3
P =J(P,. +P,) 2 (1)
p =l 2
-3 (2
P v ;C S, i
(mgekg™) Zn.
As.Cd Pb 56.1.6.3.0.108.25.4 mgkg™ * ;P P,
5 ( 3
(2)
( Risk assessment coding method RAC)
21 25
.RAC 3

3

Table 3 Classification standard of Nemero comprehensive pollution index method and risk assessment coding method

R P <07 0.7<P <1 <P <2 <P <3 P >3
Nemero pollution index method
Level
Risk assessment coding method  Range/% RAC<1 I<RAC<10 10<RAC<30 30<RAC<S50 RAC>50
Level
2 ( Results and discussion)
2.1
4 pH 3.5—7.17.
3.9—8.1.2.7—8.6  3.6—8.3 pH6—8 .pH
5 km 15 km pH 3 pH
pH SO
( 2. pH "
(EC) 100 psecm™ . 4 EC
2.9—5.0.0.9—7.2.1.2—14.6.2.8—10.2 ms*cm " 1—2
3 . SO¥
2000 mgeL™ 15 km 6000 mg-L™"
SO7 17 km NO;
NO; 17 km
cl 3 0—17 km 300 mg-L™" 17—35 km

500 mg-L™ Cl- 1000 mgeL™
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2 pH EC
Fig.2 Temporal and spatial variations of pH and EC in Jiehe river
3
Fig.3 Spatial distribution of main anions in Jiehe river
2.2
Zn ( 4 Zn Zn
A4 Zn 5314—21740 |,1,g'L_1 Zn
3—4 km pH ( 2
Zn 20 km Zn
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Fig.4 Temporal spatial and speciation distribution of zinc in the river water

(‘a: water sample of March 2014; b: water sample of November 2014; c¢: water sample of March 2015; d: water sample of May 2016;

/n

50 pgeL”'( GB3838—2002) *° .

.Zn

3031

(

3233

As

474 pge L

Dotted line represents the surface water environment quality standard Il class standard limit)

5 ug*L7'( GB3838—2002) ** .

As 1—10 Mg'[f1 As 4 L1%¢;'L_1
1.5 pgeL™" 77, As e
As 1000 pgeL™ As 833 pge L' 4
As ( 5 As 3—4 km
As |
17 km As
As As
( 4 pH Zn
As
( ) As
As 50 mg L'
5d) As
. N As 1—
1—138 wg°L™' As 1—719 pgeL™"  1—336 pg-L™" As
As
Cd Zn Cd
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5 As
(a:2014 3 ;b:2014 11 ;e:2015 3 ;d:2016 5 | )
Fig.5 Temporal spatial and speciation distribution of arsenic in the river water
(a: water sample of March 2014; b: water sample of November 2014; c: water sample of March 2015; d: water sample of May 2016;

Dotted line represents the surface water environment quality standard IIl class standard limit)

6 Cd
(a:2014 3 ;b:2014 11 ;e:2015 3 ;d:2016 5 1 )
Fig.6 Temporal spatial and speciation distribution of cadmium in the river water
(a: water sample of March 2014; b: water sample of November 2014; c: water sample of March 2015; d: water sample of May 2016;

Dotted line represents the surface water environment quality standard IIl class standard limit)
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ZnAs  Cd Ph (7)) 4 Pb
50 wgeL7'( GB3838—2002) *° . Pb
Pb
7 Pb
(a:2014 ;b:2014 11 ;e:2015 3 ;d:2016 5 )
Fig.7 Temporal spatial and speciation distribution of lead in the river water
(a: water sample of March 2014; b: water sample of November 2014; c: water sample of March 2015; d: water sample of May 2016;
Dotted line represents the surface water environment quality standard IIl class standard limit)
2.3
Zn. As. Cd Ph 218—5878. 17—4177. 1—67. 35—
974 mgekg™' #
11 ( 4) 1817.1516. 1512 JH26., JH27
JHO6 6 Zn  Cd 0—15 km Zn
Cd 15 km Zn  Cd Zn  Cd
pH
(mgekg™)
Table 4 Heavy metal content in sediments of Jiche River( mgekg™)
LS19 LS17 LS16 LS14 LS12 LS05 JH11 JH23 JH26 JH27 JHO6
Heavy metals
Zn 361 728 620 320 1920 218 142 410 5878 3701 3002
As 17 4177 2339 245 778 108 29 806 1426 3389 299
Cd 1 3 2 1 15 1 2 5 67 34 23
Pb 70 882 919 236 974 66 35 92 147 579 79
11
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LS12.JH26.JH27  JHOG6 60%
80% Zn  Cd L As
3 As
Pb
8
Fig.8 Speciation of heavy metals in sediments
2.4
5.11

LS17.1LS16.JH26  JH27 4

.RAC 6 4 Zn Cd 6

4 Zn Cd As  Pb As

As As
23 As ( 5. 4
Cd>Zn>As>Pb.
5
Table 5 Evaluation results of Nemero comprehensive pollution index
Samples LS19 LS17 LS16 LS14 LS12 LS05 JH11 JH23 JH26 JH27 JHO6
P 7.5 487 274 29.7 115 13.4 13.9 96.2 470 415 161

Level
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Table 6 Evaluation results of risk assessment coding method
Zn As cd Ph
Samples RAC Level RAC Level RAC Level RAC Level
1517 20.6 4.8 44.4 4.4
1516 12.9 4.9 28.2 3.9
LS12 66 2.6 80.7 20.9
JH26 82.3 9.9 87.3 2.9
JH27 64.7 4.1 67.1 0.9
JHO6 83.9 20.5 86.9 2.4
3 ( Conclusion)
(1) Zn.As Cd I Pb
3 3—4 km S 15 km
17 km
Pb .
(2) Zn.As.Cd Pb 218—5878.17—4177.1—67.35—
974 mgekg™' Zn Cd 6
LS12.JH26.JH27  JHO6
60% As Pb
(3) 11 4 Zn  Cd
6 4 Zn Cd As Pb

10
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