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Spatial distribution and risk assessment of heavy metals in soil in the metal mining area of Paojinshan, Hunan,
China
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(1.School of Environmental Studies, China University of Geosciences( Wuhan ), Wuhan 430074, China; 2.Wuhan Center of Geological Sur—
vey, China Geological Survey, Wuhan 430205, China )

Abstract; Spatial distribution and potential risks of heavy metals in soil were studied in the Paojinshan mining area( Qiaotiaojiang River wa—
tershed ), a typical multi—-metal mining area of the Nanling metallogenic belt, Hunan, China. A total of 7 heavy metals, Cr, Cd, Pb, Zn, Cu,
Ni, and As were tested and analyzed in 352 surface soil samples. Statistical analysis demonstrated that the surface soil in the study area was
subject to different degrees of pollution by the seven heavy metals, with slightly higher spatial variability of the heavy metals, and complex
pollution and point source pollution were prominent. The mining area and its downstream valley areas were characterized by high levels of
pollution. Analysis of different factors affecting the distribution of soil heavy metals showed that the content of heavy metals in the soil in—
creased with increasing pH and organic matter content. There was no obvious difference in the content of Cr, Ni, and Cd under different land
use patterns; however, Pb, Zn, Cu, and As showed a tendency of higher concentrations in grassland and forest land. The geological condition
was the other important factor, whereby high contents of heavy metals were found in the areas of mineralization mother rock ( granite ), ore—
bearing strata(Dys+h ), as well as the downstream terrace (Qx') of the mining area. Potential ecological risk assessment by the Hakanson
model showed that the potential ecological risk level was low—middle for the majority of heavy metals; however, the risk level was high for
Cd, Pb, and As. The mining area and the Qiaotiaojiang River downstream had high or very high levels of potential ecological risk and more
attention should be paid to controlling the effect of pollution on the Beijiang River basin.
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Figure 1 Study area and soil sampling sites
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Table 2 Classification of potential ecological risk assessment
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Table 1 Selection of reference ratios for potential ecological risk assessment(mg-kg™)
HREJEILR Cr cd Ph 7Zn Cu Ni As
ZIE 60.37 0.051 34.57 75.12 19.78 28.35 25.22
FER DR 10% 50.66 0.051 4151 74.83 20.71 19.03 18.23
25% 59.28 0.069 72.44 147.99 30.06 26.50 27.16
30% 61.99 0.072 84.48 171.54 32.58 28.39 3045
WiFg A 13 R E™ 714 0.126 29.7 94.4 273 31.9 15.7




RIS 46 T A L1 SR IX 0T 2 43 KRR T

89

BT A AT Y, Hoh P As 5 e i R
LR S AN 16.6 f5A1 12.1 £, XN ™
FaE ML, R T IR, DSERE, R
B As FETEMAR LG, 10 Ph 2 H W AR T4 o 1R (1
(500 mg-kg™), fERTFHEEE SR B SMIIRH,
WA R B(CV)RAFE 4 8 e R e 45 0] E A HL
AR SERREE , CV {H A A AT HEZ A0 FE IR R M AP,
581X Cd . Pb.Zn Cu . As 45 8 4 J& 3% )& T 25 [A] s A8
5L AR SR X 24 @0 R BCRA 6 A K, A7 7E
SRS Y Cr Ni () CV AT 10%~100%2Z 1]
HoAS S RS S L B Cr S S IEASME , s
4 JE I E 0 Y K, il 2 Cd .\ Pb Zn Cu As £
B M ARUEIR A, X LA (E S KA, SR JL
FRPREAE S H (A, AT A A Rl A SRR o
SR04 R A L R e X P, WA X )2
T E R S S AR AT R AR K T AR
WP LB, AT g S LU - 2 TR A 5 B
[ G o B B 7t JLAS B P R IR X R 2 +
BE AR BB S, MR
X, B IX Cd \Pb Zn 15 Y G LA 22 , S AR , 5001
A& Cd i, AL S % 5 (0.126 mg-kg™), 5
HoAth ™ XS 2~10 FEH BB AR, BFFE X 45 B

G )8 AR SRR O 5 T Al IX, Cd \Pb  Cu As JLER
CV {HI7E 200% VA L, fR 75 Yt H 5 H o

) T B R (A B 1 1 A 4 A ) A Al
FIE 2 s, BMA AR, DS ESE TR T RS
WO R BN EY), C IR0 X L T E 4R & i
35 P e L B R AT AR 22, WS ZHI, Al s G
WERB R . BRI, HEE S8 Cr Ni J{EX
ARSI AR R A H, BT 11 R LT Wi I 30 kA 7 4
J& i R A, B2 R X AR A i 3R A
DI 155 o Cd \Pb  Zn =3 [8) 43 A A ACA AR, ety X el E
S JE o AR R R, I R R AR A T
Cu As 3 i Z WA AN B R X AT
TR X HE AR o AR o

Af L Cr Ni 5 HiAth 55 4 J& o6 2 25 (8] 50 A7 15 A7
B 2R S XA, 57100 R AR I A 5 4
JB s, K LI Cr Ni SR AR S HsE R
Ko Cd.Pb.Zn 5 Cu As [ AR FEEFR I, AR 4
J& TC R M T BRI Hh R IR B A RE ) S AR AL R
Al REAFAE 225, Cd \Pb Zn TEH 7= 1R A g% A0 A
R B RN Z L3 T Cu As UIARTR], BIEH PR
KIFEFA, HBaAPRBs Ykt BRItz b,
Cd.Pb.Zn .Cu. As iEF it JIAHXT R , 22 B A X )

R BRART FTHRBEY XTEESESERIT

Table 3 Statistical description of soil heavy metals content in typical mining area of Nanling metallogenic belt

TiH Cr cd Ph Zn Cu Ni As
WFFEIX (352) JRE 11.12~118.58  0.02~9.51 11.75~9 634.68  27.99~7 537.82  3.92~1877.58 6.1~171.89 7.59~7 109.03
+SD  70.00£15.82  0.16£0.54  492.19x1 099.83  387.12+£565.77  68.91£152.61 37.91x18.39 189.85+687.34
cv 22.59% 327.08% 223.46% 146.15% 221.45% 48.52% 362.05%
i -0.23 15.26 5.35 7.29 9.06 1.8 7.87
U i 0.58 261.3 33.72 77.69 92.99 8.38 68.75
BVPERAS B I(28) S — 0.5~19.5 19.1~9 726.4 52.1~9 963.5 164.3~561 — 18.9~1 083.3
%+SD — 5.68+5.40  1709.10+2 923.20 2 805.1023 625.10 362.60+88.60 — 108.00+£195.90
cv — 95.10% 171.10% 129.20% 24.40% — 55.10%
FKEWLFILN21)  ¥2SD — 2.19+1.39 244.94£173.28 179.93£180.90  287.91+153.8 — —
cv — 64% 71% 101% 53% — —
AT e AR U(360) TR — 2.07~98.6  51.92~1904.03 7.48~511.06 9.95~287.12 — 81.18~2 253.95
*+SD — 10.29£5.65  566.82+433.88 511.06+285.9 69+43.85 — 670.12+£528.89
cv — 53% 7% 36% 64% — 79%
ARITIEYER®I(18) & 50.87 8.35 593.62 357.27 49.04 — —
WIFEE 1 HER s E™ 71.4 0.126 29.7 94.4 27.3 31.9 15.7
RS = bR 300 1 500 500 400 200 30

VL x£SD v B mg kg s CV R U4 BE TG BN 5 () PUB(E R RE S B w2SD 3T 4 i & ROP (bR RS s OV S T T 4

CRGE S T

Note: The range, x+SD, x are mg-kg™;the CV,skewness and kurtosis are not units; The value in" ()" represents sample number; x+SD represents the

mean and standard deviation of soil heavy metal content; CV represents the coefficient of variation of soil heavy metal content. The same below.
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Figure 2 Spatial distribution of soil heavy metals in the study area
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Table 4 Pearson correlation analysis of heavy metal elements and basic physical and chemical properties of soil

Cr cd Ph Zn Cu Ni As AL pH

Cr 1 -0.116* -0.182% -0.179% -0.008 0.457%% -0.072 0.130% -0.130%*
Cd 1 0.488% 0.865%* 0.511% -0.007 0.341%% 0.5367%* 0.246%%
Pb 1 0.6907 0.381% 0.039 0.296%* 0.4077 0.186%*
Zn 1 0.580%* 0.098 0.446%* 0.486** 0.339%*
Cu 1 0.053 0.8817%* 0.144% 0.236%*
Ni 1 0.004 0.2447 -0.067
As 1 0.000 0.218%%*

B 1 -0.023
pH 1

TE 2 *. 7E 0.05 ZKF GO ) _E ARG . 7E 0.01 ACF ORI _E B2 G

Note: *. means it's significant correlation at the 0.05 level (bilateral ) ; **. means it's significant correlation at the 0.01 level(bilateral ).
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Figure 3 Distribution of heavy metals in soil with different pH
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Table 5 Statistical description of soil heavy metals content under different land use patterns
A S HiH Cr Cd Ph Zn Cu Ni As
HEHL(78) [ 33.91~90.76 0.04~1.05 53.75~2 361.45 77.21~2 350.75 12.10~150.84 13.56~67.53 8.41~421.53
x+SD 63.65+£12.87 0.14£0.13 411.21+430.44 389.61+£310.12  46.38+25.82 30.03+£10.09 78.28+82.02
CV 20.22% 97.03% 104.68% 79.60% 55.67% 33.58% 104.77%
[7E] 385, (23 ) [ 54.37~118.58 0.05~0.85  43.57~1 659.03 75.05~14 16.95 14.28~85.69 15.60~71.4 12.44~128.69
x+SD 86.86+15.41 0.12£0.16 206.81+344.23  280.9+258.58  44.09+15.35 46.98+12.23 49.47+27.84
CV 17.75% 134.30% 166.45% 92.05% 34.82% 26.04% 56.29%
FRHL(213) J Rl 11.12~107.21 0.02~9.51 11.75~9 634.68 27.99~7 537.82 3.92~1 644.11  6.10~171.89  7.59~7 109.03
x+SD 70.36+15.83 0.17+0.67  547.83x1 328.92 389.91+667.48 68.06+140.79  40.29+20.85 194.23+702.81
CvV 22.50% 389.93% 242.58% 171.19% 206.84% 51.74% 361.85%
H(27) iR 44.94~103.92 0.05~1.45 16.43~5 231.61 28.66~2 18091 7.12~1 877.58  12.62~61.25  8.25~6 784.36
x+SD 71.28+15.39 0.23+0.33  562.59+1 040.84 484.38+556  168.01+371.51 33.01x14.12 640.88x1 434.32
CvV 21.59% 140.88% 185.01% 114.79% 221.12% 42.77% 223.81%
R FH(3) FieniEl 67.11~73.63 0.07~0.26  117.74~1 280.53 163.90~604.36  32.34~49.11 34.19~56.92 23.34~82.21
x+SD 70.69+3.31 0.14+0.1 693.24+581.48 402.07+222.37  40.52+8.39 44.03+11.67 46.53+31.36
CV 4.68% 73.01% 83.88% 55.31% 20.71% 26.50% 67.39%
N AM(8) [ 51.43~81.44 0.05~0.23 12.13~1 014.92  54.45~633.09  26.60~96.97 24.98~64.02 16.97~193.86
x+SD 69.34+10.25 0.12+0.06 307.75+357.07 260.11+185.8  58.76+27.84 39.26+13.56 96.03+67.22
CvV 14.79% 53.13% 116.03% 71.43% 47.38% 34.55% 69.99%
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Table 6 Statistical description of soil heavy metals content under different geological backgrounds (mg-kg™)
R TiH Cr Cd Ph Zn Cu Ni As
Qx'(60) JaHEl 42.82~90.67 0.05~1.80 58.80~5 231.61 77.21~ 2 18091 14.58~1 877.58 13.56~69.09 8.41~7 109.03
x+SD 62.96+11.65 0.22+0.31 554.59+753.28 530.85+430.31 127.67+£323.11  29.56+10.5 479.7+1 322.35
(Y% 18.51% 139.37% 135.83% 81.06% 253.09% 35.53% 275.66%
Qx"(32) bensE| 42.14~97.06 0.04~0.85 53.75~2 103.02 97.09~1 41695  12.10~117.86  17.00~53.38 15.30~421.53
x£SD 65.15+14.17 0.14+0.17 428.36+543 357.14+320.98 43.62+24.55  32.22+10.39 68.28+83.98
CvV 21.74% 122.29% 126.76% 89.87% 56.27% 32.26% 122.99%
QM (71) PlENRE 33.91~101.30  0.03~0.91 28.11~3 546.21 40.66~2 541.72 5.38~249.85 9.53~87.90 8.25~1 082.36
x+SD 74.53+£14.57 0.11£0.12 343.55+£538 350.61+328.98 53.43+£3536  41.04+17.27 76.2£154.33
CV 19.55% 100.62% 156.60% 93.83% 66.17% 42.07% 202.54%
Dss+h (54) JE R 26.43~118.58  0.05~9.51 34.48~9 634.68 48.67~7 537.82  14.03~769.72  9.89~98.31 16.38~1 216.75
x+SD 75.12+£19.01 0.35£1.29  1483.44+2 312.15 732.01+1 110.84  88.89+106.99  47.98+17.56 188.92+278.14
CV 25.31% 369.98% 155.86% 151.75% 120.37% 36.61% 147.22%
Dit (22) BN 41.49~88.06 0.02~0.17 11.75~571.23 27.99~423.71 3.92~84.58 6.10~65.89 9.41~205.74
x+SD 61.89+13.74 0.07+0.04 125.82+£160.5 142.04+138.76 29.84£25.5 21.46£15.02 43.04+51.22
CvV 22.20% 58.01% 127.56% 97.69% 85.45% 69.98% 118.99%
Dy (3) BN 22.95~58.04 0.04~0.08 50.33~486.76 74.74~248.17 16.08~26.17 13.05~25.55 22.36~67.89
x+SD 42.57+17.91 0.05+0.03 213.39+238.21 178.93+91.85 20.51+5.16 18.99+6.27 40.64+24.06
(Y% 42.08% 48.79% 111.63% 51.33% 25.16% 33.04% 59.20%
€T (105) Rk 45.6~107.21 0.04~0.32 12.13~1 280.53 28.66~786.96 7.12~140.88  10.38~171.89 7.59~3 747.5
x+SD 73.93+11.97 0.08+0.04 135.56+204.49 179.44+134.9 42.64+25.54  41.15+19.53 118.94+388.54
(Y% 16.19% 50.00% 150.85% 75.18% 59.90% 47.46% 326.67%
AEIAE(S) Fnge| 11.12~70.03 0.06~1.51 197.72~1 423.06  267.41~3 247.04  75.60~981.51  6.17~110.99  39.60~5 964.11
x+SD 35.62+23.44 0.53+0.63 825.65+563.11 121237+1 201.35 282.67+391.51 36.82+43.74 1 338.02+2 589.66
CvV 65.82% 119.84% 68.20% 99.09% 138.50% 118.81% 193.54%
RI AR W A
Ei-As i I—JEE SRR
E_Ni —l B B SR
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Figure 4 Assessment of potential ecological risk in the study area
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