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Contents of Soil Heavy Metals and Evaluation on the Potential Pollution Risk in Shenmu Mining Area

SHI Zhan—fei, WANG Li®

(State Key Laboratory of Soil Erosion and Dryland Farming of Loess Plateau, Northwest A&F University, Yangling 712100, China)
Abstract: In recent years, considerable attention has been paid to the problem of soil contamination with heavy metals to prevent further en—
vironmental deterioration and to examine applicable methods of soil remediation. In this case study, the contents and vertical distribution of
heavy metals(Cd, Cu, Zn, Cr, Pb) in soils around two collieries in Shenfu Coal Mine Area were analyzed, and the pollution degree and
potential ecological risks of the heavy metals were evaluated by the Potential Ecological Risk Index. The results indicated that (1)The
change trends of heavy metals in the 0~60 c¢m soil profile were similar between two collieries, and the content of soil heavy metals in Sidao—
gou Colliery was higher than that of Liangshuijing Colliery; (2)The average contents of cadmium in soils surrounding two Collieries were
higher than the national soil background value(0.20 mg-kg™), which were 0.40 mg-kg™ in Liangshuijing Colliery and 0.47 mg-kg™ in
Sidaogou Colliery;(3)The values of(the comprehensive pollution degree ) were 10.11 in Liangshuijing Colliery and 11.39 in Sidaogou Col—
liery respectively, indicating the comprehensive pollution degree was in middle—grade level. The single pollution index for different heavy
metals had the following rule ;: Cd>Zn>Cu>Pb>Cr, and the corresponding value for cadmium was 5.43, indicating cadmium pollution was rel—
atively serious in the soils of two collieries; (4 )The total potential ecological risk factors varied in the range of 104.83~144.75, with mean
values of 115.51 in Liangshuijing Colliery and 133.53 in Sidaogou Colliery, respectively, indicating the risk grade was in relatively low level.
From the analysis of the single heavy metal element, the cadmium had the highest contribution to the potential ecological risk. This study
will contribute new information about the potential pollution risk of soil heavy metals in Shenmu Mining Area, and it is predictable that those
results could be helpful to protection of soils surrounding the collieries.

Keywords: soil heavy metal; soil pollution; ecological risk; Shenmu Mining Area
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Table 1 Basic descriptions of sampling sites

FE 55, Sampling site {7 B Location

FHEAEYIFD Main species 2 /g-cm™ Bulk density  +3E/Fid Soil texture  +3E25HY Soil type pH {E

Al HIKIFE A7 X P+

A2 HFEIRARTA 150 m o YDATRE+B /R Z 40 1k 46
A3 AP IXALTE 150 m Fréc+ibis

A4 Az XA 150 m AR+ B

A5 A X T 150 m TR+ N4

B1 VU TE R A 7 X MR+ B
B2 A X AR 150 m HTHE

B3 HEEIX PG TE 150 m Fr4e+ibiss

B4 AP XA 150 m Ko R4 [

B5 Az X T 150 m IR

1.47 bl R 9.13
1.43 b4 AP - 9.13
1.48 fibigE AP - 9.13
1.38 Foyige i+ 9.13
1.45 B v+ 9.13
1.54 TibigE Kb+ 9.12
1.38 HygE B 9.12
1.45 fibiE AP - 9.12
1.49 B+ M+ 9.12
1.40 g ek 9.12

S NBRAT RIS I AR N, SR 5 38 XURE i PN
200~250 Ca I ARG ff . FFREEREM R R 2
T, B S5 2% HNO; WIS i s akids | R ifs B
FEEIGERZE 50 mL AR, S E TN
(ICP) W5 b R A 000 9 v A2 000 o 26 19 Jo 22 ¥R (mg -
kg™)o ME Y -3 4 R T R AR (Cd) i (Cu)
BE(Zn) J%(Cr) H5(Pb),
1.2.3 BEFIEM AN L5 SR BN ik

M 3 A S V5 YN I A A
FEECE MM L5515 Y 505 o B R e Hiok 32t
RO RIS YL R AE LI TP SR B S H AR N %
LEATREONTE SR Tk i SLm b, X IR vh J2 25 e
W TER BT T R T R Y oA 3R
HREIR , 4% RS Y b b LRI TE TR . iX
PIRPPEAN L (A R

AR FHRH0: : P=CS, (1)

WM L5 55 505  I={[ (P )+ (Pin )20 (2)
KA P IS Y | TS YRR C R RS Y
PSRBT SE RO , mg kg5 S; S BTN - 48 v s
W) i AR (TP SE PRI T B e B A E AR () 5
Piyi, A BRI Yo PR Hp R85 o s e Fe B ok
{8 ; Piae A4S BRL R FIRBE Jo A5 B0 -4

ARSCL [ 52 4 HERRBE AR (3R 2) ML 35
Qe Pt (3R 3) At , LB UL WIS IX L SR 355
R REE 32 1h NS

x 3 NEFEHITNER
Table 3 Grading standard of Nemerow index

WA A 15 YR AL VYA IR
Nemerow comprehensive index Grade description

ZE4% Grade

[ <07 Wi (%4

I 0.7<I<1.0 iR R LR )
n 1.0<I<2.0 RS

v 2.0<I<3.0 T

\ 3.0 G iaet ]

1.2.4 A RS PN I3 05

(DWAEA S KB F5 50

A3 T G R T Y KR PPN Ty ik AR AR A
U TR HOE A o RARREOEM, A SCRANETEAE S
JXUS: 48 %5072 (The Potential Ecological Risk Index )", 1%
D51 9 5 BB 58 Hakanson HR 41 H 4 J& J0 3 X PR
VEFH RS ROFIRE N S/ NAS [ T4 HS PP 1%, 25
T AR O SRR, O B R
JUPRER R AR, Fi5 Y 1 IR TS Gy b N T Y

x2 TEELESERRE(CB 15618—1995)
Table 2 Standard of soil heavy metals

H ltem Bt - R A 1) P R S F 5% — 4 tfE National second standard
Background value of soil in Northern Shaanxi National first standard pH<6.5 6.5<pH<7.5 pH>7.5
Cd 0.08 0.20 0.30 0.60 1.00
Pb 16.75 250 300 350
Cr 33.30 150 200 250
Cu 14.06 50 100 100
Zn 43.35 100 200 250 300
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IREEAEA AT AAE R, (RAR AR A B 25 5
B(Cd) A% (Cr) &5t FE TR EE BG5S 50 N e 1SR
B ) 60 em TR & iE 5 R LR 1 (Cu) VB
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Ao BAE , WEEMY HIEhE SR S E KT RUK
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22 TESESEIKTEITEN

A3 G R TG e AR E T IR 2 1] T A
PAL e 6T - 438 o 4 J& I PPAS — BRI 3R)Z 0~20 em -
FEHEAT . B 0~10 em il 10~20 em HHEE 4 )8 %
ECEE, BN 0~20 em 248 & 0. RIS
FE S 158 0~20 em 48 S e 45 R AT (SR 5),
KRNI B Y 5 -4 rh Cd & T 0.35~0.53
mg kg™ Z[A], EEME 55K 0.40.0.47 mg kg™, 1T
Rt B AR T8 5eE (020 mg-kg™);Zn & 1t
1E 70.42~129.60 mg-kg™ 2 Jii] , F-H){E Fy 88.02 mg kg™,
Forb PUE VB 2 R T sl Cr B i
1E 13.69~41.69 mg kg™ Z 0], “F-Y{E A 27.58 mg kg™,
/N T E K — Rt B AR 5590 mg-kg™) , AT
Bedb + 3% 5 R = (H (3330 mg-kg™);Pb & & 1E
14.26~19.74 mg-kg™ Z 7], "F-4{E N 16.47 mg-kg™, %
AR R R — bR i A AR 1 5l Cu & i
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BRI 2ZEFER,

W2 BN 1 b A R e R 5 YT
Z A5 Y b - S SEAE PRI TR , TR X
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H A3 pH & F 7.5; [l 17 X AL 5 4 & K iR
PhAZEHT , 8 T2 T 55 s AR i, KUk 7K el
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SRR X 5 AR A A X ) o 2R, R R

R4 SRYTTRIEERBERXGEEITN S RITE

Table 4 Standard of pollution degree and potential ecological risk index

CEOTS YT Degree of pollution

EIEA AST5 Y28 Potential ecological risk factor

TEAE A AST5 YL A8 8L Potential ecological risk index

<8 A E <40 M A RI<150 BRMESEE
8<(<16 iy Y 40<E<80 Hh ke 2 A 150<RI<300 RS
16<C,<32 e 80<E' <160 RS 300<RI<600 s E
¢,=3 R 160<E! <320 RS RI=600 RIBESEE
E =320 WA= A6 %
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Figure 1 Vertical distribution of soil heavy metals in the 0~60 c¢m soil profile
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KT EA 3 MERIR RV E K, P UK 2
AVFES PHIE TR | AR AL R SR N
ERER . WP LG TR R B, 2 A
FIA O IMF s s QR BE IR B 1R 5 Yk, 1

AR AT R K o B R Sy e P S AT
TR X P ARER 5T e B kAR K o AR T, U
TE YRR BT YRR B A K ™ o SRR T R S
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K5 T1ESEEENELER (mg-kg!)

Table 5 The contents of soil heavy metals

#E 4 Sampling site Cr Ph Cd Cu Zn
7k I Liangshuijing Colliery Al 13.69 16.03 0.44 23.50 93.20
A2 16.34 15.05 041 16.90 66.41
A3 30.72 16.01 0.38 20.16 71.62
Ad 17.21 15.30 0.35 27.04 91.66
A5 34.79 16.77 041 25.18 90.84
4{# Mean 22.55 15.83 0.40 22.56 82.75
A5 SR HL CV 0.42 0.04 0.09 0.18 0.15
POt % Sidaogou Colliery BI 41.96 19.74 0.46 34.13 129.60
B2 40.19 17.62 0.52 14.62 81.21
B3 24.39 14.26 0.53 1171 70.42
B4 27.55 15.57 0.44 15.24 108.03
B5 28.95 18.36 0.40 20.10 77.20
P Mean 32.61 17.11 047 19.16 93.29
A5 S ZBL CV 0.24 0.13 0.12 0.46 027
5 — b 90.00 35.00 0.20 35.00 100.00

Fo6 TEEERITHREN

Table 6 The pollution index of soil heavy metals

i 22 A YL FE R Y YU FE R
Bkt Liangshuijing Colliery Al 0.15 046 220 0.67 0.93 1.19 BRRETEY
A2 0.18 043 205 0.48 0.66 1.09 BEEE Y
A3 034 046  1.90 0.58 0.72 1.03 IR gy Y
A4 019 044 175 0.77 0.92 0.96 50
A5 039 048  2.05 0.72 0.91 1.12 IR
B Mean 025 045  2.00 0.64 0.83 — —
PY3E 4 Sidaogou Colliery B1 047 056 230 0.98 1.30 1.28 BRPET5 Y
B2 045 050  2.60 0.42 0.81 1.39 IR G Y
B3 027 041 265 0.33 0.70 1.40 T gy Y
B4 031 044 220 0.44 1.08 1.19 BT
B5 032 052 200 0.57 0.77 1.08 RIS Y
I Mean 036 049 235 0.55 0.93 — —

Yok PS, Ho UK HREDPAE R 10,11, U 3E 4

KBTS ME N 11551, PUE IS F 2 (E A

B 11.39, B 4w 15 4 RBCFE M S 2T
iR Cd>Zn>Cu>Pb>Cr, Hirp Cd #3759 25k
HK 543, T misgokt, Him K THAhI TS ; Cr
F1Pb BF- 3475 G REUE <1, XIREEFEAR A B
Wi 3 Zn A1 Cu (903575 Y RBUE 7 510 2.03 F1 1.48
b F ST YK
2.3.2 BTG VAR AR ARV ZR BORN A= A8 AU 48 £
T 4 0 2 A A RS 2R BN A A R i £
TR EE R I 8. PR &) 6] 1 438 2E 28 XU 8 2
JLFEITE 104.83~144.75 Z 0], SF-I(E A 124.52, Hiap

133.53 , B4k TR U KK, {H B KAE B 8 4% 30 v 25
RS FEEE . MRS YTk R, Cd A8 XU R 2k
JLHE A 87.5~132.5, F-{EH 108.5, A A KA E] T
IR AT XU BB TR, 4500
T T0 2 (A A 28 KU 52 i A £h R 31 /NI 2k Cd>Cu>
Pb>Zn>Cro UL F 5 iT LAE i, Cd pfAR S X 145
PRI R L5 Yt R AN TE X e 2, Hs Yl
A= 25 AU Bk FL A5 SR B T 50%F0 87.13%, A
X ZE R E P RLX Cd S ST Ty 5
{ELA Cd A= et R B R TR
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DA 58— 2% - BRI o i b ife, 581X Cd 5
Qe AP AR Zn IR EHUKF, Cu 5T E UK
s H 4 R E XU TR R T 104.83~144.75 2 [A] , -
B 124.52, Fe RAH T S5 XU AR, BB AR X
RRED G A Th By IR N T — EFRJE 1) R
GAEE SN PY P S & e £28 A0 WL i e TS
5 R G R ITR S RIR T TR R, AR S
R b EEOR, JF HibA BRI E SR A
o ER PR ORI IR B R A iR A RS
S LSBT R Y R (8 — G PRl 2R
77 RPN R A LSRR BOARET X Ak B
R SR P R S B J T S U AR

KA (430 mm ), RS 550 AL 7K AR ok b 550 S8 i
A3, T AR S RIK P KU S B BRI DX . AN IX
SURASAL IR N AR BT , 2 KR 0, 2R 1R
PSS, (R IMECEGE I 10 000 t-km ™ a™ [ AR X
8% , y HL Rl A= A IABE A 58 Xy AR A AZ 1k
IR ZAE , HOFE R Vb J2 I S 2R 1 AR AL AT AL
FR T I AN BT B OB R A7 5 AT
FAITRAEWNZR, BT A DX AR Ay i 21 4=k e
O, 8 o IR R AR SRR R A 5 b g Y AR
DI, BRA BT B T AR V0 19 32 R, 7
SIS TR RIS, SO 1 A 2SI AL 4
TIEGR BRI F R ) B8 75 2, 2 v UK R
b S A PH T e DX AR 25 RS B IR A MRS X 8
ORAE S I DAl S R, o [ GOR HR A AR

RT I EESRRMSRERBRGETREE

Table 7 Single pollution indexes and integrated pollution extent of soil heavy metals

Ff A Sampling site

BATG5 YL 2 B0(C) )Single pollution index

SERTI AR (Cp)

VL

Cr Ph d Cu 7n Degree of pollution Pollution grade
UK I Liangshuijing Colliery Al 0.41 0.96 5.50 1.67 2.15 10.69 h
A2 0.49 0.90 5.13 1.20 1.53 9.25 h
A3 0.92 0.96 4.75 1.43 1.65 9.71 h
A4 0.52 0.91 4.38 1.92 2.11 9.84 r
A5 1.04 1.00 5.13 1.79 2.10 11.06 H
PU3E 74 Sidaogou Colliery B1 1.26 1.18 5.75 243 2.99 13.61 H
B2 1.21 1.05 6.50 1.04 1.87 11.67 h
B3 0.73 0.85 6.63 0.83 1.62 10.67 h
B4 0.83 0.93 5.50 1.08 2.49 10.83 h
B5 0.87 1.10 5.00 1.43 1.78 10.18 h
(i Mean 0.83 0.98 543 1.48 2.03 10.75 —
®8 TEECRBHEESKBIEL
Table 8 The potential ecological risk of soil heavy metals
BE 1 Sampling site e A XU 224 (K] )Potential ecological risk factor ﬁi?ﬁmﬁﬁfﬁﬁ(]ﬂ)‘f’otemial mgﬁg—’:g&
Cr Pb d Cu 7n ecological risk index Risk grade
7K Liangshuijing Colliery Al 0.82 4.79 110.00 8.36 2.15 126.11 1%
A2 0.98 4.49 102.50 6.01 1.53 115.52 fI%
A3 1.85 4.78 95.00 7.17 1.65 110.45 1%
A4 1.03 4.57 87.50 9.62 2.11 104.83 1%
A5 2.09 5.01 102.50 8.95 2.10 120.65 3
PU3E4 Sidaogou Colliery B1 252 5.89 115.00 12.14 2.99 138.54 1%
B2 241 5.26 130.00 5.20 1.87 144.75 1%
B3 1.46 4.26 132.50 4.16 1.62 144.01 1I%
B4 1.65 4.65 110.00 542 2.49 124.21 1%
B5 1.74 5.48 100.00 7.15 1.78 116.15 1%
-H4{H Mean 1.66 4.92 108.50 7.42 2.03 124.52 1%
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