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Distribution and risk assessment of heavy metals in
soils of Xuzhou coal reclamation area

FANG Fengman'™" JIAO Huafu' JIANG Peilong’
(1. College of Territorial Resources and Tourism; Anhui Normal University, Wuhu, 241003, China;
2. Xizang Middle School in Wuhan, Wuhan, 430000, China)

Abstract; Soil samples were collected in a Xuzhou reclamation area of coal mine. Five step
sequential extraction method was applied to investigate the speciation distribution characteristics of
six heavy metals (Zn, Pb, Ni, Mn, Cu, Cr) in the reclamation soils. Results showed that there was
a rather large difference of the heavy metals accumulation under different reclamation years. The
concentrations of five heavy metals (Zn, Pb, Ni, Mn, Cu) in the reclaimed soil exceeded
background value of Jiangsu soil. But the concentrations of all 6 heavy metals in the reclaimed soil
were all below the National Soil Environmental Quality Standard of Grade II. Speciation analysis
indicated that Pb, Mn were mainly in the Fe-Mn oxide form, while Zn, Ni, Cu, Cr were orimarily
in the residual fraction. Bioavailability factor of the heavy metals ranked in the order of Mn > Pb >
Cu > Zn > Cr > Ni. The heavy metal ecological risk was in the order of Pb > Cu > Ni > Mn > Cr >
Zn. The potential ecological risk index of all heavy metals were between 16.71 and 25.94, the mean
value was 21.56, indicating slight pollution. The ecological risk for different reclamation years was in
the order of 1997 > 2006 > 1987 > 2010 > un-reclaimed > un-sunken, suggestiag slight pollution.
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1.1 BFSE XA

DIBNTTPEAL 20 km 4R 1L DXAID TSR DY (A0 O 007 AR B IR ARE ™ T SR 2 %) 358 7 s Sl F 5 X 2.
SRBGRMER BJ7 2, 70 1987 4R B (1997 4F 4 B (2006 4E 4 B 2010 4E B BRFA AR B KR
55 6 ZRIX SR XS 4, 322 b =0k St
1.2 MERCREE Sk

SR FH IS A7 A R AR e S 8 SR AR S, B S S BR MR A S 4=, RAFTREE 10 em. FF- LA
WACHRLG e R 2 m BRI B 2 RS, &R R | kg BAEBERER 3 D EHERMES,
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OFES U %E I ARIES M 45 L T 52k A B o A B R - bR v i GSS—-3 MEAT Il it s ol , Wl icR
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Table 1 Relationship between potential ecological risk factor and pollution level
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2.1 HERITHEELSETEKE

BT B B IX -3 Zn Pb Ni Mn,Cu Fl Cr 25 540 514 63.79.39.16 ,27.69 .
886.51,32.22 mg-kg ' Fl143.57 mg-kg™" AL Cr P f/NF HHETS Sofl, oAl 5 Aot R P &R
F YT S, Mo A1 Ph #8375 50(H 0.51.,0.49 %, Mn100% #b5. SEEAE B LML, Bk Cr 4b, H
A5 FOCRMEMEY) & TARE B 1 IEE SR & . SRR BB AEA L, IR B 5 Y A Sl
ANFERIELL, B Pb A, Ay 5 FPocR 0 FEY & TR LIRS R 0 & . 5 E & - B s
HE(GB 15618—1995) H e brifEAA L, BT A T 3 34 A A B BRAE. T2 7 4548 AT /4 7o s B
BINMHT T2 B IX -8 Zn Pb Cu F1 Cr IF-3 & 54051128 178.58 .59.32.82.07 ,99.72 mg-kg™', ¥
ETAERX HEESE SR FEEH TR E B AN F sk, ok R A e g B
AP ES BRI M EIE IR FEE S B B ARG R B R IR B, — e R
e TR A T E AR A R R

ZERIX 3 6 FhE 4 R4 5 250 K/NHERF A Cr>Zn>Cu>Pb>Ni>Mn (55 2) , i KA Cr 153
34.21% , R ILAZ AR TR A2 [0 50 A0 1 25 S B i i LAy 5 A & 0@ 09748 53 R BTN 7E
15.86%—26.74% 2 [i] , =& W HLAE I 53 A B34 4]

®2 HERPIEESESERI (mg-kg™)

Table 2 Concentrations of heavy metals in the reclaimed soil (mg-kg™")

PIvE3 Zn Pb Ni Mn Cu Cr
R 29.89—85.94 24.09—53.08 19.17—38.79  594.28—1118.20  21.01—58.91 20.62—65.67
LY 63.79 39.16 27.69 886.51 32.22 43.57
BRRE(%) 26.74 22.72 19.25 15.86 24.54 34.21
Kbk B 63.08 28.83 26.91 548.83 28.29 51.57
AP 42.20 45.32 20.31 635.43 9.05 18.33
LA AT RS 62.60 26.20 26.70 585.00 22.30 77.80
bRt 300 350 60 — 100 350

AR BAFRR T 48 Zn Ni Fl Mn £ 822 58K, Pb fil Cu & 822 DB/ 3) o N 1y
FrhEE1987 4R B IR N 29.49 mg-kg', 1997 4E42 B 3 rh Zn P Al Mn (9 B, 0 9k
71.24 45.72 mg-kg ' F1985.41 mg-ke ' A BAEKR T H3E Cr (W& EIAE L 2 Hb 75 S (AL

K3 AFEBRERT LE SR (mg-kg™)

Table 3 Heavy metal concentrations in the reclaimed soil of different reclamation years (mg-kg™")

2R Zn Pb Ni Mn Cu Cr
1987(n=3) e 62.52—85.94  34.98—35.66  27.58—30.87 888.85—974.22 28.70—32.78  32.11—47.20
M 70.60 35.29 29.49 942.17 30.50 39.29
1997(n=9) ik 59.84—82.83  36.86—53.08  19.17—38.79 895.25—1118.20 29.89—58.91  25.39—65.67
M 71.24 45.72 28.49 985.41 35.45 42.93
i 47.88—77.90 30.28—34.26 27.78—29.29 724.45—881.74 31.21—43.32  48.72—61.38
2006(n=3) XM 65.34 32.47 28.78 793.60 35.63 53.34
2010(n=6) sl 29.89—75.97  24.09—44.90  21.24—30.62 594.28—911.16 21.01—34.18  20.62—62.66
XM 48.43 34.58 25.05 756.78 26.54 41.79
Bk E R i 56.33—70.13  26.27—30.37  25.99—28.69 467.72—598.99 27.44—29.11  45.12—63.72
(n=3) XM 63.08 28.83 26.91 548.83 28.29 51.57
Epsins | 33.52—51.86  44.63—46.18  19.42—20.79 569.58—705.01 7.77—I11.15  17.54—19.19

KA (n=3)
TFHIME 42.20 45.32 20.31 635.43 9.05 18.33
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Fig.1 Speciation distribution of heavy metals under different reclamation years
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Ni TR A A4S &SRR A0 32,1987 4R B B 1997 4F42 B 2006 458 B 2010 4E42 B I
WA BIXEHEP Ni BT b B B RAMR IO F5>F3>F4 M ARG KR AL 45 4 2805 B
TR 97.00% , B HLES S ST 5 R 3.00%. Ni 1Y 7] S8 248 R IR £h 245 & A K 1, BRI
B A R AT E AL A B AR S I, R N B AE A ROER, — B3 pH TR N RS
AL R X PR RN A A (R B 1 A

Mn B DU A4 A S FIRIREE 25 68 0 £, R 1997 2 B 2010 454 B (1987 4F
HER 2006 FEE BEARE RS 6 B LI Ph X WANIEE & S8 & W H 40 R 96.57% .89.70% |
89.43% .86.86% ,84.70% \77.12% it FAL D 25 6 B AR FR 8 45 5 A5 % pH Beiusk | 78 + 3 pH /MY
UL, 255 BRI, X PR 5 R A (g e AS) A v 7 i 110, i A ks e IRk, 3 v Min (92 A 3tk
RO =IO B2 SR DN N 95 3 U 4 e =

HEEES S pH (ERHVIAE FEWMMESE T, T E SR A8 A PR &9 A N
52 R IX 3 pH {HAYIE F R 7.02—8.09. K HB 4 TC ZE 1Y ] 384 A FIRR R Eh 45 A A5 1 B AR XTI, ik
A S G E SRR R R YE S5 T ReUe B Ak, Pt AR N B 2 B X -3 v Mn A P AT
FEM G 45 T Zn Ni . Cu F1 Cr (P16 PR 15 22 5501
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Fig.2 Bioavailability factor of the heavy metals under different reclamation years

2.3 B RXHESE TR WA T

RN B X+ E 4 @ 2 (] A DG 43 BT 22 B, Zn-Ni \ Zn-Cu \Ni-Cr Zn-Cr Z [A] S 4% 5. 3% 1E A
XK, Pb-Cr Z [H] 24 2 3 H1 A OC , Mn-Cu ,Cu-Cr Z [H] 2 W F IEAHC (R 4) . RHZE RX LIEE L JmAA7E
)R PE NG 1 Mn BRI T 21 1 - BN P — R IR TR ZE B AR 25 4 L AT X
PEFANS , TR EE/N, Ph 15 YL 32 B R T4 25 B AL B A L R P 80 4E Zn ZE NI 42 )8
75 SR AR R AT RSt T Zn AEFN S Zn 025, S8 Zn ST B F 24 S 0k
NN Zn 19 B IFANE IR, L Zn & R 100—207 mg - kg™, K A A HLIE o] 4 58 Zn 325
5%—30%""".



1814 7 A A 34 4

R4 DREESEITKEMEIEDI (n=27)

Table 4 Correlation analysis of heavy metals in the tested soil

Zn Pb Ni Mn Cu Cr
Zn 1.000
Pb -0.128 1.000
Ni 0.568 ** -0.147 1.000
Mn 0.181 0.640 " 0.266 1.000
Cu 0.685"" -0.082 0.378 0.400 * 1.000
Cr 0.552"* -0.492"* 0.723"* -0.068 0.397* 1.000

o FORMICHEAE 0.05 KT 3E; ™ FRORAHICHETE 0.01 /KF 8.3

2.4 MRS RFRE B S m 15 YT

MBS R X £ 6 FE &8 1 s £ REE 0.24—1.75 Z [0, £ 0 RV HE KN N
Pb(1.41)>Mn(1.33)>Cu(1.24)>Ni(0.99)>Zn(0.96)>Cr(0.53).Pb 75 YL & fic i, et ) T5 Y40
B A BARIRE T A T AR AR S KU R AT I /N T 40, K/NIF A Ph(7.07) >Cu(6.18) >
Ni(4.96)>Mn(1.33)>Cr(1.06)>Zn(0.96) , @ T 521 A 1% . Ph 1~ 4 W 7 28 28 XU 55 K. 1987 4F
R 2006 4 B ARG AL BIXHIETEA S REUR KA Cu; 1997 4EE B 2010 4R B AR
B3 DX s 7 A 25 KU R B KA P,

BN 5 B X - B 4 8 2R B W e AR S XS F8 B 16.71—25.94 °F- 1 21.56 i /N T
150, J8 FRERfaFE AR E RAER N LI E &8 W4 58 E A S KB IEECR /N 1997 2 B
(25.94)>2006 452 B (23.34) >1987 448 B (22.84) >2010 4E 4 B (20.38) > A B (20.16) > KIFFA
(16.71) ))& T AR U

RS IRINIRE A R IX A R i TR A A A XU 5 KL

Table 5 Potential ecological risk index of heavy metals in reclamation soil of Xuzhou coal mine district

HE EHBEERE(C) TR SR R (E) A
AERR Zn Pbh Ni Mn Cu Cr Zn Pbh Ni Mn Cu Cr My,
1987 45 1.13 1.35 1.10 1.61 1.37 0.51 1.13 6.73 5.52 1.61 6.84 1.01  22.84 %%
1997 4 1.14 1.75 1.07 1.68 1.59 0.55 1.14 8.73 5.34 1.68 7.95 1.10  25.94 #%i%
2006 4E 1.04 1.24 1.08 1.36 1.60  0.69 1.04 6.20 5.39 1.36 7.99 1.37  23.34 %%
2010 4F  0.77 1.32 0.94 1.29 1.19 0.54 0.77 6.60 4.69 1.29 5.95 1.07  20.38 &%
RER  1.01 1.10 1.01 0.94 1.27 0.66 1.01 5.50 5.04 0.94 6.34 .33 20.16 iM%
KB 0.67 1.73 0.76 1.09 0.41 0.24 0.67 8.65 3.80 1.09 2.03 0.47 16.71 %
FEIME 0.96 1.41 0.99 1.33 1.24 0.53 0.96 7.07 4.96 1.33 6.18 1.06  21.56 %%

TRIM A 52 B DX A M v 2% 1 53 o A9 T A AR 5 AU 2 2 /Iy Ph>Cu>Ni>Min> Cr>Zin, 5 AR W a] A
R BRI Mn>Pb>Cu>Zn>Cr>Ni FEAMR], 20 i TR AR MERIPEAN I E A ), A
SAEIEROLE TES R 2, DO s R E N S M, S S T5 Be 00 5 i 2E 8 m] A1) R B0 2
ST T T YOAE W WOSCOR] A AT S S FRR IR R 45 15 2 | ZR B H X 2B 9y g XU S 35 [ R
F Pb Cu I Ni (8 REOHE XK IR 5,10 Mn #1 Zn W EEME RECH 1, T BUR S PP 25 1 1
AT

3 45

(1) MR B E B IX 3 Zn Pb Ni Mn Cu F1 Cr B9F3 & 543518 63.79.39.16 ,27.69
886.51.32.22 43.57 mg-kg ™', Cr P& E/NT YT 5ol , HoAR 5 TR M &R T YT 5
{H, Mn HUHBFRR 100%. 5 AL B AT, BR Cr 4b, HiAy 5 R T H{ES & TR R E B 1%
4R 5 E R IR TR AR IE(GB 15618—1995) H 20 bRUEAR LU, BT A TC 2 34 A8 1+ 3058 BR
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HAFE RAFER T S S8 S AR —E 2 5. Zn Mn BUK RIS RAFRRE K PRI .

(2) B2 B IX 38 Pb Al Mn 22 DVBRER SR AL 45 5 80 5 Zn Ni Cu Fil Cr FZE IR
B0 ERIE R LIEZ NG TIAXT N, AR BRI S i EE AR, LIEE SR
HE AT A R B K /N R Mn>Ph>Cu>Zn>Cr>Ni.Mn B9 BF {E 0K, HAFE 0 0.31. R ) & B AR
BT 3 R AT 25 2 M) ) 22 S AR DN

(3) BRI +-Hrh 6 P 428 19 5 42 RBOPE 0.24—1.75 Z A1 455 BAFBR T 6 Bl 4 (9 e /e A 25
JRUR: 22 EK/INA Ph(7.07) >Cu(6.18) >Ni(4.96) >Mn(1.33) >Cr(1.06) >Zn(0.96) , /N T 40, ¥ )& F4%
A E AN AT BRAFBRT LT 68 i 25 A T AR SR FE BRI T 1997 4R 52 B (25.94) >2006 4F-
R (23.34) >1987 4 R (22.84) >2010 4E 5 B (20.38) >3 AR B (20.16) > KB (16.71) , #)8 F

2 % x #t
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