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intercept method. The concentrations of Zn, Pb, Cd, Cu in the soils and crops were analyzed by
inductively coupled plasma optical emission spectrometer (ICP-OES). The results showed that the soil is
alkaline, and the max concentrations of Zn, Pb in the soils are 43. 08 mg « kg™ ' and 15. 61 mg « kg™ ' at the
depth of 20~40 cm, which are below the background values of Huainan soil. The concentrations of Cd and
Cu in the soil with the depths of 0~20 cm and 20~40 cm, respectively, are the highest and 106. 76 % and
0.46% higher than the background value of Huainan soil. The concentrations of Zn, Pb, Cd, Cu are
incorrelate with the depth of soil. The Zn and Pb in the top soil (0~20 cm) reach their peak values at a
distance away from the coal mine spoil, which may be caused by the grain from the burst of coal mine spoil
transported by the wind. The stepwise regression analysis indicated that total P affects the concentrations
of Zn and Pb in soil, and organic matter affects the concentrations of Pb and Cu in soil. Cd accumulates in
the roots of soybean and rice, while Zn transports into the aerial parts of the two plants. The enrichments
of Zn in the aerial parts of soybean and rice are much higher. The order of Zn, Pb, Cd, Cu enrichments in
the leaf, hull and seed of soybean and rice is Zn=>Cu>>Cd>Pb. The max value of Pb in the grain of rice is
0.52 mg « kg™ ' (dry weight), 1.3 times higher than the national food hygiene standard. The risk from the

Pb in the seed of rice should not be overlooked.

Key words: heavy metal; coal mine; distribution

IIf

0 5|5

Bh & Z A EUh A EMETEYY
PR RAE AT s R AE R AR rp, o ) — 25T
ZTAE ME T L 4 L R KRR RS
Yeloo] AR IR F R 3 A vt 72 A K R A, X 2
TR A 300 3 R b 2, R A o R B - L i L
BRET 2 HE R A AR EMSEMIEER T .04
B K T4 B L B b R BT K A AR .
SR DXCHRE R R o A R D A 4 S G o A i B
Wy e 4 A A T RE T B R 42 M A O RS LA
A5 2 B B LU R i 7 4 JR AT B s X S il 1 I
A 400 3 FICRE ) a0 5 5 1 XA A )R] - 4
FE K Pb 1 Zn & B ARD ;s St KR A 45 J& 1
FIEI RS B 0 A R 4F BRIGEAT A X4k 1 3¢ Hg
R E AR (D Rk EE) T He & &
BARD s SRR 6T A7 1l i+ A S Zn
PRI AT K R A b A N K
Zn,Pb # ARV A5, W m HEAT A Cd, Cu, Mn, Ni,
Pb,Sn %8 H + Bt S, B S 8O R+ 4
dn] fig A9 B 4 8 R AT YU AT A R I K
o — S A R A e . A 0 OO B ST g K HE
o Fe VR BE D) i R I X 4 I T 4 R S Y
TR 2T A X HE R IX 45 IR BE A (R
B bR K b K AW D R G R A o T i AR
TLEY AR YA 5 LA HE R E I SO ISR A L A

SRR 58 S AW ]y Xk %2, 38 3 43 B 45 4 i P 4
J& TCF W 53 A FRAE 43 A AT A 1L R 3D+ AR
15 YL R RIS Y fe B F R e A P E A A
AT BB R AR PP T AT PR Y 5
M) o D Sk 0 HE o] L2 58 0 40 A 0 1 A R Ak
BT A0 25 R R R A Al

1 HFmE5Ni

1.1 HmXE&E

AR YRR R R OB FE AR, R @ T
1947 4E 5 A, AL 20. 23 km®. {57 F e 0] W00 L 3 T
LB 3H , RAEY LK RS L 5o .

PLSERE £ E Ry rpos AR AT A1l 1,10,50, 100,
300,600,900, 1 200 m A R HE 2 A B SRR L (L1
L2, W T AR D AR R AL R R
MIEE 0~20,20~40,40~60,60~80 Hl 80~100
em SR A ERURAE 5. AR R — R R R AR A ) A
OKRE B ) LIMEAETE 5 i BURE.

1.2 HREESLE

AT ] S0 % 2 AT AT A Pk e AR ZE
25 B A AR FR A PR B AR AR - R B L 2
Jei s SR FH E K ImD G0 e vk EA T AR B R PR O 4 R
TR, AR ZE O 5E R 110 CCHE T, B
T, 2ok 0 o R FH O R R - A R VA b . ST R A it
M3 3 % A ICP-OES (inductively coupled plasma
optical emission spectrometer). 7E 43 AT F1 i 1o B



Zn,Pb,Cd,Cu f£ # & #7 £ 3B 5 57 5 WL W35 L 32 Fa VEdh o 5 77 45 A 19

®1 FERRY XRELAHR

Tab.1 Locations of sampling sites in Xinzhuangzi Coal Mine

FE R FE i 4 K& PERFA L

X1 + g 32°38'22. 5" 116°51'25. 2" FELR L1 EFERFE I 1 m
X2 + T 32°38'22. 7" 116°51'25. 4" FEZR L1 EFEATA L 10 m
X3 + ®H 32°38'23. 5" 116°51'26. 0" FELR L1 EFERF AL 50 m
X4 + #H 32°38'26. 3" 116°51'27. 0" FEZE L1 EFERF AL 100 m
X5 + .5 32°38'29. 1" 116°51'31. 4" FELR L1 REERFA LI 300 m
X6 + #WH 32°38'35. 3" 116°51'37. 1" FEZE L1 EFERF AL 600 m
X7 + #WH 32°38'40. 8" 116°51'43. 8" FEZE L1 EFERF AL 900 m
X8 + #WH 32°38'43. 2" 116°51'50. 7" FEZR L1 EFEAFAL 1 200 m
X9 E: = 32°38'15. 8" 116°51'29. 3" FELZR L2 BEEERFA L 1 m
X10 + 32°38'15. 6" 116°51'29. 5" ek L2 BFERF AL 1 om
X11 + KA 32°38"14. 7" 116°51'30. 6" FELk L2 EBEATA L 50 m
X12 + 32°38"13. 9" 116°51'36. 4" e L2 REERFA LI 100 m
X13 + KHE 32°38'10. 9" 116°51'34. 7" FELR L2 REERFA L 300 m
X14 +.WmEg 32°38'06. 3" 116°51'39. 8" L L2 FHEAFA 1L 600 m
X15 + IKHE 32°38'01. 7" 116°51'44. 7" FEZE L2 BFERF A1 900 m
X16 +.®E 32°37'57. 2" 116°51'49. 8" H4k L2 FiEAFA LT 200 m
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N
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B1 HEAETRREER
Fig. 1 Distribution of sample locations

of Xinzhuangzi Coal Mine
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Tab.2 Some physical and chemical properties of the soils sampled from Xinzhuangzi Coal Mine (mean=£SD)

W /cm AL/ % pH HEE/(pseem™)  BA/(mg- ke ") BB/ (mg- kg™ HBH/ (g kg™
0~20 2.58+1.35 8.03+0. 62 226.85+75.03 1946.43+1369. 61 973.19+318. 46 9.69+1.62
20~40 2.23+1.13 8.3040.49 240.25+63.43 1985. 674930. 46 917.304+421.77 10.33£2. 84
40~60 2.04+1.63 8.47+0. 27 246.94+47,.02 2437.74+965. 10 841. 144430. 90 9.8842.39
60~80 1.5440.87 8.47-+0. 30 263.02+71.35 2456.48+761.57 750.124296. 09 10.16+3.53
80~100 2.24+1.66 8.4540. 29 287.60+111.91 2535.95+1450. 33 840. 34+384. 21 10.91£3.32

%3 tiEd Zn,Pb,Cd.CuZE(mg - kg™")
Tab,3 Total concentrations of Zn, Pb, Cd, Cu in soils (mg « kg”!) (meanZ£SD)

I/ cm Zn Pb Cd Cu
0~20 40.0347.45 14.19+4.51 0.12440.056 21.8944.23
20~40 43.08+8.48 15.61£3. 80 0.12240.074 24.274+8.81
40~60 40.9249. 90 13.6143.71 0.11140.075 24.184+8.39
60~80 40, 0349, 37 14.3443.90 0.11640.077 22.1945.82
80~100 40.74+7.71 13.8%£5. 00 0.09340. 052 22.8845.54
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Tab.4 Correlations matrix of the content of Zn.
Pb, Cd, Cu in top soils (0~20 c¢m) and the distance

from the coal waste rock pile

=32 Zn Pb Cd Cu
L1 0. 306 —0.011 0.377 0.731"
L2 0.068 0.111 0.717~ —0.271

[7:] * Correlation is significant at 0. 05 level (2-tailed)

o, L8R Zn, Pb, Cd, Cu 22 [0 35 s # B %
IEAK S FR (F 5)(P<0.01), X HHEh & 4R
22 [ ] 58P 5 5 T 3 ok 3R 2K 43 A (181 3D, Tl 1 0
H Zn, Pb, Cd, Cu FEA 7> J 2 25 — & Pb A
Cu, % =252 Cd # Zn.

®5 £8d Zn.Pb.Cd.Cu ZHMEXXR
Tab.5 Correlations matrix of the Zn, Pb, Cd, Cu in soils

Zn Pb Cd Cu
Zn 1. 00
Pb 0.39"" 1. 00
Cd 0.727~ 0.377~ 1. 00
Cu 0.75"" 0.38"" 0.68" " 1. 00

[7:] " Correlation is significant at 0. 01 level (2-tailed)
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Fig. 2 Relationship between the contents of Zn, Pb, Cd, Cu in the top soils (0~20 cm) and the distance
#6 L#EF Zn.Pb.Cd.Cu ZEE LI
CASE 0 5 10 15 20 25 -
Label Num * + + ¢ + B ERZBRHEXER
(I;E i Tab. 6 Correlation matrix of total Zn, Pb, Cd, Cu contents
N
gg % in soils and physical and chemical properties of soils

3 L8 Zn,Pb.Cd.Cu IR E S
Fig. 3 Cluster analysis of Zn, Pb, Cd, Cu in soils
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BB EBEEES . ANGEES . MAEYEES
Apleese] i X 4 JE RN A LT oG R A L
YR B AN B (36 6). 3l i B A ] o b k& R
(D), BB Zn,Cd & B ME K, A LT X Pb,
Cu & 5 2R, A LT A L P W B RN 2 v e 4oz
VEF AT ASE i 42 8 e R AT MR s DY i 32 52
Xof 98 R 4 J W RS iR B R el 4 JiR A B
B B4 T Wi R £k T UE - DA T 3 IR 48 J 2B 0 A AL
D X X £ Zn, Pb,Cd, Cu B 5 A
BUTT B B R R 45 & 75 — S . - X 1 A B 2 i
PE 3 AT e 23 R AR 4 18 8 4 )R 0 28 W3 1k

LR AP pH EC BA W e
Zn 0.22 % —0.06 0.07 0. 06 0.35 % 0.21
Pb 0.26 * 0.03 0. 16 —0.01 0.16 —0.04
Cd 0.27 % —0.03 0.01 0. 04 0.46 % 0,26 *
Cu  0.30% = 0. 10 0.05 0.14 0.27 % 0.19

[7#)] * Correlation is significant at 0. 05 level (2-tailed)
** Correlation is significant at 0. 01 level (2-tailed)
%7 L1iE Zn.Pb.Cd,Cu & EX TEHHLE .pH.

EETEIJJ‘E \lu\ﬁ \lb\ﬁﬁ \u_,\ﬁlm@,l/ @ )Hﬁ*ﬁ

Tab.7 The results of step regression analysis of the contents

of Zn, Pb, Cd, Cu in soils to organic matter,

pH, EC, total N, total P and total K

TLER &l 5 R H P1{A

Zn y= 0. 008 xgm +34.07 0.121 P<0.01
Pb = 0.795 xgamm +12. 619 0.068 P<0.05
cd y= 0.000 083 g +0. 041 0.216  P<C0.01
Cu  y= 1.246xapm +0.004xsm —17.016 0,137 P<C0.01
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Fig. 4 The concentrations of Zn, Pb, Cd. Cu in the root, stem, leaf, hull, grain

of soybean and rice(Dry weight, mean=£SD)
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Tab. 8 Enrichment coefficients of Zn, Pb., Cd, Cu in the root, stem, leaf, hull, grain

of soybean and rice (mean=£SD)

L7 E Zn Pb Cd Cu
1 0.24+0.08 0.08+0.08 0.37+0. 28 0.38+0. 16
I 0.28+0.13 0.07+0.09 0.23+0.13 0.28+0. 14
= I 0.57240. 16 0.1240.17 0.21240.18 0.2620. 08
I\ 0.3620.12 0.0320. 02 0.1820. 09 0.2320. 08
Vv 0.7840. 25 0.0740. 11 0.2640. 43 0.4140. 10
1 0.50+0. 04 0.07+0.06 1.31+1. 22 0.53+0.17
Il 0.5540. 05 0.0120. 01 0.0720. 05 0.2520. 10
K F I 0.5020. 14 0.0120. 01 0.1540. 11 0.2020. 03
I\ 0.4620. 13 0.0120. 01 0.0320. 04 0.1740. 02
V 0.44-+0.02 0.03+0.02 0.05+0.01 0.17+0. 04
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