9537 A 2 W) K AR E R Vol. 37, No. 2
2017 4F 4 H Bulletin of Soil and Water Conservation Apr. ., 2017

Wy EERETEEsRAETURTERKE TN

% % b
CULP 25K R SERRE TR AT 117 KR 030013)

OE. (HM] XZEE R X R E SR & i As R T, B T AN X R L
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RO TAS  B RE AE B AR B A AR L O A IR T AR RS BRI N A B 5 A R B o R Y
TR AT . [852R ] (1D Cd G EEHN 5. 19 mg/ke. BRER —HAriE 0. 3 mg/keg BIZ 10 £, HAx 5 Fh
LRGSR TEE i, MELBRFERMIER,Cd FHTE 0—15 cm )24 B #i KRR, 75 1530
em RJRALZEHTIE M . (2) Cd 1Y 500 575 Y48 BOE A AR s B B 5 g Eim ek -F L BT R B E T
K. MG SR G 15 Y8 B 12, 08~13. 14, {8 12. 43,02 5 R H 5 Y A8 HY 3~4 %5 Jm " H 15 Yok T,
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MTERHERFEHE AL Mk Ui S s e g CAs R T XK E R P S HENE RN

Joidat
K@i R Cd; E&JE; LR TR AP ST Q85
X EEARIRAD: A TEHS . 1000-288X(2017)02-0321-06 FES%EE. X53

NS, EX R E R LT G & A s Y XU [T oK LR ERE R L 2017, 37(2) 1 321-
326. DOI;10. 13961/j. cnki. stbetb, 2017, 02. 049; Nie Xingshan. Contents and Pollution Risk Assessment of
Heavy Mentals in Reclaimed Soil[ J]. Bulletin of Soil and Water Conservation, 2017,37(2) :321-326. DOI;
10. 13961/j. cnki. stbethb. 2017, 02, 049

Contents and Pollution Risk Assessment of Heavy Mentals in Reclaimed Soil

NIE Xingshan

(Institute of Shanxi Soil and Water Conservation s Taiyuan, Shanzi 030045, China)

Abstract; [ Objective] The contents and pollution state of heavy mentals of soil in Xiaoyi bauxite mine of
Shanxi Province were studied to provide scientific basis for the understanding and evaluating the risk of heavy
metal pollution in reclaimed soil in mining area. [ Methods] The contents of Cd, Cr, Cu, Pb, As and Ni by
ICP-MS were measured, and their changes along different reclaimed years were analyzed. Single factor index
and Nemerow comprehensive index methods were used to evaluate the potential pollution degree and risk.
[Results] (1) The mean value of Cd was 5. 19 mg/kg. exceeding the 0. 3 mg/kg of national stand by 17
times. Other elements was not exceed the national stand and no pollution risk was observed. With the exten-
sion of reclamation time, the content of Cd increased at 0—15 c¢cm and decreased at 15—30 cm layer. (2) The
single pollution index of Cd is the highest of all sampling plots, was assessed at 5th level severe pollution.
Other 5 elements are lower, and are at 1st degree of safe level. The Nemerow comprehensive index ranged
from 12. 08 to 13. 14, with an average of 12. 43, at severe pollution level, and it exceeds the 5th degree by
3~4 times. (3) Soil which was used to reclaim is the mainly pollution resource, the contents of 6 heavy men-
tal elements exceeded the national stand. [ Conclusion] The soil in reclamation area have been polluted by Cd
sourced from reclaimed soil, manure and dust. When considering reclaimed mine, the quality of soil which
will be used to reclaim should be protected strictly.

Keywords: reclamation; Cd; heavy mental; single factor index; Nemerow comprehensive pollution index
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1.1 {3 bR

22 SCRRAT L T 22 SCHT VG AR L DX A BH SR it A P T IS
FF(111°29'52"—111°27"12"E,37°07'44"—37°05'12"N) ,
e E H i KB EE RS L0 A ALy 2,15 X
10° t/a, /" X G (5 M ARG 1158, 2 hm* . &7 X JF2R
Jo S A Ay AT A R Bk 2015 4R R,
Wk A E R+ 422 hm®, Hofp £ Bk
193 hm’®, &4k 98 hm’, " XL T8 + F & H X, &8
T LAY R B PE2f  B A L I R L BFR 2N,
HBERRKFELZW, L FEL TR FRE RSB
37 ComMEARIAE—20 CULF., MW EEERLE
7—9 H ERET R 529 mm, #XEHE R X R
SIARAE 5 ANIX L5 AN X BT RS [A] AR Hi 3 A% 1
i B AR 5 B ] 34 2 DRI i i ok 1Y)
Eaw - BAREE, RS MERXNHE R

IR [ e 52 B A0) 400 = A A AR U R T 5 A g
SERFEM R A ALY 0.5 hm® . R HE AL
WL 1,

F1 LTERFHER

U S 2B 4 5% T3 KR
s MK FRR/a Al i Al

17 243" 2 BAOFt W+ 3%
2% 24 2F 4 BaoEt oL BEW
37 2 1F 6 BAOM+Y R+ Fok
4% 14 2F 8 Baowt RiEL Tk
5% 117 10 BaEt Rt Tk

1.2 TEXREFESLE

TE 2015 4 4 H VR4 FhAE i 78 $2 517 18 4 (0 4 Hh 2k
TR R, BAFEHL S 54 0—15 cm F1 15-—30
em PN Z R IR S TR AR A SR A 5 % [A) — A b
[ — R BE R 2 05 R FEIR S BIBR T AR R LA
P gt A7 T ok &l M 25 =, | AR KT, 3 100
H i o FH I 433 b 380050 AR i B A H .
1.3 TESEEMNERZE

e As B9 E 403 TR A0 3 R AR
366, Cd, Cr, Cu, Pb SR JH 38 R I i v SRS &
2B TR G 3E {Y (Thermo 6300 E., X E4E
TR AR Y 3 REL 5 WM BT E
* H Excel Fi#17,
1.4 TESEEEMAZE

P BRI R BOE 2 [E N AR R B 2 1 — R o
TR B R YR E R EHATIEN N TR
—H AR

P.=C./S, (D)

K P59« IR FIs Qg d: C— 0y
YeWy i B9S2 M (mg/kg) s S—i5 YY) @ BTEHT
#E(mg/kg) .

e GB15618-1995 + HE 3R 55 B & 2 2% b i 1F
J TS YR AR E (GR 2D

R2 IEFRBEREFEE

1 b e 2 Hhr 3 bRk
pH AR 5 pH<6.5 6. 5<<pH<I7.5 pH>7.5 pH>6.5
Cd 0.2 0.3 0.3 0.6 1
Cr 90 150 200 250 300
Cu 35 50 100 100 400
Pb 35 250 300 350 500
As 15 40 30 25 40
Ni 40 40 50 60 200
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PN A 2 25 15 S 4R B0 A LU BTN AR IR Rk
RE T S e 4 38 v 2535 Qe S 275 GOk F L R
EREES 3 A ORCE L/ ER7 8. # i i POk ey )
AEWIE

P= /(D% T PL)/2 (2)
A P—WE W S5 N R A5 g 48 G
P WS 575 Gy B s G AR B0 Y i R
fH; P RN SRRy N NS R e CE S
¥IE.
HR A 5 PR 7 A U B0 A N g B 28 A TS Uk FE B
el HIEE SR Y RN 5 M EFEHRGE 3D,

£3 tWELRSRHRIA
RRF WEEGA

TR omw mmam  ORTARTRKT
1 <0.7 <0.7 °© oA H
2 0.7~<1.0 0.7~<1.0 AR M
3 1.0~<2.0 1.0~<2.0 B  RESY
4 2.0~<3.0 2.0~<(3.0 gy h RS g
5 >3.0 >3.0 EHiGf JREIGHR

2 iR5ar

2.1 ARERERTEEEESEN

K12 R BIEARAER 030 cm + 4
hWEELSEMNSEITSE R, AE 1R ERKX
0—15 cm £ JZE +4% Cd &1 5. 04~5. 27 mg/kg, 1
{4 5. 11 mg/kg; 15—30 em Cd & & 5. 05~5. 49
mg/kg, BH K 5. 27 mg/kg; 2 432 4 Cd & ik
I [ 5 R BT B 2 ZhRifE 0.3 mg/kg Y 10 &%
X L R E S Y, N AR RE L 0—
15 em +38 Cd & &b &2 B A R A9 2 K BA B8 T
B R 3417 1530 em 4 Cd Kl % & B B[R] (19 42
KEZFF s, B RIX 0—15 cm £Z 1%
Cr & & 20. 89 ~40 mg/kg, ¥J1H M 33. 78 mg/kg;
15—30 cm Cd & & 38. 08 ~54. 88 mg/kg, ¥ {E N
44.56 mg/kg;2 o E 3 Cr AR ER -
BEFR B BT R AR 200 mg/kg B IR, X L3 RAT
LG feH . & R KE.0—15 cm LI Cr
A R A A B IR ) SE K B BN R
TR PR LI 1530 em 4 Cr B & B i )
) FE 2 B = G IE R 6~10 a Ji5 1Y 0 2
tb2~6ath, MO ERX 0—15 cm FJZ+5 Cu
i 1.45~3. 70 mg/kg, {H N 2. 64 mg/kg;15—30 cm

Cufrig 1.12~6. 54 mg/kg, ¥ {H N 3. 67 mg/kg;?2
AR Co RS ER AR E R
FRifE 100 mg/kg (1 WIAE . XF 1+ 8% H I 5 Y fa F .
MBS K F . 0—15 em +1E Cu S REEE E BRI}
V) F19 40 LA T T i s B T BRI L A3 AT
1M 15—30 cm 43 Cu B4 52 B I (] 1) SiE < 52 5 5 2%
b, e 2~6 a M 2 E W IMEH,6~10 a BH
WF RS, BT ERIX 0—15 cm 2 1 Pb &
HAFE 44.86~110 mg/kg, ¥J{H H 73. 23 mg/kg; 15—
30 cm Pb & & 7F 38.23~89. 66 mg/kg, ¥J{H I57. 04
mg/kg; W53 )2+ Pb & Y KRB BH K + R
B R 2 GebRifE 300 mg/ ke B BE 0 A TR
mYfEE ., NS E.0—15 cm 11 Pb &4t
Bifi 75 52 B B JR) 9 A 4 HL AT 2 W T R R A, 15—30
cm 3 Pb Ffi 25 52 B B[] ) SE < 2 3 7 T = a9,
FHFIT R IR BE K, R E RIX 0—15 ecm R )2 +
HE As O HEfE 6. 33~9. 82 mg/kg, B K 8. 26 mg/
kg;15—30 cm )2 £ M As F &4 8. 04~11. 49
mg/ kg, ¥IEH 9. 01 mg/kg;2 N53)2 T3 As &1
A ot K R T 2 bR 1fE 30 mg/ kg 1Y 1R
B A AL R R e E . NS RBRE . 0—
15 em A1 15—30 cm X A2 R L4 As FRME R
BRI ] 4 S K 5 52 T v R L 1 R AR I . AR
HEX 015 cm £ )2 5 Ni &2 7F 8. 68~15.78
mg/kg, Y{E N 12. 19 mg/kg; 15—30 ecm Ni 5 # 7E
12.85~21.17 mg/kg Z i), ¥}y 16. 72 mg/kg; ¥
Mor)E N iRl E R R R 2 K
FRifE 50 mg/kg Y 1 {E . X + HE& A ¥ i i5 Yt fa F
M A AL R 015 em F1 1530 em X B4~ +
24 As Bl 2 R E] 0 SE KSR T
BOROMBE AT . L Bl . R E R
JG7E 2~10 a [a],0—15 cm A1 15—30 cm Wi+ 2
Cd.Cr,Cu,Pb,As fl Ni X 6 f 4B L £ LA
Cd Mt T EE L 2 HbrdEE 23 7 is e, 1
ARG R B RN B 5 Y .
2.2 BEFHRIMEBEZEEMNER

A N F AR R R BUE X 2 R 2 BOR
AR N 3 & i Ts e PP 45 2 . i3k 4 v,
WA 6 FhE &R R Cd s Jede 8 P, KT
3.0, KB T S A YRS, B T E TS KT X
HEWhESE TR RME -8 HAa 5
HABIEREEFE/NT 1 RIGY 0.7 Wb, &8 T
LR IWISHIEE P, KF AFAE Cd>Cr>
As>Pb>Ni>Cu l R/PNKEZ,
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2 T sof
o0 & L
E g 40
W 5.0} w30}
& € 20
&) &)
® ® 0|
+ +
45 0
2 4 6 8 10 4 6 8 10
HEERFEW/a S EFER/a
8r 1201
—:OD Tbb
?; ! Y 90}
on
& &
W 4t B 60f
4 4
3 o| & 30}
& #
t -
0 0
2 4 6 8 10 4 6 8 10
HEER/a REERER/A
e ~ 2 mmoisem
e ) [115—30cm
< gl = 18f
=] on
& &
w 6f w12}
+H +H
0 0
2 4 6 8 10 2 4 6 8 10
HSEFR/a S EFER/a
Bl SEEXIESELESE
4 TESESERRTFHRIZEHITNER
PR FI5 YR L P,
4 =R FEA et 5 Y
ErRe2 JZR/cm cd o Cu b ™ T 45 S Sy
1 0—15 17.56 0.20 0.04 0.15 0.21 0.17 5 7 IS Y
2 15—30 16. 85 0.19 0.03 0. 30 0.27 0.26 5 7 S Y
3 0—15 17.05 0.18 0.03 0.19 0. 20 0.23 5 TG gy
4 15—30 16. 98 0.20 0.05 0.21 0.27 0. 29 5 s R
5 0—15 16. 94 0.18 0.03 0.21 0.32 0.23 5 U S
6 15—30 17.75 0. 20 0.07 0.16 0.28 0. 33 5 T G gy
7 0—15 16. 88 0.17 0.02 0.31 0.32 0.27 5 P S
8 15—30 18.02 0.25 0.02 0.16 0. 30 0.37 5 v S
9 0—15 16. 81 0.10 0.01 0.37 0.33 0.32 5 7 S Y
10 15—30 18. 30 0.27 0.01 0.13 0.38 0.42 5 U S YL

24 n]H.Cd B P, 78 16. 81~18. 30, ¥{H N
17.32 ) R T HE G R 15 Y Hoh i 5 PH 5 Y40,
Ab TR E G YK Cr By Py 7R 0.10~0. 24 K fE K
0. 20 /NFFEEEITRDHH 1 HHT5 445 %500. 7,
15 P RN T4 AT K. Cufy Py AE 0. 01~
0.07. 34860 0. 03 /NF T HEBBIGTH %P 1 9
TG QAR R 0. 7. {5 Qe o T 4= A FiE I KF. Pb

1) P; 7E 0.37~0. 13, %K Ry 0. 223, /N T 1 43 & 5 ¢
O3 1 BTG YRR 0. 7, V5 YA AR Sl 2 A A T
WK, As By P, £E 0. 20~0. 38 Z[a], ¥ {8 H0. 29,
INTFESBIG RS 1T RATE Y50, 7,05
G R EA T WA, N P, £F 0. 17~0. 42
ZILEER 0. 29, /NFFEERIS Y 0% 1 9%0m
TSYAREL 0. 7 5 P G R T A A TS OK . W
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PL B Hr il AL %0 KO A AR BR &2 B 3 rp Cd kb F
JeH G ek, Cr, Cu, Pb, As I Ni X 5 #l 8 42 )@ JC
R IA T AW RO AN S0 AR .
2.3 NBTEETRBEXINER

5 N H WML 25 A 15 Y48 BUk X 2 LR 2
BAFAFERN L EE LSBT RN R, hES
AL, 5 DN REML S RAE S 0—15 em Fl 15—30 cm F )2
AR M N AR 5 Y 4R B P AR 12. 08 ~
13. 142 (8] ¥{E K 12, 42, 3K 8] T 5 R 5 e E TS
PeFe40 3.0 19 4 5 )8 T E i Yok

RS IRESRENBTFREFEABERITNER

2.4 EEETEYKRESN

MU LA, Z AT 2R X IR AES
JE G G B KR L i H G e o Cd. Rk &R B
FTHE AR LMy X EL S 28 LT T ESEY
M E (R 6), R 6 AT 2 R R T 1
IR i B 22w+ Cd & &0 5o 4. 91 5. 04
mg/kg, B TEK 2 HbrifE. 8 T 5 R el aT
AKX R AR e X 2w e
T Cd J5 YR 2, 1 Cr, Cu, Pb, As Fil Ni & 532k
M E R 2 R R TRl ERE., XA
BARFEAER G H3Erh Cd F B 5. 19 mg/kg.
mTERHEMAL S 2 ® 5 &E:Cr SEEN

GiE A EAER B/ WP LA M b
et cm BRI P HR s 39.17 mg/kg N TERHA T MEAL G2+ &8
L2 ol d2el 5 EIR ) Cu Y 315 B T R LA T 2 8
2o e IRI0 s ISR 5 Ph S (Y 65. 13 me/ke. 7 TR BT
4 —1 12. 24 7 Y . a2 = = .
: o S IR s g A i As S R (E 8. 64 me/ke,
4 4 15—30 12.19 5 JUEE G Y e B BT A i NG A
. 6 015 1216 5 g NTFERH MG D28+ &2 N &8
6 6 15—30 12.75 5 T i@ﬁﬂ‘] 14.15 mg/kg,ﬁﬂﬁﬁ%ﬁﬁiﬁ”ﬁﬂl%éﬁfi
7 8 015 12.12 5 7 T U FazmE, AU oA ERE P Cd E
8 8 15—30 12.94 5 S G TRETERITA LS, R LN ETR
O 10 015 12085 WIS g R A BT AN R P TS e IR S — A A
| [~ ¥ =R/
10 10 15 30 13. 14 o Fi(ﬁyp 6}1:%0
k6 EERERLITFMABIESESESE
I ELEEE/(mg kg )

ERA+ 4.91 45. 33 49. 80 9. 27 15.42
N 5. 04 34.53 51.56 8. 41 9. 34
g REME 5.19 39.17 65.13 8. 64 14. 45

3 WS

(D 2B J5 + 5 id B % 900 & br 1) &
4@ Cd,0—15 cm ¥{H M 5. 11 mg/kg,15—30 cm
¥IME R 5. 27 mg/kg, KA S o R G EH R L E
K _Yhrfe, NELSR ST HBMKE.E 015 cm
Ib L BEE B RAERMZE K . Cd. Cr Al Cu 7 & 3% i %
i Pb, As I Ni B340 76 15—30 cm b, i E &
BAFBRALEK ,Cd, Cr, As Al Ni 2 #3880, Pb 28 #7 Uk
i, Cu ISR Je 18 4K 5 BEAR Y #a 5

(2) PRI BOIE M a R FE IS ot R
& Cd, ik 3] 5 RAG PR, & T Cd 5 5 YLKk F,
M T IR B BTG YK, NP 28615 Y 38
BOAE 12.08~13. 14 Z [l ,¥{H A 12. 42,3658 T 5 %%
FEIG YRS RS 3. 0 B 4 %, B T EH 5 e
K

(3) BERXE LMD LHN Cd FRELBE
HR 2 BbrfE N ERTH R RX LI E S
J& 5 Y ) R R

[ IR AR T U R P R
BRR AR Ay AR PR 7 R R TR JE A 2R AT
BORNAE B 4 Ml 5T 4 4 2 A b R R AR A R
FA) S . SR A KO o A 2 B8 BT R AR MO P
By AT B E R 52 O A X T X AT R
B HERUE N A RS A . AR T 4G
WERPZ BT R RE b Cd /™ &E AR, 154
B L HoUs YR Bk A R AT T B A B
+ . B E S ERIEE b E S R A HLATEHL
BB A E R R R BE Y Cd,Cr, Pb, Cu, As %5 8 4 )@
) e s 1) RS R e A R g N 2R AR A T B
STt 0 £ AL TE LI AR R AR 25 4 DL R A X85 242 19T o R
S SRR AR G e Y L SRR R Y 4
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THEPERE SR SRR T R R
(1 el b 0 Ll Y R I N D S PO N T N B
SRR AN i SRR X Ry R S AR RIX e
Hit—LRUERX HIEES R L. Wit e
DX A2 B I 3 49 0 47 of] - 4 o e R A B ) 5 A B R
LI HEAT A A R A Z R M R i
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