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Impacts of Industrial Zone in Arid Area in Ningxia Province on the

Accumulation of Heavy Metals in Agricultural Soils
WANG Mei-e, PENG Chi, CHEN Wei-ping "

(State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China)

Abstract: With the transferring of the industry from the east coastal regions of China to the mid and west regions, those places once
called “Clean Earth” in the arid north-west region are facing the contamination risks by industrial emission. In order to study the
impacts of the industrial zone on the accumulation of heavy metals Zn, Cr, Ni, Mn, Co, Cu, Cd, Pb in agricultural soils, we collected
the agricultural soil samples in a county in Ningxia province using GIS technology. Samples were collected in a belt way along the
yellow river and expanding from the industrial zone as the center according to the main local wind direction. It was suggested that the
accumulation of heavy metals in studied agricultural soils was slight. High accumulation of Zn and Cd only occurred in several sites.
However, the accumulation of heavy metals in industrial zone was more apparent. Except for Ni, the rest 7 elements had obvious
accumulation. One third of the sites had Cd concentration at contamination level. The spatial analysis revealed that the distributions of
Cd, Zn, Cu, Mn, and Pb were closely related to the location of industrial zone. Industrial zone had not caused the contamination of
heavy metals in agricultural soils yet. Due to the high pH value (average pH value of 8. 54 ) , no soil contamination issue was found at
present. However, the impacts of industrial zone on the accumulation of heavy metals in agricultural soils were apparent. The input
pathway of heavy metals into agricultural soils was mainly dust deposition. The industrial zone also increased the heavy metal
concentrations in irrigation water to some extent.

Key words :arid area in north-west region; industrial emission; wolfberry; soil heavy metal contamination; spatial distribution
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1.2.2 B3 K E SR TR RO 2

BT 4R 43 BT < R VU R 1k R B N A T
fife. FREGELE 100 H I RN 0. 25 ¢ TR IUH
ZAwH R R > B Al KRR AN A 10 mL HCl i
B, /A 3 mL HF, 3 mL HNO,, 1 mL
HCIO, , U WL b I 2 R e 1, 28 20
T, HE A HNO, FIE#IR 1 ~2 I, A 22
AR HU AL 2 50 mLL He B P 2. VRS &
WIS mL Lb 6 A8 T 2L 25 T, N it U 2 1
50 mL @ ER G R 10 mL .08 %
o 270

TRFES BT R FH I 8 T A, TICP-MS 0 2, Joft i 428

iR 28 AR,

FHHLBGR A 45 B R R DGR (1CP-AES ) 1l
% Zn., Cr, Ni, Mn, Co My# =, % Cu, Cd Il Ph
KH ICP-MS. BRI E 3 A~25 FXTIR | 10% F &
SN 3 A FRAEY) T, Horh bR ) ol K
EFRUEYI R GSS-5 PhAT B .
1.3 M BRI EO A

HT BREBO T AR

]geU = log,(C,/1.5B,) (1)

Kb, C N HIERESR S &, B, VM R(EH, 1.5
AEIE R B AR T B R B 4 5 YRR Sy
HanFe 1 Fim.

£1 WREREH(1,,) H R

Table 1 ~ Grading of geoaccumulation index (7 sco )
WH RETS BRiE g R Y LEREE CEREE S RS R e T 5 G
Ly, <0 0~1 1~2 2~3 3~4 4~5 =5
L4 Bt
2 ZBR5HM

SR R A R AR T 4 T 1) 2 [ A sy SR FH
ArcGIS 10. 0 B, Horbas [ 4% Jay Sk 188 ve B4 4
Hik, HegitarinH 78, Jr 220 0k H
SPSS 18. 0.

2.1 Sitabrs i
NERIF ST DX A AL o A Tolk X A 30§ 4 JR e 243
Mr s a2 Fron & 58, X T MRS Hb 4 B2k i3, Ni

®2 WigHh, ILXTESE¢BRESTELBTEESHELR"

Table 2 Comparison of concentrations of heavy metals between soils of melar field and industry and the background values in Ningxia

Ei i H n Min 25% 50% 75% Max Mean SD
i 147 41.6 51.7 55.3 61.7 115 56.9 8.48
Cr TalkIX 49 48.4 58.6 62.8 66. 4 325 70.5 40.7
o fE 29 35.0 52.8 59.9 63.2 72.1 60.0 6. 06
Hc 147 30. 4 49.0 58.8 70.6 289 67.1 33.0
Zn TalkIX 49 51.7 66. 8 79.3 109 692 111 103
=3 29 19.3 40.5 56.3 69. 6 99.7 58.8 17.3
Hfc 147 18.9 25.2 27.4 29.9 55.2 27.8 4.03
Ni TolkIX 49 25.5 28.7 30.8 32.8 36.3 30.7 2.74
Wl 29 21.1 29.5 38.3 41.3 42.8 36.6 5.64
Hfd b 147 301 462 513 563 770 517 76. 4
Mn TAEX 49 348 539 602 725 1299 636 172
ol 29 207 400 533 637 875 524 164
I 143 0.035 0. 087 0.128 0.186 0.422 0.148 0. 081
cd Tk X 49 0. 081 0.156 0.203 0. 366 3. 41 0.364 0.514
gyl 29 0. 046 0. 069 0.108 0. 145 0.254 0.112 0. 047
i 147 9.68 25.4 13.2 15.0 16.5 15.1 2.58
Pb TalkIX 49 11.8 19.2 21.9 29.6 328 34.3 47.7
R 29 13.9 16.3 19.1 24.1 29.8 20.6 4.41
i 147 11.7 16.3 18.7 21.2 49.7 19.5 5.22
Cu TalkIX 49 14.3 16. 8 18.5 20.6 88.6 21.6 11.3
=3 29 8.0 17.0 21.5 28.6 34. 1 22.1 7.10
ik it 147 9.31 13.2 14.1 15.4 20. 1 14.3 1.83
Co TolkIX 49 10.6 15.2 16.0 17.1 41.2 16.9 4.41
ol 29 5.8 11.0 12.6 14. 1 19.2 12.6 2.26

1) #5LE S FHSCHk[28 ]
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Mn, Pb, Cu iX 4 F o0 2 197 B {E FbR M 22 40/ F
1985 4E T H M IX T 5AE , Co LR MPEE R T 5
{8, (H R ARE2E LU 5B/ T Zn F Cd 53X ZFhoC
R S P2 ERR T 5, Cr 19 B{H /)
THFE,ARMEZE R THFME; BT Mo #l Pb JTR
DAAL M b - 498 4 LA o0 28 9 de R AELER R 19 55t
{E A e RAE, U HIR: Zn JTTR W B RAEZ A S5
3 1.

HWR, Tl X 3R T Ni oo E LA, KA E 4
JBILZ Cr. Zn, Mn, Cd, Pb, Cu il Co LXK
{8, “F3ME LA AR 22 58K T8 5l , JUHJE Zn,
Cd XA ITCE T A Geit A a0 T 75 (e,
Horb Zn W KAE N 692 mg-kg ™ IS T 75 5 (H 5
KAE99. 7 mg-kg ™' 6 £i5,"FHMEHH 111 mg-kg ™'
LR FAEN 2 %5 Cd KA 3. 41 mg-kg ™'
I T RHE A OKAE 0. 254 mg-kg ™ B 10 %, 1y
(EAE T FHEAZ N 3 45, R Tl IX 86 Pb ot
RO BN NG S8 AR, B2 R
{H 4 328 mg-kg ™', 4 AT 5E{H 29. 8 mg-kg ™'Y 10
£, SHACH AR HE, Tl X -3 i BT i 4
JB TCER R FE AR K T F A s+ .

BRI AT S B L Tl el X 2 A
R I 235 5 R B, H T 2009 4F DL A Il 550 ik 4
T B B3 P 52 T 5 — e AR AR Ml Bl DX I R,
FlX 2+ Cu, Zn, Pb, Cr, Cd % &% 1985
AR SUEA W WA, Ko Cu A1 Cd 430 5
19, 1 A5 41,7 £, XURGESE X7 A i IX
158 Cd A Ph (IR A L5 SR I, AR AT L IX 1 Cd
A1 Ph S 3 {5 2> % 0.187 mg-kg™' Al 20.76
mg-kg ™. AU A ) 25 FE R U M AD Ml A 78
Cd 1 Pb 7 & YR TR ATF B KK 735104 0. 148
mg-kg ' F15. 1 mg-kg ™", 1 Tk X +- 41 () Cd
Ph U FE AW L Tl X 31 (HJR AR A3
KFE 2 M52, 735 0.364 mg-kg™' il 34.3
mg-kg '

FEARBHR BT A B R TTN T 4
B S RGN TR E AP MRz —,
BE AR IR A B, BEBA AR E A TR, SR
JE 50 B T BRI g 5 0 R T 0, IE S
A RHIE LB B T K-S K5 P=0. 05 B, FEAS
Bk A IEASME, 24 P <0.05 B, FEARBE K B
JEIERS . W3R 3 PR fAc il e rh E 48 Zn
Cd 1 Cu JCE M K-S Kz 625 5 o0 3%, Bl AE IE 24y
Ay WA Tl X 448 Cr, Zn, Cd, Pb, Cu #l Co

It 6 Bl 4 Jm AR AR IE S50

PLEZERRW], M Al s -3 8 & Jm RARHIE S
Tl X H AR KR ZE S, Tolk X+ HA AT
FRNE S EMER L, RG] T AL 1
SR, Cd F1 Zn JCFR 1 B FUE A AC = 3 Tl IX
SRR BT R W

x3 MRS TIIRTBESSETESENRE
HigERESMEKRRE
Table 3 Skewness and Kurtosis and the normal test for the

concentrations of heavy metals in Melar field and industry soils

BLR (A i Ui P(K-S)
Cr Hc i 2.49 14.6 0.211
TakX 5.60 33.7 0. 000 **
7 Ffc i 3.32 15.3 0. 000 **
TolkIX 4.28 21.8 0. 000 **
Ni Hc 2.24 13.6 0.221
TakX -0.036 -0.723 0. 960
Mn Ffc i 0.203 0.618 0.973
TolkIX 1. 68 4.61 0. 066
cd Hc 1.16 1.11 0. 008 **
T 4.85 27.5 0. 000 **
Ph Ffc i 0.743 1.36 0.284
Tk 5.31 31.2 0. 000 **
Cu A Hb 2.43 10.3 0. 009 **
Talkx 4. 66 26. 1 0. 000 **
Co F A 0. 260 0. 833 0.793
Tk 4.10 0. 668 0. 000 **

2.2 AT

BT IR Z ARG OC 2 Y R 1o B 18 o P ok fie
BRI TR M RIEPE. Gk 4 s AAc s + 59 8
MEASEICEI LN 2 H.5%8—4 R Cr. Zn, Ni,
Mn, Co; 5 20} Cd. Pb, Cu, [l —ZH T ZAH K
PRI, AR T S OB AR IR 2553 A o3 A 4
S AL 3R T Zn A1 Cd 19 BB TR
FROERCH B LASh , OB e R 1 R TR

®4 WRCHTBESETRREERESETFHE
Table 4  Factor analysis for concentrations of heavy metals

in soils in Melar field

iy 1 2
Cr 0. 896 ~0. 046
Zn 0. 638 0.311
Ni 0. 962 0. 070
Mn 0.725 0. 551
cd 0. 052 0.788
Ph 0. 428 0. 803
Cu 0. 067 0. 845
Co 0.914 0. 286

FRAEAA 4.54 1.62

D722/ % 56.7 20.2

1) Frh BIRFRIR IR R T [ —
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Table 5 Factor analysis for concentrations of heavy

metals in soils in industrial zone

HER 1 2
Cr -0.048 0. 819
Zn 0.947 0. 089
Ni 0.123 0. 649
Mn 0. 559 0.630
Cd 0.970 0. 045
Pb 0.973 0. 055
Cu 0. 959 0.171
Co 0.904 0.345

I 4.85 1. 65
W%/ % 60. 6 20.6

1) R BT RRTR)E TR —H T

Pb, Cu, Co KU T ARHEH, M Cr, Ni, Mn F2k
V555 R B A .
2.3 MR BEBRE

F T BT A F Al SR A A S5 T 2R A TS b
SRABER/NT 0, BN JCT5 Yk, W, R
ERARBABNELN. WK 6 iR, Zn Ml Cd 1)
K EBRABKT 1,5359h1.78 1 1.38; Co., Cr,
Cu I KB REKT 0 HZ/NF 1,509 K
0.090, 0.359 fi10.623; HE LEMNRKAKRHAK
#/NTF 0, B0 TCI5 Y. it — 20438 Zn Fl Cd TR B
HRBORT 1 FE S BUR IR, Zn (305 2R FOR
T 1 RV EAA RS Y rIRE S 3 1,1 Cd 2l 6 1,
A3 RESL BB 2% 4% A (£6). 5
e HIEA L, R T X 3R HA Zn
Cd B ¥ 2R BORT 0 /T 1, HETTR
HANTF 0, HR i K B RERT 1 Mt RE
% ,Cd JCERKN 4.40 3853 T E G YK F; H
UCH Ph F Zn, 485k 3,52 F13.04 553 T E RS
Pk Co, Cr Ml Cu JUFR 1Y B R Hb BT R R EER
KF 1,435 1. 121,85 Al 1. 46,353 TS5 YL
K R T X b Mo WA, Mn TR K
HT REURECH 0. 700, B AR 52 G RV BE ; Ni
TCER MR T BRAREUNT 1 3F— 20X b it 2
FUREKRT | RS BOR ET S0, 5 R &3, Co,
Cr, Cu X 3 FhoTE M LT RFLREORF 1 1URE AR
HAE—A,Zn M Pb JTLERE KT 1 BYHESB550°0 6
ASFS AN 1 Cd KT 1 RIFE S ER 2L ik 3 16 1,
AR =2 —.

DL g5 R0, M e+ T 4 R S e R
FERE R4 MR AC o - 18, Tolk X+ i 4 )8 3
FRRREE R, Horh Cd Al Zn ST R AE AT HUAN Tl X
TP ERREEREEETER.

x6 MICHEIVRTIESERETERAMRRRREY

Table 6 Maximum geoaccumulation index in soils in Medlar field and industrial zone

yE| Co Cr Zn Mn Cd Pb Cu
AT b - 15 0. 090 0. 359 1.78 -0.057 -0.053 1.38 -0.176 0.623
= 1 FEAEK / / 3 / 6 / /
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Table 7 Statistics of concentrations of heavy metals in irrigation water (n =13)/pg-L "

HE)E Min 25% 50% 75% Max Mean SD
Cr 0. 450 1.40 2. 06 10.7 26.7 6.41 7.82
Mn 4.73 19.5 48.8 342 1269 221 350
Co 0. 180 0. 421 0.734 5.43 18.0 3.34 5.05
Ni 0. 830 1.83 3.29 13.1 39.6 8.43 10.9
Cu 1.02 3.78 7.92 13.5 29.8 9.85 7.92
Zn 5.38 9.47 16. 8 34.4 78.5 23.9 20.4
Cd 0. 002 0.012 0. 043 0. 160 0. 500 0.104 0. 136
Pb 0.240 0.529 1.58 9. 64 28.1 5.73 8.00
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