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The soil heavy metal pollution and ecological risk assessment of wheat fields in Yanqi Basin

Mamattursun EZIZ'2, Ajigul MAMUT', Mattohti ANAYIT!, Anwar MOHAMMAD?

(1.College of Geographical Science and Tourism, Xinjiang Normal University, Urumqi 830054, China; 2.Research Center for Urban Develop—
ment in Silk Road Economic Belt, Xinjiang Normal University, Urumqi 830054, China; 3.College of Chemistry and Chemical Engineering,
Xinjiang University, Urumqi 830046, China )

Abstract: A total of 35 soil samples were collected from wheat fields in Yanqi Basin, Xinjiang, and determined the contents of eight heavy
metal elements( As, Cd, Cr, Cu, Mn, Ni, Pb and Zn) by standard methods. The soil heavy metal pollution of wheat fields was analyzed based
on Nemerow pollution index(NPI), potential ecological risk index(RI) and ecological risk warning index (/). Results of the research indi—
cated that: the average contents of Cd in wheat field soils of Yanqi Basin exceeded 11.12 times of the National Soil Environmental Quality
Standard ( Grade II ); The average contents of Cd, Cr, Ni, Pb and Zn exceeded 55.58, 1.32, 1.48, 3.21 times and 4.47 times of the back -
ground values for irrigation soils in Xinjiang, respectively; Cd, Pb and Zn fell into high pollution level, whereas Cr and Ni fell into light pollu—
tion level, As and Cu fell into slightly pollution level, and Mn fell into no pollution level for wheat field soils. The average value of NPI was
7.93, which showed a heavy pollution level; The average value of RI of soil was 342.95, which showed a highly ecological risk situation; The

average value of [ of soil was 5.68, which showed a serious warning situation. The R/ and I of soil gradually increased from the northern
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parts to the southern parts of study area; Ni, Pb and Zn of wheat field were affected mainly by the human activities, whereas Cu, Mn and Cr

were controlled mainly by the geochemical background of soils, and the main sources of As and Cd may be affected by the interaction of hu—

man activities and natural factors. Cd was the main pollution factor and the main ecological risk factor of wheat fields in Yanqi Basin, the

pollution risk of Cd should be a major concern in the study area.

Keywords: farmland; heavy metal; pollution; ecological risk; Yanqi Basin
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Figure 1 Location of study area and sampling sites
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Table 1 Evaluation methods of heavy metal contamination in soils
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Table 2 Grades of pollution load index and potential ecological risk for soil heavy metals
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®3 BEEMNEMTEESRSERIT(n=35)

Table 3 Statistic of soil heavy metal concentrations of wheat field in Yanqi Basin(n=35)

5 H Item As Cd Cr Cu Mn Ni Pb Zn
H/ME Minimum/mg - kg™ 079 425 4238 2219 40671 26.18 099  53.16
e KAH Maximum/mg kg™ 63.87 1228 76.52 5453 62046 101.54 81.99 170.99
SIME Average/mg kg™ 792  6.67 5232 31.04 480.78 38.98 4337 75.03
FrifEiRZE Standard deviation/mg - kg™ 1136 215 1722 741 5479 1232 2758 29.01
725 5 Z K Coefficient of variation 143 032 033 024 011 032 064 039
TEHE B 175 548 Background value of irrigation soils in Xinjiang/mg-kg™ 9.09 012 39.60 3580 6880 2640 135  16.80
iS4 1E 9 5L{H Background value of soils in Xinjiang/mg-kg™ 1120 012 4930 2670 688.0 26.60 1940 688
K — 20 874E Second grade of National Standard of China/mg-kg™ 25 0.6 250 100 — 60 350 300
HFR#% Over-standard rate/% 556 100 0 0 — 0 0 0

22 TESESEREITHEFEN
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Table 4 Percentages of sites at different pollution levels in the total sample sites(n=35)
15523 Pollution degree P -
As Cd Cr Cu Mn Ni Pb Zn
TJi5Y4 No pollution 68.58 0 8.57 31.42 62.86 2.86 14.29 0 0
#2775 ¢ Slightly pollution 5.71 0 0 54.29 37.14 0 8.57 0 0
RIS YL Light pollution 17.14 0 91.43 14.29 0 91.42 1143 0 0
RSk Moderate pollution 2.86 0 0 0 0 2.86 8.57 0 0
HEE 5% Heavy pollution 5.71 100 0 0 0 2.86 57.14 100 100
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Figure 2 Spatial distribution of P, value of soil heavy metal of wheat fields in Yangqi Basin
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Figure 3 Spatial distribution of R/ value of heavy metal of wheat
fields in Yangqi Basin

= 86°20'E 86°40'E
ir ; —
N TN
i

e T Neee—-

°®

z
gD -
a (]
<t

T2

. Jo

o T
z| o BE
2| e i
Cre mi
<t

4 BERMNEM 1, TR
Figure 4 Spatial distribution of /% value of wheat fields in
Yanqi Basin

252 ¥

KTt AT XA ESEITER ARRIERA
R I — 2ROk Rt a5 R R (R 7),
HI 3 AN ERSHFFEE R T 1, Bt 2 ik 3k 2
70.56% , £F5 53 B K, % o A M HE hn Be 45 R B 78 0

RS FRESKERANERE S HRSHHOE S H(1=35)

Table 5 Percentages of sites at different risk levels in the total sample sites(n=35)

KU 5] Risk degree E RI
As Cd Cr Cu Ni Pb /n
BRIUEZS RS Light ecological risk 100 0 100 100 100 100 100 2.86
HrZEA 25 XU Moderate ecological risk 0 0 0 0 0 0 0 42.86
iR A 25 KU Highly ecological risk 0 0 0 0 0 0 0 48.57
RS High ecological risk 0 54.29 0 0 0 0 0 5.71
e A AU Serious ecological risk 0 45.71 0 0 0 0 0 0
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®O6 EERTRBEXMATER(n=35)

Table 6 Correlation coefficients between heavy metal elements

(n=35)
JGZ Elements  Cd Cr Cu Mn Ni Pb Zn
As 0.29* -0.01 0.08 0.03 005 -021 -0.21
Cd -026 005 024 017 023 -0.15
Cr 0.16 0.28* -0.14 0.36* -0.07
Cu 0.37* 0.06 -0.02 0.05
Mn 031 026 0.18
Ni —0.48%*% 0.26
Pb 0.32%

TE % MR IR (P<0.01) 5% RIS (P<0.05),
Note : **Extremely significant correlation(P<0.01 ) ; *Significant cor—

relation( P<0.05 ).

MR o

S—E R (FL) B 7 22 5Tk %N 29.51% ,Ni Pb
5 70 78 F1_FEATAREA, 400 0.72.0.83.-0.61,
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Figure 5 Clustering tree of heavy metal elements
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WIHREFFAE(E Initial eigenvalue

F 4327 Principal component loading
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928

YIEINCR RS Y £ 36 5% 5 H

A ROTE 25 = dOu R A As A1 Cd, =2 AR A
EIISEN eI AR

3 £

(DEEEM/ N EMA EERTR T RA—ER
R, H A Cd.Pb Fl Zn {5548, /NEH LI RT &
B A A KR K L SR LB S, Cd R 3
995 e IR, ST X B 3 Cd {5 B (BTG

(2)/NA A B RI/ITR P W) I5 QK2
] 3 A S SR AR o RIF Ly (B 23 (R 23 AT A% SRy 1 5
BEHA A PRSP i 1 oA R, AR X AL 1) R
T P T I

(3N A1 Ni \Pb 55 Zn Z I N 75 3L
FIRZIR , Cu Mn I Cr 32 28532 5] 1 el BR AL 27 Rk 1
P, As A1 Cd W2 AR A A SR = 3L R 2

S 3Lk

[119h B, BRIREE, 5o lA, 45, b 52 i) 5 gk 1 e o Jd A PR 03
B PEAR]I]. HuFAE, 2000, 64(5):619-628.

SUN Chao, CHEN Zhen—lou, BI Chun—juan, et al. Evaluation on envi—
ronmental quality of heavy metals in agricultural soils of Chongming Is—
land, Shanghai[]]. Acta Geographica Sinica, 2009, 64(5):619-628.

[2] 2 E A, 4R, TRIERY, S5, AL KA 30 4 T e AT R AE

FRTESHIL. R A FRE 12224, 2016, 35(7) 13211328,
LI Yu-mei, LI Hai-peng, ZHANG Lian-ke, et al. Distribution charac—
teristics and source analysis of heavy metals in soil around a copper
plant in Baotou, China[J]. Journal of A gro—-Environment Science, 2016,
35(7):1321-1328.

[3] Zhang Z Y, Abuduwaili J, Jiang F Q. Determination of occurrence char—
acteristics of heavy metals in soil and water environments in Tianshan
Mountains, Central Asia[J]. Analytical Letters, 2013, 46(13).:2122-
2131.

(4] SEEANE, 1 40, BRIEDR, 4. WL R ek H LR Sy H 4 )8
TG HhHEAR, 2008, 63(1):3-11.

GUO Zhao-hui, XIAO Xi-yuan, CHEN Tong-bin, et al. Heavy metal
pollution of soils and vegetables from midstream and downstream of Xi—
angjiang River[]]. Acta Geographica Sinica, 2008, 63(1):3-11.

(5] I B, 7 IGeibt. B SR S 4 398 o 4 5 Qe 1B S HOR M. B -
B H kL, 2015,

HE Miao—miao, FANG Xiao—bo. Remediation technology of soil heavy
metal pollution in vegetable planting base[M]. Hangzhou: Hangzhou Press,
2015.

[6] Wu G, Kang H B, Zhang X Y, et al. A critical review on the bio—removal
of hazardous heavy metals from contaminated soils: Issues, progress, e—
co—environmental concerns and opportunities|J]. Journal of Hazardous
Materials, 2010, 174(1):1-8.

(7] RS L, JEALAR, BR =, 45, IS e XA I 1 3e 43 ) it S JE
B AT S PRI - ARG A T AR 2 S X A1) [T

IRl 24R], 2016, 36(4): 1317-1327.

CHEN Zhi-fan, FAN Li—-dong, CHEN Yun-zeng, et al. Spatial distribu—
tion and source analysis of heavy metals in agricultural soils in a peri—
urban area based on IDW interpolation and chemical fractions: A case
study in Henan Province[J]. A cta Scientiae Circumstantiae, 2016,36(4):
1317-1327.

(8] BRZRIT, B NS, WSO, S5 VIR S Bt X LI d 4 ) SRR

a5 B A S KR PP A [T]. R FREEFE 7241, 2016, 35(8): 1498~
1506.
YAO Rong-jiang, YANG Jin-song, XIE Wen—ping, et al. Accumulation
and potential ecological risk assessment of heavy metals in greenhouse
soils from coastal area of Jiangsu ProvincelJ]. Journal of A gro-Environ—
ment Science, 2016, 35(8):1498-1506.

(9] MAARTE , NI, AL, 5. = RV AR M - 38 5 428 Ph 7
Cd \As I HEER L AFRFAELD]. HbER 244, 2012, 33(3):331-340.

ZHAO Xiao—qing, LI Li—jiao, YANG Hong—hui, et al. The geochemical

characteristics of heavy metals in agricultural soils of the Bijiang Water—
shed in Yunnan Province[J]. Acta Geoscientica Sinica, 2012, 33(3):

331-340.

[10] F 247, IhPRNL, R, 2. R b ]t P 4o e w3 e S v
FEAES KIS PENT]. 4Ol BRI, 2015, 34(12):2304-2311.
WEI Xu-hao, SUN Qing—ye, CHENG Jian-hua, et al. Pollution and
potential ecological risk assessment of heavy metals in farmland soils in
Jiaogang Lake Basin, China[]]. Journal of A gro—Environment Science,
2016, 34(12):2304-2311.

[L#A 2%, S50, SR, 55, 07 KP4 308 i 4 JR Vs YL PPN AR 5
FAHIFET]. FREERL 244, 2014, 34(2) : 423-430.

HU Miao, WU Jia—qiang, PENG Pei—qin, et al. Assessment model of
heavy metal pollution for arable soils and a case study in a mining area
[J]. Acta Scientiae Circumstantiae, 2014, 34(2).423-430.

(2] % W4 % /NG, 45 ) VAR BB i L e o 4 s v e UK

PRI, FRERLE, 2015, 36(8):2964-2971.
WU Yang, YANG Jun, ZHOU Xiao—yong, et al. Risk assessment of
heavy metal contamination in farmland soil in Du’ an Autonomous
County of Guangxi Zhuang Autonomous Region, China[]]. Environmen—
tal Science, 2015, 36(8):2964-2971.

[13] £ F& e, skigom, 5. pRpgmoek M L RIEY E 4 RS

e K AL R [T]. o E PR, 2014, 34(9):2313-2320.
WANG Shuang, LI Rong—hua, ZHANG Zeng—qiang, et al. Assessment
of the heavy metal pollution and potential ecological hazardous in agri—
cultural soils and crops of Tongguan, Shaanxi Province[J]. China Envi-
ronmental Science, 2014, 34(9):2313-2320.

(1] LS, 2350, 70y, <. It DX RE b A P 98 R e 7 i o o

4 )75 Y B XUREPPA (). 2248 S EREE A4, 2006, 6(5) : 60-63.
LIU Hong-lian, LI Yan—hui, LI Lian—qing, et al. Pollution and risk e—
valuation of heavy metals in soil and agro—products from an area in the
Taihu Lake region[J]. Journal of Safety and Environment, 2006, 6(5) .
60-63.

[15] 22 22 Fk S5t - . P i T 3 Ao P 05 08 78 5 A 25 e 42 (M. b
A ALRUE R H AL, 2016.

Mamattursun EZIZ. Environmental evolution and ecological security in



AN IR A, S S BN S I 5 e B AU 929

inner river basin[M]. Beijing: Beijing Institute of Technology Press,
2016.

[16] Zulpiya MAMAT, Hamid YIMIT, Ruozi AJI, et al. Source identification
and hazardous risk delineation of heavy metal contamination in Yanqi
Basin, Northwest China[J]. Science of the Total Environment, 2014,
493(15):1098-1111.

[17] ZMER. NY/Y 395—2000 4% H + HeFR i
U E BRI Y A, 2000.

Ministry of Agriculture. NY/Y 395—2000 Technical specification for

Jo i W B A [S]. Ak

farmland soil environmental quality monitoring[S]. Beijing: China Stan—
dards Press, 2000.

[18] E Z I 7. HIT 166—2004 +HEFREEWEIIHE AR MAIS]. AL -
Hh B H A, 2004,
State Environmental Protection Administration. HJ/T 166—2004 Tech-
nical specification for soil environmental monitoring[S]. Beijing: China
Standards Press, 2004.

(197 MRl Bt Aol T4 T 4 ) 5 Y 8 A RS 5 SRR M. L3« R IR
BER}A A, 2007
ZHENG Guo-zhang. Theory and practice of research on heavy metal
pollution in agricultural soil[M]. Beijing: China Environmental Science
Press, 2007.

[20] [ AL SR, B KB AR W 7. GBIT 15618—1995 L HEFR BT i
FORUELS]. L5t P EBRIE AL, 1995.
State Environmental Protection Administration, State Bureau of Tech—
nical Supervision. GB/T 15618—1995 National Soil Quality Standard
of China[S]. Beijing: China Standards Press, 1995.

[21] Nemerow N L. Stream, lake, estuary, and ocean pollution[M]. New York :
Van Nostrand Reinhold Publishing Co. , 1985.

[22] Hakanson L. An ecological risk index for aquatic pollution control: A
sedimentological approach[J]. Water Research, 1980, 14(8):975-1001.

(23136 &2, IR, H . S FRI S B0 U)o 6w 15 G B R
A SRS, SRR, 2014, 34(4) :505-512.
GUAN Ying, ZANG Shu-ying, XIAO Hai—feng. Pollution and potential
ecological risk of heavy metals in core sediments from Majuan Lake in
Lianhuan Lake, China[J]. Scientia Geographica Sinica, 2014, 34(4 ) .
505-512.

[24] TIIHE, FARZN, UL, FAH JSTITE IS I8 42 Jag 2 [ 28 S P AR
KRBT ML, 2012, 32(8) : 1000-1005.

YU Wan-hui, WANG Jun-jie, ZANG Shu-ying. The spatial variability
characteristics and potential ecological risk assessment of heavy metals
of lake sediments in the Songnen Plain[J]. Scientia Geographica Sinica,
2012, 32(8): 1000-1005.

[25] Rapant S, Kordik J. An environmental risk assessment map of the Slo—
vak Republic: Application of data from geochemical atlases[J]. Envi—
ronmental Geology, 2003, 44(4):400-407.

[26] FOE R E W), % BESYRESEE SR S

AR TLIEAGL). 3FBIRLE, 2007, 28(3):647-653.
WANG Jun, CHEN Zhen-lou, WANG Chu, et al. Heavy metal content
and ecological risk warning assessment of vegetable soils in Chongming
Island, Shanghai City[J]. Environmental Science, 2007, 28(3):647—
653.

[27] SKIRITK, T 177 - BUARHRSN I, 2383, 55 3L HeWRi s M 1 i
IR IFRBE XU B AL TR S5, R4, 2015, 35(9): 1198~
1206.

ZHANG Zhao—yong, ABUDUWAILI Jilili, JIANG Feng-qing, et al. En—
vironment risk and chemical forms of heavy metals in farmland of E-
binur basin[J]. Scientia Geographica Sinica, 2015, 35(9) : 1198-1206.

(28] W L, PR R, XUT8), 55, T NS X 1 e T 4 {5 Yo e A B e

HSEEIFMI]. T EFRBERN, 2013, 33(38 1) 1) :49-53.
LEI Guo—jian, CHEN Zhi-liang, LIU Qian—jun, et al. The assessments
of polluted degree and potential ecological hazards of heavy metals in
suburban soil of Guangzhou City[J]. China Environmental Science, 2013,
33(Suppll):49-53.

[29] Fi55, poo I, MR R, S5, P 22T BR324 ) 2 A] 43

ARFAELT]. Mo 3P4, 2011, 66(9):1281-1288.
CHEN Xiu-duan, LU Xin—wei, ZHAO Cai—feng, et al. The spatial dis—
tribution of heavy metals in the urban topsoil collected from the interior
area of the second ring road, Xi'an[J]. Acta Geographica Sinica, 2011,
66(9):1281-1288.

[30] Boruvka L, Vacek O, Jehlicka J. Principal component analysis as a tool
to indicate the origin of potentially toxic elements in soils[J]. Geoderma,
2005, 128(3):289-300.

[31] Gray C W, McLaren R G, Roberts A H C. The effect of long—term phos—
phatic fertilizer applications on the amounts and forms of cadmium in
soils under pasture in New Zealand[J]. Nutrient Cycling in A groecosys—
tems, 1999, 54(3).267-277.



