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Soil heavy metal pollution and ecological risk warning assessment of pepper field
in Yanqi Basin, Xinjiang
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Abstract: Heavy metals have long been recognized as pollutants that are potentially harmful to human health. In recent
decades, research on heavy metals in soil environments has become a hotspot in environmental research. Under normal
conditions, heavy metal concentrations in soils are several orders of magnitude higher than that in the background value of
soils. Thus, the concentrations and potential ecological risks of heavy metals in farmland soils are important reference
indicators for evaluating farmland soil environmental quality. Human activities are known to result in heavy metal pollution of
farmland soils. Recent research in this field in China has focused on the sources, distribution, pollution, and ecological risk
of heavy metals in farmland soils in the eastern or central parts. However, there has been limited research on soil
contamination of farmland, particularly pepper fields, in the arid regions of northwest China. Therefore, we collected a total
of 105 soil samples from pepper field in the main pepper production area ( Yanqi Basin) in Xinjiang, China, and
determined the content of eight heavy metals (As, Cd, Cr, Cu, Mn, Ni, Pb, and Zn) by standard methods. The heavy

metal pollution of pepper field soils was analyzed based on pollution load index (PLI), potential ecological risk index
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(RI), and ecological risk warning index (/). The results indicated that the average content of Cd, Cr, Ni, Pb, and Zn
exceeded 1.65, 1.40, 1.32, 3.21, and 6.42 times, respectively, that of the background values for irrigation soil in
Xinjiang. High levels of Pb, and Zn pollution, low levels of Cd, Cr and Ni pollution, and no As, Mn, or Cu pollution were
detected in pepper field soils. The average value of PLI was 1.40, which showed a light pollution level; the average RI for
each heavy metal in decreasing order was as follows: Cd, Ni, As, Cu, Pb, Cr, and Zn. The average value of RI of soil was
18.40, which indicated light ecological risk. The average value of I of soil was —4.78, which indicated a no warning
situation. The pollution level, potential ecological risk, and ecological risk warming of Bahrash county were the highest,
whereas those of Hejing county were the lowest in Yanqi Basin. As, Cd, Pb, and Zn pollution in pepper field soil were
mainly affected by the human activities, and Cr, Cu, Mn, and Ni pollution were mainly affected by the geochemical
background of soils. Cd was the main pollutant of farmland soil with strong influence on the PLI, RI, and I;. The pollution

risk of Cd should be a major concern during the process of agricultural production in Yanqi Basin.

Key Words: pepper field; soil heavy metal ; pollution; ecological risk; Yanqi Basin
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TP DG R R R IERE " Bl A - VR T R R B A B, S A 85 22 4 Jm] R IE
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1 MREMREHARFTE

1.1 ARSI HENL

B S B M (85°55'—87°30'E,41°50'—42°20"N) {7 T3k K 1l 32 Ik A AR 3% I LR A% B H: S k) e gk
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+ EFEVS A ER S AL HRAE R LA 86°00' 86°20’ 86°40' 87°00’ 87°20'E

( Phragmites communis) \£LM ( Tamarix ramosissima) %% =
YeH (Alhagi sparsifolia) (75 ( Typha orientalis ) F1 R 2% é
( Ephedrap rzewalskii Stapf) %k 3, RAEY) 2 DI BR
B A N AR B OK S Sy 32 R R R TSR 5
T EE = g
1.2 TR SIE
2016 4 8 H 7615 & 4 #E 47 BB 3% )2 (0— :
20cm) +HERE G TR, BRI 105 AU RPERER: . TR RO S T et
AR S AR A 3 PR o W I R TS ) (NY/ AR L i
T395—2000) ¥ RI 10mx10m Py BEIEE B 1 1Y/
FHEE B TR CREERIZ T3 200g 224 H 78457 Fig.1 Location of study-area and sampling sites

IRAJEREAGG A B RSN, FREEIR TR,
BHRTRIE , MRV R AP IR AR5 2%, FEM IR A TG I 2 55 (20 40 J50) BURE 2 20, FHID S BI SR E — AL T 1% | 3
it 100 HJE BFIRAG &M, W& 13RS As .Cd .Cr .Cu Mn Ni .Pb 5 Zn &8 HIFELE S HIES %
(L HEFREE WS AR ML) (HI/T 166—2004) ) 5% Fi HNO,—HCI—~HF—HCIO, 1 H $i im0 g f: 4k 31
J&,Cd Cr .Cu Mn Ni Pb Al Zn i3 5 F 32 B #F 19 O B I IBOGTE 4 ( Agilent 200AA ) W22, As 7 12 H]
PERSEE JF 729G ENL(PF-7) I5E , AR HFEM 3 a8 FIRERIEATRE  BOFE X A RE S i e e,
A AR A B AR S Y T (GSS-12) HEAT T R, 45 B4 TR 1 DSR4 7E [ AR 1 5 Lo ) T 1Y
SVFIEREIN . 3% pH {E A E 3 0 A9 Mettler Toledo pH THME . 3 4 & & & AL H s KA # ML
LSE
1.3 15PN

DL ST £ T 4 BT (O VA IR , SR ST -7 4 45 K0 ( contamination factor, CF') I Tomlinson
$2 75 e SAURFRE A0 PLL) 7 X AT 5% XS b, 49 7 4 B R AT VS Y PP . DA SR B O R o)
(GB15618—1995) Hf T1 Zhrife (pH>7.5) " A MK , R ] Hakanson i H 9 /e Az 25 KU 8 84 ( RT) BF
Wb - 46 T 4 V5 e (0 TR A A A RUER 0 ISR Rapant 250 B A 0 Az 25 JRURS: T 46 280 (1, ) KRR
b 38 A5 2N AU R A T PRUEEITAT , bt 5 DX AR ) - B 45 S ¥ G 2B 25 XU 1T R H B0 A 5 vl A AL T A S T i
% CF .PLI.RI VL I TR R WA 1,

®1 ESEFERAFEH ESRRIEHS ESRERER BTN E

Table 1 The assessment of pollution load index, potential ecological risk index and ecological risk warning index for heavy metals

£ Feika ZHURHIE

Index Expression Parameters

TSR CFRNTEEE i M5 YA o, WEETE @ 19 MRV B
CF,=c/c, 5 8 =

Contamination factor (mg/kg) se, WELE i MIEARE (mg/kg)

15 9 B i 5 K ., . : = .

PANUH 1AL PLI = !/CF, X CF, X -<CF, PLI A5 UG R n S0 T £ 8 763

Pollution load index
RIJ j BE S 2 R0 & B4 & e IR T8 R £

) . B AR i 00 TR S USRI, Con j R T

Ej = YTC = X Tiej/ch  JR i W5 AR HG o N j RS HEE QR i i 5
(me/kg) sei AR i 105 WAL T 0 T 48 § 1% b

T S KR & -3

Potential ecological risk index =

ES 4
A A RS TR 4 A I i[ _ i( Je - 1) T ARG TV HG 5 L, M R oI SR A 55 0 b
Ecological risk warning index R = ERi ™ et €7 e RASREETE
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CF W15 Y BARMER . CF<1 J& TII5 Y9 1<CF <2 JE TR BI5 YL  2<CF <3 JR T Y, CF>3 BT
GG, PLI AT Qe BN . PLIS 1 JB T I59, 1<PLI<2 J& TRETG Y, 2<PLI<3 J& THE 5,
PLI>3 J& THEE LY, B RS AR B/ AR R : E <40 J& TR, 40<E <80 J& T 45 XK, 80<
E<160 J& T # 3 A, 160<E <320 J& TR KK, £>320 J& F %3 XU 5 RE 4 Az 25 KU A B2 43 bm oA -
RI<150 J& TRAA: , 150<RI<300 J& T H 55 XU, 300<RI< 600 J& T 455 KUK, 600<RI < 1200 J& TR 55 X
WS, RI>1200 J& TARIRUE o 1o 25 S XU PVE SE 3 BARUE N 1, <O J8 T T, 0<l < 1 J&/ T 1<l
<3 JB TR 3<l, <5 B THE 1,>5 B TEE ",

1.4 B 5T

AT L 4R A ARG T AT S R AT ST R A SPSS 19.0 4T s AH S L]

YETE ArcGIS 10.3 H158 L,

2 RS54

2.1 BRI SR S RS THRE

ARSI T4 R AT (R 2) B E A s - 38 h 48 As Cd . Cr.Cu Mn Ni Pb 5 Zn it
2T 0.97—53.95g .0.05—0.69g .35.38—95.04g . 19.94—73.12g .375.55—789.68g . 19.94—55.97¢ . 13.15—
96.36 ,45.25—848.96mg/ kg , - 14 & E 43 M 6.28 .0.20.55.41 ,31.19 :503.91 ,34.95 43.33 . 107.82mg/kg, Mn
A ] Y E KBRHE(ESM , As \Cd ,Cr .Cu \Ni Pb Fl Zn & & V- AL R I B R 3 85 e T R i R
B, BRAUH A58 As Cu F1 Mn % 5 (97 B A8 ok S AR 175 508, Cd .Cr \Ni \Pb Fl Zn & &0 FH{E 7
) T A S 1.67 .1.40 1,32 .3.21 15501 6.42 £, MO As Al Mn & B A0 - (B A e+
B4R S, Cd Cr . Cu Ni Pb Fl Zn & A2 2500 4 e 1875 (B AY 1.67,1.12.1.17 . 1.31
2.23 1.57 fif, T3 pH (LIS EA T 7.93—9.46 Z[A]  F-2(E Ky 8.52 8 BT - 3875 (e, 2. 5
& B As .Cd F1 Zn BYMBFRZES M 0.95% .0.95% F1 4.76% ,Cr .Cu Ni 1 Pb ¥R Bk, U015 & 2
MU - P E AR As Cd Al Zn A ARIFEE KRR ZE, As Cd Fl Zn 354 AT HE H AL B 5 M08 . +3 Cr Cu,
Mn Ni 5 Pb S &P, 15 581K,

®2 REZNMSFMBTEESESERIT

Table 2  Statistic of soil heavy metal concentrations of pepper field in Yanqi Basin

"R As/ cd/ Cr/ Cu/ Mn/ Ni/ Pb/ Zn/

Heavy metal (mg/kg)  (mg/kg)  (mgkg)  (mgkg)  (mgrkg)  (mgrkg)  (mg/kg)  (mgrkg) pH
#¢/ME Minimum 0.97 0.05 35.38 19.94 375.55 19.94 13.15 45.25 7.93
KA Maximum 53.95 0.69 95.04 73.12 789.68 55.97 96.36 848.96 9.46
S Mean 6.28 0.20 55.41 31.19 503.91 34.95 43.33 107.82 8.52
FrifETR 22 Standard deviation 5.98 0.08 11.12 6.62 63.44 6.51 24.24 118.6 0.29
A5 R Coefficient of variance 0.95 0.40 0.2 0.21 0.13 0.19 0.56 1.1 0.03
T3 228 Skewness 5.26 2.06 1.38 2.63 1.71 0.51 0.29 495  -0.16
W 18 220 Kurtosis 38.99 11.48 2.09 14.51 5.95 0.99 -0.74 27.12 2.73
BB+ AR

Background value for irrigation 9.09 0.12 39.6 35.8 688 26.4 13.5 16.8 ==
soils in Xinjiang

B - A R Y

Background value for soils 11.2 0.12 49.3 26.7 688 26.6 19.4 68.8 8.1

in Xinjiang

FE R L HEAsE i [ Jbnifi
(pH>7.5)

. . . . 25 0.6 250 100 — 60 350 300 —
National soil environmental quality
standard ( Grade 1I) (pH>7.5)
HBARE Over-limit ratio/ % 0.95 0.95 0 0 — 0 0 4.76 —
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SRR R S HE S E SR S RIS R SRR RBKT 0.5, M E SR & 825 [ A
AY AR IR Y BE A ANEY R ABTEC  BEE IX T F AR As Ph R Zn AYAES R BT R 0.95
0.58 1 1.10, 28 5 tbAs B I, B As Pb Ml Zn 32 K46 J5 3 i5 YL IR 52 m , Cd 128 5% R 50 0.40 , 2B 4648
S RN ZE X RS BRI K, Cr Cu Mn Fl Ni (92857 ZEE/NT 0.25, RIS R H S &
SZHNRR A /N, 3 pH (AR S RECK 0.04, S M 0 A 5 345) . R E 2240 ( Skewness ) & R B8 0 A
ARG, HAR A0 2 AR BRUE 43 A X B i FBE 10 8 o 7 R 36 7 HL 40 A T 285 O D bR B A W
F AU (Kurtosis ) A B b B BUE A LS BERFR BE B Ge T i, W B 1) 4 X 8K 3 7R o A IS 1) B
FRESES AN ESREBRK, FRXESEITE As Cd,Cu M Zn RE R E(5r51H0 5.26 2.06 ,2.63
F14.95) FEREE R (4390 38.99 . 11.48 14.51 1 27.12) Bk, R4 T IEEEALEAE As .Cd .Cu Al Zn (& &5
X AT R AR
2.2 Bkt E 4 JE ok IR

FHSE AT AR T A3k o] DA TR A AT 38 B B R IR X35 5 2 bl - B i 4 g o ik
17 Person MM A B, 280 4 )@ e R MAEEM M (£ 3), Hif,€d 5 Zn,Cr 5 Mn Ni . Pb,Cu 5 Mn,
Ni,Mn 5 Ni DI Ni 5 Pb Z[B]#AH CPE S 20 2 K- (P<0.01) , fAEAR IR AICE R . As 5 Pb Zn,Cd
5 Mn Z 8] A SEPE TR 35K (P<0.05)  AFTERCR A SCPE . FR BL AT DA B4 T, A9 5T IX BEAUD + 18 As |
Pb Fl Zn BRIE R REAATR] , T Cr Mn Ni A1 Cu AR IEIRFRAHRIPE AR K s Cd MRIE AT BES Mn Zn HIL, 23
FHEAEREE G154

®3 MRRLIBESEETEZEHEXEN

Table 3  Correlations matrix for the heavy metals in soils from study area

W H Item As cd Cr Cu Mn Ni Pb
cd 0.05
Cr -0.10 -0.10
Cu -0.11 0.12 0.16
Mn -0.01 0.19* 0.35"* 0.34""
Ni 0.15 0.11 0.29* 0.34** 0.416**
Pb 0.23* 0.01 -0.18 0.14 0.14 0.17
Zn -0.21" 0.42** 0.03 0.09 0.13 -0.01 0.01

* AHOGHETE 0.05 7K [ 25 (2-tailed ) 5 ** AHICHEAE 0.01 7KF- [ il 25 (2-tailed )

N 2T R R AR R AT RS T ERUT T A R (3R 4) BT 4 S F R
FREERT 1, BIHARRE TR0 2219 86.24% A5 73 BT SR , W T A $8 bR ZE A 45 Hh 58 70 OS5 — 8
(PC,)) W77 2 TR 3H 32.78%, Cu Mn 5 Ni 7£ PC, F H AR KM KT 0.75, PC, L E4EJE As Fl Pb B
BB, 0508 0.79 5 0.78,, PC, L E4JE Cd M Zn HA 8w a4, 4304 0.76 #10.78, PC, 1
& Jm Cr BAEE BT, N 0.77,

x4 TEEESETERTHA

Table 4 Factor matrix of heavy metal elements of soil

E%y Tr 2 BTHkR K175 22 5k
Principal As Cd Cr Cu Mn Ni Pb Zn Variance Accumulative variance
component contribution rate/% contribution rate/%
pPC, -0.01 0.38 0.43 0.76 0.81 0.78 0.24 0.31 32.78 32.78
PC, 0.79 0.18 -0.31 -0.01 -0.06 0.19 0.78  -0.03 23.63 56.41
PC; -0.18 076 -0.21 -0.08 -0.08 -0.20 -0.16 0.78 17.32 73.73
PC, 0.17 0.21 0.77  -0.35 0.12 0.13  -0.25 0.02 12.51 86.24
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2.3 B E SR IS YT

DURT SR G R SRS A, THAAS BIS E A HOsU U 358 5 6 8 AR AR AR BRI YR A
(CF) B lg Y Mg 505 (PLL) IR IE AR ESEAT TI5 Y b, PR 5 R, 558 2 Bfobih 3 As |
Cd .Cr.Cu Mn Ni Pb Fl Zn PTG 75 e 35 B0 7 2 (5 M KB /ME R M. Zn (6.42) Pb(3.22) .Cd(1.65) .Cr
(1.40) \Ni(1.32) .Cu(0.87) Mn(0.73) .As(0.69), Pb Fl Zn J& T-HEEEI54%, Cd . Cr Fl Ni 5754, As Mn F
Cu Joi5% . WA TE 48 T E AR RTE Y g5 AR AR K 7 HE AR BB LSk 48 K8 434 45 As Cu Fil Mn
B CF J& T ICT5YY , ToT5 Jeht S 800 ) (G R A B 84.76% .85.71% 1 98.10% , 4 K HB /3K 5 Cd ' Cr Fl Ni
B CF J& TR EETS Y R BT Yo e i 80030 i 1 B 66.67% ,93.33% i1 90.48% , KR4 F 5 Ph Fl Zn
B CF J& T H V5 9% , 8BTS Yt s 800 ) o R s B 48.57 %1 97.14% (3K 5)

K5 ARBRPINERBEHRLENEIE

Table 5 Percentages of sites at different pollution levels in the total sample sites

JE AR F75 Y48 %X Contamination factor V5 YLt far 5% PLI
Pollution level As cd Cr Cu Mn Ni Pb 7n Pollution load index PLI
JeT5 4% No pollution 84.76 15.24 0.95 85.71 98.10 7.62 11.43 0 6.67

1 BEI5 Y Light pollution 13.34  66.67 93.33 13.33 1.90  90.48 15.24 0 92.38

HF 375 4% Moderate pollution 0.95 16.19 5.71 0.95 0 1.90 24.76 2.86 0.95
HREI5 YL High pollution 0.95 1.90 0 0 0 0 48.57 97.14 0

FT GIS AR, L5 E A b 1 5 1 4 8 B0 Ye 48 50 ( CF) s Y £ far $5 45 (PLL) 23 ] 43 A [&
(B2 5K3), Bl 2 a7%0, Bk 8 i 4 @ 70 28 JI0 5 Yt B 25 M) 73 A i Jm & A AR . Zn 2 AF5E X 75 9%
FEBE e MG R, KER A XS A B V5 Yo o 3 5 Ph SR RS0 IX R85 RS R e R BB E B RIS
VRS EL VG g A6 75 YA AE DX A A X 875 Je s i, Cd o2 RIS e B30 = o &R, Rk 4 X L R
1544 3 ; Cr ZERFSE X N AR A3 X SR I o 2 B T Yo S 3 e B BRI 5 5 & B BLIR VY m S A2 e b
TGYLIX, Ni FERFSE X P R A3 IX S 36 B AR VS eS8, Cu M1 Min FEBFST X P G 43 X B e K Te s e 745
B As 7E TS EL R E8 5 AR B PGS0 BT e S X DLAN, R A KA R B R oI5 Y, B R FIE T K
o AR, Cr Cu Mn 1 Ni 76 F-E BLIRARHRILANAE A 75 Yo P BE AR X 388 15

WF5E X 44 8 4 5 Y S far F5 50 ( PLI) ZR (LT A 0.88—2.34 Z Ja] PN 1.40, AR5 YL PLI
AR TS Yok, T8 T I 4 5 B R v B S e B ROl ] A AR EY 6.67% ,92.38% Fll
0.95%, M PLI Z5[B) 53 Ak Je ok A (K 3) , A B 5 s B e S R B R s g, M EMEE 20
T g T RN BT YL R S R Y R R T 2

A BB £ IR E 4 R 5 Y PLI R E K& B R AL 5 AaTE PLLSF3B{E 5108 1.17 11,63
1.39 Fl 1.44 #R BB EIH YA BF BB T IO 3 55515 YL AR 508003 51 b A A8 4y 30.0% i
70.0% ; I EL A R SR T RS U MER LB TS5 9 R 5 b B 5 Y B AT 800 ) o5 B A B B
2.44% M1 95.12% 5 2.44% ; M B A #E S8 TR S A H (K 6) . nTLLAE W, M BB + 18 E 4R
EREERS,BEERIK,

®6 ARXEAE PLI RN HAEABHENESH %
Table 6 Percentages of sites at different risk levels in the total sample sites/ %
75 Y 1 fa7 385X Pollution load index

b Area T BT i 5 [
No pollution Light pollution Moderate pollution High pollution
NEH 30 70.0 0 0
JivEE B3 0 100 0 0
ile=s 2.44 95.12 2.44 0
st £ 0 100 0 0
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Fig.2 Spatial distribution of CF value of soil heavy metal of pepper field in Yanqi Basin

2.4 Bk -8 4R T Y AR S KBS TEMY

DL FAEERES i 1T ZhniENE S U, SR Hakanson JE7E2E 2SR H8 505 | 1815 2115 B A b BUUH
I SR AR L AT A S S HE B (B) M ER B WA RIS FE B (RI) |, I AR T AE A= 28 KUK 43 %
FRUEFEAT T A S KU A, T4 JBICE As Cd .Cr.Cu Mn Ni Pb Hl Zn AY#EIE 225050 91H 10.30.2.5.1.5.5
R AR B8 A M - 4 T 4 i RIS KUK 18 B S I K B/ Ry - €d (9.91)
>Ni(2.91)>As(2.51)>Cu(1.56) >Ph(0.67)>Cr(0.44)>7Zn(0.38) , FFAREA As Cd .Cr .Cu . Ni.Pb Fl Zn 15
W AEAE S KUK FR B/ T 40,40 TR AR S KUK KO o 5T X 2R BB 7R A B RS FR EUB AL 15 4 T8.74—
45.36 Z[8], FH{E K 18.40, %4 i Hikanson HIPEMTFRIUE , 55 & A0 b BN BT A L 3ERE A I TR TR AUE B XU
KF(ET)

IS Z PR 25 A A T I 4 R V5 P SR S T TR A S XU A8 B (RD) By Zs Rl 53 kg Ja sk B (181 4) LRI
23 (8] 3 A 2 A B S b P A A b T EL a0 R L RN A L AR R S DX A A RS R
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Table 7 Percentages of sites at different risk levels in the total sample sites/ %
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Table 8 Percentages of sites at different warning level in the total sample sites/ %
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