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Heavy metal contents and evaluation of farmland soil and wheat in typical area of

Jiangsu Province
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Abstract; The farmland soil was the most main place of the agricultural production, and the quality of soil was the main
determinant for the quality and safety of agricultural products, thus it was important to make the quality evaluation of
farmland soil before the start of agriculture production. In order to investigate the pollution situation of heavy metals in
farmland soil and wheat plants in a seismic belt of typical area in Jiangsu Province, the wheat and the soil of cultivation

layer were collected from representative farmlands at harvest. The contents and pollution degree of Cu, Pb, Cd, Ni, Cr,
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Hg, As, and Zn were analyzed and evaluated. The results showed that the contents of Cd, Zn, and Pb in all soil samples
were higher than the background values of Jiangsu soil, and the contents of Cr in 25.64% soil samples, Cu in 97.44% soil
samples, Ni in 92.31% soil samples, and As in 92.31% soil samples exceeded the background values of Jiangsu soil,
while the content of Hg in all soil samples was under the background value of Jiangsu soil. Compared with the Grade II of
environmental quality standard for soil (GB 15618—1995) , among the elements tested, only the content of Cd in all of the
samples exceeded the standard, while all the others were under the standard. Correlation analysis indicated that several
heavy metal elements including Cd, Cu, Cr, Ni, Pb, Zn and As in soil had a greater possibility to have come from the
same source, however, Hg rooted in a different source from those elements mentioned above. According to the standards on
Foods and Products ( NY861—2004 ), the proportion of wheat grain samples exceeding the standards were 100% ,
58.97% , 33.33% , 10.26% , and 2.56% for Pb, Cr, Hg, Ni, and As, respectively, while Cu, Zn and Cd in samples
did not exceed the standard, it was demonstrated that the element of Pb was the most serious contaminant in wheat grains.
The contents of heavy metal in wheat grain were influenced by the soil heavy metal concentration and other physical and
chemical properties of soil as well. It was difficult to assess the pollution situation of heavy metal in soil comprehensively
using a single evaluate method. Therefore, in this study, the pollution situation of heavy metals in sampled farmland soil
was evaluated against references of national standard limits and background values of Jiangsu province soil through single
factor pollution index, synthesizing pollution index and Hakanson’ potential ecological evaluation index respectively. The
single pollution evaluation result showed that Cd reached severe pollution levels while the other heavy metals were in the
security range. Moderate pollution occured when the method of synthesizing pollution index was used. From the potential

ecological evaluation index, we found strong ecological harm in the investigated region with Cd as the main pollution factor.

Key Words: typical area; soil; wheat; heavy metal; pollution evaluation
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Table 1 The criterion of pollution grade of soil heavy metals

DR 75 Qe B b SRE TS YRR Shn e
6?%& Pollution index criterion of individual factor Comprehensive pollution index criterion
Grade 15 Y35 4K Pollution index 7544554 Pollution grade V5 YL F5 %X Pollution index 15 Y59 Pollution grade
1 %% Grade 1 P;<1 T P<0.7 Ry
2 % Grade 2 1<P; <2 USRS 0.7<P<l E314
3 2% Grade 3 2<P; <3 HhiG gt 1<P<2 LEREE
4 % Grade 4 P;>3 EREEC 2<P<3 RREE
5 % Grade 5 - - P>3 GIRCEL
%2 Hakanson BEESEED RiRE
Table 2 Grade standard of Hakanson potential ecological risk
ABEE LEYD 4 R AR5 &
Ecological risk Slight Medium Strong Very strong Greatly strong
E/ <40 40—80 80—160 160—320 >320
RI <90 90—180 180—360 360—720 >720
1.3.2 /NEEEGR TG YV T5 EAbR
/N T4 AR 15 e PP B R AR M A 5 119 NYB61—2004 1 N PFMARifE ' (%3) .
®3 1B NEESEFEITNIRE
Table 3 The standards for appraisal of soil and wheat heavy metal pollution
A% -4 42 BRE/ (mg/kg) + e BT 4RI
FLE Heavy metal limits of farmland soil Background Grain heavy metal R
Heavy metal values of soil containing limits Toxicity coefficient
pH<6.5 6.5—7.5 pH>7.5 /(mg/kg) /(mg/ke)
Cu 50 100 100 22.3 10 5
Zn 200 250 300 62.6 50 1
Pb 250 300 350 26.2 0.4 5
Cd 0.3 0.6 1.0 0.13 0.1 30
Cr 150 200 250 77.8 1 2
As 40 30 25 10 0.7 10
Hg 0.3 0.5 1.0 0.29 0.02 40
Ni 40 50 60 26.7 0.3" 5

# NY861—2004 R A7 ST LA HLAE , PRUHCR I i b 15 BB ( GB2762—2005 ) ) HP S TR R 4 S B EAN B e

2

SRt

2.1 RHETEERSESES 5T
2.1.1 RE+HEPESENSE
TR E SR S B ES R ARSI Wk 4, NFE 4 TUER A IEFE SR Cd . Cr,
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Cu Ni .Pb .Zn As Hg %5 8 Fl i 4 J&@ & i U X9E 20 90 1.52.72.99 37. 89 .30. 27 .40. 58 .79. 42 . 16. 13 .
0.03 mg/kg, TIEEEGRSEILHAE TIEESETSAEMI, 13 Cd Zn Pb B9 & EXE L TLIRE T 5
{H,Cr.Cu Ni As 7334 25.64% 97.44% 92.31% 92.31% (IREN BT VL4 H3ET 5HE , He 19 & 76
WA TIERSEU T, AN AH P ESEA ZHRRSR, 5 E K - 555 5w 55 i (GB
15618—1995) H I HprifERLL , R Cd 1 &l An i BR ) EBARF R 100% , M H T E 48 & m AT
FE FRAE

A5t FBUR WL T S ARREAS T A R A3 AR SRR B, — o XN 4 R B A48 5 RN AT DR B
XN E B ICR W AG RN 2R R4 TUE N, HIRES R & B2 R RN He,
iKF] 100. 82% , KW T4 rh Heg 19504 2200 AR, LB H 4 J8 oT R 19728 S RBGERAR /N, 78 9. 24% —27. 20%
Z I8, F M+ Cd . Cr Cu Ni.Zn As 7AW A 5] AR AL A TS G R 2

*4 RATHECESERBHRE

Table 4 Heavy metal contents in soils and the ratio of samples exceeded standard

AR &=/ (mg/kg)
FL)E Content of heavy metals IRRITES S ZH/ % HAREL /% HBIRE2 /%
Heavy metal e/ ME HHlE Ah{E STD cv Over-limit ratio 1 Over-limit ratio 2
Minimum Maximum Mean
Cd 1.29 2.34 1.52 0.29 18.80 100 100. 00
Cr 47.22 85.54 72.99 9.34 12.80 0 25.64
Cu 22.03 51.70 37.89 6.30 16.62 0 97.44
Ni 20.10 33.61 30.27 3.68 12.15 0 92.31
Pb 32.19 44.42 40.58 2.61 6.42 0 100. 00
Zn 36.67 95.05 79.42 16.73 21.07 0 100. 00
As 0.00 20.91 16.13 4.39 27.20 0 92.31
Hg 0.00 0.14 0.03 0.04 100. 82 0 0.00

bR 1 UE K AR 2 LA AR A 2 DITIR A T8 SHE 0 2 bt

2.1.2 LIEESIRAHEESHT

[vi] — DX 3 18 o 4 SR VR AT LU S — 1, ] I 2R 9% £ 38 4 T8 4 22 (8] A AH DG T DA
Do o4 TR R U A AR, AR B R & A B A OCE , BT R Z A HAA A R R IR B T REPE R, e 2 )
FORKPEART | L S LA PSS XS A IR Fh i 4w & i 2 AR R P IEA G R, Cd
.Cu .Cr Ni Pb .Zn As A H Z [EfFAE D 25 AR DG , AT ARI P HEWT Cd | Cu ,Cr \Ni Pb . Zn As Z [H] IR
AR, TR T AL Rk, Hg 5 Cr Cu Ni Pb Zn As Cd fHCHEA B3, R Heg 5 Cr Cu Ni,Pb.Zn As Cd
H SR IEAN]

®5 KATESEEETRZEEXIN

Table 5 Correlation analysis between heavy metals in farmland soil

Cr Cu Ni Pb Zn As Hg Cd
Cr 1
Cu 0.858 ** 1
Ni 0.900 ** 0.881"" 1
Pb 0.811"" 0.710 ** 0.800 " 1
Zn 0.902 ** 0.912*" 0.928 ** 0.709 ** 1
As 0.456 ** 0.590 ** 0.464 " 0.428 " 0.522*" 1
Hg 0.221 0.264 0.185 0.174 0.247 0.180 1
Cd 0.964 ** 0.920 " 0.943 " 0.822"" 0.954 " 0.582 " 0.213 1

# FRFE 0.05 K EAHDG, =+ FIRTE 0. 01 KT BAHG
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2.2 NEBELESTESHT
2.2.1 NEDESRENTE

AF DX I P9 BT AR 1) 39 AN/ INZZ A b R 4 T 7 S DU 5 SR R SR R e o T Lk 6 Rk 7, Ak 6 Al
BT HALE N DEERFRRD Cd Cr,Cu Ni Pb Zn As Hg %% 8 B H 4 & 5 19V 2{H 73 %14 0. 06 il
0.02 mg/kg 2. 10 F1 1. 19 mg/kg.3. 62 1 4.09 mg/kg.0.68 F10.68 mg/kg.1.67 F10.63 mg/kg. 13.09 Fi
23.35 mg/kg.0.97 F10.12 mg/kg.0.01 F10.02 mg/kg, SRR ESE S EAH L KR ESE Cu,
Zn i Hg W& 2 Homitk & i m , e o B h s B /N TR & &, B 3 Foc R HE TR AL /b
ZRRLP TR,

*k6 NNEHEKITELEMNES=E

Table 6 Heavy metal contents in the plant of wheat

- TR ot (me/ k) - ERRE%
Hiyiial /M Minimum A Maximum T Mean brifeffi2z STD R

Cd 0.03 0.10 0.06 0.02 28.73

Cr 0.52 4.83 2.10 0.93 44. 46

Cu 2.56 6.89 3.62 0.94 25.83

Ni 0.77 5.32 0.68 1.86 273.63

Pb 1.10 3.21 1.67 0.49 29.11

7n 9.77 18.33 13.09 1.90 14.54

As 0.00 3.92 0.97 1.25 128.71

Hg 0.00 0.05 0.01 0.01 158.22

2.2.2 /NERRIPE SR TG R

LLNY 861—2004 1F: 2 P4 b ofl, AP REHT Ph 9 7 bk 4 i AR fEFR AL, Cr  Hg  Ni | As 5333147 58. 97%
33.33% .10.26% 2. 56% Ffhn it bRAfERR (A, Cd ,Cu  Zn BT FF SIS AR BRAFEL (3R 7) (NYB61—2004 FrifErf
B TR HLE | PRI TR it V5 BR A (GB2762—2005) ) H 06 TR I BRAE A I FA afe) o itk
AT LIS DI /N A2 T G TR V5 A IR 1 L) P T i T

x7T NEFHNHPESEENESERBIRE
Table 7 Heavy metal contents in the grain of wheat and the ratio of samples exceeded standard

HAJE &5/ (mg/kg)

IR Heavy metal B/ M Bokfi i ﬁ@fﬁ E’E'Lff& . Owﬁ/ .
Minimum Maximum Mean ) remmE
Cd 0.01 0.08 0.02 0.01 48.33 0.00
Cr 0.46 2.45 1.19 0.49 41.12 58.97
Cu 3.05 5.19 4.09 0.52 12.70 0.00
Ni 0.23 2.02 0.68 0.50 74.04 10.26
Pb 0.53 0.82 0.63 0.06 9.48 100. 00
Zn 17.23 30.88 23.35 3.26 13.95 0.00
As 0.00 0.86 0.12 0.14 116.77 2.56
Hg 0.00 0.08 0.02 0.02 106. 37 33.33

2.2.3 /NEPERSBHAEIS

TR BN N R A R R R N R P A R T R, R R, L
pH {EAI/NE KPR P E 4B Cu Ni Zn As Hg FIUH GUAHSENE  Horf Cu Al pH (R ELH B3 1 FUAHSE R M
KRB H-0.365(P< 0.05),

M 8 /NERFRL SRR P E AR & B AR AT ] LU L NERF R Cd | Cu Zn \Hg 975 & S5HEHER
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SRR S EMIEA LR F R4 0. 744 0. 456 0. 594 0. 455, W /NE R b B4R Cd,
Cu.Zn Hg SH ST SRR B, DNEFRLS TR GRS LUE /N2 RER Y He
FUNI (& i 5 iy Heg AT Ni B Sl bl 25 TR AR O FHOC R B30 20 0. 455 F10. 638, L7 KL Hg FT Ni
B EEZ PR SR SR mMA, HEESBEHCAEE Wik h iR FEZ P HEREY
SO, PRSI TR 4R O R AR S R TR I T /N R X AN [ B 4 S AR IR RE AR T

x8 NEFHNEEK IHEESESEUR TE pH HAXSF

Table 8 Correlation analysis between the contain heavy metals of plant and grain and the pH of farmland soil

i § KPR 45 )8 Heavy metal of grain
Project cd Cr Cu Ni Pb Zn As Hg
pH 0.076 0.013 -0.365* -0.119 0.055 -0.218 -0.201 -0.014
i Plant 0.744** 0.030 0.456 " -0.033 -0.276 0.594**  -0.153 0.455**
+- 3¢ Soil 0.040 0.062 0.231 0.638**  —0.046 0.012 -0. 144 0.455*"

# FRFE0.05 K LAHDG, =+ FIRTE 0.01 KT LAHG

2.3 RHEEHEDESES RN
2.3.1 RH 54 ETS Y 0 P PO ZE A PR K

P SR A S PREE AR (GB15618—1995 ) IT RARMEAEAVE ARG , THA AR5 X 38k T B 39 A~ 3R 5 1)
BTG YR BORN 25 A5 YL AR 5L

MNF9 T LIFE H, & H HI1EF 48 Cd.Cr.Cu Ni.Pb.Zn . As Hg B EI575 Ye 45 $OF B4 514 3. 94
0.39.0.44 0.63.0.14.0.33.0.52.0.07, HH Cd (HREFI5 Q38 EHCFIER T 3, )8 THIGYKF, HEH
EIEPHE I RAEENT 1, DIEZ H A s bR ifE (GB15618—1995) H 1T b il A PEAN Fr i 148 25
AR, A5 R RV M T 5 M X B 4 R V5 Y I 2R B R EICH 2. 84, A8 S R ECH 32.00% ., ARIE T A L
H X A A3 B A S EEVS YK, DL Cd i B ST T,

®9 KHESRETHIEH

Table 9 Pollution index of heavy metals in soils

T H FR 15 YR EC Individual factor pollution index AR
Project cd Cr Cu Ni Pb 7n As Hg Composite index
5/ME Minimum 2.16 0.24 0.23 0.41 0.11 0.15 0 0 1.56

e KA Maximum 7.68 0.54 0.85 0.82 0.17 0.46 0.69 0.3 5.51
FHIE Mean 3.94 0.39 0.44 0.63 0.14 0.33 0.52 0.07 2.84
FRifEZE STD 1.27 0.06 0.15 0.09 0.01 0.07 0.15 0.08 0.91

A5 FRE % CV 32.31 16.11 34.18 13.67 8.84 21.9 29.15 106.09 32.00

2.3.2 fRH P ESREEAESEET T

MENEEBBTEAESEERECRE (£ 10) WOV ELSGFE R B R , EYME R 475,78, BB
SR AR S AR S {H N 540. 00, IR {H M 298. 46 , 28 S ZHCHN 13.87% , 1] LB R A5G E BA M
i, HEHESLE Cr.Cu Ni Pb.Zn As Hg MIETEASEE RECTFHIMES 50 1.88 .0.24 1,41 .0.69 0. 50,
0.27 4.39 4. 83, ¥R A RMAED B ERE , b He AR REAR K, 4 100. 82% & BIWF 5% IX 5k Py & H £
HE SR He MAESfEE A RE R,

MR fEFEIRBORE (% 10) , HA R WA A S ERECEE N 521. 75, 5 KB R 599. 60, 5/
B4 330. 75,28 5 RECH 13.92% , RIUNARE M LSO FERE, EETTBRE 24, WS RE0T LA it
FE DRI P AR A e 3 ELA AR
3 iTig

bR Hb DX M T S M S SR — N YT RS B AR A U A5 B b DL R A
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5 ] L S 5 XA B 2 5 1 SR B B O T Bl S B AR R A, SR R B b IE
DXANTR] ) SRR, 4 SR S5 IR A 01F 57 2 W M 3R T LA 5 | 7t X 38 1 B M T b T b R Ak
TIEE SR FEHTRY], Cd Zn Pb Cu Ni As &80 VTR LT G 8 5 1 A7 SH(EL, el A< [ 41
BRI AR, KL Cd )RR B H S 2 o0 1T 5RMH 9. 92—18. 00 15,

R0 BEESREREMEEEH

Table 10 The potential ecological risk factor and index

WiH WAEA G E R B E, ' The potential ecological risk factor £ WA EFRE RI
p‘ fect The potential ecological
rojec cd Cr Cu Ni Pb Zn As Hg Risk index RI
i K {E Maximum 540. 00 2.20 11.59 6.29 8.48 1.52 20.91 19.74 599. 60
f/IME Minimum 298.46 1.21 4.94 3.76 6.14 0.59 0.00 0.00 330.75
SEHI{E Mean 475.78 1.88 8.50 5.67 7.74 1.27 16.13 4.79 521.75
brifE2z STD 65.98 0.24 1.41 0.69 0.50 0.27 4.39 4.83 72.62
A5 R E % CV 13.87 12.80 16.62 12.15 6.42 21.07 27.20 100. 82 13.92

3 AR S A B R AR, AR R, RO R AR SRR R
Bl TR A5, AR RPRESE R S EEF B OF58 KA 38 AR ol A A DR A
T %2 B T B, — FEERHF S8 AR A OB B 5 4 8 R e R i i ) AT s I H 48 Cd . Cu Cr,
Ni Pb.Zn As Z [ fFAEMR b 2 AR OCPE | I 8 43 Jm o0 2 Z (WA AE i VR , AT RESR VR T 1 BT, M Ikl
AR EESE S ESIIHE PEESE S RE R EES RS R BV, EINEE SRk
TREE 2 IE LT AL R UTRE , 15 /K HERE , TR IR S 30 A A2 5 45, R38R 4 1) & B A2 4 S 0
BRI R AR K, A5 XIR TAk R R 3K, 8 TAEGE AR AR 7™ X, 6 SR IURE 5 A B 3k T Tl X 28
TWELIE | PRI EE 4 SR R IR AR A e AR 2 AR S AR R R

e R IR, AR T3 Cd SR TARE(GB 15618—1995) FILAE M BRAE , (/N2 ki Cd 1 &
WA PREE, 3P P Cr B &K TARME(GB 15618—1995) BRAE, FIT BURE 5y Bl /N 22 Hfobr v T 4
J&h Ph FEEE AR HERR ], Cr AT 58. 97 % MURE S I ARERR ], 1338 Pb Cr iR MR 2 , A G AE )
WA A 0 (AR 5 IX S8k PN /N AT BB AR RIS 18 3 T 5 9 B AR M T 48 Cd, A T REAE LIRS 4
J& e SR, A P RE S A T A R A R T N g I pH L CEC FIA LS A2 m T
WA DAY S A BN E SR TR s R, VRV AN IR 4 s (4 W B SR AR RE AN A R A DG A3 B
W] TiX— i, 13 Cr Hg Ni As & A &8 B riE(GB 15618—1995) FRAE , (H 2415 F 58.97% \33.
33% .10.26% .2.56% ¥ i/ N FPRLBATARAERRAE , H B PG v] BB 5 /N2 RO RIS 56, AR TR /NZZ s
48 ORI & SR RE IR, S BU PR P AR SR E R
4 #ig

(1) 558 HIERE SR SR S EFYEA L, Cd Zn Pb A& R IT A HIE8 544, Cr . Cu Ni|
As IR HH 25.64% 97.44% 92.31% 92.31% HIkE SIS VLIR30 508, He IS EETT A
T FAELUT 5 RIS R ARAE) (GB 15618—1995 ) Hh T RARAEAH L, Cd 187 f 8 i Fn v FR | o
FER SR AR MERE, Cd.Cu.Cr.Ni.Pb.Zn As Z A1 FEAER 38 A G 1, Fe WX B0 % 22 a] ] fig
FETERIIEME

(2) LA NY861—2004 1EANPEMFRUE, BT Cd . Cu F1 Zn LASMHE 4 8 A AR B AR, AHC BT
F2] KPR Y He 5 3P 9 He W25 EAE G FPRL Ni 5 148 Ni W25 6k 06, R WITFSE K He 355 A+
S N IT AR T NI BE N IT R

(3) LIVILon A L 4 8 & 885 55 0 IF I bR e T B 28 A 35 50 228, 24, 35 B 5§55 e K U
GB15618—1995 H 1T Zhn i R AR vfE 13 H VT 95048 Mo S5 L X A F 3 T & TR 28 B T5 YRR 50 2. 84,
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A E] 7RIS YRR WA S F AR HORE , A e AL S 1R O BI(E D 521,75, R BN
s A A S EREE, FRITIKIN TR HEE)E Cd,
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