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Concentrations and Spatial Distribution Characteristics of Available Heavy Metals in Vegetable Soils in Jiang—
bei Area of Nanjing City

ZHOU Wen-lin, LI Ren-ying, YUE Hai—yan, XIE Xiao—jin, ZHU Hong-xia, SHEN Shuang—he

(College of Applied Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044, China )

Abstract ;75 surface samples were collected from vegetable soils located in or nearby 5 contrasting zones : industry, arterial highway, resident,
vegetable production base and scenery site, across Pukou and Dachang districts of Nanjing City. Pollution characteristics of available heavy
metal(Cd, Cu, Pb and Zn) in soils were assessed by methods of normal statistical analysis, principal components analysis and geostatistical
analysis. The results showed that the average concentrations of available heavy metals in vegetable soils was the lowest along arterial highway
(Ningliu Road from Village Taishan to Nanjing University of Information Science & Technology) and the highest in industrial area(Nanjing
steel group or Sinopec Yangzi Petrochemical Company Ltd.) while those of other functional areas were between the two above. Two main
sources of available heavy metals, agriculture and industry —resident, were obtained, by principal components analysis. The order of heavy
metals pollution in vegetable soils in the functional areas was: Ningliu Road(from Village Taishan to Nanjing University of Information Science
& Technology )<Longwang Mountain scenery site<Pancheng vegetable production base and Pancheng Town<the old industrial area(including
Nanjing steel group and Sinopec Yangzi Petrochemical Company Ltd. ). Available Cu, Cd, Pb and Zn exhibited moderate spatial dependence
in vegetable soil in the studied area. The geostatistical analysis also showed a significant anisotropy in distribution of soil available heavy
metals which demonstrated an azimuth angle in the long axis direction(N-S). The spatial distribution of available Pb was more discrete. The
high—value area of available Cd, Cu and Zn was generally located in the old industrial area.
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Figure 1 Distribution of soil sampling sites in Jiangbei area
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R 1FIH THIRK 75 A3 LA ES R
RE R, ST IARES Cd.Cu Pb fl Zn 3§
BTN 0.06.5.62.2.10 F11 5.36 mg kg, 4 FA R
DEEENEFRZEIVMEKK N : Cu>Zn>Pb>Cd, H
FAARES Cu Ml Zn (R RBIYKRT 100%, & TR
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Table 1 Descriptive statistics of available heavy metals in soils

B #ifimg-kg' #timg-kg' BREFH ME GE HHEE

Cd  0.01~0.17 0.06 49.88 082 102 EH

Cu 0.31~76.66 5.62 17872 565 36.08 XIFIES
Pb  0.20~5.85 2.10 53.28 090 097 MWHIES
Zn  0.32~31.68 536 111.29 234 6.09 XHFIERS

AR (3 2 F1e 3) R, A Cd . Cu,
Pb 1 Zn ¥J5 A i 4 B B AR B EAESE, T LR
SAEBBESBZ AR E BB EMR, i WK
SR EEMANRREHANSESRS BN TE
R, ARSESRRIREEESHEZERR, Ui
TR R BA RN E 675 AL

FEABLGTH 5 RINBEIX H (3R 4), MBS
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Table 2 Correlation coefficient between available and total

heavy metals in soils

Cd Cu Pb Zn

R 0.56%* 0.74%% 0.64*%* 0.74%*

T FOR POOL AT LA, * 8 P<005 K Y- EAR. TRFA,
R3 IREBESEERSHNRNBEXARY

Table 3 Correlation coefficient among available heavy metals

and organic matter in soils

OM Cd Cu Pb Zn
OM 1.00 0.67** 0.23* 0.47%* 0.43%%*
Cd — 1.00 0.40%+%* 0.67** 0.47%%
Cu — — 1.00 0.35%* 0.63%%*
Pb — — — 1.00 0.23*
Zn — — — — 1.00

Cd.Cu.Pb I Zn (-3 B LISSE TRIFL(TAL
BEFR IR -1 (5 RBO &, Tl X (FMEim 1A
) B, FARTHRE X i34 T PIE 2 8] . 2 N R TT
ZEo ATl A, E R LA RS Cd i T A Rm A
A Zn T RTE 0.05 KPR E R T TR BRI

AR RIS A ST Bl A ATLAL B2 A HE A R Bt P 22
TENEXAUESHSBNTRESR
22 TIEARSEESRIERST ST
E o T RAEA R B BUR AR 5 B
B T, RS AL D BU LM Z B AR SR
LA ZINAETT A HRTE g5 AL
TR SRS N S E S TSR, TR
el g TR T RGO A EBCR ik +
BRI 1 BRI
HRYESCHRI1OMFAEE A>1 B B3 5TskFE R F70%
¥, 80% 19I5 , 32 A SPSS11.0 BRI AHLB(OM) |
A& Cd.Cu.Pb Fl Zn 5 W HR BEAT E RS 247,
RTF ZBORIEIATIEReRs , H B A AL 7
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Table 5 Eigenvalues and contributing ratio of principal components

M-mfg KB, HMPMHEHEESBESRIEARD) R PR A TR B RERR%
BXZEYAEEES AVREERERNEEE AN 1 2.15 43.07% 43.07%
W ShA VAR , 3 TR P B T L Toll X 95 ey 2 169 33.76% 76.83%
F4 AEMRRIBERSEEERENSAITSW
Table 4 Descriptive statistics of available heavy metals in soils in the different functional areas
REEX BLREWAE Cd/mg-kg™ Cu/mg kg Ph/mg-kg™ Zn/mg kg™
BFAAED =12 FEILE 0.03~0.11 0.99~40.92 0.78~3.82 0.80~31.68
FIE AR 0.0720.02ab 10.12+12.38a 1.95+0.82a 10.28+8.39b
BREAR 31.48 122.27 42.19 81.59
BN n=12 A BT 0.02~0.17 0.48~9.74 0.67~5.85 0.34~20.63
e kR 0.09+0.05b 3.97+2.76a 2.57+1.48a 5.69+5.93ab
A 5 2R 56.27 69.67 57.52 104.23
TN n=15 SR 0.01~0.07 0.31~7.66 0.57~3.64 0.32~7.39
(RFH-EEAB) FHEdrEs 0.0420.02a 2.27+1.85a 1.50+0.77a 2.3921.94a
BREAR 48.94 81.41 51.39 81.28
BEIREX n=12 A BT 0.02~0.12 0.86~5.23 0.66~3.61 0.98~5.00
e kR 0.06+0.03ab 3.02+1.47a 2.18+1.02a 2.53+1.57a
A 5 2R 51.05 48.68 47.10 62.11
FIREE n=17 SEE 0.04~0.15 2.89~76.66 0.20~5.12 1.01~24.51
SEHE bR 0.0720.02ab 9.20£17.44a 2.2421.25a 6.1627.05ab
BREAR 35.00 189.63 55.64 114.42
FIRTESEE L n=T HERIEE 0.04~0.10 2.84~4.77 1.22~4.53 1.94~10.45
T E AR 0.07+0.02ab 3.7220.71a 2.38+1.10a 5.63+3.30ab
A 5 2R 34.36 19.15 46.16 58.56

W AR FRFRRERTE 0.05 KFRE,
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Table 6 Principal component matrix with varimax rotation

1 2
oM 0.80 0.19
Cd 0.86 0.31
Cu 0.17 0.88
Pb 0.83 0.11
Zn 0.24 0.87

XA B Bk B AR A TR FE X
WX N3 - S RIS BT PR i . TR RK
KRBUNWIR R T BATHFRES @ 5110 BERLL A, IFF
TIPAS RIS i A I R R B IRGERIIR N 1
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A, BRI AT H A 2R e, e E

J3 ok o A L o5 BT 4R B R 0 RO AR (L
FREY HEFAE A 5% o5 a0 MR TSR AL, RFAT
BRI TR LB

R R L B 4 R 5 S - R
RO, 5 BRI E SR
o EBAR, B AR IR . AR T P IIREX Y
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Table 7 Factor and composite score of principal components

S iy A g
BFatEn 0.18 0.86 0.48 2
BN % 077 016 050 1
TALEFELFN-MERER) -122 -088 -1.07 6
T F L HRFK -037 -060 047 5
R 0.37 0.42 0.39 3
BB 0.53 0.03 031 4

23 BN ESCRENTEERSH

o7 F L8 12 B 5 B R UL 1 9 4 i B AL
Iy LA R s B AR SRR R —, ARWFIT AR
WEURE , BEBRE KR 25 KRN LA K BN TF a5
FRE S E R R BE B fY 1/2%, HAEST PRS2 5 B3
AT, ATARE R G 1A A TR A R P 1K . B
S¥ DX PRE S ) B R BB B 24 15 510 m, 2k 7 2 lREBL&
B ERFRFKLA 1069 m, B/NEK 2 137 m, K
BN 12,8/ K 7. 78 ArcGIS9.2 ML i124 4
A MR R SR B A A E R E N
S RESCHR23-24], AR IR F FE BRI Y 35
BORRAIA S A B T R, 2 8 RS R H 22 R

®8 REIEECES HERBAIBAEE

Table 8 Semivariogram models of available heavy metals in soils in the studied area

. AR (4o) FliRE
TH gk R [T TR —— Kiihmf G € CJ(CrC) e RMS ASE S ——
Cd K G 3673 2134 27.8° 0001 0001 6346% 0000 0032 00289 0006  1.089
Cu K ] 7446 5942 3464° 0088 0.139 63.19% 0006 0358 03239 0016  1.089
Pb 1y E 1625 320 3138 0031 008 3645% 0004 0285 0285 0002 0.993
Zn 1y ] 7292 3225 3594° 0089 0120 7432% 0000 0368 0324 -0.003 1.124

TG ARHHA, S AFRBORBIR, E A,
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Figure 2 Kriging maps of available heavy metal concentrations in surface soil in the studied area
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