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Fig. 1  Distribution map of soil sampling sites in 2002 and 2012 (left) , land use (middle) and geographical location (right) map
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Table 1 Statistical parameters of soil heavy metals in Zhetang Town (n =109) and related standards
e M o . o E *ZE'Uff?\"{ﬁ EEQuR el :J'Uf/f\"{ﬁ
EE Min Max Viean —_— s . . Background  Criteria Green Criteria
Heavy (mgkg™') (mgkg™') (mgkg™') Std. D R Skewness  Kurtosis velue Grade T Standard = Gradel
el Cv (mg kg ') (mgkg ') (pH<6.5) (pH<6.5)
(mgkg™") (mgkg™")
As 7.9 30.5 14.0 4.26 0.30 1.51 2.84 10. 6 15 20 30
Cd 0.01 0.93 0.20 0.11 0.57 2.58 14. 06 0.19 0.2 0.3 0.3
Cr 57.7 160.7 77.6 12. 67 0.16 2.68 16. 01 59 90 120 250
Cu 29.4 193.0 44.17 16. 67 0.37 7.00 59.59 32.2 35 50 50
Hg 0.03 0. 44 0.17 0.07 0.44 0.70 1.01 0.12 0.15 0.25 0.3
Ni 24.5 137.3 33.9 10. 94 0.32 7.91 74.87 27.4 40 40 40
Pb 21.8 52.6 36.2 5.35 0.15 0.10 1. 11 24.8 35 50 250
Zn 37.2 227.2 103.7 23.13 0.22 1.56 7.11 76.8 100 200 200
TE AR EE T SE I A Z A S e TR T RE KBS 07 i) i th i st KA TOCR I H Rl — SRR Zpr i B (L

WA AR E) (GB15618 - 1995) o FRIEAE Jy 4 (6 T0 24 F AT b 7 Ml , 45 A 4 (0 6 T 7™ b R 58 5 0 B o ) (NY/T391 - 2000) A€ £ FH 4k 7™
il ™ M R B BTN AR ) (HI/T 332 - 2006 ) il B 5% X (0 ¢ (e br ifi o PR B A9 1498 pH Ry 5. 66, BT ISR A pH < 6.5 44 T 19 — b i il
L fabnifE Note: Heavy metal background values of Zhetang Town were quoted from “Background Values of and Research Methods for Soil Elements”

(Xia Zenglu, et al. ). Criteria Grade | and Il were cited from “Standard for Soil Environmental Quality ( GB15618 —1995). The Green Standard for

production of green hazard-free agricultural produce in Zhetang Town was established on the basis of “Standard for Environmental Quality for Green Food

Production Sites (NY/T391 —2000)” and “Standard for Evaluation of Environmental Quality of Edible Agricultural Produce Production Sites ( HJ/T 332

~2006)”.

Soil pH of Zhetang Town is 5. 66, so Criteria Grade Il and Green Standards, both of which require soil pH <6.5, are adopted
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Table 2 Percentage (% ) in area of soils in compliance with various standards for heavy metal contents in Zhetang Town

251 .
As Cd Cr Cu Hg Ni Pb Zn
Classification
1%
2.79 49.26 0. 05 0. 30 12. 16 3.01 0.19 0.84
Class [
I
65.94 8.35 96. 15 1.28 31.21 92.20 30.97 43.29
Class I
1M 2
28.41 38.31 3.60 87.81 53.18 — 68.78 55.75
Class Il
S
2.85 — 0.20 — 2. 66 — 0. 06 —
ClassIV
\ES
0.01 4.07 0 10. 60 0. 80 4.79 0 0.12
Class V
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Fig. 2 Spatial distribution of the 8 heavy metals in the soil of Zhetang Town by the criteria of various standards
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Table 3  Statistical parameters of heavy metals contents in

Zhetang Town (n =21), 2002

 moME ok ]
HEEBITE PR RS R AL
Min(mg - Max(mg+ Mean(mg -
Heavy metal Std. D CV
kg™') kg™') kg™')
As 8 13 9.1 1.28 0.14
Cd 0. 06 0.22 0.12 0.03 0.28
Cr 59 90 72 8.29 0.11
Cu 23 34 27.9 3.20 0.11
Hg 0. 06 0.22 0.12 0. 04 0.38
Ni 22 35 28.1 3.96 0.14
Pb 23 34 29.1 2.76 0.09
Zn 50 88 65.0 9.23 0.14

FF 2002 4F 21 A4S 2012 4F 109 4~ % A H
HEATHEAE B4 8 45 5 L 50 m x 50 m By #HA% S iy,
A5 2] 24 28 500 AR MAEAE . DL 2002 4 F &R
HEKESENETEZMHSH<0.0~20% (>0
H<20%, F&).20% ~40% .40% ~ 60% .60% ~
80% 80% ~ 100% . > 100% %5 £ A~ 2% W, i L 45 11
GER K 4,23 [\ ARG E 3

2002 4F % 2012 4F, MG 4H 8 FhoC R BR Cu 4t
B & 007 B IXOBR, 32 O R R R Y 4
i, W G R OO0 R B I A IR A TR B IO
AW S 3 1 DI 2012 AR A A T o, PR O X
JFAE R BIEM TR S D, & T i X
BT AR BR Cr 35 32.26% 4b, Ho Ay oo R ¥ 8 /N, Al
Ui B /N AR A 30 5 02 B R A IR S SR
PSR KA R BT 8 FhE 4 B AN R AR EE Y
R R, B A3 XS B R B, JC R B K
Ik 80% LA b WU A E A B NI SR N
A DX R AR AR B K, AN LB W )N R R

AR, As TEE K 5K 56.91% , 43 X 1 1) 14
KRBT 20% ~ 80% , HEK 3 80% LA b Ay Hh X 3=
L3 A FE A Y5 BE P S A T Sk R S BERE A 0 R AR
TR L LA A B R 40% ~ 80 % 11 X I
A YEHL ARV, AR Lk 61.20% , Cd LR & & 4
A3 KR XA T B O B2, B KR R
61.06% , 1Lk AEHEA TSk A SRR R A
1 38 K S5 7E 80% LA I, 23 I 10T Y 5t b X ) 1 4
ZAE40% Ll b A PR AR LR Cd 3 KRR, Cr
JCR TR AR K, 35 32.26% , H A 4 K ER 43 X
KRR T 20% , BB KRN 6.07% . 1l
PRI AT 2 Cr i 38 1 e iy X8, B KRR T
20% , Cu JCE &3S K 5K 60. 15% , M J5 4K
T 43 DX 35K 114 44 K F AE 20% ~ 80% 2 ], o v 2R 1
By (LR T Sk 51 55 PG B A A O R R 8 R
Hg 70 2 & W1 K %y 38.69% , Ll 20% ~ 40% #i
40% ~ 60 % 8+ X ] {9 11 B 45 A, 3 K 5B A X 3k
F B A R IR X, I AR A . fER S L
T IR 1 Ml IX 18 K Rk 60% LA F o B4R Ni Al
Pb JTE #) 90% L) L AR B HE K A 0 ~40% 2 [H],
B K243 01k 19. 94% Fl 23.92% , Ni ot 2 i} 23 48
65 Cr BEAARARL, 2 LR FTE AR ) Ni 6K b,
BRKERT 20% 450 B h s T S EX Y
KA Pb DI FTE 20% ~ 40% ) 1 AR B Ok,
o7 A B T AR 55. 78 % s A BE L R ME AT LB AR
DA S 3 T T % A XY 43 DX B K R AE 40% L
e o 2R R AT Y A X K R AE 60% DL L
Zn JCRIGKRIK 56. 17% 338 A 8, K4 X
B KB T 20% ~80% o A0 MR XIS AR U
S123 HiE BRI M T T HEX 5L
Lk 3 K e s, AT 5k 80% LA b, — VAT 1 L i
LT KR 60% UL 1A X 3,

x4 HEHIEESECETRABENZAERES LT

Table 4 Percentages in area of soils sorted by extent of augmentation of heavy metals in Zhetang Town

g EILER B
Heavy metal <0 0 ~20% 20% ~40% 40% ~ 60 % 60% ~ 80% 80% ~100% >100% Concentration rate( % )
As 0. 84 5.90 18.98 29. 41 31.79 8. 16 4.92 56.91
Cd 11.49 10. 07 11.94 17. 87 18.58 11.92 18. 14 61.06
Cr 32.26 59. 64 6.33 1. 06 0.35 0.17 0.18 6.07
Cu 0 0.77 14. 50 54.87 18. 26 4.61 6.98 60. 15
Hg 12.13 16. 87 24.43 20. 30 15.13 7.22 3.92 38. 69
Ni 3.01 64.55 24.57 3.92 1.35 0.78 1.82 19. 94
Pb 1.24 36.27 55.78 6.54 0.16 0 0 23.92
Zn 0.32 1.43 18. 08 44.31 24.96 7.45 3.45 56.17
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Fig. 3 Spatial variations of the 8 heavy metals in the soil of Zhetang Town
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X ,Pbif 5 Cr Cu 1 Zn #f W2 M X {H 5 Ni oA
Stk PL BB Cr,Cu Ni FIl Zn SR IEAR A, % LA
BV YAFAE . P A Zn (RO IR N B 2% : Pb B — /I
#BA R IETT AR S Cd AR, — &40k IR 7] BE 5 Hg 4
[f], —# 7RI g 5 Cr.Cu . Zn AHIA] ;Zn () — & 53
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Table 5 Pearson’s correlation matrix of soil heavy metals in Zhetang Town

As cd Cr Cu Hg Ni Ph Zn
As 1.00
cd ~0.07 1.00
Cr -0.07 0.14 1.00
Cu -0.04 0.11 0.76"" 1.00
Hg ~0.06 0.11 ~0.07 0.11 1.00
Ni ~0.05 0.09 0.86"" 0.90"" -0.07 1.00
Ph 0.07 0.21" 0.39°" 0.27"" 0.35°" 0.14 1.00
Zn ~0.03 0.20" 0.50"" 0.37"°" 0.14 0.33°" 0.52°" 1.00

Meox FE0.05 KSR WA, = = FE0.01 K- CRUI) | i 2 A5 Note: =* Significantly correlated at the 0. 05 level, = = signifi-

cantly correlated at the 0. 01 level

PR 23 A ok o 22 A S AR

A o A AR

=

=20

AR B — E R B Cr Cu Ni FI#R) Zn 4L,

97 15, AT R e e R R0 i
JRAT A3 M AR LR 6, SR IRURE B4 R R AR K T
LAY 4 AT, 3K 4 A J2 o3 0 2% 748 B i 7 22 5T
BRI BN 36.27% (19.42% (13.74% Fl 12.94%
SR F e 82.36% 915 B, ol LU B 8 FiE &2 )R
TR R B B JE T (R T)

X TE AR — A A B Y I 2k, AT L AR
— T T X BT R B AR A )
S Wy Hg F1 Pb Lh KB4y Zn ()& R GE B8 = F
B EE T Cd B B E A, RS T
WAy Zng S/ 00 FE N FE BT As B £ 1E B
-0 17 5 A DGR o A s e — 30 .

R6 MEHIBRESESENERSSH

Table 6 Principal component analysis for heavy metals in Zhetang Town

WA FHAE(H PEIUG FrAE(E e &% I e A B
B4 Initial eigenvalues Extraction sums of squared loadings Rotation sums of squared loadings
Component  gefEfi® gk RBEEED  REET FERS  RBERED  HFEEY SR REHES

(%) (%) (%) (% ) (%) (%)
1 3.16 39.54 39.54 3.16 39.54 39.54 2.90 36.27 36.27
2 1. 49 18.57 58. 11 1.49 18.57 58.11 1.55 19.42 55. 69
3 1. 05 13.07 71.18 1.05 13.07 71.18 1.10 13.74 69. 43
4 0.90 11.18 82.36 0.90 11.18 82.36 1.04 12.94 82.36
5 0.76 9.48 91. 84
6 0.42 5.30 97. 14
7 0.18 2.28 99.42
8 0. 05 0.58 100. 00

(DEigenvalues, @ Contribution rate, (3)Cumulative contribution
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Table 7 Component matrix of principal component analysis of heavy metals contents in Zhetang Town
1 4y R ¥ 67 Ay Tie#% 5 T S
A
EERITH Initial component factor Rotated component factor
Heavy metal
1 2 3 1 2 3 4
As -0.069 0. 035 0.931 0.209 -0.062 -0.006 -0.077 0.953
Cd 0.259 0.389 -0.336 0.749 0. 028 0.072 0.938 -0.090
Cr 0.914 -0.218 0. 021 0. 029 0.924 0. 100 0. 144 0. 025
Cu 0. 878 -0.235 -0.009 -0.151 0.908 0. 147 -0.016 -0.056
Hg 0.132 0.704 -0.110 -0.502 -0.121 0. 839 -0.115 -0.213
Ni 0. 870 -0.425 -0.020 -0.050 0.967 -0.060 0. 001 -0.046
Pb 0.532 0. 648 0.211 -0.047 0.249 0.755 0.258 0.223
Zn 0. 654 0.366 0. 090 0.093 0.458 0. 488 0.336 0. 135

MR LA BB B 2T, 45D E AR A R s
8] 73 A5 5 B 25 A8 Ak RR A BT DL e W7 5 4 8 o0 R 1ok
W H—F M Wi Cr Cu Ni F1¥#5 Zn (W&
A RER IR T Tl A=, mi 2 R 3 ) L, 5 4
T o 28 1 e L IX B P S 15 K DX A 8 4 o A
DX 38, LABH 3 R 55 LR o 2 IR 9T X B0 S P M
BNy S123 A AR A, P HE 40 RE T
XA T A LA 25 Al 2B e o B P A e A R
B fr Cr Cu Ni Fl Zn (9 =87 5 4L 47, 8 i 4k 2000
HERCHE A 1R % X Cr .Cu  Ni 1 Zn R WF e 0y Ji
Mo Lin 88058 32 B« 3 Ti0 4k A0 Tl A X 35 G 4% )=
BRIk R N RRK & EA L+
R A5 L T 4 R B RNTS YL R IR B 2 T
TAVE SRR N EE Y Ik, B R S 45 A
WO T AL TR =R HE S A R R
Wr K Al gt 2 2 Cr, Cu Ni A1 Zn (1) 3 K i H
WA

55 F S WY He FTES 4> Pb . Zn (& £
ATREYR A T30 B i . AR OT AF R IR AR B 5
245200 m {5 Bl P A9 580K & 1 B W T A B X
N A A8 i 2 ok Hg 9™ FE 5 e ™ o W& 3 AT
DL bR A T v e (WL e ) 45 A2 38 T A
Bl Hg (34 K- 635 76 40% L) b, — @ B2 B 1 P Hg
AlREk A T RERGE W@ AT 5583 % 4 B H i
Hahno [RES,Ph Fl Zn F W AE S 3838 5 Y UE A9 bR iR
JLE'? . S123 8234 TR S AR K, HE
R T b i ) EE A A A R AR HE ik, #8 R BS d
TR BR T A 25 JE A 4 Hg \Pb A1 Zn 5 45 19 1 22 R
PR LA, b 8 AR R AR 1 [ BR AL AL 2. 7 km,
WLPE A2, KWL Fe I A0 I R B 23 77 2 & T 4 J 1Y

PR, e IR EE B 25 7 2R R Pb Zn | Cu %5 5 4
J& B4 UL, TR I AL 3 4 35 7 T RE L S 6 4 P
I Zn B SRR E RO . 35 W v S5 R 2 Sy AR 4 )
ST B B3 R 3 O A L3 R R
Mg —5 P

M R A P = A D 1 34 0k 25 Y T S O
S DA IO O B A o A T K PR T RE O LT K, HRAT
(T /K B 855 Bk A7) (GB 3838 —2002) H1 i V 2
BRAE L 2 I TR eI S T S D
KUy R ZETE ST OR I, ARG &
B, ZE W R Cd \Zn B 4R T RE ST K AN
ol & JEA L X AR S = A R W
Cd 1 Zn & 46— 50, K HE W AR 4L Cd \Zn SRR S
IR TTIR 2 405 4 45 B0 0TI 7 K A 28 9 3T e i &
JBA X,

SEPU RN LA As TER B E, EEBES
FEH A T TS K HE RS Ve B . A 2
3 [ LA, As TG 2 05 4R IX IR 32 B A P R B ST IX
MR IR TE A B 2 A & & Rl IR . O 25 A
N, F BB AR TG As B AR T LR iR 12
Z 0 MEEE R 2 E & AR I 3k
TEHEAH TTRESEL T As UM BB ILAh, LR
T RL 35 U8 N JFURHAY BB IR 4 A As (Cr F 45T
MR NI S GG M U A AR TS K HE
i, 5 YR AR TG 468 () BT, 5k T RE UL J2: 1 0 As B
LA

3 4 ik

FrIEH 8 G R UR -2 5 AL T R
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S E 2z b, AEE TEHENE, HX
A XS i AR R SR AR DL, AT DL AR
PRAIEE AR M EE &R g, 75 N6 3
BN M X H G JE W R R K, Cd Cr Cu,
Ni fl Zn ZEE R 7E IR A T.) % 4 X, Hg il Pb 1y
HEXZEPAELETEFE,As TR EEX E
BB . FHEEL Cr Cu Ni FIF 43 Zn 7]
RER VR T Tolb A p=asd F v i = %2 HE ik, Hg . Pb I
4 Zn AT HE R VR T 22 38 B B DA KAk DAL B iE
B, Cd Sy Zn v RESR A F 3T 5K A4 ik T i
W EJE As FTREF R A TH & B EHIEK
HE ORI Uit FH

gi LTk, AL L Tl A R R R T S
GiAA IR G B A R W AR S R AR AR I
EEERBE N, BUANRESNE, FUR ST
P B AT S B 555 + 1 i 4 )8 & mR
B, R U IA T, PR PR S BT R I S 45 A
il Tl Ak R b R RRak R R
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SPATIAL-TEMPORAL VARIATION AND SOURCE APPORTIONMENT
OF SOIL HEAVY METALS IN PERI-URBAN AREA
—A CASE STUDY OF ZHETANG TOWN,NANJING
Fu Chuancheng' Wang Wenyong' Pan Jianjun'" Wang Hengqin'  Yin Zhengyu®
(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)
(2 College of Public Administration, Nanjing Agricultural University, Nanjing 210095, China)
Abstract Peri-urban areas are not only a buffer protecting the zoology, environment, and climate of a city, but also

a supplier of large amounts of food to city residents and a dump site for disposal of city waste and garbage as well. Re-
cently, the peri-urban areas of this country are facing an increasingly serious problem of soil heavy metal pollution due to
rapid development of urbanization and industrialization of the areas. Therefore, it is very urgent to conduct investigations
of soil heavy metal pollution in the areas. A case study of Zhetang Town of Nanjing was carried out with a view to exploring
status quo, spatio-temporal variation and source apportionment of the soil heavy metal pollution in the peri-urban area. A
total of 109 soil samples were collected in 2012 and 21 in 2002 from the topsoil layer for analysis of As, Cd, Cr, Cu, Hg,
Ni, Pb and Zn. With the aid of the GIS spatial analysis technology and related standards for soil heavy metal contents as
reference, such as natural background values, green standard, Criteria Grade I and [l , status quo and spatial-temporal
variation of the pollutions of the 8 soil heavy metals were analyzed. Probable sources of the soil heavy metals were also ap-
portioned through Pearson’s correlation and principal component analysis. Results show that continuous accumulation of the
soil heavy metals accompanied urban expansion and industrial development of the city of Nanjing. The average content of

As, Cd, Cr, Cu, Hg, Ni, Pb and Zn in Zhengtang Town was 14.0, 0.20, 77.6, 44.7, 0.17, 33.9, 36.2 and 103.7
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mg kg ', respectively. Most of the area was lower than the criteria of the Green Standard in heavy metals concentration,
and only a very few regions maintained their background values. So, safety of agricultural produce was not a problem at
the time of the study. The area of the soil with excessive heavy metals content is increasing with each passing day, gradu-
ally expanding from the urban outwards to surrounding farmlands and woodlands in the suburbs. Compared with 2002,
2012 witnesses varying extent of heavy metal accumulation in most of the area. The concentration of As, Cd, Cr, Cu, Hg,
Ni, Pb and Zn increased at a rate of 56.91% , 61.06% , 6.07% , 60.15% , 38.69% , 19.94% , 23.92% and
56.17% , respectively. Areas intense in human activity like down town area, villages and buffer zones along traffic ways,
were high in heavy metals concentration, while the concentrations declined gradually outwards, forming a downward gradi-
ent towards peripheral areas and rural areas. Cd, Cr, Cu, Ni and Zn were concentrated mostly in the urban area and
around factory sites; Cd, along river banks; Hg and Pb alongside traffic arteries, and As in towns and villages. Cr, Cu,
Ni and a part of Zn probably came from urbanization construction and discharge of waste water, slag and gases from indus-
trial production, which kept on expanding in scale; Hg, Pb and part of Zn from heavy traffic on highways and operation of
the Lukou Airport, where so many flights a day generated large volumes of exhaust from the jet engines and dust from tire
abrasion; Cd and part of Zn from urban construction and expansion, and development of fishery in the Qinhuai River,
which is an important economic sector of Zhetang town; As from livestock and poultry breeding, discharge of sewage and
application of sludge as manuren. Through the case study of Zhetang Town, it is not difficult to find the characters and
trends of the heavy metals pollution in the peri-urban areas of Nanjing. The soil environment of that region was deteriora-
ting in the process of urbanization and industrialization. The existence of heavy metals in the soil is often accompanied by
environmental pollution, of which its sources are complex but ultimately attributed to various intense human activities. It is
essential and urgent for scientists to determine the status of soil heavy metals, where they come from and what kind of
countermeasures should be taken as soon as possible to protect the ecological environment and assure steady, healthy and
sustainable development of the peri-urban areas in the country.

Key words Nanjing; Peri-urban area; Soil; Heavy metal; Spatial-temporal variability; Source apportionment
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