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Fig. 1 Distribution map of soil sampling points and geographical location map of the Baguazhou
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Table 1 Relevant standards for heavy metals in soil

(HHABE TR bRfE ) (GB15618-1995) —gbrifk(e
Criteria Grade Il from “Quality Standard for Soil Environment

(GB15618 = 1995) "

A7 i e AL 2 LU fE

Reference value for safety assessment of agricultural soil

H 42 )& Heavy metals
<6.5 6.5~7.5 >7.5

pH

42 )& Heavy metals
<6.5 6.5~17.5 >7.5

cd <0.3 <0.3 <0.6

Hg <03 <05 <1
As/K M Paddy field <30 <25 <20
As FHiUpland <40 <30 <25
Ph <250 <300 <350
Cr/K [ Paddy field <250 <300 <350
Cri2 i Upland <150 <200 <250

cd <0.3 <0.4 <0.5
Hg <0.3 <0.5 <0.7
AsTKRE . B <25 <20 <20

Paddy and vegetable field

AsHABOther <40 <30 <30
Ph#f M Vegetable field <40 <60 <80
PhHABLOther <100 <150 <200
Crifi S Vegetable field <150 <200 <250
Cr HAhOther <200 <250 <300

XA TE R B RS R T INAGR AN, LASPAR RAE
D3y T N S PR30 A A PR 05 5k Y 2 XL
B, HRAA N

L= 3 (I T) = 3 (L, T/ (y)

AU, I B A IEEG 1, A TR
BBFEEG TR i EEN TR E; T, hoR
MRS (As . Cd. Cr. Hg. PbhRYETE
ZHUrHIN10, 30, 2, 40, 5) 5 THX AP ES
JEREPE R B A, 20 UL AT FE B 43 S
PRIUE .

2 IEMERSRRE

Table 2 The classification standard of evaluation index

373 KU 7K S P FEEL Evaluation index
Level Risk level P, %P, P L., a1
1 TS Risk-free P<I1 P<0.7 I<0

AU Low risk 1<P<2 0.7< P<1 0<I<l1

JIi
M PEEXE Medium risk 2<P<3 1< P<2 [I<I<2
v

T XU High risk P>3 2< P<3 2<I<3

e PORRETIRAG P, N ERPIHELG P NEE 45
FREG L BREEEG Dot i RRZE G458 Note: P,

was the single factor index, P, was the maxmium single factor

index, P was the Nemerow comprehensive index, I, was the
geo-accumulation index, I was the improved geo-accumulation

comprehensive index
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BAEAreGIS10. 29 ML GE 1T 4387 ( Geostatistical
Analyst ) BEHEFT 25 (8] B0 DL K iR 22 B ik o ASBiF
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@5iE ( Validation ) : fH H B0 7 E AT IE,

geitwiiE 5 1S E Z B4R 2 (ME ) Yy
JitiRZE (RMSE) , ME#:E0, RMSE#/N, W
TR 2= N, KGR O (Export) ¥
A 25 0 5 R S 5T K/ 50 mox 50 miy ]
JZ, N EN YN BB 23 A D6 AT HEAL 2 1

W SrH (Reclassify ) : # PN 48 805 Fbr e
(3R2) R UK FEFEAT 73 9, AR A% KUK 55 G 0)
B AR IC A O A S T S AR E 4 L, R
PR N EN A b, A e T 4 I 25 5 AU A5 40 o0 A7 5] o

2 R 510HE

21 TEESTESEHME

X A 4y JE B o SR AT R IR PR ST
SR FR3, SPESIRITEMN & EIYME S 5N
11.0, 0.38, 92.1, 0.08, 34.5 mg kg™', #rifEZES>
k244, 0.16, 16.71, 0.06, 7.28 mg kg™, BR
HelA4h, A AR 4 0 o R i & 2 340 frb

Pt m e X TR Rl TR RENT
0.18 ~0.69Z[H], 1] DL WK 78 L3 p i 48 5
PRSP, A5 K/NAHg > Cd > As > Pbh >
Cr, HrHgMCAR 2 5 ZE L5040 1, 400
J&FomA A AEAR R, AR R AN B E, 52
ANHMIES M ; As, Cr. PhIAESR REIE0.24
L, BT EARME, U =R R Z AN
BUN, ZEEA SRR, nTReEA FIRE. W
SR GRSt 1) R B A B A, B R
T e 7 BB A X Y5 50 M43 A AE S Y (E B W, SF
JCE M RE R IE, LB b A RS, T
RESE T ARNENFERESBITEAREEDN
PG U FE AR A 28 % B 43 A ith 2 78 7 1 {8 Ab 0
H SRR IR, W2 R R WICd . Hg B 43
T ET, As. Cr. PhiEcys o0 4 8 h 43 1.
Pearsonfi e ME AT £ (384 ) : As5Cr, PhHE
Z A R e, 2 E I T =R on R
B REME . Cd. Cr. HeFPhAHE 2 [A]FH 5& M
. KA GG REIR RN

#3 N\HMNELBRESERIEELFRITHIE

Table 3 Statistical characteristics of soil heavy metal contents in Baguazhou (n=66)

He/ME PN i E ¥{E i 22 5 5 Rl
HEJE ) ) N i ;3
in Max Median Mean SD X8 Background value
Heavy metal » . » » » Skewness Kurtosis .
(mgkeg™) (mgkg™) (mgkeg™) (mgkeg™") (mgkg™) CV (mgkeg™)

As 6.2 19.7 11.7 11.0 2.44 0.22 0.16 1.34 10.6

Cd 0.13 1.52 0.38 0.38 0.16 0.42 5.53 39.60 0.19

Cr 63.2 154.0 93.0 92.1 16.71 0.18 0.47 1.48 59

Hg 0.04 0.52 0.07 0.08 0.06 0.69 6.88 52.01 0.12

Pb 22.7 66.4 34.0 34.5 7.28 0.21 1.23 4.41 24.8

T NEUNE SR A AR O e (R TR S ST ) AR R ST X A T OCR T 5 Note: Heavy

metal background values of Baguazhou were quoted from “Background values of soil elements and research methods ( In Chinese ) ”

(XiaZ L, etal.) >

*4 TREEEREZEMERXME

Table 4 Pearson correlation analysis of the 5 heavy metals in the soil ( 7=66)

As Cd Cr Hg Pb
As 1.00

cd 0.16° 1.00

Cr 0.67" 0.53" 1.00

Hg 0.25" 0.88" 0.55" 1.00

Pb 0.61" 0.65" 0.92"” 0.63" 1.00

He *TE0.05KFE (U ) i A5, **7E0.01KF (XU ) & %A 5E Note: *Significantly correlated at the 0.05 level,

**significantly correlated at the 0.01 level
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W B0 8 B0 25 A VR 8 B0 B AT gt
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S B 4R BP L B {E R/ A Cd > As > Ph >
Cr>Hg, H/NF1, BFERAEID, 5P AL,
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H21.2%; P, 78I CARIPhEY A KU 253 51
19.7%M7.6%, Br—"PFERANYAET TR 1,
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Table 5 Statistics of evaluation indices of soil heavy metals

PEMH8 B Evaluation index H4 )8 Heavy metal i K{fMax He/MEMin - {EH Mean PRUEZESD
HLR TR P, As 0.79 0.23 0.42 0.11
Single factor index Cd 2.53 0.22 0.78 0.37
Cr 0.74 0.23 0.4 0.13
Hg 0.57 0.04 0.12 0.11
Pb 0.19 0.06 0.11 0.03
W 55 TR K 1.9 0.3 0.63 0.27
Nemerow comprehensive index
R FBIREL L, As 0.31 -1.37 -0.57 0.34
Geo—accumulation index cd 2.42 ~1.13 0.34 0.43
Cr 0.8 -0.49 0.03 0.26
Hg 1.53 -2.13 -1.23 0.47
Ph 0.84 -0.71 -0.14 0.29
ik R FRZE SR K 1.59 -1.17 -0.5 0.36
Improved geo-accumulation comprehensive index
HH TR EL P, As 0.99 0.31 0.53 0.12
Single factor index cd 3.04 0.26 0.84 0.35
Cr 0.74 0.25 0.41 0.14
Hg 0.74 0.06 0.15 0.11
Ph 1.07 0.16 0.48 0.22
R IAIHEEP,,,,. 3.04 0.44 0.87 0.34

The maxmium single factor index

. B T 5P FIP AR R LIERR I i AR e ) (GB15618-1995 ) Ay R AR vE(E 5 A\ 3B M0 52 1 (4 AR 77 i 7
I G R AT AR E ) TR HER ( WER3) FEER], P RIEP, RS Note: The calculation of single factor index P, and

P, refers to the Grade Il criteria of the “Quality Standard for Soil Environment ( GB15618-1995) 7 and the criteria of “the National

Technical Regulations for Safety Assessment of Soil Heavy Metals in Agricultural Production Areas”

3), P,.. was worked out according to P,

, Ministry of Agriculture ( Table
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Fig. 2 Grading map of Nemerow comprehensive pollution index (a), Improved geo-accumulation comprehensive index (b) and
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GIS-Based Heavy Metals Risk Assessment of Agricultural Soils
—A Case Study of Baguazhou, Nanjing

SONG Jinxi' ZHU Quan' JIANG Xiaosan'" ZHAO Haiyan' LIANG Yonghong’ LUO Yongxia'

WANG Qiang' ZHAO Linli'
(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China )

(2 Jiangsu Station of Farmland Quality and Agricultural Environment Protection, Nanjing 210036, China )

Abstract  [Objective] Safety of agricultural producing areas has become an extensive concern. Heavy
metal pollution of agricultural soils not only brings about adverse effects on the soil ecosystem, but also is
closely related to food safety and potential health hazard. How to assessment the risk of heavy metals pollution
of agricultural soils is of some practical and far-reaching significance. Therefore, it is a very urgent task to
investigate the status of heavy metals in agricultural soils and assess the risk with a variety of assessment
methods. The findings in this study may help decision—makers select appropriate assessment methods for
rational assessment and zoning of the agricultural producing area and remedy contaminated soils scientifically.

[ Method] Taking the agricultural soil in Baguazhou Town of Nanjing as an example, this study focused on
the five heavy metal elements, i.e. As, Cd, Cr, Hgand Pb, that are relatively more harmful than the others
to the human body and analyzed the soil samples collected from the surface soil layer (0 ~20cm ) in 2015. In
October 2015, the Chinese Ministry of Agriculture promulgated the “National technical regulations for safety
assessment of heavy metals in agricultural producing areas” ( Standard Methods for Producing Areas ) ,
which has modified the criteria of some relevant elements and specified the use of a new method called the
maximum single factor index method for assessing integrated risk of heavy metals in agricultural soils. It is
necessary to adopt the specific standard and method to do the assessment. The study used the Traditional
Standard Method ( T-SM ) and the Standard Method for Producing Areas ( PA-SM ) to assess the risk of
heavy metals in the study area and compared the two methods for differences. Furthermore, an Improved Geo-
accumulation Comprehensive Index Method (IG=M ) was created to assess the ecological risk of heavy metals
in the study area. With the aid of GIS geostatistics, spatial distribution of different heavy metals risk levels
was characterized. The inverse distance weighting interpolation method was used in this study. [Result]
Results show that the average concentration of As, Cd, Cr, Hg and Pb was11.0, 0.38, 92.1, 0.08 and 34.5
mg kg™, respectively. All of them, except for Hg, were beyond their background values in Nanjing. The
elements of Cd, Cr and Pb exceeded the criteria for soil quality to a varying extent, especially Cd, which
should be paid more attention to. The use of PA-SM found that over 80% of arable land in Baguazhou was risk-
free and Cd and Pb were the main factors that posed a low risk. Risk areas scattered across the southwest,
south and east parts of Baguazhou, which may be associated with the distribution of large and medium
factories and plants, while the use of T-SM displayed that only Cd exceeded the standard. The use of PA-
SM revealed that the risks of Cd, Cr and Pb were relatively high due to human activities, while the use of the
IG-M disclosed that the study area as a whole was good in ecology. [ Conclusion] Generally speaking, the

agricultural environment of Baguazhou was good, but the risk area in the south needs intensive monitoring and
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adoption of pollution control measures. T-SM and PA-SM can work together to identify risk-free region, but
PA-SM can better evaluate and divide risk areas. Therefore, it is recommended to use PA—SM in conjunction
with IG=M to assess risk levels, spatial distribution and ecological risk of the heavy metals in the agricultural
soil of the region.

Key words Agricultural soil; Heavy metals; Risk assessment; GIS
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