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1 CF CF-01

1.1.2
1 mm 50g

0.1 mm

As Cu Hg Cd Cr Pb Ni
1
(GSS-1)
1.1.3 Excel 2003 SPSS Statistics
17.0 ArcGIS 10.0

B;Xﬁ‘ﬁ CF-06
LG VIR

1 RERRETEE

Fig. 1 Distribution of soil sampling sites in the studied area

2) 2
Il m 2.1
01 2 pH 6.85
4 7 137 m ( )
1 1 Kolmogorov-Smirnov(K-S)
N N-01 1 2
S S-01 3
*k1 BEEESNAE
Table 1  Analysis method of heavy metal
(mg/kg)

As (GB/T 17134-1997) 0.10

Cu (GB/T 17138-1997) 1.00

Hg (GB/T 17136-1997) 0.005

cd (GB/T 17141-1997) 0.01

Cr (HJ 17141-1997) 5.00

Pb (GB/T 17141-1997) 0.10

Ni (GB/T 17139-1997) 5.00

*2 BRRIREEESEFITHN
Table 2  Statistic data of heavy metal concentrations in contaminated soils
n (mg/kg) K-S CK-g
CK-g v % (P ) > )

As 43 4.42 12.08 7.62 8.16 1.87 7.06 24.54 0.505/0.220" 0.371
Cu 43 16.00 1 520.00 218.88 27.00 379.98 26.48 173.60 0.001/0.001" /
Hg 43 0.015 0.23 0.040 0.034 0.033 0.023 82.50 0.003/0.558" 0.013*
Cd 43 0.010 0.15 0.065 0.050 0.045 0.078 69.23 0.070 0.370
Cr 43 23.00 39.00 31.74 32.00 3.38 23.49 10.65 0.845 0
Pb 43 13.40 31.20 21.24 20.60 3.88 18.90 18.27 0.557 0.091
Ni 43 16.00 34.00 24.84 25.00 3.64 25.28 14.65 0.764 0.764

CK-g « ) n=16 K-S * <</
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Table 3 Statistical comparison of the average contents of soil heavy metals in various site
(mg/kg)
As Cu Hg" cd Cr Pb Ni
CK-g 7.06+1.67abc 2648+9.34a  0.023+0.005b 0.078+0.027a 23.49+515¢c 18.90+3.87a 2528+4.79a
8.52+t121a 283.20+579.59a 0.043+£0.0l6a 0.082+0.044a 31.00+2.64ab 21.20+4.39a 2440+2.51a
20cm  8.41 £0.60 ab 5820+73.13a 0.071£0.090a 0.042+0.041a 31.80+2.68a 2090*x146a 2500+245a
N 6.75+225bc  378.85%£529.49a 0.036t£0.17ab  0.065+0.054a 32.71+3.05a 21.52+£5.02a 2550+298a
S 8.69t095a 123.69 £162.31a 0.028 £0.008 ab 0.070 £0.041a 32.92+3.25a 2237+34la 2569+499a
CF 590+ 1.56¢c  132.17+115.96a 0.044+0.005a 0.058+0.044a 27.50+259b 18.50+1.89a 21.67+186a
P 0.05 ( ) * Hg
2 3 As Cu N S
Hg Cd Cr Pb Ni 442 ~12.08 Cr
16.00 ~ 1 520.00 0.015~0.23 0.010 ~0.15 23.00 ~
39.00 13.40 ~ 31.20 16.00 ~ 34.00 mg/kg Hg Hg 82.50%
7.62 218.88 0.040 0.065 31.74 21.24 92%, Hg
24.84 mg/kg Pb Ni CK-g ( -1y
Cv 20% Pb Ni2 Hg
Hg N S Hg CK-g
. CF 0 ~ 20 em
(CK-g ) Hg CK-g
Hg
( ANOVA N S
) Pb Ni
CK-g
(St-1) As
Cd [9-11]
69.23% 50% )
CK-g
89% CK-g
As
cd 3 As
Cu CK-g
173.60% As
(Cu [9711])
Cu As Cu
Cu Cu Hg Cr Cd Pb Ni
Cu
Cu 2.2
Cu Cr -1
20% Cr CK-g
Cr [12-13]
Cr Cr SPSS Pearson
( 3 As Cu Hg Cr
CF N S 4
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F4 TIESERETRERIEXMESN 20 cm As S As
Table 4 Correlations among heavy metals in soils in the
studied area N CF S
As Cu Hg Cr S
As 1 20 cm As
Cu —0.244 1
Hg 0.034 -0.084 1
Cr 0.286" 0.150 —0.078 1 As N CF
* P 0.05 As
4 As. G N-10 CF-06  CF  As
As o Cr (CF-01 ~ CF-06),
3 As Cr
CF-06 As Cr
( CF As Cr CK-g
) Cu Hg  As CF CK-g N S
3 Cr Cr
As Cr N
As As Cr S Cr
As
2.3 2(c) Cu (
Arcmap Geostatistical 16.00 ~ 1 520.00 mg/kg) A 0~
As Cr Cu Hg 4 20 cm Cu (189.00 mg/kg)
X - Cu (23.00 mg/kg) Cu
Y - 1 ) 2 ~3 km
2
2(a b) As Cr Cu Cu
X Y (10° mg/kg)
3 As As 2(d) Hg X
CK-g
A~E 0~ CF 0~ 20 cm
7 Z
e il I j | *
o -;J:::__f BELCHERe TRTuES
Y ] Y X
(a) (b)
, Z :
7 AREN
NEREERNECC, NN’
Y :pé- x YE FiEE 1 x
> (© (d)

B2 As. Cr. Cufl Hg EENZE B HH#EEE(a: As; b: Cr; c: Cu; d: Hg)
Fig. 2 Distribution trend of As, Cr, Cu and Hg content in the studied area
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Hg CK-g Hg St-3 St-4( 54
Hg St-1
[14] [12]
2.4 &) St-2
2.4.1 1) ,
10 cm><5.0 cm( > ) (6]
(GB/ T 18407.1- 2001)
(NY/T 848-2004)
St-3
[5,15-16]
[6,17] 18]
[19-20] St-4
(] St-1 St-2
*5 TEEERETRITMIRE
Table 5 Evaluation standards of soil heavy metals in contaminated soils
(mg/kg)
As Cu Hg Cd Cr Pb Ni
St-1 9.38 45.2 0.03 0.13 33.8 26.6 34.8 (x+2s, )
St-2 30 100 0.50 0.30 200 300 50 [21] (PH 6.5~7.5)
St-3 25 100 0.30 0.30 200 50 50 [15]
St-4 15 30 0.50 0.30 15 20 50 [19] Ni St-3
2) 2.4.2 St-1
( 8 Cu Hg
1 As Cd Cr Pb Ni
1 Cu 4.84
Cu
) Hg Hg
As Cr
3
[22] CK-g
P;=C/S; Cu Hg Cr As Pb
Ni Cd 8
P = {[(P) mat (P) )2} 3.57
P; I G Cu Hg
i (mg/kg) S; St-2 ( 8 As Hg Cd Cr
i (mg/kg) P Pb Ni 1 Cu 2.19
(P) ave (P) max Cu
St-1 Cu>Ni>
6 St2 St3 St-4 As>Cd>Cr>Hg>Pb

7
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Table 6 Evaluation standards of single & complex pollution index grade for farm land soil heavy metal cumulating pollution
P; P
1 P<1 P <0.7
2 1.0< P,;<<2.0 0.7<P <14
3 2.0< Pi<3.0 l4<pP <21
4 P>3 P >2.1
RT LU St2 AR LIS PR S R 17242
Table 7 Evaluation standards of single & complex pollution index of heavy metals in soils
P; P
P<1 P <07
1.0< P;<2.0 0.7<P <1.0
2.0<Pi<3.0 1.0<P =<2.0
P;>3 20<P <3.0
P >3
#8 MRREBIESESEETHRIEL
Table 8 Pollution index of heavy metals in contaminated soils in the studied area
P;
As Cu Hg cd Cr Pb Ni P
St-1 P; 0.81 4.84 1.33 0.50 0.94 0.80 0.71 3.57
1 4 1 1 1 1 1 4
St-2 P; 0.25 2.19 0.08 0.22 0.16 0.07 0.50 1.58
St-3 P; 0.30 2.19 0.13 0.22 0.16 0.42 0.50 1.60
St-4 P 0.51 7.30 0.08 0.22 2.12 1.06 0.50 5.29
1.58 Pb
Cu St-4 Cr Pb
2] Cd>Cu>
St-3 Hg>As>Pb>Cr Cu
1.60 [15] Cr 22 Cr
St-2 Cr
St-4 ( 9 Cu Cu
7.30 Cr
2.12 Pb 1
3
5.29
1) As
Cu>Cr>Pb>As>Ni>Cd>Ni Cr Cu Hg As Cr
Pb Cr Cu Cu Hg As As
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Analysis and Evaluation of Heavy Metals in Soil Polluted by Water
Leakage During High-risk Arsenical Chemicals Destruction
—— A Case Study of High-risk Bombs Destruction in Nanjing, China

ZHOU Ting, ZHOU Li-ming, WANG Ning, ZHOU Jian-mei,
WANG Hong-juan, YOU Li-juan, YUAN lJing
(Department of CWC Implementation, Institute of Chemical Defense, Beijing 102205, China)

Abstract: Analysis and evaluation of concentrations of heavy metals in farmland soil polluted by pollution water leakage
during high-risk arsenical chemicals destruction in Nanjing were carried out by the statistical analysis of survey data and
distribution of concentrations of heavy metals were also studied. Then four kinds of heavy metals in the contaminated area were
identified out of seven kinds. Different evaluation standards were adopted to evaluate the heavy metal pollution by using the
method of pollution index. The results showed that the main pollutants in the research area were As, Cr, Cu and Hg, among which
As and Cr were associated with the event and could also be affected by the surrounding residents’ living activities. While the
pollution sources of Cu and Hg had nothing to do with the event. The complex pollution index of heavy metals accumulative
pollution was 3.57 if taking the upper limit of regional control point (St-1) as evaluation standard, which indicated that the soil
was severely contaminated by Cu and Hg. While evaluated with the secondary standard (St-2) of Environmental quality standards
for soils (GB/T 15612-1995) and the limited values of Farmland environmental quality evaluation standards for edible agricultural
products (HJ 332-2006) as assessment standard, the complex pollution index of heavy metals were 1.58 and 1.60, which meant
that it was not suitable for planting pollution-free vegetables or other corps for eating in the area. But if assessed with guidelines
for health risk to heavy metals in vegetable plantation soils (St-3), those edible plants such as leafy and melons in the
contaminated area maybe posed in hazard due to their different absorbency of heavy metals.

Key words: High-risk arsenical chemicals; Heavy metals; Contaminated soil; Pollution index; Distribution
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