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Descriptive statistics of heavy metal concentrations in the topsoil of the typical vegetable base (n =63)

) (mgkg™') (mgkg”

As Hg Pb Cu Zn Cr

") (mgkg ') (mgkg™') (mgkg™') (mgkg ') (mgkg ")

Table 1
i H A LB Cd
Ttems ol OM (gkg™!

-4 {H Mean 6. 84 22.9 0.33
fix KAH Max 7.83 41.7 0.58
fix/IME Min 3.9 10.2 0.19
FrifE 25 SD 7.29 22.7 0.07
AR CV 1.03 6.87 0.23
& Kurtosis 0.15 0.3 3.83
i £ Skewness 0. 68 0.03 1.56

% 5% Background - - 0.2

T e BT R AR pH <6.5 - - 0.3
Soil environmental 6.5 <pH <7.5 — — 0.3
quality standards pH >7.5 — — 0.6

11.2 0.09 36.2 45.4 120 98.7

20.6 0.31 150 58.1 181 120
6.91 0. 04 21.1 22.4 75.6 56.5
2.28 0. 04 17.2 6.51 20.1 13.5
0.21 0.48 0.5 0.14 0.17 0.13
5. 44 19.3 31.4 2.27 1.78 0.45
1.67 3.93 5.05 -1.25 0.74 -0.66
9.24 0.08 31.3 31.7 80.7 71

40 0.3 250 50 200 150

30 0.5 300 100 250 200

25 1 350 100 300 250

- Not available

1. —F R AR ME Note:
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Table 2 Descriptive statistics of heavy metals in the atmospheric deposition
i H Items Cd (mgkg™") Pb (mg kg™") Cu (mgkg™") Zn (mg kg™") Cr (mg kg™")
SEI{H Mean 4.93 325 309 1238 115
i KAE Max 19.9 1 889 1223 4413 268
% /ME Min 1.57 110 85.7 405 40.4
P2 SD 2. 64 331 205 628 38.0
A 2 CV 0.54 1.02 0. 66 0.51 0.33
W % Kurtosis 18.9 12.7 7.80 2. 40 6.28
M 5 Skewness 3.54 3.44 2.47 1.67 1. 81

M F A 3 e AR AR B0 nT LA Y B A%
AP B2 5, & T A B R on R T i B
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Fig. 5 Variation of atmospheric deposition flux with month in the study area
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Table 3  Descriptive statistics of heavy metal contents in fertilizers
A HLAE Organic fertilizer (mg kg ™") T
. . - B RE" e
L4 ) B g By T4 norganic tertilizer
e i b A7 BLAL HHE R . Standard Standard
Heavy metals Manure Commodity organic Rapeseed cake (mgkg™") . .
(mg kg™") (mgkg™")
(n=13) fertilizer (n =5) (n=2) (n=28)
Cd 0. 46 1. 05 0.16 1.35 1 3
As 5.27 3.7 0.43 6.51 5 15
Hg 0.05 0.27 0.02 0. 06 0.5 2
Pb 10.3 18.6 2.20 5.99 20 50
Cu 61.8 39.7 9.32 8.52 — —
Zn 399 150 93.8 51.2 — —
Cr 27.4 59.7 11.4 30.2 50 150

T 1) HEB Rl R VBT B ORAEZSFE AR (GBT 23349-2009) 52) A7 HLAL K 5 4 J& BR{E (NY525-2012) .

— XN T FR#E Note: 1) Ecological

indicators of arsenic, cadmium, lead, chromium, mercury in fertilizers ( GBT 23349-2009 ). 2) Thresholds for heavy metals in organic fertilizers

(NY525-2012). - represents N/A (not available)

XPZAE 5T X 3R 2 4 3 vh i 4 s AT R )
Br, Tk AR AR R T 1 /Y 3 4> F i PCTPC2 il
PC3, = A F W43 51 Bk % 43 5] o 46. 5% (16. 2% FiI
11.7% , Bt STk IE 74.4% (£ 4) . N 4 ]
LI, pH,OM Cd As.Pb Cu 1 Zn 7£ PC1 B4
B p Ak, 88 AR, T Cu F1 Zn (1 fif

AL 4 B 0.86 1 0. 89, 41125 HE 5 PR, %
B 95 S i 2 FRE 3, K I AL (8 PR Kt 00
K, B EGZIX T 48 BB, Cd Hg M Cr 7E PC2 KL
O, 3 1 48R TR 365 pHLOM As A1
Ph 75 PC3 1) 147 £% HH 4 2 5, 4 0 9 Ak il 2 il
He

®4 MEARRETEBAERSESERXRZHEIRS SN

Table 4 Correlation coefficients and principal component analysis of topsoil physico-chemicalproperties and heavy metals in the study area

ESIES
pH oM Cd As Hg Pb Cu Zn Cr FHAE G Accumulation
Figenvalue contribution
pH 1
oM -0.69"" 1
Cd -0.16 0.32"" 1
As -0.29" 0.46"" 0.20 1
Hg -0.09 0. 09 0.49"" 0.09 1
Pb -0.32"" 0.30" 0.38"" 0.64"" 0.26" 1
Cu -0.50"" 0.66"" 0.54"" 0.55"" 0.17 0.34"" 1
Zn -0.47"" 0.68 " 0.58"" 0.57"" 0.35"" 0.477* 0.737" 1
Cr -0.31" 0.16 -0.03 0.49"" -0.05 0.25" 0.51"" 0.40"" 1
PC1 -0.65 0.76 0.59 0.73 0.34 0. 64 0.86 0.89 0.50 4.18 46.5
PC2 0.25 -0.12 0. 66 -0.24 0.74 0.09 -0.08 0.11 -0.56 1. 46 62.7
PC3 0.46 -0.50 -0.03 0.44 0.15 0.48 -0.13 -0.05 0.35 1.05 74.4

e x  p<0.05 KF EAECH:, + « 2 p <0.01 7K EAYAESCHE Note: =

0.01 level (2-tailed)

http ://pedologica. issas.
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SOURCES OF HEAVY METALS IN SOILS OF A TYPICAL VEGETABLE
PRODUCTION SYSTEM ALONG YANGTZE RIVER IN NANJING

Dong Lurui'?  Hu Wenyou’" Huang Biao’ Liu Gang'
(1 School of Environmental Science and Engineering, Nanjing University of Information Science & Technology, Nanjing 210044 , China)
(2 Institute of Soil Science, Key Laboratory of Soil Environment and Pollution Remediation, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract A vegetable production base, typical of the area along the Yangtze River in Nanjing, was selected as a
case for study. Concentrations of heavy metals in topsoil, soil profiles, fertilizers and atmospheric deposition were meas-
ured for analysis of spatial variation of soil heavy metal anomaly and sources of the heavy metals in the soils. Results show
that (1) the average content of cadmium (Cd), arsenic (As), mercury (Hg), lead (Pb), copper (Cu), zinc (Zn)
and chromium (Cr) in topsoil was 0.33, 11.2, 0.09, 36.2, 45.4, 120 and 98. 7 mg kg ™', respectively, all higher than
their respective soil background value in Nanjing; Concentrations of Cd in 49% of the soil samples were found to be above
the criteria of Grade Il of the Standard for Soil Environmental Quality of China, implying higher Cd accumulations in the
soils. (2) The concentrations of heavy metals in the topsoils were closely related to soil pH, soil organic matter and soil
textures of the area; Spatial distribution of the heavy metals in topsoil, except Cr, was characterized by a trend of tending
to be higher in the southeast and lower in the northwest, which was consistent with the spatial distribution of soil organic
matter and opposite to the spatial distribution of soil pH; Concentrations of the heavy metals were higher in silty clay soils
than in silty clay loam and silty loam soils. (3) Accumulation and distribution of the heavy metals in the soils was also re-
lated to the terrain, the layout of agriculture and industry, and the perennial dominant wind direction in the study area.
The maximum values of Cd, Cu and Zn contents were found in the southeast of the study area and the maximum values of
As in the centre. Concentrations of Hg tended to be high in areas with intensive agriculture and peaked in the northeast of
the study area, while the highest concentration of Pb was found in the northwest and southeast of the study area. (4) In
addition to the natural geological background, agricultural fertilization and atmospheric deposition were also important con-
tributors to heavy metals accumulation in the soils of the area. In terms of concentrations of Cd in fertilizers, a decreasing
order was found of commodity chemical fertilizer > organic fertilizer > manure > rapeseed cake. Contents of Cd, As and Hg
were higher in chemical fertilizer, while contents of Pb and Cr higher in organic fertilizer. The contents of Cu and Zn in
organic fertilizer were much higher than those in the other fertilizers, which were mainly related to the higher concentra-
tions of Cu and Zn in the feed of livestock. As heavy metals in the soil has the feature of long-term accumulation, long-
term intensive application of fertilizers high in heavy metals would lead to heavy metal accumulation in the soil, with a risk
of gradually exceeding the standard for soil environmental quality or environmental capacity. The content of Cr in the at-
mospheric deposition was approximate to the background value of the soil in Nanjing. Compared with other researches on
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atmospheric deposition in Nanjing, this study found higher contents of Cu and Zn, which is probably because some of the
sampling sites were quite close to industry parks in the vicinity and hence affected by chemical activities of the plants. At-
mospheric deposition flux varied sharply from month to month, and contents of heavy metals increased obviously in winter,
especially in the northwest industrial area. Contents of Pb and Cu in the atmospheric deposition varied in a similar way.
Thus, it could be inferred that they have similar sources in the study area.

Key words Vegetable fields; Heavy metals; Accumulation characteristics; Spatial variability; Source analysis
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