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Fig.1 Environment of the study area and distribution of sampling sites
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Table 1 Descriptive statistics of soil properties and heavy metal contents in the study area (n =140)

i H OM 4 HL % As cd Cu Hg Ph Zn
Ttems i (gkg™) (mgkg ') (mgkg™') (mgkg™') (mgkg ') (mgkg ') (mgkg™')
-1l Mean 5.01 27.11 7.78 0.15 51.31 0. 61 51.78 114.4
kR SD 0.59 4.17 0.96 0. 04 11. 66 0.29 12.27 21.35
1 Skewness 1.28 -0.24 1.02 1.12 0.45 1.74 1.44 1.09
I Kurtosis 3 2.06 3. 04 4.07 0. 67 6.48 9.11 3.26
/M Min 3.99 11. 69 5.7 0.07 23.1 0.11 27.2 69.9
J K AH Max 7.63 38.63 12 0.32 89. 1 2.18 127 213
AL EZRCV (%) 11.78 15.39 12.35 23.51 22.72 47.1 23.7 18. 66
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Table 2 Soil properties and heavy metal contents of greenhouse and open vegetable fields in the study area

A 55X TR e B FE{E R/ME RRME
Land use Sample number Soil properties Mean Min Max
% KM Open vegetable fields 28 pH 5.19 £0. 65a 4.38 6.87
P Jiti 32 i Greenhouse vegetable fields 112 4.96 +0.57a 3.99 7.63
#% K SF ML Open vegetable fields 28 OM A ¥k 25.18 +4.76A 11. 69 35.16
P Jiti 32 i Greenhouse vegetable fields 112 (g kg -1 ) 27.59 £3.89B 18. 68 38.63
% KM Open vegelable fields 28 As 7.75 +1.18a 5.7 12
P Jiti 3% i Greenhouse vegetable fields 112 (mg kg™") 7.79 £0.90a 5.81 11.5
% KM Open vegetable fields 28 Cd 0.15 +0.03a 0.09 0.23
P Jiti 32 #i Greenhouse vegetable fields 112 (mgkg™") 0.15 +0. 04a 0.07 0.32
% K SEHL Open vegetable fields 28 Cu 47.88 +£12.28a 23.1 73.2
it 5% Hi Greenhouse vegetable fields 112 (mg kg™") 52.17 £11.39b 29.3 89.1
7% KM Open vegetable fields 28 Hg 0.51 £0.24a 0.14 1.21
1% Jiti 5% Hi Greenhouse vegetable fields 112 (mg kg™") 0.63 £0.29b 0.11 2.18
7 K%M Open vegetable fields 28 Pb 46.87 £10. 83a 28.9 61
1 i 5% 1 Greenhouse vegetable fields 112 (mgkg™") 53.00 +12.35b 27.2 127
% K E M Open vegetable fields 28 Zn 102.4 £18.7A 69.9 151
P Jiti 3% i Greenhouse vegetable fields 112 (mgkg™") 117.4 +£21.0B 73.7 213

T [ — S bR E 22 5 /NG T AR R R TE p <0.05 KK B 2% 57 35 s KRS T RER R R R 16 p <0.01 K F 1 22 5 4 i 3% Note: Different

lowercase letters affixed to the standard deviation in the same column mean significant difference at p <0. 05; Different uppercase letters mean extremely

significant difference at p <0. 01
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Fig.2 Spatial distribution of soil properties in the study area
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Fig.3  Spatial distribution of soil heavy metals in the study area

TIEE GRS R A SR o i 2
ER T EIRBESEER . Mk B As (Cd 5 pH £f
TEIEARSCHE, H Cd A BB .35 7K F. L3 Cu Hg Pb
5 pH BJFFEMR B2 M TAHSC , Zn 55 pH A7 FE AR O
P HARIREN R K Y. 13 Hg Pb Cu Zn 5H LT
PIA7AE 35 B IEASC, e Cu (P \Zn A7 7ER 2 35 A9 1E
M, As \Cd H5A ML E & AFFAEA KM, LHE Cu,

Hg Pb Zn Z [ AF (M B3 U IEAHSG (K 3) o

TIETTR WAL AR BT 1 R IE(E 2
A2 A, 5HXMIM 2 DTS BT E N
65.69% (£ 4), A FEH ,Cu . Hg . Pb.Zn JLE Jy—
2 0 FE R 1A AR K AT i As Cd TR —
Ze 0 E R 2 AR KR o i FE— AP A
PR IT R, BN 2L 5 Al BESZ AN R Y 252

£33 HMRRIEEESRESESIEMERMBEXN

Table 3  Correlation of soil heavy metals and soil properties in the study area

AN T
Comelation factors pH oM As Cd Cu Hg Pb Zn
pH 1
oM -0.36"" 1
As 0.02 -0.02 1
Cd 0.44"" 0.15 -0.06 1
Cu -0.30"" 0.26"" 0.17" -0.09 1
Hg -0.25"" 0.19" 0.01 -0.07 0.61"" 1
Pb -0.34"" 0.24" " 0.19° -0.05 0.75" " 0.63" " 1
Zn -0.11 0.26" " 0.09 0.15 0.70" " 0.37"* 0.55" " 1

ok g p<0.05 K EAFEME; = = Sy p <0.01 /KF EAAH M Note: * denotes significant relationship at p <0. 05 level; and # s dose

at p <0.01 level
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Table 4 Factor loading, eigenvalue and accumulation contribution

rate in principal component analysis of the study area

I H Items PC1 PC2
As 0. 153 -0.469
Cd 0. 086 0. 888
Cu 0. 906 -0.159
Hg 0.749 -0.145
Pb 0. 868 -0.175
Zn 0. 806 0.199
¥ ME(H Eigenvalue 2.85 1.09

ZFH BTk % Accumulation contribution rate  47. 48 65. 69
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Table 5 Heavy metal contents in different kinds of plants in the study area

EILIES =R )R - {H Fe/ME RARMHE R e
Plant species Sample number Heavy metals Mean Min Max Standard!’ Standard?’
I3 Leaf vegetable ) As (pg kg ") 13.2+1.3a 2.2 77.0 50
HR 252K Tuber vegetable 16 8.1 +8.5a 2.3 38.1 50
A2 Fruit vegetable 6 4.4 +£2.3a 1.3 8.1 50
3225 Leaf vegetable 42 Cd (pg kg - 79.2 £ 115a 8.5 545.9 200
HR2£2K Tuber vegetable 16 29.8 £30. 6a 5.0 125. 1 100
A2 Fruit vegetable 6 12.1 £4.9a 8.7 21.4 50
3% 2% Leaf vegetable 42 Cu (mgkg™") 1.1x1.2a 0.2 7.0 10 -
HR2£2K Tuber vegetable 16 0.7 +0.5a 0.2 2.0 10 -
A2 Fruit vegetable 6 1.2 £0.4a 0.6 1.7 10 -
I3 Leaf vegetable 0 Hg (pg kg™!) 2.9 +2.4b 0.3 12.9 10
HR2£2K Tuber vegetable 16 0.6 +0.4a 0.3 1.4 10
A2 Fruit vegetable 6 1.2 £1.6a 0.3 7.1 10
H-3%2% Leaf vegetable 42 Pb (g kg - 129.7 £111. 5a 6.2 544.5 300
AR 252 Tuber vegetable 16 75 £76.2a 12.2 307. 4 300
A2 Fruit vegetable 6 65.5 £33.0a 22.1 102. 4 100
W32 Leaf vegetable ) Zn (mg kg™") 7.3 £8. 8a 2.0 56.0 50 -
HR25£2& Tuber vegetable 16 3.7 +2.6a 1.1 12.7 50 -
A2 Fruit vegetable 6 2.8 £0. 6a 2.3 3.8 50 -
1) £ 5 BR 4 T A 47 Tolerance Limit in Foods;2 ) £ o115 Y4 4 B 4 Maximum Level of Contaminants in Food ; — /% LU AR - Represents

no such standard
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Fig.4  Spatial distribution of heavy metals in leaf vegetable in the study area
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Table 6 Stepwise multiple regression equations for relationships of heavy metal contents in leaf vegetable ()

with soil heavy metals (x) and properties (pH, OM) in the study area

3¢ 5 43 J& Heavy metal in leaf vegetable 75 #& Equations R?
As y= -23.84 +1.350M 0.135"°
Cu y=-2.00+0.110M 0.118"°
Hg y=1.05+3.01lx 0.222""
Hg y=-3.13 +0. 160M +2.53x 0.279 " *
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Table 7 Heavy metal contents in fertilizers used in the study area (mg kg™')
o )R A HLAE Organic fertilizer TEHLAE Inorganic fertilizer
Heavy IS 1 AT AL Sk 2a A B
metals Chicken manure Commercial organic fertilizer =~ Rapeseed cake Compound fertilizer Nitrogen fertilizer Phosphate fertilizer
As 6.52 4.53 0.27 5.62 0.10 14. 45
Cd 0.37 0.78 0.16 0.36 0.01 1.36
Cu 54.26 37.93 7. 44 7.86 0. 66 19.70
Hg 0.03 0.13 0. 005 0.02 0. 001 0.13
Pb 9.31 17.17 0.20 7.27 0.08 22. 40
Zn 360.0 121.8 92.50 53. 41 2.89 144.0
MR R R TP AR X Ak (5] 3) o FhRRIE 4 1 3R W AT
» N 7 > Ay Zas
3 9 # JE M X T 42 1R B A B B A

TR 5 i I R 9K A4 B 4 2, L 22 B 41 8 4
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HEAVY METALS ACCUMULATION IN GREENHOUSE VEGETABLE
PRODUCTION SYSTEMS AND ITS ECOLOGICAL EFFECTS
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Abstract
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To study spatial variability of soil heavy metals may help reveal effects of human activities on soil heavy

metals accumulation and provide important basic data for soil utilization and its pollution risk assessment. Based on sys-

tematical analysis of heavy metals, arsenic ( As), cadmium (Cd), copper (Cu), mercury (Hg) , lead (Pb), zinc (Zn)

in the environmental media, such as soil, irrigation water, fertilizer, and plants of a greenhouse vegetable production sys-

tem typical of the suburbs of Nanjing, spatial variability and accumulation of heavy metals in the soil was explored causes

of the accumulation analyzed, and effect of the accumulation on plant uptake of heavy metals in this system discussed. Re-

sults show that (1) accumulation of Cu, Hg, Pb, and Zn in the soil was significant compared with that in open fields,

and the average contents of Cu, Hg, and Pb in the soil were higher than the criteria set in the Environmental Quality Eval-

uation Standard for Farmland in Greenhouse Vegetable Production; (2) Large amounts of agro-inputs significantly affected

spatial variability of soil properties, and hence, the spatial variability of soil Cu, Hg, Pb, and Zn in a similar way, for

these elements were closely correlated with soil properties; and (3) The changes in soil properties and the accumulation of

heavy metals strongly affected leaf vegetable’ s uptake of heavy metals, and the former played a more important role.
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