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Contamination characteristics of heavy metals in greenhouse vegetable fields of Xinmin, Shenyang City , China
GUO Pan', SONG Xue-ying'"", LIU Wei—jian', LI Yu—shuang', WEI Jian-bing', LI Xiu—-ying®, XIA Si-yu’

(1.Key Laboratory of Regional Environment and Eco-remediation, Ministry of Education, Shenyang University, Shenyang 110044, China;
2.Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; 3. College of Environmental Science and Engineer-
ing, Nankai University, Tianjin 300071, China)

Abstract: Soil samples were collected from greenhouse vegetable fields of different planting years from the Xinmin vegetable field,
Shenyang, China. Soil samples from the open vegetable and maize fields were used as controls. The concentration of cadmium (Cd), lead
(Pb), nickel (Ni), chromium (Cr), copper(Cu), zinc(Zn), mercury (Hg), and arsenic (As), which are listed in the Environmental Quality
Evaluation Standards for Farmland of Greenhouse Vegetables Production (HJ/T 333—2006), was determined by atomic absorption spectro-
photometry and atomic fluorescence spectrometry. Basic physicochemical properties of soil including pH and the content of soil organic
matter(OM), total nitrogen(TN), and total phosphorus(TP) were also measured. The concentration of heavy metals in the greenhouse vege-

table fields decreased in the following order: Zn>Cr>Cu>Ni>Pb>As>Hg>Cd. The concentration of Cu, Cd, and Hg exceeded the relative
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control standards at the rate of 2.4%, 26.8%, and 22.0%, respectively. The concentration of Cd, Cu, Zn, As, and Hg in the greenhouse vege-

table fields was higher than that in the open vegetable and maize fields. Furthermore, the concentration of Pb, Ni, and Cr in the greenhouse

vegetable fields was lower than that in the open vegetable fields. The comprehensive pollution Nemerow Index of heavy metals in the green-

house vegetable soil of Xinmin vegetable base was approximately 0.87, within the range of warning limits. The concentration of Cr and Cd

in soil positively correlated with the planting year. The concentration of Cu, Zn, Cd, and Cr in soil positively correlated with the soil OM

content(P<0.05). The concentration of Cu, Zn, and Cr in soil positively correlated with the TN content. In addition, Cu and Zn, Cr and Zn,
Cd and Zn, Pb and Ni, Cr and Ni, and Cd and Cr were positively correlated.

Keywords : greenhouse vegetable field; soil; planting year; heavy metals; contamination characteristic
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Figure 1 The location of sampling sites
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Table 1 Basic physiochemical properties of soils in Xinmin vegetable fields

FehT BEiti S (n=41) Greenhouse vegetable fields  #& K (n=5) Open—air vegetable fields FHIXF R (n=3)Field control
Index FMEAREREMESD  BRFHCY PHHAREREMSD  ERRECY PHEARMEREMESD  ERRECY
pH 6.00+0.66 0.109 5.35+0.62 0.116 5.52+0.64 0.116
SOM/g-kg™ 24.75+8.20 0.283 17.93£1.30 0.073 21.89+5.63 0.256
TN/g-kg™ 1.52+0.38 0.267 1.05+0.53 0.500 1.15£0.14 0.083
TP/g-kg™ 0.37+0.37 2.667 0.08+0.08 1.143 0.31+0.37 1.333

1 SOM— T HEA HLIF &4 IN— MA & i TP— B & i

Note: SOM indicates soil organic matter content; TN indicates total nitrogen content; TP indicates total phosphorus content.
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Table 3 The relativity analysis of basic physiochemical properties

of soils in facilities vegetable field

F5h5 Index pH TN TP SOM

Pl AR 0.260 0.259 -0.135 0.294
pH -0.002 0.051 -0.014
TN 0.029 0.737%%
TP 0.111

% P<0.05,#* P<0.01, R,
Note: * P<0.05,** P<0.01. The same below.
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Table 2 The content of heavy metals in the soil of vegetable fields with different planting years

FIHE A PR Planting years/a pH TN/g-kg™ TP/g-kg™! SOM/g-kg™!
1~5 5.68+0.67b 1.35£0.26b 0.34+0.28a 22.64+5.70a
6~10 5.88+0.43b 1.55+0.47ab 0.46+0.46a 27.07+7.32a
11~15 6.58+0.64a 1.7220.34a 0.28+0.3% 22.73%11.18a
16~20 5.96+0.45b 1.58+0.48ab 0.42+0.41a 28.90+7.98a

T B LIS AR 2201 B 5 AN RN P RER RSP A AN [R) 4R R 0] 22 57 .2 (P<0.05)

Note: Data are shown as means=SD. Different lowercase letters in the same column mean the difference significant at P<0.05 level.
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Table 4 The statistical characteristic value of soil heavy metal content

i H Ttem

Cd Pb Cu Zn Ni Cr As Hg

Wit (FV) SEHIE M/mg-kg!
FrifE2 SD/mg kg™
55 F A CV
75 R {1 Open—air vegetable fields average/mg - kg™
KA BESE2{E Field control average/mg kg™
B R S (BV)® X inmin soil background value/mg-kg™

2 B SR M EREE T RPN AR ME Evaluation criterion (pH<6.5) (SV)/mg-kg™

FV/BV
FV/SV

0.17  18.05 2421 8353 1852 50.34  3.38 0.24
0.18 3.31 8.45 2282 282 8.70 1.82 0.35
1.06 0.18 0.35 0.27 0.15 0.17 0.54 1.46
— 19.24 2136 6698 20.05 56.20 1.17 0.21
— 1843 1652 66.73 1630 4431 2.03 0.14
0.076  19.67 1327 32.64 16.11 3295 6.14 0.023
0.3 50 50 200 40 150 30 0.25
2.24 0.92 1.82 2.56 1.15 1.53 0.55 10.43
0.57 0.36 0.48 0.42 0.46 0.34 0.11 0.96

®5 FAEREHEHHABELBSBETAHER (ng ke

Table 5 The content of heavy metals in the soil of vegetable fields with different planting years (mg-kg™)

FAEAERE Planting years/a cd Ph Cu Zn Ni Cr As Hg
1~5 0.07b 17.94a 23.80a 74.83a 18.24a 44.52h 3.16a 0.23a
6~10 0.26a 19.91a 27.18a 85.86a 19.09a 51.06ab 3.86a 0.34a
11~15 0.15ab 17.01a 22.54a 89.85a 18.45a 53.55a 3.50a 0.22a
16~20 0.27a 17.70a 24.10a 89.62a 18.59a 56.53a 3.13a 0.16a

T AP RO P B, B 5 AN [l /NG R R SR AR AN [ AR AR B ) 22 57 2. (P<0.05)

Note: Data are shown as means. Different lowercase letters in the same column mean the difference significant at P<0.05 level.
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X BT Bt 32 b 3 VEA T I 25 AT Y A8 B B
R T2 F R R (P5<0.7)F 194>, (A
B 46.3% 5 3K B R (P4<1.0) IR S AT 94, 5
22.0%; A FERT5 YL S (P o<2.0) FIAE S 114,
26.8%; I (P4<3.0) SE TG Y (P+>3.0) IFE 5 45
1A 34 17 2.4% ., AS R RARL AT BRIt 32 1 - 825 505
PR B HAF B EES R AR 2, 6~ 1045 FE 2R 315

x6 ECRBTUSHEY

Table 6 The single pollution index of heavy metals

T 4E R Planting years/a cd Pb Cu Zn Ni Cr As Hg
S 1~5 023b  036a  048a  037a  0.46a  030b  0.dla  0.92a
Greenhouse vegetable fields 6~10 0.87a 0.40a 0.54a 0.43a 0.48a  0.34ab  0.13a 1.36a
11~15 0.50ab  0.34a  045a  045a  046a  036a  0.12a  0.88a
16~20 090a  035a  048a  045a  046a  038a  0.10a  0.64a

Mean 0.63 0.36 0.49 0.43 0.47 0.35 0.12 0.95

% K EH Open—air vegetable fields 0.38 0.43 0.33 0.50 0.37 0.03 0.85

KX B8 Field control 0.23 0.33 0.33 0.41 0.30 0.05 0.48

T AP RO P B, B 5 AN [l /NG R R SR AR AN [ AR AR B ) 22 57 2. (P<0.05)

Note: Data are shown as means. Different lowercase letters in the same column mean the difference significant at P<0.05 level.
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Figure 2 The comprehensive pollution index of facility

vegetable soils

701

561

42}
o (¢

S /mg -k
(@)
O

&2 28t OO@ ..... o
: © Oo@&%c% e

1 0 O —47820412.160
R*=0.166
0 ) ) )
0 2 4 6
T HEE YT R (SOM) /%
107
0.8
TbD
-
% 0.6F
£ o 5 ©
il 1)
& 04F OOO O
S o X .
021 :OC S y=0 09296—0 070
@ R=0.148
0
0 2 4 6

BT 5 (SOM)/%

T AL Z AR 0 3 1 IEAR OGO R [l
A LAHT Y=A+ By (x 2R I ALBT I & i, %5 Y 3R
NEEEILRENEGE mg kg MEXFLRESES
HYTEAYR G RZBIOCR, ME 3, ZnFlCd
5B LB AE DGR IR B Tk 2 2 K F- (P<0.01) , Cu
N Cr 5A LT A DG IX B 2 KF- (P<0.05) o 9K
B DN AR X b T T A M DX R it B S 1 1 EE 4 AR
SRR ATt & B, 3% Cu Zn CrF1 Cd 5 115
FA P B S I A IR ARG O R . F9E R, 13
AP SRR, 2 FIE &R K A A B S
SN, 3G BT Fr e A 2 e - SR o 4 )
PR RE ) i

MEIEE SR SRS BA S A brk
H(£7), 4B Cu.Zn Cr5 + 3 TN Z [A] fA7E K
FHIEA SR (P<0.05) , i HH X JLANVEE 4 )% 5350
TSN A O o i R 1 it =5 b - 458 1 JIERL SR
T2 e A HUIE G it , ZUIE RE % 3 2o 52 ) -3¢
() pH (B 52 ) - 458 vh 42 R (TR A, 4 1 52 ) - 3
Xof T 45 Ja ) R O A AR TS O TR B R
I 2R AR 2 U I As L Cr Cu Al Zn S0 L R P,
X o SR AFEO F I 14448 (i) A ALIE b B 4 )R &5

150
o
o
120 o & .
i 8 R
% 90f o O™ ©
Q, e}
5 _(.9-(‘)'0 le)
SH 60 ~O%B o
,m = O --.' O
.00 0
g =
20l y=19.089x+35.237
R*=0.361
0 . . ,
0 2 4 6
FHEATHLIT 5 (SOM) /%
801
p i
- 601 (0]
2 | A~ AV ..t
I @OE_S_)OQEQ 3
R SR o ®o ©
] O
&
5
o
20r y=5.3931+36.566
R*=0.199
0 - . ,
0 2 4 6
T HEA P E(SOM) /%

B3 tEEHNHEEESELE(Cu.Zn . CdFICH EEMNEEXER

Figure 3 The linear relationship between the soil organic matter content and heavy metal content
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[1] Chen Y, Hu W, Huang B, et al. Accumulation and health risk of heavy

metals in vegetables from harmless and organic vegetable production

®7 I1EESLESE5 TEENEROBXES T

Table 7 The correlation of soil heavy metal content with the soil physicochemical properties

F8H5 Index Cu Zn Pb Cd Ni Cr As Hg
SOM 0388* 0.5427%%* 0.007 0.405%* -0.166 0.356%* -0.123 0.111
TN 0.341% 0.642%%* -0.082 0.274 -0.240 0.478%%* -0.068 0.070
TP -0.002 -0.146 -0.092 -0.134 0.013 -0.112 -0.012 -0.072
FAE4E R Planting years 0.031 0.282 -0.090 0.371% 0.052 0.466%* 0.019 -0.116

R BHERMEEERITEEMBEXES T

Table 8 Correlation analysis between elements of facility vegetable heavy metals

Cu Zn Pb Cd Ni Cr As
Zn 0.629%+%*
Pb 0.014 0.035
Cd 0.238 0.404%#%* 0.264
Ni 0.064 -0.067 0.407+* 0.044
Cr 0.225 0.441%* 0.238 0.351* 0.441%*
As -0.053 0.027 0.267 -0.082 0.223 -0.002
Hg 0.139 0.081 0.134 -0.111 -0.019 -0.035 -0.170
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