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Accumulation and potential ecological risk assessment of heavy metals in greenhouse soils from coastal area of
Jiangsu Province

YAO Rong—jiang'’, YANG Jin—song"*, XIE Wen—ping', WU Dan-hua’, YU Shi—peng'?, ZHANG Xin"?

(1.State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences ), Nanjing 210008,
China; 2.Dongtai Institute of Tidal Flat Research, Nanjing Branch of the Chinese Academy of Sciences, Dongtai 224200, China )

Abstract: Greenhouse soils have different biogeochemical characteristics from natural soils. Therefore, it is important to reveal the accumu—
lation and ecological risks of soil heavy metals for sustainable production of greenhouse soil. This study was carried out to examine the ef -
fects of cropping methods and greenhouse ages on the total and bioavailable content of soil heavy metals (Pb, Cr, Cd, As), in a coastal
greenhouse area in Jiangsu Province, China, a rapid development area of high—efficiency agriculture. Results indicated that soil environ—
mental quality across the greenhouse area was generally in good condition. Except Pb whose content exceeded the environmental quality
standard for farmland of greenhouse vegetables production (HJ/T 333—2006 ), the content of Cr, Cd and As was lower than the environmen—
tal quality standards. Cropping methods and greenhouse ages affected the total and bioavailable content of soil heavy metals to a different
extent. Total and bioavailable concentrations of Pb, Cr and Cd in greenhouse soil was significantly higher than those in conventional field.

The total and bioavailable content of Cd exhibited the trend of accumulation with increasing greenhouse ages. The bioavailable Pb, Cr, and
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Cd in soil showed significant negative correlations with soil clay particle content, cation exchange capacity, and pH, but positive correlations

with soil organic matter. The bioavailable As was merely positively correlated with soil pH. The comprehensive potential ecological risks of

heavy metals were currently at a low level across the whole greenhouse area. The indexes of the comprehensive potential ecological risks in

different crop greenhouses were in order of green pepper>watermelon>Chinese chives, increased with increasing greenhouse ages. The re—

search findings could provide scientific reference for pollution source reduction, ecological activity control and risk prevention of soil heavy

metals in the coastal greenhouse area.

Keywords: coastal area; greenhouse soil; heavy metal; bioavailability; ecological risk
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Figure 1 Geographical location of study area and sampling sites
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Table 1 Soil sampling and related survey information in studied area
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Table 2 Soil pollution degree and potential ecological risk
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Table 3 Descriptive statistics of total and bioavailable concentrations of heavy metals in conventional field soils and plastic

greenhouse soils in studied area

R E@Eﬁi/ E’z/Mﬁ/ E’aﬂﬁ/ EFﬁJ{F—@/ QALY Eﬁﬁfﬁﬂﬂb‘%ﬁ% bR/
mg-kg! mg-kg™ mg-kg™ mg-kg! % TENFRIE(E /mg - kg™ %
HHRKH (n=5) Ph, 383 47.8 435 9.19 50 0
Pb, 1.41 2.09 1.80 14.89
Cr, 457 63.6 56.8 14.09 250 0
Cr, 0.225 0.431 0.373 22.46
Cd, 0.028 0.051 0.041 25.25 0.4 0
Cd, 0.017 0.020 0.019 5.88
As, 6.89 7.77 7.42 459 20 0
As, 0.045 0.070 0.061 16.10
Wit KM (n=24) Ph, 429 59.9 523 7.98 50 75.0
Pb, 1.84 2.30 2.07 6.95
Cr, 532 75.9 63.0 10.12 250 0
Cr, 0.308 0.578 0.455 12.82
Cd, 0.038 0.077 0.054 21.31 0.4 0
Cd, 0.018 0.023 0.020 7.53
As, 7.12 8.11 7.59 2.82 20 0
As, 0.046 0.084 0.064 10.78

T R LIRS R AR TR TR RN ZnR RO, TR a FRAREE T & TR
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Table 4 Statistical comparison of heavy metal content(mg-kg™) between conventional field and plastic greenhouse soils

A = Pb, Cr, Cd, As, Pb, Cr, Cd, As,
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Figure 2 Comparison of total and bioavailable heavy metal content under different crop types and greenhouse ages
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Table 5 Correlation coefficients of total and bioavailable heavy metal content with basic soil properties

Ph, Cr, cd, Clay SOM CEC pH
Pb, 0.495%+ 0457+ 0.377% ~0.480%+ 0.668%* ~0.553%x ~0.490%*
Cr, 0.595%* 0.465%+ 0.591 %+ ~0.368* 0493+ -0.426* ~0.661%*
Cd, 0.530%+ 0.546%+ 0.697+* ~0.425% 0.528%+ ~0.618%x ~0.623%*
As, 0.162 0.285 0.282 0.836%+ -0.158 0.019 -0.304 0.369%

¥ B P<0.05 ;%% i 20 K- P<0.01,
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Figure 3 Descriptive statistics and their distribution of
contamination coefficient( C;) and potential ecological hazard

coefficient( E! ) of heavy metals in plastic greenhouse soil
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Figure 4 Potential ecological risk index(RI) of soil heavy metals

under different crop types and greenhouse ages
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Table 6 Descriptive statistics of potential ecological risk index(RI) of heavy metals in soil

i REAREL /ME FR{E &S SFAE LA FrfEzE AR RI(C. V)%  EFEEN P<.05
El=SNi] 9 12.09 13.91 1.82 12.95 12.88 0.70 5.38 b
PG RFHN 6 12.81 14.15 1.34 13.31 13.19 0.49 3.69 b
FHIHN 9 12.05 15.92 3.87 14.46 15.21 1.49 10.29 a
HRAKH 5 9.97 12.75 2.78 11.59 12.33 1.27 10.96 c
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