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Speciation and pollution assessment of cadmium and lead in vegetable greenhouse soil from a Xi’ an Suburb

with different cultivating years

GUO Jun—kang, ZHAO Jin, WEI Ting, LI Yan—ping, LU Xin, REN Qian, WANG Xiao—hong

(School of Environmental Science and Engineering, Shaanxi University of Science & Technology, Xi’an 710021, China)

Abstract: The physiochemical properties, content and speciation of heavy metals changes the increasing planting years. To investigate the
speciation and pollution levels of heavy metals in vegetable greenhouse soils with different planting years, a field study was conducted using
vegetable greenhouse soil from a Xi’an Suburb. The physiochemical properties, content, and speciation of Cd and Pb in soil were investigat-
ed, the relationship between Cd and Pb speciation and their physiochemical properties in soil were analyzed, and heavy metal pollution in
soil was evaluated using the geoaccumlation and potential ecological risk indices. The results indicated that soil became acidic and the avail -
ability of nutrients increased an increase in planting years. The total Cd and Pb content of soil ranged between 0.28~1.51 mg-kg™" and 0.14~
0.5 mg-kg™, respectively, and the available content of Cd was between 0.14~0.5 mg-kg™; all of these values exceeded the background level.
The total contents of Cd in 11~15, 16~20 a and 21~25 a were 0.615, 1.465 mg - kg™, and 1.515 mg- kg™, respectively, and that of 21~25 a
were 0.5 mg - kg™, which exceeded the standard value. The acid soluble and reducible fractions were the main speciations of Cd. The main

form of Pb was the residual fraction. The available Cd, and the reduction and residue fractions of Pb were significantly correlated with the N
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and P contents of soil (P<0.05), and the reduction fraction of Pb was correlated with K. The geoaccumulation index of Cd in soil increased,

and the pollution reached a moderate level as the number of planting years increased. The soil of 21~25 a was at a moderate ecological risk.

The contribution of the Cd ecological risk coefficient to the potential risk index was 94.36%. Cd and Pb create a certain risk of superimposed

pollution, and the potential ecological risk coefficient of Cd in high—age fields is greater than that of Ph.

Keywords: Xi'an; planting years; greenhouse vegetable soil; heavy metals; speciation analysis; pollution assessment
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Table 2 Physiochemical indexes of greenhouse vegetable soil with different planting years

HFfR/a pH T % AHLBg kg AW /mg-kg! A /mg-kg IRAFNEE /mg kg
1~5(n=12) 8.27+0.29a 97.99+0.01a 13.02+1.34¢ 47.34+5.83e 109.02+9.80d 71.72+5.07d
6~10(n=12) 8.03+0.08a 97.62+0.02a 31.32+3.29b 62.25+5.05d 201.37+1.10c 96.79+12.06¢
11~15(n=15) 8.07+0.36a 98.04+0.01a 32.67+2.83b 72.97+3.27¢c 212.20+11.56¢ 106.03+7.32¢
16~20(n=12) 7.90+1.26ab 97.89+0.01a 37.48+1.20a 109.86+11.8b 283.89+16.96b 137.20+9.27b
21~25(n=9) 7.58+0.07h 98.31+0.01a 29.53+2.30b 137.51+9.42a 328.18+12.99a 165.83+11.36a

T RIS R ING R RN AR AR FR ] 22 53 2.2 (P<0.05) , BAEAS B n=60.

Note: The same column with different lowercase letters indicates significant difference between different years (P<0.05). Total sample number: n=60.
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3 AEAEREEX MBS BSETH (mg-kg)

Table 3 changes of heavy metal contents in greenhouse vegetable fields in different years(mg-kg™)

SE Cd Pb

1~5 a(n=12) 0.28+0.02d 0.14+0.05bc 36.58+4.13¢ 10.64+1.77a

6~10 a(n=12) 0.34+0.01c 0.13+0.01c 48.51+5.85h 12.32+1.97a

11~15 a(n=15) 0.61+0.09h 0.18+0.04bc 45.57+3.34b 12.96+3.12a

16~20 a(n=12) 1.46+0.15a 0.23+0.08b 46.47+3.28b 12.81+0.63a

21~25 a(n=9) 1.51£0.12a 0.50+0.07a 75.31£0.03a 12.65+0.79a
HHME 0.12 21.5
FrUEBR{E pH>7.5 0.40 50

1 RPN NG PR R R R AR R 8] 22 5 8.3 (P<0.05 ) s i BR (AR U F (R 55 32 7 MR BE TR PEA A ) (HJ 333—2006) , AN EL n=60.

Note: The same column with different lowercase letters indicates significant difference between different years (P<0.05) ; The standard limit is derived

from Environmental quality evaluation standard for farmland of greenhouse vegetable production (HJ 333—2006 ). Total sample number: n=60.
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Figure 1 Distribution of Cd speciation in greenhouse vegetable

soil with different years
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Figure 2 Distribution of Pb speciation in greenhouse vegetable

soil with different years

F4 TEFREEEREITH

Table 4 Risk assessment of heavy metals with different years

M td Pb RSB LN
L. E! IR R L E! IR R WLAR LRI [Caiy
1~5(n=12) -0.39 34.32 T -1.59 2.49 T 36.81 R4
6~10(n=12) -0.42 33.60 T -1.38 2.88 T 36.48 {45
11~15(n=15) 0.02 45.50 =353 -1.31 3.03 ok 48.53 k4
16~20(n=12) 0.34 56.93 R -1.33 2.99 T 59.92 s
21~25(n=9) 1.47 125.07 R -1.34 2.96 i 128.03 &g

T BEAR S n=60.

Note: Total sample number: n=60.
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Table 5 Correlation analysis of Cd speciation and physicochemical properties

F1Cd F2Cd F3Cd F4Cd FOCd pH oM P K N
F1Cd 1 0.960™ 0.739 0.907" 0.978" -0.914" 0.360 0.942 0.865 0.932°
F2Cd 1 0.700 0.965" 0.887" -0.955" 0.285 0.934" 0.852 0.923"
F3Cd 1 0.587 0.716 -0.866 0.882° 0.852 0.962" 0.901"
F4Cd 1 0.803 -0.895" 0.143 0.816 0.734 0.814
FOCd 1 -0.836 0.381 0918 0.833 0.901"
pH 1 -0.536 -0.958" -0.954" -0.973"
OM 1 0.542 0.738 0.611
p 1 0.961" 0.994™
K 1 0.984™
N 1
TE *7E 0.05 ACHF UM _F 3 AHSE, 7 0.01 ZKF-CRU) | 8 35 A0 C
Note : *was significantly correlated at 0.05 level(bilateral ). ** was significantly correlated at 0.01 level (bilateral ).
®6 PhARMSSEMAMERMBXES T
Table 6 Correlation analysis of Pb speciation and physicochemical properties
F1Pb F2Pb F3Pb F4Pb FOPb pH OM P K N
F1Pb 1 -0.903" 0.837 -0.924" 0.920° -0.757 -0.052 0.833 0.667 0.772
F2Pb 1 0.834 0.967" -0.896" -0.928" 0.456 0.988" 0.920" 0.966™
F3Pb 1 0.715 -0.984" -0.687 0.106 0.819 0.653 0.766
F4Pb 1 -0.816 -0.896" 0.394 0.930° 0.863 0.905"
FOPh 1 -0.752 -0.111 -0.866 -0.699 -0.811
pH 1 -0.536 -0.958" -0.954 -0.973"
OM 1 0.542 0.738 0.611
P 1 0.961" 0.994™
K 1 0.984™
N 1

T 7 0.05 A GO BB AR, o 72 0.01 AR GBI B AR

Note: *was significantly correlated at 0.05 level(bilateral ). ** was significantly correlated at 0.01 level (bilateral ).
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