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Abstract: In order to evaluate the contamination level and explore the spatial distribution pattern of heavy metals in green-
house soils of China, the peer literatures on heavy metals in greenhouse soils since 1997 were systematically reviewed and
the data analyzed. The results indicate that the heavy metals in greenhouse soils of China generally showed a spatial distri-
bution pattern. The concentrations of Cd, Pb and Hg in greenhouse soils are higher in the south, the concentrations of As,
Cu, Zn and Cr are higher in the north, while the value for Ni is the highest in the northwest. Moreover, 41. 7%, 54. 5%
and 11. 1% of soil sample sites from the south, north and northwest, respectively, showed higher Cd concentration than
the standard value for farmland of greenhouse vegetables production; while for Pb concentration, 33.3%, 18.2% and 0 of
the soil sample sites in the three regions respectively, exceeded standard value. The geo-accumulation index shows that for
the greenhouse soils in China, Cd pollution is the most serious, followed by Hg pollution. In addition, the concentrations
of heavy metals accumulated in greenhouse soils in China increase accordingly with planting years, and the heavy metals
concentrations decrease with the soil layer. The main source of heavy metals in greenhouse soils is fertilizer, especially ma-
nure.
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Table 1 Grading standards for geo-accumulation index
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M 2 WAL FR E Rt H Cd P F1 Hg 734
it DL b XN e, L G S b X A
42.5% .10. 8% F1 100. 0% , k. 74 It &6 H X 23 5] 7=
137. 5% 40. 7% 15. 8% ; As .Cu.Zn Fl Cr F-¥5 5
gt D i P = O = N = L s o =
24.3% 13.2% .46. 4% Fl 13. 9% , 78 Jb 3 Hi X 43
155 38. 9% .30. 8% .20. 9% 1 21. 4% ; TMi Ni 45
2t U] A PG b 350 b DX Ay o5 e, G b e A AL A b DX
ST 43. 2% H1 12. 9% , KEBF AR FHFPAE 55 52,
HCEEE 5 HI/T 333—2006( T % 55 35677 #3145 Jo
HPEARE 1T AL, S5 R R Cd Cu Zn . Pb Hg
AR RN 37.5% . 8.1% . 5.9% . 18.8%
20. 0% , AT Z AR MR TGN, i, Cd & &
AR ™ T, B s | S A PG b L X A K 43 )
K 41.7% . 54.5% F1 11. 1%, Pb # 5 4 5 K
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33.3%,18.2% F1 0, Hg # b5 253 51 R 29.8% .,  Zn AUAEILHFHLIX 1 BLHEAR  BAREN 11. 1%,
20. 0% 1 0, Cu HIRF53 510 12. 5% ,10. 0% F1 0,
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Table 2 Statistics of heavy metals content of greenhouse soils in different areas

) - e w/(mg - kg™')
T i FARC MORR SR BARWE  UMESE RO RUME e
As T T Hb DX 608 EAS 9. 54° 5.67 8.61 22.20 5.37 30
At AR X 431 IERS R 11. 86" 4. 66 11.22 22.94 7.22 25
PR X 231 WA IE S5 A 8.54° 6.01 3.35 13.33 0.09 20
cd T T b X 738 IERS AR 0. 57" 0. 69 0.33 2.47 0.05 0.30
AL H X 502 EAS 0. 40 0.25 0.31 0.98 0.04 0.30
PR X 427 IERS R 0.24> 0.11 0.22 0.42 0.11 0. 40
Cu P T b X 613 IERS AR 36. 63¢ 13.10 34.24 51.31 18.24 50
bR X 359 A IE A A 4]. 48" 24.45 37.51 107. 89 24. 46 100
VUL ER X 337 EAS 31.72° 7. 66 30.97 44. 63 24. 10 100
Zn T T L IX 274 &SR 72.24* 24.78 68. 86 114. 40 43.70 200
AL X 339 YEOES T 118.69 70. 15 105. 76 293.98 48.99 250
VYL AR X 323 XPECOE A oA 96. 72 56. 12 87. 45¢ 196. 10 64.33 300
Cr R HE X 626 EA5 59. 76" 21. 68 54.97 91.46 19. 85 150
AL X 514 IERS 68. 04* 24.32 64. 39 120. 85 37.23 200
PHAL AR X 251 IERS AR 56. 04* 39. 89 27. 88 122. 61 0.42 250
Ni T T Hb DX 154 EAS 22.34° 7. 46 21.22 29.38 12.19 40
AL H X 298 IERS R 28. 32 4.70 28.01 37.70 22.80 50
PGB X 216 IERS 31.98" 3.19 31.85 35.53 28.59 60
Pb AR X 738 KROS5 A 40.32 34.65 30. 42° 138. 40 5.44 50
LR HE X 472 XEOE A A 33.03 24.15 27. 46 90. 18 14.53 50
PR X 397 &R 21. 62° 11.05 13.29 39.57 0.15 50
Hg B T X 235 IERS AR 0.22° 0.27 0.13 0. 61 0.05 0.25
bR X 193 WA IE A A 0.11° 0.11 0.07 0. 31 0.02 0. 30
PUALERHL X 126 WBOE A3 A 0.19 0.03 0.19* 0.21 0.17 0.35

] X e iR A SBR[ 270 25 0 DX ) 22 5 1 35 (P<0. 05) o 1) HJ/T 333—20064 1 % B 3™ L 3R 52 B b A A ofe)
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Table 3 The geo-accumulation index of heavy metals in greenhouse soils in different areas

b RBHERL
G R ARHLIX JEEpHLIX VLR HLIX

TIE L ON:! e/ ME THE LI ON il I/ME FHE L ON Il fe/ME
As -0. 66 0.57 -1.06 -0.33 0.64 -1.03 -0.64 -0.50 -0.80
cd 1.05 4.55 -1.81 0.74 2.12 -2.40 -0.12 1.22 -3.04
Cu -0.04 0.86 -0.64 -0.08 0.54 -0.72 -0.31 0.30 -1.16
Zn -0.57 0.28 -1.69 -0.03 1.71 -0. 88 -0.29 0.93 -1.25
Cr -0.45 3.31 -2.70 -0.33 0.91 -1.22 -1.00 -0.33 -2.50
Ni -1.39 -0.77 -2.42 -0.33 0.01 -0.59 -0.60 -0.40 -0.89
Ph -0.13 1.96 -2.90 -0.20 1.47 -1.26 -0.22 1.30 -1.49
Hg 0.20 0.49 -0.22 0.37 2.91 -1.14 1.45 2.37 0.53

f2¢ 3 Al BTl IX Cd  Hg Mo 2RIEECEY 353, BHIX Cd s 2RFE R W R oI5 e R
0504 1.05 A1 0.20, 3 W W oR S Ye faR i J5 s RS Je g s 75 e 19 5 7 800 ) i A S
B, AT E M BEUEECEES/NT 0, R TE 8089 33.3% .33. 3% .22. 2% A1 11. 2% ; 555 74 &6 H# X



<1022 - £ x5 &K N OB OE ¥ i

5 34

AHRL, JLEBHL X Cd , Hg M RAFE 505518 0. 74 A
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P ISR R EE R, Ho Cd S BB IR AR R
FAHE ACEBFN PG I B X > 10 a FhAEFE] + 3 Cd
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B <3 a BiA i [A) 4 58 43 51 35 0 103. 8% |
123. 1% 1 110. 7% ; i - 3 Cu & & 4 B 3 Jn
50. 0% .36. 1% 1 61. 1%, 13 Zn & & 4% 9134
31. 0% .23. 2% F1 50. 1%, MAS[E]H X K F, R s
[H]>10 a B}, BEABHLIX 318 As 5 &34 i1 105. 6% , 1M
ACERFNVG I EBHL X AL 53503 0 8. 4% F1 3. 8% 5 7 &6
APGICERHIX. Ni 551253 3G 63. 5% F1 40. 4% , 1M
ACEH DAL G TN 7. 8% , PHACESHE X Cr 75 & 3G
56. 1% , A FRFNALER b DX 43 038 0 12. 6% F1 7. 6%,
ULAN, R &R X Ph 2t ) B0 B A B4 i i R A1 1
T, X F] GE S BT AR 4 M IX 1 4 Pb 75 SH(E
B 3 KX R IEER I 3~6 a AT &R S
IR, X EEE R T YFIE 3~6 a i), HEE
JCR BREIBRHIE D) 1E 5 A A 0 R ) A P
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Table 4 Heavy metals contents in greenhouse soils under different planting years

Kbk FhtE AR/ w/(mg - kg™")

a As Cd Cu Zn Cr Ni Pb
R IX <3 3.41 0.26 36.13 35.98 85. 09 7.98 24.28
3~6 5.67 0. 44 48.23 49.01 89. 49 14.03 21.65
>6~10 5.40 0.42 55.56 42.70 95. 50 13.68 20. 36
>10 7.01 0.53 54.20 47.12 95.77 13.05 15.85
JbR b X <3 10. 02 0.26 25.65 82.90 50. 52 25.00 15.24
3~6 10.22 0.42 28. 44 86. 83 51.07 25.32 15. 47
>6~10 10. 64 0.45 32.08 94.70 53.35 26. 41 16. 37
>10 10. 86 0.58 34.90 102. 15 54.38 26.95 18.18
PG X <3 12. 89 0.28 29.19 62.20 31.59 27.17 26. 54
3~6 12.21 0.29 37.32 83. 45 44.98 35.91 29.46
>6~10 12.82 0. 40 41.72 90. 36 46.92 37. 80 29.99
>10 13.38 0.59 47.03 93.35 49.32 38.15 31.93

2.4 EKHIIEEEEEESHIHFML

TR b X 35 it A FH A )2 7 4 A o o 0 3 L A
MR 5, S rA, A IX 1 H 4R &
S IR PRGN R R AEAS ) - 5 S BN U
HARRE L, AR AL A PE L F HLIX >20 ~ 40 em +
E5%)Z(0~20 em) M E, Cd & & 50 5l B AT
43.3% .78. 6% 33. 3% , Cr 5 543 W A% 41. 0% |
9. 7% 1.5%, As 7 1t 53 il P A% 34.4% 5. 1% Fil
26.7% ,Pb & & HIKEAK 5. 8% 8. 1% 1 4. 7%, 5
>20~40 em +ZAH L, BEHER  ALAPHLIX >40 ~ 60 cm
+J2 Cd By BRI 25. 0% F1 33. 3% ; 7 #05 4ih [X.
As. Cr 1 Pb & 1 70 3 B K 14.3% ., 15.3% Fl

10. 8%, 1Mt #8 4b X As, Cr Fl Pb & &t 52 1M1 FH 5
15.7% 7. 0% M1 0. 8% ; 5>40~60 em +JZH .,
HRHLX >60~ 80 em +JZ Cd . As . Cr F1 Pb &+ 43 5
FAAIG 38. 6% 61. 1% 25. 5% F1 24. 1%,

3 i

3.1 SXHEEEMEES L RE
BEHFATIEE T I 20 a Tk 1% i A H 1§ 4
JE BT A5 R I kAT g it o0 A, AR i R,
AERFHL DT AR T VY AR A A b DA K VY e b X
I EE PR 5T M 45 M 35 A DL AH SC i 9, 2 3R B iR it
Ab oA I ) XA R A, EEAE TR
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Prod fe b S BR T 5 5 (6 75 I8 2 8o 7 A 1) A 2
SIPE RRE RV B TP R X, R B SRR B F 5T
s, VLB e A S R B R v AR et 07
i, BEGETT T IX 24 i R R
SR, BT T DA B R AE R/ ME (H UL
AT 25l X 00 A< T B 46 5 G /K F T REA
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Table 5

greenhouse soil layers

Distribution of heavy metals in different

=y . Lo !
X i TR w/(mg * kg™ )
cm Cd As Cr Pbh
BT X 0~20 1.34 8.00  80.50 17.25

>20~40  0.76  5.25  47.50 16. 25

>40~60  0.57  4.50  40.25 14.50

>60~80  0.35 1.75  30.00 11.00

LR H X 0~20 0.56 827 37.23 18.48
>20~40  0.12  7.85  33.63 16.98

>40~60  0.08  9.08  35.99 17.12

PG AR X 0~20 0.36 22.82 71.16 35.21
>20~40  0.24 16.72  70.07  33.56
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P PR X 5 Hg M RIS g, AV LR
B350 1t AR R R TES G5 BL Y5 P a5 R
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HEE TG YR A A TS R b A
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