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Characteristics and affecting factors of heavy metals content in greenhouse vegetable soils in China
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Abstract: To quantitatively explore the effects of heavy metal accumulation and the potential corresponding factors (e.g., planting years,
DOC, and TN etec.), the nationwide 401 sets of data from literatures and 548 soil samples, the Huang—Huai—Hai and Bohai Rim region 233

sets of data from literatures and 310 soil samples were collected and analyzed. Results showed that in the nationwide, the content of soil Cd,
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Pb, As, Cr, Hg, Cu, Zn, and Ni from literatures was 0.32, 24.9, 8.45, 83.6, 0.05, 29.9, 70.7, and 27.4 mg - kg™, respectively. Furthermore,
compared with Chinese Soil Quality Criterion (GB 15618—2018), about 30.5%, 9.8%, 7.2%, 4.8%, 4.7%, and 3.7% of total soil samples
exceeded the threshold of Cd, Cu, Cr, Zn, Pb, As. The content of soil Cd, Pb, As, Cr, Hg, Cu, Zn, and Ni from collected soil samples was
0.13, 21.9, 6.48, 41.9, 0.09, 23.6, 72.1, 21.4 mg - kg™, respectively, and the ratios of exceeding threshold were 5.3%, 1.8%, 1.6%, 0.9%,
0.6%, and 0.6% for Cd, Cu, As, Zn, Pb, Cr respectively. In the Huang—Huai—Hai and Bohai Rim region, the content of soil Cd, Pb, As, Cr,
Hg, Cu, Zn, and Ni from literatures was 0.30, 25.9, 8.56, 67.1, 0.08, 33.3, 79.1, and 32.5 mg- kg™, respectively. Furthermore, compared
with Chinese Soil Quality Criterion (GB 15618—2018), about 25%, 10.4%, 9.9%, 6.3%, 2.2%, and 2.1% of total soil samples exceeded
the threshold of Cd, Cu, Cr, Pb, Zn, As. The content of soil Cd, Pb, As, Cr, Hg, Cu, Zn, and Ni from collected soil samples was 0.13, 22.8,
5.93, 43.5, 0.08, 23.1, 69.3, 19.4 mg - kg™, respectively, and the ratios of exceeding threshold were 3.1%, 2.1%, 2.0%, 1.2%, 0.6%, and
0.5% for Cd, Cu, Cr, As, Pb, Zn respectively. However, both Hg and Ni from literature data and soil samples did not exceed the standard.

The contents of Cd, As, Cu and Zn in soil gradually accumulate with the vegetable planting years. The data from literature showed that the
soil with 21~25 planting years has the highest Cd accumulation(3.60 mg-kg™), and the soil with 26~30 years has the highest Cu(80.3 mg-
kg™) and Zn(180 mg-kg™), respectively. The data from collected soil samples showed that the highest Cd content appeared in the soil with
planting years of 16~20 years(0.19 mg-kg™) and the highest As(16.0 mg-kg™'), Cu(53.6 mg-ke™), and Zn(131 mg-kg™) content ap-
peared in the soil with 21~25 planting years. Correlation analysis showed that the content of Cd and organic carbon was significant positive
correlated, the content of Cu and Zn was significant positive correlated with organic carbon, total nitrogen, available phosphorus, and avail -
able potassium. The heavy metals content of the fertilizer verified that phosphate fertilizer and manure were important sources of heavy met-

als in greenhouse vegetable soils. Measures should be taken to control the pollution sources to ensure the soil environment and vegetable

quality and safety.

Keywords : greenhouse vegetable; soil; heavy metal; planting years; fertilizer inputs
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Table 1 The distribution of greenhouse soil samples in China

BaEkilE oo FEALIE ORI By oA
Data sources Elements Sample groups ~ Samples Provinces distribution
STk ) Cd 321 6443 1°(46)",2(54),3(39),4(37),5(34),6(31),7(2),8(21),9(23),10(2),11(8),12(9),13(6),
Literature 14(3),15(2),16(2),17(1),19(1)
review Pb 338 6448 1(47),2(54),3(50),4(37),5(31),6(19),7(30),8(22),9(7),10(3),11(13),12(10),13(6),
14(3),15(2),16(2),17(1),19(1)
As 242 4697 1(48),2(46),3(13),4(37),5(23),6(18),7(1),8(20),9(7),10(3),11(8),12(8),13(5),
15(2),17(1),18(1),19(1)
Cr 276 4450 1(37),2(46),3(45),4(37),5(14),6(31),7(2),8(20),9(7),10(2),11(13),12(10),13(6),
15(2),16(2),17(1),19(1)
Hg 183 3992 1(36),2(22),3(4),4(37),5(22),6(15),7(1),8(20),9(7),10(1),11(3),12(7),13(6),
17(1),19(1)
Cu 325 5377 1(49),2(35),3(49),4(37),5(31),6(21),7(21),8(22),9(23),10(12),11(13),12(4),13(3),
15(2),16(2),17(1)
Zn 268 5040 1(49),2(35),3(31),4(37),5(24),6(2),7(14),8(22),9(23),10(12),11(10),12(1),13(3),
15(2),16(2),17(1)
Ni 137 2098 1(25),2(3),3(30),4(37),5(3),6(1),8(15),9(7),10(1),11(5),12(1),13(2),14(3),15(2),
16(2)
FE SR AR Cd 487 487 1(12),2(23),5(29),8(6),9(23),10(13),12(9),13(253),17(4),19(21),20(22),21(19),
Sample 22(15),23(12),24(11),25(9),26(6)
collection Pb 543 543 1(12),2(79),5(28),8(6),9(27),10(13),12(8),13(253),17(4),19(20),20(22),21(19),
22(14),23(12),24(11),25(9),26(6)
As 485 485 1(12),2(24),5(29),8(6),9(25),10(13),12(7),13(253),17(4),19(21),20(22),21(19),
22(12),23(12),24(11),25(9),26(6)
Cr 491 491 1(12),2(24),5(29),8(6),9(27),10(13),12(8),13(253),17(4),19(21),20(22),21(19),
22(15),23(12),24(11),25(9),26(6)
Hg 153 153 13(153)
Cu 489 489 1(12),2(24),5(29),8(6),9(27),10(13),12(8),13(252),17(4),19(20),20(22),21(19),
22(15),23(12),24(11),25(9),26(6)
Zn 435 435 1(12),2(24),5(27),8(6),9(27),10(13),12(8),13(202),17(4),19(20),20(22),21(18),
22(15),23(12),24(11),25(9),26(5)
Ni 284 284 1(12),2(24),5(17),10(12),13(174),20(22),21(11),23(12)

e REACL BN Fe v, SR A T — AR A AR R A s AN REAS A, B R A R — A REAC L AU 2 AN MR 057 528 037 5, 40 5ok 11l
A 206 3 H 4 NS SR 6 1P 70T 8 < FE 9 MAIEVT 10 YA RE L1 LWL 12 B VE 136 AT 14 s L 1S MK 16 ZE MR 17 KT LIS A |
19 WAL .20 Fig 21 U] 22 )" 95 23 FPK 241980 .25 V105 .26 ) 43 ;" REA K. T,

Note: Sample groups: a sample group from the literature represents a single or multiple samples, A sample group from sample collection represents a

single sample;* indicates province, 1 Shandong, 2 Hebei, 3 Gansu, 4 Inner Mongolia Autonomous Region, 5 Jiangsu, 6 Shanxi, 7 Liaoning, 8 Yunnan, 9
Heilongjiang, 10 Henan, 11 Zhejiang, 12 Shaanxi, 13 Beijing, 14 Xinjiang, 15 Jilin, 16 Anhui, 17 Tianjin, 18 Fujian, 19 Hubei, 20 Shanghai, 21 Sichuan, 22
Guangxi, 23 Chongqing, 24 Hunan, 25 Jiangxi, 26 Guangdong;" indicates sample groups. The same below.
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Table 2 The distribution of greenhouse soil samples in Huang—Huai—Hai and Bohai Rim region

B ke U JLHE FEALEL FRFHE B By oA
Data sources Element Sample groups Samples Provinces distribution
SCRRAT ] Cd 176 4735 1(46),2(49),4(6),5(30),6(31),7(2),10(1),11(4),13(6),17(1)
Literature review Ph 191 4553 1(47),2(49),4(6),5(27),6(19),7(30),10(2), 11(4),13(6) ,17(1)
As 146 3381 1(48),2(41),4(6),5(20),6(18),7(1),10(2),11(4),13(5),17(1)
Cr 142 3158 1(37),2(41),4(6),5(12),6(31),7(2),10(2),11(4),13(6),17(1)
Hg 105 3102 1(36),2(17),4(6),5(20),6(15),7(1),10(1),11(2),13(6),17(1)
Cu 173 3546 1(49),2(30),4(6),5(27),6(21),7(21),10(11),11(4),13(3),17(1)
Zn 138 3446 1(49),2(30),4(6),5(20),6(2),7(14),10(11),11(2),13(3),17(1)
Ni 42 1190 1(25),2(3),4(6),5(2),6(1),10(1),11(2),13(2)
FEdloREE Cd 255 255 1(6),2(14),5(16),10(5),12(2),13(209),17(3)
Sample collection Ph 309 309 1(6),2(69),5(15),10(5),12(2),13(209),17(3)
As 255 255 1(6),2(14),5(16),10(5),12(2),13(209),17(3)
Cr 255 255 1(6),2(14),5(16),10(5),12(2),13(209),17(3)
Hg 153 153 1(6),2(14),5(14),10(5),12(2),13(109) ,17(3)
Cu 253 253 1(6),2(14),5(16),10(5),12(1),13(208),17(3)
Zn 202 202 1(6),2(14),5(14),10(5),12(2),13(158),17(3)
Ni 159 159 1(6),2(14),5(4),10(4),13(128),17(3)
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Table 3 Properties and heavy metal content of the 591 sets of greenhouse soil data from literatures and collected soils

AT HLAK BRE
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Efririﬁteﬁrq pH  Organic carbon/ Total N/ Available P/ Available K/ mg(:'(l](/g" m;-l;(/g" m;‘tsk/g’1 mg(?lll/rf‘ mgc-i/g" ng-IZg"
gkg' g-kg'  mg-kg! mg-kg °

FEA 1% Sample groups 572 456 404 421 412 561 560 517 536 535 451
SEXI{ Mean 7.05 17.1 1.64 181 385 0.27 27.3 9.91 54.5 30.2 87.3
PrifE2E SD 0.93 13.3 0.93 248 358 0.50 19.7 15.1 56.8 21.2 47.1
F/IMHE Maximum 321 0.13 0.03 0.51 0.79 0.00 0.14 0.64 0.46 2.97 2.81
5 KAE Minimum 8.65 95.7 7.53 2018 2609 5.45 150 179 354 186 366
AR ZRRCV 0.13 0.78 0.57 1.37 0.93 1.85 0.72 1.52 1.04 0.70 0.54
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Fofh T R B2 s AR T (e . DA RIS ke 5 1Y) B
KAERE, SCHRA 5] Sh 5 10 5080 {35 R 5 b R A A
i B 1~54% , 2o, Cd . Pb . As . Cr.Hg .Cu.Zn NiJG
F e KA 5 5 A G R R IR 4.8 .11.5.2.5.1.4,
1.8.1.2 2. 15 F 155,

PRV PRI POt =2 7 X, SR B R 5
1 Cd.Pb. As.Cr.Hg. Cu.Zn, Ni ¥ & & 5 5 h
0.30.25.9.8.56.,67.1,0.08.33.3.79.1 mg- kg™ F132.5
mg-kg ' (F5), Hrb Cd. Cu 239 # 4 [ 1 SR8 1Y 5
{H200% F147% . # 5 R + 5\ Mot R V1
SRR 0.13.22.8.5.93.43.5.0.08 ,23.1.69.3 mg -
ke ' F119.4 mg- kg™, Hirp Cd 8 4= 8 A BT 15 =i
30% , HAM TR LT SR T8 S8, SCHORIE I /Rl

TG ER i RAE MU R it R A R e KAE Y 11435,
5.9.1.4.1.2.1.3 3.0f%H1 2.4 1%,

AN TR S R TR R AR AR D AF AR B K 25 57 (H
PRIOGRBRIRE ,Cd N EFIH YT, As JTLE M Cu,
Zn TR Gy HAR , 1 Hg  Ni JEA AN H BB AR . 3 Cd.
Pb.As .Cr.Cu.Zn NFICRKE , 5L EIR L U E
A b 3587 Y XU B A AR HE (14T ) ) (GB - 15618—
2018) HhAe FH b - 18 UK 7 HE (B A EL , 76 4= Y Rl
B Ofe Y SRy SC R A B ) R A 2H BRI R 309,289
226.267.286 41 F1236 41 , 5% 4 : Cd(30.5%) >Cu
(9.8%)>Cr(7.2%)>7n(4.8%)>Pb (4.7%)>As(3.7%) .
FE SR AR S R OT 2 B9 AR AS 20 BUH IR O 487,543
485,482,489 43541, iR HE A : Cd(5.3%)>Cu(1.8%)
>As(1.6%)>Zn(0.9%)>Pb(0.6%)>Cr(0.6%) (£ 4) .
TE R 5 PRI it Bt 2 3277 DX, SCRRR IR A 75
Fh T ZREA L B IR 2 160,147 134,129,141 41
124, #Fr %N . Cd(25%)>Cu(10.4%)>Cr(9.9%) >
Ph(6.3%)>Zn(2.2%)>As(2.1%) ., FEEhREF ST
K IFEA B R 255,309,255 255,253 41 1202
H,BARE N Cd(3.1%) >Cu (2.1%) >Cr (2.0%) >As
(1.2%)>Pb(0.6%)>Zn(0.5%) (F5)

22 MIEFERITIEHEEHTIEESE RN

W FRSHT &I, Cd \Pb As Cr.Cu  Zn /2 Jifi
TG YT R R AEA T E XX SR T R 755
B o SCHRAr [ 1 438 8 4 T % ks s (& 1), Bl
FIFERT A LE: , Cd \Cu Zn i B4 BEURES, Hik
F R E K o FIRLAE R A 1~5 45 (1) it + 38 — R
TR AR 0.41.31.7 mg-kg ' F183.3 mg-kg ™',
TE 21~254F Cd & 1+ (3.60 mg - kg ™) 35 ) 5 i AKCE 78
FhRE AT FR Sk 26~30 4F 119 15 Jiti 1= 38 v B B3R [ 1 Cu
(80.3 mg-kg™") F1Zn (180 mg-kg™) 7E 26~30 4[] 1k 3|
i R KO, 3 e & i AKOE SRR AR R 1~5 45 1 e
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x4 REGEXALEEEEEE (ng-kg)

Table 4 The statistical analysis of heavy metal contents in China greenhouse soils (mg-kg™)

. sy FEARAUE ACRBEARB S Aidm JGUFSEiT ik Order statistics PR IUMSE AR EhRR
LR BRI Samples  Distributing F Arithmetic Geometric % %{ Ratio of exceeding
Elements Data sources P P & M 25%  50% 75% EoN . &
groups numbers type Minimum Maximum  mean mean CV threshold*/%
Cd  SCERE 321 6443 X4 001 017 028 060 11.9 0.65x1.21 0.32+2.96 1.86 30.5
FE AR AE 487 487 X4 0 0.03 0.12 0.18 246 0.17x0.17 0.13x2.11 1.00 5.3
Pb SCHRAT 5] 338 6448 PO 0.63  18.1 23.1 37.1 216 32.5+29.3 24.9+2.10 0.90 4.7
FE bR 543 543 X5 0.14 169 226 304 143  247+133 21.9+1.71 0.54 0.6
As SCHRAT 5] 242 4697 XHEL 0.06 653 844 114 179  12.7+#21.3 8.45+2.31 1.68 3.7
R 485 485 X5 0.09 433 694 896 728 8.07+7.34 6.48+1.91 091 1.6
Cr SCHRAT 5] 276 4450 IEA 1.00 485 703 884 354  83.6+69.2 63.8+2.21 0.83 7.2
dhoRAE 491 491 IEA& 046 277 385 495 252 41.9+23.1 37.6+1.61 0.55 0.6
Hg  SCik# i 183 3992 eSS 0.01 003 005 009 144 0.11£0.20 0.06+3.00 1.82
Fdl RS 153 153 XA 0 0.06 0.09 0.15 078 0.13£0.12 0.09+2.27 0.92
Cu  SCHRET 325 5377 Xt 0.84 232 312 417 186  36.1224.5 29.9+191 0.68 9.8
R R AR 489 489 Xt 297 182 227 302 159  269:16.6 23.6:1.64 0.62 1.8
Zn  SCHREETE 268 5040 X% 020 566 90.8 115 587  97.5x67.4 70.7#3.13 0.69 4.8
FEAh R4 435 435 Xt 281 587 727 89.8 279  79.0£36.1 72.1x1.56 0.46 0.9
Ni SCHRAT 7] 137 2098 EA 6.00 199 279 341 600 27.4+10.8 25.0+1.57 0.39 0
R oRAE 284 284 EA 7.07 162 200 262  39.1 21.4%6.69 20.3+1.38 0.31 0

T S PR PR BT TR A T M 35 e RS AP bn fE A7) ) (GB 15618—2018) . T
Note:* Threshold based on Soil environmental quality Risk control standard for soils contamination of agricultural land (GB 15618—2018). The same
below.

RS BEBESNPBEEEXRFFRIEEEES=E(ng kg")

Table 5 The statistical analysis of heavy metal contents in greenhouse soils in Huang—Huai—Hai and Bohai Rim region (mg-kg™)

oz BRI FERLLBC (UREFAB MR NiFF etk Order statistics SR LRI ER bR
Data Sample  Samples  Distributing /M BAffi  Arithmetic  Geometric % Ratio of exceeding
Elements irces  groups  numbers ype  Minimum 27 0% T5% o um  mean mean  CV  threshold/%
Ccd  CEkAER 176 4735 Xt 0.02 018 025 051 545  0.46x0.59 0.30+2.47 1.28 25
BEGCRAE 255 255 PIE 0 0.08 0.12 016 048  0.12+0.08 0.13x1.71 0.67 3.1
Pb  SCERER 191 4553 XEL 0.63 187 235 382 216 33.8+31.0 25.9+2.08 0.92 6.3
FEMCREE 309 309 IEA 248 169 217 289 62.3  22.8+8.45 21.9+1.48 037 0.6
As  CHEREDR 146 3381 XEL 0.64 684 844 114 179 11.5£19.0 8.56+1.97 1.65 2.1
FefcRE 255 255 XEL 0.82 405 695 8.87 303 6.73+3.29 5.93+1.71 0.49 1.2
Cr SCHERARE 142 3158 XEL 0.90 483 702 883 343 88.8+7.10 67.1+2.20 0.08 9.9
FERCRAE 255 255 Xt 139 324 458 60.1 252 4844258 43.5x1.58 0.53 2.0
Hg  SCk#ER 105 3102 IEA 0.01 003 005 009 078  0.08:0.11 0.05+2.64 1.37 0
WORE 153 153 X4 0 0.06 0.09 0.5 063  0.12+0.12 0.08+2.27 1.00 0
Cu  SCHkAD 173 3546 ExE 0.84 234 296 41.1 111 33.3+15.9 28.9+1.85 0.48 10.4
FERRAE 253 253 X% 979 184 214 284 829  255+142 23.1+1.50 0.56 2.1
Zn  SCERAT] 138 3446 XL 097 756 916 115 587  96.5+55.9 79.1x2.41 0.58 2.2
FERRAE 202 202 X%k 171 582 699 824 193 733253 69.3x1.54 035 0.5
Ni  SCEkEER 42 1190 X% 176 258 310 395  60.1  34.0+10.8 32.5+136 0.32 0
BESRAE 159 159 x4k 7.07 158 193 262 250  20.5+6.49 19.4+139 0.32 0

G E A BN T 778% . 153% 1 117% , B As.Cu.Zn & HEFEFF ARG IR 24 RFURE, A
Pb.As.Cr & AL A& . B i F K-, FhAE 1~58:08], UF TR & &5 Hlﬁ
WA 5T 52 R AE ) 38 4 J@ Bl ok & L Cd. 0.14.7.91.20.3 mg-kg ' M1 73.1 mg-kg; A& Cd 7E
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Figure 1 The contents of soil heavy metal in different planting years
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23 EEXHIEESESEAEROMEXME
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0.874 33,r=0.171%*;%%P<0.01), Cu 5HNLIK 2% E

SR R SO i I 2 R P TE M O 56 & (1=0.003 63x+
1.345, r=0.183%*; y=0.046 95x + 1.303 06, r=0.122%; y=
0.000 26x+1.346 69,r=0.2727%;y=0.000 13x+1.332 8,r=
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Tl RSO S S S R IE A GG R (1=0.003 1x+1.83251,r
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Figure 2 Correlation between soil properties and heavy metal contents
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Figure 3 Cluster analysis of soil properties and heavy metal
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W 4 i it S FH - 38 4 R Vs e IR AR ol B 52 g BE
RCEIEF MR A 2T, L EE SR 15 R RIR
SCHRA (58] 1 45 SRR 3 AU BIFE sS AR e 25
PR A SR Y - AR Y e R
S e 224 i I8 it 32 FH - 4 T 4 TS YR

SR E R E B TR E AR A TR
KA, P34 5 T AT i B 2018 4 5C T3 [ i it
A H A3 4R o B I SCHERIT IR 45 5, X v RE S R
A 2257 K o TEAESR SRR AR A FE i v
2180% M T IEAFAEE 4R BRI ER o i 1
AR SRR, RV E RS H HIE RS R B
HAWEREM, +5ESE S EAHEB R R hE
Yy 7 =0 R i 52 15 YRR R e AR i R AR IR
SN2 B, 78S MU RAE T A B R IR L BR P
Cr b, WUV 5 PR i T it =% )7 IX 4 & 138
TEHRTFEETYE KT, A€ SRRk
BT 2 EUKF, L E 4 8 AR 8, Ul 3R
] 82 it 3 7 DX A PR i R AT, o b
AR T T R s e i iR,
WL RE, T FHESZ Cd.Cu As. Zn 54y, Hpig Y
e A Y & Cd | Cu, TEEA AN AZ Hg NiJGR 15 4,
X HT A B FRGE R — 0 X AT g 3 A 2
3225 AR it JoT B 52, G0 Hg S5 570 4R 25 i BR
RIS 1At Pk B 4 75 Y 2] T RURAE T T
PR & & Rl RR S ) S 0™ o B A — 09 A HLIE A 1
FHXt At 3 Cd . Cu . Zn  As ERUE S BRI
32 RiEXHTIEES RS EXMEZSH

N R FhAE R 2R SRR ok ) /NS S BOR it 5

Ro REKERANPENEECRESE

Table 6 Heavy metal content in fertilizers

B S Fh2E Sample types i1 H Parameters Cd/mg-kg"  As/mg-kg’  Cu/mg-kg’  Zn/mg-kg"
K} Fertilizers A HLAE Organic fertilizer FEARZHEL Sample groups 63 52 67 67
F-HE Mean 0.62 7.79 118 326
3 il Range ND~4.12 1.10~63.2 2.75~488 47.6~1683
HFRZ Ratio of exceeding threshold*/% 2.2 12.4 37.2 49.1
B Phosphate fertilizer FEALH % Sample groups 19 18 11 11
SEHIME Mean 2.64 5.46 30.5 135
J ¥l Range 0.06~20.8 0.14~27.3 2.04~109 18.0~255
AR Ratio of exceeding threshold "/% 283 11.1 — —

T Cd As Z BB EAT UL BT HE(NY 525—2012) 5 Cu Zn 2 BEGE R AR LARE . * Cd As Z BB Rl 58 VT B R A2 AR AR ) b e

(GB/T 23349—2009) . “—" F/R TohrifEFRAA

Note:* Cd, As threshold based on Organic Fertilizer (NY 525—2012) ; Cu, Zn threshold based on Composting Regulation of Germany." Cd, As
threshold based on Ecological Index of Arsenic ,Cadmium , Lead , Chromium and Mercury for Fertilizers(GB/T 23349—2009). "—" No standard limits.
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