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Accumulation of heavy metals in soil and vegetables of greenhouses in Hebei Province, China

SUN Shuo', LI Ju—mei", MA Yi-bing', ZHAO Hui-wei’

(1.Key Laboratory of Crop Nutrition and Fertilization, Ministry of Agriculture, Institute of Agriculture Resources and Regional Planning, Chi-
nese Academy of Agricultural Sciences, Beijing 100081, China; 2.The Semi-arid Agriculture Science and Technology Research Center of
China, Shijiazhuang 050051,China)

Abstract: The objective of the study is to investigate the concentration of heavy metals (Cr, Ni, Cd, Pb, As) and enlighten the accumulation
status in soils and vegetables in greenhouses of Hebei Province. Four vegetable bases (Yongnian of Handan City, Dingzhou of Baoding
City, Qingxian of Cangzhou City, Gaocheng of Shijiazhuang City) from Hebei Province were selected. The method of the geo—accumulation
index was used to evaluate the environment quality condition of heavy metals in soil and the target hazard quotient was used to assess the
health risk caused by intaking vegetables. The results indicated that the mean concentrations of Cr, Ni, Cd, Pb and As in the greenhouses
soil of four vegetable bases did not exceed the critical value of grade II of the Soil Quality Standard (GB 15618—1995). However, the
accumulation of Cd and Cr in greenhouses were 100% and 40.6% respectively, which were the ratios of exceeding the background values.
The contents of Cd and Cr in greenhouse soil were 1.99, 1.10 times of the background values respectively. The accumulation of Pb and As
was only in some investigation spots. Besides, the contents of Ni were all lower than the background value. In the evaluation of index of geo—
accumulation, the accumulation pollution level of Cd was slight to medium while Cr Ni,Pb,As were all clean in greenhouses soil of Hebei

Province. Approximately 15.63% Cr in vegetables exceeded the Criteria Level of Contaminants in the Foods (GB 2762—2017), the contents
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of other heavy metals didn’t exceed the criteria. The BCFs (Bioconcentration factors) of five heavy metals in spinach, scallion and green

garlic were relatively higher than other vegetables. The average BCFs in different categories of vegetables were ranked in the order of leaf
vegetable>root vegetables>bulbous vegetables>fruit vegetables, and in different heavy metals were ranked in the order of Cd>Ni>Cr>As>Ph.
The health risk assessment using target hazard quotient illustrated that there was no significant human health risk caused by heavy metal in

greenhouse vegetables of Hebei Province , while the content of Cr in Gaocheng vegetable presented a significant risk to human health, which

should be given more attention.

Keywords: heavy metal, accumulation, greenhouse, soil, vegetable
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Table 1 Fertilizer application rate of four typical greenhouse vegetable bases in Hebei Province (n=64)

JINE Base fetilizer

JBJIE Top—dressing

RFEI Plaffﬁ age Gj‘ffﬁ sp UG e LA A e I
Samping areas /a numbers ) Application amounts . Application amounts . Application
Manure of manure/t-hm™a™' Fertilizer of fertilizer/t-hm™a™ Fertilirer amounts/t-hm™a™
IKAE 1~20 18 FE 7.5~15.0 AR 0.60~1.50 TS PR W B 6.0~11.2
pLES 15.0~22.5 AN 75
JRZ 7.5
TR B 15
E M 2~20 16 X3 7.5~15.0 Ry 0.75~2.25 it 3.8
IR — 0.375 HE 1.5~2.3
HH 2~20 15 B 12.0~22.5 TR — 0.375 Ry 3.8~4.5
it e 3.8
I 1~20 15 B 15.0~30.0 HZa 0.375~0.75 e 3.8
i £ 6.0
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Table 2 The geo—accumulation index and classification of

pollution degree"*!

o R BUR AL

Geo—accumulation

SRS YR

Degrees of accumulation

o BB R

Levels of I,

index pollution
L>5 6 [EiREE
4<l,.,<5 5 SR E T Y
3<,.<4 4 ST YL
2<1,.,<3 3 rp A 5 e
1<1,.,<2 2 HhAg TG gL
0<l,.<1 1 R A
1,,<0 0 Jois g

1.3.3 B2 T 4 04 i e XU A

K H b5 & 3 R K7k (Target hazard quotient,
THQ) P B 32 Hh 8 4 J& X AR 10 4 J XU, THQ 75
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AR A B0 2 Akt B RURS: A AN O3, THQ (B /N 1,
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ft AR

H— 4w KT A

THQ=(E:XEpXFixXC)/( RepX WX Ty ) X107

ZMES R E A AR ITR AR

TTHQ=Y THQ,
i=1

K BN R EIR AN 365 d-a™' s Ey N FE X [H],
BUE R 70 a; Fu NEEEAK, A 3014 g-d ™' L
HH231.5 g-d"C g E AR T &, mg-kg s R
JZ %5 &, Cr .Ni,Cd.Pb.As 1 R {H 4351 3x1073
2x1072,1x107 . 4x107 5%102 mg-kg ™ - d™' 17 W g AN
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Table 3 The contents of heavy metals and the evaluation results of geo—accumulation index in greenhouses soil

A B it Heavy metal contents/mg ke, b4 42 H AT R 8IS RAILK L P
X Sampling  JLER — - W bR iEZE ;7;& Background values in  Ratio of exceeding / Levels of
Areas numbers Element ﬂ_ilj\ﬁ ﬂij{{ﬁ Mean+standard 6{7/0/ topsoil of Hebei Province/  the background o accumulation
(n) Minunum  Maximum deviation ¢ mg- kg™ value/% pollution

IKAE 18 Cr 40.3 141.2 68.8+31.5 46 68.3 222 -0.69 T BB

Cd 0.101 0.216 0.141+0.030 21 0.094 100 -0.02 T BRE Y

Ni 10.4 22.6 17.4+4.3 25 30.8 0 -1.46 Jois R

Pb 16.6 29.0 21.1£3.2 15 21.5 33.3 -0.63 JoBERUG Y

As 7.3 15.5 11.6£3.0 26 13.6 38.9 -0.86 To BB

FEM 16 Cr 39.8 122.7 60.9+22.9 38 68.3 18.8 -0.827 b=V
cd 0.129 0314 0.191£0.052 27 0.094 100 0.39 i —rpag G

Ni 10.8 20.8 12.8+2.6 21 30.8 0 -1.874 T BFE Y

Pb 14.4 21.6 18.5£2.3 12 21.5 6.3 -0.813 To BB Y

As 7.1 9.6 8.4+0.8 10 13.6 0 -1.295 To BB

HH 15 Cr 36.1 138.3 80.6+34.7 43 68.3 46.7 -0.478 T BRG Y
cd 0.108 0.741 0.267+0.177 66 0.094 100 0.695 HRFF-rhaE B

Ni 8.8 22.1 13.1+4.2 32 30.8 0 -1.88 JoBRG Y

Pb 12.1 19.4 15.422.1 14 21.5 0 -1.083 ToERUG Y

As 9.3 15.0 12.2+1.5 12 13.6 20 -0.747 To BB

HIR 15 Cr 46.3 196.7 93.6+46.3 49 68.3 66.7 -0.273 T BRUE Y
cd 0.096 0.414 0.157+0.086 54 0.094 100 0.018 FRJE-—rp a5 HEG YL

Ni 10.0 16.3 13.2+1.6 12 30.8 0 -1.823 Jo BRG Y

Pb 7.6 18.5 11.5+3.8 33 21.5 0 -1.553 T BB Y

As 7.2 9.4 7.8+0.7 9 13.6 0 -1.391 To BB Y

ks 64 Cr 36.1 196.7 75.4+35.9 48 68.3 40.6 -0.443 T BRE Y
cd 0.096 0.741 0.187+0.109 58 0.094 100 0.407 2P a5 BTG

Ni 8.8 22.6 14.243.9 27 30.8 0 -1.698 JC BB Y

Pb 7.6 29.0 16.8+4.6 27 21.5 10.9 -0.937 T BB

As 7.1 15.5 10.1+2.7 26 13.6 15.6 -1.02 To BB

FAE M 1.50~2.84 1%, LI B Cd & & ¥E W i 5 IK
Z oA Cr, SR B 1 3 2 S R R S E
1.37 1%, H A S B 5w , 15 66.7% . Cd.Cr1EH
SLRVE I 078 S R R0 L B T A A UL e
BRI A 05 Cd Cr & B i 2 57 B3 AR R
ST Y o 5 (BB R AR ) (GB 15618—
1995) KA fEAH LL , B 75 B — AN 4 1338 Cd A5
A HA L AT - A5 T 4 Y Y R R
2.2 HRMIBEEKITMER

AL KM 38 Cr Cd \Ni P As & i
B A% T 3 PR 8 5T i bi ) (GB15618—1995) —
TR, 18 AT ISR 1 B S RS Y . SO B R
Mo ZFFE B LI A R )2 I RE N S e, X
AN X A 4R BRUS YRGB TR
DA~ B8 28 R 7 X 39 T 4 A b BRAR B0 PR
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FRBUSY AR TTR T RBIG Y,
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PUAS = X g R E AR R LR 4, S IR
o5 Yy B ) (GB 2762—2017) ik 3% 11 1 43 J& B
TEARE , BR 15.63% (64 FgE 32 10 FiE A5 ) 19 5% 3 Hh
CrHFRAN , PUAN B 22 77 X Fr 8 2 (5 32 5 Ni.Cd . Pb .,
As T EBIABAR o AR PUAS " XS Cr Ni 1 & 22
SRR ER AR R ANEE S T Cr Ni = T E
MIFHE B B KRR S Cr & & S FR EE
9 1.2.0.7 1%, HibR %7358 53.33% (15 Fligi 32 1 8 Fif
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Table 4 Contents of heavy metal and the ratio of heavey metal contents to the criteria in vegetables of four vegetable bases

X LS Cr/ (CelSc)! Ni/ (CylSy)/ Cd/ (CealSca)! Pb/ (Cu/Sw)! As/ (Cr18:)]
Vegetable Vegetable mg kg™’ % mg-kg™ % mg kg™ % mg- kg™ % mg- kg™ %
bases species
AAE NAZE S 0.170£0.165 34 0.068:0.026 23 0.006 9+0.009 6 3 0.0130.007 43 0.013+0.002 26
(LR 0331 66 0.091 30 0.0077 15 0.008 8 0.013 26
FE 0.149£0.000 30 0.119:0.106 40 0.006 8+0.009 4 16 0.034x0.010 1 0.0090.008 18
i 0.300 60 0.091 30 0.001 6 0.8 0.007 2 0.010 20
iiF 0.557 114 0.173 58 0.000 4+0.000 0 0.8 0.0240.021 24 0.013+0.007 26
#L 00300010 6 0.0460.008 15 0.000 3 0.6 0.007 7 0.009 18
HiE  0.388£0.028 78 0.129:0.012 43 0.002 1£0.000 2 2 0.012+0.004 4 0.010£0.005 20
FAE 042020039 84 0.135:0.000 45 0.002 2+0.000 3 2 0.015£0.007 5 0.0170.008 34
Tl 0573 115 0.160 53 0.006 5 13 0.009 9 0.012 24
o 0.32420.178 65 0.109£0.053 37 0.004£0.003 6 0.017+0.011 8 0.012+0.005 24
EM T 0.020£0.003 4 0.030+0.01 10 0.002 7£0.001 6 5 0.006+0.001 6 0.004+0.002 8
PYHE 0.020£0.003 4 0.015+0.004 5 0.006 3+0.000 3 13 0.005+0.000 5 0.007+0.004 14
L 0.02720.007 5 0.023+0.008 8 0.005 8+0.001 3 12 0.006+0.001 6 0.0060.005 12
B33 0.035 7 0.031 10 0.0017 3 0.008 3 0.003 6
T 0.024+0.006 5 0.026+0.011 8 0.004+0.002 8 0.006+0.001 5 0.005+0.004 10
#HH AR 0.022+0.003 4 0.014+0.003 5 0.002 20.000 6 4 0.007+0.001 7 0.005+0.002 10
LM 0.027£0.011 5 0.0330.006 11 0.000 8+0.000 3 1.6 0.0070.001 7 0.013£0.007 26
K 0.078£0.083 16 0.028+0.007 9 0.000 7+0.000 2 14 0.005+0.001 5 0.0090.006 18
S 0.04620.057 8 0.0260.01 8 0.0010.001 2 0.006+0.001 6 0.0090.006 18
Bk i3 0.533 107 0.155 52 0.0122 24 0.035 12 0.014 28
(LR 0.479 96 0.151 50 0.003 3 7 0.007 7 0.023 46
FE O 0.795£0.017 160 022120009 74 0.004 3+0.001 4 4 0.019£0.003 6 0.025£0.007 50
Fi 0.862 172 0270 90 0.005 4 3 0.030 10 0.024 48
iF 0.464 93 0.150 50 0.0029 5.8 0.010 10 0.008 16
#WIK 037260012 74 0.119:0.009 40 0.000 3+0.000 1 0.6 0.0110.004 11 0.014+0.006 28
KA 0.73320.033 147 0225:0.007 75 0.006 6+0.001 1 3 0.018+0.005 18 0.026+0.004 52
058120191 121 0.177:0.054 62 0.0040.004 7 0.016x0.008 11 0.0200.008 38
T CONBE P E AR IO i BRI ;S MBS B 42 B TR | MRRAERRUE ; C/SAn iR i 4 5 ik S BR A bRvfifd LA

Notes: C; indicates the contents of heavy metal in vegetables and S; indicates the criteria of heavy metal in vegetables, Ci/S; indicates the ratio of heavy

metal contents to the criteria in vegetables.

FEAR) 11.1% (18 Fhighi 32 v 2 R AR ) 5 Ni 7 543 &
FR B Y 62% .37% , I 5E M 5 LR 32 H Cr Ni 7%
FE PR A 5%~8% . 7341, UAS = X g 32 H Cd  Ph
s T AT AL, R PR AR Y 29%~38% ., Ak
B HIREE S CofF e — XU, 7 5 MR S
BT
Cr BB bR B A ACE T A0, BEIR SR B w5
B KB R0 B AR R 11 1565
— BTG Y. AAERIPELIRG R H I GEAE A
A BT Cr & HE7E 0.3~0.4 mg-kg ' Z 7], Y7 T PR =
{ELIR) 60% , U H 2 FE 30 1% PG 21 A A 8 2 v T PR e
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{ELIY 90% , A7 46— 5 W5 Yo KBS o AR AR /N 13 L
B Cr & EEK, 5 0.15~0.17 mg- kg™, & FRIEE(EAY
30% 2247 o BRI ER NI O 0.27 mg- kg, S
BRAE AN 90% , FF7E— 15 Yo KBS , 35 & VR AL A
0.22 mg-ke ' e AT, PR EAE I 70% ; K R0 T
W, BEIRE S P LA At Ni % 5 7E 0.15~0.17 mg-
kg Z ], A2 FRAFHEAY 50%~60% ; HAb B S TR
I 50%. PUASZ X G Cd Pb & it IL TR o
{E20%, 85T . B RZL G 8 SRt UL

& 7E 0.023~0.026 mg-kg-‘ZIETJ CA RRREAE R
50%,%41@?@%% ST BRI 30% , 75 Y XU H 41K
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B ki db s 14 B R ISR S Xt S Fh i 4 8 oo R o0k O Ni
BAERBUN IR, BAORE B RA GRS B i
AR M & A RO AIXT R, B S A A X = 0.06 1 o
A, LA R AR R 8E SX AS ) 42 8 1) 3 45 R AR = ook
I3t
Cro 5 i R BCF, 5 45 R B & , 19760.011 0021
Zedy ORISR CH I L3R & 1Y BCFeAE 0.005~0.008 0

Z ], A B 32 1) BCFo B4 AN 8 0.004 , I 2 A e
VY 1) BCF 31K, 7351 0.000 4.,0.000 5.

Ni: 9% 2% . K2 55 1 B9 BCFy ¢ & , 7€ 0.016~
0.020 2 8] ; H k2 H s flas & , BCFy 4351 24 0.007
0.011; JAth 55 32 i) BCFN 3 7E 0.003~0.005 Z [1] , F
PEZT A 2 fA e L PG 8™ (19 BCFy & 4 R BRIk, 7
0.003 247 6

Cd: P21 BCFeadie 51, 4 0.102, 5 /NI R &
e KAIR 2, BCFTE 0.046~0.061 22 [a] ; HiAth B
S BCF X A # T 0,032, Hordb # IX 2E A i 9 BCF G,
A, 76 0.003 247 o

Pb: i & KA 55 H IR BCFw 5 L 1E
0.001 8~0.002 7 Z[1] ; HAh & 52# BCFr, 34/ F0.000 6,
H A SR BCFw 4%, 24 0.000 2;

As: KA ) BCF I, 70.003 6,55 5 3K 50
B 19 BCFAIRZ , 7E.0.001 8~0.002 6 2 [8] ; HoAth 7% 3¢ 1)
BCF. ¥4/ F0.001 2, Fo v 4 & 7 1) BCFA 5 Ik, Ky
0.000 4.

h T FCAAS R 28 A g St o 4 R Y A R
éﬁ%]ﬂlr%%(ﬁ% KA FR PSR BREEZ(
W RAE) MZERGEE JrR) SRR EOHT H M
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SN E 4R B R BN L, BACRE KT SR E
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v
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2 Different categories of vegetables
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Figure 2 The BCFs of heavy metals in different categories

of vegetables
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Figure 1 The BCFs of heavy metals in different species of vegetables
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Table 5 The health risk assessment of greenhouse vegetables in

Hebei Province

Cr  Ni Cd Pb  As
KA B 0.583 0.031 0.021 0.019 0.001 0.655
JLE  0.765 0.040 0.027 0.025 0.002 0.859
&M BN 0.046 0.007 0.022 0.008 0.001 0.084
JL#  0.060 0.009 0.029 0.011 0.001 0.110
HL B 0.076 0.007 0.007 0.009 0.001 0.099
JL#E  0.100 0.009 0.009 0.011 0.001 0.130
Hihk B 1.088 0.050 0.027 0.025 0.002 1.192
JLE  1.428 0.065 0.035 0.033 0.003 1.564
IO A 0577 0.029 0.021 0.018 0.001 0.647

JL#E  0.758 0.038 0.028 0.023 0.002 0.848

(9 THQE i T 1, Ul W BR3¢ Co 775 W 2 1) e XL
B, Bz g R TE . S8k, L e i — 48 1 THQ
(B 2 52 45 FE 4 B B TTHQ (B Jy L2 g T A, %
JLEE 1) R ARG 0 5 | R FE AL

3 g

3.0 AdtE XM LIEFEE BT ERRRIESH
A KM 3 Cd BRI B, o f7 5
B RL, AFFE R R R R B AR Cd 5
W, T ELBAEAE ) Cd iR 1 809% 23 14 B3 1 4 39 o201,
DA B 25 7 DX PGB 22 it FH 5 4% 4 1l 5 1 0 ) & 5
W 4. HEDIBEIE AT BB 2T Jb 48 M =% 1 45
CAT5 gy F 2RI . ok, F B RIS () Cd F
B AU BE 2 X s, A RE T EL R
(MR SR A X, Rt K it &5 & 288 A LR
S BLIE, 33 Cd REE ., o0, K H
b R K, Hb AR 7 R R IS Cd A IV E ] 3X
WAl HESE Cd BAR R R g AR SR 5T B
At R 2L TR T XS e v Cr B i 25 o T A 2SR
A8, ARG ISR AR 1 1.29 . 1.67 £iF , HAR R ik
33.33%. Mt AT HLAE RIS R A, 104> 7 X R
A B 2 X 2, BE R S b Cr B8 7 S0 (E L%
I, N 66.7% , R By H i FH A X 3 ot 02 PO A 7= X
Wi 2, DR A 00 SR - 48 vh G V5 4 T iR 5t A AL
B R A 26 o6 S 4 s R b A A
S 2 AR H Bl A 28 5 VR s TR, A
VG K S ES BRI, AR R
HNESEG Y, XU A E AR R,
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AHIF 5T IR B 2 v Cr % i A 280K 53.33%, —
P 4 D PR TR Al R B T SR Hh I SE SR B 3R (S K
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DL ek it e AR IR s A SO0k 285 1) B 46 T o
2L CRE T B Y i BRI S Cr B i A A
i s X B R Cr B (R 3) B, BEIR M 1 458
Cr & A PIA 7 X f ey, A H R B 4 8 Cr B
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RO AT R 0H , Bk 4 49 b Cr 33 0 5 T B 5 HObE FH R
TG G, I, BN Z 98 A HUIE i FH 4

AT DU BE SR X T Cd S s T
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LY PRAE(E R 6.1%, VLA EE S Cd & it bR 15 1458
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AHIE 5 A [R) b DX ) A g S h B 4 B S i s
JUMATA] , Qi 36k 78 204 b Ni 2 2 7 5L 10.8 /%, 2
SR N SR (132 mg-kg ) 57 H(13.1 mg-
kg™ ) AH 2, g0 2 U IR P 21 X Ni Y R R EGR
T 5 X AR AT R85 5 52 A Bl o 45 B 25 1R AH G .
VI 22 SCHRF T A AS 7] Hb o []— 65 32 i Bl vt 2 45 i 1Y)
AR SIS, 2 22 AR K, A0S W) b IXCH
W22 Cr (Y & 42 R BUTE 0.000 4~0.015 6 2 [0] ,
FKAB S e /MBI 39 A5 5 7] — His DA [i) oy o i 238 46 [7)
— R4 R 0 A R B TR, AP AS ] S RS0
FE R —H DR AR, SR 15 R 2 X Cr 1 & 45 R 50
F°4 0.000 09.0.002 04, /125 21.67 £5*, [H ik, Xf F
[ — gk = , 6 3 4 D 2 1 B o A RO v, A R
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O AT
4 #ig
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HINi Cd.Pb As TINS5 KA RIS
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