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Concentrations and health risk evaluation of heavy metalsin vegetables
in Beijing
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ABSTRACT: Objective To study the heavy metals content characteristics and examine the human health
risk of heavy metal in vegetables produced in Beijing and that sold in Beijing markets produced from other
provinces. Methods The atomic absorption spectrometer (AAS) and atomic fluorescence spectrometer(AFS)
were adopted to detect heavy metal content of total lead (Pb), total cadmium (Cd), total chromium (Cr), total
arsenic (As) and total mercury (Hg) in 4 kinds of vegetable samples. Those of results were compared with main
vegetable standards of China. Under the healthy risk model proposed by USEPA (2000), the health risks of
heavy metals were forecasted by the method of calculating the risk index (the target hazard quotient, THQ and
TTHQ). Results Concentrations of the 5 heavy metals in all vegetables were all below the maximum
allowable limits; for adults and children, 4 kinds of vegetables produced in Beijing and those sold in Beijing

markets produced from other provinces were safe by analyzing THQ of single heavy metal; for children, some
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Chinese chive samples produced in Beijing were danger by analyzing TTHQ of multiple heavy metal; for adults,
4 kinds of vegetables produced in Beijing and those sold in Beijing markets produced from other provinces
were safe by analyzing TTHQ of multiple heavy metal; overall health risks were mainly caused by As.
Conclusion With 5 kinds of investigated heavy metals, some As levels in Chinese chive posed a health risk to
children, health risks to consume vegetables caused by heavy metals for children were bigger than adults.
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Tablel The maximum allowable limitsof heavy metalsin vegetables
«C ) (mg/kg)
( 0.1
(Pb)
( ) 0.3
( ) 0.05
(Cd)
( ) 0.2
(Cr) 0.5
(Hg) 0.01
(As) 0.5
xR 2 WEERRE DTS HEE
Table2 Valuesof the parameter used in the calculation of THQ for heavy metals
Er (d/a) 365 [12]
30 8
En () «C ) [8]
7€) [5]
Fe (g/d) 24495( ) [13]
186.8 ( ) [13]
C (mg/kg)
T @ 10950 () [8]
2555 () [8]
Was (ke) 63.45( ) [13]
256( ) [13]
Rep (Pb)=0.0035 [14]
Rep (Cd)=0.001 [14]
Rep (mg/kg - d) Rep (Cr)=0.003 [14]
Rep (As)=0.0003 [14]
Rep (Hg)= 0.0003 [14]
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Table3 Massratio and pollution assessment of heavy metalsin vegetables produced in Beijing

x£s (mg/kg) (mg/kg) (%)

Pb 0.033+0.043 0.001~0.220 0.00

Cd 0.007+0.010 <0.001~0.096 0.00

(N=269) Cr 0.034+0.062 <0.001~0.438 0.00
As 0.020+0.030 <0.001~0.390 0.00

Hg 0.002+0.001 <0.001~0.010 0.00

Pb 0.034+0.041 0.002~0.180 0.00

Cd 0.011+£0.016 0.001~0.096 0.00

(n=99) Cr 0.033+0.044 <0.001~0.240 0.00
As 0.020+0.034 <0.001~0.280 0.00

Hg 0.001+0.001 <0.001~0.004 0.00

Pb 0.015+0.032 0.002~0.130 0.00

Cd 0.005+0.003 <0.001~0.014 0.00

(n=49) Cr 0.006+0.007 <0.001~0.026 0.00
As 0.008+0.008 <0.001~0.029 0.00

Hg 0.001+0.001 <0.001~0.003 0.00

Pb 0.015+0.031 0.001~0.157 0.00

Cd 0.002+0.001 <0.001~0.007 0.00

(n=54) Cr 0.013+0.024 <0.001~0.114 0.00
As 0.018+0.011 <0.001~0.052 0.00

Hg 0.001+0.001 <0.001~0.003 0.00

Pb 0.065+0.047 0.002~0.220 0.00

Cd 0.007+0.006 0.001~0.032 0.00

(n=67) Cr 0.076+0.094 <0.001~0.438 0.00
As 0.030+0.043 <0.001~0.390 0.00

Hg 0.002+0.002 <0.001~0.010 0.00

k4 WEIMEERRPESREISRALTEITMN
Table4 Massratio and pollution assessment of heavy metalsin vegetables sold in Beijing markets produced in other

provinces
x£s (mg/kg) (mg/kg) (%)
Pb 0.015+0.028 0.003~0.150 0.00
Cd 0.004+0.003 <0.001~0.017 0.00
(n=58) Cr 0.033+0.046 0.002~0.170 0.00
As 0.007+0.008 <0.001~0.038 0.00
Hg 0.002:£0.002 <0.001~0.010 0.00
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x£s (mg/kg) (mg/kg) (%)

Pb 0.007+0.004 0.003~0.017 0.00

cd 0.007+0.004 0.003~0.017 0.00

(n=14) Cr 0.0210.043 0.002~0.169 0.00
As 0.004+0.003 <0.001~0.010 0.00

Hg 0.002+0.001 <0.001~0.003 0.00

Pb 0.005+0.005 0.003~0.018 0.00

cd 0.005+0.003 <0.001~0.014 0.00

(n=15) Cr 0.011+0.009 0.002~0.026 0.00
As 0.0010.001 <0.001~0.003 0.00

Hg 0.001:£0.001 <0.001~0.003 0.00

Pb 0.006+0.004 0.003~0.018 0.00

cd 0.002+0.001 <0.001~0.005 0.00

(n=17) Cr 0.026+0.033 0.002~0.114 0.00
As 0.009:£0.005 <0.001~0.015 0.00

Hg 0.002:0.001 <0.001~0.003 0.00

Pb 0.048:0.050 0.003~0.150 0.00

cd 0.004+0.002 0.003~0.006 0.00

(n=12) Cr 0.085:£0.055 0.019~0.170 0.00
As 0.017+0.012 <0.001~0.038 0.00

Hg 0.003+0.003 <0.001~0.010 0.00

5 dEWmAHMFRREGE—-FESERRXKRITEN
Table5 THQ of single heavy metal in vegetables produced in Beijing

THQ THQ
_ > _ >
i THQ (Oi)) i THQ (02)
Pb 0.05140.051  0.001~0.242 0(0.00) 0.095+0.097 0.002~0.458 0(0.00)
cd 0.04140.052  0.001~0.371 0(0.00) 0.076+0.099 0.001~0.701 0(0.00)
(269) Cr 0.060+0.095  0.001~0.564 0(0.00) 0.091£0.166 0.001~1.066 2(0.60)
As 0.31940.439  0.001~5.019 3(0.90) 0.6030.829 0.002~9.486 24(7.16)
Hg 0.011£0.011 0.001~0.129 0(0.00) 0.021+0.021 0.001~0.243 0(0.00)
Pb 0.043+0.047  0.002~0.199 0(0.00) 0.082+0.089 0.003~0.375 0(0.00)
cd 0.056+0.071 0.004~0.371 0(0.00) 0.105+0.133 0.007~0.701 0(0.00)
(1=99) Cr 0.053+0.058  0.001~0.309 0(0.00) 0.092+0.109 0.001~0.584 0(0.00)
As 0.305£0.475  0.064~3.603 2(2.02) 0.576+0.897 0.122~6.810 7(7.07)

Hg 0.011+0.010 0.001~0.052 0(0.00) 0.021+0.019 0.003~0.099 0(0.00)
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GRS
THQ THQ
— THQ>1 _ THQ>1
X£S Q %) XS Q %)
Pb 0.036+0.052 0.002~0.143 0(0.00) 0.069+0.098 0.003~0.270 0(0.00)
Cd 0.023+0.012 0.005~0.054 0(0.00) 0.044+0.022 0.009~0.102 0(0.00)
(n=49) Cr 0.007:£0.004 0.001~0.013 0(0.00) 0.009+0.009 0.077~0.373 0(0.00)
As 0.209:0.089 0.077~0.373 0(0.00) 0.395+0.169 0.146~0.705 0(0.00)
Hg 0.008+0.002 0.005~0.014 0(0.00) 0.014+0.003 0.010~0.026 0(0.00)
Pb 0.032+0.046 0.001~0.173 0(0.00) 0.061+0.087 0.002~0.328 0(0.00)
cd 0.0050.007 0.001~0.028 0(0.00) 0.008+0.012 0.001~0.053 0(0.00)
(=54) Cr 0.015+0.014 0.007~0.045 0(0.00) 0.014+0.023 0.001~0.086 0(0.00)
As 0.281£0.125 0.094~0.669 0(0.00) 0.53120.237 0.178~1.265 4(7.41)
Hg 0.007:£0.002 0.003~0.008 0(0.00) 0.013+0.003 0.005~0.016 0(0.00)
Pb 0.075+0.051 0.002~0.242 0(0.00) 0.142+0.097 0.003~0.458 0(0.00)
Cd 0.036+0.023 0.005~0.124 0(0.00) 0.069+0.044 0.010~0.234 0(0.00)
Cr 0.101£0.133 0.003~0.564 0(0.00) 0.179+0.248 0.001~1.066 2(2.99)
(n=67)
As 0.420+0.600 0.001~5.019 1(1.49) 0.794+1.135 0.195~9.486 13(19.40)
Hg 0.016+0.016 0.005~0.086 0(0.00) 0.030+0.030 0.010~0.162 0(0.00)
:n
&6 WMmEIMbREPE-ESRBRXKITN
Table6 THQ of single heavy metal in vegetables sold in Beijing markets produced in other provinces
THQ THQ
_ THQ=1 _ THQ>1
XS ¢ (%) xS ¢ (%)
Pb 0.018+0.031 0.003~0.165 0(0.00) 0.034+0.059 0.005~0.313 0(0.00)
Cd 0.0230.015 0.002~0.066 0(0.00) 0.044+0.029 0.003~0.124 0(0.00)
(n=58) Cr 0.052+0.061 0.002~0.219 0(0.00) 0.098+0.115 0.004~0.413 0(0.00)
As 0.109+0.110 0.001~0.489 0(0.00) 0.207+0.208 0.002~0.924 0(0.00)
Hg 0.013+0.034 0.001~0.129 0(0.00) 0.024+0.064 0.001~0.243 0(0.00)
Pb 0.008+0.004 0.003~0.019 0(0.00) 0.015+0.008 0.005~0.035 0(0.00)
cd 0.031£0.015 0.012~0.066 0(0.00) 0.058+0.029 0.023~0.124 0(0.00)
(=14) Cr 0.037+0.064 0.002~0.217 0(0.00) 0.070+0.121 0.004~0.411 0(0.00)
As 0.070+0.046 0.001~0.126 0(0.00) 0.132+0.087 0.002~0.238 0(0.00)
Hg 0.001:0.000 0.001~0.001 0(0.00) 0.001=0.000 0.001~0.001 0(0.00)




2742 6
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THQ THQ
_ = _ =
s T s T2
Pb 0.010+0.009 0.003~0.029 0(0.00) 0.019+0.017 0.005~0.054 0(0.00)
cd 0.026+0.014 0.002~0.054 0(0.00) 0.050+0.026 0.003~0.102 0(0.00)
(n=15) Cr 0.017£0.011 0.002~0.034 0(0.00) 0.032+0.020 0.004~0.063 0(0.00)
As 0.015+0.038 0.001~0.108 0(0.00) 0.028+0.071 0.002~0.204 0(0.00)
Hg 0.001=0.000 0.001~0.001 0(0.00) 0.001+0.000 0.001~0.001 0(0.00)
Pb 0.007+0.005 0.003~0.020 0(0.00) 0.014+0.010 0.005~0.038 0(0.00)
cd 0.004+0.006 0.002~0.017 0(0.00) 0.008+0.012 0.003~0.033 0(0.00)
(=17) Cr 0.050+0.046 0.002~0.147 0(0.00) 0.095+0.087 0.004~0.278 0(0.00)
As 0.112+0.064 0.001~0.193 0(0.00) 0.211£0.122 0.002~0.365 0(0.00)
Hg 0.001=0.000 0.001~0.001 0(0.00) 0.001£0.000 0.001~0.001 0(0.00)
Pb 0.053+0.055 0.003~0.165 0(0.00) 0.100+0.103 0.005~0.313 0(0.00)
cd 0.020+0.004 0.015~0.025 0(0.00) 0.038+0.007 0.028~0.047 0(0.00)
(=12) Cr 0.109+0.071 0.025~0.219 0(0.00) 0.206+0.134 0.047~0.413 0(0.00)
As 0.216+0.158 0.001~0.489 0(0.00) 0.408+0.298 0.002~0.924 0(0.00)
Hg 0.042+0.054 0.001~0.129 0(0.00) 0.080+0.103 0.001~0.243 0(0.00)
:n
Fx7 AEHAMTREESEESBRENLIEN
Table7 TTHQ of heavy metal in vegetables produced in Beijing
TTHQ TTHQ
_ TTHQ=1 _ TTHQ=1
X£S Q(%) X£S Q(%)
(n=269) 0.399+0.482 0.006~5.170 12(4.46) 0.754+0.912 0.010~9.771 52(19.33)
(n=99) 0.404+0.533 0.006~3.840 6(6.06) 0.764+1.007 0.010~7.259 19(19.19)
(n=49) 0.187+0.159 0.007~0.536 0(0.00) 0.354+0.301 0.013~1.014 1(2.04)
(n=54) 0.302+0.158 0.007~0.773 0(0.00) 0.570+0.298 0.014~1.462 6(11.11)
(n=67) 0.593%0.619 0.076~5.170 6(8.96) 1.121%1.170 0.144~9.771 26(38.81)
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Table8 TTHQ of heavy metal in vegetables sold in Beijing markets produced in other provinces
TTHQ TTHQ
= =
s TTHQ6 /01) s TTHQ6 /j)
(n=58) 0.155+0.184 0.008~0.950 0(0.00) 0.292+0.349 0.015~1.795 56(16.72)
(n=14) 0.1090.066 0.008~0.251 0(0.00) 0.2050.124 0.015~0.475 0(0.00)
(n=15) 0.0420.036 0.009~0.171 0(0.00) 0.080+0.068 0.018~0.323 0(0.00)
(n=17) 0.151£0.074 0.008~0.332 0(0.00) 0.286+0.139 0.016~0.628 0(0.00)
(n=12) 0.412+0.293 0.096~0.950 0(0.00) 0.779:0.554 0.181~1.795 3(25.00)
:n
Cr, THQ =1 )
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3 60 . .
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Table9 Contribution ratio of single heavy metal to
TTHQ of adults and children in vegetables

(%) (%)

Pb 9.76 9.78

cd 7.12 6.98

(N=327) Cr 11.61 11.59
As 66.23 66.34

Hg 5.28 531

Pb 9.39 9.38
cd 10.91 10.86
(n=113) Cr 10.41 10.32
As 64.72 64.75

Hg 4.57 4.69
Pb 10.12 10.09

cd 10.71 10.41

(n=64) Cr 4.76 4.73
As 63.69 63.72
Hg 10.71 11.04

Pb 5.70 5.68

cd 2.68 2.66

(n=71) Cr 5.70 5.68
As 79.53 79.57

Hg 6.38 6.39
Pb 11.88 11.88

cd 4.62 4.54
(n=79) Cr 16.01 16.07
As 63.37 63.41

Hg 4.13 4.10
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