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Figure 1. Sampling location map of the area studied.
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Table 1. Daily intake of vegetables in the food basket of Iranian households in terms of fresh weight (g) (1).
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Table 2. Average concentration of heavy metals concentration in food section of crops (mg / kg dry matter).

oS oy
Ni cr co cd pb cu zn =
Plant No
o |
0.56 0.44 0.48 0.12 0.58 1.50 8.20 M
Basil
@Lﬁ:
0.22 0.65 0.13 0.046 0.41 0.42 12.54
Garden Cress
A
0.18 0.10 0.22 0.22 0.33 0.44 3.7
Radish
0.63 0.70 0.18 0.054 0.67 1.28 6.40 7
Scallion
CL'.«J
0.75 0.27 0.18 0.008 3.39 5.85
Spearmint
1.24 0.32 0.38 0.033 0.15 1.69 6.7 =
Maize
0.162 0.050 0.066 0.025 0.25 1.59 6.19 c
Rice
0.30 0.30 0.32 0.20 0.19 1.14 9.35 g
Parsley
PR
0.05 0.30 0.11 0.07 0.12 0.48 3.46 )
Beet
1.04 4.54 0.13 0.05 0.40 1.16 7.86 e
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Table 3. Average Transfer Factor (TF) and bioaccumulation factor (BCF) In the Studied Plants.

pb Zn Ni

Cu

Cr Co Cd

oS s
BCF TF BCF TF BCF TF BCF TF BCF TF BCF TF BCF TF Plant No
Ol
0.004 0.37 0.041 040 0.011 0.75 0.01 0.41 0.002 0.3 0.031 028 096 041 I
Basil
ol
0.004 3.52 041 040 0.012 1.70  0.012 0.73 0.002 0.30 0.031 0.78 096 0.54 Garden
Cress
0.010 1.69 0.034 1.06 0.011 1.36 0.02 1.75 0.003 1.02  0.053 1.30 0.8 1.83 o
Radish
0.006 0.59  0.03 0.75 0.005 030 0.009 0.41 0.001 1.06 0.02 1.06 082 0.78 o7
Scallion
Fls
0.012 0.85 0.032 1.32 0.010 0.67 0.04 0.67 0.003 0.56 1.01 1.21 0.98  0.58 &
Spearmint
0.003 080 0.037 074 0.013 0.10 0.038 0.89 0.0004 0.16 0.015 0.11 0.4 0.63 =2
Maize
00019 0.13 0.018 043 0.004 0.16 0.016 0.28 0.002 026 0.017 0.61 0004 0.13 T
Rice
S A
0.002 9.5 0.018 0.76  0.017 0.65 0.018 0.33 0.018 0.17 0.075 1.05 0.4 2.85
Parsley
0.001 094 0.017 177 0.003 0.64 0.007 0.33 0.001 0.17 0.025 1.83 1.4 1.61 e
Beet
0.006 045 0.039 059 0060 049 0.018 0.38 0.20 0.62 0.031 0.34 1 0.53 e
Serviceberry
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Table 4. Average Daily Intake of Heavy Metals for Adults (ug kg” Day™).

bL§ 5
Ni Cr Co cd Pb Cu Zn s
Plant No
Ol
0.013 0.005 0.006 0.002 0.008 0.016 0.140
Basil
sl
0.014 0.014 0.013 0.004 0.014 0.047 0.713
Garden Cress
o
0.122 0.049 0.134 0.018 0.266 0.256 1.815
Radish
0.013 0.012 0.013 0.004 0.030 0.036 0.439 7
Scallion
Cl}.’d
0.033 0.013 0.009 0.004 0.058 0.145 0.394
Spearmint
0.005 0.001 0.002 0.001 0.006 0.054 0.200 =
Maize
0.509 0.149 0.188 0.063 0.774 4.394 15.584 cr
Rice
0.026 0.027 0.028 0.018 0.017 0.100 0.822 Six
Parsley
ok
0.005 0.026 0.010 0.006 0.010 0.042 0.304 ’
Beet
0.091 0.399 0.012 0.004 0.035 0.102 0.691 el
Serviceberry
U5 i
0.831 0.695 0415 0.124 1.218 5.192 21.102 ’

Total intake
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Table 5. Average Daily Intake of Heavy Metals for Children (ug kg”'Day™).

bL§ 5
Ni Cr Co cd Pb Cu Zn S
Plant No
Ol
0.059 0.020 0.029 0.008 0.044 0.044 0.652
Basil
sl
0.025 0.025 0.022 0.007 0.025 0.084 1.210
Garden Cress
o
0.144 0.058 0.159 0.022 0314 0.303 2.145
Radish
0.024 0.022 0.023 0.006 0.053 0.064 0.778 7
Scallion
Cl}.’d
0.058 0.022 0.016 0.008 0.102 0.257 0.699
Spearmint
0.004 0.001 0.002 0.001 0.005 0.046 0.171 =
Maize
0.393 0.120 0.160 0.061 0.597 3.835 14.973 cr
Rice
0.046 0.047 0.050 0.031 0.030 0.178 1.457 S
Parsley
ok
0.008 0.047 0.017 0.011 0.018 0.075 0.539 ’
Beet
0.162 0.708 0.021 0.008 0.062 0.181 1.225 e
Serviceberry
U5 i
0.923 1.07 0.499 0.163 1.25 5.067 23.849 j

Total intake
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Table 6. Estimation of target hazard Quotiet and hazard index for Adults.

. S g5
THQ Ni Cr Co Cd Pb Cu Zn
Plant Type
Ol
0.014 0.002 0.000 0.001 0.004 0.005 0.001 0.001
Basil
sl
0.017 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Garden Cress
o
0.110 0.006 0.000 0.007 0.018 0.066 0.006 0.006
Radish
0.015 0.001 0.000 0.001 0.004 0.008 0.001 0.001 v
Scallion
Cl}.’d
0.002 0.000 0.000 0.000 0.001 0.001 0.000 0.000
Spearmint
0.005 0.000 0.000 0.000 0.001 0.001 0.001 0.001 =
Maize
0.453 0.025 0.000 0.009 0.063 0.193 0.110 0.052 aog
Rice
0.030 0.001 0.000 0.001 0.018 0.004 0.003 0.003 Sz
Parsley
ok
0.004 0.000 0.000 0.000 0.003 0.001 0.000 0.000 ’
Beet
0.023 0.005 0.000 0.001 0.004 0.009 0.003 0.002 el
Serviceberry
0.673(HI) 0.043 0.003 0.022 0.117 0.291 0.127 0.069 TDHQ

D358 1 (HD 20 s jasls L5505 (THQ) (ks s o 3,51 2 -V J >
Table 7. Estimation of target hazard Quotiet and hazard index for Children.

. oS g5
THQ Ni Cr Co Cd Pb Cu Zn
Plant Type
Ol
0.027 0.003 0.000 0.001 0.008 0.011 0.001 0.002
Basil
sl
0.017 0.000 0.000 0.000 0.004 0.006 0.002 0.004
Garden Cress
o
0.130 0.007 0.000 0.008 0.022 0.078 0.008 0.007
Radish
0.019 0.001 0.000 0.001 0.003 0.011 0.001 0.001 v
Scallion
Cl}.’d
0.003 0.000 0.000 0.000 0.000 0.002 0.000 0.000
Spearmint
0.004 0.000 0.000 0.000 0.001 0.001 0.001 0.001 =
Maize
0.384 0.020 0.000 0.008 0.061 0.149 0.096 0.050 &
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0.055 0.003 0.000 0.001 0.009 0.021 0.014 0.007 Sofx
Parsley
ok
0.020 0.000 0.000 0.001 0.011 0.005 0.002 0.002 ’
Beet
0.042 0.008 0.000 0.001 0.008 0.016 0.005 0.004 el
Serviceberry
0.700 (HI) 0.043 0.001 0.022 0.127 0.301 0.129 0.078 TDHQ
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Abstract

Background and Objectives: Excessive accumulation of heavy metals in agricultural soils, not
only leads to environmental pollution but also increases the absorption of heavy metals by
plants. Food consumption had been identified as the major pathway of human exposure. The
purpose of this study was to determine the concentration of some heavy metals in common
vegetables and plants in the region in a part of the agricultural land of Varamin in Tehran
province and assess the environmental risk of heavy metals using human health indices.

Materials and Methods: The composite sampling of basil, garden cress, radish, chives, mint,
parsley, chard and savory, as well as corn and rice in a region of 50 hectares with three
replications was done randomly. Samples were prepared by dry digestion method and cadmium,
lead, zinc, copper, chromium, cobalt and nickel concentrations were determined using atomic
absorption spectrometry. Following the results of the experiment, the Bioaccumulation Factor
(BCF), Translocation Factor (TF), Average Daily Intake Index (EDI), Target Hazard Quotient
(THQ) and Health Index (HI) were calculated.

Results: The highest average concentrations of zinc, copper, lead, cadmium, cobalt, chromium
and nickel were found in garden cress (12.54), mint (3.3), mint (1), radish (0.22) basil (0.48),
chives (0.70) and corn (1.24 mg/kg dry matter) were observed. The Translocation Factor (TF) of
lead in garden cress, cadmium in parsley, zinc in chard, cobalt, chromium and lead in radish and
chromium in savory were more than 1. In contrast, Transfer Factor (TF) values for rice, corn and
oats were less than 1 for all the heavy elements. The Bioaccumulation Factor (BCF) of cobalt in
peppermint and cadmium for chard and savory were more than one and for other plants, the
amount of this factor for the metal studied was less than one. Cadmium, cobalt, copper, nickel,
zinc and lead in rice plant in adults (0.062, 0.029, 0.110, 0.225, 0.052, 0.193) and in children
(0.061, 0.008, 0.096, 0.020, 0.050 and 0.149 have the highest risk of non-cancerous diseases (HQ)
for residents of the region. THQ in both age groups was reduced as follows: (Corn, Sugar, Mint,
Basil, Rice, Parsley, Radish and Rice) and was placed on a healthy range.

Conclusion: The value of Target Diet Hazard Quotient (TDHQ) was less than one, indicating
the absence of risk of non-cancerous diseases for consumers due to the consumption of 10
examined products in accordance with Iran's national consumption patterns. Lead in the
children's age group showed the highest TDHQ (0.300), indicating a higher risk of lead risk in
the total consumption of products than other elements. Overall, the results showed the total
Health Index (HI) of heavy elements for each of the studied age groups was less than 1,
indicating that the residents in the study area are in a safe condition
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