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Abstract
Background: We aimed to conduct a meta-analysis on the concentration of potentially harmful 
elements (PHEs) in carrots and potatoes irrigated by wastewater and estimate non-carcinogenic health 
risks among adult and children consumers. 
Methods: The health risk of PHEs concentration, including Pb, Cd, total Cr, Ni, Zn, Cu, and Fe, in 
the edible parts of carrot and potato irrigated by wastewater was investigated by a meta-analysis using 
a random-effects model (REM). Accordingly, the related articles were screened from international 
databases such as Scopus, Medline, and Embase. 
Results: The meta-analysis of 32 papers (38 studies) revealed that the rank order of the most accumulated 
PHEs in potato was Fe (86.54 mg/kg wet weight) > Zn (30.9 mg/kg wet weight) > Cu (13.7 mg/kg wet 
weight) > Ni (8.42 mg/kg wet weight) > Pb (5.56 mg/kg wet weight) > Cr (3.45 mg/kg wet weight) > Cd 
(0.58 mg/kg wet weight). This ranking for carrot was Fe (43.36 mg/kg wet weight) > Zn (36.29 mg/kg 
wet weight) > Ni (13.49 mg/kg wet weight) > Cu (9.79 mg/kg wet weight) > Pb (1.84 mg/kg wet weight) 
> Cr (1.05 mg/kg wet weight) > Cd (0.28 mg/kg wet weight). Total hazard quotient (THQ) of PHEs was 
higher than 1 for potato and carrot; its rank order for potato and carrot was Cu > Pb > Cd > Ni > Fe > 
Zn > Cr and Cd > Pb > Cu > Ni > Fe > Zn > Cr, respectively. The Cd, Pb, and Cu had also a considerable 
role for consumer health risk.
Conclusion: According to the results, continuous monitor and control of wastewater treatment plants 
are necessary.
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Introduction
Nowadays, agriculture and crop production rate are 
negatively affected by growing the world population 
and food demand, decreasing and degrading of arable 
land, and especially water shortage (1). Lack of adequate 
accessibility to water resources often constrains crop 
planting (2). Some of the negative impacts of water 
shortage in agriculture/horticulture are increasing salinity 
(3), nutrient pollution (4), and degradation and loss of 

flood plains and wetlands. These public concerns have 
led to development of alternative management strategies 
and an increase in the wastewater reuse as an integral part 
of water demand management for crop irrigation (5,6). 
Wastewater reuse has some benefits such as providing 
the needed nutrients, conserving water resources, and 
reducing water contamination (7); on the other hand, it 
contains potentially harmful elements (PHEs) that can 
lead to water surface and soil contamination, transfer to 
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vegetables, and finally, cause a health risk for consumers 
(8,9). It is estimated that up to 90% of exposure to PHEs 
has a direct association with using contaminated food and 
water by two major pathways: Soil-to-plant and direct soil 
ingestion by humans (10,11). Although PHEs are found 
in soil as trace elements, high concentrations of these 
elements are released into the environment by human 
activities (12,13).

Potentially hazardous elements such as Cd, Cu, Cr, 
Pb, Zn, Ni, and Fe are usually considered as serious 
pollutants and worldwide concern in the hydrosphere, 
lithosphere, and biosphere regarding ecological toxicity 
and permanence, and bioaccumulative potential (14,15). 
Long-term exposure to high levels of these elements can 
lead to severe problems in the lung (16), prostate (17), 
kidney (18), breast (19), bones (20), blood circulation 
(21), as well as endocrine (22), and immune system (23). 
Accumulation of PHEs in the soil also causes a decrease in 
the quality of the crops and long-term hazards by direct 
contacting with soil and skin, respiratory inhalation, 
and other pathways that cause serious problems for the 
human health through food chains (24). One of the 
major pathways for transferring PHEs into food chains 
is bioaccumulation in the leave, shoot, root, and edible 
parts of vegetables such as carrots and potatoes that are 
among the major food consumption sources for human 
nutrition (consumption rates of 388.2 and 46.3 million 
tons for potato and carrot in 2017, respectively) (25). 
As mentioned above, the main problem of PHEs is 
transferring into food chains and causing adverse impacts 
on the human health. Accordingly, health risk assessment 
is a beneficial and important instrument for estimating 
the potentially harmful impacts on the human health, now 
or in the future, and providing a systematic assessment of 
variables. Health risk assessment tools and methodologies 
help organizations recognize their risks in four steps: 
Hazard identification, hazard characterization, exposure 
assessment, and risk characterization (26). 

Among the literature, bioaccumulation of PHEs in 
carrots and potatoes irrigated by different types of 
wastewater was investigated by Ahmad et al. The results 
of their study showed that the concentrations of Mn, 
Ni, Mo, Cd, and Pb were higher than the maximum 
permissible limits (27). In another study by Garrido et al, 
the concentration of PHEs in potato crops impacted by 
mining discharges was investigated. Similarly, the results 
of the study showed that the concentrations of heavy 
metals such as As, Cd, Pb, and Zn in potato tubers were 
above the concentration limit standards (28). Leblebici et 
al showed that the high concentrations of heavy metals in 
soil samples led to an increase in their concentration in 
potatoes as well. The rank order of PHEs concentrations 
in potato samples was Zn > Cu > Ni > Cd > Pb > Cr (29). 

Although in several studies, the concentration of PHEs 
in carrots and potatoes irrigated by wastewater was 

investigated, the knowledge on reusing wastewater has 
developed with the history of humankind (30). Therefore, 
a systematic review can be helpful to provide a complete 
interpretation of the research results. Hence, the main aim 
of the present study was to conduct a meta-analysis on the 
concentration of PHEs in carrots and potatoes irrigated 
by wastewater based on the subgroup of countries. Also, 
non-carcinogenic health risk was estimated among adult 
and children consumers. 

Materials and Methods
Search strategy
In the present study, the bibliography search was done 
according to the Cochrane’s protocol (31,32) among some 
of the international databases such as Scopus, Medline, and 
Embase between May 1, 1977 and February 1, 2020 on the 
global scale. In this regard, the comprehensive searching 
was done in four steps: Identification, screening, eligibility, 
and finally, including articles based on PRISMA guideline 
shown in Figure 1 (33). The keywords used for searching 
were: ((TITLE-ABS-KEY (“Daucus carota”) OR TITLE-
ABS-KEY (“Solanum tuberosum”) OR TITLE-ABS-KEY 
(potato) OR TITLE-ABS-KEY (carrot) OR TITLE-ABS-
KEY (vegetables) AND DOCTYPE (ar)) AND ((TITLE-
ABS-KEY (“Heavy metal”) OR TITLE-ABS-KEY (“trace 
element”) OR TITLE-ABS-KEY (metal) OR TITLE-ABS-
KEY (“toxic elements”)) AND DOCTYPE (ar)) AND 
((TITLE-ABS-KEY (irrigation) OR TITLE-ABS-KEY 
(wastewater)) AND DOCTYPE (ar)).

Inclusion/exclusion criteria and data extraction
The papers were rigorously screened against a set of 
inclusion criteria such as: 1) Full-text papers were 
available; 2) Papers were published in English language; 
3) Size of study area and number of sampling sites were 
expressed; 4) Type of studies was cross-sectional or 
descriptive; 5) Studies were done only on carrot and potato 
vegetables; 6) Type of irrigation source was wastewater; 
and 7) Mean value and value of standard deviation/range 
of PHEs concentration in carrots and potatoes were 
mentioned clearly. Moreover, the exclusion criteria for the 
papers were: 1) Books, review articles, and clinical trial; 
2) Irrigation source was diluted wastewater or sludge/
wastewater combined with each other; and 3) Papers with 
low-quality figures. 

Finally, the parameters including year, country, sample 
size, mean, and standard deviation/error of PHEs 
concentration in carrots and potatoes were extracted. 
For the papers with graphical results, Graph Digitizer 
software version 2.24 was employed to extract the data as 
numerical.

Meta-analysis and statistical analysis
A meta-analysis was conducted for magnifying the size of 
samples to ameliorate the confidence of the conclusions 
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by combining the results from investigations by the mean 
and standard error (SE) of the PHEs concentration in the 
edible parts of the carrot and potato (34). Standard error 
was calculated according to the following equation:

 SDSE
N

=                (1)

where SD is standard deviation and N is sample size. 
In this study, the data were meta-analyzed in STATA 

12.0 software (StataCorp, College Station, TX). Significant 
heterogeneity among studies was assessed using Cochrane’s 
Q-test and chi-square (I2) (35). A chi-square higher than 
50% represents statistically significant heterogeneity (36). 
According to the analysis, I2 percentage was higher than 
50%, so random effect model (REM) was applied (37).

Health risk assessment
Estimating daily PHEs intake
The health risk assessment process initiates by estimating 
dietary intake of toxins. The estimated daily intake (EDI) 
of PHEs in carrots and potatoes was calculated based 

on the PHEs concentration (C, mg/kg), ingestion rate 
(IR, g/n-d) of carrots and potatoes (Table S1), exposure 
duration (ED, 6 years for children and 30 years for adults), 
exposure frequency (EF, 350 day/year), body weight (BW, 
15 kg for children and 70 kg for adults), and average 
lifetime (AT = EF × ED, 2190 for children and 10 950 days 
for adults), as the following equation (37): 

 C IR EF EDEDI
BW AT

× × ×
=

×
            (2)

To estimate the PHEs concentration in consumed 
vegetables, the dry-weight concentration unit (mg/kg-dry 
weight) was converted into wet weight unit (mg/kg-wet 
weight) using Eq. (3) (37), where M is water content of 
vegetables (87% for carrot and 78% for potato).

( )100 %
100

dw M
ww

× −
=             (3) 

Non-cancer risk
Non-carcinogenic risks (n-CR) for individual PHEs were 
evaluated by hazard quotient (HQ). Indeed, HQ calculates 

Figure 1. Selection process of the reviewed studies according to the Cochrane's protocols. 
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the n-CR via comparing exposure level at a specified time 
(EDI) with the reference dose (RfD) or tolerable dietary 
intake (TDI) (38,39), as shown in Eq. (4).

EDIHQ  
RfD or TDI

=             (4)

where RfD is the oral reference dose recommended by 
the EPA (As = 0.0003, Cd = 0.001, total Cr = 1.5, Ni = 
0.02, Cu = 0.04, and Fe = 0.7 mg/kg.d) (40). TDI for Pb is 
0.0036 mg/kg-d (41). An HQ higher than 1 represents the 
n-CR of a toxin, via the consumption of a certain food. To 
assess the n-CR when consuming several toxins from one 
food and several foods (potato and carrot), total hazard 
quotient (THQ) and total hazard quotient actual (THQ 
act) are used, respectively, as shown in Eqs. (5) and (6) 
(42).

1THQ n
i HQ
=

=∑             (5)

carrot potatoTHQ THQ THQact = +           (6)

Results
Study characteristics and selection process
Selection process of studies began by searching in Scopus, 
Medline, and Embase databases up to February 1, 2020. 
Initially, 939 articles were identified. Then, 624, 156, 103, 
and 24 papers were removed because of being duplicate 
or due to their title, abstract, and full-text, respectively. 
Finally, 32 papers (38 studies) as suitable studies were 
included in this review. Selection process of the reviewed 
studies according to Cochrane protocols is indicated in 
Figure 1. The main characteristics of the included papers 
are also presented in Tables S2 and S3 (See Supplementary 
file 1). These tables indicate parameters including mean, 

SD, SE, sample size, country etc. on PTEs in potato and 
carrot which entered in the study and analyzed.

Meta-analysis results
The rank order of countries based on the PHEs 
accumulation (mg/kg, wet weight) in potato and carrot is 
shown in Table 1. Among the countries, Pakistan, Nigeria, 
and India had the highest PHEs concentrations in both 
potato and carrot. Pakistan was ranked as the first country 
in terms of Zn and Ni concentration in potato and pb, Cu, 
and Ni content in carrot. Iran is also the first country with 
cadmium wet weight of 1.07 mg/kg in potato. Based on 
the meta-analysis results, the rank order of PHEs in potato 
was Fe (86.54 mg/kg wet weight) > Zn (30.9 mg/kg wet 
weight) > Cu (13.7 mg/kg wet weight) > Ni (8.42 mg/kg 
wet weight) > Pb (5.56 mg/kg wet weight) > Cr (3.45 mg/
kg wet weight) > Cd (0.58 mg/kg wet weight); for carrot, 
it was Fe (43.36 mg/kg wet weight) > Zn (36.29 mg/kg wet 
weight) > Ni (13.49 mg/kg wet weight) > Cu (9.79 mg/kg 
wet weight) > Pb (1.84 mg/kg wet weight) > Cr (1.05 mg/
kg wet weight) > Cd (0.28 mg/kg wet weight). As obtained 
by the results, Fe had the highest concentration among 
PHEs in both vegetables. However, the concentration of 
Fe in potato was two times higher than that of carrot. Zn 
was the second most abundant element in vegetables. 
The other PHEs concentration were similar in potato and 
carrot.

Health risk assessment results
The HQ of PHEs and their total amount (THQ) based on 
age group and vegetable type for the studied countries are 
given in Figure 2. According to the results, all the PHEs, 
except Cr, had an HQ higher than 1 for both vegetables. 
However, the related THQ was also obtained to be higher 

Table 1. Rank order of countries for the PHEs (mg/kg, wet weight) in vegetables (potato and carrot)

Potato

Pb India (11.45) > Pakistan (6.78) > Iran (1.28) > Algeria (0.008)

Cd Iran (1.07) > India (1.01) > Pakistan (0.69) > Turkey (0.26) > Germany (0.16) > China (0.004)

Cu Algeria (65.65) > Pakistan (15.15) > Turkey (8.58) > India (5.18) > Iran (3.83)

Fe Turkey (186.13) > India (121.87) > Pakistan (51.9) > Iran (48.32)

Cr India (15.63) > Pakistan (1.41) > Iran (0.61) > Algeria (0.2)

Zn Pakistan (64.08) > Turkey (45.6) > India (15.81) > Iran (4.82) > China (3.02) > Algeria (0.32)

Ni Pakistan (11.62) > India (6.82) > Iran (4.44) > China (0.28)

Carrot

Pb Pakistan (17.31) > Nigeria (11.13) > India (8.83) > Ethiopia (0.15)

Cd Nigeria (8.51) > Pakistan (1.86) > India (0.2) > Ethiopia (0.06)

Cu Pakistan (20.02) > India (7.78) > Nigeria (5.22) > UAE (0.72) > Ethiopia (0.07)

Fe India (187.92) > Pakistan (63.64) > UAE (2.48) > Ethiopia (0.29)

Cr Nigeria (56.63) > Pakistan (4.72) > UAE (1.12) > Ethiopia (0.06)

Zn Nigeria (72.47) > Pakistan (45.93) > India (24.86) > UAE (2.23) > Ethiopia (0.18)

Ni Pakistan (15.06) > Nigeria (2.52)
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than 1 in all the countries for each vegetable, which 
means a considerable n-CR for all age groups. India for 
consumption of potato and Nigeria for consumption of 
carrot had maximum THQ values for all age groups. THQs 
higher than 1 enhance the risk of long-term carcinogenic 
effect and it can be a health hazard. As shown in Table 2, 
the THQ related to the consumption of potato was more 
than that related to carrot in both age groups, which can 
be due to the higher capita consumption of potato than 
carrot. Figure 3 indicates the average THQ (%) of PHEs 
in both vegetables. India had the highest TTHQ of potato 
consumption in adult and children. Maximum TTHQ of 
carrot consumption in adult and children was related to 
Nigeria. The rank order of PHEs for potato was Cu > Pb 
> Cd > Ni > Fe > Zn > Cr; for carrot, it was Cd > Pb > Cu 
> Ni > Fe > Zn > Cr. So, it can be concluded that Cd, Pb, 
and Cu had a considerable role for consumer health risk.

Discussion
PHEs concentration among countries
PHEs accumulation in potato and carrot vary from 
country to country. As shown in Table 1, the highest 
PHEs concentration in both vegetables belongs to 
Pakistan, Nigeria, and India, respectively. Anthropogenic 
activities, especially development of urbanization and 
industrialization, can contribute to different levels of 

Figure 2. Non-carcinogenic risk due to ingestion of polluted vegetables based on countries. (a) Potato – adults, (b) Potato – children, (c) Carrot 
– adults, (d) Carrot – children.

PHEs uptake in crops around the world (43,44). The 
wastewater used for irrigation purposes is generated by 
various sectors (domestic, industries, and mines) (45). 
In addition, factors like soil characteristics, climate, 
precipitation, soil minerals, atmospheric deposition rate, 
consumption of fertilizers and metal-based pesticides, 
and enforcement policies are different in various regions 
and affect the PHEs accumulation and uptake in the soil 
and vegetables (46). 

Concentration of PHEs in potato and carrot
The concentration of each of the PHEs in potato and 
carrot is different. The order of PHEs concentration in 
potato was as Fe > Zn > Cu > Ni > Pb > Cr > Cd; and in 
carrot, it was as Fe > Zn > Ni > Cu > Pb > Cr > Cd. The 
earth’s crust is a potential source of Fe which is transferred 
to vegetables via the soil. Fe which is a predominant and 
essential element in the root and leafy vegetables helps 
their growth and evolvement (47). In addition, high 
concentrations of this element can be related to its function 
of chlorophyll synthesis in plants. Fe accumulation in 
wastewater-irrigated soils was reported to be higher than 
others. The accumulation of higher than 300 mg kg−1 

of Fe is toxic for the plants grown in soils with pH < 5 
(48,49). Zn was the second most abundant element found 
in both vegetables. Similar to Fe, the high concentration 
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of Zn can be attributed to its relative abundance in the 
earth’s crust in accordance with the rank of PHEs in 
topsoil (Zn > Cr > Pb > Ni > Cu > Cd) (50). Also, long-
term irrigation by wastewater can reduce the soil pH and 
increase the content of Zn and other PHEs as bioavailable 
forms (51). Although Zn is an essential element for 
enzymatic activity and many biological processes at low 
concentrations, its high concentration can be toxic for the 
plant and human health (52). The third most abundant 
metals in potato and carrot was Cu and Ni, respectively. 
High contents of Cu in crops can be due to the possible 
contribution of wastewater pollution load and transport 
of sandy soil from the river to the farms (53). High levels 
of Cu reduce chlorophyll content in the leaf of vegetables 
and inhibit the photosynthesis and respiration rate (54). 
Nickel is a poisonous heavy metal for both humans and 
plants in high doses in certain forms (55). Possible source 
of Ni is discharge of untreated wastewater generated from 
nickel industries and combustion of fossil fuels (56). Ni 
decreases seed germination, root and shoot growth, 
and final production of crops. In addition, Ni toxicity 
causes chlorosis and necrosis. Nickel causes oxidative 
damage and inhibits photosynthesis and transpiration in 
plants (57). Pb concentration in potato was higher than 
that in carrot. Pb is an accumulative element that exists 
in the earth’s crust, soils, water, and wastewater at trace 
levels (58). Soil pH, content of organic matter, and cation 
exchange capacity of the soil can enhance Pb uptake 
(59). Cr is another element which can be discharged into 
the environment using untreated wastewater of leather 
tanning, petroleum refining, electroplating, textile fabric, 
and other industries (60). The lowest absorbed PHE by 
the two vegetables was Cd. The main sources of Cd in 
soils are phosphatic fertilizers, irrigation wastewater, and 
atmospheric fallout from industries (61).

Effective factors for PHEs uptake 
The accumulation and uptake of PHEs in the vegetables do 
not follow any pattern. Indeed, the order of accumulation 
is influenced by the properties of soil, PHEs, plant, and 

wastewater. However, other factors such as climate status, 
use of pesticides and manures, and harvesting time are 
also effective (62,63).

Soil nature
Nature of soil is a significant factor in the accumulation 
of PHEs. The physicochemical properties of the soil 
such as pH, cation exchange capacity, redox potential, 

Table 2. Actual non-carcinogenic risk due to ingestion vegetables (potato and carrot) content of PHEs

Adults Children Adults Children

Potato Carrot Potato Carrot TTHQ act TTHQ act

Algeria 2297.29 10720.79 2297.29 10720.79

China 164.24 766.56 164.24 766.56

Ethiopia 2.64 15.41 2.64 15.41

Germany 114.52 534.42 114.52 534.42

India 3214.92 500.49 14943.05 2335.73 3715.41 17278.78

Iran 2851.11 13305.28 2851.11 13305.28

Nigeria 1837.81 8586.56 1837.81 8586.56

Pakistan 688.92 353.99 1868.46 1652.07 1042.91 3520.53

Turkey 1698.59 7926.81 1698.59 7926.81

UAE 5.74 24.87 5.74 24.87

Figure 3. Non-carcinogenic risk due to ingestion of polluted 
vegetables based on the PHEs; (a) Potato, (b) Carrot.
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and organic matter content can influence the solubility 
and bioavailability of PHEs in soils (64,65). Irrigation 
by untreated wastewater for a long time changes the 
soil physicochemical characteristics and elevates soil 
PHEs concentration (66). Acidic pH of soil increases the 
mobility of PHEs (67); reducing the redox potential in soil 
enhances bioavailability of PHEs and turns insoluble ions 
of PHEs into soluble forms. However, increasing cation 
exchange capacity enhances the adsorption of PHEs 
(63,68).

PHEs properties 
The concentration of PHEs in various plants can be 
different depending on their solubility and bioavailability, 
distinctive uptake mechanism, and interaction between 
PHEs in the soil and within the plant (69,70). PHEs 
have two types of elements: Essential and non-essential 
elements. Cu and Zn are the essential types, but they are 
considered toxic at higher levels. Other metals such as 
Pb and Cd have no essential role in the organisms and 
are toxic even at low concentrations. Lead and cadmium 
ions disrupt the cell transport process by binding with 
cell membranes. Among PHEs, Cd and Zn have a higher 
transfer factor (concentration ratio of a specific PHE in 
the plant tissue to the soil) than Pb, due to their higher 
mobility from soil to the edible part (71). Cr, Cd, and Ni 
are transferred by going up of sap to plants and formed 
complexes with biomolecules. It is also reported that Cd, 
Zn, and Cu accumulate more in the shoot of plants. The 
interaction between PHEs changes their accumulation in 
the plant (72-74). For example, the antagonistic correlation 
between Zn and Cu causes more accumulation of PHEs 
(39,75).

Plant properties
Specie, age, and part of plants affect the rate of PHEs 
uptake (76). Plants uptake of water, nutrients, and PHEs 
via the root or aerial parts leads to different accumulation 
patterns between the root, shoot, and leaves (77,78). 
There are adsorption and physio-chemical mechanisms in 
plants which influence the concentration of PHEs in their 
parts (79). In our previous study (74), which was a meta-
analysis on the accumulation of PHEs in different parts 
of onion and tomato, the results showed different orders 
of concentrations between the investigated parts for 
both species. In addition to the parts, the accumulation 
capacity is also different among species. Potato has a 
branched root system which develops from underground 
stems, while carrot has fibrous roots which extends from 
a taproot (80). Bioconcentration factor illustrates the rate 
of PHEs bioavailability for plants. Indeed, the plants with 
higher bioconcentration factor present higher affinity to 
accumulate the PHEs (81). The findings are also consistent 
with the results of our previous research (74,82). Based on 
the results, different orders of PHEs accumulation were 

found in onion, tomato, spinach, and radish vegetables. 
The roots were more likely to transport Cd to the aerial 
part, whereas Cu uptake was significantly higher in the 
roots than leaves (83).

Wastewater properties
Water shortage and high wastewater contents of organic 
matter and nutrient make it a valuable resource for 
irrigation and lead to wastewater irrigation as a common 
practice around the world. However, the existence of 
pathogens and other substances such as PHEs in raw 
and low-quality treated wastewater can threat the human 
health (84-86). Composition, source, volume, and type of 
wastewater are different in various areas, which influence 
the accumulation of PHEs in vegetables. Industrial 
wastewater with regard to its origin has more PHEs than 
the domestic ones. For example, tannery wastewater has 
high contents of chromium and reduced vegetable growth 
(87, 88). Long-term irrigation by wastewater elevates 
organic carbon content and reduces soil pH, which 
subsequently, increases PHEs mobility (89). As a general 
rule, it is proved that the soil irrigated by wastewater has 
higher concentrations of bioavailable PHEs than the soil 
irrigated by the groundwater (86).

Health risk assessment 
PHEs accumulation and intake through the food chain 
could be a concern for the human health. Nowadays, 
many characteristics like acute and chronic toxicity, 
carcinogenicity, neurotoxicity, teratogenicity, or 
mutagenicity are attributed to PHEs due to their persistent 
and non-biodegradable nature (52,90). In the present 
study, the n-CR of PHEs via consumption of polluted 
potato and carrot vegetables was investigated by the HQ 
index. The HQ of all PHEs, except Cr, was more than 1 for 
both vegetables. The THQ was also more than 1 in all the 
countries for each vegetable, which means a considerable 
n-CR for all age groups. Health risk assessment of heavy 
metals was investigated and the individual hazard index 
of carrot for both children and adults was reported to 
be below 1, indicating no potential risk to the public 
except for cadmium, chromium, and manganese. Also, 
the hazard index of heavy metals studied were above 1, 
indicating non-acceptable level of non-carcinogenic 
adverse health effect (91). In accordance with our previous 
studies (74,82), children group was more susceptible to 
the adverse effects, which can be due to their lower body 
weight than adults. Alturiqi et al (18) found that HQs 
values in vegetables for Fe, Mn, Cu, Zn, and Ni were found 
to be less than 1, while the estimated HQs for Pb and Cd 
were higher than 1, posing a greater risk to the health of 
adults and children. THQ values were higher for children 
compared to adults (92).
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Conclusion
In this study, the concentration of some PHEs in potato 
and carrot vegetables irrigated by wastewater via meta-
analysis was assessed. Moreover, the n-CR due to the 
ingestion of polluted crops was investigated. In this 
regard, 32 papers published up to February 1, 2020 were 
included in the study. According to the meta-analysis 
results, the orders of Fe > Zn > Cu > Ni > Pb > Cr > Cd for 
potato and Fe > Zn > Ni > Cu > Pb > Cr > Cd for carrot 
were obtained as the most accumulated PHEs. In addition 
to the wastewater content of PHEs, the main reason for 
higher concentrations of Fe and Zn was attributed to their 
abundance in the earth’s crust. The results associated with 
n-CR indicated the health risk for ingestion of all PHEs, 
except Cr. However, the consumption of each vegetable 
had a considerable health risk for both age groups in all 
the countries. Among PHEs, Cd, Pb, and Cu had the 
greatest effects on the health of consumers. In accordance 
with the n-CR results, it is not recommended to use the 
crops irrigated by untreated wastewater or low-quality 
treated wastewater.
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