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Abstract 
 

Heavy metal contamination of vegetables as a consequence of untreated industrial wastewater 

irrigation is a matter of great concern today. This paper presents a review of heavy metal 

contamination in vegetables arising from industrial effluents and possible health risks to humans. 

Findings indicated that vegetable seed germination is directly affected by toxicity of industrial 

effluents, but the magnitude of toxicity could vary from effluent to effluent. The concentrations of 

different heavy metals such as, Pb, Cd, Ni, Co and Cr in vegetables were found to increase with 

increasing crop age. Heavy metal concentrations in vegetables tended to increase gradually at the early 

growth stage and, later on, declined during maturity. The Pb and Cd concentrations in amaranth were 

found to be higher than those in spinach and red amaranth while concentrations of Cd and Cr were 

found to be higher in spinach than those in other leafy vegetables. For leafy vegetables taken together, 

heavy metal contamination followed the order Cd<Co<Pb<Ni<Cr. On the other hand, the 

contamination level varied significantly (P < 0.01) with metal and vegetables species. The Pb 

contamination level followed the order eggplant>tomato>bottle gourd>pumpkin>cauliflower> 

cabbage, the Cd contamination level was found to follow the order tomato>eggplant>bottle 

gourd>pumpkin>cabbage>cauliflower and for nickel (Ni) contamination, the trend was bottle 

gourd>cauliflower>cabbage>pumpkin>tomato>eggplant. The primary source of heavy metal 

contamination in vegetables in Bangladesh is untreated industrial wastewater irrigation, and such 

contamination could be highly deleterious to human health.  
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1. Introduction 

 

At present, environmental pollution due to 

industrialization is a serious problem throughout 

the world. The soil and environment have been 

under tremendous pressure from industrial 

expansion during the last few decades causing 

alarming soil and water pollution the world over. 

In Bangladesh, too, due to rapid and unplanned 

urbanization, industrialization, untreated city and 

industrial wastes are increasingly polluting soils 

and water. 

 

Effluents containing heavy metals and organic 

pollutants released into the natural ecosystems 

cause environmental pollution. Heavy metals 
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identified in different industrial wastes in 

Bangladesh are cadmium (Cd), lead (Pb), 

chromium (Cr), mercury (Hg), zinc (Zn), arsenic 

(As) and in few cases copper (Cu) and 

manganese (Mn) (Islam et al., 2015). Due to an 

increasing scarcity of fresh water for irrigation in 

Bangladesh, people resort to the use of 

wastewater for irrigation. Long-term use of 

industrial or municipal wastewater for irrigation 

may contribute substantially to a build-up of 

heavy metals in surface soils (Zebunnesa et al., 

2009). Excessive accumulation of trace elements 

in agricultural soils through wastewater 

irrigation may not only result in soil 

contamination but also affect food quality and 

safety (Islam et al., 2017). 

 

The uptake of heavy metals by plants from 

contaminated soils is of great concern because an 

excess of dietary intake of some of these heavy 

metals might be hazardous for any living being 

including humans. The application of wastes 

water for crop production is being practiced in 

Bangladesh (Fig. 1). 

 

Heavy metal pollution of agricultural soils and 

vegetables has been considered as one of the 

most severe ecological problems on a world 

scale and also in Bangladesh. Contamination of 

the food chain is the major pathway of human 

exposure to heavy metals (Khan et al., 2008). 

Some trace elements or heavy metals are 

essential or beneficial for plant nutrition, but 

plants growing on land adjacent to industrial 

establishments are exposed to toxic levels of 

these metals, and, as such, display increased 

concentrations of heavy metals, serving in many 

cases as bio-monitors of pollution loads 

(Mingorance et al., 2007). Vegetables cultivated 

on polluted soils absorb heavy metals and, thus, 

their accumulation in food chain occurs. In this 

situation, the metal concentrations could be high 

enough to cause cancer or other lethal diseases in 

both animals and human beings consuming these 

contaminated foods because there is no good 

mechanism for their elimination from the 

physiological systems of human or animal bodies 

(Arora et al., 2008; Alam et al., 2003). In low 

concentrations, many metals are essential or 

beneficial for life but in excess, the same metals 

can be highly poisonous.  Information regarding 

the accumulation of heavy metals in vegetables 

in industrially polluted areas in Bangladesh is 

scarce. Considering the above, the present 

review study was undertaken to achieve the 

following objectives: 

(i)  to evaluate the effect of contaminated 

industrial effluent toxicity on vegetable seed 

germination. 

(ii)  to assess heavy metal accumulation patterns 

in vegetables;  

(iii)  to determine heavy metal contents in 

vegetables grown on soil near industries;  

(iv)   to assess health risks from heavy metals in 

vegetables. 

 

 
Figure 1. Irrigation with industrial wastewater 
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2. Materials and Methods 

 

Secondary data and reports were collected from 

online publications, books, government reports, 

international reports, scientific journals, news 

articles by searching Google, Google Scholar, 

etc. 

 

3.  Results and Discussion 

 

3.1 Effect of industrial effluents on 

germination of seeds of different vegetables 

Islam et al. (2015) studied the toxic effect of 

different industrial effluents on vegetable seed 

germination. It was found that the effluent of 

dyeing industry had the most toxic effect on seed 

germination of all four tested vegetables 

followed by that from pharmaceutical and 

beverage industries (Fig. 2). The lowest relative 

germination ratio (RGR%) of 83, 85, 85, 88 and 

86% was recorded in dyeing affluent treated 

petri dish for Indian spinach, kangkong, jute, 

stem amaranth and leafy amaranth, respectively 

while higher RGR values of 95, 93, 92, 93 and 

101% were recorded for beverage affluent 

treated petri dish for all vegetables.  

 

3.2 Heavy metal accumulation patterns in 

vegetables from industrial contaminated 

soil 

Naser et al. (2011) conducted a study in highly 

polluted soils using three popular leafy 

vegetables like spinach (Spinacia oleracea), red 

amaranth (Amaranthus tricolor) and amaranth 

(Amaranthus oleraseus). The concentrations of 

heavy metals like Pb, Cd, Ni and Cr in initial soil 

were 4.04, 0.69, 14.4, 11.9 and 21.9 µg g
-1

, 

respectively, in the experimental soils. The 

heavy metal content was quite high due to high 

industrial pollution in soil samples collected 

from Kodda, Gazipur. They found that the 

concentrations of Pb, Cd, Ni, Co, and Cr in 

vegetables increased with the age of the plant up 

to 40 days after sowing (DAS) with the 

exception of Cr but plant age and metal 

concentration were not linearly correlated. The 

uptake pattern was different for different heavy 

metals (Fig. 3). The Cr concentration in spinach 

increased up to 30 DAS and then decreased 

consistently until final harvest at 50 DAS. The 

concentrations of all heavy metal in vegetable at 

the third harvest time (40 DAS) were higher than 

those of other harvest times with the exception of 

Pb concentration in spinach and Cd in amaranth. 

 
Figure 2. Effect of effluents on Relative Germination Ratio (%) of different vegetables (Source: Islam 

et al., 2015) 
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A similar trend was observed for Ni 

concentration in three vegetable species. A high 

amount of Cd was detected in spinach while it 

was very low in red amaranth. On the other 

hand, Pb concentration was high in amaranth 

whereas Cd concentration was high in spinach. 

The similar trend was observed for cobalt 

concentration like Pb in three vegetables. The 

rate of increase of metal concentrations was 

found to be different at different growth stages. 

The heavy metal increase rate at 20 DAS to 30 

DAS was lower as compared to increasing rate at 

30 DAS to 40 DAS, except Cr. The increasing 

range of Cd concentration concentrations were 

66–182%, 286–534%, 81–132% in spinach, red 

amaranth and amaranth respectively for the same 

number of days as Pb. Similarly, Ni, Co, and Cr 

concentrations in the three vegetables showed 

increasing trend (in percentage) of metal content, 

with the exception of Cr concentration in 

spinach.  

 

 
Figure 3. Heavy metal concentrations in vegetable plants at different growth stages (Source: Naser et 

al., 2011) 
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It was concluded from this study that heavy 

metal content gradually increased at the early 

growing stages of leafy vegetables but declined 

during the later stages of growth. The results of 

this study are in good agreement with the result 

obtained by Oliveira et al. (1994); and Lutts et 

al. (2004).  Mensah et al. (2008) reported that 

the Pb concentrations in lettuce increased 

consistently during the period of growth with 

time.  

3.3 Comparison the heavy metal content in 

different vegetables from contaminated 

and uncontaminated soil   

Tasrina et al. (2015) conducted a study on soils 

adjacent to the nuclear plant at Chor Rooppur 

using different vegetables. It was found red 

amaranth and amaranth absorbed higher amounts 

of heavy metal than did other vegetables like 

carrot, spinach and potato (Fig. 4). 

 

 
Figure 4. Comparison of heavy metal contents in vegetables during their growing periods (Source:                   

Tasrina et al., 2015) 

 
 

Figure 5. Pb content in different vegetables from contaminated and uncontaminated soils (Source: 

Mahmud, 2010) 

 

Safe Limit: 05 (µg g-1) (FAO/WHO Standard),  
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Figure 6. Cd content in different vegetables from contaminated and uncontaminated soils (Source: 

Mahmud, 2010) 

 

Lead (Pb) content in vegetables 

There were significant differences in the Pb, Cd, 

and Ni concentrations (µg g
-1

 dry weight basis) 

of different vegetable species (cabbage, 

cauliflower, bottle gourd, pumpkin, eggplant and 

tomato) at different locations of contaminated 

and uncontaminated soils (Figs. 5, 6 and 7).  

Lead (Pb) content was found highest in eggplant 

with a range of 1.89 to 6.42 µg g
-1

 followed by 

tomato with a range of 1.94 to 5.65 µg g
-1

, the 

concentrations exceeding the safe limit for Pb 

based on FAO/WHO standards. All vegetables 

were highly contaminated being grown on 

directly polluted soils followed by indirectly and 

non-polluted soils. The Pb concentration 

followed the order eggplant>tomato>bottle 

gourd>pumpkin>cauliflower>cabbage (Fig. 5). 

Jamali et al. (2007) also reported Pb 

concentrations in vegetables grown in 

agricultural sites dressed and irrigated with 

domestic wastewater which were significantly 

(P<0.01) higher than that in control vegetable 

samples. 

 

Cadmium (Cd) content in vegetables 

The Cd level was the highest in tomato with a 

range of 0.49 to 1.26 µg g
-1

 followed by that in 

eggplant with a range of 0.34 to 1.02 µg g
-1

 and 

bottle gourd having 0.17 to 0.0.36 µg g
-1

.  The 

higher amount of Cd was detected in directly 

polluted soils followed by indirectly polluted 

soils and non-polluted soils (Fig. 6). In fact, 

significant differences (P<0.01) were found in 

the level of Cd in all tested vegetables between 

polluted and non-polluted areas. Similar as Pb as 

reported by Jamali et al. (2007), the 

concentration of Cd in vegetables sampled from 

wastewater irrigated soils was high, ranging 

between 0.14 µg g
-1

 (spinach) and 0.30 µg g
-1

 

(eggplant), whereas in fresh water irrigated soils 

showed less of Cd ranging between 0.01 µg g
-1

 

(spinach) and 0.02 µg g
-1

 (eggplant). 

 

Nickel (Ni) content in vegetables 

The nickel (Ni) contamination trend in different 

vegetables was followed the order bottle 

gourd>cauliflower>cabbage>pumpkin>tomato>e

ggplant for directly polluted (Kalakoir) areas, 

whereas it was cauliflower>cabbage>bottle 

gourd>pumpkin>tomato>eggplant for indirectly 

polluted (Zorun) and non-polluted (BARI) areas 

(Fig. 7). In directly polluted area the Ni content 

was highest in bottle gourd with a mean of 43.5 

µg g
-1

 followed by cauliflower with a mean of 

41.8 µg g
-1

 and minimum in eggplant i.e. 9.17 µg 

g
-1

. In indirectly polluted and non-polluted areas 

Safe Limit: 0.3 (µg g-1) (FAO/WHO Standard),  

C
d

 (
µ

g
 g

-1

) 
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Ni content was found highest in cauliflower with 

a range of 19.2 to 34.3 µg g
-1

 followed by 

cabbage with a range of 17.9 to 32.9 µg g
-1

 and 

bottle gourd was 16.6 to 31.4 µg g
-1

. According 

to FAO/WHO standards, all the vegetables from 

the polluted areas were unsafe. 

  

 
 

 

Figure 7. Ni content in different vegetables from contaminated and uncontaminated soils (Source: 

Mahmud, 2010) 

 

Table 1. Heavy metal concentration in vegetables grown by using irrigation water of drains and their 

comparison with WHO/FAO standards (Source: Hamid et al., 2017) 

 
 

Safe Limit: 20 (µg g-1) (FAO/WHO Standard),  
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Table 2. Heavy metal concentration (µg g
-1

) in vegetables collected from different production and 

market sites of a tropical urban area of India (source: Sharma et al., 2009) 

 

 
 

Although concentrations of Cu, Cr and Pb were 

below the toxic limits, these metals were taken 

up to different extents by different vegetable 

species and translocated to foliar parts and fruits 

grown in that area. Wastewater use for irrigation 

is reported to cause heavy metal magnification in 

plants i.e. heavy metals moves up into plants 

without being retained in soil (Achakzai et al., 

2011). Vegetable sample analyses (Table 1) 

indicated concentrations of Cu ranging from 0.4 

to 18.9 mg/kg with a mean + SD value 4.11 + 

6.639mg/ kg which was within the safe limit (40 

mg/kg) according to EU (2006) standards, in all 

vegetables samples. Chromium concentration in 

vegetables ranged from 0.6 to 13.2 mg/kg 

(average 2.943 + 4.542 mg/kg) and exceeded the 

permissible levels set by WHO/FAO (2007) and 

EU (2.3 mg/kg). The maximum Cr content (13.2 

mg/kg) was found in okra plants grown in the 

Chota Ravi drain area; other plants such as 

eggplant, tomato, spinach and pilak also had 

trace amounts of metals. The very high level of 

Cr in okramay have been due to high absorption 

by the plants. Chromium is retained in soil only 

for a short interval because it moves other 

medium such as plants. The level of heavy metal 

concentration varies with plant part, most plants 

have higher quantities of heavy metals in roots 

and stems and lower in the leaves. 

 

It was found from a field and basket survey 

experiment that heavy metal concentrations 

varied among production sites and vegetables. 

The Zn concentration was highest in all the 

vegetables tested followed by that of Cu, Cd and 

Pb at the production sites as well as at the market 

sites. Zinc concentrations (µg g
-1

) ranged from 

32.5 to 66.2, 42.3 to 92.3 and 25.2 to 94.3, 

respectively, in okra, spinach and cauliflower at 

market sites (Table 2). The mean concentration 

of Cu (µg g
-1

) was minimum in okra (18.02) and 

maximum in cauliflower (35.72) at the market 

sites (Table 2). The mean concentrations of Cd 

(µg g
-1

) were 1.41, 1.96 and 2.57, and of Pb were 

1.03, 1.44 and 1.56, respectively, in okra, 

spinach, and cauliflower collected from the 

market sites (Table 2). 

 

There were 28 production sites (Fig. 12) and 

within these sites, the mean concentrations of the 

heavy metals were recorded maximum in okra, 

cauliflower and palak respectively at sites 10, 14 

and 25 for Cu (Fig. 8), at sites 7, 24 and 28 for 

Zn, at sites 10, 17 and 28 for Cd and at sites 12, 
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17 and 28 for Pb (Figs. 8 - 11). The higher 

concentrations of heavy metals in the vegetables 

tested at sites 10, 12, 17 and 28 might be due to 

their location adjacent to the brick kiln industries 

or proximity to national highway. 

 
Figure 8. Copper (Cu) concentration in vegetables collected from different production and market sites 

of a tropical urban area of India (source: Sharma et al., 2009). 

 

 
Figure 9. Zinc (Zn) concentration in the vegetables collected from different production and market 

sites of a tropical urban area of India (Source: Sharma et al., 2009). 
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Within the market sites, the mean concentration 

of Cu was recorded maximum at site 2 in okra 

and cauliflower, and at site 3 in palak (Fig. 8). 

Mean Zn concentration was recorded maximum 

at sites 2, 4 and 5, respectively, in cauliflower, 

palak and lady’s finger (Fig. 9). The mean 

concentrations of Cd and Pb between the market 

sites were, respectively, recorded maximum at 

sites 3 and 5 in lady’s finger, at site 3 in 

cauliflower, and at sites 1 and 3 in palak (Figs. 

10 and 11). 

 

The average values of heavy metals in the 

vegetables tested collected from production sites 

are lower than the PFA standard (Awasthi, 

1998). While at market sites, the mean 

concentration of Cu in cauliflower, Zn and Cd in 

both palak and cauliflower had exceeded the 

PFA standard. On the other hand, Cd 

concentrations in vegetables tested from both 

production and market sites were many folds 

higher than the EU standard (Marshall, 2007). In 

contrast, Pb in vegetables tested from both 

production and market sites was below the PFA 

standard but was many folds above the EU 

standard (Table 2). Cu concentration exceeded 

the PFA standard at all the market sites in 

cauliflower, and at sites 1 and 3 in palak (Fig. 8). 

Zinc concentration exceeded the PFA standard in 

cauliflower at most of the production and market 

sites (Fig. 9). Cadmium level in all the 

vegetables tested exceeded the EU standard (0.1 

µg g
-1

) at all the production sites but was lower 

than PFA standard (1.5 µg g
-1

) in both lady’s 

finger and palak (Fig. 10). The average values of 

Cd in all the vegetables tested at market sites 

were higher than both the PFA and EU 

standards. Pb concentration was, however, below 

the PFA standard, but was many folds higher 

than the EU standard at all the study sites (Fig. 

11). 

 

 

 
Figure 10. Cadmium (Cd) concentration in the vegetables collected from different production and 

market sites of a tropical urban area of India (Source: Sharma et al., 2009). 
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Figure 11. Lead (Pb) concentration in the vegetables collected from different production and market 

sites of a tropical urban area of India (Source: Sharma et al., 2009). 

 
Figure 12. Map showing the relative positions of different production and market sites of Varanasi of 

India (Source: Sharma et al., 2009). 
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These results clearly indicate that the location 

and growing periods influenced the levels of 

heavy metals in the vegetables. The variations in 

the concentrations of the heavy metals in 

vegetables may be ascribed to the physical and 

chemical nature of the soils of the production 

sites, absorption capacities of heavy metals by 

vegetables, atmospheric deposition of heavy 

metals, which may be influenced by innumerable 

environmental factors such as temperature, 

moisture and wind velocity, and the nature of the 

vegetables, i.e. leafy, root, fruit, exposed surface 

area, hairy or smoothness of the exposed parts 

(Zurera et al., 1989). The variations in the 

concentrations of heavy metals in the vegetables 

tested may also be ascribed to the variations in 

the anthropogenic activities such as brick kiln 

activities, addition of phosphate fertilizers or use 

of metal-based pesticides around production sites 

and urban industrial activities at market sites 

(Fig.12). The production sites (Fig.12) showing 

higher levels of heavy metals are either located 

in the areas having a number of brick kiln 

industries (sites 7, 10, 12 and 14) or located 

close to national highways (17 and 28). 

 

3.4  Risk assessment of heavy metal 

contamination 

Metal concentrations in soil, sewage water 

and okra plants 

The study was conducted at the Agricultural 

Research Station of King Abdulaziz University 

(KAU). The station is located at Hada Al-Sham 

village, 110 km northeast of Jeddah city in the 

western region of Saudi Arabia. The Bani–Malik 

wastewater treatment plant was the primary 

source of irrigation water. The mean 

concentrations of Cr, Zn, Ni, Cd, Mn, Pb, Cu and 

Fe in the okra plants were 1.96, 1.88, 1.42, 1.20, 

1.10, 0.88, 0.56 and 0.10 mg/kg respectively 

(Fig. 13). The findings of the study indicated that 

all of the heavy metal concentrations in the 

wastewater-irrigated food crops were higher than 

the permissible limits (Balkhair and Ashraf, 

2016). The Cu and Fe contents were also above 

the permissible limits in sewage water-irrigated 

food crops, with the exception of L. esculentum. 

Various scientists have reported elevated levels 

of heavy metals in sewage and industrial 

effluent-irrigated vegetables. Rusan et al., 2007 

found that the levels of plant Pb and Cd 

increased with wastewater irrigation, and a 

longer period of wastewater irrigation led to a 

higher concentration of heavy metals. Singh and 

Kumar, 2006 collected samples of vegetables 

(spinach and okra), soil and irrigation water from 

5 peri-urban sites of New Delhi to monitor their 

heavy metal loads. These authors concluded that 

although the heavy metal load of the irrigation 

water was above the maximum permissible limit, 

it was lower in the soils and higher in the 

vegetable samples. The spinach and okra 

samples showed Zn, Pb and Cd levels that were 

higher than the WHO limits. 

 

Metal concentrations in soils and 

translocation factors 

The study was conducted at the Agricultural 

Research Station of King Abdulaziz University 

(KAU). The station is located at Hada Al-Sham 

village, 110 km northeast of Jeddah city in the 

western region of Saudi Arabia. The 

concentrations of Cr in the soils of the study area 

ranged from 0.87–1.00 mg kg
-1

, whereas those of 

Fe ranged between 0.36–0.75 mg kg
-1

. These 

ranges exceed the permissible limits for mineral 

soils in arid regions (Brady and Weil, 2002). The 

fate of absorption of elements by plants depends 

upon the cultivated plant and the soil properties, 

such as the pH, CEC and distribution of metals 

in different soil fractions (Kos et al., 2003). At 

an acidic pH, high Mn concentrations in 

cultivated soils could pose a risk of toxicity to 

the okra plant. Under an acidic pH, free Mn may 

be the predominant form in the soil solution, 

making it readily available for the okra plants. 

Renella et al., 2004 reported that in Mn- and Zn-

polluted soils, the solubility of Mn and Zn was 

significantly higher in the presence of organic 

acids, typically released by plant roots, thus 

suggesting that plants can mobilize trace 

elements via their root exudates. The metal 

accumulation factor (AF) in plants is used to 

describe the extent of accumulation of a 

compound in an identified biological system. 

Table 3 presents the AF values of the metals in 
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the consumed parts of the studied plants. The AF 

of the metals in the consumed parts of the plants 

were less than the values obtained for Fe and Cr. 

Chromium, with AF values in the range of 

1.6730–1.8240, was the most accumulated. Thus, 

the bio-concentration factor (BCF) values of 

metals in the food crops showed a trend in the 

order of Cr > Zn> Ni> Cd> Mn> Pb> Cu ~ Fe. 

The best accumulators for Cr are okra plants that 

preferentially concentrate metals in their leaves.  

The HRI refers to the ratio of the daily intake of 

metals in the food crops to the oral reference 

dose (RfD) (US EPA, 2002) and calculated using 

the following equations: 

 
Figure 13. Heavy metal concentration in soil-water-plant system irrigated with wastewater (source: 

Balkhair and Ashraf, 2016) 

 

Table 3. Accumulation risk of heavy metals in vegetables through contaminated waste water (Source: 

Balkhair and Ashraf 2016) 

 

AF = Accumulation Factor (AF), DIM = Daily intake of metals, HRI = Health risk index, THQ = Target 

Hazard Quotient, RDA = Recommended dietary allowance, RfD = Oral reference dose 
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Translocation factor calculation: 

Heavy metals have the capability to translocate 

from the soil to the edible parts of the food crop 

and can be determined by the accumulation 

factor (AF).  

 
 

Daily intake of metals (DIM): 

The daily intake of metals will be calculated 

using the following equation:   

 
       

Where Cmetal, Cfactor, Dintake and Bweight represent 

the heavy metal concentrations in the food crops, 

the conversion factor, the daily intake of the food 

crops and the average body weight, respectively. 

The DIM values will be used for the calculation 

of HRI as well. 

 

Health risk index (HRI): 

The HRI refers to the ratio of the daily intake of 

metals in the food crops to the oral reference 

dose (RfD) (EPA, 2002) and will be calculated 

using the following equation: 

 
 

An HRI > 1 for any metal in food crops indicates 

that the consumer faces a health risk. 

The method of estimating the risk using the 

target hazard quotient (THQ) is based on the 

following equation (Abdu et al., 2011): 

 

 
Where, EFr is the exposure frequency 

(365 days year
−1

), ED is the exposure duration 

(60 years for adults), FI is the food ingestion, 

MC is the metal concentration in the food 

(mg kg
−1

 fresh weight), RfD is the oral reference 

dose (mg kg
−1

 day
−1

), BW is the average body 

weight for an adult (60 kg) and AT is the average 

exposure time for non-carcinogenic effects 

(365 days year
−1

 × number of exposure years, 

assuming 60 years in this study). The RfD is an 

estimation of the human daily exposure that is 

unlikely to pose an appreciable risk of adverse 

health effects during a lifetime. 

 

Daily intake of metals (DIM) and human 

health risk assessment 

For assessing the health risk from a pollutant, it 

is important to estimate the level of exposure by 

detecting the routes of exposure of target 

organisms. There are several possible pathways 

of exposure of humans among which the food 

chain is the most important pathway. In a studyat 

the Agricultural Research Station of King 

Abdulaziz University (KAU), it was found that 

the only intake pathway considered for Cr, Zn, 

Ni, Cd, Mn, Pb, Cu and Fe was assumed to be 

vegetable consumption. The DIM values were 

estimated according to the average vegetable 

consumption for adults (Table 3) and compared 

with the recommended daily intakes (WHO, 

1996; Trumbo et al., 2001). The results for the 

evaluation of the DIM and HRI from the heavy 

metal-contaminated okra crop are presented in 

Table 3 for sewage water irrigation. The results 

showed that the DIM and HRI values were high 

for okra. The DIM of the sewage water-irrigated 

crop ranged from 1.2E-02 to 4.9E-02, 2.7E-03 to 

5.2E-03, 1.2E-03 to 1.6E-02, 1.8E-02 to 3.3E-02 

and 1.0E-03 to 3.1E-03 mg kg
-1

 person
-1

 d
_1

 for 

Cr, Ni, Pb and Cd, respectively (Table 3). 

Similarly, in sewage water-irrigated food crops, 

the HRI values for Cr, Ni, Mn, Pb and Cd ranged 

from 8.0E-02 to 3.3E-01, 1.4E-01 to 2.6E-01, 

8.6E-01 to 1.2E-00, 5.2E-00 to 9.4E-00 and 

9.5E-01 to 3.1E -00, respectively (Table 3). 

 

The THQ has been recognized as a useful 

parameter for evaluating the risk associated with 

the consumption of metal-contaminated food 

crops (Agbenin et al., 2009). Many findings 

presented in this review were above the 

permissible THQ limit and suggested possible 

metal contamination through the okra plant. 

According to the THQ values (Table 3), Cr 

present in consumed plants has the potential to 

pose a health risk to the local population. 

Horiguchi et al., 2004 suggested that the 
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ingested dose of heavy metals is not equal to the 

absorbed pollutant dose in reality because a 

fraction of the ingested heavy metals may be 

excreted, with the remainder being accumulated 

in body tissues where they can affect human 

health. The present study is very important from 

human health perspectives, indicating health 

risks to human populations from the 

consumption of food coming from heavy metal 

contaminated crops. 

 

4. Conclusions  

 

Untreated industrial effluents containing high 

concentrations of heavy metals could adversely 

affect the germinations of seeds of vegetable 

crops the degree of toxicity depending on the 

source of the effluent. Greater heavy metal 

contamination occurs at early growth stages of 

vegetable crops than at the later stages. The 

concentrations of heavy metals vary with 

vegetable species. Heavy metal contamination of 

vegetables is a serious threat to human health. 

The government should take initiatives to 

prevent the discharge of untreated effluents and 

waste material from industries into the 

environment to protect the ecosystem and ensure 

the safety of all living beings. 
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