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Abstract 

Contamination of vegetables with potentially toxic trace elements (PTEs) is a globally recognized envi-

ronmental issue that poses a risk to human health. This study assessed PTE concentrations in edible parts 

of beetroot (Beta vulgaris), carrot (Daucus carota), potato (Solanum tuberosum), cabbage (Brassica 

Oleracea), red onion (Allium cepa), and bean (Phaseolus vulgaris) collected from selected vegetable-

based cropping systems in Sri Lanka (Nuwara Eliya, Badulla, and Kalpitiya). A total of 265 samples 

were analyzed using microwave digestion and ICP-OES, and dietary exposure was estimated. Among 

the PTEs, Zn showed the highest concentrations across all vegetable types, followed by Cu, while As 

and Cd were present in the lowest concentrations. The highest concentrations (mg/kg) of Cd (0.002-.037) 

and Pb (0.01-0.111) were in carrot, and As in red onion (0.008 – 0.042) and cabbage (0.02-0.014). How-

ever, mean concentrations of all PTEs in every vegetable type remained well below the maximum per-

missible limits established by FAO/WHO. Multivariate analysis demonstrated that Cd and Zn dominate 

PTE variability in vegetables, whereas Pb and As exhibit distinct source-related behaviour, influenced 

by crop type and sampling location. Estimated weekly dietary intakes of As, Cd, Pb, Cu, and Zn for 

adults were far below the Provisional Tolerable Weekly Intakes recommended by FAO/WHO, indicating 

minimal health risk from vegetable consumption in these regions. The study suggests the necessity of 

periodic monitoring of PTE accumulation in vegetables and the importance of revisiting the current Co-

dex maximum limits of As for leafy vegetables and Cd for leafy vegetables and root and tuber crops for 

the Sri Lankan context. 
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1. Introduction 
Potentially toxic trace elements (PTEs) are 

environmental pollutants that pose signifi-

cant threats to human health and the ecologi-

cal system. Some trace elements, such as 

copper (Cu) and zinc (Zn), play crucial roles 

in the metabolic pathways of plants, animals, 

and humans when presenting the required 

quantities; however, excessive concentration 

can have detrimental effects on living organ-

isms. Certain elements, such as cadmium 

(Cd), lead (Pb), arsenic (As), and mercury 

(Hg), have no known beneficial biological 

function, and their accumulation over time 

can lead to severe health and environmental 

issues.  

Chemical fertilizers, herbicides, pesticides, 

and some agricultural amendments such as 

organic manure, lime, and dolomite. etc., 

may contain toxic trace element contami-

nants as impurities, leading to soil contami-

nation and subsequently transferring to hu-

mans through the food chain (Premarathna et 

al., 2005). The overuse of organic manures 

and chemical fertilizers beyond the recom-

mended doses is a common practice in inten-

sively vegetable-growing areas in Sri Lanka.  

Many of these areas have been under contin-

uous intensive cultivation for more than 10 to 

20 years, making the soil's potential long-

term sinks for toxic trace elements.  The ac-

cumulation of these metals in the soil may re-

sult in their excessive uptake by plants. Con-

sumption of vegetables contaminated with 

PTEs is considered one of the main dietary 

pathways for exposure to PTEs (Zafarzadeh 

et al., 2018). 

Vegetables are highly recommended for hu-

man consumption, and Sri Lankan people 

consume large quantities of vegetables in 

their daily diets. Hence, safety assessment of 

the edible parts of commonly consumed veg-

etables is required. Similar studies have been 

conducted in many countries to ensure food 

safety. Among the vegetables consumed in 

Sri Lanka, upcountry vegetables are in high 

demand, with carrots, beetroot, potatoes, 

leeks, and cabbage being the most consumed 

types (AgStat, 2015). Upcountry wet and up-

country intermediate zones, and the Kal-

pitiya area in the low-country dry zone, are 

intensive and highly commercialized regions 

in Sri Lanka. In these areas, farmers typically 

grow two to three crops per year on the same 

land and apply high doses of fertilizers, ma-

nures, and other agro-chemicals. These in-

tensive agricultural practices may lead to the 

accumulation of PTEs in the soil (Wijewar-

dena and Yapa, 1999; Premarathna et al., 

2011). The transfer of PTEs from soil to 

plants is considered the primary pathway 

through which humans are exposed to trace 

metal contamination 

Therefore, a detailed risk assessment of PTE 

accumulation in vegetables is required for 

safe and healthy human beings in Sri Lanka. 

Although a few studies have shown the PTE 

contamination of fruits and vegetables in Sri 

Lanka (Kananke et al., 2014; Premarathna et 

al., 2011; Silva et al., 2016; Wickramaratne 

et al., 2016), there is no evidence of any re-

search conducted to assess the daily dietary 

intakes of potentially toxic trace elements in 

humans due to vegetables contaminated with 

trace elements. Therefore, this study was 

conducted to determine the contamination 

levels of PTEs (As, Cd, Pb, Cu, and Zn) in 

edible parts of vegetables and to estimate the 

daily dietary intakes of the trace elements 

through the consumption of vegetables 

grown in intensive vegetable growing areas 

in Sri Lanka. 

 

2. Materials and Methods  

2.1. Study area and collection of samples  

The collection of different types of vegetable 

crops, such as root and tuber crops (carrot, 

beetroot, and potato), fruit crops (bean), leafy 

vegetables (cabbage), and bulb crops (red on-

ion), was selected for this study. Different 

types of vegetable samples were collected 

from intensive vegetable growing areas in 

Nuwara Eliya, Badulla, and Kalpitiya. Crop-

ping systems and cultivation practices are 

different in the three locations. Year-round 

vegetable cultivation (vegetable-vegetable) 

and 2-3 cropping cycles were observed in the 

Nuwara Eliya and Kalpitiya areas. The rice–

vegetable cropping system was observed in 

the Badulla area, where the rice is grown in 

the wet (rainy) season from October to 

March, and vegetables are grown in the dry 
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season from April to September.  These areas 

belong to different Agro-climatic zones: up-

country wet zone (Nuwara Eliya), upcountry 

intermediate zone (Badulla), and low-coun-

try dry zone (Kalpitiya). Major soil groups 

are Red Yellow Podzolic (Ultisols) in Nu-

wara Eliya and Badulla, and Sandy Regosol 

(Entisols) in Kalpitiya (Mapa, 2020).  

Random sampling was done during the pe-

riod from December 2018 to March 2020.  

Samples were collected from 265 sampling 

sites, resulting in an approximate sampling 

density of two sampling sites per 1000 m2. 

The locations of the vegetable samples col-

lected, and the number of samples collected 

from each location, are shown in Table 1.  

 

Table 1. Number of vegetable samples collected from each location  

Agro Climatic Zone  
Vegetable Grow-

ing Area  
Vegetable Crops  No of Samples 

Up Country Wet Zone  Nuwara Eliya 

Carrot  31 

Potato 16 

Beetroot 

Cabbage  

12 

16 

Up-Country Intermediate Zone Badulla 

Carrot 

Beetroot 

Potato 

Cabbage 

Bean 

Red Onion 

26 

09 

22 

20 

25 

08 

Low Country Dry Zone   

Cabbage 

Red Onion 

Beetroot 

15 

25 

22 

2.2 Preparation of vegetable samples for 

analysis 

Collected vegetable samples were brought to 

the laboratory on the same day, and the fol-

lowing day, they were thoroughly rinsed with 

tap water, followed by washing with 0.5% 

sodium lauryl sulfate. Finally rinsed with dis-

tilled water. Root crops (beetroot, carrot, and 

potato) were scrubbed with tap water using a 

brush to remove attached soil particles, fol-

lowed by sodium lauryl sulfate. They were 

peeled off after washing using a stainless-

steel knife. Peeled samples were again 

washed with distilled water.  Washed sam-

ples were left in an open area free from dust 

for a few hours until the excess water on the 

surface of the samples had dried. Then the 

fresh weight of the whole sample was rec-

orded after removing any remaining moisture 

left on the surface using a soft tissue. All 

samples were cut into small pieces (5-10cm) 

using a stainless-steel knife, and the cut 

pieces were oven-dried at 60 °C until a con-

stant weight was reached, and dry weights 

were recorded.  Moisture contents of the 

samples were determined gravimetrically, 

and the oven-dried samples were ground us-

ing a stainless-steel grinder and passed 

through a 0.5mm sieve. The ground samples 

were then placed in polythene bags and 

stored in a refrigerator until analysis.  

 

2.3 Analysis of vegetable samples  

Finely ground vegetable samples (0.5000 g) 

were digested with a mixture of 8.0 mL of 

conc. HNO3 (69 %, trace metal– grade) and 

2.0 mL of 30% H2O2 (Analytical Grade) in a 

microwave digester (Model: MARS 6, CEM 

Corporation), power at 1400 W. The digester 

took 20 minutes to reach 180 °C, and this 

temperature was maintained for another 15 

minutes until the digestion was complete 

(Briscoe et al., 2015). Blank digestion was 

also performed using the digestion mixture 

without a sample.  Digested samples were fil-

tered through Whatman No. 42 filter paper 

into a 50 mL volumetric flask and made up 

to volume with de-ionized water. Pb, Cd, As, 
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Cu, and Zn were determined by ICP- OES 

(Thermo Scientific iCAP 7000 Series, Model 

iCAP 7400 Duo). Certified Reference Mate-

rial (CRM) of tomato leaves 1573a issued by 

the National Institute of Standards and Tech-

nology (NIST), USA, was digested along 

with the sample, and As, Cd, Pb, Cu, and Zn 

concentrations and percentage recoveries 

were calculated to validate the results.  

According to the Pearson correlation, there 

was a significant correlation between the cer-

tified and measured values for standard ref-

erence materials for plants (r2 = 0.999). Sat-

isfactory recoveries were found for Cd 

(82%), As (84%), Cu (85% and Zn (90%) in 

CRM. Further duplicate samples were di-

gested and measured to test the accuracy of 

the results in each batch. Blank samples were 

also included in each batch of analysis to 

eliminate the interference of chemicals used 

in the analysis. The concentration of trace el-

ements in vegetable samples was expressed 

on a fresh weight basis. 

 

2.4 Estimation of daily dietary intake of 

PTEs  

Exposure to contaminants is usually ex-

pressed as the provisional tolerable daily in-

take, a reference value based on body weight 

for an average adult (70kg body weight) es-

tablished by the FAO/WHO (1999). The 

number of vegetables consumed per day is 

calculated as the serving size of vegetables 

multiplied by the number of servings per day 

(Attanayake et al., 2021). 

 

2.5 Statistical analysis  

Results were expressed as mean ± standard 

deviation. A descriptive analysis of trace el-

ement concentrations in different vegetable 

crops was done using Microsoft Excel 

(2013). A p-value ≤ 0.05 was considered sta-

tistically significant. Principal Component 

Analysis of vegetables grown in three loca-

tions.  

 

 

 

 

 

 

3. Results and Discussion 

3.1 Total concentration of PTE (As, Cd, 

Cu, Pb, and Zn) in edible parts of the veg-

etables (Fresh weight basis)  

In this study, the moisture contents in vege-

tables were determined to calculate the PTE 

contents on a fresh weight basis, because 

vegetables are consumed by humans as fresh. 

Moisture contents in all tested vegetables 

ranged from 85-93% on a fresh weight basis 

(Bean, 93 %±0.54, Beetroot, 90% ±0.54, 

Carrot, 91% ±0.61, Potato, 85%±0.54, Cab-

bage, 92%±0.46, Red onion 92%±0.89).  

The mean concentrations of As, Cd, Pb, Cu, 

and Zn on a fresh weight basis found in edi-

ble portions of all different types of vegeta-

bles (carrot, potato, beetroot, cabbage, red 

onion, and bean) collected from intensive 

vegetable growing areas are shown in Fig-

ures 1a, 1b, 1c, 1d, and 1e, respectively. 

Tested trace element concentrations differed 

considerably from one plant species to an-

other, as has been reported by Garg et al. 

(2014); Khan et al. (2015); Hamian et al. 

(2015). 

These vegetable crops accumulate different 

concentrations of different trace elements. 

The highest mean concentration of poten-

tially toxic trace elements found in all types 

of vegetables was Zn, followed by Cu.  Com-

parison of mean concentrations of potentially 

toxic trace elements in tested vegetables, root 

and tuber crops such as carrot, potato, and 

beet were in the order of Zn>Cu>Pb>Cd>As, 

while cabbage, red onion, and bean were in 

the order of Zn> Cu>Pb>As>Cd. A similar 

trend in root and tuber crops has been re-

ported by Afshin et al. (2008) in Iran and 

Amin et al. (2013), Saglam (2013) in Turkey, 

and Silva et al. (2018) in Sri Lanka. 

Significantly (p<0.01), the highest As con-

centration (0.009±0.001mg/kg) was ob-

served in red onion, followed by cabbage 

(0.008±0.0006 mg//kg). Other vegetable 

crops tested showed significantly similar As 

concentrations.  
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Significantly higher Cd concentration was 

observed in carrots (0.015±0.002 mg/kg), 

and the lowest was observed in beans 

(0.004±0.00008 mg/kg), followed by cab-

bage (0.005 ± 0.003 mg/kg). All other vege-

table crops, potato (0.008±0.002 mg/kg), 

beetroot (0.007±0.001 mg/kg), and red onion 

(0.007±0.002 mg/kg) showed similar con-

centrations of Cd with insignificant (p>0.05). 

Carrot showed significantly (p<0.05) the 

highest Pb concentration (0.0345±0.003 

mg/kg) while the lowest was observed in 

cabbage (0.0124±0.001 mg/kg). There was 

no significant difference in Cu concentra-

tions among all tested vegetable crops. 

Among all tested trace elements, Zn showed 

the highest concentrations in the edible parts 

of all tested vegetables. Significantly 

(p<0.05), the highest Zn concentration was 

observed in beetroot (4.96±0.536 mg/kg), 

and there was no significant difference in Zn 

concentrations among the other tested vege-

table crops. 

 
3.2 Total concentrations of PTE in differ-

ent types of vegetables across locations  

Figures 2a, 2b, 2c, 2d, and 2e show the con-

centrations of As, Cd, Pb, Cu, and Zn, re-

spectively, in the edible parts of vegetables 

collected from three different locations. The 

concentrations of PTEs in vegetables varied 

with both crop type and geographical loca-

tion. This suggests the influence of soil geo-

chemistry, agricultural practices, and plant 

species and their uptake mechanisms on PTE 

uptake.  Overall, vegetable crops in Badulla 

showed the highest accumulation of most 

PTEs, followed by Nuwara Eliya, while Kal-

pitiya generally showed comparatively lower 

concentrations, particularly for Cd and Cu. 

 

3.2.1 As concentrations in vegetables in 

different locations  

Arsenic accumulation showed a location and 

crop-specific pattern, and the highest con-

centrations were observed in red onion from 

Badulla. Root, tuber, and bulb crops (carrot, 

beet, potato, and red onion) from Badulla 

consistently showed elevated As levels com-

pared to the same crops from Nuwara Eliya 

and Kalpitiya, indicating a higher As bioa-

vailability in soil from Badulla, possibly re-

lated to parent material or agrochemical in-

puts. Interestingly, leafy vegetables (red on-

ion and cabbage) from Kalpitiya contained 

higher As concentrations than beetroot (a 

root crop) from the same area, indicating that 

soil–plant transfer is governed by soil chem-

istry and As speciation. Similar observations 

have been reported in previous studies, 

where As uptake varied significantly depend-

ing on soil redox conditions and phosphate 

competition (Smith et al., 2008; Zhao et al., 

2010). 

 

3.2.2 Cd concentrations in vegetables in 

different locations  

Cadmium concentrations were highest in car-

rot samples from Badulla, followed by beet-

root from Nuwara Eliya, showing the trend 

of root and tuber crops to accumulate Cd 

more efficiently than leafy or fruit vegeta-

bles. Except for beetroot from Kalpitiya, root 

crops from Badulla and Nuwara Eliya con-

sistently showed higher Cd levels than leafy 

vegetables (cabbage and red onion). Among 

vegetables grown in Badulla, beans (fruit 

crops) showed the lowest Cd concentration, 

highlighting the limited translocation of Cd 

to pods or fruits. Alloway (2013) and Clem-

ens et al. (2013) reported that these findings 

indicate that Cd is preferentially retained in 

roots due to strong binding with cell wall 

components and limited phloem mobility. 

 

3.2.3  Pb Concentration in vegetables 

in different locations  
Similar to Cd, accumulation of Pb in carrots 

and potatoes from Badulla showed the high-

est concentrations. Beetroot from Nuwara 

Eliya also showed elevated Pb levels com-

pared to the same crop, supporting earlier re-

ports that Pb uptake and accumulation in 

crops are strongly governed by soil physico-

chemical properties and plant species differ-

ences (McLaughlin et al., 2010; Singh et al., 

2010; Grant et al., 2008) from other loca-

tions. Across all sites, cabbage consistently 

showed the lowest Pb concentration, reflect-

ing the limited mobility of Pb from soil to 
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Figure 1: Mean concentrations of PTE (As, Cd, Pb, Cu, and Zn) in the edible parts of different vegetable types (fresh weight basis)  
 

 

 

b) c) 

d) e) 
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Figure 2: Spatial variation of PTE concentrations (As, Cd, Pb, Cu, and Zn) in edible parts of different vegetable types (Fresh weight Basis) 

collected from three different locations   

a) b) c) 

d

) 
e) 
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aerial plant parts. These findings are con-

sistent with reports by Attanayake et al. 

(2021) and Bonanno (2013), who highlighted 

that Pb predominantly accumulates in roots 

due to its strong adsorption to soil particles 

and low translocation efficiency within 

plants.  

 

3.2.4  Cu Concentration in vegetables in 

different locations  

Copper concentrations varied moderately 

across crops and locations. Potato from 

Badulla showed the highest Cu concentra-

tion, followed by beetroot from Nuwara 

Eliya, while cabbage from Nuwara Eliya rec-

orded the lowest levels. Carrot samples from 

Badulla and Nuwara Eliya exhibited compa-

rable Cu concentrations, suggesting similar 

Cu availability or uptake efficiency in these 

soils. All vegetables from Kalpitiya con-

tained lower Cu concentrations, possibly re-

flecting sandy soil conditions with lower or-

ganic matter and micronutrient retention ca-

pacity. Since Cu is an essential micronutri-

ent, its concentration is often regulated 

within a narrow physiological range unless 

soils are contaminated or heavily fertilized 

(Kabata-Pendias, 2011). 

 

3.2.5  Zn Concentration in vegetables in 

different locations  

Overall, Zn concentrations varied more by 

crop type than by location, except for beet-

root, which showed location-specific differ-

ences. Most vegetables showed relatively 

uniform Zn availability or uptake across 

three locations. 

This study clearly showed that root, tuber, 

and bulb crops grown in Badulla are more 

prone to accumulation of PTE, compared to 

leafy and fruiting vegetables, particularly As, 

Cd, and Pb. The results of this study showed 

that within the same location, different vege-

table crops have different accumulations of 

trace elements. This may be due to many 

plant factors, as well as soil properties of pH, 

organic matter, and phosphate concentration 

affecting the uptake of trace elements (Wan, 

2024). Muller (1969) reported that absorp-

tion and accumulation of trace elements in 

plant tissue depend not only on total trace el-

ement concentrations in soil but also on var-

ious other factors, which include tempera-

ture, moisture, soil pH, organic matter, cation 

exchange capacity of soil and nutrient avail-

ability of soil and Aktaruzzaman et al., 

(2013) stated that the accumulation of trace 

elements also depends on plant factors such 

as plant age, plant species, etc. Therefore, 

site-specific soil and crop monitoring is 

needed to minimize the human dietary expo-

sure to PTE.  

However, the mean concentrations of tested 

trace elements in all tested vegetables (fresh 

weight basis) were lower than the maximum 

permissible limit imposed by WHO/FAO 

Joint Codex Alimentarius Commission 

(2019, 1991and 1985) for Cd and Pb and 

FAO/WHO, 2011 for As cited by Yang et al 

(2018) and FAO/WHO (2007) cited by Odu-

jebe et al. (2020) for Cu and Zn.  Arsenic 

concentrations in all tested vegetable crops 

were 5 to 10 times lower than the maximum 

permissible limit established by FAO/WHO.  

According to the FAO/WHO, the maximum 

Permissible limits of Cd are 0.2mg/kg for 

leafy vegetables and 0.1 mg/kg for root and 

tuber crops and legume crops. In this study, 

we tested cabbage and red onion, which are 

considered leafy vegetables. The Cd concen-

trations in cabbage and red onion were 70 

and 30 times lower than the maximum per-

missible limits, respectively. In the case of 

Cd concentration in root and tuber crops, 

which were 10 to 15 times lower than the 

maximum permissible limits.  

Lead concentrations in cabbage and red on-

ion samples were respectively 30 and 15 

times lower than the maximum permissible 

limit for leafy vegetables. Among the root 

and tuber crops tested, carrot and potato 

showed about 3 times lower concentrations 

of Pb than the maximum permissible limit for 

root and tuber crops, while beetroot showed 

10 times lower concentrations. Pb concentra-

tion in bean samples was 10 times lower than 

the maximum permissible limit for legumes. 

However, these results suggested that all the 

vegetables tested were not contaminated by 

potentially toxic trace elements of As, Cd, 

Pb, Cu and Zn.  
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3.3 Principal Component Analysis 

(PCA) of PTE in vegetables grown in three 

different areas.  

The PCA was applied to evaluate the rela-

tionship between PTE concentrations and 

vegetable crops collected from Nuwara Eliya 

(NE), Badulla (Bad), and Kalpitiya (Kal). 

The Eigenvalues of the correlation matrix 

and scree plot show a clear decrease in eigen-

values after the fifth principal component, 

supporting the retention of five components, 

which together explain 71.2% of the total 

variance in PTE concentrations in vegetables 

(Figure 3 and Table 2). 

High positive loadings on PC1 are mainly as-

sociated with Cd, Pb, Zn, and As, indicating 

elevated metal accumulation, while negative 

loadings represent comparatively lower con-

tamination levels.PC1 showed the strong 

positive loadings for Cd and Zn across most 

vegetables, particularly carrot, beetroot, cab-

bage, and red onion. Carrot and beet samples, 

particularly from Nuwara Eliya and Badulla, 

and cabbage from Nuwara Eliya showed 

strong positive loadings on PC1 and PC3, 

closely associated with Cd, Zn, and Pb. This 

pattern reflects the high trace element uptake 

capacity of root vegetables due to direct and 

prolonged contact with contaminated soils. 

The strong association with cadmium sug-

gests intensive fertilizer application and in-

creased metal bioavailability in cultivated 

soils. The PC2 highlighted the high loadings 

from PTE in leafy vegetables (cabbage) and 

contrasting behavior in root and tuber crops 

(potato, carrot). This component exhibits 

crop–specific elemental uptake and accumu-

lation patterns, indicating the influence of 

plant physiology and trace element absorp-

tion. PC3 indicated distinct contamination 

sources, particularly separating Pb-As-domi-

nated variables from Cd-Zn-dominated vari-

ables (Figure 5), suggesting that the samples 

were driven by metal-specific uptake mecha-

nisms and crop–location interactions. Pb 

contamination in vegetables is often con-

trolled by different pathways. Unlike Cd and 

Zn, Pb is relatively immobile in soil, and 

translocation from roots to edible plant parts 

is less. Several studies have reported that Pb 

contamination in vegetables is frequently as-

sociated with atmospheric deposition from 

traffic emissions, industrial activities, and 

dust fallout rather than direct root uptake 

alone (Sharma et al., 2009; Tóth et al., 2016). 

PC4 reflected a strong influence from Cu and 

Pb in some vegetables, particularly red onion 

and cabbage, suggesting the site-specific 

contamination. PC5 was mainly contributed 

to by As-related variables, and As showed 

distinct geochemical behaviour and may 

originate from geogenic or irrigation prac-

tices. Meharg and Zhao (2012), and Smedley 

and Kinniburgh (2002) reported that arsenic 

accumulation in vegetables is strongly influ-

enced by geogenic sources, soil mineralogy, 

and irrigation water chemistry, particularly 

in regions affected by arsenic-rich ground-

water. 

The location-wise loading patterns of PCA 

summarize the samples from Nuwara Eliya, 

which mostly cluster on positive PC1 with 

strong loadings of Cd, Zn, and Pb due to in-

tensive fertilizer use, increasing trace ele-

ment bioavailability due to low pH, and high 

rainfall. Samples from Badulla associated 

with Pb and As due to mixed land use (rice –

vegetable cropping system), or possible 

roadside or atmospheric Pb contamination. 

Many vegetable samples from Kalpitiya 

showed negative PC1 with lower PTE load. 

This may be due to sandy soil with lower 

trace element retention in the Kalpitiya area.  

Overall, the PCA analysis results revealed 

that PTE accumulation in vegetables is influ-

enced by a combination of trace element 

properties, vegetable species, and crop loca-

tion-specific contamination sources.  
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Figure 3: Scree plot of eigenvalues obtained from principal component analysis (PCA) 

 
Table 2: Eigenvalues of the Correlation Matrix 

 

Component Eigen Values Variance (%) Cumulative (%) 

PC1 9.72 19.1 19.1 

PC2 9.32 18.3 37.3 

PC3 6.33 12.4 49.7 

PC4 5.67 11.1 60.9 

PC5 5.23 10.4 71.2 

 

Liu et al. (2013), and Wei & Yang (2010) 

confirmed similar findings, which emphasize 

the importance of considering both anthropo-

genic and natural inputs when assessing food 

safety risks. 

Score plot: PC2 Vs PC1 (Figure 6) shows the 

samples cluster primarily according to sam-

pling location, with greater dispersion ob-

served in Badulla, indicating heterogeneous 

contamination sources. 

 

3.4 Dietary exposure to potentially 

toxic trace elements via vegetables  

There are several possible pathways of expo-

sure to PTE in humans; among them, the 

food chain is the main pathway. Exposure to 

contaminants is usually expressed as a provi-

sional tolerable daily or weekly intake, a ref-

erence value based on body weight for an av-

erage adult (60kg body weight) established 

by the Joint FAO/WHO Expert Committee 

for Food Additives (FAO/WHO, 2018). 

Daily Intake of trace elements from the soil 

through vegetables was calculated as Daily 

Intake of trace elements = daily vegetable 

consumption x Mean trace element concen-

tration of vegetable (mg/day/ fresh weight). 

The number of vegetables consumed per day 

is calculated as the serving size of vegetables 

x the number of servings per day (Attanayake 

et al.1 2021). The recommended no of serv-

ings of vegetables for Sri Lankan people is 3- 

5 servings per day (Food-based Dietary 

Guidelines of Sri Lanka, 2011).
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Figure 4: Loading (pattern) plot of principal components 1 and 2 

 

 
Figure 5: Loading (pattern) plot of principal components 1 and 3 
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Figure 6: Score plot of principal components 1 and 2 

 

 

Therefore, none of the servings for this was 

considered 4 servings of vegetables per day.  

The serving size of the vegetable was consid-

ered according to the serving size of the U.S. 

Food and Drug Administration (2008) (Table 

3). The body weight of the person (adult) was 

assumed to be 60kg. The estimated weekly 

tolerable dietary intakes of the potentially 

toxic trace element are presented in Table 4. 

The estimated weekly dietary intakes per per-

son via these vegetable crops did not exceed 

the Provisional Tolerable Weekly Intake 

(PTWI) levels per person stipulated by the 

Joint FAO/WHO Expert Committee for Food 

Additives (FAO/WHO, 2018) Estimated die-

tary intakes for root and tuber crops in order 

of decrease were Zn>Cu>Pb>Cd>As while 

fruiting crops (bean) and leafy vegetables 

(cabbage and onion) showed in the order of 

Zn>Cu>Pb>As>Cd. However, to assess the 

risk of consumption of tested vegetable 

crops, estimated weekly dietary intakes per 

person were compared with Provisional Tol-

erable Weekly Intakes (PTWI) per person for 

trace elements established by the Joint 

FAO/WHO Expert Committee on Food Ad-

ditives (JECFA). Estimated Dietary intakes 

of all five trace elements of As, Cd, Pb, Cu, 

and Zn in edible parts of all tested vegetable 

crops were far below the Provisional Tolera-

ble Weekly Intakes recommended by 

FAO/WHO, showing that little intake of 

tested trace elements is associated with the 

consumption of vegetables in this study. In 

this study, weekly dietary intakes of trace el-

ements in edible parts of vegetables were es-

timated based on the national recommended 

no of servings reported in the Food-based di-

etary guidelines of Sri Lanka (2011). 

 
Table 3: Serving size of the different vegetable crops 

Vegetable crop Serving Size (g) 

Bean 83 

Carrot 78 

Potato 148 

Beet 78 

Cabbage 84 

Red onion 148 
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Table 4: Estimated Weekly Dietary Intake of PTEs from vegetables (mg/week/person) 

Vegetable Crop 
Tolerable Weekly Intake for adults (Body weight assumed to be 60kg) 

mg/week /person 
 

As Cd Pb Cu Zn 

Bean 0.0116 0.0093 0.046 2.62 9.13 

Carrot 0.0131 0.0328 0.075 1.80 8.56 

Potato 0.021 0.0332 0.112 5.34 14.67 

Beet 0.011 0.0153 0.048 2.06 10.83 

Cabbage 0.019 0.0118 0.029 1,66 8.00 

Red Onion 0.037 0.0290 0.098 2.81 13.09 

Codex MPL 

Leafy Vegetables 1.19 0.476 0.714 95.2 142.8 

Root crops /legumes 1.09 0.218 0.218 87.4 131.0 

Brassica/Bulb veg  0.117 0.235 94.1 141.1 

PTWI (mg /week/person) 0.9* 0.42* 1.5* 210** 420** 

* CODEX GENERAL STANDARD FOR CONTAMINANTS AND TOXINS IN FOOD AND FEED CXS 193-1995 

Adopted in 1995 Revised in 1997, 2006, 2008, 2009 Amended in 2010, 2012, 2013, 2014, 2015, 2016, 2017, ** 

Provisional tolerable weekly intake recommended by the FAO/WHO (2018) 

 

However, it is impossible to obtain a recom-

mended number of servings or recommended 

amounts of vegetables by most Sri Lankan 

people. Because the serving size varies 

greatly depending on people’s knowledge, 

food habits, availability of specific vegeta-

bles and availability of vegetables and eco-

nomic condition of the people (Khan et al., 

2015). Jayawardena et al. (2012) reported 

that the actual average dietary intake of veg-

etables (no of servings of vegetable con-

sumption) of Sri Lankan adults was 1.7. 

Therefore, the estimated dietary intake val-

ues of trace elements in this study may be 

further decreased.  

Furthermore, Provisional Tolerable Weekly 

Intervals and CODEX limits maximum per-

missible levels were mainly established 

based on the food habits of European peo-

ples. They consumed more vegetables than 

the people in Sri Lanka. Therefore, when 

considering the Sri Lankan context, 

FAO/WHO maximum permissible limits 

may be high. In addition, PTWI of poten-

tially toxic trace elements by FAO/WHO had 

been established not only from vegetable 

consumption but also considering exposure 

to trace elements from all sources, such as 

other foods, water, air, dust, etc. Therefore, 

human exposure to tested trace elements 

from the vegetables tested in this study was 

further declined.  

Weekly Dietary Intakes per person for poten-

tially toxic trace elements for maximum per-

missible limits established by FAO/WHO-

CODEX were estimated and compared with 

Provisional Tolerable Weekly Dietary In-

takes (PTWI) per person, assuming that the 

body weight of the person was 60 kg.  The 

As and Cd intakes associated with CODEX 

maximum limits in leafy vegetables were a 

little higher than the PTWI per person im-

posed by JECFA. The CODEX-FAO/WHO 

Food Standards program established Maxi-

mum Permissible limits that apply to con-

taminants (trace elements) contained in foods 

intended for safe human consumption, as 

well as to promote international trade. There-

fore, Maximum Permissible Limits (MPL) 

and Provisional Tolerable Weekly intakes of 

trace elements through the consumption of 

vegetables should be revisited for the corre-

sponding region or country based on the food 

habits, availability of vegetables, and econ-

omy of each country.  
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4. Conclusions 

This study demonstrates that commonly con-

sumed vegetables grown in intensive agricul-

tural areas accumulate varying levels of 

PTEs (As, Cd, Pb, Cu, and Zn) in their edible 

parts, and zinc exhibited the highest concen-

trations in all vegetables, followed by copper, 

reflecting their essential roles in plant 

growth. Root and tuber crops (carrot, potato, 

and beetroot) accumulated PTEs in the order 

of Zn > Cu > Pb > Cd > As, while cabbage, 

red onion, and bean followed the order Zn > 

Cu > Pb > As > Cd. Carrot showed signifi-

cantly higher concentrations of Cd and Pb, 

red onion exhibited the highest As concentra-

tion, and beetroot accumulated the highest 

Zn concentration. Copper concentrations did 

not differ significantly among vegetable 

types. 

The PCA results demonstrate that PTE accu-

mulation in vegetables is controlled by a 

combination of elemental properties, crop 

type, and location-specific contamination 

sources. High loadings of Cd and Zn on PC1 

indicate strong soil-related contamination, 

particularly in root vegetables from Nuwara 

Eliya and Badulla, while Pb and As showed 

distinct behaviour linked to atmospheric dep-

osition and geogenic or irrigation sources. 

The clear clustering of samples by location 

highlights the influence of intensive fertilizer 

use, soil acidity, rainfall, and land-use pat-

terns on the bioavailability of trace elements. 

Site-specific fertilizer management and soil 

pH regulation can be recommended to mini-

mize the PTE contamination in vegetables.  

The estimated weekly dietary intakes of As, 

Cd, Pb, Cu, and Zn through consumption of 

the studied vegetables were all below the 

Provisional Tolerable Weekly Intake (PTWI) 

values established by FAO/WHO, indicating 

a low health risk from vegetable consump-

tion in the study area. Dietary intake fol-

lowed the order Zn > Cu > Pb > Cd > As for 

root and tuber crops, and Zn > Cu > Pb > As 

> Cd for leafy and fruiting vegetables. Actual 

dietary exposure is lower, as average vegeta-

ble consumption in Sri Lanka (1.7 serv-

ings/day) is below national dietary recom-

mendations. PTWI and CODEX limits are 

based largely on European dietary patterns 

and consider exposure from multiple sources 

(vegetables, rice, drinking water, air, and 

dust), suggesting that current international 

limits may overestimate risk in the Sri 

Lankan context and it is suggesting the need 

of country specific risk assessment model 

and revisiting of Codex maximum permissi-

ble limits and PTWI values at regional or na-

tional level considering the local food con-

sumption patterns, and socioeconomic condi-

tions. This study further emphasized the need 

for continuous monitoring of PTE contami-

nation in vegetables and soils to investigate 

long-term trends in PTE accumulation under 

changing land – use and climatic conditions.  
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