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ABSTRACT. Heavy metal contamination in food remains a major public health concern, particularly in regions
with limited routine monitoring. This study evaluated the concentrations of toxic metals in commonly consumed
canned plant-based foods marketed in Erbil, Irag. A total of 54 samples of canned tomatoes, olives, and mixed
vegetables from six commercial brands were analyzed for lead (Pb), cadmium (Cd), chromium (Cr), zinc (Zn), and
mercury (Hg) using atomic absorption spectrometry. Health risk indicators, including chronic daily intake (CDI),
target hazard quotient (THQ), hazard index (HI), and incremental lifetime cancer risk (ILCR), were calculated based
on FAO/WHO and U.S. EPA models. The concentrations of Pb, Cd, and Cr frequently exceeded permissible limits,
while elevated levels of Zn and Hg were also observed in several samples. Although THQ and HI values were below
1, indicating no significant non-carcinogenic risk, ILCR values for Pb, Cd, and Cr exceeded the acceptable threshold
(10°-10%), suggesting potential long-term carcinogenic risk. Among the studied products, canned vegetables
exhibited the highest contamination levels. This study provides baseline data for monitoring heavy metal
contamination in canned foods and supports the need for stricter regulatory control in the Kurdistan Region of Iraq.

KEY WORDS: Canned foods, Carcinogenic risk, Heavy metals, Incremental lifetime cancer risk, Target hazard
quotient

INTRODUCTION

Heavy metal contamination in food remains one of the most pressing environmental and public
health concerns worldwide. Toxic elements such as lead (Pb), cadmium (Cd), chromium (Cr),
zinc (Zn), and mercury (Hg) are persistent, non-biodegradable, and capable of bioaccumulating
through the food chain, ultimately magnifying at higher trophic levels [1, 2]. Their biological
persistence enables accumulation in human and animal tissues, where even trace concentrations
may induce chronic toxicity. Prolonged exposure to heavy metals has been associated with
neurological, renal, hepatic, reproductive, and cardiovascular dysfunctions, while compounds of
Pb, Cd, and Cr are classified as confirmed or probable human carcinogens[3]. In response,
organizations such as the FAO and WHO have established maximum permissible limits (MPLs)
for toxic metals in food commodities; however, exceedances remain widespread, particularly in
low- and middle-income countries where regulatory surveillance is often weak or inconsistently
enforced [4, 5]. Plant-based canned foods, including tomato products, olives, and mixed
vegetables, are widely consumed for their affordability, convenience, and long shelf life. Despite
their importance in daily diets, these products are vulnerable to contamination from multiple
sources, including polluted irrigation water, agrochemicals, atmospheric fallout, and industrial
effluents. Additionally, metal leaching from packaging materials during heat processing or storage
can further elevate contamination levels. Previous studies have reported heavy-metal
contamination in canned fruits, vegetables, tomato products, and other processed foods,
supporting the need for routine surveillance of canned plant-based products [6-8].

*Corresponding author. E-mail: muzhda.qadir@hmu.edu.krd
This work is licensed under the Creative Commons Attribution 4.0 International License


https://dx.doi.org/10.4314/bcse.v40i11.3
https://portal.issn.org/resource/ISSN/1726-801X
https://portal.issn.org/resource/ISSN/1726-801X
mailto:muzhda.qadir@hmu.edu.krd

2320 Muzhda Q. Qader et al

High temperature processing, acidic food matrices, and extended storage periods can exacerbate
metal leaching from can linings [9]. As a result, elevated levels of Pb, Cd, and Hg have been
documented in plant-based canned products across Asia, Europe, and the Middle East [10-12]. In
Irag, and particularly in the Kurdistan Region, heavy metal pollution in food has gained increasing
research attention. Recent investigations have examined metal contamination in fresh vegetables,
fruits, grains, and drinking water [13, 14]. However, a substantial knowledge gap persists
regarding metal contamination in processed plant-based canned food products. This gap is
especially concerning in a region characterized by rapid industrialization, urban expansion,
limited food safety oversight, and growing reliance on canned foods, both imported and locally
manufactured [15-19]. Environmental factors such as semi-arid soil conditions, industrial
emissions, and atmospheric dust deposition may further contribute to contamination of
agricultural inputs [20, 21], indirectly influencing the safety of plant-derived canned foods. Recent
advances in analytical techniques have improved the determination of trace metals in food
matrices. Methods such as cloud point extraction have been successfully applied for the
determination of Zn and Cd in food samples [15, 16]. Similarly, switchable-hydrophilicity
solvent-based microextraction has been used for Pb determination [22], and deep eutectic solvent-
based extraction has shown high sensitivity for trace Pb analysis [23]. To date, limited research
has investigated heavy metal contamination in processed and canned foods in the Kurdistan
Region of Iraq, particularly plant-based canned products. Despite their widespread consumption,
data on toxic metal levels in canned tomatoes, olives, and mixed vegetables remain scarce.
Environmental pollution, agricultural practices, and metal leaching during food processing and
storage may contribute to elevated contamination levels in these products. Therefore, this study
aims to assess the concentrations of Pb, Cd, Cr, Zn, and Hg in commonly consumed plant-based
canned foods marketed in Erbil, Irag. In addition, non-carcinogenic and carcinogenic health risks
associated with dietary exposure were evaluated using internationally recognized risk assessment
models. The findings provide essential baseline data to support food safety monitoring and
regulatory decision-making in the Kurdistan Region.

MATERIALS AND METHODS
Sample collection

A total of 54 samples (3 product categories x 6 brands x 3 replicates) of canned tomatoes, olives,
and mixed vegetables were randomly purchased from local markets in Erbil, Irag. The six most
widely consumed brands were coded as follows: Zer (B1), Altunsa (B2), Nawras (B3), Hanan
(B4), Rojin (B5), and Galawezh (B6). Samples were transported to the laboratory under standard
storage conditions and analyzed within one week of purchase.

Reagents and standard solutions

Stock solutions (1000 mg/L) of Pb, Cd, Zn, Cr, and Hg were prepared from analytical-grade salts:
Pb(NOs)2, Cd(NOs)2, Zn(NOs)2, Cr(NOs)s, and Hg(NOs). (Merck, Darmstadt, Germany),
respectively. Working standards (5-100 pg/L) were prepared by serial dilution in deionized water.
Calibration curves for each metal were constructed by plotting absorbance versus concentration
[24]. All glassware was acid-washed (10% HNO:s) and rinsed with deionized water before use.

Sample preparation and digestion

Canned food samples were homogenized using a blender, dried at 70 °C for 24 h, and ground into
fine powder. For digestion, 5 g of each dried sample was placed in a 100 mL beaker and treated
sequentially with 5 mL concentrated HNO; (69%) followed by 2 mL H,SO,4 under a fume hood
on a hotplate. Additional aliquots of HNOs (25-30 mL) were added. Digestion was carried out at
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120-150 °C for 2-3 hours until a clear solution was obtained. Digests were cooled and filtered
through 0.45 pm membrane filters. The selected pore size ensures removal of fine particulates and
provides clear solutions suitable for AAS analysis, as recommended in standard analytical
protocols, quantitatively transferred, and diluted to 50 mL with deionized water. Samples were
stored at 2 °C until analysis. Validation of analytical methodologies: Context and Guidelines for
the Safety and innocuity of residues in Brazilian food [25-27].

Instrumental analysis

Metal concentrations (Pb, Cd, Cr, Zn, and Hg) were determined using Atomic Absorption
Spectrometry (AAS) following standard procedures [28, 29]. Calibration standards were analyzed
before and after every 10 samples to ensure instrument stability. Results were expressed as mg/kg
fresh weight after conversion from mg/L using standard formulas [30].

Quality assurance and permissible limits

Analytical accuracy was verified using reagent blanks, duplicate samples, and spiked recoveries
(80-110%). Results were compared with WHO/FAO and Codex Alimentarius permissible limits
for heavy metals in food: Pb (0.5 mg/kg), Cd (0.05 mg/kg), Zn (50 mg/kg), Hg (0.1 mg/kg), and
Cr (0.1 mg/kg, used as a reference threshold) [31, 32] (Table 1).

Table 1. International guideline values for heavy metals in canned plant-based foods used for risk assessment.

Metal Guideline value (mg/kg) Regulatory source
Pb 0.5 FAO/WHO / Codex Alimentarius
Cd 0.05 FAO/WHO / Codex Alimentarius
Zn 50 FAO/WHO
Hg 0.1 FAO/WHO / Codex Alimentarius
Cr 0.1 FAO/WHO

Note: In the absence of Codex limits for some elements (e.g., Crand Zn), FAO/WHO guidelines and literature
values were used for comparison.

Health risk assessment

The health risks posed by the consumption of heavy metal-contaminated foods were assessed
using the following parameters:

Chronic daily intake: chronic daily intake (CDI) is considered equivalent to DIM for non-
carcinogenic and carcinogenic risk assessment. CDI is calculated using Equation 1:

CDI= (C x IR x EF x ED) / (BW x AT) @

C = metal concentration in the samples (mg/kg), IR is the ingestion rate for consumers (canned
tomatoes: 0.35 kg/person/day; canned olives: 0.057 kg/person/day; canned vegetables: 0.155
kg/person/day), EF is the exposure frequency (365 days/year), ED is the exposure duration (70
years), BW is the average body weight (70 kg), and AT is the average lifetime exposure period
(EF x ED).

The ingestion rates used in this study were adopted from previously published dietary
exposure assessments and represent conservative estimates intended to avoid underestimation of
potential health risks. It is acknowledged that actual consumption patterns may vary among
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individuals and populations; therefore, the calculated exposure and risk values may represent a
worst-case exposure scenario.

Target hazard quotient: Target hazard quotient (THQ) values for individual metals were
calculated (Equation 2) to estimate the potential non-carcinogenic health risk associated with
long-term exposure. THQ < 1 indicates no significant risk.

THQ = CDI/R:D )

R:D = reference dose for metals, which is 0.0035, 0.001, 0.003, 0.30, and 0.0003 mg/kg/day for
Pb, Cd, Cr, Zn, and Hg, respectively.

Hazard index: Hazard index (HI) was calculated as the sum of individual THQs using Equation
3:

HI=XTHQ (3)

Carcinogenic risk assessment: Carcinogenic risk assessment (ILCR): The incremental lifetime
cancer risk (ILCR) was calculated using Equation 4:

ILCR = CDI x CSF 4)

CSF = Cancer slope factor for metals: 0.0085, 0.38, 0.5, and 0.003 for lead, cadmium, chromium,
and mercury, respectively. Values of THQ and HI less than 1 indicate no significant non-
carcinogenic risk, whereas ILCR values between 10°® and 10*“indicate an acceptable carcinogenic
risk range.

Statistical analysis

Statistical analysis was performed using one-way analysis of variance (ANOVA), followed by
Tukey’s post hoc test to compare heavy metal concentrations among brands and food categories.
Results were expressed as mean * standard error (SE). Pearson’s correlation analysis was used to
evaluate relationships among the studied metals. Statistical significance was set at p < 0.05. Where
applicable, F-values, degrees of freedom, and exact p-values were reported to enhance
transparency and reproducibility. GraphPad Prism 8 was used for statistical analysis and graph
preparation.

RESULTS AND DISCUSSION

The heavy metal concentrations in canned tomatoes, canned olives, and canned vegetables are
shown in Figures 1, 2, and 3.

Canned tomatoes

Lead concentrations ranged from 2.1 to 2.35 mg/kg, with the lowest in B1 and the highest in B5.
Additionally, Cadmium values varied from 0.50 to 0.56 mg/kg, with B1 showing the lowest and
B5 the highest. Moreover, Chromium Concentrations ranged from 0.75 to 0.82 mg/kg, with B1
having the lowest and B5 the highest. Zinc levels ranged from 64.2 to 72.0 mg/kg, with B1 having
the lowest and B5 the highest. In addition, Mercury ranged from 0.24 to 0.29 mg/kg, B1 recorded
the lowest values, and B6 the highest (Figure 1).

One-way analysis of variance (ANOVA) revealed that statistically significant differences
were observed among tomato brands for Pb concentrations (F = 7.00, df = 5,12, p = 0.0028), Cd
(F = 3.50, df = 5,12, p = 0.035), and Zn (F = 440.19, df = 5,12, p < 0.001). In contrast, no
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significant differences were observed for Cr (F = 1.10, df = 5,12, p = 0.408) and Hg (F = 2.63, df
=5,12, p=0.079) (Table 2).
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Figure 1. Mean concentrations (mg/kg, fresh weight) of Pb, Cd, Cr, Zn, and Hg in canned
tomatoes from six commercial brands marketed in Erbil, Iraq.

Error bars represent standard error. Statistical differences were determined using one-way
ANOVA followed by Tukey’s test (p < 0.05) (n = 18 per food category).

Table 2. One-way ANOVA results for heavy metal concentrations among brands.

Food category Metal F-value df (between, within) p-value
Pb 7 (5,12) 0.0028
Cd 3.5 (5,12) 0.035

Tomatoes Cr 1.1 (5,12) 0.408
Zn 440.19 (5,12) <0.001
Hg 2.63 (5,12) 0.0793

F-values and degrees of freedom (df) were obtained from one-way ANOVA. Statistical significance was
defined at p < 0.05.

Canned olives

Cadmium concentrations ranged from 0.70 to 0.78 mg/kg among olive brands, with the lowest
values observed in brand B2 and the highest in brand B6. Moreover, Chromium concentrations
varied from 0.95 to 1.05 mg/kg, with B2 as the lowest and B6 the highest. Zinc levels ranged from
70.1 to 78.4 mg/kg; B3 showed the lowest concentration, and B6 the highest. While Mercury
ranged from 0.24 to 0.31 mg/kg, B2 showed the lowest concentration, and B5 showed the highest
(Figure 2). One-way ANOVA indicated significant differences among olive brands for Pb (F =
65.63, df = 5,12, p < 0.001), Cd (F = 6.30, df = 5,12, p = 0.0043), Cr (F = 9.83, df = 5,12, p =
0.0006), Zn (F = 957.80, df = 5,12, p < 0.001), and Hg (F = 5.10, df = 5,12, p = 0.0097) (Table
3).
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Figure 2. Mean concentrations (mg/kg, fresh weight) of Pb, Cd, Cr, Zn, and Hg in canned olives
(six brands, Erbil).

Error bars show SE; differences were assessed by one-way ANOVA with Tukey’s test (p <
0.05; n = 18).

Table 3. One-way ANOVA results for heavy metal concentrations among brands.

Food category Metal F-value df (between, within) p-value
Pb 65.63 (5, 12) <0.001
Cd 6.3 (5, 12) 0.0043
Olives Cr 9.83 (5, 12) 0.0006
Zn 957.8 (5, 12) <0.001
Hg 5.1 (5, 12) 0.0097

Note: F-values and degrees of freedom (df) were obtained from one-way ANOVA. Statistical significance
was defined at p < 0.05.

Canned vegetables

Lead concentrations ranged from 2.50 to 6.50 mg/kg, with B1 showing the lowest and B6 the
highest values. Cadmium varied from 1.20 to 3.00 mg/kg, with B1 showing the lowest and B6 the
highest concentration. Additionally, Chromium concentrations ranged from 0.45 to 1.25 mg/kg,
with B1 as the lowest and B6 as the highest. Zinc ranged from 68.8 to 73.2 mg/kg, with B3
revealing the lowest and B4 the highest. Mercury ranged from 0.25 to 0.31 mg/kg, with B1
reporting the lowest concentration and B5 the highest (Figure 3). One-way ANOVA revealed
significant differences among vegetable brands for Pb (F = 688.10, df = 5,12, p < 0.001), Cd (F =
132.80, df = 5,12, p < 0.001), Cr (F = 27.43, df =5,12, p < 0.001), Zn (F =391.40, df =5,12, p<
0.001), and Hg (F = 4.03, df =5,12, p = 0.0224) (Table 4).
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Figure 3. Mean concentrations (mg/kg, fresh weight) of Pb, Cd, Cr, Zn, and Hg in canned mixed
vegetables (six brands, Erbil).

Error bars show standard error; differences were assessed by one-way ANOVA with Tukey’s
test (p < 0.05; n = 18).

Table 4. One-way ANOVA results for heavy metal concentrations among brands.

Food category Metal F-value df (between, within) p-value
Pb 688.1 (5,12) <0.001
Cd 132.8 (5,12) <0.001
Vegetables Cr 27.43 (5,12) <0.001
Zn 391.4 (5,12) <0.001
Hg 4.03 (5,12) 0.0224

Note: F-values and degrees of freedom (df) were obtained from one-way ANOVA. Statistical significance
was defined at p < 0.05.

Comparison across canned food products

The concentrations of Pb, Cd, Cr, Zn, and Hg differed across canned tomatoes, olives, and
vegetables (Figure 4). Pb was most elevated in vegetables (4.48 £ 0.62 mg/kg), followed by olives
(2.50 + 0.04 mg/kg) and canned tomatoes (2.22 + 0.04 mg/kg), with significant differences
between vegetables and both canned tomatoes (p = 0.01) and olives (p = 0.005). All values
exceeded the permissible limit of 0.5 mg/kg established by FAO/WHO standards. Cd followed a
similar trend, with vegetables (2.03 £+ 0.27 mg/kg) significantly higher than olives (0.74 + 0.01
mg/kg, p < 0.001) and canned tomatoes (0.52 + 0.01 mg/kg, p < 0.0001), also exceeding the
permissible limits of (0.05 mg/kg). Cr levels were comparable across products (0.78-0.99 mg/kg,
p > 0.05) concentrations exceeded the permissible limit of (0.1 mg/kg). Zn was greatest in olives
(73.83 £ 1.40 mg/kg) and lowest in canned tomatoes (69.03 + 1.17 mg/kg), with no significant
differences among categories (p > 0.05), although 68% of canned tomatoes, 70% of olives, and
all vegetable samples exceeded the permissible limits of 50 mg/kg. Hg was uniform across
samples (0.265-0.281 mg/kg, p > 0.05), but concentrations consistently exceeded the permissible
limit of (0.1 mg/kg). Although Zn concentrations were elevated in many samples, Zn
contributed less to the non-carcinogenic risk than Pb, Cd, Cr, and Hg because Zn is an essential
trace element with a relatively higher reference dose. However, the frequent exceedance of the
comparison value adopted in this study should still be considered a food-quality concern. Elevated
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Zn levels may reflect contamination during processing or storage, or possible leaching from
metallic packaging materials, as previously suggested in studies on canned foods [6, 29].
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Figure 4. Comparison of mean concentrations (mg/kg, fresh weight) of Pb, Cd, Cr, Zn, and Hg
among canned tomatoes, olives, and mixed vegetables. Error bars represent mean + SE.

The cross-product comparison showed that canned mixed vegetables were the most
contaminated product category, particularly for Pb and Cd. The mean Pb concentration in canned
vegetables reached 4.48 mg/kg, while the mean Cd concentration reached 2.03 mg/kg, indicating
a considerable contamination burden compared with the reference limits adopted in this study.
This pattern may be related to contamination of raw vegetables before processing through polluted
irrigation water, contaminated soil, atmospheric deposition, agrochemical use, or industrial
emissions, as well as possible contamination during processing, canning, or storage. Similar
findings have been reported in vegetables from Erbil, where elevated Pb and Cd concentrations
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were linked to wastewater irrigation and industrial emissions [33, 34]. Comparable contamination
concerns have also been reported in canned or processed plant-based foods from Baghdad, Libya,
Misurata, Lebanon, and Pakistan [35-38]. Therefore, the present findings indicate the need for
routine monitoring of canned plant-based foods marketed in the Kurdistan Region of Iraq.

Human health risk assessment

The estimated dietary exposure values, expressed as DIM/CDI, varied among metals, brands, and
food categories, with canned vegetables generally showing the highest exposure estimates (Figure
5). Vegetables consistently exhibited the highest DIM and CDI values, particularly for Cr and Zn,
while tomatoes showed the lowest across all brands. Non-carcinogenic risk indicators (THQ and
HI) remained < 1 for every brand and product type, confirming the absence of immediate non-
carcinogenic effects. Nevertheless, notable inter-brand variation was observed. Vegetables
recorded the highest HI values (0.19878-0.27023), followed by olives (0.21338-0.23966),
whereas tomatoes showed the lowest (0.15897-0.16954). In contrast, carcinogenic risk indicators
exceeded accepted thresholds. The Incremental Lifetime Cancer Risk (ILCR) for Pb, Cd, and Cr
was above the acceptable range (10°-10™) across all brands and product categories (Figure 5).
Total ILCR values for tomatoes ranged from 0.002909 (B1) to 0.00321 (B5), for olives from
0.000618 (B2) to 0.000691 (B6), and for vegetables from 0.001554 (B1) to 0.004013(B6).
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Figure 5. Human health risk from heavy metal exposure via canned foods, including DIM, CDlI,
THQ, HI, ILCR, and XILCR, calculated using U.S. EPA models.
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The health risk assessment showed a significant contrast between non-carcinogenic and
carcinogenic risk indicators. Although several metal concentrations exceeded the comparison
limits, all THQ and HI values remained below 1, suggesting that non-carcinogenic risk was not
indicated under the exposure assumptions used in this study. This agrees with previous risk-
assessment studies in which elevated metal concentrations did not necessarily yield HI values
above unity due to exposure parameters, ingestion rates, and reference-dose assumptions [39, 40].
In contrast, the ILCR values for Pb, Cd, and Cr exceeded the commonly accepted cancer-risk
screening range of 10 -10*, indicating a potential long-term carcinogenic concern associated with
continuous consumption. The highest total ILCR values were recorded in canned vegetables,
reaching 0.004013, followed by canned tomatoes, reaching 0.003210. Similar carcinogenic-risk
concerns have been reported in dietary exposure studies involving contaminated food products
[41-43]. However, the ILCR values should be interpreted as screening-level estimates rather than
absolute predictions of cancer occurrence. These estimates are influenced by fixed exposure
duration, conservative ingestion rates, average body weight, and cancer slope factors derived from
toxicological models. In addition, this study assessed exposure from selected canned food
categories only and did not include cumulative dietary intake from other foods. Therefore, while
the findings highlight a potential public health concern, they should be interpreted with
appropriate consideration of these uncertainties.

The main limitation of this study is the relatively small sample size of 54 samples collected
from six brands, which may restrict the generalizability of the findings to all canned plant-based
foods marketed in Irag. In addition, the study did not assess metal speciation, storage duration,
can-lining composition, production batch variation, or cumulative dietary exposure from other
food sources. Future studies should include larger sample sizes, additional canned food categories,
different production batches, and multiple geographic regions to strengthen statistical power and
provide a broader assessment of food safety risks. Despite these limitations, the present study
provides important baseline evidence of heavy metal contamination in canned plant-based foods
in the Kurdistan Region of Iraq.

CONCLUSION

This study revealed concerning levels of Pb, Cd, Cr, and Hg in plant-based canned foods
consumed in Erbil, Kurdistan Region, Irag. Although non-carcinogenic risks remained within
acceptable limits, the ILCR values for Pb, Cd, and Cr exceeded international thresholds, indicating
a potential long-term carcinogenic burden associated with continuous consumption. Despite the
relatively limited sample size, the findings provide valuable baseline data for food safety
monitoring in the Kurdistan Region of Irag. These findings highlight the urgent need for
comprehensive monitoring programs, cross-border food safety collaborations, and the
enforcement of Codex Alimentarius standards to reduce dietary exposure to toxic metals. Future
studies should expand sampling across regions and product categories to strengthen
generalizability and better inform national food safety strategies.
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