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ABSTRACT. Heavy metals are toxic environmental pollutants that can enter the human body through the food
chain and cause serious health risks. This study determined the concentrations of Pb, Cd, Cr, Zn, and Hg in canned
fish, meat, and cheese products sold in Erbil, Irag, using Flame Atomic Absorption Spectroscopy (FAAS). Non-
carcinogenic and carcinogenic health risks were assessed using standard indices based on FAO, WHO, and USEPA
guidelines. Hg levels in canned fish ranged from 0.35 to 0.45 mg/kg, approaching 90% of the FAO/WHO
permissible limit. Pb and Cr concentrations in canned meat, ranging from 0.12 to 0.22 mg/kg and 0.20 to 0.32 mg/kg,
respectively, exceeded acceptable limits. Cd levels were lower in cheese, although some brands surpassed
FAO/WHO limits. Hazard index values indicated moderate to high non-carcinogenic risks for fish (2.22-2.88) and
meat (3.80-4.26), while cheese showed lower but concerning values (1.23-2.40). The total incremental lifetime
cancer risk for Pb, Cd, and Cr in fish and meat slightly exceeded the USEPA acceptable range. These findings
highlight the need for stricter monitoring of canned animal-based foods in developing countries.
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INTRODUCTION

Heavy metal contamination in food remains a major global environmental and public health
concern [1, 2]. Metals, including lead (Pb), cadmium (Cd), chromium (Cr), zinc (Zn), and mercury
(Hg) are non-biodegradable, persistent, and toxic compounds that act as bioaccumulative
substances through the food chain and magnify at higher trophic levels [3, 4]. Their exceptional
stability, however, leads to bioaccumulation in human and animal tissues, causing chronic toxicity
even at trace levels. Chronic exposure to these metals has been reported to cause neurotoxicity,
nephrotoxicity, hepatotoxicity, and cardiovascular toxicity with Pb, Cd, and Cr compounds being
classified as possibly or known human carcinogens [5, 6]. In addition to the metals investigated
in this study, other potentially toxic elements such as arsenic (As) and copper (Cu) have been
reported in food systems and may pose health risks depending on their concentrations and
chemical forms. Arsenic is especially worrying because it is very toxic and carcinogenic even in
low amounts. Chromium is found as an essential (Cr 111) and toxic (Cr VI) element, and copper
and zinc are essential trace elements, but can be toxic at high concentrations. Previous studies
have demonstrated that these metals can enter the food chain through environmental
contamination, industrial activities, and agricultural practices, emphasizing the need for
comprehensive monitoring. Therefore, the maximum allowable levels of heavy metals in food
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commodities have been set by agencies such as the Food and Agriculture Organization (FAO)
and the World Health Organization (WHO) to protect consumers [7]. However, the excesses are
still prevalent, especially in the low and middle-income nations, where the regulatory measures
are feeble and the monitoring ineffective, thus restricting effective control of food safety [8].
Canned foods, particularly fish, meat, and dairy products, are an important part of the traditional
diet due to their accessibility, storability, and year-round availability. The global canned food
market has grown considerably over the past few years due to urbanization, changes in lifestyles
and increasing consumer preference for prepared foods. However, there are a number of sources
that lead to metal contamination of canned food. They may be added during the product either in
contaminated raw materials, industrial emissions, or any manufacturing procedure (water-
equipment- packaging) [9-14]. Metallic lining of cans, which usually consists of tin-plated steel
or aluminum alloys, may also release trace metals into the food, particularly under high-
temperature or acidic conditions or during long storage periods. Therefore, even if safety
standards are met, raw ingredients can be contaminated during processing or storage [15].

Canned food products have also been found to contain heavy metals at concentrations
exceeding the recommended international maximum limits in Asia, Europe, and the Middle East.
Domingo [16] and [6], Amarloei, Nourmoradi [17], reported high levels of Pb, Cd and Hg in
different parts of the world such that it is a possible non-carcinogenic and carcinogenic agent. In
Iran, Pb levels were reported to be high in canned vegetables [18,19], whereas Cd and arsenic in
canned fish samples in Serbia were reported by Novakov, Mihaljev [20], and Popovic, Djinovic-
Stojanovic [21], higher than European and national standards. Collectively, these findings
underscore the importance of continuous monitoring of canned foods and drinks as a source of
long-term chronic dietary exposure to heavy metals.

Contamination of food in Iraqg, especially Kurdistan, by toxic metals is now the focus of
concern. Some recent research has certainly focused on heavy metal contamination of fruits,
vegetables, and drinking water [22, 23], but much less attention appears to have been given to
canned or other processed food products. This lack of knowledge is especially concerning given
the region's current high levels of industrialization and urbanization, and the lack of enforcement
in food surveillance programs. With increasing consumption of canned, imported, and locally
produced goods, along with scant regulation, the risk of human exposure through contaminated
food chains may increase [24, 25]. Moreover, climatic and environmental conditions, including
semi-arid land soils and dust from nearby industrial regions in northern Irag, could also
contaminate agricultural inputs and livestock feed, thereby affecting the quality of final food
products [26]. It is important to study heavy metal pollution in canned animal products, and we
highlight the importance of food safety for human health. Accordingly, the aim of this research
was to (i) measure the levels of Pb, Cd, Cr, Zn, and Hg in some types of canned food widely
consumed in Erbil city as a sample from Iragi markets and (ii) assess the possibility of non-
carcinogenic and carcinogenic health risks associated with their consumption. The findings will
serve as a reference point to the Kurdistan region and play a role in national strategies to control
food safety and safeguard the population’s health.

MATERIALS AND METHODS
Chemicals and reagents
All chemicals used in this study were of analytical grade. Nitric acid (HNOs, 65%) and hydrogen
peroxide (H202, 30%) were obtained from Merck (Germany). Certified standard solutions (1,000

mg/L) of Pb, Cd, Cr, Zn, and Hg were purchased from Sigma-Aldrich (Germany). Deionized
water (18.2 MQ-cm) was prepared using a Milli-Q water purification system.
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Instruments and apparatus

Heavy metal analysis was performed using a Flame Atomic Absorption Spectrophotometer
(FAAS; PerkinElmer AAnalyst 400, PerkinElmer Inc., USA). Sample digestion was carried out
using a microwave digestion system (Milestone, Italy). Samples were weighed using an analytical
balance (Sartorius AG, Géttingen, Germany; accuracy + 0.0001 g). All glassware was soaked in
10% nitric acid and rinsed thoroughly with deionized water before use.

Sample collection

Fifty-four canned food samples (fish, meat, and cheese) were collected from randomly selected
retail markets across Erbil city, Irag. Samples were purchased in their original sealed packaging,
transported to the laboratory in insulated containers to prevent contamination, and stored at room
temperature prior to analysis. Each sample was labeled according to brand and type (B1-B6) and
processed within 48 h of collection.

Sample preparation and digestion

Sample preparation and digestion were performed using microwave-assisted digestion following
a modified AOAC Official Method 999.10. Approximately 2.0 g of homogenized sample was
accurately weighed into acid-resistant microwave digestion vessels and treated with 10 mL of
HNOs (65%) and 2 mL of H20: (30%). The mixture was allowed to pre-digest for 30 min and
then subjected to microwave digestion at 180 °C for 20 min. After digestion, the solution was
filtered using Whatman No. 42 filter paper and diluted to 100 mL with deionized water. All
analyses were performed in triplicate to ensure reproducibility.

Heavy metal analysis

Concentrations of Pb, Cd, Cr, Zn, and Hg were quantified using Flame Atomic Absorption
Spectroscopy (FAAS; PerkinElmer AAnalyst 400, USA). Calibration curves were prepared using
certified 1,000 mg/L stock standard solutions and diluted to obtain working standards in the range
of 5-100 pg/L. The calibration curves showed excellent linearity (R2 > 0.995). Quality assurance
and quality control (QA/QC) procedures included the analysis of reagent blanks, duplicate
samples, and matrix spike recoveries. Method accuracy and precision were confirmed with
recovery values ranging from 92% to 104%. The limits of detection (LOD) for Pb, Cd, Cr, Zn,
and Hg were 0.005, 0.002, 0.004, 0.01, and 0.001 mg/kg, respectively.

Health risk assessment

The health risks associated with the consumption of canned food products were evaluated using
standard toxicological indices, including estimated daily intake (EDI), target hazard quotient
(THQ), chronic daily intake (CDI), and incremental lifetime cancer risk (ILCR).

Target hazard quotient

Target hazard quotient (THQ) was used to assess non-carcinogenic risk. A THQ value < 1
indicates a negligible risk, whereas a THQ > 1 indicates a potential health concern. Reference

dose (RfD) values (mg/kg/day) were: Pb (0.0035), Cd (0.001), Cr (0.003), Zn (0.30), and Hg
(0.0001).
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_ DIM .
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where, RfD values (mg/kg/day) were as follows: Pb (0.0035), Cd (0.001), Cr (0.003), Zn
(0.30), and Hg (0.0001).

HQ

Daily intake of metals

Daily intake of metals (DIM) was calculated based on average daily consumption rates (30 g/day
for fish, 22 g/day for cheese, and 50 g/day for meat) and an average adult body weight of 70 kg.
These consumption rates were adopted from previously published dietary exposure studies in
similar populations.

C metal«C factor*D food intake
DIM = )

B average

where Cmetal is the concentration of the metal in the food sample (mg/kg), Cfactor is the
conversion factor, Dfood intake is the daily food intake (30 g/day for canned fish, 22 g/day for
canned cheese, and 50 g/day for canned meat), and Baverage is the average body weight (70 kg).

Carcinogenic risk

Carcinogenic risk (ILCR) was calculated for Pb, Cd, and Cr using cancer slope factors (CSF).
Acceptable risk levels ranged from 1 x 107° to 1 x 10~ according to USEPA guidelines. CSF
values were 0.0085 (Pb), 0.38 (Cd), and 0.5 (Cr). Carcinogenic risk was not assessed for Zn and
Hg.

C+IR«EF+ED
CDl = gweato @

where CSF values were 0.0085 (Pb), 0.38 (Cd), and 0.5 (Cr). Carcinogenic risk was not
calculated for Zn and Hg. The applied equations for EDI, THQ, and CR were adapted from
standard risk assessment methodologies described by USEPA Emergency and Response [27] and
subsequent studies

Statistical analysis

Data were analyzed using IBM SPSS Statistics version 27.0. Normality was assessed using the
Shapiro-Wilk test. One-way analysis of variance (ANOVA) followed by Tukey’s post hoc test
was used to evaluate differences among groups. Pearson correlation analysis was applied to
determine relationships among variables. Results were expressed as mean + standard deviation,
and statistical significance was set at p < 0.05.

RESULTS AND DISCUSSION
Heavy metal concentrations in canned food products

The concentrations of heavy metals in canned fish, meat, and cheese differed considerably (p <
0.05) as indicated in Figure 1. In fish, Pb (0.12-0.20 mg/kg), Cd (0.05-0.10 mg/kg), and Cr (0.12—
0.20 mg/kg) were moderate, whereas Zn (70.5-78.0 mg/kg) and Hg (0.35-0.45 mg/kg) were
elevated, with Hg in B5-B6 approaching 90% of FAO/WHO limits. Canned meat revealed the
highest Pb (0.12-0.22 mg/kg) and Cr (0.20-0.32 mg/kg), as well as elevated Zn (80.0-89.0
mg/kg), while Hg remained lower (0.10-0.16 mg/kg).
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Cheese contained lower total metal loads, but Cd (0.06-0.15 mg/kg) was above Codex limits
in a few brands, whereas Pb (0.06-0.15 mg/kg) and Cr (0.06-0.14 mg/kg) were within standard
limits. Zn was lowest in cheese (62.0-72.0 mg/kg), and Hg was minimal (0.05-0.10 mg/kg).
Significant variations in heavy metal concentrations were observed among the analyzed canned
food products (Figure 2). Lead was significantly higher (p < 0.001) in canned meat (0.17 mg/kg)
than in cheese (0.10 mg/kg), while fish (0.16 mg/kg) also exceeded cheese levels significantly (p
< 0.01), with no difference between meat and fish (ns). Cadmium was highest in cheese (0.09—
0.12 mg/kg), significantly exceeding levels in fish (0.07 mg/kg, p < 0.01) and meat (0.08 mg/kg,
p < 0.05), whereas fish and meat were comparable. Chromium was highest in meat (0.26 mg/kg),
exceeding both fish (0.16 mg/kg, p < 0.05) and cheese (0.10 mg/kg, p < 0.01), while fish and
cheese were similar. Zinc followed the trend: meat (84 mg/kg) > fish (74 mg/kg) > cheese (67
mg/kg), with all pairwise differences significant. Mercury was markedly higher in fish (0.40
mg/kg) than in meat (0.12 mg/kg) and cheese (0.08 mg/kg, p < 0.001), while meat and cheese did
not differ.

These results are consistent with reports from other countries in the Eastern Mediterranean
region. Embaby, Mehasseb [28] and Hussein, Morgan [29], observed elevated Hg levels in canned
sardines and tuna in Egypt, while Abdullah [30], reported Pb and Cr contamination in Iragi canned
meats, highlighting common challenges in food safety regulation across the Middle East.
Globally, fish Hg concentrations are typically linked with aquatic bioaccumulation processes,
specifically in predator fish species but elevated Pb and Cr concentrations in animal foods
(terrestrial) can be linked to contamination of feeds or exposure to the environment and industrial
effluents around livestock production plants [31-33]. The values of Zn in our cases were within
reasonable ranges as reported by Kowalska, Pankiewicz [34] and comparable to findings by Ikem
and Egiebor [35], indicating that essential trace elements do not disappear during industrial
processing. Interestingly, the Cd concentration in canned cheese was higher than that which was
reported by Naseem, Abbasi [36] and [37], on dairy products in Europe, which could be due to
contamination of raw milk or processing equipment. The higher Hg concentrations in fish may
be attributed to polluted water bodies that taint the aquatic food chain. Industrial effluents and
fuel combustion have been cited as possible sources of mercury (Hg) in various aquatic
environments, particularly in areas with lax environmental policies [38, 39].

Conversely, the elevated Pb and Cr levels in tinned meat are probably due to terrestrial
sources, including contaminated animal feed, polluted grazing land, and atmospheric deposition
from local industries. Furthermore, Cr contamination can be associated with stainless steel
processing equipment or with corrosion of can linings during sterilization [40, 41]. In cheese
products, Cd contamination may result from contaminated fodder or fertilizers, or from direct
contact with the environment during milk production [42]. Brand-to-brand contamination shows
differences in the quality of raw materials, manufacturing processes, and packaging materials.
These findings suggest that local regulatory authorities should implement more stringent quality
control measures at the production and importation stages to reduce the risk of contamination.
These results suggest public health concerns, given the potential for chronic exposure from high
levels of heavy metals in canned foods consumed frequently. Similar trends have been reported
in previous studies, confirming the relevance of metal contamination in processed food products
worldwide.
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Figure 1. Concentrations of heavy metals (Pb, Cd, Cr, Zn, Hg) in different brands of canned fish,
meat, and cheese brands.
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Figure 2. Comparison of mean heavy metal concentrations among canned fish, meat, and cheese
samples. Significance levels are indicated as * p < 0.05, ** p < 0.01, ***p < 0.001,
ns = not significant.
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Health risk indices across different canned food products

The health risk assessment of heavy metals in canned fish, meat, and cheese was presented in
Figure 3. In canned fish, the THQ values for Pb (0.34-0.37), Cd (0.26-0.31), and Cr (0.12-0.14)
were moderate and remained below the acceptable limit. THQ values for Zn remained low at
0.10. However, Hg recorded the highest risk contribution with THQ values 1.31 to 2.01,
considerably exceeding the safety level (THQ > 1). This indicates that exposure to Hg from
canned fish was a potential non-carcinogenic health risk. Higher non-carcinogenic risks were
observed for canned meat. The THQ values of Pb (0.69-0.73), Cd (0.57-0.64) and Cr (0.25—
0.28) are higher than those reported in fish. Hg was the predominant risk contributor, where THQ
ranged from 1.95 to 2.43 and revealed that canned meat is the food category with more potential
contribution of non-carcinogenic risk among three food groups. THQ of Pb (0.19-0.54), Cd
(0.31-0.78) and Cr (0.03-0.10) in cheese samples also was less than meat, indicating potential
exposure to these metals based on calculated values of THQs for these metals from cheese samples
as well. Hg, with THQ values for Hg ranging between 0.61 and 0.90 (moderate risk), except when
compared to the levels found in fish or meat. The CDI data showed comparable patterns. The
contribution of Hg and Pb to exposure in fish and meat was higher than Cd, though the opposite
was found for cheese. This finding mirrored the contamination patterns for each food category.
The incremental lifetime cancer risk (ILCR) showed that Pb, Cd, and Cr values generally fell
between 10-% and 10* in all food products. The total carcinogenic risk (ZILCR) ranged from 2.01
x 107 t0 2.37 x 10™ in fish, 3.26 x 10* t0 3.59 x 10* in meat, and 2.77 x 10*to 7.16 x 10~*in
cheese. These results indicated that cheese had the highest overall carcinogenic risk, followed by
meat and then fish.
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Figure 3. Risk assessment indices of heavy metals in canned food samples: (a) chronic daily intake
(CDI), (b) target hazard quotient (THQ), (c) incremental lifetime cancer risk (ILCR), (d)
hazard index (HI), and (e) total incremental lifetime cancer risk (XILCR).
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CONCLUSION

This study demonstrates that canned animal-based foods available in Erbil are a significant source
of dietary exposure to heavy metals. High levels of Hg in fish and Pb and Cr in meat products, as
well as the exceedance of Cd levels in certain cheese samples, demonstrate that contamination
occurs through various routes, including environmental contamination, raw material
contamination, and food processing environments. In some samples, HI values and ZILCR values
exceeding 1 x 10-*indicated that long-term consumption of these products could have significant*
risks to human health. The findings are especially valuable in the areas where the use of processed
foods and the lack of regulatory control are growing. The identified difference between brands
indicates a lack of control over quality and the need for tighter adherence to food safety
regulations. Continuous monitoring programs, improved manufacturing practices and stricter
rules on importation are critical to reduce contamination. Further research must be carried out to
determine the origins of contamination, the extent of exposure in the long term among various
groups of people and to establish region-specific safety levels depending on the local food habits.
Future studies should focus on identifying contamination sources and evaluating long-term
exposure risks across different population groups.
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