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ABSTRACT:

This study was conducted to assess health hazards and the concentration of some heavy metals including, Zinc (Zn), Cadmium (Cd), and Lead (Pb)
in canned fish, canned cheese, and canned tomato paste from various markets in Erbil city. The data were statistically analyzed using one-way
ANOVA (CRD). The metal contents were determined using atomic absorption spectroscopy. The non-carcinogenic health risk of determined heavy
metals was assessed using the target hazard quotient (THQ) and hazard index (HI). The outcomes showed that the maximum Pb, Cd, and Zn levels
in canned tomato pastes are, 0.480, 0.205, and 2.00 mg/kg in brands 5,2, and 5 respectively, and all studied metals mean were within the
acceptable limit provided by FAO/WHO. The highest mean content of Pb, Cd, and Zn in canned fishes are 1.553,0.436 and 5.655 mg/kg in brands
3,1 and 4 respectively, the mean value of Cd and Zn were within the acceptable range, except for Pb 20% of samples have exceeded the limit
(FAO/WHO). In addition, the highest mean of Ph, Cd, and Zn in canned cheeses are 1.515, 0.532, and 9.794 mg/kg in brands 3,1, and 2
respectively, All the studied metals exceeded the codex limit. The metals level follows this order in canned foods; Zn > Pb >Cd. According to the
values of HQ and HI heavy metals studied in canned foods, poses no health concern with HI < 1
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1L.INTRODUCTION:

Heavy metals are found naturally that have a high
atomic weight as well as a density at least 5 times
greater than water, Numerous industrial,
residential, agricultural, medical, & technical
activities have resulted in their widespread in the
environment, increasing worries about their
possible health and environmental impacts
(Tchounwou et al. 2012). Assessing the quantities
of trace heavy metals in food has become
increasingly popular.

Food is the main source of metal exposure, not
just because several metals are naturally present in
foods, but also because of environmental
contamination & contaminating throughout food
processing and packaging. Concerns regarding
food quality are growing in numerous parts of the
world (Cubadda and Raggi 2005). Canned
products have a long shelf-life, do not require
refrigeration, and do not need special handling
during transportation or distribution (Kapica and

Weiss 2012). Furthermore, processing aids in the
preservation of nutritive value but this can
occasionally be connected to the potential for
chemical migration from the package to the meal.
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Tin, glass, ceramics, and plastic may release
minuscule amounts of toxins when they come into
touch with food. Health risks to people could
result from this chemical migration from
packaging and other food contact materials to
food. (Al Ghoul et al. 2020). Metals like, Mn, Fe,
Cu & Zn are critical metals in trace quantities
because they perform a crucial function in
biological systems, particularly human
physiology. Non-essential metals like As, Hg, Cr,
Cd, as well as Pb are harmful. (Turkmen et al.
2008). Because of their long half-life, lack of
biodegradability, and bioaccumulation, metals can
have substantial negative health consequences on
humans (Harmanescu et al. 2011). Zn causes
nephritis, anuria, and widespread kidney lesions at
high doses. (Abou-Arab et al. 1996).

Cd and Pb are extremely harmful to
humans, they are only handled at very low doses,
and excessive amounts are linked to a variety of
health problems. (Khansari et al. 2005). Moreover,
it may harm the kidneys and induce chronic
toxicity signs such as decreased organ function,
infertility, hypertension, tumors, and hepatic
malfunction (Abou-Arab et al. 1996). Pb can also
interfere  with neurotransmitter release and
synapse development which can impact brain
function. Pb poisoning has been linked to lower
intelligence quotient, learning impairments,
delayed growth, hyperactivity, antisocial conduct,
and hearing loss (Dahiya et al. 2005). Heavy metal
contamination is a result of growing global
industrialization which has infiltrated all parts of
the food industry. Chemical migration from food
containers used in product packaging is a severe
food safety problem. Tinned foods are widely
eaten in Erbil and there is little knowledge about
the metal contents, particularly their hazardous
effect, however, a big quantity of canned food is
imported into Erbil city without being inspected
for quality. The objects of this study are to
determine the level of heavy metals (cadmium,
zinc & lead) in some canned foods (fish, cheese,
tomato paste) in some markets in Erbil city and
also estimate the human health risk related to the
consumption of Cd, Pb and Zn contents.

2. MATERIALS AND METHODS

2.1 Sampling
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In August 2021, sixty samples of canned items
(fish, cheese, tomato paste) from various
brands and production countries were acquired
from five local supermarkets in Erbil. Twenty-
five samples of canned tomato paste from five
various brands (Altunsa, Nawras, Marjan,
Rojin, and Sharazoor), as well as twenty
samples of canned fish (tuna), from four
different brands(Shabab, Shilana, Altunsa, and
Tazaj ) and fifteen samples of canned cheese
from three main companies (craft, smile, and
al-marai).

2.2 Chemicals & instrumentation

All glassware was cleaned by immersing it in 10%
nitric acid overnight and then rinsing it with de-
ionized water. The acids used for wet digestion
were of high purity analytical reagent (Merck,
Darmstadt, Germany) quality. Nitric acid (HNO3)
(65%) & hydrochloric acid (HCI) (37%) were
used for sample digestion. Heavy metals were
determined by using the atomic  absorption
spectrophotometer Perkins-Elmer USA 1100D
(Kowalska et al. 2020).

2.3 Sample preparation and digestion

After opening the cans, the contents were
completely homogenized using a food blender
with stainless steel cutters (Boadi et al. 2011).
Pre-digestion of samples is conducted by
weighing about 2 grams of each sample then a
mixture of nitric acid (HNO3) at a concentration
of 65% & 37% HCI at a ratio of (2:1) was added.
After most of the sample was dissolved by
standing overnight, at a temperature of 150 C, the
solution was set on the electric heater. As
recommended by (Demirel et al. 2008). The
solution was heated until it was reduced to around
5 ml of the solution turned clear. The solution was
left to cool before being used. This solution is
then filtered through No. 1 Whatman filter paper
into a 25 ml volumetric flask and diluted with de-
ionized water to the desired concentration. After
that, the solution is examined with an atomic
absorption  spectrometer with a  graphite
furnace(Hussein et al. January 6). Before
analyzing the samples were kept at 4°C in a



refrigerator as recommended by (Korfali and
Abou Hamdan 2013).

2.4 Standards

Standard stock solutions containing 1000 mg /L of
each element (Zn and Pb) were acquired from
Fisher scientific company-USA. And Cd standard
(1000 mg/L) from Merck-Germany.

3. Statistical analysis

Graphpad prism 8 was used to evaluate the results.
The data were statistically analyzed using one-
way ANOVA (CRD) The significance of the
differences in Pb, Zn, and Cd concentrations
between samples were assessed using Tukey's test,
with the findings provided as mean standard error.
statistical significance is defined as probability
values less than 0.05 (p < 0.05) (Sobhanardakani
2017).

4. Health risk assessment

A health risk assessment is a helpful method for
making a quantitative risk management choice in
the future. For persons living in Erbil, the values
of non-carcinogenic health risks associated with
dairy consumption were established. The average
daily intake of metal (DIM) was computed using
Eqg.1 to determine serious risks to health (Guo et
al. 2016).

4.1 Daily intake of metal

Cmetal x Cfactor x Dfood intake — ...... (1).
DIM = .
Baverage weight
Where,
Cmetal = metal concentration in canned food
(mg/kg %)

Cfactor = conversion factor (0.085) is used to
convert fresh weight into dry weight (Falco et al.
2006; Omar et al. 2013).

Dfood intake = daily intake of canned food ( Df for
canned fish = 3.5E-03 kg/person/day)(Guo et al.
2016) , (Df for canned tomato paste = 300-400 g
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(Uroko et al. 2020) And Df for canned cheese =
139 g (Enb et al. 2009; Abdi et al. 2015).

Baverage weight = average body weight (70kg for an
adult) (Tang et al. 2015).

4.2Hazard quotient
The hazard quotient index for the local population
through the consumption of canned foods was
assessed by the ratio for the Daily Intake Rate
(DIR) to the oral reference dose (RfDo) for each

metal Eq 2:
DIM
HQ = RFD (2) (Dorsey and

Ingerman 2004).

Here, DIM and R:{D characterize daily intake of
metal & reference dose of metal, respectively. The
oral reference doses for Cd, Pb, and Zn were
0.001, 0.0035, and 0.30 mg/ kg/day, respectively,
(Zhuang et al. 2009). If the value of HQ is (<1),
then the affected local population is regarded to be
safe, but if HQ is equal to or greater than 1, it is
considered unsafe for human health (Uroko et al.
2020).

4.3Hazardous index (HI)

The hazard index (HI) established by (USEPA
1989) collected the hazard quotients for all
HMs to quantify the risk to human health from
multiple HMs. The below equation was used
to determine the hazard index (Dawodu 2019).

HI = XHQ = HQ contaminant 1+ HQ contaminant
2+ HQ contaminant 3+...... HQ contaminant
n...... 3).
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5. RESULTS AND DISCUSSION

The heavy metals Cadmium (Cd), Zinc (Zn), and
Lead (Pb), were measured in 60 different canned
food brands. The outcomes were then compared
between various canned food brands and types, as
well as a health risk assessment for every metal
was calculated. Using the acquired data, a human
risk assessment was calculated to quantify the
health risk associated with eating canned foods.

5.1

Canned tomato paste

Through plant uptake from contaminated soil,
contaminated water, or used agrochemicals,
heavy metals could be found in canned tomato
paste. During the canning process or through
metal leaching into the canned products during
storage, harvested fruits may potentially get
contaminated (Nincevi¢ Grassino et al. 2009).
Preservatives,  stabilizers, and artificial
coloring additives may also contaminate
processed tomato paste with heavy metals
.(Oduoza 1992). Table 1 shows the Pb, Cd,
and Zn contents in canned tomato paste.
According to Codex standard 193-1995(Codex
Alimentarius ~ Commission ~ 2011), the
maximum allowable lead level in canned

tomato paste is 1.0 mg kg , the results showed
that the Pb level in 100% of tomato paste
samples were within the permissible limit. The
maximum mean concentration of Pb was
0.480 mg/kg in brand 5 and the minimum was
0.324 mg/kg wet weight in brand 1. The
maximum allowable level of cadmium by
(FAO 1983) was 0.5 mg/kg, based on this
limit Cd levels in 100% of canned tomato
paste were within the acceptable limit. The
highest mean concentration of Cd was 0.205
mg/kg in brand 2 and the lowest was 0.127
mg/kg in brand 4. WHO/FAO minimum
allowable intake data of Zinc is 30 mg kg Zn
(FAO 1983), also Zn level in all canned
tomato paste was within the accepted level.
The highest mean concentration of Zn was
2.009 mg/kg in brand 5 while the lowest was
0.760 mg/kg in brand 1. The results of the
statistical analysis showed that there were no
significant differences (p > 0.05) for Pb & Cd
between brands, while for Zn there is a
significant difference between brands 1&5
with the p-value (0.01). The metal levels in
five canned tomato pastes seemed in a
declining trend Cd < Pb < Zn.

Table 1: Metal contents (mg/kg wet weight) along with relevant statistical parameters in various varieties of canned tomato

paste
Brand 1 Brand 2 Brand 3 Brand 4 Brand 5
metals
Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE
Pb 0.324+0.055 0.392+0.041 0.437+0.068 0.393+0.075 0.480+0.099
Cd 0.194+0.028 0.205+0.014 0.200+0.025 0.127+0.026 0.129+0.019
Zn 0.760+0.066 1.609+0.076 1.802+0.202 1.267+0.302 2.009+0.415
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5.2Canned fish

Water chemistry, period of fish exposure to
contaminants from water, accumulation of
contaminants in the water column, feeding
habits of fish, contamination of fish during
processing and handling, canned fish quality,
as well as the expiration date of canned fish
are all variables that can impact the level of
contaminants in fish. Metal levels in canned
fish, on the other hand, are impacted by the pH
of the canned product, oxygen content in the
headspace, quality of canned product lacquer
coatings, coating quality, & storage location
(Hosseini et al. 2013). Contaminants in fish
may endanger the health of the fish, their
predators, and the people who eat them.
(Burger and Gochfeld 2005). The mean
content of metals including (Pb, Cd & Zn) and
other statistical characteristics are shown in
table 3, based on the (Joint FAO/WHO Codex

Rasool. SH. and Darwesh D./ZJPAS: 2022, 34 (6): 125-134

129

guidelines for contaminants in food, the
permissible level of Pb, Cd, and Zn in canned
fish is (0.5,0.5 and 50 mg/kg) respectively.
According to this guideline, the concentration
of Pb in all 20 samples (100% of samples)
exceeded the limit, with the maximum and
minimum mean content of 1.553 mg/kg in
brand 3 and 0.702 mg/kg in brand 2
respectively. While for cadmium metal content
were within the acceptable limit in all brands
(100%) with the highest and lowest mean
content 0.436 mg/kg in brand 1 and 0.337
mg/kg in brand 2 correspondingly. As well as
Zn level was within the permissible limit in all
brands (100%) the maximum and minimum
mean content was as follow, 5.655 mg/kg in
brand 4 and 3.607 mg/kg in brand 2
respectively. The P-value for all three metals
was > 0.05 so there is no significant difference
in metal content between brands.

Alimentarius Commission et al. 2007)
Table 2: Metal contents (mg/kg wet weight) along with relevant statistical parameters in various brands of canned fish
Metals Brand 1 Brand Mean+SE Brand3 MeantSE | Brand 4 MeanSE
MeanzSE
Pb 1.274+0.047 0.702+0.096 1.553+0.723 1.106+0.228
Cd 0.436+0.077 0.337+0.054 0.358+0.051 0.341+0.017
Zn 5.199+0.611 3.607+0.289 5.238+0.726 5.655+0.725

5.3Canned cheese

Due to changes in species, geographic location,
manufacturing  process  characteristics, and
potential  equipment  contamination  during
processing, packaging, and storage, cheese's trace
metal level varies. Controlling the manufacturing
process at each stage is essential to identifying the
origin and extent of contamination and ensuring
the desired degree of product quality (Ayar et al.
2009). Table 1 shows the Pb, Cd, and Zn contents
in canned cheese, as well as key statistical
characteristics. Comparing the heavy metal
concentrations in the studied canned cheeses with

the maximum permissible limits (ug kg 1) (2.60,
20.0, and 328.0 for Cd, Pb, and Zn, respectively)
established by (Codex Alimentarius Commission
2011) and (International Dairy 1992).shows that
all metals (Pb, Cd, and Zn) in all the samples
(100%) exceeded the Codex limit with the highest
and lowest mean concentration 1.515 (brand 3)
& 1.215 mg/kg (brand 2) for Pb , 0.532(brand 1)
& 0.493 mg/kg (brand 3) for Cd and 9.794 (brand
2) , 6.764(brand 1) mg/kg for Zn respectively. P-
value for all three metals were > 0.05 so there is
no significant difference of metal content between
brands.
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Table 3: Metal contents (mg/kg wet weight) along with relevant statistical parameters in various brands of canned cheese

Brand 2
Metals Brandl Mean+SE Mean+SE Brand 3 Mean+SE
Pb 1.356+0.219 1.215+0.177 1.515+0.406
cd 0.532+0.114 0.495+0.132 0.493+0.074
Zn 6.764+1.601 9.794+0.822 8.275+1.748

5.4Health risk indices
In this study, health risk was assessed using Table 4: Daily intake of metals (DIM) (mg/kg/day) &
Estimated Daily Intake (EDI), Target Hazard hazard quotient (HQ) in canned tomato paste

Quotient (THQ), Hazard Index (HI). Tables 4,5,6

shows the EDI, THQ of metals in some canned Brands DIM Pb_| DIM Cd [;'M Zn
foods and figure 1,2,3 show HI of metals in some E; 11.4%3?le-(())1 ;'%E:gg 5'225:83
canned foods The EDI values in mg. kg™'. day™' 53 CtoEor | 73Eo: | 6reEoz
for canned tomato paste (Table 4). ranged from B2 1: A E-04 4:6 T 461604
1.18E-04-1.75E-04 for pb, 4.64E-05 — 7.5 E-05 BS 175 E-04 7 71E-05 731 E-04
for Cd and 2.77E-04 — 7.31E-04 for Zn. while EDI HO

for canned fish (table 5) ranged from 2.98E-06 — B1 0.033 0.070 0.000
6.60E-06 for Pb, 1.43E-06 — 1.85E-06 for Cd and B2 0.040 0.074 0.001
1.53E-05 — 2.4E-05. EDI for canned cheese (table B3 0.045 0.073 0.002
6) was as follow, 2.05E-04 — 2.55E-04 for Pb, B4 0.040 0.046 0.001
8.33E-05 — 8.98E-05 for Cd and 1.14E-03 - B5 0.049 0.047 0.002

1.65E-03 for Zn. THQ for all metals in all samples
of canned foods were < 1 it means there is no risk
associated with these metals in studied canned
products. HI also in all canned foods <1 it means
pose no risks to human.
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Hazard index of metals in canned tomato paste
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Figure 1 shows the hazard index of metals in different brands of canned tomato past

Table 5: Daily intake of metals (DIM) (mg/kg/day) & hazard quotient (HQ) in canned fish

Brands DIM Pb DIM Cd DIM Zn
Bl 5.41E-06 1.85E-06 2.21E-05
B2 2.98E-06 1.43E-06 1.53E-05
B3 6.60E-06 1.52E-06 2.23E-05
B4 4.70E-06 1.45E-06 2.40E-05
HQ
B1 1.54E-03 1.85E-03 7.36E-05
B2 8.52E-04 1.43E-03 5.10E-05
B3 1.88E-03 1.52E-03 7.42E-05
B4 1.34E-03 1.45E-03 8.01E-05
Hazard index of metals in canned fish
0.0035 0.00346 0.0034
5¢ 0.003 0.00287
5 0.0025 0.00233
(S
= 0.002
©
o .
N
@© 0.001
5
0.0005
0
B1 B2 B3 B4
Brands

Figure 2 shows the hazard index of metals in different brands of canned fish

Table 6: Daily intake of metals (DIM) (mg/kg/day) & hazard quotient (HQ) in canned cheese

Brands

DIM Pb

DIM Cd ‘ DIM Zn

Bl

2.28E-04

8.98E-05 1.14E-03

ZANCO Journal of Pure and Applied Sciences 2022



Rasool. SH. and Darwesh D./ZJPAS: 2022, 34 (6): 125-134

132
B2 2.05E-04 8.37E-05 1.65E-03
B3 2.55E-04 8.33E-05 1.39E-03
HQ
Bl 6.53E-02 8.98E-02 3.80E-03
B2 5.85E-02 8.36E-02 5.51E-03
B3 7.30E-02 8.33E-02 4.65E-03

6. Conclusion

The overall goal of this research effort was to
know more about the level concentration of heavy
metals (Zn, Cd, and Pb) present or thought to be
present in various canned food samples, as well as
their associated health concerns to people.
According to the study's findings, all three metals
were found in the canned samples, but they were
all under the WHO-FAO-acceptable range, except
for canned cheese all studied metals were
exceeded the acceptable limit of codex. The study
found that these elements are altered at different
scales in all types of samples. Lead, Cadmium,
and Zinc amounts in the samples examined do not

provide a health risk, in accordance with the
WHO-FAO Guidelines for the Assessment of
Heavy Metal in Food. The examined ingredients
in canned goods had a THQ parameter value that
was less than 1, which indicates that there is no
chance that adverse

effects will occur. We also urge the government to
review and revise the fundamental standards for
the quality control laboratory and the detection of
heavy metals in canned food. More thorough
research is advised in order to determine the
quantity of heavy metals present in various types
of

canned foods generally as well as to determine the
effects of food additives on human health.

Hazard index(HI) of metals in canned cheese

_ 0.165
— 0.16095
L o016 0.1589
x
& 0.155
(=
= 0.14761

0.15
°
© 0.145
[
L o014

BRAND 1 BRAND 2 BRAND 3
Brands

Figure 3 shows the hazard index of metals in different brands of canned cheese
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