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Abstract:

Trace elements are dangerous to human health and there is a rising concern about the quality of processed foods in some parts of
the world, especially in Iraq.

The chemical composition (total sold, moisture, and ash) and concentrations of trace elements in canned fish (Skipjack tuna,
Sardines, Tuna fish, Sardines, and Mackerel) from the Kalar market, Iraq were determined by using an inductively coupled
plasma-optical emission spectrometer.

The ranges obtained for the elements in mg/kg were as follows: Se (0.025-0.77), As (0.02-1.07), B (0.05-0.7), Ag (0.04—0.83),
Ba (0.05-0.975), Mg (29.8-37.5), Mn (0.97-2.09), Cu (0.91-3.09), and Zn (5.12—11.7). The studied canned fishes pose no risk
with respect to the estimated daily intake of Se, As, B, Ag, Ba, Mg, Mn, Cu, and Zn. The total target hazard quotients for the
studied metals from individual fish species (except Fme, Fma, and Fsh) were more than one, which was responsible for non-
carcinogenic risks. The target carcinogenic risk value for arsenic was also higher than the standard (10-*) set by the United States

Environmental Protection Agency.

It revealed that the consumption of canned fish causes a chronic cancer risk to humans.
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INTRODUCTION

Popular demand for healthy food supply has
expanded globally in recent decades [1]. With a rise
in environmental pollution, food contamination by
various pollutants is now considered a major issue
in industrialized, emerging, and developing count-
ries [2—4]. In recent years, the problems of environmen-
tal contamination, particularly food contamination by
a cultivar of chemical pollutants including potentially
toxic elements, are receiving a lot of attention from
scientists around the world [5,6]. The environment
may be exposed to trace elements from various sources,
particularly processed canned food, where they pose a
serious threat due to their toxicity and bioaccumulation
in the food chain.

Potentially toxic elements are important due to their
toxicity as well as essentiality. Potentially toxic elements
are classed as potentially unhealthy (arsenic, cadmium,
lead, mercury, and nickel, among others), probably toxic

(vanadium and cobalt), and necessary (copper, zinc,
iron, manganese, and selenium) [7, 8]. When consumed
in large quantities, potentially toxic elements can be
extremely hazardous even at low concentrations. When
metal consumption is overly high, essential and possibly
essential metals might generate hazardous effects [9]. As
a result of increased concern about the health benefits
and hazards of food intake, substantial attention has
been dedicated in recent decades to the research of
essential and harmful element content in foodstuffs,
particularly canned foods. However, contamination of
the food chain is a key mechanism for these potentially
toxic elements to enter the human body [6, 10]. In
Iraq, assessing the risks and benefits of canned fish
consumption is critical because canned fish meets
60—80% of the country’s animal protein needs. It is also
a key source of essential minerals, vitamins, and fatty
acids, all of which are important in child development
and adult health [9]. Furthermore, it is critical to monitor
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the level of potentially toxic elements in canned fish to
ensure the safety of fish protein supplied to consumers
and to comprehend the adverse impacts of canned fish
consumption among individuals and populations.

Canned fish is widely consumed because it contains
protein, omega-3 fat acids, liposoluble vitamins, as well
we micro- and macroelements [11]. Fish is a significant
source of nutrition for many people since it supplies
animal protein that is not available in cereal-based
diets [12, 13]. Recently, the global consumption of
fish has expanded in tandem with growing awareness
of its nutritional and therapeutic benefits. In addition
to being a good source of protein, fish is also rich
in critical minerals, vitamins, and unsaturated fatty
acids [14]. Although seafood is considered to be the
primary source of high biological protein, polyun-
saturated oil, and minerals such as calcium, potassium,
and zinc, since they are at the top of the food
pyramid, fish can potentially make for trace metals
bio-magnification and act as a potential means of
transmission to humans [15]. Fish has a high content of
amino acids, which is very well suited for human dietary
needs. The nutritional value of its protein compares
favorably to that of egg, milk, and meat [16].

Minerals are important for certain functions of the
body. Some metals, such as zinc, copper, and iron, are
basic to life and play a significant role in the functio-
ning of essential enzyme systems [17]. Fish is a healthy
source of calcium, potassium, phosphorus, copper,
iodine, cobalt, manganese, and other trace minerals that
are vital for preserving healthy teeth and bones [18].

Canning increases the shelf life of a canned product
for many years. Yet, producers, nutritionists, cooks, and
customers are specifically interested in the composition
of fish as they want to know its nutritional contribution
to a healthy diet [20]. Canned fish is very popular in Iraq
since it is convenient and inexpensive for most working
families. Some studies have determined potentially
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toxic elements in canned fish, including the ones in
Turkey, Iran, Egypt, USA, Italy, Spain, Lebanon, Austria,
Czech Republic, and Poland [11, 17, 21-35]. However,
information regarding potentially toxic elements con-
centrations in canned fish marketed in Iraq is scarce,
although canned skipjack tuna, sardines, tuna fish, sar-
dines, and mackerel are extensively consumed.

Until now, there has been no detailed scientific
research in Iraq concerning potentially toxic elements
contamination in canned or tinned fish and their
probable risk to human health. Therefore, we aimed
to determine the proximate chemical composition of
canned fish (total solids, moisture, and ash content), to
evaluate the concentration of potentially toxic elements
(Se, As, B, Ag, Ba, Mg, Mn, Cu, and Zn) in an edible
portion of some of the commercially imported canned
fish species on the market in Kalar City, northern Iraq,
and to estimate the risks of these trace elements in
everyday intake.

STUDY OBJECTS AND METHODS

Samples collection and preparation. Canned fish
samples (one brand of skipjack tuna, seven brands of
sardines, one brand of tuna, and one brand of mackerel)
were purchased from various supermarkets in Kalar
City, northern Iraq (Fig. 1). A minimum of five canned
fish samples per brand were obtained at random from
various retail stores. After collection, combinations of
at least five samples of each fish species were prepared
and homogenized in stainless-steel blender cups. Their
100 g test portions were stored at —20°C in the central
laboratory of College of Education, University of
Garmian (Kalar City, Iraq). Then, all the samples
were freeze-dried for 48 h until constant weight was
attained and sealed in airtight plastic bags. For chemical
analysis, each can’s material was thoroughly homoge-
nized in a food blender using stainless steel cutters [19].

5

L Sharbazher
s Penjwin

~ Sulaymaniya

Halabja

Chamchamal
- Darbandikhan

Figure 1 Map of the studied area of Kalar City, Iraq for canned fish sampling
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Table 1 Fish samples collected from various supermarkets in Kalar City, Iraq

No. Samples Fish weight, g Country of origin Product local name  Scientific name Storage media
1 Fru 130 Indonesia Rubal Skipjack tuna Soya oil

2 Fsh 125 Iraq Shabab Sardines Vegetable oil
3 Fsa 90 AL Maghreb Sarden Tuna fish Vegetable oil
4 Fkl 120 Thailand Klode Sardines Vegetable oil
5 Fal 52 Turkey Altunsa Sardines Vegetable oil
6 Fze 104 Turkey ZER Sardines Vegetable oil
7 Fsi 130 Vietnam Siblue Mackerel Soya oil

8 Fme 112 Indonesia Melo Sardines Sunflower oil
9 Fma 90 AL Maghreb maria Sardines Vegetable oil
10 Fbe 120 Iran berkeh Sardines Vegetable oil

Table 2 Levels of metals in DORM-4 Fish protein certified
reference material (mg/kg) for the validation of analytical
method

Elements Certified value  Measured value Recovery, %
(n=3)

Se 3.45+0.40 337+0.21 98
As 6.87 +£0.44 6.85+£0.78 100
B n.a. n.a. n.a.
Ag 0.0252 +0.0050 0.0248 =0.0020 98
Ba n.a. n.a. n.a.
Mg 910 + 80 889 + 39 98
Mn 3.17+0.26 3.15+£0.21 99
Cu 15.70 £ 0.46 15.30+0.22 97
Zn 51.6+2.8 511+13 99

n.a. — not available

Table 1 shows the fish types, brands, volumes, and
other information used by canned fish makers, such as
scientific names and storage media.

Digestion and elemental analyses. For each canned
fish sample, 4 g of fish muscle (wet weight) was weighed
and placed in a Teflon digestion vessel with 15 mL of
pure nitric acid. The samples were then microwaved as
follows: Step 1: 25°C for 10 min at 1000 W; Step 2: 96°C
for 30 min; Step 3: 180°C for 10 min at 1000 W; 180°C
for 10 min before cooling to room temperature; Step
4: 2 mL of 30% hydrogen peroxide was added, and the
mixture was exposed to Step 3 again.

In the final step, hydrogen peroxide was used to
break down organic materials that may have remained
undissolved throughout the concentrated nitric acid
digestion (Steps 1-3). Finally, the digests were prepared
in acid-washed standard flasks to 25 mL with deionized
water and placed in acid-washed 50-mL polyethylene
bottles. The chemicals used to dissolve the samples
were of analytical quality. Ultra-pure water was used
in the study [36]. The moisture and ash contents were
calculated using the AOAC method [37]. All metal
concentrations were determined using an inductively
coupled plasma—optical emission spectrometer in three
replications [38].

Instrument analysis and quality assurance. The
instrument conditions were as follows: a Scott spray

chamber; nebulizer: cross flow; RF power: 1400 W;
pump speed: 30 RPM; coolant flow: 14 L/min; auxiliary
flow: 0.9 L/min; nebulizer gas flow: 0.8 L/min; preflush:
40's; measure time: 28s; replicate measurement: 3;
multielement stock solutions containing 1000 mg/L
obtained from Bernd Kraft (Duisburg, Germany).

Standard solutions were generated from stock
solutions (Merck, multi-element standard). All of
the instrumental conditions used for concentration
determinations were defined [39]. The analytical
procedure was confirmed using DORM-4 Fish protein-
certified reference material for trace metals. The
National Research Council of Canada prepared and
supplied these fish samples. The results showed that the
certified and observed values were in good agreement.
Table 2 shows that the percentage recoveries of the
analyzed potentially toxic elements ranged from 97 to
100 percent.

Calculation for health risk due to metal
contamination. Estimated daily intakes. Estimated
daily intakes (EDI) for potentially toxic elements
were calculated by multiplying the respective average
concentration in fish samples by the weight of food
item consumed by a person (body weight of 60 kg for
an adult in Iraq), as obtained from the household income
and expenditure survey, and then using the following
formula [40]:

EDI = (FIRXC)/BWT )

where EDI is the estimated daily intakes; FIR is the food
ingestion rate, g/person/day; C is the metal content in
fish samples, mg/kg; BWT is the body weight for adult
residents of 60 kg [41]. On a wet weight basis, the daily
consumption of fish is 10.96 g [9].

Non-carcinogenic risk. The procedure for asses-
sing non-carcinogenic risks was based on the risk-
based concentration table published by the United
States Environmental Protection Agency (USEPA)
Region III [42]. The target hazard quotient was used
to quantify the non-carcinogenic danger of each
specific metal from fish consumption (USEPA, Risk-
Based Concentration Table). It is “the ratio of a single
substance exposure level over a specified time period
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Table 3 Approximate chemical configuration of the fish flesh
samples collected from various supermarkets in Kalar City,
Iraq (n=3)

Fish samples  Total solid, % Moisture, %  Ash, %

Fme 36.30+1.80 64.00+098 440+1.10
Fsi 37.90+2.01 62.10+1.10 4.20+0.03
Fma 32.80+£3.00 67.20+2.10 4.70+0.70
Fbe 39.70+£2.23 60.30+1.20 4.30+0.80
Fal 34.60+1.87 6540+£2.00 2.19+0.39
Fru 31.30+ 099 68.70+0.90 1.22+0.50
Fsh 3240+1.20 67.60+1.07 3.20+0.50
Fkl 29.80+2.10 70.20+1.01 1.50+0.35
Fze 3750+1.40 62.50+2.01 3.10+0.70
Fsa 30.21+2.50 69.79+0.80 1.90=+0.80

(c.g., sub-chronic) to a reference dose (Rf.D.) for that
substance derived from a similar exposure period”.
The following equation was used to calculate the target
hazard quotient:

THQ = [(EFr x ED x FIR x C)/(Rf.D. x

x BWT x AT)] x 10 Q)
Total THQ (THQ) = THQ ,__ +
T THQ toxicant 2 BERCIRRERNES +THQ toxicant n (3)

where THQ is the target hazard quotient; EFr is the
exposure frequency (365 days/year); ED is the exposure
duration (30 years); FIR is the food ingestion rate
(59.91 g/person/day); C is the metal concentration
in foods, mg/kg; RfD. is the oral reference dose,
mg/kg/day; AT is the averaging time for non-carci-
nogens (365 days/yearxnumber of exposure years,
assuming 30 years). The oral reference doses were
based on 0.005, 0.0003, 0.2, 0.005, 0.07, 0.14, 0.04,
and 0.3 mg/kg/day for Se, As, B, Ag, Ba, Mn, Cu, and
Zn, respectively [42]. If the target hazard quotient is
equal to or higher than 1, there is a potential health risk
and related interventions and protective measures should
be taken [43, 44].

Carcinogenic risks. The risk was calculated for
carcinogens as an increasing probability of a person
developing cancer over a lifetime of exposure to that
probable carcinogen [42]. The target carcinogenic
hazards associated with As consumption was computed
using the calculation provided in the USEPA Region III
Risk-Based Concentration Table:

TR = [(EFr x ED xFIR x C x
x CSFo)/(BWT x AT)] x 10 @)
where EFr is the exposure frequency (365 days/year);
ED is the exposure duration (70 years) (USEPA,
Regional Screening Level Summary Table: Novem-
ber 2011); AT is the averaging time for carcinogens
(365 days/yearx70 years); CSFo is the oral carcinogenic
slope factor. For As, CSFo was 1.5 mg/kg/day from
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the Integrated Risk Information System (Risk-Based
Concentration Table). Total As in marine food (fish)
is mostly organic and a little amount may remain as
inorganic. In this study, we assumed the conversion
coefficient of total As to inorganic As by 0.05 in fish to
produce a carcinogenic risk.

Statistical analysis. Each experimental analysis
was done in triplicate. All statistical analysis was
performed using statistical package SPSS version
20.0 for Windows (IBM Corp., Armonk, NY, USA).
Significance was accepted at 0.05 level of probability
(p < 0.05). Difference in metal concentration in fish was
detected using One Way Analysis of Variance (ANOVA).
The tables were plotted with OriginPro 6.1 (Origin Lab
Corporation, Northampton, Massachusetts, USA). The
results were described as mean + SD. The statistical
differences between fishes were analyzed using mean
concentrations of metals [45].

Ethical approval: The research received ethical ap-
proval because it did not involve human or animal use.

RESULTS AND DISCUSSION

Concentration of basic components in canned
fish. Proteins, lipids (fat or oil), and ash (minerals) are
the main constituents in the edible portion of fish. The
analysis of these basic components is called proximate
analysis. The estimated chemical composition of the
fish examined is shown in Table 4. In the fish samples,
the moisture content ranged from 70.2% (Fkl) to
60.3% (Fbe). The ash content in the fish flesh ranged
between 1.22% in Fru and 4.7% in Fma fish samples.
The opposite relationship between moisture and overall
solid content could be seen from the results, as all fish
processing technologists were well aware of it. We also
found that only three of the fishes had an ash content
below 2% — Fsa, Fkl, and Fru, so they were weak in
minerals. The overall solid content was generally high
in the same way, reaching from 37.9 to 39.7%, and
crude ash ranged from 4.4 to 1.22%, as seen in Table 4.
All the fish species studied were high in moisture
and ash and they complied with the human dietary
requirements [46]. Our data were in line with the study
conducted by Tawfik [47]. The total solid concentrations
of the necessary substrates provide valuable information
on the expected biogas yield and efficiency of the
process [48]. The highest moisture content was observed
in sample Fkl (70.2%) and the lowest moisture was in
Fsi Mackerel fish type (62.1%), but not significant with
Fze samples (62.5%). In our study, the variations in the
minerals of the studied canned fish types can be due to
their water concentration, the biological state of the fish
and/or their capability to consume the elements from
their diet, as well their ability to absorb water [49].

Element concentration in fish species. Although
researchers have presented the elemental concentra-
tions in various tissues of fish, such as liver, kidneys,
gills, gonads, and muscles, we evaluated only the
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Table 4 Elements concentration (mg/kg) in studied fish flesh samples collected from various supermarkets in Kalar City, Iraq

Fish Se As B Ag Ba Mg Mn Cu Zn

samples

Fme 0.170 + 0.002 0.02+0.01 0.052+0.001 0.04+0.01  0.135+0.010 37.50+1.21 2.010£0.029 1.23+0.21 11.7+0.5

Fsi 0.26 +0.10 0.300+0.051 0.275+0.010 0.057+£0.09 0.80+0.02 3230+2.01 098+0.04 246+0.15 6.65+0.71

Fma 0.170 £ 0.001 0.020 +0.001 0.052+0.030 0.040+0.005 0.690+0.012 37.50+291 1.21+0.25 1.87£0.31 5.55+£0.12

Fbe 0.4400 £0.0021 0.70+0.06  0.425+0.050 0.225+0.004 0.90 +0.01 33.01+1.01 1.12+0.32 2.10£0.01  7.430+0.001

Fal 0.10+0.01 0.250+0.012 0.50+0.07  0.210+0.001 0.3750+0.0015 29.8+1.9  1.09+0.32 3.11+£0.50  6.228 +0.210

Fru 0.73 £0.01 1.07 £0.08 0.53+£0.03  0.320+0.001 0.1500+0.0012 30.4+2.1 0.97+0.04  2.650+0.116 6.625+1.270

Fsh 0.175 £ 0.015 0.10 £ 0.05 0.25+0.01 0.50 +£0.00 0.85 +0.00 30.90+0.98 1.73+0.30 2.90+0.51 9.05+1.05

Fkl 0.275+0.010 0.25+£0.02  0.05+£0.00 0.83+0.05 0.70+0.04 3430+1.08 099+0.03 3.09+032 5.12+0.90

Fze 0.025 +0.001 0.30+0.04  0.70£0.03  0.320+0.001 0.975+0.090 35.1+2.0 1.85+£0.06 0.910+0.001 7.425+0.980

Fsa 0.250 + 0.001 0.65+0.03  0.50+£0.07 0220+ 0.050+£0.013  36.5+24 2.090 +0.053 2.10+£0.04  9.875+1.070
0.012

Mean+ 0.26 +0.20 037+034 033+023 028+024 0.56+0.35 33.70 £2.89 1.40+0.46 224+0.75  7.56+2.06

SD

LOD 0.002 0.001 0.05 0.005 0.006 0.001 0.004 0.004 0.005

LOD — Limit of detection

edible portion of canned fish for elemental concentra-
tions [50]. Table 5 shows nine potentially toxic
elements (Se, As, B, Ag, Ba, Mg, Mn, Cu,
and Zn) in ten imported canned fish species
collected from various supermarkets in Kalar
City, Iraq. The ranking of the elements’ mean
concentrations in the canned fish samples were
Mg (33.7) > Zn (7.56) > Cu (2.24) > Mn (1.40) >
Ba (0.56) > As (0.37) > B (0.33) > Ag (0.28) >
Se (0.26) (mg/kg), respectively. The concentrations of
different elements varied considerably among the
canned fish species.

Selenium, copper, magnesium, manganese, and zinc
are potentially toxic elements required for regular
physiological function, but in high amounts they can be
hazardous. The ranges of Se, As, B, Ag, Ba, Mg, Mn,
Cu, and Zn in the canned fish items were 0.025-0.73,
0.02-1.07, 0.05-0.7, 0.04-0.83, 0.05-0.975, 29.8-37.5,
0.97-2.09, 0.91-3.11, and 5.12-11.7 mg/kg, respectively.
A study conducted by Ashraf et al. found that mean
concentrations of Cu and Zn in canned tuna were 2.94,
and 10.4 mg/kg, respectively, which were identical to our
study [51].

The lowest and highest selenium levels in the
canned fish species were found as 0.025 mg/kg in Fze
(Turkish sardines) and 0.73 mg/kg in Fru (Indonesian
Skipjack tuna). Selenium contents in fish have been
reported in literature to be in the range of 0.234—
0.389 mg/kg from Puerto Rico, 0.041-1.13 mg/kg in fish
and seafood, 1.1-3.0 mg/kg in edible fish muscle from
Portugal [52-54]. For adults, the maximum daily dietary
intake of selenium is 0.006 mg/kg-bwt/day [55].

Arsenic is a major heavy metal (metalloids) that is
both hazardous and cancer-causing. All the analyses in
this study were performed for total (including organic
and inorganic) arsenic, despite the fact that the majority
of arsenic detected in fish and seafood is in organic form,
which is less harmful [56]. There was no standard limit
for As in fresh water fish, as well as canned fish, but
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the Serbian Regulation [57]. Total arsenic levels have
already been set at 3 mg/kg for freshwater and saltwater
fish, 3 mg/kg for marine fish products, and 12 mg/kg for
tuna fish products. In our study, As concentrations in all
the examined samples were less than this level. Arsenic
was found in all the fish samples with a mean (range)
concentration of 0.37 (0.02-1.07 mg/kg) (Table 5).
Andayesh et al. found arsenic values ranging from
0.257 to 1.452 mg/kg in canned tuna obtained from
Tehran’s seafood market, Iran, which was slightly
higher than in our study [22]. Also, Ikem and Egiebor
reported lower As levels with a maximum concentration
of 1.72 mg/kg in canned tuna and 1.12 mg/kg in canned
sardines collected from the market in Georgia and
Alabama, USA [11]. Morgano et al. identified As in
tuna to be in the range of 0.187-3.677 mg/kg, which is
consistent with the findings of our study [58].

The adverse effects due to chronic exposure of
humans to silver are a permanent bluish-gray disco-
loration of the skin (argyria) or eyes (argyrosis). The
lowest and highest silver levels in the canned fish
species were found as 0.04 mg/kg in Fme and Fma and
0.83 mg/kg in Fkl (Table 4). Silver contents in literature
have been reported in the range of 0.00-0.20 mg/kg in
canned fish from Georgia and Alabama, USA; 0.00—
2.28 mg/kg in dietary fish in France, 0.021-0.580 mg/kg
in marine fish from Southeast Asia, and 0.14—
0.43 mg/kg in two marine fishes in China’s Fujian
province [11,59-61]. The estimated daily intake of
silver from the fish diet was reported to be
0.011 mg kg-bw/d. The USEPA has set a daily intake
limit of 0.0132 mg/kg-bwt for all types of silver
(Risk-Based Concentration Table, April, 2005). As a
result, our daily silver consumption was substantially
below the safe threshold.

Copper levels were found to be the lowest and
highest in the canned fish species as 0.91 mg/kg in
Fze and 3.11 mg/kg in Fal (Table 5). Copper levels
have been reported in literature to be in the range of
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Table 5 Comparison between the dietary intakes of trace elements from composite fish flesh samples collected from various
supermarkets in Kalar City, Iraq and the corresponding maximum tolerable daily intake (MTDI)

Fish samples

Estimated daily intake of trace elements, mg

Se As B Ag Ba Mg Mn Cu Zn
Fme 0.010 0.001 0.003 0.002 0.008 2.247 0.120 0.074 0.701
Fsi 0.016 0.018 0.016 0.003 0.048 1.935 0.059 0.147 0.398
Fma 0.010 0.001 0.003 0.002 0.041 2247 0.072 0.112 0.333
Fbe 0.026 0.042 0.025 0.013 0.054 1.978 0.067 0.126 0.445
Fal 0.006 0.015 0.030 0.013 0.022 1.785 0.065 0.186 0.373
Fru 0.043 0.064 0.032 0.019 0.009 1.821 0.058 0.159 0.397
Fsh 0.010 0.006 0.015 0.030 0.051 1.851 0.104 0.174 0.542
Fkl 0.016 0.015 0.003 0.050 0.042 2.055 0.059 0.185 0.307
Fze 0.001 0.018 0.042 0.019 0.058 2.103 0.111 0.055 0.445
Fsa 0.015 0.039 0.030 0.013 0.003 2.187 0.125 0.126 0.592
Total estimated daily 0.155 0.220 0.200 0.165 0.337 20.21 0.841 1.343 4.532
intake
Maximum tolerable 0.3 0.126° 0.50* 0.25¢ 124 60° 2.0-5.00  30° 60°

daily intake

*(EFSA, 2006), "(FAO, 2006); ((USEPA, 2005); {(SCHER, 2012); ¢(NRC, 1989)

Table 6 Relative contribution of estimated daily intakes of trace elements from consumption of canned fish species collected from

various supermarkets in Kalar City, Iraq

Fish % contribution of estimated daily intake of trace elements

samples Se As B Ag Ba Mg Mn Cu Zn
Fme 3.39 0.95 0.62 0.96 0.07 3.74 6.02 0.25 1.17
Fsi 5.19 14.26 3.30 1.37 0.40 3.23 2.94 0.49 0.66
Fma 3.39 0.95 0.62 0.96 0.34 3.74 3.62 0.37 0.55
Fbe 8.79 33.28 5.09 5.39 0.45 3.30 3.35 0.42 0.74
Fal 2.00 11.89 5.99 5.03 0.19 2.98 3.27 0.62 0.62
Fru 14.48 S1.11 6.35 7.67 0.07 3.04 291 0.53 0.66
Fsh 3.49 4.75 3.00 11.98 0.42 3.09 5.18 0.58 0.90
Fkl 5.49 11.89 0.60 19.89 0.35 3.42 2.97 0.62 0.51
Fze 0.50 14.26 8.39 7.67 0.49 3.50 5.54 0.18 0.74
Fsa 4.99 30.91 5.99 5.27 0.02 3.64 6.26 0.42 0.99

0.30-4.87 mg/kg in canned fish from Serbia; 0.01-
5.33 mg/kg in canned fish from Georgia and Alabama,
USA; 5.17-9.45 mg/kg in fish species from Bangla-
desh, 0.06—0.35 mg/kg from the Pearl River Delta,
South China; and 0.15-0.27 mg/kg in fish from Puerto
Rico [11, 52, 62—64]. The maximum copper level that can
be consumed through food is 0.50 mg/kg-bwt/day [65].
In our study, copper’s estimated daily intake value was
within acceptable limits.

Zinc deficiency has been linked to lack of appetite,
growth retardation, skin changes, and immunological
problems in humans [17]. The lowest and highest zinc
concentrations were observed as 5.12 mg/kg in Fkl
(sardines, Thailand) and 11.2 mg/kg in Fme (sardines,
Indonesia). Zinc contents in literature have been
reported in the range of 1.35-44.50 mg/kg in canned
fish from Serbia; 42.83—-418.00 mg/kg in some eatable
fishes from Bangladesh; 38.8-93.4 mg/kg in commercial
fish species from the Black Sea, Turkey; and 14.0—
97.8 mg/kg in canned fish from Georgia and Alabama,

USA [11, 17, 62, 66]. As shown in Table 8, the Zn
content in our study was in a good ratio compared to
other fish flesh.

The lowest and highest levels of barium were
0.05 mg/kg in tuna fish (Fsa) and 0.975 mg/kg in
sardines (Fze). There is little information regarding
Ba content in fish and fish products. However, lite-
rature has reported Ba contents in the range of 0.0001—
0.9450 mg/kg in dietary fish of France; 3.44—-6.96 mg/kg
in different fish species from Turkey; and 0.003—
0.208 mg/kg in edible marine fish from Rio de Janeiro,
Brazil [14, 59, 67]. As presented in Table 6, Brazilian
fish had a mean Ba concentration of 0.67 = 0.07 in a
recent study. Yet, other countries had higher mean Ba
concentrations.

The amounts of trace element contamination in
various canned fish species may vary depending
on factors such as contamination gradient, aquatic
physicochemical parameters, sex, species, metabolism,
age, and diet [68]. Trace element contamination in
canned fish products imported to Iraq may occur due
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Table 7 Target hazard quotient and target carcinogenic risk of toxic elements due to consumption of canned fish collected from

various supermarkets in Kalar City, Iraq

Fish Target hazard quotient Carcinogenic risk
samples Se As B Ag Ba Mn Cu Zn Total As*

Fme 34E-02 6.7E-02 2.6E-04 8.0E-03 1.9E-03 14E-02 3.1E-02 3.9E-02 19E-01 1.5E-02
Fsi 5.2E-02 1.0E+00 1.4E-03 1.1E-02 1.1E-02 7.0E-03 6.1E-02 2.2E-02 1.2E+00 2.2E-01
Fma 34E-02 6.7E-02 2.6E-04 8.0E-03 9.8E-03 8.6E-03 4.7E-02 1.8E-02 1.9E-01 1.5E-02
Fbe 8.8E-02 23E+00 2.1E-03 4.5E-02 1.3E-02 8.0E-03 5.2E-02 2.5E-02 2.6E+00 5.2E-01
Fal 2.0E-02 8.3E-01 2.5E-03 4.2E-02 5.3E-03 7.8E-03 7.8E-02 2.1E-02 1.0E+00 1.9E-01
Fru 1.4E-01 3.6E+00 2.6E-03 6.4E-02 2.1E-03 6.9E-03 6.6E-02 2.2E-02 3.9E+00 8.1E-01
Fsh 3.5E-02 3.3E-01 1.2E-03 1.0E-01 1.2E-02 1.2E-02 7.2E-02 3.0E-02 6.0E-01 7.5E-02
Fkl 5.5E-02 8.3E-01 2.5E-04 1.7E-01 1.0E-02 7.1E-03 7.7E-02 1.7E-02 1.2E+00 1.9E-01
Fze 5.0E-03 1.0E+00 3.5E-03 6.4E-02 1.4E-02 1.3E-02 2.3E-02 2.5E-02 1.1E+00 2.2E-01
Fsa 5.0E-02 2.2E+00 2.5E-03 4.4E-02 7.1E-04 1.5E-02 5.2E-02 3.3E-02 24E+00 4.9E-01
Total 5.2E-01 1.2E+01 1.7E-02 5.5E-01 8.0E-02 1.0E-01 5.6E-01 2.5E-01 14E+01 2.7E+00

*Assuming 10% inorganic As present in fish to produce carcinogenic risk (Saha and Zaman, 2013)

Bold indicates target hazard quotient value > 1

to transportation, production handling, canning process,
and storage conditions [11].

Health risk assessment. Estimated daily intake.
Table 6 shows the estimated daily intake for potentially
toxic elements (mg/kg-bwt/day) from canned fish in our
study. The dietary exposure to potentially toxic elements
from eating canned fish as part of the daily diet of adults
in the study area is determined by the estimated daily
intake. The mean concentration of individual potentially
toxic elements and the individual consumption rate can
be used to estimate the daily intake [69].

We received information regarding potentially toxic
element intake on a daily basis from the estimated
daily intake from canned fish consumption. We found
that the total daily potentially toxic element intake was
lower than the maximum tolerated intake value (Table 5).
Although the total estimated daily intake was low due
to low canned fish consumption, a long-term intake
of contaminated canned fish from the research areca
could have major health consequences for Iraqg’s
people [44,70]. Due to Iraqis’ low consumption of
canned fish, the estimated daily intake was lower than
the maximum tolerated intake value. The total estimated
daily intakes for Se, As, B, Ag, Ba, Mg, Mn, Cu, and
Zn were 0.155, 0.220, 0.200, 0.165, 0.337, 20.21, 0.841,
1.343, and 4.532 mg/kg-bwt/day, respectively (Table 5).

Table 6 shows the estimated daily intake of
potentially toxic elements [estimated daily intake
(percent contribution)] from canned fish species
compared to the recommended daily dietary requi-
rements. For estimated daily intake, the contribution
percentage of As ranged from 0.95 to 51.11. The lar-
gest percentage of As contribution was found in
Fru (51.11%), while the lowest was reported in Fme and
Fma (0.95 percent). The percentage of contribution of Se
for estimated daily intake ranged from 0.50-14.48. The
highest Ag percentage was observed in Fkl (19.89%).
Manganese contribution in estimated daily intake was
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estimated to be between 2.9 and 6.26%. The maximum
Mn percentage for estimated daily intake contribution
was found in Fsa (6.26%), while the lowest was found
in Fru (2.9%). From the contribution of heavy metals,
we concluded that eating these fish species taken from
several shops in Kalar, Iraq, was safe and that the health
risks associated with consuming these canned fishes
were minimal.

Non-carcinogenic and carcinogenic risk. Table 5
shows the non-carcinogenic (target hazard quotient)
and carcinogenic risks of heavy metals (Se, As, B, Ag,
Ba, Mn, Cu, and Zn) in canned fish contaminated with
potentially toxic elements. In decreasing sequence,
the target hazard quotients for four heavy metals were
calculated as As > B > Ba > Mn > Zn > Se > Ag > Cu.
The total THQ values for Se, As, B, Ag, Ba, Mn, Cu,
and Zn were 5.2E-01, 1.2E+01, 1.7E-02, 5.5E-01,
8.0E-02, 1.0E-01, 5.6E-01, and 2.5E-01, respectively.

Considering individual elements from individual fish
species, the target hazard quotient value for As exceeded
the standard value (> 1) for some of the fish species,
which was a serious concern for the consumption of
these canned fishes. Humans are exposed to non-
carcinogenic Arsenic risks by eating these canned
fishes. The target hazard quotient values of As for all
the canned fish species were (in the decreasing order)
Fru > Fbe > Fsa > Fze > Fsi > Fkl > Fal > Fsh > Fme >
Fma (Table 7). However, Fru presented the maximum
target hazard quotient for As (3.6E+00) followed by Fbe
(2.3E+00) and Fsa (2.2E+00). The lowest target hazard
quotient for arsenic as a single metal was in Fma and
Fme (6.7E-02).

Our analysis revealed that the total target hazard
quotient from different fish species was quite high
(except Fma, Fme, and Fsh), with potentially toxic
elements investigated having an ability to cause
non-carcinogenic hazards (target hazard quotient > 1).
(Table 7). In Kalar City, Iraq, excessive and continuous
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Table 8 Comparison between present study’s results and those of various other studies

Country Se As B Ag Ba Mg Mn Cu Zn References

Present 0.26 +0.20 0.37+0.34 033+023 0.28+0.24 0.56+0.35 33.70+2.89 1.40+0.46 224+0.75 7.56+2.06 [75]

study

Nigeria 0.27+0.01 0.47+0.07 0.24+0.08 0.29+0.35 0.51+£0.21 352+2.0 09+0.8 2.11+0.60 3.4+05 [66]

China 0.41+0.31 0.57+£0.20 0.27+£0.04 024+021 0.59+0.10 25.7+0.9 1.3£05 n.f. 13.1£2.6 Risk-Based
Concentration
Table, April,
2005

Macedonia n.f. 0.61+0.31 046+0.05 0.31+0.04 0.55+0.13 n.f. 1.1+04 n.f. n.f. [24]

India 0.21 +0.04 0.45+0.14 n.f. n.f. 0.50+0.32 29.8+0.7 0.90£0.09 n.f. 10.6 + 1.7 [19]

Brazil 0.20+0.03 n.f’ 029+09 0.28+0.08 0.61+0.07 40.1+0.5 1.5+0.3 1.98+0.40 8.20+10.98 [16]

Bangladesh 0.300+0.025 0.33+0.50 0.34+0.06 0.29+0.41 048+0.05 42.1+2.6 1.60+0.12 1.50+0.17 n.f. [32]

Iran n.f. 023+0.21 031+021 0.19£0.09 n.f. 38.8+2.6 1.38+0.07 2.02+09 93+0.3 [39]

*n.f. — not found

General canning process General ‘ ’ Fish sample in can ‘ ’ Approximate chemical
; ISEV1scerat1(;(q and washing 1. Total solid, %
: tearp cooking 2. Moisture, %
3. Cooling 3 Ash %
4. Removal of head, bones : ?
and fins
5. Cutting and placement
in cans
6. Addition of oil
7. Packaging
’ Sample in this study
Sample collection from
different places in the
market
The concentrations of Mg, Ba, Ag, B, As, Se, Zn, Cu, and Correlation & source identification
Mn were determined by ICP-OES methods, respectively bv multivariate statistical analvses
1. Estimated Daily Intake '
2. % contribution of estimated daily intake of trace - -
elements « Health risks assess'n?er'lt using the USEPA

3. Target hazard quotient deterministic model
4. Target carcinogenic risk

Figure 2 A flow diagram of the research process

eating of the examined fish species could pose serious
non-carcinogenic dangers.

The amount of As in various canned fishes was
used to determine the carcinogenic risk. Based on
the amount, arsenic can have a non-carcinogenic or
carcinogenic effect. Table 8 shows the cancer risks
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for the participants in the study area who ate various
canned fishes. Arsenic had a cancer risk value ranging
from 1.5E-03 to 8.1E-02. Arsenic is a potentially harm-
ful element found in fish mostly as a result of its
presence in the aquatic environment. It is classified as a
carcinogen (USEPA group A) and enters aquatic habitats
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through the weathering of bedrock, but more frequently
through anthropogenic sources [71]. Several health
problems induced by chronic exposure to inorganic
As have been described in the human body. They
affect the gastrointestinal and respiratory tracts, skin,
liver, neurological, cardiovascular, and hematological
systems [72]. The cancer risk reference value ranges
from 10 to 10~*. The risk of cancer is insignificant
if the target carcinogenic risk value is less than 10°¢,
whereas target carcinogenic risk values greater than 10~
are not safe for humans and may induce cancer [42]. In
our study, the cancer risk for As was slightly higher than
the reference value. Our results showed that customers
in Kalar City, Iraq are exposed to As through canned
fish eating and have an increased lifetime chance of
developing cancer.

CONCLUSION

According to our results for trace elements (essential
and harmful), the analyzed canned fish species, except
for Indonesian canned fish, were nutritionally and
toxically safe for human consumption. Skipjack tuna
had a high arsenic level. The levels of magnesium,
selenium, and ash were high in Indonesian sardines. We
concluded that the concentrations of trace elements in
the muscles of the commercial canned fish studied fall
within the limits of international law and are appropriate
for human consumption. The target hazard quotient
was higher than one in As for most of the fish items
and as a single element. In the study area, arsenic may

pose a non-carcinogenic health risk. There was a high
risk of cancer from consuming hazardous element-
contaminated canned salmon. Those who consume
canned fish polluted with arsenic on a regular basis have
a lifetime risk of cancer.

We evaluated canned fish consumption, which
accounts for only 5% of daily calorie intake per capita
in Iraq. Other food sources include rice, vegetables,
fruits, cereals, seafood, and non-piscine protein sources.
They may need to be investigated to determine the exact
health hazards associated with trace element intake from
such food products. Education and public awareness
of the appropriate levels of potentially toxic elements
in commercially imported fish are critical, and such
information must be made available to the public to
ensure that nature and human health coexist in peace.
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