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ABSTRACT

The presence of Hg in canned tuna flesh is a major source of customer concern. Thus, the primary goal of
this investigation was to evaluate total mercury levels in Yemeni canned tuna. Thirty-one samples of seven
popular locally canned tuna brands were acquired from local stores in Sana'a. A Direct Mercury Analyzer
was used to determine the mercury content. The linearity of the method was tested by assessing a series of
mercury standards in triplicates at concentrations ranging from 20 to 500 ppb. The correlation coefficient
for this method was 0.9993. The repeatability of the procedure was measured as intra-day variation and
given as the relative standard deviation, which did not exceed 4.45%. This indicated the excellent precision
of the method. Mercury recoveries from spiked actual canned tuna samples were between 96.61% and
100.49%, demonstrating excellent accuracy and an acceptable procedure for mercury measurement. The
limits of detection and quantitation were 1.62 ppb and 5.4 ppb, respectively. The mercury content in 31
canned tuna samples was less than the 500 ppb standard imposed by the Yemeni Organization for Standards
Metrology and Quality Control (YSMO).
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1. Introduction: Improved pregnancy outcomes and fetal growth

Canned tuna is a popular component of the
human diet owing to its convenience,
affordability, taste, and health benefits. Fish are
low in cholesterol and a wonderful source of
protein, omega-3 fatty acids, and vitamin D.

have also been related to fish consumption. [1]

Big-sized species of tinned tuna (e.g., albacore
and yellowfin tuna) contain moderate levels of
mercury (Hg), whereas small-sized species (e.g.,
skipjack) contain roughly one-third of the
mercury levels of albacore and yellowfin tuna
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[1,2]. It has been discovered that mercury levels
almost always increase with tuna size and age
[3].

In contrast, recent studies have established a link
between heavy fish consumption and adverse
health effects due to increased Hg concentrations
and other contaminants in  seafood.
Approximately 80% of the consumption
advisories presently issued for fish are due to
mercury, which hinders nervous system
development, particularly in infants and children
[4,5]. The primary suspect is methylmercury,
which constitutes approximately 90% of the
mercury found in fish [6,7].

Several analytical methods have been adapted
for the detection and quantitation of mercy in
fish  flesh, including liquid or gas
chromatography coupled with highly sensitive
and selective detectors, such as atomic
absorption  spectrometry  (AAS), atomic
fluorescence  spectrometry  (AFS), atomic
emission spectrometry, inductively coupled
plasma mass spectrometry (ICP-MS), and
thermal decomposition and thermal
amalgamation atomic absorption spectrometry
(TDA AAS) [1].

However, the figures of merit of these methods

are largely dependent on the level of mercury
contamination and the sample matrix. Therefore,
to achieve high-quality and dependable results,
several sample preparation steps, such as
digestion, liquid-liquid extraction, solid-phase
extraction, cloud point extraction, and pre-
enrichment, may be involved [8,9]. DMA is an
excellent choice for directly assessing mercury in
a variety of gas, liquid, solid, and environmental
samples. Its favorable properties, such as
sensitivity, speed, simplicity, low operational
cost, high analytical throughput, and
environmentally friendly and trustworthy
findings, account for its popularity and
widespread use in quality control laboratories
[10].

To be effective, DMA-based chemical analysis must
be carefully validated for each sample commodity.
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Typically, a certified standard material is used to
generate a calibration curve. However, an aqueous
standard solution and quality control process are
recommended for use in an external calibration
approach as part of method validation and verification
[10,11]. A literature review revealed a dearth of
information on the mercury content of locally
manufactured canned tuna in Yemen. Another
issue that both consumers and the government
are concerned about is the absence of a database
tracking mercury pollution in Yemeni food
products in general, and canned tuna in
particular.  Therefore, this study aimed to
ascertain the total mercury content of seven
brands of locally manufactured canned tuna that
people often buy and use.

2. Materials and methods
2.1 Reagents and Materials

A mercury standard solution 1000 mg/L in 10%
HNOs was purchased from Perkin Elmer
(USA). Hydrochloric acid 37% wi/w extra pure
reagent grade, ACS, Spain. Deionized water with
a resistivity of 18.2 MQ wusing Direct Q3-
Millipore (USA).

2.2 Instrument

The total mercury concentration was determined
in canned tuna samples using a direct mercury
analyzer (DMA-80, Dual Cell, Milestone,
Waltham, Sorisole, Italy). DMA-80 was
equipped with a dual spectrophotometer cell and
a silicon UV photodetector. A high-purity air
compressor (Milestone, Italy) was used as the
combustion and carrier gases. Nickel sample
boats were pre-cleaned to avoid contamination
using the following procedure: rinsed with
deionized water (DIW), then dried and heated in
the furnace up to 650 °C for 2 min. The DMA-
80 analytical approach followed US-EPA
method 7473 [12]. The samples were weighed
into Nikel boats and loaded into an autosampler
for analysis. The DMA-80 operating conditions
for all analyses are shown in Table 1.
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Table 1: DMA-80 Operation Parameters

Parameter Setting
Dring 200°C for 90 Second
De'co'mposition 650°C for 120 Second
Decomposition 650°C for 90 Second

' .Ciatalyst Temp 600°C
Purge Time 60 Second
Amalgamation 900°C for 60 Second

. Recording Time 60 Second
Air Flow 120 mL /min

2.3 Preparation of mercury standard solutions
Intermediate standard solutions of (10 and 1
ppm) were prepared from a stock solution of
1000 ppm mercury by suitable dilution and were
used for the preparation of working standards.
Working standard solutions (20-500 ppb)
were prepared by diluting the intermediate
solutions appropriately. All mercury standard
solutions were stabilized in 2% HCI.
2.4 Sampling Sites, Sample Collection and
Sample Preparation
2.4.1 Canned Tuna Samples
Thirty-one samples of popular local canned
tuna from seven different brands were acquired
from neighborhood markets in Sana'a, Yemen.
The samples were obtained on different
manufacturing dates. The criteria provided by
the Minamata Convention and other well-known
organizations such as WHO and US-EPA were
followed for sampling, sample preservation, and
transportation [13]. The sampling date, location,
and brands of canned tuna samples were
recorded.
2.4.2 Canned Tuna Samples Preparation
The canned tuna samples were brought to
the laboratory where they were opened, and the
oil was squeezed out of the tuna samples. The
bulk of the tuna sample was then fragmented and
crushed into a fine homogeneous pasty
condition.
2.5 Spiked Samples Preparation
Homogenized tuna paste (0.1 g) was
placed on the sample boat and then spiked with
various volumes (10-400 pL) of a 0.1 ppm
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standard solution to test the accuracy of the
method used to determine the amount of mercury
in spiked samples. The recovery was determined
by comparing the differences between the spiked
and unspiked samples.
2.6 Validation Study

The validation parameters of the method,
including linearity, precision, accuracy, limits of
detection, and quantification, were examined.

3. Results and Discussion

3.1 Method Validation
3.1.1. Method Linearity and Precision
By performing a triple analysisona0.1 g

real sample that had been spiked with various
concentrations of mercury standard (2 — 50 ng),
the linearity of the method was assessed. The
average of detector response was plotted against
the mercury concentration in nanograms to
create a calibration curve, as shown in Fig. 1.
The detector response and mercury content were
linearly correlated up to 50 ng, and high method
linearity was shown by the R? value of 0.999.
The accuracy of the procedure was also assessed
and is presented as the %RSD, as shown in Table
2. The %RSD fell within the permissible range
established by the AOAC for peer-verified
techniques [14] and varied between 1.05 and
4.45%.
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Figure. 1: Calibration Curve of Spiked Mercury.
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Table 2: Method Validation Results of Mercury Analysis

JAST

Amount of Hg Detector response (Measured Amount of Hg (ng)) SD %RSD

Spiked (ng) Replicate 1 Replicate 2 Replicate 3 | Average (ng)
2 1.9424 2.0665 1.8972 1.9687 0.0877 4.45
5 5.2398 4.9266 5.1662 5.1109 0.1638 3.20
10 10.5573 10.2927 10.6622 10.5041 0.1904 1.81
15 15.9747 15.8477 15.3156 15.7127 0.3497 2.23
20 20.2459 19.9859 19.5855 19.9391 0.3327 1.67
30 29.1259 29.3751 28.7080 29.0697 0.3371 1.16
50 49.1431 48.1184 48.6093 48.6236 0.5125 1.05

3.1.2. Accuracy (% Recovery)

Ten separate analyses of canned tuna
samples injected with varying quantities of
mercury standards (1 - 40 ng) were performed to
determine the accuracy of the technique. Table 3
summarizes the recovery data, which varied

from 96.61% to 100.49%. The obtained recovery
values demonstrated the accuracy of the method.
Furthermore, the estimated bias values varied
from 0.29% to 3.39%, which is within the
acceptable %RSD range for the peer-verified
technique [14].

Table 3: Recoveries (% R) for Mercury in Canned Tuna Samples.

Hgin Added volume Amount of | Total amount Recovered amount
No unspiked in (uL) of 0.1 added Hg, of analyzed of spiked Hg, (ng) %R %Bias
sample, (ng) ppm Hg std. (ng) Hg (ng) (n=3) '

1 29.7156 10 1 30.6834 0.9678 96.78 3.22
2 29.7156 20 2 31.6953 1.9797 98.99 1.01
3 29.7156 40 4 33.7352 4.0196 100.49 0.49
4 29.7156 60 6 35.6478 5.9322 98.87 1.13
5 29.7156 80 8 37.5903 7.8747 98.43 1.57
6 29.7156 100 10 39.5218 9.8062 98.06 1.94
7 29.7156 150 15 44.7591 15.0435 100.29 0.29
8 29.7156 200 20 49.6203 19.9047 99.52 0.48
9 29.7156 300 30 59.2037 29.4881 98.29 1.71
10 29.7156 400 40 68.3584 38.6428 96.61 3.39

The limits of detection (LOD) and quantitation
(LOQ) were calculated from the amounts of
mercury in the spiked samples using the slope (S)
and standard deviation (SD) of the calibration
curve presented in Fig. 1.
LOD=3xSD/S
LOQ=10xSD/S
The calculated LOD and LOQ values were
0.324 ng and 1.08 ng, respectively, which are
swell below the regulated amount of Hg in
canned tuna (500 g/kg) as specified by various
regulatory agencies, including the European
Communities and the Joint FAO/WHO Expert
Committee on Food Additives [15] and the
Yemeni Organization for Standards Metrology
and Quality Control YSMO [16]. This makes
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the Validated DMA-80 well suited for Hg
detection in canned tuna meat.
3.2 Canned Tuna Samples Analysis
Thirty-one samples from seven different
brands of local canned tuna obtained from Sana‘a
Yemeni markets were examined for mercury
contamination. Table 4 summarizes the data for
each brand (tuna type, number of samples,
production site and date, size, and average Hg
level in each individual brand). With an average
concentration of 56.84 + 1.64, the first brand
manufactured in Almukulla city had the lowest
content of Hg, while the highest concentration of
Hg (387.85 £ 6.37) was identified in the yellow-
canned tune of brand IV manufactured in
Albidha Governorate.
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The variance in Hg mean across the
examined canned tuna brands might be impacted
by the tuna's age, sex, fishing season, and
location of the fish habitat [17].

Variation in Hg contamination also exists
within the same type of meat, as shown in Table
4. The T-test calculated values at a confidence
limit of 95% (P (0.05)) were highly significant
between brands | and Il (both were light tuna
from the same manufacturer), and between
brands Il and IV (same type of white tuna, but
different manufacturers); however, a T-test
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comparing the mean Hg content in brands V1 and
VIl (both yellow tuna from the same facility)
yielded insignificant results.

In general, the average Hg content in all
examined brands (56.84 - 387.85 mg/kg) is
lower than in canned tuna fish from Iran (0.79
mg/kg) [18], Morocco (0.5243 mg/kg) [19],
Spain (0.5586 mg/kg) [20], Jordan (0.57 mg/kg)
[21], and Saudi Arabia (0.86 mg/kg) [22]. Our
findings, on the other hand, are consistent with
those reported by Emami et al. for canned tuna
samples from Iran [23].
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Figure. 2: Mercury Concentration in Yemeni Canned Tuna Samples

Table 4: Type of canned tuna samples

Brand | Type n location Me;jillum mei::]tsg:pe Pl:;gct Hg ﬁgﬁ;i%%b) Tealc @95% | Trable
[ light 4 | Almukulla | sunflower | Small/soft 11.01.2020 | 56.84 +£1.46 0.00004 2571
1l light 2 | Almukulla | sunflower | Large/pieces | 11.01.2020 | 114.88+3.14 ' '
i white 3 | Almukulla | Soybean | Large/pieces | 08.09.2020 | 171.16+4.01 0.000385 | 2776
v white 2 | Alshr sunflower | Large/pieces | 06.06.2020 | 244.7 + 8.46 ' '
Vi yellow 2 | Albidha soybean Large/pieces | 09.09.2020 | 387.8 + 6.37 0251931 | 2.131
Vil yellow | 14 Almukulla | vegetable | Large/pieces | 20.06.2020 | 312.7 £4.70 ' '

Figure 2 shows the Hg concentration data for all
31 genuine canned tuna samples examined in
this study. As can be observed, the greatest Hg
concentrations were found in yellow tuna
samples TG (13) and TG (14). Despite having a
high concentration in comparison to the others,
these two samples did not exceed the permitted
limit of 500 ppb.

4. conclusion
A total of 31 common local canned tuna
samples from seven brands were purchased from
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local markets in Sana’a City. The mercury
concentration was determined using a Direct
Mercury Analyzer (DMA-80). This method was
fast, easy, simple, and rapid. This method has
high linearity. The results were reported as
%RSD which reflects the high precession of the
method recoveries of mercury from spiked real
samples were high accurate and appropriate
method used. The mercury concentrations in the
analyzed canned tuna samples were found to be
below the legal limits specified by YSMO. This
study improves baseline data and information on
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mercury concentrations in canned tuna in
Yemen.

A total of 31 canned tuna samples from
seven different brands were acquired from local
stores in Sana'a, Yemen. A Direct Mercury
Analyzer (DMA-80) was used to determine the
mercury content. The procedure is quick, easy,
sensitive, precise, and straightforward. Mercuric
concentrations in canned tuna samples were
determined to be within the permitted limits set
by the YSMO. This study enhances Yemen's
baseline data and information on mercury
concentrations in canned tuna.
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