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ABSTRACT

Background: Although unusually high levels of blood mercury have been reported in the
North Gyeongsang Province (Gyeongsangbuk-do), mercury contents from shark meat
distributed in this region have not been assessed yet. Thus, this study aims to identify the
hazard by evaluating the mercury contents of the shark meat sold in the traditional market of
Gyeongsangbuk-do.

Methods: The shark meat in the form of muscle meat was obtained from 15 traditional
markets of Gyeongsangbuk-do in the summer and winter of 2013. Out of 105 samples in
total, 49 were collected in the summer and 56 in the winter. The total mercury concentration
was measured by the combustion-gold amalgamation method using an automatic mercury
analyzer (Milestone DMA-80, Milestone).

Results: The average mercury concentration of shark meat was 2.29 +1.77 ug/g, ranging
between 0.06-8.93 pg/g with a geometric mean of 1.44 ug/g, which is higher than those
reported in many countries. The mercury concentration in 77 of 105 shark meat samples
exceeded 1 pg/g. Mercury concentration ranged between 0.09-8.93 pg/g (geometric mean:
1.45) in the summer and 0.06-6.73 pg/g (geometric mean: 1.48) in the winter.

Conclusions: Shark meat sold in the market contained a substantial amount of mercury. This
suggests that it is difficult to reduce mercury intake by simply strengthening the standard level
of mercury concentration in shark meat. Therefore, it is need to communication and awareness
programs with consumers about hazardous effects of mercury inherent in shark meat.

Keywords: Mercury exposure; Shark meat intake; Jesa; Traditional market; South Korea

BACKGROUND

The health risk of mercury from fish and other seafood consumption has already been reported
in many studies [1-4]. In Japan and the Faroe Islands, it has been reported that long-term
maternal ingestion of marine mammals resulted in severe neurodevelopmental disturbances in
the fetus [2,3]. The American Academy of Sciences reported that annually over 60,000 children
are born with neurological damage caused by mercury exposure during the fetal period [S]. In
addition to neurotoxicity, it was reported that dietary intakes of fish and mercury increase the
risk of acute myocardial infarction and death of cardiovascular disease. [6,7].
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The shark is one of the top predators of marine ecosystems and is exposed to large amounts
of heavy metals by bioaccumulation. Among them, mercury is a representative heavy metal
that humans can be exposed to by shark ingestion [8,9]. South Korea is one of the largest
importers of the shark meat and the world's 11th largest shark producer [10]. The North
Gyeongsang province (Gyeongsangbuk-do), in particular, consumes a lot of shark meat in
South Korea owing to the traditional custom called “Jesa,” a memorial ceremony performed
periodically. Although the kind of food served in Jesa may vary by tradition, shark meat is
considered as an essential offering in Gyeongsangbuk-do.

In a study that analyzed data from the Korean National Health and Nutrition Examination
Survey, it was reported that the geometric mean of blood mercury concentration of residents
in Gyeongsangbuk-do was above 7.0 pg/L [11]. This level is much higher than the overall
average level of Korea as a whole (3.7 pg/L) and other countries (U.S.; 0.83 pg/L, Canada;
0.76 pg/L, German; 0.57 pg/L) [1114]. U.S. Environmental Protection Agency (EPA) sets

the standard level of blood mercury concentration at 5.8 pg/L [15]. The German Federal
Environmental Agency recommends the human biomonitoring I (limit level with no harmful
health effects and no action required) and human biomonitoring II (marginal concentration
requiring exposure reduction measures and the medical surveillance) for blood mercury level
at 5.0 pg/L and 15.0 pg/L, respectively [16,17]. According to the survey of the Korean National
Institute of Environmental Research (NIER), among residents in the Gyeongsangbuk-

do, the proportions of those with blood mercury level exceeds these standard levels were
reported to be 30.2%, 39.1% and 3.8%, respectively [18]. Especially, it was reported that

the blood mercury concentrations exceeded 15 pg/L in more than 70% of participants from
Yeongcheon and Gunwi regions of Gyeongsangbuk-do [19]. It was thought that the dietary
habit of periodic intake of shark meat in Gyeongsangbuk-do has mainly contributed to these
result [11], and it was concluded that the shark meat consumption was the main contributing
factor to mercury exposure [20].

Aforementioned findings emphasize that there needs to be further assessment on the risk

of shark meat consumption, therefore, leading to the risk management. The first step to risk
assessment should be hazard identification. Although there have been studies on mercury
contents in shark meat distributed in some metropolitan cities and along offshore areas [21-
23], none has been conducted to evaluate the mercury contents in shark meat sold in regions
including the inland of Gyeongsangbuk-do, where unusually high blood mercury levels have
been persistently reported. Thus, this study aims to identify the hazard by assessing the
mercury contents of the shark meat circulating in the traditional market of Gyeongsangbuk-do.

METHODS

Product sample survey

The shark meat in the form of muscle meat was obtained from the traditional markets in
Gyeongsangbuk-do (Fig. 1) in 2013. In order to collect samples, the traditional markets of
each city and county in Gyeongsangbuk-do were visited, and 1 sample was collected from
each store selling shark meat. The collection periods of the samples were summer (July and
August) and winter (January and February), which was little earlier than the Korean national
holiday (Thanksgiving Day and New Year's Day). Because Jesa is held nationwide in the Korean
national holidays, the sampling periods are considered to be the period when relatively many
residents purchase shark meat. Out of 105 samples in total, 49 were collected in the summer
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Fig. 1. Sample survey area [11].

and 56 in the winter. The samples were in frozen state without salting or cooking. Most of the
samples were prepared in small cubes and kept frozen at -20°C until analyzed.

The blood mercury levels are exceptionally high in the survey area (Gyeongsangbuk-do) as
shown in the right upper corner of the Fig. 1 [11].

Measuring mercury concentrations

Before analysis, the samples were thawed at room temperature. The total mercury
concentration (both organic and inorganic) was analyzed by the combustion-gold
amalgamation method using an automatic mercury analyzer (Milestone DMA-80, Milestone,
Ontario, Canada). The mercury vaporized by heat was collected on a porous surface coated
with gold and analyzed at a wavelength of 253.7 nm by atomic absorption spectroscopy.

MESS-3 was used as the reference material. The certification value was 91 + 9.0 pg/kg, the
measurement value was 95.5 + 3.09 pg/kg, the recovery rate was 104%, the detection limit
was 0.24 pg/kg, and the quantitative limit was 0.80 pg/kg. The procedures were repeated
until the value of the absolute height of the calibration curve became < 0.003.
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Statistical analysis

Statistical analysis was performed using a statistical software package (IBM SPSS
Statistics Version 21.0, IBM Corp., Chicago, IL, USA). The mercury concentrations and
their descriptive statistics were analyzed by region (market) and season of purchase. The
independent-samples t-test was used to compare mercury concentrations of all samples
between winter and summer. As the number of samples were small, a comparison of the
mercury concentration in each region by season was performed using nonparametric
statistics, the Mann-Whitney U test. Mercury concentrations in each season (summer

and winter) by region were compared using the Kruskal-Wallis test. Differences in the
distribution of mercury concentration by season were analyzed by Mann-Whitney U test. To
compare mercury concentrations of shark meat with that of other studies, Welch modified
t-test was performed using the R statistical package. A p-value below 0.05 was considered
statistically significant.

RESULTS

Mercury concentration in shark meat by regions

The mercury concentration of 105 shark meat samples ranged from 0.06 to 8.93 pg/g. The
arithmetic and geometric means of the mercury concentration were 2.29 +1.77 and 1.44 pg/g,
respectively.

In the summer, mercury concentration of shark meat ranged from 0.09 to 8.93 pg/g. The
arithmetic and geometric means of the mercury concentration were 2.21 +1.94 and 1.45 pg/g,
respectively. The arithmetic (geometric) means of the mercury concentration are as follows

in order of highest to lowest value by region: Yeongdeok was the highest with values of 6.00
+0.00 (6.00) pg/g, followed by 3.45 + 0.00 (3.45) pg/g in Yecheon, 3.11 + 2.14 (2.53) pg/g in
Yeongcheon, 3.08 +1.98 (2.43) pg/g in Gunwi, and 2.65 + 0.67 (2.58) pig/g in Bonghwa (Table 1).

In the winter, the mercury concentration of shark meat ranged from 0.06 to 6.73 ug/g. The
arithmetic and geometric means of the mercury concentration were 2.35 + 1.63 pg/g and 1.48
ug/g, respectively. The arithmetic (geometric) means of the mercury concentration are as
follows in order of highest to lowest value by region: Yeongju was highest with values of 4.04
+2.34 (3.44) pg/g, followed by 3.94 +3.95 (2.77) pg/g in Yecheon, 3.41 +1.62 (3.16) pg/g in
Yeongyang, 3.10 +1.92 (2.75) pg/g in Gyeongju, and 2.86 * 0.55 (2.82) pg/g in Pohang (Table 1).

There was no statistically significant difference in the mercury concentration of shark meat
according to the region in both summer (p = 0.057) and winter (p = 0.105).

Mercury concentration in shark meat by season

The differences in the mercury concentration of all samples according to season was not
statistically significant (p = 0.681). In each region, there was no statistically significant
difference in the mercury concentration of shark meat according to the season (Table 1). Of
the 105 samples analyzed, the mercury concentration in 77 samples (73.3%) exceeded 1 pg/g.
The mercury concentration from 32 (65.3%) of 49 summer samples and 45 (80.4%) of 56
winter samples exceeded 1 pg/g. The difference in the distribution of mercury concentration
of all samples according to the season was not statistically significant (Table 2).
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Table 1. Summary of mercury concentration (pg/g) in shark meat sold in Gyeongsangbuk-do

Region No. of samples Season Mean + standard Geometric mean Minimum Maximum p-value?
deviation
Daegu 3 Summer 2.51+2.76 1.4 0.31 5.60 1.00
3 Winter 1.38 £ 0.72 1.24 0.68 2.1
Gyeongsan 3 Summer 1.31£0.74 115 0.54 2.02 0.20
8 Winter 0.35+0.23 0.30 0.17 0.61
Gyeongju 2 Summer 2.58 + 0.95 2.48 1.90 3.25 1.00
3 Winter 3.10 £1.92 2.75 1.70 5.28
Gunwi 3 Summer 3.08 £1.98 2.43 0.81 4.45 0.70
3 Winter 1.53+0.53 1.46 0.94 1.95
Bonghwa 2 Summer 2.65 = 0.67 2.58 2.13 313 0.80
3 Winter 2.82 +1.73 2.52 1.69 4.81
Andong 3 Summer 0.34 +0.37 0.22 0.09 0.76 0.10
3 Winter 1.96 + 0.65 1.89 1.53 2.71
Yeongdeok 1 Summer 6.00 = 0.00 6.00 6.00 6.00 0.40
4 Winter 2.30 + 0.42 2.27 1.75 2.77
Yeongyang 3 Summer 2.09 +2.09 1.04 0.4 4.29 0.40
3 Winter 3.41 £1.62 3.16 1.99 517
Yeongju 2 Summer 111 +£0.34 1.08 0.87 1.35 0.20
3 Winter 4.04 +2.34 3.44 1.45 6.01
Yeongcheon 15 Summer 311 +2.14 2.53 0.63 8.93 0.713
15 Winter 2.65 £ 1.64 1.78 0.06 5.63
Yecheon 1 Summer 3.45+0.00 3.45 3.45 3.45 1.00
2 Winter 3.94 £3.95 2.77 114 6.73
Uiseong 2 Summer 0.76 + 0.86 0.45 0.15 1.37 0.333
2 Winter 2.10 = 0.47 2.07 1.76 2.43
Cheongdo 3 Summer 0.12 £ 0.05 0.12 0.09 0.18 0.40
3 Winter 0.23 +0.16 0.19 0.09 0.40
Cheongsong 3 Summer 1.94 £1.98 1.23 0.34 4.15 1.00
3 Winter 1.91+1.79 118 0.26 3.82
Pohang 3 Summer 1.29 £1.76 0.53 0.10 3.31 0.40
3 Winter 2.86 + 0.55 2.82 2.28 3.37
Total 49 Summer 2.21£1.94 1.45 0.09 8.93 0.681
56 Winter 2.35+£1.63 1.48 0.06 6.73
105 2.29 +1.77 1.44 0.06 8.93

2Mann-Whitney U test or independent-samples t-test.

Table 2. Distribution of mercury concentration in shark meat sold in Gyeongsangbuk-do

Mercury concentration (Ug/g) Summer Winter Total p-value?
<0.50 11 (22.4) 8 (14.3) 19 (18.1) 0.203
0.50-0.99 6(12.9) 3(5.4) 9 (8.6) 0.182
1.00-1.49 4(8.2) 5 (8.9) 9 (8.6) 0.585
1.50-1.99 7 (14.3) 13 (23.2) 20 (19.0) 0.181
2.00-2.49 4(8.2) 6 (10.7) 10 (9.5) 0.459
2.50-2.99 1(2.0) 6 (10.7) 7(6.7) 0.080
3.00-3.49 5(10.92) 3(5.4) 8 (7.6) 0.286
3.50-3.99 2 (4.1) 3(5.4) 5 (4.8) 0.564
4.00-4.49 3(6.) 1(1.8) 4(3.8) 0.260
4.50-4.99 2 (4.1) 3(5.4) 5 (4.8) 0.564
>5.00 4(8.2) 5 (8.9) 9 (8.6) 0.585
Total 49 (100.0) 56 (100.0) 105 (100.0)

Data shown are number of samples (%o).
2Mann-Whitney U test.

DISCUSSION

South Korea is the world's largest importer of the shark meat, importing an annual average
0f 20,656 tons. This figure is even greater than 14,237 and 11,525 tons of Spain and Italy,
respectively [10]. They have a larger population than that of South Korea and shark meat is
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evenly consumed throughout the country. South Korea, on the other hand, has a smaller
population and only a few regions, including Gyeongsangbuk-do, consume most of the shark
meat. Therefore, it may be that Gyeongsangbuk-do is the world's largest consumer per capita
in the world.

In countries other than South Korea, there have been various studies on mercury concentration
in sharks. A study in the United States reported that the average mercury concentrations were
0.98 + 0.63 pg/g for shark meat [24]. Another study in the United States reported similar
mercury concentrations of 0.71 + 0.68 pg/g [25]. In Japan, the mercury concentration was
reported to be 0.78 + 0.29 pg/g and 1.80 + 0.45 pg/g for tiger shark and silvertip shark meat,
respectively [26]. In Brazil, the mercury concentration of shark was 1.12 + 0.57 pg/g in blue
shark meat [27]. Mercury concentrations evaluated in blue shark and shortfin mako were 0.52
+0.35 pg/g and 0.74 + 0.56 pg/g, respective, in Spain [28]. The mercury concentration of shark
meat was 2.29 + 1.77 pg/g in this study, which is higher than those of other countries (Table 3).

The U.S. Food and Drug Administration (FDA) and the European Union (EU) is proposing

a methylmercury level of 1 pug/g as the standard mercury level in predatory fish species like
shark [29,30]. Since the total mercury (both organic and inorganic mercury) concentration
was measured instead of the methylmercury concentration, it is not easy to apply the U.S.
FDA and the EU's criteria directly. However, the U.S. EPA stated in 2001 that 90%-100% of
total mercury is present as methylmercury in the shark [31]. Further, in the 105 shark meat
samples collected in this study, the total mercury concentration in 77 samples exceeded 1
pg/g. This suggests that the methylmercury content in much of the shark meat being sold at
traditional market exceeds the level recommended by the U.S. FDA and the EU.

The Korean Ministry of Food and Drug Safety (MFDS) has set a limit of 1.0 pg/g for the
methylmercury concentration in tuna, billfish, and deep-sea fish, which is the same level

as recommended by the Codex Alimentarius Commission and the U.S. FDA. In general, the
mercury concentration in fish is estimated in the wet meat state [32,33]. In Gyeongsangbuk-
do, shark meat is stored in a frozen state after being salted or not, and then it is taken in the
form of a steamed or roasted dish or soup after thawing [34]. Therefore, because the water
content of the shark meat is reduced by the salting and cooking process, the methylmercury
concentration of shark meat can be higher than it is in the wet state [31,35]. Since the
samples analyzed in this study were uncooked shark meat, the mercury concentration in
shark meat actually consumed by residents can be higher than this study.

Although the half-life of methylmercury in the human body varies from person to person,
ranging from 35 to 189 days, it has been reported to be 72 days on average [36]. Every

Table 3. Mercury concentration in shark meat compared to that of other studies

Author Year Country No. of samples Mean + standard Species t p-value®
deviation
U.S. FDA [24] 2017 United States 356 0.98 £ 0.63 Shark® 7.4534 <0.001
King et al. [25] 2010 United States 5 0.71+ 0.68 Shark® 4.5415 <0.05
Endo et al. [26] 2008 Japan 49 0.78 £ 0.29 Tiger shark 8.4624 <0.001
8 1.80 + 0.45 Silvertip shark 2.0865 <0.05
de Carvalho et al. [27] 2014 Brazil 27 112 + 0.57 Blue shark 5.7178 <0.001
Biton-Porsmoguer et al. [28] 2018 Spain 40 0.52 £ 0.35 Blue shark 9.7584 <0.001
48 0.74 = 0.56 Shortfin mako 8.1275 <0.001

Values were compared to 2.29 + 1.77 pg/g from 105 samples of this study.
FDA: Food and Drug Administration.
*Welch modified t-test; "otherwise unspecified.
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year, most families in Gyeongsangbuk-do serve Jesa on multiple occasions such as on
Thanksgiving Day and New Year's Day. Those who serve 5 Jesa a year will ingest shark meat
approximately once every half-life and are at a high risk that their blood methylmercury
concentrations could stay at a persistently elevated level [18,37]. In addition to Jesa, shark
meat may also be served at wedding ceremonies or at funerals as one of the dishes for guests

in Gyeongsangbuk-do.

In addition to the standards for methylmercury in fish and shellfish, many countries

and international organizations have established limits for human consumption of
methylmercury. The Joint Food and Agriculture Organization (FAO)/World Health
Organization (WHO) Expert Committee on Food Additives set the provisional tolerable
weekly intake (PTWI) of methylmercury by 1.6 pg/kg body weight per week [38], and
European Food Safety Authority also propose the PTWI of methylmercury by 1.3 pg/kg
body weight per week [39]. In South Korea, the weekly intake limit of methylmercury is
established at 2.0 pg/kg body weight per week [40], and MFDS recommends that ingestion
of shark, swordfish, and tuna should be less than 100 pg/week for pregnant or lactating
women and all women of childbearing age [33].

According to the survey of NIER in 2011, 59.8% of residents in Gyeongsangbuk-do consumed
shark meat and 20.4% of them consumed more than 50 g of shark meat per intake [18].
Considering that the average mercury concentration in shark meat is 2.29 pg/g, if a 60-kg
adult consumed 50 g of shark meat, total mercury intake would be approximately 1.9 pg/kg
of body weight. As most of the mercury in fish and shellfish is present as methylmercury,
there is a risk of exceeding PTWI of methylmercury recommended by various organizations,
even if shark meat is consumed only once on Jesa. It is more alarming for young children
because people consume shark meat regardless of the age and sex during Jesa. In addition,
consuming a MFDS-recommended 100 g of shark meat a week would result in a mercury
intake of 3.8 pg/kg body weight for women of childbearing age, and it already exceeds PTWI
of methylmercury in South Korea. Therefore, our work suggests that it is necessary to revise
the recommended intake of shark meat.

This study confirmed that the shark meat, considered a major source of mercury exposure
for residents in Gyeongsangbuk-do, contains a substantial amount of mercury. Further
studies need to determine the dose-response relationship between shark meat intake and
blood mercury concentration, and calculate the contribution degree of shark meat intake
to blood mercury level. The health effects of high level of mercury exposure from shark
meat intake should also be studied.

CONCLUSIONS

This study revealed that the residents of Gyeongsangbuk-do irrespective of age and

genders have been exposed to substantially higher levels of mercury by shark meat intake.
This suggests that it is difficult to reduce mercury intake by simply strengthening the
standard level of mercury concentration in shark meat. Therefore, it is needed to examine
methylmercury level by authorized authority before it is distributed to local markets, and
greater awareness programs be initiated to consumers about the hazardous effects of
methylmercury inherent in shark meat. Further studies should investigate the health effect of
higher level of methylmercury on consumer through shark meat intake.
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