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Abstract
Mercury is an element of special concern for human health. Measurements of total mercury levels in fish have been taken into con-
sideration to assess risk. In this study, the Antarctic toothfish Dissostichus mawsoni was evaluated as a potential safe food source 
through measurement of total mercury contents. Total mercury concentrations in Antarctic toothfish ranged from 0.101 ± 0.047 
mg/kg to 0.139 ± 0.075 mg/kg. The total mercury concentration was significantly correlated with macroscopic values including 
total fish length, weight, gonadosomatic index, and maturity (P < 0.01 or 0.05). Furthermore, according to the risk assessment, the 
total mercury body exposure rate from Antarctic toothfish ranged from 2.125% to 2.847% of the Provisional Tolerable Weekly 
Intake. Therefore, the Antarctic toothfish could be used as a potential safe seafood source.
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Introduction

The cod icefish species internationally known as the tooth-
fish can be classified into the Antarctic toothfish Dissostichus 
mawsoni and the Patagonian toothfish Dissostichus eleginoi-
des (Fischer and Hureau, 1985). Generally, the habitat of the 
Antarctic toothfish is in subzero water temperatures below 
latitude 60°S, including the Ross Sea of the southern ocean of 
Antarctica (DeWitt et al., 1990). These fish can grow up to 175 
cm in length, and live for over 30 years (Norse et al., 2012). 
The main habitats of the Patagonian toothfish are not only lati-
tude 30–35°S in the South African Ocean, latitude 50–60°S in 
the Subantarctic, but also the exclusive economic zone of New 
Zealand (Horn, 2002). These fish can grow up to 2 m in length 
and the maximum age recorded so far was 50 years. Moreover, 
both fish are known to be of high economic value (Convention 
on the Conservation of Antarctic Marine Living Resources; 

CCAMLR, 2009).
Since the 1990s, demand for Patagonian toothfish for hu-

man consumption has increased markedly in the United States 
and Asia, including Japan, because of its good texture and 
abundant nutrition (Cascorbi, 2002). For this reason, illegal 
fishing was rampant, exceeding five times the catch limits 
set by CCAMLR (CCAMLR, 2002). Therefore, since 1996, 
in order to prevent overfishing of the Patagonian toothfish, 
CCAMLR has considered the use of the Antarctic toothfish 
as an alternative.

Although the Antarctic toothfish can substitute for the Pa-
tagonian toothfish, there has been no detailed safety assess-
ment of the species as a food source. In the case of mercury, 
bioaccumulation and biomagnification can occur through the 
aquatic food chain because its inorganic form is biologically 
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173.24.43°W) and 5841C (Latitude: 65.25.62°S–65.38.63°S, 
Longitude; 90.15.78°E–90.53.74°E) and the sampling loca-
tions are shown in Fig. 1. After obtaining approval for experi-
mental fishing from CCAMLR, the samples used in this study 
were caught in cooperation with the National Institute of Wa-
ter and Atmospheric Research (New Zealand) from December 
2011 to March 2012.

During the experimental fishing, a total of 113 Antarctic 
toothfish were caught from both SSRUs. The fish were caught 
at depths ranging from 600-1,800 m. After sampling, the total 
fish lengths and weights were 71 -169 cm and 3.2-66 kg from 
881K and 65-176 cm and 2.8-83 kg from 5841C. These mac-
roscopic values for Antarctic toothfish were similar to Horn’s 
data (2002). These results suggested that the ages of these Ant-
arctic toothfish ranged from 10 to 35 years. In addition, gonad 
weights were measured for calculation of GSI. All of these 
values were used for comparison analysis with total mercury 
concentration.

Sample preparation

After sampling, the sex, maturity, total fish length, total fish 
weight, GSI  (gonad weight/total fish weight × 100), and fish-
ing depth were recorded for 55 samples caught in 881K and 
58 samples caught in 5841C. The classification of maturity 
stages followed Kock and Kellerman’s methodology (1991). 
Maturity stages of toothfish were based on ovarian (1. Imma-
ture, 2. Maturing virgin or resting, 3. Developing, 4. Gravid, 
5. Spent) and testis (1. Immature, 2. Developing or resting, 3. 
Developed, 4. Ripe, 5. Spent) cycles. Muscle tissue samples 

transformed in aquatic environments (Carrasco et al., 2011; 
Jaeger et al., 2009). Consequently, the human health implica-
tions of eating seafood with potential mercury contamination 
are of concern, as mercury is an element of special concern 
around the world. For consumption safety, the United States 
Food and Drug Administration (US FDA, 2010) has moni-
tored mercury concentrations in fish since 1990. In addition, 
the maximum permissible levels of total mercury in fish in 
Australia and New Zealand (Food Standards Australia New 
Zealand; FSANZ, 2004), the European Community (EC, 
2006), Canada (Health Canada, 2007), and Japan (Japan Ex-
ternal Trade Organization; JETRO, 2011) were used to screen 
out contaminated fish samples.

In the present study, the total mercury concentrations in 
muscle tissue of Antarctic toothfish collected from the small 
scale research units (SSRUs) 881K and 5841C on the Ant-
arctic coast were determined. Comparison analysis of total 
mercury concentration in accordance with biological variation 
(sex, maturity, total fish length, total fish weight, gonadoso-
matic index (GSI), and fishing depth) was carried out. In ad-
dition, a potential risk assessment of the total mercury in this 
fish was discussed for its possibility as a safe seafood.

Materials and Methods

Field sampling

Field sampling was carried out in the SSRUs 881K  
(Latitude: 75.38.10°S –75.41.76°S, Longitude: 173.19.10°W–

Fig. 1. Sampling locations in the Antarctica Ocean. A, CCAMLR Subarea 881K; B, CCAMLR Subarea 5841C.

0° E

90° W 90° E

180° W



Son et al. (2014)    Mercury contents of antarctic toothfish

429 http://e-fas.org

tal mercury concentrations from 881K and 5841C appeared 
to be significantly different (P < 0.05). In previous studies, 
total mercury contents in Patagonian toothfish ranged from 
0.12-0.73 mg/kg (Méndez et al., 2001). Moreover, Guynn and 
Peterson (2008) reported that the total mercury contents in Pa-
tagonian toothfish caught in South Georgia, Chile, and Prince 
Edward Island were 0.23, 0.73, and 0.88 mg/kg, respectively. 
These values are up to eight times higher than those observed 
in Antarctic toothfish. A similar result was reported by Han-
chet et al. (2012). They reported a fourfold difference in mer-
cury concentrations between Antarctic toothfish and Patago-
nian toothfish and suggested that the low level of mercury in 
Antarctic toothfish is a result of its prey species and a lower 
rate of mercury assimilation.

For analysis of the relationship between biological varia-
tion and total mercury concentration, the PCCs were calcu-
lated (Fig. 3). In this study, the mercury concentrations were 
significantly positively correlated with total fish length (PCC: 
0.45**), weight (PCC: 0.396**), and GSI (PCC: 0.263**) (P 
< 0.01). These relationships were also observed in deep-sea 
fish from the North Atlantic (Cronin et al., 1998). In addition, 
similar relationships were also found in Patagonian toothfish 
(Guynn and Peterson, 2008; Hanchet et al., 2012). Moreover, 
total mercury concentration significantly increased in a matu-
rity-dependent manner (P < 0.05) (Fig. 4). However, for fish-
ing depth, a less strong correlation was detected (PCC: 0.031; 
non-significant). Thus, these results indicate that mercury ac-

were collected from Antarctic toothfish and homogenized for 
total mercury analysis. All samples were kept at –20°C until 
further analysis.

Mercury analysis

Total mercury concentrations in homogenized samples were 
measured directly, in triplicate, with a combustion gold amal-
gamation method using a direct mercury analyzer (DMA-80, 
Milestone, Milano, Italy). The blanks, calibration standards, 
and certified reference materials (CRMs) were also analyzed 
using the same methods. The standards SRM 1566b (Na-
tional Institute of Standards and Technology, Gaithersburg, 
MD, USA) and DORM-4 (National Research Council, Nova 
Scotia, Canada) were used as CRMs for accurate results. The 
concentrations of total mercury were expressed in micrograms 
per gram of wet weight sample. For operation of the analyzer, 
optimum conditions of drying (at 650°C, for 90 s), decompo-
sition (at 650°C, for 180 s), and amalgamation (at 850°C, for 
12 s) were applied. All data were evaluated with appropriate 
software (Easy-DOC3 for DMA, Ver. 3.30, Milestone, USA)

Statistical analysis

All data were analyzed in triplicate and subjected to analy-
ses of variance (ANOVA) at P < 0.05 using the SAS 9.2 soft-
ware (SAS Institute, Cary, NC). Duncan’s multiple range tests 
and Pearson’s correlation coefficients (PCCs) were used to 
compare differences among the mean values.

Results and Discussion

Total mercury concentration

The accuracy of the heavy metal analysis method was as-
sessed using SRM-1566b and DORM-4 as CRMs. The quan-
titative recoveries of the CRMs ranged from 96.4% to 100%, 
which was within the acceptable values recommended by 
AOAC International (2002).

After analysis, the total mercury concentrations in Antarc-
tic toothfish were 0.115 ± 0.058 mg/kg (females) and 0.101 ± 
0.047 mg/kg (males) for SSRU 881K, and 0.138 ± 0.074 mg/
kg (females) and 0.139 ± 0.075 mg/kg (males) for 5841C (Fig. 
2). After statistical analysis, no significant differences were 
observed between male and female samples; however, the to-

Fig. 2. Total mercury concentration in Antarctic toothfish Dissostichus 
mawsoni caught from CCAMLR Subarea 881K and 5841C.

Table 1. Recovery of certified reference materials (CRM)

CRM Certified value (mg/kg) Measured value (mg/kg) Recovery (%)1

DORM-4 0.410 ± 0.055 0.395 ± 0.014 (n=35) 96.4
1566b                     0.0371 ± 0.001 0.037 ± 0.003 (n=21)                     100

1Recovery was calculated with mean measured values based on the replicate determination.
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was estimated based on the daily intake of mackerel in Korea. 
According to Joo et al. (2010), mackerel is popular in Ko-
rea—the average daily intake is 7.2 g/day. In the risk assess-
ment results, the total mercury body exposure rate through 
intake of Antarctic toothfish was between 0.097 and 0.0117 
μg/kg body weight (b.w.)/week, which is 2.125-2.9% of the 
Provisional Tolerable Weekly Intake (PTWI). In addition, 
the total mercury body exposure rate through intake of Pa-
tagonian toothfish was between 0.193 and 0.739 μg/kg b.w./
week, 4.825-18.475% of the PTWI (Table 2). Thus, although 
a higher total mercury body exposure rate was shown for the 
Patagonian toothfish, no health problems would be caused by 
mercury ingestion through either species.

In conclusion, heavy metals accumulate in fish through 
the food chain after being discharged into the environment 
from pollution sources. Consequently, human health has been 
threatened by potentially heavy-metal-contaminated food. 
Thus, measurements of pollution levels in fish must taken 
into consideration to assess risk. In this study, the Antarctic 
toothfish was evaluated as a potential safe food source by 
measuring total mercury contents. The total mercury concen-
tration in Antarctic toothfish ranged from 0.101 ± 0.047 mg/
kg to 0.139 ± 0.075 mg/kg. The total mercury concentration 
was positively correlated with total fish length, weight, GSI, 
and maturity. Therefore, mercury accumulation in this fish is 
positively correlated with fish size and maturity, suggesting 
that larger or more mature fish represent a greater risk to con-

cumulation in this fish is positively correlated with fish size 
and maturity and implies that larger or more mature fish are 
consequently more contaminated.

Risk assessment

In Korea, although consumption of toothfish has increased, 
it is not yet widely recognized as a seafood source. Moreover, 
there are no statistical data on the daily intake of toothfish. 
Therefore, for risk assessment, the daily intake of toothfish 

Fig. 3. Positive correlations between total mercury concentration and total fish length (A), weight (B), gonadosomatic index (C), fishing depth (D) in 
Antarctic toothfish (Dissostichus mawsoni). M, male; F, Female.
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Fig. 4. Changes of total mercury concentration by maturity stages 
in Antarctic toothfish (Dissostichus mawsoni). Different letters are 
significantly different (P < 0.05) by Duncan’s multiple rage test.
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FSANZ (Food Standards Australia and New Zealand). 2004. Mercury 
in fish (Australia only).

Guynn KD, and Peterson MS 2008. Mercury concentrations in the Pa-
tagonian toothfish, Dissostichus eleginoides Smitt 1898, among 
three distinct stocks. Polar Biol 31, 269-274.

Hanchet SM, Tracey D, Dunn A, Horn P, Smith N. 2012. Mercury con-
centrations of two toothfish and three of its prey species from the 
Pacific sector of the Antarctic. Antarc Sci 24, 34-42.

Health Canada. 2007. Health Canada’s revised assessment of mercury in 
fish enhances protection while reflecting advice in Canada’s Food 
Guide.

Horn PL 2002. Age and growth of Patagonian toothfish (Dissostichus 
eleginoides) and Antarctic toothfish (D. mawsoni) in waters from 
the New Zealand subantarctic to the Ross Sea, Antarctica. Fish Res  
56, 275-287.

Jaeger I, Hop H, Gabrielsen GW. 2009. Biomagnification of mercury in 
selected species from an Arctic marine food web in Svalbard. Sci 
Total Environ 407, 4744-4751.

JETRO (Japan External Trade Organization). 2011. Specifications and 
Standards for Foods, Food Additives, etc. Under the Food Sanita-
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levels in commercial fish and shellfish. Retrieved from http:// www.
fda.gov/food/foodbornillnesscontaminats/metals/ucm155644.htm.

sumers. However, the total mercury body exposure rate for 
Antarctic toothfish ranged from 2.125% to 2.9% of the PTWI. 
Therefore, the Antarctic toothfish could be used as a potential 
safe food source as a replacement for the Patagonian toothfish.
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Table 2. The estimated weekly intake of total mercury from toothfish Dissostichus mawsoni compared with the PTWI set by JECFA 

Species        Sampling location Mean content of 
total mercury (mg/kg)

Estimated weekly intake1 

(µg/kg b.w. /week)
% of 

PTWI2 

Antarctic toothfish
(In this study)

881K Female 0.115 0.097 2.425 
Male 0.101 0.085 2.125 

5841C Female 0.138 0.116 2.9 
Male 0.139 0.117 2.925 

Patagonian toothfish
(Guynn and Peterson, 2008)

South Georgia 0.23 0.193 4.825
Chile 0.73 0.613     15.325 
Prince Edward Is. 0.88 0.739     18.475 

1The daily food intake toothfish was estimated with the mackerel’s daily intake (7.2 g/day) from Joo et al. 2010.
  The weekly intake: Mean content of total mercury × daily food intake × 7 days/60 kg (b.w.)
2The percentage of the PTWI (4 µg/kgb.w./week) set by JECFA


