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TOTAL MERCURY DISTRIBUTION IN DIFFERENT FISH SPECIES
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ATLANTIC COAST OF GHANA
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Chemistry Department,
Kwame Nkrumah University of Science & Technology, Kumasi, Ghana

ABSTRACT

Concentrations of total mercury (Hg) were measured in the edible muscle tissues of different
fish species representing different trophic levels from the Atlantic Coast of Ghana using Cold
Vapour Atomic Absorption Spectrophotometry (CVAAS). Mercury concentrations were gener-
ally found to increase with trophic levels. The concentrations of the metal (Hg) were highest
(mean=0.093 ug g’') in high trophic level predatory fish, followed by middle trophic level preda-
tory fish (mean=0.063 ug g™) and low trophic level fish (mean=0.047 ug g”'). However the differ-
ences were not significant at the 0.05 level according to ANOVA. All fish species analysed in this
study had total mercury concentrations (range: 0.001-0.278 ug g”') less than the FAO/WHO
limit of 0.5 ug g wet weight. The low concentrations of mercury in the fish species obtained in
this study do not appear to contribute any significant mercury exposure to the general popula-
tion; and suggest a relatively clean marine environment that has not yet been significantly im-
pacted by mercury contamination probably due to minimal industrial activity in the region.
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INTRODUCTION

The tremendous increase in mercury (Hg) pro-
duction and use in this century, and the avail-
ability of many soluble species of mercury have
resulted to an extent in mercury contamination
virtually world-wide and widespread in our
environment. Hg travels easily through differ-
ent environmental media, in a variety of chemi-
cal forms including its volatile form over long
distances leading to global pollution. Industri-
alization and increasing population as a result
of rapid urbanization, have also contributed to
considerable discharge of domestic wastewater

and industrial effluents into the sea contaminat-
ing the coastal waters. Such anthropogenic pol-
lutants are the main sources of heavy metal
contaminants in the ocean (Gibbs and Mi-
skiewicz, 1995; EPA, 1997). The burning of
coal and oil, and the use of mercury compounds
as slimicides and as antifungal agents in the
paper and pulp industry and in agriculture have
contributed further to the release of mercury
into the environment.

Moreover, in the marine environment, mercury
is potentially accumulated in organisms and
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sediments, and subsequently transferred to man
through the food chain (Rodgers, 1994; Loden-
ius and Malm, 1998; Mason, 2001). It is there-
fore important to determine the chemical qual-
ity of the marine organisms, particularly the
levels of the toxic elements such as mercury in
edible fish as a step towards the evaluation of
the possible risk to human health from fish con-
sumption. Consumption of contaminated fish
(and other aquatic organisms) is the major route
by which mercury enters human and wildlife
food chains (Eisler, 1987; Clarkson, 1990).

Extensive surveys have therefore been carried
out in a number of countries to evaluate the
presence of mercury in the aquatic biota includ-
ing fish, which can often be considered as an
indicator of aquatic pollution (Bahnick and
Sauer, 1994; Nixon et al., 1994; Mathieson and
McLusky, 1995; Rolfhus and Fitzgerald, 1995;
Monteiro et al., 1996; Nakagawa et al., 1997,
Lacerda et al., 2000; Storelli et al., 2002; Love
et al., 2003; Storelli et al., 2003; Voegborlo et
al., 2004). The level of mercury found in a fish
is related to the level of mercury in its aquatic
environment and its place in the food chain
(Monteiro et al., 1996). Apart from that, mer-
cury also biomagnifies through the food chain;
so large predatory fish species tend to have
higher levels than non-predatory fish or species
at lower levels in the food chain (Bloom, 1992;
USEPA, 1997). It is methylmercury that is of
special concern, as this is the form that is easily
absorbed in living tissues and is known to bio-
accumulate and biomagnify in animals and
humans. Nearly all mercury that bioaccumu-
lates in fish is methylmercury (EPA 2001).
Methylmercury is produced in the aquatic envi-
ronment by conversion of inorganic mercury
from in situ production by natural bacteria un-
der anoxic conditions (WHO, 1990)

Despite the considerable global concern about
mercury contamination of commercial and rec-
reational fishery products, there is paucity of
information on mercury in fish from the coastal
waters of Ghana. This study seeks to relate total
mercury concentrations in different species of
fish from the coastal waters of Ghana to their
trophic levels in the Atlantic Ocean.

MATERIALS AND METHODS

Sampling and Sample Preparation

The fish species were collected from random
commercial catches landed at a local fishing
port in James Town and the Tema Fishing Har-
bour both in the Greater Accra Region of
Ghana. Samples were obtained in three batches,
depending on the species available for sale.
Samples obtained were therefore reflective of
species meant for consumption. A total of one
hundred and nineteen samples (119) covering
thirty-one (31) different species were obtained.
The samples were sorted by species, placed in
clean plastic bags and stored on ice in an ice
chest. The samples were then transported to the
laboratory, identified and kept in a freezer at -
20° C prior to preparation for chemical analy-
sis. The samples were washed with distilled
water, dried in tissue paper and the length and
body weight of each were determined after de-
frosting in the laboratory. A portion of the edi-
ble muscle tissue was removed from the dorsal
part of each fish, homogenized and stored in
clean-capped glass vials and kept in a freezer
until analysis.

Digestion procedure

The fish samples were digested for total mer-
cury determination by an open flask procedure
developed at the National Institute for Mina-
mata Disease (NIMD) in Japan by Akagi and
Nishimura (1991). The accuracy of this method
has been verified at NIMD through interlabora-
tory comparison exercises (Malm et al., 1995)
and by participating in the analyses of Certified
Reference Materials (CRMs) (e.g. IAEA 085,
086 and 142) supplied by the International
Atomic Energy Agency (IAEA). The method
involved weighing about 0.5 g of homogenized
fish sample into 50 ml volumetric digestion
flask. One (1) ml H,O, 2 ml HNO;:HCIO; (1:1)
and 5 ml H,SO, was then added in turn. The
mixture was heated at a temperature of 200 ° C
for 30 min. The sample solution was cooled
and diluted to 50 ml with double distilled wa-
ter. A blank and standard solution digests using
25, 50 and 100 ml of 1 mg ml" standard Hg
solution were subjected to the same treatment.
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The concentrations of the standard solution
digests obtained were 0.5, 1.0 and 2.0 ng ml™.

Determination of mercury

Determination of mercury in all the digests was
carried out by cold vapour atomic absorption
spectrophotometry using an Automatic Mer-
cury Analyzer Model HG-5000 (Sanso Seisa-
kusho Co., Ltd, Japan) developed at NIMD.
The analyzer is an instrument designed specifi-
cally for the measurement of mercury using the
cold vapour technique. It makes use of the
batch mercury cold vapour generation system.
The analyzer consists of an air circulation
pump, a reaction vessel, SnCl, dispenser, an
acidic gas trap and a four- way stop-cock with
tygon tubes to which is attached a ball valve.
The operations of the ball valve and the air cir-
culation pump are controlled by a microproces-
sor. During the determination, a known volume
of the sample solution normally 5 ml is intro-
duced into the reaction vessel using a micropi-
pette (1-5 ml). The reaction vessel is immedi-
ately stoppered tightly and 0.5 ml of 10 % (w/
v) SnCl,.2H,0 in 1M HCl is added from a dis-
penser for the reduction reaction. During this
time, air is circulated through the four-way
stopcock to allow the mercury vapour to come
to equilibrium and the acidic gases produced by
the reaction also swept into the sodium hydrox-
ide solution. After 30 seconds the four-way
stopcock is rotated through 90° and the mercury
vapour is swept into the absorption cell. Re-
sponse was recorded on the strip chart recorder
as a very sharp peak. Peak heights were used
for computations. Standards used for calibra-
tion of the analyzer included solutions contain-
ing 0.0, 0.5, 1.0 and 2.0 ng Hg ml™".

For quality assurance blanks and duplicates
were part of all analytical runs, as were pre-
digestion spikes and post-digestion spikes. De-
tection limits, precision and accuracy of the
analyses were determined by repeated analyses
of some samples and certified reference mate-
rial.

RESULTS AND DISCUSSION
Total mercury concentrations in the muscle

tissue of different fish species were determined
using a rapid, sensitive and accurate procedure
developed at the National Institute for Mina-
mata Disease (NIMD) in Japan by Akagi and
Nishimura (1991). Analytical and matrix spike
recoveries of the procedure were between 96%
and 110% with coefficient of variation between
2% and 7%. Detection limit, based on three stan-
dard deviations of sample blank measurements
was 0.5 ng Hg g"'. Precision and accuracy of
the analytical procedure were evaluated by re-
peated analyses of samples and Certified Refer-
ence Material (CRM). The precision of the
overall procedure yielded results, which agreed
to within 5%. The validity of the method has
been proved by the agreement between values
obtained for the measured (4.60 — 4.72 ug g™)
and the certified (4.15 — 4.79 ug g™') concentra-
tions in Certified Reference Material (CRM),
(Dogfish muscle, DORM-2) from the National
Research Council of Canada (NRC) for total
mercury. The results from the analysis were all
within the 95% confidence level.

Results of total mercury in fish from the coastal
waters of Ghana, which is part of the Atlantic
Ocean, are presented in Table 1. The concentra-
tion of mercury in the edible muscle tissue of
all the fish tested ranged from 0.001 to 0.278
pg g'. The results indicate that the mercury
content in the samples studied depends on the
fish species and the concentrations showed
marked variations. Not all the factors responsi-
ble for these variations are understood but it is
generally realized that the species of fish, the
geographical location, and the age and/or
weight of the fish are important. The highest
values of mercury are usually seen in those fish
at the end of a long food chain such as the large
carnivorous species. Fish species from the At-
lantic Ocean have been categorized into nu-
merical trophic levels during the Trophic
Analysis of the Atlantic Ocean where the Top
Predators were assigned a numerical value of 5
and above; between the numerical values 4.00
and 4.99 fish are classified as High level carni-
vores; fish with numerical values between 3.00
and 3.99 are classified as Middle level carni-
vores while fish with values between 2.00 and
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2.99 are classified as omnivores, herbivores or
dentritivores (Froese and Pauly, 2009). The
numerical trophic level value for each specie of
fish analysed in this study was obtained from
the database of Atlantic Ocean fish and indi-
cated in Table 1. Out of the thirty-one species
analysed, one of them namely Hemiramphus
brasiliensis is omnivorous and at trophic level
of 2.5 according to the trophic analysis of the
Atlantic Ocean. The other thirty species are
carnivorous. Twenty of them are middle level
carnivores at trophic level between 3.0 and
3.99; and the other ten species are High level
carnivores with numerical trophic values be-
tween 4.0 and 4.99. These include Auxis thaz-
ard thazard, Thunnus albacares, Caranx
cryosis, Caranx hippos and Selene dorsalis.
Figure 1 provides mean mercury concentrations
for various fish species within each of the three
trophic level groups. In general mercury con-
centrations show an increase in concentrations
with increase in trophic level. Mercury concen-
trations were generally highest (mean=0.093 pg
g') in high trophic level predatory fish, for
example the highest mean mercury concentra-
tion (0.197 pug g") was found in Argyrosomus
regius which is a high level carnivore with nu-
merical trophic level 4.3, followed by middle
trophic level predatory fish (mean=0.063 pg g’
". In general, lower mercury concentrations
were seen in low trophic level fish
(mean=0.047 pg g'). Only one fish specie
namely Hemiramphus brasiliensis in the low
trophic level group was analysed in this study.
However when mean mercury concentrations
and the numerical trophic levels of the fish spe-
cies were subjected to correlation analysis, no
significant correlation was observed
(1°=0.0479). Mercury levels in fish have also
been reported to be related to the age/size of
fish. Positive relationship between fish mercury
concentration, weight and length within an in-
dividual water body has been documented.
Good correlation normally existed among car-
nivorous species while herbivorous species
normally show poor correlation. This observa-
tion was reported for tuna which is a carnivore
(Voegborlo et al., 2006). As noted, elevated
levels of mercury have been recorded for some

species from each of the three trophic levels
which may be attributed to size-effect of mer-
cury. In this study, the size composition of the
fish samples varied substantially. Thus to re-
duce the effect of variable size composition of
the samples, mercury concentration was nor-
malized by dividing the mean concentration
with the mean fresh weight of each fish specie.
Similar to the earlier observation, the normal-
ized concentrations of mercury showed a simi-
lar trend and were not significantly correlated
with the trophic level of the fish samples
(r’=0.004) suggesting that weight did not sig-
nificantly affect mercury accumulation in the
fish samples tested.

Mercury concentration detected in all the fish
samples (0.001 to 0.278 pg g™) are all below
the 0.5 pug g’ wet weight limit recommended
by the FAO/WHO (1972) and adopted by many
countries (CIFA, 1992). The concentration of
mercury in fish has been the subject of intense
study in recent years and the mercury content
of marine fish has variously been reported. Re-
ports indicated that mercury levels in most spe-
cies of oceanic fish fall in the range of 0-0.5 pg
g wet weight with most values close to 0.15
pg g wet weight (WHO, 1976). The most im-
portant exceptions to this rule include tuna fish
whose values usually range from 0.2 to 1.5 pg
g' (FAO/WHO, 1972). Levels in skipjack,
white tuna and yellow fin tuna caught in the
Atlantic, Pacific and Indian Oceans ranged
from 0 to 1.0 pg g wet weight with most val-
ues ranging from 0.2 to 0.3 pg g wet weight
(WHO, 1976). The results of this study are ei-
ther in agreement or lower than the levels re-
ported by the other authors for marine fish in
other areas of the world.

The main source of mercury to the marine envi-
ronment is from wet and dry deposition from
the atmosphere of inorganic mercury, from
natural and anthropogenic, primarily combus-
tion sources (WHO, 1976). Rivers that receive
industrial effluents also contribute large
amounts of mercury to the marine environment.
Most of the mercury entering the marine envi-
ronment then complexes with dissolved or par-
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ticulate organic matter and may settle with it
and accumulate in sediments. If the sediments
or bottom water are hypoxic/anoxic, some of
the inorganic mercury may be methylated by
sulphate-reducing  bacteria. Microbially-
mediated mercury methylation also occurs in
the oxygen-minimum layer of the ocean; this
may be the source of methylmercury in the
muscle tissues of large pelagic fish such as
swordfish and tuna. That mercury in fish ap-
pears to be predominantly in the form of me-
thylmercury has been confirmed by many pub-
lications (WHO, 1976; Bloom, 1992; Larsorsa
and Gill, 1995; Andersen and Depledge, 1997;
Al-Majeed and Preston, 2000). Swedish meas-
urements of fish, summarized by a Swedish
Expert Group (1971), indicated that virtually all
of the mercury is present in the form of methyl-
mercury compounds. These findings were con-
firmed for fish from the North American conti-
nent and for swordfish and tuna fish (WHO,
1976). Therefore, diet consisting particularly of
fish, could be the main source of exposure to
methylmercury in the general population. The
results of this study provide a basis for assess-
ment of human exposure of the coastal popula-
tion to methylmercury. The generally low lev-
els of mercury found in fish muscle from the
Atlantic Coast of Ghana in this study (range
0.001-0.278 pg g') suggest that there is very
little input or production of methylmercury in
the marine environment. Since fish accumulate
more methylmercury than inorganic mercury,
the low total mercury levels in fish from this
marine environment seems to indicate low con-
centrations of methylmercury in this part of the
Gulf of Guinea. The concentrations of mercury
in the fish samples obtained in this study are
not high when compared to some other areas of
the world and can be said to reflect background
mercury concentrations that are even much
lower than most published mercury concentra-
tions in fish from non-polluted areas of the
world (CIFA, 1992; Nixon et al., 1994). This
corroborates the assertion that geographical
location in addition to other factors like meta-
bolic differences appears to be important with
regards to the mercury content of fish; and this

is illustrated by the analysis of fish from differ-
ent locations (WHO, 1976). In a study of
swordfish from six areas extending from Carib-
bean Sea to the Grand Banks, significant varia-
tions from one area to another were observed in
average mercury levels (WHO, 1976). With
regards to metabolic differences, variations in
mercury content in different species of ben-
thopelagic fish were observed despite the fact
that they had identical feeding habits and eco-
logical requirements and were exposed to mer-
cury in the same area for the same length of
time (WHO, 1976).

CONCLUSION

The results of this study indicate that mean total
mercury concentrations in fish increase with
increase in trophic level of fish though not sig-
nificantly. All the samples obtained from the
Ghanaian coastal waters of the Atlantic Ocean
and analysed for mercury had concentrations
below the WHO/FAO recommended limit. The
low concentrations of mercury in the fish spe-
cies obtained in this study suggest a relatively
clean marine environment that has not yet been
significantly impacted by mercury contamina-
tion probably due to minimal industrial activity
in the region.
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