
MERCURY AND SELENIUM IN 
BLUE MARLIN, MAKAIRA NIGRICANS, 

FROM THE HAWAIIAN ISLANDS 

In a previous study, nine species of pelagic and 
inshore fish caught in Hawaiian waters were 
analyzed for total and organic mercury (Rivers et 
al. 1972). In all but one species the organic mer- 
cury was >8(Mc of the total, a finding consistent 
with other mercury values reported (Kamps et al. 
1972; Westoo 1973). In muscle and liver tissues of 
blue marlin, Makaira nigricans Lacepede, how- 
ever, only a small portion of the total mercury was 
found to be organic mercury. Additional studies on 
marlin landed during fishing tournaments in 1972 
(Schultz et al. 1976) and 1973 (Schultz and Crear 
1976) revealed low levels of organic mercury in six 
other tissues. These studies also showed that the 
difference between total and organic mercury was 
indeed inorganic mercury. G. Westoo (National 
Swedish Food Administration, Stockholm. Pers. 
commun., 1972) had previously identified the or- 
ganic fraction as methyl mercury. 
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An assessment of mercury is complicated by the 
presence of selenium. Selenium has been shown to 
reduce the  toxicity of mercuric chloride and  
methyl mercury in laboratory animals when given 
as selenite, selenomethionine, or as selenium pre- 
sent in tuna (PaEizek et  al. 1971; Ganther and 
Sunde 1974). The presence of selenium in tuna,  a 
principal food item of marlin t Naughton'), indi- 
cates that  it should also be present in marlin. 

For this report, nine tissues from blue marlin 
were analyzed for selenium, total mercury, and 
organic mercury. 

Mater ia l s  a n d  M e t h o d s  

Samples of muscle, liver, kidney, spleen, pyloric 
caecum, stomach, gill, gonad, and blood were col- 
lected from 46 marlin landed during a fishing 
tournament in Kailua-Kona, Hawaii, during Au- 
gust 1974. The tissues were ground with Dry Ice2 
in a blender and stored in acid-washed plastic 
vials. 

The organic extraction was carried out as de- 
scribed by Rivers et  al. (19721, i.e., a benzene ex- 
traction of the methyl mercury was reextracted 
with cysteine, oxidized with permanganate, and 
reduced to elemental mercury with stannous ion 
prior to being volatilized into the flameless atomic 
absorption apparatus. Total mercury digestions 
were performed (Rivers et al. 1972) but with 10 ml 
of concentrated nitric acid instead of 30 ml. All 
analyses were made with a Perkin-Elmer 303 
atomic absorption spectrophotometer equipped 
with a vapor chamber (Manning 1970). 

Selenium was determined by a fluorometric 
technique (Watkinson 19661, as modified by S. 
Nishigake (Tokyo Metropolitan Research Labo- 
ratory of Public Health, Tokyo, Japan. Pers. com- 
mun., 1975), i.e., following sample digestion with 
nitric and perchloric acids, the selenium was com- 
plexed with 2,3-diaminonaphthalene and this 
fluorescent compound then extracted into cyclo- 
hexane. All analyses were made using a Turner 
Model 110 fluorometer equipped with a primary 
filter a t  369 nm ana  a secondary filter at 522 nm. 

'Naughton, J. J. 1973. To all billfishermen. (Summary report 
of 15th Hawaiian International Billfish Tournament. 27-31 Au- 
gust 1973), 9 p Southwest Fisheries Center Honolulu Laborato- 
ry,  National Marine Fisheries Service, NOAA, Honolulu, HI 
96812 

LReference to trade names dces not imply endorsement by the 
National Marine Fisheries Service, NOAA 



Results 

A summary of mercury and selenium concentra- 
tions in the marlin is given in Table 1. Average 
total mercury and selenium values were greatest 
in kidney (26.33 mgikg Hg, 23.42 mgikg Sel and 
least in blood (0.18 mgikg Hg, 1.29 mgikg Se) and 
gill (0.32 mgikg Hg, 1.29 mgikg Sel. Average 
methyl mercury was highest in muscle (0.40) 
mgikg) and lowest in blood (0.04 mgikg) and gill 
(0.06 mgikg). The percentage of organic to total 
mercury ranged from 1% in kidney to 27% in 
gonad. The molar ratio of mercury to selenium 
ranged from 0.06 in blood t o  0.62 in muscle. (Molar 
ratio is computed here using sample average 
statistics of combined male and female data.) 

An analysis of variance revealed significant dif- 
ferences tP<0.05) in total mercury between males 
and females for all tissues except gill and blood. A 
similar pattern was found for selenium. The or- 
ganic mercury levels were not statistically differ- 
ent (P>0.05) between the sexes. In earlier studies 
on marlin caught from the same area during 
fishing tournaments in 1971,1972, and 1973, mer- 
cury concentrations in both sexes were found to be 
similar. 

Table 2 presents correlation coefficients for body 
weight and tissues. In most cases, the relation- 
ships are  positive and highly significant. Figures 
1-6 illustrate the dependence of mercury and 
selenium on weight and on each other. 

Discubsion 

The data clearly demonstrate tha t  methyl mer- 
cury concentrations are  low relative to total mer- 
cury in blue marlin. Westoo (pers. commun.) and 
Nishigaki (pers. commun.) confirmed this  low 
percentage in our samples based on subsamples 
sent to them. Nishigaki has also confirmed our 
selenium results. 

In a study of 37 Pacific blue marlin (50-238 kg, 
average 109 kg) from Japanese waters, Nishigaki 
(pers. commun.) found total mercury levels rang- 
ing from 0.02 to 13.0 mgikg (average 2.83 mgikg) 
and methyl mercury ranging from 0.02 to 1.28 
mgikg (average 0.57 mgikg). Selenium values for 
11 marlin ranged from 0.52 to 1.99 mgikg, averag- 
ing 0.97 mgikg. These values are  similar to our 
findings for mercury and selenium in marlin from 
Hawaiian waters. 

TABLE 1.-Summary o f  m e r c u r y  and se len ium d a t a  in 46 b l u e  marlin f rom the  H a w a i i a n  Is lands b y  sex.' 

HgiSe 
molar 

Mean Range Mean Range 01 total Hq Mean Range ratio 

Tissue M B F  M F M B F  M B F  M F M B F  M B F  M B F  M F M 8 F  M 8 F  

Muscle 312 283 3 7 6  009-1000 040 032 058 002102 13 198 188 221 063-532 062 
Liver 1 1  58 1253 946 0 133920 026 021 038 009-076 2 1747 2036 1 1  06 250-61 12 026 

Spleen 693 634 821 008-1760 018 012 030 002066 3 931 912 973 063-2425 029 
Stomach 127 133 116 006 300 0 12 008 021 003-047 9 291 316 239 135-403 017 

caecum 183 174 203 017-450 030 022 049 008098 16 492 510 452 228-1010 015 
Gill 032 026 044 008.096 006 003 011 001 034 19 129 131 126 071-221 010 
Gonad 040 030 O M )  003 2 15 0 1 1  006 025 003-065 27 2 14 197 260 124-380 007 
Blood 018 018 018 002-053 004 004 005 001 011 22 129 133 119 072-230 006 

'Weights of 32 males ranged from 58 to 112 kg (average 80) 14 lemales weighed 39 75 and 1 1  5-342 kg (average 166) Average lor all samples was 106 kg 

Total Hg (rng kg) Organic Hg (mg kg) organic Hq Se (mg kg) 

- -  

Kidney 2633 2625 2653 0 18-7700 022 0 16 035 004 086 1 2342 2533 1906 263-5625 044 

Pyloric 

TABLE 2.-Correlation coefficient of  mercury ,  selenium, and weight  in 46 b l u e  marlin from the 
H a w a i i a n  Is lands bv sex. 

Organic Organic Total 
Hgiwt total Hg Seiwl HgiSe 

F M B F  

Muscle 069" OW" 083" 079" 072" O M ) "  0 88" 085" 093" 
Liver 023 076" 069" 076" 0 13 000 068" 038 080" 
Kidney 049" 083" 079" 087" 042" 032' 079" 073" 091" 
Spleen 061" 088" 075" 084" 051" 045" 072" 061' 087" 
Stomach 038' 077" 082" 081" 035' -027 0 18 015 032' 

-- Total Hg wl 

Tissue M B F  M F M B F  M B F  M B F  M 

Pyloric 
caecum 059" 083" 082- 086" 059" -0 1 1  032 -0 IO 025 

Gill 086" 070" 090" 088" 077" 004 008 0 16 021 
Gonad 085" 075" 095" 082" 076" 0 15 -0 10 -053 010 
Blwd 028 032 057' 036' 044" -004 -0 17 049 044" 

'PCO 05 
"PCO 01 

Organic 
HgiSe 

M B F  
- 
061" 
-0 08 
0 30' 
041" 
-0 33' 

-0 14 
-0 14 
0 25 
0 09 
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FI(;l't<t. l.-The relationship 
of total and organic mercury 
in muscle t issue of 46 blue 
marlin from the Hawaiian Is- 
lands to fish weight. 
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Fl(;l'Rt: 3.-Relationship he- 2 
tween total  mercury and  2 
selenium in muscle tissue of 46 
blue marlin from the Hawaiian 
Islands. 

FILY:RE Z.-Relationship be- 
tween selenium in muscle tis- 
sue  and  weight of 46 blue 
marlin from the Hawaiian Is- 
lands. 
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FIGURE 4.-Relationship be- 5 
tween organic  mercury  a n d  
selenium in muscle tissue of 46 
blue marlin from the  Hawaiian 
Islands. 
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FIGURE 5.-Relationship between total mercury and selenium in liver of 46 blue marlin from the  Hawaiian 
Islands. 

Concentration through the food chain is appar- 
ently the reason for the elevated levels of mercury 
found in the marlin. Stomach contents examined 
in 76 blue marlin captured in 1973 showed that 
the most common food items were tuna,  mostly 
Katsuuwnus pelaniis (384 occurrence); mackerel 
scad, Decapterrrs pinnulatiis (36% ); squid (21% 1; 
spiny puffer, Diodontidae t 1% ); and dolphin, 
Coryphaenidae ( 12% ) according to Naughton (see 
footnote 1). 

Mercury levels were reported for yellowfin tuna,  
Thunnus albacares, 0.54 mg!kg; skipjack tuna,  K .  
pelamis, 0.38 mgikg; and for dolphin, Coryphaena 
hippurus, 0.25 mgikg; by Rivers et  al. (1972). 
These a re  pelagic species and as such, are exposed 
to the same amount of mercury in their physical 
environment; yet all have mercury levels nearly 
a n  order of magnitude less than that of the marlin. 
In addition, their mercury content was essentially 
all methyl mercury. 

If most of the mercury entered the marlin via 
the food chain as methyl mercury i t  would seem 
that demethylation to inorganic mercury had oc- 
curred. Conversion of methyl mercury to inor- 
ganic mercury has been shown to occur in bluegill 
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(Burrows and Krenkel 1973) and in rats (Norseth 
and Clarkson 1970). 

I t  is indicated in Figure 1 that the mercury is 
accumulated with size but a t  different rates for 
males and females. This observation contrasts 
with previous year's results in which no sex- 
related concentration disparities were found 
(Shultz and Crear 1976; Shultz et  al. 1976). The 
reason for this year's anomaly is unclear and not 
enough information is available to determine if we 
are dealing with more than one population. 

Selenium levels in the marlin are presented in 
Table 1 and show an  increase with weight and age 
(Figure 2). The high correlation of mercury and 
selenium with weight (Table 21, and the observa- 
tion that selenium modifies the activity of mer- 
cury in experimental animals, indicate that they 
are highly correlated with each other, as is seen in 
Figures 3-6. The precise nature of the  mercury- 
selenium interaction is not known, although a 
number of suggestions have been advanced. 
Paiizek et al. ( 1971) demonstrated with rats that  
the protective effect of selenite against mercuric 
chloride was not related to a n  increase in mercury 
excretion but to a decrease, resulting in a change 
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FIGURE 6.-Relationship between total mercury and selenium in kidney of 46 blue marlin from the Hawaiian 
Islands. 

in organ distribution of mercury. The kidneys and 
intestines lost mercury while the testes gained 
mercury relative to the controls. In addition, mer- 
cury in the  macromolecular fraction of blood 
plasma increased after addition of selenite. Burk 
et al. ( 1974) found a similar increase of mercury in 
plasma protein when mercuric chloride was ad- 
ministered simultaneously with selenite. This 
was not the case when mercuric chloride or sele- 
nite was injected alone. Their experiments using 
dialysis of r a t  plasma protein indicated tha t  
selenium and mercury a re  bound in a 1:l molar 

ratio to a single protein, with selenium attached 
to the protein through a sulfhydryl group and 
mercury attached to the selenium. They also ob- 
served a time lag after injection of selenite before 
detection of protein binding during which the  
selenite was apparently metabolized to another 
form. Lunde ( 1970) has found selenium to be as- 
sociated also with proteins in marine organisms. 

The molar ratio of average total mercury to av- 
erage selenium in muscle is 0.62. Subtracting the 
methyl mercury to obtain inorganic mercury 
(Schultz and Crear 1976), the ratio reduces to 0.54. 
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Ganther et  al. (1972) reported that the mercury 
to selenium molar ratio for high-mercury tuna 
(can tuna) (average 2.87 mgikg) approaches 0.5. 
They also noted tha t  the mercury and selenium 
increments between low-mercury t u n a  (0.32 
mgikg) and high-mercury tuna  were about in a 1:l  
molar ratio, implying they are accumulated to- 
gether 

The total mercury-selenium relationships ob- 
served in marine mammals and man are similar to 
those found in tuna.  Koeman et al. (1973) found a 
1:1 molar ratio in the livers of seals, Phoca vitu- 
l i n a ,  porpoises, Phocoena phocoena,  and dol- 
phins, Tursiop truncatus,  Delphinus delphis ,  
Lagenorhynchus obscurus, and Sotalia guianen- 
sis. Regression analyses of their data give a n  av- 
erage slope of 2.720.2 or 1.1 20.1 on a molar basis 
for mercury-selenium interactions ( r  = 0.932). In- 
terestingly, they found that only 2 to 14% of mer- 
cury in the  liver and 2 to 13% in the brain was 
recovered as methyl  mercury.  Post-mortem 
studies on humans exposed to high inorganic mer- 
cury (from a mercury mine) showed a 1:l molar 
ratio of mercury to selenium ( r  = 0.998) in tissues 
which had accumulated high amounts of mercury, 
i.e., thyroid, pituitary, kidney, and brain (Kosta et 
al. 1975). They noted, however, that  this ratio did 
not exist for a nonexposed group in which mercury 
and selenium levels were insignificant. Elevated 
mercury levels were apparently responsible for 
increasing the  selenium concentrations such that,  
in many cases, the  molar ratio of mercury to 
selenium increments over normal levels ap- 
proached 1:l  (selenium was low in the mine envi- 
ronment: 1 mgikg versus 100 mgikg Hg-in con- 
trast to the relative enrichment of selenium in the 
diet of tuna and marine mammals). The levels of 
methyl mercury in organs of the exposed group 
were low, implying that no significant in vivo 
methylation occurs in man. 

Because selenium is high in the marlin (average 
1.98 mg/kg in muscle, 17.47 mgikg in liver, 23.42 
mgikg in kidney), the possibility ofselenium toxic- 
ity should not be discounted. Aptly, though, mer- 
cury has been shown to mitigate the toxicity of 
selenium in rats and chicks (Pa ikek  et  al. 1971; 
Hill 1974). 

In an  earlier study, i t  was indicated that cooking 
did not remove either methyl or total mercury 
from marlin fillets (Schultz and Crear 1976). 
Higgs et al. (1972) have found tha t  baking does not 
remove selenium from flounder or chicken al- 
though some loss was reported from boiling two 
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vegetables. I t  does appear then tha t  mercury 
(muscle average 3.12 mgikg) and selenium (mus- 
cle average 1.98 mg/kgl concentrations in raw 
fillet are representative of that  in cooked fish. 
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