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INTRODUCTION

In 1971, nine species of pelagic and inshore fish from
Hawaiian waters were analyzed for total and organic mercury (Rivers,
Pearson,and Shultz, 1972). 1In eight of these species the organic
mercury was greater than 80% of the total; a finding consistent
with other mercury values reported in the literature (WestBo, 1967;
Kamps, Carr,and Miller, 1972). In the Pacific blue marlin, however,
this predominance of organic mercury was not found, but rather most
of the mercury seemed to be either inorganic or an organic form
which was not extractable by the organic mercury method. Because of
the uniqueness of the marlin, additional samples were collected in
1972, 1973, and 1974 during the Hawaiian International Billfish
Tournament in Kailua-Kona, Hawaii to continue study of the mercury
levels in this fish, This report deals primarily with our findings
of 46 marlin obtained in July 1974.

METHODS

Total, organic, and inorganic mercury were determined
using the flameless atomic absorption apparatus with a Perkin-Elmer
303 Atomic Absorption Spectrophotometer. Total Mercury: The homo-
genized sample was digested with concentrated nitric acid over low
heat and further oxidized with potassium permanganate solution;
excess oxidizing agents were reduced with hydroxylamine solution;
mercury ions were then reduced to elemental mercury with stannous
chloride and vaporized into the flameless atomic absorption appara-
tus.(Rivers et al., 1972). Organic Mercury: The homogenized sample
was extracted with benzene in a separatory funnel containing HC1,
NaCl, and water; the benzene layer was then transferred to another
separatory funnel and extracted with 1% cysteine solution; a portion
of the cysteine solution was transferred to a flask and oxidized
with permanganate and persulfate; following reduction with hydrox-
ylamine and stannous ion, the mercury was vaporized into the
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flameless apparatus (Rivers et al., 1972). Inorganic Mercury:
One gram of a 1:1 tissue:water homogenate was digested with 3 ml
of concentrated nitric acid in a flask for 1 hour at room tempera-
ture then diluted to an appropriate volume with water, following
reduction with stannous ion, the mercury was vaporized into the
flameless apparatus (Iverson and Hierliky, 1974). Inorganic analyses
were performed on samples of muscle and liver to confirm that the
difference between total and organic was indeed inorganic mercury.
The data are not reported here but does confirm that the residual
mercury is inorganic in nature.

RESULTS AND DISCUSSION

Table 1 gives the results of total and organic mercury in
muscle, liver, kidney, spleen, pyloric caecum, stomach, gill, gonad,
and whole blood for 14 female (weighing 39-342 kg) and 32 males
(weighing 58-112 kg) Pacific blue marlin. Total mercury levels were
lowest in blood (0.01-0.61, x = 0.18 ppm) and highest in kidney (0.18-
77.00, x = 26.33 ppm). In muscle the total values ranged from 0.09
to 10.00, x = 3.12 ppm. Organic mercury levels were lowest in blood
(0.00-0.11, x = 0.04 ppm) and highest in muscle (0.02-1.02, k% = 0.40
ppm). In all tissues the organic fraction was less than 1.02 ppm.

A general analysis of variance for the 1974 samples revealed
significant differences between concentrations of total mercury in
males and females and between body weight and tissues although these
differences were not significant for organic mercury. Additional
statistical analyses considered the two sexes separately for total
mercury. Table 2 gives correlation coefficients between body weight
and tissues. In most cases, the relationship is highly significant.
The contrast of males and females shown in Figures 1 and 2 may be
due to age and/or metabolic dissimilarities since females mature
at a different rate than males. To see if this difference was the
same for the previous years, an analysis of covariance was performed
on all samples for muscle and liver begimning with 1971, The results
indicated that there is no statistical dissimilarity between either
males and females or between years. As was expected, however, there
was a definite difference between muscle and liver tissues. In previous
years, the number of females has been smaller than in 1974 perhaps
resulting in a lack of a representative sample for comparison (Rivers
et al., 1972; Shultz et al., in press).

The data clearly demonstrate that the organic mercury levels
are quite low relative to the total mercury. Westoo (pers. comm.)
has identified the organic fraction as methyl mercury in freeze-dried
samples of the marlin., Both the Swedish Laboratory and the Tokyo
Metropolitan Research Laboratory of Public Health (Nishigaki, pers.
comm.) have confirmed the low percentages of organic mercury in
samples collected in 1971 and 1974, respectively.
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The ratio of total organic mercury for gonad, blood, gill,
pyloric caecum, muscle, and stomach tissues range from about 4:1 to
11:1. The ratios in spleen, liver, and kidneys, however (38:1,
45:1, 120:1, respectively), reflect an unusually high proportion of
inorganic to organic mercury in these organs. Many organisms have
been reported capable of transforming methyl and other types of
organic mercury to an inorganic form (Norseth and Clarkson, 1970a,
1970b; Takeda and Ukita, 1970; Burrows and Krenkel, 1973; Fang, 1973;
Iverson and Hierliky, 1974). 1In most of these cases, the conversion
was thought to occur or be associated with the kidney and liver.

Although the above demonstrations occurred under artificial
laboratory conditions not necessarily applicable to the natural
enviromment, they nevertheless offer convincing evidence that the

conversion of methyl mercury to inorganic mercury in the Pacific blue
marlin is an adaptive response to envirommental mercury contamination.
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