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Marine mammals accumulate mercury in their tissues at high concentration and detoxify by forming
mercury selenide (HgSe, tiemannite) mainly in the liver. We investigated the possibility of formation
of HgSe in various tissues (liver, kidney, lung, spleen, pancreas, muscle and brain) other than the
liver of the striped dolphin (Stenella coeruleoalba). We applied a combination method of micro-X-ray
fluorescence (u-XRF) imaging and micro-X-ray diffraction (1-XRD) using a synchrotron radiation
X-ray microbeam to analyze the tissue samples directly with minimal sample preparation. By this
method, many accumulation points for Hg and Se on a micron scale were found in thin sections of the
spleen and liver tissue and consequently, the XRF spectra and the XRD pattern of the hot spots
confirmed the presence of tiemannite, HgSe. On the other hand, the insoluble fractions after enzyme
digestion of the nuclear and mitochondrial fractions of all tissues were subjected to X-ray absorption
fine structure (XAFS) analysis. XAFS analysis confirmed the presence of HgSe in all the tissues
examined (liver, kidney, lung, spleen, pancreas, muscle and brain) of the striped dolphin. The
presence of HgSe in all the tissues examined suggests that Se would be involved in the detoxification
process of Hg in various tissues other than the liver. This contribution seems to be large especially in
the liver and spleen but relatively small in the kidney, pancreas and brain, because the proportion of

insoluble fraction containing HgSe was lower in these tissues (25-46%).
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Background: Percentage of Org-Hg to total Hg in the liver
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Background: HgSe(tiemannite)

Background: Hg concentration in liver of wildlife
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Background: Relationship between Hg and Se concentrations
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Objectives

This equimolar ratio may be due to the presence of mercury
selenide (HgSe, tiemannite)

The goal of the present study is to clarify the
detoxification mechanism of Hg by combining with Se in
the striped dolphin.

1. We explored HgSe granuls in various tissues and tried to
identify their chemical form non-destructively by utilizing a
combined analytical system, SR-p-XRF-XRD.

2. The local structure of Hg was examined by analyzing
XAFS data for various tissues of striped dolphin to
determine whether Hg is detoxified by forming HgSe in
tissues other than the liver.
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Results: Molar ratio of Hg to Se in various tissues

Results: Distribution of Hg in subcellular fractions

Species Tissues Fraction Hg Se Molar ratio
{ppm) _{mol) (ppm} (mol)
Striped dolphin Brain ~ Whole 33 018 17 022 Hg: 13
Steneila NEInNM 270 14 190 24 Ha: 18
coerulsoalba Muscle Whele 50 025 19 024 Hg: 0.97
NEInWM g7 33 370 47 Hg: (14
Spleen  Whole 9 048 55 070 Hg: 15
NEINNM 2400 12 890 13 Hg: 11
Pancreas Whole 240 12 95 12 Hg: 1.0
MEInMM 1800 90 950 12 Ha: 13
Lung  Whole 51 025 31 039 Hg: :1.5
. NEInNM 130 065 62 078 Hg: 12
Kidn Wihste 55 027 35 044 Hg: 16
MEInNM 180 080 110 14 Ha: 18
Liver  Whole 1000 50 390 49 Hg: 0.98
NEInMM  gip0 45 3700 47 Hg: 10

HgSe may exist in the various tissues
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Results: u-XRF imaging (Liver)
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Results: y-XRF imaging (Spleen)
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p-XRD pattern (Liver)
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Results: XAFS spectra
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1. Non-destructive SR-p-XRF-XRD measurement provided
direct evidence of the presence of mercury selenide in the
liver and the spleen.

2. The presence of mercury selenide in the liver , muscle,
kidney, brain, lung, pancreas, and spleen was supported
by XAFS analysis.

The results of the present study reinforce the
importance of the detoxification role of Se in tissues
other than the liver of marine mammals




