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Introduction

Mercury Concentration in the Ocean*

Masakichi Nishimurati, Shigeki Konishif, Katsuhiko Matsunagaf,
Kohtaro Hatat and Tsuneo Kosugat

Abstract: Seventy percent of 342 seawater samples collected in the Bering Sea, North and
South Pacific, Japan Sea, East and South China Seas, and Indian Ocean had concentrations
of ““total’’ mercury ranging from 3 to 6 ng Hgl™ with an arithmetic mean of 5.3ngl™! and
a geometric mean of 5.0ngl™. In some cases, a higher concentration was observed at the
surface, at the halocline or thermocline, or in the bottom water, But in general, there was
no consistent correlation between mercury concentration and depth, except for a statistical
tendency for mercury concentration to be slightly higher in the surface water. This tendency
suggests that mercury in the ocean is supplied from the atmosphere by rain washout. The
latitudinal variation of surface mercury concentrations showed that the maximum concentration
at each latitude decreased from 40°N to 30°S. This variation provides evidence that atmos-
pheric mercury is emitted mainly from continental areas naturally or anthropogenically.

Mercury is a volatile element and the mercury
emitted from natural and anthropogenic sources
is rapidly dispersed worldwide in the atmosphere.
According to Lantzy and Mackenzie (1979), the
atmospheric input of mercury to the ocean is
about 8 times larger than that from rivers. Weiss
et al. (1971) considered the natural vaporization
of mercury from the land surface to be a signifi-
cant source of mercury in the atmosphere, but
Moore and Moore (1976) estimated that almost
all the mercury moving over the surface of the
globe is anthropogenic.

Since Stock and Cucuel (1934) determined
mercury concentrations in seawater, mercury
concentrations have been reported by many
investigators. The oceanic mercury data, how-
ever, came from a limited number of sampling
sites, and those reported prior to 1975 showed
very large variations, 2 to 2,800 ng Hgl™!, as
reviewed in a previous paper (Nishimura and
Konishi, 1976). In fact, the data were so widely
scattered that a general picture of mercury
concentration in the ocean could not be given.
The scattering of the data did not seem to be
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due to real diversity in the nature of seawater in
the oceans, but rather to inadequate analytical
techniques, namely, contamination of mercury
from reagents and bottles, loss of mercury during
storage of sample, and inadequate pretreatment
of water samples (Matsunaga et al., 1979).

2. Sampling and analysis

Water samples were collected with polyvinyl-
chloride van Dorn or Niskin samplers in the
areas shown in Fig. 1 and listed in Table 1.
Immediately after collection, 500-ml aliquots of
unfiltered seawater were transferred to carefully
cleaned glass bottles (Matsunaga et al. 1979),
and acidified to 0.2M with HsSO,. This acidifi-
cation and the salt in seawater make the mercury
in the sample solution stable for at least 60 days
without any loss due to adsorption on the con-
tainer wall. The analytical value for the mer-
cury in the acidified sample increased gradually,
and reached a maximum after 2 weeks. This
value may be defined as the ‘‘total’’ mercury
concentration because the value was not signifi-
cantly different from that obtained after strong
digestion of the sample with a mixture of H,SO;,
HNO;, KMnOy4 and K:S:0s (Matsunaga et al.,
1979).

Stannous chloride was added to the sample
solution after storing for more than 2 weeks
after shipboard acidification. By passing N
through the solution, the reduced and vaporized
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Fig. 1. Sampling locations.
Table 1. Cruises and sampling locations.
Sampling area Numbers Max. depth
Cruise Date of of
Latitude Longitude  stations sampling, m
1 Kofu Maru® Feb. 12-March 1, 1974 34N-43N 142E-144E 5 1,233
2 Hakuho Maru KH 74-2 June 7-23, 1974 27N-35N 139E-179W 10 1, 462
3 Toyama Prefec. Fisheries
Experimental Station® July 23-26, 1974 39N 136E 2 697
4 Seikai Regional Fisheries
Research Lahoratory?® Aug. 7-19, 1974 33N 127E-128E 2 100
5 Kofu Maru Nov. 1-11, 1974 41N-43N 142E-149E 7 500
6 Ryofu Maru Jan. 15-22, 1975 0-34N 137E-142E 10 3,435
7 Hakuho Maru KH 75-2 Feb. 19-25, 1975 27TN-28N 126E-127E 3 1,498
8 Hakuho Maru KH 75-4 June 21-Aug. 14, 1975 35N=~57N 140E-128W 31 3,852
9 Hakuho Maru KH 76-3 July 12-Aug. 10, 1976 37TN-41N 133E-137E 13 2, 000
10 Hakuho Maru KH 76-5 Dec. 23, 1976-
March 11, 1977 20S-30N 87E-134E 22 2,000
11 Hakuho Maruy KH 79-4 Aug. 28-Nov. 19, 1979 30S-10N 164E 5 0

@ Previous paper (Matsunéga'et al., 1975).

mercury was collected on silver or gold metal
particles held in a small glass tube. The metal
was then transferred into a quartz tube held
in an electric furnace, and heated to 500°C.
The vaporized ‘mercury was introduced into an
absorption cell by passing N2, and the absorption
peak at 254 nm was measured with an atomic
absorption spectrophotometer. A sharp peak for
mercury was obtained (Nishimura et al., 1975).
‘When a 500-ml aliquot was used, the relative
standard deviation of analytical values was 13%
for a TngHgl™! standard solution, while the
relative standard deviations of 6 different sea-
water samples containing between 7 and 4 ng
Hgl™! were between 9 and 20 9%, respectively.

3. Results and discussion
Matsunaga et al. (1975) briefly reported oceanic
mercury concentrations in some areas around
Japan. Since then we have carried out more
extensive samplings (Table 1), and the analytical
data are summarized in Table 2, including the
previously reported data.

3.1. Concentration of mercury tn the ocean

Although several papers gave very hetero-
geneous horizontal and vertical distributions of
mercury in the oceans (e.g., Robertson, 1976),
the data presented in this paper fall in a relatively
narrow range. A histogram of the mercury
concentrations of all the surface and vertical
samples (Fig. 2) indicates that 729, of the 342
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Table 2. Mercury concentrations (arithmetic means) in the oceans, ng ™' 7
Area Surface Below surface All samples

Bering Sea 7.0+3.3¢( 9? 5.6x1.8 ( 47) 5.8+£2.2 ( 56)
Pacific Ogean 5.8+2.0 ( 64) 5.4x1.6 ( 75) 5.6xt1.8 (139)
Japan Sea 5.9+£1.8 (17 4.5:4+1.5 ( 70) 4.8%+1.6 ( 87)
East and South China Seas 5.7£2.3( D 5.0+1.8 ( 20) 5.2%1.9 { 27)
Indian Ocean 4.4x1.6 ( 13) 4.5+2.6 ( 20) 4.4+2.2 ( 33)
Average of open seas 5.7+2.1 (110) 5.1%1.6 (232) 5.3%2.2 (342)

@ Standard deviation of the samples.

b () Numbers of samples analyzed.

Hg,ngl! Hg,ngl!
100 ] 5 10 15 0 5 10 15
. 0 L lg 1 1

" |

o

€

o

0 -

+ s0F

[}

= £ Hg Hg

< 05}
- Ot Ot

0 &

12345678 91111213
Hg ,ng 1!

Fig. 2. Histogram of mercury concentrations of
342 seawater samples collected in the Bering
Sea, Pacific Ocean, Japan Sea, East and South
China Seas, and Indian Ocean. The arithme-
tic mean is 5.3ng1™! and geometric mean 5.0
ng 1.

seawater samples fall in the range of 3 to 6ng
Hgl ! with an arithmetic mean of 5.3ngl™%.
The distribution, however, fits rather well to a
log-normal distribution with a geometric mean
of 5.0nglL,

Higher values for oceanic mercury have been
reported in books, e.g., 50ngl™? reported by
Riley and Chester (1971), and a questionable
value of 30ngl™! by Brewer (1975). Recent
reports, however, have shown a tendency to-
wards lower values for mercury in the oceans,
e.g., Tngl™! in the Northwest Atlantic (Fitz-
gerald and Hunt, 1974), 8ngl™! in the North-
west Atlantic (Fitzgerald, 1975), 5ngl-! in the
Northwest Pacific and the Japan Sea (Matsu-
naga et al., 1975), 4ngl-! as reactive mercury
in a vertical profile of the Gulf Stream (Muk-
herji and Kester, 1979), 6-46 ngl-! for surface
waters and 6.3 ngl! for samples below 400m
in depth in the Northwest Pacific (Takahashi
et al., 1981), and ldngl™?! for surface waters
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Fig.-3. Vertical profile of mercury and ¢ in the
Japan Sea. Station 20 (left) at 38°21’N and

134°01’E, and Station 26 (right) at 37°12'N and
137°30'E on the KH 76-3 cruise of Hakuho
Maru.

and 6ngl-! for samples below 500m in the
Western North Pacific (Miyake and Suzuki,
1983). DBroecker and Peng (1982) gave lngl?
after Bruland in their book as a highly un-
certain average.

8.2. Vertical profile .

Only 4 vertical profiles out of the 29 vertical
stations are presented in Figs. 3, 4 and 5 as
representative examples. In some cases, a higher
concentration was observed at the surface, at
the halocline or thermocline, or in the bottom
water. But in general, there was no consistent
correlation between mercury concentration and
depth, except that the data displayed a statis-
tical tendency (T-test, p<C0.01) to be slightly
higher in the surface waters as seen in the
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Fig. 4. Vertical profile of mercury, salinity and
temperature at KH 75-4, Station 30 (49°57'N
and 144°28’E) in the Eastern North Pacific,
The bottom depth was 4,150 m.

average concentrations (Table 2) and in the
relative frequency of concentrations given in
Fig. 6. This suggests that mercury in the ocean
is supplied from the atmosphere by rain wash-
out.

Mukherji and Kester (1979) reported a corre-
lation between vertical variations in mercury
and silicate, but a correlation was not always
apparent in the case of our observations.

8.3. Latitudinal variability

All the data for surface waters from 87°E to
170°E are plotted against latitude in Fig. 7. The
maximum concentration at each latitude decreas-
ed from north to south, 7.e., from 40°N to 30°S.
This trend does not seem to be accidental, al-
though the sampling stations covered a relatively
wide longitudinal range. Rex and Goldberg
(1958) reported that the quartz contents of
pelagic clays from the Eastern Pacific Ocean
showed a marked latitudinal dependence with a
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Fig. 5. Vertical profile of merecury, salinity and
temperature at KH 76-5, Station 8 (20°02'S
and 86°59’W) in the Indian Ocean. The bottom
depth was 3,300 m.
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Fig. 6. The relative frequency distributions of
mercury concentrations in surface and deeper
waters in the oceans, normalized at the level
of 4ngl™t.
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Fig. 7. Latitudinal variation of mercury concen-
trations in surface waters of the Pacific and
Indian Oceans.

maximum at around 30°N and the quartz was
ijnterpreted to be atmospherically transported
from the continental areas to the sea. Tsunogai
and Nozaki (1971) reported that the highest
concentration of 21%Pb, the daughter of radon
gas mainly emitted from the land, appeared in
surface waters around 30°N in the North Pacific.
The latitudinal variation of mercury concen-
tration in the surface waters provides evidence
that atmospheric mercury is emitted mainly
from the continental areas either naturally or by
man, and the mercury is added to the sea surface
by rain. In fact, the average mercury concen-
tration in rain collected by us over the northern
North Pacific was 8 times higher than that in
the seawater. The relationship between mercury
concentrations in the air, rain and sea will be
published elsewhere in detail.
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