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Arsenic content in pelagic particulate matter collected
from the Pacific Ocean surface

Tsutomu Satoh', Ken'ichi Hanaoka?, Shunshiro Ueno®, Kota Nagatomo®, Shoji Tagawa”’

Summary

Arsenic (As) has a ubiquitous distribution in nature. In organisms, As is more common in marine organisms than it is

in terrestrial organisms. In this study, the total As content of pelagic particulate matter collected from 52 consecutive

sample sections along a transect extending from Shimonoseki (Japan) through Brisbane (Australia), Auckland (New

Zealand), Suva (Fiji), Hawaii (USA), and then back to Shimonoseki was investigated. The particulate matter collected from

each section was classified according to whether it was phytoplankton, zooplankton, or unknown matter (detritus). High

As concentrations were observed in fractions containing high percentages of detritus, with this tendency observed along

the entire transect in the Pacific Ocean.
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Introduction

Since ancient times, arsenic (As) has attracted
the attention of humans due its extreme toxicity.”
Arsenic has a ubiquitous distribution in nature,
including living organisms. Compared to terrestrial
organisms, the As concentrations of marine
organisms is considerably higher.? In seawater,
As is present at concentrations of approximately
2 ug/L? and it can be taken up and accumulated
by phytoplankton”. However, the average As
concentration in ocean sediments is approximately
40 mg/kg.”? It is therefore considered that the
As in sediments is derived from As in the water
column, although the mechanism of As transport
has not yet been thoroughly clarified. Fondekar
et al” suggested that the As in sediments may
be attributed to zooplankton which sinks when
the organisms die. We therefore investigated

As concentrations in pelagic particulate matter,

including phytoplankton, zooplankton and
unknown matter (detritus). In doing so, we sought
to elucidate a part of arsenic circulation in marine

ecosystems.

Materials and Methods

Pelagic particulate matter

Samples were collected aboard the Koyo-Maru
training vessel of National Fisheries University
from October 25, 1992, to January 24, 1993.
Particulate matter was collected from seawater
pumped from a depth of 5.0 m using a Kitahara
quantitative plankton net (diameter: 30 cm; mesh
size: 100 um) from 52 sample sections along a
transect. This collected material was fractionated
and fixed in 2-3% formaldehyde (Wako Pure
Chemical Ind., Japan)-seawater solution every
day. The 52 collected fractions were stored at 4C
until analysis. Sample routes and sections along
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the transect extended from Shimonoseki, Japan
(departure: October 25, 1992), through Brisbane,
Australia (arrival: November 8, 1992; departure:
November 13, 1992), Auckland, New Zealand
(arrival: November 18, 1992; departure: November
24, 1992), Suva, Fiji (arrival: November 28, 1992;
departure: December 3, 1992), Honolulu, Hawalii,
USA (arrival: December 17, 1992), Hilo, Hawaii,
USA (departure: January 9, 1993) and then back to
Shimonoseki (arrival: January 24, 1993) are shown
in Fig. 1. Coordinates of the midpoints of the 52

sample sections are shown in Table 1.

Determination of Arsenic

The particulate matter was separated from the

fixing solution by filtration with membrane filters
(pore size: 040 um; diameter: 47 mm) and dried
under reduced pressure until it reached a constant
weight. Each dried fraction was separated from the
filter by raking and powdered by mashing with a
glass stick. The resulting powders were suspended
in 1,000 mg/kg (1,000 ppm) nickel solutions
(Wako Pure Chemical Ind.), and those As content
was monitored using a graphite furnace atomic
absorption spectrometer (GFAA: Nippon Jarrel
Ash, model AA845) under the following conditions:
1) Drying at 200C for 20 s and ashing at 500C for
60 s (both in an air atmosphere), and 2) atomization
at 2,400C for 10 s in an argon atmosphere

(deuterium background correction: monochrometer
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Fig. 1. Sampling route of the transect used for collecting pelagic particulate matter in the
study. The numbers in parentheses indicate the midpoint of each sample section. The
entire sample route was divided into Routes 1, 2, 3 and 4 to facilitate the study.
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Table 1. Coordinates of the midpoints of the 52 sample sections used in this study

Fraction No. Latitude Longitude Fraction No. Latitude Longitude
1) 30°11'N 134°25'E (27) 20°07'S 160° 49'W
2) 25°45'N 138°02'E (28) 16°22'S 159° 60'W
3) 21° 34N 141°17E (29) 12°27S 160°00W
(4) 17°26'N 144° 19E (30) 08°12'S 159°59'W
(5) 13°40N 147°44°E (31) 04°00'S 160° 00'W
(6) 10°24'N 151°08'E (32) 00°08'S 159° 60'W
(7) 05°58'N 153°54'E (33) 04°19N 159° 60'W
) 00°40N 154°01'E (34) 08°58'N 159° 60'W
) 04°31'S 153°60'E (35) 13°24N 160° 00'W

(10) 09°60'S 154°27E (36) 17°30N 160° 00'W
(11) 15°06'S 154°23'E (37) 20°3I'N 159°04'W
(12) 20°32'S 154°02'E (38) 21°19N 157°50W
(13) 25°48'S 153°32’E (39) 21°2I'N 160° 05'W
(14) 27°47'S 153°02’E (40) 21°30'N 165°41'W
(15) 27°50'S 156°52'E (41) 21° 30N 171°48W
(16) 29°19S 161°40'E (42) 21° 30N 177°57TW
(17) 30°50'S 166°45'E (43) 21° 30N 176°01'E
(18) 33°24'S 171°36'E (44) 21° 30N 169°52'E
(19) 36°24'S 174°59'E (45) 20°31'N 163°56'E
(20) 31°51'S 175°43'E (46) 21° 30N 157°60'E
(21) 26°33'S 176° 38'E 47) 21°30'N 152°01'E
(22) 21°49'S 177°27E (48) 21°47N 146° 14E
(23) 18°08'S 178°25'E (49) 25° 49N 142°28'E
(24) 20°51'S 177°12°E (50) 28° 48N 138°22E
(25) 21°34'S 171°57W (51) 32°17N 133°45'E
(26) 20°50'S 166° 24'W (52) 33°56'N 131°02E
at 193.7 nm). Results and Discussion

Estimation of pelagic particulate matter
composition

Each fixed fraction extended in a Petri dish was
observed using a microscope with a magnification
of x40 and photographed five times at random.
The apparent ratio of organisms (%) derived from
phytoplankton, zooplankton, and detritus in each of
52 fractions (apparent composition) was estimated
from overall observation of the five images

obtained.

Calculation of apparent weight of phytoplankton,
zooplankton and detritus in pelagic particulate matter
Each apparent weight (mg) was calculated by
multiplying the dry weight of particulate matter
(mg) by the ratio of phytoplankton, zooplankton,
and detritus (%) as determined using the method
described above. The apparent weight (mg) values
represent alternative rather than actual values.
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Relationship between apparent composition and
arsenic concentration in pelagic particulate matter

The apparent composition and As concentrations
of 52 fractions of pelagic particulate matter are
shown in Fig. 2. The up-and-down variation of the
ratio of detritus in particulate matter from small
to large in terms of fraction numbers (1,2,3,4-a)
is mostly seen to be reflected in the variation of
arsenic concentration in the same series (1,2,3,4-b).
In short, similar up-and-down profiles are observed
in both graphs over the whole sample route.

The relationship between As content and the
apparent weight of phytoplankton, zooplankton and
detritus in pelagic particulate matter are shown in
Fig. 3. Arsenic content shows a positive correlation
to the apparent weight of detritus (r = 0.81), but no
correlation is observed between As content and the
apparent weights of phytoplankton or zooplankton.
These results suggest that most As in particulate

matter was concentrated and remained in detritus
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Fig. 2. Apparent composition and arsenic concentrations of pelagic particulate matter.
Each point of arsenic concentration indicates the measured value (n = 1).
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for various reasons, and this tendency appeared
to be universal along the route navigated in the

Pacific Ocean.

Difference in species composition and arsenic
content of pelagic particulate matter
Photographs of eight fractions of pelagic
particulate matter are shown in Fig. 4. Fraction
(1) had a high ratio of phytoplankton, (8), (13) and
(16) had high ratios of zooplankton, and (20), (27),
(34) and (42) had high ratios of detritus. Specific
differences were observed for each fraction even
if the organism ratios were at the same level.
Fondekar et al” reported that variations of total As
content in zooplankton caught in the sea off the Goa
coast were attributable to differences in plankton
species composition. In the research reported
here, large fraction differences were also seen in
relation to species composition, particularly with
navigation over significant degrees of latitude from
north to south (Route 1) and south to north (Route
3). With such long-distance navigation, species
composition changed not only in phytoplankton
and zooplankton but also in detritus. There were
large As content differences even when each of
the fractions was compared with the high ratio
of detritus as shown in Figs. 4 (20), (27), (34) and
(42). Also in this case, the species composition
differences are considered to have contributed to

the As content differences among fractions.

Meanwhile, Takimura et al® reported that the
maximum accumulation of As in Dunaliella sp.
green algae depended on the growth phase. In
general, As can be taken up and accumulated by
marine organisms, especially by phytoplankton.”
Also in this research, the high concentrations
of As in fractions might have derived from
phytoplankton in the growth phase and subsequent
growth of zooplankton, which might have produced
fecal pellets that were observed as detritus.

Besides the effects of bioactivity, the physical
absorption of As by iron has been reported as a
factor contributing to high As concentrations in
sediment” and in Chattonella antiqua and Duneliella
salina marine algae®? This is also thought to be a
factor behind high As concentrations in particulate
matter because significant percentages were
derived from organisms containing trace elements
including iron. However, it is considered that the
As content in marine organisms can vary with age,

. . 4
organ, organism tissue and season. )

Conclusion

The study’s results suggested that the amount of
As content in pelagic particulate matter depends
on the quantity of detritus present in the matter.
This tendency was largely observed over the
whole sea route navigated in the research, and
can be taken as universal because the route
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Fig. 3. Relationship between arsenic content and apparent weight of phytoplankton, zooplankton and detritus in pelagic

particulate matter.
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covered various areas of the Pacific Ocean. It
can be considered that pelagic particulate matter
may sink and absorb As before becoming ocean

sediment over time.
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500 pm

Fig. 4. Photographs of pelagic particulate matter collected using a Kitahara quantitative plankton net from sea water
pumped up from a depth of 5.0 m during navigation. The parentheses indicate fraction numbers.
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