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Abstract

Sea water samples collected from Kagoshima Bay and the open ocean (the
East China Sea) were analyzed for arsenic and antimony by hydride
generation-atomic absorption spectrometry with hydrogen-nitrogen flame
using sodium borohydride solution as reductant.

Levels of arsenic and antimony contents including each class of depth
were found to be in the range of 0.5~ 8.8 ug/f (geometric mean 1.5g),
0.10~2.16 ug/¢ (geometric mean 0.27;) for 54~91 samples taken from
Kagoshima Bay and 1.0~2.2 ug/f (geometric mean 1.4,), 0.15~0.61 ug/¢
(geometric mean 0.23;) for 59~67 samples taken from the East China Sea,
respectively.

In comparison of the mean levels for arsenic and antimony contents in-
cluding each class of depth from Kagoshima Bay and the East China Sea, the
arsenic and antimony level were slightly higher than those for the East China
Sea. Arsenic and antimony contents in sea water at the hot position 200 m
deep near the fumarole of northern Kagoshima Bay were higher than those for
southern Kagoshima Bay. This suggests that arsenic and antimony have sup-
plied as result of volcanic activity which both took place in the past and are
under way at present.
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Introduction

Kagoshima Bay was said to be one of the few bays which was close to the natural condi-
tion, i. e. unpolluted or low pollution.

Mercury-polluted fish" was found at the Northern Kagoshima Bay in November, 1973.
Water quality? %, fish®®, shellfish”, fumarolic gases® and sediments® !” from Kagoshima
Bay were checked in detail by the University and Research organization of Kagoshima
Prefecture. A survey for submarine fumaroles in Kagoshima Bay by the Environmental
Agency of the Government and Kagoshima Prefecture were carried out with a submarine
boat in 1977 to investigate its contribution to the total mercury load in the area®. However,
the mechanism for the concentration of mercury in fish has not yet been clear.

Arsenic and antimony are known as toxic elements same as mercury. For many years, we
have studied the trace elements (Cu, Zn, Cd, Pb, As, Sb, Hg) in river waters'''?, sea waters
19719 marine sediments'” =%, biological samples?" % and hot spring waters®”?¥. In general,
the contents of those elements are very small, on a ppb or ppt level and it is very difficult to
get precise and reliable data based on them. It is, therefore, necessary to check the reliability
of the analytical procedure employed using an interlaboratory comparison program. We
have had a chance to participate in an interlaboratory comparison project using reference
standard materials organized among twenty members'*" 2",

This paper discusses the contents and distribution of acid soluble arsenic and antimony,
their mutual relations and distributions based on the analytical results of sea waters from
Kagoshima Bay and the East China Sea.

Experimental

Apparatus.

Atomic absorption spectrometer equipment: The Shimadzu Atomic Absorption
Spectrophotometer was used.

Hydride generation equipment: The Shimadzu Arsenic Analyzer ASA-1 was used.

Reagents.

Reagents used were of analytical-reagent grade. The hydrochloric acid and sodium
borohydride were analytical- special-reagent-grade for the measurements of the toxic metals.

Purified water was prepared using a water sealed hard glass distillation system.

Collection and Preservation of Samples.

Surface sea water were collected using a plastic vessel while deep sea water samples were
collected by use of the Bandon Sampler (made from polypropylene) hanging on a stainless
steel wire from Kagoshima Bay and East China Sea and from Oct., 1981 to June, 1990.

The sampling stations are shown in Figs. 1~3.
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Fig. 1. Map of sampling stations for Kagoshima Bay sea waters.
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Fig. 2. Map of sampling stations for East China Sea.



The contents and distribution of arsenic and antimony in sea water from Kagoshima Bay, in comparison with East China Sea. 27

) ! ' T
)
27°N | /2 i
2
Os2
Oss3 ]
i East China Sea Q64
65
O On
Q70 Oss6
25°N b O Qg7 4
600 610
59 O 68 O58
& 69 2
B Yaeyama Islands
Taiwan
23°N 4
I )
21°N ! L f L
120°E 121°E 123°E 125°E

Fig. 3. Map of sampling stations for East China Sea.

The collected sea water samples were preserved in a polyethylene bottles, which were
excluded beforehand with approximately 2 mo#/¢ nitric acid for two weeks and then washed
thoroughly with water. A 10 m/ of concentrated hydrochloric acid was added to 1 liter of
sample after sampling. The samples were transported and analyzed in the laboratory.

All samples were analyzed without further filtration because based from a past experi-
ence, that filtered samples yielded lower results for arsenic. Regarding antimony, however,
we had no definite information as to any differences between filtered and unfiltered samples.

Analytical Procedure for Arsenic and Antimony in Sea Water.

The contents of arsenic and antimony in sea water are usually very low; as little as ppb
levels. Thus, it is very difficult to obtain the precise and reliable results by direct method
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without preconcentration. Sea water samples were analyzed by hydride generation-atomic
absorption spectrometry with hydrogen-nitrogen flame using sodium borohydride solution
as reductant®’ %,

Determination of Arsenic (Il + V).

A sea water sample was placed in a reaction vessel. In this solution, 10 m# of 35%
hydrochloric acid and 5 m#¢ of 40% potassium iodide solution were added and the reaction
vessel was then put into a hydride generator. Then, 1 mf of 3% sodium borohydride in 0.01
mo//¢ sodium hydroxide solution was injected with a syringe over a period of 20 s while
stirring with a bar. Arsine evolved was introduced into quartz cell by passing nitrogen
through the reaction vessel in 70 s after injecting 3% sodium borohydride. The arsine was
atomized in a hydrogen-nitrogen flame of an atomic absorption spectrometer and the arsenic
(Il + V) was determined at a wavelength of 193.7 nm.

Determination of Antimony (III + V).

A sea water sample was placed in a reaction vessel. In this solution, 5 m/ of 35% hydro-
chloric acid and 2.5 m/f of 40% potassium iodide solution were added. The vessel was then
put into a hydride generator and the antimony (III + V) was treated in the same way as
during the determination of arsenic (III + V). The atomic absorption for antimony was done
at a wavelength of 217.6 nm.

Results and Discussion

Contents of Arsenic and Antimony in Sea Water of Kagoshima Bay and the Open Sea Water
(East China Sea).

The contents of arsenic and antimony in sea water samples taken from Kagoshima Bay
and the East China Sea were analyzed. The samples were collected during the period
1981~1990. Sampling stations of Kagoshima Bay and the open sea (East China Sea) are
shown in Figs. 1~ 3. The analytical results for arsenic and antimony are shown in Tables 1
~ 2.

The arsenic and antimony contents of Kagoshima Bay and the East China Sea are sum-
marized in Table 3. In the following discussion, Kagoshima Bay is divide into two sections by
the line connecting Kagoshima City and Sakurajima; the southern part (Stn.1 ~11, 33~37)
and the northern part (Stn. 12~32, 38~44). And then considerable fumarolic activity is
observed around Stations 38 and 40 in the Northern Kagoshima Bay.
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Table 1. Contents of arsenic and antimony in sea water of Kagoshima Bay
Stn. ) Depth W. T. As Sb
No. Station Date (m) © vg/l ugll Remarks
1 31°30.3'N, 130°33.7E Oct. 15.°81 0 240 8.2 1.0 — South. Kago. Bay
2 31°27T4N, 130°354'E Oct. 15.'81 0 241 8.2 1.3 - South. Kago. Bay
3 31°24.I'N, 130°37.3'E Oct. 15.781 0 246 8.2 0.9 - South. Kago. Bay
3 31°24.1'N, 130°37.3'E Oct. 15.°81 20 244 8.2 1.0 — South. Kago. Bay
3 31°24.1'N, 130°37.3E Oct. 15. 781 50 233 8.1 1.5 — South. Kago. Bay
3 31°24.1'N, 130°37.3E Oct. 15.781 100 173 8.0 1.5 - South. Kago. Bay
3 381°24.I'N, 130°37.3E Oct. 15.781 200 157 7.9 1.6 - South. Kago. Bay
4 31°21.3N, 130°39.I'E Oct. 15.781 0 250 8.3 0.5 - South. Kago. Bay
5 31°180'N, 130°41.0E Oct. 15. 81 0 243 8.2 1.3 — South. Kago. Bay
6 31°137N, 130°43.9'E Oct. 15,781 0 248 8.3 0.8 - South. Kago. Bay
7 31°197N, 130°45.2'E Oct. 15.'81 0 248 8.2 0.8 - South. Kago. Bay
8 31°244'N, 130°42.2'E Oct. 15.781 0 250 8.1 1.5 - South. Kago. Bay
9 31°27.8'N, 130°40.7E Oct. 15.781 0 256 8.1 1.1 - South. Kago. Bay
10 31°30.9'N, 130°384'E Oct. 15.781 0 258 8.1 1.8 — South. Kago. Bay
11 31°33.2'N, 130°35.0'E Oct. 15.781 0 245 8.1 1.7 - South. Kago. Bay
12 31°36.2’N, 130°355'E Oct. 16.°81 0 233 8.1 2.1 — North. Kago. Bay
13 31°385 N, 130°38.3'E Oct. 16.'81 0 232 8.2 1.2 — North. Kago. Bay
14 31°405'N, 130°40.7E Oct. 16.'81 0 235 8.2 2.8 — North. Kago. Bay
15 31°39.2’N, 130°46.3'E Oct. 16. 81 0 244 8.1 0.9 — North. Kago. Bay
15 31°39.2’N, 130°46.3'E Oct. 16. 81 20 242 8.1 1.9 - North. Kago. Bay
15 31°39.2’N, 130°46.3'E Oct. 16.'81 50 231 8.1 2.1 — North. Kago. Bay
15 31°39.2’N, 130°46.3'E Oct. 16.'81 100 17.0 7.7 2.8 — North. Kago. Bay
15 31°39.2’N, 130°46.3'E Oct. 16.'81 190 16.0 6.8 4.5 — North. Kago. Bay
16 31°39.3'N, 130°46.0'E Nov. 18.'82 0 220 8.2 1.7 — North. Kago. Bay
16 31°39.3'N, 130°46.0'E Nov. 18.'82 50 185 8.1 1.3 — North. Kago. Bay
16 31°39.3'N, 130°46.0'E Nov. 18.'82 100 175 7.6 2.1 - North. Kago. Bay
16 31°39.3'N, 130°46.0'E Nov. 18.'82 150 16.8 7.2 1.9 — North. Kago. Bay
16 31°39.3'N, 130°46.0'E Nov. 18.'82 200 16.8 6.7 2.7 — North. Kago. Bay
17 31°39.9°N, 130°49.0'E Nov. 18.'82 0 221 8.2 14 — North. Kago. Bay
18 31°39.9'N, 130°448 E Nov.18.'82 0 215 8.3 1.6 - North. Kago. Bay
19 31°39.9'N, 130°44.0'E Nov. 18.'82 0 214 8.3 1.5 - North. Kago. Bay
20 31°39.9'N, 130°42.7E Nov. 18.'82 0 215 8.3 1.5 - North. Kago. Bay
21 31°39.9'N, 130°41.I'E Nov. 18.'82 0 218 8.2 1.3 — North. Kago. Bay
22 31°39.9'N, 130°389°E Nov. 18.'82 0 220 8.2 14 - North. Kago. Bay
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Table 1. (Coninued)

Stn. Depth W.T. As Sb

Station Date . pH Remarks
No. (m) C ug/l  ugl/l
23 31°38.0'N, 130°37.7E Nov. 18.'82 0 220 8.2 1.6 — North. Kago. Bay
24 31°37.0’'N, 130°36.6’E  Nov. 18.'82 0 215 8.3 1.5 — North. Kago. Bay
25 31°36.0'N, 130°35.5'E  Nov. 18.'82 0 214 8.3 1.4 — North. Kago. Bay
26 31°39.3'N, 130°46.1’E  Dec. 02.'83 0 196 8.2 1.7 0.27 North. Kago. Bay

26 31°39.3'N, 130°46.1'E  Dec. 02.'83 50 191 8.1 1.6 0.23 North. Kago. Bay
26 31°39.3'N, 130°46.I'E  Dec. 02.'83 100 16.9 7.7 2.1 0.14 North. Kago. Bay
26 31°39.3'N, - 130°46.1'E  Dec. 02.'83 150 16.0 7.3 2.0 0.14 North. Kago. Bay
27 31°41.0'N, 130°44.3E  Dec. 02.'83 19.1 8.3 1.6 0.10 North. Kago. Bay
28 31°405' N, 130°421'E  Dec. 02.°83 18.9 8.3 14 0.25 North. Kago. Bay
29 31°39.5'N, 130°40.I'E  Dec. 02.'83 19.2 8.3 14 0.12 North. Kago. Bay
30 31°387N, 130°376'E  Dec. 02.'83 19.4 8.2 1.6 0.23 North. Kago. Bay
31 31°387N, 130°385'E  Dec. 02.'83 19.6 8.1 1.6 0.20 North. Kago. Bay
32 31°365' N, 130°36.2°E  Dec. 02.'83 19.7 8.2 1.7 0.27 North. Kago. Bay
33 31°244'N, 130°39.1'E  Dec. 06.'85 18.6 8.2 1.3 0.35 South. Kago. Bay
33 31°244'N, 130°39.1'E  Dec. 06.'85 20 187 8.2 1.8 0.38 South. Kago. Bay
33 31°244'N, 130°39.I'E  Dec. 06.'85 60 187 8.1 1.6 0.27 South. Kago. Bay
33 31°244'N, 130°39.1'E  Dec. 06.'85 100 16.3 8.0 1.4 031 South. Kago. Bay
33 31°244'N, 130°39.I'E  Dec. 06.'85 150 154 7.9 1.6 0.27 South. Kago. Bay
33 31°244'N, 130°39.I'E  Dec.06.’85 200 15.2 7.9 1.6 042 South. Kago. Bay

O O O O o o o

34 31°22.I'N, 130°37.2°E  Dec. 07.'85 0 193 8.2 1.5 046 South. Kago. Bay
35 31°249'N, 130°349'E  Dec. 07.'85 0 193 8.1 1.3 035 South. Kago. Bay
36 31°276'N, 130°33.9°E  Dec. 07.'85 0 189 8.1 1.7 042 South. Kago. Bay
37 31°315'N, 130°405°E  Dec. 08.'85 0 175 8.2 14 033 South. Kago. Bay

37 31°31.5'N, 130°40.5'E  Dec. 08.'85 30 174 8.2 1.5 0.27 South. Kago. Bay
37 381°315'N, 130°405E  Dec. 08.'85 60 17.1 8.1 14 042 South. Kago. Bay
37 31°315 N, 130°40.5°E  Dec. 08.'85 90 165 8.1 1.5 0.27 South. Kago. Bay
37 31°315 N, 130°40.5°E  Dec. 08.'85 130 147 8.0 1.7 0.33 South. Kago. Bay
37 31°315'N, 130°40.5'E  Dec. 08.'85 160 148 7.9 1.7 042 South. Kago. Bay
38 31°389'N, 130°46.2’E  Dec. 08.'85 0 187 8.1 1.3 0.27 North. Kago. Bay
38 31°389'N, 130°46.2’E  Dec. 08.'85 30 186 8.0 1.2 0.27 North. Kago. Bay
38 31°389'N, 130°46.2’E  Dec. 08.'85 70 185 7.9 16 0.36 North. Kago. Bay
38 31°389'N, 130°46.2°E  Dec. 08.'85 110 16.9 7.5 1.8 042 North. Kago. Bay
38 31°389'N, 130°46.2’E  Dec. 08.'85 150 16.3 7.0 2.0 042 North. Kago. Bay
38 31°389'N, 130°46.2’E  Dec. 08.'85 190 16.2 6.8 29 096 North. Kago. Bay
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Table 1. (Coninued)

Stn. ) Depth W.T As Sb

No. Station Date (m) c vg/l ugll Remarks

38 31°389'N, 130°46.2°E Dec.08.'85 196 16.2 6.8 88 2.16 North. Kago. Bay
39 31°396'N, 130°46.1'E  Feb. 06.'86 0 139 7.8 1.7 011 North. Kago. Bay
39 31°39.6'N, 130°46.1'E  Feb. 06.'86 40 13.2 7.8 1.9 0.10 North. Kago. Bay
39 31°396'N, 130°46.1'E  Feb. 06.'86 80 130 7.9 1.8 0.10 North. Kago. Bay
39 31°396'N, 130°46.1'E  Feb.06.'86 110 13.2 7.9 1.7 010 North. Kago. Bay
39 31°396'N, 130°46.I'E  Feb.06.'86 140 132 7.9 1.6 0.14 North. Kago. Bay
39 31°396'N, 130°46.I'E  Feb.06.'86 170 13.0 7.9 1.9 011 North. Kago. Bay
39 31°396'N, 130°46.I'E  Feb.06.'86 200 13.3 7.9 1.6 "0.10 North. Kago. Bay
40 31°39.7'N, 130°44.2'E  Oct. 28.'87 0 230 8.2 1.0 0.14 North. Kago. Bay
40 31°39.7'N, 130°44.2’E  Oct. 28.'87 50 219 8.1 1.2 015 North. Kago. Bay
40 31°39.7'N, 130°44.2'E  Oct.28.'87 100 166 7.6 2.0 0.15 North. Kago. Bay
40 31°39.7'N, 130°442’E  Oct.28.'87 150 16.0 7.2 23 030 North. Kago. Bay
40 31°39.7'N, 130°442’E  Oct.28.87 170 159 7.1 24 0.27 North. Kago. Bay
40 31°39.7'N, 130°44.2’E  Oct. 28.'87 190 15.8 6.8 2.7 043 North. Kago. Bay
40 31°39.7'N, 130°44.2’E  Oct.28.'87 200 159 6.7 3.2 130 North. Kago. Bay
41 31°395'N, 130°43.I'E  Oct. 28.'87 0 230 8.2 1.0 0.14 North. Kago. Bay
42 31°39.7’N, 130°41.2°E  Oct. 28.'87 0 230 8.2 0.9 0.19 North. Kago. Bay
43 31°396'N, 130°39.0E  Oct. 28.'87 0 231 8.2 1.0 0.12 North. Kago. Bay
44 31°394'N, 130°46.1'E  Jun. 30.°90 0 26.0 8.3 0.5 0.18 North. Kago. Bay
44 31°394'N, 130°46.I'E  Jun.30.90 200 19.6 6.8 1.6 0.95 North. Kago. Bay
44 31°394'N, 130°46.1'E  Jun.30.’90 200 19.8 7.0 1.8 0.78 North. Kago. Bay
44 31°394'N, 130°46.1'E  Jun.30.’90 200 199 6.6 2.3 1.20 North. Kago. Bay
44 31°394'N, 130°46.1'E  Jun.30.90 200 19. 6.8 1.6 0.90 North. Kago. Bay
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Table 2. Contents of arsenic and antimony in sea water of the East China Sea

Stn. . Depth W.T. As Sb

No. Station Date (m) © pH vg/l ugll Remarks

50 24°394'N, 123°498'E  Oct. 17.'82 0 270 8.2 1.3 - East China Sea
51 25°16.3'N, 124°17.0°E  Oct. 17.'82 0 275 8.3 14 - East China Sea
52 25°486'N, 124°568'E  Oct. 17.'82 0 265 8.3 14 - East China Sea
53 26°186'N, 125°41.9E  Oct. 18.'82 0 268 8.3 15 - East China Sea
54 26°51.3'N, 126°28.0'E  Oct. 18.'82 0 260 8.3 14 - East China Sea
55 27°233N, 127°116'E  Oct. 18.'82 0 265 8.3 L7 - East China Sea
56 27°39.7N, 128°025'E  Oct. 18.’82 0 259 8.3 14 - East China Sea
57 28°035' N, 128°475E  Oct. 18.’82 0 260 8.3 15 - East China Sea
58 24°44.0'N, 124°02.0°'E  Oct. 07.'83 0 295 8.3 1.2 0.16 East China Sea
58 24°44.0°'N, 124°020°E  Oct. 07.'83 50 30.1 8.2 1.1 021  East China Sea
58 24°44.0°'N, 124°020°'E  Oct. 07.'83 100 28.0 8.2 1.2 0.18 East China Sea
58 24°44.0'N, 124°020°'E  Oct.07.’83 500 18.0 7.9 16 0.16 East China Sea
58 24°44.0°'N, 124°020'E  Oct. 07.'83 1,000 10.2 7.4 1.6 025 East China Sea
59 24°54.0'N, 123°22.0E  Oct. 07.'83 0 300 8.2 1.0 0.17 East China Sea
59 24°54.0'N, 123°220'E  Oct. 07.'83 50 285 8.2 1.2 0.18 East China Sea
59 24°540'N, 123°22.0'E  Oct. 07.'83 100  25.0 8.1 1.2 0.18 East China Sea
59 24°540'N, 123°220'E  Oct.07.'83 500 18.1 7.6 1.6 020 East China Sea
59 24°540'N, 123°22.0'E  Oct. 07.°83 1,000 11.0 7.5 1.7 0.26  East China Sea
60 25°01.0'N, 122°58.0'E  Oct. 07.'83 0 296 8.3 1.2 017 East China Sea
60 25°01.0'N, 122°580'E  Oct. 07.'83 50 29.0 8.3 1.5 0.30 East China Sea
60 25°01.0'N, 122°580'E  Oct. 07.'83 100 245 8.3 1.6 0.18 East China Sea
60 25°01.0'N, 122°58.0'E  Oct.07.'83 500 145 7.6 1.8 020 East China Sea
60 25°01.0N, 122°58.0'E  Oct.07.’83 1,000 9.5 74 20 028 East China Sea
61 25°09.0'N, 123°30.0E  Oct. 22.'83 0 292 8.3 1.2 021  East China Sea
61 25°09.0'N, 123°30.0'E  Oct. 22.'83 50 2838 8.3 1.3 0.17 East China Sea
61 25°09.0'N, 123°30.00E  Oct. 22.'83 100 249 8.2 1.6 0.28 East China Sea
61 25°09.0'N, 123°30.0'E  Oct. 22.’83 500 14.3 7.7 1.5 0.28 East China Sea
61 25°09.0'N, 123°30.00E  Oct. 22.’83 1,000 9.0 7.5 2.1 061 East China Sea
62 26°31.0°N, 122°30.0'E Aug. 04.'84 0 298 8.3 1.1 033 East China Sea
62 26°31.0'N, 122°30.0E Aug. 04.'84 50 256 8.3 1.2 025  East China Sea
63 26°134'N, 122°454'E Aug. 04.'84 0 286 8.3 1.2 039 East China Sea
63 26°134'N, 122°454'E Aug. 04.'84 50 232 8.2 1.8 0.37 East China Sea
64 26°00.0'’N, 123°00.0'E Aug. 04.'84 0 300 8.3 1.5 0.26  East China Sea
64 26°00.0'N, 123°00.00E Aug. 04.'84 50 254 8.3 1.6 031  East China Sea
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Table 2. (Continued)

Stn. Depth W.T. As Sb

No. Station Date (m) © pH e/l g/t Remarks

65 25°46.5'N, 123°156'E  Aug. 04.'84 0 304 8.3 12 034 East China Sea
65 25°46.5'N, 123°156'E  Aug. 04.'84 50 283 8.3 1.5 031 East China Sea
65 25°46.5'N, 123°156'E Aug. 04.'84 100 23.0 8.2 16 031 East China Sea
66 25°236'N, 123°355'E Aug. 04.'84 0 302 8.3 1.0 0.28 East China Sea
66 25°236'N, 123°355'E Aug. 04.'84 50 27.0 8.3 15 0.29 East China Sea
66 25°236'N, 123°355'E Aug. 04.'84 100 237 8.2 15 0.26 East China Sea
66 25°236'N, 123°355'E Aug. 04.'84 500 14.2 8.0 1.5 0.28  East China Sea
66 25°23.6'N, 123°355'E  Aug.04.’84 1,000 10.0 7.8 22 0.26  East China Sea
67 25°09.9'N, 123°51.8E Aug. 03.'84 0 301 8.3 1.2 0.29 East China Sea
67 25°09.9'N, 123°518'E Aug. 03.'84 50 26.6 8.3 15 0.22  East China Sea
67 25°09.9'N, 123°51.8E Aug. 03.'84 100 24.1 8.3 1.3 0.17 East China Sea
67 25°09.9'N, 123°51.8'E Aug. 03.'84 200 209 8.2 1.3 0.24  East China Sea
67 25°09.9'N, 123°51.8E Aug. 03.'84 500 15.0 8.1 1.5 0.28 East China Sea
67 25°09.9'N, 123°51.8E Aug.03.'84 1,000 9.7 7.7 1.7 031 East China Sea
68 24°52.6'N, 123°45.T'E Jul. 28.'84 0 310 8.3 1.2 017 East China Sea
68 24°52.6'N, 123°45.TE Jul. 28.'84 50 284 8.3 1.3 0.21 East China Sea
68 24°526'N, 123°457E Jul. 28.'84 100 240 8.2 15 0.21 East China Sea
68 24°526'N, 123°45.7E Jul. 28.'84 200 21.0 8.2 16 0.19 East China Sea
68 24°52.6'N, 123°45.7T'E Jul. 28.'84 500 143 8.0 19 0.26  East China Sea
68 24°52.6'N, 123°45.7'E Jul. 28.’84 1,000 10.0 7.8 20 027 East China Sea
69 24°40.I'N, 123°30.1'E Jul. 28.’84 0 304 8.3 1.3 0.15 East China Sea
69 24°40.I'N, 123°30.I'E Jul. 28.°84 50 26.9 8.3 1.3 0.17 East China Sea
69 24°40.I'N, 123°30.1'E Jul. 28.°84 100 232 8.2 1.3 0.21 East China Sea
69 24°40.I'N, 123°30.I'E Jul. 28.’84 200 204 8.2 15 0.23 East China Sea
69 24°40.1'N, 123°30.I'E Jul. 28.'84 500 14.6 8.0 16 0.25 East China Sea
69 24°40.I'N, 123°30.I'E Jul. 28.’84 1,000 9.6 7.8 1.7 0.27 East China Sea
70 25°158'N, 122°09.I'E Sept. 11.’85 0 281 8.1 1.0 0.28 East China Sea
71  25°404'N, 123°454'E Sept. 11.'85 0 283 8.2 1.1 0.23 East China Sea
72 26°22.1'N, 125°122'E Sept. 12.'85 0 289 8.1 1.1 0.26 East China Sea
73 27°215'N, 126°16.7E Sept. 12.'85 0 281 8.1 1.0 0.27 East China Sea
74 28°23.2'N, 127°242'E Sept. 12.'85 0 300 8.2 1.0 0.18 East China Sea
75 29°224'N, 128°385 E Sept. 12.'85 0 292 8.2 1.1 0.18 East China Sea
76 30°17.9'N, 129°40.9E Sept. 13.'85 0 282 8.2 1.1 0.17 East China Sea
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Table 3. Average values of arsenic and antimony contents in sea water of
Kagoshima Bay and the open ocean (East China Sea)

Locality As ug/t Sb ug/4
Range 0.5~2.8 ( 05~88) Range 0.10~046 ( 0.10~2.16 )
Xa 1.36 ( 172 ) Xa 0.237 (0371 )
Kagoshima Bay
XG 1.30 ( 15s ) XG 0.214 (0275 )
n 44 ( 91 ) n 19 ( 54 )
Range 1.0~1.7 ( 1.0~22) Range 0.15~0.39 ( 0.15~061)
Open ocean Xa 1.23 ( 142 ) Xa 0.236 ( 0246 )
(East China Sea) | Xg 1.2, ( 140 ) X6 022, (023 )
n 27 ( 67 ) n 19 ( 59 )
Xa: Arithmetic mean, XG: Geometric mean, n: No. of samples, Without ( ): Surface water,

( ): Include each class of depth.

The ranges of arsenic and antimony contents for 19~44 surface water samples taken
from Kagoshima Bay are 0.5~2.8ug/¢, 0.10~0.46 ug/4 , respectively. The arithmetic mean
and geometric mean are 1.3¢, 0.23; ug/f and 1.30, 0.21, ug/4, respectively.

The ranges of arsenic and antimony contents for 19~27 surface water samples taken
from East China Sea are 1.0~1.7 ug/¢ and 0.15~0.39 ug/4 , respectively. The arithmetic
mean and geometric mean are 1.25, 0.23¢ and 1.2,, 0.22; #g/4, respectively.

Levels of arsenic and antimony including each class of depth were found to be in the
range of 0.5~8.8 u#g/¢ (geometric mean 1.55) and 0.10~2.16 ug/¢ (geometric mean 0.275)
for 54~91 samples taken from Kagoshima Bay and 1.0~2.2 ug/¢ (geometric mean 1.4,) and
0.15~0.61 1g/¢ (geometric mean 0.23;) for 59~67 samples taken from the East China Sea,
respectively.

Table 4 shows summarizing arsenic and antimony contents including each class of depth
of Northern Kagoshima Bay and Southern Kagoshima Bay. Arsenic contents (geometric
mean) of Northern Kagoshima Bay is 1.3 times higher than Southern Kagoshima Bay. But,
antimony contents (geometric mean) in Southern Kagoshima Bay is higher than Northern
Kagoshima Bay. This cause does not become clear currently.

Vertical Distribution of Arsenic and Antimony in Sea Water of Kagoshima Bay.
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Table 4. Average values of arsenic and antimony contents in sea water of
Kagoshima Bay and the open ocean (East China Sea)

Locality As ug/t Sb ug/t
Range  05~28  ( 05~88) Range 0.10~027 ( 0.10~2.16 )
Kagoshima Bay | XA 143 ( 180 ) Xa 0.185 (0375 )
(Northern) X 1.37 ( 171 ) XG 0.174 ( 025: )
n 28 ( 61 ) n 14 ( 39 )
Range 05~1.8 ( 056~18) Range 0.33~0.46 ( 0.27~0.46 )
Kagoshima Bay XA 1.24 ( 137 ) XA 0.38: ( 0351 )
(Southern) X 1.1s ( 133 ) X 0379 ( 0345 )
n 16 ( 3 ) n 5 ( 15 )

Xa: Arithmetic mean, Xc: Geometric mean, n: No. of samples, Without ( ): Surface water,
( ): Include each class of depth.

Fig. 4 shows the vertical distribution of arsenic and antimony contained in sea waters
from Stn. 33 and 38 of Kagoshima Bay. The vertical profiles of arsenic and antimony contents
have increased appreciably in the depth and its contents are high in the hot position 200 m
deep near the fumarole in the part of Northern Kagoshima Bay.

Mutual Correlation between Arsenic and Antimony Contents in Sea Water of Kagoshima Bay
and East China Sea.

In sea water of Kagoshima Bay , there is a high positive correlation between the arsenic
and antimony contents including each class of depth (correlation coefficient, 0.77). However,
the correlation coefficient between the arsenic and antimony contents was 0.39 in sea water
of East China Sea. It may be considered that factors such as geological circumstances and the
intricate submarine topography of Kagoshima Bay.
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Fig. 4. Vertical profiles of arsenic and antimony contents in sea water of Kagoshima Bay.

@ : Northern Kagoshima Bay
O : Southern Kagoshima Bay
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Conclusion

We have determined the acid dissolved arsenic and antimony content in sea sea water
samples from Kagoshima Bay and East China Sea by hydride generation atomic absorption
spectrometry.

Levels of arsenic and antimony including each class of depth were found to be in the
range of 0.5~8.8 ug/¢ (geometric mean 1.5g) and 0.10~2.16 ug/f (geometric mean 0.275)
for 54~91 samples taken from Kagoshima Bay and 1.0~2.2 ug/¢ (geometric mean 1.4,) and
0.15~0.61 ug/¢ (geometric mean 0.23;) for 59~67 samples taken from the East China Sea,
respectively.

In comparison of mean levels of arsenic and antimony contents of Kagoshima Bay and
East China Sea, arsenic and antimony contents of Kagoshima Bay were slightly higher than
East China Sea. There is a high positive correlation (correlation coefficient, 0.77) between the
arsenic and antimony contents including each class of depth of Kagoshima Bay. Levels of
arsenic and antimony contents of near the fumarole (200 m deep) for Northern Kagoshima
Bay were slightly higher than those for Southern Kagoshima Bay. This suggests that these
components have been supplied as a result of volcanic activity which both took place in the
past and are under way at present.

Acknowledgments — The authors are indebted to the Environmental Government and
Environmental Pollution Control Section of Kagoshima Prefecture and the Institute of
Environmental Pollution and Public Health of Kagoshima Prefecture for their practical
assistance, such as in the collection of samples and as well as for their endlessly helpful
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