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Summary

On January 2, 1997, a Russian Tanker "Nakhodka" sank near Oki Islands in the Sea of
Japan, and caused severe oil pollution along the coast lines of Honshu Island, covering
seven prefectures. Characterization of the spilled havy oil, analysis of the toxic components,
seach of specific compounds and/or patterns characteristic to the oil, and elucidation of the
state of pollution in the area were conducted. In this section, outline of the research
activities are described. '
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J. S. Edmonds (W ZEHFIERFFORT)

The first field survey on the effects of crude o1l spilled from a Russian tanker,
the Nakhodka, which was wrecked on the Sea of Japan near the Oki island
at January the second, 1997, was carried on for January 15th to 17th, 1997.
The seawater samples for the analyses of oil materials, PAH and VOC were
collected at the 15 sites along the shore of Ishikawa and Fukui Prefectures
and the mousse samples were collected at the three sites, Ojima,
Kotogahama, and Kato. All sampling locations were identified by using GPS
and photographs and video were taken at the same time. In this section, we
show the detailed information about the all locations and some pictures of
the scenes we observed.
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Just after the oil spill from the Nakhodka, we collected the seawater samples
for o1l matenial, VOC and PAH. After almost one year, the local governments
had addressed the ending of the emergency situation. For understanding the
results of the first survey which carried on at the January of 1997, the second
samphng was undertaken on November 7th and 8th. We collected the
seawater at the five sites which were exactly same positions to the first field
survey. Further, we added five more locations for sampling along the shore of
the Noto peninsula and found crude oil residue on the seashore between
Kinoura cape and Shakugazaki cape. At several locations, the shell samples
were collected to estimate the damage on the biological system. We record the
details of this second sampling survey by the each site in this section.
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Summary

Field studies on effects of the heavy oil from the Russian tanker, Nakhodka to
biota were carried out at hoth Ishikawa and Fukui Prefectures between 15-17 January
1997, Biological samples were collected especially in the intertidal zone. The
number of both individuals and species collected at Oshima, where the head (bow) of
“the tanker was drifted ashofe, was much smaller than that collected at other sites.
High mortality due to the acute toxicity of the heavy oil from Nakhodka was

suggested. Sowe of fish and shellfish sold at the fish market were also collected
for chemical analysis.
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Summary

Field studies on effects of the heavy o0il from the Russian tanker, Nakhodka to
biota were carried out at both Ishikawa and Fukui Prefectures between 24-27 March
1997. Biological samples were collected especially in the intertidal zone. The
number of both individuals and species collected at each site was recorded, although
the natural condition was severe for survey; there was a big vave accompanied with

a strong wind. There was a remarkable observation that few barnacles distributed.
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Sunmary

Field studies on effects of the heavy oil from the Korean tanker, No.3 Oh Sung to
biota were carried out at Tsushima, Nagasaki Prefecture on 11-12 April 1997.
Biological samples were collected especially in the intertidal zone. The number of
both individuals and species collected at each site was recorded, although the
natural condition was severe for survey; there was a big wave accompanied with a
strong wind and a high tide. High mortality due teo the acute toxicity of the heavy
oil from No.3 Oh Sung was suggested in some crustacean species
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Summary

Both volatile organic compounds (VOCs) in gas phase and polyaromatic hydrocarbons
(PAHs) in particulate matters were analyzed by a canister sampling - GC/MS analysis
and a personal filter sampler - HPLC-fluorescence detection system, respectively. Several
aromatic compounds were detected in the ambient air at low levels. Benzo(a) pyrene

concentrations were found to be around 1 ng/m * level or less.
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Table 2 Concentration of volatile aromatic compounds in ambient air at or near Mikuni,
Fukui Prefecture
{See Table 1 for sampling sites)

= —EE & FRER \HmIEN
Mikuni Oshima Mikuni Anto Awara Background
© @ ® @ ® ® @

Benzene 0.1 - 04 09 0.2 02 0.2 0.5

Toluene 0.1 0.1 8.2 0.2 0.1 1.4 1.0
Ethylbenzene 0.1 0.0 3.7 0.2 0.0 0.1 01
m,p-xylene 0.1 0.1 49 0.2 0.0 0.1 0.1
o-xylene 0.1 0.1 5.6 0.3 0.0 0.1 0.1
4-Ethyltoluene 02 01 5.7 0.5 0.1 0.1 0.0
1,3,5-Trimethylbenzene 0.1 0.1 2.1 0.1 0.0 - 0.0
1,2, 4-Trimethylbenzene 0.3 0.3 6.3 0.4 0.2 0.0 0.1

Table 3 Concentration of Benzo (a) pyrene in atmospheric particulate matters at Mikuni,
Fukui Prefecture

(See Table 1 for sampling sites)

D 2) 3) 4)
9:35-10:25 / 10:30-16:30 11:03-17.05 17:30-21:15 17:30-21:16
pre-filter 2nd- 3rd- 3rd- 3rd- - Quartz filter

Benzo (a}pyrene 0.2 n.d. 0.8 0.5 0.08 n.d.

(ngim *)
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RHEET (LERATBHBIFFEE)
HREHEH (MEREMNRG)

Major aliphatic and aromatic compounds in the heavy oil from the Russian tanker
"Nakhodka" were analyzed by a gas chromatograph - mass spectromstry (GC/MS) and a
high performance liquid chromatography equipped with a fluorescence detector {HPLC-FL).

In addition to characteristic peak pattern of n-alkanes {(C 10 to C 50, peak around C 20},
a large number of small peaks, including aromatic, polyaromatic hydrocarbons and their
alkylated forms, were detected between the n-alkane peaks. Dibenzothiophene and its
alkylated derivatives were also identified. Benzo(a)pyrene and other polyaromatic
hydrocarbons (PAHs) were present in fairly high level, and a characteristic pattern of the
fluorescent peaks after the peak of B{a)P was evident in the HPLC-FL chromatograms.
On the other hand, the levels of phytane and pristane were found to be rather low, and
hopanes were present at around or less than detection limits.

This characteristic PAHs pattern was clearly recognized even in the oil samples left on
the surface of stones at the shore for 10 months, and this pattern in the HPLC-FL
chromatograms was proposed as a good marker for the identification of and the

investigation of the fate of spilled Nakhodka heavy oil in the environment.

. BLaic

FMBERPEEGA. BROBEZFAEL. FOENYZINEL, BEMECHEAG
SMBEOMHAZT I LEEDbOTEETHD, FORHIZE, B LG HICHHE.
PORBIChIZ o THfiE, BRETIEELTRETAIRDEZRET B LENSHS. h
FOHEASMCE L o CHEBERIHITHBR L TEL OESFPITbI, 2 DL FE—
FAEEXITER, AMACIE, M E LTESRAMREAFED n- 740 8
(WL n- N7 74 8) OE, ReRFEFER  EREFRRIEAKFELEENLDOT NV
FAAEEEEINTVWD, X6, 573 (hopanes) A7 F . (steranes) . BVl
7 4 % (phytane) 7 VU X% > (pristane) ¥, [EHEHETL L OEEFFOBEK
FRELTVWAHER2V LRIKAMREAZESZFLRHEGTETENRLTWVS, CRLIIESR
BECTHDARPLEDEBESPLBDTRVWEAEZNTTHELA TV M EBIEE
PHFFLTEREERGFEELZLR, /S Fv—F— (biomarkers) *BHIN T
OERBECHET. WO MBEROEO—I— L LTHHESATETWS, —F. &
MIEMEZBHTIBRTELRS, HEMORY., MBENESFREORS 2 E < S0HE
ST, EBICIIEELTHIZHR0MTH, BMRSE LRI, AV Y v HoRHEDR
EREF I AR BRLTITOh 2 EHERE, 7MRECTTELRIEMATELRD,
H, b EDOREICEL 20, SBESHEEIMALHATELLDOIRIZZATEY.
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LT, GCMS ¥ »Fiz HPLC. # R EEEHWTFT R P A EREH S5O 2B 0 Ml
CICEHA~BNRETERSAZEEROSMTE T o, ., ~v FXN— 2 5 Fik
ZICALT, EMILRBETHAHARRS OO EDDLETITo,

2. EREH

EEEMBAL 1 AR~ NRBE T, £ 11 A EAICE IR B i
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FTHRPMPISEMOTICH Fig. 1R L, REEORZD n-TAIVEHOE— 27 33—
ERBTHRIHALTWS, REHEGHIZZWVWZEW C 1082 b Cae Ty CaaftiBB LT
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Figure 1 Total ion chromatogram (TIC) of the heavy oil from the Russian tanker
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Figure 2 Head-space gas analysis of the "Nakhodka" heavy oil
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Figure 5 TIC of the "Nakhodka" oils

Upper: Original o1l
Middle: Residual oil on the surface of the stones
Lower: Residual oil under the stones
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Summary

Volatile organic components in the two samples of the heavy oil from the Russian tanker
Nakhodka, which were sampled immediately after the accident at the coast on Mikuni-cho in
Fukui Prefecture, were isolated by combination of cyclic steam-distillation and continuous
liquid-liquid extraction and identified by gas chromatography-mass spectrometry using 5%
phenyl-methyl silicone capillary column. Most of volatile compounds identified were

aromatic hydrocarbons such as alkylbenzenes, alkenylbenzenes, and alkylnaphthalenes.

XL ®iZ
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Z7H &53871E (Gas Chromatography-Mass Spectrometry, GC/MS) TS & FE L7,
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B: Extraction solvent
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Figure 1 Cyclic steam-distillation/continuous liquid-liquid extraction apparatus
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Expanded total ion chromatogram by GC/MS of the steam-distillates of the heavy oil (No.1) from the tanker Nakhodka
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Figure 4  Expanded total ion chromatogram by GC/MS of the steam-distillates of the heavy oil (No.1) from the tanker Nakhodka
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Figure 6  Expanded total ion chromatogram by GC/MS of the steam-distillates of the heavy oil (No.1) from the tanker Nakhodka



Table 1

#1

AR ORBEURSREER

Volatile components identified by GC/MS in Sample #1
No. Time (min) RT Mol. Wt. Name
| 10.741 98 oxygen-containing compound
2 11.038 98 oxygen-containing compound
30 11236 96 2,4-hexadienal
4 11.668 96 alicyclic hydrocarbon
5 11989 > 99 unknown
6 12.187 92 toluene
7 . 12.286 96 oxygen-containing compound
'8 12.557 112 oxygen-containing compound
Cg 13.237 [Standard] octane
-9 13.274 801 114 unknown
10 14.398 830 >85 unknown
11 14732 839 112 ethylcyclohexane
12 15.387 856 > 111 unknown
13 15.485 859 >85 unknown
14 15.757 866 unknown
15 15.844 868 106 Cy-benzene
16 = 15943 871 106 unknown
17 16.103 875 106 Cp-benzene
18 16.634 - 889 > 125 unknown
19  16.758 892 126 1-ethyl-4-methylcyclohexane
) (cis-/trans-)
20 16.832 894 126 1-ethyl-4-methylcyclohexane
. {cis-/trans-)
21 16.993 898 106 C;-benzene
Co 17.067 [Standard] nonane
22 17.067 900 128 nonane
23 17.487 912 126 1-ethyl-2-methylcyclohexane
24 17.697 919 >85 unknown
25 - 17944 926 >98 oxygen-containing compound
26 18.278 936 126 oxygen-containing compound
27 18.352 938 >83 unknown
28 18.549 944 98 alkene (?)
29 18.994 - 957 oxygen-containing compound
30 19.142 961 120 C3-benzene




No. Time (min) RT Mol. Wt Name

31 19.204 963 98 oxygen-containing compound
32 .. 19.303 966 unknown
33 19.402 969 120 Cs-benzene
34 19.464 971 120 Cs-benzene
35 19.525 972 142 alkane
36 19.698 977 120 nitrogen-containing compound
37 20.032 987 120 C3-benzene

Cio 20.464 [Standard] decane
38 20.464 1000 decane
39 20514 1002 120 C3-benzene
40 21.329 1029 134 C4-benzene
4] 21.44 1033 120 Cs-benzene
42 21.527 1036 alkane
43 21897 1049 118 2,3-dihydro-1H-indene
44 22.256 1061 134 C4-benzene
45 22.441 1067 134 C4-benzene
46 22.626 1074 alkane
47 22774 1079 134 'Cg4-benzene
48 23.059 1088 134 C4-benzene
49 23.157 1092 134 Cy4-benzene
50 23.318 1097 134 C4-benzene

C11 23.404 [Standard] undecane
51 23 466 1102 132 Cj-alkenylbenzene
52 23.973 1120 134 C4-benzene
53 24245 1130 134 C4-benzene
54 24381 1135 134 Cs-benzene
55 24.726 1147 148 Cs-benzene
56 24 974 1156 132 Cj-alkenylbenzene
57 25319 1168 132 Ca-alkenylbenzene -
58 25431 1172 148 Cs-benzene
59 25.641 1179 148 Cs-benzene
60 25.801 1185 148 Cs-benzene

Ciz 26.221 [Standard] dodecane .
61 26221 1200 170 dodecane
62 26.357 1205 128 naphthalene
63 26.456 1209 148 Cs-benzene
64 26.555 1213 146 2,3-dihydrodimethyl- lH-indene




No. Time (min) RT Mol. Wt. Name
65 26.765 1222 148 Cs-benzene
66 27.086 - 1234 146 or 162 1,2,3,4-tetrahydro-2-methyl-
naphthalene (7)
67 27.531 . 1252 146 or 162 1,2,3,4-tetrahydro-2-methyi-
naphthalene (?)
68 27.704 1259 benzene-compound (?)
69 27914 1267 146 2,3-dihydrodimethyl-1H-indene
70 27.988 1270 162 alkane (7)
71 28.371 1285 146 methyltetraline
Cis 28.742 [Standard] tridecane
72 28.742 1300 184 tridecane
73 29.137 1317 142 2-methylnaphthaline
74 29.248 1322 142 1-methylnaphthaline
75 29.483 1332 176 benzoyl compound (?)
76 29.681 1340 142 benzocycloheptatriene
77 29 841 1347 160 2,3-dihydro-1,4,7-trimethyl-1H-
indene
78 29.928 1351 unknown
79 30.162 1361 alkane (7)
80 30.298 1367 160 Co-tetraline
81 30.484 1375 alkane
82 30.582 1379 160 C,-tetraline
Cig 31.064 . [Standard] tetradecane
83 31.064 1400 198 tetradecane
84 31.398 1415 160 C,-tetraline
85 31534 1434 156 C,-naphthalene
87 32.176 1450 156 Co-naphthalene
38 32300 1455 156 Co-naphthalene
89 32.411 1460 alkane
90 32.497 1464 benzene-compound
91  32.559 1467 174 C3-tetraline
92 32.658 - 1471 174 Cs-tetraline
93 32.991 1486 156 Cy-naphthalene
Cis 33239 [Standard] pentadecane
94 33.239 1500 212 pentadecane
95 33.362 1506 174 © Cz-tetraline
96 . 33.449 1510 168 methylbiphenyl




No. Time {min) RT Mol. Wt. Name
97 33.584 1517 naphthalene-compound
o8 33.683 1522 168 methylbiphenyl
99 33.893 1532 182 C>-biphenyl
100 33.967 1536 170 Cs3-naphthalene
101 34.066 1540 170 Cs-naphthalene
102 34.19 1546 170 Cs-naphthalene
103 34326 1553 unknown
104 34.412 1557 170 C3-naphthalene
105 34 449 1559 170 C3-naphthalene
106 34.573 1565 170 C3-naphthalene
107 34.647 1569 isohexadecane (?)
108 34 882 1580 170 Cj3-naphthalene
109 34981 1585 170 C3-naphthalene
Cis 35.289 [Standard] hexadecane
110 35.289 1600 226 hexadecane
111 35512 1612 182 Cy-biphenyl
112 35.598 1616 182 C»-biphenyl
113 35.796 1627 unknown
114 35.895 1632 unknown
115 36.068 1641 168 methylbiphenyl
116 36.167 1646 alkane (7)
117 36.228 1649 unknown
118 36.327 1655 184 Cs-naphthalene
119 36.426 1660 unknown
120 36.475 1662 184 Cs-naphthalene
121 36.599 1669 240 isoheptadecane
Ci7 37.192 [Standard] heptadecane
122 37.192 1700 240 heptadecane
123 37.278 1705 268 tetramethylpentadecane (?)
124 37.921 1741 unknown
125 38.18 1756 180 methyl-9H-fluorene
126 38.254 1760 1sooctadecane
127 38.353 1766 unknown
128 38.415 1769 unknown
Cig 38959 {Standard] octadecane
129 38.959 1800 254 octadecane
130 39.119 1810 282 tetramethylhexadecane (?)




No. Time (min) RT Mol. Wt. Name
131 39.243 1817 unknown
[32 39.65 1841 178 anthracene

Cio 40.626 [Standard] nonadecane
133 40.626 1900 268 nonadecane
134 41936 1982 phthalate

Ca0 42.220 [Standard] eicosane
135 4222 2000 282 eicosane

Coy 43.74 [Standard] heneicosane
136 4374 2100 isoalkane

Cyr 45.235 [Standard] docosane -
137 45235 2200 310 docosane




.0
ks e — ,,,,I,',ﬁ, USRI A SRR S BN

AT I“' "r—[__l"‘_l_l
20.00 22.00 24.00 26. 00 28100 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00
Time (min)

B7 FhbHEFREER (RH2) OKEREBNMD GOMS 24X 203 LTS5 4
Figure 7 Total ion chromatogram by GC/MS of the steam-distillates of the heavy oil (No.2) from the tanker Nakhodka
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Table 2 Volatile components identified by GC/MS in Sample #2

No. Time (min) RI Mol. Wt Name
Cio 20.452 [Standard] decane
1 22181 1059 unknown
2 22.23 1060 134 C4-benzene
3 22.267 1061 unknown
4 22379 1065 atkane
5 22.44. 1067 134 C4-benzene
6 22.589 1072 198 isoalkane
7 22.737 1077 134 C4-benzene
8 23.009 1087 134 Cg4-benzene
9 23.07 1089 134 C4-benzene
10 23 256 1095 134 C4-benzene
Ci 23 404 [Standard] undecane
I1 23.404 1100 156 undecane
12 2391 1118 134 C4-benzene
13 24 059 1124 170 dodecane
14 24182 1128 134 C4-benzene
15 24 306 1133 134 C4-benzene
16 24 676 1146 148 unknown
17 24 899 1155 132 or 148 benzene-compound
18 25.084 1161 benzene-compound.
19 25.109 1162 148 Cs-benzene
20 25245 1167 132 C4-alkenyllbenzene
21 25.356 1171 benzene-compound
22 25.578 1179 148 Cs-benzene
23 25.751 1186 148 Cs-benzene
24 26.048 1196 146 Cs-alkenylbenzene
Ciz 26.147 [Standard] dodecane
25 26.147 1200 dodecane
26 26.258 1204 146 2,3-dihydrodimethyl-1H-indene
27 26.394 1210 148 Cs-benzene
28 26.492 1214 146 Cs-alkenylbenzene
29 26.69 1222 148 Cs-benzene
30 26.999 1234 146 or 162 benzene-compound
31 27.444 1252 alkane




No. Time (min) RT Mol Wt. Name

32 27617 1259 unknown
33 27.678 1262 unknown
34 27.728 1264 226 hexadecane
35 27.851 1269 146 or 162 Cy-dihydro-1H-indene
36 27.901 1271 isoalkane
37 28.222 1284 146 methyltetraline
38 28.272 1286 146 methyltetraline
39 28.531 1296 unknown

Ci3 28.63 [Standard] tridecane-
40 28.63 1300 184 tridecane
41 28.729 1304 160 C3-dihydro-1H-indene
42 28.865 1310 160 C3-dihydro-1H-indene
43 28.926 1313 160 C3z-dihydro-1H-indene
44 29.05 1318 142 2-methylnaphthalene
45 29.136 1322 142 1-methylnaphthalene
46 29.408 1333 unknown
47 29.556 - 1340 142 benzocycloheptatriene
48 29.791 1350 isoalkane
49 29.878 1353 unknown
50 30.1 - 1363 unknown
51 30.223 1368 160 Co-tetraline
52 30.841 1395 198 isotetradecane

Cig 30.965 [Standard] tetradecane
53 30.965 1400 198 tetradecane
54 31.323 - 1416 160 Cs-tetraline
55 31.447 1422 156 Cy-naphthalene
56 31.706 1434 156 Cy-naphthalene
57 32.064 1450 156 Cj-naphthalene
58 32.188 1456 unknown
59 32324 1462 alkane
60 32373 1464 unknown
61 32 447 1468 174 Cs-tetraline
62 32,521 1471 unknown
63 32.806 1484 unknown
64 32.904 1489 156 Cp-naphthalene
65 33.016 1494 212 1sopentadecane

Cis 33.151 [Standard] pentadecane




No. Time (min) RT Mol Wt. Name
66 33.151 1500 212 pentadecane
67 33.263 1505 unknown
68 33.374 1511 {68 methylbiphenyl
69 33.485 1516 alicyclic compound
70 33.856 1534 170 C3-naphthalene
71 33.967 1540 170 Cz-naphthalene
72 34.115 1547 unknown
73 34.251 1554 unknown
74 34.337 1558 170 Cs-naphthalene
75 34 461 1564 170 C3-naphthalene
76 34.572 1569 alkane
77 34.795 1580 170 Cs-naphthalene
78 34.869 1584 170 C3z-naphthalene

Cis 35202 [Standard] hexadecane
79 35.202 1600 226 hexadecane
80 35437 1612 182 C,-biphenyl
81 35.523 1617 182 C»y-biphenyl
82 35.696 1626 unknown
83 35.795 1631 182 C3-biphenyl
84 350968 1640 168 or 182 methyl- or Cy-biphenyl
85 36.092 1646 unknown
86 36.154 1649 unknown
87 36.265 1655 alkane
88 36.376 1661 unknown
89 36.537 1669 alkane
90 36.771 1681 unknown
91 36.858 1686 alkylbenzene
Ci7 37.13 [Standard] heptadecane

92 37.13 1700 240 heptadecane
93 37.216 1705 isoalkane
94 37.723 1733 unknown
95 37.871 1741 unknown
96 37.933 1744 180 methyl-9H-fluorene
97 38.13 1755 180 methyl-9H-fluorene
98 38.229 1761 alkane
99 38.303 1765 186 octahydrophenanthrene

100 38.39 1769 unknown




RT

No. Time (min) Mol. Wt. Name
Cis 38.946 [Standard] octadecane
101 38.946 1800 254 octadecane
102 39.094 1809 isoalkane
103 39.205 1815 unknown
104 39.625 1840 178 diphenylacetylene
105 39.773 1848 1soalkane
106 39.909 1856 unknown
107 39.983 1860 unknown
108 40.058 1865 unknown
109 40.144 1870 unknown
110 40.23 1875 C>-9H-fluorene
111 40.342 1881 unknown
Cig 40.663 [Standard] nonadecane
112 40.663 1500 268 nonadecane
113 40.898 . 1915 198 methyldibenzothiophene
114 41.256 1937 alkane
115 41.367 1944 alkane
116 41.565 1956 192 methylphenanthrene/-anthracene
117 41.713 1965 192 methylphenanthrene/-anthracene
118 42047 1986 192 phenyl-1H-indene
119 42.133 1992 192 methylphenanthrene/-anthracene
Czp 42.269 [Standard] eicosane
120 42.269 2000 282 eicosane
121 43 344 2071 206 C2-phenanthrene
Co 43.789 {Standard] heneicosane
122 43.789 2100 heneicosane
Co 45259 [Standard] docosane
123 45.259 2200 docosane
C23 46.679 [Standard] tricosane
124 46.679 2300 tricosane
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Summary
A purge and trap gas chromatography-mass spectrometic(P&T-GC/MS) method was

developed to determine concentrations of 23 volatile organic compounds(VOCs) in sea water.
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Table 1 P&T GC/MS operation conditions

PURGE & TRAP
Model LSC-3000{Tekmar)

Sample Temp. @ 40°C Sample Size ©  5ml
Purge Time ©  6min Purge Flow ! 35ml/min
Crvo. Temp. : -130°C Drypurge :© 2min
Desorb Temp. :  180°C Desorb Time ©  6min
Inject Temp. @ 200°C Inject Time :  2.5min
Bake Temp. : 225C Bake Time : 40min
Trap : Tenax GR

GAS CHROMATOGRAM
Model : HP-3890(HP)
Column Aquatic(60m X 0.25 ¢ mm, df 1.0 o m GL)
Press :©  12kp/om ® Carrier Gas '@ He
Injection Temp. @ 40°C
Column Temp. @ 40 °C (Imin) — 100 C (@ °C /min) — 200 °C (8 ‘C /min)
Separetor Temp. :  200°C

MASS SPECTRUM(SIM)
Model :  Automass(JEOL)
fonization Current @ 300 x A Chamber Temp. : 200°C
Ionization Energy @ 70eV Photo.Mult. Volt. : 400V

3. WE

£ 23MADOVOCHREHERME " L OB #Table 2107+, #HNo. 151
¥ vy T, 1,2-Dichloropropane(0.38ppb). cis-1,3-Dichloro-1-propene(l.4ppb).
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F 2 WAk O VO CEE (H(I : ng/ml)
Table 2 VOC concentrations in sea water ( unit : ng/ml )
Sampling date '97. 15, Jan. ’ 97, 16. Jan. ’97.17. Jan.
Compounds No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No.10 | No.11| No.1i2| No.13 | No.14 | No.1l5
1, 1-Dichloroethene 0.11 N.D. N.D. N. D. N.D. N. D. N.D. N. D. N.D. N.D. N.D. N. D. N.D. 0.11 0. 11
Dichloromethane 0.05 0.05 0.05 0. 05 0. 06 0.05 0.05 0.05 0. 07 0. 05 0.05 0.05 0.05 0.09 0.05
trans—1, 2-Dichloroethene 0.08 N. D. N. D. N. D. N. D. N. D. N.D. N. D. N.D. N.D N.D. N.D. N.D. 0.08 N.D.
cis-1, 2-Dichloroethene 0.08 0.08 0.08 0.08 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N. D. N.D. 0.09 N. D.
Chloroforn 0.05 0.05 0. 00 0.05 0.05 0. 05 Q.06 0.05 0.06 0.05 0.05 Q.05 0.06 0.06 0.08
1, 1, 1-Trichlorcethane 0.17 0.07 0.07 0,07 0.07 0.07 0. 07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08
Carbon Tetrachloride 0.10 0. 10 0. 10 0. 10 0. 10 0. 10 0. 10 0.10 0.10 0.10 0.10 0. 10 0. 10 0. 10 0. 10
L, 2-Dichloroethane N. D. N.D. N. D. N.D. N DL N.D. N.D. N.D. i N.D N.D. N.D. N. . N.D. N.D. N.D.
Benzene 0.10 0.10 0.10 0.11 0.10 0. 10 0.10 0.10 0.11 0. 10 0.10 0.10 0.10 0.10 0.10
Trichloroethene 0.09 0.09 0.09 0.09 0.09 0.09 0.10 0.09 0.09 0.09 0. 09 0.09 0.09 .10 0.09
1, 2-Dichloropropane 0.17 0.17 0.17 0. 17 N.D. 0,16 N.D 0.17 0.17 0.17 N. DL 0.16 0.17 0. 17 0.38
Bromodichloromethane N.D N.D. N.D. N.D. N. D. N. D. N. D. N. D. N.D N. D. N. D. N.D. N. D. N.D. N.D.
cis-1,3-Dichloro-1-propene 0.14 0.13 N. D. 0.13 0.13 0. 14 0.13 0.12 0.13 0.13 0.13 0.13 0. 16 0. 13 1.4
Toluene 0. 10 0.10 0.10 0. 11 0.09 0.09 0.09 0.09 0.13 0. 10 0.10 0. 10 0.13 0.11 0.10
trans-1, 3-Dichloro-1-propene 0,11 0.10 0.11 0. 10 0.10 0. 10 N. D. 0.10 N. D N.D N. D. N. D. N. D. 0.10 1.9
1,1, 2-Trichleroethane 0. 05 0.05 0.05 0.05 N. D. N. D. N.D. N. D. N.D. N. D. N. B. N. D. N. D. N. D. 0.07
Tetrachloroethene 0.07 0. 07 0. 07 0.07 0.07 0. 07 0.07 0.07 0.07 0.07 0.07 0. 07 0. 07 0.08 0.07
Dibromochloromethane N. D. N. D. N. D. N.D. N.D. N. D. 0.37 N.D. N.D. N. D. N.D. N.D. N. D. N.D. N.D.
m-, p-Xylene 0.07 0.06 0. 06 0,06 0. 06 0.07 0.06 0. 06 0.23 0.06 0. 07 0.06 0.06 0. 06 0.06
o-Xylene 0.12 N.D. 0.12 0.12 0.12 ¢ 12 0.12 0. 12 0. 18 0.12 | 0.12 0.12 0.12 0.12 0.12
Bromoform N.D. N.D. N.D. N.D. 0.09 N.D. 0.05 0.05 N.D. N. D. N.D. N.D. N. D. N. D. N. D.
1, 4-Dichlorobenzene 0. 06 0. 06 0. 05 0.06 0.05 0.05 0. 05 0.05 0.05 0. 05 (.05 0.06 0.05 0.05 0.05
*detection limit :0.05ng/ml




4. BiEt
HEOSFIC S HATEVE () BEFRE L 7V —ORFAREICEBHELET,

<G| F3CHk >

1) KEEBICROHIBREEXE I ONT, BEFETHE1I65, EH543H8
R0}

2) AR BEbAIREFIE, BE

3) FHLwHkEEL FORTIE, ]



KT OLREEFRRLKZED SN

RERT (LFERESBELEMEE)

Summary
Benzo (a) pyrene (B(a)P) and other polyaromatic hydrocarbons (PAHs) in sea water

were analyzed by solvent-extraction and an HPLC-fluorescent detection method. 5 liters of
sea water was sampled at each sampling site along the coast line of Fukui and Ishikawa
Prefectures on Jan. 15 - 17 and Nov. 7, 8, and near the sinking position on March 27-28,
1997. The samples were sent back to the intitute, and were extracted with 200 ml of
hexane. The extract was concentrated by a rotary evapolator to around a few ml,
concentrated further by dry N : gas, transfered into 0.5 ml acetonitrile, and were analyzed.

Detection limit of B (a) P was lower than 0.1 ppt. As high as 15 ppt or 100 ppt of B(a)P
was detected in coastal water in January or in water near the sinking position in March,
repectively, while the levels were much lower in coastal waters in November. A
characteristic pattern of PAH peaks for the Nakhodka heavy oil was evident in many of the

samples containing higher levels of B (a) P, and the locations of these samples corresponded
to the landing record of the oil well.
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ffLi, A TORBTIX, RBIEFRLLRY A7 Y, 3m KO 10m OREHIERAKIET
WL, £, HBAREORMIFBRREBEFEROBNZBTER LE, 28
HWEOREHIMARML, BRETH1 0+ ARTERCITET T35, RREF -
BB ORMIC OV T, BIEOEARERRES (1K, $2K) . LCCHELEBA



HMFAERE 2RO L, B LAEARBIARFINERECERE CHEBXKELZ5 Y v MY
kb, ~FHr (FOEHRE 1000 WEFA%ER) 0 200ml Z2MA THESGEFELBRTEA
., T RT 4 v AF—-F—T2UEHULEEREZHET CHE2To, DEe—- %
BT~ H o @EEIL., B OBAKIZ~FF#100ml £ M2 TRIIEY | HER
HUSB LT~V VvEe bbb, 0 F U —o AR L —FT2~3ml T TEHELE

(KB40 ) . ~% ¥ B2 10ml © KD T H|IHEVIAA, WBRERT Iml LTIZE
Wik, 7 F=r U A 05ml SR L TR E L,

PAHs ® 434712, HPLC-FL i CITW (#7 A  Inertsil ODS-2 (YP—T AP A TV R) |
R TR R=PFUA k=91, W@ 12ml4y, EXHEKE 375 nm. BXE
£ 410nm) . 1 6 fsE o PAH E%i (NIST SREM 1647¢) * BEFR L TCEERRAF
H—F& L,

3. MR

LB HFDO B(a)PBES Table 1 XU Table 212, $H-RFMRI7u~ 7T L5060 %
Fig. 1l oz, 2B, F1KAZEOKR (1 AFHOT—F) HEKIF2H26H
HEOPHBEOKERLFALRAE THL B, ROBRETREFTHEENE LTV LD E
Bhh, KHTHEEZRIRBLABREZRE L, BEUOLTITELEY, £k, FB
BEoRBIZOWTEHWTFALBRET TV 7LV HFBECHNLOERL, ZoRIZIIEHEL
TV, 54 Lo Ba)P oRHBRITOWAKEBEICHRE L T 0.01ppt A, BET
SO0 0K ppt BRETH o7, Table 11213, FEORET 7 7 E LG
Wi R R#E LTS (Table 2 I HHER LOHE) ,

ELEWERZE X0, 3 THRKREBAMIOBMAEL L TWAEFCEREMR
DEOGT CELS TERLEEBEBATh ok, BB, BEROBIHEOEERICHEIBENT
WABZEPBRAINLTEY., FEREM Y RNICHARERORIS 2, 3B~ITV D
WT Wi, S I OMORBASTRETITLOATEY . HAPIZBETITHIRELY
ALV EFLTVAMBEEDH LA R2TWDELEZLDIRETHD, £, 2BHICH
Mol I B GO -ZEHEES CORBEARCIIER CIIHBEIIERTERP21LLDD,
FEAOBIZAWERREICIIERS ZUD S RET, BUBAPIZIT0EY e 0RE
DECEWHNIEBLTVAIRE T L EHEEND, TOEMP O Ba)P BEIZN
100ppm S HEFEER, ChOLOBENOBAEINSESIREL3 A DOREWAKT 1ppm,
1 B0 =EoREEAKTHE 150ppb. #OMOBF CTidE ppb L2 LEALLTF LW
Anklod, EFEL. WTFRLIRBBOETEY, FhiBEofRBENRHDNIZOVT
& D Lz, .

BH~FINTBEZHTITORREKRFOBQPEBESHAERS L. 1LH, 11 AVTH
DELEL., ENESEECEZ 2 BFARZEARYCCHEBRLSIES ~LE — Tt
BICEHOBPEENRD LTS, Z0 5. IR HLETIC &l 0@ R
En = EED YOI EE R S AL TEER O FIATRT O MR 21X, s B o BRI SR
o b S AORE—yRREbLNT (Fig 1) ., —F., Z0 2 >08FoTEICA
BLTEENBDOLNTVAVERED CRERMNL Y- LRBELRT, BHLTOD
OOEEOHELHATERRSOCFERZTLVEMELTWS Z Lbhnd, FEOH




M3 A OBEHMAFABECEIZLES LI (Table 2 R U Fig. 2) . BiL, it 5 M
DENLPLENLS L B@QPBEIIAFECHRLLTIHE, MEOLOBRRNWEZAT
PAHs BRI 25 L9 RBVRETHEET D RENR L LA Ao, B, 1 HO®
BT OERS - HFOoHEAKINMNNGERVWTERSES T AT TR Y, Fi4M
BRRE = PRROERR Dol ENE b ERMOEELZ T AROT—F L E L TCRWE
Bbh 5,

LA, 1A LR ERTHEHRZEHEH TRLAVEELELALTWVWS, ZEHIZE
%§<®ﬁiyi47ﬂﬁﬁ¢é&&,ﬂ%(@ﬂﬁ%#%%ﬁ&bfﬁbht&_éﬁ
BV ErBbh, R ACHEELEBNCRE REBRBROBZRDA-NFEXICX
MWDo THnH I LIZ@H<HRE3TLNT, £/, FROBE L TWLEMBIRA O
HTH, PLARERORERESLETOAF BB LYEREEEZ. ZTHLHOHEHTYH
ZREOEMPBEZFLEZILETRLTWVS (EFELIRALIFEREZHEH EEFIEVEY, Zh
LOEIREIEINEREANTL F7 AEOARTHALONIZ b OKER, EBRIZEIBIRELY.
BARLYOESLEVWLE SR, @#F. BIWMBOMET THERHBEZ I EE -
THHAFPAEFEBEHRELZGHEIATCLED) . LELARBL, SEOZFIE. ZEOE
PRIV RLBEE ThHom l E R HHISER/RE R T, BOSHEDESF R LI L
ST, KEFDHEEBMEDVEAL LD TIRRNWESLI M, EL, 11 AORERBRT
B, TR M EBROEEOERORSLARVEREATZO BRIP UL REETCT
BoTETHEY., BROMBECHNOMEL LOHLENRDIRMTELRVWELICEDR S,
BB, BEREEIEROBRE~KMICHT T, 1 FoREE#CEEOEMPESLEE
BH1AOBEATOT— BB, 5HROEBEEHMNICRToTVnERLNWLEZLTND,

2B, 1A, 1 AVnThRoBEedt, EREAUTLLEDO BAPEESBEN L TH
5 (WTFRL TR M ERICERG AT - REDLORE o) o 1A & 11 B THAER
WBERLZHD, MAKBREEZNLFLOBH CE-TWEEELS Y. £RARIC PAHs ©
FDOERHBEZEETRBLTVWA LI CEDbRS, £, EHEFNOEETL. AHEI
LTI IS WIBE O B@ P AL ENT, PAHsiTaMM R oM, REEEE—
MTHEZHETEHHET, BEPADEEERZ Y ABEESOBRA B ELTET£L
ORELARPEHH>bDOLEEZNLND, BEBOEE VO PAHs BEOHKHFCLELZR
FALENREDBEE, FEOT—FEIRLTVD LS CBEbD,

o &

REOMNMLE, FHEELTO2E > TRV REELETFEA, BEREFRICEHL
. Fh, RERBIZIBAVELWEHBREBRRBREARHIRAMBAKIZEAHRLET.



Table 1 Concentrations of Benzo{a) pyrene in sea water samples along the coast line of
the Sea of Japan

BERBAET £HH VA CVIN % -3; 3 LSEE G OPAT S ¥ e i
Sampling sites Date B(a)P Conc. (ng/m *) "Nahdodka Pattern”
AN AN 9711117 0.09 O
N '97/1117 0.02 -
xR '97/1/16 0 —
B A% '97/1/16 0.005 —
B RILoRF '97/1/16 0.09 —
7T BF o ok '97/1/16 0.02 —
R iy '97/1/16 0.005 -
e AT R 0D ZE [ 4 '97/1/16 0.91 O
—EH ®BS '97/1/16 15.1 O

9711117 0.6 O

=E Z5 9717 0.32 O
ME™M AFERE '97111417 0.08 —
Mz REOH '97/1/17 0.11 —
&R FTERR '971/17 0.03 -
'97/11/7 0.44 —

Pve — ) BEiFR '97/1/15 0.29 -
: 9711117 0.14 -

HEH BiEERE '97/1/15 0.47 —
'97/11/7 0.14 —

FHRTET 2 ik '97/1/15 0.66 O
'9711 U7 0.25 O

WE Mol '97/11/8 0.05 O
W B4R '97/11/8 0.06 O
Rl A/ H '97/11/8 0.17 O

(e, HHREOEEIIWVINE nd TREL TV W)



PIgiErigsk (ATHE@RSE)

SREMEK (RiEE)

ZEESBK (MFRX)

TR ASERDd

ll! M‘JU\:*MAJW WL 21— Oh Sung B 6 oLl

s

Figure 1 Typical chromatograms of the sea water extracts by HPLC-FL
(From Top)

1) Sea water at Kotogahama (Z 4 {t) on Jan. 15, 1997
2) Sea water near Kanazawa (&iR) on Jan. 17, 1997

3) Sea water at Mikuni ( =[E) on Jan. 16, 1997
4) "Nakhodka” heavy oil

5) Another heavy o0il spilled from a Korean Tanker "Oh Sung No. 3"
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Figure 2 Sampling locations near the sinking
site of the tanker "Nakhodka"

Tahle 2 B(a)P concentrations
in sea water near the

sinking site



Table 3 Composition of phytoplankton species near the sinking site

(b ;MR L)
s 1 2 3 4 5 6 7
wgA
R
2kE (m )
Bk (m )
k& (L) ] 5 5 6] 5 5 5
HRE (al mb 10 10 10 10 30 16 20
ik} 8 i
297" Mgy (2977 FE [CRYPTOMONADALES 3,840| 3,240) 3,840{ 5,120 640| 13,2000 3,840
BWENRY S ER  |Prorccentrum compressum 20 20 20
Dinophysis acuminata 20
GYMNODINIALES B0 20
Protoperidinium sp. 20 40
Ceratium fusus 60 20
PERIDINIALES 20
A7 MEE AT IR COCCOSPHAERALES 640
Hel% |(B&BH  (Heringosphaera sp. 40 60
Distephanus speculum 420 4} 200 180 120 120 80
Ebria tripartita 40
b= -3 Skeletonema costatum 80
Thalassiosira sp. 1,960 800| 1,200¢ 1,320 720 840 1,040
Thalassiosiraceae 5,120 600| 10,880 7,880| 4,480] 11,520| 1,280
Corethron criophilum 100]. 40 20 60 40 80
Leptocylindrus danicus 80
Coscinodiscus sp. 20
Actipoptychus senarius 20
Rhizosolenia delicatula 490 40
Rhizosolenia fragilissima 240 220 200 80 20
Rhizosolenia hebetata 300 140 120 B0
Rhizoselenia stolterfothis 800 820 80 920 240 200
Chaetoceres atlanticum 80
Chaetoceros concavicorne 520 200 1,120] 1,240 680 240
Chaetoceros debile 160
Chaetocerocs didymum 160
Chaetoceros lorenzianum 80 180
Chaetoceros sp. (Phaeoceros) 380 320 760 320 320
Chaetoceres sp. (Hralochaete) 240 60
Ditylum brightwellif 20
Thalassionewa nitzschioidas 80 50 240 160
Thalassiothrix fravenfeldis 20
Navicula sp. 40 40 40 20
Pleurosigma sp. 60
Nitzschia sp, 20
PENNALES 3060 40 100 40 220
AW EME Unknown Micro-flagellate 42, 240| 25,840| 28, 480| 24,320| 27,520 31,360| 51,840
Total 55, 740] 43,340| 45, 720| 39,960| 37,080 48,600{ &0, 220
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Figure 3 Sampling locations and related information
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Summary

PAH s and aliphatic compounds in the extracts of mussels, birds, and a turtle samples
were analyzed by HPLC-FL and GC/MS methods. The characteristic pattern of PAHs after
the B(a)P peak was evident in many of the samples. B(a)P concentrations in mussels
seemed to be two to three orders higher than the previous level infered from the analysis of

stored samples in the Specimen Bank at the National Institute for Environmental Studies.

1. Uiz
BMBREHEOIENY EBREAMET S LT, £HPICERSRZHBEM RS DS
BEBERZERNHV2EZTINS, APHEETOMREAFBYELYER I 28 RIEH D,
KERE R EOREFEPCEBODTHELMEELAVLOTHLEFOBBE LI VITI 2V
CHZAZENRTESD, . BHMNCOIBEEHL LEBESRERMT A EE LD
NAZELLEFRED—2THD, TRETHREROBHERECERALHAL LT, B
AZHXAHA L EODHEEAVWEAYET=F IV B EEEEDTEETEDLNT
Efr, KR THEAGEEMTHRBZEBL AT LERBREFLTBY ., £512-20
BEORBEEZHE*EIEFLTILER LS IZBECH S EAREIZLTND (RS
AV FR LT, B, IRLORGFREOPCSECEMBGLROEEY 5 TR
WWIEWEEE, CoRSTHRRLAEAKAENEDY, ZhbE2BHAIOS—XT( v 2ET
R L L THETLZZLT, BRHBOEMRABRECLALHOBEERNICIEET L Z
EMTREE R o, FIC, 1A, SHTE, 1 1HEGo3EZbi - THRMHTHA
BAT e BRI, AR BT CA A oo ZHBEZEIM L, 20ohicEHILY
(a) 'L (B(a)P) SOLRFEEER(LAKFE (PAHs) O EiT o7z, 7o, BEIRHE
HYH, FEDMICEREMBSFB L TERERCR)IRBEEMIT L LT ohES
FEEOEBOSTIERER LY. 2 biconTh PAHs O %2475 £ & $12. GC/MS
CEA DT AR UES YRS FF T 2 VRSO ERART,

2. EKR&MH _

THERENT, BAKREET R Y YA LHEBE ICRETAEY L TR Iry=1 1 %
MATHREVF AL, BHEZMHMET S, B LUZERIFEEE 500mg B2 10%
KOH/Methanol 10ml, 7k 2ml 276 T 80 ff 2 BERIAZA LCT A H U4 L, ~ % % 4
W, YU B HFILT =T v (SepPak Si60) L. BEC7TE b= F VY AVIZERE
LT HPLC-# 4% HiEC PAHs £ 347 L72 (75 A Inertsil ODS-2 (V—T A% Az
2). EEEE T R=RUM k=9 : 1. 12ml4y. BYEKE 375 nm. BAEEE 410



nm)

Bom#tl LT, BACHLERNEY., LPFERESREI L, HEENEY
(LB 10mg AT &2 7 ARBEFIFEL, ~FHr, Yruriyy TR, T
T hRLD . ST UITE (LD TERA TR AE L, FEEEES % GCMS
AU HPLC-HEABEIETHIT Lz, /2. REH 2V LT EE mg 2 10% KOH/Methanol
10ml, K 2ml #M2 T 80 F 2 BEHMBEL . ~FV o, U DV H T AETE
ERAERE, —EROFBBERIZED LT GCMS & U HPLC-HUE# HIE T L 7z,

GCMS st & B U HPLC & CFEMILLL T OHE Y,

* GC: HP 5890 I column Ultra 1 26 m x 0.2 mm

MS: Jeol MStation
* HPLC: GL Science 576 pump + LaChrom L-7480 & 3t f Hi %%
FhEEE  375nm. FEEHEEK  410nm
Column: GL Science Inertsil ODS-2 Acetonitrile/Zk (9:1) 1.2mV 4y

3. BER

AHAHO_KBLE LTAIFIHXAHADIENLST YA v adABEREN L T2,
1H 17T BIZERBABECRERIZAS EFOhTwWhad<w VA 28R L, 2 b%
EREDOIDIICBREBL, ARNVAUNV I IFRETFENTHT-HE 2 FRICHLE L ThD
BTHW LI REL Table 11205, ZHE® B(a)PIBE L LTI, 1980 E4 g
MHHEBECHT TEHIREHRFT CITo22EREOBEOMD 0.01 ~ 14.5 ng/g O&HHE T
Wodo T, FHHMOFEE L LTHH L4 0REOER., TOF THEMENWS
DEFIAD, —FH, EHBICEHTER LA D B(a)P IBEIIES T 100 nglg #
HAi, BUORBOEHELEE L TR CINHEVERE 2o, BB, agviHg
DEITECEOVOVENEFHIIL > T M KbR®d, DHBRIVEETT. &0
FBRTAEENDTTHD, Zhb 1 nglg L riz@BrsBoro< b7 A3n
THLETRAEMCFEEA R A — &R0 (Fig. ). 7R MPEBOEET B@P
EOPAHsBEFIEELTWAZLBHEENTH o7,

—H. UIRXA, RO EOHEILERNIRDON-BAHEHIIHBERIEL T T R
ETBCREIVHE. —RULIELIAEMF -V THok, LEOLARBLERBEAOIE
WidZzdodo, £ T ORBLVERBBEE TR EERTET, KEOREREIIA
S5k LR ELTE- T, RLIZ~FH UMM S HPLC-#XRHE. GOMS £ TH
Frlfod, AbRiishdofe, KEMHEL LI HFELEEBIANRTAX T VIT
hoREEE BT U D ARTHHL, HPLC-#XBREIETERFERLELESY
(PAH) D32 AT, —HORETIAEVE—2 B3RO0 EREIT Th o7z,
—H, TR REDT YD L BATRIEL 2D, EHITkEL 1 OEA TN .
CABHRNTEBREL 27, LLEOBRIT., COMENPEBMTIRLS, D LAKE
HHEREIL Lo TED N HEAS W LERR2 THES L LETRLTN S,

2T EFERETO AT 70 R PAH ODIFEHETHLT VIV ofRiEx b &I,
SURTNIV—r T v T LB EDYETHILENEYOSITEIT 7. GC/MS 44 #E
FoF% Fig 20, PAHOOREREOF# Fig. 327%. ENEFhLr A B 5ENR, I



IO Sl & bt o dizot, 7 FUDOEEERNED» X GCIMS T
BMEORNE -7 3ABREINT, EMSVPRBTRVWI EEBELENTHDL, X, PAH &
ELE,ro, BROPEEIELEHWVWLO T 30pph @ L @A —-2, iX 2ppb LLF T, F
FRAERPO Ba)P BE (5 100ppm) oH#RlT D L, HBEERNEYOEIESETY
HEHZY 0 1%L TOoEML»EER2WHER LS, NS HEEED B(a)P 234
Hahi-, Ba)P BECHERREL Table 2icF & Bz, FAULMER% Fig. 4 12”7 T 5,
HILENED BT B@QPBEEHICEABEOHEBENREDLLNE, 2B, NEWY.
Rl b FRENES THHDOE L NEREBZEBEWT, WFhbHLBI TR I FE
BICEE O — BB LT,

BEDORERE., ZhooBRBORENWTRLT R MY SEBIZEEN, MENICEL
ENTERNCLBERSOCERHINEATHWAZLLEFRL TS, £, FRERYFOBHE®E
vy PAH B4y DA R AT — BB TWARWE Z A0 BT, RBOIEN/EAL THW
W, TRDEBBHESTOEES L TV (UL S, PAH PR & L CHFE
CHEELETORMAORBIESE ) ABTHLAZ EBHEMEIND, LALEBE, HH
DEEZLFERTERLEZ _HERETOBa)PBEELLET S L BEFREY O B(a)P
BEL-HARVWLEAUERY, ZRE0WEOEHEDERN & M SEMD»E D D,
LLEofE SE720 TR LA v, ks, U o Lhid, ElmESAHAAA L EDHD
EWNHE CTAEBRRENE Y, FRMER OB MBS HEE L TIBRBSBSTNIE
T3 LE20TW5S, SESGHLEZEBEYES NLLOMEEVWEIMECEED LOTH
BEthid, BMERARALTCREMRRELRI LD ENERICORN TS EE
ZATBVWOTHASY,

8. Fig 2100, FRIRRETONE-RIINAOBOTORMKDEO MHRER G
B TE L, VI HADBRER., TRMVEBMEFOLOTHE I EBHMERIGH
ETh D,

B EF

S FLo TRV REEFSA. RAAFEIACBHLEY, 72, HEH
MEEREMBSOR » PHERK, RETERRERTAEDREOKBRIZIT. RHBOSH
> T2 REREFRBE LTV AEEE L, Zog2EY THLB L EFET,

BEH

1) iRk, HEEW ZHACGEN2ERAFERRIEKRE], A9V XA U1
BOWMAT I ENHAMERERTAMERDE] BrofEmaidst F-8-89/NIES,
p.79 (1989)

2) JEZ—2— JT U — THEOESFE] £35 524 (1997

3) FEMIEMFUFRC L 2EEH~ORETE —WHEORN -, BRRFRFEE
BREPHESFEFEE/ FEHDIEREMBS  RFEBE (1997 %4 10 B 30 H)



Table 1 Benzo(a)pyrene concentrations in mussels and clams

REVS PR A8 o] B(a)Pig&E (ppb)
<EREZFWIICZAED>

W\iaE H9/1/15 LSH+423 8. 0
HEFRME  HI/1/16 LS HYF4 >3 0. 48
WEM s HI/1/16 L%+ A423 0. 680
ANBYEE HI/1/17 L%+ 4 20 0. 62
EEEe HI/1/17T 35 <HA >50

=E H9/3/24 LoH%+4>3 67

we H9/3/26 LZHFAH4 124

<EHBOBEKE (ARSI AUDNLIIZRE) >

LR HB6/6/27 LZHF A4 0. 089
to& H6/7/14 LSHFAHA 0. 02
153 HT/11/14  LZHF A HA 0. 16
x5 H7/11/23 LS%#+4 >0 0. 19

Table 2 H{LEARNBEHW VICHBPOS Y (@) VL BE (BT : nglg)

M MNEE WA BB i
7 T E97034 1.05 1.20

E97036 0.11 0.68

E97037 1.40 472

E97039 0.26 0.18
____________ E97040 = o 888
viAAT 4 E97024 0.66 0.14

E97026 1.96 1.03

E97032 0.87 3.74

E97045 1.76 2.14

E97050 1.50 3.63

197051 32.20 2.23

E970562 0.86 2.17

ES7056 1.57 1.47
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Figure 1 Chromatograms of the extracts of some of the bivalves
Top: mussel (Septifer virgatus) from Mikuni, March 24, 1997 (polluted by oil)
2nd: mussel (Mytilus galloprovincialis) from Wajima, March 26, 1997 (polluted)
3rd: mussel (S virgatus) from Tsuruga, Jan. 16, 1997 (unpolluted)
Bottom: Standards |
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Figure 2 Total ion chromatograms of "Nakhodka" o1l (bottom), oil from the stomach of

dead turtle (middle) and the black material in the gastrointestinal tract of a

seabird, Cerorhinca monocerata (7 k7))
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Figure 3 HPLC chromatograms of seabird extracts and clams
Top twa: Extracts from the black material in the gastrointestinal tracts of the
seabird, Cerorhinca monocerata (7 + )
3rd; Extract of clam from Tokyo Bay (for comparison)
4th: Extract of clam from Awara on Jan. 17, 1997 (heavily poluted by oil)
Bottom: "Nakhodka" heavy oil
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Figure 4 Relationship between Benzo(a)pyrene concentrations in the black intesitinal
material and in the liver of the seabirds, Cerorhinca monocerata (7 F™ : @) and
Synthliboramphus antiquus (V7 I 2 XA : Q)
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