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Summary

Aromatic hydrocarbons in the oil spilled from “the Nakhodka” and in the environmental
samples including air, reached oil and sea water were determined by gas
chromatography/mass spectrometric detection and high-performance liquid
chromatography/fluorescence detection. Aromatic hydrocarbons determined in the oil were
as follows: benzene, toluene, ethylbenzene, xylenes, naphthalene, acenaphthene, fluorene,
anthracene, fluoranthene, pyrene, benz [¢] anthracene, chrysene, benzo [5] fluoranthene, benzo-
[k]fluoranthene, benzo[a]pyrene, dibenz[a,2]anthracene and benzo[ghi]lperylene.

Concentrations of benzene, toluene, xylenes and naphthalene in the air collected at con-
taminated seashores were much lower than their toxic levels. However, a model experiment
suggested that their concentrations in the air might be higher just after the oil spill. Although
the naphthalene concentration in the reached oil samples tended to decrease with time,
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pyrene and benzo [a] pyrene concentrations were relatively constant. The decrease in naph-
thalene concentration in the reached oil samples was considered to be due to vaporization.
Benzo[a]lpyrene concentrations in sea water tended to decrease with time.

The mutagenicity and DNA damage of the oil were assayed. The oil showed indirect-
acting mutagenicity in the Salmonella typhimurium TA98 and TA100 strains in the presence
of S9 mix. Production of p53 protein was enhanced in human FL cells after the treatment
with the oil, indicating that the oil caused DNA damage.

Key words: oil spill, Nakhodka, aromatic hydrocarbon, mutagenicity, DNA damage

1. BUBHIC

PRI LA 2 BICAREDBIREMTO v THiEES
Y H =Tk h A5 o BMAVEHT 2 FHAGE & 72,
1H7H, MESIE4R = ER R R, [ —
BCHEIMANERS LI, Uk, BRESSINEEOHEK
RO IR CE P EIMASES L7 58RI TEm
Bl o tBET TEROEMMTESE L, KE4HK
EEG 2T,

FEMIIEHSORILKEGFERTH LD5, WMELRHFSH
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KELEINTBY, FRIZE B PREEINORY
WL EELBASRTVEY,

2 CANE, FMEMIE O EEEMN, B, EKH
DFHERFILKFE R LSRG FRAKEEZERZ LT,
FHEHROF RN L ZOHROEEHL P IZTHE L
b2, EMOEREEFWASOICTAIHNT, MAEYE
W ZREERAE S v b ERH RO MY AW
DNA iR LT - 72,

2. RBRAGE
2.1 B ¥

RyEy, My, TFAURVEY, FUL UIEE
51X Supelco  (Bellefonte, PA, USA) #x WA L 72,
SRGEIRBAK TR AR (SRM1647c 1 +7 5 L »,
7vFI7FLVY, TEFTFTY, TVFLY, TUVET
vy, INVFT Ty, KLy, RV Ty TR
sy, ROV TINET Ty, R[] T7IVE
S5y, XyVldELVy, IRV ah]l T M7k
v, RyVlghil )Ly, 47/ [1,2,3-cd] EL ¥
% R4 %) X National Institute of Standards & Tech-
nology (Gaithersberg, MG, USA) »SHHA L7, £D
o BRI IR 2 V7o,

2.2 & #

AE O S % Fig. 1R L7z, EaEEHI K
M EAREERAS19974E 2 B 6 HICHKKEW Oz D%
Rvirz, EAEEM, #FDKCEKORIGEE
Table 112F k07,

KEFEHE, 78—V F LB 2T 5 — (Sibata MP-15CF)
& D EMWSEF 22— 7 (SibhataFv¥ I— NV Fa—7 -
Tx VKRR RICHE L, WEEEER L BN
HLBEERED 2 2O HFXTIT, Wi bMERRMI
2h (K& E0.12m®) & L7z, HEWMEITA IR
Mgk R (1 A30H) KR OVA BB P Al HT BER

Nanatsujima islands -O
Nagahashi, Suzu cit
Kurasaki, Suzu city

Kaiso, Monzen mach

the Japan Sea

Katano, Kaga city,

Fig. 1 Sampling Locations
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(2 B23H, 3H9H, 3H28H) TITo7, RwEHE
FENNEHMNTEBEREOEIT LB (AD, #E,OH
10m N 7o RIEEEY ORGEFTHN (A2) RUWEEDH
#H30mBEN- BT -V (A3) T1H30H~2RH2
HiZAT> 72,

2. 3 EFIER

Zm75 23 (1dm®) (12iEK500 cm® RO F & M A5
WERY EhLIOg # AR, #EKkEAY —F—THIEL
oML IcERE =M 79 2312 1dn’nin™ ' T
HEDRAKR, TOLEDTIAANLHETHERE S ~
15 min TORHOIEM R F 2 — 7IHHE Lz, FUSIRE
ir1oce L7 (Fig. 2),

2. 4 XKPDER

JIS K2275 (K VAR 5 — Ko R BRiE) (2fEv
FEMPOKGSERTRD L HIE L7, ZERFKRGH
ERBEDIEER 7 5 A 2 IZEMAEY 6 ~18g 2 AL HLY
FLIZy—%3 Ly (2+8) BRAWI0m® 2N T
BEIMEAMR L7, 77 ATHAEMA, EITHEEZ R
DA THZ L, BAKEORMEKENLEDLL L RbHE
THBEFT 2o BKETOBMEKEZIY B L TRO5
B (3000rpm, 10min) L, AHOE=mZ@EL T, &
WP OKGEE KD,

2. 5 BERMFERR{EAROER
Fok b oA BRI EIH0.15 ¢ & THALR K 2 em®iC

activated carbon

Air——

oil from the Nakhodka

Fig. 2 Schematic diagram for collection of volatile

compounds from oil
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WL, 7o, GMRT 2 — THEABI SRR E
T2hEEMB Lz, Zh s ZHRALRFBFRICOWVTA
Y, TFAMREY, Py, FTLY, FTF
L Y% GC/MS CER L7z, #T4fFid Table 2 12K L
726

2. 6 SWFEHER{EKEOER

Foh b A ERERY EMO0.5g% N r30em®lliE
BL%, TEFZFYLTIORICHERLZ, EEFE
W FREICALE L7z, K (500em®) A YT T4
V& — (B4 74 VL4 FR-40, FL#%0.4 um) THBBL
SPE-GLF#— Y v Y (BEERTFVATA ANV AT
LR, RYX*ZZ71)L—h) B@LHK, BEINCE
LA AT = Y L20em3ic & D EHEIR L 72,
Fr, AVTISUTANY—EIRVEY Y ) =T
W L7z WO SBRFEERRICKEDEEM % 4T
HEAK R IE & R 72, HOBRRIE HPLC 3 BEEY O &t %
—¥#REE LT (Table 2), LlD16FTRFEEFRKILK
FDHILTEFTIFLYEBROMLAMEER L,

2. 7 ETREMER (AmesHER)

HEIH0.1g % DMSO 5 em® (2R L, & 5I2DMSO T
BHAR LT Anes REET LA v Fax—2a vgdic
fit L7, RERFEARE LT, S typhimurium TAISHR K
U TAL00¥R % ] L7z, RBNEHER FHET (+S9 mix)
ROHERET (—S9 mix) D2 20F&M%TITolz, B
RERIu=-¥ExHv L, RBERERTESRD
O=—#HAFa> ba—-LDZFID 2EL EOGLEICEE
HERBEWAY LHE L, HFRBREICOVWTO IO
Z—HEFa2 bO— V%1008 LHRHETR L7,

Table 1 Sampling sites and dates

sample site sampling date and period

oil
Nakhodka 2/6
Shioya, Kaga city 1/11
Nanatsujima islands  1/16
Nagahashi, Suzu city 2/3
Kaiso, Monzen machi 2/18
Kaiso, Monzen machi 3720
Nagahashi, Suzu city 3/20

air
Kurasaki, Suzu city 1/30 (each 9:00-11:00)
Kaiso, Monzen machi 2/23, 3/9, 28 (each 9:00-11:00)
Nagahashi, Suzu city
Al 1/30, 31, 2/1,2
A2 1/30,31, 2/1,2
A3 1/30,31, 2/1,2
(each 9:00-11:00, 11:00-13:00)
sea water

Anto, Mikumi cho 2/8, 3120, 512
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Table 2 Analytical conditions of GC/MS and HPLC

GC/MS

apparatus  Shimadzu GC/MS QP2000
injection split, 1 mm’, 100 °C

column Ulbon HR-1 (50 m x 0.25 mm i.d.)

oven 30 °C (3 min) to 300 °C (10 min) at 10 °C min*

detection  selected ion monitoring (m/z=78 for benzene,
92 for toluene, ethylbenzene and xylenes, 128 for
naphthalene)

HPLC for oil

apparatus ~ Shimadzu LC-10AD pump, SIL-10A auto

sampler, CTO-10AC column oven, RF-10A
fluorescence detector

mobile phase 50 % acetonitrile-water (0 min) to 100 %
acetonitrile (20 min) at 1 % min", 1 cm® min*

injection 20 mm’

column Vydac 201 TP54 (250 mm x 4.6 mm i.d.), 20 °C

wavelength excitation/emission (nm) = 280/340 for
naphthalene, acenaphthene, fluorene; 250/400 for
anthracene; 286/433 for fluoranthene; 311/392
for pyrene; 266/402 for benz[a]anthracene,
chrysene; 294/430 for benzo[b]fluoranthene,
dibenz[a,h)anthracene, benzo[ghi]perylene;
300/430 for benzo[k]fluoranthene,

benzo[a]pyrene

HPLC for sea water

apparatus  Shimadzu LC-6A pump, Rheodyne 7125 injector,
Shimadzu CTO-6A column oven, Jasco 820-FP
fluorescence detector

mobile phase 80 % acetonitrile-water, 1 cm® min™

injection 50 mm®

column Wakosil 5C18AR (250 mm x 2 mm i.d.), 40 °C

wavelength excitation/emission (nm) = 384/406

2. 8 DNAESBHER

EHARHE Ames RERCTHERAL-bOLFELb DL H
Wi, b MEBEEEHKEOFLMBIIVY 75— ¥ &
ZTF O L ps3EABISERINE OB WETTAIF
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D S EBHE B L, VY 7T EEEAEL
72
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3.1 *x %
EAEMIERTICEKREZAETLIEAHEERN,

+$bﬁv&éﬂhi%%%%mmﬁmﬁkbﬁiwm
FEEATVRIEEED S, Lid, EMEH &8
%ﬁ&%ﬁf%kmﬁkimﬁ ZoMET B EDH Y,
HHFE S OERMEDVRIFEICL > TOHELZT
5Z z‘:ﬁ%z%ﬂf_o HoT, KgERDENIZLST
FALEWIRE % EMIZRD D 20121, BB OKS&E
EL, MIETL2LEND L, SHOEMBFIZE
DFKEEL I ENTFRINSOT, RIE % ISR
WEL VBSOS LTHELZ,

W L2 RAFHCR > TAB &, KROERIZFF P

AR EY EITE6%, EAEMTE0~62% & T
KEL, WRREIZEDEER ORI, UWTICIZAS &
BEROAEMPREL LTHIELZERZ R L7,

3. 2 BRMFIEHERIEKE

ER L7 &9, DHOEMBIIEEEOFIZIZRO
A, FHE, HERK LR EDEKRZRZLDENTK, ID
FHREZBEOIZL, MKEZ#EL S IIIEERBEFTOESRE
W5 T A LEL DL, RvE RNy, F
DLy ERB ARG O LR T, T o
FHEEAATAH I LS, EHMENVEERSOKRK iR
EOBEMT bR,

EEL D, YWEBHREHhoORVEY, by,
FILUVIREA SN L/ (Table 3), HHfligx4T-
7oBRM g (EEIUERESE, 1 H30H) T b
VI, ¥ L UABIEVIEBE CRIES A, X
eI s NG o7, T, PIRINTEREE (8
¥E¥E, 2H23H, 3H9, 28H) &, NrE¥YIIK
HaEnsd, brzy, FLLVBEERIVTRLED -
720 —H, BIEMEERIT-o-HMNTESES (1 A30H
~2H2R) OFRTRD &IREOHEBEESFERILKE
PR SN0 A2 (FGEFTH) Tho7ohy, ZThid
COMBDRHBRATHY), HEESPZLNHT L
FERELTEZLN, LAL, BRNTHEBERED
1 (BFTHE), A2, A3 (EM7— V) OwTho
bt D RN T B IG <o P AT R M & 0 1 o 72,
Table 3 Atmospheric

concentrations of benzene,

toluene, xylenes and naphthalene

sample
site,
date

benzene toluene m+p-xylene o-xylene naphthalene

Kurasaki, 1/30
nd 11.7 33.8 16.3 na

Kaiso, 2/23,3/9,28

7.9+9.1 9.0£6.7 10.4+13.5 4.9+6.6 2.5+2.0
Nagahashi
Al, 1/30-2/1
0.9+0.4 1.7+0.9 0.7+0.6 0.2+0.2 na
2/2
2.1+0.6 2.0+1.8 0.8+0.5 0.6£04  1.8%1.1
A2, 1/30-2/1
1.4+0.3 4.1x1.1 8.9+4.0 4.0+14 na
22
3.543.9 9.9+11.3 15.2+18.5 2.0£0.6 1.7+1.2
A3, 1/30-2/1
1.1£0.4 2.2+1.1 1.2+0.1 0.4+0.1 na
2/2
2.2+1.8 4.0+4.0 0.5£0.0 0.4+0.0 0.3x04

Unit, ug m?; nd=not determined; na=not analyzed. Sampling
sites and dates, see Table 1.
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SEREL-VTROBE D FEIRERLE (N L
P2mgm S, PVLY380mg m >, ¥ L 430mg m™ °)
X D&Y o 72h%, FOHABAD—D L LT, KKDOFEEA
BWMEEDS 2HMBU EEB L -RATiTbhi 720
2, NyEY, PV, FYLIDIFEALIZEICE
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BWHICIZF 7L Y (408ug g ') ANV EY, F
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(Table 4), &5IZTable 3H5bdh b &5 I2, P
Wy RN RIGEREOVThrs b+ 75 L v
PREBEEN TS, Ld, 775 L VICGIRCHEIC
HIBIERAHZ Z EVMOENT WD, 22T, EFEE
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BHLTWAZ Edbhr o7 (Table 5), ZDFERLD,
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Mol EelRH ), XXy, MLy, FTLIOD
fZF 75 L OEBLEHTE LV EEZ LN,
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Y, RV [ghil ) LY DIMLEM MBS, F0
R pg g RV TVAT T V) 5408
ug gl (F7HLY) DHEETHY, REMLEEIA
HEBEFHRRILKZEE LTHMONRENY Y [ KLY
12103 ug g ' TH o7z (Table 4), 72, Fig. 375
oY D NS« 1 VA=l WA N\ Sk (H-SD U
WKL EL DY — s BROLNZ Ehs, HHEETS
SBREFHRRICKELR EHPBRHBENR TV LD LHEES
nz, Lad, 4032~ 6 ROSBEEFRKILKED
REGH L7275, EMCIE 7 RU EOSBRSFRRILK
ELHFETL LI, FBEREETATATIT VT VRV
TUREDEFTAEMOEINTVEZ EHFHLNT
W3, 5%, INOESBES %% ECERORMEY
Wtz B & BSRIRROBIBRL, FUANOFG LIS
Fdlid, ChODHHIIBOTEELEZ OGNS, &
Z5iE, SEMEHE L HPLC/EERIBEDO ML S H
WCHBRLT, TRULOSESFEFRRILKEL GO L
D SEEOERMBS N TELHEEBAPTH S,
EEH D VITERBROEM S O LIRS FRIKICK KR
BORMEILEHET A0, 1 HIIH~3 A20H
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Table 4 Aromatic compounds in oil from the
Nakhodka

compound concentration (ug g™')
benzene ' 8.8
toluene ' 120
ethylbenzene ' 43
m-+p-xylenes ' 88
o-xylene ' 81
naphthalene * 408
acenaphthene * 44
fluorene * 126
anthracene * 50
fluoranthene * 47
pyrene* 213
benz[alanthracene * 208
chrysene * 299
benzo[b]fluoranthene * 124
benzo[k]fluoranthene * 14
benzo[a]pyrene * 103
dibenz[a,h]anthracene * 93
benzo[ghi]perylene * 203

! determined by GC/MS; ? determined by HPLC/fluorescence
detection.

Table 5 Time courses of benzene, toluene, Xylene
and naphthalene concentrations in gas
phase at 10C

time (h) benzene toluene m-+p-xylene o-xylene naphthalene

72 na 28 67 31 84
146 na 15 34 13 5
197 na 12 28 12 0
332 na 8 22 9 0
575 na 4 8 3 0

Unit, g m?; na=not analyzed. Other incubation conditions,
see in text.

TIZHENENZH (Table 1) THRELZEEEME 5
Wi L7o, E&EMORIM AL S TRMHOMEIZRS
L, $T2ROF 75 L ViIREIIRBER L & LIRS
T AEAPR SNz, TOREN—RFLRIHE D LK
ETHEEEMIE 3~ 8 HEMEME N, 3T]OT +
Tt v b EEIR/NS WV CREII50~530H) A%, LB
KRTHRAT 2EAIED SNz (Fig. 4). 774
LyeT7 bRy DF T )=/ KRGERBITER
ZFh2.3X10°% 3.5X10*THHDT, EHISHEKIZE
LA ELEZONDA, HIHO Table 5 DHER%E
Eidbbebl, LultbF7sLridEL LTHER
L7zt K & W,

—F, ¥Lv (48), "yVld¥Lry (58), N
v gh) U LY (63R) DBREIIREIEALTY
WD LNT, ThHDLEWIIRRIITS BITS
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NI BRERI ESbhrol, T/, K=Y 7 LT
W2 SR L 2 EHIC oV TH RABOEMATRD S

N, 1~3BOMIZESBRLELZTEI L o722 L

4
z
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S
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11 1
1 6 9 10
JMW
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Time (min)

Fig. 3 Chromatogram of oil from the Nakhodka
Peaks: 1,

fluorene; 4,

naphthalene; 2, acenaphthene; 3,

anthracene; 5, fluoranthene; 6,
pyrene; 7, benz [a] anthracene; 8, chrysene; 9,
benzo [ b] fluoranthene; 10, benzo [#] fluoranthene;
11, benzo [a] pyrene; 12, dibenz [a,h] anthracene;

13, benzo [ ghi] perylene

EIND, 5%, FEPENFD, KEELH RN,
RS ICEGESE BT L ETFHEIKh, SBREFE
RALKFREOBEREOMNSFREINSG,
ERHPICE RS FRRACKFZ B S dEA P ICBIT
TISHEEY I E 52D EVBEEND, £2
T, ZEOEMMES L-ZEHILEORK->T, 1t
KNG EREN SRS BTRRILKETH LRV U [d ¥
Lo OKFOREZHE L, ZOMKE, BHroH
17B% (2H8H) 124~5 ug m HiETH o775
4 7 BH% (5B 2H) 124130.3 g m 2UTFIZHA L
HHROYEEMAS R o N (Fig. 5), AHEOZDOHK
OFBIIMOM S LT, BEREZ#ERTH S,
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Sampling site and date

Fig. 4 Polycyclic aromatic hydrocarbon concentrations in reached oil
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3. 5 DNAEEER

Fig. 7WIRTEBY, EMIZFHNARHS p53EET
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T3, SROREHEEREBR T ps3EET DMV G
BIFZ NI LR FBD SN2 7278, ST RO
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bEREL s S B,
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T5, COZLREMWMBIEREIIBNTIRAZED T4
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6 n=2

Concentration (ug m"3)

2/8 3/20 5/2
Sampling date

Fig. 5 Benzo [a] pyrene concentration in sea water
at Anto, Mikuni-cho

Data are expressed as means+SD
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Fig. 6 Mutagenicity of oil from the Nakhodka
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Fig. 7 DNA damage of oil from the Nakhodka
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