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Study on the effect of nitroarenes on marine organisms

BRIR i

Toshimitsu ONDUKA

Abstract: Nitrated polycyclic aromatic hydrocarbons (NPAHs) are formed mainly by incomplete
combustion of fossil fuels. Because NPAHs have become widely distributed in the environment,
including aquatic systems, the toxicity of NPAHs to marine organisms has become a concern.
Photo-induced toxicity occurs when the toxic effect of a chemical is induced or enhanced by
visible or ultraviolet radiation; known photo-induced toxic chemicals include polycyclic aromatic
hydrocarbons such as pyrene, which have molecular structures similar to NPAHs. The toxicity
of NPAHs to marine organisms photo-induced by solar irradiation is therefore also a concern. To
clarify the toxicity of NPAHs to marine organisms and to assess the current risk of exposure of
marine organisms to NPAHs, the author determined the effects of NPAHs on marine organisms
after taking into consideration the light environment. The effects considered in this study included
toxic effects on survival, immobilization, growth, and reproduction.

The acute toxicities of 10 NPAHs were determined for marine organisms on three trophic
levels: the diatom Skeletonema costatum, the herbivorous crustacean Tigriopus japonicus, and
two species of fish, Pleuronectes yokohamae and the mummichog Fundulus heteroclitus. The
relative toxicities of the NPAHs varied between the test species. A cholesterol pellet containing
L-nitronaphthalene or l-nitropyrene was implanted into female mummichog, and the transfer
of nitro-PAHs to the ovary was examined. The effectiveness of the pellet-implantation method
was confirmed based on the transfer of NPAHs to the eggs in a pregnant fish. After pregnant
mummichogs were so implanted, the effects on the hatchability of the eggs were recorded, as well
as the survival and growth of the resulting larvae. Hatchability was the parameter most sensitive
to the effects of both chemicals; chronic toxicity values based on the actual concentrations in
the eggs in the test fish were determined. Irradiation with artificial light increased the acute
toxicity to 7. japonicus of 9 of the 10 NPAHs tested. The most phototoxic compound tested was
L-nitropyrene; its toxicity after irradiation with artificial light was more than 1000 times its toxicity
in darkness. The phototoxicity of 1-nitropyrene was dependent primarily on the irradiation-induced
production of ROS.

To determine the primary risk associated with exposure to NPAHs in the marine
environment, the toxicity values or effect concentrations of NPAHs in the above tests were
compared to reported concentrations of NPAHs in water. If the uncertainty of the chronic
toxicity values and photo-induced toxicity are considered, then the conclusion is that the influence
on marine organisms is rather small for four of the five NPAHs for which concentrations in
water have been reported or estimated. The influence of 1l-nitropyrene is a possible exception,

%(1)17$IOH 30H5% (Recieved on October 30, 2017)

. BERBAFHRELMARY BRICHELERREICH > T—BBELL, BEEBKXZYRY MY L AKE URLhttps//irkagoshima-wac,jp/)
AWK AKERFER T739-0452 LEBHHEWTLG 2-17-5
(National Research Institute of Fisheries and Environment of Inland Sea, 2-17-5 Maruishi, Hatsukaichi, Hiroshima 739-0452, Japan)



Toshimitsu ONDUKA

because the predicted no-effect concentration determined in this study is similar to the reported

concentration of this compound in water. This study has provided new information regarding risks

to marine organisms from exposure to NPAHs.

Key words: Primary risk assessment, Photo-induced toxicity, Pellet-implantation method, Predicted

no-effect concentration
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1.1 HAOERELADN

1B oEERGURE, ABREIEXRZIALVYF—%
HETAHZ LIV BEELERL T 5, NEPEH
TAHAILANF IR L EEFDY, RENRD
DELT, AWM, AR, RARTAFOAERE, K
7, KB BHSOBAETRIANVY—, BFhH%
ERBITF OB, 012 IR TCHE S — k-
ANF—TAMBETI2ZIR N THY, £0HHA
W, AR, RATAZOABREIIST% % HD TS
(BP public limited company, 2014). HAERIZBWT
X, 20114E3 HICREL-HHAREBRLE, —KkT
ANF DB ETFHOEEEL L TR
DERFEEIINEZE->TEBY, 012FEFETIE—KRTF
V¥F—D9) bALABREIE2% % O Tw5 (BRT %

WE—-IT, 2014),
BERBZEOCABREOMAITBERRS L LR
PRIZLTVWS, BEZRIBLTWL—HE LT, B
HRABIFO N5, BEW L LA REOBREER K
DMK 7% ETHRET 5MERILY (SO, REHEk
e (NO,) DHAEBIUBICHEITAILICLD,
BELVEVESEERTHSE (Likens and Bormann,
1974) T, 197080 B P XK E CHIEIC 2 - THB
D, BETEIPERZ EFHAETHMECLZY2ODH
% (Larssen and Carmichael, 2000), &K% +E %
BRIl U CARBRICHE % RIZTL (Schindler, 1988),
BHERBRCEEREZE S RIZLTWw 5 (Likens et
al, 1996), &bk aryrs)—tr#=E»L, &8
PBALTEEWICHELZ S5 2T (Reisener et
al, 1995),
FEAETIRBERERBLICOVWTHEENET T
%o COBBIXANEEHICL 2 “BMILRFE (COy)
Xy (CHy) EDBRBAATADOHEHRIZLY
BERORRRLHWEOBRESEHW I ERTA2HLT
H»5 (IPCC, 2007a), MELAICIZMAMEEAR
DEAL, BAEERICIZ2EBREBORELREICLD
BRA RAEBRNOFZEPBERIN TS (Walther et
al, 2002), RMEBEA R E LCRTBLRE, A5,
—B=EE (NO,) ZEPHETOLIBH, BRI
REPRBILICRDRELEFELTBY, ZOoZREIML
REEEO FREREECCAGREOERFERTH
LEENTWD (IPCC, 2007b)o Z @ & ) I2iLABR
HEFATIRCRAET IREDOREZEIZOVWT
i, BATALABRBORIERTHY, BEEh5
HAZERZ B CTRET 5729, HEBEORMBEIC
FRLPTV, 72, Bid0EBY, {LARBOMER
GAEOXHNZEFIIRELSFSG LTS, §
CIMHZHIRST A &8 L, MENFRIBLLR
TV, Z07:0, ThSOREYOREREIZOVT
WEGAICRET L, MDD 556 X R RRERE
LoD, MRKEERTIRBELZEZI LLENDH S,
tEREOFEHOBICELETLIREY O —TEL
LT, =hru7l—> (NPAHs) BBIT 5N %,
NPAHsIZZ BRF FIERILKFE (PAHs) 2=t
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ERMFMLU LG, THPCHBEIIBT A1LE
BB O B HE (Nielsen, 1984), Tl KR&EF B
5—B1bEFE (NO) LPAHsO KISIZ X W AR T
% (Atkinson and Arey, 1994)., NPAHsiZ ¥ I2PM
25 LONFIRWEIREEIRTEY, kL&
D72 TORBEIIL 44 L Tw5b (Bamford and
Baker., 2003), NPAHsOREE =% ) ¥ JIiZKAF
BEOMEH NS v (Bamford and Baker., 2003 ;
Hasel, et al, 2006 ; Hayakawa et al, 1995 ; Kuo et
al, 2003 ; Vasconcellos et al, 2008), NPAHsix it
EYWDOPAHsE L D ICKRAFICHEL, Zo—FHik
KREETY, FICEWICE > TKRBREICHEAT %,
ForD, ABRERICBITIFEATIE REN
TiEd2db00EDEE (De Giorgio et al, 2010 ;
Fernandez et al, 1992 ; Ozaki et al, 2010) <, @JIl
7k (Ohe and Nukaya, 1996 ; Murahashi et al, 2001 ;
Takahashi et al, 1995) 3 & UF# K (Murahashi et
al, 2001) »H5BEBEINTWE, HETIIRKEKEEBED
ZHEPONPAHs I SN, 299 F A 4 BL
Uh FHOBREIZEFHEE TF N2 N2380-24,7008
X U82670-26,000 pg/g dry weightE E SN T3S
(Uno et al, 2011),

NPAHsIIWB N ZBEZEUWETH LY [a]
ELr eI LB Zh U LOEEERLZA
L (Wislocki et al, 1986 ; Busby et al, 1988), —
TBONPAHSIEZH VERZ L EOMERT v b Y
DEFLBEIH L THWEREE /R T (Tokiwa
and Ohnishi, 1986 ; IPCS, 2003). = BR A% A B 32 #%
B (IARC : International Agency for Research on
Cancer) INPAHO 3 B 1-=tu¥L rBLU6-
hasYerO2EEEINV—T2A, & MIHL
TBELLREBPAMND 7 V-7, 118EH (37-
VobaIrIntg sy, 39-V= eI T
v, 13-YV=btu¥lLy 16-V=ru¥lL v 18
zto¥ry, 5-=ruytkrIvFLYy, 3-=
raORVY X7 bRy, Zhuvzy, 2-=buz
VELY, 1- (5-=2buz7 V7Y ysry73/) -
2-43IFVVT v, 4-=vur¥LY) BTV —
72B, b MIW L TRPAROTREERD S 7V —
TIZENREFRSEL TS (IARC, 2014), KAEAY
IZ2oWTiE, NPAHsO—~fE1-=+u L Y OBRE
12 & Y brown trout (Salmo trutta, Michelmore and
Chipman., 1998) % mussel (Mytilus edulis L.,
Michelmore et al, 1998) I2DNAHE % & 0 & &
EWUVFEIR, T/, 7THENPAHsZ R L -6
EHW/AZBEICXY, <24 L {marbled flounder
(Pleuronectes yokohamae) WHRMEO B ELZ E®D

BEHSENFEZ N (Bacolod et al, 2013a). 6
#NPAHs ® marbled flounder i ¥ 3~ % 4 ¥y i #i 4%
% (bioconcentration factors, BCF) MRS hTH
D, BCFi34-422T& Y, W& L726 EONPAHSD
RCL8-YV=ruELUFHRDIKREL, 6-=Ftu”
)&y HEb A E WV (Bacolod et al, 2013b)e KA
W v 2 BLEEICoOWTIE, NPAHsO— 1
-= b3 7 % L >~ ®Ofathead minnow (Pimephales
promelas) (23T B 2MHEM 390 mg/LE HE S
N Twv % (Curtis and Ward, 1981)e & ® & 9 IZ,
NPAHsZABRBE+ LS TOREIWILLS AL,
KAEY 2 &IRE VAR L CEEFEEEZEF LT
BY, bAaBRBOBHOBRICEET SRIEWE LT
B CBEEBNBRS SN AWEEO—DEERZLN
%o

ICEWEDOKBREICRITTHELE X SR,
KEAEY B RITTRE, > ) HEHEIDL, K
BAERRICEEBLRIZE W EEESNLRE, F
4 52 B s i (Predicted No Effect Concentration,
PNEC) ##EL, ZhzitEWHEOENEL -
BEtEE» B oh - FHREDRE (PEC) &
REBETEIETYIRZZFMT 20— KRNTH
% (OECD, 2002)o % 7:, A EOHERYWEATDH
A NPAHsiZ T8 BB B2 B1) 2 LA IR O REE
(Nielsen, 1984), T 72X KEFICBIT 2 —BRILER
(NO) &PAHs®OFISIZ X Y Ak 3% (Atkinson and
Arey, 1994), NPAHs!3ZEIZPM 25% Lo TRy
BREShTEh, To—MIRRETY, ECK
I & o TARBBREICHA L, SREHICITDRFERIC
WAT B EPEESNL D, BEEBRIIRITY
PEIRIATHIEIEETH S, LA L, NPAHs
DOKEEW N T HEEICHT 2ERFIILALRD
725, KBIZBT ARELEFMET 20T TR
Ve 512, BERICHH SNALFYREIIRETO
WHKB L OLFER 2B ICBE SN S, NPAHsE 77
FHREDOEWE L VEOPAHSIZEIRBAIZL D,
BE—HREU LEEAY T A HEEIRE LI LD
i sh (Pelletier et al, 1997), Zh b OXtEMER
HHMEM (reactive oxygen species, ROS) P3E %
FEREZZ25hTwd (Fuetal, 2012)o 4-=1t01
¥ L v ¥ —EONPAHsIZEARIEEHC X YROS%Z
FHEL Xia et al, 2013) 72, KEEGIINPAHs
DEERBIIRE LEEY RITTTHRENSSH D, I
LBFERHOEEWHLPTEI LI, LVHEEOR
WY OSBRI S,

TR0z ERs, RHRTEIARGEERLL
NPAHsO#EAEM I T 2 5 ZELHOLNICL,
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BSOREFBEL BT LI LT, BARRICBITS
NPAHsO#HHAEBR~NOFERNPTFMEZ7TH) 2 &
ZHBEIC L7

1.2 HBEYORE

KBAERBRICEIHRA ZAEYIFEBLTEY, £
BT84 T 2282 THOEEL Y,
FD-D, XEEBORLZ DAY, BE BHRE
(Daphnia sp.), BLUABIIHTLEEB L TE
BEEZELTRFL, #MiT s LRI A T
% (OECD, 2002), KAELEPIH T HILZWENE
HREREZ, OECDOF A MT A FI 4 v, EHEE
BB (1SO) B & UREMHRERES (ASTM
International) A5 ® - REBRE, KERBERER
(United States Environmental Protection Agency,
USEPA) %2 LoZEBUFHFBEKREI T TR 20
TEBEFNMOLNATYAEY, ThooRBRHEREED
BEAEREKKOEDTH S, HlZIE, OECDT R
ML FSA Y TEERHOBRBRAEY & L TRAR
3 ; Pseudokirchneriella subcapitata, Scenedesmus
subspicatus, WIKELE ; Navicula pelliculosa, WKE
¥ . Anabaena flos aquae, Synechococcus leopoldensis
(OECD, 2006a), WSO RBELEY & L T Daphnia
magna (OECD, 2004, 2008) AFhEFN|EINT
Wb, AEICOWTIIAEEE L IBEEECHERE
YWHRETFELRY, 2HUSERBTIZRKAzebralish
(Brachydanio rerio), fathead minnow,common
carp (Cyprinus carpio), ricefish (Oryzias latipes),
guppy (Poecilia reticulata), bluegill (Lepomis
macrochirus), rainbow trout (Oncorhynchus
mykiss), 1BM:EMREClLikKkfzebrafish, fathead
minnow, ricefish, rainbow trout?SE N ZFRRES N
Twb (OECD, 1992, 2013).

AR OB MW E CH ANPAHsIE EIZPM25% &
ORFIRPEIIBEINTBY, ZO0—HEKAET
W, ECERICL o TKEREICHAL, REMIC
IR EEICHRAT L EPEESNS, NPAHS®
BRBANOHAZEZLE, FAKBOALLTIHE
ERBRICNTE) A VMK ERETH S, 72, &
7K i bluegill & # B fitidewater silverside (Menidia
peninsulae) DILEWEICH T LRZHE BT S
EELOYBIOWTHEADRZTHSHRAMA X
D 3 v (Dawson et al, 1975-76) ¥ X F a &
Mummichog (Fundulus heteroclitus) @ F+ 7 % L
T ARZEBIIESBEOHEMIEVELL LS
(Levitan and Taylor, 1979)c ThHDT Lhs, &

W RIZTHE L EEAY R TEEIE R W
BB ENTEY (Leung et al, 2001), #HHicH
VB BRI IS A RIS B R RET B4
BXd b,

AT, KETHFEEEDHEESRBR 2 HEL
TEY CKEFT, 2010), CORTHERRELTA
U A (Skeletonema costatum) WREREY & L
THERINTWS, BVEREEWRFMEYRBERE
FERETIX R 7 L b R < DL D5 Skeletonema marinoi-
dohrnii complex\CEBINTWBH, RBEE2HEIT S
728, Z DFL TidSkeletonema costatum k Fin$
5o

HRETIE SR BRoMEEL LT+
¥ <) 3 Y v a (Tigriopus japonicus), A ¥ T
Y £ K % (Palaemon serrifer), 7 ¥ F HE L ¥
E F & (Heptacarpus futilirostris), 7 W I L ¥
(Marsupenaeus japonicus) HREINTEBY, T+
FyIvralonTidEtEtRABEO—HETDH
LEBHEMABOBRBEE L LTHIREEIN TV S,
BREIIOWTRENEERABROMEREL LT ¥4
(Pagrus major), ¥ 2 ¥ R (Sillago japonica) 3%
KEINTwEY, BEHEERRICODVWTEYIF =
7, V¥ I RAFH (Oryzias javanicus) HHEZEINT
Wb,

AR TR IS DHEEOF T, FEBEWE LT

AV bhAa=, YEAEF<YIVra, w3Far%
BELL. AFLVMATRIESY S VF YT BOBEE
BT, BRDRTIKBEIWIETHS, AT L
P A <IXASTM (1994), Standard Methods (APHA-
AWWA-WPCF, 1998), USEPA (1971, 1974) »4%
RUBHRBBICBWCHRBREE LT RaRT
Wb, AHERAXLEWRMEERHBHEYE I LT
HEORZUIEL, ZOHRTLAT L FATDERZE
BrAEwEREEINRTWS (Fent, 1996 : Onduka et
al, 2010). ESZERBERFZEFTBUEY RBERAFRR L L
TAFURTHY, AFUEERIIEANEXKE
AR TR EL, ARICHT 2L TES,

YEAEFVIVyraF»A~»INNRNTF I RHE
(harpacticoid) BT AEEMDEBENAL 7 VT
»Y, HREBHFBOGRHHRL ) RICH2872F Y
WWAEBL, HEoekiESEomBebicn L CERsE
DHBNETH D (HE, 1968) YA F<YI Vv
IZOWTREL DEERNL AT~ —BIETOY—
TIVAR, TNOLDONAF - —DHEENEYE
RE~OREBEVHEIN, V¥ IV raBtE
HEUBRBERHOLZOOETF VAR E LToREMLE
ZATWBEFMEN TS (Raisuddin et al, 2007,



bR TL—rOBEERICRIZTTE 5

Machida et al, 2002), HARBREOBEAZE D 5 HEM
TRETH B, RTRKICL HBEEOENTEZ HND
720, YEFIVITVVADORBMOHELINTWBEEH
REANEEEMBREN I P OAF L V4 5=
IV aRBEPRNEX KENIZER TRAAE L, &t
BOI) =TV ANGEERRIMBET LI LN TE S,
F7, =7V RGERXEERT LD, ik
LHEMEMEEFICKB LR L, KRk 25H
BlbERAHE L TELTW S,

RIFa SIZACREERFEEDO X S H BIREATH
D, KENTOEREMSEET, ZHID»SFHAOH
EVBGLRETHD, ~3IF a7 ORRBIEEZEL T
MOREPEZICBR TS0, FEBBELFHMNC
#&F & (Armstrong and Child, 1965), ZAFAFRIZ
DOWTHEHMICKRE SN Twa (Shimizu, 1997), *
o, ¥3IFaSilonwCidamAR, B EES
HRREDE L OFERPER SN TBY, EBHEHEC
Mo, BEAEOEFVERE LToERZH2 T
W5 EFI E T3 (Burnett et al, 2007), < 3
Fa Z TP NERKEMEN CHRAAETLTEY
TR, MHAEZRRICETLILENTES, 207
DEZRERD» O OBRBERR L CENHEREL R S
ZERTE B,

¥ 7:, NPAHsOERE% ZE 35 ENPAHsIZ#ED K
BUZERTHIePBE SN, 2020, RiEEL
EOBRBIIN T H2HERRBERFTAHLIEETH
5, BRRBRICEHLBET LI > RBEDAFA
DLETHDHI Ehs, KENTERMETREZE LK
CHREEESNTWLIAENPLE RS, HERERW
THREAEIN TV, B8 ITe 5 2 (Paralichthys
olivaceus) L <aANVAPETH B (KREBETEL
vE—, 2014), I A ARV LTS
aHVARSERE BRE MR ILEHE
T570, BWEHELBULEEY L OLERED
WBEHAETL7-DONEHEL L THVOATYS
(Hashimoto et al, 2000)o ¥~ I 4L A i3RER% EHi§
BWME WX KEFFEITIE L, BERFOR LAY
vt BESh S INORTFRITRERERL Y & —»
OREAEZAFURTHY, RFEHTTHHETL, R
Blcilt+5Z B TE D,

HHEEEBRIBWTRERBORLZLBEEA L b
A<, By~ 3Ivra, AE~IFa s
IO a TV A4 ANPAHsO HFEHE 2 RET L,
BHEABRICRIZTAERLFMT A2 LT, BIE
BEROBBRERECET LI EDPTEEIC R S,

1.3 #HRVEORE

NPAHOsIZ i3k 4 2 EE IS HFET 5. ERILEY
B 44 M (IPCS : International Programme on
Chemical Safety) 12X ) AORBRERSLEE~S 25
HEIZOVWTOFMERT LDOLNTWEH, 20
RTHEHEO PO 7L —UPFR) EIFshTwns
(IPCS, 2003). LY EiFesni-WBEoOHT, 2-4%
DHFEREFOYWEIGIME L HDTBY, 7, 60
WERE/ =t ulErY bk ThbB, €00,
2-ABROFEREZFOPAHsOE/ = bufkB L
Vo bukoFE s RE T, EEENPAHsO#H
HERIATHIENTEL, ThHDZEEEEL
BE LB E % Table 11253,

CZTERELAEORBAY B L T10EEOHIR
WEICLY, 2HBEUEABRZERL, SEHEMEEL
HOPICT S, ChODBERELZLETDZ LICX
D, BEAWCHLTHRVWEREEZRTWELRANS
LEBIC, RBADCLIRBREIMOECEZHL MY
%, ¥, BUFHABRIIBVWTHELEREZR LA
WHEIZOWT, A~ IF a ZicHhd 2 EEEERE
rEBLCEEFEEHELHOPICT S, YFF U
vram) =7 A%EEHCORERIC X 55
DOEAZRE L, AEUIFEZLPEETHVT, Ao
BB X UOROSOFBEDOTHH» LRI T L LTk
D, XBEOREREZHRE TS, ChoDERIESNL
5T LICEY, EHEZER LI NPAHSOWBELEY
X TR EAHO ML, BB EE,S
NPAHs®OPNEC#E1E T 5, COE*BMOREF
BELHETAI LT, HEAIIB ANPAHSOHE
HAEBRNOMAY X 75217, 72, HEREHC
Y 2ENENOERO—2Z2HLPICT 5,

F2E BEEVIHTIAMESN

BEAYEZSUREEYZ AV -2HRBRICIIEE
ECTHHHOEZE»F AL 2EHARLERECRE
HMIC b2 BB AR BUEERABRSH 505, &
N O IZKBEEIC BT 5 ZFELEWE ORETMEICK
PRELZVRBREL ToTWd, T THAMEEFET
REMHPEL, RBEWBETHL-0, ThETIT
T4 OREAEW T 5 SEAFWE OB E K
HEhTws, BRICBWTIE, BEZHFOE, HK
OFME, HEEB IUCHREICNT 5 REOSEFER
BRREHRET S LPULETH L (BHKESL, B
KEHE) 2L, bW EOREVET MO EE 1M
E%hoTwWh,
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Table 1. Nitrated polycyclic aromatic hydrocarbons used for toxicity tests (IPCS, 2003)

Water

. Molecular Melting Boiling e IARC
CAS No. Chemical name Molecular structure weight point (C) point (C) solubility  logK,, categories®
(mg/L, 25C)
NO,
86-57-7 1 -nitronaphthalene 17317 58-615 312 918 319 3
NO,
607-57-8  2-nitrofluorenc O‘O 21122 154158 3% 0216 337 2B
NO,
13177-28-1 3 -nitrofluoranthene O “b 247.25 156-162 -t -t 515 3
O
5522-43-0 1 -nitropyrene COO 24725  151-152 472 0017 469  2A
7469-02- 8 6 -nitrochrysene 273.29 208 -t b 541 2A
No,
No,
605-71-0 1,5-dinitronaphthalene 21817 215-219 -b _b 258 e
No,
oM No, N .
5405-53-8  27-dinitrofluorene 25622 334 - - 335 -
O
75321-20-9  13-dinitropyrene COO 20225 295-297 - - 444 2B
N0,
O
42397-64-8  16-dinitropyrene COO 20225 309310 -° =P 444 2B
N0
42397-65-9  18-dinitropyrene 29225  299-300 -b -t 444 2B

=
K=

l =

S

IS

* Classification of the carcinogenic risk for humans by IARC (2014), ° no data, © unclassified.

KEAY % AW E OFERBUT F Ik
KOEWMZHNTERINTE 2, BEHFRFEEL
ol 4w, HFREOIFEAEPIGIEKTHY, £
NAEFINCHE S hTwiz/z0, FiigRe L72R
BTN RPHE E Vo ZRKRBTH o7z LITRRA L
TWd, HDETIAOBEBRITBRIBICOAHA LT
By, AENEENIES (LEWEOBRFEREAN DA
BEIh, 72, WINCHEE L22EWHEIZERIIC
WICHAT %0 BFBOREIIWHE L D FHHRICHR

LTWw3Zehb, BEAYNOSHELEWEDOE
FEOEERIE T > TV b, FHEONEWETH
HNPAHsIRKEHFIZHFEL, TO—BIXKETY,
FICERIC & o TRIBBRBICHA L, RREICIZHE
BRICHEAT 5. F0720, 22 TRIBEORELY
ELTRELS, BEEEATL MR, HREY L
FYIVVaBLlTAE~INLABLISYIF
7 &2 BAWTIEDONPAHsIZ oW T OARERRE
Ll HohlHEfErikEdsLicky, B



= he 7 L= OEEAYICRITTE 7

EAPICH L THVYWELRZRITWELZRARL L LD
2, RBAEWMICI ZREHOEVERFT L, &5
2, Bon-SlsmEr X EED FHEE R
£ (Predicted No Effect Concentration, PNEC) %
EL, TNLOEZMEINLBEDEERRETS
WX DHEREL7-REPBELRETAZLICLY,
Bk BT ANPAHSO AR RANOME Y 2 ¥
M % 47 5 720

21 H#EHE
211 #HHEWESKUERE

l-=btut7%Ly, 2-=2ruar7nrtL > 3
= braInFSrFy, 13-V bu¥lLy, 160
Vobo¥ly 18-V=buvlry, 6-=pbny
ey, BXU7M* 5 27 v idSigma-Aldrich (St
Louis, USA) %5, 15-Y=buy 741>, 27-V
—hro7F Ly, BXUFl-= oVl VidEsik
BL¥E GEx) 256, 7%V, 70tLY, EL
v, BLUOZ ) LV EARMETE (KR »5, £
NENEAL:,

WY E O RBBEFR N0, BHEBHE LT
VAFNVANEE: Y F (DMSO, plant cell culture
tested, Sigma-Aldrich, St. Louis, X E) % B w7,
WEWEZDMSOTEFhZENnl-=baF 75 L >
100,000 mg/L, 15-Y = bu+ 7% L ~2000 mg/
L 2-=ta7n+1 10000 mg/L, 27-¥=tu
TNF L1000 mg/L, 3-=truaINF T TV
5000 mg/L, 1-= b+ ¥l 5000 mg/L, 13-V =
PREL Y200 mg/l, 16-Y= ¥l 100 mg/
L, 18-Y=1ta¥¥lL 100 mg/L, 6-=rasyt
~500 mg/L, 7% L 100,000 mg/L, 7NV* L~
50,000 mg/L, 7WF T 5 50000 mg/L, ¥l >~
50,000 mg/L, 7Y+t 1000 mg/LiZFH5L LRABRE K
L7 ThODORBIFEW AL/ 25 # (Guillard and
Ryther, 1962) %7138, WiEiRE X OF 5 AMiHE 5
# (GFC filter, GE Healthcare, Little Chalfont, 3[H)
THML7zK (D% 8#KE KT 5) THRL,
R E Lo B, {/2KBEABEAISHFHBL
pA

FHARTROL-BEHEAF L b A, BFREVT S
JYYITVVA, BITAE~YIFa s ko ticva
AL AT HDMSODI0%BFLRE T 721310% %
BRE X ENZEN5900, 2800, 8300, B X V821,000
uL/LTH Y, ThODBEDS GO 1 RGOREL
HEIZBAN B ODMSORE 2 ke Lz, EHEA

EHERE, HREEKEERR ~3IF3/24F
HREB, a7 LA ENBEERRICB T 2 BH R
X ODMSO# B ix = 21330, 500, 1,000, B XU
2000 uL/LE L7

DMSO# % F\ 7-NPAHsHE R Ti3, FREB
JUHREOERRRICB T, FREIFOL0IR
1-Z2 b F 7L VDR THolz. £ %L DB
WEICOWTERELZBTY A2 25T 570, &
E, WLOE L (HCO40, BT IANVK, B
) ©1 : 1 REH L ABRERZ HW-REBRRICD
WTHKE L TRODREGWEY/ 2KEME/ZIZA
WA THRL, RERME Ul FRFEIKHERER
BLUIFa 7aUERARICBIT 5 BHINERX
DODMSOE X 0THCO40D A FHEE X Z N 211,0008
U000 uL/LE L7z BEEREMERBRS LU
AV 4 EBEE R TIRSEABCO40ZFhFh
<1BLIU<KI0 pL/LOBETATL b A<DAER
BIU<ah LA 0ERICEEERITT 2O, BEAE
EHERBRB IO~ AL A4 AERRB IS8
HCO-40% Fiv 2o 726

21.2 HBREY

BEOBRBRAEWLE LT, ZLOFEEYWHEICH
LEBVWEZHEZRTEPUMONTOIEEDO R,
LhAYEBEL, HEVRBEHAR,LSESNL
N-324%k % RER 2t L 720 500 mLA& 7 AL/ 2 55
300 mLZUNA L, Hirp CRUHEE L, BRI
Fu—AFx 85— (MLR-350, =#EERE, KR %
vy, BEZIZENEE S v P LAEET (FL40S -
N-EDL - NU, MTEHFEX KR #3AHEHL,
BIHA14 hEEEH10 h, JEABRIEE T REE4-80 umol/
m?®/sec, ME0CDOGEMETERL 2o T OREERIC
SEINLBEHEF BB T L2EHERBERRICH W,

R oRBAEW L LT, MEEANGEEEYRED
RHPODBENTLZVIFRIIV Y AOHZEE
WEX KM FEAT CRAARE R L, DIRBRREEL -
HEWEHW, 1 LOF T AKRFICHEHEKS00 mL
RPEL, B 7L —YarLiads, BHEil4h
FEHA10 h, BE20 COLEBTHET L, L LT/
2BEHTRE LT T Y ) ED Tetraselmis tetrathele
L LTHY, 1HBXIZ > 10° cell/mLOREE
#%%5 mLIRM L7z ZORER,D, 40 viE
(N-NO305T, & HY A A48 pum; NB30, #AHI A
X 190 um; NBCA vy Y a7 v 7, EX) 2Hw, &
{b#g24rs IR D ) — 7)o A E B, J—F
Y ZHShA SRR § A PR SR E R ER
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Wiz,

BEORBEWE LT, ¥3IFarBIvalL
£ Bz, °3F 3 3P NEXOKEM T Tk
REFELTHEY, 1 m*okEckiR2:2 T (F
¥ o+ FERE), BRCEHTTHE L7z, MR
fart (C-1000, WmFIZEELE, WK T —HBEI
Bz 7o va v A AR INORTRHTEEREYL ¥
-5 AFL, Kiild+= 3 T, HREFBT TR
ARBIESE L2, HIIRGHE (B3LUDHC2, X
ALHESAE, ®n) zHUFABREBRMEI LB EIC
il *3IFar70MMbFA (FEN]T mg) BX
OMkET73+2] mgD Y aH VA 2 BB T3 AHEANE
HRERIZH T2,

21.3 EERARMEESR

KEEIZEN, BIFE (2010) oEicEmRmL, L
TOHETRBEEIT > 72, HBELMITHATTELA
S CTFMEEBLUZNRORBEELITo 72, BB
BEIZiZ ¢ 24x200 mm, HE64 mLO R VIO
RV, RBRERIZ0 mLof/ 250 vz, &
BEEE L THERDEODMSOBH ZHEA L, #E
BRI BhAI R BB IX % 521 72 RERIC B 5 A EM A
B IEH10" cells/mLE L, #iE 3ECTRERE AT
W, ThE2o089E L7, BRWEREIITable 2
BLUTable 3IZn$EBY THo iz BERMEIHNT
HUZZEERBE LTS A8#EA K (GPFC fiter,
GE Healthcare) THREBEH % 28L, »HWEHREBRICH
Wiz, ARMEICRBRE 2 BE LR BEOAR
ZHE L. EEHEE Y —F —HERER (i
Wk 1 340-500 nm, FOGERK ¢ >665 nm, model 10-
AU005, Turner Designs, Sunnyvale, KE) Z@#H L,
HOMPLOPELTBWAZAT L b A~ OHizE & A
HEEOEED O FRBRR OMBREHEL, £R
BRI DOWTEREE 2 HH L7,

21.4 BRESMEAHEERR

RKEFTEIEHE (20100 o FEic#ER L, RBRE
W2 mLEWwh7 s A8AER (¢25%x25mL, 6
mL) &, A5 EE FHROENETHNEL45%
Z1ELL, INE2O8DEBEL, BRDEREZ
Table 25 X UTable 3IZR3 & B0 Tho7zo Bl
BB UGEERBE LA s 2g#EA K (GFC
filter, GE Healthcare) THREEEZ »8BL, AL R
B Wz, ABEWE L CHEBRYE ODMSOB R
F 72 iEDMSOBE# & b 0 F LIWHCO40% 1341 T

RELCDOZEHL, HABRICE, FRARRRE:
R 2 DBH 2 35 L 72 BhFIad B X % 307 720 SRBRIEH
WZEAE R AR, WS, 20C TR BV 721, #
KHEOHEZIT o720 HER, BHAZRLHPIH
SRR, TERREZEH»T I LTS THIHHE
kLG DZEKHEE L.

215 AFSHEUSR

50 mLA7 7 ARAIOAZM7 T 2 2B LGS
RTHMBLMK (DFEEER S Bl EERELET )
5 mLEIUAL, RBEWRZRM, BHELLE <3
Fa ZSMUFAZI0RTOWNA L, K OREL
fTolz. RBEWE L THMRYE ODMSOB RS &
UDMSO #W L L0 F LIWHCO40L 13+ 1 TRA
L7-b02MHAL, EBEEOTMEIREI0 ult
L7z 20CICERE L EBEENICRBRAR A
L, IR CTHBRET- 72,

40 LA A BUKAEICE RS B/ilEKS LENAL
REER PR, BRELB, KB a LA R
A (FHEET] mg) Z10RTONAEL, J6EHOR
B&1To /e RBREWE L THRYE ODMSOBE R
AL, RABRICE, EARBRELFREOBH %
WL 7-BhAN BRI % 3 7o RBIEHOBRME 35K
B10 mL& L, IERXTRERET o072 WTho#RE
BT OHRWERE L, Table 4DBEEICHREL,
REE 2 B TIT o720 24RE L IR THOFELE
8L, BCARIDY B,

21.6 HERMEAE

RKEWHPONPAHs BEOME XU #ME 2
844 VAt FEA 4 Vb3 (Negative Chemical
Tonization, NCI) % [l \» 72 #ll &€ & (Albinet et al,
2006 ; Kawanaka et al, 2007) # #KHICRZEL TR
EBLTo 72, BRERWPOPARs IBEOHIEIXET A
# 4t (Electron Ionization, EI) 2 Wl Ed: (8
BT BB R EMERE R S, 2000) #4RWikE Tl
ECTELLIUELTHEL

EABHBERBLIUTERTRICERALZ-2EE
KEBORXBHEE N 5 A A K (GFC fiter, GE
Healthcare) TAMBL, BONAHITH T 7 — M
W50 uLZzMA 7288, ~FHrc2miRE )L
72 COMMBEREET MY 7 A THAKE, WEELE
WEBEWS0 ulZ ML CEZERHETCOIEARL
mLIZERM L, GCMSIZ X 554712t L7 NPAHs
OWETIX, Fur—hrERELT, 1-=tuat7
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Table 2. Nominal and actual concentrations of 10 nitrated polycyclic aromatic hydrocarbons tested in toxicity
tests using an alga Skeletonema costatum and a crustacean Tigriopus japonicus

Organism S. costatum T. japonicus
dispersant - + -
Nominal Actual Nominal Actual Nominal Actual
concentration *  concentration ™ concentration * concentration ™ * concentration®  concentration ™?
(ug/L) (ug/lL) (ug/L) (ug/L) (ug/L) (ug/L)

700-2,800(v2)
700-2,800(v/2)

3300°

540-1,500(52-77)
290-1,600(39-68)

450(14) ©

3100-50,000(2)  2,700-46,000(85-93)

1560-50,000(2) 46-2.900(3.0-5.3)
3,100-50,000(2) 2,300-51,000(74-101)

1560-50,000(2) 140-3200(5.1-83)

1-nitronaphthalene

2Z-nitrofluorene

5,000 ° 2,900(58) ° 5,000 ° 40(0.81) ©
. 25-40(2) 0.34-3.9(6.1-14) e e e e
3-nitrofluoranthene 25-40(2) 029-5.5(6.6-14) 2,500 1,600(63) 2,500 38(15)
Lt ene 20-80(/2Z)  020-18(55-23) 156-2,500(2) 120-2,400(77-97) 2500 ° 4
“nitropyr 20-80(/Z)  021-15(59-18) 156-2500(2)  110-3,200(71-130) : :
6-nitrochrysene 167 ° 13(76) © 250 © 200(81) 250 ° 48(19) ¢
1,5-dinitronaphthalene 670 ° 160(24) ° 1,000 © 570(57) © 1,000 98(98) ©
2,7-dinitrofluorene 330° 27(81) ¢ 500 © 120(24) © 500 © 16(32) °
.. e e 6.25-100(2) 2.1-65(33-65) e e
1,3-dinitropyrene 67 35(5.2) 6.25-100(2) 37-65(46-65) 100 20(20)
.. e e 313-50(2) 0.08-19(25-48) e e
1,6-dinitropyrene 33 0.28(0.86) 625-50(2) 060-20(9.6-49) 50 0.84(1.7)
.. e e 3.13-50(2) 0.13-25(4.2-60) e e
1,8-dinitropyrene 33 044(1.3) 625-50(2) 081-24(13-49) 50 16(3.1)

- toxicity test conducted without dispersant, + : toxicity test conducted with dispersant. * Values in parentheses are a geometric
series with factors. ® Values in parentheses are the percent concentration of the nominal concentration. © Average concentration
shown is the geometric mean of actual concentrations at 0 and 72 h. d Average concentration shown is the geometric mean of
actual concentrations at 0 and 24h. ° Limit test was carried out at shown concentration.

Table 3. Nominal and actual concentrations of 5 polycyclic aromatic hydrocarbons tested in
toxicity tests using an alga Skeletonema costatum and a crustacean Tigriopus japonicus

Organism S. costatum T. japonicus
dispersant - +
Nominal Actual Nominal Actual
concentration * concentration > ¢ concentration concentration *¢
(ug/L) (ug/L) (ug/L) (ug/L)
Naphthalene 30-3,000(,/10) 18-1,700(55-77) 3,100-50,000(2) 79-1,700 (1.8—4.1)
P 30-3,000(+10) 13-1,500(43-51) 3,100-50,000(2)  140-2500(3.6-7.8)
Fluorene 100-1,600(2) 37-530(33-50) 500-8,000(2) 20-2,800(6.3-35)
100-1,600(2) 41-360(22-41) 500-8,000( 2) 11-1,600(2.2-20)
Fluoranthene 100-1,600(2) 14-38(24-14) 130-2,000(2) 55-620(3.9-31)
v 100-1,600(2) 16-54(34-16) 130-2,000(2) 1.1-240(0.89-12)
Pyrene 25-400(2) 4.0-25(6.2-16) 130-2,000(2) 2.4-610(2.0-38)
y 25-400(2) 19-91(2.3-76) 130-2,000(2) 3.3-600(2.6-30)
Chrysene 330°¢ 14(042) © 500°¢ 370(74) ©

- ! toxicity test conducted without dispersant. + : toxicity test conducted with dispersant.

®Values in parentheses are a geometric series with factors.
b Values in parentheses are the percent concentration of the nominal concentration.
© Average concentration shown is the geometric mean of actual concentrations at 0 and 72 h.
d Average concentration shown is the geometric mean of actual concentrations at 0 and 24 h.
¢ Limit test was carried out at shown concentration.

YLvd, 15-Y=bat 7L,

VAL vd,

1-=ha ¥l rd,
vdy®1 mg/L7 & b rEEE, NIERERRHE L

2-= by
6-=tusyt

T, 3-=2haI7INFTFT VT Vdy D1 mg/LANFY
VBBRETNEFLHWAE, 72, PAHsOHIE T,
VX —-FABELT, FI7¥VVd,, TYEFSE
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Table 4. Nominal and actual concentrations of 10 nitrated polycyclic aromatic hydrocarbons tested in fish

toxicity tests using Pleuronectes

Organism P. yokohamae F. heteroclitus
Dispersant
Nominal Actual Nominal Actual Nominal Actual
concentration *  concentration ™° concentration * concentration > concentration *©  concentration ™°
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

1-nitronaphthalene

250-4,000(2)
250-4,000(2)

220-2,100(47-86)
200-2,100(42-78)

1,500-24,000( 2)
1,500-12,000(2)

130-3500(9-15)
160-1,500(11-12)

500-8,000(2)
500-8,000( 2)

150-2,400(28-33)
270-4,800(52-60)

2-nitrofluorene 20,000° 150(0.74) ¢ 10,000 670(6.7) ¢ 10,000 46(0.046) *

. ‘ a 500-4,000(2) 8.0-230(1.6-11) a a
3-nitrofluoranthene 10,000 46(0.046) 500-4000(2) 2.4-230(24-11) 5,000 0.10(0.002)

. ‘ a 625-5,000( 2) 48-850(4.3-17) a ‘
1-nitropyrene 10,000 16(0.16) 500-4000(2) 34-280(2.7-6.9) 5,000 0.21(0.0047)
6-nitrochrysene 1,000 29(029) ¢ 500 33(067) * 500° 0.033(0.007) **
15-dinitronaphthalene 4000° 64(16) 2,000° 400(20) ¢ 2,000° 38019 ¢
2.7-dinitrofluorene 2000° 61(031) ¢ 1,000°¢ 2727 ¢ 1,000° 0.86(0.086)
1,3-dinitropyrene 400° 057(0.29) ¢ 200° 83(42) ¢ 200° 051(0.25) *°
16-dinitropyrene 200 056(056) * 100¢ 44(44)° 100° 011¢0.11) *°
1,8-dinitropyrene 200° 0.49(049) ¢ 100° 717D ¢ 100¢ 016(0.16) **

- : toxicity test conducted without solvent, + : toxicity test conducted with solvent. * Values in parentheses are a geometric series

with factors.

® Values in parentheses are the percent concentration of the nominal concentration. © Average concentration shown is the geometric
mean of actual concentrations at 0 and 96h. ¢ Limit test was carried out at shown concentration. ¢ The concentration of chemical
tested was set to half the detection limit because, at the end of the run, the test chemical was undetecTable in the test solution.

Vedg ¥l vedy 7VEvdy®l mg/LT &by
BE, NEEEREELT, 7vtLrd, 1
mg/LAF Y Vil ZhEhH W,

NPAHs o #lEix, ¥x¥ Y59 —% 5 LHB5S
-MS, 30 m, 0.25 mmID (Agilent Technologies,
Santa Clara, X E) % %3 L 72GC/MS (Agilent,
6890N, 5975 inert; Yokogawa Analytical Systems, ¥
) AWV, NCITHZEE— F%2SIM (Selective Ton
Monitor) & LTHIZE L 7ze FEAODIREIX280T &
L, BRHBFOEHGI220C OREZ 2T, EESHE
DA A VIEHS240COREE B 1T AEEIX
100C T2 5 MBRF LA 20C /5 T200CETH
B 5I&HKE5C /4 T3ROCETcHER, M4oBER
Fel7z, TATRERIIZ4SSTH 72, 72, PAHs @
MeElk, F¥xE¥51)—4524DB5-MS, 30 m, 025
mmID (Agilent Technologies) % %% L 72GC/MS
(Agilent, 6390N, 5975 inert) % M\, EICHIEE—
F&SIME LTl L. EAODIREIZ280T & L,
MHEOEHI12300C DIRE % 21, BESTETOA
F VIEESC240CORE R B2, 7 AEEIL60T
T1HMRR L%, 10C/4T120C F CTHIR, Bl&
X 5T/ T210C T THIERE, 6T/ T30CTET
HiRL, S oMERELZ. SHRERIES05THho 72,

ELy¥—AFVEENREN, 1-=buFTELY
(127, 173), 15-Y=btwmaF+ 7 % L >~ (165 211),

2-= b7 nF L (165 211), 27-YV =t
7NF LY (163, 256), 3-=rnT7INF T T
v (200, 202), 1-=brua ¥l (201, 247), 13-
Y=buELlL ¥y (200, 292), 16-¥=btmEL v
(200, 292), 18-y = hua¥¥L > (200, 292), 6-
—hburzytr (226, 273), 1-=tur72L >
d, (180), 15-¥Y=buFr7 %L d, (224), 2-
Zha 7Nt L yd, (220), 3-= O INFTUT
vedy (256), 1-=bBEL>d, (256), 6-=t0
r)kvd, 284), 7%V (128 127), 7in%
L (166, 165), 7VF S5 > 5 (202, 200), ¥l
v (202, 200), 7V (228, 226), ;+7 ¥ LV
-dg (136), 7NF Vv rd, (176), T¥ b5 td,
(183), ¥l v-dy (212), 7Vt r-d, (240) & L7

RBRABRB LR TRICBIT 2 ABET
DHERDEREORMFH 2 EZWRE L L2
(Table 2, 3, 4), ABRETRIZBWT, KEBEEFD
WRWEREER T RERBOYEIX, OECDAA
FUAFFaxy b (OECD, 2000) i2it->T, EB
TRRMED L Z2 RBR TRHROBRYERE L EEL,
FEREEZEH L7 (Table 4),
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Table 5. Mean acute toxicity concentrations (lower, upper confidence intervals) of 10 nitrated polycyclic
aromatic hydrocarbons tested on the alga Skeletonema costatum, the crustacean Tigriopus japonicus, and the
fishes Fundulus heteroclitus and Pleuronectes yokohamae. Also shown are predicted no effect concentrations
(PNEC) and predicted environmental concentrations (PEC) of nitrated polycyclic aromatic hydrocarbons.

S. costatum
72-h EC50 (u g/L)
Chemical - +

T. japonicus

24-h EC50 (ug/L)

F. heteroclitus P. yokohamae PNEC PEC
96-h LC50 (ug/L) 96-h LC50( ug/L) (ng/L) (ng/L)
+ _ _

1.200(1,100-1,400)  4,800(3,700-6,300)

Lnitronaphthalene 1,400(140-2.700)  5,600(4,600-6,900)

600(470-760)
850(610-1,190)

2-nitrofluorene >450 >2.900 >40
. 17(1.2-24)
3-nitrofluoranthene 25(18-39) >1,000 >38
. 042(0.38-1.38) 680(470-1,000)
Lnitropyrene 064(052-084) 700 (550-870) >4
6-nitrochrysene >13 >200 >48
1.5-dinitronaphthalene >160 >570 >98
2,7-dinitrofluorene >27 >120 >16
- 14(10-19)
1,3-dinitropyrene >35 13(95-18) >12
.. 33(21-52)
1,6-dinitropyrene >0.28 36(23-58) >60
.. 41 (23-74)
1.8-dinitropyrene >044 42(24-74) >16

560(490-640) 1,100(870-1,390)  830(630-1,060)
890(730- 1,100)  1,090(890-1,340) 710(580-870)

>670 >46 >150 >46 87
150(67-350)

5,600 117

190(73-510) >010 >46 17 NR.
290(160-520)

45(41-50) >021 >16 42 10
>33 >0.033" >29 >033 011
>400 >38 >64 >380 10
>27 >086 >61 >86 NR
>83 >051° >057 130 NR.
>44 >011° >056 33 NR.
>7.1 >016" >049 41 NR.

EC50, median effect concentration; LC50, median lethal concentration; -, toxicity values obtained from tests without a dispersant;
+, toxicity values obtained from tests with a dispersant. PNECs were calculated by dividing the lowest value in our acute toxicity
data by an assessment factor of 100. PECs are the highest reported concentrations including estimated concentration.in river water
and sea water. NR: not reported. °, the concentration of chemical tested was set to half the detection limit because, at the end of

the run, the test chemical was undetecTable in the test solution.

2.1.7 HREHEHER

EEARBERBRICBI) 5720 050% £ R HER
B (72-h EC50) &, MERELOARHEE (1BH/-
D) HBICX 2ARMAERB X UEAREYS 7T
Yy MECIDEH LA, EXBRE (NOEC) 24
RAEESHHREOBLHRIMICHREEZEZRELVER
DEVBEL L, HEHBN I —RES RSB X
UZD#HDODunnettP £ EILE (P<005) 2w/,
Tua¥y MEB L USERBOFEENTICIZSPSSH:
D SPSS 14.0] for Windows regression software % Hi
AVA

S Tk BRI BT % 24 B 50
BE (24h EC50) B U AEEEFEERARICBY
596k M LB FERE (96-h LC50) X #FhZFhiE
WEHERT TR E FiRY EIRE D 5 trimmed
Spearman-Karberi® (Hamilton et al, 1977) 12X D
Bl L7z BEHEAT IR EIBRRRET DR E A L
T \» 7z Trimmed Spearman-Karber Program (Ver.
15) B,

RERBEOHPA TR LoEBELERMAE, B
BilEKHED 2 VIZABERCORD LN WAL,
EC (LC) S0IRBEmEEL EE L,

22 ®# R
221 NPAHs

HEMERFLIZNPAHsD ) 5, BEAT L PAY
iZowTidl-=buar7¥L >y, 3-=bar7Vvts
iy, BXUl-= oL roatiEtEssg s
n, ZhooFHaMFEREE (72h EC50) k2he
1300, 21, BX U053 ug/LTH -7z (Table 5),
ZDONPAHsIZO W T, RBERERET CTT
50% U L OARBEREFZRD ONEP 72720, A
BHEEMEERDL I ENTE P27,

HASEL L CAETIE BRZAVCEVWRICE
WT, 1-2buat+ 72 L ryosaEaEHERELNT
(Table 5); BBE I A F~1) IV 2220 TIZ,
BEZHWRICBVWT, 1-=ruerT5 Ly, 1
-—tu¥lLry 13-YV=tu¥lry 16-YV=tu
Ly, BIUL8-Yy=tu¥lLryoalsiEs
Boh, ThooFHatkZME (24h EC50) 3£
h2h5200, 690, 14, 35, BL V42 ug/LTHo
7= (Table 5), i~ IF a FiIcoWwTid, BH %
Aw/-RcBwT, 1-=btur7%L v, 3-=}
U7VEFS YTy, BETl-=tul ok
HEIE S, Tho0FEaMEEME (96-h LC50)
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Table 6. Mean acute toxicity concentrations (lower,
upper confidence intervals) of 5 polycyclic aromatic
hydrocarbons tested on the alga Skeletonema
costatum, the crustacean Tigriopus japonicus, and
the fish Fundulus heteroclitu

S. costatum T. japonicus F. heteroclitus
72-h EC50 24-h EC50 96-h LC50
(ug/L) (ug/L) (pg/L)?
Chemical - + +
>1700 870(590-1,300)
Naphthalene — 5307 100-1700)  930(120-7,100) 1700
Fluorene 490(470-510) 630(340-1,200) _
>360 540(320-890)
15(9.2-25) _
Fluoranthene >54 40(26-61)
36(24-52)
Pyrene >25 21(14-33) 310
Chrysene >13 >370 39

EC50, median effect concentration; LC50, median lethal
concentration; -, toxicity values obtained from tests without
a dispersant; +, toxicity values obtained from tests with a
dispersant.

# Kakuno et al, 2006.

TEhZN730, 170, B X T170 ug/LTH o 72
(Table 5)o #DMONPAHsIZDWTIX, HREAR &R
EETTO% LOEXREES HCEFRCHBRD LN
Lhrolzizh, BUFERETRDALZ LI TELPo
yALS

Bl E B2 WREBRR THEE O N BEICT 5
EHANEREEFILETS L, AV MATIRILT
Fl-=hroL ragdmeE (72h EC50 : 053
ug/L) #RL7z (Table 5). BhFl% f v /2R CT45H
Bohl- el kETs L, YFF<y3Ivr
IR LTI~V = ba ¥l (24h EC50:35 u
g/L) B, =IFariclLTik3-=rus vty
VFyBXUI-= b ¥l (96h LC50 : 170 ug/
L) 28, ZhZhimvwEN%RL7A: (Table 5). ¥ %
FI)IYvaBltrwIFasizonTid, B#lz
AwbREHAVRVWRERRAFIZBNT, 1-= o7
Ly oaEFRENIE O, BHZHVWRICSE
F53FF<)3ITPraBrlrIFa I d 5
HFEMAE (24-h EC50 : 5200 ug/LB & 1U796-h LC50 :
730 pg/L) &, BEEHVRWEA (24h EC50:
730 pg/LB X U96-h LCS0: 1,100 ug/L) DENFE
NSRBI LFBRETH o7 (Table 5), 15-V=
FEFTFLYVBIU2T-V bR T AF L VIZDW
T, RBRL-BEOHAN TR hOREREYIC
HLTHEEEIIBE SN2 (Table 5),

222 PAHs

HFHERE L2PAHs® 9 b, EEAS L MR
DVWTH, F7FLYBIUCIVEL Y OENEER
BEz 2R L) b, ZheEnl BoiaditE
PELRN, FheD72h ECS0IXFNFNn1,3008 LU
490 ug/LTH o7 (Table 6)s ZDMDPAHsIZD
Wik, RBREERE T TT0%U L0k EHERSE
BROONEhol/20, SUBEHELZRDL &R
T&hdhoiz,

HEES <) I Vv aizonTid, Bz Ew
RRICBWT, FT7¥LY, TVFLY, TNET
Y7V, BIXUELVYO2UBERENELh, Zh
5OFHZMBEMIZZNFNRI0, 590, 28, B &
U029 ug/LTdH-7- (Table 6). #DMOPAHs% H
WoRBR T, RETRLESBEERBRKICBWT
b, FERULOEYITEXREESZD bhiholz
(Table 6).

23 # =

AFFETIE, REEROBRLLZEBELEY, Tib
b, BEATS VMR, BBREVFSFYIITV
a, AR~ IFa s BIOYaN L4 IHY 510888
NPAHsOEMTEELZHO M Lz, BIFEZH V5%
EHVRVWRBHFIZBWT, Y3y Ivyraslk
O=IFazZilHds1-=rur7sLroaks
HEIFLNb00, AUFEREEZI AV
PARHLTIEREL Y, =3I Fa /L Tidh
S %7z (Table 5), ZD7:%, BIFNRMIZE S 1
~Z b aF T I L OBUNOEBEBIIONWT, —ED
EERD Sh o iz,

NPAHsDOKAEY N 22 MHERICHET 55
BIELAERS 260N, 1-=bat75L 0o
HECOWTRETHEENGH %, 1-=tut 7%
L~ ®fathead minnowlZx3 % MEAEI-h LC50 (3
FARBERRICBI 2R EREZRIZLAE) &
9.0 mg/L (Curtis and Ward, 1981) T b, Z D
ERASEEFLN-AICHTIRERELEICLAE
MM (1,900-4,600 ug/L) B & UEAEELSFEICL
MM (560-1,100 pg/L) LD E»o7 T/, 1-
= aF 78 LY ORKOBERD—HTH 5Ciliate
(Tetrahymena pyriformis) 2% % 3 ¥ EIGC50
(50% impairment growth concentration, 1k 7K X &
BERRICBII 2R ERELRICLME) X173 mg/L
(Schultz and Moulton, 1985) T Y, T DEEIZS
&S NI 2 R ERE 2 i Lo
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(13,000-24,000 pug/L) LIZZRA%ETH o0 FD1
W, YEAF<Y IV akCiliate® B MEIXIZIZAE
ThHb LM I NI,

BEAFVIMATICHT2BEELXPAHsE = |
THEHFER X N/-NPAHSIC B W T L2 &R,
7F58VLVIEOWTRF 78 L YBITlI-= T
7% VY D72-h EC5045Z I E11,300->1,7008 £ ¥
1,200-1,400 ug/L& 7% Y (Table 5, 6), FHi:MEIXIIIT
F&ETHole TVETVF VIZOWTIETINVE T >
FrYBITI-=ruTNVE 5 T v DT72-h EC50H5%
NZEN>548 L U17-25 ng/LE % H (Table 5, 6),
ZPUEPEAIND EERMES205 D1 KL &
D, FUFEZFCHE -, KL ViZowTRYEL
v, 1-=tua¥lLy, BIUvV=buvlL o
72-h EC508FhEh >25, 042-0.648 X U7>0.28->
044 pg/LE %y (Table 5, 6), = FoEH1HEA
aNb L HEMMITA05 D 1 KR D, FEHIHEEIC
BME o727, S buRk2REAINS LHEEMBEIE
MTE%do7 (Table 5),

HEY A ¥~ I Vv aizad 25 M E%PAHs
L ENFNOPAHSIZ= oML EIcBw
THBRLLER F77LvionwTiRF 741003
JU1-=but 7% L rD24h EC505F NZh870-
9303 X UM4,800-5600 ug/LE 7%y (Table 5, 6), =
MR 5 L BEEESS ERERESRD, &
BRFFE o7, L riZowTiRY L VizownTid
¥ly, 1-=pu¥ly, BIUY=buV¥lL 8
D24-h EC504H% I #121-36, 680-700F & U'3.3-14
ug/L& %Y (Table 5, 6), = huFE)t1 HEEBEAZIN
5 EHHMEIT20-30EEARE LY, HFUHITEER
FEod, S MoENF2EEAINLEEL VLD
245012568501 ERENS Y, FHEIH
Foln

A< IF g ZIZ0onTIE, AL (2006) 25
L7-PAHsD< I F a ZiIx$ 2B E L K E2TT-
20 F7FLVIZDWTRF 77 LY BLILI-= b
T 7% L ¥ D9%6-h LC50A3% 21,7008 X U'560-
890 ng/LE %y (Table 5, 6), = FuEHfHmML T
LELEIEREOBVLIAEL, = baiEfinck
LZ2EMEOBEELREMAMIBD SN d ol KL VI
oOWTRELVY, 1-=bu¥ly, BIUv=tu
YL YED96-h LC50As 22310, 45-2908 X O8>
44->83 ng/LL 7%y (Table 5, 6), = huok)T1%
BASNRTHHERMEIZIZIZAETH Y = b oM
X2 EUOHEELREMZEDOONT, ZruXEs2H
BASING LERBEIEHRTE R o7, ThHDZ
Ehn, = roXEoB AL saEEROLLIERE

EPZE->TERY, —EOEREED LN Rh -
72

F/, 3FLLTHOWE L OBRLEL21T o7,
HHAZLEWEE (OTs) HRBAEBRIIRIZTR
FREL, BAZEDS {OETI Z20F 8 Lk
LA HHEEEIEN TV S, OTsOHF TR dHVENE
ERTHWEEEZLNTVWS MY 7F VAKX (Fent,
1996) OEHEAF L b Aw, FREI Ty~ I Y
va, fE~IFasicH T A ERERER TR
0.33-0.36 ug/L (1.0-1.1 nmol/L, Walsh et al. 1985),
52+05 ug/L (14 2 nmol/L, 3 5, 2001), X
& UM172-238 ug/L (59-82 nmol/L, Bushong et al,
1988 : Pinkney et al, 1989) (HFEEIN TS, Z0D
720, BEAYWOEEIC X - T, BEONPAHsIX
MY TFNVAXEABEORCELEERTEEZOR
72

l-=hus7%L, 3-ZbBINFZVTV,
1-=ra¥lLry, 13-Y=tu¥lLy, 16-Y=tu
¥Ly, 18-V bu¥lL ryofaitEiz—H8oR
BRAESZHLT] mg/LE TH-TBYH, OECDZ
AFYTICEBRDBAFEEZRITWER (Acute
WHEshiz (OECD, 2001), 1-=tuad75L >
Dfathead minnow 2§ 2 T MM (LIEARXZER
BCBT 2R EiEE LY EICL7ME) 1390 mg/L (Curtis
and Ward, 1981) T» ), ZORERSNEELN-
TR R ERE (1,900-4,600 pg/L) B & UEH
BE (560-1,100 pg/L) #FEICL-BEHELYEDI-
oo FEHEHCRVRICBITS, 1-=ba)F T ¥
LyoRaF AT A EBERIFa ST 5
HBLFEBRETH 7z (Table 5),

AMFETHLNIERE HVTNPAHSD Y R 7
FHE 2 LT iR ATz BON-SBEREE AT
PNEC# HE%E L 720 i S N/-NPAHsD KA IZ
AR MEEMED S B, SHE LN -AEEEE X
DANSVWERERARS LT, SHELN-HEME
»HPNECZH#EE L7z, SRR % il L 72108
BONPAHsIc2oWT, SHEELN -2 %FEHEDO T
TE b/D S VWEEE% OECDAHER T 2 5l 4254100
(OECD, 2002) T#lh, #NPAHsOPNECZH#EE L
72 (Table 5),

WihBLtEARPIZBIIAl -l VO
BRI F M EhiE) N8 T1,000 pg/L (4,000
fmol/L, Ohe and Nukaya, 1996) ¥ X O'HARH#EIZB
WT05 pg/L (2 fmol/L, Murahashi et al, 2001) &
WEINTHE, BEFHRETTFVEZHNT, Yaffe et
al. (2001) XAV 7 A V= THIROKP (BRBEETTN
WBITHKTHY, @wRRLWIIALZECRHEATY
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W) Ol1-=ba¥l VEEE29 ng/LEHEEL
Huang and Batterman (2014) IREBHET TV %
HAWnT, 3 v Fvikenl-= bt L VygE%
017 ng/LEHEE L7z SRIEE L1 - bulL ¥
MDPNECI34.2 ng/LTH Y, TOMEIZLEREA Y 74
=T HIROHEE S N AR IR VIR T - 7o
FDH, 1-=ru¥ L r3EELEYICEEL RIZ
THREBAIEE SN, COWHEOBEREICETSY
AZIZDOVWTE LR EZED T LENRD 5,
BERIZBITS1-=tatr 75 LyBLTlI-YV=
otz 5 L omJIifiREEZENREN3T ng/LB &
10 ng/LEHE SN TB (BFES, 1995), Yaffe
et al. (2001) REREFHEEFNVZHVTHY) 71N
ZT7AKFOl-ZtEFTILVBLUT2-= a7
VWt L VEEZZFNZEN10 ng/LB X 22 ng/L L
HeE L7= ¥ 72, Huang and Batterman (2014) &
BEHBEFVERNC, I VA VHARFOLI-= 1
oFr7¥Ly, 2-=buziFlr, 6-=buz
V& BEYZNEFNILT ng/L, 87 ng/L, BIT
011 ng/LEEER L7 SHEELA-1-= )T
Ly, 2-=bu7iFL i, 15-YV=butrv ¥
Ly, BXU6-=tus )t ryOPNECEENEN
5,600 ng/L,>46 ng/L,>380 ng/L,>0.33 ng/LT» Y,
Zh S ONPAHsOHE Sz BREKFEEO S 1L
EH3MBULETHo 2- =P TNFL Y, 15
voburzyiLy, BL¥re-=trorytrico
WCIHThOZ2EHEERABRICIBVY T, RRBEO#
FT50% D LoEEEREE, FREEKEED L
BAERCSRDONT, BUHHELRBEESRE
P& L TERLTWwAED, PNECEESHEEL T
WwWpkEZONS, LML, ENBIUTHEEINLR
K PEEIZCNSOPNECE THI-TEY, Zhb
ONPAHsSIZ BRI KPBE CIRIBEEWICEEL RIT
THRERENEEZONS, 3-2 a7Vt TV
Fv, 27-V=trusntly, 13-V ruv¥Ly
16-V=turtEly, BIUIS-Y=IuaElL ok
EKFBERHESILTESY, ThLOWEDHERE
BRI TEELTMT A LIZTE 2P o7

24 ¥&8

AEIZBWTIE, NPAHsOIRREEEERRADE
BMcET AL EHME LT, BSRBEBOHE
Ehy, b, BEREAYL M AT, FREI AV~
yiIvVva, BIUAEINLABITYIFas
# AW TI0EDONPAHsIZ O W T D&M HERBR % £
L7

SUFEUERBOKE, 10EONPAHsD 5 b, BHE
COoWTI3HE, FHMEIC>WwWTIEGE A<
FalZonwCTi3E ~arLfizonwTiEl-= b
a7y L0k FhFhEaEFEREIF oIz,
ZOMOBEME 2 H2RB T, RETRLARE
BRERBRRICBVWTD, REORBRTCIEREEOY
BETESTY, T/, 2OMOBBTCEPEIU LA
WICHBENRD Sl dh oz, NPAHsO Bt H MM
Y NPAHs & 59 APAHsO 2 fEH M2 i L 72
BE —roXoBEACL2HFROEERBEWIC
LoTERY, —EOEEIIERD N h ol HiF
ENNPAHsOKEEWIZH T 2 A 0HNEE2ZE
LoD, Xfgechon-asttiz HwTgwE
OPNECZHEEL, ZNOHDY R 7§ li % 1T 72 #H
E L7-PNEC & #tes S N7 BRBEKPIERE % Ik L7 5
B, 1-= bl VIZOWTIEPNECE s
BREAKPBENEELTBY, BEOREKPIEE
CBWTHHBEAYICEZEL RITTWiEEIEE S
Wi 1-=bustz7%Lr, 2-=2tazitlL 7,
15-Y=bturzsLvy, BIU6-=~trurzyjtr
DOPENCH, #HESNA-TBEATREL )AL D
3L EE L, 25 ONPAHSIZBIE D BRI K
ECHlEANCEEY RIZTWREREVWEEZ LN
Tro T2, ZFOMD5WEIZOWTIZEIEK P EEA
WESNTELT, ChEOYWHEOBEADIRIFT
FBLEIMT LI EIETELRP o7

AWFEDOIHYE TH HNPAHsIIFWERE MR
BRABERTHEDE 0, BEEYIIHTHE
MEE*RLIEFEETH L, AEFHEBES
BRRTEIHBEORRCAERZR R EOEIES —EkiE
UERICHERSEE-D, AR TRET Z2LERD
o TOFHICOWTIHRETHRET 2,

BIE BEEDICHTIEMEH

EETEAEFHARMEL 2o T EHICHEL
T, BREOLEWEFWIFICHB L, AkEk4E
EYMOREBRFBENIRELILIZIFEAELRL T
ETWVW5b, 2079, LYV EVBECHILENEOE
Y, NEME PO E LR BRETMAE B
ENB L5y, BUBERBROLL S THEEY
ERVLEEBEEERBROEEES B L CE TV, &
2ETRLZEHIC, NPAHsOKABE KL, &
HEERBRE R, 5 #E L2 ZENPAHsOPNEC L It
B¥ak, 1-ZhublLryzBRWTIiIEALY RS
DnZ EPERN SNz, UL, BEFERBER
EDRBIZX BV A BPAHTHY, 1-=bua¥l
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Y2 & UNPAHsOBHBEMRBRERIFLETH 5,
T/, AHEONRYE TH HNPAHsIZ M NEERJE
HRREDPAREZRTWELL WD, TOHEREEL
5 LMEEYIINT 2 BEHEERLIEFLETH
D, WICHBBEL & OBBRIW L MEEIGRES
HHRBROERBILETH 5,
BEIZOWTIE, MMEEEE N -aHEERERIC
BT, ABBIM P BRI AR 2T T
D, SURBUHRBREITIZLICLY, 2B LUE
HHERFELER T LI LB TERTH 2, RKRKOEHN
TR7F 72 AV-BEEERBRIRESLTY
% (OECD, 2006b), H#E 2DV TIXOECD®) 7 A
MIARFA VFCBOTRKEI Y Y a0—H/, +
* IV a (Daphnia magna) % A 7-EHERHERER
EHELENTEBY (OECD, 2008), K EMsh
TWb, BEFREZHAV-EEEERBRE LTz
I IV AR ERHEERRENRE SN
TwWa (BA, 2010) oD, ¥F¥F<)3Ivrak
B BEEERROMEFIIR S Twb (Marcial
et al, 2003 ; Lee et al, 2008),
BETELFEERBS LB EIICHI ST
D, IKKEMShTwb (OECD, 2013). AE DB
HHEERRTH 5 24 EREVRRBRICH SN L RER
BORFKE LT, a4 BOiKffathead minnowds
LLHABNT VS, £AEREERBIIZHINP S5
BV ETOLEBRRZEL CREBEEHKITIZ LD
T, C Ofathead minnowZ REA E LTHWAES
ik, ABIHIA300HZET 2 LM Tw
% (Rand et al, 1995), ZD k2, BEEERBO
ERIIT BRI AR B U CRMAYD 5 2 &
5, XVEELEFEIROOND XHITRY, FRICE
SRS S REAR 2 & TR TR RS IR 5
THBRZ EH/i§ 2 94 B R H M ABAOECD @
FTAMHAL FF4 210 (OECD, 2013) 2D 5,
REETHNI2HAREORRICL VBREEL S
flid%Z&2TE2 (Rand et al, 1995) X9k -
oo Tz, EMBNTEH], MEERD L WIZRITESD
HHRMEZ R, FHEICEWEOKREEY IS 2
5 B ORI REF D AR S B EIRA S
NEEFoTETEY, BRICBITAHEEWEOIE
HRETMOEEN D E T - Tvb (Hutchinson et
al, 1994 ; Ward et al, 1981 ; OECD, 1998), L# L,
HAEDHAKAIZOWTIIZ DT HATFE OREE X
»o, BEPVEZET 57200 X ) #iELRBET
H B MBI ETER PRI S 243 5 REAIT R Y
Zo%\ve TDD, BEATRILKEEDTIF
TR EEEREERBRIRESIATYS

(A%, 2010),

B E AV EEREERBE TR ORRS 45K
L EDEL — A EICHE X520, kR
TBRETHLENRD L, LL, FORCEREES
RH VDT, KRBT HHEIEESR, &
ARICEIAEMRERBROEMICIIKRELREL f&
B, FCTCEORBEELTIVAT O
ARLy MNBHEREBEERT LI L L. ZORER
BRAWRIVEY 2R ETLFEL LTHESNH
BT, aVATu—XLy MEREEACLE, —
EEOBMIC L D AICRIVE Y EEERERS 52 &
WEETHS (Crim et al, 1988), = 2T, EINEIO
VIFa S ARIERPEEEALZI VAT =R
Ly FRBREL, BBRUEON~NOBITEIMT S &
EHIT, HRELTELZZRINOBEZE LR
TrbE L, T, ZOAVAFE—IVRL Y |
BHHEIC L > TERLARBRRICEDE, BB T5
X ) ICNPAHsOBUBERELZHEETHI L E LT

ABETRPHZ VR WARFEERR TAICE—F
HEBIADLN1-= uF 7L UBLT, E
B, FREB I CAHOSUFEERBRTRDIEBERDOM
Poll-=bu¥lL r2HBWEE L, BRMWEL
GATEAVAFO—NRLy FEEIROYIFa s
AZDHATIITbRA, BRYEOZHII~NOE
TR ER LT T2, ALATFU—ARLy MC
LB HRWERERO, ZRIPEEEREREANOPE
RPRETAELEDIC, BEMWEOBIT LKL
AABAET L TCREBLTAEBCRIZTREL R
L, B E O EEMRE L 2 L oREEERE
(LOEC) BIURKERERE (NOEC) #H 5 H»
W L720 2512, Bon-HiE (RPRE) %2, #
HEENTWHEWEBHRE TR L TROLKFRES
BHEEEEE L, RESNTVIREKTIRE & L
FTHIELILEY, HRYWEOY X7 FHERITo 7,

31 BB ETE

31.1 tE9E, ABREESLCILAFO—-IN
Ly bk

1-=tu+r7sLy, 1-=bu¥lLy, alL X
Fu—N, Br¥aay Ny —idZhEhSigma
Aldrich (St. Louis, k), HFALELIE (i),
Jeptis T (KR, KEA 4 (KR »H6BA LY,
ZOMORBEIRESMARELALMELE (X
) »HEEAL,

IVATFU— ARl y FERET S0, H0ED L
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Fig. 1. Typical examples of normal (a) and abnormal
(b: wide perivitelline space; c: embryonic disc is not
round; d: cells are heterogeneous in the embryonic
disc) blastula-stage embryos of the mummichog,
Fundulus heteroclitus. Bars, 0.2mm

RO THEfbLzaa7r Ny —=iZ1l-=batr 7% L
VEREFLI-= b L YERBMBEL, 1-=buF 7
FLyBLF1I-= b L VIZENREFNRINB L U5
g/LEBZTIaATNy—CHEIPTORRETH -2
20, INLOREOBRLYBEMEXHE, oo
EDL050 1 OREOBBRELEBMEA L Lz, 7%
bbH, 10¥7213100 g/LD1-=ruaF7¥Lvyaay
NY—BWR, BELU0S5FEAIES g/Lol-=tulL
YAATNY —BEWERE LT 1 7F7LDAVRT
O —)V &£200 mg? EEEBEWR E i3 fbaa TNy —
DAk (WRXH) 2ZhEhREabez, Hohi:
BEWEFNFNFHEELIS mghORL Y b & LTH
L7 BEHERBLEBHERZLZERLORL v
MDY OPHEFREILI-= ST LIS
FH30F 7213300 pg EFoid1-= v ¥ L AT
15F 721315 ngThorzo TNHDORL Y MIBED
NPAHsBATREEB X OHAEREBRICH V2.

31.2 HBR&EY

A5 PR X K EERFZE T TRERAFT LTV A< 3
Fa r kA, RETEE AR OSEHEER
BEFEBETH o7 RBRICIZ2EE TORME AV,
NPAHsBATRETIX, HRE17+030 g (P =R
%) BLOEAESERETIE, £KE22+089 gD
ARk Eh TRV,

3.1.3 SRIINDONPAHsHITHER

60 L7 AKMEIZ40 LOKILIZ % B & 9 &M 58
WARIC X AN AEBREERBL, 1 HDAH20M L
FWARPRBT LI IOMETERE L2 UABORK
BB T O KB & MRIRE © 20£059C, BFEEE
71020 mg/L, faFIEERE 5 >90%, pH: 7.7+0.08
THolzo ¥IF a3 Z AZADHERMIZPIT (passive
integrated transponder) ¥ DA ¥V 7 ¥ —
(MK-7, Biomark, Boise, KE) # ivwCalL A57a—
WALy PE1EBR Lz, ThZFhoxLy b1
-y ofHfeaARIE1I-=baF 75 L UhEY
300 pg, FEF1-= b o ¥ L YAFEHLS ugTHo
720 NPAHs%#MNZ o7z Ly MIxtiEE LTH
Wiz, TNENOERBRXIC20RTOIEL, EH 1M
REFAE (BL0OHC2, HAHFEHE, ER) %24
L, BEXTIE, RABRBL, 2, 4, 7, 10,
BLUTU14HHEIZ, X Ti0, 1, 4, 7, BIV
I4HHZZNEN 3BT OMM L 720 L v MBI
L ZORBOBEE I Bz, SIEE Zofhof
HIZHT, ENENFEVF A XL, NPAHsS
T T-20C THERAE L 72,

314 NPAHsZBHELAYIFa /X REHVER
EESHER

60 LT AIKAEIZ40 LOKMNC % 5 & 9 iGMER A M
WA & BHAKRNAEBZERL, 1 HH72H20mEPLE
ARV T D L) MBEZRE L. A ADELEEZE
LTEIFLTWE2E) PHERL, BIRLTWwAT3
FaFZAZERICTROI VAT E—LRLy bR 1
BEIOARBIEL, X AI0RBEFASREZZFNEFART
Y7 LTz, 4BORBHIE PR 1 RAHEE (B
EUOHC2) ML,

FHICIF aFARCIVAFOT— MLy b
ZRBHELTHE LR —BEIHbRADLIRL Y b
DEFAEFBRRATH o720 T2, HRWE DI
FEIZI0BERELEEH T 5720, H5EZ10EU LB
v, BBEXONFRENEEBHEX 282 T
LEH>WEEEIEBEIN, ZDD, 1-= s
75 VUBHRBRTIE, FET 52X 1RICERER
300 ugEA L7V y PR AT (EBMK), 30
ngEAFL7eRLy bE2MTo (BBHEK), 203
NPAHs%Z Mz Tl vy b & 43> RERX)
BELZ. §4bb, BHLALl-=buF75L >
DREBRIEBHMXT1 BH71201200 ng, EBHKX T



—hOFL—COBHEEYICRIZTTE 17

17060 ugThot, 1-=rutlL rBHERE
TiE, R H AR 1RICENFNIS ngF L7-
Ly b2 43> (BBHEEK), 15 uggf L=l y
M 2ME9o (EBRERX), FENPAHsZMATW
BNV y b 4AHTO (HHEEX) BHEL:. T4
bh, BHLZ1-Z oL VoRBEISBHER T
1RBH7-160 ug, EBHXT1REH7-03 ugTho
2o AVATH—URLy POBWIZIZPITY ZHO
ATV x27%— (MK-7, Biomark) %72,

BKETRTY V71 BRICER SR E2 KX,
XLy bMIHERAARBKEL, 2, 3, BIU4HOR%
ROl —HOW (#H5g) BEEIFAL LK,
NPAHsSZHT % T —20C CHEREE L= D5 51k
FRIEBIDEENOEBZHNL -0, ERFEME
TCREMEEY S ERRERHOR + B8s L U
N7z BMOFENLOBRMEICDH 5H%, Armstrong
and Child (1965) St L7312 - THE L0
[EEE] PIEFCRENEATHLEE LTESEL,
PSR B OB, S IEEH &) DHIRE L 72, BER
REEBIURELEEFig. 1WIRL:. BEESRE
R (EERIFO) /(B8 L5 0H) x 100THE N
L7ze IV AFR—-VRLy MEHE 1 8 ONPAHs
DI REZZOBOBE X ) lBMWE {, NPAHs
WNEEEBERMRTAIERELOND, 1-
ZhOFI7FLYBIUPLI-ZbuL oS
BHEZHEONZWMDI L, FEEROAEIRY~RY
FEHOWTHEEBRSED T, Thbi3400% 77
VW—=TWFFrHT (1-=ruF 75 L ER
WX DEEEBRL), FRENOYTZ NV —FI3F 4
Tty b (160230 mm; #AEHH A X 100 um)
E7u—FMTHEEL, 60 LAEOWAERES & 280
mmiCFHEL72F v UN—PICAE L, TOHBORE
BB LI,

1-=tuF 7% L U EBEROBEE5 HMOKED
BMEHTRETH 572720, TN —FI25 3 hho
2o COBRBICHER LD IZTable 9127 L7z,
SR, SMEFRICT VT I 7T OHE (3 Y ok,
RE) %2 HIC] MRERIE L7, SMbB X UB5E
BEBEHE=Z L, #BRTRICAKELXVHKES
WEL7zo 4B ORBHIMOKE SITRE ; 23+
012C, BHEEE 68+024 mo/L, MHABERE; >
90%, pH; 7.8x0018TH -7,

3.1.5 HBRVESH

BRPNPAHs #BE OHIEIXHB ONCIZ v 7=
& ¥ (Albinet et al, 2006 ; Kawanaka et al, 2007)

PRAGHECHELTHE Lz, BEE1 gnffk, 5
B OBIUIOY Y IV u s — MERS0 L&
Z17e FNFNOF L TINETEM 10 mLBL U7
hyAFHUREAR (11, v/v) 10mLEMNZ
THETHRMME L, 400xgT5 oM LSEL, Ml
WS L ZOMBEIZEREK20 mLEMZ TK
L%, 400xgTHAMERLDEEL, KBL S5
L7 COKBEAFY Y5 mLTHEMELT400xg
THESRELDEL, KEZSHL THIDELE B,
COMBE AR MY A THAK, BELAE 10
kPa, 60C T 1 BRIEBILL, ~FH 10 mLTHE:
L7=3Y s HF2s (Supelclean LC-Si, Sigma-Aldrich,
St. Louis, KE) WKHML7Ze TOA T AEAFY
V185 mLTHRER, 2% (vv) Y FrI—FN
AFH 10 mLTNPAHs % B L 72 fHHEICNE
EEERS0 pLERML2%, MR %Z01F 721310
mLIC#EHE L7270 GC-MS%E vl iz atdH R
CEBOFETEmL 1-=baF 75 L rBX
Fl-= oL ryoEe TREIZZEAZEN005E &
070.02 ng/g wet wt.THolze ¥R F— bEWEE L
< 1-2FOFTHILvd, BEUL-ZbOELY
de®1 mg/L7 & EREZ, WIEEYHBK L
LT, 3-Z2hOINETF YT r-de®] mg/LaFy
VBB EFNENAV, 1-=huF 7y Lrd, B
JO1-= bl rd, 0% uy— FEEZENRE
N83+37B L U72+33%Th -7z

3.1.6 #ETEEAR

BAESERBRICBI) 2BHEROZBNOBIEESR
AR BEOSMEEBICMEER SMFHROERE
ERIVHEELENEEXOZNS EOFEEREITIE,
F— ¥ OB SEL TRz, SteelsDELEILE
(p<0.05) % HV:72o NOECIZZIREL SR DfE &
WEICEBEZ 2R SR VELEHVIRE, LOECIEE
SRSV REOMEEFEICEEES R TR OEWIE
BEE L7, &EREBEOKFENICIEMicrosoft Excel
D7 KL VTN, 7RV HEBHRY-—Y
A, BH) ZHW

32 ®& R
3.21 NPAHs#1T58%
1-=baF 7% L yILRATA—ARLy MR

X (U 1-=rutr7% L ryBHEIKX) B3,
1-=ba+ 721300 pgZ &AL A5ra—nR
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¢ Ovaryin the control group

o Fish body in the control group

¥ QOvaryin the exposure group

A Fish body in the exposure group
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Fig. 2. Concentrations of l-nitronaphthalene (a)
and l-nitropyrene (b) in the ovary and the rest of
the body in the mummichog, Fundulus heteroclitus,
after cholesterol pellet implantation. Averages and
standard errors are presented (z = 3). Absence of
error bars means that the error bars are smaller
than the symbol.

Ly ' BHEZONEB L AKFOL-=baFT7 ¥
VBB HBICHEPREESIOXT724 ng/g wet
wt.B & AATEE6 + 203 ng/s wet wt.E & D
W%y, B4 BITITIPEPRERS5+218 ng/
g wet wt.B X R iERE37.1+337 ng/g wet wt. T
TR L7 (Fig. 2 a), WHRXTIX, £fiEzEL
THREBIUTAKRI-=baF 75 L VEEIR18:
0.083 ng/g wet wt.3 £ U079+ 0.058 ng/g wet wt. T
RELKEHET, FOREHIE2512024TH o 72,
1-=butr 75 L UBHERORERIE, 1, 2, 4,
7, 10, BILTUHBIZEFNFN053+012, 036+
014, 131+018, 111010, 280=101, B X U237
045 CHEHW ERPRD b, BiEI0H BBHEX
DOREHPNBEROZNEREL oz,
l-=bu¥rLrabAsFu—uXLy MBHEEK
(LB, 1-=ba¥ L UBHEK) 128135, 1-= b

TEL Y15 ugk FALEIVATFE—VRLy N
BOPRERI-— oL VEEIIZME 1 HBOZ
+0.029 ng/g wet wt.2*5 4 HH228=+064 ng/g wet
wtETEALTRIELRD, BHI4H 1213089
+0.13 ng/g wet wt.E CTHBA L7 (Fig. 2b), 1-=
PV UBREXICBITS, fitkbl-=trEL Y
BEIBM1IHBA771+1.07 ng/g wet wthH 2 HH
7.76+290 ng/g wet wt T CLALTHEDLIEL &Y,
BH14H 1213226+ 140 ng/g wet wt.E THA L7
(Fig. 2 b)o WX TIX, £HEZECCTHEBIV
AR 1-= bo YL ERFIZ012+0029 ng/g wet
wt.B £ U0.11+0021 ng/g wet wt. TR & { TE)7,
ZOWEIIX098+0088CH o2 1-=bEL Y
ILVATFO— Ry VEREXOBERIE, 1, 2,
4, 7, 10, BXU4H BIZZE RN 210039 =0.0092,
0.11+0.032, 064019, 062+040, 052=020, B &
090+ 045 CTROM LAV RD O, BHEKBIAARE
R BHEEORELISIBEOENEREL & o7z,

322 BEESMER

1-=teEF 75 VUV ERBHERIZBWTIE, B
BIBLUV2EBHO1I-= a7 L OIhEE
(4473 X 1666 ng/g wet wt.) A3 B X °48HE (158
BL U102 ng/g wet wt.) XD bEH 72 (Table 7).
HHEXOBIEEREENZO+67% LKL, 1-= b
OF 75 L VOIEERIIRIZTEREEZHICRETE
Lhoi: (Table 8) _U vy FREKIZEY1-=
FIIVUFRBIT LI F a VRORB TR, K
X O 5MEFE (33£27%) BHEX (67+47%) &
ERTHERIEDr o 72 HMEBE, SMEB4EBOE
%’ BREBIVHRRIEBER ENEROMICEELR
ZiIFED SN o7z (Table 9),

1-= b+ 75 LyEBERICBVTIE, BHEE
1B 1-=buaF 7% L yO8dhiERE (273,000
ng/g wet wt) 2, 3BXU4BE (567, 343, B
X U202 ng/g wet wt.) L VB E» o7 (Table 7)o
BRMXOMEIEFEFEAER (42+32%) &, Bk
BHICHERKX (67+47%) LWH_TELRY, B
#1EAB IR LN EERIIEE L5105 H 39
5fTdho7 (Table 8o XL v MBHIZLY 1-=
FRFTEFVYBRBITLEIF 3 FRORRTIE,
EREROHMEE (40%) PSHEX (67+47%) I
HRTEr o720, UL, BREROBENSHETH
D, MEELETTH LTI BBONLD o7
O, W XTI b e o, 1-=buF 75 L
DBMRBICB TR D EZEOE, - 3B EIE 51t
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HTHY, ZOBEED L IIIFENEE (447 ng/
g wet wt) SLOECZEH T 5 & 447 ng/g wet wt
Tho720

l-= L VEBRBXICBWTE, Bt B
JU2HED1-—bulL rolidEE GMU4BLT
281 ng/g wet wt.) Y3 B L4 HE (9813 X U199
ng/g wet wt.) £ ) bEH» o7 (Table 7). EBEHX
DEEFRAER (221+42%) F1-=tu¥lL vz
VAFa—W_Ly FBER2H,54EE T THR
X (414+95%) LHRTEL Zo72d 0D, HER
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ZIFADLNL o/ (Table 8), XL v MEHHIZ K
D1-= b L yBBFTLEYIFa 7ROBEBRT
X, EBHERSMEE (52211%) EREX (77+44%)
CHEBLTRALEDOD, AELEZEIRDONE
o7z (Table 9). ¥72, HMEEH, &R, BREORE
BETHHNEL LURRIIEBHEK L RXOMIZE
BEREFFEDOE o7 (Table 9., BREFEMEE
REBHKX T2 EEED SNz,

1-= L rEBiERicBnTid, BHZ1 B
FU3EEBD1-= b Ly OIFEE (9588 L0

Table 7. Total amounts of implanted 1-nitronaphthalene or l-nitropyrene; concentrations and total amounts
of test chemicals in eggs; 1 to 4 weeks after maternal implantation of cholesterol pellets containing the test

chemicals

Total amount of test

Conc. of test chemical in eggs (ng/g wet wt.)

chemical implanted in

each aquarium (ug) 1 week 2 weeks 3 weeks 4 weeks

l-nitronaphthalene test

Control group? - 103 39.6 73 82

Low-exposure group” 600 447 666 158 102

High-exposure group© 12,000 273,000 567 343 202
l-nitropyrene test

Control group? - 0.03 0.04 0.03 0.02

Low-exposure group * 30 344 281 98.1 199

High-exposure group ® 600 958 624 1,810 340

*Eggs obtained from 10 ovulated fish, each implanted with a pellet without addition of the nitro-PAHs.

b Eggs obtained from 10 ovulated fish, each implanted with a pellet containing 60 ug l-nitronaphthalene.
“Eggs obtained from 10 ovulated fish, each implanted with a pellet containing 1200 pg l-nitronaphthalene.
4 Eggs obtained from 10 ovulated fish, each implanted with a pellet containing 3 ug of l-nitropyrene.
“Eggs obtained from 10 ovulated fish, each implanted with a pellet containing 60 ug l-nitropyrene

Table 8. Effects of l-nitronaphthalene or l-nitropyrene on the normality of embryos and numbers of normal
embryos obtained from ovulated mummichog, Fundulus heteroclitus, implanted with a cholesterol pellet with
the test chemicals. Numbers of eggs observed are given in parentheses.

Numbers of normal embryos

Normality (%)

1 week 2weeks 3weeks 4 weeks 1 week 2 weeks 3 weeks 4 weeks Average®

1-nitronaphthalene test

Control group ° 188(558)  25(160) 8(155) 6(107) 337 156 52 56 150+6.7

Low-exposure group ° 96(1338) 10(204) 2(124) 6(202) 72 49 16 30 42+12

High-exposure group ° 5(510)  42(296) 1(135) 5(164) 10 142 0.7 30 42+32
1-nitropyrene test

Control group ° - 47(122)  46(173) 101(171) -£ 385 26.7 59.1 414+95

Low-exposure group © - £ 14(60) 21(143) 50(173) -8 233 147 28.9 221+42

High-exposure group ’ ¢ 27(137)  29(127)  37(21D) - 199 22.8 175 200=14"

®Data are expressed as means * standard error.

bEggs obtained from 10 ovulated fish, each implanted with a pellet with no added chemicals.

“Eggs obtained from 10 ovulated fish, each implanted with a pellet with 60 pg l-nitronaphthalene.
dEggs obtained from 10 ovulated fish, each implanted with a pellet with 1200 pg 1-nitronaphthalene.
®Eggs obtained from 10 ovulated fish, each implanted with a pellet with 3 ug l-nitropyrene.

f Eggs obtained from 10 ovulated fish, each implanted with a pellet with 60 ug I-nitropyrene.

£The number of eggs was not counted.
"Significantly different from the control value (P < 0.05).
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1810 ng/g wet wt.) 2B L 4EE 624BX
340 ng/g wet wt) £ dEP o7 (Table 7)o 1-
Zru L UBHEE 25 480, EIRLIORIE
EREREZE=F—LER BHELAZ1-=toY
L Y ORBERFRICRIEERERIEI L, SBHX
OEEFEREER (200£14%) FEHEX (414+95%)
XYL EBIE, o7 (Table 8), RV v MBAEIZ X
D1-=bB¥LYPBITLAEYIF g 7RORERT
2, MEBEOBLHPBDOLN, BBHEROMMEE (52
+37%) PHEBX (77£44%) [ZHXTHEEICED? -
7o LA L, MEHE, 4% REOBETHAHE
BIUHEIEBHEX E AR OMICAEELZER#D
L holz (Table 9, 1-= L v ORER
BIZBWTRDEZHEOE P - 25 bEZBEICL,
PRrREHIEE S SLOECB L UNOECR EHd 5 & 7
NZENIIFIEE TI58B X U344 ng/g wet wt.Th o
720

33 & =

AFEETIRINPAHsERH IV AT —- ARy
HEOAKB L TIME~ONPAHsOBITZH & 51
L7 BHERXIR1-=baF 751 vdbb0nidl
-~ bR L VBER HEBRX L) IETOERY
MicBWTERP o7 (Table 7). 20720, SHK
HL-alAFo—pRLy MEREEZRIATO
JIICNPAHSZ BTS2 HFEL LTEHTH o 72
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NPAHsEAH 2L RAFa— XLy FOBHERBRICH
W, B 1ABONPAHSIIHBEFREMETH -
72 (Table 7). Z®7:%, ILAFu—LRLy '
H1BHOKEZ ZOBROREBICHA .
FIAYTV sy a YEZARERIZBITSEED
BonBziHEs 2802 FEL LTRESATY
% (Walker et al, 1996) %%, ZOHFEZAEKISH
NOLERBOBRTEERL T, T/, S
HAREBRTIZ, AIPEPICBY2{bEWEORE LS
DTIEMEDLE LM TE 508, ¥r AU L L%
WEEBHE LD EPLETH L, AFETHRE
LizalAFua—nRUy FBHETIE, #RwEo
WEICI D BITHBSRE LS EE 20055, Bl
% 1 ERRE CHRMEIBIT L2285 2 LT
X, ZOHOREBRLIE IZOECD D94 5Bk BT
B (OECD, 2013) iC#U 2% & BETH{LHE60H IR
BHMTH L0, 3r HEEORBRE T—EOR
BELHILNTED, T2, BBRWEIBIT L%
I % W2 RIS OV T R E OBEDOLE)
vz, EBICHARTHET WL, BEIR
OFHPKIBICBEREND, 20720, KFFEEZHO
5ZLi2X Y, NPAHsZ I T FDMOILEWE
WZonTH, ARFRICRITLLEWEORICRIZ
THEE, LVHELEDEBMETRSL Z &5
BIChBLEZOND,
AFETEEHRBEICB T, Fdd SNPAHsAHS
M ENh7: (Table 7)o 1-=bOF 77 L VBIY

Table 9. Effects of 1-nitronaphthalene or 1l-nitropyrene on hatchability, days to hatch, survival, and growth of
embryos obtained from ovulated mummichog, Fundulus heteroclitus, implanted with a cholesterol pellet with

the test chemicals ®

Conc. of test

Growth at 4 weeks

Total no. of  chemical in  Hatchability Days to Survival at ]
embryos used  embryos (%) hatch 4 weeks (%) Body weight Total length
(ng/g wet wt.) (mg) (mm)
l-nitronaphthalene test
Control group® 60 0.103 6747 11.3+0.325 8952 301+0619 14.8+0.239
Low-dose group © 60 0447 33£27°% 122 +0.668 8312 40.7+490 14.7 £ 0.656
High-dose group * 5 273 40" 105" 100" 593+113" 175+101"
l-nitropyrene test
Control group 52 0.00005 77+44 11.8+0.287 88+57 396244 1390257
Low-dose group © 52 0.344 52+11 11.9+0.234 93+48 412+364 146+0.279
High-dose group t 52 0.958 52+37% 114+0.142 97+31 426404 14.3+0448

® Data are expressed as means * standard error.

b Eggs obtained from 10 ovulated fish, each implanted with a pellet with no added chemicals.

 Eggs obtained from 10 ovulated fish, each implanted with a pellet with 60 pg I-nitronaphthalene.

4 Eggs obtained from 10 ovulated fish, each implanted with a pellet with 1200 pg 1-nitronaphthalene.
¢ Eggs obtained from 10 ovulated fish, each implanted with a pellet with 3 ug l-nitropyrene.

f Eggs obtained from 10 ovulated fish, each implanted with a pellet with 60 ug l-nitropyrene.

£ Significantly different from the control value (P<0.05).

" Data insufficient for use in the statistical analysis.
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1-= PO ¥V Y ORREZHMEFRE TSN EN438
52228 X " <25-305 pg/g dry b BE SN THBY
(Uno et al,, 2011), ARFEONBXIZBIFHBEL M
BETHo7, TOLDERETEID LD, EEHE
HBHVIIFEARPBICE TN L NPAHsD Ay il i 255
BLTWBUEESENI NG,

NLy MR 1EBDO1-= O F 75 L BB
RTix, B LA510HOZRMOPCIEERIZDLT
PHELAELNT, BERERICBT RIEEFAES
IR 1 BEONEX XY & 7> (Table 8) 72
O, BIEFOERElI -t F75 L EIRORK
BITHEERIZTT I EARB N, 4 ABOHER
BURBTE, BREERAERNI-Z L UV R
BB CTERICBA LS, 1-=bur75 L
CVEBHEX TRERICED Ler o/ (Table 8),
Ly MR 4EMOFHIRPBREL ENVIREICHRE
LTHBET L1 but 75 L VM EBRERBLT
BRHERX TIXFNZN1988 X U396 nmol/g wet wt.,
1-= el VEBHEX B L UEBHERK CiiEh &
109328 £ U290 nmol/g wet wt.TH-o7z 1-=F
0t 7Ly EBMEOFEEIIRRED, SRIX L
RTEEEFROOLN1-2 oL VEBHER O
FEHIEFREI VBV 22D ST, 1-=bas
TV YRETHWECENRD DN olzlz, B
FEICHTHERIZII =Ly OFFBVLO
LHEREND,

1-=2tai 74 L yBBRICBTAHBXORIES
FERI1I-Z MRV L VRBRICBIZHRBE LD D
Ko7 (Table 8) ZORRIF1-=bur75 L
YHRBORBIE O~ X F 3 OB L FAEE O
POANT I ER2RBLTWS, BARICEBAL
e IFarsrollaiE, KBR EDHELEICLY
BIEHZHD0OD, 3ANPLSAREHFHEEINRTVS

(Shimizu, 1997), 1-= bR ¥ L VBLIUP1-= b
75V BRI ENEFNG6 ABIUS HICEKL
MREBOKEZEDOKERFALIZRLLHITa Vb
u— L7205 8HEREMEzRLN O, EF
LREETHZRNOEEPEr o - LHEWE NS,

SER IS EBE LR E I @ L TR b %
ZHOBWEIETH -7 (Table 9)o 1-=+uat 7
U UEBHKICBI 4 ABOBE (REBLUS
E) PHlEX X )b REPLD, ThEBELLE
BEXTHWIEROEED R, TORONERER
BRIV BEP - EERMLTWAEEEZ S
b, 1-= oL VyEBERICBVWTIRLY b
LRTLAELI-Z ML LY, AREERER
BLUSMEINARIEKTTAZLEZHLMICILE
(Table 8, 9)o D 7:®, {LEWENFIELERAL
BEA~BATT A2 L3, AOBEE~NOFEEELRN
ABICEELRERTHALLEZONS,

Michigani#l] TEREL L 727Kk fiLake trout (Salvelinus
namaycush) OIBEHIZBIT511HENPAHs (1-= b
ur7&vy, 2-~tutFr7y¥yLry, 2-=pru¥
ZJxzZ), 3-=bO¥T7z=N, 4-2b0OET7z=
V, 5-=tartrrvy, 2-=ra7itL 2,
9-—turr bty 9-=hbuvxztrrhl,
1-=ru¥LYy, 6-=tuaZ7UEY) OFFHEE
130.81-130 pg/g wet wt.TH Y, AMKFIZBITE9H
NPAHs (1-=tuasr7%L >, 2-=tuar7%1L
v, 2-=Ztu¥ =), 3-=hbuv¥yc=jl, 5
-==ray7EF75r, 2-=buI7NFLy, 9-=
fhar7r by, 9-=buaz7F MLy, 1-=
fo¥Ly, 6-=tuzvyty) O&FHEE02-31
pg/gwet wt. (4-=FBE¥ 72 VBX9-Z b
7z F v L iR AEPIC BT BRI EEDB0% RKiE D
ROAFMEICE TR TVARY) LV EEICEL, Ak

Table 10. Effects of 1-nitronaphthalene or l-nitropyrene on hatchability, days to hatch, survival, and growth of
embryos obtained from ovulated mummichog, Fundulus heteroclitus, implanted with a cholesterol pellet with

the test chemicals?

Toxicity values based on Ratio of

Toxicity values based on

concentration in eggs (ng/g wet) concentration Reported BCF concentration in water (ug/L) ®  PEC

4 -week LOEC 4 -week NOEC in fish body*

1-nitronaphthalene 447 -
1-nitropyrene 958 344

; to that L/k; (ng/L)

In ovary to tha (L/kg) 4-week LOEC 4-week NOEC — °
933 19 - 37
e 838 32 10

LOEC, lowest-observed-effect concentration; NOEC, no-observed-effect concentration; BCF, bioconcentration factor; PECs are the
highest reported concentrations including estimated concentration.in river water and sea water.
*The ratio of concentration in the ovary to that in the fish body in the control group in Nitro-PAH transfer tests.

® The toxicity values are estimated from toxicity values based on concentration in eggs, dividing by the ratio of concentration in the
ovary to that in the fish body and reported bioconcentration factor.
¢ Average reported bioconcentration factor.
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FBLUIHEFONPAHs 70 7 7 4 MIZEB L Tw
7 (Huang, 2014), bit& [ UEEH @ 9 FEPAHs,
SHRAT7 v, BIU2@s 2 LR 9
FEPAHsOIIEHICBIT 2 AFHREZAKP I LA
BIEL, 5EAT T VOAEHREB IO 2Ky
DEFBEICODVWTRINEF B X UAATRERR
BEOBETH -7 (Huang, 2014), NPAHsBITHR
BRICBT A BR oS %8 -0 RE X UM flgd
1-=btur 75 LryBLUl-= oLV ORER
12251+02435 £ 107098 +005CTdH - 7z (Fig. 2 a, b)o
DT LA SNPAHSIRFEHEIC L - TR PRE
PRAEPREL)DHERER R LEZION, B
BOBMBEICL W IIRPRELAKPRBEOLIIE LS
WREMASE 2 Sz, 20720, BAEEDOBRER
EEPLL T BT et D & 5 NPAHsEAT B FR X
D1-=baF 77 L yBIT1I-Z b Ly OIS
BLUARKTOBERE, TRENOWEOEYRGE
¥ (BCF) #AVCHIHBEZ I LS HE»
SkFHEEL L -FHEEIERL 72,

LogK,, 2 bl sh/-1-=va+ 75 L o4k
Y& A% (BCF) X933 (BCFoxF#fi - 1.97) &
MEENTWAS (Yaffe et al, 2001), S RE %
HIZLZ1-= a5 7% L DOLOEC (0447 ug/
g wet wt.) %, NPAHsBITHEBRICBIFAFEE®
BB IURETI-Z b 77 LYy OREBRER
251 (Fig. 2 a) THRLTAKNBEZHEEL, &5
W oHEMEE, MEShI-EYRERE (933 L/
kg) TBRT EKRFEEDOLOECH1Y pg/LEHER T
% (Table 10), 1-= Pt 7% Ly OREHRLE
EIZHADMNNIZ B 537 ng/L (Murahashi et al,
2001) THY, Fi, REGHBETNVEHCTHENY
ENZzAY 74 V=T HIBOKF (Yaffe et al, 2001)
BLXO®I YH vi#ksd (Huang and Batterman,
2014) ®1-=baF 77V VEBEBERTRAFNIOB X
U'117 ng/LTH o7z IS OEEZHER L -FHE
X Y 2H L L&A o 7z (Table 10)s 1-= b
7 % L ¥ ONOECS LEKHLOECH EfEL9 ng/LD
1/1000CH B L idEZICLL, ©LA19 ng/Li
HEWETHEIENEZONDZ ERS, HAOW
NAHR1-=baF7F L D) A7 3 EVbOLE
bbb, i, I VHVHTRME/zLake trout
(Salvelinus namaycush) OPEHB1-= bt v ¥
L ViEEEI30.03-2.19 pg/g wet wt. (Huang, 2014) T
by, PEEEZEZCLALLI-= TSIV IO
LOEC (0447 pg/g wet wt) & D 5H LKW iRE
THY, CORErSIAHBEEBCRIZT1I-ZF
OF75 LDV AZIIENIDEEZILND,

NPAHsO A IZ BT A8 B L UKD O 04 YR
WCHETAHMETIE, 1-= oL Y EpBREER
(BCF) 371-151 L/kg®#il (Bacolod et al, 2013a)
T & 1, biomagnification factor (BMF) i 0.008
(Bacolod et al, 2013b) THorze 1-=bu¥L ¥
DI BE % EIZ L ANOECSB £ 'LOEC (NOEC,
0.344 ng/g wet wt; LOEC, 0958 pg/g wet wt) %,
NPAHsBITRBRIIBIT A BROLEI M 28 U750
BBIUAKR - ru L Yy OEELOFESE
098 (Fig. 2b) TBL, ¥5{2E3 (Bacolod et al,
2013a) DEYRMABOFEIHME (111 L/kg) THRT
&, KEE®IERICLZNOECSE X ULOECHE#FNZF
N32B L U888 ug/LEHERTE % (Table 10), TP
#W L 7-NOECHE X ULOECIE#HE I iz KB iICh
T A5 EE#EE 1 ng/L (Ohe and Nukaya, 1996) =
BREHETcTLVEACCHENS Y 710 =
7 HIH D KE (29 ng/L, Yaffe et al, 2001) B X O
IVAUHAREDOLI-Z b L VEE (017 ng/L,
Huang and Batterman, 2014) X Y TEULE» -7
(Table 10). HRPNIREES &K HiEE TH HNOECH 5
WIZLOECZH#HERE L TWAH I L5, THEEROEW
el H 5, THEEZEREL CLETHE L/ZNOEC
5 WIILOECE &R $10H 5 WIZ100TH L - &
LTHARE LTARPREOREER, hdol
EEETOA TS, $7/2, IVHFVHTRREN:
Lake trout (Salvelinus namaycush) OYPEFH1-=
T ¥l VBEIX<0002-8761 pg/g wet wt. (Huang,
2014) THY, FPRELFEICL-1-= oL Y
DNOECHB & UF'LOEC (NOEC, 0.344 pg/g wet wt;
LOEC, 0958 ng/g wet wt.) & 1 3H LI R WBET
Hol kD ehb, BlEOLZA, 1-=t0
FI7EVLYBIVI-= Ly oREHEEICE
TARBHAECRIZTEEIIILALEVWEEZD
7z,

34 FEH

REIZBWTIE, NPAHsOBRBEERRNDOE
BFMICETAILEZEMELT, 1-=butr7¥
LyBIPL-Z b LY RBRBWEE L, %R
BEEAFAVAFO— VR y F RO~ 3
FaZ ARIBRBL, BHRWEOZHEII~OBITHRER
FERL. £512, AVAFI—ARLY FEAMNL
TR E BRI BT 5 2B ORIEEFER~D
BBERARLE LD, BBWEHOBIT LI EELS
FiE 4AMMEL, BT LAEBRYWEOREL LU
AFRICRITT B R L7,
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IVAFHE—NL v PEBREIC X BNPAHsO AT
REROBER, AR OIILENEEBITSELF
BEELT, aVAFu—uRLy NEHMEOERHE %
B L7zo £7:, COFEEHCTAEREREICRIZT
TRBEWRE LR, MEBIXSEBE LRy
HICHEEBEL TRODEZTEOBVEETHY, ZoiE
O EHEEZ LI L -FBEEEZHLMI L,
IS OFMHEENPAHSBITABRICB I 2 BR O
BB L UAKPEEOE, HESH:BCFEH
W, KAEEEZEICLAFHMECERL, BEsh
ToBRBUKHIREE & Wl U/, BRBUK P IR T HER
L7zl & 0 SHIRREEL, FHEEBEZEZERLTD
BEOBRETEELAVOLI-= IS 75 L rBE
Cl-= oL U PRERAEICRIZTEZERIZL
ATENWEEZ BNz,

BRI S 7L EME T BET OWHEN S &
CIEFM 2 ERCBRINTB Y, KEo#ERYE
THHNPAHs b BREHFICBWTHBOERE %13 T
W5, NPAHs& - FHEE DR WY L Y% DOPAHsIX
BONBRREC LY, BEEYCHTI2HEEIEE D,
IS ONEFEIXTEEBREE ROS) PELFER L
226N Twh (Fuetal 2012), 4-=bEL ¥
% E—ERONPAHsIZ MBS IC X YROSZ AT
% (Xia et al, 2013) 7z®, KB HIINPAHsO B
HBIUIREGHELZRIZTVEESD S, 20720,
NPAHsO AW I3 2 BHEORREIC L 221t
WCOWTRER TR ZMZ 5. 51, KREIC
I BHFEMOEADERICOWTROSO FEIEE S
NTWaHZ EHISH, REDBRTCEEROERICOWT
ROSB LU NABIORAEOWMED SHREFZMA %
Rl P B AR

FAE BEEPIHTIBHORBRHICLSZEL

REPIORIE SN ALEEIIESETOMHENE &
LML IERICBE I NS, AHIEOBERWE CH
ANPAHsE &I VWE L v i EOPAHs R g
OPAHSIRAWIIUV-AZL EOSEMNBEREICL Y, B
EAEWICHT 2FM%EE -7 (Newsted and Giesy,
1987 ; Pelletier et al, 1997 ; Swartz et al, 1997 ;
Huang et al, 1997), 2 X b i X 1 7-PAHsIZ
HHEAE, EICHEMEBEM (reactive oxygen species,
ROS) RPAHHKD 7V —F I H )V, BERALIEE %
CERAERL, ThoEfc MBERIcEEYS X,
SRFECEEZENELFET S (Fuetal, 2012;
Lampi et al, 2005 ; Arfstena et al, 1996), PAHs®
—HBTHHRYY [a] ELroREEI-EEHBE

DAANRY T % —THAHT7IF +VJ 7 A (NaN,)
ZE Y HESHN (Ibuki and Goto, 2002), e &
7PAHSIC X D FE SN 8BLRERL, 79—
ANERZ—BEHEBEOAIRY Vx—ThHbHIF+
AL A4 b—JV (dithiothreitol, DTT) %°NaN,, A—
N—FF Y FF4RA5%5%—F (SOD) 2k hFEH
HESN, —BEHBEZOEGZEXTEK (D,0)
XD HEIRE 572 (Xia et al, 2006)
4-=pEELYR6-=raxyV [a] EL ¥V
T EHEONPAHsIZ, &4 (UV) ©—#HUV-A
2WET S L, ROSRT7 ) —F I H VISCHRET R
AEZAER L7 (Xia et al, 2013), XS
NPAHsZ A BE CHEA SNZROSHE EICL - THE
EN-ABIREIINaN I & ) FESHESHh, —
BEHBEOFGEFEIETERRELASY / —MITED
FENRE o7 (Xa et al, 2013), T/, HEEERK
HHEBRILIEE A AR L7 (Xia et al, 2013), =
oDz s, NPAHsOKEAEY I 2 H Mk
FERFHC L DT 2 REESHER SN B, AR OH
WYWHE TdhH HNPAHsIZEICPM 25% LR FIRWH
CRESINTBY, Z2o—BRXAETY, EICEW
& o TRBERECHEAL, SKRNCEBREERIC
WATHIEPEESN, ZOBRBTEEEOREL
NBEWMHEEIH L, LrL, BREEGTICBITS
NPAHsOEELEDIIHN T 2B EREOHTERNI LD
7253, NPAHsORRH#IRIC BT 5 BRITHE 2 3
THICRBEAOBRTCELTHTH 5,

AT, L2H|ICBVTREEROR R L HE
£, BEATSVIMAY, BBREIVAFT)ITVY
a, BIPAE<IFa S, valvficidds=}
U7 L—rOnEEEEERE L, 4, £3H
BWTRAEIFa s/ 2T, BEEHERO
RBFELLTIVRAFO— MRy MNBHERERE ER
L, RBERICESWINPAHSO BEEMEZ #HE
L7ze INHORBEYDOHRT, VFF<Y)ITVra
WKOWTREL DEERNf A —h—BEFOI—
TIVAR, NAFI—h—DHELEYWERE~D
INEPWFR SN, v+ &< I T rafEBEERRE
BHOLDOEFTNVER L L TOBEEZHBI TS
(Raisuddin et al, 2007), 72, ¥ AF<y3ITyra
DI =T ) AT BB T S0, JHEEIC
I2FEMBMERBLLTVWEEZEZLNE I LD,
SR X 2 ENEbE RaMEE UTERE L7

AR E TIINPAHs DI i £ RO BT 12
BYAIEEHAMELT, 9, 10ONPAHs% #
gL L, YAF¥<YIVVarBnT, WHMLB
X OB &t 24 DR A ERBR 2 TV, &0
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BEWIZX ) BUESEORERT 5002 RE L
T2, BRFCIVRLEROBE /212 buY
L izonT, kB A0BEWZRE L. X
FHIC L A BEXBEORIELZ TV, EHIT, 1-=F
T Ly OGBEYS, CRERICBITAI-=
YLy OFREMICES LTV ERRHLIPCT A
W, 1-= eV YGRBERNBITELYDOY S
Y IV T EERREERE L

—F, TAANVEYBE (AA) Z7) =5V h s
—FBEBREOAIRY YV — L LTHEINLTWS
(Machlin and Bendich, 1987), J&&M:IC & 2B LR
PLATYAF<Y IV a0BERBENRE AL
EREET 5720, AARMEZIZIERNOLGT T,
YEHICE ALt LYY RS TY IV
AT cEMoB e, B LABRAELZZROS
BE L OBEEERE L7,

4.1 BFEFHE
411 #HEPESLLUHREY

l-=turr7svy, 2-=bturznitlr, 3-
bt INVFI 5y, 3-=bhuavxztF LY,
13-YV=tur¥lLY, 16-V=ba¥lLy, BXUG6-
= b7k idSigma-Aldrich (St. Louis, KE) #»
5, 15-Yy=burrsLy, 27-Y=tuazitlL
YBIP1I-Z oL Y REFLETE (35 »
5, 1-eFeFy¥Lry, 1-737¢¥Ly, KL
v, BIXUAATEDEMETE (KK 256, £h?
NWEA L. BEBRWEOKRBHREMENTD, BFEE
FleLTrt by GREBRESVH, FAOGHMIETSE,
Kl #H, TRZROBERWEOT X+ VIBEHR
(20 mM) ZREBREHE Lo ThHORBREHEE A
WIER T20000 AR, RBRH L Uize Rk o Fik
Hil ik HERBRICB T 5 PRINBRO7 £ F ViRER
500 p/L& L7z,

KA Lo Ay<) IV rarvi, #Bk
EWoAFR, BEHE /-7 AHGEOINE
BRE-ETHR LEFELHETCH o2 /=T
v A B AR S R DR BB BRI A W o

412 REEZH4

FEHRABRIE IO — A F ¥ v~ (MLR-350, =
HERE KR AV, BHLLTKBLOEREL
HHR U8B0 (38E290-700nm, TRUELITE, 32W
3825EX-SS, Light sources, Orange, KE) %#H iz,

BROFPHRBEBEKHERB TR OENLETE 3EAH
Vv, TR (&E400-700 nm), UV (3 £280-400
nm), BIXUUV-B (#&K280-320 nm) DHLEEIXZ
nen12, 00198 X U°<0001 W/m?Thoo Hh
BEDTRET 5720, BROESERBETIZ LD
MWIEER B L, LEOEBIT2I5RH Y, TR
¥ (¥ $F400-700 nm), UV (3% £280-400 nm), B
S UOUV-B (#5&280-320 nm) DNXHEERZZFhFh
41, 00728 X U°<0001 W/m?Th oo ZOWHN
ONHEIZRE (ux) OEZHREEN-HHOKRE
¥z BiF % €% (Thimijan, and Heins, 1983), 4.57
(umol/s/m?)/(W/m?) ¥ & 054 lux/ (umol/s/m?)
TED, BB Lz, THRADRESL L UVOKXHKE
IR (LX-1000, &A% A, HE) 3L O8N
HE s (Solarmeter models 573 X U862, Solartech,
Harrison Township, KE) % ZFhZhF iz,

B AR 0 FF3 H 58 13180-480 W/m? & #
HENTw3 (IPCC, 2001)o ASTM G173-03D %
BA~RZ PVF—% (ASTM, 2003) 25, TR
FIZH LTI, HIREE LOKRKBEHEDI3% I
3 (400-700 nm), 4 %AUV (<400 nm) & HE X
Nb, 2070, HREBLOCUVORBEIZZLZ
N774-206 W/m? B & U57.20-192 W/m? L H#EE T X
2. ABEFRTIE, APICBITL2R0REIIAEICH
BRETDHIEWFRENT VS, THEBOBEILHRE
FEH13010-573 /mOEFE (Morris et al, 1995) T,
UV-AD10% FEHHEE120.3-46 mO &P (Tedetti and
Sempéré, 2006) TEFNEFNZEILT 5,

VEAFRYIV AR T Y & ERFEOBROHTIC
HET B0, ERESMEEZ SNLKELIMIIBIT
HARKGROTHLL L CUVONEE 2R L,
JCERET RO & B L7,

FOKBBEIEZT RV - R—=VOEHID S

IZ = Io e-az (].)

TEED, T TLRARBZMICBIT 5%MmE, I,
KEE T OXRE, ZIZAE (m), adBREEER (/m)
TRIND, (1) RETHRAOEEILHREEH L
HELZWMHLONMELZ S RO CEHET L &, K
F1miIBIT 5 BRKBEROTHEICOLMEIL, 025
W/m? (774 W/m? x &>™™*1™) 55,190 W/m? (206
W/mz % e-O.lO/mx lm) k?&%’(‘% éo
72, (1) X 2 Ko,

a =-zln (I/1,) 2

COREHOTUV-ADO% BEIRE» L REEK
KB E000501-7.68 /mEnY, ZOEEHANT,
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HHEG LRI () ReSKEImIIBIT3EHAK
BXDOUVRRE ZHE S 5 £ 00033 W/m? (7.20 W/
m? x ™™ M) 2518 W/m? (192 W/m? x ¢%%
mAmy T H ot DD, KWRIZBIT B R
St (ATHLEHRE @ 12-41 W/m?, UVIEHE : 0019-
0072 W/m?) By A &< IvryankaBEch
WIS EREERICS TN TB Y, HEEE
WKBITBREHEZIZIZRBL TWa B SI,

4.1.3 RHEFsMEAREERER

0EEO =7 L— 2R EE L, Y45~
VITVvao) =7y A MGEE VT, kR0l
GBB L URLET CUBRBOEXRMEREZ 7o
720 12 DO¥EE 7 L — b (Thermo Fisher Scientific,
Waltham, KE) 121 R»H7:0 2 mLORERIE L H4
S5EEENAFL, 20CIKERELZIT—RAF ¥ V85—
(MLR-350, =# &, KR) WCTRBEZIT-o72, #
BYWE OWKPIEREIZ001, 01, 1, BXU10 uMIic
BREL, BEELIOHBL THEMLT ClKHEER
50% K% 5 F Thild /2o FERITZIOMER Y K UER
L7z. RBRTHE, BRAEZERLTIIHIERYE, VB
REEIHPT T EATETHIREEXRL 2D D%
WEHEREEE Uiz BIFIRRX (7% b 500 ul/L)
WOWTHHBRZI0BRE VR LEKEL, HLEB LT
BEMETICBI 2 EKAERIZNZEN40:27B &
P00+£00%TH o 720

FBEIC L o TERLZL-= P a L v oRy#
Wl-vroxI¥Ly, 1-73/7¥LY, BXUH
EWMEC L Y OBENOESZTHLPICTH20KRD
REBEPERLZ. - FaFy¥Ly, 1-73)
YLy, BLUY L yolkdiEEZ001, 01, 1,
BIUI0 uMICiERE Lo BIAIRIBIX (7% + ~500
ul/L) oW THREBRICEREL, RBRE SHMEYEL
7eo 72, LEROWEDNOLS R BB AR
L, RS X 2FEREICES T A TR OWT
BT 2720, ROBEREEM L7z, XELBT TR
BRDOLNIZ1-= T EL V10 uM & BiFIRBREK (7
b 500 ul/L) EREESMAB & UHHSM T T4 B
Witk 1 R$P-DZOFBRE 2 mLE 4L 5 MK
WAL, WEHB X UHENT CURMBRERRE
EMiL 72 RERIT6 MY KUERL 720 FEthoM
AEDLEIEIH-H, BB B-H BIUK- -Bo
430 & L7, RBRTH, LROFETEXEER
KRB EEE L. T/, /=7y 2 BgEE AN
T, $HBROROSEEBRBROBBWICOVTHOBRER
Bz ER L, 30F 72136058 X B KHEEAE M

%E\Lf:o %ﬁgﬁ‘i 6 Eﬁ V) ﬂb%j@ Lf:o

41.4 XAMREER

N RABIZI0 mLA 9 ARBREIZ2 uM 1-=
FEEL YT VBBS mLEAL, Fo—-X
F ¥ 83— (MLR-350) WTH&EhB L UBEHT
T20C, 24RHORBRE EEL 720 HSEMHTIE, K
BlXokksHIALEXT (TRUELITE, 32W
3825EX-SS) #15ARM 7z, FHEFIBEE X 24
RERARIICAL ORBWEERIL, GCMSO5
iz L7 $*¥5Y—% 9 AHB5-MS, 30m,
0.25mmID (Agilent Technologies, Santa Clara, %
E) %#%#%3% 1L 7:GC/MS (Agilent, 6890N, 5975 inert;
Yokogawa Analytical Systems, ) ZHw, &
T4+ bR TRIEE— FE2SCANE LTHIE Lz,
FEAOORE 20T L L, Ml o5 12290C o
BEZ P, BESWEHOA T Y EED12240CH
BE+B7. 795 LEEIZI0CT20HEBREL
%, 20C/4C200C E CHIE Fl&kE5C/HT
320C ¥ THIEME, UGHERFLZZ. NY T AfER
10 mL/min& L, S4TREEIZ4GSTHo7. BoR
loF—%ik 7T —7BEEY 7 b (ChemStation, Agilent
Technologies, Santa Clara, XE) T L, MEL
72 ¥ — 7 #NIST 2008 MS library bundle (Agilent
Technologies, Santa Clara, KEH) #»F—% L B&L
T, FEL,

415 EMMFE (ROS) FHiHER

ROSA B E#13100 mLoO A YO=A7 5 2 212100
mLORABRBEZ A L TEML 72, ABRIIZ001, 0.1,
1, BXUCW0 pMD 1-= bR ¥ L ¥ 5 BHKEHRE
v, BhFIRERIX & LC500 uL/LO7 & b ¥ 58
KBEWEER V20 TROORBRIBE L F 7 1B
Bk ERBR & R CHLHET T20C, 21075 MRk
L7zo S5 DOREBRIEO—ERI il ik R E BRI
L, 30F 3605 B ERMERAL R T L L L
bz, TS ORBHE B OROSE NS EICHIE L,

HEGTBLUREEHTOIO M= ¥ L Vi
REBOEEERZE (e FeXT I IV H N, RN
¥ TFALPI4 N, REERBRA 4, —B1b
2X) oRKBELEWEL, RERFIOEKXKHE
BrE®E L, £/, BHEGTOIO pM=bu L
VHERBEICHBIH TH LT AINE VBEEZRM
L, EHBEEORES I UEKHEERDIEI%)
BERAR, WHEBIEHEOWNER, BAAFT14 4
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WV (ER) onEEEREE S 1 — 7 Aminophenyl
Fluorescein (APF), Hydroxyphenyl Fluorescein
(HPF), Diaminorhodamine- 4 M AM (DAR- 4 M
AM) 2R L, B/ #E% R T2 Zh485/535
nm, 485/535 nm, B & U8544/590 nm T & L 72
APFiE, e Fa*xInsgIan, N—FFT 54
PS4, KHEERAFVEREL, HPFiZ F
OXx 5T ANER—FFTFAL T PERIBL
(Setsukinai et al, 2003), DAR-4M AMIiZ—@{ts
FEFET A5EE (Kojima et al, 2001) Thb, &
TOREBWIE, MHH LK ER CpH 83ICHEL,
EEBEEOE Y O — IR T100065 AL
THER L7,

4.1.6 HHEtERIR

R SR VK BEL B SRR 1T 331 5 VKRS O LB 08
WOFBEREICE, T O0BOESBTRV:

®, Mann-Whitney®D U test (P<005) #fHw7z, *
72, ROSERRBIZBI 2 EKHEES X U B
BMEOEVOEEEREIZE, TukeyDZELE (P
<0.05) % H\iz, HEMHEHTICIESPSSH: (ER) @
SPSS 13.0] for Windows % Hv 7z,

42 # B
421 FEESICE ANPAHsOEHZEE

vEAF=)IVva) -7y AMGEEEWCE
HOEEBRE LZ1I0EHEONPAHSD ) 5, 15-
Zhur7y Ly RERSOEER, BEMAL D DBHE
HETEVEKXEERELRLA (Table 11), 1-= b
oYL rid, £TORERX (001-10 uM) BV,
BHEGT CHEFPEESR, BEGATERBRLTEH
BICHAFHTOEKBEERS S, o7 3-= b7
VEFSyFR01, 1, BIUW pMoOBERXICE

Table 11. Effects of nitrated polycyclic aromatic hydrocarbons on immobilization of Tigriopus
in dark or under irradiation with environmental level light (290-700 nm, a visible light and UV
intensity; 12 and 0.019 W m™ %, respectively) after 24 hours

Immobilization of each dose (%)

Chemical Condition

0.01 uM 0.1 uM 1 uM 10 uM

l-nitropyrene Light 28+6.1% 100+0.0* 100+0.0" 100+0.0*
Dark 20+20 2020 40+27 4027

3-nitrofluoranthene Light 8033 72+68" 100+00* 100+0.0*
Dark 6031 20+20 40+27 26+85

2-nitrofluorene Light n.d. 0 +00 34+52* 100x0.0*
Dark n.d. 6.0+3.1 80+44 1045

3-nitrophenanthrene Light n.d. 40+27 30+54* 98+20*
Dark n.d. 40+27 60+31 7870

1-nitronaphthalene Light nd. n.d. 20+20 100+0.0*
Dark n.d. n.d. 40+27 80+44

1,3-dinitropyrene Light n.d. nd. 10+£33 100+0.0*
Dark n.d. n.d 1146 0000

2,7-dinitrofluorene Light n.d. n.d. 8044 32x44*
Dark n.d nd. 10£45 8033

6-nitrochrysene Light n.d. nd. 8044 24 +50*
Dark nd. nd 2020 4027

1,6-dinitropyrene Light nd. n.d. nd. 16+40*
Dark n.d. n.d. n.d. 2020
1,5-dinitronaphthalene Light n.d. n.d. n.d. 10x45
Dark n.d. n.d. n.d. 60+43

Values in each test group are expressed as means *

standard error in 10 trials. Asterisk indicate a significant

difference between light and dark groups, respectively ( *P <005, Mann-Whitney U-test). The immobilization
of Tigriopus as control were 0.0 = 0.0 and 4.0 = 2.7 %, respectively in dark or under irradiation with

environmental level light with solvent. n.d. means no data.
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Fig. 3. TICs of the initial solution of 2 uM of
1-nitropyrene in acetone (a) and the solution by
irradiation with 290-700 nm light for 24 hours (b)
using GC-MS analysis.

WwW¢, 2-=bu7nFLre3-=barzF ML
i1 B LU0 pMOBERIZBWT, 1-=tat
7%V, 13-Y=tru¥lLy, 16-Y=tu¥lL v,
6-=tarzytry, BIU27-V=buzintr v
110 pMOBERXIZEBWT, BHEMATEKHEI D
b, WEEMHTERB L CERICHSEN T OEKHEE
RO ED-72 (Table 11),

422 1-ZpbOEL>OREBEHICEZEDBEBEDD
R

AERBIIARE B X ORERG 24 %O 2 uM 1-= 1
oL y7E b VBEEEGCMSTHH L, TICRE7:
(Fig. 3)o JEEEERDOTICH & 5 HH DO EEW D
BRHEH, NISTF—FR—RALBELIEZA,
NHEDIBL2FI1-L FUF YL YyBLU1-73
J¥LVvERESN? (Fig. 3a), 1-73 /LY
EEBRETRT OB OTICH 5 b ¥ — 7 mEL6 x 10°T
BB ESh7zdbo0, ERFBEOBR I -7 HE
22 x 1°THRIBE N, ©— 27 RENHLAMERL ol
(Fig. 3a, b)o HBEHBEMRABRICIBITSAEHTT
UBBRE L21-= b Ly 7V BRBLD
WM TS BT 5 245 [ # O FIE O TICIL ABR B 1A
HIOTICEIZIZEMKTH ), HliEkHERRED
S CURMBHELZ1I-=taEL Y7 bV BR
PHIE1-7 3 ¥V P OSREDIRE S Nk
"otz

1 i
* * * * ;_’ * *
100 7 Oiight [] b
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£ 607
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Fig. 4. Effects of pyrene-related substances on
the immobilization of Tigriopus japonicus after
exposure to the dark or artificial environmental light
conditions for 24 h. Values are expressed as means
+ standard error of the mean of 8 trials. T, p <
0.05, Mann-Whitney U-test between the light- and
dark-exposed groups at the same concentration of
chemical substance; *, $<0.05, Tukey post-hoc test
versus the solvent-only control (sol) under the same
lighting condition.

* *
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Fig. 5. Effects of nitropyrene on the immobilization
of Tigriopus japonicus under various combinations of
exposure to dark and artificial environmental light
conditions. Solutions of 10 pM 1l-nitropyrene (1-NP)
and the solvent-only control (sol) were exposed to
either light or dark conditions for 24 h, after which
nauplii were exposed to these solutions under light
or dark conditions for 24 h. Values are expressed
as means * standard error of the mean of 6 trials.
*, <005, Mann-Whitney U-test between light and
dark groups.

423 XBHICLZ1-ZrOEL CBEEHNEOEH
1t

YAy YIVYaI—T)y A SEEHWT
HFHOBEREL-1-E FuFrI¥LrBLU1
~7IJE L VIIRESAT L) LG T TH ViR
fHERZRLZ (Fig. 4), 1-t FuFI¥LrBL
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Fig. 6. Effects of light on (a) immobilization of Tigriopus japonicus and the quantities of various reactive oxygen
species (ROS) as indicated by fluorescence intensity of (b) aminophenyl fluorescein (APF; labels hydroxyl
radical, peroxynitrite, and hypochlorous acid ion), (c) hydroxyphenyl fluorescein (HPF, binds to hydroxyl
radical and peroxynitrite), and (d) diaminorhodamine-4M acetoxymethyl ester (DAR-4M AM, for measurement
of nitric oxide) in the presence of l-nitropyrene (1-NP). The doses of 1-NP were 0.1, 1, and 10 pM for the
immobilization test and 0.1, 1, 10, and 100 uM for the ROS assay. Values are expressed as means * standard
error (immmobilization, n = 6: ROS, n = 4). *, p<0.05, Tukey post-hoc test between 1-NP and solvent-only
(sol) groups under the same lighting conditions. D, dark; L, light. a.u. means arbitrary unit.

C1-73I/7¥L 7301, 1, BXITI0 uMOBEX WshAOEKRHERIZ, 1-=bab L 10 uMEE
WKBWTHEAG T ClEkISHE S, BEHETTIR FIZBWTIZ0FUEL?S, 1 uMIEBERX TiZ150%
1 pME10 pMOBERIZ B W THEKRSHE S Lz VR SR BRIX & RTHERICE 2> 72 (Fig. 6 a)o
(Fig. 4)o 01 uMOBERXIZBWT, BEEAET & &G TICBITHAPFIC X AiEHBREEOKR T,
L CHEICHEGFTOBEKHEERI B, o7 KLV 1-=hBEEL X108 X U100 pMEEX 25 Tix60
TIX1 BXUI0 uMOBRERIZB T, HREEMSET GURERS, 1 uMBERXICIB W TIZ1205 LD &
EDIEXIHESINZL DD, KEBOEN X Bl IR L ) b EEICED» -7z (Fig. 6 b)o
KHEXROAEZIEDONEH» o7 (Fig. 4), &M TICB AHPFEDAR-4 M AMIC X 5 IG5 MR
1-= KL Y10 pMORERXIZBIT 2 HEE 4D FHEoOKHBTIX, 1-=Fu¥ L »108 X 0100 M
OHAEHLEIZE HRBTIX, WY - BHOREBRX T FERIZBWT, 605 LiHED & HERED X X 1 b
YAF<YIVYa) =T A EOE KA AREIZE» o7 (Fig. 6¢,d)o
Exh, HE - BEORBX CRHEIN Lo AADRMEETIE, RMLAAABRENEHWIZE
(Fig. 5)0 WIKAEFRDO LAPEBL o7 (Fig. 7 a)o HEMH
TIZBFA1-=Fu¥L v10 WMIBERTO Y F ¥
424 RBEHICLBZ1-Z—rOELBREDPICEITS *UIVva) =7y A5 ok E R,
ROSMD4R; AABERME B X AA L1 mM BIX TIE60% LLEE A

5, AAI0EB X U100 mM #NX TIZ9075 PLREA & *f
AEHTICBIEYFY<YIVYa) =T TR BMXEHERTHERICE» -7 (Fig. 7a). /2, &
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Fig. 7. Effects of ascorbic acid (AA) on (a) immobilization of Tigriopus japonicus and the quantities of various
reactive oxygen species (ROS) as indicated by fluorescence intensity of (b) aminophenyl fluorescein (APF:
labels hydroxyl radical, peroxynitrite, and hypochlorous acid ion), (¢) hydroxyphenyl fluorescein (HPF, binds
to hydroxyl radical and peroxynitrite), and (d) diaminorhodamine-4M acetoxymethyl ester (DAR-4M AM,
for measurement of nitric oxide) in the presence of l-nitropyrene (1-NP). Values are expressed as means =
standard error (immmobilization, n = 6: ROS, n=4). *, p<0.05, Tukey post-hoc test between 1-NP and the
solvent-only (Sol) groups under the same lighting conditions. a.u. means arbitrary unit.

FELT 0 — T2k 2 EEBEEOBEICOVWTHIR
MUZZAABREINEWIEEEEREO LA Z 5N
72 (Fig. 7b, ¢, d)o

43 £ E

AR TIE, BREFPREREFLNLVOK (EE
290-700 nm, THLE L RIEORHE ; F#1Le
N12B £ 090019 W/m?) BEEIC X ANPAHsO ¥ F ¥
*UIVva) =7y A WGAECH T EEEOE
L2 S H2IC Lize #E L7210EEONPAHSD 9
15-Y=btu+7% Lk 9MEEEIE, KRz
D #JMEATRE 572 (Table 1), FHEOTLEZMRE L
EHWEDIL1-Z bu L Uy BRFICEYE
DT Y, BERMAET KL THELET CHEE
1000f5 0L L E 72 (Table 1) ThH5DT EH 5,
1-=hEELYZ2EHEDET LWL DOPDONPAHsIE,
VAN IV a0#ERYHET LI RERETAETS
ZENEZOLNS,

FEHEMTICBITS1-= b L O REY

DAER MR LR, 6 (EE290-700 nm, WT#%
B L UMD E ; £h2h4lB X 00072 W/
m?) BEAUBEAZD1-= F oYLy 7T v b VER
Po1l-t FuFxr v ¥L ryoEisiEdsbhs (Fig
3b) 1-L FUF IV Ly ORSBEWELTL-
erFrexdElLryBiteE/erFusryl-obol
LUERRESRTWS (Yu 2002), LA L, H
MR ERERIC BT A 6HE (HRE290-700
nm, WHLEE L ORARORRE ;. FhEni2s X
070019 W/m?) T4 Lz1-=bu¥L oy 7
b VBEIPSEINS ONGREY IRE ST,
FYEABRIC BT B E0aE TURMEE LTy, ART
ARNGREDIBETHLLEEZONS, 1-T 3
EL 3R ETRT O MBI, 5 b ¥ — 7 MmELS x
10°CHIt &N (Fig. 3 a), LIRE24BEMB OB T
Y — 2 mEN22 x 10°%0 20, WHBHRLVETS
572 (Fig. 3b) &5, 1-7IJE¥L VG-
S hEEL YR HRET TR BBELSTH AR T
HOREMTHLEEZ LN,
KEHETICBISL1-L FEF VL YyBLEO1-
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T7IJELyOHFHEIELEHETID S 125106858
o7 (Fig. 4) b0®, ZThsDORERDCRE
Wk AHEEHER1I-= a0 ¥ Ly I/ E ol
(Table 11), t&HoMAEDLEIZL D 1-= b ¥
Ly OoBERERETIE, BERBNICHSEATH-
PREBXOATFFT)IVra)—7) s 25t
DOEFHFHESE NS (Fig. 5) Z&H»5, BERMISL
SN X o THEEE L7240 BEDIL, BRCHFFOE
EHEZBREX1-2 oL OB L 2HHE
BIZBEE LRI E2RLTWS, FREENEEIC
BB HEHT CURERRBH LAZ1-= oLy
BEILO1-TIVEV V2 BROBEDEIRNES L
btz LEDOERNS, S MEWIEREIC X
H1l-=tu¥lLryoFEE iRzt ALFESLE
WwWEEZ bbb,

ROSHEWMRETIX, R L& ToBEEEEOH
o H D EBE605 AN BX L R TEREICL
AL (Fig. 6 b, ¢, d), ROSOERIZEVT FF <
IVVaOEKMERDEFRICLA L (Fig. 6 a)o
AARIMBEEETIZ, AADTRINZ L YROSOEREE &£
P+ ¥=<) IV a0BKHEERD LAPHZ S
hi: (Fig. 7)o 4-=FOELYR6-=buxry
[a] €L v EEBEONPAHSIE, 458 (UV) o
—EUV-AZHBE T 5L, ROSRT7 I —F T AR
FEERERICAER L (Xia et al, 2013), X¥ Y
[a] ¥LUREL VICUVABLOWHEZRE T2
&, ERMERFERICHBEEIFHEZI N (Botta et
al, 2009), lEoZ &H»s, HEEHICELS1I-= b
YL yoBEEEICEEIZROSOERENES LW
AEEZ o, T2, ROSOERKD S ik HLE
ZAHIEEERNIORL:, —HEHBEEZEL 7Y —
SYANVEIERS T2 E&CBERP CEEEZE] &
Z L, ¥4 EEOHREBREECHESF2ERT
% (Voeikov, 2001). ROSHEMFREETIZ, & CToHN
EEAOREBRENIZITFABEOZEHZ R L7 (Fig. 6,
4-5) 72%, ROSE721E7 1V —F VH N OEYRIS %
L TWAIWEENEZ Sz, Tb DEERIS
OFEE, MBAOBRBLEEOMME L, REBEYA
DOBALANVADPLEAL, #RELUTEKHEEIZES
AHZXLDEENEZOND,

UVEBHICI2EL Y oBRBEICHT2ELES
HERHE XN T B (Newsted and Giesy, 1987 ;
Pelletier et al, 1997 ; Swartz et al, 1997) 2%, ABf
TR RBHICEAY L VYOIV AF Y I T raic
Ny rEREFEIBEE s E P o2 (Fig. Ho €L
> ®mysid shrimp (Mysidopsis bakia) 233 5 EH M
EHEHNETT (UV-AB X UOUVBOLRE : ZhEh

970+ 0663 £ 073.37+022 uW/cm?) X Y bUVES
T (UV-AB X UUV-BOERE - #h£h397+351
BXUT134+228 uW/em?) ICBWTHBEH T 72
(Pelletier et al, 1997). AWFFEIZBIT 5 HiEHZER
BCid, UV-AB X U'UV-BO G E X Z 210019
B L U<0001 pW/m? (19 B X U°<01 uyW/em?)
ThHY, BLEr¥LryOFERFEDENICIIHEE
L7 OB ENTwE LIS N D, F
72, NPAHsiZ EERONEEDBEIC L ) #2558
F o7z (Table 11) 2 & 55, YLy E¥OPAHs&
D BLRREASI00FREF V- ROBE I L ) EHOFH
EPHEZ B EMEATRIE S NG,

BWEPITHRE SN -NPAHOsIE HA KRG BICBE S
Noiz, BHEEICE YNPAHsO BRI H T 5 H
EhErRHTILEIEETH L, ik ORI R
72PAHIEMRE & LT, FICROSRPAHH kD 7
V=S TANEEL, HRRICRILES W53 8%
Ll E%R &2 EWK T 5 (Fuetal, 2012; Lampi et
al, 2005 ; Arfstena et al, 1996), Zh &3k 4 Ml
fMgIcEELZ 52, BUBEECHRESELFET
% (Fu et al, 2012 ; Lampi et al, 2005 ; Arfstena et
al, 1996), M DONPAHsIZ, 4k (UV) O—#F
UV-AZRE$T 5L, ROSR 7Y —F5 T h VHLHM
BERFERICERT S Xia et al, 2013), —EEHEE
ZEOROSIE7I/®, #3278, BE BIU
DNAE RIS L, #RE U CTHlEERICBEE 5 2R
REBIERE T (Tyrrell, 2000), F 72ROSIZDNA
Ry NI BIZEELS 2, B, &KE LLER
B, BUEE BIUFOMOERKICEEBLBERE
Jl&# 29 (Loft and Poulsan, 1996 ; Stadtman and
Berlett, 1997)0 % { OWEAY IIHEERERIIB
THRBRETHS 00, LERECTcHEEOH HR0S%
A U ANPAHSICBRE S, »OMBICHRAKBICOE
ENTw5, 207:®, b LNPAHsOBEE L NILH
B, RRERRSEL 20T, BEEAYICEELE
BRI &R SNLTHEEND 5,

HAROHENFIZBIFA1-=vaF 77 Ly (MW:
17317) BLUPl5-Y=trur 7% Ly MW:
21817) OEERBBEXZNEFNITE X 10 ng/
L 218X U446 pM) &5 & TWw 5B (Murahashi
et al, 2001), fMNFB LRk PIcBITA1-= b1
YL rogERligETEnZhElicB Tl ng/
L (4 pM, Ohe and Nukaya, 1996) 3 X U'HAHEIZ
BWTO05 pg/L (2 fmol/L, Murahashi et al, 2001)
EHESIN TV D, REFHEET V2 AT, Yaffe
et al. (2001) AV 7+ V=T Akt (BEEFIIC
BIFHKTHY, wBARWIKERECRHITY
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Tw) ol-=btubly (MW:24725), 1-=F
OF75Lby, BLUr2-=ruaI7ntly (MW:
211.22) BEZZh 229, 10, BLU22ng/L (12,
58, BLUI10 pM) & #HE®E L7/ T 72, Huang and
Batterman (2014) I v viiAkdol-=or o
¥Lvy, 1-=bturz%Ly, 2-=r0a70%1L
v, BEU6-=turykr (MW:27329) EE
ENEN0L7, 117, 87, B X 07011 ng/L (069,
6841, B X U040 pM) EHEE L. HEHFTICH
FAEYEFFRYIVa)—F )y AP EOEK
fHEEX1-= el r001-10 yMiEERX, 1-=1
vF75 L 10 pMigERX, 15-Y=tutr751L >
10 uMIBEX, BXU2-=rua7041L ¥ 1-10 uM
BEX, BXU01l-=rz27Y >y 1-10 uMiBE X
THRO BN (Table 11), ShSDOEEFHD LN
NPAHSREIXZ I 5 ONPAHsO I E S - gk
BELYVTFREUEEP -7, b d»5, B
DEZAH, 1-=tru¥Ly, 1-=bar7¥%1L 2,
15-Y=btuFr7sLvy, 2-=bu7nrtry, B
I6-=btuz Yy yoRERBEICBITS, ki
X HHEL T ZE LR RIS RIT TR
REWLEZONS, LAL, HHREAENICER
LR E 2 E L (Xia et al, 2013), JGMENHL &
5L HEUFENHETNEENEZZ ONL, 7 XA
= DO—FETH b Neohelice granulata B\ 7-RET
13, UV-BERSHIC X DROS, #ABELIEE, B X UROS
DAARY T % —E LT 5 7 5 7 — EOHERN
FE N (Vargas et al, 2011), HHREOHBWUVE
BaGH9 2 & MERE AT L CBRER B RO O NS
(Naganuma et al, 1997 ; Wiibben.,, 2000) Z &5,
FEZ EEREONBESHVREICERT 241
Y HHEIIONT, XY FMICHRETALEND S
LEZOND, 3-= b7 VEFF YTV, 6-= b2
7Yk, 27-V=truasntly, 13-V=tua¥
vy, 16-¥Yy=ru¥ly, BXU18-Y=ta¥l
YORBAKTREIREINTELT, ThH0oWE
OWEEDICR I THELZFMT LI LI TELdP
720

44 &8

REIZBWTIX, NPAHSOIRRHELEBRANDE
BRHMECE TSI 2 HME LT, 10ONPAHs%
BRWEE L, XEBoBENCIY I IVY
KT B BENEANT BT Lz TORE, B
L7210 B ONPAHs® 9 & 9 gL, SIS &
DEENFEBTY, 1-ZFOELYERBRDETENL

DM DONPAHsIX, YA ¥~ IV yaoEikzlEE
THONFEREZETHI LN ELLND,

FBEFICL o TRIERDHT o1 L
ZonT, R X BHEBEANDELS LS HED
BLUOBRHEICX ) HBAET HROSOME D HME L
7oRER, BEUEICIZEICROSOEEMES L Tw
BrEZON, ERLIROSBERS T2 EGHEHR
RCHE L ET S L CHIRRA OB E D
Mz ERBEMANOEBILA FLUARERL, BREL
THEKHEILEL A=A LDEENE L LN,

FHETHEGTICBNTY I YT IV ool
IKBHEDERD SN L Hh S BEARhEES
BEBELT, tEcEEDODH BLROSEE L 2NPAHS
DHBEZREFT LER, RENRD O NIRE IS
SNIEBKPRE L ) TR EREL, Stk a8k
ZAEERLTH, T 5HONPAHSIZBREDTREK
FRIR R CIERE R B R TR IR W &
ZbNiz, LaL, HMENHL 75 L BkFEI
FTHREEIZEZ SN, T, BEEOHRWUVEEE
5 & HEERREICN L CHRRERENRDONLZ &
P, TEZ EAREOBEIRCEREICALT S
HEYZHT ANPAHSOHBEIZOWT, X1 FEflIcK
HYBLBENHDLEELLND,

BOE REEE

= hu7b—r (NPAHs) EAKBBRELZELET
DBEICIL L 44 L (Bamford and Baker, 2003),
KEAEYZ ECREERICH L TELDEEEZ AL
(Wislocki et al, 1986 : Busby et al, 1988 ; Tokiwa
and Ohnishi, 1986 ;: IPCS, 2003 ; Michelmore et
al, 1998a, b; Bacolod et al, 2013a; Curtis and Ward,
1981) THBY, {LABRBOEHOBRICRET SR E
¥ (Nielsen, 1984) & L CH A ICREREIRLE
NOWEBO—DLEZ HN 5, NPAHSIZKREAH~
HthEho%, Zo—HEAXKETH, FEICEWRIC
¥ o TKBEEICHA L (Ohe and Nukaya, 1996 ;
Murahashi et al., 2001 ; Takahashi et al., 1995),
BEBICIBRESICHEAT S (De Giorgio et al,
2010 ; Fernandez et al, 1992 ; Ozaki et al,, 2010) 7z
O, BEEBRIIRITITEEISIBREING, I/,
NPAHs ¢ 5 FHEDIEVE L VS0 EBEFRFEL
A&FE (PAHs) &4 (UV) BHICLY, RE—
TELL BRI 2 B WA T B (Pelletier et
al, 1997) Z&amshTBY, KBt & hNPAHs
DERBIZRIZTHEIHERT L2 WRENEZ 5N 5,
FDI=, HFR, BE, BEELRSICHT LI -BNE
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Pz T, 5B E2ZER LINPAHsOWEAYIZ
WY AEEEELZHO,ICL, BRBOREFBREL L
BT 52 & T, BEEAICBITANPAHSO AR
~NOWAY A 7RI EBNE L, FHIEE
EhiL 720

AIBAERRICIEE LY 2EYPERLTBY, £BT
BEEPIINTHHB LR THOREL WD, K
EREBORL LAY, BE PRE BIUCHEBEICH
THREBLUEEBUZEZRETL, FiiTsZ L
M E N T B (OECD, 2002), Z T, A%
DOFRBEWE UTHEBERORL ZHEORE, Tk
H BIUAEHOREELEE L. BEER»SIZ
OECDT A b4 ¥ 54 VRKEFFERBEERRA
W LTHEBELTWBAT L bATEFRE L, BE
AL R AEREEOETVEY L L COEEZ
Z, Fi, REFHC X2 EUELE RAEE LCHEL
TWABYFFTYIVVa%BE L, BEAEND
BEEBEOTTFVERE LCo#EREEZKZ, 410
MAZCTHEET - VEBELRT AV I RIBREEDE
EOXTHO—H, <w3IFarzk, BRIIBWTAL
BUEEN R IN, T2, KEECBVWTOEELRE
KA THAL~ AN LA 2 BE L. BRWELLT
X, NORESCRENEZZEBIIOVWTREFTENT
WABNPAHsD ) 5, 2-4BROFGERERHOLEFGE
Wbk E PAHs) O/ = b ufkB LUy =
HTH 510 EE L7z (Table 1),

Y, Choo4BORBEREH T, BELL
10 ONPAHsO B HFEW 72, TORKR, 10
ONPAHs?DH b, BEAT7 LV b a<icLCidl-=
FRELYA, BEBREIFYF<YI VLTt
Vo bu¥ L VEDS, AEIFa LTS
SR INFGUFUBIVTLI-2 bR LU, 7
IFVAIIHLTCRLI-=baF 78 L UBRERER
BWEEE/R L (Table 5), Z07-», HAEBEHO
FEHEIC L > THRVEEEZRTYWEFRE L EHPHL
Py, {LRUWEOERIFEFMIB T, K&
BRPRZIBEBOEWEE AV EERERROE
ERRD THER IRz, T, AFETHELN:
NPAHs® 2 Y:FH M & NPAHs & 353 2PAHsD &
HHERELERLAER —MoE0BALLLE
HOEIRBREWICE o TREZ-TEBY, = b1
EOFEICL2EMEEROEBIIRETHLZ L
PRSP E R ol LPL, RHEEONEMETH
ANPAHSIIZREBRRT v L2 EVFRbAL TV
(Wislocki et al, 1986 ; Busby et al, 1988 : Tokiwa
and Ohnishi, 1986 ;: IPCS, 2003) #%, Zh D&M
ZE&HDNPAHsOFEM I, RHRERARICL - THS

PChbEEZLND, AEEHAVLEESEERERT
BB DR ER AR L & OREL —EKE Y I HE
HEEg57:0, MAXTRETLILEN DS, L1
L, ZOBWERBFEERLRET 070, REE ot
THLEEFRRIN, BARCL2ENREERBROE
MICIIKE 2R L RSP . &2 TRIIE T
REFEEL L Tavxyua— vy N BHREZ £
L7
SNENRBRCHABRA T LT REN
BFoohizl-=buF757 LB, BE HRR
B IUCABEOSBFEERB CRIBE OB o 22
1-= ML 2 BEBRWEL L, BRWEZEAZ
IVATFH—URLy FERERIFOIFa S AAD
HARIIT AR, BRUEOZHEIN~OBITAR
EEWL7. ZOHKE BREXWHG1-=turos
Lydbwidl-o bl rEgld dEELID D
4 BEOEEBRPEHPCB TELIERENRLTED
(Table 7), JaSRfarhOIIC/LEWMEEZBIT ST T
EELT, aLXFa—VRLy FBEEOARIMES
RSN Z20720, AFEEEFHVEZEICLY,
A APPRIZBAT LIALEWRORICRIZT TR L,
DB TEL LIS E ST 72, &
PO IFa 7 ARIERPEEEAZI VAT
T—n_Ly FEBHL, BERWEOP~OBITEF
fliTareldic, HRELTELLIZBH~OENE
Bt Lo TORE, SMEFITSHRE LR
WEICHE L TRIBZIHOBEWIEE (Table 8, 9)
THY, ZOREDSIIRERNRBE 2 FEIC LB MEME
WL LIz, Thb0FEWME % NPAHSBITRER
BT ANBXOIRES X CRERRERERESN
7oA YpiE RS (BCF) # W, KibgE+3IcL
LB EICERLZER 1-=ter 750 vk
BRERE (LOEC) 4819 pg/L, 1-=tu¥Lr
DLOECH & VR KEZERE (NOEC) 2sEFhZh
328 L U88 pg/LEHEB S 7z (Table 10), 2hd
OfEF~IFaseddsl-=bar7sL B
Fl-=tru¥ L roathiHEsE 2hEh560-1,100
ug/LB & T745-290 ng/L &L ) $51-580f5/h & <, 1k
U OABERSBMIC BT 2 B ESRBROBEE
HHHD THER SN2 BRBFEACEVREESE
HERTIE, RBYHPOl-= b Ly oikdig
%021 ng/LE V) BIEICHERCEX A o7 (Table
5 Z&hb, AP LOEYEHEOATIIAET
HEEANOBEBIIE 212, %7, biomagnification
factor (BMF) (30008 (Bacolod et al, 2013b) T&
D, HELOEYBEHBI/NIVWEHRERH IR LR
5, 1-=hub L ryPAEEAEICRIZTTIELZ
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BOTREVEHEMIN, LrL, XHEOWR
WHE TH HNPAHSIZIETREFT OWHEKN B L OMbZK 2
ERICBEEINTEY, NPAHs: B FBEDEVE L
VEOPAHSIZENBRIEHC X 0, BEAWIINT S
B E 5 (Newsted and Giesy, 1987 ; Pelletier
et al, 1997 ; Swartz et al, 1997 ; Huang et al, 1997)
ZEND, NPAHSIZOW T HERBOEEN L O
720 ZD/®, H5EHEZE L/-NPAHSOEEEY
2R BB OWTRE L.

A CEEFERRICAVW A<y IP v
BEEERL, BEHIC X 2FEELE R LR T
EEZONLIEDNS, NPAHSO UV F ¥ I T
I OFEFKEENHT BB EOFERENC X B ELIZOW
THERE L7z TORR, KRE L 7-10EE ONPAHsD
I b 9EEIE, NEIICX VFEENKRT -2 Bl
BAERELEWEDH S, 1-=bulLryiRd
RS L D EENEE ), BEAT LB L THE
BT TEESLOFEU EEE 22 & h5, 1-= b
ULy EOBMEONPAHsSIX, YA F<Y3IT
DOEXREHET LB EFT LI LEHL 2L
Gole ¥/, BBHICIZ1-=bu¥LroEik
DEALDFERICOWTHEEBEEE (ROS) BLUR
THRYOREOWES» HME LR, ROSOAER
POYAFIY IV AOEKMESRISLILEE
EREICHERE L, FRELICEEICROSH LR M FS
LTWwWa I EFHLNE o7z, JBIRENC X 5PAHs
OBEUFELACHEREMOXA T =L E2RTAHD
&, B YRS MAPAHIZEERE L LT, FIC
ROSRPAHHEK D7) =S TP HANEEL, AKRICE
RENZBIITBBRILEE 2 2 EKT S (Fuet
al, 2012 ; Lampi et al, 2005 ; Arfstena et al, 1996),
ChSIHA ZMESICEEZS5 2, aEFEER
BEHENEEFETS (Fuet al, 2012 Lampi et al,
2005 ; Arfstena et al, 1996), BLEDZ & 205, AEF
ECHER S N BIREHC X ANPAHsD B
WIS L, 1-= b ¥ L % ENPAHs% & i
KIZHEBHT 5 EROSHER L CTEB P CHEHK
BElERIL, MRNOBE/ILIEEOENE &R
BREYNOBRILA P LA ERT AR, EIkHEE
WKEDLEZONS, BBMEDORCUVERET S L
B RO U CBIEEE ) 5 (Naganuma
et al, 1997 ; Wiibben, 2000), €7 A F =D —FT
& B Neohelice granulata’e Fl\»7-FEETlX, UV-BE
X DROS, BEERAILIEE, B LUROSHOR IRV
IVx—b LTHRT 2575 —VBPOERFFEINS
(Vargas et al, 2011) Z &5, HHMEDOBVWUVE
FHOATS, SHHENL BB L 2EMFEL S

S AL EMBROERIC LD, BREIH U ClEikEE
RHFER EOBELRIZTTEHRBENS, T4, R
ERERIBBLIEE KT 5 (Xia et al, 2013)
7o, CHEENHL 25 L BEFHESE T WRESE
AN ENs, TRREEREOXREHHER
BICA BT 2AWICHT 5 BICOWT, L) FEC
Rt 2 LERHDLEELOND,

NPAHs DO#EAEW T 2 2 HEHErOHEEL
2 FilEpEiEE (PNEC, Table 5), I L A5 11—
WXLy FBEBBRORKRED SHHEN L 7-NPAHsD i
KPR EE & e LB SN (Table 10), B X
UHBERREOCRSNC X 2 ENFEL LR L -0
HEEE (Table 11), CIEHOKPENBESL X
EFY I AKRFHEEREZILRL, EREILS
FAHMEAMIIRIZTIYARAI AR L. I VAT
T—RLy FEHEEE AW THE LK hERE &
W L-BEEEICOWTE, BEOY A7 FMETH
WHNLEMEE RIBICERE -0 hEsEHE
L, PNECEHICIZAWE o7,

l1-=tue+r7%1 >y (MW :17317) ox/hadt
HFEUME (35 a3 7 2 28 FHEMES60 ug/L)
7 685N 7-PNEC (5600 ng/L, Table 5), 2L &
FR— RV y FBHEEAWTHE L2AKRRE
BEIZL-BEHFIRMELOEC (1.9 ug/L, Table 10),
BIUOXAKHBTICBI A VA Y YI D ya)—F
Uy RS A RBRIC B CEKAEAZD Shzig
B (10 uM, 1,700 pg/L, Table 11) L Hh®L T, &
BRSBTS EREEE (HARMIKSTREST?
ng/L, Murahashi et al, 2001) SHEBEETILEH
WTHREENAHY 7 VT HBOKPEE (10
ng/L, Yaffe et al, 2001) BX I T H ViiKPEE
(117 ng/L, Huang and Batterman, 2014) 3100f&LX
FERWBETHoe ILAFE—LRLy M
BEORBE RS HHEE L FEEIZLOECLAE S h
TWihWAS, 1-=haF 7% L Y ONOECH LK
FLOECHZEME]19 ng/LD1/100TH 5 Z L idF 212
<LK, LA1I ug/LICEWETHH I LBEZ LR
%o 7z, WBNBEDSKTRELOECEH#EREL TV
2200, PHEREEOBCTRE DS, 2hz
ZRLCLETHE LZLOECEZ ZERE10DH 5 Wik
10T L7z& LTd, KARL L TREKRPRERE
BESCHEREDHVENMETH L, ThbDZ b
5, R X 2HEUELLBYERMEOT LS B R
LCh, BEAYICHEELRIZTUREIR LR
b,

2-=tu 7ty (MW:21122) OR/MEME
#FHME (RIF 3 718 22 %FMHE>46 ug/L)
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7518 5N 7-PNEC (>46 ng/L, Table 5), BX T
BE/ATIZBI AV AFYITVra/)—T Yy A8
HERBICB W CHEKEEN RO b -BE (1-10
uM, 210-2,100 pg/L, Table 11) & HEL C, HREH
BEFVERAVTHEESINZHY 7+ V2T HIBOK
rhigE (22 ng/L, Yaffe et al, 2001) BLOI v H >
K2 (87 ng/L, Huang and Batterman, 2014)
WA LHEHSHBULEVRETH -7 15~V = b
OoF75Lyo (MW : 21817) OR/MNaEEEE (<
IFa 7T ERANUFEEMS ug/l) oBH
1 7-PNEC (>380 ng/L, Table 5), B & U HE&H4T
B AVAYYI Va7 ) Ty ABYER
BIZBWTEKBENRD bNZEE (10 uM, 2200
ug/L, Table 11) &ML T, HAMIFOBLRE
(10 ng/L, BES, 1995) 13474 < & 330U LK
WIRETH o2, 6-=Fa 2 Y kY (MW :27329)
OR/NAUERE (3 F a3 Z i 58850 E
>0033 pg/l) 257 5 I7PNEC (>033 ng/L,
Table 5), BIUREHTEIBIFLIAF<Y)IT Y
o) =7y AMMERBICB W OEKBENRD S
hi-igrE (1-10 uM, 270-2,700 ug/L, Table 11) &
gL T, BEHETFLVERHVWCEEIN-I Y
# Ak iERE (011 ng/L, Huang and Batterman,
2014) 3475 B 3BULEVEETH -2, Th
5D 3WONPAHsIZMh D AMHFEERBRICBNTDH,
RERBEOHBTS0% L Lo@EARME, BRJHEE
KEED 3 WIAHEATHEED LN, BEHFEEM
PREBREEEDLEE LTERLTWS%, PNEC
PEEELTWREEZORS, LPL, ElllBL
R EN7-BRBKPIBREIX M 5 OPNECE TRl o
TBY, BL2EHRLLEZERLTD, Zhb6o
NPAHSIZBHAEORBE KT RE CHRELEYIIEEL R
TR RECEBEEIN D,

1-= b€l (MW:24726) DIV AT H—
VAR Ly NEREEORERED LHEE L AKRIREE R
L7212 EEENOECS X U'LOEC (32 B XU 88
ug/L, Table 10) BIUHREHTIIBIFL T 45 <Y
IV Al =TT RAEERRIC BV TEKEED
D OSNIEE (001 -10 pM, 25-2,500 ug/L, Table
1) LRBELT, BEAFCBI2RERERE (B
AT NI #EELD ng/L, Ohe and Nukaya, 1996) %
REHRETNVEHCTHESNIZ A 74 V=T H
BokhiEE (29 ng/L, Yaffe et al, 2001) BL '3
VA AR EE (017 ng/L, Huang and Batterman,
2014) RIOEEERKVBETH- 7, IVATO—
WALy PBEEORBRED SHE LB EEE
SIPNEE S S ARPIREOBEEEELHEE L TV

e, AEROBCTREENS S5, chiEE
L C L THE L72NOECH 5 \WIZLOECR B4k
105 5 WIZ100TER L& LT, HKRE LTHREK
PR ERHEECHCRED TP TH > TS, 2h
LD EMS, BT & BEHEEEEFMEOTH
EMREZRELCD, BEAEOFAESLPREIE

FRIBTREIEVEERESS, LAL, 1-=
FeELroRAEEEEE (RFLVFATICHTS
SMEFNEME042 ug/L) FREHRII00TH L/2PNEC
(42 ng/L, Table 5) it LEEDKFREMRHIEE K
HEEEREIVEVWDODIIIZFASOBRETHL -
», 1-= b ¥l yidiEsY, FCERRRICE
B2 RIZTWREEIEE SN, ZOWEOEEREL
BT 20 AZIZ20WTESIIMEEZED TV LEN
Hbo 72, ZOMD5WEICOWTIIREKPRE
BHREINTEST, 25 ONPAHsD R B
WKRIZTHEEZFHMT LI EIETE R o7

AFFEOERE, PUTOLIICTFLDBHI P TE

%,

1. NPAHsOHEEAWIIHN T 2 2MEHIEYORE
BIZIDBRABERLRITWEIRLR S,

2. NPAHs® Z&:#E Y8 & NPAHs & 3t 5PAHs
OBFEEL LB L BR, = M uEoB AR
L AEROBETRBAEYIZ L > TR, —F
DOEMIEFRD HNBV,

3. NPAHs% EREHIBRZBRBROERICEBREDI D
WEOBBIIHT B EFMICIE, I VAT
T— Ly MEMBEEHWT, X ATRICRAT
L7 E ORI RITTHEE R HESER
TH5b,

4. NPAHsHBAT L 7-AEZHBR~OBHEZE LK
LR, SMERFEDRZROBIEETDH
%o

5. BRI T 52 MENME L BEFEMEL LB L
R, EBEEEEsSEEEE L D b 5-50085%
BE/NE W,

6. 1-=ra¥Lri @ EEONPAHsIE, FHED
Wik x HET 2 5% EHT 5o

7. BB B1-=bu Ly oHEEEIZER
WHHERERE (ROS) OAERLEFES L TWwb,

8. 1-=hru¥ L vi ENPAHsZ & KIS Z R
595 EROSHARK L, MBENOABILEED
Bz ERBRERHAOBILA P VAN LR T A
3, FREOBKHEECEZHEHFEAH =L
PHEEEIND,

9. 1-=tusdv7sLy, 2-=bar7ntlLy,
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15-Y=turzrLr, BXo6e-=—btuary
T IZoWTH, kI 2Lt EEEE
DAHEERLZR LT, HEOWKFIRE CHE
EEYIIREEZRIZTWHEEIEVEEES R
%o

10 1-=bBEL ViZowTIERIC X 2HEEELR
BUEFHEEORHEE*ERL T, HEDHEK
HRECEEAEOBAECHREICEES RIT
FTHRREE LR IND A, BEEY, FIC
BEREICCER RITTWHRELND 5,

NEIIHA 2BEOCFYWEEEATAILICLD
BRERBT T 5, HHBACENE R O
BERBICBITL, Mr LB CREARRICEELRIT
LTwb, AT, MNEFERICERT 2%
BOMHRICHEATZRIEWICERL, 20T THH
TICRBRENBREINIYWERHO—DLEZOND
NPAHsDELER~NOMAY X 7 §H G2 T, &
FRE LW EOBTIRLI-= b a ¥ L VAN ERERE
KERETIVRIZPEFOZE2HLMI LA, LaL,
I REOEHRRICRA T 5 Bl EY O AR~
DEBIZODVTEF 7L UREL v ERENR
PAHSIZOWTII % YIIRIFIEA TS OD, K
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VPAHsz EFBERICHA L ERESOWI-WEEC
DVWTIE, REE= )V FBIUEYEEICHET
HIEHBICA R, VAZFEEPETRVWET T
HBo RWEIZEB VTS L7210DONPAHSD ) 5
SRIZOVTREREKPRESFEINTEST, &
NS ONPAHSOHEHTREIC RIZT ) A2 #FF-iTE
Lol Gk, BEBREICRIZTUAZ 25#ET 5
7:®, NPAHsZ B UHEHRICHA L ERREN OV
WHEBORBEE=5) v 7%7H &L i, Foho
PAHSBIEWEIZOWTHEBEAWICRITTHE LR
AL, VAZPRVYEEZRSICHLMIC LT L &
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= hu7l—r (NPAHs) EEIILAREOAE
LB X D IEBRMICAER L, SENICIIEREE
KHATAEEZONTBY, BEAWIIHT IR
FREENTWS, 72, NPAHsE 5 FiEEDR N
YL VEDSRFFRRAKFITRIABRITICLY
BEEYICHTAHEEIRELIEPAONTEY,
KBJEIC & YNPAHSOBRRICRIZTHESHERT S
WEEMREZ SR b, 20720, AR, RE BAE
BT —BRNEECMAT, KEBrERL
7-NPAHsDWEAEW I T 2 BHEEZHOL ML,
BEHRoOBSETRBELHETAZET, HRAIIBITS
NPAHsOEHAERR~OMH ) A 75 i 2179 2 &
ZzHIMEL, ABFEEEBL .
RERWORL S, BEREAS VM2, HH
vEAy<YIYva, AEIFa s BIUva b
{24 E L, 10BONPAHsZ MW E L LT
SUFEERREZ TR RBREMICI-TYHE
TLORZFUNELY, AWOREEIC L VEVEE
ERTHWENBRRLZEZHASLPICLA, 1=t 1
FI7FVyERRI-=bu¥ LY EREGEARILRT
T—VR_Ly bERFIIROYIF a A ADHREFI
HHEAAR, ZRHEP~OBITHREBRZ ER L %, Fai
AHROINALEWEEBITSEBLFELLT, IR
FU—=RLy NBREEOFMEL R L, FFE

ZHOC, BERMEPBIT L-ZHIN~0F L
ERELER, WThoWE b SMEBIZRIEZER
BEERIZL, SHMPOHERMERE 2 ZICEBEE
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L D BESERE -7 BROBLERE L-WE
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