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ARIREEIT TR 1 54EE., 1 6 FEE DA T LT-, 2R EBRRL
K#E (PAHs) ZHLET HERIEARERELGREME (POPs) OO
ZRDICHIERE L& THD, PAH s I TRBEER kD, BRERLEME
. F&tE7r EOERZROBEMIBEEMETHY ., POP siZoE SN
b dH 5D, Andrea Gambaro FHI(ZXiLL, POP sD—>& LTHY LITH
LT % (Environ.Sci. Technol.(2004), 38, 5357-5364) , A5 ETIX
BRI IRICHB 15 P AH s OFRFIBEEDOAFE,

F2FILZ ) LIZP AH s M7 EOKEEEF T, ELICKBEEREICL -
TED LI LA IR L T ARz, T7bbLEREIG YW E O
THEHEHREHETH D,

WIEILZ ) LIRS b2 WE L LT, KB EHREERERENE 2 5
NHMN, 7a—A Tl varoghiiikab b, ERBREFEO—>ThH A
—X—=F X NEA F o OLE)TOHFMPEDHE TH D,
BARTRERLVELTIAXNT = ) —)VDOLEE) | TOHMmA LS L=,
IRBINEBUIC DWW TIIBAE GRS EIT L TR0 . LU N OMEI R TR R D7
BEonTWVW5D,

MR

LA EHRRILKFE (LLFPAH s L8 1&, Homrta 50w E o —
D& LT, BEE, BEALVEAERAZREOSENOEIRY EiIFonTngd (filx
I% Andrea et al. Environ. Sci. Technol. 38, 5357-5364 (2004)), P AH s 3%k
B SR L STV DR, & ATEKD B O run-off (2 K DG, #HTITAR
TIIEETHD L EZ, BHFRBICODTITLE), Wl K OKIEEA RIS
DWTEDOREZWE Lz, FLLE)NZOWTIIRERRIZ OV THZ DN
WIZB T HBREMBELBRE Lz, ZEINZOWTIE, BFERETS5—50, BE
BET100—700n g,/ LEHTEL, S EOINERIZ SV ClrdugK
100LZ2HORY T LZ 7 4—AIWELTHE LR, £ Ok RMEEE
FKEBWAK T3 —5BMOPAHSsICHOWT, 2, 300p g,/ L. £-REMNE
DUFAKNPH 3 —TERICHONT100—-318pg,/LOPAHSs #HIELT,
F72P AH s OKGEHIRIZ L - TEMRT DILEWIZHOWTHFRIE Lz,
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F1E )N AEIZEBITS P AH s OFREREOMI

1-1. H&

T, NI L D HARBEE SO 2050 RA B L 72 > T D, FFiZ
PEER LA, =X —iE UTERBREIER &4, fRx 2B CJ&*?UD
AEE BN LTERL, F0O—F T, BEEEOTHEELHFHEID % H
B A H |EOEIMI R, KRt s s ﬂFﬁXm/ﬁﬁfzfijDL ?k’?
Bex e BERITL TV D, T8I RBEREICH, & R &> T D

IZHER S R & U CERBEPICHM SN DG EFWEIC LD AME~DFRENEE
ShTW5

FOHTHRMIETIE, TFEEEH SN TV H{IEABEI OB I ENEAT D
S B I & R bk 3R (Polycyclic Aromatic Hydrocarbons:PAHs) (Z-DWTTEH L
7=, PAHs O HITIXFEN M F LT EHUERZ0 S EZ T L ORI
THEY, ZhLOREFICBT L2 ZFHLLEFEETHL EEXLLND,

PAHs O F 4R AR E L TE, BEIFERS THOIST A, KEREFERE, /3
A F= ARBELERFT B D, BAERSE LTTAMN - AROARTEREREEHR D
LOMTEEAEZ HD, AGNRREEENERE L->TnD

PRIBEIZ L0 KR HRIcht & hie PAls 13, KEHITERH L TV D & Z 0 —
DRAICEEE L, W E L THIRICHEY < (deposition) , HIZRIZRR U 7V 72 PAHs
X, FARDES L, VTl E L THRIZHEAL D, PAHs O/KEBREE ~D e AL
E LT, Ak LR oiic, AEhE SR, B Lic#E b7z A B FE
HURL -8 DO FIKIZ £ If’ljfﬁ&(stormwater runof £) 8 d 5, K & EAK 237 T
D & 9T LTI, HRST O BINIC £ S BEEE - IERRIC X o T PAHs 2SAEKTHERH
e L TERINS LI J\Uﬁﬁ@fhéﬂfb 5 bEZ2 BTNWE, 5T
AWFFE T, ABEEIZKIT 5 PAlls OB OWTHER L,

1-2. M
- B9 (1)
AT TIXZEE) I L2317 5 PAHs O EBREICHER T 5 FE)II H
%%ﬁ@kMMﬁ%ﬂﬁmpmsmEﬂﬁxMEL\Muﬁ:%féﬁ%@&
%ﬁ?*ﬂﬂ:;@ ZOEREEFA LI T S, S HiC, ARMMANEICET D
PAHs AR @@ B2 E+ 4, £/, WO TO PAHs OG5 ANLRFEREHH



Zklick v, BB L PAHs FEREIEEN G, THEKIC 7% PAHs A-f5]55

- B (2)

BEAF D92 TiZ, PAHs ORI (E methylphenanthrene/phenanthrene (=
Wm)m%@ﬁTélkﬁiUﬁbﬂTMﬁomﬂJHwﬁﬁimwgdm
et 1 BLEofEzE L, VY y, TATZ7k, Bl EOA RN THE 2
LEDOE RS Z E et TS (Youngblood and Blumer, 1975 ; Prahl er al.,
1984 ; Takada et al., 1990), ZOFEIZLDERHEEIZLD L, KIULZIZEBW
THAMBHERHB MO PAHs [CH BEE2Z T TWD Zermahiz, £
o, BARUEOHERYITBBEERT B ETHH Z LIV I,

Las L. i, BYERIE OGN £ 2 BRG] FiE T S 7z (Yunker er al.,
2002), Z DOFETEHEEH O PAHs O BIEEL 27T 52 &1LV, PAHs @
BIRHEZT 5, ZOFILETIE, AMREE « A A~ 2B - Al B RO
WFNRTHDHNE VST, LY IEMEA PAHs EIHHEETE 5 Z &R I N
TwWb, B PAHs HLEZEFRGE & & BT 250, ZTEN/RFELCT
5 BMARE O OB RITIFEA SR BV, Thbh, Btk x
WA Z L2 L D PAls BIHOMEEZTHZLENWETHDLEERZ LN TVD
L oT, BMELOBFHIL D, HiickIT5 PAs ElRZMHRT L2 L2 H
KET 5,



2. ok

2-1. FHA A

ZEE)INFINBLER OSSR L, L oXiieahd, JAUSIoE

4 F 138km (WP it 46km) . Gl EFE 1240km’, WWWAMMSﬁAm~
FRITNTd 5, WO AR T MR AR L. TSk L 2 R8s
ZIT TS

S EE)] Lt (PRI 1T A e 16, 8km L EC 3 D HEFRAIE £ ToH
P, Ko RER AR Tl b Ti Y, AEFEAMEL O o)l
AKITHEAK DFEAN & BREEE I Ty, W HR TR DAL X S35
DOEHABEETND, D ERICESGEYMOEE - ILRAEZ Y | HERY)
&waf:%ﬁéﬂ7~:@$6mmuﬁmWM®iﬁ-$ﬁmﬁLfﬁ%
IRBRE Tl D 0T, ARMFIE TSR X S i 2 25 58 ) 1| 1 ol el AT 8L & 9] L dm b L7,
AUEHR U A % Fig. 2-1 IZK R L7z, HAEGFEMEZ TR0 & L, M2 M
PV, SR A TR-1~9 & L7z,

(. TR-6
M,

Fig. 2-1 o] ORI 51 2 B0RHR Bt o



2-2. e

2-2-1. BEmRERUE
2004.5.28 ~2004.12.14 (ZFF 5N LE)| HEFAMHE (TR-0), ) 1 ik
(TR-2~7 DFF 6 &) (CHBWTER Lz, RhiEE LTI, WIREBKE
T AWHEARE (Whatman GF/F, ¢0.7um) ZHWTAEZER 27~ 72 BIC
GF/F LICHEFFENBEBE 7 0.7um) ZBEEE L Lz, il O GF/F
T NI RA N TR, Py —fFEE=—A WM ANT, Kim L biESR
{fECHt 7Rl :%%'?v it Z17T 5 £ T30°CTHEERT LT,
SBHE R, KBSV TS Table. 2-2-1,2 (23 LT,

2-2-2. VEArRERUER

2004.5.28 ~2004.12.14 (2 EF SN LB HEGAHE (TR-0), ZLEE] 1 Bk
(TR-2~7 ®Ft 6 Hi&) (ZRWTEIL -, SHET, %Hﬁﬁ%ﬂvfwm pH %
HORIBA HUEFTOH 7 ABEMAIKFRES (D-21) ZHWT, ExU=EE, &

Sy VBFE % HROBA BUEFTOEREF (ES14 €7 /4) 2 AW TRIE LT,
BREUFIEE LTid, WINEREKE T 7 AHEAH (Whatman GF/E, ¢ 0.7 1 m)
Emb\f%ﬂ%%_anh ARz R R (<07 pm) & U7z, aUBHRHREE

LIZE T T A AN, KG LB LR TMEEICR b7, 47

ﬁ&ﬁﬁﬂ%@’\frﬁﬁ%%% EWBIREND Z LR ToDIC M HlEE N,
pH4 UL FIZFRBL L, A& 1T 9 £ T4 CTHmElRF L7,

HBHE B . A2V T Table. 1,2 (25 L7,



Table. 2-2-1 ZEE)(| M EFRAIRIZ 234 2 B0 BURFY

Fl I i o> ) A pH | Gk e
{%o0) (ms/cm) (mg/L})

2004.5.28 0.4 0.323 9.11 2.6
2004.6.30 209
2004.9.17 0.4 0.315 9.32 2.2
2004.10.15 0.3 0.499 7.91 28
2004.11.11 0.3 0.294 7.63 8.8
2004.11.26 03 0.280 8.69 3.9
2004.12.14 03 0.289 8.01 25

Table. 2-2-2 ZJ&)1[{n] O EEUEHER BT (2004.10.15)
Hht A4 AT (LA HEFAES | ) A pH | WRMRL L
£ O PREE(km) {(%o0) (ms/cm) {mg/L)
TR-2 | PR 7Bt i 0.3 0.189 | 7.70 12.99
TR-3 | AEBGE T 8.4 0.6 0.669 | 7.65 10.56
TR-4 | JI|MEF ACHTSRA T 9.6 03 527 | 745 29.76
TR-5 | AHili AAGE T 10.8 6.0 1091  7.78 16.63
TR-6 | 3 mEBR{|F 12.0 12.4 221 | 7.84 16.98
TR-7 | 4EF )5 T 4431 14.4 17.1 206 | 7.89 12.04




2-3-3. HERAH) Rt

2002.6.13 (2R HIZ L o TEHRER S V7o 2B ) 19T W BHERE 06 (BRIDUHE i
TR-13~79 ® 7 #15) 2HEHA L1, 8EBAEE LT, =y 7 <= U BESH (20cm
X20em X20cm) #HAWT, M bR L7z, BlIELERIZTFT 7a 747
—fFEDARAT L ABE v R—IZ AN TKB LR LRI TRREICE S IR
V. AT E T-30°C T MR LT,

AUEHR BRI . K- T Table. 2-2-3 (25 L7,

Table.2-2-3 26 1E)[|i0] O i HE fisdy U B AL (2002.6.13)

Hh A AIT{E Hh WP RN Hisy | BEE | pH | RRMPRL r-EEE
FEEE (km) (%o) (ms/cm) (mg/L)
TR-1 | 28| AT -10.2 1.3 208 | 3.09 6.51
TR-3 | <4545 -9.8 3.9 717 | 3.08 2.31
TR-4 | JIIE5 ACETER 3T 12 4.7 874 | 3.13 1.37
TR-5 | AHlAKG -6.0 9.7 17.65 | 3.10 3.02
TR-6 | I MBR{E 4.8 10.0 1786 | 7.32 2.75
TR-7 | {E7F )15 T 24 13.8 237 | 751 3.29
TR-9 | ZEE)| b > AT 0 17.5 29.8 | 7.8l 3.56




3. i Tk

3-1. ZrHrakdeds L OVFEERR: B
SHTOBEIZER L7md Bl a2 17,
n-~% 1 > . Wako, for HPLC
YU A AL Wako, for HPLC
7 k2 : Wako, for HPLC
A A )il Wako, for HPLC
AAB{/K © Wako, for HPLC
VAF RN LT IR (DMF) : SIGMA-ALDRICH, for HPLC grade
n-~~> % > : SIGMA-ALDRICH, for HPLC grade

DMF [3E#IIxF L, S%EREKEMAZ, 5% NEM LS TEM L7,

HEOKRFERET U D A Wako

77 AMHEM 5 AHE : ADVANTEC 86R, 40 ¢ X 150mm, 28 ¢ X 100mm
77 AfEHE AL - Whatman GF/F, ¢ 0.7 um

H T A2 — LA~y | TWAKI, IK-PAS-9P& IK-PAS-5P
bR A IWAKI, TST-SCR16-125, 16 X 125m/m

A g7 —/b : fine

SPE &7 — kU » 2 : Water, Sep-Pak Plus

> 7177/ . Davison Chemical Corp. , F.C.(N0923) 100-200mesh

ZFOMIZERICHW T T A8 RT, R TERMAITI#E, MK T
L. 90°C CHh S 7=, Wile XW7= 4 T A28 B3 AR n-~F 00 Tl L,
BRI AEBRE T THRSETHLMEN L,

H 5 AMHEM 15 AR, 7T AMHEAIRIT~ » Z/L0F 450CTNEVILEE L, &
A —H—NTHRGH%, FERL,

N BTN v TR T 450°C, 24 RN L, EEIZx LT 10%
DIEAZ N2 T 12 BEMIED BETH L, n-~FH 2Nz TRFEL,



320 BT BT
SPTFIEA Fig. 3-2 WOk L7,

MEFa R URE | A

W] A

o 7 A L—Ahl)
100% DCM i [

e

A oy 7 A L—fhtl 100% DCM

A 4 A 4
fhitire

10% TREEIL S U A T 4 i
n-Hexane:DCM = 1 :1

o om0 !
n-Pentane / DMF 43l (X< 2) EAITHE (2500rpm, Smin)

DMF Jif % B i

LR (2500rpm, Smin)

e

n-Hexane / DMF / fili/K 4pfd (<2)

Hexane i 4 {3

10% FIEHELS U BB T L LoUR:Hexaun

v

GC/MS (SIM)

Fig 3-2. EEfEo7a—Fv— |



3-2-1. Wi e BUEROH

TRAE R I % R ARAE L 7o o MR T EE B A E L7o1% ., BV R A
MUICANLT, DCM #J 30ml T/ v 7 AL —filith (15min/cycle) % 40cycle {772
VY, HEREMRCEFO IR & L7z, BT 5B, d-PAHs (p-Terphenyl d-14) %/
-

3-2-2. FEAFRESCEL Ol

GF/F Z W= Az L 0 7= A% SPE H— U v VI L DM ET-
75 SPE fa—=h 1 w ¥ WWW&E%i%MUWTn”V?&/ DCM, A& J—
fe EEEROIECE 10l T lalyF 2 ira=ixlEiTsl, 728 9L
B P—l—rm T4 g ¥ LE SPE b0 P&y kL. #tE
20mL/min LA FOFLE T L, KPofbeis s iz, B2 L & o721,
SPE — bV v NI ST KD EERT AT UM Lz, BEHIZEAS S
L&Y% DCM 20ml T W7z, EHRITERREST Y 7 A THAKL, &
{rHesEl & U7, B35 B8. d-PAHs A 7=,

}ysﬁﬁ%ﬁﬂ@%*

SRR, R U TRk 1-3g 2 &0 | BUEHA MR AHIZ AR T, DCM
% 30ml T w7 A L—flitH (15min/cycle) % 40cycle 17724, HEFEW SURFOfif
i L L7z, fith35BE, d-PAHs 272,

SINTHRIE

3-3-1. 10 ANEMAL ) AN BT AT a< k757 4 — (First Step)

IRAY —/LE~y b (IWAKI, IK-PAS-5P) ., {797 —/b 10% &ML Y
FhZBWNT Y B HEL N FAEBIESTE, ke B —F U —X/AR b—F—T
BHEt., BRI AREALTICE D & 5I2BH L. Hexane/DCM[1:1] (10mL) T
=B L7z,

3-3-2. DMF 47#d %5 L OF Hexane 47
First Step T/l 4y % 03 —& I —xT /R L— & — Tiliffaie, BRI AREAS



FIio &L 0 & HICiRii L, Pentane (2mL) / 5% F{&E1E{E DMF (2mL) Z BRI
B L, P&, o 0srEE (2500rpm, Smin) 2172 7o, EO7rRE% ., s7E L 72 DMF
& 2B L, BIOMEREIZ® LT, 57 Pentane JE(Z 5% ~E&EE{L DMF (2mL)
ZMA4, & biZi057BE (2500rpm, Smin) 217V, 578 L 72 DMF @ 2 £ L |
RO RE I LT,

BEHL L 7= DMF J&{Z n-~FH > (2mL) /Z&®/K (4mL) ZINZ., HFRE, =
L7 BfE(2500rpm, Smin) &1 T- 72, mLAEitE, wBEL -~V U EAEER L,
%IJU)EIE%% (R LT-, Aol DMF/ZERIAKEIC n~FH 2 2mL) £z, &
HiZi DR (2500rpm, Smin) Z{TV, HEL 72~F @2 el L, Blloat
BRI LT,

"-‘E@?’if’ﬁf“ﬁéﬂﬁ Liz~FH o @ciEttfizbeinz, BERE 122 /52X Y
it o5 55 25 T,

3-3-3. 10% RIEMEAL L Y v A~ 277 7 4 — (Second Step)

FisREE, o—F ) —xz /R L —F — Tk, ERTAREI{NTICLDY
EhicEMmEL, YU BAFLE T A n-~FY 2 (I0mL) TERLE, 6N
FESE T —2 ) =T/ R L —F —CRER., ERTARESIHIICLD 61
BHEL, " TMCB L, TNEERHTARESNTTREL, A7 U 20—
AT I Lo,

3-34. FEBLUER

AT Y 2= AT WMZHBLIEESD IS 2ul 2HA7a~v NI 7H&sn
Brat (GOMS) IZE AL TIRE « & L7z, MWEX SIM. Mode Tir-72, Ml
B VXA R A0 E NS AT (p-Ter-phenyl d-14) OEUIEEIZ X 0 fiEA 3 2
72 o7z, BLFIZ GO/MS O 2R,

GC : Hewlett Packard HP5890 series II plus

BRSO HTEF : HP5972
717 A J&W Scientific DB-5MS  (length=35m, i.d=0.250mm)
Xy UT—HA ~U o (HE : >99.9999%)
JE /) 2 6.2psi. tite : 0.7ml/min, #EE : 28.3cm/sec
IR - FHHIRSE 70°C  (Smin fREF)
HEADERE : 300C, MS A & —7 = A AEE : 310C

10



4, STRT TR OREE

OMTITEIC BT HEIR OB

3-3. IR LT EIC X AR O E 3 2~ 7o, ZEE)IHEREY) 5.11g
Z DCM (139.04g) THH L, filttiikZ &R L. ZhzEgEalet s Ue, Z ol

HESABE D & Sy EL L ﬂw T IE NS R HE4) BT (p-Terphenyl-d, :1S) 2 I 2., =
NE 33 R ULIEWEEICE Y 2 oL, 1S ORINERREZ L, #&
A& Tabled-1 (23 L7-. ﬁrl;#i‘-w.)@umﬁdi 109% & 72 > 7D T, 3-3. IS Lics

FrEefECT ST TEL Z &R TE,

Table. 4-1  [ANZ5 0 il g

Sample.A | Sample.B

Recovery (%) 109 109
[p-Terphenyl d-14]

Y-+ 2 MRS E R (2) 1.000 1.000

4-2. EBABRMEOBE

LR | HERE iR % 3 D12 B L7z (Sample.C.D.E), %Mt L7z fliH# i ZAH
é@* HEWME RS Tabled-2 (25072, ZhbHE 3-30 108 LI thilEc

3T L. FERIE L EINEZ R DT, p-Terphenyl-d,, DEIRIZ LD |

Al A IE U7 0 Hris A & Table.4-3 (o8 L7,

T OfES mEEE (C.V.) X anthracene : 20%, retene : 31%, benzo[b]|fluorene :
35%, 2-methylpyrene : 36%. l-methylpyrene : 35%. benzo[ghi]fluoranthene : 28%,
cyclopenta [c,d] pyrene : 28%, coronene : 20% & 72 1) | RLmUWMETH 72038, fib
E N% A TH D BHRIEDSHER TE 7, d-PAH [HIRIX 81£0.16% TH - f_m
INDHORERDD, 3-3. (TR LIeoHriRfET PAHs O30 [T THETH 5
iy L7z,

Table. 4-2 43 B L7=fibiic Y A HERS EE R (o)

Sample. C Sample. D Sample. E

fIM 2R R R () 0.392 0.437 0.456

11



Table. 4-3 AFHRPLEOfERE

compound name sample.C sample. D sample.E Average EEEE ZEEMRE (cv)

naphthalene 24.96 20.21 21.66 22.28 243 11%
2-methlnaphtnalene 1552 12.93 13.96 14.145 1.3 9%
1 ,5-dimethylphenanthrene 943 7.77 8.15 845 0.87 10%
phenanthrene 113.16 129.39 101.97 114.84 13.79 12%,
anthracene 29.60 21,17 21.35 24.04 4.82 20%
4H-cyclopentaphenanthrene 16.86 14.81 14.26 15.31 1.37 9%
3-MP 22.25 19.11 19.16 20.17 1.80 9%
2-MP 3648 30.83 30.72 32.68 3.30 10%
9-MP 21.36 18.16 18.04 19.19 1.89 10%
I-methylphenanthrene 23.09 19.39 19.54 20.67 2.10 10%
fluoranthene ¥7.25 96.32 93.91 99.16 7.1 7%
pyrene 16475 143.67 140.61 149.68 13.14 9%
retene 17.84 14.80 21.14 21.26 6.52 31%
Benzola]fluorene 11.07 19.63 19.14 19.95 1.00 5%
benzo|b]fluorene 9.36 4.42 8.35 7.38 2.61 35%
2-methylpyrene 8.19 3.78 7.06 6.34 229 36%
l-methylpyrene 5.67 251 4.71 4.30 1.62 38%
benzo|ghi]fluoranthene 18.03 18.69 10.72 1581 4.42 28%
cyclopenta[c.d]pyrene 4.21 436 2550 3.69 1.03 28%
benz|alanthracene 70.24 65.82 64.02 66.70) 3.20 5%
Chrysene 86,01 78.32 76.31 80.21 5.12 6%
benzo[b+jlfluoranthene 160.91 149.68 144.02 151.54 8.60 6%
benzo[k]fluoranthene 52.42 48.12 46.52 49.02 3.05 6%
benzole|pyrene 95.19 87.18 83.27 88.53 6.08 7%
benzo|a]pyrene 93,76 9143 86.05 90.42 395 4%
perylene 175.67 171.51 160.15 169.11 8.03 5%
indeno[1.2,3-cdpyrene 88.601 84.58 80.39 84.52) 4.12 5%
benzo[ghilperylene 109.94 103.00 97.68 103.54 6.15 6%
coronene 48.24 3232 4418 41.58 8.27 20%)

12




5. FEE K ONE
5-1. PAHs O FE/5Fq

5-1-1, I H E R e 2 % PAHs JIE

?%bf»%ﬁﬂlltﬂl fﬁtE ZEBWT, 2004.5.28~12.14 O, ¥+ AR
fETH 7 U 7 UTIK 2 RFRERE (<07 pum) & EREREGE (0.7
m) (250 T L-, S@RestEhT 3-2-14C R Lo ik, EFReae
X 3224 Lt s cERERANH L, sz Y7 & L, 3
T E 330 R LT T ER T 5 72 . GC/MS (SIM) TodT L7z /b4,
Table.5-1-1-1 {2,k L7z 2= b7 F 7038560, PAHs DY — 27 2R+ 52 &
g,

SIMT L7=fE % Table.5-1-1-1 1275 L7z, BB RERUEF O PAHSs REEIE 36.6~518.6
{144 :232.88(£63%)} [ng/L] Td 0 | I8 /FREMEHD PAHs B2 IL 15.13~75.56 {*
) 1 38.86(+62%)} [ng/L] TH -7z, HIE 0.2~04%DHFATH D, NAEIT%
s,

Table. 5-1-1-1. 21| HEFRATIEIZ $50T 5 IGWE0E - P FERUE @ PAHS

StkER ) | PAHS M [ng/l] | PAHs J%E [ng/L)
(R UER) (FRATHERUE)
2004.5.28 426.1 NA™
2004.6.30 312.4 NA
2004.9.17 104.0 35.39
2004.10.15 278.5 1513
2004.11.11 86.1 47.31
2004.11.26 36.6 75.56
2004.12.14 386.4 20.99

2 ONA @ RO
Table. 5-1-1-1 OFEERHE . @KL -H7- 0 O PAHs IBEAHEH L. Fig.5-1-1-1

WXk U7z, SRR T-d 72 ¥ O PAHSs R REIT 1) 49.49(£80%) [ng/mg] T -7z,
F 7=, BRERL TR & i B O MR % Fig.5-1-1-2 (2K s L7,
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Fig.5-1-1-1 7o @ER HREOBEME & I PAHs REZVHML THhH I &
DIMERR T & 2, E7o, Figh5-1-1-2 MO BOHM & & & (IR T- IR E 2385
LT b d k ﬂ‘ﬁﬁmubc % /L_ 3

y=14.648x +151.44

Total PAHs cone. (ng/L)

0 5 10 15 20 25 30
Suspended particle conc. (mg/L)

Fig.5-1-1-1 21| SR A S e Uk v O R RT -2 & PAHSs /< o0 BfR

30

25 F

20 |
y =2E-06x + 0.278

Suspended particle conc. (mg/L)

0 5000000 10000000
Total Flow val. (t/day)

Fig.5-1-1-2 Z15)1| H R FRA R 3500 5 i & e (-8 OO B
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5-1-2. ZPE) T L2 5 PAHS i1

FH O NEEE) ] LIz F v T, 2004.10.15 (o F U 7 Liz)IAKR (6
L) ZEFRE (<07um) CBRERE (>07um) é:%s ff}UTLT; W ) B
HBHE 3-2-1. R L FIE©, BEERENT 3-2-2 TeHHTETER
Fhim L, Bl se S ok Ui,

YT E 330K LI 71 THERE)RAUB O RINLE 217V . GC/MS (SIM.
Mode) T4 L 7=fEF 4 Table.5-1-2-1 (25 L 7=, BREREFUENO PAHS 1T 99.5
~767.6 (*}-¥) 313.6£216.8) [ng/L], & riEaUEHT 5.91~50.73 (3£ 24.81 18.86)
[ng/L] TH-7z,

F 7=, Table.5-1-2-1 OFERAZHWT, PAHs IRE LB OMFE%E Fig. 5-1-2-1
(2R L7z, Fig. 5-1-2-1 7 HI3ER 5 OGS TiE s BRI L 0 IRFRE, BT
e + BB RE =PAHs & B O M3 2 PAHs IRENEAD L TWD Z EDHERTE
= — 7. WD 2%l ST D My BRI K0 R RERUEH 0 PAHs IRIEIE
EH L., PAHs &&F&EITMAD LTz,

VRAFRERUEHZ B Uik, O A oD PAHs Ot A nJREME (BREE T Sk PAHS
12 ¢0.7umbl FTH DI IBIFREL 72 %5 PAHs (1A A D PAHs 3% \) |
QLY B RIS D BRI X 2 AR BEIREOMANZ L D PAHs OfHE
i W) 5 /\wwﬁamﬂm BmELWSTERERBEZ LD

RRERE BB L Tk, 4 ERIC LA PAHs OFRENH LIEIZ TITON T
WH EHENTES

~L

Table. 5-1-2-1.  ZBEJI|{al L7 F50 T A URHIHE - A7 HERUEN 00 PAHS JEE (2004.10.15)

SURHREG o | PAHS BRE Ing/Ll | PAHs it [ng/L]
(A ERUE (T RERCED

TR-2 356.35 22.06
TR-3 266.63 5.91
TR-4 767.61 9.72
TS 261.16

TR-6 165.22 45.33
TR-7 99.54 50.73
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PAHs Gt &KL L TWH I EnD, BT EKRDIFELD BARIZ DV THIG
L7c, MR@NL T-7- 0 @ PAHs & (= PAHs/SS) [ng/mg]z Bt L, Mz & OfH
Mz H>WTER LT, R % Fig. 5-1-2-2 1R L=, Ak, Hon kbR, 3742
OhA T BENENANT S LAY OBEREIIE N5, L7cdi> 7T, PAHs/SS
T ERTHEITTHSD, LaL, BMIGERTIE PAHs /SS X EA L TUywgly,
Z®Z LiX, PAHs Ok ?ﬁiw FF~OWERERMEFLIZZ L2 RLTWD,

B U)J?t:'clé: LT, ORSrofEn, OFEAEMERECIK el b oy

IC L DWAERENREZ THWD Z ENHENTEDLA, LW & EBEf R
DT,
900 60
800 | #® dissolved+suspended
i . i 50 5
700 | | issolved g
F s
“i\; 600 [ 40 ‘3
5500 30 %;
=400 | =
§300 ~ % 1208
T I 0
= 200 Fy - %
100 | *
0 0
0 5 10 15 20

Salinity (%)

Fig. 5-1-2-1. i AJkiZ31F % PAHs # & %5 0 BAfR

(ng/mg)
o e ™~ (] o
o (%] o wl o

Total PAHs conc./SS conc.

o

<

10 15
Salinity (%)

o
w

Fig. 5-1-2-2. i Qi 354 kL 47 0 @ PAHs &ile (ng/mg) LHiZr (%) ORI
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5-1-3. ZJ5E )W L CHERE ) 1 > PAHs (R TE

2002.6.13 (ZJrd © 3 ERIX U 72 2 E) ] 1 SRERE Y (7 o) Z o3 #r L7, 3-2-1,
Tos LIz 7 1L THERE W RUB o i 2 970y 3-3. TR LTzt fEx2 1T o 12
% T GC/MS (SIM. Mode) T L7z, #Tii Ak Z Table. 5-1-3-1 12/ 5 L7o, HE
FEWH O PAHSs BRIV 476.7~2191.1 (C£¥) 1276.11449.4) ng/g DHEIHTH » 7=,

Table.5-1-3-1.  ZME)1[{] O BEHERS H o> PAHSs #2% (2002.6.13)

WEHRECHE . | PAHS 3% [ng/g]
TR-1 2191.1
TR-3 1568.1
TR-4 476.7
TR-5 1491.2
TR-6 1480.5
TR-7 1631.1
TRY 1008.8
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5-2. P IZ R T HERE

5-2-1.% )| | B [ e Ar HE L= 331 D PAHs O[] 8 &
5-1 OFERAZESE 2T, HEFAAIEIZF TS PAHs OAFR] b & 2558 L7,

ED : FalEHER Ao T o5& E A (2004.9.17, 14.68 [m’/s]) @
BRIV RE & R EERNEN > PAHs IBEA BB L5 5,

RED : BERERE ORERL T-H72 0 O PAHs IREIZ—ETH S,

(REG : IRAFREREN 7 PAHs J2FE X —ETH 5,

Table. 5-2-1-1. F5 i BHEEL [ icd5 1 A KA 1 RV PAHSs 4%
(2004.9.17 HF —Z (S )
Wy HE VR A HERUE

PAHs #2/ [ng/L] 104.04 35.39

O RERL T RENMEF L TWDHOT, Figs-1-1-2 72bfgbicil
LIz (y=2E-06x+0.278) (Z &olEt OB A IZ3 1T 2 it & (2004.9.17, 14.68
[t/day]) Z & CTided, BRKL IR & R D7, Helfii | ORERL T-IREE 1T 3.06
[mg/L.] & Vi il

RO - RRERL IR IE A Fig5-1-1-1 o6l (y=14.648x+151.44)
(2 Tk T, PAHs JRE 24 Uiz, HAKHtE B OREEUEH P PAHSs JRIEIT
104.04 [ng/L] & 72~ 72, fel T, BRKL T-H7= 0 O PAHs IREZHH L7, MRiE
B T-#7-0 @ PAHs #21% 11 18.83[ng/mg] T~ 7=, SRERL - 00 4= [l 1 1 7 73
14282.28[t/year] Tdh H = L /b, BEAEFEHI BT 2 PAHs O Fmis & i3
268.97 [kg/year] T 5 Z L AR TE 7,

¥ 7. IBAERESUEND PAHSs FEIEN 35.39[ng/L]TTH Y FIEED 1197493632
[t/year| Tdbr~ 7= Z & H 6, EFREREHIE T S PAHs O4E[NmiE & 42.38
[kg/year] T D Z & A TE 72,

PLEOER X0, HEG@EGECES TS PAHs OFEMEE R 311.35 [kg/year]
ThHhHZEPHREIZLOHLNERST,
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PAHs wt./SS particle wt. [ng/mg]]

Table. 5-2-1-2. MEETERUE R PAHSs 4[] sk it
18

83

MR L R [Uyear]

14282.28

PAHs #[Hf1fif i [kg/year]

268.97

Table. 5-2-1-3. #AFRERUE PAHSs 0O 85 [H] iinh e

PAHs /% [ng/L]

55.39

iR [tyear]

1197493632

PAHs =8 fafwf i [ke/year]

42.38

Table. 5-2-1-4. %I A FHATE (- 3507 5 PAHs A2[H]m it

W v i U AT RERURL dis+ss
PAHSs 4:':[?';—]{1 ;.]'_Jq—-t []\g/)eluj 268.97 4238 311.35
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5-2-2. )] I B iC k51 S PAHS O3
WL Z B D TER L 25UE 0 9 6 508 bRV EUEHTR-2) & &V vl
(TR-7)D L L 0 i BkiZ351T 5 PAHs DR ERZBH L, 20 & & TR-2

~7 B CEBEED PAHs & 14 ATHEAREEIC L DI e - EIRET D,

Table. 5-2-2-1. [ ONEIZ3 1 5 PAHs #4B5E & M54y (2004.10.15)

AT B b AT PAHs #4PE [ng/L] | Hi%F (%o)

TR-2 378.41 0.2

TR-7 150.27 131

Table. 5-2-2-1 DfEH
1 - 150.27/378.41 = 1- 0.397

= 0.603 60 [%
311.35 X0.603 =187.74 188 [kg/year]

FThbb, BEERT OFTHY ., MHKICEITS PAHs OFERMRFI ST 188
[kg/year] Tdh H Z & D3RS T & 72,

20



5-3. FEAEWDHEE
AT LT REH Y @ PAHs BIEMILE AVT, ZE)INCHIT S PAHs OFEE
WOHEEZIT o712, BMARILOHEIZ LV | PAHs AWM EZIIRERLTH D
7y, S BITIHERBREAEE £ 7o 3 A RRBERR TH S0 HEET D Z &
Hk 5,
AWFFETIE, BL FOBMEEEZ x5 E LT, PAHs OFEAEROHEE LB Z 0>
7o FNEFNOfEICIL. Table. 5-3-1 IR L7283 H 5,
Anthracene/An+phenanthrene = An/178,
fluoranthene/Fl+pyrene = F1/202
benzo[a]anthracene/BaA+chrysene = BaA/228,
indenol 1,2,3-cd|pyrene/InP+ benzo [ghi] pyrene = IP/IP+Bghi,
1,7-dimethylphenanthrene/2,6+1,7-DMP = 1,7/2,6+1,7-DMP

Table, 5-3-1 BYEEREOARIZ X 2 FE AT

[somer ratio Source
An/ 178 < 0.1 --- Petroleum
>0.1 -~ Combustion

<0.2 -+ Petroleum
X il BaA /228 - 0.2~0.35 - Petroleum & Combustion

>(.35 -+ Combustion

<0.2 --- Petroleum
[P/ IP+Bghi - 0.2~0.5 --- Petroleum Combustion

>0.5 -+ Wood Combustion

< 0.4 -+ Petroleum

FI17202 + 0.4~~0.5 --- Petroleum Combustion
Y iy + 0.5 - Grass, Wood & Coal Combustion
<0.45 -+ Vehicle Emission
1.7/ 2,6+1.7-DMP - 0.45~-0.7 -+ Wood Combustion

>0.7 -~ Wood Combustion
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SRHORMEMREICE LT, X % IP/IP+Bghi, Y #Wh% An/178, F1/202,
BaA/228 & L CHRATXZ Bk Ly Fig. 5-3-11C/3 L7, SHIC X % 1,7 2,6+
1,7-DMP. YV #%& An/178, F1/202, BaA/228, IP/IP+Bghi & U TRIEEIZ B[
ZAERR L. Fig.5-3-2 {23 L7z, BEMEAKEOLENOHEETEHENZ
Table. 5=2-2, -3 ICa- L f;o

BRI D E#EE G, BN IIRIZH51T 5 PAHs ORI L ABREL O
'J:}'EI'-H e, HFICHEMRBER RN TETHS Z ENMETE L, SHLIZHEMDIRAIIZ

HEEOTEEME L RB IRz, £, SMF <R - ARBRERROFE G NI
&/u}:‘fgib\:é:ﬁ‘s R CE T,

Table. 5-3-2 BHEMAR O Iz L 2 F8ADIOHEE (X B - FUFl+Py)

Y i X #i (FI/FI+Py)
An/178 Petroleum Combustion
BaA/228 Petroleum (Petroleum Combustion) Mixed Source
[P/IP+Bghi | Petroleum (Petroleum Combustion) Petroleum Combustion

Table. 5-3-3 SV Lo B (o L A JEAENOHEE X T 1,7/2,6+1,7-DMP)

Y il X §h (1.7/2.6+1,7-DMP)
An/178 Combustion & Petroleum Mixed Source
FI/FI+Py Petroleunm Combustion & Petroleum Mixed Source
BaA/228 Combustion & Mixed Source Mixed Source
[P/TP+Bghi Petroleum Combustion Mixed Source
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Petroleum Petroleum Combustion Grass/Wood/Coal Combustion

(0.7 | @Sediment
Dissolved (TR-0)
0.6 Dissalved (estuary)
Suspended (TR-0) :
0.5 | |Xsusperded (estuary) Combustion
- : i
~ g4
~
c
< a3 |
2 X L
0.2 \’.
%
Ol Bt u‘;** + —
0 — :
0.2 0.3 04 0.5 0.6 0.7
07t & Sediment
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0.6 Dissolved {estuary)
: Suspended (TR-0) Combustion
05 | ¢ X Suspended (estuary)
o0 L )
(%]
S 04§ $ -
B S X X% Mixed Source
X X
02.% SR
0.1} i Petroleum
0 . 1
0.2 0.3 0.4 0.5 0.6 0.7
0.7 | @ Sediment | . ‘
Dissalved (TR-0) : Grass/Wood&Coal Combustion
0.6 f Dizsalved (estuary)
. Suspended(TR-0)
=205 @S pEAdad Testiary) |
=11} ' =
m
+ e o .‘ Petroleum Combustion
A
=03 e ]
=
§ L SRRSO  SOUSON RPN S
01 Petroleum
0 . ; - |
0.2 0.3 04 0.3 0.6 0.7
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Fig. 5-3-1 WPEARE ORI L AT EMOHEE (X © FI/FI+Py)
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Vehicle Finisgion

Mixed Source

Wood Combustion

0.7 @ Sediment
Dissolved (TR-0)
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Suspended (TR-0)
05 | X Suspended (estuary)
-]
~ 04
e
<T
03 |
0.2 t‘z 2
®
0 -
0.4 0.5 0.6 0.7 0.8 0.9
0.7 L ]
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L 03
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5-4. m LRt

BaPE fHIZ L % St i
BE A7 DT JE(Cecinato et al, 1997) TlE, PAHs O atEitihsis Z 2o T 5,

Z OEHELIETIE . Benzolapyrene (=BaP)? Z @ sl alhi Tik7e <. BaP & £ D
i @ #F M & vy PAHs 1k & %) (Benzo[a]anthrathene;BaA Benzo[bjk|fluoranthene
(Benzo[b]fluoranthene+Benzo|j+k|fluoranthene):BbkF,Dibenzo[a.h]anthracene:DBahA.,
Indeno[1,2,3-cd]pyren;IncdP) ? g VEREAN &2 oo THIHT 5 Z LI L ¥ . PAHs
(LEWI & DatE 2 REMICHT T 215 & 22, LA F o (1) ZHv T, BaP
equivalent carcinogenic power (=BaPE)Z >R &>, FE#NEOHLE A2 270 9,

(1) BaPE = BaA X0.06+ BbkF x0.07 + BaP | DBahA 0.6+ IncdP < 0.08

TEF (Z & % s PR

ZFED PAH @ 9 6, YO EWAE T S AR S W a2 R S 7
¥>1Z, Larsen et al. (1998){% BaP equivalentq and percent contribution [B(a)Peq(%)] &
WAHTEREAE A LTz, ZOfEENC L0 FFEO PAHs LA Z & OIREE & Toxic
equivalence factor (TEF) f“)ﬂb"f FRNENO MO FEGREZOS 5 Z &0
T& %, TEF &%, 4 @ PAHs (L&MW D% BaP O3 D HxHE &
LTHELIEMETH S, BlaPeq®@)El FoX (1) ZHWTRDSH, BaP DiE
A 100% &35, MOLEWIZE LTI, BaP (2% L TM% Dtk & (RFFd
LD ERDD,

(1) B(a)Peq(%) = (Xq-Xconc)(BaPrBaPegyc) X 100

Lo )HE AW, HEFAEL®ET S PAHs dfE2 BN L1z, it
i & L TiE. 2004.9.17 @ikElD PAHs IRE 2 L7, 3R RIT Table. 5-4-1
(2o L7m, MEFEmIEREL (2004.9.17) @ BaPE fHiT 4,70 & 72572,

LI OERICBITABREROBREICBW TSR E Lz TR-2, 7 (22T
EHMOMMAEB Z o7, FHEREREE Table. 5-4-2 (25 L7z, sHEMER. BaPE
fEiX TR-2 T 11.50, TR-7 T 2.72 L /ip o=, #ERIZEVT PAHs DEREIZFE
HEMEDIER FREBETWS Z ERREINT,
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Table. 5-4-1 FEGFNAHERE (2004.9.17) @ PAHs ##/% (ng/L) & BaPE i
compound mame B RERUEL | BRTERUE | I
Phenanthrene 541 1:22 6.63
Anthracene 1.25 3925 4.46
Fluoranthene 2.63 0 2163
Pyrene 4.09 1.30 5.38
Benzo[alanthracene 1.60 0.03 1.62
Chrysene 2.39 0.15 2.54
Benzo[b]tluoranthene 3.09 0.47 3.56
Benzo[jk]fluoranthene 3.36 0.47 3.83
Benzo[a]pyrene 1.32 0.40 1.73
Indeno[ 1.2.3-cd]|pyrene 2.19 0.09 2.28
Benzo[ghi]perylene 3.02 0.02 3.05

BaPE 4.70

Table. 5-4-2 i LUECEE (2004.10.15) 0> PAHs #¢FE(ng/L) & BaPE il

TR-2 (ng/L) TR-7 (ng/L)
compound name BRMTESCEL | BATRERUEF | Al | MRSV | ETIERUEE | Rt
Phenanthrene 35.58 12.82 48.40 7.41 9.81 17.22
Anthracene 6l 1.48 5.09 .89 0.42 2.32
Fluoranthene 5.19 1.41 6.6 3.65 1.28 4.93
Pyrene 8.85 4.76 13.61 9.71 4.56 14.26
Benzolalanthracene 233 0.64 2.971 0.49 0.28 0.77
Chrysene 5.05 0.45 5.49 1.48 0.14 1.62
Benzo[b]fluoranthene 7.75 0.81 8.557 2.14 0.13 2.27
Benzol[jk]Jfluoranthene 7.97 0.17 8.14 215 0.13 2.28
Benzo[a]pyrene 431 0 431 0.82 0 0.82
Indenol[1.2.3-cd|pyrene 4,959 0.54 5.48 1.04 0.02 1.05
Benzo[ghi]perylene 8.50 0.62 0.12 2.35 0.05 24

BaPE 11.50 2.72
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Kic, ERoF(MZEHWT, FEE¥% D BaP #IECx T2 FREHMN L
1o, R AAATER RO G H S A% Table, 5-4-3, {1 HIKEUEH T Table, 5-4-4 (2755
L7, FERPEEAE VLA WIT Table. 5-4-5 (28 L7z, HIEGHAREE,
4308 & & 12 Fluoranthene, BbF, BjkF, IncdP O F 5T EVMETH - 72,

PAHs (L& BaP w4 2 FERITHOWTIE, WELFIIZLIETH
0. AKICETICS WHEE 2B LEMIEIFERREWVRER L o7, EHIT,
MBYLZEMNCARZETH D, KICERDT W IHEE ZF LS WL T 5-RMEWES
R LA oTn, ZHE BaP OMBEYLFENEHEICERT 2O THL L EX LN D,

£7-, Table. 5-4-5{ZA5 L7 & 212, o BHICHES T, W HEGECEO —HiD
PAHs b EMDOE SRS ERH L TWAZ ENMERTEL, ZOKR E LT, DBaP
ISR LD REOREEMOEN LD EZTROT VI L, OEHDA
7B ) =K GEREOMYS, EWolt 2 RICEVBEAZB I RoTz, A7
J =V ERE L X, LB OKA~DEITRT IORE LR D HD T, BK
PoALEWTHD EEBKEL, HIZBAEDIEN TH L LM NES 2D
ZEMFHBENTWS,

Fluoranthene @ %52 5. L TV 7=, Fluoranthene | BaP £ ¥ & ZZERbLE
WTH A7 Z =V RSERE DS BaP LY L/ SV, K - T, Fluoranthene
AP THLREIHFET LI ENTESLD, FEEP LR LD LH#HNT
x5,

BaP * Benzo[b|fluoranthene, Benzo[jk]fluoranthene > A 7 % / — /LK 53R EL
HIEIFE L, Bk X BEBREDOESWITIZI K E 27T 72 0, BOF, BjkF
iX BaP k¥ LEREWH CREICHFET H, RSP E~DLREZ S L HEREN
BaP D4R I K ABREOEE VLD /&<, BbF, BkF @757 BaP
0 HIRMFRNZZEE) L7=7-) I BF OFEFFER LR/ LI EHMTE 5,

ZhIZE L. BaP & %7 AL SEINEE 2 FF> Indeno[1,2,3-cd]pyrene D 77
EBMWI RN TEL LG -7 2 88D TiE, BLFD L2 IC@HBAT 52 &
MTED, IncdP 1247 ¥/ — KRG EMREDY BaP L0 K&V, J->7T, BaP
L0 % IncdP OBAKSEUZ L BBREFEOESVARNEWITT THS, LAL, IncdP
DOFERIZIZEALET LD o T2, ZHUL, IncdP OBERFIZBEKSEUZ LD
BIbhTWAOICx L, BaP TIEBIASENIMNZ . Koz L 5RENH
ELTWAEHTHD, L-oT, WLEHORDENRET E, FL 2o
DIt L EHRITE S,
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INHDOFERNE, BaP UAOFEROEVEGHY ., FF(C Fluoranthene,
Benzo[b|fluoranthene, Benzo|jk]fluoranthene, Indeno [1.2.3-cd]pyrene (22T 5

%, BALTW RETHAZ LN RBINT,

Table. 5-4-3 H[EFAEAEL (2004.9.17) @ B(a)Peq(%)

icompound name TEF  |PAHs conc.(ng/L) [BaPeq (%)
Phenanthrene 0.0005 6.63 0.19
Anthracene 0.0005 4.46 0.13
Fluoranthene 0.05 2.63 7.63
Pyrene 0.001 5.38 0.31
Benzo[alanthracene 0.005 1.62 0.47
Chrysene 0.03 2.54 442
Benzo|b]fluoranthene 0.05 3.56 10.30
Benzoljk]fluoranthene 0.1 3.83 22.18
Benzo[a]pyrene 1 1.73 100.00
Indeno[1,2.3-cd]|pyrene 0.1 2.28 13.17
Benzo[ghi]perylene 0.02 3.05 3.33
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Table. 5-4-4 {nf CUgAHEL (2004.10.15) ) B(a)Peq(%)

29

TR-2 TR-7
compound name TEF  |PAHs conc.(ng/L)|BaPeq (%)|PAHs conc.(ng/L)| BaPeq (%)
Phenanthrene 0.0005 48.40 0.56 17,22 1.04
Anthracene 0.0005 5.09 0.07 2.32 0.14
Fluoranthene 0.05 6.6 7.66 4.93 2991
Pyrene 0.001 13.61 0.32 14.26] 1.730
Benzo|a]anthracene 0.005 2.971 0.34 0.77 0.47
Chrysene 0.03 5.49 3.82 1.62 591
Benzo[b]fluoranthene 0.05 8.557 0.93 227 13.75
Benzo| jk|fluoranthene 0.1 8.14 18.89 2.28 27.67
Benzo[a]pyrene 1 4.31 100.00 0.82 100.00
Indeno[1.2.3-cd]pyrene 0.1 548 12,72 1.05 12.80
Benzo| ghi]perylene 0.02 6.12 4.23 2.4 5.81
Table. 5-4-5 HEIRRAHE - ] QUGEUEHZ 334 2 it 52 0 i M B
[BiaiPeq(%)] 2004.9.17 2004.10.15

Compound name TR-0 TR-2 TR-7

Fluoranthene 7.63 7.66 29.91

Indeno[ 1.2.3-cd]pyrene 10.30 9.93 13.75
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#28  ZERATTERRACKTE D KGR EET 5

Solar-Induced Decomposition of Polycyclic Aromatic Hydrocarbons in Aquatic Media

Solar-induced decomposition of ten polycyclic aromatic hydrocarbons (PAHs) was observed in
aquatic media. All the PAHs observed were half-decomposed within 120 min. In anthracene
derivatives, the decomposition rates are: anthracene = 1-methylanthracene < 2-methylanthracene <
9-methylanthracene.  Addition of commercial humic acid did not make any effect on the
decomposition rate for the observed PAHs. Deuterium water also hastened the decomposition of
PAH. The products obtained by the solar radiation of PAH after extraction to DCM were mainly

keton and hydroxyl delivatives.

Polyaromatic hydrocarbons (PAHs) are originated from combustion of fossil fuel
and biomass. Carcinogenic and or endocrine disruptive actions of PAHs are suspected
on occasion of their exposure to human beings. On the hand, decomposition under the
In this process, it has been
Although

the quantum yields of some PAHs have been obtained, the photo-chemical products

solar radiation has been discussed by several workers.
proposed that the active oxygen species participate the PAHs decomposition.
were not elucidated. In this communication, the decomposition rates of anthracene
derivatives are first given as well as the photo-products observed by a GC-MS.

PAHs were dissolved in acetonitrile and dissolved with 0.05 M phosphate buffer
(80 %; pH 7.0). The concentration of PAHs was adjusted at 1 u g/mL. The solution
was in a quartz square cell with stirring, which was irradiated by a solar simulator (150
W, Oriel Co. Ltd.) through air-mass filters (AMO and AM1.5).
The progress of the PAHs decomposition
was monitored with a HPLC observed at the absorption of 253 nm (JASCO UV 930).
After
dehydration with unhydrated sodium sulfate, 20 u L of DCM was injected into a GC-MS

Output at the cell was

about 0.97 W by measuring a power meter.
The decomposition products were extracted to dichloromethane (DCM).
(GEOL Automass System II) and the chemical structure of decomposition product was

judged from the GC-MS library. The acidic (< 3.0) or alkaline (.9.0) pH adjustment did
not give the extrtact to DCM.

Half Life Time of PAHs
media anthracene 1-methyl 2-methyl 9-methyl benz [a] pyrene Benzo | Benzo chrysene | fluorancene
anthracene | anthracene | anthracene | anthracene [a] [e]
pyrene | pyrene
buffer 74 min 74 min 52.5min | 28 min 734min | 120 | 477 1481 118 159.6 min
min min min min
deuterium | 25 min 27.5 min 22.5 min 10 min — - — - -




In the derivatives of anthracene, 9-methylanthracene was most rapidly
decomposed. On the other hand, the decomposition speed of 1-methyl derivative was
not different from non-derivative anthracene. This fact means the derivatization at
the central part of anthracene gives the target for decomposition. Among the
polycyclicaromatic hydrocarbons, the decomposition speeds are:chrysene > benz [a]
pyrene >benz [a] anthracene > pyrene >benz [e] pyrene > fluoranthen. Addition of
deuterium water made fast to these decomposition.

As the decomposition products, ketone and hydroxyl-compounds were found.

Figurel Decomposition rate of PAHs

~5° > oY > o

Chrysene Benz[alpyrene Benz[alantharacene

0
> & > T >

Pyrene Benzo[elpyrene

Fluoranthene

Figure 2  Procedure for decomposition products.
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Figure 6 Photo-decomposition products from 2-methyl anthracene
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Figure 7 Photo-decomposition products from 9-methyl anthracene
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Abstract

In connection with the photo-chemical processes in the aquatic environment, the evaluation system
for the production ability of superoxide anion was constructed. The technique was based on the
flow injection method with luminol chemiluminescence detection. The injected sample was first
irradiated by a solar simulator in a vortex quartz cell (cell volume = 0.167 mL), whose vortex face
was exposed to light after passing through two air-mass filters. The carrier was the aqueous
solution at pH 11 adjusted by NaOH. After irradiation was finished, the carrier (with sample) flow
was merged with 1.52 mM of the luminol solution and was introduced into a chemiluminescence
detector. The results of the laboratory experiment show that the production of superoxide is
linearly related to the concentration of humic acid up to 50 ppm, and also to that of dissolved oxygen.
In addition, the chemiluminescence intensity (superoxide production) was proportionally related
with the irradiation intensity of the solar simulator. By means of changing the flow rate of the
carrier, the half-life time of superoxide at pH 11 aqueous solution was estimated as 15s. ESR was
measured for the sample containing 0.5 % humic acid, 0.5 % NaOH and 20 uL. DMPO (spin trap
agent). ESR spectra were obtained after 5 min. irradiation of the solar simulator. In addition to
the four sharp peaks due to OH radicals, a broad peak appeared at the middle of the OH signal.
The obtained signal cannot conclusively be ascribed to superoxide, but, the peak that appeared, may
be due to the radical produced in the humic acid molecule. The river water was collected at 18
points of the Tamagawa River located in Tokyo. Upstream, the production ability of superoxide
was observed, but not downstream or in the estuarine district.  Although the concentration of humic
acid is much higher in the estuarine sample, some quenching mechanisms work for superoxide
production.

Keywords : superoxide anion, flow injection analysis, humic acid, life time, river water.

1. Introduction

In natural waters, the superoxide anion, which is an active oxygen species generated via the
photochemical process where the dissolved organic matter (DOM) plays an important role in their
generation. In the initial stage of the solar-induced photochemical processes, the hydrated electron

produced by the photolysis of DOM is proposed as the source of the superoxide anion. This
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process was examined by Zika [1] and Zafariou [2] in the early 80th. The proposed reaction
pathway for superoxide generation and quenching was as follows:

*

Org. + hv — Org.

+ -
Org* — Org. + ey

an + 02 - 02_

- +
20p + 2H — H202 +02

*

where Org. : dissolved organic matter like humic acid, hv : solar radiation, Org. : excited
dissolved organic matter, eaq_ : hydrated electron, Oy : dissolved oxygen, 02_ : superoxide anion,

and H2O2: hydrogen peroxide. Since their stdies, Millero estimated the lifetime of superoxide in

natural waters [3] . Kochany et al. suggest that indoles, including those in aqueous coal oil, show
a high quantum yield to give superoxide anions via hydrated electrons, which participates in their
autocatalyzed photo-oxidation [4] . In this case, the active oxygen species are utilized to remove
organic substrates including polyaromatic hydrocarbons, colored substances, and COD [5] . In
general, humic acid has been focused on as an mediator of superoxide production [6-9] .
Furthermore, it causes cellular injury , i.e., Liang etal. [10] found that the commercial humic acid
reduces the viability of rabbit articular chondrocyte cells. The poisonous effect of the humic acid is
ascribed to the generation of superoxide anions via lactate dehydrogenase released in this biological
system.

There are several methods of detecting the superoxide anion; fluorometry [11] , absorption
spectrophotometry [12,13] , electrochemical technique [14] , and chemiluminescence emission
spectrometry[15-17]. These techniques are able to detect from 1 x mol to 10 nmol/L of superoxide
anion. Luminol (5-amino-2,3-dihydro-1,4-phthalazinedione) is commonly used as the reagent of
chemiluminescence, i.e., it has been concluded that the superoxide anion reacts rapidly with luminol
and primarily gives the chemiluminescence [18-20] . Since the occurrence of superoxide is of
major interest in the biological tissue, luminol chemiluminescence is mainly applied in the living
systems [21-25]. However, other fields also use luminol chemiluminescence. Nosaka et al. used
this method for to monitor superoxide radicals produced in TIO, photocatalysis [26] , where they
found an immediate reaction between luminol and superoxide, but a slow reaction between luminol
and H,0,.
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In this paper, a flow injection system with luminol chemiluminescence detection has been
constructed for the sake of elucidating the photochemical production ability of superoxide anions in
the respective natural water samples, i.e., the high capability of the flow injection system has been
pointed out for the detection of superoxide not only for biological systems [27-32] , but also in

natural water [33] .

2. Experimental

2.1. Materials

Analytical grade sodium hydroxide and luminol were and purchased from Wako Chem. Co.
Humic acid was purchased from Aldrich Chem. Co. (AHA). These chemicals were used without
further purification. In the case of humic acid, 1 (w/v) % AHA was dissolved into 0.01 M (=
mol/L) NaOH and filtrated with a glass-fiber filter with 1-um-diameter pore. This solution was
diluted with Milli-Q water and was used in the experiment. All the solutions (carrier and luminol
in the flow injection analysis) were saturated with oxygen (18 mg/L) by bubbling oxygen (DO) for
about 15 min. The amount of dissolved oxygen in the solution was measured by a DO meter
(lijima Electronics Co., model B-505). In ESR measurements, humic acid was dissolved in the
NaOH solution at a concentration of 0.5 %, and the solution was filtrated by a membrane filter with
0.7- u m-diameter pore. Then 20 u L of DMPO (5,5-dimethyl-1-pyrrolin-N-oxide, purchased

from Labotech Ltd.) was added to 140 u L of the humic acid solution mentioned above.

2.2. Instruments

The system used in the present experiment is illustrated in Fig. 1. The flow lines were
constructed by a Teflon tube of i.d. 0.5 mm and o.d. 1.5 mm. About 0.01M NaOH aqueous
solution (adjusted pH = 11) was sent as a carrier to the system by a pump (JASCO:model PU-980) at
a flow rate of 5 mL/min. Without the sample injection, the carrier travels to the flat vortex cell,
which was made of a quartz tube (i.d. =1 mm, 0.d. =2 mm). The volume of this cell is 0.167 mL.
The vortex cell and two air mass filters (AM 0 (81090) and AM 1.5D (81092) purchased from Oriel
Co.) were set in the cylinder that was placed in front of a 150-W solar simulator lamp (Oriel Co.
model 68905). The irradiated energy collected on the surface of the vortex cell was about 0.85 W
in its radiation intensity measured by a power meter (Ophir Japan Ltd.; type 89018). The sample
was injected into a six-way injection port (Rheodyne Co. model 9725), from which to the exit of the
vortex cell, the volume of the flow line was 260 puL. Since the injection volume of the sample was
300 u L, the sample solution already reached to the irradiation coil and was, therefore, immediately
irradiated by the solar simulator after injection. The carrier flow started exactly 4 s after the sample

injection. The solution flows in a tube at the length of 10 cm and was merged with the flow line of
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luminol which was dissolved into 0.01 M NaOH solution at a concentration of 95 mM. The flow
rate of the luminol solution was 1 mL/min. Both the carrier and luminol solutions were saturated
by oxygen. The sample solution mixed with luminol was sent to the light emission
detector(JASCO, model 825-CL), in which the detection was performed in the Teflon coil (i.d.:0.5
mm, length:80 cm, cell volume = 0.16 mL) faced on the photomultiplier.

ESR (JEOL: JES-FR 30 Free Radical Monitor) was used for the measurement. The sample
containing 0.5% humic acid, 0.5% NaOH and 20 uL. DMPO (spin trap agent) was irradiated by the
same solar simulator illustrated in Fig. 1 for 4 min. and was measured in a flat cell (LLC-048 made
by LABOTEC Co. Ltd.) of which volume is 130 u L.

2.3. Sampling of river water

The river water was sampled in the Asakawa River which is one of the branch streams of the
Tamagawa River in Tokyo. Several points at the estuary of the Tamagawa River were also chosen
for the sampling. These sampling points are indicated in Fig. 2. The river water was collected at
midstream, and stored in a plastic bottle.  After airation, the sampled water filtrated with a sintered
glass fiber filter with 0.7- u m-diameter pores was measured according to the above-mentioned
system. As an index of humic acid, fluorescence of the river water samples was measured by a
fluorescence spectrophotometer (JASCO, model FP-777), where the fluorescence intensity was

taken against the variations of the wavelengths of emission and excitation.

3. Results and Discussion

Figure 3 shows the chart track of flow injection when introducing various amounts of AHA
through the injector shown in Fig. 1. In the figure, the chemiluminescence peak increases along
with the increase of AHA up to 50 ppm, which means that AHA quantitatively contributes to the
superoxide generation under light radiation. The some signals appeared without the irradiation of
the solar simulator. The preparation of the solutions was carefully performed under the control of
light. However, elimination of the signal due to the non-irradiated sample was difficult, i.e., the
superoxide is not generated under complete darkness only. In Fig. 3, the flow injection signals
were taken for different DO in the solution. The higher DO solution (18 mg/L) gave a higher
chemiluminescence signal than the lower DO solution (4 mg/L). The DO concentration in the
injected solution was changed by the bubbling period of oxygen; the concentration of DO increases
from about 3-4 mg/L and becomes constant at 14-20 mg/L by changing the bubbling period from 0
to 20 min.

The chemiluminescence emission intensity is also dependent on the irradiation intensity of the
solar simulator onto the vortex flow cell, in which a linear relationship was found as shown in Fig. 4.

The intensity of the solar simulator radiation intensity was varied by using neutral density filters. It
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is evident that the production of superoxide anions (or the substance causing the luminescence of
luminol) is due to the photoreaction under the existence of humic acid. Figure 5 shows the
relationship between the flow rate of the carrier solution and the chemiluminescence intensity, where
the humic acid solution (50 ppm) was injected. The injection volume was 300 u L which is
sufficient to fulfill the humic acid solution from the injector to the whole irradiation cell. The
irradiation time was 4 s which is a sufficient period to give the saturated signal for the
chemiluminescence signal. The chemiluminescence signal detected (1v) at the carrier flow rate of

Vv is given as:

VL ?LVL

P _
IV:[Ib+Ip:| e vV —le V (1)

where lband |p are the chemiluminescence signal without the irradiation of the solar simulator

and the chemiluminescence signal assumed at the exit of the irradiation cell, respectively. A and
VL are the attenuation constant and the volume from the exit of the irradiation cell to the
chemiluminescence detector, respectively. It is difficult to estimate Ip. However, Ip is related
to difference between the chemiluminescence signals at 100% (l100) and 0% (lo) irradiations in Fig. 3.

In this case, the Scheme (1) can be rewritten as
VL L

|V=(|100— Io)e v e_ v )

where v* is the flow rate of the carrier obtaining l 100 and lo (in the present case, the flow rate

was 5 mL/min (1/v* =12 s/mL). Therefore, from the Scheme (2), 1 is given by

l: 1 In|100_|0

-ty
vV V

3)

In the present flow injection system, VL was 1.88 mL and l1go - lp was about 70,500. When these

values were used, A were given as from 0,031 t0 0.083s™. The half-life was

A

Since the averaged A is about 0.064, a half-life of the superoxide anion in the pH 11 aqueous
solution can be estimated as about 15 s (the range = 22.4 — 8.4 s). It can not be ignored the

possibility that some reactive oxygen species (except for « OH) interfere the chemiluminescence and
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cause in the change of life time in the different carrier flow rate. When the tube length from the
radiation coil to the merge of luminol was changed from 50 (life-time:24s) to 400(life time:11.5s) cm,
the calculated half life time varied twice. This variation can be explained not the a decay
mechanism of superoxide in the present flow injection system. This half- life is rather short
compared to the value (100 s) given by Millero [3] ; he mathematically calculated the half-life as to
the disproportionation of HO, based on the concentration of H,O,. His calculation was based on
the two body reaction of HO,. Although Millero’s result was given for seawater, the order of the
calculation and the observed values are close to each other. The linearity of flow rate and
chemiluminescence was always given in the present samples, and seems to be negligible in
exponential component.  As for the half-life of superoxide, 10 min. was given in aprotic conditions,
where ESR was employed for the measurement [34] . In addition, 5.7 min was obtained at pH 7.4
by the spin-trap ESR measurement [35] .  The simple aqueous solution including seawater reduces
the half- life of the superoxide anion compared to complex biological cells. As the substances
affecting the life-time of superoxide, several metal ions existing in the river water can be considered.
We inspected the sulfates of Fe(Il) and Cu(ll). These ions reduce the flow injection peak, but the
life-time of superoxide was not influenced with their additions upto 100 « M (mol/L). The main
extinguish mechanism of superoxide is in the reaction participates with superoxide dismutase in the
biological system. However, hydrogen ion is major species in river water as shown in the reaction
scheme. Due to the past data [36], generation of hydrated electron was reduced by nitrate and
nitrite ion.  These ions are also candidate of the interferent.

Figure 6 shows the ESR spectra, where DMPO was used as a spin trap reagent. When
DMPO was added after the irradiation, a very small signal was obtained. As shown in the figure,
four peaks (which seem to be due to OH radicals) appeared irrespective of being with or without
humic acid.  Under the irradiation on the humic acid solution, a small peak appeared at the center of
the ESR chart. The data given [37] is insufficient to ascribe this signal to superoxide, i.e.,
superoxide shows various branch signals close to four peaks of the OH radical. The obtained signal
that appeared in the center of the ESR chart seems to correspond with the radicals occurring in the
molecules of humic acid, which has many aromatic rings. The radicals may generate in the humic
acid molecule after solar irradiation.

The present flow injection system was applied to the river water. The flow injection signals
are shown in Fig. 7, where the river water was taken from the Asakawa River, upper stream of the
Tamagawa River in the Tokyo district, Japan ( the sampling points are shown in Fig. 2). In Fig. 7,
the river water sampled in the upstream of the Asakawa River (sampling points:2 ~ 4 in Fig. 2)
provided the slight increase in the intensity of chemiluminescence by irradiation of the solar
simulator. The water at the lower stream gave the significant chemiluminescence signal either with

irradiation or without irradiation of the solar simulator. This situation is the same in the water
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sampled at the estuary of the Tamagawa River. The obtained results can not be explained by means
of the photo-production of superoxide in the river water except for the upstream of the Asakawa
River, but some reactive components originally exist in the river water making emission with
luminol. Reports in literatures show that luminol reacts with H,0,, also other than superoxide.
However, the reaction between luminol and H,O, is slow and the amount of H,O, in river water is
negligible for the chemiluminescence reaction. The several ingredients gave the luminol
chemiluminescence either with or without the solar irradiation.  As the result, the half life-time can
be determined only the river water sampled around the upper stream of the Asakawa river (2.5-3.2
sec) by addition of 50 ppm AHA. The river water sampled at the estuary of the Tamagawa river
(sampling points 1 to 10). gave the chmiluminescence either with or without irradiation of the solar
simulator. Figure 8 shows examples of the three- dimensional measurement of excitation and
emission for river water fluorescence. In this figure, emission observed at 450 nm corresponds to
humic acid. The result in Fig. 8 shows that humic acid does not contribute to an increase (by
photo-induction) of the intrinsic chemiluminescence in river water.

In conclusion, the present flow injection system is applicable for observing the
photo-production of superoxide mediated by humic acid. However, due to luminol giving
chemiluminescence with the substances existent in the natural river water, the photo-production of
superoxide was conducted in a limited natural sample. In spite of the limited cases, it is important
that the flow injection technique has a potential to measure the life-time of some unstable chemical

species as shown in the case of the superoxide anions in the aquatic system.
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Fig. 1

Flow injection system for superoxide production. Pi, P2: pump, AM1.5D, AMO:
air-mass filter, MC: mixing coil, PM: photomultiplier, SAMPLE INJECTOR: six-way
valve (Rheodyne 9275).
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Fig. 2 Sampling points in river water.
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Fig. 3

Flow injection signals for humic acid solution of different concentrations.

Concentration of Oz (dissolved oxygen) was changed by bubbling oxygen through the
solution, which was measured by a DO meter. The concentration of AHA was 1 (w/v)%.
The concentration of NaOH was 0.01 M (= mol/L) and the pH of the solution after
mixing NaOH was pH 11. The concentration of luminol was 1.52 mM. The

irradiation time of the solar simulator was 4 s.
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Fig. 4 Dependence of chemiluminescence intensity on irradiation intensity of solar

simulator.
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Fig. 5 Dependence of chemiluminescence intensity (arbitrary unit) on the flow rate

of carrier solution.
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Fig. 6 ESR spectra for the solutions with (left) and without (right) humic acid.
In the left, ESR was measured for the sample containing 0.5 % humic acid, 0.5 % NaOH and 20
uL DMPO (spin trap agent). ESR spectra were obtained just after 5 min. irradiation of the solar

simulator. The right spectra is the same without humic acid.
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Fig. 7 Flow injection signals of the sample collected in the Asakawa River.
The flow injection signals with and without irradiation of the solar simulator were

given. The number shown in the figure is the sampling points shown in Fig. 2.
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Fig. 8 Three dimensional measurement of excitation and emission (SDEEM) for river

fluorescence.
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