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Preliminary Investigation on Characteristics of Poly-cyclic Aromatic Hydrocarbons (PAHs) in
Sediments in Sea of Japan
Masami Furuuchi = Shinji Tsukawaki = Toshiya Kogawara
Polycyclic Aromatic Hydrocarbons (PAHs) in deep sea sediments of the Japan Sea were analyzed to discuss influences of
anthropogenic emission sources and their characteristics were compared with those for sediments from Yamato rise, Matsu Ocean
Mountain and Nihon Ocean Basin. The total PAHs concentration ranged around 30 ng/g-dry and the mass fraction of PAHs with 4-6
aromatic rings increased along the cost of Japan from Tsushima to Tsugaru channels probably because of the influence of

anthropogenic emissions. Indices defined by ratios between PAH compositions may indicate some influence from anthropogenic

emissions also in Yamato rise.
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ICRBLEND (Wangetal, 2001), £72, EHicb5
BRI & Bt Z 2 3% 5 L CHANRE Y, ZORAND,
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Table 1 Sample information

Fig.1

Sampling locations

DEERVRVEEZLNDBARER (O, BLOKH
it (D) OFBETHD (Moriyasu, 1964; Naganuma, 1977),
FRUBL O LRER B - BRI AR B - AKVRICEE T 2 158 % Table
142, BRABOMIRICET 51 % Table 2 (/R LT,
T, MR, AFICREMNPRETERL DY
~ R EPRTIE A RE~EEOICHEAT S E— DR
THY, WIOBETCEBNLOBEL, X BERLZE-> TH
AHASA S TOLIRERMNGEE Y ZLRICHE» > THiR,
REFS T BRI & K~ E D, 7R 0 i3 dbHE T
BEN, FAWEEH 5 HTIT < Moriyasu, 1964), BH&
W20, B S MAKIZ 39N Bt 2db b, BARD
RBEREIT, BLOZh b oHhiEfEEIL T2 3 kst

Sample . Sampling Date Latitude | Longitude | Water

No. P | Sample code Locality Device | (YYM/D) | (™) (E)  |Depth(m)
1 |KT00-14 G-8 |SW Tsushima Okean L| 2000/9/26 | 34063 | 12844.1 | 107
2 |KT00-14 G-13 |NE Tsushima Okean L | 2000/9/26 | 34359 | 129445 | 108
3 |KT00-14 G-26 |off Shimane Okean L | 2000/9/30 | 35535 | 13228.1 | 254
4 |KT05-9 G-12 |off Wakasa Bay Okean L| 2005/5/5 | 36388 | 13536.6 | 979
5 |KT05-9 G-10 |off Wakasa Bay Okean L| 2005/5/5 | 3633.9 | 135356 | 757
6 |KT05-9 G-14 |off Wakasa Bay Okean L| 2005/5/5 | 3758.1 | 135369 | 1486
7 |KT99-14 G-33 ;’s‘;:" slope of Toyama Trough NW off Sado |\ .y | 1999/9/20 | 38325 | 138160 | 491
8 |KT04-21 G-47 |off Cape Esan Okean L | 2004/9/26 | 4157.2 | 141299 | 453
9 |KT04-21 G-23 |off Rumoi Okean L | 2004/9/24 | 4410.8 | 140294 | 330
10 |KT04-21 G-22 |off Rumoi Okean L | 2004/9/24 | 4411.0 | 140232 | 495
A |KT03-10 G-27 [summit of Matu Smt Okean L| 2003/7/17 | 39317 | 13811.0 | 946
B |KT03-10 G-27'|summit of Matu Smt Okean L | 2003/7/18 | 3931.8 | 138108 | 962
C_ |KT04-21 G-48 |off Fukaura Okean L | 2004/9/27 | 4031.0 | 136060 | 3317
D |KT04-21 G-49 |Yamato Rise Okean L| 2004/9/28 | 3925.0 | 135300 | 687




BlZ25Z LbMmbENTWS (eg., Naganuma, 1977; Hase
etal, 1999), TDE XX, FEEEILH 2 BSHEKED HH
300 mBTHD, £z, MEIL3I~T7F tons, FEEIT 0.54
km/h & RS HNTHEN, Zh bz gnFhE2 o 1/10,
/4 TH D, BTV N T 5 Naganuma, 1977), i
I K BIEITREOESFIEH 20, MEHMIIES TP
BERPLERAT ZHERDEOREICEERRE LR
LTWaETHRINS,
2.2 HAHERAE

BEORBHEEZA 7T U BRERICIL > THEERL (eg,
Tsukawaki et al., 1998), BEIRE»H 1 ~2cm DFES (|
B 1,250 em?) 25, TITAF v 7R RF 25 EFHN
THERLEbOESHHSEEE CITEESED &L, &
T ABNA T ARIRE LT,

HREOCEERIES THRET CHlEFTRESRE
HOTH DN, BIEFHMBIEFER D, REREHS TO
BRACRCEARIC K 2 iR - BE OB H 2RERT Oh
e EBEZLNRD, LEXR-T, TEHFEITZ0EE%H
BRLTE®RT D720, EERBORBEHHH 2 cm WA
OEERSRVEESERVH L CoAREE L,
2.3 EHEFHOHEERIE

EERBPRRT HHBEREIL, HEEESCEAEY

(THA72E) OBEREORE, T L CEBROMSI &
Vo ToHERRSRFIZ S &L B (e.g., Tsukawaki et al., 1998) ,
—F, BAREBRCIINEERS, EARELS KEARED
BRIIESC, BRI HEZ & O HESRTEER T O HERE#UE (3 e p sn
LERTEY, & ZIXBARELTH 1 om /1000 £, Xy
ZTH 1en/100 ER2 EFBMEEN TS (e.g., Tsukawaki
etal, 1998) . L7 -T, BABEONBHEROPESN
ELTHWYHS A~D D4 BHZ SO Tit, BEERTEN
b1 FFEREOHBRERE DD EEX LD, —F, A
AIGREOWRIBVE LTERYESEE (1~10) &, RE
6 ZERITIEVTNRLAKE 1000 m IO LD TH Y, Ik
FRBOHERARBRI S 2 b O TOHERDEE IS
BIEOE ZAREENTWARY, LL, ZRHOHET
IEEERRENEDDTEL (B, 1968) , REHEH
YR OEBEFEIHE m THEE T EBERIR T
% (Tsukawakietal, 1998) , —J5, ZiL 5 OUBRISRKIK
BB RN L T RS- I LR EEREN B
MNTHY (Wangetal, 1997) , ZOEEEEX S L ERD
REHBYIIERBROHBYEAR L LI L 2HIF & &
BB OBV ELICL TSN L O & Hikr
Iha,

IO LD BRBARATOHTNOE T L HEEE IR
&L, S OBEREEY R EIZL > TRBE D 1-2
cm OFEHEHITH —ICBBINTWDEELTRY (eg.,

Tsukawaki et al., 1998), L7=23->T, HAMEREMRIERRB
B EDI B AR THRE U EERENT, EEEGLUEZD
ANSEREREOREREORENLBRIEIZV- B F
TOREFEE RO EANRBELROEEBTICH 720D
ThHY, EEMITITRK - HRE LRSS HEMN L 2B
50 FRIEDIBROEEL M FTIT VB LHEINS,
7228, Yim 5(2002)i2 X 5 Ulleung GHE) M8 (FKIE 2000
mUL) OaTHrIAORYERT, £EDD 3 cm B

PIZ PAHs DERIRENTWEZE L ZDEZ 2 XF
THELOENZL LD,

3. RHEIAEE L UA AR
3.1 EZRLE

JEE F PAHs OOHTRIAETIE S LT, TA N Y 55RRE
(VNEF5,2000) AL, BEME RBROBETHELE,

Table 2 Sediment characteristics

Sample
No.

Sample code

Sediment chracteristics

1

KT00-14 G-8

olive drey compact mud covered by reddish
brown soft mud

KT00-14 G-13

molluscan shell bearing olive grey fine to
medium-grained muddy sand

KT00-14 G-26

molluscan shell rich bearing olive grey muddy
sand

KT05-9 G-12

molluscan shell fragment bearing dark olive
grey sandy mud or mud

KT05-9 G-10

pebble-to cobble-gravels-bearing olive brown
muddy medium-to coarse-grained basaltic
sand

KT05-9 G-14

pebble-gravels-bearing olive brown muddy
medium-to coarse-grained basaltic sand

KT99-14 G-33

surface olive grey soft slightly very fine-
grained sandy mud, lower light olive grey
compact mud, surface partly lost

KT04-21 G-47

surface olive grey soft slightly very fine-
grained sandy mud, lower light olive grey
compact mud, serpent stars

KT04-21 G-23

greenish olive pumiceous slightly very fine-
grained mud, lower rather compact, no
distinguishable difference of surface

10

KT04-21 G-22

dark brownish red soft clay in the surface,
lower chocorate brown sticky soft clay, a
pyroclastic layer, K -Ah 6cms below the
|surface

KT03-10 G-27

foraminifers-bearing pale olive grey
homogeneous compact mud, slightly sandy,
lower same but farther compact

KT03-10 G-27'

olive grey homogeneous mud, surface a few
millimetres reddish brown soupy mud

KT04-21 G-48

bluish olive grey homogeneous compact mud,
surface one centimentre reddish brown soupy
mud

KT04-21 G-49

bluish olive grey homogeneous compact mud,
surface a few centimetres thick reddish brown
and soft




EEHRE (BL%F30g) 257 AB Yy — L EZ2mmE

BIBICDIE L%, AT v LAEA Yy M AW TEEHE,

BBEG~6CYNT 10 B~14 BRI TRt &8z, Bk
DG EABTHNAEBYBLTRERLEZRS (5 g
{Z 1 mol ® KOH/EtOH (KB{LA U v h/=F ) —N) %
50mlfn%, HRTISERRE 5 Lok, SiB% TRH %
I%Ié;@ Lize WIZ, KERIK 20 ml 2002 C 10 SR &
SHEKIBE B Tl%, EAREBRT MY VAR TAD
7 b &:%\“*Jr%:ié LA L7, Bik#DEE % Rotary
Evaporator TEE#2E (30 °C, 60rpm, 160 hPa) L T~F
Wiz L7z, Sep-Pak Plus Silica (Waters #-8)iZ
REZBKR L TETO PAHs 23U B 7 VICRFF LTI,
1%7 % b /~F 4 20 ml Zi@K L CTEERABHREY
Rotary Evaporator CHUERLE L7z, 10 ml /A 7 /L H OHH
HRICER A A% 1.0 Imin AW & TV b2
REETTE b= b UIVITIEERER L, T & R
HEB e Ui,
3. 2 PAHs 47
HHEEAB LR AFLALERF Y FEBAL, B
JERLE LT, WEREROMN K BRKE s n~ M7
7 HPLC (HZBUERT, L-2300/2130/2480) TH#fr L7z,
SFrxig & Uiz PAHs {LEMILLT O 15 ETH S :
Naphthalene (Nap), Acenaphthene (Ace), Anthracene (Ant),
Phenanthrene (Phe), Fluorene (Fle), Fluoranthene (Flu), Pyrene
(Pyr), Benz[a]anthracene  (BaA), Chrysene  (Chr),
Benzo[a]Pyrene  (BaP), Benzo[b]fluoranthene = (BbF),
Benzo[k]fluoranthene (BkF), Dibenz[a,h]anthracene (DBA),
Indeno[1,2,3-cd]pyrene (IDP) & ¥ Benzo[ghi]perylene
(BghiPe), Bt#R (Toriba et al., 2003) OFEIZHE, 7k b
= b UL+ EMUKBEME, FIREEHRE, Intertsil ODS-P
F15 5 (5 pm, EZE3.0mmx & 250 mm)) THH LI,
BEY O NTHRR LT BERAMREIT 14% 0=3)T
BHotz, 1=, 4 PAHs A2 TICDOWT, 2~200 ng/ml
OFEETREROBERMES £ 5.7 % LINOBRETHSHZ
LEHER LT,

4 HRRUER
4. 1 AHEHOZEOER
REHMREFOLEH % ERICIHMET 5 OB L WS, i
< &b, PAHSBEREMSLERE K - &5 LT,
FEOHEEBRBEENE IDERRTILIIEETH S,
T Z T, PAHsORIGME (Seinfeld et al., 1999; Finlayson
-Pitts and Pitts, 1999) {ZF B L, KEMEMSE L BaP & Antd
2PAHsIZX 9 BB E, No.7HH A5 ORKE %KoM
¥ LUTFig 20 X5 ICEE L1, =L, ##INo.7 (1999
FOHHR) OETLERLHFELL, ERAMNTET IR

BHOBITEOEHE TR LT 5, BERIRIBL ﬁéﬁ%éﬁ%tﬁ
BaP, AnttbEOBEMIRONT, REHFFOSEIZ
SEEOREII VIRV EBHEINS, L7‘_7§>0'CUT
T R EBEORBIIBERETILEREITO LD ET S,
4. 2 BPAHSBELZTDHM
FHREBRTOKR PAHSIRE (DWTISES O#fN) %, 3
RUTOEB SRS L4R LT - BEERS DLERY
LY TFig. 3R L, BACL2ERIIH DN, &1
VDI PAHSIE FE1425.9+5.5 ng/g-dry & LB —
ELTWS, ZOfEk, FHE (260220 ng/g-dry, 7277
LEPAL6/%4Y) (Nakataetal, 2003), =¥ (360~3800
ng/g-dry) (Wuetal., 2001, 135%%) S D15 EBIELLNHE
R L IRV, IR EOBER OB E A
(0.81~60.6 ng/g-dry, 155%53) (Ohkouch et al., 1999) & #H
PL-#wHICH D, —F, BREHRETYH, TBEEOH
2000m0)7’“(§E’C300 ng/g-dry (24m%53) 282 5L 57%
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Fig. 2 Mass fraction of Bap and Ant in relation to days elapsed
after the sampling in 1999 (sample No.7).
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Fig. 3 Total PAHs concentrations at each sampling site in the
order of Tsushima Current.
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HBAEBHEIN T EH (Yimetal, 2002), »742< L H
MR & PRI TIE, AETICER L TERERS <
2> TWDBATIXAR Y,

B L B EEBEEMITDR VWD, BRIz Fhiz E
BTV, BREB~OAY O (FEHE, Nol) %
B LT, BARERNEZER TRICAN DI/ T, #&
B (Nod) HEE CHRPAHSEENLELTW3, ¥
Fo, TERIZED D IZREVAR L EO RS O L BAMENT 5
M, ZhiE, Fig. 40 L I ICESBERBOTL TR & &
VHABIC 25, LB - EHHHRO2EIT, 5 - 6REN D
LEEREMLTHDZEBEBREINDE, ZhbO&EkBA
RIS IIPAHSO F T HFIC A BRIE O BRI HEEICEE
LTV A7z (Finlayson-Pitts and Pitts, 1999), A ivsE: &
TR ABRFFRORERHERZIND,

4.3 BEPAHEADRESKIULE

FHRBR14Y TP OPAHSE R4y (O 1R B % Table 312
T LD, ABEERBY No.l~8K8LTA, B) TiE,
SELENRBELE T2 E2BEL, SBERBY (No.l
~8B X UA, B), E#HM 9, 100 B UMEBROEEND
ROVEEE (C, D) 2oV, 1SR DREDKRINE100%
ELTERNOERILE 2R LR %2Fig. 5I07T, ~

g, BERERE S BERNVOARRBE L, B
DEENDIRNEEZ LA KTRE, BAESEE L
M35 —7F, HEEMIE Pyr, BKF, BghiPe &\ o724k
BEEROF - BlBELEMOLERF L RoTW 3,
4. 4 PAHsEISA L TRHINDELIGIEE
X BHERIZIE » 7o R PAHS IRE OB N E T H 5 —F
T, 46 BROF « BIBACRAS RN FRATIZH LM
B oA 5, AAREE TOASERIFEROBEIR
BEnDH, RENIBREORER Y, TOFEMINTL
AL A CRERROBETHETH S, F 2 TU
TCiE, PAHs AR Z AWV CIE RS T EE L,
PAHSs 4y L IZ B3 < (B RRO#RRIT, KRIBHROSE
TIX—MHTH Y (Finlayson-Pitts and Pitts, 1999; Tang et al.,
2005), BEEE THLRBROBRMITOR TV (eg, Wu
etal, 2001), T, HAMEEEIZ >\ T Naeminorovska
(1999) AW TORSELE AN TERAEMOER
DEMERDT-, $7245, Phe/Chr, (Flu+Pyr)/Chr X
Y (Pyr+BaP) /(Phe+Chr)T& %, Flu, Pyr {I/3A A< X
#AHE (eg., Furuuchi et al., 2007), Pyr, BaP {X{LBBREIZ D
PRBEAE ALY (Hites et al,, 1980) CFH - BM{LEROBEIR
EFEUOWPCRENELRDIEREEINTNDS
(Naeminorovska, 1999), Phe {$4##C+87: Yo BRI
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Fig. 4 Mass ratios of 2-3, 4 and 5-6 rings of PAHs in total
PAHs concentration at each sampling site.
Table 3 PAH concentrations of each sample ( X 107 ng/g-dry)

Sample No. 1 2 3 4 5 6 7 A B 8 9 10 C D
Nap 290 27 211 227 52 34 96 211 941 14 548 43 18 53
Ace 11 0 42 7.0 1.7 1.3 14 10 92 3.1 49 8.3 7.2 0.7

Fle 417 59 69 64 89 92 74 76 79 58 7.2 17 62 84
Phe 8960 1450 1850 1870 1190 1370 1440 2460 1150 1490 303 1720 1570 1430
Ant 278 34 28 24 29 25 18 86 49 29 44 26 27 46
Flu 664 89 188 390 403 384 195 366 54 162 175 466 328 117
Pyr 190 26 111 308 356 315 150 223 46 120 217 407 185 28
BaA 62 13 33 93 23 42 33 24 156 21 7.3 104 10 2.2
Chr 324 47 147 128 63 185 63 64 43 49 258 13 21 25
BbF 97 14 8.4 85 15 27 33 64 69 3.3 6.3 29 34 33
BkF 0.5 2.8 0.0 21 4.0 3.7 37 3.2 21 6.0 $08 61 5.1 4.0
BaP 2.1 19 19 29 23 24 22 11 32 14 1.5 34 5.6 7.2
DBA 10 0.7 6.2 74 1.1 5.4 0 11 828 1.9 63 37 2.0 22.8
BghiPe 13 2.7 5.6 94 48 4.2 49 1.8 6.1 23 68 459 183 0.7
IDP 26 0.6 3.1 0.1 0.6 1.3 1.2 34 6.1 1.0 14 0.3 0.2 1.1




PAMCRMEIC LB TN, HPORBER ELLBRET D
(Finlayson-Pitts and Pitts, 1999), “ 5 OEEL, 25 L
e NBEIFEROEELRBTIHHDEEZOND,

Fig. 6 |3 (Pyr+BaP) /(Phe+Chr)DEZ I L= b D TH
%, Fig. 310 R LI-# PAHs O L L BEEILTE Y, B
B (No.1) OO TRAMIC, HHREMH (Nod) T
AT AT E CHEMNL, F0%ITEREERE (No.8) ~M
PO TERNIHD LT3, £, B#HMP (No9) TK
EREL DN, =V, K BABATIZEL-
TKEL 2TV, Fig. 712 Phe/Chr & (Flu+Pyr)/Chr
DERE2RLE, BEICHEELZER» 2 —F,
(Pyr+BaP) /(Phe+Chr) T L 7= HIVR W O ANME N
2vy, B (No9,10) THEL 725Dk (Pyr+BaP)
{Phe+Chr)DIFA L FHETH DM, {FLRIFRPHEROTEMN
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Fig. 6 Mass ratios of 2-3, 4 and 5-6 rings of PAHs in total
PAHs concentration at each sampling site.
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Fig.8 Relation between ocean depth and PAHs

concentration.
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BEISNGL2BEMMNH 5, Fig. 9idPhe/Chr &
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Fig. 7 Mass ratios of 2-3, 4 and 5-6 rings of PAHs in total
PAHs concentration at each sampling site.
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Fig. 9 Relation between ocean depth and emission indices
defined by ratios between PAHs components.



5. #

%t B VR > O ERER RIS KON WY IS E D B AR I R
DR HWRB & B AU RAHEOXFoiE, B AKERS &
O=YilIIEDOERETOER S EHR LAY (PAHs) #
B, O ERERTHZ LG, UTOBBAEENS
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4) REBLEOBRENKELBRL OB RREERH 5,

S%IL, BABEOSHY L IABEEPT L, BR
B RAVAT EEI A & OT5 Y E OPEHUIRGL, HIETH
BRI e CORERERLMBT D Z ENREER D,

o

WEHALORENIEICH = > Tk, JAMSTEC (i - X
RFWBENRERT) ORE v 7 DF 2SR B & T8
AW, £, LRSI RFEHFEERE D X
T A LTER B RIRHEERIET vl ) SRz 5
BUTERTHERZ NP0, 512, RIEKRFERER
AP - EREFE L, ESR R E e -
AINFURFIE LT, BARBBDUIC W TEER ZHE2 0
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