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Abstract

Recently, halogenated aromatic hydrocarbons, represented by the poly-
chlorinated dibenzo-p-dioxins(PCDDs), polychlorinated dibenzofurans(PCDFs),
and polychlorinated biphenyls(PCBs), have been identified to be present
in effluents from municipal incinerators and water treatment plants
Because of their lipophilic nature, these compounds have also been de-
tected in fish, wildlife, and various human body fluids and tissues. Thus,
considerable public and regulatory concern have been paid to the poten-
tial adverse human health effects and environmental damage associated
with exposure to these chemicals.

In general, organic compounds which are present in air falls, indus-
trial effluents and domestic waste water are flowed into river and then
these compounds are condenced on the river sediments. River sediments
are therefore useful in the assessment of local and global pollution
with PCDD, PCDF and PCB. I[n this study, we have investigated the pollu-
tion levels with PCDD and PCDF in the several sediments and organisms
taken from the Tama River which had been used as a source of potable wa-
ter, and discussed for their sources.

Sediment samples were collected from eight sampling locations of the
Tama River and five sampling points of its tributaries. In order to
study sources of PCDD and PCDF in the Tama River, additional sediments
from the stations flowing into the Tama River near urban municipal in-
cinerators and water treatment plants were collected. PCDD and PCDF
could be identified to be present in all samples collected. The total
PCDD levels in sediments from the Tama River and its tributaries ranged
from 0.7 to 186. Lppt and PCDF from 0.1 to 45.5ppt. The concentrations of
PCDD and PCDF in sediments taken from the Tama River were generally
higher than those found in samples of its tributaries. Higher concentra-

tions of these compounds were found in sediments samples from mid- and



downstream regions. Total PCDD in sediments from the near urban munici-
pal incinerators and water treatmeni plants along the Tama River ranged
from 67.5 to 2214. Tppt and PCDF from 15.4 to 326.4ppt. Highest concen-
trations of PCDD and PCDF were found in the sediment and fish samples
living in the Tama River near urban municipal incinerators. In addition,
PCDD/PCDF congener and isomer patterns in the sediments from the Tama
River were similar to those found air particle matters. Thus, it is con-
sidered that the main source of PCDD/PCDF in the sediments samples may

be the emission gas from municipal solid waste incinerators(MS¥).
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Fig.2 Sampling locations of the Tama River and its tributaries
1:Daishi 2:Maruko 3:Tamasuidou  4:Koremasa
5:Hino 6:Nagata  T7:Ayumi 8:Kawai
A:Syumatsu B:Kitatama C:Nishiki-cho D:Akishima
E:Tama-oh
a:Nogawa b:0ogurigawa c¢:Asakawa d:Akikawa
e:Hiraikawa
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Fig.3 Sampling locations of rivers in Tokyo.

Tokyo
Bay

1:Shin R.

2 :Kyunaka R.
3:Kitajukken R.
4:Yokojukken R.
5:Sumida R.
6:Kanda R.
7:Meguro R.
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Table 1 IR L 1o

Table 1 Sample information
Sampling locations code distance(km) date remarks
Tama R. Daishi l ' 3.8* 1993/6/18 sludge
Maruko 2 14 1993/6/18 sand
Tamasuidou 3 25 1993/6/18 sludge
Koremasa 4 34 1993/8/20 sand
Hino 5 43 1993/7/23 sand
Nagata 6 54 1993/7/23 sand
Ayumi 7 64 1993/7/23 sand
Kawai 8 78 1993/7/23 sand
Syumatsu A 35 1993/10/16 clay
Kitatama B 38 1993/11/3 sand
Nishiki-cho C 43.5 1993/10/16 sand
Akishima** D - 1993/10/16 sand
Tama-oh E 48 1993/10/16 sand
Tributary of Tama R.***
Nogawa a - 1994/5/28 sand
Oogurigawa b - 1994/6/11 sand
Asakawa c - 1994/6/11 sand
Akikawa d - 1994/9/4 sand
Hiraigawa e - 1994/9/4 sand
Shin R. Ukita 1 - 1991/11/17 mud
Kyunaka R. Nakahirai 2 - 1991/11/17 mud
Kitajukken R. Fukujin 3 - 1991/1L/17 mud
Yokojukken R. Kurihara 4 - 1991/11/17 mud
Sumida R. Shin-oh 5 - 1990/10/19 mud
Kanda R. Funagawara 6 - 1992/11/9 mud
Meguro R. Nanbu 7 - 1991/11/20 sand

X

Distance from the river mouth

¥¥ Sediments of St.D was not in the Tama River
¥x*¥Discharge point of tributaries not be included in Table |
— notlt measured
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Sediments Fish or shell

*Drying overnight at 60-80°C

+Sift with 9mesh sieve Fish or shell homogenate(30g)
Dryed material(30g) +Ground in anhydrous Na:S0.

*Extracted with toluene for 12h +Extracted with toluene for

by ultrasonic extraction {6h by soxhlet extraction

*Concentrated and replaced with
30-50m1 of n-hexane
Extract
+¥ashing with conc. iS04 and water
Concentration(lml)

*Multi-layer column chromatography
eluted with n-hexane(]150ml)
Eluate(lml)

*Alumina column chromatography

Ist fraction: 2%MeCl./n-hexane(150ml)
2nd fraction:50%MeCl./n-hexane(200ml)

First fraction Second fraction
ECD-GC and HR*GC-LR+MS analysis HR*GC-HR*MS analysis for PCDD
for PCB and PCDF

Fig. 4 Outline of Analytical Method for PCDD.PCDF and pcB
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4 —1 PCDDREUFPCDF5Y#r
HAET (JEOL) Itk L . TiRORBICL 0 3£ - 2.

Hewlett « Packard 58900 A X2 < b5 7 « JHS-SX102AE BT 2 H V. BOEFESIH
(Selected Ton Monitor) EiC & W T %iT>72. 75 A3 4 LY~ 6 BALYIC B BERES b
Supelcott#ISP-2331 (60m X 0. 25mm 0. 20um) %MW, # 5 AS%MIZ100°C 2 MR, 100°C~210°C%
200C/ 3 REEL . Bz, 210C~250C% 2°C/ AHAB L., 250CTIREEE L1, 20D
SHEGRUTOEDTH S, FADBEL0C. F+ V7 —HRARBANY I LEFAL. Z0F%E
i380ml, /53 (25psi)s A A ALEHT0eV. A A ALEHO600uA. « A EEE280°C. 4 4 ftE—F
EI. Z3#RE10000. HEAFERVEARZIZRT Y v bR T 1ulTiT» 2, PCDD, PCOF& [ElfElA &
bicTable 2ITRLICHA A VBICBE T 5 b L BHRVA A 2D 2 DO E BTSN EITV, A 74

VAR WA ERED £30% A0 b DIC > LW TSR EBRIEIC L O EBETT - 12,

Table 2

for PCDD and PCDF

Some acquisition and identification parameters

Compound Selected ion m/z Theoretical
ratio A/B A B abundance, A/B
TCDF M/M+2 303.9016 305.8987 0.77
TCDD M/M+t2 319. 8965 321.8936 0.77
PeCDF M+2/M+4 339. 8598 341. 8569 1.55
PeCDD Mt2/M+4 355. 8546 357. 8518 1.55
HxCDF MN+2/M+4 373. 8209 375.8179 1.24
HxCDD M+2/M+4 389. 8158 391.8128 .24
HpCDF M+2/M+4 407. 7818 409.7788 1.03
HpCDD Mt2/M14 423. 7769 425. 7739 1.03
0CDF N+2/M+4 441. 7431 443. 7400 0.89
0CDD M+2/M+4 457. 7380 459. 7350 0.89

M:Molecular ion

4 —2 PCB&F

(1) ECD-GC (Electron Capture Detector-Gas Chromatography) 43

HIL263-30B T HBRRHMEN AR/ 02 b 7S 7 2HBRALMIEIT 70 715 AB0V-1% + €
U =43 4h (25mX0.25m) ZMW, 180C~280°C% 2°C/HBRE. EADEBE280C,

Fr VT —HRIEBR, EAFERFEABEIRATY v FUAT LulTiT- 1,



(2) GC-MS (Gas Chromatography-Mass Spectrometory) 43#fr

Hewlett « Packard 58900 4 X7 o< k%~ 5 7 « JEOL Automass50E E it MW, KBS
BESIMEEIC L D 3T 21T o720 /15 L 13CP-Sil 8CB (25m X 0. 32um 0. 12um) %WV, AT LKMHE
80°C 1 MF#F. 80°C~270C%10°C/ REL. 270°CT 5 MHERE L fo. ZOMsMrREixEAD
BRE50C. £ 9 —7 2—R250C, F+ V7 —HRRANY Y LEMFRAL. ZOHREIZ53mL, 53+
A F ALEET0eV. 1 & ALEFHI00uA. 1 A VIREE250°C. A A ALE— FEI, 53#aE2000, 7E
ABFERVEARIZRTY v PV AT LulTiT> 72, Table3i/R L7 PCBEREIKAR A A VBICH
F5b-EbBOAA 2D 2 DOEEHTSINAITZITV., A A VEEHNERED £30% LA

DOHDITHONT 3,4,3,4 -PCBIC L R EREIC I D ERET- T

Table 3 Some acquisition and identification parameters

for PCB

Compound Selected ion m/z

Theoretical

ratio A/B A B abundance, A/B
TCB M/M+2 290 292 0.77
PeCB M+2/M+4 326 328 .55
HxCB Mt2/M+4 360 362 1. 24
HpCB Mt2/M+4 394 396 1.03

M:Molecular ion

4 -3 ZOfERAESE

(1) FID-GC (Flame Ionization Detector-Gas Chromatography)
H37263-307kFEkA A ABRBSEAT A7 b IS T7A2FER LI, #5413 2%0V-12Xy J F
A5 A (2mX 2m) ZHWV. SHEEIZ100°C~260°C%k 5 °C/ ARE. EAOEE260C.

Fr )T —HARINY D LZEHL,
(2) HPLC (High Performance Liquid Chromatography)

BEC-R6AZ O bRy 7 F— 7 EEBMBOBELC-AEE s n< F 5 72 ERALE. #5
L 130DS RP-18 (250mm X 4. 6mm) Z RV, SMASLEIERBHE A ¥/ =N (1wl 5. BHEWVEER

235nmTiT - 17,
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FAAF Y SROBHTEICIE. EOFRTERLS 1T, BLEHOE2, 3,7, 8-TCDDITXTT 3
FHSMEE (TBF) 1. 1A+ VEOREBEEFELbD%L,3,7, 8-TCODME%E (TEQ & L.
COMEICE > T 44 F 2 VEOBEREEORETENThN 5, TEFZ, Tabled iRl ki
KEICE DEDRE BN, AP TIIERIEME L TV BI-TEFIC X © PCODR 'PCOFDTEQEEH L 72,
7235, Co-PCBIZBAL Tid, AZSAY 3,3, 4,4 -TBO—REEL M3 . FRAFRERFEENTERL
fesh, TEQDEHZTT » TWHZW,

Table 4 2,3,7,8-TCDD equivalency toxicity factors of
PCDD, PCDF and Co-PCB isomers

Compound 2,3,17, 8-TCDD equivalency toxicity factor(TEF)
FHO Nordic I-TEF Hamberg Safe
et al. et al.
2,3,7, 8-TeCDD l 1 1
1.2,3.7, 8-PeCDD 0.1 0.5 0.5
1,2,3,4,7, 8-HxCDD 0.1 0.1 0.1
1,2,3,7, 8, 9-HxCDD 0.1 0.1 0.1
1,2,3,4,6,7,8-HpCDD 0.01 0.01 0.01
.eepp 0.001 0.001 .00
2,3,7,8-TeCDF 0.1 0.1 0.1
1,2,3,7, 8-PeCDF 0.1 0.01 0. 05
2,3.4,7, 8-PeCDF 0.1 0.5 0.5
1,2,3,4,7, 8-HxCDF 0.1 0.1 0.1
1.2,3,7,8, 9-HxCDF 0.1 0.1 0.1
1,2,3,6,7, 8-HxCDF 0.1 0.1 0.1
1.2,3,4,6,7, 8-HpCDF 0.01 0.01 0.01
1,2,3,4,7,8,9-HpCDF 0.01 0.01 0.01
QCDF o 0.00L 0.001 0000
3,3,4,4" -TeCB ) 0.001 0. 01
3.3,4,4",5-PeCB 0.15 0.1
3.3'.4,4",5,5 -HxCB 0.006 0. 05
Monoortho Co-PCB 0.001

Te:tetra, Pe:penta, Hx:hexa, Hp:hepta, 0:octa
T et g

ZE)IIKREERD Y1 A+ 2 VEOREF RPT 5700, AR DT A+ VO
W7r—4 EREEFTIRREINTVE T — 7% b LICHETFAILE (RS Z2iT-7°",
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Table 5 The extractability with each solvent for
. 1.2,3, 4-TCDD and 0OCDD

Solvent Recovery(%)

1,2,3,4-TCDD 0CDD
Toluene 94. 5 83. 8
n-hexane 15.8 ND
Benzene NA 41.8
Dichlorometane 58.6 46. 4
3%Toluene/n-hexane 92.4 66. 6
3%Toluene/acetone 86. 7 71.0
50%n-hexane/acetone 42. 0 21.1
ND:not detected NA:not analyzed
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Fig.5 FID-gas chromatograms of phthalates and PCDD solution
before(left:a) and after(right:b) treatment with
multi-layer column.

The GC conditions, see experimental

Table 6 Recovery tests for
1,2,3, 4-TCOD and OCDD

Compound Added(ug) Recovery(%)
[,2,3,4-TCDD 1.5 105.2
0CDD 1.5 72.2
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Fig.6 ECD-gas chromatograms of PCB and PCDD solution before
(left) and after(right a:2%dichloromethane/n-hexane

b:50%dichloromethane/n-hexane)
treatment with alumina column.

The GC conditions, see experimental



% fo, RMENEOER A Table TITR LTz, TORDMS FA A F 2 VEOEIRGIHEREICHD
T Ehbinot

Table 7 Recovery tests for 1,2,4-TrCDD, 1, 2,3, 4-TCDD,
HpCDD and OCDD

Compound Added(ug) Recovery(%)
1,2,4-TrCDD 10 89.3
1,2,3,4-TCDD L0 96. 0
pChD 10 108. 7
0CchDb 10 102.1

DL, FA44F 2 SEOBEEE g GIORLIHEILE 0TS &L, EBROEEICS A
FE v HEAERML, Vig. 4 OFETEINERERD 2003 Table 8 TH B, 1,2, 3,4-TCOD, 0CDDIE
IC[EIERB0 %6 LI E & REFREERMNME s,

Table 8 Recovery tests for 1,2,3, 4-TCDD and 0OCDD

Compound Added(ug) Recovery(%) Mean* SD
Ist 2nd Jrd

1,2,3,4-TCDD 1 137.0 122.9 108.9 122.9=x14.1

0CDD 1 82. 1 82.1 105.5 89.9%x13.5

1—3 T2 i0MR

TAXF L VEORTICE, BREODHNERIN S D, QEEEETICETF 3514+ V88
DRAED S UDEAL T SENSH B, 7 I Tlabled o, SBEBEILEISZ T VIR
BsDERA TR L. CTOERLD, TCD (1,2, 3,4-TCDD) 2 CrOCDDAMD [Elflk & Hst UG geh hEl
aht, Thid. IERETHERL TV AIES (1,2,3,4-TCDD, 0CDD) itk BBREELNS, LD,
ABOMTRUT— FMEICB VT, QBRERIcB T 554 4% VEOBAZBD THETH D,
HEBIIILWEER 1,



Tabie 9 Blank values of PCDD and PCDF

Compound Value(pg)
TCDD 151.92°
TCDF ND
PeCDD 9.32
PeCDF 0. 86
HxCDD ND
HxCDF ND
HpCbD 2. 00
HpCDF ND
0CcbD 69.68"
gCDF ND

¥ contaminated(l, 2,3,4-TCDD and 0CDD)
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Fig. 7 HRGC/HRMS SIM chromatograms of PCDD and PCDF in sediments
The GC conditions, see experimental
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Fig. 8 Concentrations of PCDD and PCDF in
sediments taken from the Tama River
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Fig. 10 Tyical HRGC/HRMS SIM chromatograms of PeCDD in
sediments(No. 1) and fly ash.
The GC conditions, see experimental
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¥Sediment of St.D was not in the Tama River

Table 10 Correlation matrix of some geochemical and analytical
chemical variables

Variable PCDD PCDF PCB Ignition loss
PCDD -

PCDF 0.91 -

PCB -0.09 -0. 06 -

[gnition loss 0.08 0.21 0.76 -
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Table 11 Concentrations of PCDD and PCDF congeners reported in

various enviromental sources

Source TeCDD PeCDD HxCDD HpCDD OCDD TeCDF PeCDF HxCDF HpCDF OCDF
code
Urban MSW Incinerator Stack Emissions(ng/Ncm)
1E 1127 2089 3805 2884 631 2846 2261 2928 1414 382
Agric.Chem.Manufacturer Incinerator Stack Emissions(ng/Ncm)
AC 119 5.05 2.27 6.20 1.98 145 6.1 0.4 ND ND
Synthetic Rubber Manufacturer Incinerator Stack Emissions(ng/Nem)
SR 24.8 0.86 2.51 18 336 5.6 19.6 17.7 1183 311800
MSW Incinerator Fly Ash(ug/kg)
ASH] 20. 1 82.3 316 1120 1310 105 296 515 1670 500
MSW Incinerator Boftom Ash(ug/kg)
ASH2 [.88 4. 45 5.29 9.58 18.4 1. 08 2.56 2.6 10.1 4.48
' Black—Liquor Recovery Furnance Flue Gas(ng/dscm)
BL 0.81 1.03 1.59 1.40 0.94 6.17 5.89 4. 36 1.15 0.16
Pyrolysis of PCB and PVC(ng/g)
P 230 571 748 524 325 12098 5462 1734 809 389
Residue in Recycled Scrap Paper(ng/kg)
NP 8.8 48 335 317 58 26 2.8 3.2 1.5 1.5
’ Residue in Newsprint(ng/kg)
BP ND 1.6 1.1 4.3 317 2.6 ND 0.8 1.8 1.9
Leaded —Gasoline Engine Exhaust(pg/km)
PbEx 580 ND ND ND ND 1700 270 ND ND ND
Leaded —Gasoline Engine Lube Qil(ng/L)
PbEOQ 31 ND ND 13 18 317 30 ND 18 h
Unleaded —Gasoline Engine Exhaust(pg/km)
Ex 13 ND ND ND ND 170 ND ND ND ND
Unleaded —Gasoline Engine Lube Oil(ng/L)
EO 3.7 ND ND 10 24 16 12 ND NI ND
Chimney Soot from Oil Central Heating(ng/kg)
oL 170.1 323.6 279.3 403.0 413.1 1083 917.4 563.9 373.8 158.3
Chimney Soot from Coal Ovens(ng/kg)
CL 2460 840 1550 2030 1500 8040 6510 2290 692 155
Municipal Sewage Sludge(pg/g)
SS1 390 688 2150 7260 32400 98 168 109 174 421
SS2 41.5 221 272 2762 12829 92.17 114 220 23. 4 ND
Residue in Pentachlorophenol(ug/kg)
PCP 0.4 15.2 3300 198000 790000 0.4 343 13900 127000 137000
Pulp and Paper Sludge(pg/q)
PP 150 ND 19 192 1860 1520 169 35 5 53
Residue in Trichlorobenzene(ng/kg)
TB 26.6 139.8 258.8 253.0 80.6 735.7 272.5 90.8 29.9 b.3
Air from Automotive Traffic Tunnel(pg/cu m)
TT 0.28 0.32 0.48 0.49 1.50 0.80 0.73 0.58 06.18 0.28
Soil from a Former 24,5—-T Plant(ng/kg)
T 1400 20 Tl 430 550 180 1100 1100 820 600
Air Particle(fg/m )
AP 0.6 11 120 370 590 22 83 98 70 26
Rain Particle(pg/L)
RP 0.2 0.2 1.4 22 43 1.2 1.5 1.0 2.1 0.3
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HENEZE. EREHONFRIT. R (25.2%). 4ARUAES (22.3%). 9 (17.5%) &LT
W3,

OOREOHEI VTR, Wakimotob* ¥ Itk » THE S h, AREEHIC L APCDD & PCFRERE
13, 175TEQpg /A HTHO. FAYPAHF LD bRERFELEE>TVDE, ZOFO0%IZANE
BHOHLDTHD ., BKEBDTHET ZHREL>TVWE, Jhid, ANEEREN KV (15g
SR ®AFY (2g/8) CHBELT, bAEDHE #%0g, /H) IEBEHTEVILIERLT
W5, =, RATEHVWESRERTAE. FARUARRLFERREDOVEOTH BN, 20 E
. 10.0%. KRU10.3% EMEMHNICE W, DEDZ &0, BARIRBIF B/ 1A+ VI k3 Ak
BREEZL LT, ANBEICBIT 351 4+ VIEFROEELITET 2 LENS 5 L Bbh b,

Z 2T BEINUKRKEENFO 5 A A+ VEOBFHETNB 120, LE)FERO A/ (1K
') TEwa (Grnathobogon elongatus caerulescens) A#ZELL 7z, T IEFRWLIEIR A CHEELL .
It 1 &0 GIBRAEBRAZ TR TRL 72,

Fig. 23ic. £ o IOPCDDE U'PCOFEE AR L1z, total-PCDDIEEEIZ. I £3562. 8(pg/g wetweight).
7383.8 (pg/g wetweight) BN, 1BV TEHBEOEYFRLRONL (IOHTHE) , —
7. Total-PCDFEEREIE. 14%122. 0(pg/g wetweight) . I A%119. 6(pg/g wetweight) #Hi &, PCDD
BEREIC, 1ILBY 2RBEOAMBERIIR SN 1,

LIt 2EIREDOPDERIE, ZENEEHO Y A A F v v EOSEE RO BRI RN
BOREENMDZITVEEEZ LN, TICB 3BEORDIZ. EBIRIC K 2EREERRAORD
DNEZoNE, SETIcEAShEn I}, I /HRBL, EETOEBMELARE T8N
NHBIH, TOXIBHENE N/ EBbN D, TEMERI. B2 > THRE D EBREEY
NRILBD 120, DRIk ->TR, SHEOEMBERNIEZL SN B,

I RO T OREFEEREFig 24icR L1, I ORIKEFREBHERTAS L, ChETOEERM &
HEL T, BERFOEENT VI E0¥ 5, PODDTRLEVEIESER LD, 0CDD (36.9%)



T. DWTHpCDD (25.7%) . TeCDD (22.9%) Tdh -7z, iz, POFICHWVTIZ. X HICZ DEMAD
{70, TeCDF (41.5%) . PeCDF (36.4%) Tdh ~to —Hh. T ORIKKHERERTHSE. PCDD
TELEVEIEERLIZOZ, TeCDD (70.9%) T. 2 TOCDD (12.8%) THH. POORICRL T,
PeCDFANR BV EIS (54.1%) £RLTc. TOLIBANEICE 3 BEERAEOERIZ. Wakinoto
5 O Opperhuizens ™ OEFNHET LA o, BEEREMOKAREOCEZR RS RED
EENELONTV A,

ppt(pg/g)
600. 0
PCDD

500.0 B PCOF
400.0 +
300.0
200.0 |
100.0

0.0

Fig. 23 Concentrations of PCDD and PCDF in
fish taken from the Tama River
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Table 12icid, I RUT THRHEIENI2,3, 7, S EHRIADBE LTEMEER LI, CORERSL L.
LIZBWVWT, MOBEEICHERINTVWA I ENH S, [ THRIEBENKL ST, SRBEREDRE L,
407. 76 (pg/g wet weight) ThHb. I THHINT2 3, T, SNERAKDOEBEOHI0EICEL /-, TEUH
THIDME (13.8ppt) I3E <. OIDfE (6.9ppt) D 2ETH -7,

Table 12 Concentrations of 2,3, 7, 8-substituted PCDD and
PCDF in fish taken from the Tama River

Compound Conc(pg/g wet weight)
1 I

2,3,7,8-TCDD 0.988 0.68

1,2,3,7, 8-PeCDD 0.397 2. 115
1,2,3,4,7, 8-HxCDD 4. 353 0.712
1,2,3,7,8, 9-HxCDD 2.613 0.519
1,2,3,6,7, 8-HxCDD 5.271 1.790
1,2,3,4,6,7, 8-HpCDD 141. 933 3.138

o 201467 10.T67

2,3,1,8-TCDF 9. 755 6. 126
1,2,3,7, 8-PeCDF 3.586 ND
2,3,4,7, 8-PeCDF 14. 265 6. 288
1,2,3,4,7, 8-HxCDF 1.433 1.677
1,2,3,6,7, 8-UxCDF 5.073 4. 803
2,3.4,6,7, 8-HxCDF 8. 131 4.294
1,2,3,7,8,9-HxCDF 0.180 0.175
1,2,3,4,7,8,9-HpCDF ND ND
1,2,3,4,6,7, 8-HpCDF 2. 315 ND
OCDF ND ND
Total TEQ 13.829 6. 933

ND:not detected

#ic, I OTEQEIR, SEIOHETRELABEIEEHOTERMEL D EWMEZRL, TITBWLTH,
EEE (St.A. St.D) PVWTEWMEER L, Thid. BOFEKREERICR SN S LS, PCODRT
PCOFDAEMERIE . EHOBWVEEZR(MAICE BIcoN, Z20EENREL R ENEREEZEZ N
B, X5, CHETOEEHRDL 3,7, SR BHRADBE % AppendixE D RTH B L. BHENFHL
ExhTVW52,3,7,8-TCDF (TEF 0.1). 2,3,4,7,8-PeCDF (TEF 0.5) DE|&I3HZESEHVEESL AT,
ZheEh2.54%. 2.53% I bBb ST, AEFOZNSOEIGIR, SEHETENENS. 31%. 9.04% &
BUWEER Lz, Opperhuizens*® (&, 3 /3=~ k X ¥ b & FIVIZED W /2PCDDJ OPCDF D A4 f)
B BRI OVWTHIE L, Chick &, EfRARICHT 2AEMBRTIE. EERLE



REBHBEEAKRE (A 2EENR N, FREBEMTIE. ACERKTH > TOEROEL, S,
T, S-BiFEN L D EMBREI NPT VWE L TWS, CoERIE. SRIOME,IS RN, EEhX
D HEHVTEQRENEYIPh BN I EM S bREIN S,

KEEFPEREERF (DY) (&, AKMOF A A+ URECEE L T84, fIHIC>WT,
1) 50pptEl LDERNH 5 O EAZEIE. 2) 25~50pptDERDH 5 b DO IXEROIH, 3) 25
PPtRIGIC OV THARICHL THELRAERIIBVWETIEENRRBEEARL TS, KiE
BOVFNHTEE) *”, £, AFFICBVTIR. IBMFICAREEREICESE, KEMIOVLT
(320ppt (TEQ) K. MOERITO>VWTIE, BERALITELTVWE 'Y, Uk, BalOARMELHA
DEEN—BIHOMNIIE - I E%2BEA. BECOREDRBELMThOTWSEEN3, DIE
BT, BEDE A, COXHITHRMIELLBEINTE ST Lichk~ I, BEREIN S8
HEFO RN L T HRCKEE D & 5 MEBIIRT THIRVL, TOEAIKIE., F14Fv 08
DAFOFENRIERFLEADE . FERHTORW D EXINTWS, SESMTICER L7 fid,
BRAICHE T, TEUME G KEOREL T TH - 7208, B, FARPREBTHEIR OO OME
bV, BRI AEEERLEZ 5B, E72. Mivata, Wakinotod ' ik D, 2,3,7, 8 hrBiH
K EERRIEMEND 5 & INBCo-PBOARNET LD EEBEICKRH I, Co-PCBA & 72 TEQED
BENNELINTOV S,

Table 1312 | R TP TRESIN/PCBEEAR LI, JOERLSHIB LS IT, PCBEEIR. £OE
BB B (No. 1. St.A SLEXERE) LEBEICELRINTED . BEEOC-PBELEZIST
W3 I EATRKREN S,

Table 13 Concentrations of PCB in fish taken
from the Tama River

Sampling PCB(ng/g wet weight)

location TeCB PeCB HxCB HpCB Total
I 4. 48 6.13 5. 31 2.88 18. 8
I 5.70 6.97 5.75 (.23 19.6

k&b, Z2EINDKRAELEYRICE TS5 A F Y VEORHEICHO>VWTI, EERiIcET545 1
A3y VEELTROEREZITOESLAMBEICBWTEIENA (1) KEBEDF 14+
VEONRIE SN, BEEN, 2REEEDTVE, BEPSHL > AMBRICET RTAEHE
TEHL, SLADEEBEROEEL TS LR, FETERVA, EBREHRALREHRIUSFOMET,
PCDDR UPCOFBE DD HR SN I Eh S, ZOTHERETETCERVEEDbN S, £, TH
B KEXRCAF Y OREESL LR ZETRVWHDOO, PCBREHEE ICKRE XN, Co-PCBItL 55
BEOHBERNEAIS NIz,



4 BENEBREIEAINICHITEZIAFF HBFROLE
4—1 BRETEFNCETFIEZSAF+ L v ROEIRUSE & DLE
CNETEEKBEERKEEYTITET 551 4+ AFHERICOVTHRTE A, 0
MOFNDEEN & KB L EORED YA A+ VEEREZIITOEHNEMS L3, DIEIE
B TALF Y EEROTREEES 3 L TAEEETH B, £I T, Fig. 3TRLILK I, B
FEHNOEBELAN T AT Mol ~N.7) KB FBEEDS A 4+ v VEEROERBRVFENLO
HE AT - 120
Fig. 251 BP0 T (No. 1 ~No.7) EBENZTHMA (Fig 20N 1) KB BEEPOS A+
F o UEBEELNVERL, B N2, N3, Nod D 3EIICEVTIE, 0CDIREEH TV,
COREHTHLNM LI, HOF A4 F 2 VEHFREZITOS0H)I (No. 1) (5155. 3pe/g
dry) TH0. 2V TIRS)N] (N.2) (1690. 5pg/g dry), Jt-+RI (No.3) (1984.5pg/g dry). #&
JE1 (No.4) (1926.0pg/g dry) ThH otz N licki 351 4% v A EHERI. F5LEH0CDD
(93.8%) THD. No.2. No.3. N4 D 3EHNIZHBVTIR, OCDBEFhTVWIERVID, KBTI
O 4FANICBWT, BERECS A AF Y VEFRINTVA I 0T, i, HOBEROEA
TVWEWAEIZ, BEN (o 7) (91.9pg/g dry) T, ZENEZBBICENVWEENTS - 7

ppt(pg/g)
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72
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3000 | %
7
7
2000 - D .
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Fig. 25 Concentrations of PCDD and PCDF in sediments
taken from main rivers in Tokyo



Fig. 31ck1f 2EMHREUMIA L SDETELATH B & HRAIMA BV THBED S/ 1 4+ >
BOHEED A o, BIFICBWTREBHNUERRTH -7, SO}, BHEFEIHMAICE
BEXTHOEEOMMNEZL SN b, 1, BFLROERE LT, PODOEESHNIEEIREL. DT
LIREDOBENRRICBOTHH SN, Hashinotod ' 12 k 5 ARBEE BV THHSNB T &
o, bHEICET S 51 4 F v VEEROKEEE Ebh B,

Fig. 261#RP 7 8])1| & BB T ifidtsic 13 B TEQE AR L 72, TEQIED&ERIL. 0. 67~28. 6ppt
(pg/g dry) THV. HHBEWVHEETRLD1ENe 3 (28. 6ppt). DWW TNo. 4 (24. Ippt). No. 2 (18. 4ppt)
THotee TOHDOTEMER . SEISH AT > EHODTHROEVETHD., LHhdIhoom
SR, XS ENTVIRNWT ENS, ASITHVLEEIEZIONS, /. CHoOFIlICEW
Tld. 2,3, 7, 8-TCDF (TEF 0. 1), 2,3, 4,7, 8-PeCDF(TEF 0.5), 1,2,3,6,7, 8-HxCDF(TEF 0.1) D@L
BEHEOBVL, 3, T, SN BERIAEO HBESLHNED Sh. HBOREFNTRIN A, MO,
ZO &S MRS GNT, HEHIEVTEUEE R L 72N 1 I0CDDASTEQEDSE. 5% % HHTH Y., 4
O 3ENITEERL T, FEINIE. BRI (No.5) « #E) (No.6) LRIEEOHEHETRL,
Fig. 28CRLI= 5 A A+ 2 VHOBELAMCE VT HEREOHEL L NIVET L,
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Fig. 26 Concentration of TEQ in sediments taken
from main rivers in Tokyo



Fig. 2Tic#RPY 7 A1 & BEE)I 1% Fiftisic 1) 2 PCBIRE R OsaBidi & % /R L fo. PCBIBFEEHERIL.
15.6~293. 3ppb(ng/g dry) TH Y . HOEWEER L 2O RZE/ &K F# (293. 3ppb) « 2 Tho. 4
(277. 3ppb)« Ne.5 (246.Tppb) TH 7170 No 1 TN 2 icHB W T, BEREELDDLIZ LS. R
FDE BRI R D s etedh, EHEBERRUEENTEXUE - 72h, Suzuki®” 5DBED
& O BBEOPCBEEATEI N, EEhOPCBEER., ChETOLEIEEHEETHAS
h3 &9z, POODRUPCOFEEL D bHH~HEFEBVWEBETHELRINTED ., PCBEE &Co-PCB
BEECREENRSZEINTVWE 2 END, HIZDDCo-PCBEERNER N5, £/, PCDD&TFPCDF
EDOHBICOVWTIR, SESM TS hEERN ORI, FHEEEENGONEIN -7 bD0H 5
fedd, B Liid - feh, PCODRUPCOFO HLIRHERE T H - 1L E) I TR PRE/ IV TER
EOPCBBHrREBEANTVEI 0D, HF HRIFUBHERES NIV EEbNI, UL, PBEEL
HENEBONIr—2b5 0 (Brick et al)®® | PCBIZH R I HIERHOFIND 2 L Hic. EEREE
P& LTHBERICHER AN 10, EFETBHC L 2BFRELERT S LT, PBAHEERLE
bhs,

ppb(ng/g) %
300.0 [ 35. 0
250. 0 130.0
200. 0 120
1 20.0
150. 0
115.0
100. 0 WS
B 1100
B
= NA NA
0.0 el | 5 B3R 0.0

TamaR1 2 3 4 5 6 1

Sampling location

Fig. 27 PCB concentrations and ignition loss in
sediments taken from main rivers in Tokyo
NA:not analyzed



4—-2 WEREHHRBEBEFOYT A+ v RORR

IHETHIRLICFAINE. $NTERABREZZM/NTV S, 22T, BB PR TRRE N,
THRINTWITYY) (Tabes japonica) DT A A F v ERTEIT > 72, total-PCODERE326.0
(pg/g wet weight). total-PCDFEREEIZ. 5.1 (pg/g wet weight) TIEHITHMEBTH -1z,

RIC % O EEAERER A Fig. 281C/R L 72 PCODIZTCODAN SR BV EIS (57.6%) %7 L. W T0OCDD
(21.5%) TH-1z. —H. POOFIBICOFA TR bEVEIS (52.5%) ZRL1z, CORIKRSHELD
2. REPO Y 1 4 F v ERIEEERIL. EOSEITRIRS WAL ERIC, BER MO
AENEV I ED YTz, Wakimotos 'V ik, AMEICE T ZEERMOMEEIL. AL bR
BOTELOIEAFEERICL > THREL TV, Zhid. REORUARORBREOZLD.
WRDOBEORIRBRIMKFEL TV B LEEI SN TV S,

ppt{pg/g)
16.0
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4.0 |
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Fig. 28 Congener distribution pattern in
shell taken from Tokyo bay



Table 14ici. B EN122, 3, 7, SuBHUKDERE S TEUEA R L 7.

Table 14 Concentrations of 2,3,7,8~substituted PCDD
and PCDF in shell taken from Tokyo bay

Compound Conc(pg/g wet weight)
2,3,7,8-TCDD 0.371
1,2,3,7, 8-PeCDD 0. 112
1,2,3,4,7, 8-HxCDD ND
1,2,3,7,8,9-0xCDD 0.034
1,2,3,6,7, 8-HxCDD 0.099
1,2,3,4,6,7, 8-1IpCDD 1. 021

0CbD 0.602 .
2.3, 7,8-TCDF 0.139
1,2,3,7, 8-PeCDF 0.125
2,3,4,7, 8-PeCDF 0.052
1,2,3,4,7, 8-HxCDF ND
1,2,3,6, 7, 8-HxCDF 0.034
2,3,4,6,7, 8-HxCDF 0.105
1,2,3,7, 8, 9-HxCDF ND
1,2,3,4,7,8,9-HpCDF ND
1,2,3,4,6,7, 8-HpCDF 0. 151
OCDF ND
Total TEQ 0.518

ND:not detected

Table I4MSBHLHME L Hic, WHE N 2,3, 7, SHERARFFECHETH . BHOEVL 2,
3,4, 6,7, 8-HpCDDCTEF 0.01) . OCDD(TEF 0.001) AB\T. 27T 1ppt(pe/g) UTTH -7, total-
TEQT 0. 518ppt(pg/g) EIFHI/NIWETH »7o L L. REHHVDIVS A RNEOHEE.
SEHREUSFT. FHIC L > THPCDD, POOFEEIIEET 510, SEIOHERIIS TId. HEBRNE
DOfERMEIFETER VY, . BESAAF 2 VHE LT, Co-PBOEMELRITIELIE>TET
By, Wakimotod ' OBFEIC LhE, KERBOHEIEDDCo-PCBEREEIZ. PCDD. PCOFEE L D HER
EIELRINTH D, Co-PCBODFZ bEHEDOH L (TEF 0.1~0.15) E3hTW3 3,3 ,4,4,5-PeCB
OEEIZ2, 3,7, 8-TCDDD 11~306{Z12 b3E L TW 7z, Co-PCBIRRERAT I L TWIh » 7 ERME
TH 0. PCBECo-PCBOBEREEIMHEALTVA b5 D, Table 15iid, 74 Y HOPCBEK



HREERLI, CORMSHSOLELSIZ, 7H Y hDtotal-PCBEZEE 1ZPCDD, PCDFEEL b &
< (B22065) . SER(MAEKRU 6 ER LAV BEEICRE SN, Eicd~f- k50, PCBIEE &Co
-PCBEE ML TWB Z &0 5, Co-PCBIC L AEEFOELNREINS,

Table 15 Concentrations of PCB in shell
taken from Tokyo bay

PCB(ng/g wet weight)
TeCB PeCB HxCB HpCB Total
ND 4.26 2.57 ND 6. 83
ND:not detected

j— 56A



—E ® T

hETOBENIKREERVKEEYRD A 4% VHOBEERELIERERNS, UTOZ L
DHIHL 7,

1 BENOTHREL S LB TO S MSEEEEMTLIEIA, 2HEN ST 4 F 2 VRIIR
Hah, BELVRVIETRTROE ., FRK. EREE W CREVEDT 2EENS o1,
TEQMEIZBE L THERISHERI B oL,

2 BENKRIBYE5 A4+ VEREFORAD 20, SE)RIBOBEEER T E - FRLE
MERNEOERENT L& 25, BEIEHRMEOERICELWTHREICY 1 4+ 2 VEMRIE S 11,
TEUE b4 EMr I BENEEHFTHROBWEER LI, £/, ThETORERICEAT 2]
HE b EI, SEOMTEREHRITAEL 2 & 2 A, SE)IEEORREBE I KT EH O R ERiE
BEEENLTED., BENKRICBII B 54 F 2 VHORERIE, £ OKEINBERNBER LHEE
L

3 ZBENZHICHEIERANOLBLAEANS 20, XRSFENRTZDERAOER ST LIcEC
5. BELVANVBEHEACBOVTEL . IRTRHEVWI 25, KRN SERNDT A X+ 2 VER
ADHEIZ, FFIpIVWEEDNE,

4 BEENIKEKEBEYhD ¥4 A+ VEOBEL NIV, BEAEHERMETERL 2ah o 5
Bizbih, TEUELEWETH »72. 72, PCBAPCODRUPCIFL b BEEICREBANI M5,
Co-PCBIC 51} 2 BBBERAVREB AN,

5 HEIHHROELANIEGEZENEEBED V1 4+ v HEEROMRE[T-1:& 25, ZENIHE
BB L ~AVIRIE S . EEEIAORIICB VW TERBEDOERNS Shi, 2. ERETRAMT
BRINEFHEOTH VRO T A4 F v A ELURVIBH THETH - .

6 ZE)IEGHhOPCDDR UPCOFER 2. EEHOPCBER R U MAEER L BHEERIRE SN~ T,
DABEICEBIF 2544+ VESTERBEAEEENEATHS LW ONRL, BEDT~NDF A A+

O R REMEIT 512, SRBECEELECICEMED 514 F 2 VEBFREEROFER VTR
2Eh s,
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