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Abstract

This report contains two categories of study: one is the chemistry and environmental levels of
chlorinated dibenzofurans and chlorinated dibenzodioxins and the other is on the toxicity of these
compounds, _

In the former studies, formation of monochloro-dibenzofurans ‘and its derivatives was newly
identified in the pyrolysis of vinylidene polymer and in the catalytic dimerization of chlorophenols
on clay mineral surface. Trace analytical approach was made on the toxic chlorodibenzofurans and
dibenzodioxins in urban atmospheric particulate matter, in sediments and in human breast milk.
The concentration of 2,3,7,8-tetrachlorodibenzodioxin {(2,3,7,8-TCDD) in atmospheric particu-
late matter in Tokyo area showed a seasonal variation, being high in winter and low in summer,
with an average concentration of 9.6fg/m>. The concentration of 2,3,7,8-TCDD in human breast
milk was 5.6pg/g fat in average, indicating that the level was similar to those in European and
American countries. The amralysis of sediment core samples in Lake Kasumigaura showed that the
level of polychlorinated dibenzofurans and dioxins was increased during recent 60-70 years.

The texicological study was focussed to monochlorodibenzofuran especially 2-chlorodibenzo-
furan which was identified in supplied water. 2-Chlorodibenzofuran was rapidly metabolized when
it was administered to rats intraperitoneally. 86 percent of its radioactivity was detected in urine,
gut content and feces within 24 hours. 3-Chlorodibenzofuran was less rapidly metabolized than
2-chloro-isomer and tended to be retained in adipose tissue. Metabolites of 2-chlorodibenzofuran
were identified as several hydroxylated compounds. Mutageniecity test using Ames’ test indicated
that 3-chloro-isomer was moderately and 2-chloro-isomer was weakly mutagenic, Toxicity test
using Japanese quail embrye showed the toxicity of these compounds was weak. Amino- and nitro-

derivatives of dibenzofuran were strongly mutagenic.
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Outline and Significance of the Study
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Chlorinated Dibenzodioxins and Chlorinated Dibenzofurans
in Urban Atmospheric Particulate Matter
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Abstract

Urban air particulate matter was collected in Tokyo metropolitan area through one
year and analyzed for polychlorinated dibenzo-p-dioxins (PCDD) and Polychlorinated
dibenzofurans {PCDF) by capillary column gas chromatography/high resolution mass spec-
trometry. The concentration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) was high in
winter and low in summer with annual average of E).ng'/m3 through year. Other PCDD
andPCDF (chlorine 4-8) showed a similar seasonal variation. The concentrations of PCDFs
were slightly higher than those of PCDDs. The isomer pattern of these compounds in urban
particulate matter was quite similar to that of municipal incinerator source suggesting that
the orgin was of burning process.
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H7CDD, OCDD) and chlorinated dibenzofurans (TCDF. PCDF, HGCDF,‘
H7CDF, OCDF)
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F 1 KEHLADHRD2.3,7,8-TCDD (19874)
Table 1 2,3,7,8-TCDD in atmospheric particulate matter

2,3,7,8-TCDD 2.3.7,.8-TCDD, /& TCDD
1R 10(fg/m*) 0.3x107?
2 H 16 0.6
38 13 0.5
' y: 9 0.8
SH 6 0.9
68 3 0.7
7R 4 0.5
8 A 2 0.4
9 A 4 0.5
108 5 0.3
11H 17 0.5
128 26 0.5
i 9.6 0.5

Mass Chromatogram of TetrachlorodibenzodloxIns
In urban air particulate matter
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Fig. 3 Gaschromatogram of TCDD in urban atmospheric particulate matter
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Chigrodioxing in atomospheric particulate matler:  {pgrmél c i wrans in herie particulate matter (pgsad)
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B 4 KEHUCAPOPCDF & PCDD OFEFHEIL
Fig. 4 Chlorinated dibenzofurans and chlorinated dioxins in atmospheric particu-
late matter

2 KEBUADTORY 70O Ryyp-VF I L RUPTNRYSTT
Table 2 Chlorodibenzodioxins and chlorodibenzofurans in atmospheric particulate

matter
(19874F.5 A, 15,000mg’)
T,CDD R.T.  ifE(pg)  NERIRM(EPA-1986)
1368 1153 1262 0.01
1379 1230”689 2
1378 13" 6" 269 s
1247 "
1248 » 13'22" 294 2
1369 ”
1268 13°40° 168 "
1478 46 63 “
2378 1412 63 1
1237 ‘ 0.01
1238 } 424" 378 s
1234 "
1236 . 4
1279} 147357 210 5
1469 o ‘ »
1278} 15712 105 |
1239 15217 92 ”
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# 2 (o7%)
Table 2 {Continued)
T4CDD R.T. % (pg) THEEE S (EPA-1986)
1269 15°32" 126 2
1267 16°49" 41 4
1289 16°48" 336 #
TCDD &8t 4096 '
2,3,7.8-TCDD i g 103
‘ PsCDD '

12479,12468 15732" 1651 0.002
12368 15'55" 1264 P
12478 16720 204 ”
12373 164" 802 »
12347,12467 17" 8" 588 #
12378 17°18" 336 0.2
12369 17°27" 113 0.002
12489,12467 17°45" 231 ”

- 12346,12367 17°58" 499 ”
12389 18°23" 336 #
PsCDD & &t 6114
2,3,7,8-TCDD #8585 79

H:CDD
124679, 124689, 123468 19° 1" 6703 0.004
123679,123689 19'33" 4032 ®
123478 20°017 403 0.04
123678 1360 1763 .
123469 20° 30" 353 0.004
123789 20744 856 0.04
123467 21702 - 806 0.004
HeCDD &5t 14513
2,3.7.8-TCDDBRER 152
T,CDF ‘
1368 12°15" 139 0.001
1378,1379 12'21" 126 %
13471468 12307 13 P
1237,1367 12°38" 231 »
1348 12°48" »
13461248 13T 23 »
1247,1268,1478.,1369 137227 134 #
: ~26"
12342349 13’527 454 »
1238,1467.,2468,1236 14" 0" 651 #
—~ 4"
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® 2(2T7%)
Table 2 (Continued)

T.CDF R.T. i#BE(pg)  DEREFHE(EPA-1986)

1349 ' 14°20" 42 “0.001
1278 14°26" 323 , 2
1267,1279 14°49" 218 »
1469,1249,2368 15" 8 268 #
2467 15°36" 399 #
1239,2347 15'56" 277 #
1269 1620 382 #
2378 16'32" 252 0.1
2348 167407 420 : 0.001
2346 17°16" 206 #
T,CDF &8t 4796

2,3,7,8-TCDD i & 30

PsCDF

23479 15" 2" 840 0.001
13479 15127 126 #
1236813479 15°25" 1827 #
12478 15°40° 1016 #
12479 13467 15°50" 1323 4
12469 16" 47 1016 »
2346912347 i6°117 1567 »
13469 16°29" 294 o »
12378 16°37" 1608 . 0.1
12346,12379 16743”1045 - ¢.001
12367 1707 660 L #
23468,12469 177117 1739

13489 17'507 210 #
12369 18" 2" 168 ‘ »
23489 18127 2436 #
12349 822" 378 »
12489 18°36" 378 #
23478 19°24" 2016 0.1
12389 19°32" 168 : 0.001
23467 1944”5329 »
PsCDF &3t 24444

2,3,7,8-TCDD e H & 384
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Fig. 5 Chromatogram of 2,3,7,8-TCDD in fly ash
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1.7 — other TCDD —
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Fig. 6 Estimated cancer risk exposed to urban air particulate matter
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1) Olie, K., P. L. Vermeuleu and O. Hutsinger {1979) : Chlorodibenzo-p-dioxins and chiorodibenzofur-
ans are trace components of fly ash and flue gas of some municipal incinerators in the Netherlands.
Chemosphere, 6, 455-459.

2} EPA Health assessment document for polychlorinated dibenzo-p-dioxins, EPA-600/884-014F.
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3 ) Schecter, A, J.]. Ryan and T. A. Gasiewicz (1990) : Decrease in human tissue levels of dioxins and
dibenzofurans over nine years after exposure in one male patients. Abstract of 10th international
meeting on dioxin, Bayrenth FRG, 275-278.




Bl ety $129% (R-129-91)
Res. Rep. Nat. Inst. Environ. Stud., Jpn., No.129, 1891.

1-2 BIARU INIPOsOOQI N J-pV X

Chlorinated Dibenzodioxins in Human Breast Milk and Dried Milk

B EHE - FiEmRT - REAFEL
Masatoshi MORITA!, Hiroyasu ITO' and Akio YASUHARA®

2 5

23,78 FhI2DOIRLSp-YFF L (2,3.7,8-TCDD) RFAX 2 ¥ rouy
Ny p-P A &Ly (0CDD) OEILTOSHIEOMRE L TWEORE 1T 7. #1
R 2,3.7,8-TCOD OB, THS.6pg/eglEliTan, $7-0CDDBEITEY
1.890 pg/g BB Th ofze THFFA T NI IIOWTHINET 28R, FIA4A3I0ro
KB L B, 2,3,7.8- TCDD QREMEWERAR LR,

Abstract

2,3,7,8-Tetrachlorodibenzo-p-dioxin  {2,3.7,8-TCDD) and octachlorodibenza-p--
dioxin {(QCDD) were determined in human breast milk by using capillary column
gaschromatography / high  resolution mass spectrometry. The average level of
2,3,7,8-TCDD and QCDD was 5.6pg/g fat and 1890 pg/g fat respectively. The analysis of
dried milk showed lower concentration of 2,3,7,8-TCDD compared with that of human
breast milk.

1 {IUHIC

2378 F 3200l NsSp-TdF T (2,3,7,8-TCDD) 2V Akt v iEo, #
R, BAOMBEELTHOR TS, BERE LT, St EOSHARE TORIK
TIBHEMFTHOERZ EFRLNTEY, ARSI IAEMRGELHONTVS,

AR RO LM ICH Y, 2,3,7,8 TCDD D & ) b HFMEOWH L EHBE LTV
L {moEnTyh, AR 2,3,7,.8-TCDD Bl Iz 2T, BICW L o 0RENSH LD,
VIR L FOFEEDNERTEL VLAV ETWAD T AVt I KIRICH B, BEERD

1. EZEEEEA (EFREE 7305 XKgE - idd /g 16%2
Environmental Chemistry Division, the National Institute for Environmental Studies. Onogawa. 16-2,
Tsukuba, Tbaraki 305, Japan.

2. HIRSWER HSHREMEZ V-7 T305 FWE-2 ATHANEH)I16%F2

Regional Environment Division, the National Institute for Environmental Studies. Onogawa, 16-2,
Tsukuba, Ibaraki 305, Japan. ’
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BECKRELT, BMBEHO “F1431 07 L5 AKBFEROBE RS L, FoF—F0
ERPLETHS T, ‘;5”’{ FEL " DA TORNL, RAROEIRY, KETILEE
DEKREFROFEEYErOOWEL LD, EHDTHELINTH L. BFBEGC/E
BAMEFCOMIEMISASTH ), FAEOBRELEHF-T, BARBRFFT A I V7R~
DB EIT -7

2 Pk

21 B #

HARHIBAOEREVFERRIERKZL WS L Twiz2vw (BRI EHF). F5
A IV FRETRGEAV 708 % 500m OKIZHBEDS LTHER LS,

2.2 ERRUX

HEAEE, NI RERBE (NS, Ty -0, JYranayy), 2y FA(F
NEY) FRAGVE, FARREISEE LS ELS, WY - YRR, YL id A Ly
TN IFEREWS, KT VETR)DAT L (EHERUA 4 o 30BER) KBS AkrEL
TbDEHVE, AWAHONEERL LT, Y 7Yy V7P AV -7 KT
13¢.2,3,7,8-TCDD % Hv:7=,

23 ¥ B

s O P57 4 -G HASRBE LYY, $HRUSVABERHHL,

HAru=w +r 2 7EBEFRE (GC/MS)
GC/MS¥E & LCit, OAETFRIMS-DX300/HP5710A, A A&7 B IMS-$X102/HP 5890},
VGTIOE Wi, FRAZUR b T 72V h T A, A<_L2SP2331 (0mF+ ET D
FL) Thb, '

2.4 HRR{E

AEL LT, BAS0m X4t 3V 7 500m 2 HD, Zhic *C-2,3,7,8-TCDD, *C-0CDD %
1 pg/mi DEWEEIIRINT Ao KIZ, KOH-L ¥ 7 — Vil (2M) 2&8mz, fR0F F, —&
BELTMKTREIT 9, B8, FAROKLWE THERNLE, o - MNBL, ~39 > (F
) kD 2ERET Do AF VB EED, HFEO— ML, B (N34 OFR) &
FIRE T 5, BB ZET, FLoERTMATHRLEDEST, 3AOFPREHEHE, ~
FHBERY, LKLy —TREL, £08RFHInETE, RICTHVITHT LY
O b 7T 7T, EEImES20mDHF T AH T LT HT LI+ 10g GEEED) %
KTAL, ~FHEERE LTRET 5. RBEH T LAy FICRE, A392 ERITH0A
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H, KWTAFF150m TEMSEE, ~FHCEHRIET, KT roax sy /~3
# 2 (50 :50) 150mi CHEBEE, TOEGLTIARL—¥—TiltiL, 82m & L, K
yOTRNAFMATEETAIEH#BVELT, 200kl AILEESE, FOKBTH100
plETh, COBEMEODSHBHEZ O M7 T 74 —1Ih 5, #F 44, Unisil ODS
4.6mm¢ X2Bcem FA, AF /- ARBEEELT, 1ol/min DEETERTL, "F4 4517
EarEs (1.75~6mt), T/8KEL— % —THEL-DD AL VIEEL, TEGHE T 100 p
ET B, RWTY VL BREEREI IV 7T 7 4 =i b, 77 2L LT Shodex 800 KF
$HEV, M IyTERTL, “F44330 0" EoviED, TARL—F TS L, 10041
BUTEL, 2OBRIETA 7020 Y TR 5. BEEE GOMSIZPHT, SIMBEHIC
Lhruw b rIu%, E-s@EVERLL,

3 RBReER

H# &4 IMS-DX300, B A# 3 IMS-SX102, VG-70S o) 3 ## = v T PCDD O FH D
REL I L7, DX300 JESEHBETH Y, ThEHAVESWORBTRIIN lpg Th o7,
IMS-SX102 # BT, 2868 10,000 TOHORIE TIHRE TRIZE B4 100fg, VG-70S i3 +E
Pofd, BIFERETH. THIMS-SXI2E AWVABEORHEDOF1FI vy L il
HIThHote TLAHEEI00THOBHEIL, 2RZ L, FHEE 8,000 BETOREDS,
BERTOHEALEZ LR,

PCDD O ML YO A B TiHTHLNALHOIEIE 2o Ehdh b, FERE
fEIZ X B B¢ S~V IS & JllE L2228, BRI 54~111% (FH 73 %) Th o7 A
BEHIZIVGIESREOT, ZOBEOLIENILDXRIMMEICKEALZEERS 2 h0EE
et

BARFESAINIOruw b 77 20 E M1 RUK 2 105R§, WEHERE S (2R LRI
Bl opic, 2,3,7,8-TCOD KL T2 - 2 ARATE Y, TORUEL—HTHI EHD,
2,3, 7,8-TCDD & LTERT HZ EATE,

F1BAPREFIA IV EEROE) 200~y p-U 3+ (PCDD) OB
%7, B9 BIKD2,3.7,8 TCDD DSHEOTHIE5.57 pg/g fat T o7ea F7—H F
T4 INYRERD2,3,7,8-TCDOD DELMEIZ1.2pg/g fat THY, FI74 N7 OFHFEAL
VAT b 7z, OCDD DB H OB T 1,890 pe/g BIETH Y 2,3.7,8-TCDD O
A BEREORETH 720

SREOESZEELET, 2,3,7,8-TCDD PHEPBEDHEEINTREL & o 72, LRPEEDI/SEHD
BAYEAENTLALL, BANOABP RIS EHETHE, 1HLLHD
2,3,7.8-TCDD {3 F¥ 37pgrkg/d & e b 72100 A OEAMM S OSBREIT-FH670ng &
%5
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2,3.7.8-TCOD ER¥ HPETHY), TOWSE, 775 3L 0OY0ELELLNT
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B D PCOD OFTIC OV TEILN L O pDHESH L, FIELTENLEXK2ZDE I 0%

S

1 BARUFFIAINrd2,3,7,8-TCDD RIFOCDD
Table 1 2,3.7,.8-TCDD and QCDD in human breast milk and dried milk

AeE 2.3,7,8-TCDD OCDD
1 13.6pg/g G54
2 4.6 1130
3 4.1 1180
4 4.9 1010
1 f 5 8.7 NA.
i 4.5 1060
7 1.6 1520
8 5.2 5438
g 2.9 1240
‘5 4 1 2.2 NA*
T 2 0.8 N.A.
0.7 NA.

not analyzed

% 2 gEO/RILFO2,3,7,8-TCDD DIE
Table 2 2,3,7,8-TCDD in human breast milk

5] % N {pg/g tat) Ik
ek (1984) 9 0 3
Bk A (1984) 15 18 3
i (1976) 46 6.4 3
HEF (1980) 10 10 3
7 A (1912~83) 8 7.2 3
TAUA 42 3.3 4
[EELS 185 3.0 4
Mr7UAn (BA) 6 1.2 5
M7T7UH (AN) 18 1.7 5
RERY : 7 3.3 5
BXbh+LA (Fray) 4 2.8 5
JE (EA57) 1 8.7 6
Vil (A ey -7 4 1.9 6
A —F 4 0.6 7
FI¥ 16 ND 8
H#E 36 13 g
A4 (AHFze) 9 5.7
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1) Wogan, G. N., S. Paglialunga and P. M. Newberne (1974 ): Curcinogenic effects of low dietary levels
of aflatoxin B, in rats. Food Cosmet. Toxicol, 12, 681-685.
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Determination of Polychlorinated Dibenzo-p-dioxins and

Dibenzofurans in Lake Sediment Samples

He - s - B2 - ZHEE
Atsushi TANAKA?, Hiroyasu ITO', Mitsuyuki SOMA'and Masatoshi MORITA'
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Abstract

Chlorinated dibenzo-p-dioxins and dibenzofurans in lake sediment samples were
analysed. Octachlorodibenzo-p-dioxin (OCDD) showed the highest concentration, but its
level was less than 10 ng/g even at sediment surface. 2,3,7,8-Tetrachloredibenzo-p-dioxin
was not detected in any samples. Besides OCDD, 1,3.6,8- and 1,3,7,9-tetrachrolo-
dibenzo-p-dioxins were prominent. The abundances of those compounds increased since
1950-1960, in conjunction with dating resuli using Hopy, ]
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A5y VRERT,) AERL, ZOERACE, TREDCHESREY, 8512, TIOR
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Environmental Chemistry Division, the National Institute for Environmental Studies. Onogawa 16-2,
Tsukuba, Ibaraki 305, Japan.
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BBENAHED LD E K > T,

FOFXA X MO LETTADIEGI DIE—2oOMETH L, AFEOXKOER L
RIS A A F L v EHFBELALWIFENR, FOROETLERTIEIEEL VA, LL,
i, VHIER= 254 VETH - T, BEEMOPCEELTEAL P Y RHT A EHEE
ThHo5. TROAEREVCHBER YL 2T, F14F 2 v EFHOBETHELITIRES
nTw5b,

EL, BERICHEShESAFF2 08002 LToREIHDL, AECBT2EH]
SO, BONEE X RODFHAY L% D, ARIETE, By BMLETLRD £,
BRI TH Y TAhDY A 452 P EDH & EM OB 21T 572,

2 HE

21 YTV T

AL 1988412 A 23 H, W@l CKE6m) T, 727 UNMRIT/ T LMD 7o
KRB TAVTRILY, BohA270RE33H0nTho7, BRLAITRELKR
2~3cm:&#:’?jﬂ]f[,, f 7 A v - LTS L, ST L Ao,

2.2 HEBGEE

BrfidERORSOBEN®H, ELVWHREEORENHETH L4, RILLRBC
20py EALEEEY 2B L. EERM LIRS, BECEREEPYEML, “OPb £,
BEADELL, Bigd, 2rn-BNy 275 FFRA7u-h7 27— {(Aloka) ik
B, Mo OIEIE B CREMISd) OB E KRR 7,

23 F4F%L 85

452 VROHEER, Fy¥SU-FAru= ¥ 77 —HRDWE (GC/MS) 2L
TiTote 7, SEOBERERY A3 F Ly EHOLHORSBEGO/MSRIESL, 4~ 7HOKE
EBIEY A %L VHEO 7 HOBSHRECC/MS BIFE T T o 720

PFOL S HRIECL T A4 %2 VT8, BRLA EEEM (2.5~ 5g) 2FEL,
M AzEb 7 9 7 AL - % ISEEMEL LTS, MM OB#RTF Ly /-~ VIZBERZ,
2N KOH CHERES £ 7 v kL, ~&H v LT 5, ~3H o RBLHRREL, BGHE 741
AR—FTAH T b (Waters B, SEP-PAK TNV I-FN) $HWAS5La< b5 7—1C
Pitn, FAAF L BTEUAFY LV r00R Y yEﬁ%%%&B‘JL:%i‘iiﬁTﬁ%ﬁﬁ L,
MLl E TR Lio MK BRI IE TR AEEE T4 200 11, B5rRaERlE
TR pil LI, FRLERIL, ~127030 Y CHE L ABERIZE, [¥C)-
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2,3,7,8-Cl,dD, [®C]-2,3,7.8-CL,DF, ['*C]- CIDD, [**C)- CIsDF 2 v i, A L-HH
HEIRYEERERE (ALAER), AsvidA~y FASIA (Froy, F=-J8) %
Hvitz, '

f5H L 7= GC/MS 318 13 Hewlett Packard #5800 H# A 70~ b 5 7 1B Lz ZEEFHE
HEMRE (BRBETE, JMS-ASXIOZ) Thi, KIHEE SoBEElE: LI, 27 ML
A vVariary, 2BRARBCIADE, ETEHERIIILAF vLEi—yrtasrnes
RELY—FBUy 7w AERTOSIMBIE R T o7 MALAGCH 7 4 L HEGHIER, K
SEBEEIE D OV-1 (25m X 0.324m id.), 7#EE 1,000, oo fREM%E © SP-2331 (30 m X 0.25
pmid), SEEES000 Thol, R1ICHEME L €2y — LARRE, ROREEREIIH
REEMEE T LD, E- 2 OREIET 747 v ¥ a ity & XY L ORI X > TH 5
tra WFviavdd bbbty — L2 o0ERBRTOY -y E Y - S HE0EEICH
Wiz, BRI LT, BREEEPLFEIALIHBMNEEL EERNLOTRY, 0% LOLD
»EHL,

# 1 ARWEINEL-ERERURECAVEEDEO—E
Table 1 List of object compounds, menitored mass and standard compound used
for thg deten{gination

object compounds monitored mass standard compound
CI4DFs _303.902'”. 305.899 2,3,7.8-Cl,DF
[®C]-2,3,7,8-CLDF 317.939 internal standard
Ci,DDs 319.807%, 321.8%4 2.3.7.8-CLLDD
[*C]-2,3.7,8-CLDD 333.934 internal standard
ClsDFs 339.860, 341.857* 2.3.4,7,8-ClsDF
CisDDs 355,865,  357.852° 1,2,3,7,8-ClsDD
ClgDFs 373,821, 375.818° 1,2,3,6,7.8-ClsDF
1,2,3,4,7,8-ClsDD 389.816, 391.813" 1,2,3,4,7,8-ClsDD
1,2,3.6,7,8-ClsDD ditto 1,2,3,6,7,8-ClsDD
other ClgDDs ditto - 1,2,3,7.8,9-ClsDD
Cl:DFs 407.782, 409.779* 1,2,3,4,6,7,8-Cl.DF
Ci;DDs 423.777, 425.774" 1,2,3,4,6,7,8-C\;DD
- ClgDF 441,743,  443.740% CIgDF

[2C]-ClgDF T 453.783 internal standard
ClgDD 457.738, 459.735" ClsDD

[“*c]-CIsbD 471.775 internal standard

DY @ F « v 2 HORKER

1)*; mass for identification only
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Fig. 1 Vertivcal profile of 29p activity in Lake Kasumigaura
sediment core samples
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ORI TITH) ZEEREND, E20RKBER, JWiRET 7745055128 %
VHEBTHL, BrAEEOES, MEDS 2 mllPC UL Asama-A (1783 AD), Bt%
Ak ili @ Hoei (1707 AD.), €M (L Asama-B (1108 AD? ) #d 5. ZDOBF LR LD
Asama-ADHNLFES 3L S CHBRAFEAETE L, TRILL DL, SOOFEEOETS
HTO, Asama-A T 7 FDES ELTH0cm, FHHEREEE LT46.5mg/emly S S ST
Va1, EIDNPy ERARELRAILAETSH LY, RREFHADISEVEEATH -7
2 I TOMIGRIER, 39mg/en’yTH D, #25cmDFHEBARL 511,

PEO3EOFERLESAOEREEDEL L,

K> BOPh (L, &) 2 KUK > 2Pb (BHEA)

leotr, BiEAOKIKBAETOMIZ33—65g/cmly & TEHAX <, HEOHBRIZE L\,
SEDT T Asama-A FE ENT AL ERRBHEER OB LKILKRE L LIF—HLT»
BIbdt, KELBERRVWEELILRE,

3.2 H4A%S 08

EEFOFAF3T JHOE L, FEILRBEOLD, I TERTERIOHEIE LV,
EEOBRMER (W100fg) ERBOBGE (1100) 25, RE$HTO0.001 ng/gh AR &
BHETEL, COI0GEOIng/gPEE T E LT PCDD OAHTEEFR TR 21, PCDF O4#F
WEEHR 3T E L0, BEHREARIT BEASS L7205, BEEDLOEFN Y-
OvRIAT ST LAESOE -2 ICHLTH, 2 00HRRCOBBLAI T30 %L ERZ S
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FAAFL Y HOBBEIICDD FBRWTIng/gllTTHY, TOSELBERTREE TS
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BED L OEEENKE L, BFLL ENWREBEITNE oI TEi s, 25
KBOSBES G E TR TRERLESFRONA, &8, FH 133, BHELTHWVWER
ErRTL08RY, BERTHOFERLEAAHLERIZLZLOTHRARRO LD TRV L
EZXb,

FEFIEHEBT LIZPCDD, PCDF DHEEE RO, TNV nt—7a7 74 ML, O
- TOERBALTRBI TREMLE(REOh LW Y, IT72EDTFHETRR L (H2).
CisDD A1 60 % & K2 % 5&, DT CLDD, CLDD, ClDF OIEE o7, — i BHTI %
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#£ 2 BEITEHROIOOINRY Y p- YA XD L OFHER (ng/g)
Table 2 Analytical results for PCDDs in sediment core samples (ng/g}

CLDD c ClsDD ClghD ClDD ClgDD
deptn 13.6.8 1.3.7.9 12468 12368 1.2,3.7.9 123468 123679 1.23.478 1.23.7.89 1.23,4,67.9 1.234.6,7.8
sample (3P 1.2.4,7.9 1.2.4,6,7,9 1,2,3,6.8,9 1,2,3,6,7.8
: aem) 1,2,4,6,8.9

1 '0-2  0.37 0.14 0.04 0.08 0.04 0.10 0.05 0.01 0.01 0.93 1.53 5.00

2 2-4 032 012 0.04 0.05 0.03 0.10 0.05 0.01. 0.0l 0.97 0.57 5.32

3 46 043  0.17 0.05 0.07 0.03 0;11 .06 0.0 0.02 0.93 0.50 5.45

4 68 037  0.16 0.04 0,07 . 0.03 0.12 0.06 0.01 0.02 0.86 0.51 5.37

5 810 033  0.13 .02 0.03 0.0 0.07 0.04 0.01 0.01 0.84 0.48 5.03

6 10-12 0.42  0.i9 0.03 0.04 0.02 0.13 0.04 0.01 0.02 .90 0.52 5.36

7 12-14 0.33  0.15 0.02 0.03 0.02 0.12 - 0.05 0.01 0.01 0.91 0.54 5.45

8 14-16 0.3 0.15 0.02 0.03 0.02 0.08 0.04 0.01 0.01 0.89 0.49 5.26

10 18-20 0.18  0.07 0.01 © 0.0 0.01 0.07 0.04 0.01 €0.01 0.69 0.36 4.07
11 20-23 006 0.02 0.0 0.01 €6.01 0.08 0.05 0.01 0.0 0.63 0.31 3.06
12 -23-26 0.0z 0.01 ° 0.0l 0,01 <0.01 0.05 0.02 .01 €0.01 0.47 0.18 1.77
13 26-29 % - - - - 0.04 0.01 0.01 0.01 0.28 0.39 1.10
14 "29-32 0.02  0.02 0.04 0.02 0.02 0.24 0.08 0.02 0.02 0.77 0.78 1.24

- 15 323 - - 0.01 0.0 .0 0.0 0.02 0.0 0.01 0.28 0.19 0.83
16 35-37 - - - - - 0.10 0.03 0.0t 0.0l 0.29 0.11 0.84

1 @it

1} I Not Detected

9% @



# 3 EE2T7HAERornu Ny 7 I O5EER (ng/e)
Table 3 Analytical results for PCDFs in sediment core samples {ng/g)}
CLIDF ClsDF ClgDF Cl;DF ClgDF
e 4 1EGE TEE] 19488 120468 {ELELY 134G LERATE 1asars 12adens
1.4,6.7 :
2,4,6.8
1 0-2 001 £0.01 0.01 0.01 0.0% 0.03 -0 0.04 0.04 0.24
2 2-4  0.01 £0.01 0.01 0.01 0.01 0.02 0.02 0.05 0.05 0.31
3 4-6 0.02 0.01 0.01 0.01 0.01 . 0.02 0.02 0.05 0.05 0.21
4 6-8 0.01 <0.01 0.01 0.01 0.01 0.02 0.02 0.07 0.08 0.20
5 8-10 0.02 0.01 0.01 0.01 {0.01 0.01 0.01 0.03 0.02 0.20
& 10-12 0.02 0.01 0.01 0.01 0.01 0.02 0.01 .04 0.03 0.21
7 12-14  0.02 0.01 0.02 0.01 0.01 0.02 0.03 0.02 0.02 G.19
8 14-16 0.02 0.01 0.01 €0.01 €0.01 0.01 0.01 0.03 0.02 0.18
10 18-20 0.01 €0.01 0.01 {0.01 {0.01 0.02 0.02 0.02 0.03 0.16
11 20-23  0.01 - 0.01 <0.01 0.01 0.01 0.02 0.02 0.01 0.14
12 23-26 - - <0.01 - - 0.01 0.01 0.01 0.02 0.07
13 26-29 - - - - - €0.01 <0.01 0.01 0.02 0.5t
14 29-32 - - <0.01 - - <0.01 0.01 0.04 0.02 0.20
15 32-35 - - <0.01 - - 0.01 0.0l 0.02 0.02 0.17
16 35-37 - - <0.01 - - <0.01 <0.01 0.01 0.02 0.06
1) T Eitgd

1) : Not Detected

ALLf AR AR AT OHE R



He ®&S

100
80
o
o 60
=
o
<
T 40
20 2
7
ot Ll R 1'4//1'11'% A/A-/

C14DF CI50F CI6DF CI7DF CI30F QDD Q150D C16DD CI7DD TI5DE

B 2 #4380y cr—ny - (£FFFHE)
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Fig. 3 Vertivcal profiles of ClgDD, 1,3,6,8-Cl,DD and 1,3,7.9-C},DD in
Lake Kasumigaura sediment core samples
The unit of abscissa (B.P.) means elapsed vear after deposition,
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Monitoring of the Levels of Some Polycyclic Aromatic

Hydrocarbons in Lake Kasumigaura Water

7 8
Hiroaki SHIRAISHI!
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FRAERILSY, FkEAPIhLBRBENRS, T Ly, PRSI, T
Furvy, TrrIEY, INFI TV, RUFYL Y OBEEEOHAEL AKETHS
B0 TI9864 4 A~ 19874 3 AR CiT -7 BHElSN#APO I NG
et OmE D TRy o oo BEGERME 7 LA L Y (1.8~0.4ng/l), Ny /7
I v (3.1~0.3ng/t), 7+l (2.2~0.7ng/), PAFF 7 (L.1-0.4
ng/l), YL ¥ (0.9—0.3ng/l) Tdhotre TNF LY EISRY YT 7 vidRBKDD
HmiRETHY, 7o Fy MLV REERE, 74T 0T L YL VKL KBk
OFPFRBETH o7

Abstract

Water samples froml0 locations in Lake Kasumigaura have been analyzed for §
polynuclear aromatic hydrocarbons by high resolution gas chromatography-mass spec-
trometry in the selected ion monitoring mode. The results showed the concentration {ng/i)
ranges of fluorene, dibenzofuran, phenanthrene, anthrathene, fluoranthene, and pyrene were
1.8~0.4, 3.1~0.3, 2.2~0.7, 1.1—0.4, and 0.9~0.3, respectively. It was found
that the levels of fluoranthene and pyrene in tap water were lower than in the lake water,
which is the source for tap water. Dibenzofuran and fluorene levels were higher in some
tap waters than in the raw waters,

1 @3UsHIC

Atk B S R B L WA IRRE T d B A5 S L7ze KIEBUKTH B o ik
i3, BEEBMERRLOMARM SNL VI LD, KEKERETE-00MKOLIBRE
THASHBEEICLY, CAOOEBERLEYIERTALDTHALER LN, $125

1. ETBESHAR BESESFEs -7 T305 FmE-o CddE)I6%E 2
Regional Environment Division, the National Institute for Environmental Studies. Onogawal6-2,
Tsukuba, 1baraki 305, Japan.
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EFEERELTERELAEEWFE L2 L3 ECALRTWARYRETH Y, BILERS
EFHRALEMAABMIAER L TwAZ L3 w, LA L, RIGCOER L 252 ERELY
PWORFL OV, THOFREMILEHFET A L8 TH A0V RH L Eh 5, #K
FOALEWAEESBLHE RO, POKMBARII L - TRBE ST IO T TREL
S TVATRELTEETER V. £2TC, IOEYILIRHT AL, SBEFKILEY, &
WARBRPIIREBENE, 70T Ly, IRV TITY, TeFrMLy, TEIEY, TN
05y, RUEL OB HOMKSOBREDOFHHNE 1 EI2b7 5 T 272
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Fig. 1 Sampling points in Lake Kasumigaura
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A TABBRCBLND, THEHRSICHLRVELICHBRERT - 2 A LZ#K (10
BHLI LB B CITMELEEDTRELALY I X744 ¥ — {Whatnamm GF/C) TA#ik,
WNEiE s L TEAFZETHERILACL v -d0&ma, ~FH >y GRBRER, fX) 50m T

2O E Lz, s ECES SR-BERE I, v by GREREN, fX) *25m Ay
RO EEE T o700 MR D - ) -2 R L -7 - EERRR AV T0.2micET
L7, '

EEWR, FrRroe by 7 —ERTHE (DX-303, HEETF) MV, SIM (Selected
Ion Monitoring) Bk CiT-72, A 4 AMEIRETFHREICL -7, 44 VIBRER, 200°C, 14
ACEFIL 706V, 14 LRI 30uA & LEs TNALY, UNVUTI 2, T250 bL
Y, Ty RSy, TNFIT Ty, RUVLLIIH LT, FhFhm/z166, 168, 178, 178,
202, RUF2204 4 2 ERBIIHW. ¥AZQ= T2 7~EAF ) PLAEILLYH2
W BEALT, 72a—AF 0¥ 7Y —A 74 (HiFE0.25mm, K 25m, SE-52, # 2
yOTH) 2B, &7 AR, 0°CT2HHEEFLEOL B9 8 COFBET20°CICTE
THBEE, A v ¥ — 724 AREADRER250°C L L,

3 BELEX

FTHE LAREKYOSRAFRICSHOBREREE 7 VA Ly (5.8~0.25ng/1), YY
v 75 (56.2~1ng/1), 7 =+~ b L v (1.41~0.45ng/l), 7Vt 7 7 (0.21~0.02 ng/t),
L > () Thh, EOBETLIRY ST v BERSTh 70 R 1ICKEORAKD
{HETIRA L ARPOBEL R L, 19864 4 B 19874 3 Al24 3T 9 MIRE L 1T - 7295,
BN IN - HAROBTROSREERCEDOBE IS TR, 72, BEEHE VAL >
(1.8~0.4ng/1), ¥ X¥y 75> (3.1~0.3ng/1), 72+ L (2.2~0.7ng/t), 7N

F 1 WoilMkd (AR ) @ PAHRR (ng/1)(1986%F 4 ~118)
Table 1 The Concentration {ng/l) of PAH in Lake Kasumigaura water {St. 8)
{Aprit ~ November 1986)

FWhFl» DBF 7xFdrbly Trbitr 2nx505r Kl

4/86 1.3 1.7 1.3 0.2 0.7 0.5
5/86 0.8 3.1 1.1 0.1 0.4 0.3
6/86 1.8 2.1 1.8 : 0.5 0.8 0.9
7/86 0.8 0.7 1.7 0.3 0.9 0.6
8/86 1.4 1.1 2.2 0.4 1.1 0.8
9/86 0.4 0.3 0.7 0.2 0.7 0.4
10/86 0.4 0.3 0.8 0.2 0.9 0.5
11/86 0.8 0.5 1.G D2 0.6 0.4
3/87 1.0 1.0 C 0.8 ND 0.8 0.8
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SLIEETALEYHLY . KEKGTREMECOE, T Ty, TAFT TR
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LT TR - T B, KEKROT LA L ¥ E TN 75 Y DBRERBIES% )k
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Fig. 4 The Concentrations of PAHs in Lake Kasumigaura water



HEEH

1987 /MARCH

TeALy

PTATUVII,

FrrabLy

bty

LT

F[— 7R

W AW

ST

5 Br@kKTOERISFHRILSWOWME (19874 3 H, HFE)
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# 2 BrHEAKPOPAHOMBGRE L FHRE (198645 A)
Table 2 The Correlation matrix and average concentrations of PAHs
in Lake Kasumigaura water (Dissolved, May 1986)

Zi*lL»y DBF 7Zaxtrblby FTr¥bhrstkry 70x73rFr ElLy gl

Thed b 1 4224 .6499 .8673 L7916 9099 2.8
DBF 1 8281 .4208 7279 6220 8.6
Jrtrrrbs 1 L4805 7743 7239 2.6
FrhFkry ’ 1 7435 L9100 4
ThF T T 1 9261 1.2
KL 1 1.0

# 3 #HoEWkdo PAl OMEMEKE FHRE (1986£6 A)
Table 3 The Correlation matrix and average concentrations of PAHs
in Lake Kasumigaura water (Dissolved, June 1986)

FJLFLw DBF  FxFrbly Trhskr TAGTETY YLy gl

ThA L 1 7172 .9637 .7650 .B304 5623 1.5
DBF 1 .6555 .3204 .5637 5706 1.1
FaFrblr 1 L7472 L7269 4122 1.7
T boty 1 7754 .5455 .5
TAET ST 1 .7893 .9
YL 1 7

41 WK D PAH OMBIEES & FHaEE (19864 7 A )
Table 4 The Correlation matrix and average concentrations of PAHs
in Lake Kasumigaura water {Dissolved, July 1986)

7I* L ¥ DBF TzFvbly Trbsky 7014327y EL¥y gl

TAELY 1 9222 .8232 - .2606 4660 -.0191 1.5
DBF 1 7973 -.3651 4081 -.2162 .9
FaFvhi 1 -.0897 .3868 -.0978 2.0
TyrIEY 1 2557 3727 .2
TNAT T 1 7232 2.0
ERV% _ 3 1.2

ALY EORHBBEDRTYS (B2) ZErb, JOERIAEOBGEL BIOT A
TG R ERET BERECh o Db, CORINEIKONSBHE S COSRBER’
ILEPREIEMAPRETH /24, ThRBRTHA S, BA (W3) I, YR¥J77
YORBEIESHMT 8.6ppt 5L 1ppt CETEMIIBALTEY, #MKkFOINy /77>
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# 5 TrilMiKhoPAH ORMERE THRE (198763 A)
Table 5 The Correlation matrix and average concentrations of PAHs
in Lake Kasumigaura water (Dissolved, March 1987)

FhAL¥ DBF  JiFyily TrEILy IRASYFY YL gl

ZNF Ly 1 .9189 7415 -.2663 .3539 -.05%0 1.5
DBF 1 .9182 -.3909 2442 -.1437 1.6
AT I NV 1 =.4546 .3679 0742 2.3
Trrovr 1 -.2739 -.0248 .3
TN T 1 7290 1.6
gL ) : 1 1.0

AR ICBET 2L 3 TH D, T/, RAOME CRENETEENGV L IR
RHBBITLChTIrTH 7o MR, IR 75 OBBEITTHET 0.9ppt (1986FE 7 B),
1.6ppt (1987 .3 A) Lo THY, MASKIIBENAERT I Lk d ol COZEDRD,
5 AR SNATRI % LOTHS L BbhE, |
LEMBOMERE, YRV TS5y, I LvETF LY, ELyETINET LTy
MTEMEZEL THBENIVEOHMSR O, Thol, FTRONSVIV-TLERKEN
IN—T (HEVERZRENER) OBRAGDRII L TWE, Zhi, ELYETAFT¥yFv
FEEWEPICI NS EFELTWIEY, IRy 73y, Zht LT+ L i bt
BHEROFHEN(FE) LSRR TOEBOMEL KB L THA00 6 Lk, $72,
Trbatr&7nt LAED LS, HE0H DI E R VRAERICELT 2 A S b
bdhotz, Thid, MERLRIITIRA LHREAFELTWAZ L EFBRL TV,

F7II, BrmMike (BHEE) RUKEKPORED T~ & - EESA O SRR
(BEMEBERNZ b)) 2R LA, BRATAIT—FICENVRRORL T BN, ZOF—%
FRVLHEE, B -EERSESRECNT ARG, EoERFRIARITTIIIEL
YOMBICET RS, $SERGRT VI OSERIIBTORSEZE AN, BoER
GECTRRESEIIS L2 E, HIZInE, (ESPRDVRryYyI5 s, @70t Ly E
Frtvbby, @QYULYEINAFT Ty, @T v b3 rOda DS EHESRLZ LIRS,
1S 5V RAKRBI OV TREBOEN L LTV AHMETFH 52, 22 TLEL E7AA
57 RERPEULTVE, I7TICE— LB TRSOR 7 2 BR Lz, Kilikix, a7
MBHHR ENTWDBE, IR TTIIHRELELY, TV T o Fvdbhub v, 5
PHOMAKEGERERE, T/, BIEAOGHSL, 2, 3 TRANLLDOEELSHE0,
MOBERL L ZAITEROILDNH B, KERKODSH M5 8 DKER, MEd®Rs L
&P SRRV EENEELTWB L5 THa,
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% 6 TWo@EMke (MEE) o PARVOMM (19875 3 H)
Table 6 The Correlation matrix and average concentrations of PAHs
in Lake Kasumigaura water {Suspended Solid, March 1987)

7041 DBF Fatrblby AT b ng/!
TNk 1 .149% 4239 .0152 0240 b
DBF 1 .1398 .0556 -.2322 B
Faitrbly 1 -.3637 -.6564 1
TWAF T T 1 722 1.3
gL 1 1.5
DT s b ek s RS RAMERE L OB LTy,
F T WKEKEKT - T OERS AR (EBR=50)
Table 7 The Results of principle conconent analysis using
the concentration of PAH in Lake and tap water (n="50)
et %5 1 2 3 4 5 6
& # 2.509 1.851 .964 406 .168 .102
EHNZ b
R i 524 -.321 191 Q27 618 .450
DBF 238 -.603 .068 .605 -.401 -.222
P sl T .510 -,238 -.181 -.685 -.181 -.383
TrrIty 208 -.276 .369 -.108 -.33% .052
RIS i 448 .378 -.411 .145 -.442 -.520
¥yw .406 .508 -.049 .366 .336 -.573
FRFFEMR) 418 72.7 88.7 95.5 98.3 100
450 PC2 « 1 MAY/88
(30.9%) o 1 JUNE/BS
. oz JULY/BS
250 u : MARCH/87
a ;8T8
- L TAP

PRINGIPAL COMPONENT 2
]

~1.50Q

" .
©.50 2.50 4.50

PRINCIPAL COMPONENT t

E 7 BrAikboSREERtewos—, S ERA0RTT

Fig. 7 The First and second principle conconent scores
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Formation of Chlorinated Aromatic Compounds by Pyrolysis of

Poly (vinylidene chloride)

IR
Akio YASUHARA'

B 5

ZHOBN MR RAG CEFERF ) BT L E B, YOL)LERWAELS
PEHOPIITELDII, DTOL) LBAGRERFT -, By F OB CHS
Wiz v THEPRERAFER T 0T TG, ~FH e A4y Erde —THi
BANTERIE S EF ) —HFLEERALAZGO/MS THIFLAEE, sou~rd
¥, ruonAFL ¥, ruuves—NE, U072V TEFLH soot
7% 1L 3 (PCN), yuouv¥ 7 =¥ (PCB), 209~ 7 5 v EFEERILEW
ELTRESAY. ThSOESHORERZOEBRCHAIBIL S 6OTHD, T
., GC/MSILABBESHETHLSIMBERFRL-EZ S, 4HAOE/ sun?
NI 7T FRTERH U, 22700 RE -y U oERERLAFx 5 U—9T
ATHRESICHSBTELR 70, Ril5le b0 BBLFOERREE LT, 1-700
HBT02pg 2-700@fRF-7OUME (&8 T2 pg, 4-700ETC04ugTho
1z 617, 200~ 600C L COBBTHRAMEIT /2L 5, 2000 THECDER{LE
HFEILEWOERFHRE S N, S00CTORGHRTE, PROI-vOOIRLYIF >
EdrunoyRy 75 OEEASEE SR,

Abstract

Two kinds of food wrapping film made of poly (vinylidene chioride) was decom-
posed by pyrolysis at 500C under air stream and pyrolysis products were trapped into
hexane and identified by capillary gas chromatography-mass spectrometry, in order to clar-
ify emission of pyrolysis products from reclaimed land or incinerators. Many chiorinated
aromatic compounds and polynuclear aromatic hydrocarbons were detected. Important pro;
ducts were chlorinated benzenes, chlorinated styrenes, chiorinated phenols, chlorinated
phenylacetylenes. chlorinated naphthalenes, chlorinated biphenyls,and chlorinated benzofur-

ans. Most of these compounds were newly detected. Four monochlorodibenzofurans were de-

1. BILRSIRFRAT MBREIRIZE L —7 T305 KRS HTHAEIGE 2
Regional Environment Division, the National Institute for Environmental Studies. Onogawa 16-2,
Tsukuba, lbaraki 303, Japan.
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tected by selected ion monitoring. Although 2-chloro- and 3-chlorodibenzofurans were not
separated satisfactorily even with capillary column, rough amounts produced from one gram
of poly (vinylidene chloride} were 0.2 x g for I-chlorodibenzofuran, 2ug in total for 2-
and 3- chlorodibenzofurans, and. 0.4 £ g for 4-chlorodibenzofuran. Further experiments for
pyrolysis were carried out at 200 to 6007 where cryogenic trap was used with solvent
trap. It was found that many chlorinated aromatic compounds were produced by pyrolysis
even at 2007 . Small amount of 3-chlorodibenzofuran and dichlorodibenzofuran were de-
tected in the pyrelysis at 6007,
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Fig. 1 Apparatus for pyrolysis
a . Quartz tube (25mm i.d., 60cm length), b : electric furnace, ¢ : gas inlet tube
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Table 1 Details of samples used for pyrolysis

Run  Samples Weight (g)
1 Polymer A 1.099
2 Polymer A 1.294
3 Polymer A 1.406
4 Polymer A 1.216
5 Polymer A 1,233
6 Polymer A 1.358
7 Polymer B 1.539
8 Polymer B 1.321
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Fig. 2 Gas chromatogram of pyrolysis products from polymer A at 500T under air
stream
The number marked at peaks match the numbers in Table 2
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Table 2 Compounds identified and their amount formed
Retention Average formation
No. Compound index * amount ( pg/g)
Run1lto 6 Run7 & 8
1 Trichlorobutadiene 906 29.6 {14.2) 11.5
2 Trichlorobutadiene® 967 Overlapping No.2b
3 Pentachlorobutadiene® 1064 14.0 (10.2) 17.8
4 2,2,3-Trimethyloxetan 802 46.8  {7.21) 49 8
5 Styrene* 900 66.3 (30.1) 42 .4
6 Phenylacetylene™® 886 11.7  (6.32) 7.30
7 Naphthalene™ 1217 235 (89.7) 129
8 Bipheay!*® 1415 . 52.8 (11.7) 163
9 Methylpheny]acetylene# 1064 Overlapping No.3
10 Phenanthrene™’ 1864 Overlapping Nos.64 & 73
11 Phenol* 981 22.6 (6.68) 27.8
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Table 2 (continued)

Retention Average formation

No. Compound index amount { #g/g)
Run 1t 6 Run7 & 8
12 Benzaldehyde®* 973 5.40 (2.95) 4.77
13 Dibutyl phthalate™ 1986 6.2 (7.00) 43.1
14  Benzofuran 1012 75.2 (32.5) 60.6
15 Dibenzofuran® 1573 3.65 (8.94) ND
16 Chlorobenzene ™ 859 99.7 (55.9) 30.5
17 o-Dichlorobenzene® 1053 30.1 (19.9) 26.0
18 m-Dichlorobenzene™ 1027 1880 {629} 1190
19 p-Dichlorobenzene* 1048 6.83 (4.96) 6.38
20 1,2,3-Trichlorobenzene™ 1243 70.8 {20.3) 73.0
21 1,2 4-Trichlorobenzene™* 1205 122 (49.5} 109
22 1,3.5-Trichlorobenzene®* 1163 2840  (706) 2580
23 1,2,3,4-Tetrachlorobenzene™ * 1423 Overlapping No.55
24 1,2,3,5- & 1,2,4,5-Tetrachloro- 1367 88.0 (27.2) 82.1
: benzene* ¥

25 p-Chlorotoluene™ # 967 11.2  {8.67) 6.22
26 Dichlorotoluene 1134 20.1 (11.3) 25.8
27 Dichlorotoluene 1140 19.4 (61.0} 27.1
28 Trichlorotoluepe# 1330 Overlapping No.36
29 Tetrachlorotoluene® 1561 26,2 (8.97) 31.9
30 Chlorostyrene 1083 70.0 (19.9) 77.7
31 Chlorostyrene 1089 12.5 (11.1) ND
32 Dichlorostyrene“ 1217 Overfapping No.7
33 Dichlorostyrene 1251 50.1 {18.0) 56.1
34 Dichlorostyrene 1272 421 (9.66) 435
35 Dichlorostyrene 1317 9.58 (10.9) 23,2
36 Dichlorostyrene® 1330 28.6 (9.71) 33.5
37 Trichlorostyrene 1382 1200 (234 1215
38 Trich]orostyrene:‘t 1415 Overlapping No.8
39 Trichlorostyrene 1473 35.5  (B.50) 41.8
40 Trichlorostyrene 1487 39.6 (8.55) 44.2
41 Trichlorostyrene 1498 ND 5.40
42 Tetrachiorostyrene 1506 314 (56.5) 355
43 Tetrachlorostyrene’ 1523 14.1  (4.41) ND
44 Tetrachlom's,tyret\e“t 1544 Qverlapping No.68
45 Tetrachlorostyrene# 1561 Overlapping No.29
46  Tetrachlorostyrene 1592 ND 17.6
47 o-—Chiorophenol * 1002 13.5  (9.52) 11.3
48 2,5-Dichlorophenol * # 1190 68.4 (23.4) 72.8
49 2,6-Dichlorophenol* * 1226 16.4 (22.4) 24.6
50 3,5-Dichlorophenol* ¥ 1397 Overlapping No53
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Table 2 (continued}

Retention Average formation

No. Compound index amount { xg/g)

Runlto6 Run7 & 8
51 Dichlorophenylacetylene 1234 84.6 {59.1) 81.6
52 Dichlorophenylacetylene# 1190 Overlapping No.48
53 Trichlorophenylacetylene® 1397 75.7 (36.8) 82.3
54 1-Chloronaphthalene™® 1430 47.2 (14.9) 10.3
55 2-Chloronaphthalene* ¥ 1423 126 (35.3) 174
56 Chlorotetrahydrenaphthalene 1446 41.2  (8.61) 64.7
57 Dichloronaphthalene 1606 202 (36.5) 226
58 Dichioronaphthalene 1623 224 {69.7) 279
59 Dichloronaphthalene 1647 6.65 (6.88) ND
60 Dichloronaphthalene 1694 7.78 (7.69) 12.5
61 Trichloronaphthalene ¥ 1672 Overlapping No.84
62 Trichloronaphthalene 1793 306 {44.9) 337
63 Trichloronaphthatene 1801 22.9 (17.7) 25.4
64 Trichloronaphthalene * 1864 4.56 (5.74) 12.9
65 Trichloronaphthalene 1880 78.8 . (8.37) 85.9
66 Tetrachloronaphthalene 2026 94.5 (9.28) 104
67 Tetrachloronaphthalene® 2087 Overlapping No.78
68 2-Chlorobiphenyl 1544 13.4  (5.0%) 15.2
69 2,4- & 2,5-Dichlorobiphenyl® 1722 15.6  (2.30) 17.4
70 2,3'-Dichlorobiphenyl 1743 19.4  (2.04) 22.9
7t 3,5-Dichlorobiphenyl 1785 6.82 (10.6) ND
72 3.4- & 3.4-Dichlorobiphenyl® 1838 25.3  (3.20) 30.4
73 2.3,6- & 2,3',6~Trichior0biphenyl# 1864 Overlapping Nos.10 & 64
74 2,3,5- & 2',3.5-Trichlorobiphenyl® 1900 16.2  (2.58) 17.9
75 2,3 .4- & 2,3 ,5-Trichlorobiphenyl¥ 1923 16.8 (1.89) 20.1
76 3,4,5-Trichlorabiphenyl © 2002 32,1 (5.05) 34.3
77 2.3',5,5'-Tetrachlorobiphenyl 2073 22.4 (4.45) 21.5
78 2,3 ,4,5 -Tetrachlorobiphenyl 2087 4.26 (4.15) 3.90
79 2,2'.3,%,6-Pentachlorobiphenyl 2136 6.30 (7.30) 4.82
80 Chlorobenzofuran 1184 28.8 (9.04) 29.9
81 Chlorobenzofuran® 1226- Overlapping No .49
82 Dichlorobenzofuran 1350 81,1 (23.0) 61.7
83 Dichlorobenzofuran’ 1402 34.8 (15.3) 35.6
84 Tetrachlorobenzofuran® 1672 16.8 (11.2) 22.4

Formation amount means weight of compound produced by thermal decomposition per one

gram of polymer. Value in a parenthesis means standard deviation. Compounds with an

asterisk were identified with authentic compounds and their concentrations were corrected

by relative sensitivily against 1,2,3,5-tetra-chlorobenzene unless there is a # mark. Com-

pounds without an asterisk or with $# mark were tentatively quantified by using a calibra-

tion curve of 1,2,3,5-tetra-chlorobenzene. Compounds with # mark overlapped other com-

pounds on chromatogram,
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Fig. 3 Gas chromatogram of pyrolysis preducts from polymer A at 200 under air

stream
The number marked at peaks match the numbers in Table 2 and peaks with a

cross mark are due to compounds containing no chlorine atoms
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Table 3 Amount formed of chlorodibenzofurans from one gram of polymer

Run No. 1-Chloro- 2- & 3-Chlore-  4-Chloro-

1 0.11 1.5 0.26
2 0.43 3.3 0.59
4 0.25 2.3 0.39
5 0.25 . 2.0 0.39
6 0.24 2.3 0.37
Average 0.26 2.3 T 0.40
7 0.14 2.3 0.40
8 0.26 2.8 0.51
Average 0.20 2.6 0.46

Data for run No.3 was rejected because the sample was missing
during concentrating process.
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Reactions of Chlorophenols Adsorbed on Clay Minerals

— Formation of Hydroxydibenzofurans*—
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Abstract

Chlorophenols were adsorbed from gas phase on allophane, Na-and Fe(lll)-ion ex-
changed montmorillonites at room temperature .and the reaction on clay surfaces was fol-
lowed by GC/MS analysis of extracts of the adsorbates. Besides chlorinated biphenyldiols -
and hydroxydiphenyl ethers. chiorinated hydroxydibenzofurans were formed on Fe{lll)-

montmorillonite.

1 Ui .

RBYyrooyz /s —L (PCP) KKK, AHBRTERTAFAMMELTHRY sou IR/ -
VA EFL s (PCDD) XY ruR YNy T35 v (PCDF) BPEEINLIEFHE, T2
OUO72/—WeoBPRIZEYD, PCODRPCDF 2R T ARG HEHZ L RHILATH
DY C MO IS EF L L S ICBEMEO S T PCDD % PCDF 23K 5 st
BB EVD D ECHEMER 2EHY,

1. ERIFUREEART RUEBSME V- T305 KHEE 0L (ETHANEF N 165 2
Regional Environment Division, the National Institute for Environmental Studies. Onogawa 16-2,
Tsukuba, Ibaraki 305, Japan.

2. EURSERER LRREE TI05 FKRED CSTHAEEN16% 2
Environmental Chemistry Division, the National Institute for Environmental Studies, Onogawa 16-2,
Tsukuba, Iharaki 305, Japan.

* HREETE, Chemosphere, 18, 1895-1902{ I9RGHIRE LN/ NELA L EDHLOTH L.




HEET - fiBEZ - FEHHR

R, SHShHERERLSYRIRENIIEESL THRICRIATREZ EHFV0T, BA
BRBop T, HECTEESYEIZL Y PCDD 2 PCDF 4 315 & ) % ilfEs S 54 &)
PERASDILBEETH 2, TEPTHARYEOMRORE S EHEMEYIC L 282 T
LESNTWAA, MRLFFH6, L hEELTFOARRKE, ZRIERGCESGRTIED
LB B, BIREARBEEHF T 007 £/ — V5 PCDD % PCDF 27 HiE TL#
BRI WERT 09 H, ORERZVESZELZIRTHEN,

INFTCRHALAUBBEE A4 > (Pl FS 2l ) THEBLHLESRE T O+ A4
b (RAZFLP) PEEE ST T B REEANT A, CORETH LAY %
BEBRA A ORI, BRICRE LHERICEYFTHEIVANVEERL, TOTY9
NS L 72 o T RSB REARES B & ) SUCHRAM S Aok o757, $7:2
ORIETH, BRARV YV GFOBREOHPHNEIZL WML RICHEI Y, —FR~V ¥
v b, 4, ANEERERHOCE 7 LAY, ROXUAPLBBEEHORN T T L
USRS SN2, Boyd 5(1986)13, 3-2 TN T oV —ARARYFFETT 2 s — N (PCP)
DCu(I)-EYEVTFA P EOOTCORIET, ThoDTRENTELI EEFBELTWEY,

Txl LRy L VIIBBEREBRE T uFA P CERICRLRITC R R D At
ROFERICEDERLL2OUBROEEFKEVWIETHD, ChIBEFLETCATA T
TANDEMIT 2/ F LTV ANPER LG T 0T, ¥/ %272/ -0
2k, =B, EEALLOELYDEETR>ERPBRWIZER TS,

IOFLTRIEDERERS THLRLIEYO ) 5, BREZLHFOE EYRF A b Lk
BHitgWross~rou 72 /- VOZREE (FV -, AT, AY-) ¥ER, ER
RCRESE L, FOLS RRICEEYABOND D% GO/MS (F A7 uHESTE) ©
B, AL OEKEEFIIED LI EET A EELL,

2 £ B

21 & H

BALAZ 007 o/ — VEAAMERT, AV - RUST-20075 7 -NidENTE
AL, A¥-ro007:/ —WEHBAFIZLURPL 4 4-E7 2P -0, 2,2-
T hTd =N, A FRF P75 (HEEE6 BR) omELrEERYE
ﬁfﬁﬁﬁXTﬁim%ﬁwfﬁ%@LTE7l:»9*—w,EFD#>V71:wl—?w
OEFW B, TNGE GC/MS TEMDIEZA, 3HRBLLEEN I ~3EFRLLE
W TH o708, HtEm~ORFLRGHOT IFEALL,

FBALZHIEHOS S, Nae-ErE00r My =32 T¥ED 2 V76 2k, st
L DEFERA L. Fe(ll)- BV EYOFA MY ZET7 G2 4 F VAR ED 0.003 mol/i
PREEEAER I B S A A4 LR E AT, RORE, | MR, EERRELLCLOTHD,




g$rywREmconron s /- AORIE

TO7x REFEASHAD I v BE AEPTHRE, AFEOTU 7 L UHEEICL 0
ﬂ Lf:ls)o

2.2 ERFH*E _

HIABFROHIZH 20 meD i LEMEARLBERE UL 2/ - LR ANTBEBrIES
FHL, Tl ERPTCEEAPrLO 007 —OREF T FOBHIOU T 2/ —
NOBBFERZENREND 7007 2/ - VOEFTILL - TRE 2T %, Thsun72/—
NEEDOR LSO ERETRAST 2701, 9 2EBROKLI P 70072/ — LES
BT OBE S 2 ABE 2 BHT WL AN FELHE L KERLEHET
PRELTERLZOR, POs, CaCLARIKEH, NaCOMIHKERTHY, Ththnk#
AL (BE) 1£24.5C 70.00mmHg(0.0%), 7.08mmHg(31%), 20.9mmHg(87% ) )i2% b, #
FABRKFe-EY TN UFA PEINOKERERGHHAOBTROAT AN, FHIILLET
WEB® 0CHRICLAZEERIDPLFe-ErE) 04 L OEABEF ML 5, FhF
114.6, 13.6, 16.0wt% Tdh 7

FMT4ZEMZ7 007 2/ — W ERF I, B8 rCREREE 7L THBL,
Haru=w 777, GUMSICENGHERE LS. BRUGC-TARFAZu<w &5 7, FID
B, OV-1 54 7DF v EF A5 4(60mX0.25mm ¢) 2B L7z #9413 70T (4 min)
26 250C (16min) £ T8 T/minTHRL, HALTLEIFIE250CIZEE LA, GOMSIREA
BB IMS-DX300% [ L 7=,

V722l PFd =), EFOF V7220 —F, EFOFL IRV 75 OB
(M 1 88) IREADEDFE LY, ThoDkBEL AF LA AFLT-F
NOTRAZNRY P VOFBIZDOW T Tulp 5l k > THIEE N TV AT, £ L THFRILF
LTHAHAOHEDEAE ) BERMEE, Midyruo7o=0v4 -0 (M1O2B) &
Jruobk P Y7o pI—FU (H10O2ZE), Yruuk Fos IdNryr5 0 (B
AD2F) &270UIRS T p-VF XY P @A FVEHRTEPANTE B, L LRI,
FICEREONBEIREL ZUBRREOH TOAF MEDENKE (RLADT, REWTHA
FICERE A F ML O» 60, ThEFRORMEOERIEETH 72 T2 F 1L
LTwhnwi ooy oS4 - drooe FoF3F s 37 o 20 —F VST F
LTTAART FIVICLBEBHERNFAONZVWOT, Tho TBREOERBRIIME LTERL
PA '

U0 2V Vd =20tk FOFR L V722 0T —FLORBRINLOT L >
BHEFEEVOFHA MCBRAMAEY, BETERSETITo2, ERTI6HMEMEFSFICK
B, 70072/ —NOBESERBIZ7TE N M E GO/MS TH 2T 720



HBET - B2 - FERR

Na- Fe-®€£0a+4

¢l TE7xr 20H
—_— s
OH
@C‘Cmm)
20H,2C1 20H.C1
26)
] OH, 201 OH.Cl
RNl oy < v T
(2E}

@- AEEE FOF S5 xeyT5
0 (2F}

K7 /%)

B 1 Naj Fe-EvEYLFA b, 7072y RETHAN b-, 2 ¥~
: NF-r0a17 1 — MORERIEA S ‘
. Fig.1 Reaction Products obtained from ortho-, meta- and para-chlorophenols
B adsorbed on Na-, Fe-montmorillonites and allophane

]

3 BRLER

TO7x7, Na-, Fe- B ENAFA P EDIER 7 2 /= LOEEFIEEREY +H 1 1257
L7z RIBAEESO ) bREFEIL, EFEL KB, REERCOEEH THE~NY U F
BikE ¥/ i, 7071y, Nav, Fer BTN OF A4 FOEORETHM TS EHAFED DS
Nizo CullD-AAZ 54 M2k hrun7 2/ — LOBEFEEAERICED S L it Govindaraj
BILE L TOBMESINTWAY, U720 Y-, 400k FO$2 U7 2 2T
Fl, 200 FOREL IR 73 OIGEERDE Fe-E 2B FTOREAIZ A
2o LIzHo TROFERMLEMOBE LR, 70072 ) —ROZRILISEFS (4>
DEILEBERAA P HPLBEEELOALYY, ILZREOHBOEET S, FetrE) T
+4 bTRAELOR,

E2icRB Lm0 N~ Er T UF A bEFe- £y E)0F A FTHFAN -, 25~ 185-
run7z/ - MOREFCERIETARKEROEEOEEFRL-LOTHE, BIZRL
o lrzoo7 ./ - NOEERIGER] AL EMELTEOAAZO00 7 2/ — LEERE

CUGRLAERPOI B T2 s F S ERGWEERTH L, soO FOFI IRV TIT Y



HEEHERTOIUD T £ / - LOKIE

polg clay

4
10 ortho o8 Total

# 4 ; Dimer products

w—— Fe-mont.

meta

para

B
[

e arras TR B U RERT "R TR TIPSy By e S
0 7 21 o 7 21 0 7 21 mm Hg {H,0)
0 31 8 © 31 87 0 31 87 RH %

B 2 FebNaFTrEOFAMRETOHANI-, A¥-, /5-27007 =
/= DB ERSERE & R e~ 0K EE
CalrOn7 /) — VOBERESE
L JE S - X% )
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Fig. 6 Adsorption of chlorinated biphenyldiols and hydroxydiphenyl ether on
Na., Fe-montmorillonites and allophane
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Synthesis of Chlorodibenzofuran Isomers
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Abstract

Four isomers of monochloro-dizenzofuran were synthesized. 1-Chloredibenzofuran,
2-chlorodibenzofuran and 4-chlorodibenzofuran were prepared by intramolecular ring clo-
sure reaction of diazonium salts of chlorodiphenylethers. 3-Chlorodibenzofuran was pre-
pared from 3-dibenzofurandiazonium salt. Yield of l-chlrodibenzofuran was very poor.
This may be due to steric effect. A considerable amount of dibenzofuran was formed as by-
product of 4-chlorodibenzofuran.
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WHET, Bt HHEESTERICERSRTV B LA, BARTOMEWEICER STy
o REMERFIZRILAINY /77 Y OEEBBEREHT, T/ 700PReV 75>
oAy FrundNy S 73 oETELET, BEFET L, BERWOEMAORRIEE
Jorunthdf Yruoufklef, bYrouk2giE FryroofkigiE xryrun
h28FE, ~FHrO0klelE, ~FyrO0f4E, Aoy ruaklBTHE, CHHEDOR
WARLE, L8, YRR L TEDI TR R L VIR R L EF X bhD, TDRY,
BEFCOERPLINIGEILBESRFAT L0, RO LLHFLEHE, HAHWIED
B ELABBHORERALEL D, JOL I AEMLEETEHONENTHLE) 7D
DYz (PCB: 209 DRME) OPETR, TNTORBBOEHEABI L ERTEYY,
BETE, 2R DOPCBORMEESPEATRETS L, £/, ZRICXY, Ao THESATY
ZZPCBOMR AR S, MO PCBARMERINDEEL LTHOBREMATRE > TET
Vb, THEBICEERBEAWTHE, Kl raaiwy s 4 %3 (PCDD:75 OFEMAEE)
DBETH, FOAKIE T HMEAMEA, PCBEHE, MiEOMELIcTRITTNTORYE
HOBEANTEEE 2N 2255 (Hl21F, Paracel Laboratories Ltd., Canada)s

—F, Kyoruuinyyy 7y OREKOSRECRT R, ZOLEWAPCB O
M EMBERLENBBLED L 2PDIA-FIZL D EDLR TN, PCBRYA
FEL S HBRLTEORBEEG, VY 2y Y ERESAE (EINERMENERT)
i, 1979  TORBET A ZIERENHRSBIE SN T8, IR U7 7 » OEFEERER,
2-, 3, 2,6-, 2,7, 2.8, (UL EINI/IVEE, 1930~1959); 2,3-, 2.4-, 2,8, 3,7-, 1.2.4-,
2,3,8-, 2,4,6-, 1,234-, 2,368, 2,3,7.8-, 2,468, 1.2,47.8. 1,3,4.7.8-,
12Aﬁ3ﬁn&&m&ﬂ&,L&&L&L&&(ULVW,wm~wm)m%%mﬁwﬁﬁ
ELUABEANTVEV, BROEHAE/ BRATHE4-7004ks 1 -7 0nhOSHIZow
Th, FOGHEMBRI 2> THRESNLEDR N THLA, (LS HEE, HEshTwh
WS ORI BRI, EOEENPCE, PCDD AL hd, BESMCAFS
HgETHEDPERKTH D,

ARG, BUHRBSCHRELRENSRBET LB o LT 1ORYRY I T
DERIET Db DTHLY, BUBILIRY ST AREFERT A 12T %,




EJFUOVNLSTI L DER

2 INRZITILERE

IS T T DM I B LTI Coffey®, Sargent & Stransky” DBHAH 5. 4
HEDFRFEIZ DV Tid Parham®™ OB 11 Va2 & 4 v HBILZLEHENTH D, JNV Y
75y OBRIE, BELTOLICLTERESNS,

1) 2,2-VeFax> 7= VOBK, $B0IE 2-1T-2-L FOFI YT 2 Z LN
OF BIZENERTED, CORAREIR=- borABELZ VNI O M T 7
BT HBETAN VEBETCESCRET Y, 23.2- e FOZ S VI c o &
BREROLETE - FOF 2 IR0/ 750 2435, b HY, 2.2.3.3,6,6-~
FHAMFIUT 22D 1,2,8,9-L1,489FhTL FOFL IRy VT vhdta
A, 223FUEFU*/t2233Tb?tFU#/E71ﬂw#Bﬁ&ﬁ%ﬁfom/
V7 RER LRV ENSE Sah S

2) 2. 2-VT I/ TN ENBERAYAY TSy LEOSRIC L > THO SR TE S
B, TS rERIRETAY, o S o

3) 0-T I/ KT 22T FAEDTHEY, BB, BB R L e 5
EFTHRBLINY Y75 0 R T 2, TR

4) 727 =M®, Jor o Ni—FN, 8075 - MO OSRGERIET b AR A
PEFEFEILEN, LrL, ZORBIE 71/-”%%0@%%@&@@&@% ZhiBLT
BRI EE R BRI, :

IRETTIrEDLOR, T2/ - NEBSROFET CAGT LI LI LN 17T~20% 0
WETHELRBYT, ZORERINS /7T Y OBEBHEEETH B, THFT T 20O
HOEMEABINS 2", 2.2- FUFT 7 2 = LORBLBARIEE HV i, Y~y
THBBRUEOWENIBRLNLY, o-7 22T 2/ — Nk, PA/CHMELT, 400C (Hou
H500C) THARTBE VR T AR, EOEA, = b ORYELERYE T
THRABTDE T 2o, T T 220, P T 2o PRy ST kb QIARD AL
7T kBB IENTELY, ' -

FUTTIRL ST T OEBE, TOERFMOABVIEL Y, TILENLRELIS L
ShTE, BIAE, Gilman 571, MBLREFCIRL V77 v OEEIZLY, 38 40
BT 2872 0uyNRy 790 58BT VA, -2 0 KT 4 J — N, 60C CRIE S 4
ALELITENEHENL, RO ELH G, IRy 75y 0EEIERBTICR, £240%
BRI A2 VT 5 vt 52 EAR A ATV 3%, 2oy, 3-p 00, 2894
oo, B 38-YruuiRys7 I na8M 0, 2-yua, 3200, R, 2,8
7 U URDERMEREFRT IR TWED), 34567 Fyruu~y¥r2-Y7y-1-4
FY FOZTUNLEIH, 130CTO 1,3-BRAMKGTR, 1.2,34-7 hF70ay~y
75 VHERT Y, i



HLER -k R

ZaaAYRY 7T BEEORRGSREORE, BREMEOR S » 5 19T0FLFIC % -
THRS ALY, TRV shaRiklE, ORBRIANY Y75 v ouEEELT, @it
U7 1N FROKMELE OBE®R2. -k Fudi V¥ oo s FOFHEEORLEY,
@Ultman K, @47y runy~Rr /735 > 0kFEY, ©pceREHFS 5012
oA E N DBMMMLI L ABIERE, Q-7 /F 072 oy T VALIL ARIER
BaETHHETN, LI ThoORIBERNE, —BICEEERAYTHY, su<h
T3 7REEMR L AR EMERGLEL T LS, 00 RENENEESHT
WRAVERWAT, B THEIELLEL{ LV, JOH, glbltks LTEHELELY 720
I-FABEELHVDERBHRVIEETI OO IR, /75 VA LA AEENREVWE SR
Bo 861, @OV T NI —FANETHEBUITUY LRV Y Y ANKRVBREETIIC
R TR L35 L, 0~R0% DB TI/UOIR, S TI V28K TCELIEDPRESHR
z%mp5°Mmmgmu,®a0®ﬁﬁfmﬁwﬁﬁ¢%éﬁﬁﬁt.%mmﬁ,7UFV
NMR, #A2 070757281 bEHEEEHE LTS, Haleb™it, 11002 ooy
Ry 75 RUERLEN, BA, H5VIEOBEAPLREIR, FOFRIUT ST TS
B AR EBEORBEREL T3, BEQLIA, TOREFRLE L OEHERTE
BLTWABEEDNDLY, FRZuT TS 707 - LPBRESh Ty, R, BET
TG SN RBEO—BERER L. T/ 70040 ERE, ENCEHEL (5501, &
FHNEEHINTWEV) Hd, -, 47 00BREE, WEZEBRTEIMETCIIELR

CE 1 BRMEREShZRY I UOYVRI YT L 0—KE
Table 1 The List of synthesized PCDF .

No  Congener Registry Noo. 1 2 3 4 5 6 7 8 9 10
1 1 84761-864 b x o x
2 2 51230490 A A A A x A
3 3 25074-67-3 A a x
4 4 74992-96-4 a X
5 12 64126-85-8 X
6 13 94538-00-8 x
7 14 94538-01-9 x
8 16 74992-97-5 x
9 17 94538-02-0 X
10 18 81638-37-1 x
11 19 70648-14-5 x
12 23 64126-86-9 A B x A
13 24 24478-74-8 A x
14 26 60390-27-4 A A x
15 27 T4992-98-6 A A Cx
16 28 5409-83-6 A A A x A
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Table (Continued)
No Congener Registry No 1 2 3 4 7 8 9 10
17 34 94570-83-9 x
18 36 74918-40-4 x
19 37 58802-21-4 A : x A
20 46 64560-13-0 X
21 123 83636-47-9 X
22 i24 24478-73-7 A X
23 126 64560-15-2 x
24 127 83704-37-4 X
25 128 83704-34-1 x
26 129 83704-38-5
27 134 82911-61-3 b
28 136 83704-39-6 A X
29 137 64560-16-3 X
30 138 76621-12-0 A x
3 139 83704-40-9 X
32 146 82911-60-2 S X
3 147 83704-41-0 x
34 148 64560-14-1 5 X
35 149 70648-13-4 "X
36 234 57117-34-7 A s X
37 236 57117-33-6 S x
38 237 58802-17-8 A X
39 238 57117-32-5 A A A x A A
40 239 58802-18-9 a x
41 246 58802-14-5 A A x
42 247 83704-42-1 x
43 248 54589-71-8 A X
44 249 82911-59-9 x
45 346 - B83704-43-2 X
46 347 83704-44-3 x
17 348 83704-45-4 A x
43 349 83704-46-5 x
49 1234 24478-72-6 A A X X
50 1236 83704-21-6 i X X
51 1237 83704-22-7 A X X
52 1238 62615-08-1- A x x
53 1239 83704-23-8 x X
54 1246 71998-73-7 X X
55 1247 83719-40-8 x - x
56 1248 64126-87-0 A A X X
57 1249 83704-24-9 . x X
58 1267 83704-25-0 A x X
59 1268 .  83710-07-0 X X
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Table {Continued)

No  Congener Registry No 1 2 3 7 9 10
60 1269 70648-18-9 X X
61 1278 58802-20-3 A x X
62 1279 83704-26-1 A X x
63 1289 70648-22-5 x X
64 1346 83704-27-2 X 3
65 1347 . 70648-16-7 X x
66 1348 92341-04-3 X X
67 1349 83704-28-3 X X
68 1367 57117-36-9 A X X
69 1368 71998-72-6 A X X
70 1369 83690-98-6 X x
71 1378 57117-35-8 X X
72 1379 - 64560-17-4 A X X
73 - 1467 66794-59-0 A x X
74 1468 71998-72-6 X X
75 1469 70648-19-0 X x
76 1478 83704-28-4 X X
Kith 2346 83704-30-7 A A X X
78 2347 83704-31-8 A X X
79 2348 83704-32-9 A A x X
80 2349 83704-33-0 X X
81 2367 57117-39-2 A X X
82 2368 57117-37-0 A A X X
83 2378 51207-31-9 A A x X
3 2467 57117-38-1 A X X
85 2468 58802-19-0 A A X x
36 3467 57117-40-5 - b3 X
87 12346 83704-47-6 A X

88 12347 83704-48-7 X

89 12348 67517-48-0 A A X

90 12349 83704-49-8 ’

9 12367 57117-42-7 A X

92 12368 83704-51-2 :

93 12369 83704-52-3 X

94 12378 57117-4146 A A X

95 12379 83704-53-4

96 12389 83704-54-5 B s

a7 12467 58802-15-6 A X

98 12468 69698-57-3 A

99 12469 70648-24~7 T
100 12478 58802-15-6 A A S :
101 12479 71998-74-8 A - g’
102 12489 70648-23-6 v TR 2
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Table {Continued }

No Congener Registry No 1 2 3 4 5 6 7 8 9 10

103 13467  83704-36-3 A x
104 13468  83704-55-6

105 13460  70648-15-6

106 13478 58802-16-7 A A A X
107 13479 70648-20-3 X ox
108 13489 70872-82-1 x
109 23467 57117-43-8 A X X
110 23468  67481-22-5 A X X
111 93469  83704-35-2 x
112 23478 57117-31-4 A A X o x
113 23479 70648-21-4 x
114 23489 69433-00-7 A x
115 123467 79060-60-9 A X x
116 123468  69698-60-8 A X x
117 123469  91538-83-9 A

118 123478 70648-26-9 A A x
119 123479 91538-84-0 A

120 123489 92341-07-6 A

121 123678 57117-44-9 A A x
122 123679 92341-06-5

123 123680  -75198-38-8 A X x
124 123789 72918-21-9

125 124678  67562-40-7 A A x
126 124679 75627-02-0 A

127 124689 69698-59-5 A X A
128 134678 71998-75-9 A

129 134679 92341-05-4

130 234678 60851-34-5 A A A x x A
131 1234678 67562-39-4 A X x
132 1234679 70648-25-8 X ox
133 1234689 69698-58-4 A X X
134 1234789 55673-89-7 A X x
135 12346789 1010-77-1 A X
Purity

AID95%, a:95%~9%0%, B: 90% ~50% , b : <50%, x : unknown.

1 ¢ Beilstain Handbook of Organic Chemistry, system No.2370, 2 : Safe and Safe®

3 ¢ Kuroki et at38). 4 Gr"ay et atm, 5 ¢ Tashiro and Yoshida‘”, 6 : Rappe e} al*t,
7:Haleetal®, 8 : Norstorm ef a®®. 9 @ Mazer ef ai*®, 10 : Choudhy et al™®’
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Fig.2 The Synthetic scheme of chlorodibenzofuran isomers



/200777 DR
4.1.2 2-73/4-uud 7 2o VI—T IO
LROAER D14 % 99.5% 74 /- L 210mt (CERL, BIEM420n TS, ZOE
Bz AT, BIEE—A X (ZhiE) #2g #0432, LSBMP TR 7z, RE LR
u%wtt&bﬁ,é%u1ﬁﬁm~%tmmﬁttoﬂﬁﬁ,Nyfymmwammmmé
mz, ARAEF b7 AICTpHE 9 L L, M dAMM LA, A8k, ~r¥rE% 2Kk
(300mi) L, WERET B oy 2 TRk, WILRETHLE, 89 DMAERM TR,

41.3 2-200YRLVTTY

LA 89 B, 0 CLLUT A L2 RE 100g IS4 I3 A T 1 BRI A CHlmR L 72
XeC 1 BRI, TRARES P U L3 gRAKIOOM ICED LB E 0 - 3TIR LA 2
BRI AT CI T Lo 1 BSRT 0 TSR - 7045, 50 % Bl 500 ml s~ Z, B € idA L7 A6 100T
3C, G410 (1EERD) MR L7-, RiaAET Lz, SO 3B L, KERERL,
HRLEREARL, A/ No¥r (300/300m) ISERL, 5 %KERLFT MDY LS
WA & s L, Ak, BB R Y LS EAEERE, BEREAYREEELL EULHE
B Y CHERY2EH, 26ty /- LTHERL, 22700 PRV 7 5 OB
Kb (7.2g) %57

4.2 4-00OOYNRLYTIILOER
-smuTRyYIISIYERMC, -0 - NE2-un bR Er LR, 2-7
UO-2-2 b5 72 2N I—FhEH, SHICIRERBIEMAE R ZITE AT L (50~
GOTCTEEEM), 2-73/-2-400Y 722N —FAEBRL, TRERBOBRET, BHE
+ b2 TIT VAL, BULL A, 3.3 g DEGEHIDATH -7, LAY, JORGI
BRI E LTIRy I 75 vHNSBEESTRA TG, IBRE o2 7776 -
EOGMUAE ~AFH L ICEDEESL, 0oy ey (1.0g) 2/,

43 1-900YNLITFLDAR

35 vrunrayrk= bk 7I/EEFRTL, 2,6-Y 700 bunyErESRK
Lite CMET2 /=% 2-2003RYT7FOEREEROBETRIGESE, 3-700-
o bRV T LI —F MR, IR, ROBRETCET, V7ML AR
A, WEHFEZLCE 300mgREREH-OATH- T,

4.4 3-70OYNLTI7DER
4.4.1 3 badxyyy Iy

IKEERE SO Ml 2 Ny, 7 5 100 R L, RBWMEE100m % 20~25C T 2 BE i T




BREH - K R

WTF L7 25~35T TS B A LR, Rk ZEWS, 2HEEK £L-#&rH#H
LABLY, BERERU A Y J— N THERL, 3-=b0IRy /7765 2187,

4.4.2 3-T3I /9Ny TIF

IS PUTYNYYTT L 30k, T/ —N200m IZHEMBL, B8 120m EMA, AX (FEK)
T 2BEM DR A ITINA . 40C T ABEBBGH, KU Rz, KBS b)Y LI TR,
ook aT3m (500, 300, 200m!) ML, »B, kik, BT bU Y LICL DEER,
BRERTRE L, 0% T LI —NIT TR, A5/ - VISTHEALTI-T I/ U
Y7 T s 2g ®# 1B

4.4.3 3-700URYTTITY

3-FI TRy IF10g%iBERES g K 120mDETICBEL, OCIZBHL A 6HE
W T U Y AOKER (3.85%10ml DAICED LAHR) 2l TLY7VELA. 14~18C
ST 2B A CIEA TR, 10%IEILE—MOKBEHE 240 mi 2 INZ, 18R 95~98Tiomea L7z,
CREKESAETL, ERLAELTAA, T8/ VKT 2HBESL3- 7RO INY YT
7 (3.8g) %87

5 BREEE
FEENE/rORYR Y7 OMER, FIDRESRE2ESLA-FrEF ) -FA 20D
2574 %M, FOrow o sbo¥—-sHEL L HRD, 1-, 24, - BT
yauadRyyS 7T OB, FRER 99.6%, 99.9%, 99.1%, 98.8% THh o7, 3- R
47 D OROE L TR BERO SNV T T2 TH), #11 $BESINTV .,
1-20uyRy /77 OEFEIESTE, TH2EER2 I EHFTILD o —HS,
BRERDRI Ry 77 O M EIBEREFETHILEWOEHE, -7 I/ V7220 —
FNVEEERDO T T LIZE BARETRED LavEvbhTnd, 40, PREVZ ELRE
FELNT:0E, BINHTHL, o-7 3/ V722V —F VERENS 4-70R IR ST
5y OHBRELGTE, BEROIARL S 7 o8he &R L, JhiE, TBICRL, BEEO
e LlxEETYH, ﬂtﬂﬁmﬁfﬁﬁ%mt:ﬂcottb?éé EBbhbhE,

LHENEBETH, 3-200RVTITrERE, IXT-TI/ V7220 T —F VEEEAK
O T L o TEHEE o785, TOFER, /700Xy 75 wOfFERA+5E
TEETALBINR, BEOFETR oL Bbhb, HliE, WEDE,-721- &
-2 00T _y 77 »O8RIE, ROLILERBEBLEIRL, by, IAYYS
SE YA TEAYFILTYFAEL, TREe-AFLE KXV T IV ERIGSERE 4T
IRV T Y RERECERLIENTESY, eV T UL, EFRCERTE

— 84 —




) 7UUINL ST T ORE

g-ruu IRy eHBEEREL, THFafbl otk EHFEE, SHKTI/ETRTTH
i, 1-runyRy 7o v b, IRLORBIIOWTIE, SHROBHBEL LLvd, 4
0 & FHE, SHEmEE LA U AT AT v BRI SRIEORRE LS, HERED
BRHELEETH S,

BB HELSHICLADDLY, ERICERY LTT S o2 SBAEKR (v — VEFRRT,
=E) K, CoREOEHRLIET.

5 B X M

1) Kruber, Ger. Pat. (1930): 491, 594. Chem. Abstr. 24, 2475.

2) Gilman, H. and R. V. Young (1934) : Dibenzofuran. II. Metallation. J. Amer. Chem. Soc.586,
1412-1414.

3) Mullin, M. D, C. M. Pochini, S. McCrindie, M. Romkes, S. H. Safe and L. M. Safe {19%4) : High-
resolution PCB analysis : Synthesis and chromatographic properties of all 209 PCB congeners. En-
viron. Sci. Technol, 18, 468-476.

4) Tashiro M. and H. Yoshida {1982) : Preparation of some chlorodibenzofurans from 1-hydroxy and
2-hydroxydibenzofuran. Hetrocycles, 19, 2339-2343.

5) Safe, S. and L. Safe {1984) : Synthesis and characterization of twenty-two purified polychlorinated
dibenzofuran congeners. J. Agric. Food Chem., 32, 68-71. .

6) Coffey. S. {ed.) (1973) - Rodd's chemistry of carbon compounds, 2nd ed., Vol. IV A, Elsevier,
New.York, 194-202.

7) Sargent, M. V. and P. Q. Stransky {1984} : Dibenzofuran., Adv. Hetrocyl. Chem.. 35, 1-81.

8) Parham, W. E. {1951) : Dibenzofuran (Diphenylene oxide). In : Hetrocyclic compounds. vol. 2,
John Wiley & Sons, New York, 123-144.

9} Van Alphen, J. (1932) : Ether and ester. IV. The decomposition of acyl derivatives of 3,3".5,5"-
tetra-nitro-2, 2'-dihydroxybipheny! into 1,3,6,8-tetra-nitro-diphenylene oxide and its acid anhyd-
ride. Red. Trav. Chim., 51, 715-717,

10) Case, E. H. and R. U. Schock {1943) : Nitration of certain halobiphenyls. il. Di-and tetra-nitro de-
rivatives of 2,2"-dichlorobiphenyl. J. Am. Chem. Soc., 65, 2086-2087.

11) Pring, B. G. and N. E. Stjernstorm (1968) : Complex dibenzofurans Xill. The dehydration of2,2"-
dihydroxybiphenyls, Acta Chem. Scand., 22, 681-683,

12) Forsen and Stjernstorm {1963} : Complex dibenzofurans VII. A PMR spectroscopic investigation of
the dimethylation and dehydration products of 2,2',3,3',6,6"-hexamethoxybiphenyl. Arkiv. Kemi,
21, 65-72. CA 59. 99%4la. ‘

137 McCombie, H., W. G. Macmillan and Scarborough {1931} . Substitution products of 2-nitro and 2.

A acetamidodiphenyl ethers and the corresponding diphenylene oxide. J. Chem. Soc., 529-537.

14) Parham, W. E. and R, W. Strassburg (1961) : 2.4-Dimethyldibenzofuran. J. Org. Chem. 26,
4729-4751, .

15) Delaunis, C. {1968} : Effect of the filling rate of a reactor on the vapor. tension and the temperature
at the beginning of cracking of phenol at high pressures. Ann. Mines Belg., 9-16. CA 69, 60469u.

16) Bell, F. (1936) : Pyrolysis of chlorophenols. J. Chem. Soc., 1244.




BOREH- 8 £

17} Cullinane, N. M. (1930) : Diphenylene oxide series IT. J. Chem. Soc., 2267-2269.

18) Williams, A. F. (1948) : Purity of diphenylene oxide {dibenzofuran). Nature, 162, 925.

19} Cullinane, N. M. and C. G. Davis (1936) : Synthesis of some heterocyclic compounds. Rec. Trav.
Chim., 55, 881-886. ‘

20) Yasui, H,, M. Sazumura (1978) : Synthesis of dibenzofuran (diphenylene oxide). Aromatikkusu., 30,
239-295. CA. 91, 5057(1979).

21) Fields, E. K. and S. Meyerson. (1967) : Arylation by aromatic nitro compounds at high temperature.
Il Nitrobenzene alone with benzene and benzene-—d. J. Am. Chem. Soc., 98, 3224-3228.

22) Clark, F. M. (1938} : Chlorinated diphenylene oxide composition for treating paper in capacitors.
U.S. 2,198,473, April 23,

23) Cox,J. M., B. A. Wright and W. W. Wright {1965): Thermal degradation of polyphenylene oxide. ].
Appl. Polymer Sci., 9, 513-522.

24) Shibata, S. and Y. Miura (1952) : Antibacterial effect of lichen substances and their related com-
pounds. J. Pharm. Soc. Japan., 72, 1333-1336.

25) Oita, K., R. G. Johnson and H. Gilman (1955) : The chlorination of dibenzofuran and some of its de-
rivatives. J. Org. Chem., 20, 657-667.

26) Huisgen, R., H. Gotthardt and H, O. Bayer (1964) : 1,3-Dipolar additions. X. Thermolyses of aroma-
tic o-diazo-oxides in alkynes and aromatics. Ber.97, 2884-2892. CA. 61. 14619b.

27} Gray, A. P., V. M. Dipinto and L J. Solomon {1976) : Synthesis of specific polychlorinated dibenzo-
furans. J. Org. Chem,, 41, 2428-2434,

28) Choudhry, G. G., G. Sundstrom, F. W. M. Van der Wielen and O. Hutzinger (1977) : Synthesis of
chlorinated dibenzofurans by photolysis of chlorinated diphenyl ethers in acetone solution. Chemaos-
phere, 6, 327-332.

29) Norstrom, A., K. Andersson and C. Rappe (1976) : Formation of chlorodibenzofurans by irradiation
of chiorinated diphenyl ethers. Chemosphere, 5, 21-24.

30) Norstrom, A, K. Andersson, C. Rappe (1977) : Studies on the formation of chlorodibenzofuranes by
irradiation or pyrolysis of chlorinated diphenyl ethers. Chemosphere, 6, 241-248,

31) Kende, AS. ]. ]. Wade, D. Ridge and A. Poland {1974) : Requiospecific synthesis and CMR spec-
troscopy of toxic polyhalodibenzo-p-dioxines and dibenzofurans. Abstr. 167th Nat. Meeting Am.
Chem. Soc. Los Angeles, CA. No. ORGN-130 Abstract

32) Morita, M., J. Nakagawa, K. Akivama, S. Miura and N. Isono (1977} : Detailed examination of
polychlorinated dibenzofurans in PCB preparations and Kanemi Yusho oil. Bull. Environ. Contam.
Toxicol., 18, 67-73. .

33) Buser, H. R. {1976) : Preparation of qualitative standard mixtures of polychlorinated dibenzo-p-
dioxines and dibenzofurans by ultraviolet and-irradiation of the octachloro compounds. J. Chroma-
togr., 129, 303-307.

34) Buser, H. R. {1979) : Formation of polychlorinated dibenzofurans (PCDF) and dibenzo-p-dioxines
(PCDDs) from pyrolysis of chlorobenzenes. Chemosphere, 8, 415-424,

35) Buser, H, R. and C. Rappe (1979) : Formation of polychlorinated dibenzofurans (PCDFs} from the
pyrolysis of individual PCB isomers. Chemosphere, 8, 157-174.

36) Norstrom, A.. S. K. Choudhary, P. W. Albro and J. D. Mckinney (1979) : Synthesis of chlorinated
dibenzofurans and chlorinated aminodibenzofurans from the corresponding diphenyl ethers and nit-
rodiphenyl ethers. Chemosphere, 8, 331-343.

37) Gara, A, C-A, Nilsson, K. Andersson and C. Rappe (1979) : Synthesis of higher chlorinated diben-




B/ rURYRY ST T OER

zofurans. Chemosphere, 8, 405-414,

38) Kuroki, H., K. Haraguchi and Y. Masuda {1984) : Synthesis of polychlorinated dibenzofuran isomers
and their gas chromatographic profiles. Chemosphere 13, 561-573.

39) Hale, M. D., F. D. Hileman, T. Mazar, T. L. Shell, R. W. Noble and ]. J. Brooks (1985):Mathematical
modeling of temperature programed capillary gas chromatographic retention indexes for polychlor-
inated dibenzofurans. Anal, Chem., 57, 640-648.

40) Willis (1943} : Towa State Coll. J. Soc.. 18. 98. CA. 38, 769 (1044}

41) Rappe, C.. H. R. Buser, H. Kurokj and Y. Masuda (1979) : Identification of polychlorinated dibenzo-
furans(PCDFs) retained-in patients with yusho. Chemosphere, 4, 259-266.

42) Mazer, T., F. D. Hileman, R. W. Noble and 1. |. Brooks (1983) : Synthesis of the 38 tetrachlor-
odibenzofuran isomers and identification by capillary column gas chromatography/mass spec-
trometry, Anal Chem,, 55, 104-110.




I 700XV 7 7 OEFRREEEME

Metabolism and Toxicity of
Chlorinated Dibenzofurans




Bl Rugrf i se gl #1299 (R-129-91)
Res. Rep. Natl. Inst. Environ. Stud., Jpn.. No.129, 1991.

I-1 Sy MBI B2-7009RXLT750ORH
I &@3AICHT5HE

Metabolism of 2-Chlorodibenzofuran in the Rat.
.I. Metabolic Behavior and Fate

TR - PR - HAHIK
Chiharu TOHYAMA', Seishiro HIRANO' and Kazuo T. SUZUKI'

£ E

2-»0YRy )75 (2-Cl-DBF) OEERICBIT2EELHSE Y+ 25 -F%F»
FERCTERE L7, “CTI UL L7 2 -Cl-DBF ##IRPIICIES Lk 25, 24 BER
WIS RO 86 %2R, KIEMNEY, RUBICER ah, 3 %3 8EEZI BT
BFERRIEHaN, OS5 LT » MIBWT b EEOH Y > BassiEe b,
in vitro 12 BT A EERA G 80 %0 2 -CI-DBF FmEBFicoREhsZ &, BoHfmL x
SPIEETAI EAHHALL, BEON 2 L- 3 »EBEND, 2-CI-DBF ¥igE
FRLYSITWAIEAREESNL, B AL 79— LB-F Lo Oy —-E Tl
L% BEGEsrOv b7 -2 AT L& 2 A, 2-CI-DBF ILFEH T,
HECORBEDIFEET L VML DE Lo 1, BD7-HIT 5 7:C- 3 -CI-DBF &
EEMESPOGH Y — 13 2-CI-DBF LA TH DA, 5 R48FME F T et
e, 3-CI-DBF & h$ 2-CI-DBF M43 5 A THRRD, Mm% SWpic L v & (FHED
HEMABRE SN, FEHOBES,S, 2-CI-DBF 37 v F ORNTHEL,IZAB SR
A HRE D S A, —EIE TR aEmA RS 2 L, T4, BE (oflHEd
PEETAIEAEHO ML ST, '

Abstract

The disposition of 2-chlorodibenzofuran {2-CI-DBF) was investigated using male
Wistar rats. When [MC]-2-C1-DBF was intravencusly administered to the rats, about 86%
of radioactivity was found in urine, large intestinal contents and feces within 24h. Approx-
imately 3% of 2-CI-DBF radioactivity was present in the adipose tissue 48 after in-
travenous administration. A similar excretion pattern of the ¢ompound was observed in
orally administered rats. In the case of rats treated with [“C]-B-CI-DBF, tissue distribu-
tion pattern was found similar to that of ["C]-2-CI-DBF, but 2-CI-DBF appeared to

1. EFIERRR FHEREER 7305 FWE o I/ RN 163 2
Environmental Health Sciences Division, the National Institute for Environmental Studies, Onogawa 16-2,
Tsukuba, [baraki 305, Japan.
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accumuiate more in adipose tissues and blood. From experiments in vitro approximately 80%
of 2-C1-DBF was found to distribute in red blood cel} fraction and the rest in the plasma
fraction. A bile cannulation study revealed the involvement of enterohepatic circulation.
Analyses of bile specimens, which were subjected to enzymatie hydrolysis by ary!-sulfatase
and/or #-glucuronidase, by high performance liquid chromatography showed the presence
of various yet unidentified conjugated metabolites.

1 RUBIC

Ryragwd~y /7%y (PCDF) L AL L RBEHRIE, Zhon{baii
HBIEROBLS D O Bl S N TAWEREEL TR LENORRICER T THI L hs,
FHMROCTBRHZEL0OAL LT, SEEOREHFLE L TERIBELLF->TWABEET
b5,

PCDF ~:BFEEE 12, MREFGEE L5, EELBAIIE, Zhonfbdhicsiic s
DRELLAFAQERMICRE LA LI, T #53BITIEIREIR TS, 74
ZFd A Nid, PCOF (BXE S5ppm) #A& %53, PCB (BL#1,000ppm) b FRSN TV
A, ZOMENEEIL, PCBTIR%E (PCDFTHHEEXLLNTVAEYY, if, KWMES (T
D LKizfE (1.4ppt) ©2-200IRr 7% (2-CI-DBF) ARl s hY, cotety
RUBREL T EWINY 75 UAERUZ @B &S wo & 55, 2-CI-DBF i, L
KEOREOHMICHRE SN TV BHME L EKHOEENGLTER LN EELLATY
5

BERES R 75 02, IRy 77 BORBBE LB ARERFN S L IR0V
77 AALEDIE, FRICERLIC (T 2P, mAT, Y #IR#IZ BT 2-CI-DBF I &
ATUMNAFOh—Rr e Fad3 I 7-—FERT b3 LA 714 v0-V2+F 57— ¥OFEER
RoNZho7:2 %6, 2-Cl-DBF OAESADOHHIBEEL I NY V75 MR EITRE
BV EHFHEENRL, LA L, Matsumoto ', TA98 KU TAI00 %\ 72 Ames 7 A b il
BWTLHEROL /700Xy 75 VEMKROZRE®R TR, 2055, 3-Cl-DBF #F
BOEREMENE (, 2 CI-DBF BIF4 CI-DBF #5522 A6 b ERFR AT - L % R
LTwd, BWNHEZOFUEICMHLT, 2-Ci-DBF ¥ 100 mg/kg AE D A& CHREARS L
727y MFRICBWT, 720 e F7—HET I/ P2 F 7 -E0FBAFRHLRTY
611)0

PCDF /N Ol 23 LM A~ DO FER LI 2 12T 2 ME RS 2 3hTun T8y o
CI-DBF D& FH DO & AHPHEGIC OV TORERIZLEA MO TW W, ZOBRO—
24, THPOLZV 2 -CI-DBF, RUZOBSERIESWI Wi Tho1, Frid, 40
INOOLEMEM A I EITLY, “CTRBL 2-CI-DBF O v FOREBRON, MK
MBI DHE B RORBEMI OV TRE LAY, 561, KEOLB, Y3
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CI-DBF @5 » b DEEFIZBITAEEIZ OV TR L7z,

2 5 &%

BED 2 -CI-DBF, R1¥3-CI-DBF (MIEIO%LLE) 120w Cht, MY BRERIZN, (L
WoZEEHEE L pIRMTE 72, [U-YC] 2-CI-DBF (JiftE, 146 mCi/g (5.40 GBg/g)).
By [U-YC] 3-CI-DBF (}i%fE, 133mCi/g (4.92GBq/g)) 3 EAILEMART (FE R
BMAHAT) EhEA LA, BEEEE, 2-C-DBFICOAHELTWL I 2EE s O~ 2
FIA—LBBEEEIOT ST T A IS BHERL, ANT vy~ (Type H5) & 3-7
24 ﬁ:-’f—t’ (Type B-1) & 7= L hEALL, v 14— >80 EHEYIFLY Y T
300 AEHEL DIEA Lz, TOROAEIL, FHHOLOEHW,

BRIFEIZODVTARAETHUTO Lo v,

WA A F & { g Bondasphere C18, pore size=100A, particle size=5 gem,
3.5mm X 15cm, 7L & 7 A& (C18), Waters 1)
BE s O~ 737 (pump : Model 510, gradient controller © Maodel 680,
spectrometer - Model 481, Waters #t)
. Witky v F L =3 a 78— (Model 3255, Packard )
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BTG % FHR L 720 BRES R USHLER Y OREHE 2 -CI-DBF 0¥ 3 -CI-DBF O R OFEICE LT,
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S5RLLBL912, 0.175m 2 RERAICEES Lz, SEmICIRIR, REL, BSELERLL,

KB 217y b 3EET— T VREFTREL, BECK)IFLSF -7 (0.25mmD,

- 0.61 mmOD) WAL, HESERALAHK F-Aorr—JICREL, 1E44Y
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DB RN LY. SO, T M1 %DOIV I -2 G0ERREKRDA TS 272,
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1 AT T ' |
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Table 1 Tissue distribution of *C-2-chlorodibenzofuran—derived radioactivity in

rats®
Time after administration
Tissue 30 min 5h 24h ‘ 48h
Adipose tissue 13.2 * 3.5 9.65 £ 4,38 3.87 £ 0.54 2.87 £ 1.96
Adrenal gland 0.03 £ 0.01 0.003+ 0.002 0.003% 0.000 0.003+ 0.003
Cerebellum 0.08 = 0.03 0.004+ 0.001 0.001x 0.000 0.001+ 0.001
Cerebrum 0.33 £ 0.18 0.02 £ 0.01 0.005+ 0.002 0.0061+ 0.004
Heart 0.19 £ 0.04 0.10 £ 0.12 0.01 £ 0.00 0.01 £ 0.0t
Kidney 1.82 £ 0.35 0.67 £ 0.25 0.13 £ 0.04 0.09 *+ 0.05
Large intestine 0.33 £ 0.06 2.64 £ 3.12 0.18 T 0.09 0.10 £ 0.11
L“gio‘,?fiii’s’éim 0.11 + 0.02 33.7 +2.2 7.8 + 5.66 5.88 + 8.22
" Liver 10.6 + 1.2 2.79 + 0.34 1.04 £ 0.15 0.76 £ 0,19
Lung 0.22 x 0,03 0,06 £ 0.02 0.02 £ 0.1 0,02 £ 0.01
Muscle 10.8 + 3.5 2.42 £ 1.55 0.72 £ §.17 0.73 £ 0.52
Panereas 0.23 £ 0.07 0.08 £ 0.06 0.01 = 0.00 0.01 + 0.01
Skin . 23.8 %+ 35 5.08 £ 0.57. 0.67 £ 0.18 0.60 £ 0.46
Small intestine 6.48 + 2.61 1.99 £ 0.37 0,24 + 0.1 0.13 £ 0.10
Small intestine
contents 12_.1 * 3.1 155 + 1.3 1.70 £ 0.38 1.23 + 1.29
_ Spleen 0.09 £ 0.02 0.02 £ 0.01 0.01 + 0.00 0.01 = 0.00
Stomach 0.28 + 0.08 0.08 £ 0.07 0.04 £ 0.03 0.02 £ 0.02
Testis 0.38 4 0.11 0.09 + 0.05 0.03 £ 0.01 0.02 + 0.02
Thymus 0.22 £ 0.11 0.01 £ 0.00 0.005% ©.002° 0.004x 0.002
Whole bleod 4,98 + 0.29 1.97 + 0.37 0.67 & 0.22 0.31 £+ 0.47
Feces®{F} -t =< 5.54 ¥ 9,59 40.6 % 7.0 38.5 £11.2
Urine® 043 — - 10.9-.+ 9.5 38.3 X 2.6 40.5 + 4.5
LIC+F® 0.11 + Q.02 39.2 =*10.6 48.3 1.5 4.4 + 3.1
Sum totai 86.6 =+ 3.8 93.4 *12.7 96.1 % 4.0 924 L 1.6

4.

LU = N -

F o MIZMC-2 -CI-DBF % 1 JE%72h, 87,54 (12.8uCi) OISR TRBRAFSEAL Y,
B RS RIIHT 258D II ST RAYC-2-Cl-DBF OFTETH L, Kz, 5 - F 3L
DEFEEHEFRRETH D, )

C- 2 -CI-DBF OBUHED RHL * 7T,

BRI, EOPED LT,

Ri2, 2L 5 FOBERA SRR L .

Rats were intravenously injected with “*C-2-chlorodibenzofuran at a dose of 87.54g DBF/rat
{12.8uCi/rat). The unit is exbressed as a percentage of total dose per each organ or tissue, and
values are mean % SD for 3 rats. .

Values indicate cumulative excreted amounts of *C-2-chlorodibenzofuran-derived radicactivity.
No feces were excreted during the observation period. C

Urine was collected from the bladder of two rats.
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Fig. 1 Cumulative excreted amounts of radioactivity of Y¢ in the bile
from rats treated with either 'C-2-chlorodibenzofuran or
4C-3-chlorodibenzofuran. Points and bars indicate mean =t SD
for 3 to 4 rats.

£ 2 2-00UYNRYVTIIVEREOKS LAY MIBEYAYC-2-700
D9 5 y RO RHROME DR
Table 2 Excreted amounts of '*C-2-chlorodibenzofuran-derived radioactivity in

rats”
Time after administration
Cumulative
Tissue 24 h 48 b 72 h amounts®
Urine 28.2 £ 1.6 57+ 1.9 - 0.5 4 0.1 34.4 + 1.6
Feces 45.5 + 5.2 14.2 + 3.2 26 + 04 62.4 £ 3.1
Urine + Feces 73.7 £ 5.9 20.0 &£ 4.6 3.1 £ 0.4 9.8 £ 1.8

a Fv hYC-2-CL-DBF % 1C%7- 0, 87.5ug (12.84Ci) OIFSRTELRS L, S
SHad 2 SHEENICE 2N 51C- 2 - CL-DBF ORUHEED BIfR T 7,
b4 EOT- L EREETCH D, ]

b, Mifi, B4 H728E T T0"YC-2 - C1-DEF RO BRER YR T,

a.  Rats were orally administered with "*C-2-chlorodibenzofuran at a dose 'of 87_5,¢ DBF/rat (12.8
uCi/rat). The ynit is expx“essed as a percentage of total dose per each organ or tissue. and values
are mean + SD for 4 rats.

b. Values indicate cumulative excreted amounts of '*C-3-chloredibenzofuran-derived radioactivity
up ta 72 h after the administrations. o ‘
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PR L. AL ) EFShaComRga3u, mL x5k, 10, 30, 605 TEhER
27.1, 24.8, 28.6% THh o7 (EBG ),

S5, TCIKRODRFEICHEET HMC2-CI-DBF #f1L & 5 TR E L E XL
OEIGEETOL £ HICBTTAIERITLE: (BT ). R4I1X, ZOEELRTS, 5H
OMIIZED, ML xHIREITH20%, FOEICIZ0 %D"C2-CI-DBF MEFENB I L
ARHIEE L2z,

F 3 HRMIMEML L HSHOMC-2-r a0 Ry S 7T »OGH

Table 3 Distribution of 14¢C-2-chlorodibenzofuran in red blood cells and plasma

Incubation time (min) 0 10 60
Red blood cetls 77.8 76.3 79.0
Plasma 22.2 23.7 21.0

# 4 FOFHPSML rHdH~ONC-2-700INY 7T DM

Table 4 Extraction of **C-2-chloro-dibenzofuran from red bloed cells to plasma

" Extraction times 1 2 3 4 5

Red blood cells (%) 79.2 83.1 80.9 79.9 80.1
Plasma(%) 20.8 16.9 19.1 20.1 15.9

3.3 BRI BT 2HHY 2 -CI-DBFORBEDHO I

H2iEmdfgrov b ¥5 7 ¢ — 12k BB DMC- 2 -C1-DBF OMEDOFHRE LR
4, E#AOMC- 2 -CI-DBF L BFEBMA 2445 TH Y, BETELAOCEAFCLRIES R
Ltrof: (A2a), BMEMRE L VRLEOIRHICHNTT Y VALVT 7 5 — L EBMLE O
BiTit, [RASEEM 12~ 15 5 CRIH & LARAHRY, 15-19 5, KU 21~22 TR S HAH
SHMMICHENT A EAR AL (R2b), B-FAr oy —VAHEOEEITE, MM
i, RERIA 12~ 13FORNDES L, 14~155, 21~22 FOBRHHIT 2RI ABR
aht (H2c), 2612, MEBEORBLEIZID, Bl ¥y —Yid, 2ELLTRTIVANV
77 ¥ —EOHEBMBOBSIEMLTYAA, Zhiima T, BRI 70FHLE-29f
WH L, 2l~28n¥—-2rOLAFEEshl: (M2d).

e ———
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Fig.2

High performance liquid chromatogram of bile metabolites from rats

intravenously treated with!'C-2-chlorodibenzofuran. Bile specimens were

subjected to enzymatic hydrolysis; (a) non-treated control. (b) aryl-

sulfatase, (¢) B-glucuronidase and (d) both enzymes.
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Table 5 Tissue distribution of MC-3-chlorodibenzofuran-derived radioactivity in

rats®
Time after administration

Tissue 30 min 5h 24h 48h
Adipose tissue 11.5 + 3.7 10,9 + 1.3 2.43 + 1.00 0.36 £ 0.08
Adrenal gland 0.016% 0,008 0.004% 0.001 0.001% 9.001  0.001% 0.000
Cerebellum 0.056+ 0.016 0.005+ 0.002 0.003% 0.001 0.002% 0.001
Cerebrum 0.23 £ 0.11 0.019+ 0.002 0.029+ 0.038 0.009% 0.004
Heart 0.14 £ 0.01 0.300t 0.006 0.010+ 0.001  0.006% ©.001
Kidney 5.06 £ 0.58 1.64 £ 046 0.14 £ 0.02 0.058+ 0.005
Large intestine 0.27 £ 0.06 1.89 £ 0.54 (.40 1+ 0.17 0.137% 0.145
L”gfo'::f:jf:zi[c) 0.11 £ 0.02 40.6 + 2.6  3.50 £ 0.55  0.40 + 0.15
Liver 16.7 + 1.6 3.60 £ 0.70 1.09 £ 0.11 0.67 £ 0.06
Lung 0.29 £ 0.4 0.076x 0.023 0.021+ 0.002 0.011x 0.001
Muscle 9.81 + 1.55 3.10 £ 1.7% 0.66 £ 0.11 0.56 + 0.08
Pancreas 0.31 £ 0.08 0.038% 0,012 0.010%x 0.003 0.009% 0.003
Skin 15.8 + 4.5 3.87 + 1.4 0.76 £ 0.31 0.35 = 0.08
Small intestine 7.78 £ 0.81 1.65 £ 0.15 0.23 £ 0.11 0.079% 0.032
Small intestine

contents 20,8 + 4.7 12.9 £ 1.7 1.59 + 0.66 0.36 £ 0.07
Spleen 0.073+ 0.014  0.020% 0.003 0.009% 0.001 0.006% 0.001
Stomach 0.24 £ 0.02 0.049% 0.023 0,014+ 0.001 0.021% 0.017
Testis 0.34 £ 0.09 0.068+ 0.015 0.025%+ 0.011 0.018% 0.004
Thymus 0.082+ 0.025 0.012+ 0.002 0.003+ 0.001 . ©.003 (2)
Whole blood 5.91 £ 0.26 1.37 £ 0.23 0,42 £ 0.07 0.28 + 0.08
Feces"(F) — = - = 50.7 + 2.5 51.1 + 2.6
Urine® 0.77 (1) =23.2 +£7.8 282 +l14.1 52.2 t 2.4
LIC+F® 0.11 £ 0.02 406 £ 2.6 54.2 * 3.0 51.5 + 2.4
Sum total 95.8 £ 6.5 1050 £ 6.8 903 £ 9.7 1067 + 0.4

a. 79 MZYC-3-Cl-DBF % 1 E7: 0, 87.7ug (11.7uCi) ORGSR CEMRAGIEA LI, B
RS RICET L SHEBHICE TN ANC-3 -CI-DBFOERETH L, B2, 74 F 3LD
Tl MR ETH Do

b. "“C-2-CI-DBF MBSO RMBR LR T,

o, BENMAICE, Rofrgollh ot

a. Rats were intravenously injected with MC-3-chioredibenzofuran at a dose of 87.74g DBF/rat
(11.7 pCi/rat}. The unit is expressed as a percentage of total dose per each organ or tissue, and
values are mean £ SD for 3 rats.

b Values indicate cumulative excreted amounts of **C-3-chlorodibenzofuran-derived radicactivity.

¢. No feces were excreted during the observation period.
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Metabolism of 2-Chlorodibenzofuran in the Rat.
II. Identification of the Metabolites®

TFEIELEL - mILTE - ZHT - PGS - SR
Seishiro HIRANQ!, Chiharu TOHYAMA', Fumiyuki MITSUMORI!
Hiroyasu ITO? and Kazuo T. SUZUKI
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-0 INLVTI DTy PFRIZBITAAHIEES, B s n A RE
EWrEETASLICE)HENS, B8 b= a LTy FiZ, HCTHA
MLiz2-ZuuiRyy 729y 2BREICERSLAEDZS, s HFELRICRSEOH S0
Gh R L Rz HE D SR, RBEDEEET L0, HEOT 5 MIEERD 2-
70Oy 7 T RREORS LT, 4ABESOBRTTRIL: Btz AL7 7 ¥ —
HEB-rLrny—PCRELZE BEEKIs7O2 77+ -2 AVCTHIBEHE
D3 OORBEYOSE +HE L, FESHAHEIHRBA SR L D 3O
S2EBLHEELL, IRHO300MEENE, 2-r0u-3,7-YebFud Ny
Ty, 2-200-3-L FOF L INSVTFy, 2-20U-T- FOFL IR TT7F 0 E
FE L. ShboUHENTIaaE: LTEHRIcHE STy, -2 00~y
VIS vRBHEN T, ThEOI R, 2-2 00PN TT 3T v PR
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THLIEEFREL TS,

Abstract

The hepatic metabolism of 2-chlorodibenzofuran was investigated in the rat. When
2-chlore [**C] dibenzofuran was intravenously administered to bile duct-cannulated rats,

1. EESTERT SRR T305 KME-o (/e N16E 2
Environmental Health Sciences Division, the National Institute for Environmental Studies. Onogawa 16-2,
Tsukuba, Ibaraki 305, Japan. :

2. ESIEUERTRAT LFREEE 7305 KRB EHAAEIN6E 2
Environmental Chemistry Division, the National Institute for Environmental Studies. Onogawa 16-2,
Tsukuba, [baraki 305, Japan.

% AHZCiE. Arch. Environ. Contam. Toxicol, 20, 67-72 (1991} 2 BR L-AELHIIED L NTH
50
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about 90% of radioactivity was excreted in bile and urine within 6 h, the bile being the pre-
ferential route. Another group of rats received oral administration of cold 2-chlorodibenzo-
furan and bile fluid was collected by surgical bile duct cannulation for qualitative analysis.
Three hydroxylated metabolites were isolated by high performance liguid chromatography
from the bhile fluid after hydrolytic digestion with sulfatase and A-glucuronidase and were
identified by mass and nuclear magnetic resenance spectrometries to be 2-chloro-3,7-dihy-
droxydibenzofuran, . 2-chloro-3-hydroxydibenzofuran and 2-chloro~7-hydroxydibenzofur-
an, respectively. Analysis of the radigactive bile flurd by thin layer chromatography re-
vealed that there was no detectable amounts of unmetabolized 2-chlorodibenzofuran in the
bile fluid and the hydroxylated metabolites were present not as aglycons but as conjugated
substances, The results suggest that 2~chlorodibenzofuran is rapidly metabolized in the rat,
and the 3 and/or 7 positions play an important role in the metabolism of 2-chlorodibenzo-
furan.
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19684, AMMH & BLIFFREERT 2 2 2 EHIRE T LW B 7 & IMEPSRE L 735,
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FARBIERIE L, EHERIIBVTRI > TWATEEEAS L ERESTWE, LA, KEE
HOBBRMEBIZOWTERF SIS TWARY, Veerkamp 5% 13, 2-700yRy /73y
L2.8-T4uuiNyy I 0Ty FIBIFAKERNE LT, —RUETKELEERW
LTV, 2700 3Ry 79 v ORERHD 1 DE2-7 008 FOFL IRy 7T
YTHhHoEREL TS, LAL, CORERERANRS MLOBROR L -, TiTbWTH
0, KEEOBAMBIZDOWTIIER»RS, ,

EFRTH, v bOBEFTCHE o N -7 YRy 7 T ONEEWOILEHE
FHOMITHILICED, 2220077 0Ty MIHERII B ARERELEET
LI ERHME LS,

2 5 &
AEO2-7n0VRYY 77y (MEN%BLL) (ZowTi, BBl LFERE
OFHEHMEL L pRBEVA, [U-MC] 2-7 00 Yy 75y (Wit 124 mCirg(4.59
GBg/g)) EBLEMEN & DA Uiz, BEHENE, 2-700 Xy 77 LiZOAm#kL
TOLILEBRHI RV T 74— BB UV T T4 L ORRELL, ANT 78—
¥ (Type H-5) L A-ZAF 0¥ —¥ (TypeB-1) W Sigmat & DAL, VA4 —»80L#
JIFLyy)a— 300 BHAMES VEALL. TooRER, AL,

HRLEBUIODVWTAMAETRATOL DR,
HRE 7L~ (Kieselgel 60 F254, Merck 1)
#i48# F 4 ( pxBondasphere C18, pore size=100A, particle size=5 pm,
19mm ¢ X15¢m, 7L A J 4 (C18) , Watersit)
FVAyr0% bAF v F— (LB2723, Berthold tt)
Bk o= k757 (pump: Model 510, gradient controller: Model 680,
spectrometer; Model 481, Waters 1)
ey v FL—2arAY s ¥ — (Model 3255, Packard #t)
HESHE (JMS-DX300, HAET)
M RSB E (400MHz, GX-400, HAET)
B oW THARI LTI OBALL Y 4 28 —RHEHT v PERVERCETLET,
F v MCIRHROSAHE TR R AR S, RE0ER1 (ERER) TR7H
WMOS o b3 CRHKE, 1808) %, ER2 (EHNER) TRI11EGOT v F 2K (F5

— 106 —




FEHAELS

#HE, 285g) #HEALI,

EEE L RSN 200 YRy T 0SS Tmgm b AL 0T 4 — V80K
BRICERSEL (VA —-v80:Kk=1:3), T—FVEEB Ty F¥BRBELESICEYLFL
¥Fa—7 (0.25mmID, 0.61mm OD) WAL, FAES*BE L% Sy bEd-1we
Yr=VIREL, 0.1T5m D 2-2 00 IRy 75 BEHEFREBRNICKRS U (100 ¢g,
12.4uCi/ 7 v b )o 5% 6 BT DIRTFEREFRUL D, T, 79 MiX1 %0y
NI-AREUEBEEKDAREZ T,

Bt &ERO—E 2 HMES 55~ + (Dimilume 30, Packard#t) & & CIRFIL 7278, Mtk
YFV—Yav Ay RO THRNEE LR L. RO OB, 1R LAEER

‘| Bile fluid |

4 volumes of 0,2M-aetate buffer (pH 4.8)
contalining
‘sulfatase 12.5 units/mL
R-glucuronidase 500 wunits/mL-

F3

h 2 .
[1ncubated at 37°c for 12 b

Acldified by 2N-HCL1 {(pH 1.0)
Saturated with NaCl

"l
%

r

Extracted by CH5CO0C,Hg
(4 times)

h

Organic phase was dried
over Na2504

h 4 Applied on a TLC plate (slica
Evaporated under reduced gel) and developed with benzene
pressure methanol- (4:1}

v

h
Applied to a silica gel
column and eluted with
benzene:methanol (4:1)

3

Analyzed or fractionated
by HPLC {C18, acetonitrile-H,0)

B 1 7 boiifgicftoshi2-rouiRer 7 s o BEROST
Hik '

Fig. 1 Schematic presentation for the fractionation and analysis of 2-chleredibenzo-
furan metabolites in rat bile
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AEBLAE, ARV — Y — AU TIBEL, BENO—BE U S VOBBIC AR P L,
REHA D 1DV EYERAY ) - LORGEHCREALL, B8 LoRSEHRs V40w

FAF Y F—THM L. BEYOEYIE, RURESERFHCTI YD IV (Kieselgel 60,
70~230 mesh, Merck#t) ®#H 5427 T< b (15m ¢ X10em) 1TV, BHOSm $35T, KD
Sml M L7, ZOT7F 203 ACERBLECERSWABEYIS I TWAZ LIS H
LR LTEV 2, #7000 BHELYEBRSELE, —EBOAS /- VIZEESY, ¥
AT LLEELLSERE I O 7974 — WX W HER L E—D{ba & LT aBsm
L7ce £5EICE TN HBEHEREHE S v FL -2 a oy ¥y —12TE% L.

E8 2 ARILERONBENLEL 20, ER2 THEOKS 2T/, 2-7n0Y
NI 770 20mg/mOBEELDLHITRILFLLY 7Y~ 300ERL, 1nl0EF
We7y MIROKSG Lz, 20, EBLLERCS » MBS 2L - a v %2RL, 24
Bl o T %M Lo LR EE 1 - OB % Ty, ZSRFEYOSE
AWML, ThENOEMOEREFICHRBEREBZ 2 PUERIE LT,

I & 8

3.1 BeoBOAE

RICEEIZ 2L -2 2 v 3RLAT» PoBWT, B5#%6 BT Tt shu- B
CROEE, BTIEH LR OBOHEEORSEIIHT AR EERL, T ML E 2T,
FEIICH S RO 75%, Wi 15%IE> 3R TE Y, BREIERE L 2-70udRy 75
YO¥I0 % 6 BERMEIZEPFE D EhTWAEZ EFRLTWA, L L, EtORiyE R
FCEHOEWEATEL (o T v F 3 TR, 4% PRI 20% M RIZHE S IR TV,

£ 1 2-run [MC] IRy U7T yEHBRNES LCH S 6 BEBILAM I Y
oS ERE, I, B ERICHEE o S hi-EHEEORS
BT LEE

Table 1 Bile and urine volumes and percentages of radioactivity excreted in each
fluid for 6h after an intravenous injection of 2-chloro [ *C] dibenzofuran

Volume(ml) Excreted percentage(%)
Bile Urine Bile Urine Total
Rat 1. 7.5 1.1 74 17 91
Rat 2. 5.5 2.3 73 15 88
Rat 3.* 1.4 4.4 20 64 84

*Bile flow of this rat was slow at first and spontaneously stopped during the collection.
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3.2 ABI/OTFI37 4 — L LB HMER AR SRMEDOIE

B C P S S AR EMOBEOMASBERYL T VI X LR IC L AT,
BHEEEFEALEMOH S, BB ELRCErE2y ) —LORGERTCEB SR L D2
2dbh, ThEh, S-1es2EmALE (H2), 2hoDb&WORIERFAFNRC43 &
0.56 THotff, 2-700Y Xy /75y ORIEIR0.68 Thor, 2, ZIIELALME
THEBLIIERE M2 VWEEOSH HLa0H, BT AV ICHBE I TW 2 L b RLTWA,
BROMKIBIC BT, BERELHML LD RIEHAYE LTOEEWEORIRA Lk
Bolzl kY, RS DLVITIA 2 U Y BISEUAORBEDSBHFICHEEL TR0
EERLND, ANT 7 ¥ —HEB-rNs 0=y — BB E Lkd o T, $-188-212
HUT B — 2RO L Aol SHHDIELDVRIETFT I oOKRESE.,

(1) Brbauizid, BN 0BG ZP 20 2200RBEYISZ,

(2) 2-200IyRyy75 y DXREMBIMA P CIBEFTRTHY, BELA2-270

UV&>77ﬁy®ﬁaAEu,ﬁ%%&ﬁ%b@t%k%ﬂ&c

-— Front

go::igin

Silica _}|_ Preadsorbent
gel area

2 BELEBREN:2-yun IRy 73y of#EROF YA raw b
T
MEMM LA ERRE TS LT L, BB &R BELIRIVY Y
WOMBIZAR Y b LI, BEEXRE LAY /- VORSER (4 1)
TREALLHK V507 b2F v 7oLkl s, S-1E52020
DOE— B S, 2-5 007X/ 75 VIZRIEAV. 68D BICIRE S
NaZ Lo LdRITHE,

Fig. 2 Radiochromatogram of the Z2-chlorodibenzofuran metabolites separated by
TLC .
Enzymatically treated bile fluid was extracted in ethyl acetate, applied to a TLC
(slica gel) plate and developed with the solvent (benzene: glethanolztlrl). The
radioactivity on the TLC plate was analyzed by a radiochromatoscanner. Two
peaks (S-1 and S-Z) were developed on the TLC plate ‘with the solvent. 2-chlo-
dibenzofuran (2CDF) was developed at Rf level of (.68,



Gy MIBWAR2-700VRL 7T ORBED

{(3) BHePIZiZAN T s F—FRB-FL s ¥ -PTIINMAKTBRES TV EREOSY
RBEDIHFLET S,

33 RHEEBORE

SUHFALDH T LENERSHTELY 7 vE, UV (220nm) 2HESHRE LA GERE
YOI TA-CED AR LARERYE IR, UVORILTHEARD, 420E®RS
(S-0, S-1, S-2a, S2b) PERERNA, BB EDS 1 LS 2IHLTLMI 2L IIHERY,
ARG LTS EEA s e b 97 4 — TRIFSFETRELE S, BB 2Ov M S

s-0
5-1
Column: uBendasphere <18
{ 19mm, 15cm }
Elution ‘
conditicn: Time Flow CH4CN H,0 Gradient
(min} (mL/min} {i) (%)
Initial 3 60 40
20 3 60 40
40 3 5 258 Convex
curve (#6)
50 3 100 o Linear
Detector: UV Abs.=220 nm
S-2a
S-2b
1 1 5 . 1 [ Il ]
70 €0 50 40 30 20 10 0

Retention time (min)

B 3 2-70nIxrr77 »ofBNOREREI O 74
H2iBWTS-1&S2ICHYTLIAE: LU AFA0s 7 LLDEREE, £
OEBAE X OUHEER s 0T b /I 74— E WAL §RLEDS-2
DY — 7 EEERK S T~ L 75 ATRS 1L $-20 200 = 2 28T
%o SODE—21t, SAHMOT » FEARRL bEHERLZLEHEL TS
A

Fig. 3 Elution profile of metabolites of 2-chlorodibenzofuran
The eiuate containing S-1 and $-2{in Fig. 2). was {ractionated on a silica gel col-
umn and then analyzed by an HPLC appratus. The peaks S-2 found on the TLC
plate was resolved. into two peaks (S-Za and S-2b). The peak 5-0 was also
observed when a sample obtained from untreated animals was examined.
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ZALDOS-13EEBE IO b7 LTHR—OE - S %R L, S-2I1HS-22L S-2b D 2B
FHEEEINTWDIEWTPol. —h, REEHISSOY -2 (5-0) &, EUEOT » O
RiHs bR s A &, U, R TR OFR ERARCEEREs O 7T
T A —THH LARR, S-OCRBEEEFZHohih 728 XY, S0 2-7 OO PNy
V75 DRBEM TRV LGl

4D (a)~(c)iI8=1, $-2a, $-2b DHREIW IHBAIBANRY PV ERLL, HRARY
FATR, ChHE30DEEDOBRE— 7T NTEEL -7 E LTBESRI, 72, -1,
$-2a, S-2b DHFFEH, ThERZ-/IOIRUY TS OV FOFIE (S1) /b
Fo oMk (S-2a, S-20)~DFFRICHET 5 ENFH B, BRRKBARS PPbi3,
$-1, §-2a, S-Z2bHFIBWT, IRV IFTLRIEEELI-KER, FhFNS .6, 6 BTH
BIEDGND, 2-20UIRYITFTDIRFINFENENBEONR L €U RO a Il
LD FEAEERDITRE I EE, Ty T X I L VSR FREROKEET
OHMNEEOHRL Y, 51, S-2a, S-20132-70H-3.7-F L FRFI INL VI, 2

(a) : _

INT. Tix

1o00 234
w19

B 4 2-200y~yy77 >0 (S-1(a), S-2alb), S-2blc)) DHEEIE
ISR A~ b
HEAAY M BEEE AL L 5 Eilelectron impaction) #iZ & W#IZE L
Tro BESHKBARZ AT E LV -de EEPTCHMEL, FFIAFLLF
7O b AREBAET0.00ppm & LTHED 7 FOEMMEBERLTH S,
Hicy Ny /73 Y RICES LTI Y ORBRERLTH B,

Fig. 4 Mass(direct injection, election impaction (EI}) and proton nuclear magnetic
resonance spectra of S-1{a), $-2a (b) and S-2b{c}
Chemical shift values in NMR spectra are relative to tetramethylsilane (& =
0.0) and are shown as ppm (solvent, acetone-dg).
Structural formula is shown together with assignment of the proton resonance
peaks in each panel.
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Fig.4 (Continued)
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Table 2 Yields of hydroxylated matabolites after treatment of bile fluid with sulfa-
tase and 2 -glucuronidase

Yield(%)
5-1 S-2a 5-2b Total
5.0 1.6 2.3 8.9

(£0.25) (£0.37) (£0.25) {£0.35)

Data are presented as mean ( £5D) of 3 rats
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ZOHFEOER, 3-70RIRIT IS 33 AFNIT AL S ROEERICL 5
THFHEINLF Py —AP-M8751TTR L, BHEEXETLVWS » POFBIEEL T
LEELL - TLIEHEERIL NG ol COBRR-YORIRLYT7T Y
DIEE B 2 BN RACERE L REL T b,

Abstract

The mutagenicity of four isomers of the monochloredibenzofurans were tested using
Salmenella typhimurium TA98 and TA100. The mutagenicity of monochlorodibenzofurans
clearly differed with the positions of chlorine substitution on the aromatic ring. 1-Chloro-
dibenzofuran was not mutagenic. 4-Chlorodibenzofuran was not mutagenic to strain TA98,
however, it is equivocal for TA100. 2-Chloredibenzofuran proved to be weakly mutagenic
to TA9E, and 3-chlorodibenzofuran was markedly mutagenic to both strains. TA98 was
more sensitive to 3-chlorodibenzofuran than TA100. Although it was mutagenic even in the
absence of 9,000 X ¢ supernatant fraction (S9) of rat liver, it was further activated by the
addition of S9.

~ Metabolic activation of 3-chlorodibenzofuran in mutagenicity was studied using liver
§9s and cell fractions which were prepared from rats treated with two inducers. 1,1-Di-
chloro-2,2-bis (p-chlorophenyl) ethylene {DDE) was used as an inducer of phenobarbital
inducible cytochrome P-450, and g-naphthoflavone (8 NF) was used as an inducer of
3-methyicholanthrene inducible cytochrome P-448. S9, microsomal, mitochondrial, and cyto-
solic’ fractions were obtained from four groups of rats, that is, untreated, DDE treated, 3
NF treated, and DDE and 8 NF treated groups.

The effect of inducers in mutagenicity of 3-chloredibenzofuran was tested using S.
typhimunium tester strain TA98, This experiment showed that 3-chlorodibenzofuran was
activated most highly by 2 NF-induced microsomes. However, it was also activated by the
cytosolic fraction. Moreover, it was highly activated in rat [ivers which were not treated

" with inducers. The-activity of ary! hydrocarbon hydroxylase (AHH) of each fraction was
measured. AHH did not always become an Vindex of the metabolic activation of 3-chloro-
dibenzofuran.

This study showed that 3-chlorodibenzofuran is activated not only by cytochrome
P-448, which is induced by 3-methylcholanthrene type inducers, but also by the enzymes
existing in normal rat liver. This result suggests a risk of manifestation of its toxicity to

normal animals.

1T BUDIC

RY 20O IRy 75 2 (PCDFs) B2 THik: LTHEAShTW R ) sopY s
=N (PCBs) OFiZBINE LTRAL, PCBsk & bilBELABIIBWT TliE, 338
CLERRWEO—2THE™, 7 PCDFs AN 7 un PNy S p Yt 4L (PCDDs) O
WS YHE LTHEA SR, PCDDs & & L ILEORBEFRLPERIC>DVWTHIESED LN T
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b\%“'s) LAL, BEROLLVEREEILS AL /75 /I TOHEELKBIZET LH5E
T hTRLdAERTeRWS T,

S, BEO—BOHRICBVTAKEKL VED -2 00 IRy 75 s ns®,
FoT-oBUYRYYIFI L EAGLE) s0AVRLTTIFTYDADOREKE VRS
F IOV THANERTHOTAR & TALWO 2V TERFURBE LT o7z, S 6104 B4
OHCH-HLERERAEIN AR 3- s R TRy U7 3 OREER LW T, 280
Fap e A TR LA SO RIS W TR 2T - O THE T 2,

2 K &

21 89, 2v0v—A4, 2 FAFUFRUEFESNDORE

B/ Z7OUIRYS TG ODEREEHBICHEA LS9, 72/ 2900 E ¥ — W60 mg/kg B
HErUBB I LII3@MEA-FT7 b 79K 0me/kehES 1 MBEKEAHRS LM
Sprague-Dawley %7 » | (7 A#) OHEBEL VA LA, 5 P LB HRPEBEEAT
AW, 0.15M KCI/10 mM Tris-HCI (pH 7.5) AW TEREIZ A XL, FEZF A XE
HH 000X g T L0 5L, S5109,000Xg T20453.0 L, LiFE®SOESE LTHV 2 Huvye
728y s HERITIS. M4 mg/ml, F k7 O— A P-450& 12 0.847 nmol/mg S9 protein T
Hoite

3-ruudRry75 yORRERIGHT 2 BDRBEEROEBTRD L0, FEMO
BETEATHBEL:-Z » POFBROS £ VT, 3-200 R0 V75 v OEEFRHOEL
WA, T MRI0EBOEYE Wistar £ 5 v PRIV, FEFCE -V rr0o-2,2-¢
A(p-#T0F 2 =N)TF LY (DDE) & A-F7 b 77Ky (B NF) &E7, H3E48 1R
iz DDE 200 mg/kg R E %5 L7728 ANF8Ome/kg hE ¥ 5 L8, FOWMELXRS L1
B R UHHKFELG W2, &4 720 Sprague-Dawley £ 7 v F DHG L [W#%IC SO TR L 720

SLUOESARARLAFLAROS » FONRE VAR LATHEMEES, 3270 — L4
A, S rarFUTESMZRUINRY Ty ORBEEICRIITERERAN ., SOES
&ﬁﬂLtF@gomxmgummé%ownumvwmmana(m75}Lﬁmﬁt
9.000XgT20 5@ L LTI Py FUTHES %Rz, SIESTEE S 105,000 X g T 60 555
L, oTEMES %487, B PIE0.15 M KCI/10 mM Tris-HC1 (pH7.5) (Z#M L, 105,000Xg
TEOHELLTI r 1y — LS5,

2.2 FREMOMA

PN RUBELV LY ERENAE/ 2RI TS ORRESREY
Ames SOFEN B EMALLE T LA v ¥ 2= a vEVC Y 5 TiTo 7o, BMRIES. typhimurium
TAY8, TAL00 DEBRL A L7 2o S92 50 xt/plate DRETHA L, #ib&PWE L, TABH
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T420.025~10.0 mol/plate T 7 BEB¥, TAL00 BT I 0.05~10.0 2 mol/plate T 7 BEREDIBIET
FTAL T, BHEMBIZEZNYY (o] EL vSug/plateb2-=Z PO 7 0% L~
2pg/plate E AV, TRTORBE I 7L - ML/,

SHIIWistar 7 » PR AR LZSY, WHEKES, 30V -LRFI X FITOE
BT HWT3- 200y s Y OBEREG TR~ EREMRRIL, EREEBICS
LA yFan—2a EILL0iTo7, BRI TAIS 24 L7z, $913 50 xt/plate D fE ¢
Bl TEMESEEOTE, 1270V —ABS, I b2 FY7ESR0.15MKATHR
L TS50 pt/plate THRM L7z, BBER DY ¥ 735 BE % Coomassie blue dye bindingﬂimll ny-
a7y BB L L TR LA, SYESO S ¥y BERIIFHT 8.7 mg/m Th o172,
17L= b SADICHINL S ESO Y v 3 BRABHORIPITELY, 3-7 000~
77 DBEIZ0.4 £ mol/plate(80.8 pg/plate) & L, BHMBIZIE~XY Y [a] ELV 5y
plate £V 2o TNTORBRGI TV - FFOERL . BRIV -BIARBRLREE,
SHII3- 7 OO YRS YT T 0k D BB TIE SO MRS £ B L VR T T
ZRao=-BLELFIVWEDOL, FrSHETHELTHEY T 57,

2.3 FroO—-L4LP-450ROBE ‘
Wistar 27 v POHBO I 70V —ABE3OF b 70— L P-450 5 & % Omura * Sato D H
BN E o TRDE . (BRI nM em ™, #IEHE 490~450 nm)

2.4 BRELOWE

FEXODREHELO D0, Wistar 7 v PLDARLASIRYI 7 0V — ABSFIID
W, 2ODMEMREEOME 21T o 720 FERRIKFEKRILREE (AHH) &% Nebert -
Gelboin DHE' 2 £9 2727 2/ €Y ¥ N-BR A F MALBEH (APDM) it £ Orrenius D'
Lk DME L, '

IR R

30 IRLITZILER/VAQVARLTISOOEREM

IRy 7T RTADOE ) 200INr 75 Y RRRIIOWTOERESRBOEEY
#IBUHFE2ZIZRT, S twhémuﬁum TASBIZ 8T A BB (DMSO 100 2 i/plate) DERBREK
(mean£SE) 12—S9 1352 rev./plate (LUFIRHAL), +59 4111, TAL00ZHH 23BN
AL —S9 112043, +59:128+5Th ot

HEMWTORWINY 75 VIR EREHERZDHONT, 1.0 2mol/plate L EOEH R
CHBEEERAVEES R, /700Xy 75 RBESKIZL W EREMOMSATE L
BioTwWi, 1-7000Ny 775 IR ERRHEIEO Wb o7z, TAI0IIS
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Table 1 Mutagenicity of dibenzofuran and monochlorodibenzofurans to S.yphimurium
TA98*
Dose Dibenzofuran  1-Chlorodibenzofuran 2-Chlorodibenzofuran 3-Chlorodibenzofuran 4-Chloredibenzofuran
(,umol/plate) —59 +59 —%5 +59 —59 +589 —-59 458 —59 +59
0.025 —-° - - - - - - - - -
0.05 - — - - - - - 116 - -
0.1 - _ _ _ 27 - - 71 402 - ~
0.4 — - 19 - 52 - 282 517 — -
1.6 LE(13)° LE(22) - 22 64 - 268 876 - -
4.0 ND* ND 15 24 84 52 3 1645 81 -
10,9 ND ND 20 17 233 153 761 2370 LE{40) LE{78)
—59 +59

Control and positive controls{mean*SE)

DMSO(I00 1) 352 YRS ]

Benzo-[a]-pyrene(5 pg) 3612 368122

2-Nitrofluorene(2 pg) 730119 437452

a His™ revertants/plate. 3 7t — F DFHH,

b ERITZ-FANREOCEPHE L RREEO 2 H) OB IN T 6D,

¢ LE BREAAFEHORILO, () BOSFR 1 7L - PR OFERIO-HERT,
d ND FHE,

VW 0.4 #mol/plate, 1.0 zmol/plate T, ERIUZ—HObTH MR SN, 4.0
pmot/plate LETRER I = —HEWA L, REERSH L LEZ LML, TABIZBWTI,
FRou= ey, CLAHARRERRLINIBAL, LR YE-REERFHL
YRR LI, d-7 00 YRS T T VIR1- 7 a0 SRy Y75 L L ARG EREN 2R
Ehdo A, +SITTAI0DERI D= —HEHAABRERROLHITHMIEL, &
DRI ERE ORI SN, 4.0 2mol/plate BLET X OIERATEL bhts, TABTH
BIsE TR IBIZB I A ARFREBRR L 2% {, 4.0 pmol/plate DL ECHRBEERNE T L,

chREAL, 2-200VARY Y7 IV RTAROERD O ~Frmaeds, 2-70u X
Y7 RVHhO L EEERET, SOOFEMICL Y ER v -HERI L. — 7,
CTAIOIHM L TR 2-Puu iRy I9 yAERRESS RS o,

fhn3omEsZuaElEL Y, 3-700PNL T T IS typhimurium TA98, TA100
OWMEECH L CHBLERESE LT L, 3200 Ny 75 v ORREEE S # AR
WEETFTHHENLDTHo7D, SIEMR B LTl o TRANELEZITEOERREMTI
BTN R (AN

— 19—




BE B-xE A

£ 2 MAERFETAIOBRICHTAY RISV EE) 20UIRY YIS

ym%gﬁﬁazﬂ .
Table 2 Mutagenicity of dibenzofuran and monochlorodibenzofurans to S.typhimuriem
TAlooa23)
Dose Dibenzofuran 1-Chlorodibenzofuran 2-Chlorodibenzofuran  3-Chlerodibenzofuran  4-Chlorodibenzofuran
{ pmol/plate) —S9 +S9 —59 +59 —59 +59 —59 +59 —59 +59
0.05 b - - - - - — - 174 167
0.1 - - — - - - - 219 142 180
0.2 89 - - - - - — 215 l2] - 186
.4 ND4 ND 137 165 ND ND 268 328 144 191
1.0 82 88 142 - - — 386 498 — -
4.0 85 LE(47)°LE(98)  LE{9) - - 559 1067 LE(78)  LE(0)
10.0 ND ND 0 0 - - 845 1895 LE(78)  LE(0)
—59 +59
Control and positive controls{meantSE)
CM30(100 1) 120t 3 128+ 5
Benzo-[a J-pyrene(5 xg) 126+ 6 765+ 40
2-Nitrofluorene{2 s g) 686+ 34 493+726

His* revertants/plate. 3 7L — b @OFEIE,

TRT O =~ BAHBAD (T +IEEED 2 5)ORBIZE Fh TV 5 b0,

LE SRERFBOLRELO, () HORER1 7L — b4 hOERT o= —KERT,
ND ®EK,

a & o oW

3.2 3-700YRIUISICOERBHRACE T 5RPAUBERORE

DDE, £ NF, DDE & 2 NF D5 T& 4 EYHBMBEROFEL ST -7 » PRUMEBOF
FEORRLASIES MRS EBIILA3- s unY Ry 7y OERENRBORER
EFEILTT,

SOBHFDLEATIEI- AFAT AV Y EIDFERCTHAENFILLEARELZIF 2 b
S9 {BNF-89) @3-7 0TI Ny /75 DER LN LEVY, FEATHRS S hTwh
wéybmw(mMsmJ:;%%ﬁ:u:—ﬁﬁBmww@ﬁ%wﬁ%ﬁtfwao71/
NUEy—VEIOFER THLDDEHRG F » 1 @S9 (DDE-S9) DiFH Laz o S9 I h~<T
¢, DDER3-/ DOIRY 75 ORBRERLBEL TV B EEL LAD, IR -
ey lel€ Ly OERERBBRIC BT, FORRECET2HEROEE I3 suuy
Ny FI OB ELORE NV, BNF-SOIZ L BEMIEAR O AL L, None-S9I2 X 2R
Do~ ANF-SOI LA ERIOZ—HD59%C, DDE & ANFOWETHHAI7-59 (DDE
+ANF-SINZ L BBERIU= % (ANF-S9DT70%) L b &A%k %5 Twv5h, DDE-S9 D
T L BRI ANF-SID18% & S IELS B oTWwh, BEDERLY, 3-supi~y
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Table 3 Mutagenicity of benzo[a] pyrene and 3-chlorodibenzofuran to S.typhimurium
TA98 with rat liver S9, cytosol, microsomes, or mitochondria®’

Protein content Control (DMSO} Benzo[alpyrene (5 gg/plate) 3-Chlorodibenzofuran (80.8 pg/piate)
Fraction Inducer mg/plate His™ rev./plate® His¥ rev/plate®  His™ rev./mg protein®  His™ rev./plate®  His™ rev./mg protein®
None 1.85 140+ 2 386427 186 905 =88 381
$9 DDE 2.7 4+ 5 170+ 3 98 558141 147
BNF 1.90 45+ 4 64479 315 1303+ 33 559
DDE+ ANF 1.83 44+ 2 445429 219 753134 280
None 1.4 33+ 4 39+ 1 4 345£31 82
DDE : 1.47 32+ 5 58+ 5 18 300+ 7 4%
Cytosol
', BNF 1.46 3%+ 3 59k 3 16 129% 4 07
by DDE+ A NF 1.29 20+ 3 77+ 3 37 324146 77
l None 0.44 37+ 3 349112 709 784184 1252
Mic DDE 0.46 35+ 3 115+ § 174 288184 124
1 .
TOSOMES  aNF 0.25 33+ 5 517434 1936 611126 1528
DDE+ S NF 0.31 32x5 445424 1332 500135 906
None 1.45 55+ 3 334+ 8 92 650434 275
Mito- DDE 1.80 38+ 4 133+ 7 53 2341+10 0
chondria BNF 2.03 42+ 3 435+ 21 194 551x 2 154
DDE+ ANF 2.13 a3+ 2 621122 273 ’ 507+ 7 127

a:&ﬁus@@$ﬁmiﬁ&§§fﬁLpoamﬁ%ﬁﬁﬁ(nmw,—sg)uw¢z,Nyvhdﬁby,&ynny&iy7ayc;assﬁﬁﬁTfmﬁﬁz
o Oo—HidEFRER29E 3, 225430TH o7

bl HBEAELIVAOL, RFESOY LAV EETRE L2

¢ IHBERUSINFET TOERITD-EEELI0L, BBFOF » 2R THIE LI,

VHEEY IRESEF O L AvAinn L-8



BX H.o2E W

VTG AREF S CHFET IR L > Than g 2ia—%, ~rvld¥L i
HATEHALOREIE AL, 3-XF V372 AL L ROFEHNC L - TIHEEIL SR 2 & sy
Bo

FESIC L BEMAEATE, VL AT hoROBRESICL - THITEA
EEHLENZVOIIIL, 3-2700INY 73 A LTRER I 0=~ KO b h41m
PFHEIN, FEHATRE LEVT » FOTEHEFOHEFER F /I LT » FOTHE
B & D MVIEIE R LA, B, $4RNHTHS LASROBTLEV O
MEV,

37uv—A@ﬁm;é&anuvariaywﬁﬁﬁﬁwu,%ﬁﬂﬂ%#fuwyf-
(sl €L » ERIBRIC B NF SFBBEAR 67 <, MBFBHHIRXSRUAINIHE, DDEFEB KL,
=%, FHAERGLEVT » bOI 20V - AEFEAR Y Vo] ¥ L DCBIFHALRE AT
DI LT3-20n IRy 75 OFEREEFEENEY, 356123 bary FY 7ESOME
BACRE TR HES & PR £ 2 bR, PEDEFET » FOI s K TESH
35 0TIRY ST Ty DERLICHEE LTV I EXFE 72, '
FAIUCSIRFI 200 — LB O AHH G, APDMEHR I 70V - AHESFOF b2 00—
L P-450 (JLFOP-450) AR LR T, SODARHGHEE ¥ 2 "2 B ImgH7- Y DERIu=—
BErhETLE, R/ [al¥L o TRIBFETLTW:, —K, 3-7nuiNrvsrg
?Tﬁﬁﬁ#%ﬁﬁ@%(hmﬁ%éq1mHﬁﬁ#6?Eéﬂélﬁﬁwﬁﬁmﬁﬁééﬁ

£ 4 S9LIsOv - AEROFERRICKERBECRREELET I/ EU >
N-BiA FUALBEESRFI 20V —20F k20— 4 P-4505 82
THREH O .

Table 4 Effects of inducers on AHH and APDM activities of $9 and microsomes

and on microsomal cytochrome P-450 content* 2%

Inducer None DDE ANF DDE+ ANF
AHH
{nmol/min/urg protein)
59 0.20 0.12 0.76 0.38
Microsomes 0.1 0.1 1.91 0.65
APDM
{nmol/min/mg protein)
S9 3.28 4.42 2.36 3.84
Microsomes' 7.44 11.06 4.76 9.96

Cytochrome P-450
{nmol/mg protein)
Microsomes 0.42 0.61 0.68 1.00

*HEHII~SENT » FOFROSIT I suy—2BR LRI
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BRB LN, 370y - AEHOFEIMCE BRI =B & AHHiEM TS L, SO0%
GrEE, FFEZ 0 b3 2OV AESO ARHEHREVIZO b LT 3-7 00~
Y77 OFERER AHHEROBEV ANFREROI 20V — BT L IRIZRALETH 5,
ZOI ki, AHHEEERC ValEL Y OBEERR YT L -7 000XV 75 2O
FHERALOIREE 25 I LR LT WA,

4 F K

T/2U0IRYS T D4 ONREEKIOVTORRRMRBOKERIE, suov~ry
77y DEREEORRILE, FERICBITAEROBRIBISRELEREFOIEERL,
4 ODRMEO P TH—IROEREREZRL3- 7009 R0 75 i, UEERILOL D
D7 FHSIEMA L VEFT TCLMWERBEHEARLAA, S9EMA LI &1L o TiEHL
TR FOERERBISSIIMM IR, TN EE3-raa iRy 7T v EREEICEOR
HMLEREMEEEOIEERLTWS,

A0, BL5FER RS L5 PORFSORUHREGEAVWT, 3-70ud~y7 3
YOREEEE IO L (AR, 2OEHLR I 79y - 2lS720Ch (IO BES
FUETABEICL - THITOR TV LT ESFHL NI o7, EHIFEM RS L TWARWE
BTy FOFBICHEETARFEL > T2 IEHLESH LV IBELERE S,

SOEHIZ L ALREMRBOMREL Y, 3-700 3Ry /75 v iRy Vel L v LR,
Fh7O—AP-448 ¥ FHT B NP LB S EFII2T v POSIIC L o Tk HEtL S
NBZEPHDD, FF 70— AP-450 4 FHT L DDEW %G L5y FOS9NI-s ooy
N7 M T AEEEITE S, OBzt ARy ] YL v EEBEOERSRS
Hho LA L, ANF-89 & DDE-S9 2 & BiGHEILREDZR AL Vo] L L DB LR E (v,
ELIZHEERERELLVT v FOBFSIINE o T3-2 000~y Y75 vidIbBIMG S
dhbd,

AEMEES L AEME I s oy - ABEMIC L BEM L BB E ARV, RVl
VoA HERESIZ L > TR EAEESEEZI R VOIS LT, 3-20un IRy s 75 04
HREEEMLLSTLONRMMNTH L, THERED L BiEHLIC oW T IFERORER,
WHDEEZ LA,

WEEEMIES  OBRILBRTBECTASHR 2 COEWRBBREIFEL T3, F05IC
(A EEE ORISR AL TEFENCHE L TR L ER SN ZBFELHD, F4F 2y
O APA450 LRI T 2 /XA E T — MR 3-AF VAT AL VI > THEEFZITLREE
bdbb.3-20uINr 75y oEES L AFEHAICESEROBEIRS v,
370U INRLY Ty OFEERBERECLDLDOTUE LW EEL GNL, THEEETIZL
53-700 IR 7 5 yDFEHI T HOBREFHV-TW 2002 TIREERBRE LT
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DNA L OFEER Ames 7 A MIBWT, ABENHESCLID2-TEFAT I/ 7NFL %3
T I/-1-XFN-55-EY F[4,3-0]4 2 F— b (Trp-P-2) DL 5L EREWBEOEELLEN
LOWHRFBRENL ZLHFBESRTOHEY D, C s b8 WOlER -y v~y Yy
77 ERUDEREALTE Y, XBOFBMEEITET LSO LAk vy,

370V LB L AEMILIZANFBET v L EEFRT o MIBLTHPIOLRT,
COFRRISIITLBHREFIT-RLTBY, -0y s79 33 20Y— AilB0
THHLE RV BHEIBMOREVEEIOND, LAhL, FFHT» DI 2oy —AEHC
L BEHALF DL W I EREBT<ETHY, TArvel¥ L oEE b Dk E 2
BAD—DE bl 5T b, | '

TP R TEMEAERLOASITEEES LREICE kv, FEF RS L
5y MEBUTROT NG FHLORE I, 51 DDE £85 L5 5 hCHIHLE S0 4
VORBBRERNFEIN TV ALHEEZONE, FEFEEI Y PO Ly FYFESILS
W3- 700 Y R TT AT ER TR AARI Y Y - AESOBESLEBETHY,
NV BEL YL OREABAPELND, IR F)TESIRY S I 2 Dy OHICHT
HP-ASOEFETNTVDEY, 3-27unadRr Y75 OERFHOBMEAP-450ICL 5L DHh
£ AL BT,

SORUI 70— LESOAHHEROMED S 1L, FFEROI s 0y - AEHFICBITS
ARHESAOBER G 3-7 00 YN0 75w OFELILEG L Tw B Z L35,

ut@$£lU}ﬁUU9N777§VHﬂW?DM&E@ﬁ%KloT%ﬁE%Ht
Ty OISOV ABGFICL o THRHA YV [a]EL  ERBORB LT 20, EEEC
BUTHRE ST THBABEL VI ATV 0¥ LY 3RS, S6LHFYET
TwHWT y FOFBOMBI BV THR3- 200Xy /S v oRiERRBETL L
CERIIBATOVDEH@MTHIEITES,

REDLIAI-/0uixy 77 yEREHAER SN T AT TR L Eiv
FHRFATHL, LA LERICLABEFE I TOROBMICSTEL LA CRFHESE
b% %1 BT HEN D S b APERRBUE T B LR LT b, —F, BFRILNEFKR(E
AP Ames T A MCBLTHLALERERETEZVICS ArbLTI s 0 IRy Y75
YHRERFMETT Z EGRRSBHETH D, 3-7 DD YNY TT 5 L ORBORBEIESL
Eitd o, BREVENBEINGA ORI A HHED bRk vd b EOEEI @ oSt
BoO—-#BrBoiciblbsFiohs,
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Toxicological Evaluation for Chlorodibenzofuran

by Hatching Eggs of the Japanese Quail

BEEE . RIS
Shinji TAKAHASHI' and Masatoshi MORITA 2

g B

BEERWEIT T A BEOBRSEOE W LS FAL DIEE IR TWA, £
OESHIEMFIZ A {, TLOECDH A F 574 L5120 L b ERRE— 8 2 B Rl A
FEY SN A ETIEF o Ty,

Az, €E/runINyyT s yOFEREFETAIFELLT YATREMN LA
LR, BOTHRHLAREBDIENTEL. Tabb, 2-3-4-rnuinyys
T e XIREM (FEYBEH)Y CEALLESR, 0.1m /835 T 40 %(24/60),
0.2mi /RIS TR 21% (13/60) 2FALL TR 2 e oles THHDI LR, B
BB OBEFMIC Y A REMTERE S B0, SEDREARDOROETED
AT, FOBROSMLAMENE GO TREAMRHT LI ENIRTHAZ LETEL
Tusdh,

Abstract

Through many reports about field surveilance in ecotoxicity, it has been suggested
that the avian species have the high sensitivity to toxic chemical substances. However, the
toxicological evaluation for pollutants in the avian species has not been established interna-
tionally, in spite of many efforts by the OECD Guideline, etc.

In this study, an evaluating method using hatching eggs of the Japanese quail was ap-
plied to chlorodibenzofuran isomers. The toxicity of chiorodibenzofuran was evaluated in
their hatching rate, as well as their death rate. It was indicated that higher hatchability in

control groups was necessary for this evaluation.
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1 #Lsic

OECD (Organization for Economic Co-operation and Development, #%#%15 1B 56#848) Tit,
fti%gﬂﬁ?ﬁﬁ L3R+ B H A ¥F A4 >~ (OECD Guidlines for Testing of Chemicals) ¥ HE L,
EIB AL L - RO BRI LT AY, BAETS, (M) BAFEHErERLT
BELSHE L CHER SNt R OEREERB LT, EELEV XS TCOranyFy

TRPTFNEF X2V (TBTO) O EFZEFMARICH T 2HETERETRE LT 5 (1984
D 198540Y), L Ladss, BETOEREERRIE, OECD T X M 4 FJ 4 v ITEmMS
PR S WS BOURILEL 5T BY,

AT, BEEIREORIZHBIIREL, RESEDEICH T LEEELEBELINEY
ZEFHLERTVE, FHEOFHAREREMAIS L RE, BRELEDFIIHNTIERAOREND
BUIEHFHLMIERTUADY, TROLFYEOBEFE % S i R 28T
ShTELT, ERMREEdass shTnas,

B, BEOEBRBME LT=H> 7 X5 (Japanese quail, BT X T LBE) AEH S hT
Wb, BV EREFRATEERRR T2 1980 F 0%, REHEMERERHYL L TOY X5
DBIZH R UBAEWHMLEHE L, FEOBIHIIL T2,

4Oz, BEERPEL LTEHEABSATVAZ ORIy /75 OBRMFHEIZ DWW T, 4
RTCHRELLY X7 OWHIBOTHATH LI LVF D 70T, FOFEeHET S,

2 5 &
2.1 IRLITITLOEE
LA, a:2-700 YN V75 (2-CDF), b:3-2un¥~Xrv7 5y (3-CDF), ¢!
47 aR IR ST7Fy (4-CDF) O3MEFERL, ¥ yMTTRPhERK 1 %ICHE
LA RSB L, FAFRO1 %(1,000ppm) X, @0.1%{100ppm)}X, @0.01%
(10ppm) X, RU@0.001% (lppm)X & LEA 2 — B THRLLRFEIRE L,

277 Bty X 5 M

ET RS AR B ERRRCRE L LR L Ry X5 H e () B AR E R
B WE S X5 & )R L7200 (839) £ B 7, b0 X790, BAEST 8T -
{EIE 50~60 %RHTO HRIA ¥ ¥ a<— L, HRELBZL% BHERBICHER L,

2.3 BEBE
ITHELZIHEN 70Uy 77 0%, 2hENEO~@0EER (1,000, 100, 19,
lppm) X4 L, # 1O HER (Exp.1) TR ASRBAMIEYL/200.1m, H2EBER
(Exp.2) Ti20.2mt/ BEUTOFECHS L, SHLEEL, '
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v X SR TOIRL ST 5 2 OFHFE

(1) BEWEF v v FU L7 LEFLTWA D & £ FERIE, SOMRBICAE ST 5,
(2) FB/EDT Ry /75 yHEREBERZTEFETRL £ HYBERIZEAT S,

(3) BALARE¥OT 7y v 57— T ThHEE, BUA v Fa2x~bTh,

(1) BE5DREIPOEFI RS EOGE S AL 200 BICHEDHETHET %,

B, —EORIBVTETE AR BT, ARERSCLBRGROECAOL
W kR L, 37, MEBRE LRI — SR r R L, SEMEos ookt
L7ze

2.4 B4EREE | _
SERBEFEEE LT, (1) 9X505MLE, (2) 9 AFEOFHETAK, RIG) ik
9 X5 DEREEA 0 kB, MLBOFHOHEES L e TRELL,

3 BRUER

XS REMRERV2-3- 400X V75 0 0FHRBOBREERL ER2ITRL
7ro Exp.l (58 0.1ml/18) T3, ®/r00d~r 75 &5%0RR (FE10HR)
SWEOREHEO LN, 560 P 36MH (60%) REIGAF I T LA, LALLEAS,
B 4 ERFNLUBLRFLITHEAL 5L TR,

SIERERPL LTz 00NV Y75 v OFENPFES 2 L, RSRENTIE, O33%
{1,000ppm X : 158 5 .51t) =@ 33% (100ppm K : [ 5 W51)<®47% (10ppm X - [ 7
T fl) =@ 47% (1ppm [X © [ 7 H3L) ONEE %D, 100 ppm & EFAS LT SMEEAMET L7,
LB, WEE (2 - rhEnX) O5bFEE80%(SEF4EME LR, ERSETHD 0%
it LT 2 i b md oo

SREE JUUTNL YT T OREEICHET B L, 2-CDF(25%)< 3 -CDF(45%)<
4-CDF(50%) D5t L i, 2-CDF O#FHAT3-CDF, 4-CDF L h 24513 &8d o7

Ko, FHEFERTHES L LO~-OOHRFBRENTIZ.0~-15.5HTH - 724, HICHE
GEIZREL oL, T, BEMCHEL TS, 2-CDF:(14.0£2.78)<4-CDF:(14.8%
2.6H)<3-CDF:(15.01£2.4H) DML o 72h, BEMEE D72

LIAT, B/ /URYRY YT IUREHICOREERISLLAY XTIk, FO%GIEH
IREL, MERRIIETAIENRD o, B/ 20 YN ST T Y MEERTR T, &
HAHS AT S EARG AT VWA, 7 XFICBWT S OHEELNE 2 /%3, WEHIC
RYLLOTHEVI L Bbh b, 13 - SRHEESOREIHBD bRk o7

Exp.2 CH#BEFHIMSES 2D SRE 250.2m/ 8) & UAEE, &0 HtRid22%
(13/60) E#EG IR T LA, CHEBETNICEET 5 D7 %(1,000ppm X & 1/15)<@20%
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{100ppm [X : 3/15)=(320% {10ppm [X : 3/15)<@ 40% (ippm X : 6/15) DML L, BEZED
BERVBEHON, £ 400 TXRY V75 DREEE T, HEEH2-CDF:20%, 3-CDF:
25%, 4-CDF:20% & %z D38 Rl o 7245, 2-CDF 121,000ppm KT H ST A Z & D9 h o7,
B, I-vHBOAFI2m/HES LAHERCRSEEN0%(5@8P1R) 20,

Exp.1(0.1m! /%5, 80%) D 1/4IIETF Lize 526, T—>ii0.2mt/ HRATAFKET
Xt EZONDBOT, 2—MICERL RS THE4ICE, 0.1m/BUTIZF~RET

ROER
F 1 ruudRyIIILRSEOYXIROETEHS
Exp. 1(0.1m! / fA$S)
Table 1 Death Rate of Japanese Quail's Embryo after Injection of
Chlorodibenzofuran
Exp. 1(0.1m! / egg Injection }
#5BE  (ppm) §:L/D
=59H n (S1LE)
D000 @100 @10 @1 | [FHREEAE]
a: 2-7ou 20 1 0 3 1 5/15
VRS 5 4 5 2 4
: (25%)
=({5) [14.6] [12.2] [15.2] {14.2] | [14.0£2.7(20)]
b: 3-20wE 20 1 2 3 3 9/11
GRSTT 3 P 2
(45%)
(5) [14.0] [14.2] [15.2] [16.6] { [15.0+2.4(20}]
c: 4-21107 20 3 3 1 3 10/10
DR S725 - 2 2 4 2
, {50%)
(5) (14.6] [15.6] [13.4] [15.8] | [14.8+2.6(20)]
zt 60 5 5 7 7 24/36
10 10 8 8
(33%) (33%) (47%) (47%) (10%)
(15) [14.4] [14.0] [14.6] [15.5] | [14.6+2.5(60)]
Cont. 5 4 4/1
1 {80%)

(2—¥F A 0)

[15.8+2.7(5)]

L: ABRRITHE CHELA X5 8, D ABBIOBE,LI6BETHRCLLY A7

HoHIETTHhoT

PHEFERETHEL LTHRET AL, BENTRREERIBRBER L YEVEm2HY,
- #EY TIE, 2-CDF & 3-CDF iH{FIFF L 4 B @, 4-CDF THREVHEMAFRL SR, &8

Exp.2 Th, MLEOHRBHCERIBOOAL D7
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D AFREMTHOIN Y75 OBMFE

£ 2 7unIRyIISIESROYXIHROETEHE
Exp. 2(0.2m/ / Ei%5)

Table 1 Death Rate of Japanese Quail's Embryo after Injection of
Chlorodibenzofuran
Exp. 2(0.2m! / egg Injection}

HFRE  (ppm) ‘ g:iL/D
By wHE n . . {sfb3)
D1000 @100 @10 @1 | [EMEFEIH]
al 2-r0u 20 |L: 0 1 0 3 4/16
PRI TF Y D: 5 4 5 2
(20%)
{5) [14.6] [12.2] [15.2] [14.2] | [14.2+2.5(20)]
b: 3-7uwm 20 {L: 0 1 3 1 5/15
GRS TT Y D: 5 4 2 4
{25%})
(5) [13.4] [14.4} [15.2] [12.8] | [14.0£2.6(20}]
c: 4-2 002 20 |L: 1 1 0 yA 4/16
RIS TTF D: 4 4 5 3
(20%)
{5) [11.8] [12.2] [12.2] [13.6] |[12.4+3.1(20}]
E 60 |L: 1 3 3 6 13/47
D: - 14 12 12 9
(7%) (20%) (20%) (40%) (22%)
(15) £12.77 [13.3] [13.7] [14.3] | [13.5+2.8(60)]
Cont. 5 |L: 1 1/4
(a—vd4n) D: 4 (20%)
[13.443.2(5)]

L ABRITABCHELY X7 8, D ABHEWOBE,516H $ TR L7 X5

SEERCACORBEZTRBROMBTH L4, THLIEEIGREIL L SEEMFETLTW
HIENEROND, BT, ARAMBEHI L 2HMIICL D, BB MEROM L2 E
LILPEETHHLEEZOLND,

5l R X W

"1 ) OECD guideline for testing of chemicals (1983): Avian Dietry Toxicity Test. DRAFT 1.8.83.206,
1-9.
2) BiE B BIEEEI184) [ AU ENMRRIC T AATHE — BEARERAR. v X5%
Hwfzr o7 aidik 0ARGHSmAsE iRy, 107-123,
3) BE G- BBMEI(1985) | R ERMRBRCMT A BARE — RAFSFHRR v A5 %
Aol b )7+ 2 X430 FEERR ORISR SIEMcoFERHE, 123-150.

—131 —



HEHY - EmER

4) B A - RIRIAE](1986) | SRR AR BT 2 WA — KR0S BRI A BB - 2
HEMAELRIZ L LHEE. AFRBRLWAMCOERERE, 45-56.

5) Symposium on Pathobiology of Environmental Pollutants (1979): Animal Models and Wildlife as
Monitors, Univ. of Connecticut, 1977. Animals as monitors of environmental pollutants - Pesticide
toxicity, 269-296.

6 )} Cairns, [r., John, E. P. Smith and O. David (1988): The problem of validating simulation of hazar-
dous exposure in natural systems. Proceeding of the 1988 Summer Computer Simulation Conference,
C. C. Barnett and W. M. Holmes. {eds.), The Society for Computer Simulation International, San
Diego, 448-454. .

7) BIREE - R B -8B 3L KM B(1989) I XS BHASa-H y ANET A VAR
HLT 2 F T ARG EEROBRPER~OBEE. BT AEHAFHESRY, 51245,
7-18. .
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1-5 I RAIARNLITSUEFTII IR T
NEREH

Mutagenicity of 3-Nitrodibenzofuran

and 3-Aminodibenzofuran

U AT - LR - REIEE? - WS
Yuriko UNO!, Takashi UEHIRO!, Akio YASUHARA? and Masatoshi MORIT A

E B

- hOYNRYV 75 (3-NDBF), 3-73 23~/ 75 (3-ADBF) O REH
FRNLBWE, YILEFRITABETAIND 28 2RI VT Ames 7 A F %575 77,
3-NDBF, 3-ADBF OEMWE -V EREM R 647, 3-NDBF OZEREMIE TA9S,
TAIODREHETR LR, SI(—) THLHWERREMERT I L0s, ERERETHL
LR otz, BREOMWIIITABIZIBW TN YL »O#4.615, TAWD BT
FROH 2ETH o712 3-ADBF DERFMHI S9(—) Tid, TA9, TAIODWEE LR
HREVOIZHL, S9(+) T, WtkE bMVWERREMASR O N, LHEEL & BEHs
LD ot BREOBRIIETASIZEVTAY VYL X O#13.ME, TAIN0IZ
BWTENO#ES.5ETH 77, 3-NDBF T, S9(+), S9(—) OMA THEERHARE S
FEI A

Abstract

Mutagenicities of 3-nitrodibenzofuran and 3-aminedibenzofuran were examined using
Salmenelia typhimurium TA98 and TAL00. Strong mutagenicity was found in both com-
pounds. Mutagenicity of 3-nitrodibenzofuran has been recognized both in S. typhimurium
TA98 and TA100. The compound was a direct-mutagen because it was strongly mutagenic
even in the absence of $-9 mix. Mutagenic potency of this compound was about 4.6 times
stronger in TA98 and twice stronger in TA100 than that of benzo [a] pyrene. 3-Amino-
dibenzofuran was not mutagenic in both strains TA98 and TA100 in the absence of S-9
mix. But high mutagenisity was found by addition of $-9 mix. This phenomenon suggested

1. BIREIRERRT LFREE T305 KRB JEH/ERII6E 2
Environmental Chemistry Division, the National Institute for Environmental Studies. Onogawa 16-2,
Tsukuba, Ibaraki 305, Japan. .

2. EREHMER MESREHR S V-7 7305 FRE-0 R )I16E 2
Regional Environment Division, the National Institute for Environmental Studies. Onogawa 16-2,
Tsukuba, Ibaraki 305, Japan.
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that the mutagenicity of 3-aminodibenzofuran was related with its metabolism.Mutagenic
potency of 3-aminadibenzofuran was more than 13,7 times stronger in TA98 and about 5.5
times stronger in TA100 than that of benzo [a] pyrene. Killing with 3-nitro-dibenzofuran
was observed both in the presence and in the absence of S-9 mix.

1 @dLaic

ERFEEHERALKEN= ISR TTELZ bOT L — v id, FEMORELEMEICL 5T
S b, HEEHIA A CKTRFRDERC LIELIERHESAZ™, Chboz o7l —
COERFHLREN IS  OWFREEIIL 5 THANLRTHW A, “ e offnd (i,
E/SMOEL YRV b L IIET AL DTHE, PNV TT R LAY b A
MR- F - LDPRGFTHD, BAENIE(RERIILITLIIRESh DS, = FofkEh
LURS IS DERERICET ARSI TS b, S PO IRV TF P AFROEALTX
AP MOREAHTICFETLLEE bR,

IR 77y OBEFECHFGHE (CDF) 20 TRERFNRENG L0065, Kyrno
0Ny 75 (PCDFs) AR EEED T, LR8N, RAEREHICOVTHEE
HOBERLWTT, 22200 TNL V7T Y RAEARISRBENY, R v—n—
HeHLREVEAE =) FrORGFCHAMEOE ) yuud Ry 75 vl 52 L 5%5
LHRTWAEY, £/ 00YNr Y75 v OTNTORMADOLEREND Ames 7 2 b DFFHT
i, 3-7BRYRYY TS VICHCERENSHL I AL AL Lo TENY, 3 MAER
ANV Rey 75 OFEEL, BRENFFHOLNERBDbRE,

-2 hBYNYYTF Y (3-NDBF) (B1) i3, Mniy —&— Shhb T TR ST
VBOTY, FPOZEREMUEFFANLILERECHL, 86T, 3T I/INYSTT
(3-ADBF) (1) i, RAVHAFMEEIATOEHNE, EREMICHTIBERT ALV,
BOROHRTH, =7 AORBIIBIH Y vy HOGH, DNA, RNA ~O3-ADBF OB —if}
BEORBFRAESRTWLE), 2T TH4 1, 3-NDBF & 3-ADBF 8B L, +h6OEREME
F Ames 7T A ML o TR~

2 HRRUGE :

IRYT TG (MEE9S%) W Aldrichth & h AF L7:o 3-NDBF & 3-ADBF 3, Eiffb D)
HImE D PN TS e POEL™, BIAKE Cullinane DHBEICL DRTELTH4HE
L2 B EEEE (NMR) & KRS (MS) oL W#EEE L7, 3-NDBF & 3-ADBF O#l
FRENERFAZOZ V7T 7 10—~ (GC) XY 98%, WHdiikr o<+ 777 1~ (HPLC)
2L 9% Th T, MHIZIZTAF N ANESH A F (DMSO, $3#bE) &, BEsmE L
TRy Y EL ¥ (Aldrich), 1-= ;T ¥ L~ (Aldrich), AF2 (FIGHZE) 2RV, RE+HE
W4 BB OBREEIC I DMSO 2 A Lo
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3-z bRRIFI-T /IRy OERER

SO (T2 /NS —WRFS-6RV V73R FE) bavrry-d&es4Foa—<wré
FUro I NBREYAFLL

EREMABIIAmes b DHEFHBALAEZ LA ¥ Fan—Ta VELXHFWE, EkG
S.typhimurium @ TA98, TAL00 ) 2 ¥k% A L72. BAL&W Mk s b 0.31~40yug/plate Dilk
BEREEA & L, S9mix &MIC L AAHHE AL R TSI mix BIRMOEEMFZ >V TREZ T 1
$9 i3 501/ plate DIEE THA L1z, REBEFRELROBEIME 2 TV — 2T, 775
WESESRE LY, BEMBONY ¥ L Y Sug/plate B SImix i, 1-=hu L 0.1
wg/plate 1E S9 mix BIRMTHEA L7zo AF2i3 TAISBRIZKS L 0.1g/plate, TA100 FkiCHf L0.01
wg/plate FAV, SO mix EIRHITHEE L7z '

3 BRAVEER

FRIEEL, SITRLAE. YRV YT I ICREREMS S CIRE S OHE L —BLY,
3-NDBF & 3-ADBF IC3WEREMHMRR SN, Ashby HIZ L - TT 3/ EFBERLIAVE
ALSWREREM LT LHBE SR TVLEY,

# Ol HNERFTABKBFAIARISTIFy, 3-2badR S T35,
3T I IUNLTT T DEREN

Table 1 Mutagenicity of dibenzofuran, 3-nitrodibenzofuran, 3-aminodibenzofuran
to S. typhimurium TAOB? ‘

Dose Dibenzofuran 3-Nitrodibenzofuran 3-Aminodibenzofuran
{ ug/plate) $-9(+) s-9%—) S9+) S-9(—) S9(+)  s-9(-)

0.31 33 18 57 ' 113 427 19
0.63 33 20 153 205 854 20
1.25 28 27 494 365 1908 18
2.50 36 24 1270 673 3745 36
5.00 M 15 1630 1025 5133 o33
10.00 40 24 2375 1608 *4671 50
20.00 30 18 *1551 2129 *1671 45
40.00 30 10 *868 *1524 *268 90
5-9(+) §-9(—)
Control and positive controls
DMSO(100.1) 36 24
Benzolalpyrene{5ug) 488
1-Nitropyrene(0.1ug) 1438
AF2(0.14g) 465

*Revertants/plate, Values are means of two plates.
*Lethal effect.
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#& 2 WAERATTAIOKBUHLINGYIF Y, 2 bOYRYSIT 2,
T IR II o OEREME

Table 2 Mutagenicity of dibenzofuran, 3-nitrodibenzofuran, 3-aminodibenzofuran
to S. typhimurium TA100°

Dose Dibenzofuran 3-Nitrodibenzofuran 3-Aminodibenzofuran
{ ug/plate} §-9(+) S-9—) s-9(+) S9-) S-9+) 8-9(—)
0.31 143 120 134 209 281 120
0.63 144 116 170 330 536 103
1.25 127 103 355 519 1453 109
2.50 140 118 904 1038 2991 112
5.00 109 108 1726 1694 4305 118
16.00 163 121 27197 - 2516 *3236 162
20.00 151 *88 *1364 2780 *145 126
40.00 *08 *61 *30 *1588 *438 148
7 $-9(+) $-9(—)
Control and pesitive controls
DMSO(100,,1) 138 119
Benzo[a Ipyrene{Sug) 985
1-Nitropyrene(0.1pg) 238
AF2(0.014g) 639

* "Revertants/plate.Values are means of two plates.
*Lethal effect.

3-NDBF D& R E# iX TA9S, TAIOOWHBKICR & h e Z O EIE, Campbell b &
Rosenkranz H 2 & %, TA98, TAIOBLT AV, BLAFOZFOT L — VEIZIREREMN
HHLOMEL—HLAL™™, 3-NDBF iS9(~) THHMVERERERT I Lo b, HHER
BTHHIEHFFI 572, 3-NDBF DERFEDE S E TABIZBW TRV Y VL v O 4.645,
TA100 u:iswf%na)% 2ETHhotz, 36U, 3700 YPNYY 75 OUBELER~L L,
TABIZBEWVTH 324, TAIOIXBWTHSIETH 72, Ames 7R T, HELID L=,
a7 3 BRECHFFECEREAS Y RT LI B2 5, 3-NDBF L HEAEE L Twva 2-
ShegAdly ({1) OXBEL BT 5L, MEame bS9(~) CHEREOR S 33
EAYELTHE, —F, SH+)TiE, 2.2 U T L4 Ly OERE/HERLT 55D
3-NDBF O ENBHINT 5, O Ldb, b IRV T T A SOFETE F ORI IR
fbeh, EREMAIMEIND Z XG0 D,

3-ADBF i3 S9(—} Tid, TA9S, TAIODMKICERFEHBEOALZVOIIHL, S9(+)T
BEWEREMPRON, SOOI Ehb, 3-ADBF OEEEHORE MBI AE LT
WBETEDRTR D, -ADBFOERENM S ETABII BV TR Y YL > O#13.715,

— 136 —



3-ZMORI-TI /IRy S T7T L OBERER

d-Nitrodibenzoturan

-
©

NH2

3-Aminodibenzofuran

Q..

2-Nitrofluorens

M 1 EERICAWAESHRIZ-Z O 7 AA L OHFER

Fig.l Siructures of compounds tested and 2-nitrofluorene

TAIO LI BWTAROH5.58CH -7, 3-NDBF, 3-ADBF L HIZEiBEMNL ZAHTE, FH

el ﬁfﬁﬁﬁl‘é (A
B OB X ™
1) Xu, X. B, J. P. Nachtman, Z. L. Jin, E. T. Wei and S. M. Rappaport (1982): [solation and identifica-

29

43
—

4)
5)
6)

7)

8)

tion of mutagenic nitro-PAH in diesel-exhaust particulates. Anal. Chim. Acta, 136, 163-174.
Schuetzle. D., T. L. Riley, T. J.Prater, T. M. Harvey and D. F. Hant {1982): Analysis of nitrated
polyeyclic aromatic hydrocarbons in diesel particulates. Anal. Chem., 54, 265-271.

Newton, D. L., M. D. Erickson, K. B."Tomer, E, D. Pellizzari, P. Gentry and R. B. Zweidinger (1982):
Identification of nitroaromatics in diesel exhaust particulate using gas chromatography/negative ion
chemical jonization mass spectrometry and other techniques. Environ. Sci. Technol., 16, 206-213.
Paputa-Peck, M. C.. R. S. Marano, D. Schuetzle, T. L. Riley, C. V. Hampton, T. J. Prater, L. M.
Skewes, P. H. Ruehle, L. C. Bosch and W. P. Ducan (1983): Determination of nitrated polynuclear
aromatic hydrocarbons in particulate extracts by capillary column gas chromatography with nit-
rogen selective detection. Anal. Chem., 55, 1946-1954 .

Alsberg, T., U. Stenberg, R. Westerholm, M. Strandell, U. Rannug, A. Sundvall, L. Romert, V. Bern-
son, B. Pettersson, R. Toftgard, B. Franzén, M. Jansson, J. A. Gustafsson, K. E. Egebick and G. Tejle
(1985): Chemical and biol'ogical characterization of organic material from gasoline exhaust particles.
Environ, Sei. Technol,, 19, 43-50.

Gibson, T. L. {1982): Nitro derivatives of polynuclear aromatic hydrocarbons in airborne and
source particulate matter. Atmos. Environ., 16, 2037-2040.

Nielsen, T., B. Seitz and T. Ramdahl {1984} Occurrence of nitro-PAH in the atmosphere in a rural
area. Atmos. Environ,, 18, 2159-2165.

Atkinson, R., ]. Arey, B. Zielinska, A. M. Winer and J. N. Pitts Jr. {(1987): The formation of nitro-

— 137 —




FHBHT o

polycyclic hydrocarbons and their contribution to the mutagenicity of ambient air. Environ. Sci.
Res., 36, 291-309.

9 ) Rosenkranz, H. S. and R. Mermelstein {1983): Mutagenicity and genotoxicity of nitroarenes. All nit-
ro-containing chemicals were not created equal. Mutat. Res,, 144, 217-267.

10) Rosenkranz, H. S. {1984): Mutagenic and carcinogenic nitroarenes in deisel emissions : risk identi-
fication. Mutat. Res., 140, 1-6.

11) QOchiai, M., M. Nagao, T. Tahira, F. Ishikawa, K. Hayashi, H. Ghgaki, M. Terada, N. Tsuchida and T.

 Sugimura (1985): Activation of k-ras and oncogenes other than ras family in rat fibrosarcomas in-
duced by 1,8-dinitrooyrene, Cancer Lett., 29, 119-125.

12) Tokiwa, H. and Y. Ohnishi (1986): Mutagenicity and carcinogenicity of nitroarenes and their
sources in the environment. CRC Crit. Rev. Toxicol., 17, 23-60.

13) "MoFi, H., S. Sugie, N. Yoshimi, T. Kinouchi and Y. Ohnishi (1987): Genotoxicity of a variety of nit-
roarenes and other nitro compounds in DNA-repair tests with rat and mouse hepatocytes. Mutat.
Res., 190, 159-167.

14} Larsson, B. K., H. Pyysalo and M. Sauri (1988): Class separation of mutagenic polycyclic organic
material in grilled and smoked foods. Z. Lebensm. -Unters. Forsch., 187, 546-551.

15) Miyata, H., A. Nakamura and T. Kashimoto (1976): Separation and detection of polychlorinated
dibenzofurans (PCDFs) on Jpanese commercial PCBs {Kanechlors) and their heated preparation. J.
Food Hyg. Soc. Ipn., 17, 227-230.

16} Nagayama, ], Y. Masuda and M. Kuratsune (1977): Determination of polychlorinated dibenzofurans
in tissues of patiens with ‘Yusho'. Food Cosmet. Toxicol., 15, 195-198.

17) Chen, P. H, K. T. Chang and Y. I. Lu (1981): Polychlorinated biphenyls and polychlorinated diben-
zofurans in the toxic rice-bran oil that caused PCB poisoning in Taichung. Bull. Environ. Contam.
Toxicol., 26, 489-495.

18} Shiraishi, H., N. H. Pilkington, A. Otsuki and K. Fuwa (1985): Occurrence of chlorinated polynuc-
lear aromatic hydrocarbons in tap water. Environ. Sci. Technol., 19, 585-590.

19) Yasuhara, A. and M. Morita (1989}: Formation of chlorodibenzofurans by thermal decomposition of
vinylidene chloride polymer. Chemosphere, (in press). .

20) Matsumoto, M., M. Ando and Y. Ohta {1988): Mutagenicity of monochlorodibenzofurans detected in

“the environment. Toxicol. Lett., 40, 21-28,
21

p—

Hackmann, C. {1956): Erzeugung von Blasencarcinomen und Tumoren verschiedener Lokalisation
bei Ratten durch Verfitterung von 2-Amino-3-Methoxy-Diphenylenoxyd und 2- Amino-Diphenyle-
noxyd. Z. Krebsforsch., 61, 45-54.

Clayson, D. B., T. A. Lawson and J. A. S. Pringle (1967): The carcinogenic action of 2-amino-
diphenylene oxide and 4-~aminodipheny! on the bladder and liver of the C57 X IF mouse. Brit. .
Cancer, 21, 755-762.

23) Lawson, T. A, K. M. Dawson and D. B. Clayson (1970}: Acute changes in nueleic acid and protein

22

—

synthesis in the mouse bladder epithelium induced by three bladder carcinogens. Cancer Res., 30,
1586-1592 .

24} Keumi, T. H. Yamada, H. Takahashi and H. Kitajima {1982): Regioselective preparation of 2- and
3-nitrodibenzofurans by the direct nitration of dibenzofuran. Bull. Chem. Soc. Ipn., 55, 629-630.

25) Cuilinane, N. M. (1930): Investigations in the diphenylene oxide series. Part IL J. Chem. Soc.
2267-2269.

26) Yahagi, T.. M. Nagao, Y. Seino, T. Matsushima, T. Sugimura and M. Okada (1977): Mutagenicities of

—138—




27)

28)

29)

3-ZFORUI-TI /IR OLREY

N—nitroscamines on Salmonella. Mutat. Res., 48, 121-130.

Ashby, ]. and R. W, Tennant (1988): Chemical structure, Salmonella mutagenicity and extent of car-
cinogenicity as indicators of genetoxic carcinogenesis among 222 chemicals tested in rodents by the
U, S. NCI/NTP. Mutat. Res., 204, 17-115.

Campbell, J., G. C. Crumplin, J. V. Garner, R. C. Garner, C. N. Martin and A. Rutter {1981} Nitrated
polycyclic aromatic hydrocarbons: potent bacterial mutagens and stimulators of DNA repair synth-
esis in cultured human cells. Carcinogenesis, 2, 559-565.

Rosenkranz, H. S., E. C. McCoy, R. Mermelstein and W, T. Speck {1981): A cautionary note on the
use of nitroreductasedeficient strains of Salmonella typhimurium for the detection of nitroarenes as
mutagens in complex mixtures including diesel exhausts. Mutat. Res., 91, 103-105.

—139—



®ERT
BoE
H108
BT

128

WELIE

HE4T
WEIE

Hied
HMENE

HENS

HH19T
WEE
HEUS
- Fhac)
3B
248
B5T

TEGRIT RS

&mﬁma%ﬁwuﬁtaﬂéﬁm——ﬁaﬁ%ﬁ&ﬁtLr——mmmiﬁ(wﬂ)

%z}éﬁ%fﬁ)‘k 6;‘&%%@%@#% EWEIBIT 2 RWBHBR - -G /925 E TR
1

ﬂn%ﬂ?nﬂﬂ‘

A comparative study of adults and iomature stages of nine Japanese species of
the genus Chironomus {Diptera, Chironomidae)}. (1978)

(HAgEa 2 Y AK Chirononus BIEORD, #++ ¥, YIHOFBEOILE)

%ééiﬂﬁ;zw—u;%ﬁ{t*i ﬁ#&it%%ﬁ1t#fiiﬁ®$¥"ﬁ——Hﬁﬁnszﬁﬁ h
HE Rk E#&ih%#@ﬁﬁ{tﬁrﬁﬁtt&{t R ORI B E
THB P AUt — —HF0S1, 52 WA, (1978)
%g};ﬁ@gﬁkﬁibhbﬂ‘taﬁhﬁ (0) ——'ﬁv‘?‘ﬁ’&lfpiué: LT — —THFSIERE,

A morphological study of adults and immature stages of 20 Japanese species of
the family Chironomidae(Diptera). (1979)

(HEE22 Y VRIEORR, ¥ ¥, YhoREENMRE)
xﬁ@m%ﬁmﬁ—bxo&AﬁQGQWuﬁt5R@um?6£ﬁmmﬁ*-mmw.
SIGEEE WITTE. (1979

%géﬁg%;n—u; Eﬁﬂ:?k# ~ERBM{EMBRERIGOHE — — BHMSIERE &
[ B & 5 KRS RRBEOFME & % iy 5 HPNHE - - B~ 35 E &
BlEFsREE. (1979)

‘Studies on the effects of air pollutants on plants and mechanisms of phyto-
© toxicity, (1980)

(kﬁtﬁﬁé%ﬁmﬁ%ﬁ,waia{— O OB BT 5 B
Multielement analysis studies by flame and inductively coupled plasma spectro-
scopy utilizing computer-controlled instrumentation. (1980}
ga%;;?%@%ﬁ%ﬂ%tr7v Ah&oﬁﬂﬁa77%7ﬁtﬁh&6§m
Studies on chirononid midges of the Tama River. (1980}
Part ]. The distribution of chironomid species in a tributary in relation to
the degree of pollution ¥ith sewage water.
Part 1. Description of 20 specles of Chironominae recovered from a tributary.
(BRINCREST LR Y H ORR
——% 14 to—%RfichHEnha 2 ) ABBOSHETRICL BHREL OBRE
ol ro—%¥RicEMEhr ChirononinaeEmROWEITDWT)
ﬁﬁ%% ﬂi’ﬁ&{t"‘m. BRSO HERRc RETRE BT 2B
ZTiRrn53, SUEE KR ], (1980)
RLERYE OB—& X URSFROEE NS 2 BT 5 RBROTTZE - — @54
S ﬁmﬁﬁﬁﬂ* {1980)
HE L —~ - ¥ =k BRFEREMEIN. (1980)
zﬁf.ﬁmﬁiﬁi’adzU!ﬁﬁ:ﬁﬁie—&ﬂ?ﬁﬁ%ﬂ——E}ﬁﬁﬂﬁmﬁt&ﬁ&&kﬁﬂtﬁﬁﬁfb
W — —igfos3, SAEE HRIMEHE. (1980)
Preparation, analysis and certificatwn of PEPPERBUSH standard reference
material. {1980)
(BURIEHESEET Y 2 » 7| ORE, ML CEER)
%}s’!;ﬁ@ﬁéﬁﬁ{m:ﬂﬂfﬂﬁéﬂ%(m——Eaﬁ(ﬁiﬁ)miﬂﬁt——ﬂﬁ?mﬂ. S4HERE.
BKEOERBCMT ARATTV) - — 8B » RO M, ARKIFELELUE
OEKRR IR EW — - 00053, S44EEE. (1981)
BEAEOENBR{LLMT 2 BATE(V) - — B » ARAA ORBEH BRI L 2 OF
fl— —E3¥NS3, SASRBE. (1981)
E*ﬁmﬁﬁﬁ&{tiuﬂﬂﬂ'ﬁﬁ‘*mn(m——-‘ﬁar‘ﬁ@&?@%@ﬁ:ﬁt&#’%ﬁﬁﬁ~—ﬂﬂ
F053, S44EEE. (1981)
Bk o BEBELCT 2R STE (M) — — Bl o SRR BB+ 2 BB
7i— - WH053, SALEBE. (1981)
BRSO ERBECHT 5 EAFR () — - SRS AN AT RITREEFOERLI
P4 2TR90 - —BG#N53, S4EEBE. (1981)

-E*ﬁﬂﬁ%ﬁibiuﬁﬂ?%%“mn(]}{) ~ —Microcyetis (WK DA — —6EH

53, SASEEE. (1981




F268 %Kﬁg%ﬁ?ﬁgt;:ﬂﬂ?%%éﬂ%(m—*ﬂﬁ%&ﬂ!ﬁ&t:& 3 AGPD RITE — — IGF0
' . i
Fers BKBOBRBACBT @SR (K — —WIREE - — @53, S4EE. (1981)
BE HEKRAFDROBYMRWCMT 285 — — 0354, SSEEF SRR, (1951)
MH298 Studies on chironomid midges of the Tama River. {1981)
Part 3. Species of the subfanmily Orthocladiinae recorded at the summer survey
and their distribution in relation to the poilution with sevage waters.
Part {. Chironomidae recorded at a winter survey.
(ZEBNLRETZaz YA BHORE
-—H3#{ EfomBECcRMEnAkx)azY #EBOrthocladiinae BF0TR L,
rORMOTRERE & OBFEIROWT
——F4Hl MRNoRMOoRFECRHIhAEEOLE L15E)
HEINE giﬁ;g”‘6E?&i{baﬁﬁiﬂ)%&&ﬂlcu'd'SEWBﬁﬂ%——ﬂﬂfuu, SSEERE 4531
x 1982
HEIE REAFREMHEOH— ibJ:U?HA'E‘RMJ&ﬁEL’ﬁTZaﬁ;ﬂh + 2 ERT -~ ~ BAF05S
FF HiREs. (1981)

WG RE Y T F oyt ik B RILKR-ERMILYR LS RIGOME - — RIEARDI
B AAEFE_NERMBERBEOTRE (74— FBIEX 1) — —RHSAEE 5
MRDEME. (1982)

K335 ERMBOIASSH L AIEERRONE - —KEH L AREHBED Y (o v—¥
a v — —EAMSSER SHIFFTRE. (1982)
HEUT REEROBBHR - HEFE ORI 2 MR- EE SRR HE. (1982)

W35S MWME XL DA RS RORE BT S EARITUIR. (1982)

HEE g{égﬂkxfﬁmmﬁm* 5y yFikic Bt BHFE - —BIFASS, SCER 45RIH
(1982
¥ENE REBHEOYIFLAFWTBRBEROBRCMT 2WRE. (1082)-
388 Preparation, analysis and certification of POND SEDIMENT certified reference
- material. (1982)
(Eﬁ%ﬁ%ﬁﬂrr&ﬁﬁj@ﬁﬁ BB UFIHE)
#¥¥395 REERORRITA-FEFEOMR BT S Y — — IHSSER 43I0 ME. (1982) %
HENE AAFRVHOBM—-RUMESKEOEECHTHEMT 2 RBAME — —MHS56E
B BHMFTHE. (1983)
#ENE THRIBONA & FME BT 5 ENHIE. (1988)
HHNE BEROVERUHERIECET 2ZHRMNBRE. (1983)
¥FE4IB Studies on chironomid midges of the Tama River. (1983)
Part 5. An obsegvation on the distribution of Chironominae along the main
stream in June with description of 15 newv species.
Part 6. Description of species of the subfamily Orthocladiinae recovered from
the main stream in the June survey.
Part 7. Additional species collected in winter from the main strean.
(BN IcRET L2z ) A HOWF
-—H5H FRCRETI2Z)AHONHICMT 6 HOWMERRE =2 2 Y HEH
CRT 5 1SFESORR
--He6Hl TEREAMLIpe ALERanfizVax Y rHEHOREIC>WT
~-BTH TEREKLIVIALERINAZZZ Y ABOEZBIZSVT)

BUG XTI F ey —REIBBELKR-ERBMF R LERIGORE - —REAK DI

B ARE_REMBERBEORRT (74— FRE2) - —BHERE 83
HRDEHE. (1983)

WHISE FWHREEY), SHRERILESY, HeBESoLREBR RIS ALl 2HN
— — RS~ SSEH RS HE. (1983)

HEHS FRERY, SHAERLCEY. BEeRSOIHREBRCRIITRBLA{LCHT TR
——Bf0%4, SSEEE WHRMAWSE F1 5. (1983)

KPS HEERY, SEHBLESY. BRSO HEGRCREZ TR LBl T 2 TR
— —URFn54, SSEERY RRIARHES 22 4. (1983)

#F4E KEBMROEEEE MY 5 v 2 7 L8817, (1983)

HyE BESROZRMNA WEFEOMRB T IWR - —HAOSTER SRR HE. (1984)

KBNS BKMOBERBRMAHIECMET ILETR(1) - -BrHORARFBROREE L5HE— -

MEfnss~STEEE KRITAHS. (1984)




HESLE
MEE
LA RS
wHEUS
555
L1335
TS
WSS
595

He0H
o8

W2 H
WEIT

MENT
eSS

WS
HFETE
WS

WHEIS
MBS

HENE
B
HEIE
HEUE
#5158
HieH
¥ENS

AR
5195

HEHS

MO BERBLHEcMT 2REWR (1)~ B HONHBERL T2 XET 5H

F— —MRFOSS~STEERE #5IMFTHS. (1984)

BKEOERFAS LT 28eTR(M - - B HBRAC BT AWAAFE = FH

LA EIEFR O — — 55~ 51ER BIHRARSE. (1984)

kIO EEHEH LM 2REFR(V)— - B, HORSERUEN (HREROF

Ml & ERBE{L— — IBIs5~STHEEE HBTRERS. (1984)

Bkl o BREH I T 2BERMA(V) - - By BHOERBERROEF (L~

HRFNS 5~ STAERE - SR A E. (1984)

Bk EERAHLE T IEESWME (V) — —ERE/LD 3% — - s~ 57/

BRI TS, (1984) o

BAEOBRELH LMY AREMROVD - B/ BB 2BEB L T b

#H— —WIS5~STER HRIRAEHE. (1084)

%ggqﬁ%?kﬁmwﬁf%ﬁém%ﬂm——%ﬁﬁ%-—ﬁﬁ%~ﬂﬁﬁ4%%#

THE. (1984

RS L 2BRoRMNE=s U v/ FECMT SR — - IRMSS~5TFEE £5]

HRESHE. (1984

BRIEKR- R L Y-H R LB L FERID DR - — A EER T 7 F v v~

ckax /Y ENBRONE - — AT TicBi 35B{IEAMOLBRIERICEBOHA

— — MB¥055~STHE SRR ES (H 1 5. (1984)

BRI R-ZRBIY-HER YR BCERIDORR — — KL= 7 o v LARBEO

7 — —EF0ss~5TEEE BBIMAHE (58 2 57M). (1984)

Btk R-E R Y- RRBCMREILER S ORI - — HigAKIRic B it 30(E%¥

ag%?%&%ﬁﬁﬁﬂﬁ (7 4= FHRKRLY — —IAMS~5TEE HHHTHECH

3 (1984

EEAMIBILZAKREERO, B EEAR T 255K — —Hf0s6~584FEE

RSB A DRI E. (1984)

gg::{ﬁ;ﬁ)ﬁ B EAMOREBIE T2 EBNTE - —BHSSEE &5005%

HAKABROBMEE T ATR - - A~ R BATFRRESHE. (1984)

Studies on effects of air pollutant mixtures on plants— —Part 1. (1984)

(HAASFROBYLRIITEE- -F1 2

Studies on effects of air polletant mixtures on plants— —Part 2. (1984)

(HERERhoYcRITEE - -S4

BEGOEFEYHEIC L 3 ACBSEE T 5 EMIVHR — — @054~ 565F 5 FF5I0

FeGHE, (1984)

FEOLHRBL EtORBEFMT SHK — — RIS~ STERE HIIHFREE. (1984)

PHESHOERBLRB LN T 2 ERNOTR. (1984) -

Studies on chironomid midges in lakes of the Nikko National Park. (1984}

Part 1. Ecological studies on ¢hironomids in lakes of the Nikko Nationral Park.

Part 1. Taxonomical and morphological studies on the chironomid species
collected from lakes in the Nikko National Park.

(BELAmOoMdo2 2 ) 4Kl 5HA

~—® 18 BAEILEOMO2R Y 2 OEBEHHRR

— %2 EAEYCEOMNEIERT 322 U A ROSEEN, EERNHR)

DE— by Xick ARBRCBEEL DSHEN. (1984)

B B-F R Y- BRIV R L CFERCORE - - RBAAF B 2 H(LF

RERYEENBEOMI(T «— N FRE 2) - — BRI~ 5TFEE RARREE (F4

5. (1985)
%&7}2%;%%Wt#ﬂl-ﬁﬁﬁﬁ{t%%:‘rﬁ{ti‘ﬁmmm%- ~BRISS~STEE HHBTLE
BHEL O E 0BD0 QARSI F 5 RBSEOMRCIT 30K, BRIFE- toE
B LA — BN OER &R G, (1984)
kgmnot?g%ggl and environmental studies of elements in the sediment of Lake

iva.

(BEEMERET OB Y 3Bk RUCREEENHR)

A study on the behavior of monoterpens in the atmosphere, (1985)
(KRHE/, 7 A= OB MT 5HE)

ERERoamt il REFEOMR T 5TA — - WNEE HEBANSE. (1985)
EFERRFReCRATEBEOETI O, (1985)

Studies on the method for long term environmental monitoring— —Research report
in 1980-1982, {1985)

(BREHc L aBRORHNE= 2 ) v 7 FEIRMT W)

BEIZ B 3 REREOE P LBt 35— ~ IFIST/SAEE KFREE. (1989

— xi —




BB tﬁﬁ%ﬁﬂfﬁ%‘l&@&ﬁ%%itﬂﬁ'éﬁm— — % oFEEORERALBLE LT,
1
HEE HVMOKTRBESEMECB T SR - — M1~ 53EE BT HE. (1985)
%838 Studies on chironomid midges of some lakes in Japan. (1945)
(BEo#idoaz U HoOHRE)
WHME HEEREARLIBEEEFOTFEOMRBICEMY AT~ — BT~ 59FE K205
REBESHE (1985)
#8855 Studies on the rate constants of free radical reactions and related spectro-
scopic and thermochemical parameters, {1385)
(7)1 — 35 VA NORIGHEE & SEFNRURNEN 5 A — 5 — BT S H5N)
FREE GC/MSA~2 F VORB AT ALY 2TR50. (1986)
F g ﬁg%ﬁ:&?ﬁﬁémﬁoﬁﬁ&%M&!Bﬂ%ﬁccﬂwéh}?%——HEm53~5a$£ BEHE.
T MY ATBEUCTORAoHKRBRESFCR SHEERROMBICMTIHRD. FIEHRE--ITH
Fl& v R Fa— - IRFNSOERE HRIEHFRERE. (1986)
%895 Measuring the water quallty of lake Kasumigaura by LANDSAT remote sensing.
(1986)
(LANDSAT)®— t»-az///m..;éﬁviﬁoyk{a!hﬂu)
HEWS FyaFAbSA MERCALERAFRECCH TORRERETY - - NKREL LA
1004 A — b VEE) & RAHEM I EY~O0BmMEO G200 & LT, (1986)
#0915 Economic analysis of man's utilization of environmental resources in aguatie
environments and national park regions. (1986)
(Afic L s BRERFENBOEESNT — KRS & By AME =R L T)
B8 TATOMBARUSERICEY 5. (1088)
HHEIS %ﬁﬁﬁabmj:i(iggr);&{-mlﬁﬁﬁzgluﬂﬂﬂ'%m?ﬂ( 1)~ —BAfNs8~59EF SRR EHS
1 X
#¥FEUE BREOLHEBEEORBREECMTIWRE(T) - — N8~ 59FERE BIMTLERE
FE25MW. (1986)
HEHE HABBMECLZKHENECHTIRATR(]) - —BRENORE & HH- & -
FHfO0s8~S94REE 4¥RIERFTHS. (1986)
WET HABCRER X AKAXS T 3RS (D) — —KEH A0 hf oL BREE
L BtE — — RN~ SO HRIFREME. (1986)
HEITE HARMEC X AEHSRB AT RATR(D) - ~KBEUVERICE KB~
— MRN8 ~594ERE $RBIFREE. (1986)
HENS HRGLREICLZKBERECHT 3RAFR(V) - — HRG(LBELER U 0BE#
DBIR & A - -0~ ERF S HL. (1986)
HKANE FEELYBICLIKREBROL A LERARCMT 2 W — — BRIS6~595ER
HHI R RS E, (1986)
HEINE <y 2750 Y FRBICBY 3 RNEUNBORNE=2 ) v Y FEORN — - HEFY
BRMRHER URBRES I HROMAR — — 5~ 60E8 B AEE. (1956)
®1018 ggﬁ‘z;;i;?ﬁt?ﬁﬁa%ﬁmétﬁkﬁzﬁhﬁﬂ‘d‘aiiﬁhmﬂ*—Bﬁmsvﬂusuﬁ& 5B
{1
#HE1025 HMBRERAI AL BT 5 FHEMPI. (1988)
F1035 REENURE#E L TORBAEYE QN M T 2 RMAWE. (1087
#1048 Studies on chironomid midges in lakes of the Akan National Park. (1987}
(At EFEEIIAROMIcBIT 222 Y AHOHR)
HHESES WL ARSI EETHOEHE. (1987)
#¥E1065 FHEMAFEIMATIC BT 5 RUFM L REBICAT 5HI. (1987)
E bR gﬁjﬂﬂ;»i HIRERMEOF M FEE OB T 2 — — M5~ 60E R HBIHEH
987
Flse8 ﬁﬁ@]@;‘(ﬁllﬁiﬁ@{tﬁﬁﬁkﬂﬁf%w**—HHIFEIST'»GOEE B A EE. (1987
HEI00E MIZRBERMOL L ORBENH 27 4+ 30, (1987)
®;|E :Eﬁ;a‘;;;mﬂﬁﬁmgofwwtmatwfn— —IHFOS9~G0MEE RBIIRESHE.
1
WHELS Application of X-ray photoelectron spectroscopy to the study of silicate
minerals. (1987)
(r 1 BEEYARE~D X BAEBTF LR EOERD
Hi128 ﬁ{tﬁr‘%ﬁékﬁttﬁkkiﬂ’%ﬁmi‘fﬂ ST AR - - HR T e S ADER -4
Bhicfad SEHK — — BHFNSE~6 LSERE F BB, (1988)
B35 ﬁ;l&;ﬁ(?g;)ﬁtqﬂadoﬂ SEHB= T o /AT BEI - — IS8~ 61 ERE KBITHAR
HIE gi%ﬁ%;‘-&li‘é‘ﬁﬁh“%}%ﬁ@ﬂzﬁﬂﬁh-BEH‘ BEFK — - FHIN60~6 1 5EFE ARBIEH T
1988

— Xii —



MELISH
KEL1SE
HEITE
WEIRE
WEL9E
wEL208

®INE

wIny
BHl1u3e

?ggz 1(&;'@?1%5&%H@$#ﬁ3¥¢:mt6%5&#]8?3‘{~ —BMST~615ER HBIHRE

e, (19

BARSBE L 2K BRES M 2R ATR(V) - - ERANORE LT Had - -

B8 ~6 1 EBF RIS, (1988)

BARE e L 2 KERE T 2 BSME(V) - -0 ERME L RS- -
- —BHAe0~ 615 RBIBIFME . (1988) ‘ .

HRE{CHiEc kKRBT s RSTRM) — - HARERETEA LK -

Hic & Bk LR OBAR — — RGO~ 1 RITRHME. (1988)

HAP LB L 2 KRB MY ARATMEM) - —ERF{L A F OB E— -
IR0~ 615 E BT E. (1988)

ﬁﬁﬁﬂtﬁﬁ‘éa:xamﬁaﬁlznﬂ? ZEESHR(X) MM~ 1FEE HARSTRGE
Studies on the chironomid midges of lakes in Southren Hokkaido. {1988)
(reEERoMicBY 322 Y FIEOTHHR .

BUS Y LTHCHT A Y —DBARE 7 « — A FEBI~OKA. (1989)

My 2 rsory FiBcE I 2BRBFEEMBORHE=2 ) Y FHEOWF(N) - - HSD

%zﬁu;ﬁithicsﬁajcﬁt?ﬁﬁéﬂzﬁmﬁ8:{-@@!#1——Hafnshszﬂiﬁ HRTRRE.
1989

HIUE BENSTRHCHRLAE2 & o X OBMEENRURBEDEMNSE. (198

H1258 Chironomidae of Japan: checklist of species recorded. key to males and
taxonomic notes. (1989)
(HRBUH7YTEZAV RO s v 7 b HRBRORER)

HE s y3y v PR 2RBBEENHORN =7 1 Y YFEOURE(N) - - &R
Bic B3 s7kEB oK & BRETOBRICH - — Hfose~ 62l KRIHAME. (1989)

B8 HEERABN I 3 HBRBKE S LT HERK. (1990

(& FF)

ElvAL- R R e

#1285 Development of an intelligent decision support system for environmental modeling
and planning. (1991) .
(ERoz# ) vy LHBEOLSONNBERENE 2 7 A ORH)

F1208 ERENcB 3 {LERBORFLMTIWMTE(L) - —Eky~r /750 L5145+

v — - BTG L~ P AR FRITAAE. (1991

% EREAL

— xiii —




Report of Special Research Project of the National Institute for Environmenta}! Studies:

No. 1% Man activity and aquatic environment—with special references to Lake
Kasumigaura—Progress report in 1976. (1977)

fo. 2% Studies on evaluation and amelioration of air pollution by plants—Progress
report in 1976-1977. (1978)

Research Report from the National Institute for Environmental Studies”:

#No. 3 A comparative study of adults and immature stages of nine Japanese species of
the genus Chironomus(Diptera, Chironomidae). (1978)

No. 4% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system—Progress report in 1977. (1978}

No. 5% Studies on the photooxidation products of the alkylbenzene-nitrogen oxides
?{;%g? and on their effects on cultured cells—-Research report in 1976-1877.

No. 6% Man activity and aquatic environment—with speclal references to Lake

. Kasumigaura—Progress report in 1977-1878. {1979)

#Ko. T A morphological study of adults and immature stages of 20 Japanese species of
the family Chironomidae{Diptera}. {1979)

#No. B8# Studies on the biological effects of single and combined exposure of air
pollutants - Research report in 1977-1978. {1979)

¥o. 9% Smog chamber studies on photochemical reactions of hydrocarbon-nltrogen oxides
system—Progress report in 1978.{(1979)

No. 10% Studies on evalvation and amelicration of air pollution by plants—-Progress
report in 1476-1878. (1479}

#No. 11 Studies on the effects of air poliutants on plants and mechanisms of
phytotoxicity. (1980}

No. 12 Multielement analysis studies by flame and lnductxvely coupled plasma
spectroscopy utilizing comouter-controlled instrumentation. (1389)

¥No. 13 Studies on chironomid midges of the Tama River. (1980)

Part 1. The distribution of chironomid species in a tributary in relation to
the degree of pollution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.

#¥No. 14#% Studies on the effects of organic wastes on the soil ecosystem—Progress
report in 1978-1979. {1980}

#No. 15% Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1979. (1980)

No. 16% Remote measurement of air pollution by a mobilte laser radar. (1980)

#No. [T# Influence of buoyancy on fluid motions and transport processes— Meteorological
characteristics and atmospheric diffusion phenomena in the coastal region—
Progress report in 1978-1979. (1980)

#No. 18 Pre?a?atlog, ‘analysis and certlflcatlon of PEPPERBUSH standard reference mate-
ria 1980

#No. 19% Comprehensive studies on the eutrophjcation of fresh-water areas—Lake current
of Kasumigaura(Nishiura)—1978-1979, (1981)

#No, 20# Comprehensive studies on the eutrophication of fresh-water areas-— Geomorpho-
logical and hydrometeorclogical characteristics of Kasumlgaura vatershed as
related to the lake environment— 1978-1976. (1981) -

#No. 21% Comprehensive studies on the eutrophication of fresh-water areas— VYariation
of pollutant load by influent rivers to Lake Kasumigaura— 1978-1979. {1981)

No. 22% Comprehensive studies on the eutrophication of fresh-water areas— Structure of
ecos¥stem and standing erops in Lake Kasumigaura—1978-1979. (1981}

No. 23+% Comprehensive studies on the eutrophication of fresh-water areas— Applica-
bility of trophic state indices for lakes—1978-1979. (1981)

No. 24% Comprehensive studies on the eutrophication of fresh-vater areas— Quantitative
analysis of eutrophication effects on main utilization of lake water resources
—1978-1979. (1981}

No. 25% Comprehensive studies on the eutrophication of fresh-water areas—Grovwth
characteristics of Blue-Green Algae, Mycrocystis—1978-1979. (1981)

¥ Starting with Report No.3, the series title was changed.
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¥ No.
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26%

2%

29

J0%

32%

33%

344

35%
364

484
49%

Comprehensive studies on the eutrophication of fresh-water areas—
Petermination of argal growth potential by algal assay procedure— 1978-1%79.
(1981}

Comprehensive studies on the eutrophication of fresh-water areas—Summary of
researches—1978-1978. (1981)

Studies on effeets of air pollutant mlxtures on plants—Progress report in
1979-1984, {1981}

Studies on chironomid midges of the Tama River. {1981}

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
and their disiribution in relation to the pollution. ¥ith sewage waters.

Part 4. Chironomidae recorded at a winter survey.

Eutrophication and red tides in the coastal marine environment — Progress
report in 1979-1980. {1982)

Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1980. (1981)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen
oxides system—Progress report in 1973—Research on the photochemical
secondary polletants formation mechanism in the env1ronmenta1 atmosphere

(Part 1), (1982)

Meteorological characteristics and atmospheric diffusion phenomena in the
¢oastal region—Simulation of atmospheric motions and diffusion processes —
Progress report in 1980. (1982)

The development and evaluation of remote measurement methods for environmental
pollution—Researeh report in 1980, {1982)

Comprehensive evaluation of environmental impacts of road and traffic. (1982)
Stedies on the method for long term environmental monitoring— Progress report
in 1980-1981. {1982)

Study on supporting technology for systems analysis of environmental policy
—The Evaluation Labolatory of Man-Environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference
paterial, (1982)

The development and evaluation of remote measurement methods for envmronmental
pollution— Researeh report in 1981, (1983)

Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1981, (1933)

Statistical studies on methods of measurement and evaluation of chemical
condition of soil—with special reference to heavy metals—. (1983}
Experimetal studies on the physical properties of mud and the characteristics
of mud transportation. (1983)

Studies on chironomid midges of the Tama River. {1983}

Part §. An observation on the distribution of Chironeminae along the main
stream in June, with description of 135 new species

Part &. Description of species of the subfamily Orthcladiinae recovered from
the main stream in the June survey.

Part 7. Additional species collected in winter from the main streanm.

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system—Progress report in 1979—Research on the photochemical secondary
pollutants formation mechanism in the environmental atomosphere(Part 2). (1983)
Studies on the effect of organic wastes on the soil ecosystem—OQutlines of
special research project— 1978-1980. (1983}

Studies on the effect of organic wastes on the soil ecosystem— Research report
in 1979-1980, Part 1. (1983)

Studies on the effect of organic wastes on the soil ecosystem—Research report
in 1979-1980, Part 2.{198%)

Study on optimal allocation of water quality monitoring points. {1983}

The development and evaluation of remote measurement method for environmental
pollution—Researeh report in 1932. (1984)

Comprehensive studies on the eutrophication control of freshwaters—Estimation
of input loading of Lake Kasumigaura— 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters—The fune-
tion of the ecosystem and significance of sediment in nutrient cycle in Lake
Kasumigaura— 1980-1982. (1984)

Comprehensive studies op the eutrophication contrel of freshvaters-—Enclosure
experiments for restoration of highly eutrophic shallow Lake Kasumigaura—1%80-
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53%

543
55%
55%
574
58%
59%

60%

G2+

G4%
65

66
674

63%

70

T1%

2%

18

76
174

78+
19

1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters— Seasonal
changes of the biomass of fishes and crustacia in Lake Kasumigaura— 1980-1982
{1984)

Comprehensive studies on the eutrophication control of freshwaters—Modeling
the eutrophication of Lake Xasumigaura— 1380-1382. (1884)

Comprehensive studies on the eutrophication control of freshwaters—Measures
for eutrophication control—1980-1932. (1984)

Comprehensive studies on the eutrophication control of freshwaters— Eutrophic-
ation in Lake Yunoko— 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters— Summary
of researches— 1980-1982. (1984)

Studies on the method for long term environmental monitoring — Qutlines of
special research project in 1980-1982, (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system — Photochemical ozone formation studied by the evacuable smog
chamber ~Atmospheric photooxidation mechanisms of selected organic compounds
—Research report in 1980-1982, Part 1. (1934)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system—Formation mechanisms of photochemical aerozol —Research report
in 1980-1982, Part 2. {1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system — Research on the photochemical secondary pollutants formation
mechanism in the environmental atmosphere(Part 1) —Research report in 1980-
1982, Part 3. (1984)

Effects of toxic substances on aquatic ecosystems —Progress report in 1980-
1983. (1984)

Eutrophication and red tides in the coastal marine environment —Progress

‘report in 1981. {1984)

Studies on effects of air pollutant mixtures on plants—Final report in 1979-
1981. (1984)

Studies on effects of air pollutant mixtures on plants—Part [. {1984)

Studies on effects of air pollutant mixtures on plants—Part 2. {1984)

Studies on unfavourable effects on human body regarding to several toxic
materials in the environment, using epidemiological and analytical techniques—
Project research report in 1979-1981. (1984)

Studies on the environmental effects of the application of sewage sludge to
soil —Research report in 1981-1983. (1984)

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research
report. {1984)

Studies on chironomid midges in lakes of the Nikko National Park

Part 1.Ecological studies on chironomids in lakes of the Nikke National Park.
Part I.Taxonomical and morphological studies on- the chirononid species
collected from lakes in the Nikko National Park. (1984)

Analysis on distributions of remnant snowpack and show patch vegetation by
remote sensing. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system— Research on the photochemical secondary pollutants formation
mechanism in the environments]l atmosphere — Research report {n 1980-1982
Part 4.(1985)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system—Final report in 1980-1982. (1985)

A comprehensive study on the development of indices system for urban and
suburban environmental quality—Environmental indices —Basie notion and forma-—
tion. (1984)

Limnological and environmental studies of elements in the sediment of Lake
Biwa. (1985)

A study on the behavior of monoterpens in the atmosphere. {1985)

The development and evaluation of remote measurement methods for environmental
pollution--Research report in 1983. (1985)

Study on residents’ role in conserving the living environment. (1985)

Studies on the method for long term environmental monitoring—Research report
in 1980-1982. (1985)
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85

6%
47+

88+

89
90%
81

92%
93¢

94%
95+

96
T+

93%

100%

101#

102#
103%

104

105%
106#
107+

Modeling of red tide blooms in the coastal sea—Research report in 19%2-1983.
(1885}
4 studies on effects of implementing environmental impact assessment procedure
—With particular reference to implementation by local governments. (1985)
Studies on the role of vegetation as a sink of air pollutants— Research report
in 1982-1983, (1985)
Studies on chironomid nidges of some lakes in Japan. (1985)
A comprehensive study on the development of assessment techniques for health
effects due to environmental heavy metal exposure—Final report in 1982-1884
{1985)
Studies on the rate constants of free radical reactions and related spectro-
seopic and thermochemical parameters: (1985)
A novel retrieval system for identifications of unknown mass spectra. (1936)
Analysis of the photochemical secondary pollutants and their toxieity on
caltured cells—Research report in 1878-1983. (1986)
A comprehensive study on the development of indices systems for uvrban and
suburban environmental quality 0 —Environmental indices—Applications and
systems. (1986)
Measuring the water quality of Lake Kasumigaura by LANDSAT remote sensing
(1986)
National trust movement in Japanese nature conservation — Trustworthy or
illusion?(1986})
Economiec analysis of man's utiligzation of environmental resources in agquatic
environments and national park regions. (1986)
Studies on the growth and decomposition of water-bloom of Microcyctis. {1986)
Studies on the environmental effects of the application of sewage sludge to
soi1{ 1) —Research report and papers{Part 1}in 1983-1984, (1986)
Studies on the environmenta] effects of the application of sewage sludge to
soil (1) —Research repart and papers{Part 2)in 1%83-1984. (1986)
Comprehensive studies on effective use of natural ecosystems for water quality
management{ I ) —Drainage and flowing down of pollutant load— Research report
in 1983-1984. (1986)
Comprehensive studies on effective use of natural ecosystems for water quality
management { I } ~ Structure and function of the ecosystems of littoral zone —
Research report in 1983-1984. {1986) '
Comprehensive studies on effective use of natural ecosystems for water quatity
management (II) —Self-purification in stream and soil—Research report in 1983-
1984.(1986)
Comprehensive stedies on effective use of natural ecosystems for water quality
management (IV) — Development and application of wastewater treatment technolo-
gies utilizing self-purification ability— Research report in 1983-1984. (1986}
%ffec;s of toxic substances on aquatic ecosystems —Final report in 1981-1934.
1386
Studies on the methods for long-term monitoring of environmental polivtants in
the background regions—Development of highly sensitive and selective analyt-
ical methods for measurement of pollutants in the background regions—Progress
report in 1983-1985. (1986}
Experimental studies on the-effects of gaseous air pollutants in combination
on animals. (1986)
A review on studies of the global scale air quality perturbation. (1986}
Technological assessment of eleetric vehicle from the environmental protection
viewpoint, (1987)
Studies on chircnomid midges in lakes of the Akan National Park. (1987)
Part 1.Distribution of c¢hironemid larvae in Lake Akan, Lake Panke and Lake
Kussyaro.
Part E.Chironomid midges collected on the shore of lakes in the Akan National
Park, Hokkaido(Diptera, Chironomidae)
Formulation of the dynamic behavior of water and solites leaching through the
field soil. {1987)
%ppr?;sed landscape and thier environmental value in Tsukuba Science City.
198
Studies on remote sensing for spatial and temporal analysis of environment—
Research report in 1984~-1985. {1987}
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[174
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124»
125
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in Japanese

Studies on the role of vegetation as a sink of air pollutants—Final report in
1982-1985. (1987)

Studies on environmental! information system for regional environmental

evaluation. (1987}

Modeling of red tide blooms in the coastal sea —, Final report in 1984-1985. -~
(1987)

Application of X-ray photoclectron spectroscopy to the study of silicate

minerals. (1987) - *

Study on the organic aercsols in the photochemlcally polluted air — Studies

?n fo;mat1on and behavior of organic aerosols — Research report in 1983~1986.
1988

Study on the organic aerosols in the photochemically Polluted air — Final

report in 1983-1986. (1988)

Studies on the assessment of the hazard of <chemlcal substances to aquatice

ecosystems — progress report in-1985-1986, (1988)

Experimental studies on the effects of gaseous air pollutants in combination

on animals — Final report in 1982-1986. (1938)

Comprehensive studies on effective use of natural ecosystems for water quality

management(V}-ﬂDrainage and flowing down of pollutant load— Rersearch report

in 1983-1886. {1988)

Comprehensive studies on effective use of natural ecosystems for water quality

?anagement(\ﬂ)-Lake restoration and ecosystems— Research report in 1983-1986
1988}

Comprehensive studies on effective use of natural ecosystems for water quality

. management (VI) —Use of self-purification in soil and stream. and development

of biological waste water treatment technology~— Research report in 1985-1986
{1988)

Comprehensive studies on effective use of natural ecosystems for water quality

management {VB) —Evaluation methods of self-purification water treatment systenm
—Research report in 1985-1984, (1988)

Comprehensive studies on effective use of natural ecosystems for water quality

management (IX) —Final report in 1983-1986. (1988)

Studies on the chronomid midges of lakes in Southren Hokkaido. (1988)

Development of pseudo-random modulation C¥ lidar and its application to field

measurements. (1989)

Studies on the methods for long-term monitoring of environmental pollutants in

the background regions (I} — Atmospheric pollutants on the remote island and

?ountains: concentrations and variations— Research report for FY 1983-1987.
1989)

Studies on the genetie and microbieclogical characteristics of the Japanese

quail exploited for the research of environmental science. (1989}

Chironomidae of Japan: checklist of species recorded, key to males and

taxonromic notes. {1989)

Studies on the methods for long-term monitoring of environmental pollutants in

the background regions (I) — Representativeness of water samples and histori-

cal change of pollutants in sediment of Lake Mashu— Research report for FY

1983-1987. (1990)

Land subsidence caused by pumping for melting snow in Muika-machi, Niigata

Prefecture. {1990}

Development -of an intelligent decision support system for environmentai

modeling and planning. (1991) )

Studies for a systematic evaluation of chemosphere under highly advanced

techno]ogjes(l ) — Chlorinated dibenzofurans and chlorinated dibenzodioxins -

Researéh report for FY 1987-1989, (1391)

out of stock
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