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Abstract

This report contains five papers which describe the results of the studies conducted mainly in
Aerosol Physics & Chemistry Section of Atmospheric Environment Division, the National Institute
for Environmental Studies. All the studies were done as a part of the project “Study on the Orga-
nic Aerosols in the Photochemically Polluted Air”, which was started in 1983 and carried on for
four years.

The first paper in this report deals with determination of aerosol yield from eycloalkenic and
aromatic hydrocarbons, which are main precursors of a atmospheric organic aerasols. One of the
important results obtained is that the organic aerosols from cycloalkenes are produced exculsively
by the reaction with Q3. It has also been found that the carbon-basis aerosol yield from cycloal-
kenes is dependent on their initial coneentration, decreasing non-linearly as the concentration de-
creases. This implies that, in obtaining the yield in the actual environmental condition, an extra-
polation of the result from higher concentration experiments to the lower concentration region
should be done with caution. The aerosol yields from Qg reactions have been determined for sever-
al cycloalkenes with the concentraion less than 1 ppm. The results have come out to be a few per-
cent, and it is inferred on this basis that a portion of the hydrocarbons converted into the aerosol
in the actual environment is consiederably less than a prevalent estimate of 5 ~39%. Experiments
with aromatic hydrocarbons have been done for 15 species including toluene, xylenes, etc., and the
amount of aromatic aerosols formed in an urban atmosphere is evaluated.

In the second paper are described the results of the field observation done at Takasaki City in
a period from July 28 to 30, 1983 to examine the variation of the particulate carbon contents. On
the basis of the analysis of the carbon contents into polar, non-polar and elemental carbons, the
relative contributions of the primary emission and the secondary formation are discussed.

The third paper reports on another field investigation carried out for determining the concen-
trations of aldehydes and carboxylic acids in fogwater. The observation place is Mt. Akagi, which
is, like Takasaki City, a receptor site of the pollution transported from Tokyo Metropolitan Area.
The time variations of aldehydes and acids are recorded for a particular fog event for about 16
hours,

The fourth paper is on a laboratory experiment done to study the catalytic nitration of
pyrene. The activities of various catalysts such as SiQz, CuQ, NiQO, Fez O, ete. are examined with
defferent conditions of temperature, humidity, amount of catalysts, etc. As a result, it is concluded
that the nitration may proceed at the tail-pipe of an automobile.

The fifth paper is concerned with an experiment on the reaction of molecular clusters, which

pertains to the gas-to-particle conversion process.
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Abstract

By using a 4 -m® chamber, photochemical aerosol formation from mixtures of a eycloal-
kenic or an aromatic hydrocarbon and nitorgen oxides was investigated with the main pur-
pose of determining the aerosol yield from such a hydrocarbon, for which little yield data
are currently available, It was confirmed that the aerosol from cyclohexene (CgHyo) was
produced by its reaction with ozone (03), while the produts of the reaction with OH radic-
als contributed only about 1 % to the particle formation, The carbon-basis aerosol yield
for CsHyp was determined to be 18.3 1 3.6%, when the initial concentration ([CeHiglo)
was in a range 5 ~10ppm. However, the yield was found to decrease non-linearly as the
initial concentration was decreased, lowering to about 4 %, when [CeHyolo=0.1ppm. Con-
sequently, it was pointed out that, in obtaining the yield in the actual environmental condi-
tion, an extrapolation of the result from higher concentration experiments to the lower con-
centration region should be done with caution. For several cycloalkenic hydrocarbons in
lower initial concentrations, the aerosol yield from the dark reaction with O3 was deter-
mined. The resultant yield was constant in a range of 2 ~ 6 % for each hydrocarbon stu-
died, when the initial concentration was less than 0.lppm. On the basis of these data
obtained in this study, a portion of the hydrocarbon converted into the aerosol in the actual
environment was estimated to be considerably less than the prevalent value 5 ~3%9%. In
addition, the effect of the relative humidity on the particle formation was studied; it was
observed that the volume-basis yield increased when RH exceeded 40%, whereas the car-
bon-basis yield was independent of RH. This implies that the aerosol products of the photo-
chemical reactions are hygroscopic, but the gas-phase reactions themselves are not affected
by the presence of water vapor. Experiments with aromatic hydrocarbons were done for 15
species such as toluene, xylenes, trimethylbenzenes, ethyltoluenes ete. For the initial con-
centration of 1 ppm, the carbon-basis aerosol yield was generally close to 5 %, except for
p-substituted toluenes, which had a significantly lower yield of about 2 %. The volume-ba-
sig aerosol formation rate showed a similar irend. For m-substituted toluenes, however, the
vield tended o be larger. Since the only important depletion pathway for the aromatics in
the atmosphere i$ the reaction with OH, the yield data obtained in this study were com-
hined with the estimates on the concentrations of aromatics and the OH radical.in the urban
atmosphere to evaluate the amount of the aerosol formed in that condition. As a result, it
was inferred that the aromatics contributed considerably to the formation of the organic

aerosols.
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Alkanes plus alkenes CsHi1+ CsHe 5 — 10
Phthalates CgHs03 1.4 —10
Hexanedioic acid {adipic acid} CsHgO; 0.4 — 9
Pentanedioic acid (glutaric acid) C4HgO2 0,1 — 5
. Heptanedioic acid (pimelic acid) CeH 1002 0.1 — 2
Substituted benzenes C;Hs 0.1 — 2
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- Dihydroxybenzenes CeHs02 . 0.02— 0.7
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-2 A 5.0 0.5 0.5 - - 30 0.2 D 9.4 8.8 39.5
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OB T LRI E 2 HR LTV D, EIIGICERE, CHiot 03 RIED—RKARK
Wita, w-YTNFE FRFw-FV-a-HNKEVEETHL, S0 HRERERENIBV (B
2510 %am T b5 ppm) OTL 7 IV VARSI EA EFE LAV, & IADRED
HAE SRV OT, EREEICEEHICEET D HOE L & IR ETHT
Wt 2, LImhSoTET O/ VMR Coliy OMEIRE CHIET AL D b SvaT, #ix
FREKHHT D LIRS, EEAUTHS CRALEBE, SO ThEHB4HI EHTE
Do TOLI HFEEEBLT, Cellio DMLMAEAD.04ppm LT ORE K % FL L THRE L
T, FOME D6 O KIETHE LA CHig BALRELS ) Q7 o VL IIET RO S L415
+33 semiem ~ ppm T & % B D AURSEICEE L7 Cotlio DATH LI Y 72 D OILE220 mem ™
ppm L O ZEERWHTH B, ST, 03 LUTOH E UL LTHKET 3 Collio DRIIFIHE
BT LA, g e ORIBIZTA T OV VERIIFESTLEEVWS I ETH L,

2,2 2 REEZEOITFOJNRE

RETSREOT 7O/ VINELRET LI, KD TERLETHRIEL 7409 —H
1, REERERO:, [CHiolo< 1 ppm TIE7 4 V8 — LORFRIH & E N IRHER
WA S b 7 AR E P ORERDFHE {2 B2HIL, AOC DREBREFK S <
Dy I T[CsHiolo < LTS5 ~10ppm QFEEMTER L. JOHREE DL LIIHEEKHED
TR EINLREERY, M8 LEH, 03 EDOIETHE LARIKHL T S Cotyo HREIH
LTFay FLLOHRH THEH, HOEBOEESS O3 & FIE L7z Clle 1 ppm H A2 9 @
ITTOVNREEREY RSB E555+178 ug-Cm ppm ™' &4 B, REREDONELELE
ERAE B A AR L QICRAICT DT, TOF— ¥, REREOINHEIL [CsHiolo < RH
L EOMMAT AT — R OME R B DL TH S, 5 EOERY LTHHHIZ528
+104 prg-Cmn Pppm ' Bl o i, TOMEIR% —ICEICHRE TS L18.3£3.6% (2 o) ITHIAL,
130 Hatakeyama & (1985) 4% O3+ CoHio O RS2 B DT X 1 Hesd 7o s Epk 5 DIUR13 =
3% LHEOHBANT—ELTWS,

AHIRTIERAIC NO, ATEAET A 720, HTRWEL LTSRS ER LT A TH
MAtH D, FICTEOIHELS run(FEA® run 1) EF COEMST CREHEREITY, BT
BTHITO TN E T4 VS — B L TREEAON) % ER L7 L 5 AON 2] pg-Nm™°
Thote K, FHURICHEIZEITS AOC BIEIE 9 751400 pg-Cm™° LPEESLDLDT
[AON]/ [AOC] He o i130.015Td B, (i BMMAERD I RER6 D€/ +4 P L— FEJT
HorThE, TOR19EL2ETFTHLNENEIRZAID LILBPITNEY, AOC B
TATRERGE THLEMELTEMNHEIS NEBCLOLEE LV LOOEMEERAT 2
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Aerosol Organic Carbo

1 2 3
kif[CeHll0;1dt  (ppm)

B 9 O3 &ORISEICHET S CoHio i L KT T OV D FEHREE (B
BIEERLD) L MR

F 4 CeHiot O EBTHERT A7 U@ IR

OB R K BOE ¥ o# I o
No. [CoHi  [NO] [NOJ RH
{ppm) (%) {pp-C ni ® ppm-CsHig ")
1 4.81 045 070 4.6 555 + 178
2 4.93 0.4 061 30 538 + 454
3 5.17 0.50 0.58 53 646 = 1370
4 0.2 0.87  1.45 30 493 + 528
5 9.90 0.8 1.44 30 512+ 138
R 528 + 104
R (%)Y 18.3 + 3.6

al Ok ORIERIZHNYT D ColHy IBEHTAERI 7O/ ILOBEEBREND 7D o b
(H9)DHEE L Dk,

b) 303K, 15FET CeHig 1 ppm id R FEBRIE2890 wg-Co S IZHIN + 2
SERERLTESINEL WA,

E1:1128% %, LT, NEFLLOOEBRREETAVWLERESNL, COFKRE, 6
-nitratohexanoic acid FEE L T 7 0 S VEEMO—2>TH 5 & 9 Grosjean & Friedlander

(1979) OB L IT—H LAV, TOEVERLOERERERLICBIIAWY N, itFOHESE
ILkBbDEEZLND,



BALKEN S OB 7 o AR OB

2.2 3 BEOEE

BEEETH~ND0IZ, [Cetiolo~0.3, [NOlo~ [NOzlo~0.03ppm, D#H4EMC, RH 10
~50% DEFH CEL S TERBLIT - /2, #RLEHIOCRY. Mooz 0; & ORI &
HVEEONFECT, MBLREMLZ 7Oy FTHROLNIZEREOHEEILRKOEN S, RES0Y%T
T FGILEG R ICEE LAY, RHS40% 2% 5 & BEOBMINICEE - TRy Nt 2, &
ZAHTL2. 1 TARLEHICZT O/ AMRTHROKEFTMOKE OFMHIZH DT, EAAIE
A3 5Y—AL7ROKSERECERTFHROKILEHIEEHCHEESRE, Fv ri—HOZ
AOIRH £ LV RH=50% D> - AL T4 ERA LA L SOV IZH L RH< 1 %Dy —21L7
THWTHLOR VoML Vo e ThiE, Mass vy/v~0.73L %%, CoOlERizkOEV
HBHEOT TV WINRIIETD L vV BEOEERMNE LR, JHARE=50% 253 2 H100
EHFDEATH L, FBIZL T RH=0%DENLOFT— ¥ 4B ENL, DL KFH ML
PEOGRHREENFEIRI CE6T—ETHh, SNIIRELEOIESRI IZEFLEZVWE W
IRADEREGESHE LD, LA > TALTR LAMBOSENE RE>40%TL7 O/
BT P CAPTD A TN THREAHNT 22 E2RL T B, MEITELAE )2 d, B
BT —EMEIZET D, TOFICBUAEEIRHICH LTIy F LAOMHIOOTFTHOMBTH
Do d, it RHE30% Tid RH IC4KFF L% A5, RH=A0% TiA4 D gD+ 5, —%, CNC C°Hl
SE L7 el O IEEE (d[CN]/d) 12 RH=30% TIHE—E Tdh » 7-4%, RH240% THE30%

= 500
5
a
& soof /@/
L&)
™
€
< 300k 4 {J ;-%/.-- ..... ¢ _| E
1 =
o £
Ezoo— 402 E
> {4 B
= 1 1&
1 1 1 1 1 0
0 10 20 30 40 50
RH (%)

B 10 HREELT O VIE (Lo ) RERIBRTHOTFEGE d, (T i
) DRERET
OB B DR — R 1T % H TR LRI V, 1T ¢
YU, Collyo DHIHHIENE 20, 3ppm.




BOREDL

LUF DA o tbT# ViR & { e o o —#0i0, SHRMEEFAED 2 L EFEL, £
NOPMEMRBEE LR TR —ObEilid & 0 —BIEHR & O b VERE (1 3 TAETFE) 47
#2 2 % (Friedlander, 1977), RHZ40% 23375 d[CN]/dt ORiBE, T OREWIRICH T A%
SEMEA R ek E OMHBEMERIZ L v EENFEOMMICHIG LT Y, ROFEBERIZE I8
HEhb, BEERTEHONDEL RHZ40% THB LT OBEICETIRE kol
i, RHZ40% TORGFREBICES C AN/AT) OMIMIC L - T, NPILZoTH L,
—H RH~50% 123115 V OB RHS30% 2 BNl AR Lk o 2w T, Mol
BZIE E THFANE L kol B2 UL d, DRV Y BEHT A EHNTE D,

2. 2. 4 L7OAYVMIEOHPRE&FYE

B UKL S, EROFRNERTRRIKRBENRERREL D L 3T ER
HETHE TR Twa, L La7a v VIR AHRBEICERET ATEERH LT
[Cotiolo &N DBFREHTHND &S LR EH/, TR ERZ LI, [CHiplo<
ppm TUYLEDFAF I E (%Y, [CoHol —0.1ppm Tid 5ppm O & XD 1 /10#EEIZE THAT
HBIEIFERMET S, £ AT, Hatakeyama B (1987) 10X B iTbhiz 0¥ 2 UT NI ¥R
ICDERDAH I L, TORL»SOEELEREERD 22T ¥ —F 4 Y TRLL
w-FFIBNKRIFEE @, 0-FTNFULIRTHL, WEH TR INLABELUIREINTe, w
SUANRYBIILRBEDEERLND, TRLDOWHDBREREIIOVWTY TV Fod

1200
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RILAED SOy 0 SN EHEORE

{CHn-<]l « O3 — (Cﬂzw —_— (CHz{s\CHOO

e
_,__ (CHz)/\coon Mo zf}gagn & 00"

(Gh){‘/CHO « €02

(CH:)--A -COz H
selt
(CH i reaction (CHMO
. /cuo on /coou on - COOH

o7 oo ™ CRL a0 oo

B 12 O3> 727N ¥ (CiHam—z n=5, 6, 7)HEO—Ribihi2s—
A

(Hatakeyama et al.. 1987)

F o h R BOBENRS B (Grosjean, 1977) DT, EllRonbIEOBEEE T AL
SHEOMEAFERT AN ELTHMTE 5, Tab5, [CHlo@mnE sl %y A
NRCEESTAFe FORFPLTa sV E LT@RET A, [CHuwle B+ b E
PTLTFe FOGEMEANERTEIEL W ADEMICBE Ly Oy VERICES TEa R (R
BEOTAFTIANECBIEIUFI T 0 /T 5, HIOEREIY 7 LVFe FOBRRESEN]
ppm {10 Torr) fHEDMETH B Z & 4TI L T 2,

2.2 5 EBRESERBICETS ;5O FOVILILE
2.2 1RW2. 2. AOHEBTHOAIEE,S
1)1Tmfwum&mﬁamaimu(mtmﬁmuﬁ?&&uﬁ%t&w:&

2) OIS ODI T NVRER S 70Ty OWBRES NS 2B ERITAI L,
WROLA LG T, Lith o, BEFTOI 70T A5 v L7 O AAOERELMLT:
BT, ppb LANVOEEEHIIBITE O KBS 60T oy VIR RET ZLESH S,
FO L RIRREDERTIERLT O NE T A VY — (T L TRFELERT B 2 AR
ETHHOT, FMETIH[AOCI L EAAMETHOND V, L ORFEEH LN LHOWNTE A,
Vo DWMEED 5 [AOC] B, P rund by RUKEICILY LW 584 OFERRILAE
DRERIL(0s LOBRERELNIIL D 27OV A R4 EE, [A0C]E Vy DRFRE 7T b L
2L ONBIBTH B, TORL ) EEOMIZHEMEFAREOMIC & & &V E— O HRER
AT HZEAH D THD, RFEOHEROMEREMFROLT 0 VIVRTILREND REE
BIHLLTHBN, #0MEi30.4920.02¢-Cem ™2 LD S M7,

I7 O/ VINEERS L 2HOERIE RE=50%, [ 7 0 7 L4 ¥ ]¢=10~100ppb, [Os]o>[3
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Vg by EAA (10’ m?)

B 13 7o vRERE(AOC) & AFRE V, DM
H4 0B LERAERREERA--UESE B R ¥y, O bz,
Alo-¥LLy, @ m-FiLy, OipFiby, v 1,3, 5-b)2AFN
NuBy, AT FNNEL, + 0T,

20T AT ] EVIRBODL ETIThI, O EBAD I 20T VT & L OBIEEEERIE
BECHE SR T WA RS, 1985) 0T, FRICHESWTHHICIMAA L 72T b4 DI8% 40
FCHET AL (0] DEFERE L 2o 50~6000 Vy ¥BIEL, FOTEHE,LNEELE
B, O LTkODAEREREO LT OVAMEL [ a7 ]l LT 7Ty
FLUALOFE, 151K T, BHDCs, Cs Cr, 1-MeCs, 1-MeCs 3-MeCg tE¥H
B, Oy T Ly, YruanFky LryunTiy, 1-AFLisuRyFy, 1-4F
Wiz uangly, 3-AFNL7UNELyERT, CORDOhRAL I[P TT VT ]
0<100ppb TIRL7 OV VEERRL 7 a7 L v ]l RS T —EDMBEITR 5 Tunbh, LA
T, BEOFEBEELRKD, TAr GBI 70/ VRE L, #0501 Cs T2.2
+0.2%, CsT3.910.5%, C; T6.5£0.6%, 1-Me-CsT2.840.6%, 1-Me-Cs T5.911.2%,
3-Me-Cg T1,74£0.3% & %2 » 72, Hatakeyama & (1987) #5558 (70~ 470ppm) EBRTH 72 Os-
HraT Ny o RIBOERPTIEOBELES IRL, 2R VALK BOI#ERC T £
1%, CaT3+1%, & TA4T1%ERFLOLNTVE, AP THL 7oV VILEOE
Wedr-Ax v A NVEBNEL L BT 5, £ROZ ppb BEHT 0 Rieh H4KT 5
I7POVNEe-FEFVAANRYBETHLEHMEREND, T IOMREEIIOLT TV )VEE
OBENIF LT SNTHHUIZLETHE I EHETIT TS,

KEEEBEHYZET T EREH TR, Yo7 bryO—HEOH LB LTETI VLA
T e HET AP0, ERBEENTICB AL 70T N » 2 5DORTFIRGEDERER,
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[methylcycloalkenely  (ppb)

B 15 AFAEBRY7IRCTFV(C)RTLZUAFE Y (Co) & 03 DIILIS
L 57 o VRO RIEAFARE ST S

bk Oy FIEIT & HHEREL DSBS 2B, LEA o T Grosjean & Friedlander (1979}
HE 275 ~39% L IHVERLN LY b AR SwEEEESND, —F, KEOAE
TR EA DY ST T N v IBEAN TN S 10ppb LUF (Grosjean & Friedlander, 1979) T# 5
OIH LT, a, w-IH LN EEREIR0.4~ 9 pxgm™ ¥ (Grosjean et al., 1978; Schuetzle et al.,




F 5 FVr-TrUT N L RIBOREE E S (Hatakeyama ef al., 1987)

B B 5 W I
(— &k % W %) Cs Cs Cs
__~CH ~+CHs (CHy} . sCHO+CO, 11+1 1742 18+ 3
(CHa) -, H +03 {Cn-1 monoaldehyde)
K\%H
~+CHO (CHy) ,-sCHz2+CO+H 317 25+ 8 12+410%
(Cp-1 dialdehyde)
—CHQ(CHy) ,-.COO0H 1+1 3+1 4+ 1
(C. oxo carboxylic acid)
—CH3z{CHa) ,-sCO+HCOOH 1143 12+1 4+ 2
1 Oz
€O+ HCHO4 CoH, (Cs)
CO+products (Cg,Cs) i
—CHO(CHy) ,-sCHOH+CO 24419 fx 3% 53
{(C,-1 oxo alcohol)
+OH (?) —CHO(CH,), ,CHO 31 74+197 34+ 22®
(C, diadehyde)
sum 81 70 77
al CO, (it
B CO YR

¢) LTOIIRsE e
d) CO, BETHELAVTALFRIELC ., V7AF e FiERLOE,L5HE

1975; Cronn et al,, 1977; Appel et al., 1979) VA MERADTH L, P ra Ty » OFFHEEL -
Bopb/h EFBY, ABBEREDS a7 —OBIKE SRS 7T My Y h S ERT
LITOVNE, AMEOHPIIETTEREE 2 ~ 6 pgn™® EFME3N, LIELAEZH LR
CREREEAITIZE SN A, BOR, UANMKBATABEOHEES ARG L LT—RPHE S
(Kawamura & Kaplan, 1987) = & '?", *lﬁ%ﬁ?ﬁo)ﬁiﬁ@?ﬂﬂﬁﬂﬁﬁgmﬂ’fu: & W EKT A (Yokouchi
&Amml%@:&éﬁ%énfwéﬁ,z%y%i7mf»xxﬁé%ﬂ6®§$u¢éwg
DEHEESND,

3 FEERREARPOOI7ZOVNER
BEASTOFERRIKFER, R6hbhbhb LI, @45 VKILKRBEED 2~ 3H
% BT 4 (Sexton & Westberg, 1984 ; Netson el al. 1983) . & 7 1 iRE OFHEE TR S h
PEEROPOFELZLOOBRE LAFEHLE LR L7 (Singh ef al., 1985)0 ZH & 3HFE6 ~9
DEREOB VL DTHY BLE OO PLI L TRyEYEF S L VHIT ISRV TN A,
COERCEBEINAL OO, TUVANYEr R LARE LD D (5L, 1984, B
WHRERICKEORBIGEREOMESERS ( RohD L )ik, ThoolLEdEe LT
HERERD TS ABRIGICMIT SR T WD, THICHT AT4EIRITIE Atkinson  (1985) [ T¥




BAbKFE DL ORI T O VR OB

K 6 BERCBIBIER 5 ¥ RICKKBRE
(*F1T 6 BF~ 9 1)

Total % NMHC (carbon-%)
City (ppbC) Olefins  Aromatics | Paraffins
Houston, TX 1360 8.3 25.6 47.2
Philadelphia, PA 580 5.2 23.4 66.7
Baltimore, MD 560 7.5 27.6 58.8
Washington, D.C. 570 7.3 28.5 56.1
Newark, NJ 580 9.1 24.6 60.0
Bosten, MA 370 9.6 22.4 60.4

(Sexton & Westberg, 1984)

£ 7 HHEARTOFERRILAEOSA

Aromatic Concentration Distribution
. (ppb) (%)
benzene I -9 21
teluene ' 1 —-17 36
o-xylene " 0.3— 4 7
m/p-xyleru_a 0.6—10 15
ethylbenzene 1 =5 9
3/4-ethyltoluene 0,2— 3 . 4
trimethylbenzene
1,2,4- 04— 4
1,3,5-° 0.1— 2

(Singh et al., 1985) ’ -

Atkinson & Lloyd (1984) D&EFHIZT LHONT W5, 0, FEERRIEKFIZTOVLER
B &EFE I EHEL T WS (Nojima ¢ al., 1975, 1976 ; Kocmond et al., 1977 ; Appel et al.,
1979a " 19754E LI OFFZE 122 Tid Grosjean, 19772 B 124 b &, RIFRIWEAMKIC
M AMFEIENL L, ML hofobnRNyEy, P Y, o-F YLy, - L
MCHENRTWE, L7207 Ly »Ola L RBRERYOLFFI Ll & LR
HENTHT, T7IVLOINRCHE L CERZMENTORA TRV, TP LARFNT 5
it KERIELDEHHE | Ny F i owT 5 ~15.6% (Nojima ef al. 1975 ; Besemer, 1982),
A2 T 1 ~11% (Nojima et al.. 1976 ; Spicer & Jones, 1977 ; Besemer, 1982 Gery et al.,
1985 ; Leone et al.. 1985), o-F 3 L i2af LT1.5~5.6% (Gery et b, 1987), o2 L2/ - il
LT 4 ~19% (Grosjean, 1984a, 1985; McMurry & Grosjean, 1985) & \» J A Eh FhEiE s h
Twh, Lo TREDEZA, KATOREBIT OV AT A EFRRILAEOTS T 1L
LAHAET A2 ERARTRETH 2, .

AR T LD L S A RiIREZER LT, FHERILKEL SO T O/ VIREEHEL, &




®ORES

BIZBONF - IR TWTRAE» PN TOEEI 7O/ LERR T REL S L 2#lAl,

3.1 R B
EBRIZHWEE, EROVEINETAXL I 707V v OBELERMIIALTH S,

3.2 BRlEE

Z O THR D b gk ER bR E R, MLy, TFANRSYY, AFLy, A PFIAN
Yy, BUFL Ly, TFAMLIY, MIAFANIEy, FOEAXYErOF5RMEED
AESETH L, PATY, by, TFMNIY AV EROERYHEGRLE DI
FBIR LA, FILAFBER T <Tlppm ZHZEL, FArunl 255 I TNOREY
0.2ppm & L7 run3, 6, 73V FRE m-F L XIIoWTOERT, runé Tik NO #HHR
ORGSR AHIFRP2 5L, T2 un7 TR NOOALDIING £AVWTED
TR AT, RHIET<TO run THO%TH B, b F MG run 1 OFHEETRE O
BT L% EI6IZTR T, NOIREE L 7 O0AT2 OB (M5) & RIS RREE, BRI
BT, WRT BT TIR0GTE LR, O DERL Y7 uAT Ly DRE L DB, BE
B35 THOTED bR, ZORKIBE D% ) 2FII LR L TI1200TY — 2 (03] nay)
0.34ppm % U720 Os ERMEARA L 4 - 72 Di350~805 DT, MER P LT DiFEHR
BaRAEhor, FLrunitBit ATV EROHTY EAA TEZ ¥ — LA
Tl HTAERAT HEMEY 7 Oty OBE(B6) L 0 bBOHFERIL/ 5 — ik
FUThb, $THFHEBENFEELTLEN) 2R, 0; OMB L FIZERICEAES X
10%em ™ 123E L7ze ONC CHRISE L 72 B EURIE [CN] DFFMZEL  CHITEB L -6 D TH 5
F2o =05, VIR505 7 HB0SHC A T CELARE I L (2 OB OB AH I EAS wm’em 07,
63 pumiem PICE o TIHIFER L o7z, HIE DEEALS, O3 & VOEBOMICEBOTL
VSEATRIR AR S b, N EEOSMFIE 4, AEHBED0.1 pm 2T 5 T TORMIZH 1
BETHY, 3/, o, OBIABRHFOMBFEE$F1.420.1T, wFhb i rantbn
el TR Lo, MOFEERRIEKZIZONTH FAHROFERIEL L,

F BT 0s RUCN BEORAME (FNFN[03] o [ON] o) PR SN, FHEEOETE
BOBRELTINGDRKE~DFERHE R LThHb, runl ~5OFRLY, [Os)an ?
MR AR EOMEIC L s TREZERZVEVZ B, [03) pae ~OFERER 12455 (m- &
Fp-F2 L) pbls0a (T F ANy E)OMTELLTV b [CN] e ~OFERHIZS 2
MY RAEKREIC L s CEVITRENEA, TOXRKADBROBEMIE[0) ey 1 TH D E—FHL
Tuaip vy, T EimrE (CN] OWINERE S TBEE I ZIZRAT 2 LEASNEY, TORK
AT (A [CN]/dE) pax & LTI LFICRENT V1B, [ON] g RUTAICN] /L) o ZHETEL L7235
&, TFARYEZEm-FILYOITOSNEREFBOEW) ZEHNTE D, rund, 6,

(=]




# 8 EHERALAEZ AR EER OIS & R

[HClo  [NOlo (03] mas (CN] o (Ml) (AV/d1) s v qe (Vo/ V)@
run HC time cone, time conc. d " time rate
No. (ppm} {ppm) {min) (ppm (min} (10%m %) (1Q4c_n]1_3 {min) (p E_Sf)m_s {pmiem %} pm)

min

1 toluene 0.99 0.20 - 110 0.335 42 5.19 0.94 65 84 63 01 0.861+0.04
2 o-xylene 1.11 (.20 60 0.368 30 6.22 Q.80 40 166 76 G6.10 0.87x0.04
3 m-xylene 1.01 0.21 45 0.319 30 12.2 2.43 40 167 81 0.095 0.831£0.04
4 p-xylene 1.07 0.21 45 0,378 67 3.56 0.18 100 26 25 0.090 0.91+0.05
5 ethylbenzene 1.07 0.21 150 0.335 28 11.3 1.22 85 48 66 0.11 0.93£0.05
6 m-xylene 1.02 0.50 80 0.590 43 6.20 0.84 60 194 115 0.13 0.87£0.04
7% m-xylene 1.14 0.57 85 0.71 55 3.57 0.26 70 >144 >»92 >0.14 -

al IRHEFS0% . NO, Jo BB TR LM 27min

b) RS TEC I A SHERE

¢)  FESHE TR B L E SRS TE

d) Wk — A7 RIBESI%O Y — AT THE L ERREDH

&) Z@ run CIRAIYNG, & LT NOp 2 H. dV/dt AUER & L HRHI EAA B & TP

WO FAA D LTI CHEN Y



Concentrations of Oz, NO and NOy (ppm)

Concentration of Toluene (ppm)

Irradiation  Time {min}

E 16 FAxy-NOATRBEE AL &R gEEL
FIEBRREE, P 1ppm, NO:0.Zppm. 8@ run 1 i3,

701 L T T T T T T
| tagh) txi0h
60 sl 7k
. ﬁ5oL ~ k &l
a0l F,| 75
n ™ E
E E 04_
230 2| 7
] 3r —
20 L doz €
o2b 19% 3
> 7)) =
101 - 1 104
4 s
{ ’ R
o0 o9 40 80 120 160

Irradiation  Time {min}

H 17 FAIL-NORZRUS LA E X0 7O ViR 4, DR
B16& [ U B OFES. runl.

7 OB S, NO FIMIRE 2 S5 &, [ON] L BOF[CN] /dt) o, 1A B 2 8, E72,
NO % NO {82 5 E FOMIMIRS S ICHE SR LI Edthh ol 70/ VOREREOR
FAENEIE ((AV/dE) maw) BTV ORIE (V) KB IIBRETH D, Wi o-F L bV ~m-F 3
LS P LI Yy SIFANYEY >p-F L L v OIEICRS LD L, BEEpFI L%
B T3 68l xmiem T QEBICH D, LORIAETOABRETH 70 p-F LDV,
WO S DODE 1/ 3 Th o720 (AV/AL) max BV, 12 NO SIETEE OB > TN L7 (run
6)%% NO % NOp (B 2z 70 & E12id (run 7)) ESH O LEA EAA QRIERBE @A/ (>

r34_




BALAED b OARL 7 O S EROWR

1 pm)@C, dV/dt FREAMEE & BRI EAA PEZPLE LIz OB WAV/A) b, VBT
anﬂtdemﬁ®&%iLto%ﬁ%?ﬁ@ﬁumwmﬁmﬁﬁuxEfm&ﬁtf&w
~0.Npm THH, TLNOMEBELSECLTHEEASTELLEV,

BRGNS, RHK 1 %Dy~ A7 2 HWTHIES L V, K EE I VERDE
W7o IVORRETHL, LW ST VYV 7T O v LR FOERSIC o 555
DEEERTIEN LD, COENEE DEHKOFUIRENTV L, M IXRhLOTTa VL
AT B Vo/V OIEI30.8620.04T, RH=50% D & & 17 0/ L EF-RI86 % % S 1 4 1%
W, RO ERSHLTWE b THE, EhbLbH5 L) KHEFRRILKED v/V Lz 20l
HIZL570.83~0.910HEIZH ), £HMIZT 7 AT L OBE(0.55~-0.7) L b KX,
CHIERFEEILERL-LY VAR TORBESNCTNLL FERET, YyoaaFkeoh
O T HANEREREITB WS EEER LTV 5, ZOE dV/dt) e, (CHNT CHBTT
0V D TERR O BGEEE OB A ((dVe/dt) ) 2EHE L2 D% R 9ITR T, FERRILKE
ORBPTOHIEEL LTEOH F VAN EDRIEDATFEINMTL VI EFROATHED
T, FFICIBEDLD, OH & O RIE#EE E 3 (kou) O {Atkinson, 1985) & T4 L 7245,
{dV/dt) nax & kon DENIHIRBRIZR & Ly,

KIS, HELBAEAFZORMBERDIZIENZGOLT O APEE LA Rk 57
WL, VE ML OBREBEEMILTTOy PLZLOXEISTH L, BEBIIUAPED LR
D AERAF T RAT A BB R AT LT B, IR O RIIE O RbAFR oW ThF L7,
W OFEESL, 7O /AR SNLHNICHLAED P LTy AERENL b b W
HINO, & LU NOz # il LABE I b UIH MRERETH - 20T, YK Dftiid NO % NO, i1/
T2l E L ATy BEAETOTERVWEREGZIN, 7o/ VR v o oilikE
BT A0TE2L, *OKMREERDORM L KIS L o TETH I EARESNE, 20
B kon & (dV/dt) ny EQBIIHBEA RS A EIIE S THERHING, THIZBELT
Bl Grosjean (1985)i%, M LY OREBLERM THLZ o-2 L/ —APbE /by L/ -
LEFRHLTIVZ a2 Ly —UER L, CThPRTO0V e LTERTLESREL T A,
EROERERIEORETRAILbDEFELLN L,

HIBDEARMIOMEEIIV FHEEL Lz 7 0 NVIEOFERM ((AV/A[HC]) ) &%
FIENTEDL, ML HEFOMEIR36E22 pmPem Pppm™! Lk BN, 512, 2
OEVS/VER B EHBT 70/ N OEROIE AV, A [HC]) o 340 £ 26 2 mem
ppm” | RO S, ORIEARFIIDNTOMPREIIRLTHD. run3 & 6 DD
ILFENO, REIKE LAV E%hhb, F/, p-F ¥ Ly 2RINTEDFFRRALAFI
DWTHINEIZRE 3w, .

Vo BAEOWEAS S vy 3t [AOC] DEIF (F13) 2 H WV Tlv A REFBED AW, ROV &
RALKFZO R YE & b O RBROTIE TR L2 (overal) IR LR OVIR L Th D, WHE
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Fil| 1 1
Q 0.1 Q.2 0.3
4 [Toluene] {ppm}

B 18 P riRdem AR T O LR %

runl

OERNTNE S %RETT, p-F I Ly OWERLZTHEO L OORGFLIUTTH - 72, AR
REILEAARKINRL WAL 08, FIBIIRENL VOB LS FHRELTHLZ D
b, BENEEOHEFBHENOBEELLZEEELATHEL, FETE~/-L I, 270
VANERE LTSI HME SN TV ZOUERIC L - THHRMIRLL-6THA S
LBEbhE,

FI0IZFR ) DICEOFFRFCKF RN T HEBRHR TR, ITHEETEZ20EREED
ITTR S NERECERETCHDL[CN] p RS D AT, FL L IR L TEERI/AEWT
ETHD, RIZ, RRBEETRAT T/ LVORRERSEIXL, 2, 3- M) AFLRIE L,
m-LFIFLLyAREL, -7 ORI ¥y, AFLITRFRLED 000 1EETHL,
IFN VI ORBEOPCE p BB, FA3EMOMIXFANCE L OFTE p il
BEXRDL, 2, 4 BHEIr L0 T O A REE I Th 3V OIS RKNTH L, K8
DELLVIIETET -7 ETELLE, pMITEBREY O MV VBEEEICHLTIT
VA BGEEAV NS W E W —RAIN R D EHICBbR AL, RELEORXT T O S IVE
BLTHMA L) AR LNL, NWEFRLRIVDIA FEIRIE L T6.8%, Tl
KCOFm-F L IATY, 1,3,5-R0F1,2,3-M)AFARCELTHE, BIDF—
FHLERBTHE, nfllEBERENSL MV VEBELECH LTI 7OV MIENKEC DI L
PRSI,

TN LN, FHEERROKEDOHEBELLTHOE Z VAN LEDFEIEDHBEETH
Bo LIAoT, KARIIBITZHEL OFEERILKERFOH 7 VANDREN DI, #
g, 10CRD LT O/ NEERMEL AV TERBORBEAT COL7 OV VEAKRD LR




F 9 ALY O/ VIEROERME & EHRE

run  {dV/dt) e {AV/ A THC]) s (avy/alHCl,, conversion to Aolf k°“12
3, —3)—1 3, —3 —1 3, -3 —1 max. overa (X110 3
No. (pmPem®h ") (g mPem *ppm ) {zm em “ppm~1) (%) (%) molec_lzﬂjl)
1 72 396122 340126 4.910.4 3.1 6.2
2 144 389+25 33827 4.3x0.4 2.8 14.7
3 139 42140 349137 4.410.5 2.6 24.5
4 24 174110 15812 2.010.2 0.9 15.2
5 45 389£30 362133 4.6%0.5 3.0 7.5
6 169 377121 328125 4.24+0.4 2.7 -

a)  (dV/dt) pae 62 Vo/V TV CHEE.
b} (AV/ A [HC]) max 2 Vo/V E0ITCTHE.
o) EEER{EAREE OH 7 24 N5 3E £ (Atkinsan, 1985} .

£ 10 FEEREAFELHOLRHEBROEE

dv AV v, dVy AV, : conversion
HC (O] (T) (A[HC]) v (dt ) (A [HC) . overall
(10%em™ %) 3 t_;m:l 4 g e L max. overall
(pmem ) (emlenppm!) (=) (pg-Cn ") (pg-Cm “ppm ) (%) {%)
methoxybenzene 0.49 65 524 +35 0.90 29 231 +21 6.8 +0.6 2.6
1.2,3-trimethyl- 2.96 146G 445 +21 .91 62 198 *16 4.6 0.4 2.0
benzene
1,2,4- ks 1.27 39 216 + 7 0.93 18 98 = 7 2.3 0.2 1.1
1,3,5- ” 3.27 122 534 40 0.87 52 228 x22 5.2 £0.5 1.6
o-ethyltoluene 1.50 108 440 £20 0.93 49 201 *16 4.6 +0.4 3.1
m- K4 2.50 163 596 438 0.88 70 257 *23 5.9 0.5 3.5
p- 4 1.02 34 233 13 0.95 16 108 = 9 2.5 0.2 1.4
n-propylbenzene 0.277 6.6 118 £+ 9 0.93 3.0 54 x5 1.2 0.1 0.9
isopropylbenzene 1.78 22 292 411 0.94 10 134 10 3.1 £0.2 2.2
styrene 1.31 8.9 40.5+ 1.6 0.95 4.1 18.9+ 1.4 0.491+0.04 0.3
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B OREL

EERMEODIENTESL, I TIEHFERSAABTRRTEE LT, kgL LTEE
7 (Singh, 1985) DEREF HV:H 2 L1242, 3 A8 Co [OH] © B thic 4 5 FHE L (0.2
~2)X10"ppm & STV 5 (Hewitt & Harrison, 1985) & & A& [OH] ~ 1 X 10 "ppm &REL
2o THEDF— ¥ R koy D1 (Atkinson, 1985) % & (Z{B %4 OB FROHEEE (A [HC]) %
AL, PRI T A5G o HC]/[HC]o #ERIVIR L2z, RO £, 3K 9 RFI0TRD
RERRBLTOVSNVINEOEAMTH L, NyE TS f,,, 1013 Besemer (1982) 53R
L7 5 %248 H Lze A[HCIIC fra 2H T A ORILKESFOD 1 SO TR YL
ERBEEFROTERFREOTIIR L TH L, INEGET B L 270w REERED ERHE
HIHKS204.87pug—Cn P Lih, FONRERDE PV P OOFGIRATI% 2
Db, m-FL Ly, mmITFN ATy, 1,3,5-FYAFLAYErORFBEREVWD,
OH i3t 3 AFUSHATRVOTL 7O VY IVERAOFS PR D REL A LI FEET AL
BhHb, AEy FREAENOFEFEERIGKEDREL, RV IR IN-FEYMEHELILLLE
Vbl T4 (Singh et al., 1985) DT, | HY/- DT 70 /AR E ECERD S ERRME~
5pugCm *d 'EBAAILHFHENL, —TF, EOMBRATO AQC #5114 ~28 p
g-Cm > OFEE TH B (Grosjean, 1984b ; Shah ef al., 1986) 6, AF » FHhOHFHE L7 I
T AGEEKMKERED LTI/ LOFEEDILEHIREVERRES NG, 2L I TiTh
NA-RRL VOEBRELLZI 7O VLR ppn LSVOEBRPLROLRALLOTHY, E
BEIIHIET A ppb DREECIXI 7 077 L OBE EMBRNESL - SRR BTRENES
HHEDT, RBEERIIIVZOHFERIAT 2LENH D,

£ 11 BElkAh i B ARERERTRLY 0V ERRO RS Y

, [HC],> Ken A [HC]/[HCT, T A THC] X s
¢ (ppm) {10*ppm 'mio™ ) " (%} {pg-Cm 3 h
toluene 0.017 0.88 0.47 4.9 1.32
o-xylene 0.004 2.1 G.78 4.3 0.52
m-xylene 0.005 3.5 0.92 4.3 0.77
p-xylene 0.005 2.2 0.7% 2.0 0.31
ethylbenzene 0.005 1.1 0.55 4.6 0.50
m-ethyltoluene 0.0015 2.5 - 0.83 5.9 0.31
p-ethyltoluene 0.0015 1.7 0.70 2.5 0.12
1,2,4-trimethyl- 0.004 5.0 0.97 2.3 0.39
henzene
1,3,5-trimethyl- 0.002 | 7.1 0.99 5.2 0.45
benzene
benzene 0.009 0.19 0.13 5e! 0.18

S AHC] X f.=4.87 pg-Cm *d?

a) OH 7 ¥ o FIgsEI21X10 "ppm & {RE (Hewitt & Harrison, 1985)

b) 1979~ 1984E DM T £ 7 SREO120WH THEH 2 A FHREDRAM (Singh e of, 1985).
¢) Atkinson (1984).

d) 7o/ ILIEROREKE.

e) HEfM
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4 &0

THRAERABRIT OV VOMBEENE E LCEEL a7 M v EFFRRIEKETRY E
T, ThEENO, LORESSEMDSDORIEZELT OV VERFHANT, EBiZd4n’ o7
O vF v - ERL, BETF 73007/ plEs ko s 1S LTl
2ot KFEH I /O PAFrrTHL I 70 AT IonTOEBRORKE, KEHTI00
fLARELERIET 22 0o0EFFMOH 5 DA VKEA V0 LETE L ORISERDIZIIE A
FHFET, 27O VNVAERIIIESTADERATHL I EPHLRER S, Y raAF L
YOI VIR OMPIRE IR L, ERORRRECHETA L) B
BV EgToIER, EREESATOAEL D SR N/ SnI EAHIF L, 202 kg,
EREEROEREMIL TRERGTO 7OV VIR EET AORERTHLE, £/
YIOUTAT CREBEOIT O VESEIFHMLETLESH LI LEER L TE, Y 7O
FloOil, ruRyFy, LraaFFy, BRIFWSODRDAF N IO T A SII00nT
RREHRTOI 7O S VINEL RS, $51, BEOMBLANLLIA, KGEdo7oy
VOFRBTETEERT20NE, 270 ERIZP b ERMEIIZGERES A w2 E
Aot '

HFEERIEKFEE LTI VT Y, 3LV, PIAFNMNCEAE, TFL ML L
EISHEDME I DWW TER ST -7z, FIMRERN Lppm DL ZDRFELEL 7 0/ VITEIIR
LTS %HIRTHY, A FNEOBREGRADOONS, PALIALOIT OV MERIE
W, RFORH SR LI HLARDO P AL U EBEN A EAThMY, TP NI
ML HLBERERTLOTHR, FORRBIDERPO R LHSI IV ETE 0L
E SNz, FHRBALKFEORETICBITLHHIBIRE LTI OH EORIEDANEEL DT,
KW CRD T HBBACKT ] O OH OB & 7.7 0V AR L 46, HEAKIC BT A%
HEREEL7 O NOEERIZETLREL b 21T 7,
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Variation of Carbon Contents in the Atmospheric Aerosols

(A Case Study at Takasaki City during July 28~30, 1983)

v & 5 Al Ik
Motoyuki MIZUOCHI' and Tsutomu FUKUYAMA®Z

E 5
KALTOSWPORELTREDHELEH, R, ZREROEST LD
LI EEFEAME LT, 19834 7 AZBAS L0 OMEBETHIZ BV TI 7oL % IEM
EICERE L, B & BRI F A b TIMRIE AT 2 (NPO), LA
R#E (PO) RS TTRINRH (EC) # £ hE gt L7z. NPO RUSEC B & 7L F L v iBfE
EOMIZEHWEBEFES LR, TS —RPBRETHLET S Appel LbOEEL
FRTBRBIRONI, —H PO BB A PR MBI 2 AR ALy v %
b, I-SWEBRRELEGHEMEER LS, S 610, THIREAED SO TERED
B LT, REBRSULEOER Y »RIEKFEBRE L PO R L O EH 2 EFVES
THNIEZA, REHESCOREFERE Yy YOBRE T2 7 HOAFRICE WEE
ol CRODHER LD POOKEGIRICECICL 2 kA MRETHL LHEES
iz, [POl/[EClILEM DA™ kB + R4 ERE L T, PO RUSERERILED
ATXRERRERTOFGE RO D E, 9AFFIINTBEE LTERENTL, 27%HE
Bt

Abstract

In order to estimate the contributions of the primary emission and the secondary
formation to the carbonaceous compenents in the atmospheric aerosols, the daily variations
of the particulate carbon contents were examined al Takasaki City in a period from July 28
to 30, 1983. The aerosols were sampled continuously for every three hours and then put
into solvent extraction and thermal carbon analysis to delermine the concentrations of
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305, Japan.

2. BENAENER AR T305 FWME-o T/ NFNI16%E 2
Atmospheric Environment Division, the National Institute for Environmental Studies, 16-2 Onogawa,
Tsukuba, Ibaraki 305, Japan.



KELZ I A

nen-polar organic carbon (NPO), polar organic carbon (PQ)and elementary carbon (EC)
separately. The concentrations of NPO and EC were found to have strong correlations with
acetylene concentration, and they were thus shown to be the primary carbons in accordance
with Appel's definition. On the other hand, PO concentration exhibited a definite daily
variation pattern that it was high in the davtime and low at night, and it was also strongly
correlated with the total nitrate concentration. The percentage of [PO] in a sum [PO] +
[NMHC {Cz= 5)) were examined, where [NMHC (CZ 5)] represents the concentration of
non-methane hydrocarbons having 5 or more carbon atoms. The percentage attained high
values in the afterncon on July 29, when the photochemical smog was transported from
Tokyo area. These results implyed that most of PO was due to secondary formation by
photechemical reactions, With an assumption that [PO]/ [EC] ratio at night represented
that ratio in the primary emission, percentage contributions of the secondary carbon to PO
and to the total carbon were estimated to be 71 and 27 %, respectively, in the afternoon on
July 29.

1 @l

RALT O/ NhOREETINFRMEEERO0~60% F i 5 L vbh T (Stevens
et al., 1980 ; Countess et al., 1980 ; Stelson & Seinfeld, 1981) o KEWITIE & L2 4 DHBILE
WELHEK T ABRERELBQOTERRELICRASNG, ZOHTHEETIKBLEIEEIZL
CBULF B 729 (Toon & Pollack, 1980) #F il COBIRMA O BMA & 4 Y (Wolf ef al., 1981 ;
Pratsinis et al., 1984), TAKAO T AL F - ICHE L CAEIZ G BE* RIT TR
2 & T % (Budiansky, 1980 ; Trijonis, 1984),

PR B OFEIR & LTIIBRBEICHE ) — kP & 7 ZARRILKTFED & ORALERIEF IS
B TREKPEZ OGNS, L LREKS O T KBEH IR (primary carhon: PCY & ZKE
B % FE (secondary carbon: 8C) E AFEH LB S oW TR IFHELVHIRMIEL R TRV, bk
WAL HERENF LT O S VHOEERNITHL & xERLDLE, PCESCOFSLIRD
HIERBENTIRBEICL 2ERYMET L2008 L ERELEEKE S > Tnb,

FHETIRAL T OV VPO RBE P RRERTEFNEROBEHEHL T AL L
T, EHUIHEERREE A OBHE LT B MEFEAT» VDL T 5y 1 P LR LEET
(Kurita et al., 1985 ; £H - #EH, 1985) T, 19834 7 A280 2308 O MM II =7 0 /L ®
WHELT-72. ThEITOERNERRUVHFNRESPSG, SCEIARFVETI LAV I
E¥LOBMOBVHETHY, PCE -7 Y EOEBEDES L VETEREETHL L
#z 5N TV 4 (Sakamoto ef al., 1980a, b ; Schuetzle et al., 1975 ; Cronn et al., 1977 ; Grosjean et
al., 1978) o # 2T, W L2227 2/ N DIRES ST % Appel (1976, 1979) Dk LI HE
T IE #1419 (nonpolar organics: NPO), A&{E 4 #8490 (polar organics: PO) R U L H# KK F
(elemental carbon: EC)ITKBI L, FNFhOBELEE 2 RETL7Zs Appel i3 NPO, PO &£ i
FRPC, SC EEFEL TV B, RADKILALGHARAAHIZ S EH & MZE O PO A



FRIT7T O S pDRFERTOER

Lzt EE TV T o OEHR I+ 58/ G4 STy % (Gundel & Novakov,
1984}, & EIOERICWER TR HEIIMA TH ZRRIKE, S SICKESIRIEEEIG TR
BT HUERIE T 7 1/ & oA R ARBEEE (Grosjean, 1984a) @B % & FIRHIZHISE L, LRSS
T 2 GO TRERS ORI, TRERIIOWTEE LY,

2 B B

2.1 BERA

AT I H AR T OKRKERWE O —RHETH 2 BB RS & ) LFEH110km (267
L, #EEEZE 00 THE, B, BEOREF- TRKEEA»SORRBREICELA
BT LNV, TOL) EHEIIEHTBED S O—REEYHINEAET T 280 Chbs
RUBIZ X D ZRM % 2% » VICBREN, ZOBRDETICS: 53EHED LELIERATS
{Kurita et af., 1985 ; 52H - #iH, 1985), 4EOAELIT -0 k@EEHORLEH L b dbdbEic
F2km ORAT, SWROREOR FIIHEETE L, BEIKE & ESANEE L g
T, BRI 3km DL IAHIRMBEHEENE- T b, WEBHOMELR 1 ITRT,

RH

sk gq[fRi%f
LA

B 1 s OB

2.2 H¥r7YLy

KELTOAVRENAF) 2= ¥ 75— 30pumceut; REBF) LAV, AETZ7 4 V5 —
(Pallflex 2500QAST) i=4#48 L7, WM AIZ] 2m%/min C, 3 REMLEESHEHT B L1074
N -, 797l REBT Ao, AE7 2V —@dH 5 UHERT 600°CT



Ak#ERZ BRI N

6 REHMBME S T OEA L,

2.3 IT7OVILBORERDY>OIH

2, 3.1 9
ITOVARHELAET7 A VY —pOEESum OF 4 A7 KK IT Bk bDE T
DV, —FEI ST L, fTEme ¥ T, SR b o 2R
LAF =N+ runkial l TEEERTH EHVTHBFT 72, it ihd vy
Z L —dhilesE B, LRI ST D X BB Th o oo THHURERE T, BuE 4 WD H
LT AEL— ¥ —HETFTER[MHP T AHMNERS Y, ROTUTFIZB<LY - —Fr
THIAF—(TCA L W IRFEBREYER L7 SHRIEOMBEEE 2R T,

KH®N | >TO0TR

. R URWT
A s EaNE S/ i o 1 s AF =N+ rporAan(i: )Tl
(Vv RUA LB E R TSR MmE) |
(a) - (8)
DPL LY. = TN B Ryt ranhiha+
FE R ERS AY 7 —NICRETRBRD
Vo ' '
TCAC 4 HF ' . TCAT 3 BF
B 2 RO O-F e |
2.3 2 TCA

HM(%MMmaMJ%QWﬁ%%QSKﬁfQﬁﬁﬁﬂ¢@ﬁi&ﬁ%&fﬁﬁT%m:
B L7 HE TR 50, PL-Cul M £ TRE(LRTE (000 R B CO, WIS RASH
SFATEE (NDIR) THRH S AL, BB ¥ 7 7L — 5 —12 X DR SN B, BB ICET - T,
— 5 (50 pg-C ML RALHE) D CO, & H A Y A + ) ¥ YT TCAIZHALNDIR D% ) 7
b—Zarkffot. $h—EBDA 5 (CH) #ERIZLTHEAT B LITL ) P-CuO Bl
OB S F £ v 7 L. TOFETEONLHRBBEEA SRS, COz ~OEBITHRL A
u<wahdef%%ﬁﬁwﬁm%$ﬁ%Qntmﬁi%wtﬁﬁﬂﬂﬁﬁmuﬁﬂ&wt
BT L7z '

2. 3.3 NPO, PO, ECEHEDRE
Appel 5 (1976) RRERAFD I LI yoAFH iR Sh b L D% NPO, L ruadi




KILT O/ N DR T O%EH

m B F (9007T)
HEAD
#AH O |
ST — S — \ —_— P l—CuO MK
! L___meeeeeeer PG
« RAL
Oz (1t/min} »
=3 8
Mws @ N; (2~31/min)
# K
NDIR N—?t’:l.?f:a‘f"?—ll
COz srHdt
L|¢r fUTAL 74N —

¥AI70— ]
JIvkR—3%— Boa N

{(800Om! / min)

B 3 Y—<nH—FEr7+ 544~ (TCA) DEBE

4ol
S 30F o
£
a
- 20
]

Y 2
1 L | 1 1
0 20 40 60 80 E00

W OM N (zx-C) R

N 4 TCAW L - THBLNARER

Kb s RoEr iy s+ r7nuk st shs 0% PO, BOZOo0E
WOVFTRIZLTRED b D4 EC LERLY, RIRIIBNTH ZOERICHE - T NPO, PO,

ECOHOBETZNETRELL. 455, HBNRELTNALVRA T TCA THIT LERER
5 (total carbon: TC)MBIE R IRE L; #OMENI S L 2 OAFH LT S i o RER TS
B2 DAY #ELTIWADRNPO & L, 35615, Ne¥r, A5 = p+runkii



AELZ -8 H

OWFRIZS B SRR - REERSBE (R 20B) 2 EC & L, TC 76 NPO & EC OF
FELTIWVWTPO 2RO, T4, ECUNORERFIRE T b TC—EC(=NPO+PO) ¥ &
BB FE S (total organic carbon: TOC) & £ L7,

2. 4 HABKIEA 5 5{LKFE (hon-methane hydrocarbon: NMHC) DIEER B US4k
BRI, 77039 208 ARALEY 3HH I LMW TEARE R RIL (FiE,
1983), KERA 4 MULBBBERAFT X7 O 53741120 C2~C8DERILAFRES
sERE L7z (BRFF, 1983).

2,5 BBEI7ZOVN, BRAZRUHBEI7Z7OVILOHSAE 3T

FYTIFZ74 05— 5RO TI 7OV ERRRT A+ FRBICHE LR, Bgmr740
F—TEA4 A suR 7T 74— (IO OBRA 4 AEETHELTICIZL ) NO; ™ #EE%
W, Fht, £HYEE (total nitrate: T-NOg) & LIz (K% S, 1984), F 72, 77074 )% —
SR LT T o Uk FRRC IR T R 1C TAN L, BEBRIE SO Ol R E L 7,
INEDT 4 NF—F 7))V THRATOLZEERTRWEIHESND,

3 B B

3.1 SFOERM
FHEOGFETEANAK Y 2 - 24277k HT8in. X1in. D744 F— ki 7o
VIERHEL, FO—ME T THITARE L TChbd, T4 0T~ ETOHEDE—
UAMBEE L L, TORE F 292 T500, 74057 —LHLDVEFESum OREF30ET ~
FLIHHIRE TCRELRD /2L, FMEOEBSEBRKICLT3I%LATH e &
7z, MBREROREBBREORBERR—7 1 L ¥ -2 LRV 10BORHOFY & LTk
E LI2A, IMBOSITEOERSRRIES DR Th o7z BEOFERI Y, RHofRELLS
MO RIS o 72 & Il L2

3. 2 MREMMEORGOBE .

I7 O ANE L FERC T BRSO TR (GEH - ME, 1986 A6, 1986) 12 &
N7 ABHRBROREEFHE(CHEETI CRIELTEST, ZoRBRTREAILEREH
SOIBAIIRVT o, LA LR29B I dEE A% &% LE & SIS TREEMA &
VAR EAA T, BT CIXE O O15KA S 18R A TR ORE £ Bb N A5V A
Bl En. 0B DBEDEEEHA LY EL, BETTRNEEFLHEAIKEBHTVE,
VHFHORBOREHLE &L ITHHETORRIERETHF ¥ ¥y MBEOHINAIEDH SR T
BY, HAEERE,GOERICENTLINERAE » VOBRPRALZ SO LRI U4
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A, 1986), B6II29A KD EEGR % R$, BINBES L BRI T 5 & DI
BhhTnb I tithhb,

B 5 198347 H29H 158D AR
P OARIIERAORTESRELTT.
(B - §EW, 1986)

3.3 RERSOEER

NPO, PO, EC, T-NO; imEN HZEL% M 6 IR, PO MBI, Hh® (RBICE LS
MR Q&ML R SR B, NPO, ECBIEDQHEL/ Y X2 PO LETHB LTV B DO
DRGNS otz £72, PO, ECRERHFEAEISORMEREy VOBROEEE R
29 H 15KFLARE, BT H IZHATE W LoV BAT L2 0258 T 4%, NPO 123 25N
FEDHSNE Mol NPO, PO, ECRENREMEIZFNRFNILL, 19.8, 21.4pxgC/m® T,
TSP H1BEOMICHELTE Y, HIZPO R IOMBHERICHELY -2 2R L1,
3 72 NPO, PO, EC DEHBEZFAFN7.80, 8.10, 12.8 ug-C/m®, FELBBLIT O/
T 5 HEHE OTHBEI8. 72 pg/m” Th =Tz

Appel 5 (1976) 12, “RERWEROIEEL 4 5 O iBE L PO M OMICIEFIC L VMM




p & 5 A 1 ITR)

20l NPO
10 -
- PO _
3 _
E 104
204 EC [ I—'
1 '
; 8.0 . T_NU3
i
= 4.0
-
wd S0
< 104
fl
iy 12 12 D 12 time of day
1728 1. 1790

B 6 19834 7 A28H ~30H OB/ H 2B A NPO, PO, EC, T-NO;, S04
DB ZEAL

BLHIERERWELL, SEOBRMNTIE O:BEORNELZThhd 20T, Ao TSE
fds, O3 & WA THRENLIMERCERY TH S T-NO3 iR & POIRED HELOMIZIZ
F6ZR L)AL 2B RO o R, MHEOHMBGREE 7120750, MEREu
0.83n=21)TH o7z,




KETT O /L HORERTOEEE

SREBTIZLED D NPO, PO, EC DEIE % B (6 B~ 18/F) B (P [ (18KF~ 6 BF) {2 5H1F T
FVIIFRT, BMAREERETH L, FRTNOHAEOIPMEEIE, B EC>PO>NPO, &
 EC>NPO>PO & & o /2o NPO, EC OFIGAHEMICETHNT 20123 LT, PODEAIIH
ISR O 65 K& <L,

%‘
d

Palar orgarnics (ug C/n

c 1 ,I- ] 1

] b
Total nitrate  {pgh/md)

7 PO k& T-NO; OE#E w=21)

X1 ML BRRUTERREONSE (%)

Non polar organics Polar organics Elemental carbon
Day™ 25.3 (4.42)%** .32.5 (5.77). 42.3 {4.26)
Night* * 30.0 {(4.64) ‘ 20.5 {2.91) 50.1 {3.75)

T 6 BT 6 BF
* Ik 6 B~ SRR 6 B
M+ 41

4 £ B .

4.1 RERIO—RHE

7Jc-fv/c;tﬂ:EJ?kﬂrJr®k&kﬁa ﬁéo"c}#mén KEH TO RIS 7 BB IR — K
el o r L —3— & L’Cﬁ%‘b‘Bﬂ’Cb‘Z» (Splcer et al, 1976, 1978}, £ S CHEOEEIZH
BT LFViREL NPO, PO, ECz%ergi@Baﬁ%%f DONER ~10Th 5, ZRENOHERE
(20.84, 0.63, 0.90(n=21) Ty 720 NPO, EC L DA o2 EHH, TRHOX
BRI REHRBEICIE S PCTh B J:?Eméﬂ NPO & EC % PC &35 Appel & (1976) DEHK &

FELEOERER S, ﬁPO&T*I:%Lf/?&IE&@*ﬁE@Fi{&#ofGD’C PO T b EBRBELL
NORBEBEOBEENPRKEVWEEZ A ENTE L,
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acetylene(ppb)}

acetylene{pph)

4 T v
o ©
3.
2
‘|-
0 L m

Hom polar orgarnics{pg C/ard)

8 NPOLT7EFLOMEER=21)

4 T T
o)
ir o o .
0
Q o o ©
2r -
o ©
o]
L Yo = ]
r o r=0.63
n i i 1
g 1] 20

Polar organics {pg C/m3)

W 9 pPoE&TtFLyOBEEN=21)

acetylene(pph)

. ‘ ,
Al ]
4 ]
1+ r=0.90

O i i)

Elemental carhon{ug C/m3)

E 10 EC L7 t&FL rORER=21)
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4. 2 RERDPOZRER

SCOFEHMTE HEDLOIR, BRAOBECHEORORA:, A, He0IREH
ICER SN A BEEOBERSIIL D RH SRS NMEC 2 S HEFERE TR T L EEORVE
B THbEELLNTWVE, LEAM-TPORKH L THRHIREROFESNPKEVETES A,
B 1o SO HEITIZ4E - T NMHC #°5 PO ~OEREIGAEINT 5 b DL HFES 5, Grosjean
& Friedlander {1975)i NMHC SR FRWE~OERFLFE TR L L T gas-to-particle dis-
tribution factor fc 2 $2E L7z, fo i3, W TROAEKFEIRE L NMHC & LTEMICH D IRER
EOMOPTHENEDLHEGE LTRATERE SIS !

fe/ %= {[TOC)/ ([TOC] + [NMHC] )} X 100 (1)

LA L, NMHC O CRTFAEKENSVORERERD S L ED DO TH D L STwv 5 (Grosjean
& Friedlander, 1980) = & &, NMHC SR A TRPERET LA LT N TREFHY TH
BIEEFEZBHE, NMHC A5 SCADERYP I VHBIIETLHIIR(2)ROLIERLE
L7 Dl EETHH,

fie)/ %= {[PO]/ ([PO] + [NMHC {C=5)] | X100 (2)

THZH~29HOMO fe) O L KINCR T, (O3 HP5~30% N, "R s 2H/EC
BATBECIERLE BRIy v 2R L 37, HEFE O ONEFERE » VY ORBAD -
T BbiLs 7 A290 158~ 18ERI IRV ES R L T A Z Edvbir b, ORI E B
FERISIZE D NMHC &5 PO ~OEEPEFTTHILERKELTHEY, PO X T-NOy & LW ifl
MERLAZE(ET), 7HF Ly 20HAEHE» -2 (M) 2E2E0E5 L, SONE
BN PO DOKEFASC THH EHPING,

Grosjean (1984b) 13 EC BRI KBGO L - —# 2, RAOKFERISEE

40

fiey, %

0 12 0 12 time of day
B8 78

[—)

@ 11 1983% 7 A28H ~20H OEIET 28147 5 gas to particle distribution fac-
tors (1)) B &L




KELE -] h

VWEAIRIZIE [TOC]/ [ECI Wl s — RAEM IS ITIFE L & b &A% LT, BEfloNitsErs
TRERICBTAELOMMSH» HEREE T 2T REROHEEHE L, O ¥R
TERNSNERMOTOC)/ (ECl 34 HD# 3ETH 12,

ECBELTLF L YiEEOHBIS D, 2 & (H0) s, SEOBBEIZSVTE EC 28
BRSO R L —H— R AZ L EWEET, Grosjean D HFEIE 2 1E [TOC]/ [EC] &0 b Tk B Rk
DHEEFHEETLHZENTEL, LELABRO L HIZSC IBHEOEH AR THLERDRA
OC, [TOC]/[EC] & © & [PO]/ [EC) D H kAl OFERE & L TR TH %, 1212 [PO]/ [EC]
DHELERT . ZAEOBFREILD (0IZMTH D, HH Q8K ~ 6 85) I s —E Ll L
Lo, ZITEBOPO]/(ECIH—RHHM A RS LIRETH L FOMIR0 LR D, Zh
FRVTHPOSCRE L RRIZLI DEET L I LHTED,

[SC] = [PO] — [PO] rrimary
=[PO] —0.41[EC] (3)

29 LTk 7 SCIRFE 29 F 158 ~ 18IS A4 g/m® 7R L, TC, TOC I E® D EAE
FHFN, 5% Thot, TLEBEFICBWTPODTINNSC THDEHFENS, L
DL HALGER E v F ORIV SC IR O i i ISR L hics, [SCl/[ToC]
HOBIE2BCHF0 ERBEITLAEMUasd o, $4bb, REARLRIBROBEY
ZnwI EAtbhd o, I TKRDASC I, ERO PO/ [EC] AR 25 L v &R
FELTHBELALDOTHLH, ERITIIEEIZL SCHVL OLREETLTHS ) oH—Kkk
D EDEIR0. N E DS, Lo TH3) 2o TEPND SCOFHEHSIIL I L
REL B ZUREMRH S,

ARG (1986) (219824F 7 A22, 23BICAT » 7o B LR CORBEIZH VT, FE& dpicllE
L7:[TOC)/[EC] D fti# & TOC D50%RENSC THLEHELTEY, SHOBREIhER
T—F L, WA, REEA%SRL 0 0MEOKREFEMICEBRNIIEI L3 TES

PG/ EC

0.5

0 12 |'] lb tisme of day

12 )
7% 1175 /30

B 12 19834 7 B28H ~308 OB 2 B+ 5 [PO]/[EC]1 D BE(L

— 5 —



KELT WLt o) R T D 38

WA, BT AHEREEIES S OEEMICHRT I BEERAE» YOL ST A P THLIE
YEBT L, [SC)/[TOCI=0.4~0.5 W H HERIHMHEME TCOEMOHPICHITAH SC A
RFEFV» VOHEEEZAbDERDbRD,

B, SAOBFGEIZBTLBIT -5 & OO, FEOFETHREIZSNTLLT
O/ RFERSOMERT 7. FOREBRLHERIIER L,

5 &

FACEZAE » FHOLT OV VR TICEENLRERTOEB LR T L7260, THBERDM
HPEDH/ROLETY —H 4 F ThHLEWTTIET7 AZ8E 2+ H30HOM 7 2 VL Ofif%
1T o720 [EERZITbR: EZRRSOSLEN A 5290 158~ 18RI E T E L DHLERE »
T OFERBRIFED SN, MERSICE DB KPERE (PC) & TRAHUKTE (SC) O#E
BHET AT, RERST T IEEME B (NPO), BEHAT Y (PO), THFEIRKFE(EC)ICH T
TERL, FREFNOOE(LEHE S, NPO, EC DB, LEBRERED L —F—kE 2
BRAETEF L OBEEFECLVGHEGG=0.84, 0,90 n=21} 2R L2 kP, ZREDE
FRTOKE T IBEREE - TRAMICHR S h b b D LEF SRz, —F, POREET
TF Lo AR OMBEAEE D o 72 (r=0.63 :n=21) DITH LT, CEABEZ T RERDTHS
SREBIEORIE L OMBEAH < ¢=0.84 ;1=21), FHFAMKIER S ¥ RIKFED L PONDE
BEBELEY [0 (=(PO)/(PO) + [NMHC (C= 5))) AAHBIZINT 2 2 & &6 PO DRERS H SC
ThobEEFEENA, 3612, 7H28~30HOEMO(PO)/(EC) Dl % — Rt & A LT
RERFIHOD SCOBETIE L1 BIEFR T F7OBMHSH - 7229H 168~ 18812 SC
BEEEAA M pg/m® 2L, RRENSRFPOLEDIHEGEIZTAENL, 1% ThoT2,

8 HEBITIRAER

BT BT AEABRAREROECERICEOh LD TH -7 FITHETIE, KED
FALFREA R A L FHEESWLEM Ao EYTLZ L 4F LT, 198546 F, 1986454
BUHIZFRFN2 ~ 3 ABOBM 1T 272,

(1) T7OJVILOKE 20

BRI 44T - 70012198546 7 A17H ~ 8 H20H (85EF M), 19864 2 A 4 H~18H (B6F4H]),
19864E 7 A28 H ~ 8 A18H (B6EEH]) 0 3 MM T, HAnEF AEHRPT ARG H EERH 5 [
DTy F(EEH12n) Th b, GETHOEEITE, 70/ V0 EE INFEHETLIEICT 4
NE =R AOIIH LT, RETIROB~ 170, 176 ~B 0 O RMHRI L7 40
¥ —ZHEIT, TROOWERBIIHET 2R FNER AP RUEERR & Lz, £04t
OWE - SRR EETTOME L F LT, RERS % NPO, PO, EC I TERL,




K&ETZ - FL N

ZREEORE L LTHW SRR ORIE J8SEHM O AT o 720 @M T3 —ABEH
DrL—H—, LTT7EF Ly TR0, RETEEOND ) I -BLEE(CO) TRV,
CO Dl LIRS RAS AT EL (NDIR, BHER) M1,

(2} 8

(i)RERTITESH L NPO, PO, EC DEI&

TC i34 % NPO, PO, EC O#l& %, FillEHfiM OB R ROKH L IZFH L TR AIDRT,
SSERIF LSEEDHMIZ B 1T L FEF O IITIR L TH B, S6ELAMITIE NPO OF &
WAL, POEIZEA L7z, ECOEEICEINS TR EHRLFMENLER O LV,
T, BY, £MeTRICBWTE, PO OUETRMICIKE L TRFIIRE LI Latbh b,
EMO&E BT OBE B3EREN, £1) 22 E, B PODEENPLIE L, EC
BIK X VAR AT & UHIRE S bR B, RTET LI, POAS SCREC (IR EHL
TEBHICBHL SCOFEEROET LM ILILR-E DT 5,

F 1A FMESHMO T, RIS kAT 7 2 S ILh RER S
+ 4 NPO, PO, EC OEIE

NPO PO EC
B e A g He |
BSEEH 25.8(%)  25.3 26.0 21.1 18.3 53.5
864EAHA 34.7 36.0 19.3 14.6 46.1 49,4
BOEFER 18.9 25.7 26.4 19.1 54,7 55.2
* 9 R~ 178
7B~ O BF

(i1) T-NOs #HE & PO BB DR

1A CBSEEMIC B D T-NOs B L PO MIEOBIR SR To MIEHKI0.81 (=38) £ K
2, BTG LM PO ICH LTI REEOFSAREVERE SN,

(1) EERTURE & CORE L DMF
COWTEFL»EESITHBRBEIIE) RO ML —H—E LTRAVONEYHETH S
(Grosjean, 1982), NPO, PO, EC BIEOMFE* Ak L MBI TEAFRE2ZA, 3AKRT,
SEIE IREHMOT = AT RTTLHTTU» hERTWE, FEd AR
ZAWE L. NPO, ECIBEIRAPERE L COREL LWHIMERL, ThoAEIIHRER
FE—RHHHTH D EWRBRENRT S, —7, PORE L CO R L DEFEIEEMIZIES
DEHMKEL, MEOHICHBLMBERAXA MLV, Thb0GRIIVvThbEaEHogs
LR TH b,
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pn(yg;m3)

T
T-N03(g./m3}

=
o=

=
~
-

1A BSEFMIIHHE CEHAIS N/ PO & T-NO; D&

£ 2A FTNTOREME L AL TOES, FEDCORE L NPO, PO, ECl
ORI BT A BE

NPO PO EC
H 0.89 0.64 0.85 n=53
wH 0.85 0.64 0.85 n=>54

(iv) [PO]/[EC] IL % RV /e R4 R e O

KIAICHWELHHP O [PO]/ECI L% Hrp, WMAIICE L. FHMAEEERETSH S,
STOROMER, B, AR L TERMICE<B, TAAMI0bEMICE LA EdTD
5, RAOKAFERERAFROED /£ L SN DELYOEIII0.4% L 4B OB
B oR/AMEDFONL, THE KRB EZEZ B L, BEHIZBITLT— 7 OFATICA
AT L /S, BT TOREEIT > OREMNDOKRILERT » FBERNTH - 7272
I, BHRAR L SCO—HAFEMICEL T TRELTWIEEPO)/[ECIARE 2T
WATTREMAR D, LA THEBORAEQOFI—RKIEHLE LTE#LZLNTHAS ) L3
| d,

LEDEI A% ERGT, TC, TOCIZH TS SC DHFEZFEROLERVRIATDH S, &
HoRF, SCHTC, TOCIKEDLHEEGIIERENI, 0% LT sh, TLAHIIENT
HHPIZIEITCOS %, TOC QI%REANSC THEI Edbhal, 8610, I THLAL
—REEHNEEBBTOF - I OEALTSCOESREELELTAL L, BBa(sc]/[1C],
[SC)/[TOC) iz #2120, 34%, TS, 10% &2, KM SC BIFREHE L KER VD,
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# 3A BW=MMoOc, ERIZET5[PO]/[EC]

[PO]/[EC] {%)
B wh
BSEEEH 53.0{11.8)* 40.2(9.99)
864F 21 42.8(15.1) 30.4(7.99)

864E ST IH 48.2(12.8) 35.9(8.77)
YOO miRE

# 4A [POJ/[ECIHIC X » THEE S/ SC D TC, TOC W44 A4

[sCl/[TC], (%) [scl/[Tocl, (%)

B  #M B #EH
8SFEEH 11 4.8 21 10
864 %1 53 - 9.8 —
B6FEE M 9.8 2.3 22 5.1

Ao SC DEEIDP L YREV, ZOBRONPERTHLETH L, KRBRABRERDS
DBROEEFRET LB E TR LD LERT A LD TES,

5 B X ®

Appel, B. R., P. Colodny and J. J. Wesolowski (£976): Analysis of carbonaceous materials in southern
California atmospheric aerosols. Enviren. Sci. Technol., 10, 359-363.

Appel, B. R, E. M. Hoffer, E. L. Kothny, S. M. Wall, M. Haik and R. L. Knights (1979); Analysis of car-
bonaceous materials in southern California atmospheric aerosels 2. Environ. Sci. Technol., 13,
98-104.

Budiansky, S. (1980): New attention to atmospheric carbon. Environ. Sei. Technol., 14, 1430-1432.

Countess, R. J.. G. T. Wolff and S. H. Cadle (1980): The Denver winter aerosol: A comprehensive che-
mtcal characterization. J. Air Pollut. Contr. Assoc., 30, 1194-1200.

Cronn, D. R, R. J. Charlson, R. L, Knight, A. L. Crittenden and B. R. Appel (1977): A survey of the
molecular nature of primary and secondary components of particles in urban air by high-resolution
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Abstract

In order to get information on the transformation of organic pollutants in water dro-
plets in the atmosphere, fog water was sampled in time—series and analyzed for aldehydes
and carboxylic acids as well as for pH and inorganic ions to examine the time variations of
those concentrations. The observation was conducted in a period from September 25
through October 1, 1986, on Mt. Akagi, at which fogs are frequently observed, and which
is also subject io the pollution transierred from the large—scale sources located in the Kan-
to Plain. Beginning in the evening on Sept. 30, a fog event lasted for more than 16 hours,
and the samples from this event were analyzed in this study. The concentrations of the pol-
lutants were found especially high for the {irst two hours of the fog evolution and then de-
cayed gradually. On the average the pollution level of the fog was much higher than that of
the typical rain water collected in Japan. As organic pollutants, formic, acetic and succinic
acids were found persistently, and propionic, glutaric and adipinic acids were also detected
in the early stages of the fog event. Formaldehyde was the only aldehyde that existed in
significant concentration. The concentrations of formic and acetic acids were found to have
positive correlation with nitrate concentration and with electric conductivity. From this re-
sult, the former two acids were estimated to be of anthropogenic origin, However, the be-
havior of formaldehyde was definitely different from that of the acids. A simultaneous
observation of the gas and particulate pollutans were carried out in Oomama Town, which
is located about 15 km upwind from Mt. Akagi ; Increase in pollutants concentrations set
in here in the morning on Sept. 30, thus suggesting a transfer of the polluted air mass to
Mt. Akagi. Prior to the field observation, a methodological investigation on the analysis for
aldehyde in sclution was done, and the optimum condition for the high—performance liquid
chromatography was established.
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MELOESE LTRSS ROMECB W THELYWE THS BHEF, 1981), i
A UBRAEPICHE I RILKECERT IR TH Y, REERBIZ L 04K T 5
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v AR RBOBERTIAID BiFshTwvad (Adewuyiet al., 1984), Jacob (1986) DEf
Bickhl, EXOHTOFXE(HCOOH ) IMIEIFEAD pH (CKE (KFET L, T4bBH, pH
<50k &, WMATER L HCOOH IXEHICIER$ 545, pH > 5 TIX HCOO™ & L THM
EEY, OHZ YA N OHaghiz &0, KOG HCOO™ + OH + 0, = COp + HOp + OH™ IZ
ESTHEHICELEND, THROAREEFREORIVDIE pH=I5TH S,
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BLAGEE (BC) 1R 22.6~25. IC O &M TR ARG E R (RFEHE , Modei CM—25E) 12 &
D, EpHIE H 9 A ERpH A — 7 — (HEEH, HM—5B)IC X DT Lo EIEE A 4 &
{Cl™, NOg, SO, ) EREREMHETHWTIAA Y 20% 757 (Dionex Model 10) THE
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3. 3. 1 BRAREORTE
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mM@OLEET, INEDLBESEYE ADA L ACA DTENEL, BHWE ADA L PARY
ACA & GA DREENEL kb, L LEROXARBOFITIIBVTE, C7, NOy~, S0,%
LEOHEBEBEAF O -2 BHALNT, ThbsEANVEVBORTRLSREIIFESD
FADVY— 2 LHFELLEWEIICERSERITNEL LR v, FO80, HEEREREIZ0.135
M DL DEHNT FADERTEL B,

3. 3. 2 BRHETERE

HNVE GBI LM TIREANL 8, ACA %#0.5pg/ml, MO EET#0.25 g
[l FER BLIIEBORERHOEGIETIAOMERTLELTC, 10ug/ nl
EMALCRERLRRL, BREORGTHN L, Boh/zruw b /76 TS/N=21
HUT AICEREEPCHINTRZROLE, FA, SA, GA, ADAIZHWLT70uxg/ml, PA
I3 LT8O g/ ml, ACAICH L T220pg/ mi & & o720

3. 3. 3 BATHEED pH DFE

ICE 42 & 0 7 VoK o BEAE % W3 5 IS BE0 pH (DIEET AL EN S D, HNE
B & 5 % SSEROBRBEEE W pH IIKTES 545, ICE REBRIGHEI L 2RI E T > TV D1,
HEWE L EBEORE L ORI T pH 245 5 & oA LK Y BOFEEIIC & 255% U CHE I
BY LM S DL THL, 22T, FARIACA ¥ FNFN2.0ug/ mi, 04 8K5%
WERBL.0xg/ml, S6IHBEE LTNOy #50pg/ m SORBSREAERL, HO T/
HaPO, FEMT A2 EIZE Y, TOpH %2 2255 OBATEILESETHEBIMT LT o 12 BE
CRETIRT L BT, FA L SA 2B < 4 RS DEEE pH ISEE LBV T LAt oz, FA

P s ——- >
_ 2 FA L2 TR
2 ™
z =
= ———————— ¢ = ———e——— s G
L L

PA. o——e—— e ADA PA- oo ADA
e g e

Ky
K

ACA ACA

2 3 4 5 2 3 4 5
pH pH
- HC1 - =+ HgPOy -

K 7 HEOpH BT 2 EREHERINGEDILE




BAPO7 VT VRUIVE - BOEE

L SA DEZLR pH PV & CATETEL LAY, ThHAZo - Reor—rIicErh2h 5
b b BEbid, RRTEHE LTHRIBEALHAOpH I I UL THEExELLE, ¥
MEED pH AW HERICEE LW AR T OEEroMoh e o7z,

3, 4 74N FBEOKE

SRR EOREFED ORI OE, 9HA2TE Y 113~11:00, 28H19:00~-21:15, 29H
23:00E~30H1:00, 30H9:30~12:00, 18:30E~10A 1 H11: 40085 @ TH -7, Hi4 [
DFFEEE O BRGCLHRBE O TH o0, Z0L I HREOBEITN, BAHL
TV e ZIEHICIEET 25 AFHRY > 77 —OMBICHRR SR Tu A KICETAL 70
2, BROGITELBEEOHERREE ATHE Le{ R AMEEEH S, ZRIIFLT0E4F
PoHFEELABRILNOMEEKE EALFRIIR-BRELLOT, ZOBSITIKEMHRY
HEEETRTHEHICE > T T, LIS~ L) RBKY » 70 S EBROE L OM OB D&
WiHELLZWEEZ HNRE, 2O ZOBRICHBDERE LAY, T0L 28R 5015,
P Y EHEBOHERIBROEESFEOMEEMBIIRA TV LFECES, ZhHOBEHICL
NAENEZ OEE LB 2owTI0A 1 BIOR T TOFRM MR L L TMT L RO £iT -
A

HFAR OB, WER, pH, EC, A4 MRS, TL7e FRE, HURCVEREER]
(D~ BIHIR L,

3. 4.1 BOFBRE

9 A30HT#4D 5 168ERTIC b7 o THE L - G132 B AF A @ pH 123005, 3014~30160
4P BEWT3.9k DL, EC133014~3016, 303600 4 A% BV T100 S/ em BAET, 15048
[em BAED2UF EXBEHE O TV, $BEBEOERATHS S0.7 & NOy OREERVT
b KIS ORET0.2-0.3peq/ ml Thorre SHEKELELENOFOT — 512450155
MADFIEIZOWTRNE pH HEHWIC 4 ETHD, ECEFEH0 LS/ em, S0,
NG; X ZH 200,06, 0.02xeq/ mi DIEETH L (BREFT, 1986), ThoOEfENS, 40O
STOMBE LB VEREITNLOTH oLV T ENTES,

K1~ QIR LABIEETHI2OR, BREEZORE (3005) OFHRITREMNZREL
BN TBRZ > TRV EThd, ZOL ) RREELIBOREIMF-TLELERSNS
CERERAA I L CHBIIHE SN TYA (Waldman et al., 1982 ; Munger et af., 1983)
W, SEORMCHBMBRELEDD/ -0 2 b0 S E o7

FIQ)EEERA & VIREIIEDAEA A+ OREER L, OO 3470 (3005~
3007) BT, ERA 4 COBRIZH T VERL TRV, Thbh, MIBKMIILL - TIZ
I 2 P B R IATRIR BB LTV b 0 BB S B, BB 3023, 302412 MBOBREHT M



#F 1D HRBILTHE LB RKOGHEER (F01)

+ - — 2— + + + Z+ z+

AT TvE . AR R Fﬁ;ﬁ% EACSIA ] H Cl NO3 S04 NH, Na K Ca Mg
D The m mEmmAS  OH med pen peq peq peq pen ped peq peq

cm mi m! mi mi mi m! m{ m/ m!
0930 18:30-20.53 3005 143 >560 — 243 4.060 0.100 0.446 0.737 0.354 0.685 0.296 0.034 0.322 0.101
20:53-21:06 3006 13 125 9.6 172 3.79 0,162 0.254 0.411 0.219 0.296 0.140 0.014 0.191 0.049
21:.06-21:27 3007 21 193 9.2 171 3.73 0.8 0,220 0.373 0,229 0.257  0.129 0.0313 0.166 0.049
21:27-21:57 3008 30 193 6.4 217 3.54 0.288 0.236 0.390 0.262 0.206 0.160 ©.013 0.134 0.054
21:57-22:22 3009 25 193 7.7 226 3.49 (.324 (¢.265 0.411 0.275 0,193 0.191 0.013 0.118 0.061
22:22-22:41 3010 19 189 9.9 223 3.48 0.331 0,250 0.384 0,237 0.167 0.167 0.010 0.083 0.049
22:41-23.00 3011 19 193 10.2 210 3.50 0.316 0.234 0.382 0.233 0.218 0.144 0.009 0.073 ©.045
23:00-23:25 3012 25 212 8.5 294 3.3 0.457 0.256 0.594 0.298 0.240 0.171 0.013 0.124 0.054
23:25-23:52 3013 27 239 8.9 242 3.41 0.38% 0.210 0.485 0.248 0.246 0.124 0,011 0.083 0.039
23:52- 0:20 3014 28 312 11.1 72 4.11  0.078 ¢.125 0.117  0.093 - 0,073 0.005 0,033 0.023
1001 0:20- ¢:38 3015 18 239 13.3 79 4.19  0.065 0.173 0.126 0.111 - 0.118 0.007 0.039 0.033
0:38- 052 3016 - 14 185 13.2 73 4,22 0.060 0.146 0.123 0.111 - 0.102 0.006 0.034 0.02%
0:52- 1:20 3017 28 250 8.9 132 3.73 0.186 0.141 0.229 0.166 0.148 0.093 0.007 0.037 0.028
1:20- 1:.40 3018 20 204 10.2 170 3.59  0.257 0.145 0.287 0.197 0.143 0.093 0.006 0.033 0.027
1:40- 2:00 3019 20 185 9.3 189 3.54 0.288 0.152 0.305 0.204 0.126 0.110 ©.006 0.031 0.030
2:00- 2:31 3020 31 200 6.5 153 3.61 0.245 0.124 0.244 0.172 0.094 0.082 0.005 0.024 0.025
2:31- 300 3021 29 212 7.3 205 3.45 0.355 0.153 0.285 0.246 0.122 0.096 0.006 0.026 0.026
3:.00- 3:30 3022 30 212 7.1 170 3,53 0,295 0,122 0.216 0,223 0.103 0,067 0.005 Q.,019 0.020
3:30- 4:.00 3023 30 62 2.1 298 3.30  0.501 ¢.211 0.426 0.375 0.208 (0.137 Q.011 G.039 0.039
4:.00- 4:54 3024 54 223 4.1 378 3.20 0.631 0.249 0.532 ¢.525 0.271 0.198 0.014 0.046 0.053
4:54- 5:24 3025 30 281 9.4 191 3.52 0,302 0,178 0.321 0,223 0.117 0,160 O.008 0,029 0.043
5:24- 554 3026 30 273 9.1 196 3.50 0.316 0.156 0.342 0.219 0.099 0.151 0.008 0.026 0.040
5:54- 6:24 3027 30 239 3.0 215 3.44 0.363 0.157 0.326 0.264 0.101 ©.129 0.007 0,024 0.034
6:24- 6:56 3028 32 235 7.3 197 3.50 0.316 0.166 ©.319 0.237 0.066 0.151 0.008 0.026 0.040
6:56- 725 3029 29 223 7.7 179 3,83 0.295 0.151 0.2v6 0.219 0.G86 0.132 0.007 0.024 0.035
7:25-. 756 3030 31 185 6.0 211 3.47 0.339 0.172 0.329 0.256 0.101 0.167 0.00%3 0.029 0.044
7:56- .8:26. 3031 30 146 4.9 256 3.41 0.389 0.241 0.415 0.303 0.143 0.232 0.01Z 0,039 0.058
8:26- 855 3032 29 127 4.4 221 3.49 0.324 0.228 0.316 0.296 0.156 0.195 0.011 0,030 0.048
8:56- 939 3033 44 208 4.7 137 3,71 0.195  0.169  0.202 0,191 0.107 0,138 0.009 0,026 0.038
9:39- 9:55 3034 16. 85 5.3 122 3.80 0.158 0.157 0.169 0.187 -— 0.123 ©.008 0.026 0.034
9:55-10:15 3035 20" 96 4.8 120 3.80  0.158 0.154 0,165 0,191 ©.111 0,121 0,007 0.022 0.032
10:15- 3036 30 112 3.7 93 3.80 0.126 0.118 0.107 0.136 0.103 0.092 0.006 0.019 0.025

Gy



L2 ARBILTHSE LB AOMTER

(%0)2)3)

AL hBER

DATE TIME 1D. T-CATION HY CI° NO;~ SO NH HY - € NOs~ S04~ NHet Na® Kt ca®™ Mgt
T.ANION £89  Ze4 ped Hed A 06N TION TION TAON TION TION TAON TION T-ION

min min min min min
0030 18:30-2053 3005  1.00 0.39  1.75 2.89 1.39 2.68 0.033 0.145 0.240 0.115 0.223 0.096 0.011 C.105 0.033
2053-21:06 3006  0.96 1.56 2.44 3.95 2.10 2.8  0.093 0.146 0.237 0.126 0.170 0.081 0.008 0.110 0.028
21.06-21:27 3007  0.97 1.71 2.02 3.42 2.10 2.35 0.115 0.136 0.230 0.141 0.158 0.07% 0.008 0.102 0.030
21.27-2157 3008 0.9 1.8 1.52 2.51 1.69 1.32 0,165 0.135 0.224 0,151 0.118 0,092 0.007 0.077 0.031
2257-22:22 3009 0.95 2,50 2.04 3,18 212  1.49  0.175 0.143 0.222 0.149 0.104 ©.103 0.007 0.064 0.033
92:22-2241 3010 0.93 3.29 2.48 3.87 2.36 1.66 0.197 0.14% 0.229 0.141 0.100 0.099 0.008 0.050 0.029
2241-2300 3011  ©.95 3.21 2.38 3.8 2.37  2.22  0.191 0.141 0.231 0.141 0.132 0.087 0.006 0.044 0.027
9300-23:25 3012 0.92 3.88 2.17 5.03 2.52 2.03 0.207 0.116 0.269 0,135 0.108 0.077 0.006 0.056 0.025
23252352 3013 0.95 3.4  1.86 4.30 2.18  2.17  0.212 0.114 0.265 0,135 0.134 ©.067 0.006 0.045 0.021
2352- 020 3014 — 0.8 1.39 1.30 1.63 —  0.142 0.228 0.214 0,170 — 0.133 ©.009 0.060 0.042
1000 020- 0:38 3015 - 0.8 2.30 1.68 1.48 —  0.096 0.257 0.188 0.166 — 0.176 0.010 0.058 0.049
038- 052 3016 — 0.8 1.93 1.63 1.47  —  D.098 0.239 0.202 0.182 — 0.167 0.010 0.056 0.047
| 052- 1:20 3017 0.93 1.66 1.26 2.04 1.48  1.32  0.180 0.137 0.221 0.16] 0.143 0.090 0.006 0.036 0.027
3 1:20- 140 3018 0.89 2.62 1.48 2.93 2.00 1.46 0.216 0.122 0.241 0.165 0.121 0.078 0.005 0.028 0.023
| 140- 200 3019 0.90 2.67 1.41 2.8 1.89 1.17 0,230 0.121 0.243 0.163 0.101 0.088 ©.005 0.025 0.024
200- 231 3020 0.8 1,58  0.80 1,57 1.11  0.61  0.242 0.122 0.240 0.160 0.093 0.08] 0.005 0.024 9.024
231- 300 3021 0.92 2.59 1.12 2.09 1.80 0.89 0.270 0.116 0.217 0.187 0.093 0.073 0.005 0.020 0.020
300- 330 3022 0.91 2.09 0.87 1.53 1.57 0.73 0.276 0.114 0.202 0.208 0.096 0.062 0.005 0.018 0.018
330- 400 3023 0.92 1.03 0.43 0.87 0.77 0.43 0.257 0.108 0.219 0.192 0.107 0.070 0.006 0.020 0.020
400~ 454 3024 0,83 .61 1.03 2.20 217 1.12  0.251 0.099 0.211 0,208 0.108 0.079 0.005 0.018 0.021
454- 524 3025  0.90 2.83  1.67 3.01 2.09 1.00 0.220 0.130 0.23¢ 0.163 0.078 0.116 0.006 0.021 0.031
5:24- 554 3026 0.89 2.8  1.42 3.11 1.99  0.90  0.233 0.115 0.252 0.161 0.073 0.112 0.006 0.019 0.029
554~ 624 3027 089 2.80  1.95 2,60 202 D.80  D.260 0.12 0.233 0.182 0.072 0.093 0.005 0.017 0.024
6:24- 656 3028 0.84 232 1.22 235 174 D.49  0.238 0.125 0.240 0.178 0.050 ¢.114 0.006 0.020 0.030
6:56- 725 3020 0.90 2.27  1.16 212 1.68  0.66  0.241 0.123 0.225 0.178 0.070 0.108 0.006 0.020 0.029
7.25- 756 3030 0.91 2,02 1.02 1.9 1.53 0.60  0.234 0.119 0.228 0.077 0.070 0.115 ©.006 0.020 0.031
756- €26 3031 0.91 1.89 1.17 2.02 1.50 0,69 0.212 0.131 0.226 0.168 0.078 0.126 0.006 0.021 0.032
826- &55 3032 0.91 142 1.00 1.38 1.29 ©.68  0.202 0.142 0.197 0,184 0.097 0,121 0.007 0,019 0.030
8:55- 9:20 3033 0.91 0,92  0.08 095 0.8 051  0.181 0.158 0.188 0.178 0.100 0.128 0.009 0.024 0.035
9:39- 9:55 3034 — 0.8 0.8 09 0.9 —  0.184 0.182 £.197 0.216 — 0.143 0.009 0.030 ©.039
O55-10:15 3035 0.8 076 0.74 0.79 0.92 0.5  0.165 0.160 0.171 ©.199 0.116 0.126 0.007 0.023 0.033
10:15- 3036 1.0z 0.47 044 040 051 0,38 0.172 0.162 0.146 0.186 0.141 0.126 0.008 0.026 0.034

T ; total

MW < A LW Al £ o



F# 13 HBUCHEL-SKkOGHER (F03)¥

FA ACA PA SA L GA ADA o ORAE T A AR A hvpe D00 TR
DATE  TIME LD se  meq  mg peq peq  peq  peq  peq  peg  NOS NOS se peq  HGRO ACA
mi m! mi m{ m{ ml mié ml mié m! ml

0930 18:30-2053 3005 3.4 0.076 3.2 0.054 0.0048 0.0078 0.0011 0.0035 0.148  0.10 0.07 1.4
20:5321:06 3006 2.1 0.046 2.4 0.040 0.0023 0.0087 0.0005 0.0018 0.095  0.11 0.10 1.1
21:06-2127 3007 2.2 0.048 2.2 0.037 0.0019 0.0035 —  0.0017 0.092 0.13 0.30 1.3
21:27.2157 3008 1.9 0.p43 1.9 0032 — 00035 —  0.0016 0.080 0.1 0.08 1.3
21:57-22:22 3009 1.6 0.035 1.6 0.027 0.0053 0.0032 —  0.0013 0.072 0,09 0.07 1.3
22:22.2241 3010 1.4 0.031 1.6 0.026 0.0015 0.0027 —  0.0012 0,063 0.08 0,07 1.2
22:41.2300 3011 1.5 0.033 1.4 0.024 0.0025 0.0026 —  0.0015 0.063 0.09 ¢.06 0.54 0.0026 0.93 1.4
23002325 3012 1.8 0.039 1.6 0.027 —  0.003 —  0.0016 0.072 0.07 0.05 0.41 0.0020 0.95 1.5
23252352 3013 1.7 0.037 1.6 0.027 —  0.0032 —  0.0014 0.068 0.08 0.06 0.49 0.0023 0.94 1.4
23:52- 0:20 3014 0.8 0.017 0.9 0.015 - 0.0009 - - 0.032 0.14 0,13 0.28 0.0013 0.93 1.1

1001 0:20- 0:38 3015 0.8 0.018 0.6 0.011 - 00009 — 0.030 0.4 0.09 0.20 0.0010 0.95 1.7
0:38. 052 3016 0.7 0.014 0.6 0.011 —  0.0008 — —  0.026 0.12 0.09 0.20 0.0010 0.94 1.4
052.1:20 3017 1.0 0.023 0.8 0.013 —  0.0006 — - 0.037 0.10 0.06 0.25 0.0012 0.95 1.8

1:20. 140 3018 1.1 0.023 0.8 0.04 — 00020 — —~ 0.0 008 0.05 0.24 0.0011 095 1.7

140- 200 3019 1.0 ©0.022 0.9 0.015 — 00020 — — 0.039  0.07 0,05 0.23 0.001l 0.95 1.5

200- 231 3020 0.8 0.018 07 0.0i2 — 00016 — —  0.031  0.07 D.05 0.21 0.0010 0.95 1.5

2:31- 300 3021 1.0 0.022 0.9 0.014 — 00022 — —  0.038 0.8 0.05 0.16 0.0008 0.97 1.5

300. 330 3022 1.6 0.035 0.9 0.015 — 00022 — — 0052 0.16 0.07 0.14 0.0007 0.98 2.4

3:30- 4:00 3023

4:00- 4:54 3023 1.7 0.038 1.4 0.023 0,0022 0.0056 0.0007 0.0021 0.072 0.07 0.04 0.18 0.0009 0.98 1.6
4:54- 5:24 3624 1.0 90.022 0.7 0.013 - 0.0019 - 0.0006 0.037 0.07 0.04 0.12 D.0006 0.97 1.8
5:24- 5:54 3025 0.6 0.014 0.6 0.010 - 0.0015 - - 0.026 0.04 0.03 < 1.00 1.4
554 6:24 3026 0.6 0.013 — - — - - - 0.013 0.04 — 0.10 0.0005 0.96

6:24- 6:56 3027 0.8 0,017 0.9 0.015 - 0.0020 - - 0.034 0.05 0.05 - 1.00 1.1
6:56- 7:25 3028 0.7 0.016 0.9 0.014 - 0.00i8 - — 0.032 0.06 0,05 0.09 0.0004 0.98 1.1

U FA ;¥R ACA MRS PA: 7OV A LBE;SA: I BE GA: FLFARE; ADA . TUE LR

QIR RN



FABOT T FRUH LF  BORE

~NTECHEL (FNF1 298, 378.S/cm), pH AL (3.30, 3.20) 4 Ty BHT, fHHE(+
¥ DB T RIS ORI 3025~3027 L KEL Vv, B HEROER LA ) OFEMBREICE
Bl hie LT, HURE (14) OF 7)) 7 THESALHRDE2RE L TERLQ) 2R
B, Th$3023, 3024 L TRICE C Ao Twah b wn s Z Eidgun, —F, BEiAfEs
KEINAEARE (LWC)DHEE LTHRINGAE > 7)) v VR E RO THDL &, H#
3023~30271Z DWW TEFREN 2.1, 4.1, 9.4, 9.1, 8.0k & 5T, 3023% 302413 LWC D/ B
BB LTWBZ Edbhd, TNHOERTE LD &, BIHRT, E250EKL- 0
HFRIREIZIZEA BRI 720TH DA, 1041 H3: 300545412413 T LWC 2%
DL DIlBROMBIZI L - THBRPOA 4 VBENE oD THEER L LI LTS
Bo AF VHEDBBETRE VIBEICT T, 302330271233k, SHERLOREME WS
HTH pH AYE < FF iR EE AT V3023 2 30244 TRERR G, L v T Eilh b, ZOLHCHE
BREOKEZTROLERL L TR LWCHKEETH B,

A 3G AT HIEEE L TR A 4 L SEEERA o+ - OB T HF1(2) IR L,
lbRERTRAERZVA, BEALTNTORBIOWT, B4+ OFS0ATHE
A A CBREE R o TWT, SEERLED 2B F 3SR TV AR RE LT
Bo )z, BEA A VIZHB D AN R EBEOEEAE, 100% 4 F L LTWw S EEE LT, RiEL.7,
BE10.1, HH6.4%Th o7,

FTAFeFE L TERTRZBETHN S RAZORELAT AT FOAT, I T~Tk
L—ABEFRIE SN E T Chot, MBEANK LV BOFHO/RKN IO 7T ATHE, IE
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Elution Time /min

M 8 HEMSHOREHI O~ 7T 7
FA: 8 SA: a7 B GA: FIL¥ V8B ACA: FeBE ADA; T ¥
Y E PA: FOVS R



YA &

LAEDHETFA, ACA, SAPMRBEN, HREOHWRBEMMOETIEPA, GA, ADA
LHBEISNR, BETAFEF, AAFR VB DWTEHRI SN BEREE EEEEER 2 IR LS,
VALK EE LTSAFIREALOBTREIN 0, SEOBIFEROPTEE TN
CED—DThEH, THICEUOBEF L LT, KAZ7O0VVORTH SAMGA L) EE
BETRWIEE N Evy9 Barkenbus & (1983) DSV H 2, — UV ANK A BRIy 727
Mr o OBLREIC I WVAERT L L 3EZ L L, SAOREMER sy T EG) R
A5 5 ( Hatakeyama ef al., 1987) 45, ERICZOWEIHYSERATIIHEIATWL O
EIPROWTHRED L 2AF— 4%, 4ROF LB UPRERORAENLETH S,
MERWMLAOE 9 A25H17:30~20:30, 2000:00~1:00, 9:00~12:00, 12:30~13:00,
10 1 H6:00—13: 0005 B THBA, SEIE29H 9 : 0045 OFWAULI0A 1 HOWI T %547
Lice RNATATFEF, ANKCBROBEHELEHELEIIR L, ShoOREEWT
NABERPOBEERE BB R Tl

F 2 BARRCRGAES NGRS REORE & FiEY

F A ACA P A SA G A ADA  Total Org.
Acid

peqd  peq  peq  peq  Meq  peq  peq
! ! ! ! / ! {

Min 13 - — - - - 13
Max 76 64 4.8 7.8 1.1 3.5 148
Mean 29 20 0.9 2.5 0.1 0.8 53.8

a) SR IGEMAL,

3. 4, 2 pHENOy” RUANKR L BRIBEOHEE

FEAROpH BRTUFNOy™, FA, ACAZBEOESHZTHEIVRLL, BORELKDHO I
T (3005~3007) 13 NO3~, SO BEAEVEICH pH ETH - Ty, 1) »bbi
LA, ChHORHTENH, REIFHVOT, NH; ORDAKRDKE S THSPMSR
Pl ThL I EHREENS, LA L, 21:27(3008) LIEEi pH DZE{LE NO;~, FA, ACAR
ﬁ@%ﬁ@%ﬁﬁ%ﬁ%b%ﬂ%oDwmn;hmaﬂ%MHﬁﬁ¢®FAtMmﬁﬁﬁﬂ
HOBRTTEYE- P ABBE DB LB LR RVWEL, ChoANABNRERIZLIDED
ThhHr#ERLE, £/, NOog- b E & L’Q\?%Eilﬁi:,t%{;o)'c?ﬁ)zalézﬁf%n%hfuxé
{ Norton, 1985), “HHOHRBEZELAbELE, SEOBIIZEVTO ASBERIZHRET
B FA & ACA H°EBKICHU A F A7 &8, 21: 27TLARICRES 6L L) BRI b
DEHREND, BICKILIHELCGENSH, FA, ACARBIIEC &b XviileHFos
VAHEL ZOWRMETHLE Y,



# 3 KEAETCHELAFAOSTELEY

OOMAMA DATETIME E C pH F A S A G A ACA ADA P A ToTal FORM
RAINSG . ORG. ACID ALDEHYDE

“s sE o me9 pE ped pE peq  KE ped HE o oped g R4 ped  pE o ped

cm m{ mi m! m{ m! mf mi m{ m{ mf m{ m{ m{ m{ m!
1.-TOTAL 0925 17:30— 428 4.32 5.0 0.11 0,22 0.00I1%0 — — 1.8 0.036 -— - - - G.142 0.24 §.0078
11 20:30 81.1 4.16 5.0 0.11 0,41 0.00351 0.16 0.0013 2.4 0.041 0.41 0.0028 0.49 0.0067 Q.166 0.28 0.0092
1.2 78.0 4.16 3.6 0,08 0.30 0.00254 0.15 0.0011 2.1 0.035 0.12 C©.0008 0.27 0.0037 0.123 0.24 0.0080
1.3 50.5 4.29 2.6 0.06 0.26 0.00221 - — 1.8 0.030 0.11 0.0008 0.27 0.0037 0,095 0.20 0.0067
3-TOTAL 9.00— 62,2 6.26 — — — — - — — — — - - - - — -
31 12:00 54.0 6.34 6.0 0,15 0.20 0.00173 0.13 00010 4.2 0.071 0.07 0.0005 0.46 0.0063 0.234 0.26 0.0087
5.-TOTAL 1001 6:00— 26.3 6.09 2.5 0.06 — - - — 0.7 "o.012 — — - - 0.068 0.08 0.0027
51 13:00 63.0 4.26 0.6 0.01 0.19 0.00160 — - .8 0014 — — — - ¢.028 0.12 0.0040
5.2 45.7 4.41 0.1 — - - — ‘— 0.5 0.008 -— — - - 0.012 0.11 0.0036
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I-4 SER{tHETCOEL O FO{L
Oxidation of Pyrene on the Metal Oxides

AILBGEL Y - KHEZERE? - fBIL !
Masahire UTIYAMA?, Sachio OHTA? and Tsutomu FUKUYAMA'

g B
BREFERIAZEORKPCBT2= LTS IETAHREHL 461, NO,
BUFHNG; VT ohOEEIE LT Ly o= M obRs T~/ AigEs L
THY LT3 510,, A0y, CuO, NiO, MnO,, Fey03, MgO, 774 F v ia,
BURE 74 MY —THb, NO LA P OERIGICBWTIE Si0, L AETZ 4 L7 —
HEAE L AEEE R L AR, HNO; R HIMC= F ofbH & L THWIZHE 2 CuO A
bEPAEEST LA THOME FTRRIEFE BT Lkd o7 LirL, HNO,
% NQ, LIIBRINT 2 & o b oAbl 3R 6 S BIAT A 2 L ARG iz, HNOg 2
£ Cud Eor= + oL BB LT T SO, DIEMIC & b L0 IR BN & hurz s,
NO, ¥ & LR TIIMEOEEIC L b S0, ORMAKE CRETASHE EIHTLBE L
R R AT e o NO 2 B2 F{Eid S0, ETCIBREICLDIZE
ALBEBEANR P -0 LT, BE7 47— ETIIBEORMMNIC L ) KA =
Nize £7:, HNOz- CuO OFR TR HELMATR NG OFRRHNT, RIBRESS
ST HEFFNBREL o7, b0 L) HEBEERICETNT, NOp-Si0, £D=
FRfEC B ARIEHBEY L v EWMTH LI L, HNOy - Cu0 ZCIFl4E LT
CulNOal, ER L, = h T2 aq sk NO, " #EHMEE LT tufbrsite b D EHEE
CEh, FRRATHOSNAHMRICEITNT, NO, 2L AFREFRRILARDO = b oft
REBDESHRSHOMETETLEAZ &, 3IIREARPIBVTLERTE 2V
ZEHFBLPIE o7, '

Abstract

In order to get information on the nitration of polycyclic aromatics in the atmosphere,
heterogeneous nitration of pyrene was investigated with NO, and HNO;. Catalysts examined
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in this study were $i0;, Al,03 CuO, NiO, MnOj, Fe,04, MgQ, flyash and a quartz filter.
When NO; was a nitration ageni, definite catalytic activity was observed for Si0; and the
quartz filter, whereas only Cu( was weakly active when HNO,; was used. However, HNO;
was found to increase the nitration rate by a factor of 1.3 ~5 as it was added to NO,. An
addition of SO, accelerated the nitration by HNQj; decuply in a humid condition, but had
both positive and negative effects on the nitration rate by NO, depending on the sorts of
the catalysts. The nitration by NO, was little influenced by an increase in the humidity
when the catalyst was SiOy, but it was depressed when catalyzed by the quartz filter. A
characteristic feature of the HNO3—CuOQ system was the presence of an induction period be-
fore the nitration set in; the period was elongated by an elevation of the reaction tempera-
ture. These experimental results led to inferences that the nitration in the NO,—Si0, sys-
tem proceeded on the pyrene surfaces, and that, in the HNO3—CuQ system, an active species
was a nitronium ion NQ, ™, which was produced via Cu (NOs),. On the basis of the in-
formation obtained in this study, it was pointed out that the nitration of the polycylic
aromatics by NO; could proceed at the exit of an automobile tail pipe, and might not be de-
spised also in the open atmosphere.

1 ELaic

Be G RKRHEEMEORTHEREEIZ VLN LTEBEEE= M oLk s
pO—XT7 9y 7ENTWAD (Pitts et al, 1978), BRI L A= bafbkshTI-ZbR¥ L
A LEREERIABIRZE bR TVAEY, FO1-Z FOEL S RERCRIEE
o (FRE G, 1982, Pitts et al, 1985h), F7F 4 —HFAPF AMOBMBFIZ3-ZFO70% 5
YT YEEHIIEINGL Z MR SN BB AT, 1984, 1980), FOLHEREE
W= P b Ao EERAEESNT 1 ~ELETH L HEIHHBINATHE, 71 —ELEOE
HBEERML 2250, LA ETHEEORCEREIIT 1 ~YULENFEVI L LD,
T4 — BB LD KRR BRI E T M 2 oTh Y, BREPIISTINIER
= PO PAROREICEREY S AL LEd WA BEEhTwh, F8EEEK b
CALEPNI BEIGE A RS PR SN 5 TR {, BHYR, BRERBELESLRETASBREE
BRIKESBERBEMC Lo T POt SN TEETLIHE LS B, EB, ARAM—70
FTEOFIILI-= oL oPREENRTED (HE, 1982), ERNHEEOBRL S L L FHEFE= b
L& ~OEE R ST b ( Rosenkranz ef al., 1980) .
KEAPTOERFHR= bYW OEBBRE LT, i) BRERIIB T2 A AREFHEK
&L NO, ZL 0B —EMA= b bRE, RO BERETL L SRAERILSY & No,
ELOEH-—BHEAE—= uibEiE, O OoORGEBRIEZLRD, i), BlATASE
OHERENE, RHPEEME 2 CSROBB T 2P EET ARG TREIAIENTFHENRLK
ETHY, i) IEBEAECHENPEZOBEOME, M AVHNRETHESNL, B#C
BT, PFAPOERFFHRICAWAFBIHN STV (794 T v 22, +F

— 88 -
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2E) HHVIIARRPOITOVL (RN, EBERTLE) IKHELLD, $LCIETA
LOL7OVNVERBE LTEE LT 1L o THTEL TR RGOS BT 5 &
DrEZONL, TITTIIAT v T2, S0, 2BREADLEIIEBSHLSREEERD
NO, iZ &£ 5 = r ML EIEOWFEAE EHATh L/ (Wu & Niki, 1985 ; Grosjean of al., 1983 : Yok-
ley et al., 1985 ; Jaeger & Hanus 1980 ; Ramdahl et al., 1984 ; Butler & Crossley, 1981), L# L,
FUE SO B ICL VKRR RIS D ENRONDRIEE—KE Lk Z0ERIL,
Bl E Wu S5 LRI h Butler 525 MiE140d Th Y, = bofbdET L E VS HiYE
{ Grosjean et al.. 1983) 8325 %,

KEBICBITE= PO OERES = PO 444 NO P ThLI LRI {HMSNT
WL, SR EMEE L S0RCEEBIEE ZHRIZE R TR v, BT Eberson
(1985) it FE KR E LT CHCl, £V, YLy 2 EURMBOSRIEFRO N0, L5 b1
feesmat L, wiEe LT N0, NOs NOT N0, TR K, NoOy OFEEME N,ONOT 125
L7ze ZOREDSFRUTFEM NG, LHFRE L ¥ LOEERIIBWT D NO, 2 N0, 7718
BELL 2o bOELTRB L EEAIC L, SRBAWS 5 v alls S SRS FROMK L
BoTwadbOHfie L THERL Ty A EMEAR &V ERE L 21862 AV EB %R,
EL O GHADERIIL > THEELRBOHFH LI LARVZEN TV 5 (Jaeger &
Hanus , 1980 ; Ramdahl ef al.. 1984 ; Yokley ef al., 1985). 1 % i¥ Ramdahl & (2 Al,Q5. SiOs,
charcoal %8s LTHWES L T FULOBEE T oL y ~OEBRSIIENL LT L & B
L, CORGIEEETER L UNO, L LA —BHEEA S0 HE L, /-, N5
£ (1984, 1985) R AKF O I SRAFEFEROWEILBI LT ~F 17727 P ERNDEVHH
His, MER S ECHS P RIS R 3EMICHRET L, ARAESMEE LTHRALEIEEE
HHI L, RUABEIEML A —RU 7T v 20 ERER 2 -4 BRELTHIEFHMEL
2o LA LERA ZRMEOERII OV TRBEN 2 MASE LN T A LIEEVEL,

S FOER E L TR ARERYOREI L A REHOERIZI-OWTIE Pitts 5 (1985a) %
Grosjean & (1983) 2 & HHfFEA'D %, Grosjean BNV (a )LV 277U RUIT IR T 7
A=7 4 0% —iZ3HFLTNO, 5V HNO; L RID 3¢, HEOHEN = F L3 EHHES
¥ LA, LALPIs 570 My —LOZRFFHREEONO L Y bafbsna v b8
HL T, —F, Wub(1985) 3ERATHERMD ) A ICHAFSHAEL YO N0 2L A= b
LR 2 EESRETRNTE L v ORE SR L2, FAEROBMEMNT S N0, #AILE
THRTWABED HNOy M ADEIGICEE LT v 5 & » ) #E5E (Jaeger & Hanus, 1980) $ 3 5,
SOOI A —FISOBELREIEEEIRL LY, FOSas Fafkil & LTI ohiz
DT ERERFLVOPHEKTH 5,
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METNHE LRt — RO OREHEMCRIC2TLY ), 7707 4 L 5 —
FOFIEHEA SO L CTROFETZ h oL 3R TAILICL ) = F bR OET
T AP AR .

B 1 FEie#Egl
Cidy 7 CC  HBEBREF:740—-— M BB P Hr7 R WES
BRTL1 RT2: FISE T1:I0iR88 T2 HNO, #AFAERR, V I 2= FA/SLT

2. 3 ZrAFLOER
FrEORIGHRHEAEE L 7%, s lm OBRBLF VW THELFAYF— 33 ¥ 27T
6 GC-FID (HY, Model 164) # AW TRIGERB % 5 Lo = PO E L > O % A

i



PULELS, - A B3R - I H

W E ORISR o EFMERE L, TLREMEAER L TER L, WERMFEE2IIRT,
RIS E LTRINENAZDEL-2 P OEL Y OATH ST,

# 2 l-mppV¥LrafFAyraw 77k b5t

Column  Giass, d:3mm, £ 3m

Packing  Dexil 400 GC 3% /Gas Chrom Q 60-80 mesh
Temp. 260

Gas Nz 3m{/min. Ha: 20mé/ min.

3 &8 %

Ly eBIITCT 70y 7 4 07— LiCBWigGldztud L ridmhdhid o7, &
DIELY, EMETESFAEAEI LAV ERIT 7O 7 405 — AF 0T P FRMEENE T
B hwIEdbhb, JHCH LTESERLY, AE7 4 LY —IBRSELEL »TiR= b
MLOMITHRO L7, Ber OB TICBIIE L »po 2 ba L P OEBELES
KR T, BV bbasEdi, = bR E LTNO, AW/ BIZIESI0, EHEZ74MF—
MEELEREFRL (run 1), HNO; ZJHW2 L 21212 CuO Th¥hIo = P b A I
THOMBIE S EEE RS2 h o7 (run 2), Mg0 34RO T~ TOEREAGT CiEtEAHE
BHhNhdrol, HeDRLLEGFLREL TITo LEBROBREUTILE~NSL,

£ 3 HLOMBEFIIBIAYL VAL bOEL IAOERE/ %/ (10mgh)

rutt TR D it

No. A ppm =
774

ok
NOz HNQs SO: 5102 AlzOs CuD  NiO MnO: Fex03 MgO Fola 707 —

b

197 0 0 6.75 0.06 0.04 0.03 0.06 0.00 0.00 0.00 6.81
0 170 0 0.00 0.00 0.05 0.00 0.00 0.00 0.00 ¢.00 0.00
189 26 0 9.95 0.33 ¢.05 0.06 0.21 0.29 0.00 0.10 9.48
139 0 166 6.87 0.05 0.00 0.00 0.20 0.06 0.00 0.01 5.35
0 177 145 0.25 0.00 0.55 ¢.00 0.03 0.00 0.00 0.00 0.00
] 189 47 166 6.65 0.12 0.02 0.04 0.26 ¢.11 0.00 trace 4.71
22C; RH.166%

G o Lo o

3. 1| REHIOEMHBR

3. 1. 1 NO, ¥ 3 HNO; DFHINRR

%3, run UELA LI, NO WAROHNO; ilRIN$T2 &, NO, BIRHT= Fufbdii
AT DV TR 3~ SEREEEREIHML, NO, L3 Td= bofbigEE ado it
FesO E 7747 » ¥ a il bIEHABINT, DX 512 HNO; i ENH & Tid CuO RS &



LBt EcoYL o= afk

RO TZ PR S LTOREME b2 0A%, NO WKillid 5 L 2ORGHEEEo A8 &
rFAHIEFbdaT,

3. 1. 2 SO, DFEMHE

= EAIATNO, OB AT S0, ZEI (F3, run )T AL, MnO, TEEEATHIN,
Fe O3 THAIIEMARE L /245, CuO, NiO OIEFHIHBE L7z Si0z & AlLOs (3 LTHIE
mosRMEE A LRGP o7z —F, = PLFIATHNO; D& & (F, run 5)i2id, SO, @
W & o T Cul DIFHALFII LD, Si0y, MnO, (2 iFEAHIA, 22555 NO, &
HNO; M3 A1 S0, 2MA B & (8, run 6), MnO; % B\ 7:3-XTOME T NO, +
HNO3 % (run 3) W HASTEMEDSHIA Lz, S0 X 512 S0, OFIRNRIZEATiE 2,

3. 2 RAmMEDR .

NO 12X B F bl LTEWIERE LT L2 S0, ¥ oS BEM b &R b 0 OfhigE
RAERNTRERYEKL TH D, S0, HEOB SN TEHMIEREIRT L, GoRam
BAERA R ORI, Fep03 2L HNO, 2 F T4 RS T CHOFMICER 2 L,

F 4 S0 ERELEFEAOMELICBITIYL 2 061-2 PO Ly AOTR

#/%/(10mg h)
reactant (ppm) oxides Si0a Alz0O3 Cu®  MnO, Fex0y Mg(Q  Flyash

NO2 HNO3  SO» (8i0z/Oxide} - 2 1 1 2 2 2

89 0 0 2.61 1.83 ¢.92 0.32 2.84 0.66 1.63

85 0 166 2,77 1.76 1.05 1.33 3.09 0.87 1.92

89 47 0 7.72 4.73 2.89 3.42 6.76 3.63 31.95

85 40 166 4.43 2.15 1.45 1.94 4.37 1.40 2.21
22°C; RH :66%

3. 3 Z rMMLEEREOERSE(L

EREBAA LT, NOp 2= ha kAl Lk 22 Si0 A%, F/-HNO, W/ L 51243
CuO BENRFLEAOMBEFEELRLAOT, ChoORIIDWTELIIBAOEET T b
0¥ Lo A % R LB B L 72,

3. 3.1 NO%#=bhOMLHIE L EED SIO, DEIRIER

B 2142 8i0; #500CC3h KAFTHEB L, 77— 5 —hTHERT TRS LIBRERICRL
TAERE, 1DAMBEL TALHWAERERT, BIEEMACO, & EORRPME SO
HEEXILVWI L bbb, M3 g LSBT RET, BEOEVIC L AREED



PGS - KEEE - |l h

5.0

4.0} g

3.0t

2.0t

Conversion %

1.0

0.0 40. 80. 120
win.
Time
B 2 BEREEREE 1A RE LSO, OfEEoEy:
REEEAL NG, /107 ppm, R.H. /68% EIiniBAE/10T
QO 1300C | 5 REREBERL DR HUE L 72RO Si0, OAREL
O WL S0 1A KELA-BEOBREL

CONVERSION %
w
T

1 ]
'] 40 50 120 min,
Time

B 3 KICHAROERET D S0, OfiEiFEeEY:
® : NO, /107 ppm, RH. /14% ;
{31 NO /107 ppm, RH. /68%

BOBBSAE D ole LPLNO, 2= bufbfle LTHEEY Ly — KB sELEL YD
= b4 &, RART LS ICREQHAIM - TEREMETHABRB S, S0, M
BERET AN R E TINL S IIREDEESIRIENLBREBSOLIAFHLI TR,
5, T 4 ¥ — OB AR T B OBESR T LKA O BERERIC L ) FE KD
NBEnI e —nnmiEtE LTELONL, H5IINO, BELEILESVLBEETHS,
EOBEEOEE S = P (b R EEE K NO, OFEDL SEICEATL LV IERMFELA
Too THhbLEREL X ETLHE

dx / dt =k P]«rozl'5




RBgtHLTOYL oo ik

CONYERSION X
o
in
T

0.0 L

B 4 KIGHABOERECLARFET 1 U5 — OBEEEDEN
O ! NO; /30 ppm

8.0

6.0

4.0t

Conversion %

2.0}

]

0.0 S
0.0 40. 80. 120

min.
Tine

& 5 S0, MELEM OIS A At NO, iR
O : NO, /107 ppm, R.H. /68% ., (O : NO, /58 ppm, RH. /72% . & 1 NO, /21 ppm,
RH./75%

P T S, M6 IIRKGREFINCE LAt ZOEBREOFRHEILTH LS, RIDHEESHA
LU A SRR O e v FURIRE 20T RUSLI00C DR A5 BN oS = S 0 &~
RO A E0.1keal /mol & & ol BEIT7IZRLADIEHNO 2iFMLAzE 2 OREEILTH
Bo T3, run ITRH LN UNO; OEINERATT = T FLIGHE 008 o Rk e L-CE
EhTnh, R8I SO, 2FEMULAE EOREMELT, RE 13%, 66% VT HOLE I LEM
BREHNT, SHII, HNO, SO, DHAEMA L EEOIT o 2245, BOIRTLHIZZ D
I EREO LW o, TAGOETEEATRES, run AW run 6HF—¥
RHMTFLLOTH D,




PG - R - |0 h

8.0

6.0p

4.0t

Conversion %

2.0

0.0 . +
0.0 40. 80, 120

win.
Time

6 Si0, AhEyEME O B iR B TENE

FRGREE20T O : RH.68% , O RH 14% FGifE100T ;A ) RH 68% ,
+ . RH 4%

12.

%

9.0 @

6.0t

Conversion

3.0t

O'U " . s
0.0 40. 80. 120

aln,

Time

K 7 Si0, RUEE LB NHO; A R OWRIETR
@ HNOy /0. 0 ppm, NO, /107 ppm, RH. /68% , & :HNO; /25 ppm,
NQ, /104 ppm, R.H. /66% , [1: HNO4 /97 ppm, NO, /101 ppm, R.H. /68%

3. 3. 2 HNO;Z=bhOfLAIE LAz & ED CuO DHRER

TLREOBREELEFEINGRT. B bbhbh & Hil, HNOg #AKKA0 min FHL A
B S 4. 2, HNO3 WERBLAHLOCWO-Y L VREM MBI F NV THLLAZEZS
HiHES T B L oM o5 &1 i R Ea), KICOET - TZ0aRBE R o7
IOZEGFIEHEAE LTHESUCEIERT AL R LTV 5, HI0KIZ R BT
B ABIEEMIEE URLTH LA, REEOBEGCWL OPEEFKEEH I LAhd %,
1142 SO, 2N LABETH L, 7, MORFILCOTRLZEHOEE TI~L L,
1O F A HNO; BEAEVIZE 22 b o TRIGHEEGRE (o TWwaA I ENbID, Thidk




2EE{BLTOVL vo- b afE

8.0

6.0+

4.0t

Convaralon X%

2.0¢

0.

0.0 40, 80. 120
aln,
Time
8 Si0y M L LB SO, F A ORISR
(0 :50; /166 ppm, NO, /103 ppm, RH. /13% ;1 1:50, /166 ppm, NO, /103 ppm, R.H.
/68% , S0, /0.0 ppm; & : NO, /107 ppm, R.H. /68%

CONVERSION I
vV
T

Q 1 1 1
] 40 80 120 min.

Bl 9 SiO, AL L, HNO; H9EAF LTV 7D SO, HF A DTFIIZN R
150, /195 ppm, HNOg /36 ppm, NO, /99 ppm, R.H. /64% ; O SO, /166 ppm,
HNOQ, /0. 0 ppm, NO, /103 ppm, R.H. /66% ; @ SO, /0.0 ppm, HNO4 /25 ppm, NO,
/99 ppm, RH. /68% '

3O run SIZRONZDLEARDENHIETH A, TR LC@EEAEROE S IZEHET
BEALENRV, Thbt, BEFE (RH=65%) 0L XZ3ENSHRIBEAL D, KB
& (RH =19%FHE) Ok Z2@HNLV, HILZIE HNO; MEAR (I EFEMAE & L
FARNATV 54, RIGRE X 12CRU24T 0 E L - EROSEE (R12) BEEE LSS
KHBHEHPR( LI bt RBREY S0 1H(5BTAHRVLINTIE TS L4008
BLTH P b Rbdh o7, ThoOER, BEDLRICHE TRIGHBEOLER
BEEDNE B By, PRHKARI A b 5 FHIBESAR 2 BT 58, wihhTh
HAILERLTWD,



PRI, - R - Bl

CONVERSION %
N
T

1
4 80 120 &in,

B 10 HNO; #BUEH 2 & L7z & X0 CuO OiEd: iR 0BHEL
{O:HNO; /312 ppm, RH. /67% ; @ :HNO; /304 ppm,R.H. /19%

CONVERSICH X
w
T

1 1 1
1] u 80 120 min.
Tire

B 11 HNO; 2 REH AL L7ck &0 Cud OREFEME N+ 5 S0, O
&, GRROZBEL
O :HNO; /250 ppm, S0, /180 ppm, RH. 61% ; O :HNO; /187 ppm, SO, /149 ppm,
RH.65% ; @ :HNO; /187 ppm, $O. /149 ppm,R.H. 18%

80.
L
c 60.}
n
£ 40,
>
[
)
o .l
]
0.0! . .
0.0 1.0 2.0 3.0 4.0 5.0
he.
Tine
B 12 HNO, #KIEH R & L7k & D Cud OREEN OREEEY, EihE

DIEREAL
[J: 24 °CHNO; /246 ppm,R.H. /59% ;O : 12 °C HNO, /275 ppm.R.H. /49%



ERM{tM L CHY L o= bodl

4 ¥ =

ARzl bBWT, EL rBMTro P ofbdSET LAV EATRERIA N, NOitkAaZ b
{EBIEATSIO & E OSBRI LDOMBE L LELE T XML L o7, MgO D L ) il
WEH L SN S L AV Did, THATNO, %2 HNO; 2RERV LIRIN L+ 574260 T
HLEBMRT LI ENTEL, ABEOREDNO; & HNO; ¥l b &, gigTit= tuofk
PHEGOIIERETIERI NI ERD, NO LERLAZHNO it L D = P ofbAt DT
MRV EERTLIEDITED, NO; RUFHNO; # = FafbB L LAk 32 FNFR SO, &
CuO B AMBEERN TR LAOT, ZhodBESIE20nTOELIEF LWERLIUT IS~
b,

4. 1 Si0, eMEL LALE0 bOLRE

SORIERTREISD-—2 (L) Ll (S0 ) FEELOT, e LT, ()Y
L EE, (i) Si0, FE, ()RREO=Z200 g S5, (i) DA SO, 2L ) NO,
PEEEEAECCY L vy Emr = bufbd 202 EL 6N, () OBEIIY L »HSI0, &
HAZ I TLLORIEA MU L EXLOPRETHL, £7230) OBFICFHRINLBEE
(a)FRT SO, LEM LTV YL VAR L 0iEM L ERTNO, ST 5, HAWik(h)
EHENIZE DR RIKETB TR S 4 NO, »HAER L7 HNO, 254 JISHEHAA THRR
IEAHERTE S, OTOoDTHL, SEBRORIERERICEST, 1 (i) ONRRILOT
BMTGETLZENTCE L, FORBIANDLEBN TH L  OMIMNIRLA L 9, RchkH
PR LD EERAI0B LD LT TOERAIIMT LY, HATBETLIEL VOEEDPERD
OB ICREEREL LNLEV, QYL v OREBELF VG SI0, &S HHREER L3RR
&, EL ¥, SiO, WfTF & HBeNRe LB L 2 e TEhFRLOET TR L2 &

54

CONVERSION X
) 3
T T

3
T

=
T

I 1
12 12 24 hr
Time

=

o
o

13 Si0, A5 = rofL
EREAMOR L Lt B,
NO» /107 ppm.R.H. /14%



PILLBCEL, - RESERE - 3810 B

CHRAD &) R &G o7, BRI 2 S REO TR ROERIREVEED
MDDV FUER I EOREANTRD R, QRFTRIGAHE D I SBHER I L DRI
BN DHHEIPEET TR THLY, HHBESHTICHELAWI ERLE0L S LBET
HawniBbhz, ONMROEREMSERICEAL, Lo Th LERTRIEAEFL TS
D7 b SRS EE A R T T B & T SIA DIZERNZEISIORT & 5 2R 0T ikl
BRICHINVRE L v, TRROBEHIZLD (i) 0 S0, K TORIEOT N b EE SN B,
OREAE B B EE S TR SO THEEL LTH OB TH S, LA -ThL
SiOy HHEAFRIEDH CTHNITERFIVWE T BAA LI LI LR VWEEZ LONELTH S,

9.0}

6.0p o

Converalon X%

3.0t

0.0 . .
0.0 40, 80. 120

Time

@ 14 S0, gt VLo BRI kB
O L v BT F VERD CEREESEALD A VL » 2ASKTRSE
L4 @ NO, /107 ppm.R.H. /14%

CONVERSTON £
wi
I

1
0 5 10 15 20 mg
si0,

B 15 SiO, B OB R KT
[ :NO, /89 ppm, HNOz /47 ppm, SO, /0. 0 ppm, RH. /68% ;: @ :NO, /85 ppm.
HNQ, /0. 0 ppm, SO, /166 ppm, R.H. /66% ; O :NO; /89 ppm, HNO; /0 . 0 ppm,
SO, /0.0 ppm, RH. /68%

—100-—




SBRBEMETOYL 0= Fofk

@ Si0, FEF R LRMBERIIRAT 24, LEOTHR~ L) KREEERIGIZEE A LEE
YA TRV FISHICET 2R (i), (i) 2827 2RBRE RO L BN TH DA,
SR LT (D3 EFT2BAT RO L IITHIETE 2 £0°TE 5, CAOREMEMHIE
HEhiZ b, TSSO I & o THELAFEEESE L Ly ERTTRLT AT io S BAE LY
KRG SN LETHT 5, QYL RETORICHEEEBCTHLLETLE, ELUOHE
ERATAR E VI ERICH R 25 L FEERD, [M—0E#Er AV TRELHB LAY L v 258
WAL AEBELOT, BROEHEEITEL LR URLIBEOEN W, FO8E
RESIIRT, TRTHORE LI, B LTV Y2 A2 LR TUEREF VOGBS
DEGFLAT Ll b ORI RFEME CTHE LAY L OSSR ES 4 ORLA, Bl
IFAPOCRHELE EBE]-5pum DEFAIZSD, £ Elpm HLICEPLTWZDIIH LT,
Ny EPLDOHERECDENRE T pn OLDOBEE L7z, WESHOLAD ATKEN
DTERMLE I ERIFTALVA, YL roRESRKEVEE, ThbbRERFEIPIVIEER
B AHMEEDLIENTEL, @), (i) FHEET LRI E LTk~ TRISHERE
APEEHRT L v b v BIEEER G E L o RAATTUE OB TH S & HEll & FF L kv,
LD E S RERICL T, Si0, FET NO, FANEHMIELLEFASY LV RET b o
LB 2 ED B ONERORBTHLEE L bR,

£ 5 HAOBEPOHBLAYL ¥ OREL G

Size Conversion
Solvent
fpm %/10mg h
Ethyl acetate 1 3.78
Cyclohexane 3 3.16
Benzene 10 1.69

Pyrene: 50mg NOz 560ppm RH: 70%

HNO; Tt = b OfbAi3 & A LT v 2 EH 6, NO, 406 HNOg A8 L CiF1EH &
LADTRAEVEZELGNLZOEEICH BN THDL, LA L HNO; DFMIZE HFES,
run 3HDVER TR LA L F N0, 124 B2 bafbARE ENBE DT, KICOEEEET N,
EUFHNO; OBH L FERFRIIH LD, HLVIHEREIZ WO OE L #HSREY T bt
ThobLEZOGNL, HEME LTHNO, 2#3E L2 HE L, N0y 2BE LG OmmaE R
DAHZ AL EEFNEREG6(a), (b)ITR LA, N AF@w= P bt % 22 Lid Hey
B(1962) 12 & - T Eh T3,

4, 2 CuO DOME{ER
= b OAEHIATHNO; D355 Cul OADUFEMIZMEER T b D /-0l 5= P ik

— 101 —



PILLBEA - KEEEE - B B

O\N,D UN-OH - HN02 (12N~0"/ UNO2Z
| | - |

--0---p---0-- --0---M---D-- ~={]-=-H--=0--

surface
(b}

ONO2 02ZR0-N02Z N205

1] NO2

| | — i — i
~~----=H-- --0----- K-- ===~ K-~

surface

16 HNO; iSO A H oL A
(a) iM% HNO, & # L 28 & HNO, & HNO, AEEBE 4 L, BETHERK
L72 HNC, 2 Sl BV T, (b)EHHEE NoO; EF A6 NO, b4
B 72 HNO; & BB L C NoQg 74T 5, F0ORIE HNO,; AEFE T HUE R I A5
RAE 2 LD, M:Metal, O:Oxygen

8.0

6.0¢

4.0 o/

Conversion %

2.0t

0.0 +

0.0 40. e0. 120
aln,
Time

B 17 HNO; #BEA A & Lizk &0 Col B E O B
O :RH. /18% , HNO, /312 ppm; O :RH. /67% . HNO, /312 ppm; & : RH. 73%
JHNO, /127 ppm

OFICIIHENSTIND (10, 11), S5KHEITIR LA X 3 CRIEEE L HNO, iRl i (R
HT5, IhoOBRNERE, Iz EZRIL,

Cu0 +2 HN03 + ( n— 1} Hzo —Cu (NOg)g . IleO

THET S Cu(NOy)e 5= b {bDBEMMEIZ % > T B L HER Xt d. FBE, CuNOs), &G A
ERFREL Y EERALTIS0OC TR S gL EZAL-Z PO E L VAR L7z, HNOy 10 R
BLAELY-CuO oL 0BRIF VIHEBANTEEET S 2 & b EHHEH CuNO,y), TH2B 2
EERHEY D, Cul BV E X IHBEICHEADFFH OB E CuO — Cu(NOg), O RIEHT

—102—



SREtMETCOYL 0 Foik

EFLTw2bDEEbNL, CuNOs)p &A= kbl Menke ®= FUfbik & LTSGR T
Vb,

RGRELE T8 EFEANEC 25 (M2 2 L BEMMIIRROL HICEM I NS, 4/
S LT B RIEA KIS EHE (Cu0 ) & 548 (HNO,, Ho0) T, AR IEEH (CuNOy), -
nHz0) Th Ho TORICENDL FMEAOTREERY 7 AT,

HNO; (g) : —75, Hy0(g): —229, CuO{s) : —129 Cu(NOs)s * 3 Ho0: —1566 k] / mol T 5,
Lizhis TR 0 =3 O & 2220 TRAUE (CuNOy); - nl0) %829 K] / mol { LWRETS
Bo L L—fiAbSERF v ¥ v VOREEREREOZ SBREEAM L VEHOTFKREVRE, &
BEATE < 2 BIC DN T U & AR OILFER 7 » 2y LOERBI L, LA - TREDLRA
iP5 T CuNOg), + nH,0 DERRFHARMIAMIILY, TOBRE LTHEMIRI L2
LOLBHEND,

SREFERICKED = PO LG & LTid, HNO; + H.S0, iREE%: AV A4tk (Hb
RTBY, HEER= O 44+ Y N0, ' ThI bR TS, ZOI L, &3, run
5H BRI, 1ILRLA LS, SREOFENT TOH S0, DRI AL L L %
Erobesl, SHHENO I A= bofbics T, EROLHICLCERT LHMEBHES, S
EHIIZ PO AL 4 ¥ NOPHE LTI MAEELE o TV B D LEES WD, = b1
=Y LA s DENETH IS HS0, PSBIREEE L 2 5 2 IR SN B AT, EERFER TEY
SNz S0, OFMA FiZ, AR LIS S A KB T HLS0;5 2° HoS0, ~Bifk 3 h, Ehas
NO;~ A6 OH £5| 3T = ba= A4 4 ¥ NO, " DK ERETZ I LIZLH EBRTS
Bo :

1 T~ & 9 i2 Grosjean 5 (1983) 12 ¥ 5 A7 7 4 78— 7 4 V¥ — ET?H BaP D= b Ofbs®
NO, THIFET HNO, THEAT LA LHELTHY, FMAOHRELRI—REL -T2, LAL,
WSAH 7 4 V¥ — (Gelman, Type A/ E) AR (pH >10) THAE L E2ER L L, AHE
ﬁ@ﬁﬁﬁ%ﬁmﬁ@%ﬁk~ﬁwaé&ﬁb:tﬁf%&oitm&ﬁﬁmLthxﬁ
LA TRV, b LBREOESETLRGIENO, 2 FEHEL L-THNOs o 5= b ofbs®
ELbDEFHEINS,

4. 3 BEARPTOZFOLICBET2RESY

YU v HFORGROANEFHETH L0, VL BuRTRY A ) OEEYFHT L L
HTELZVOTRRENOFAEELE I, EXRKFTEL vo= boEerELrORAHE 9 i
ROLEBHYTH A, ,

REZT O VAR T OEYWRER1um ET5E, HFEAFLTVEEL Y ERELTO
171000.01 pm BEOEMMREL LOLTHEEINL, ABHRCEL v RATH L LI HIAED
HEMATE L, RIS L SR TFORKERICHAIL, Lt TE L VRERICRIEAS

— 1023 —




PIILECEL - KSR - 43I 7

HIEIIRD, REBRTEIHVWOEERIFLALHABLAYL VT, FORBEES IR
L22EH23T ] pm ThDDL, EXEPTOEL YRI5 K0ERE 24 EHE S i
REOI00ERIZ 2 ATEENSH 5, —F, NOBERFY V) Iy I yENv75—HETT
4 ¥ ¥ 7810 ppm, {EBGEFTEFI00 ppm, HEREF200 ppm BB, T4 —Er s P LHEOERE
BINGDEDIEL bR TWEOT, AERTHEMLREL0 ppm 3BER LHTHS &
WZh, @bl LTELyOPEMTVwAE, FEBOFETTIRHIONTH- 205, HE
BETHOBEREROME CUHETORBETI O L v ~AnEESED LW 2 LTk D,
T, BREAKTONO, %10 ppb & L) % 2 13 4niudBEi30.003%/ h &L %2 b, L
Ao T 7T/ MRTOFASH*HA LT+ ol oiE#Eii0.1%wizzy, Lrd =
OB TERESSI0 FII OB RTE L2 £ 60105, BREASHIIBLTLS
REBBERILKFEDO NO, 124 % = b bRGIC+ A2 EES bR 2T hiE R 6 w2 e osb
Mo,

5 &
BERATHRRNMOKFGENEER T P EREETHOZT TR, s hztEasn
BRXEHIIHTrb o PufbEha e, FR6OFUITSLICH LI EEHEsNL, 2
T, v Y HSED SO EBBERRE RS TERIC S b L AT RIC 2T { o
OWEATONTEL, L L, RENLTELSSORGEEITSEHS A TW 20D b
HADZE, B Fuafb#l & LTERT A DATNO, 2 HNO; A, ED L 5 e E A
HEbomd, tusdELT CIUEELIEFGIZOVWTIAEE L GRSEL T
ol FHETIR, FEEFHEMEBELLTEL V2 RATNO, RIFHNO; 2L A= b ufl
It~z £F, ELr#HMTTF 707 0 07— EICBwigdi = oL i3l
AT, SRR FufbiET LI EAHEEbE R oA, Bl LT EERTRIIEEN
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Dissociation of van der Waals Clusters in Collision with Gas Molecules

B #' -8l bt
Yasushi OZAKI! and Tsutomu FUKUYAMA'

£ F

WEEEEREII LN 25 A5 — A, A=Ar, CO,DFTHELEMIYE, ThiiEn
S FB=C0;, Ny, Xe, CHjOH, CCl, %l L7222 L i 280 T i R RE I I
T RIGZ A — A RUSEN Y 5 A% — A, BEETHRA 4 2LLT, 14
BEDL EREERTEN S FTREROAF v ORTED P, PR L, A—oPp,*
EROAA Y RENTEDL KT AT LA, A5 — A SR TA LD EE 2
LIEMTEDOT, P, *P#AT A LI BELn ORI REL - LA
Whol, $£7:, BEEERICOBRE ENE5T A Ok PENSE B OBIE LK
HTAEZLIHEB LT VRESBE S EBE2Ty, kICBTAMBEA 4+ ik
BOFRTTHRIZETOEHE OB L TRBIEDTER, 79 2% —HHETLREE
W THE SR PG TR RO LERTFRIIERBLA L DT b T4 5670, #
WAL OMBEYRET 27:00—20F8 10 2520400 Th D,

BLEREHERO LIV F-REEECHT2ZH Tk BT AERY RS>
FAF — AB OB AN E— By LD, O Ar, + CO, 123 LTRD S
NIz Eyigs DML Ary—~ Arpe | + Ar OB R AL F— L EBMEOHNNT-RTL2
Ldtbdrol, —HAF ALOBEOBRESTEICH T AERIS, 2 925 — (CO2,
C—H,O0H A F L3N d L Bl F ok S (BT 5 LA EE S L,
7R = HEEGT L ERETAROEMIIET S RS ORISR S S B W
BEAER T~ O Y MR ER L LD LT AL AOBTE L 250 Th A,

Abstract

By the supersonic expansion of a gas A, A = Ar or COy, a molecular beam containing
clusters A, was generated. The beam was introduced into a collision cell filled with a target
gas B, B = CO,, Ny, Xe, CH40H, or CCly, to bring about the dissociative exchange reac-
tions. The reactants A, and the products A,_y B were ionized by electron-impact and mass-
analyzed; by examining the dependence of the ion intensities on the stagnation pressure of

1. BB ASIREE 305 B CEHNEI16% 2
Atmospheric Environment Division, the National Institute for Environmental Studies, 16-2 Onogawa,
Tsukuba, Ibaraki 305, Japan.
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the gas A, an “appearance pressure” P.* for each ion was defined. Since ions with the same
P.* were considered to originate in the same reactant cluster A, appearing at that P*. the
introduction of the appearance pressure enabled one to separately look at the reactions of
different A,. Then in order to take advantage of the fact that the number k of the molecules
A released in the reaction was dependent on the temperature of the target gas, experiments
with different cell temperatures were carried out. By this method information on k was dis-
tinguished from that on the number of molecules dissosciated in the ionization. At present
few experimental methods are available for studying the number of neutral molecules re-
leased in the cluster reactions; the p.resent study gives a clue to break through this situa-
tion.

On the basis of the energy conservation between the reactants and the products, the
number k was related to the energy Egq required to dissociate the binary cluster AnE;
E,is thus estimated for Ar, + CO, was found close to the dissociation energy for the pro.
cess Ar, = Ar,—; + Ar. On the other hand, the estimate on the number of molecules dis-
sociated in the ionizaticn led to inferences that the structure of the cluster (CQ;), CH;0H
greatly changed on the ionization, and that, in the ionization of Ar,.., CCl,, the release of
Ar atoms from the cluster supperssed the decomposition of CCl, ", which is never produced
by the ionization of free CCl,,

Several pieces of information in this study on the behavior of the clusters in collisions
with gas molecules will help deepen the microscopic understanding of the condensation pro-
cess from gas to liquid or solid particles.

1 U
ZEMEGTHPEMCERS L TWAHRESTETHLY, BESTUH0HWRERLTESE
R 05 LGRS TREE L ORET tikEE~ L HER A E ST, DT OIS
NS TN B0 T, TOEODIOT TR L 2O van der Waals JEBRIENW 24D T
HBIERECHLRTY A, SlhHIEELY LB~ OERRT TR 50518 CRb T
BEGHETHLIERECHIAVEEOEKR LA KSR L ERET IO THL, T
ETFOMISHLEAE » VRS A MEOKFFRERIZ HEE LTSI ST
Do &€, BHMNEMTLLEIIETTFIEELLHE-HES T S EGETFERL, Fhas
RBOFHTFEMELHELUEHSCHES TRV ELTHAEMMNH I ERBESIIE5IIR
ERRTFA~ERELTO L EWwhbR Ty (Abraham, 1974), SHEBEO 2 CHCHER LA
BRTFOESGEY I 525 — (BFFHEE) v, LA - CRRBBE LR L7 B o8
BHLEIY ETNEF IV S22 5258 -PHEGEBILED L ) BB ERT P ELLESS
%o

van der Waals HIZE - To# S AF— 2R L TWAoTRBEFOILESESHIIE~NTIES
PRV TRHELTEY, ZOHEETAVEF-130.01 eV OF — & —THEOHL AL F— (¥
0.025 eV) OREIFNRUT THLIZD, 2 TAI—FHOBRF - FFLHEI L XIIR
LEINSTVOUBRETHL, FIZHETTADTZFAF—A,PHNOGTBEHRLL: LA,
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AFEOESENLNL AL BOROESHOAMEITIUE A, TR 25 TO—NrEHT 4
Kb HIZBA I FRAY—DFUIRATAAL I RBEKEIES S |

A, + B—ABt — A, B + kA (n

Z ZTid A, Bt IREY - @EERE SWATHETHZ, (DO L) 2REREIFEERO 7T
FEATERGTIENTEDODTHLY, HHIZL > THRINSNEZ RS T HHRET 248%)
LB TEA WSl FOFEMIZHAIII N TV, 22T van der Waals 7 5 2 ¥ — O
ZRBOBHN SN ST OEN K CHT 2 ERERL 00 -2DRAE LTI DR
a7
TIAY—2BLITEMRATRLLCHYLORTVLEREL / AN — LA—EFHES +
A RS E VS I (Hagena (1984 ; (0P, 1986 ¥9,1987) ¢, £HEIIBVTL 2D
FREHE - TRIE (D) e WO OEREIT 720 THDLABAZ /  ANVPLBEERRS
¥, CORERT L7 TAY— A, 3G THOETHYHL, FEEVIZEWTEER Lz s
TR A, B E EDIZBFHETA A L TER T2 Ltk DR L7,
LPLIDIIA LR HERDZOOMBSE b o Twid, (i) 7525 — A, 3EBLOKES
DYDODREME LTERTEIOT, RLIREEDI525 ~KLHETLE/ A PRESTHR
HENLZ LR 5, GDBFHRIZINTRE), QoBE (75747 —1ar) #8
LIZEIAAH, RICMIZBI2BES TRy CETA2HRIERART PUASHEBIIH
AHZ LT ELW(Buck & Meyer, 1984),

A, e A+ A (2)

0 —_—

A B & A BT+ A (3)

AT (D ~OHIEHE LT, AR A DL EREP, £#LTOC LS FAY— A, B
DAENLORLINERT B2 EATHLT, BESHTRILENBEA 4 ¥ Thic NBBIE
T PFERDI BHTRE, @O P SO A Y IETRTEOL ERETHHT
2 7AY— A KT HODEERBILHTE, BEEE 0 JLOREERBILHTE S,
£, CiOTH LTI, BEOAIR D ORI T, FELSE/ L3RG D) B DR TR
AT KA B4, A4 A LOBRORBA TR, | AKFELLV I LIER L, BEEEO
ERETTo TS 2 o8 L, S0k ) 0K TR, \EERRKE (1) 753 Ti’
Bl AF AURBER), ROV TOHERELIEDTEL, BEOLEIAY T2 —FRE
BROKy 71l o T a0EA 4 MU TT I T A2 a VTR EVWI L THS
7, AR CRE S W O F R S OMBIZI ) flisc 0 DFrD Y 525 L)
EETLLOLDOTH D,
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EBIZHWEBRUHESRE, BV AEWERTERESE60S TRILKE -SRIy —6i
BRI ERIE O, (R—60-"84) 4 & T3 T a4 RBREOZE, (LM EHh
TWAHLDERERWICEH—TH b, HEOEERFTEE AT, 7725 -0 TFH, £%5
GHA%P,=1~3am T/ ANVNDPLAZPIIEREY, BEERRIZLLFATIZA
S A REE S D, 7 TR — B ORERRAY =S () AN A F7 M 9 mm),
AN A== CEEBLTHTREGBMERYAT 4 VY~ QMF ILED, QMF TRASL
Ty IAF—%20 oV OBEFHBRTA A VILLTHBSH T 5, [ A L LTERMETH L
Dt Ar BUFCO, Th o A= Ar DIBEITIE Po =2 atm, CO, T Po= 1 atm TF T R4 —
OERAEEIL LD, Po~3 am & $5EMEL LPFTOLREERE CHES L, £OE
BREBRALERC L QMF OFRIHESEORIEEVRC FBALAZET, IIENGREB %
EIALCYTAY— A, ERIGSBEA, BELTHWADIECO,, Ny, Xe CHy0H BIFCClL,
OSHEOEHETH 5,

N 9 CIR\COOOOélH !
=

B 1 EEREEE ORE
N:/ZN SIAFv—, Ci:aYA—~%—, RC.EipEN, Hibv—%—,
QMF BB A 71N T —

QMF

EAGHBICIEE - 7 — &SN TENI0C T TMBRT LI LHFTEL, NBOH—%
Fry 2T HLOENOREEBEAEL RO 2 »FOAE CHREMICL VgL 25
B ABIEEZI0CUM Th ol T — 7 =BT HVRIOLL 55, M EEE
HERDFTTEAROENFHEL, AEZIA5 - sEORERLOERYH L L
DEDTEE, WAL EFHOEHEIIBOTREELSHFFNE L, AEBTIIERSE
OENE—ETH DS LTI ETEETOSOEER PP L LZVOTIOR ) HTHT
Thh, MTFOEREBWTENEEDEDNRTNTHI Torr THbE, ZTOEHTELAD
HEASHEENSERIIEDTRE - THY, LA LR 480 ELBRNEORILE
DR S NA ETICEE L 000 ENHRE T 50T, MUK VRME L F CREICNZE
XNLLDERKH LT ANy 725 — LENSTFORTHE—-HROEEFHLIINTED,
Fredgme LTiR—BREO B Shi, H1KEALETL AL POFHERLIIZ L
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it AT WHEOHET, COEEIIBANIh20FLR A DAEELIFTAY—A4 >
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BRENL,

FITRICKDPEDEI T, KTET AP ERANDL I LT 2, F0O1DIIR (D ICBITS
RIbHRE ERFOMO LAY — RGBS FT L

Ecol-+-Ein (An)+ Ein(B)JrEass (An+B_”AnB)
=Egg + E, (AnmB)+ By (KA)+ Epee (A, B+ kA— AB) (5)

BEHOFERIIZROE B TH D,
B - RIGRIZBIT S A, & BOWEEIT 20 3~
Exe © ERMOMER) T A 0 F — DA
Ei (Ay)  Eiw (B) By (A, xB) I #RFH A, B, A, xB DRI AL —
Eiw (KA) [ k fAD A DN V¥ — DA
E, (A, +B—AB) E, (A, B+ kA—AB) Fh¥hALB A, BLkED
ADLABIFERTALEDREI AN F—
TP, AR T T RS —DEENEE S "B (0 L ERAETERETH>TVWEDT,
AN LOEBER A, GAEOA LOHBRICLIEELBELRIELTEY, A+ A
~NORBRRICECRBICSHEZ 2 00b, —H, 7727 — A, L EIROER B & DHR -
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LT, k=10B&IonwTR6G), @) +EETLE

Eus (Am(B+ A—~AB)=Ey, (9)
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ERLEOT, R(2) A m @ Ty KIFHEE B, KT 2RFEHICER L OO S BV, =
ORENAM T B, KHLTTO» FTHITERERPRON, FOEE O e, K
MR- & hb I Edbdd,
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PEostBogfsE21T LD, 2HILTROALE CHLTANE 7Ry FLELD
W4 THB, BATIHEART Ary + 00, BICD VT ORI TSR, A, + Ny, Xe BUF
(CO2)n + CH;OH RICATAMELHFETT Ry FLTh D, BEOE - AEWSEORE LS
E300CH 2 HDATHEA, K (6) TEINLEHEEZETTLESRICOVWTRFIIIRL
kD HERIE SN D, Ar, + CO, BUFCO, + CHiOH (23t LT, EMDMEE A5 By, 238
O, TS i PEELLHREEIIR Yo Egwa ELTURLADIZ T A — Ar, D
b Ar T & 1R BB S 5 OB R LRV F — (Hoare of al, 1980) T B#%, 4058
BEOHBEAMNTIEINE Ar, + COy M LTERM IR By, EA—H T2, BRI T A —
ABToAHARERETNE, AVEETLILICUELIAVF-RIILAL AREOR
BRI THRE S CLEVBOFLREE By K RALZEBLHITELVOTHES I, Ar, + Ny,
Xe 2PV TRIEBEHOBREEIN) B, OFLAVN ST, LAO#EEYER L TEROM
F AN+ CO,DBELRLTHLLIRELTUR 6 -1 DAXHID,

JTiiTAr, +COz, Npy Xe DWFRHOISH VAT, (COp), + CHOH R TIRT7 LI KE L
BLLSTORBOVEHETH L, ZORRE, THSZ 5 A7 — (COy)._CHyOH 554 F {45
NHESIIRIBEIND COp FTFOMEIZ(CO), DA F LK LTRE Sh 255K E NG 7

£ 2 IR LABKTTLEOBHERCMETHLI LT

TTRE~ 1Ry T/K  Eob E,(B)? E..** E.”
A B

Ar, Xe 290 .189 0 .043 .232
' 570 .215 0 " 258
», N2 290 078 .025 .033 .136
570 110 052 “ .195
P €O, 290 .100 032 .045 177
570 .131 .092 ” .268
» cCl, 290 .207 .104 .069 .380
(CO2) CH;OH 290 094 .052 .079 .225
570 .128 .159 v .366

a)  H{EId eV,

b) EXHD E,, (A,+B—4, B,
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am  (COg)n* CH30H,
\

101

4 Amé&E, OEF
@ Ar,+CO;, O Ar, + Xe, [J:(C0O;) , + CH;0H

% 3 BBEGEBILAFEIILF-L A4 LB TARESTH

o Eg Eaiss.a” i-i

%Bf] diss diss,

Y GAY— feV /eV
+0.0%

Ar, CO; 0.05_ "5 0.045 0.0+1.5
% Nz {0.05} —_— {(—0.4)"
” Xe (0.05) {(—1.0)®
» CCl, (0.05) _— 2~3¢b

+0.06
—0.03

a) BEEIC Ar,~Ar A KEELZIALY -,
b)) Baise AT, +C02 OHELHE LV EEELTHE,

{CO2) CHsOH 0.07

7.0£2.5

BEVIEEEHRLTVD, CO, & 04 CH0H DHAL & VbR T ¥ ¥y MAHRWOT, WiE
BAA AL EINTERTEAF 2725 13 CH:0H % CO, BHLD B L I %tig v 6 - T
WBETHA D, & IHHCHO0HT & CO, OME % CH;0H & CO, DMOBEIEM I
NTRAFHSELPIIHL, TOERA A VBT s Ay - DI ESRE (BT R L
THREND, i DEAREVILEZOFHEEERNICEMFITLL0THE, ZRIIL
T, Ar,+B, B =CO;, Np, Xe®P&EB & Ar O EALHOBRFHATERL VDTS
F Ao OBERLIINE (, LT -1 @ BOBEIC L 5 ¥z 0 1l b b o L ERT
HIEMTE D,

BN TLLTCCL, TAVT, Ar2 92y - LORGCRONEZAN PUVERS I
T, COl ETFHBETA AL LIns

ccl, 5 e, T+ ¢, cel, 24,

DEHIZHBAA LI NBLF rPERLLVEV )RR E b o Ty B (Deutsch et al,
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1985), THEBZ5 (ETHETEEEN T AEEKED A 4+ > ol " drl e A0 LT
LEI B THED, LHLCCL 5 FAY—FIZIBAATERL A F bFHE, Ar BT3¢
7T AT — R SR LW BHBESEANS O CCL s S, CClL' %
EUrIAY—A T rABREIRAZ LG, A4 RIS THB S RE Ar BT O/ 10
LEEBFBENAZ EAFTFEENS,

5L oFHEEBD ARC®? 0L (m/ e =40m +152~40 m + 160) AL T vr %,
AraC®?7ClL T (m /e =40m +117~40m +123) 12 *®Ar,, (m /e =40m ) BI¥ *°Ar *%Ar,,
(m/e=40m— 4) L E% > THLPTIILWA, Ar,C* 0L  (n/e =40 m +82~40m +86)
DE— T HRWEESA Do, WEOH# 2 X10~7 Torr DIEST CCl, % QMF DA F &
EEICEA L20eV TETFHFELTHAERAAY MM CCLYRBEA o720 T, CCly
A L2 Ar BFACCL T OB AL T2 282 s TS ORENE ST L idHEN
vy,

@61t Arp ", Arg CCL, T OHIIEN %7 525 —H A X miliF LTFay P LA DTHL,
ELWP R LDEAF O A XDOEA N BIOHE LR EA L m ITKFEETI0E1.5TH -
oo FZTHIBOHFEICLY COL ICHTHE, EHLAm S OMFEERLIOFET TH b,
R T L72 A =Ar, B=CO;, Ny, Xe DHERIZOVTHHEIEEAEE %85 F—HMH
FRIEERDIH LT, B=COlW il 20 TOEBEL I OEE»5 ERIZRTRTWE, %I
gk, EROEEPHROE By, HEMNTFORBEICELAEKRFELEVWEEZTIW
e, ROBEPS Ar, + CCLICHT - i DER2~3 EHESND, WIREORTI)-i~
OTHLMA=Ar, LA TiOEIEETHLES,L, B=CC, ®FPEIZIT B = CO;, Ny,
Xe DRI NTiHF2~3@ME I Eichd, BOZFZVThLETHETHE A4 VB
RERTERL ST THEN, FRALICENT2~3HEETO Ar PRBENEILICLD 5 R
D CCl, T BT A LMRTESL, —HERRE () THRIEERS Ar RFOERE Kk EB
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B 6 Ar,", ArCCLTOHMBIELE S S A Y —3 1 ZORMK

aAMm
/)
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Eex/eV

A

B 7 Amé&E, DBE  Ar, + CClL OB

—CCl, (ER) OBET~8ThHHIEFRLRSLOADY, BiEA v OBMICLER Ar
BFOREEEFENRLY LV NEVOREETREZETHL, CClL DA F Y i{b—0iE#
BTHREIhAZLAVF—DOKRE SEFALHTHEVITAY, BRI BT AL AV F—
ICHARRIER L Y KEVTHA D, +hibdbdbos 4 4 v EilByTid Ard¥2 ~ 3ERT
R ERLBRETCCL T 0SBy RIEEND V3 L/, 14 LR Ar BUROH D
TFVE -y T LTOPEFL W EFRLTVE, CZETOERTHCCLOAMT Y
bE—SRAROPRBIKEE L LT A o >~ OEFIKE CO, T 2 ME L TE L, b —D2DRkH
E LTS TomiE s &l 581

CClL S CClL* = CCl*+ Q= CCl T+ Cl +e 13
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Wb, L LLIGB~ ERERD S CONRRTEShA L EA TLEWTHD I 7T 2
D CClL AO3) DB TA + b T 5D % LIEHRIZE) TALE— D HizhtE 2 9 2
F-ATRIAZZ LR, PESTHOESTANVF DRSSV £ 60 H ML SRS 7
DIZEMESHD Ar BT PR SNAGENS L EBORENLTHE,

LT EIR, 52— PTAZ L OGEPIESNDLEVIBRERTESES Y 52
¥ — (HaO)i & Ar, COu NJO DT 7 3 R ¥ — 2D T L HE S A Tv 4 (Sinohara et al.,
1986)c (HoO)y (n23) "8 A4 (M0, " WHAKZ TRy - MMICETHEL L 512138
WERLZVITRYE, (H00,Ar, R (HO), (COsln e EDTT 2 5 A Y —DUIZH B HATHE 4
AT NRBEI SN, CCL DHEEEBAr HEVIZCO, D7 I2F - poLHShE EL
) BANRERR I & o T (H0), T * DG #E— 70 b V(LA IE S B0 THD EERINT VS,
4 b D0 & COp DREFHEWIRS T TERT LAY T A5 — (D0, (COu) * HTEHE
LC (D0, 287, RISHEFDERARY MV ThD, HEMTHRLLE (0,0, 0 —EOY — 4
D0 & CO, DIRST 2 T AS —DBHET AL T TCOABWE SN, 0L KHEHTF
M7 725 —ORIZRNAL I LIl L o THIRTA F LT ABICIER L v A 4 Bk
NG5 ERIEAMICOFRALFELE 2 ATREFE V.

(D20)ry

I J |

—1 i 1
50 100 150 200 myse

M 8 “HFZFAY—(D,0),(C0;) ,, OHBANRY I

4 Lo
BHEFTROTLT O/ VT~ OSEARICHEL ORI E LT Tashk (7725 )
OEGEMHIEE L, 7725 —PUOFAGTFEHR L TERBERCEE TR S h
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LT (k) 2 ERNIZED L —DDRA LT o7 BELLTArRUCO, (=A)EH
vV, ThEREERRISTCERTHIZIFTAF— A, 2 HCFFHREFRLVPT CO,. Xe,
CHsOH, CCl; (=B) ZEOBEMSTLRIES 4, FHRONIERIWELIIXDTOTH D,
(VRS IRy —RUERD Iy 525 - 2B HEA + AL THRIBL, S4+VHBEDL A
EARAEPOMBIEDP ¥ 2 ER LA E, P*OEALILD, 7725 — A, ORETEF A
An TEIBELGBTLIEHNTE, BREBERDA 4 LOBORE S FEIZET 284
BHERAFE O, (I )VEOFABDRELELIELAERT -2 L, BRIBEEE A 4 >
DI LHEORFRET(LOBESZHLOT, IOTBBIIIAMBTTRET#T LI L
e N e e

IDE S UTEBRBE RSO ST ROBHRES, SRRV RFEEROEH
kb, FNREZEGZFAY— A, BOBRBI AN — By, EE IR, FORRE, Ar,
+ CO» W23 LT3R S N7z Byies DHHIE Ar,— Ar_y + Ar OFFBET 20 F — L IREHEBNT—
BThIbhbiY, ABORECRVWTBOFERKELEENLHL 2w LN
oo —H, A FVILOBROBMSFEIZBT AEHAIS, 77 A ¥ — (CO2)kCH;OH DE T
BA A LI BEEER, Ar,CClL AT 4 b ERD L EOHEL AN F—OBALEREIC
DWTOIMAE AR LN,
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A comparative study of adults and immature stages of nine Japanese species of

the genus Chironomus (Diptera, Chironomidae). {1978)
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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. Deseription of 20 species of Chironominae recovered from & tributary.
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Studies on chironomid midges of the Tama River. {1981}

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

Part 4, Chironomidae recorded at a winter survey.
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