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Summary and Significance of the Results
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Chamical Compasitions of Photochemical Secondary
Pollutants—Photooxidation of Aromatic Hydrocarbons—
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F1 HHRKARORICKEMLRS (mol%)
(BRI AEBRESE #5950 L D5iR)
Carbon Compounds K—-1 K—2 K—-3 K—-9 K-10 K-11 Average
Number 800303 800305 800307 810316 810318 810323
Paraffins
Cz Ethane 5.83 7.86 4,50 13.04 8.71 6.85 7.80
Cs Propane 8.83 9.13 7.06 6.79 6.77 5.00 7.26
Ca i-Butane 2.30 2.13 1.25 2.31 2.29 1.97 2.04
n-Butane 5.63 4,36 3.10 4.86 4.90 4.15 4.50
Cs i-Pentane 4.51 4,36 5.74 4.91 5.80 5.74 5.18
n-Pentane 2,94 2.84 31.52 3.05 3.80 3.45 3,27
Cs gmztgi pentane 5.68  4.74 6.88 453  6.05 595 5.64
n-Hexane 2.09 2.25 2.58 1.69 2.3% 2.23 2.22
Methyleyclopentane 0.41 .37 0.58 0.31 0.31 .33 0.39
Cyclohexane 0.16 0.05 (.10 0.07 0.12 0.08 0.10
Cr 2-Methylhexane 0.80 0.71 1.11 0.50 0.62 0.68 0.74
2,3-Dimethylpentane 0.19 0.17 0.29 0.07 0.12 0.13 0.16
3-Methylhexane 0.82 0.77 1.14 0.55 0.69 0.77 0.79
n-Heptane 1.23 1.15 1.24 (.98 G6.77 (.99 1,06
Methylcyclohexane 0.26 0.14 0.156 0.10 0.11 0.11 0.15
Cs 2-Methylheptane 0.33 0.28 0.37 0.26 0.23 0.30  0.30
4-Methytheptane 0.09 0.09 0.13 0.10 0.09 0.11 0.10
3-Methylhepiane 0.38 0.30 0.47 0.29 0.31 0,37 0.35
n-QOctane 1.16 0.71 0.55 0.83 0.40 0.60 .71
Cs 3, 5-Dimethytheptane - - 0.06 0.17 ¢.0% 0.08 0.10
. 2-Methyloctane 0.08 0.09 0.09 0.07 0,06 0.06 0.18
3-Methyloctane 0.10 0.12 0.37 0.10 0.08 C.08 0.14
n-Nonane 0.20 0.37 0.18 0.29 0.15 0.16 0.23
Sub-total 43,42 42,98 41.46 45.86 44.87 40,29 43.15
Olefins
Ce Ethylene 16.10 14.73 16.68 17.35 15.29 17.93 16.35
Cs Propylene 4.08 3.26 3.44 2.88 3.23 3.65 3.42
Ca 1-Butene 0.13 0.12 - - - - 0.13
1,3-Butadiene - - - 0.31 0.25 0.42 0.33
i-Butene 0.27 0.26 - - - - 0.20
Cs 1-Pentene - - - 0.14 0.18 0.20 0.17
Sub-total 20.58 18.37 20,12 20.69 18,95 22.20  20.15
Aromatics
Cs Benzene 2.96 3.28 3.51 3.00 2.86 3.11 3.12
Cr Toluene 12.00  11.31 9.28 6.39 7.93 6.87 3.96
Cs Ethylbenzene 1.21 2.54 1.68 1.14 1.29 1.15 1.50
p-Xylene 0.79 1.25 1.34 1.00 1.06 1.08 1.09
m-Xylene 2.14 3.22 1,58  2.26 2.49 2.59 2.7
o-Xylene 0.84 1.34 1.59 1.29 1.43 1.46 1.33
Cs i-Propylbenzene - - - 0.14 0.09 0.03 0.09
n-Propylbenzene 0.12 0.09 .13 0.14 0.14 0.23 0.14
1-Methyl-4-Ethylbenzene 0.17 0.37 0.51 0.81 0.88 0.86 0.60
1-Methyl-3-Ethylbenzene 0.12 D.14 0.19 0.31 0,37 0.33 0.24
1-Methyl-2-Ethylbenzene 0.08 0.09 0.08 0.24 0.31 0.29 0.18
1,3,5-Trimethy!benzene 0.06 0.09 0.24 0.52 (.43 0.46 0.30
1.2,4-Trimethylbenzene 0.12 0.26 0.42 1.29 1.22 1.19 0.75
1,2.3-Trimethylbenzene - - - - 0.25 0.23 0.24
Sub-total 20.60 23.98 22.54 18.55 20,75 19.87 21.05%
Acetylene 15.41 14.67 15.88 14.90 15.42 17.65 15.66
Total 100.01 100.0 106.0  100.0 95.99  100.01 100.01
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Hydrocarbon Composition (molor %) = [HC]e
Sample Paraffin  Qlefin  Aromatics Acetylene Unknown ppb
K-1(80—3—3) [43.4 20.7 20.5 15.4 n.d. 86.1
K-2{8—3—5) [43.1 18,7 23.3 14.9 n.d. 57.4
K-3(80—3—7) [41.7 20.6 22.1 15.6 n.d.| 118.8
K-4(80—7-28 |41.5 10.7 35,7 12.1 n.d. 23.7
K-5 (80— 7 —300 |38.4 15.0 33.9 12.8 n.d. 3.2
K-6(80—8—1) |[40.8 16.4 29.5 13.4 n.d. 29.6
K-7{80—8-5) |49.9 12.9 27.9 9.3 n.d. 28.2
K-8(80—8—-7) [36.1 16.1 35.0 12.8 n.d. 55.5
K-9(81—3—16) |[44.7 20.2 18.1 14.5 2.6 43.1
K-10{81— 3 —18) |43.8 18.5 20.3 15.1 2.4 86.6
K-11(81—3—23) |39.6 21.8 19.5 17.3 1.8 80.3
K-12(81— 7 —27) [37.6 14.4 37.6 9.0 1.3 25.6
K-13(81— 7 —29) |34.3 11.7 46.8 6.0 1.2 40.7
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p-Xylene
H3 Hy
OH 0
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# 3 FEBEROKR-NO-BRFAKRACKISL $ 1 5 BIE R OIS

AF N #K 3=~k RBEL
FUFF—R FUAFH—N 4 TEFL w8 25F4 & @Y
Ny 0.15~0, 20 - - 0.03~0.04 - 0.15~0.20
MLz 0.15 0.14 - 0.04 - 0.2%
QISP 0.08 0.23 0.10 0.04 - 0.41
M *vL .13 0.42 - - - 0.55
QIS 0.24 0.12 - - 0.24 0.36
1.2,3. Y 2 F N 0.07 0.18 0.45 - - 0.70
N
124 k17 AF0 0.08 0.37 0.11 - 0.18 0.56
XU
1,35 b1 AFL - 0.64 - - - 0.64
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Biological Effects of Photochemical Secondary Pollutants
on Cultured Cells
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Abstract
An experimental system was designed and built for investigating biological effects of
simulated photochemical smog gases produced by atmospheric photooxidation of the hydro-
carbons-nitrogen oxides system. The system consists of a photochemical reaction chamber
and an apparatus for exposing cultured cells to the simulated smog gas. The photochemical
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reaction chamber was made of stainless-steel c¢ylinder having a capacity of 790 ! with
which a long-path Fourier transform infrared spectrometer was combined, and its
performance test was carried out. The Chinese hamster V79 cell line was selecied as an
experimental cultured cell for testing of biological effects, and conditions of cell culture and
gas exposure were investigated. On the basis of these data, the experimental system was
estabilshed in order that it could expose to the photochemical smog-simulated gas produced
in the photochemical reaction chamber cultured cells in bottles set up in the exposure
apparatus. It has been found that this system could make us feasible to examine
biotoxicities of photochemical smog-simulated gases by producing reliably and stably the
photochemical reaction products including 0.1-0.5ppm levels of photochemical ozone, and
supplying these gases to the exposure apparatus for about Z hours.
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Fig. 1 - Schematic view of the photochemical chamber for long-path IR spectrometry
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Fig. 2 Photochemical chamber for long-path infrared spectrometry

e UTHY B SRAFRALZHBIEFERIZE D F v 2 - NORAEBEZERICEIN D, 41K
+ A OO HEERE T AT Ak White V50 2B L, BALHES. On, HARNE
BWO9EIC X Y, RAKER210.8m OXFREEK L T d, ZORERLHELFRARTHBAE
FAZE P MCT #2125 (Hg-Cd-Te T B AR, MAEFREBLIGH) TRIESH, 1=
Y-S TF—SRBEEsN, Fr - NEROFRNRNARY P52 5, M3 IZF v ¥
~ W& FTIR RO ESRORBE 2R, FERFROEREIRIIEEDIHRGIGLLE
Bafzd v - VOB E - TERESWTRY, F4y v -ORASIIL0TAOREL TR
WESETRLTHEY, |
MERAZEREUATEORESEREER TR lem " OOBEET Y, 128EAF v »OFfHE @
FIET L =3.85) WIWMEETole SOMEIAFLIIED, Fx /3 —AOLEN
A ARG AT &L (ERNICERSINTE B,

2. 2 H5EER

BT BEASAR I, AEOREERICAVAERERIAE,OMARENLE LA
WCHER L7384, TR » 7 X D154 T0.1 Torr BT 3 CHER &, MILECGR - 718D
WA THSHT (5~7) X100 Torr, ¥ 02 H%MEOHT 2 X10 Torr 3 TET A, MILF LR
ERFEIIINSR (B0°CE T) MEAN LIC X 2HEZHAF1Tv: 1 X10° Torr HOREE F THR L -1,
ROEB 1T -7, BRFERNIE, Fv 29— % 1 X10%orr  TINASERKEE LSRR
LE~NTOSNMTEBLAES, Fv oy i—HNOEN LRI 2 X100 Torr/h THo7z, ZOME
BAEAL0) — 7 RUEHEF SORMF AL ELET L,

BRI L v v -PIBEOENAE~NAENT, AV ORERBE T, AV OBRIE
BEOE= 5y — i3RI L5 /L (E 27— TR, EF L -8440LE) T HWTiT o




BOARTHE - ¥ g%t ¥

Water Bath

Vacuum Pump

/Detector

_______ [
=T /.ﬂ____. M
- _...T._._.g

|

X f

Black Light g \\ Fan Jacket | L

[~ 3.55m - FTIR

Spectrometer

3 Bk - ) TGRS S B s R R R
Fig. 3 Schematic diagram of the optics for long-path FTIR spectrometry
M: Mirror, S: Gas Inlet

Tro BHERE 1V RTHEASR, Fr v/ —HEEEN AL OHRREFEAR-FL DAY
CREBD LD 0/0: REFHETEAL, 47 ¥ FREF v /85— hREGTEIC 5 5 AR A
RO LR & OfFed sy aho#nt, CoFETIRRBEASRIO0~155 M4 8
TALA/ ViBEOSE R e B RO WA, ThUEA VRO BUdwR <
LTHEHBRCHD L0 TEDOI IR LY 1 RRFEEE Z RO/, HARHTICBY HEERES
FliCT o, KBATE Y ¥F v - TEE S L/ EFERL, MREZHAROF / BER
WAL, VYRR L ) ETIBIEN S HBFERE RS (ol AV RERORER
BE(0.140.03h V& KMATy ¥ F % ¥ 1~ TORMERTICHTHHE0.04~0.0707") & 8T
BEHEREAE o TViho ARIF v o N—BEBEOTEH E T, RF v v THEH

L7 FEP-5F 70 v i3 AR F v+ > N—CTHEHA SN PFA-F 70 X & 0 b4 V' REEE /NS
B, AF v - TREREEOKENIE, 772774 FOF v L 0--ARREICHE) TS,
B, r—7L, BEBABTFEOBREBEAL (Lo TWwABIEAF VU HEEEETRE(L
TWhHLDEBbLND,

KRB RECHCETT 2945 TOERSM L3004 5430nm 1272, #350nm 12
¥ 7 WA 20, EEOEE TR 5 ERIZ, HIFER 1 ST T NOA0.24ppm DIETHER
B TV REEIREIC 34T A NOz, NO, O3 (F4)H 6 Wu ENiki'V itk o CH 2 60K
PRAWCEHE L TROA, 185N EIRET SATEHI BV T0.2min " Th 5 72,

e, EESTICE D F v o - HOEHOHNMARO LN, HRAEREL LATH, OO0
FALEEROBEEICHERACSKEMA TR L AP HCREME 21T LEXS -2 SOHER
I Fr A -BERERL 1COBATRAE SR, LML, Fy 1 "\—RTRBIMIC(ERL
Gy FDT4FAY MR BRTHLEEILLND,




FALERE T+ s — LR RERER L 2 F &

#£ 1 O BEMERLY (25°C)
Table 1 Wall Decay Rates® of Oy at 25°C

Decay Rate
[0:]o/ppm_ Constant“h™" Wall Condition
0.1 2.2 after baking
5 0.091 03 (>>10ppm) treatment
5 0.12 0:{~ 5 ppm) treatment
1 0.074 0:{= 5 ppm) treatment
0.1 0.13 after 1 h evac. at 25C"

a) under | atm. dry air
b) 1 b evacuation was carried out at 25°C after 0z decay

experiment ([04)y == 1ppm)
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ARTZORBCHL, b)) 1 REHBE L THSFRRORF ML,

3. 2 HABRBILATL

HABRBYATLARKIERE y FF v v -0 OEB T AR B L L TOBHEADER
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b oo 7—FiaEt RM1(0~240m/min, 7o <H)—» =— FA/ATNVI— F4v 77 L8
FT—Rr 7P MEF L ¥ —734 X, TFNLVM-10) ONEIES THR S h D —F, &
AEEEE TR LI N ERERE - VST NV 2 2 CREERY  SB2 I A SR,
MigicRBSEHk, BEBRFELT » S—HEAFTIRM2 RM 1 EME) OEISE- THR SN A,
HAREORE L= — FAOL7ORBICE ) —RIRNL, 48, BREBEEF7 v TRV AR
BHRIIEEAY Y OBEHE,SBEEHKESDERENCHEE L THBNEOWIT L 250%H ¢
HEICH b {Hir 5 hts,
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Fig. 8 Square culture botile which was covered with a roller cup
{modified Feed Head)

B 0 EHER EOBEM Y 2 HO 1 ERE KT A
Fig. 9 Roller drums which was each fitted with a square culture bottle on the roller
apparatus
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Fig. 10 Schematic diagram of the system for gas exposure on cell cultures
’ SB 1 and SB 2; square culture bottle, NV 1 and NV 2; flow-regulating needle
valve, RM 1 and RM 2; gas flow rotameter, p; diaphram-type pump.
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IRRE SN R B (2B5H) LES200m LW FRERORBEET AT, HEEEOR
B L DM~ OEENE LY, AOREFABEORELBE L (RFETE AASEE L o
LELEN®H Do T ITHHOREERY v OB (IFHEE % EHEHEE0. 25rpm DECREL,
bIORFUERAY L 4 ME S F 10 2 B OM, M55 (NaOH-HBSS) 12 5 Bhh -k ¢
Rh, TORDEFIIB DHFEEE BT HERE T - 70, $MA Y ¥ 00, 25rpm O MR 12,
M4 FAOI L IFHBAT A E S E N, By 1 SHRBERCBR SR L+E®T 2, FL
TIOHA 7 e 1TEMEL, ThE2HBICHADVRIETOITCh L, HEiL 2 B OMEEYE
Wi, S Y O (NaOH-HBSS) @ pH i3 A & $ i3k A YEREY, BTS2 sh
AL 2REBIETRIZ BB LN ORI DL TR R RR OB S e e o, &
2IRT LI IEMOERE SWHIZEALZERAORE D o7 DEORGIZ L DERERD
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Table 2 Effect on proliferation of V79 Cells by exposure to purified air

Number of cells?

{x 10° cells/bottle} Control ratio

Experiment  Treatment

1 Control® 3.48+10.07 —
Exposure to air 3.50£0.04 1.01

2 Coutrot 4.3240.13 —
) Exposure to air 4.49+0.07 1.04

3 Control 3.5610.09 —
Exposure to air 3.6410.08 1.02

* Cells were cultured for 24 h after treatment and were counted by Coulter counter
{mean + SD. n=4).

P Cells were continuously covered with NaOH-HBSS for 2 h.

ohE T, FARKKHFRYE SIS 1B L VI REHEFNZEETRA-RED
BT, Guerrero® ' % Wenzel 512 5 5 03 DREHRIZEHHAE S N7 905 % H I 2
BLAENRSH AR BETLAUAT, BAOREHA LU TS, HL5OHATIIEEE 1 5308
MAAICES L, IOMMERICOL T, B, EBRFAFIMET LI &L NHlanERi X,
5 %CON AR EUCRATHERTHI LTI MRERTHREO pH 2 —EILEDZ & FRA
Twh, FHICE~N, F40FREHBEAMIC3 FROEEGTHRALEH3 LY, BRTA
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Reaction Mechanisms for the photooxidation of Aromatic Hydrocarbons

WH 1 EEMEEE . T B!
Hiroshi BANDOW', Nobuaki WASHIDA® and Hajime AKIMOTO'

B F

PIFF0.79m° DERHGRI R T v ¥ F v 25— 2 Vv, BERBAEATE-SFR{Y-
ZHEGRAEBRILR G = BB FT-IR 20T FB & LU L4, WIS L 5B Lk E
W, _r¥ry, PLTY, o, m-, p-FLLREUL,2.3- 1,245, 1,3,5-FY AFN
NV Thb, FERPEICAERY L LTae-Vh LRz pbapost krdhmic i
WIEEN, FOMRIER LY ST A S ORI L — IR SR, 20Mo
MM AR E LT, <v¥y, Py, o-F L Ly LERT LA RN, p-F
LR 24- P AFARIE Db I- ATk -25-UF SR, KB
ftRIGE#HiotT 2 Th o RERKIEORRI, ~0 ¥ 0 15~20%, RT3 29%,
o=, m-, p-F L 141, 55, 36%, 1,2,3-, 1,2,4- 1,3.5- P AF AR EL T,
56, 64%, THhole

Abstract

Photooxidation of aromatic hydrocarbens-NO,-air system was studied by long-path
FT-1R using a 0.79m® {in volume) evacuable smog chamber, Aromatic hydrocarbons stud-
ied were benzene, toluene, o-, m-, p~xylenes, and 1,2,3-, 1.2.4-, 1,3,5-trimethybenzenes.
a -Dicarbonyl compounds were observed as arcmatic ring-cleavage products in common,
and a generalized reaction mechanism of the ring-cleavage process is proposed in order to
explain the relative yield of the products, Other ring-cleavage reaction products observed
in this study were maleic anhydride in the case of benzene, toluene, and ¢-xylene, and
3-hexene-2,5-dione in the case of p-xylene and 1. 2, 4-trimethylbenzene. The fraction of
the ring-cleavage reaction to the total photooxidation reactions were as follows : 15~20%
for benzene ; 29% for toluene; 41, 55 and 36% for o-, m-, and p-xylenes, respectively;
70, 56, and 64% for 1,2,3-,1,2,4-, and 1.3,5-trimethybenzenes, respectively.

1. EAESRR KFREE 7305 FRILSIEERG HARRT/NE I 16% 2
Atmospheric Environmental Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, [baraki 305, Japan.
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LFeF, JL—VE, ZhabVI YR D bus LA EE LTEEL, F048i
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Table 1 The characteristic band of each product used to determine the
concentration

Product Absorption band wavenumber

! (em™ ")
formaldehyde  HCHO Y n 2781.0, 2778.5
formic acid HCOOH Veln 1105.2
perraceyl . (0) 00N, Ve o 1160%
(PAN)
glyoxal (CHO)» Ve 2000—2750
, methylglyoxal CHsCOCHO Vi_p in —CHO 2860—2800
biacety) (CH:CO): skeletal vib. 1120
maleic
anbydride o:<2>=o Yoo 1805.3, 840.6
(MAH)
benzaldehyde ~ (O—CHO | Veo_g in —CHO 2750—2710
CHa
tolaldehydes @—CHO Veoy in —CHO ~2730

a) The standard spectrum of PAN was obtained by the reaction of

CH3CHO+Nz05 (NO3) in 101 kPa(1 atm) air. The absclute cancentration

of PAN was determined by using the reported absorption coefficient'.

BUGIZ W27 v F N H BT BARR FIAASE) oL 02 RETCRTA L THW .
NO B.TF NO; iX Matheson ¥t 3! Research grade d b M % F v 7z, EH# A7 FVICHW LS
uﬁmﬁﬁwbmiﬁﬁxtfmmto*wAwatPun5$»AEMﬁhmT)L%%a
NHHEER, Z)AFF-VREAFLT)AFF - LEHEOKBEREEAEL X277
RUPO:s AHWTHALTHRLALGRAEE, IO ARHERSEL 7 » T CRELTHELE
OBRICRRLTIROH LAV,

3 HBRRUZE
3. 1 MLICRUNCHS
LI B RS E R

F AT (4 ppm) -NO(0.17~1.50ppm) -NOz (0.50~1.50ppm} - 225, ( 1 FIE) DEEEERIEIC &
DABEERMELTRAVATAFEF, FRE, S—FF T 7EFINF A L b (PAN), TR
FUCHERBE LT ) A XY=, 2FLTVFFHF -0, Rkl 1 rBEMAH), FERER
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Table 2 Yields of the primary products in the photooxidation of the toluene-NQ,-air
system under three different experimental conditions

Run No. o
1 2 3 Average
Initial Concentration
{ppm in 1atm. air)
Toluene 4.00 4.01 4.00
NC 0.17 1.50 0.51
NO: 0.50 0.50 1.51
Yield of Product®”
HCHO 0.15 0.17 0.16 (.16 +0.01
{CHO) 2 0.20 0.15 0.11 0.156 1£0.04
CHsCOCHO 0.18 0.14 0.11 0.14 £0.04
MAHY 0.044 0.03¢ 0.037 0.0400.004
CsH:CHO 0.12 0.11 0.10 0.11 £0.01

a) Values were calculated by the least—square fit of four initial
points of each run as shown in Fig. 5.

b) MAH : maleic anhydride.

¢) The indicated errors are cne standard deviation of three runs.
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Table 3 Yield of products®
Consumed) in the Photooxidation of -, m-, p-xylene-NO,-Air System

3

o-, m-, p-F ¥ L »-NO

(AR -A% L)

(Amount of Product Formed/Amount of Xylene

P A
-~ TEA

T b s 84 2 L O

b)

Run o-Xylene m-xylene p-Xylene
Product 1 2! 3 Ave .V 4 5 5 Ave.@ 7 8 9 Ave.”

HCHO 0.18 0.13 0.22 0.18+0.04| 0.14 0.17 0.19 0.17x0.02| 0.19 0.16 0.16 0.17x0.02
(HCO)» 0.07 0.08 0.09 0.08+0.01| 0.11 0.12 0.16 0.13+0.03| 0.26 0.22 0.23 0.2440.02
CH.COCHO 0.23 0.20 0.25 0.23%0.03) 0.37 0.44 0.47 0.42+0.05| 0.13 0.11 0.14 0.12+0.02
(CHACO) 0.10 Q08 0.12  0.10%0.02

maleic anhydride 0.04 0,03 0,00 0.04x0.01

tolualdehyde 0.04 0.05 0.06 0.05+0.01| 0.03 0.04 0.05 0.04x0.01| 0.08 0.08 0.07 0.08%£0.01
Total yield of .

@ dicarbonyls | 0.41+0.04 0.55+0,07 0.3610.03

a) Values were calculated by the least-square fit of five initial points of each run except the case of

tolyaldehydes (least-square fit of three points).

b} Initial conditions of reactants were 4ppm of xylene, 1.5ppm of NO, and 0,5ppm of NO2 in 1 atm (=101
kPa) air in all runs except run number 2.
¢) Initial conditions of reactants was 8 ppm of o-xylene, 1.5ppm of NO, and 0.5ppm of NO2 in 1 atm air.

d} The indicated errors are one standard deviation of three runs.
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Fig. 8 Concentrations of each product as functions of irradiation time in the case of

o-xylene
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Fig. 9 Concentrations of products are plotted against the concentration of o-xylene

consumed for the same experiment as Fig. 8
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MLT L L BRI (19) 1 NO; TEEF CAF Ly S 4 b L— hER (20) & 8% T 5,
P27 LBLIE (2004 (19) 12 L THI0% BEDES W Th L, £2T, M I OBEIIERKS -
FEREIT, MUTAFE FOREY OH+ 2 L Y OREEIC SO LR 5 OkET I ZHEK
R (BUER (16)) DG FRF L0 L LT, OTRIZL ) #ESNAZ0HE L OREEE 4 10R
Lz, ERRET SO TALE, NEEEEROBREEFISRIE L L £ ONESLHRD
7AEO—3E Kenley 5" O F— ¥ FBRWTHL DAYV, LEdioT, 3L v EORRLRIET
i, B H T AR BRERIGOD I LOHE ~10%BEEALTIENTES,

Ly REEEC X BEFOMOEERAESMICE L Tid, Takagi 52k b o-F 3 L ¥ O3
HHRE SN T VD, WHIC L o THI ENAFERERD SHONFE, MMOBRLIZLS LY
WFER, AFARINFA P-4 EDTHIT%TH S,

# 4 OH+* ¥ L ¥ OERIE S8 B MSHA & DKRFK S KIeoH &

Table 4 Fractions of side-chain abstraction channel in the total rection of

' OH + xylenes
Rerry et al. Nicovich et al. | Takagi et al. Kenley et af. | Shepson et al. | This work
(Ref. 5d) (Ref. 5g) (Ref. 14) (Ref. 1ib) (Ref. 32}

o-Xylene | 0.20 *Z:Z 0.04 0.08—0.13 0.047 0.05+0.01
m-Xylene | 0.04 tz‘; 0.02 ‘ 0.0440.01
pXylene | 0,07 *zz 0.04 15+0.02 0,0810.01
Method Temperature Temperature GC analysis GC analysis GC analysis FTIR analysis

dependence of | dependence of | of tolualde- of products. of products. of tolualde

rate constants. | rate constants. hy{ies and nit- hydes.

rates.,
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Table 5 Experimental and calculated values of the ratio

H CHa H . CHy CHy Cily
(CHO)» | CHsCOCHO | (CHACO)2 {ta {:a “ﬁi:o “ﬁi:o [;0 (:0
o o 0 o Ao o
R H W M G CHy
o-Xylene
exp. 0.20 (.56 0.24
cale. oAT (.58 0.25 0.25 0.58 —_— 0.17 —_— —
m-Xylene
exp. (.24 G.76 —_—
calc. 0.25 0.75 — a—_ 0.50 0.25 —_— 0.25 —_
p-Xylene
exp. 0.67 0.33 —_
cale. .67 .33 _ — —_— 0.33 _— — 0.67

a) RE-1~3 (RBHE) MVTaE
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Fig. 10 Residual IR spectra in the frequency region of 1400-900cm
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Table 6 Yield of Products® (A Product/ — A Trimethylbenzene) in the Photooxida-

tion of Trimethylbenzenes

b)

1,3,5—Trimethylbenzene

Run 1.2,3—Trimethylbenzene 1,2,4—Trimethylbenzene
Product 1 2 3 Ave.” 4 5 6 Ave.® 7 8 9 Ave.?
HCHO 0.17 0.18 0.17 0.17+0.0t 0.18 0.18 0.17 0.18%0.01 0.15 0.15 0.16 0.153:0.01
(CHO} - 0.073 0,071 0.071 0.072£0.001 0.072 0.081 0.081 0.078%0.005 - — - -
CHaCOCHO 0.17 0.18 0.19 0.18%+0.01 0.38 0.37 0.36 0.37+£0.01 0.67 0.63 0.63 0.6410.0
{CHCO)2 0.4¢ 0.45 0.47 0.4520.02 [ 0.09 0.1 0.11 0.1140.01 - - - -
Total yield
of e-dicarbo- 0.70+0.02 0.561+0.02 0.64£0.0

nyls

a) Values were calculated by the least-square fit of six initial points of each run

b) Initial cencentrations of reactants were 4 ppm trimethylbenzene, 1.5ppm NO, and 0,5ppm NO; in 1 atm(=101 kPa) air in all runs.

¢) The indicated errors are one standard deviation of three runs.
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Table 7 Experimental and calculated relative yields of @ - and unsaturated
¥ -dicarbbonyls

B WY M EN - 8w

. o K Y . cHy CHs
(CHO): CHLCOCHO (CHcO): (3 5 ﬁﬁ T o0 O

f i " N H CHy

'7 1, 2, 3-Trimethylbenzene
. exp. 0.10 0.26 0.64
calc. 0.11 0.33, 0.56 0.56 —_ —_— 0.33 _ —

1, 2, 4.Trimethylbenzene
exp. 0.14 .66 0.20
cale. 0.19 0.67 0.14 —_— 0.14 0.06 0.11 0.17 0.33

1, 3, 5-Trimethylbenzene
exp. — 1.
calc. — 1
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Study of Cytogenotoxicity on Cultured Cells by Exposures
to Photochemical Smog - Simulated Gases
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Abstract
A study was made on cytogenotoxicity of photochemical smog-simulated gases on
cultured Chinese hamster V79 cells. Two kinds of photochemical smog-simulated gases
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were used; the photochemical reaction mixture of the propylene-NOz/dry air system and
the toluene-NOp/dry air system produced in a photochemical smog chamber. Typical
gaseous air pollutants, NO,, and Oz were also used for comparison. The cultured cells were
exposed to the pollutants for 2 hrs using an in vilve gas exposure system. The growth
inhibition and the induction of sister chromatid exchanges {SCE) were investigated as an
index of cytotoxicity and cytogenotoxicity, respectively. Induction of SCEs and growth
inhibition were observed for all four kinds of sample gases studied. The highest SCE
friquencies of the photochemical reaction products of propylene plus NOp and those of
toluene plus NO; were 3.9 and 3.6 times higher than that of the control, respectively. In
contrast the highest SCE frequencies of NOy and Os were only 1.7 and 1.5 times higher
than that of the control, respectively. it was also shown that cytogenotoxicities of two kinds
of photochemical smogsimulated gases were considerably stronger than those of NOs alone
and O3 alone. These results suggest that photochemical reaction in ambient air produces the
significantly cytogenotoxic mixtures from weak-. or no-cytogenotoxic reactants such as NO.
and hydrocarbons.
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Fig. 1 Changes in concentrations of reactants and typical products versus irradia-

tion time for the propylene (3.0ppm)-NOz{1.5ppm)/ air system and exposure
time used”

#1 FobLr+NODRIEERGERDICSINAEREEOBE
Table 1 Concentration of typical compounds in the photochemical reaction products
of propylene plus NO»

Initial concentration Concentration of compounds in the photochemical
of reactats {ppm) reaction products (ppm)2
(Propylene : NO, ) Propylene NO, Q, PAN HCHO
0.5:0.25 0.1¢ b 0.09 0.04 0.23
1.00: 0.30 0.07 0.23 0.18 0.10 0.63
2.0:1.00 0.16 0.28 0.30 0,25 0.83
3.0: 1.50 0.14 022 038 0.41 1.50

Mean value of the exposure time.

Nat determined because of low reliability due to overlap of NO; abserption with water-vapor
absorption.

b
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2 X D4R, FIEWO F VLY, NOy BB b o THE L B b AR 05, PAN,
ANVLTMFE R, RYZFTLFER, FUt3F—VEOMOBREHFT-IR (2L hERKIC
il s hiz,

KALF R IE R, SEMOESE S 03 & PAN OBEMLEMETKBIET 5 FHBEO
2 BRI 7 BRI A~ D B ERERICRE U [ 242 F L2 > (8.0ppm) -NO2 (1. 0ppm) /31 28R
ORALERIGORBEOR L 2HERY TR L, F2CRERCM L2 5 BHEO P LT/ +NO; 018
{LERISERDC ST RARIEHD PV r, NO;, £BHO 05, PAN, RN AT L TEF, N
YEATAFE R, RUZUSFRF-LEXAFLTYFFF N EEOELERTOFRELRL
A

2. 2. 3 NO

NOs id NO» 100ppm/ 28 E /3T » A DK ¥ NH A 2 BRI GFEED, S OMZERIC L ) FRAFHRE
BEHWCITEOBECER L THAEL, NO, FAMER (£= 4 — FKHE 7 V8440H) T
BBl Ledvh, s~ oRBII Lz, £2EICHL 72 NO: iR 20.5ppm, 1.0ppm, 2.0ppm,
4.0ppm, 6.0ppm, K U8.0ppm® 6 BFRETH 5,

2, 2,4 O3

Oz i3 T v TEMAAAT Oy RERBIILRFHREEP L OMER T E N ALBE S,
FEDBEIC B LD CHERDKBEENE T 7OBIEERBTAHILIILIRARLZ Oz
AFACEE (=¥ - I KEF8410) THBENE L 22, HEER~ORE ML F
FTHE L 7 05 IBEIX0.13ppm, 0.25ppm, 0.5ppm, 0.75ppm, KUF1.00ppm 7S ERETH %,

2. 3 BBAE

RS NRBT A, ERARAOTREEL AT LIBASh, BEARCRES KD, B
EHEA~AORBEFEDOFR TV, ABREEHELM-1TE~, TTE L Y +NO DRILER
IR, AT Y +NO, ORLFERIBERKY, NO.,, RUO; oMEBEHOHAT AT
5200m! DI RCTRBAY VICHAL, BHEMY L 20.20rpm OFBETEET LT T2 BERE
Bl HBE LTESFEREEISOMER TR T ALAKORBESENHTT, 45— HOKE
ML 2R RE L, FRFRORMSABRECOWT 2HDREERTT 72

2. 4 BHRBRE
HEAARVEERERYRE s, ERHhlRBRI AT APLERZIIRA SR,
ST I OER T OICER SN EEA Y D NaGH-HBSS & 77 > F TEHMMIET,
- AFAXLmN Yy (BUAR) 7510 oM 127 5 X0 (20 S L7z Eagle's MEM 5 38#E20mi
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Fig. 2 Changes in concentrations of reactants and typical products versus irradia-
tion time for the toluene (8.0ppm) -NO» (1.0ppm) / air system and exposure
time used

# 2 MAIVINOEFEIGAERTICET MWL ER{LEORE
Table 2 Concentration of typical compounds in the photochemical reaction products
of toluene plus NO,

Initial concentration Concentration of compounds in the photochemical
of reactants (ppm) reaction products (ppm)2
(Toluene : NO,) Toluene NO, O, PAN HCHO C,H,CHO Glyoxals®
2.0:025 1,22 b 0.04 0.03 0.12 0.04 0.17
4.0:0.50 259 —  0.05 0.05 0.15 0.08 0.26
8.0: 1.0 5.96 - 010 012 0.22 0.13 0.48
120:15 8.92 - 0.09 0.15 0.24 0.18 0.60
16.0: 2.0 13,40 0.13 013 0.16 0.22 0.22 0.60

Mean value of the exposure t{ime,
5 Not determined because of low reliability.

¢ Combined concentrations of glyexal and methyl-gl yoxal.
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EEIMA, 5 %COM ¥ F 2 ~— g - TURMBERR IR, 351253 Bl o EIR %
ZLT 2D FRTHERED20 M DI L+ 3 FA200p! T2 bR (REIRE2 uM),
RRS TS 2 (WA

Rk, MiAHL & & M) TV -EDTA SHECHEEMR & Sh, PR E Lok, —Bida -y —
ATy — (A FAMITDE) 2L BERY V40 oMBEAEESR, 55912 SCE D
BRIt s h, 28, BEUBROBRMAEIER, 50 I3EES0m NTFOX Y v FShb v
IO—#KkT 7 (SHEFLRAOY-FII/M) OEEBEDE & T -7,

MR O L L2 HAIE R R B A LR s e TRRic bk s hi,

A (%) = (1- ) X100

ARFREREERSN ] AMEESWAEERAY L 4 0 0HRE, BIRB VR L ERE
N2 1 BRI S B Y v S h MR R T,

SCE Bl D /- L HE SN/ B NI20.075M OKCLIEIRIC L N IERAE 2T - 721k, * ¥
= I EERE (3:1) BHEAVTIAIORLRELRIVET I LICLYEERTY, AF /-0
MR O E TP Lz, BERO22V L 3%, KRICHLU0%FERE O -2 F 4
N2 24cfE Lay 7L b b (80°C) Tl L Tkl L L7z, R fSBA Goto 5
124 g B & 47z Fluorescene~plus-Giemsa 3 (FPGEE) I25E » T B EO T EA4T b7, SCE ¥
BRZET H7-0IZ FPG il L N AT &2 S h o SR B OB 2 E 3 IR,

SCE $HFE 2 E4r 3 P BRI % Je S SRIMEE 1T £ 1 100045 123Kk LT SCE S+ 4rc BRI T & 54
RPUIBRLG /- D SCE O E RS, FEBRTH, EREFERTOMBRUREY R FhEFN
oW THifad 72 1) O SCE I £ 25E D RIYIBAROFHEE LCHB L, FLTHEAF A
DFFEIZ L D SCE HIRE 20 10> SCE AL & LB B 720012 Student D t-7 X R 2L O FHEEOR
EFIT 720

3K R

3. 1 F7AEL YN0 DRERREERYNEE

TOE L +NO; OFALZERIS AR OREIZL B V79 MM OSCE HEE & IR oR T 5
3R LE, 7O L +NO DRFERCERPOMEE L THWS B EAEBILLS
SCE $iff i3, M1/ 06.480 57 2008 MIChH -7, —F, BREBEBREEOICL » 0.5ppm
I NO2 0.25ppm @ ¥4 LR BE OFEL A A 0) SCE SIS I3 HIfE 2 72 0 14.32 R TF14.04 TH b, Fh
FLOMBIIENT22ERU2.MEQEEZRL, SLIIREERBENO7OY L 3.0ppn | NO:
1.5ppm OB EE D BEN# A ) SCE M IRAIII 4 7= D 263275, 0°26.04 L 2 W2 OAHRIC I
NT3MERUBMEDHEEL TR U, EENRALNIBEORE S A3+ TH BRI~ SCE
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Fig. 3 Micrograph of chromosome spreads stained due to observation of SCEs in
Chinese hamster V79 cells

MO ELBIA LGRS, MECKFELAZED 2B ofedBohidh o7, i
FRRIMEIE IR 30 A L NS X A IS IRTE U A & ISR 350 B MR IR P
fEiIZBENRS TG, 7%, 22%, 4%, 4% 2R L7,

3. 2 BPILIH+NO DREERGERBOEE

b LI 2 +NO, DAL OFFIZ L 5 VIO ML SCE 4 L MAHIBIORERE X F 4
WiRL7ze MY +NO; OWEERGERDOMBE LTHWL R AEREREEICL S SCE
BRI 06,400 H 8. 280MMAICH - o, —7F, BEERBED FILI > 2.0ppm © NO;
0.25ppm DRSS IREOFE A A SCE ML/ 0 1356 RU15.40TH Y, HEDL .64
BUFLMESTRL, 25IRESERBED NV 16.0ppm - NOy 2.0ppm DR IT i O HE
HADSCE KR, 1| EBRHITREMYL024.68%R L, HEOIEETLEYN 16T
R BT A A BB LAERD BB ORIIEA A G0 SCE DRFERITELd o
Fzo EERDHA O IBEE OB H R 12§ C SCE BUEOH B A WINATH e ss, EEICRAF
L7 &) 2BR—FEOmRIIB oz o, A LHREIENIEE 3 CH D & 9 ITRE
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Table 3  The effects of én vitro exposure to the photochemical reaction products of

propylene plus NO; on sister chromatid exhanges and growth inhibition of

V79 cells

Concentration
Frequency of SCEs (mean + SE}/cell

(ppm)  Experiment Growth inhibition
Propylene : NO, Control gas Sample gas? (%)
0.50:0.25 1 6.64 = 0.25 14.32 + 0.80 8
2 7.04 £ 0.35 14.04 £ 0.75 6 17
1.0 :0.50 1 7.00 = 0.48 18.64 + 0.89 21
2 6.48 £ 0.36 17.76 £ 0.61 22 12
20 1.0 1 6.68 £ 0.30 16.96 £ 0.49 45
2 7.20£0.33 17.24 £ 0.74 43 144
30 :15 1 6.88 + 0.40 26.32+ 0,15 52 54
2 6.60 + 0.39 26,04 + 1.04 56

. * Significantly different at all concentrations at p<.0.001, Student’s t-test, compared with corresponding

control value (n=25).

#F 4 VT MRS e & RREIHIC AT b LT +NO, DS

BCRE 2 Bith DR

Table 4  The effects of in vitro exposure to the photochemical reaction products of

toluene plus NO; on sister chromatid exchanges and growth inhibition of

V79 cells

trati
Concentration Frequency of SCEs (mean = SE)/cell

(ppm) Experiment

Growth inhibition

Toluene : NO, Control gas Sample gasa (%)
20:025 1 8.60 + 0.49 13.56 £ 1,22 16 ] 19
2 8.12 £ 0.50 15.40 £ 0.69 22
4.0:0.50 1 8.28 + 0.60 13.20 £ 0.60 25
2 7.00z 0.56 11.68 + 0.97 23 P
8.0:1.0 1 6.40 = 0.48 16.04 + 0.96 44
2 6.68 £ 0.51 16.28 + 0.95 Si 148
120: 1.5 1 6.70'x (.37 2356 £1.92 67
2 7.20£042 23.60 £1.89 66 167
16.0: 2.0 1 7.04 + 0.46 b 96 ] 94
2 684043 24.68 £ 1.47 92

*  Sjgnificantly different at all concentrations at p<{0.C01, Student’s t-test, compared with corresponding

control value (n=25).
b Mitotic figures were not present in cultures.
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AR L2 EAA G, SRELSTLEERBEORVWENRS, 19%, 24%, 48%, 67%, 94%
L1,

3. 3 NO,DER

NO; ®FHEIZ L 5 V79 #lad SCE $E & MGl O R TR SIIR LI, NO, OxHRE LTH
Vi A REC LD SCEHEBIIMRL 0676007 . 40BMIIH o, —F, ERERA
7R A ONO, 0.5ppm B HECIAM B AT SCE MDA B ML A 5 0¥, 1.0ppm L
LORBERETENTNAIICEHA~T SCE HEOHBE RN A LRIz, kb8 SCEHEER
L 7Nz 8.0ppm TIIATHEL. 7R OF1.645 T d - 72, SCE $E ORIINIE NO, O 1A U6l
Bh oA, BY ) RE-RIcOMRIIE L hREo72,

P FAENE] 1L NOo 0.5ppm OB RE T EIHIER 24 6 1% . Oppm EL_E iR CIEE [ J4RFF L7251
SR A S 6N, 1.0ppmbl EO BB 3 ARG 4 %, 11%, 32%, 57%, 85%
rm L7

® 5 V79 BTk AR & BAIEIIRITY NO, O3
Table 5 The effects of in vitro exposure to NOg on sister chromatid exchanges and
growth inhibition of V79 cells

Frequency of SCEs (mean = SE)/cell

Concentration Experiment Growth inhibition
(ppm) Control gas Sample gas? (%)

0.5 1 7.16 £ 0.37 7.32%0.35 5
2 7.08 £ 0.28 7.20£0.27 2 I2

1.0 1 6.96 x 0.32 840 £041** 6 |4
2 6.92 + 0.29 8.96 z 0.33%+= 2

2.0 1 7.20 £ 0.39 8.92 £ 0.47%* 8 |11
2 9.76 + 0.42 B.44 £ 0.54% 14

4.0 1 6.84 £ 0.28 11,04 £ 0,59%** 35 | 32
2 7.16 £0.28 10.04 £ 0.41%** 29

6.0 i 7.20 2 0.48 9.64 = 0.46%** 53 | 57
2 7.24 + 0.32 9.60 + 0.37%** 61

8.0 1 7.12+0.39 12.32 + 0.48*** 86 | 85
2 6.92+ 020 11.40 £ 0.37*** 84

®  Significant at *P<C0.05 * *P0.0]. by Student's t-test compared with correspanding centrol value {n=25).
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O3 DEEIZL L V79 Milaed SCE B - RFEHIBI O R T F 6 1R L7, 00 E LTHW:
BHEAREICL L SCEHE MY - N6.200 57 . 80HAAIH - 72, —F, HEERBRE
D Oy 0.13ppm O SCE HIEIIMR L /2 H7.36 RUT.96TH Y, TREROMBIZL~THEA L b
1.2(EDMEER L, 8 5 BRI~ Oppm OSCE HME XY 7 111,528 F11.16Th 1,
HMEUIHATTA &6 LEDMEE R Lo O3 DEERIEE T SCE MBI BT L TH B4 H
MERL, REKFEOHMEREASNY, BY 3 eE-REoMMBRIELR2h 57, Wil
P O3 DS BRI Tl ITIKTE L2 IDBIER A S, KB IC6 ) 5 FMEI311%, 12%,
30%, 49%, T1% %% L7,

#£ 6 VT MERE OGRS RS & RETRN I RIET 0, R
Table 6 The effects of in vitro exposure to O3 on sister chromatid exchanges and
growth inhibition of V79 cells

Frequency of SCEs (mean + SE}/cell

Concentration Experiment Growth inhjbition
(ppm) Control gas Sample gas? (%
0.13 1 6.20 £ 0.33 7.36 = 0,39* 5 1
2 6,68+ 0.28 7.96 = 0.26% 17
0.25 1 7.12+0.38 9.08 £ 0,46%* 16
2 7.84 £ 043 9.76 + 0.48%* 8 112
0.50 1 6.16 +0.32 9.40 + (), 54%** 32
2 6.20 + 045 8.84 + 0.48%** 27 130
0.75 1 7.76 £ 0.37 10.32 1 0.47*** 51
2 7.88 + 0,49 12,12 2 0. 87*** 47 )49
1.00 1 748 £0.53 11.52 £ 0,54%** 69
2 732 0.37 11.16 £ 0.86%** 73 r

* Significant at *P<0.03, **P<0.01, ***P<0,001, by Student's t-test compared with corresponding
control value {n=25}.

4 £ %

TUE L +NO, DRACFERIEERD & PV v +NO; DRALZR LB 2 FE OB 2
Ey ¥+ ¥3al— A A Chinese hamster H3¥ V79 O SCE 3 FE L, MRAEHEETHO-
ENBd oL, FAMMEERAE S - D32 b=V HALDREDDIZEBRIRA LR NO,
BUF0; 4 SCE 8% L, #MRBEENTHOILIEDLNL,

CHETH ARKEAHEEDH O EHEE P EREEIZ o TRARN L ¥ ARKEFRIHE
THhbHNO HHVE O IHTHHMENELALTH ), 4 OWEEFHBERMEOMPATHE
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HEVREREMASZ 2 2RO THATY . —F BFERE S FiCBLTH, RAOH5
PR TiE v & NO, DRALERICAERDOREH ZIZ20THEY (Salmonella typhimurium)
TOEREMRBAIRA SR, EREMOSHH I LFREIC R IRE SALBETH S,

BEEREFWHTRTLEE, BRI TOFEERCTFEREIL A, FICEREEROR
WMITF TR, CORBEOMS THEDPTYHMAZENEEL 0T b, HEEAE Y ¥+ 23a
L — b 7 2O REHEI MO F AR FEDE L kT EOREIIME T 515 4R
ERoTLEBN, REFAE» 7 - V1ol - b TARBL EREERICEEPOREN ATHE
T2OINO RUF O3 2 KB —OH ARERMHALIBEL NV CHEMICEERETAZLEEL VL
Ebhb, FITHLAEIREEAEY Y- 32— FFAIDWTHR, @, BtFE2E 7O
BIEELTHWORTWAREFE S 47y MRERAERE L THERE 2 R4, wbhe oL
FEA XS5y FRAKPORIKEL NO 26 HEEWMIERT 2RLEWE ORI TH 275
RERCHERINHFAL T - 22— P HATIRO; RUPAN M RALEL F L 70
DERELET DS O BEL PANIBEOMERILEA ¥ MBES LTHEL,

FTHY LY +NO ORILFERIGER Y TR T L v | NO, O 98] K IE B B A70.5ppm
0.25ppm D& &, HALFEFF 57y FMEEITO. 13ppmEiR L, E5CHMHRERENS 252D
nT0.28ppm (7 E L > I NOx=1.0ppm : 0.5ppm), 0.55ppm (2.0ppm : 1.0ppm), 0.7%ppm
(3.0ppm 2 1.5ppm) L@ VBEERTR LA, 72, P2 HNO: ORALERICERS Tt b L2
L NOx DHISRIEHELA®2. Oppm © 0.25ppm D & EHALFEA + 287> PHALR0.07ppm R R L,
IR G E OB ZHE - T, 0.10ppm (FIT > I NO;=4.0ppm : 0.50ppm), 0.22ppm (8.0ppm
*1.0ppm), 0.24ppm (12ppm : 1.5ppm), 0.29ppm (16ppm : 2.0ppm} OWE CTH o7z, 70K
L > +NO; BALE UG B O FlbSE 4 3 3 ¥ > b IREE IS WIHR R # BE ORI NS (2 BHkAT 72
HERBEERLAN, AT 2 +NO, OXFRISAER I, DRCREIRE DI TER
BHIIE (R BEEPH SN, BALEAF L7 PUADERD T, FuY L +NO; DAL
FERICERPOFN LTV F e RSB ERE L EREER LY, P+
NOs DFALFEFICE R OF A LT VT Fi E7 V7 P T RSB OB
LAV TR A EER AT A 7 B A S T,

HALFAF Ly MREARTREL L 2O EERAE Y 7 Y32 b— P HRALE—D
HARKK TG R E D NO, BTFO; OMMBIN R R SCE HECBETHRE L/ -OFN4 Th
%o

MEHBEEORIETH L2 MMBIEEAIE NO; 2R 55 <, 05 7Y L ¥ +NO; DHILFERIGE
B, BT - NOORALHE UG R OIS & B 2 EARENL, TRHETDNO; & 03
OREEM T OIS % B LB L L Ti2@H 5995 Chinese hamster B3 DI (2105
BEELTIO - BERERALREND G, NOy & 03 HIZIZMBEETHAZLEHREL T
Bo L LAHHARERTIE Oy i3 NO 2 AT THIERBEMRESHBO I EARSHh
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The comparison of growth inhibition and induced-SCEs of two kinds of
photochemical smog-simulation gases, NO,, and O; on Chinese hamster V79
cells: (a} growth inhibition, (b) induced-SCEs

Ox (propylene+ NO3): photochemical oxidants contained within the photoche-
mical reactant products of propylene plus NOz Ox (toluene + NO3); photo-
chemical oxidanls contained within the photochemical reaction products of
toluene plus NO;
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03 b AR ZEN 5L EIZaEES N b D LB A,

THE L Y +NOp DIAESUCERM MU b VT v+ NOy O RGA: W# = &, ik
FoA XLy MRS UCEESE SCE R { 2 MO 5, 7O L v +NO; X
b BB A R Cid kit F 2 4 > M BEA0. 79pm DRESHEO L &, SCE HEIZHRO3.9E
iR, $7F T Y +NO, ORILERICERY CiabZE A+ 2 ¥ 2 FBREAD. 2%9pn DR
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¥ MRETHETLE, FVLy+NO: ORLFEREERBOH A LABHLN L, L
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BHbhs,




BARTTE - 5% o EE 3

SEIEBICHE N RICERE Y F - P32 L — MR, FOEMENBEENRVEERS
NTVLRFEFF L F L PUARELLATATFE FOLI LT AT FES L LEUFSEE
INTHY, ThoenEPFNPELEETLLEND L. FIIFVLAT LT E FOREBIRTA L
bHMbEA R Ly MREL DE L, BEF T REEERPOESLEMETZ D, VAT N
FERFRAFNTLI-ALOBIMTHEY, RITOLEEHELE-RR 2 ENLOERNFE
g, FoNaOWARES G EE LTEOMERIEHEECERRNANEE SATBY, $WERRYEK
ELAEESRTVLAEY, Obe 52 AEEBRMIIZ AN LT VTR FETE FTAFE FERERD
RETEEL, SCE*FRTAIEAWMELTD, BB, BEFEREY X - 32— PHFA
KEINBRLAT VT FENEFRAT Y ¥ - V3 2 b— M AOMBRBREEEOEEICECHE
SLTWLHIEMNESIZHERS KL, LELedh, TREITHLLTLTFe Frlok$5x
ATVFRE, TERTAFLF, #V4FF— )b, XAFNI)ATFF LG ETLFE FEER
2egMoF AR OB EERIRES AT, YoEERbERE Y - 32V}
#AOHBEBEFEILFS LTSIl 2 Thve RLLTUTE FIhoZRESYE (X
M, A, BEREKE) SERLE ) JLASREWTBY L OB L —EICIRR S S B E,
EREROHEN 2EUEE 252 L MESATWEY, AL AT VFL FERBEOT LT E
FEARFOLEWY, O EBEEA T ¥ P ERFLABECEDOL ) 2EEIEH AR
ST PRASHRRETAEECRELRLNL, —F, VI X+ NO; DRALFERISESR L BT
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Availability of “Flow-Type"” Photochemical Chamber as an Exposure
System for Small Animals

#He |W-R -
Akira K. SUZUKI' and Hirokazu TSUBONE!
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BEI30.52ppm FFHEELTHER L. 20 L 510 LTAEE SN b UL R E RS %
Ty b 2BER E TRE LIRS, BRESLBEIIEESES A, FREE O,
G L NO, DEMBE L AL BN R - Tl T/, BEERREES D
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Abstract
A “flow-type” chamber was made to examine the biological effects of photochemical

1. EVAEMEN B4R T305 KIREHEEEE OERET/NTFIM6H 2
Basic Medical Sciences Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba,
Ibaraki 305, Japan.
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secondary products on experimental animals. This chamber was made of four pieces of
solid glass-tubes [Pyrex-tube, 200mm {d) X 1200mm {1)] which were tightly lined up each
other, Ultraviolet irradiation was performed by sixteen black light lamps surrounding the
glass-tubes.

Mixed gas consisted of 3 ppm-propylene (CsHe) and 1 ppm-nitrogen dioxide (NOp) was
continously supplied to the glass-tubes during ultraviolet irradiation, After ninety minutes
of irradiation, ozone {Q3) concentration reached a stable level (0.52ppm) . When such
photochemical secondary products were exposed to six rats, respiratory rate (RR)and heart
rate (HR) of the rats varied markedly. Furthermore, the time course of RR and HR differed
from those of animals exposed to NO2 or (s alone. In another experiment, an increase in
activity of lacrimal nerves was observed during exposure to 1 ppm formaldehyde (HCHO) .
indicating that eye irritation could be caused by this gas.

From these results, it is concluded that the present “flow-type” chamber is useful for
experiments determining the biolgical effects of photochemical secondary products.
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Fig. 1 A block-diagram of an apparatus served for experiments on photochemical
reaction

1. gas-mixer (gas-diluter), 2. photochemical box,

3 . exposure system, 4. gas-monitor system, 5. gas—exhaust system.
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o 1lo 20 % 10 50 50 70 CH) nin
Reaction time

B 2 SSMRIESHC LB NO & Oy OREE(L (/34 Ly 2 A No. 1.

Fig. 2 Changes in concentration of NO, and Oa in Pyrex glass-tube No. 1

P shows the onset of ultraviolet irradiation.
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Fig. 3 Changes in concentration of NO, and Qi in Pyrex glass-tube No. 2

Chamber 3
Concentration(ppm)
NOx g 4
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P
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B 4 $5EBEAIZL D NO, & O OIEEL (N1 by 7 A No. 3)
Fig. 4 Changes in concentration of NO, and Oz in Pyrex glass-tube No. 3
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Fig. 5 Changes in concentration of NO, and Qj in Pyrex glass-tube No. 4
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Fig. 6 The distribution of temperature in a series of photochemical reaction system
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Fig. 7 <Changes in the respiratory movement (PTG} and electocardiogram {ECG)

in a rat during exposure to photochemical secondary products
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Fig. 8 The difference between individuals in respiratory rate (RR) and heart rate
(HR) in rats during exposure to photochemical secondary products.
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Fig. 9 The increase in lacrimal nerve activity (upper record) by stimulation of 1

ppm-formaldehyde and the innervation around eye ball (lower trace).
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