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Reaction Mechanism of the Photooxidation of the
Toluene-NO; -0, -N; System in the Gas Phase*
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Abstract

Photooxidation of the toluene (34 ppm)—NQ, (8—207 ppm)—N; and/or Oz (latm)
system has been studied in a 67 dm’® reaction chamber. The reaction was initiated by
OCP) atoms formed in the photolysis of NO,. The main products were benzaldehyde,
cresols, benzyl nitrate, m-nitrotoluene, 6-nitro-o-cresol and 2-nitro-p-cresol. Their relative
yields were studied as functions of reactant concentrations. The formation mechanisms
of the products were proposed on the basis of the reactions of O(*P) and OH radicals
with toluene in the presence of NO; and O;.
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Table 1. Relative Product Yield {Cresols + Nittocresols = 1.0) in the

Photooxidation of the NO;-Toluene-0, /N, System (Total Pressure = 760 Tort)

. i:Nl:(;)% b(];())pzr:x()l (T?)%r) fl?iréi vde Cresols g‘:s’iﬂ: iglgég: ‘ chlt::gls
174 92 160 0.26 0.23 0.052 0.021 0.77
145 64 160 0.21 045 0.040 0.015 0.55

38 13 160 0.21 0.89 0.033 0,062 011
20 7 160 0.18 .91 0.023 0.060 0.09
11 5 160 0.20 0.89 0.021 0.071 0.11
24 47 0.15 093 0.016 0.030 0.07
30 12 418 0.21 0.84 0.018 0.043 0.16
30 23 760 0.24 0.68 0.017 0.045 a.32
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Photochemical Oxidation of Benzene, Toluene and Ethylbenzene
Initiated by OH Radicals in the Gas Phase*
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Abstract

Photochemical oxidation of benzene, toluene, and ethylbenzene initiated by OH
radicals in the presence of NO and NO, was studied in the air by using a 67 dm® reaction
chamber made of Pyrex glass. OH radicals were produced by photochemical decomposi-
tion of nitrous acid, the products being phenol and nitrobenzene for benzene; cresols,
benzaldehyde, m- and p-nitrotoluenes, and benzyl nitrate for toluene; ethylphenols,
benzaldehyde, acetophenone, and m- and p-nitroethylbenzene for ethylbenzene. The
reaction mechanisms are proposed based on the addition of OH radicals to aromatic rings
and the hydrogen abstraction of OH radicals from alkyl groups.
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£ B

FRICAV LRI Ly 7 RBNGESR (WERETH) BLUNE EE++/ ¥ 5 v 7,
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(NOJJ = (HNO,) + (NOJ + (NO;) . ()

%T HNO,, NO, NO, DE&#%E, 714 Yk (0.1 N-NaOH) Z#if: L1oMit 7 5
SRAEBBEE DL, HNO, HELKRESN, NO LU NO, D - HBHEBRNS 5, THbb
(NOyJreas = {1 —a)(NOJ + (1 = b)[NO,) (i)
£TT (NOyg)ramy $4 E3ET 04 U IKISHE BB S 1 & & DAEBO NOy DI RETHY, a,
bl NO % & 0 NO, £8IHILT v 4 ) A MBS /- & & DMDEN» S, TAEA0D, 0.2&
KBONF. TN EABRS L L, SEHOEED NOBELU NO OEFELD, &

UWiY 2B VT HNO,, NO LU NO, oBEEXEHL -,

F IR D MO TS OEALERTS 5. EEMMFAFRI DTS 570
B3k LTERE LEES % SE -30 (Hkye54+ W), 3m, &V, 80°C~ 200°C
1f4t/mmﬁwﬁﬁ%ﬁatoaﬂ®dv€v,bWIV,$¢U:+w&V€vmm%%%
THBMOLOE, $1 MR BLURR CHAAB) GETRLSTRMND L0E T
NE R ICRRE IR L

s R

~y €y -HNO, - BEROLBHERTEOW A TERMIE 7 =« / — &=L RV EVTH
o te BT RNV IYTEESIN, HNO, #1IHEE 3.2 WOKO, Ch o4ERYD BE R
T ALEREEER L. M1IE&HBESL, T2/ -V, =boXVEYIRAAEH L EIZITE
iz B A%, IEICEREF RS L TLeAOMRE T Y. Thid HNO, BENKIE
I ORA RIS 210 THEERPN S, = boNvEYET 2/ — LDERLGBHREL
HICHMNY 3. CHIIREOETEHICHAD NO, BE ST 51250 THS 5. RIGMPOE
R otE Oks SEBOhE= toRYEYET =/ —LDERBERIICRLI, R1IKAD

%1 ~v+y-HNQ, - NOg - Z TR EMALRIGICH o 52RO ISR
HRERE, ~v€v, 31

Table 1. Relative Product Yields in the Photo-oxidation of the
" Benzene-HNO32-NO,-Air System, Benzene, 31 ppm.

Initial Concentration Relative Product Yield
HNQ, NQ, NO Nitro-
ppm ppm : ppm Phenol benzene
0.52 0.02 0.06 1.0 0.08
3.2 1.4 1.2 1.0 0.50
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Fig. 1 Relative yields of phenol and nitrobenzene vs, irradiation time in the
photooxidation of benzene-HNOj-air system. Benzene, 31; HNO,, 3.2;
NQ;, 1.4;NO, 1.2 ppm.
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Fig- 2 Mass spectrum of an unidentified product in the pliotooxidation of toluene-
HNQ;-air system.-
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Fig. 3 Relative yields of cresols, benzaldehyde, #-niirotoluene, p-nitrotoluene,
and benzyl nitrate vs. irradiation time in the photooxidation of tcluene-
HNO-air system.

Toluene, 31; HNO,, 6; NO4, 1.3; NO, 2.1 ppm.

BEUNY KT VT E FOERERAME £ICHOT 503, HNO, BEEHIH & F ik 5
B THDSEBDN D, CAKHL, m-=ba kT 856 & e BRI L TO
BDI, m-=bo kAT v OERICE HNO, & NO, 2iZtic S L T4 575 HNO, DD %
NO, o~ T, R LEREFFREF-ERihT0i60LBbh b,

M GEE O h o RO SERPOEHER L ER 2 TR LI, R2ILADLHIKNVZT
WFEEFD VS T AR NOBECLFRIE-ETHEN, m-=ba by
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%2 brrxv-HNO,-NOy- O/qq%%ﬁmﬁmmkwé%iﬁ%®m%
PR (7 LY —=1.03, bz, 31M

Table 2. Relative Product Yields (Cresol = 1.0) in the Photo-oxidation of the
Toluene-HNQ, -NO, -0, N2 System, Toluene, 31 ppm,

Initial Concentration Relative Product Yield

HNO, NO;y NO | Atmos- Benz- Benzyl m-Nitro- p-Nitro-
ppm ppm ppm | phere aldehyde Nitrate toluene toluene

4 0.2 0.4 air - 0,45 0.06 0.10 0.10

7 0.5 1.0 air 0.42 0.06 0.15 0.10

6 1.3 2.4 air 0.61 0.06 0.23 0.09

12 1.5 1.5 air 048 0.05 0.28 0.11

3 0.3 0.4 N, —_ —_ 0.43 0.17

12 2.0 3.6 Nz — — 0.97 0.14

TE7oy b LADOBRELTHAE, THIZHL NO, FIIBE BN BDOr Lot
T vOEBREOEMEM - =+ a bz v DBSBRBEETIRE,

RIEEKDph 0K, BRI SERTIT - LKEOESME, 7 v/ -kl Um-, p-=}
ORLEIVTE, NVEXTILFE FREIUHEBRAY DRSO -7 (R28E), 7,
BIFELW NO, M BEicHLT, m-=botrzyny Ly —vigwtd AEREREZEDD
HWERHELO bR ABERED 210 7L/ =D 0 -7 LY/ - A ORGRERPTLERDO
BAOEEREALEE Lot

HNO,; - LF v~y ¥ v RORBIASUGESER T F L7 2/ — 0, TEF T2/ ¥, VX7
WFER, M-z b FoxvEy, BIUFP-2traxzFux /€y Thot, HMEERYE
LT=boxzFnd ./ -nbllaiii, 72072 7T FOERBAESHEA- I,
LR SERYORHEERICHT 2 ERMEICEIN VY E VY BLU T v v OBS L RIBEOER A S
hic, TUbBIFLT /-, TEE7 27V, BEURVYX7LFE FOEBEHEIT B
&b T 55, m-, p-=toTF ANy Yy OERER BHEHICL SFRIZ—ET
H-1,

RN SR, TFLT 2/ — LT ABRERMOEM AR 3 KR L fo NO#1 1
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Fig. 4 Yields of m-nitrotoluene relative to cresols as a function of initial concen-
tration of NO; in the photooxidation of toluene-HNO-air system.
Tolueng, 31 ppm. :

&3 TFLNYEY - HNO, - NOy - BRHRAEBLRIGICE T 3 /LB OF)
WM ERGEE (ZF 72/ —=10), TFARYEY, 1P

Table 3. Relative Product Yields (Ethylphenol = 1.0) in the
Photo-oxidation of the Ethylbenzene-HNQO,-NOy -
Air System. Ethylbenzene, 31 ppm.

Initial Concentration Relative Product Yield

HNO-, NO, NO Benz- Aceto- m-Nitro- p-Nitro-

ppm ppm ppm aldehyde phenone ethylbenzene | ethylbenzene
1.7 0.5 0.2 0.60 1.73 0.11 0.08
7.9 1.2 3.0 0.65 2.02 0.37 0.16
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Analysis of the Reaction Products in the Photooxidation of o-, -, p-Xylene
by the Gas Chromatograph/Photoionization Mass Spectrometry.
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Abstract

The reaction products in the photooxidation of o-, m-, p-xylene were analysed by
a new gas chromatograph/photoionization mass spectrometer. There were two types of
reaction products, i.e., high boiling and low boiling products, Tolualdehyde, dimethyl-
phenols and dimethylnitrobenzene were main high boiling preducts and formaldehyde,
acetaldehyde, glyoxal, methylglyoxal and biacetyl were identified as low boiling products.
The ratio of the total amount of the high boiling products formed to the amount of the
o-xylene consumed was about | 7%. On the other hand, the low boiling products amount-
ed about 45% of the o-xylene consumed. The importance of the cleavage reaction of the
aromatic ring was discussed.
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Fig. 1 (a) hematic diagram of jonization chamber.
C.C.: GC column

P, : glass capillary

P. : oil diffusion pump

: lamp window

'. V.U.V. lamp
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Fig. 1 (b} Schematic diagram of GC/PIMS.
I.C. : ionization chamber
L : V.UV, lamp
L.G. : ionization pressure gauge,
B : buffle
D.P. : oil diffusion pump
T.C.G.: thermocouple pressure gauge
R.P. : rotary pump
D.P.S. : differential pumping system
P.C. : channeltron
L.N.T.: liquid nitrogen trap
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Fig. 2 TIC chromatogram, mass fragmentogram, and mass spectrum for the mix-

ture of benzene (10%), toluene (10%), and mi-xylene (10%)/cyclohexane,
(A) TIC chromatogram. (B), (D), (F), and (H) are mass fragmentograms for
mfe = 78, 84, 92, and 106, respectively. (C), (E}, (G), and (I) are mass
spectrum for peaks ¢, e, g, and | in (A), respectively.

Column: SE-30 (2 m).

Column temp.: 80~200°C, 5°C/min.

Lamp: Kr lamp (MgF;).

Injection: 0.2 u/.

Mass scanning range: 60~120.
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Fig.3 TIC chromatogram and mass spectra for the mixture of biacetyl (10%)/
water, acetaldehyde {10%), and propionaldehyde (10%)/water and nitro-
methane (10% )/trichloroethylene. (A), TIC chromatogram for biacetyl
(10%)/water. (B), mass spectrum for peak b. (C), TIC chromatogram for

. Me=6t acetaldehyde (10%) and propionaldehyde (10%)/water. (D) and (E) are

(2] mass spectra for peak d and e, respectively. (F), TIC chromatogram for

] nitromethane (10%)/trichloroethylene. (G), mass spectrum for peak g.

Column: SE-30 (2 m)

Column temp.: 80°C.

Lamp: Ar lamp (LF}.

Injection: 0.2 u} .

Mass scanning range: 40~100 for (A), (B), {F}, and (G)}; 10~70 for (C),

(D), and (E). '
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Table 1. Sensitivities of Organic Compounds to §/N ~ 3

L.P. Lamp (window)  Sensitivity to
Compounds (eV) GC column (m), Temp. - energy, eV S/N ~3,ng
Benzene 9.24 A 100
Toluene 8.82 100
m-Xylene 8.56 100
Benzaldehyde 9.51 ' 150
m-Cresol 8.52 100
2, 4-Xylenol 150
Nitrobenzene 9.92 lf r Kr(MgF,) 250
m-Nitrotoluene 9.65 SE-30 (2 m) 80 ~ 200°C 10.64 eV (20%) 250
Nitrocresol 10.03 eV (80%) 250
Cyclohexane 9.88 500
n-Hexane 10.18 600
Acetone 9.69 ’ 200
Cyclohexane 9.88 A 200
n-Hexane 10.18 200
Formaldehyde 10.90 Porapak-T (2 m) 150°C 500
Acetaldehyde 10.21 . Ar (LiF) 300
Propionaldehyde - 998 } SE-30 (2 m) 80°C 11.83 eV (45%) 300
Nitromethane 11.08 11.62 eV {55%) 300
Glyoxal 948 Porapak-T (2 m) 150°C 800
Biacetyl 9.23 SE-30 (2 M) 80°C J 300

= 2 _
0 -Fv L /NO/K/ESDREFANBHL BOLEEMOF. [.D. ¥R 0= b7 54

24 IR, K4 3HERBELS -+ 0TH, NO 2WTHEY, SE-30(3m) # 7 6%
FB0°C~ 200 CILRB L T 3, COD:%%&&énf:Eﬁ%li, FigA4 TEF, bTAF
LR, JAFLT 2/~ (2.3-, 3.4-), 0 -AFLRYIwF+fblg4h, JAFL=]
oNvEY (FiK3.4-) ThHYH, TOMPBOY A FLAY Sy, PAFL=bOT 2/ —
wisRWwiHE R, chongEgid, EI, PIOGC/ MSD=2 A7 b, F12GC DRE
B o/Es i, 4 7 F L DERAERYE, SE -307 7 2 THRBIFHMETE 3
fo ¥, d‘ﬁ/\"-ylﬁT (2m, 150°C) #AVT, F.I1.D.HAZ2a=r ¥ 2L 57 %HAAT
Alobs, EEMO GC KT 3RESECE, KBOKSERYELI 7 v 7Eh, KDy s
Yoo v FHBERIRAECNASH, OZAKRLDF. ILD. AR 0% 75 7k 34T FafE
Th-71. .
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Fig.4 F.1.D. Gas Chromatogram for the reaction p_roducfs in the photooxidation
of the o-xylene (10.7W1)/NO ( 2 g )/H2 O/air mixture.

%2 o0 -FvLv/NO/K/ EKBRAFRONBEHICE 2EMBAERNOLE
RELF L VOBDBROE
Table 2. Ratio of the Amount of the High Boiling Products formed to the Amount of o-Xylene
consumed in the Photooxidation of o-Xylene/NO/H, O/ Air System.
APraduct
Initiai Tatal Final —a o-Xvlene
Concentration Ireadiation| Number of | Con ion
o-Xylene NO | Time Sampling | of o-Xylene . 3, 4-Dimethyl- | 2, 3-Dimethy] .
(ppm) (ppm) (min) {ppm} Tolualdehyde | Dimethylphenol nitrophenol nitrophenol Btacetyl
219 106 311 6 20.5 0.116 0.020 0136 0.005 0.183
11,1 95 242 6 8.0 0.056 0.009 0.073 0.007 0.232
35 100 37 7 26 0.034 0012 0.062 0.004 0.214
10.7 20 292 [ 89 0.086 0.005 0.028 0.002 0409
. Average 0.07310.036 0.012£0.006 0.0T$10.045 0.005£0.002 | 0.26040.102

Tatal High Boiling Products 16.5%.
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Fig. 5 Relative yields of the products measured by F.1.D. Gas Chromatograph vs.
irradiation time in the photooxidation of the o-xylene (3.5 ppm)/NO (10
ppm)/HaO/air system.
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Fig. 6 Analysis of the low boiling products formed in the photooxidation of
o-xylene {100 ppm)/NO (20 ppm)/H,0/air system by the GC/PIMS.
(a); TIC chromatogram

(b) (c) (d) (&) (f);mass fragmentogram for each m/e and mass spectrum for
each peak.
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FEEE L, TIC 70703 4TRHEOEY -2/ HREIAhoT,
FWLTANTFEFR, TRFTTFEF, FUxFH—w, 2FLF)dFF -0, N4 T7F LV
O 4 BEOEREEH LT, B-BRETO=X7554A Y 5608 - mige, ElEy 7
ZACTRAS I L4 BoEMSO GC/PIMS KT 52BEES S, ToEME (BE) O
DEHEENF, (A F 7Y A FHF — By Y F RN e, BEELT, FFEY -
ENA TEFLDEEEERAV,) FTEERIFZICTLEHTH S, GC/PIMS iz kb 3iid,
F.ILD.#220= 73 79E]l £—Fitksd GC/MS KHNTREESE D, ERPOR
BFEAGHELEEBE, o-FvLv, NOELEOMPERERE2 DBRGICHNTEL LT3,
EERYOY 7)) v IS —EIRKBET 120, —BEOERCHLTH Y7 » F3—EZ0
b, 6 BOAIEICL 3 L4 BOERYOERBOLOFEHER, £3D0TRIRLTH 3,
m-, p-F vyt L THREBEERLTDOALY, EHRREEMIcH LT, ERkeicREbL
OB HiE B, ERHOBKEDRIT T, KEMhEHLLT, 0 -F v L YOFEEEE
PLTO e FERSERME, 1 T7eFvBElEd, FLaTLFeF, TRFTALTE
B, 270 A4 -, xFL7)F+4—nhp@ihahi, A5y )43 -v0RAE, o
~F VL YOBSICHELTHENL T, m—, P -F YL ryOBE, S TeFuiEREh
i3, EEAERY S ERSERYOREICEVT, FI.DARs o= 75 7 THEICHRH
EhaersEL, mEEERMNCE U2 RIHRE- 1,

#3 GC/PIMSaMricks, o-F2 Ly NO /K "ESFEABRLICLS
BHSEBDOENE (BE) Ok M TeFzl &L

Table 3. Ratio of the Amount of the Low Boiling Products formed in the Photooxidation
of 0-Xylene/NO/H;0/Air System. Measurements were done by the GC/PIMS.

. . s Ratio of Amount of the Los Boiling Products formed
Initial Concentration | Irradiation . .
o0-Xylene NO Time {Normarized to Biacetyl)

(ppm) (ppm) {min) CH,0 CH5CHO (CHO),; |(CHO)(CH3CO) | (CH3CO),
98.8 19.5 341 0.49 0.09 1.97 0.25 ]
98 8 19.5 600 1.08 0.31 2351 027 1
99.2 19.5 510 2.31 0.38 3.10 0.95 1
96.0 19.8 321 g’xoetasured 0.47 5.07 0.92 1

104.3 19.8 392 0.60 0.16 5.40 0.45 1

106 4 19.8 346 0.42 0.14 3.44 0.30 1

Average  [0.098+0.79 | 0.26£0.15 | 3.28+1.31| 0.52:0.33 1.
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Table 4. Ratio of the Amount of the Low Boiling Products formed
to the Amount of 0-Xytene consumed.

CH20 | CH3CHO | (CHQ)y | (CHOMCH3CO) | (CH3CO); | Total
Averaged Ratio .
of Low Boiling Products 0.98 0.26 3.28 0.52 1
(from Table 3)
t
_ oProduct 0.25 0.07 0.85 0.14 0.26 1.57
—a g-Xylene ) .
Ratio of C-Atom
Number to 0-Xylene 1/8 2/8 2/8 3/8 4/8
Yields Normaljzed
by C-Atom Number 0.031 0.018 0.213 0.053 0.130 0.445
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against irradiation time.
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Abstract

The effects of photooxidation products in the toluene-nitrogen oxides-air system on
cell growth were investigated by replicate culture method, using Hela S3 cells and WI-38
cells. Toluene stirmulated the growth of Hela cells in examined concentration (50—200
ug/ml of the medium). All the examined compounds in the photooxidation products
inhibited the growth of Hela cells in examined concentration (25—500 ug/ml), and
fifty per cent inhibitory dose (ID 5, ) for cell growth of those was determined. The values
of IDsy (ug/ml of the medium) of examined compounds for HeLa cells at the second day
after treatment were as follows; o-cresol 163; m-cresol 276, p-ctegol 51 benzaldehyde 80,
o-nitrotoluene 340; m-nitrotoluene 260; pnitrotoluene 172; benzyl nitrate 142; 4-nitro-
m-cresol 58; 2-nitro-m-cresol 441; 2-nitro-p-cresol 366. Those for WI-38 cells were ap-
proximately the same as those for Hela cells. The nitro-compounds in examined com-
pounds except for m- and p-nitrotoluene showed stranger inhibition for growth of Hela
cells at the fourth day after treatment than at the second day.

Morphological examination of Hela cells revealed that all the examined compounds
induced various extents of cytoplasmic degeneration, and o-cresol, p-cresol, m-nitro-
toluene and benzyl nitrate brought on polynuclear cells.
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Table 1 Compounds tested in this experiment.

Compound Mol. wt.
Toluene { Wako, Japan ) CGHSCHB 92.14
o-Cresol

m-Creso]l }- ( Tokyo Kasei, Japan ) CH3CSH4OH 108.14
p-Cresol

Benzaldehyde ( Wako ) C6H5CH0 106.73
o-Nitrotoluene .
M-Nitroto1uenel} { Wako ) CH3C6H4NU2 137.14
p-Nitrotoluene

Benzyl nitrate ( Dr. M.Hoshino®) CgH=CH,ONO, 153.14
4-Nitro-m-cresol -

2-N1tr0-m-creso1l} { Aldrich, U.S.A. ) CHSCBHB(NOZ)OH 153.14
2-Nitro-p-cresol

@ This Institute, Division of Atmosphric Environment.
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Table 2-1 Effects of compounds on growth of HeLa cells.

Compound 2-Day after treatment 4-Day after treatment
Concentration Cell number? % Change of Cell number % Change of
{ng/ml of medium)  (MeantS.D.}  cell growth . {Mean+5.D.)  cell growth
¢ Toluene (Cell number at the time of treatment: 4.67+0.08)
0 12.50+0.63 100 22.5941.27 100
50 13.1740.29 12 24.56+0.88 110
100 . 13.73+0.29 113 25.4140.85 114
150 13.99+0.33 115 27.46+1.27 125
200 14.2040. 36 118 27.90+1.22 127
o-Cresol {Cell number at the time of treatment: 5.04+0.07)
0 15.1240.30 100 33.1741.02 100
50 13.55+0.24 84 35.1740.30 107
100 11.47+0.46 64 29.33+0.70 . 86
150 10.25+0.13 52 21.06+0.65 57
200 9.28+0.22 42 14.6740.14 34
m-Cresol {Cell number at the time of treatment: 4.68+0.07)
0 13.89+0.08 100 29.50+1.03 100
200 10.64+0.36 65 22.27+0.40 71
300 8.99+0.13 47 12.74+0.20 32
400 6.5040.39 - 20 5.82+0.33 5
500 4.3140.07 - 2.90+0.22 -
p-Cresol (Cell number at the time of treatment: 5.04+0.07)
0 14.74+0.18 100 34.384+0.65 100
25 12.16+0.4] 73 30.70+0.49 87
50 9.6610.34 . 48 23.18+0. 7 62
75 8.02+0.18 n 18.34+0.22 45
100 6.07+0.14 n 12.35+0.22 25
Benzaldehyde {Cell number at the time of treatment: 4.67+0.08)
0 12.50+0.63 100 22.59+1.27 100
50 8.43+0.18 59 20.45+0.84 B9
100 6.76+0.21 1 14.18+0. 34 58
150 6.43+0.04 : 37 9.26+40.56 33
200 5.02+0.37 23 6.78+0.38 20
o-Nitrotoluene (Cell number at the time of treatment: 6.92+0.06) ‘
0 18.60+0.77 100 54.90+0.61 100
150 17.33+0.18 89 33.82+0.32 56
200 16.14+0.43 79 27.68+1.02 43
250 14.7230.48 67 20.76+0.36. 29
300 13.76+0.39 59 20.18+0.44 28

? Number of cells per 1 ml of medium counted by electric cell counter(x104ce1ls/m1).
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Table 2-2 Effects of compounds on growth of HeLa cells.

Compound 2-Day after treatment 4-Day after treatment
Concentration Cell number® % Change of Cell number % Change of
{ug/ml of medium)  (Mean+5.D.) cell growth (Mean+5.D.) cell growth

m-Nitrotoluene ({Cell number at the time of treatment:'6.4210.16)

0 16.85+0.,29 100 35.57+0.64 100

150 13.39+40.33 67 29.21+0.62 - 78

200 13.10+0.36 64 28.72+0.63 77

250 11.65%0.50 50 24.29+0.58 61

300 10.86+0.21 43 20.22+0.46 47
p-Nitrotoluene {Cell number at the time of treatment: 6.42+0.16)

0 16.85+0.29 " 100 35.57+0.64 100

100 14.16+0.24 74 30.88+0.65 84

150 12.16+0.25 g5 25.25+0.29 65

200 10.81+40.48 42 19.25+0.48 a4

250 9.02+40.54 ] 25 14.2240.86 27
Benzyl nitrate (Cell number at the time of treatment: 4.70+0.06)

0 12.97+0.24 100 31.7140.69 100

25 13.9140.91 m 31.12+0.61 98

50 13.18+0.26 103 25.33+0.12 76

75 12.3440.30 92 20.40+0.49 58

100 10.40+0.20 69 11.01+0.54 23
4-Nitro-m-cresol (Cell number at the time of treatment: 6.54+0.07)

0 18.83+0.65 100 40.29+1.68 100

25 18.10+0.33 94 26.99+0.50 61

50 13.3510.23 56 5.36+0.62 -

75 8.79+0.18 18 7.5540.15 3

100 8.05%0.16 12 6.30+0.25 -
2-Nitro-m-cresol (Cell number at the time of treatment: 5.20+0.13)

0 17.24+0.10 100 42.16+1.66 100

100 18.004(.25 106 43.8142.83. 104

200 17.78+0.37 104 36.67+0.32 85

300 i 15.84+0.46 88 21.50+0.23 44

400 12.59+0.22 61 14.0240.30 24
2-Nitro-p-cresol (Cell number at the time of treatment: 5.76+0.18)

0 15.86+0.23 100 - 39.47+1.14 100

100 17.4640.32 116 35.55+0.33 88

200 16.3140.75 104 25.4240.26 58

300 12,72%0.22 69 15.6540.27 29

400 9.54+0.17 37 9.70+0.14 12

2 Number of cells per 1 m! of medium counted by electric cell counter(x104ce1'ls/ml).
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Table 3 The fifty per cent growth inhibitory dose of compounds for

HeLa cells.
Compound 50 % Growth inhibitory dose (yg/ml of medium)

2 Days after treatment 4 Days after treatment
o-Cresol 163 ( r=0.986% y=-0.28+96° ) 167 { r=0.998, y=-0.52c+137 )
m-Crésol 276 { r=0.993, y=-0.23x+112 ) 258 { r=0,995, y=-0.33+135 )
p-Cresol 51 { r=0.997, y=-0.81x+91 ) 68 { r=0.997, y=-0.81x+105 )
Benzaldehyde 80 { r=0.975, y=-0.22+68 ) 125 { r=0,985, y=-0.462+108 )
o-Nitrotoluene 340 ( r=0.997, y=-0.20x+119 ) 169 ({ r=0.955, y=-0.20x+83 )
m-Nitrotoluene 260 [ r=0.974, y=-0.17x+93 ) 297 { r=0.955, y=-0.22x+115 )}
p-Nitrotoluene 172 { r=0.998, y=-0.32x+105 )" 188 { r=0.999, y=-0.38z+122 )
Benzyl nitrate 142 { r=0.969, y=-0.55s+128 ) 77 { r=0.989, y=-0.97x+125 )
4-Nitro-m-cresol 58 ( r=0.964, y=-1.74x+116 ) 30 (r= - | y=-2.84z+122 )
2-Nitro-m-cresol 441 ( r= € |, y=-0.272+169 } 303 ( r=0.981, y=-0.31x+143 )
2-Nitro-p-cresol 366 ( r=0.982, y=-0.27x+150 ) 237 { r=0.993, y=-0.26z+111 )

@ Correlation coefficient in examined concentration.
b Regression line.
¢ Unabie to calculate.
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Fig. 1 Effects of toluene on growth of HeLa cells. (from Table 2-1).
®; 2 days after treatment, O; 4 days after treatment.

OEET, RE2 0k~ BEOHOEERNECERMRD SN, ULbL, m-7 Ly —
VT, 100 2g /ol OBEETEAE 4 O HOBMROAEPLLENE WV SHEMED D,
300 #g ./ ml L5 FIC 400 g ~ml Tid, iz 4 BEOHBEESL HEVENTH -2 (R2),

c. Ry XFTAUFEF

Ny X7 T E FI50- 200 g /ol OEEHET, BEKEEOBEBINSERNSA SN, 50ug
SulBLE100 2g /ml ORETE, ME2HEHIE~4 BEOHBERSEC L AERNA GO,
100 #g /wl CLFOBEE CHLEB HKOMMmcH>h, BEMEEROET ¢ s8R EDoni (K
3

d. =rm bz

—bobrzyO3EHEORME (0 -, m-, p-{&) &&100- 300 xg./ ol OEEFHGHAT
B IREEORBMEIERSA O h, ME2HAB® IDy %, 0-=to bz 340 2g ul,
m-=trobnzy 2604g uwl, p-=tatwry 1T2pg/ aTHN, p-=totrzy
B3t BRI H PR O IEIEMEIE A A R L 7, BRI L AMENOREBE, 0-=to




120 - o-Cresol " ] p-Cresol

100

60 4

40 1

CHANGE OF CELL GROWTH { Z )

100 200 100 200

120 - m-Cresol

100
80 -

20

CHANGE OF CELL GROWTH { % )
o
S

100 200 300 : 400 500
CONCENTRATION { wg/ml )

M2 7vv—-rvOoRE28E8 (@) BLU00E4EH (O) OHelafifad
BT REE (F2-14LD)

Fig. 2 Effects of cresol on growth of HeLa cells, (from Table 2-1).
®; 2 days after treatment, ©; 4 days after treatment.
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Fig. 3 Effects of benzaldehyde on growth of HeLa cells. {from Table 2-1).
®; 2 days after treatment, O; 4 days after treatment.
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Fig. 4 Effects of nitrotoluene on growth of HeLa cells. (from Table 2-1 and 2-2).
®; 2 days after treatment, O; 4 days after treatment.
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Fig. 5 Effects of benzyl nitrate on growth of HeLa cells. (from Table 2-2) .
®; 2 days after treatment, O; 4 days after treatment.
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Fig 6 Effects of nitrocresol on growth of HeLa cells. (from Table 2-2).
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Table 4-1 Effects of compounds on growth of WI-38 cells,

Compound 2-Day after treatment 4-Day after treatment
Concentration Cell number® % Change of Cell number % Change of
- (ng/ml of medium} (Mean+S.D.) cell growth (Meants.D.) cell growth

o-Cresol " (Cell number at the time of treatment: 2.68+0.05)

0 4.,84+0.12 100 7.8140.2] 100

50 4.54+0.11 86 6.25+0.20 70

100 4.1340.17 67 5.40+0.17 53

150 3.95+0.09 59 5.09+40.12 47

200 3.68+0.17 45 4.67+0.76 39
m-Cresol {(Cel1 number at the time of treatment: 4.19+0.07)

0 6.30+0.36 100 8.10+0.32 100

200 6.30+0.29 100 7.31+0.24 83

300 5.42¥0.22 - 58 6.25%0.50 53

400 4.8140,12 29 6.02+0.28 ) 47

500 4.22+0.21 1 4.62+0.21 11
p-Cresol {Cell number at the time of treatment: 2.68+0.05)

0 4.92+0.30 100 8.03+0.13 100

25 . 4.24+0.08 70 5.58+0.18 h4

50 3.68+0.13 a5 4.80+0.13 40

75 3.50%0.13 37 4.61%0.17 36

100 3.54+0.23 38 4.15+0.08 27
Benzaldehyde (Cell number at the time of treatment: 1.51+0.13)

0 3.4140.17 T00 5.29+0.30 100

50 3.30+0.08 94 4.66+0.20 83

100 2.89+0.17 73 4.33+40.29 75

150 2.48%0.13 51 2.89%0.24 37

200 2.40%0.16 ‘ 47 2.70%0.23 31
o-Nitrotoluene (Cell number at the time of treatment: 2.82+0.15)

0 . 6.42+0.27 100 8.42+0.20 100

150 5.92+0.45 86 8.10+0.32 94

200 5.63+0.36 78 7.44+0.38 83

250 5.09%0.23 63 6.48%0. 37 65

300 4.68%0.30 52 6.14%0.28 59
m-Nitrotoluene {Cell number at the time of treatment: 2.65+0.07)

a 5.05+0.16 100 6.55+0.18 100

150 4.38+0.20 72 5.90+0.06 83

200 4.20%0.08 65 5.50%0.08 73

250 3.98+0.06 55 5.06+0.11 62

4.69+0.10 52

300 3.61%0.07 40

2 Number of cells per 1 ml of medium counted by electric cell counter(x104ce11s/m1).
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Table 42 Effects of compounds on growth of Wi-38 cells,

Compound 2-Day after treatment ‘ 4-Day after treatment
Concentration Cell number” % Change of Cetl number % Change of
(ug/ml of medium) (MeantS.D.) cell growth {Mean+5.D.) cell growth

p-Nitrotoluene (Cell number at the time of treatment: 2,8240.15)

0 5.96+0.37 100 7.78+0.29 100
100 5.84+0.50 96 8.03+0.14 106
150 5.88+0.46 97 7.84+0.38 101
200 4.98%0.40 69 6.7170.27 78
250 4.85+0.27 65 6.14+0.10 67
Benzyl nitrate (Cell number at the time of treatment: 2.82+0.15)
0 4.86+0.45 100 6.43+0.07 100
50 4.40+0.18 77 5.7240.26 20
100 3.90+0.25 53 5.02+0.22 ) 61
150 3.70+0.33 43 4.70+0.08 52
200 3.31+0.39 24 3.8540.18 29
4-Nitro-m-cresol (Cell number at the time of treatment: 2.15+0.12)
0 5.1540.13 100 7.96+0.39 100
25 5.05+0.15 97 6.88+0.21 81
50 3.73+0.12 ‘ 53 4.0340.20 32
75 3.20+0.08 35 2.5840.25 7
100 3.1640.12 34 2.3040.17 3
2-Nitro-m-cresol {Cell number at the time of treatment: 2.65+0.07)
0 5.05+0.16 100 6.55+0.18 100
100 5.17+0.08 105 6.67+0.70 103
200 5.06+0.76 100 5.9610.10 85
300 4.86+0.08 97 5.20+0.12 65
400 4.31+0.08 69 4.21+0.08 40
2-Nitro-p-cresol {Cell number at the time of treatment: 2.65+0.07)
0 5.05+0.16 100 6.55+0.18> 100
100 5.2240.19 107 6.38+0.16 96
200 5.08+0.73 101 5.45+0.10 72
300 4.43+0.10 74 4.58+0.10 49
400 3.8040.13 48 4.02+0.80 35

% Number of cells per 1 ml of medium counted by electric cell counter(x104ce]15/m1).
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Table 5 The fifty per cent growth inhibitory dose of compounds for

WI-38 cells.
Compound 50 % Growth inhibitory dose (pg/ml of meddum)

2 Days after treatment 4 Days after treatment
o-Cresal 181 ( r=0.986% y=-0.26x+97 ) 136 ( r=0.972, y=-0.202+77 )
m-Cresa] 341 ( r=0.995, y=-0.33+161 ) 339 ( r=0.968, y=-0.21x+122 )
p-Cresol 51 ( r=0.959, y=-0.66x+84 ) 31 ( v=0.977, y=-0,34x+61 )
Benzaldehyde 175 ( r=0.968, y=-0.33c+107 ) 142 ( r=0.952, y=-0.392+105 )
o-Nitrotoluene 309 { r=0.994, y=-0.23c+122 ) 328 ( r=0.984, y=-0.25c+131 )
m-Nitratoluene 264 { r=0.986, y=-0.21x+106 ) 308 { r=0.999, ;=-0.21x+114 )
p-Nitrotoluene 306 { v=0.913, y=-0.24x+124 ) 303 { r= -° , y=-0.22¢+122 )
Benzyl nitrate 123 ( r=0.973, y=-0.34x+92 ) 142 ( r=0.988, y=-0.32c+96 )
4-Nitro-m-cresol 68 { r=0.906, y=-0.83x+107 ) 44 { r=0.932, y=-1.04z+% )
2-Nitro-m-cresol 483 { r= -© , y=-0.23c+161 ) 360 { r=0.998, y=-0.22x+131 )

2-Nitro-p-cresol 392 (r= <€ , y=-0.26x+152 ) 316 { r=0.993, y=-0.21z+115 )

2 Correlation coefficient in examined concentration.

b Regression line,

¢ Unable to calculate.
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Plate  May-Griinwald-Giemsa-stained micrograph of HelLa cells incubated
with compound-containing medium. (magnification x400).



B AEFRANIFEERES
15 BAROEIBLCETIRAHA—BrHENRELLT (1977)
25 BREEYHICEL I REHRREOTEL WEICRT 2 ARNAR
— B51 /52l Wi, (1978)

(& W
SR RAL L i

$£3%5 A comparative study of adults and immature stages of nine Japanese species of
the genus Chironomus ( Diptera, Chironomidae ). {( 1978 )

WAR ATy sF e V- TLBREKE — HRBEORAERGEORE
— REGAFERHEHE, (1978)

BSE FEEREAE — EXROROBTGRIEL B RSB SRRk T B
B4 5 TR —BRS L A2 RS, (1978)

RESEARCH REPORT FROM
THE NATIONAL INSTITUTE FOR ENVIRONMENTAL STUDIES
Y
BEUAEREFRHARRESS S
(R—5-178)

Hi

P53 104 31 A RAT

RE - RIT ENAFETER
KRR ERS MR AT

HBl A&t 1 = 7RIR
BRI FU BRI BT R 2R 31

Published by the National Institute for Environmental Stucies
Tsukuba, Yatabe, Ibaraki' 300 — 21, Japan,
QOctober 1978



	R-5-'78
	表紙
	序
	目次
	Ⅰ．　研究の経緯および経過
	Ⅱ．　研究成果の概要
	Ａ．　光化学二次汚染物質の化学組成
	Ｂ．　光化学二次汚染物質の培養細胞に及ぼす影響

	Ⅲ．　今後の研究の方向
	Ⅳ．　報文　
	１．　気相におけるトルエン－NO2－O2－N2系の光酸化反応機構の研究
	２．　ＯＨラジカルによるベンゼン，トルエンおよびエチルベンゼンの気相光酸化反応
	３．　光イオン化ガスクロマトグラフ質量分析計を用いたｏ‐，ｍ‐，ｐ‐キシレンの光酸化反応二次生成物の分析
	４．　トルエンと窒素酸化物の光酸化反応生成物の培養細胞に及ぼす影響



