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OKAMURA Kazumasa, TOYOTA Motor Corporation

‣ Secondary aerosols can be evaluated swiftly with UV185nm+254nm. 
‣ The chemical composition of the secondary aerosols may be different 
from those in atmosphere.

• Steadily introduce low-emission vehicles that contribute to improving the urban environment in each country and region.
• Contribute to atmospheric environment improvement through collaboration with research organizations in each country.

TOYOTA Environmental Action

E-mail: kazumasa_okamura@mail.toyota.co.jp

‣The achievement ratio of PM2.5

environmental standard is low
in Japan.

Background

Standard Tools Corresponding to needs

Understanding the actual atmospheric
situation of the secondary aerosols
derived from automobile exhaust.

･Generation of the secondary aerosols

･Contribution ratio to the PM2.5

Needs(1)

Needs(2)
Evaluation method of the secondary
aerosols.
[ Small, Simple, Swift ]

･Application to engine bench and
chassis dynamometer

･Survey of various vehicle systems

Objective
To investigate the evaluation methods
of the secondary aerosols formed from
gaseous emissions with flow reactor.

Toyota Tools

Lamps
Ultraviolet(UV) of short wavelength
are used for the acceleration of the
photochemical reaction.

･UV185nm O2→O3

_Generation of Ozone

･UV254nm O3→･OH
_Generation of Hydroxyl radical

･UV350nm
_As control test of photochemical
reaction

1. Effect of Humidity
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･Toluene: 0.05ppm
･Temperature : 20℃
･Lamp: SGL-1000

Around 7 g/m3 of the absolute
humidity stabilized generation
of the second aerosol

Set a humidity condition

To set up 7 g/m3 as
a humidity condition
in this study

2-1. Generation of Secondary Aerosols
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There is the possibility that the secondary aerosols
are swiftly evaluated with UV185nm+254nm.
The concentration of the secondary aerosols is much
higher than the PM2.5 in atmosphere.

The secondary aerosols by the irradiation of UV185nm+254nm
･Swift reaction (<2 minutes)_UV254nm,UV350nm: >20 minutes
･High accuracy (COV*: <10%)
･High concentration_ A hundred thousand times as high as UV350nm

COV: <10%

COV: <20%

COV: >60%

254nm
(reacted for 360minutes)

350nm_Control
(reacted for 360minutes)

185nm+254nm
(reacted for 100 seconds)

2-2. Precursor Hydrocarbons

･Hydrocarbons : 0.1ppmC
_GC-FID analysis

･Temperature : 20℃
･Absolute Humidity: 7g/m3

･Lamp:
SGL-1000 (185, 254nm) x1

GL-15 (254nm) x6

BLB-15 (350nm) x6

Volume of the reacted hydrocarbons
were increased by the irradiation of
UV185nm+254nm.

The reason why there was
much generation of the
secondary aerosols.

2-3. Chemical Composition of Aerosols
Unknown carbonyl compositions of secondary
aerosols were specifically increased by the
irradiation of UV185nm+254nm.

There is the possibility that the chemical composition of the
secondary aerosols generated by UV185nm+254nm is different
from those generated by the common smog chamber system.

We will investigate the method that the
gaseous emission is not irradiated by
the short wavelength UV in future.

Retention Time (minute)

･Toluene: 0.1ppm _DNPH*-Carbonyl analysis
･Temperature : 20℃
･Absolute Humidity: 7g/m3

･Lamp:
SGL-1000 (185, 254nm) x1

GL-15 (254nm) x6

BLB-15 (350nm) x6

Unknown Carbonyl

AcetoneAcetaldehydeFormaldehyde

Unknown

Candidate material
_LC-MS analysis

185nm+254nm

254nm

350nm_Control

*2,4-Dinitrophenylhydrazine derivatives

11 13 15 17 19 21

Smog Chamber
Flow Reactor

Potential Aerosol Mass chamber / Micro
Smog Chamber

Outline

Advantage ･Can simulate the reaction
in atmosphere

･Portability (Small, Simple)
･Short reaction time

Weak Point ･Complicated handling
･Long reaction time (>1hr)

･High wall loss
･Different from the
atmospheric reaction

Flow

UV Lamp

Gaseous
emission

Secondary
Aerosol

UV Lamp (Wavelength : <300nm)

Smog Chamber

UV Lamp (Wavelength: >300nm)

Secondary
Aerosol

Gaseous
emission

Achievement of environmental standard in Japan
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‣ The ratio of secondary aerosols
in PM2.5 is high in Japan.

‣ The contribution of automobiles
to the secondary aerosols is
unidentified.

An example of PM2.5 composition in recent Japan
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BLB-15GL-15

SGL-1000 Sunlight

Diluter

Hydrocarbon Analyzer

Scanning Mobility Particle Sizer

Ozone Analyzer
Particle Sampler

Temperature
/ Humidity

Gaseous emission
･Hydrocarbons
･Exhaust Gas

Flow
Reactor

･SGL-1000_185nm+254nm
･GL-15_254nm
･BLB-15_350nm

Humidifier

UV Lamp

Mass Flow Controller

Mass Flow Controller

UV Lamp

Small chamber Instrument in this study

Toluene was mainly
used in this study

*Coefficient of variation

～12 L/min

Secondary aerosols

Primary particulate matter emissions

Sulfate

NitrateChloride

Others
Organic
carbon

Elemental carbon

Chamber

0.02m3(22.5φ×500mm)

UV Lamps

Quartz Tube

Flow Reactor

UV Lamp-On

12 14 16 18 20

Benzaldehyde

Chromatogram of Carbonyl Composition in Aerosol Samples

Carbonyl Analysis

2. Effect of UV Wavelength

185nm+254nm

←Annual average of PM2.5 in atmosphere
(13.1 μg/m3@2015Japan)

･Toluene: 0.1ppm
･Temperature : 20℃
･Absolute Humidity: 7g/m3

･Lamp:
SGL-1000 (185, 254nm) x1

GL-15 (254nm) x6

BLB-15 (350nm) x6


