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Fig. 1 Schematic diagram of a developed system for

the detection of NO, which was employed for
measurements at the summit of Mt. Fuji

The developed measurement system of NO, consists of
two parts: a part for detections of NO and NO,, and a
part for the detection of NO,. The concentrations
of NO and NO, were measured by a NO-ozone
chemiluminescent detector. NO, was converted to
NO by a heated molybdenum catalyst, which was set
after a sample inlet, and then measured by a
NO-ozone chemiluminescent detector. The
concentration of NO, was measured using a laser-
induced fluorescence (LIF) technique at 445 nm. A
GaN diode laser was used as a fluorescence excitation
The LIF technique provides a good
selectivity for NO, and avoids chemical interferences,
which the NO-ozone chemiluminescent method has in
the process of the conversion of NO, to NO. MFC:
mass flow controller, PMT: photo multiplier tube.

source.
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Fig. 2 Location of observatory

The measurement had been done at the observatory,
Mount Fuji Research Station, at the summit of Mt.
Fuji (35.4°N, 138.7°E, 3776 m as.l.). Categorized
areas for backward trajectory analysis are also shown.
The categorized areas of North, China Korea, South
China and Pacific Ocean are represented as N, CK,
SC and P, respectively.
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Fig. 3 Hourly averaged concentrations of NOy, NO
and NO, at the summit of Mt. Fuji during the summer
of 2017

The NO, concentrations ranged from 0.16 ppb to 1.25
ppb, which were relatively high in the first half
duration. The NO concentrations were low and
below 0.07 ppb during the duration. The NO,
concentrations were also low and below 0.2 ppb;
however a peak of the NO, concentration was
observed at 12:00-13:00 22 August in 2017. The
averaged concentrations of NO,, NO and NO, over
the course of the measurement were 0.41+0.26
ppb,0.02+0.01 ppb,0.11+£0.10 ppb, respectively.
The NO, concentration was slightly lower than a
previously reported value observed at the Cape Hedo,
Japan, in 2006.
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Fig. 4 Typical backward trajectories at the summit of
Mt. Fuji, (a) at 11:00 on August 20, and (b) at 23:00
on August 21, 2017

The results of three different altitudes (4276, 4026
and 3776 m a.s.l.) are shown. Backward trajectories
passed over (a) China and Korea and (b) Pacific
Ocean.
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Fig. 5 NO, and NO, concentrations with the air-
mass origin estimated by back trajectory analysis

The concentration of NO, was high in the duration
from 0:00 on 20 August to 12:00 on 21 August in
2017, and low from 13:00 on 12 August to 23:00 on
22 August in 2017. A peak of the NO, concentration
at 12:00-13:00 on 22 August was not appeared in
NO,. The variation of NO, was consistent with the
air mass origin estimated by back trajectory analysis.
The concentrations of NO, were high when the air
mass origin was in CK, and were low when the air
mass origin was in P. The categorized areas of
North, China Korea, South China and Pacific Ocean
are represented as N, CK, SC and P, respectively.
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Fig. 6 Correlation (a) and concentrations (b) of
NO, and ozone in periods A, B, C, D from 10:00, 20
to 24:00, 21 August, 2017

The concentrations of NO, and ozone showed
correlations; the regression lines are shown in each
period. The ozone production efficiencies (OPEs)
for periods A, B, C, D obtained by the gradients of
the regression lines were 3.5+ 1.2, 10.1*+4.9, 8.4%6.9,
17.9%25.3, respectively. The OPEs were high when
the air-mass origins were in CK (periods A, B, C), and
low when the air mass origin was in P (period D).

75 20:00 (24T 60 ppb LA LZ/RL, ZD1% 8 H 21 H
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24:00 £ T O, WL & ARICER 4 120D L 72,

Fig. 6 (a) (ZHEHIC NO, IR, #MEMIC O IREZ /R L7z
MBI %Z/RY. ZZTFig. 6 (b) IZ7RL72 ABCD ® 42D
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O, W LD NO,EEE O, IBIEIIMHMEERL (HIM

BRE: A 0.79, B: 0.72, C:0.35, D:0.38), FNZFNHMF
CEEZ2LORMTHL I EI N, L LD
5, EPEROME M IR o7z, oSS

VBRI (Ozone production efficiency: OPE) & I
n, REHFOLEBIZE D NO, 1 5T ER L7z 03 D
BFRERL, NOIIXD O HHHEED/NT X =5 L L
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Table 1 Ozone production efficiency (OPE) and
correlation coefficients obtained by
correlation plots of NO, and the ozone

concentrations in each period

Period * OPE Correla.tion
coefficient

A 3.5%1.2 0.79

B 10.1+4.9 0.72

C 8.4+6.9 0.35

D 17.9+25.3 0.38

a) Period A, B, C, D are shown in Fig. 6.

TEETZ&) 2 (ﬁ(?)) )5)2:’:)26)'
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" A[NO, ]
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Development of an Analytical Method for the Detection of NO, and
Its Application to the Atmospheric Analysis at a Mountain Site
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Analytical methods for the detection of NO, have been developed by using a laser-induced
fluorescence spectroscopy (LIF) technique and a chemiluminescence (CL) method. NO, (=
NO, - NO,) represents NO, oxidation products. The NO, concentrations are measured by
LIF, which has a high sensitivity and no chemical interferences when a conversion technique to
NO is applied by such as a CL method. The NO and NO, concentrations are measured by an
improved CL method. The NO, concentrations are obtained by subtracting the
concentrations of NO and NO, from NO,. The NO, concentrations in the atmosphere were
measured at the top of Mt. Fuji in August, 2017. The average concentration of NO, was 0.28
+0.26 ppb. A back-trajectory analysis suggested that the air mass from the Asian continent
showed a high concentration of NO,, and the air mass from the Pacific Ocean showed a low
concentration of NO,. The concentrations of NO, and Os showed a correlation, and ozone
production efficiencies (OPE) were obtained from correlation plots. The obtained OPEs at a
mountain site showed that the air mass from the Asian continent was 3 to 10 and from the

Pacific Ocean was 18. An analytical method of NO, in the atmosphere at a mountain site was
established.

Keywords: nitrogen oxides; transboundary pollution; mountain site.



