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Micro-environments and Their Association with
Fractional Exhaled Nitric Oxide
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Abstract Exposure to fine particle (PM, 5, particles with an aerodynamic diameter <2.5 uym) has been demonstrated to be
associated with adverse health effects, including local and systemic inflammation in the body, lung function decline and
increases in mortality and morbidity of cardiopulmonary diseases. Fractional exhaled nitrogen oxide (FeNO) is a non-invasive
surrogate marker of airway inflammation and chronic airway inflammation is a key characteristic in the pathogenesis of
asthma. Existing fine particle exposure evaluation methods were mainly evaluated with air pollution concentration data
measured by outdoor air pollution monitoring stations and used measurements from monitoring stations close to the
subject’s residence. However, there can be a difference in the geographical location of the measuring station and the
geographical location of each individual’s living behavior radius. In this study, exposure assessment was conducted
considering individual activity patterns to minimize uncertainties caused by using air pollution measurement data. In this
study, the concentration and physical activity of fine particle by micro-environment were measured, the contribution and
exposure intensity by micro-environment were calculated based on the average daily fine particle exposure, and the
fractional exhaled nitrogen oxide index was repeatedly measured to confirm changes due to fine particle exposure. Exposure
contribution by micro-environment was the highest at home (70%). On the other hand, exposure intensity was the highest at
job/school (20%). This means that even if the exposure time is short in a real environment, the intensity may appear higher in
other environments depending on the inhalation exposure dose. The results of the fractional exhaled nitrogen oxide index
due to fine particle exposure showed a significant increase in 1.9% (95% Cl: 0.9, 2.9) on 0 lags of time difference when fine
particle increased by 10 ug/m?.
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ZHAF B2 (Particulate matter, PM)-2 742471 A
2 oE =94, 3ty EAE 2 &2 AH S 7L
A 4Are] B34S 23tE0|t (Rodulfo-Cérdenas et
al., 2023). YAV FHL F718H4] 2 Ao whet 2
FEH, PM2 A7 10 pm 9T} JAHE ojnfsial
PM, 5= 21741 2.5 um B|9HR1 B]A|QJAFE ofu|gict
(Rodulfo-Cérdenas et al., 2023). TFoFst 57| HsH=
273& 7 vz = A= oE 91319 7= 3
ZE)7] 219, # &4 9T E 4 At (Huang et
al., 2023; Amatullah et al., 2012). £3], PM,; &
=4 W A4 45, 1 715 Aot AH o] AFYE
9 o|ghg F7HE et 7o orgakat wo]
= Ao 2 JAFEAT (Xu et al., 2018; Brook et al.,
2010). o2 Aol W2H ZrAHA] o] @] 9 &
71Ho2 LEEE AL 5 7|AS}A A (Fractional
}_

exhaled nitric oxide, FeNO)& X35t ¥% 2|49} 34
A Y= AL Yepton 7k G352 A ¥ 7]

e Fa3t B F stutolth(Chen et al., 2015;
Zhao et al., 2013; Brook et al., 2010). FeNO= =2 A
AT H-AFA B4R Qe 7|k A5 Ax=
A oheRt i R oSt Aol A ARBSEAL QlHh (Xu
et al., 2018; Rao and Phipatanakul, 2016; Dweik et al.,
2011).
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T} (Tseng et al., 2015; Ueda et al., 2012; Zhang et al.,
2011; Ostro et al., 2010; Laden et al., 2006; Pope Iii et
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et al,, 2019). SPF2 AAEES she 5 di7|L
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A
t}(Ainsworth ef al., 2011). 7}Q1k=Z A8] Lo
2 5T AZof| 135 8 & (Inhalation rate)
S XA 25 (physical activity, PA)e| gt =74 §lo]
LB AU E3As A=mTe 83 4597t
YT} (Wang et al., 2014; Buonanno et al., 2011; Soggiu
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Fig. 1. Environmental measurement device.
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T TH AUEE] S T ke e
& glo]gof| oA (Outlier)7} YRS 4= ok whet
A ol g7t Aol m|Al= FFE Zﬂﬁ:i}ﬁ]—j’_x}
FA AEe HEA PR IQR &
AT, IQR T ZA Holst= olA=
1.5 X IQR ©]5}2] gk 71231 Qs+ 1.5 X IQR ©]4+2]
© & AO|=th(Wan et al., 2014). i -2 S o]
A2 AA LGS AAsEleH, oA Zﬂﬂ of mE
A=7Zre & TEX] G 30 7EL T U
0|53 (Simple Moving Average Method)g A&
off B&a}otit.
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Fig. 2. FeNO test device (NObreath).
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= ZA517] 935l Accelero-
ActiGraph wGT3X-BT (ActiGraph, USA)

HU rsh

meter ZH] A
= Aol
i AHl=30~100 Hz M ES £ 2 7HEEE S
2 o}oq g FILEE sty L)L J12EV}
= o 2 &% o2 YEHTH (Memari et
al, 2013). %4 9= HAFE=FQ] METs (Metabolic
=™, METs= AH|OUA 5
g Alo] tiAbat Hlwsto] A A O & | Met=
oA Al 18 59 AH|SH= AFATRS oJn|St} (Ains-
worth et al., 2000). s FH|E 28511 SRS
o, SHgE R A 2B E Y= AR &
£ 2R1e 4= 912, 1 MET =3.5 mL/kg/min®|t}. 1
Fohre] 2

JIN'

equivalents) &9 2

S AU ol Sol7he AE A
efsta ﬂ%*é “E*I.E% 59 @& sjPfof 2-gsto] A
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g US4 O]EiL g19] 79«9t A1 <1952
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< 77] <5725 (counts/min) (6 METs)”, “5725 (counts/
min) (6 METs) <Wt=7] A7)’ % 5T S T3
T} (Freedson et al., 1998). 3 %H ActiGraph wGT3X-
BT &5& Alglk d&xog ZFo] o]FojFHom,
A ARE A sEER W] g8 THaele)
L&A FE5(NIER, 2019) 914 $-2jvkat Aol

Fig. 3. Physical activity monitoring device (ActiGraph wGT3X-
BT).
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Table 1. Inhalation rate by stage of behavior according to
gender and age.

Inhalation rate (m3/hr)

Gender Age

Sedentary Moderate Vigorous
10 0.470 0.817 1.001
11 0.478 0.942 1.176
12 0.566 1.072 1.329
13 0.611 1.241 1.560
Man 19~24 0.430 1.083 2.004
25~34 0417 1.030 1.914
35~44 0.420 1.170 2.158
45~54 0.434 1.059 1.929
55~64 0.428 1.094 1.881
10 0.404 0.732 0.908
11 0.539 0.868 1.030
12 0.500 0.957 1.168
13 0.488 1.049 1.389
Woman 19~24 0.387 0.875 1.546
25~34 0.400 0.848 1.563
35~44 0.363 0.914 1.602
45~54 0.331 0.792 1.422
55~64 0.329 0.844 1.460

2.5 PMys S2F =H
ZF tiiAke] PM, s Y &5 PM, 5 522} i
H dF e o2 SgES Ho2 AEHTt

(Cunha-Lopes et al., 2019).

J ] )
Inhaled Dose = <z C]> X (Z Z Ile->
j=1 j=1dmdi=1

o 7]A Ge LE84 ()9 EF PM,; 5= (ug/m?/
min)°|Y, IR;= =527 (j)olM el =& A (i) E
£ 25E (m’/min), J& =EE7F Al =& 9

[oll

ESEY] F84
=] LEZ7]o%
4 AATE T} (Lizana et al., 2020). k&
k= tdAe] A PM, s SUFY 58 EHE

3 g HIE Fof Eelstaint. mekA eE7] o

T REROIAC] DM, i, AAEE ] ot
2854 A AR Jo8 ok 4257,

Daily Exposure Contribution
J J
(Zhr & % ) x (Z)oa Thea 1Ry

714 C= =223 ()9 £ PM, 5 5% ((ug/m’/
=74 (j) AFAIE (min), IR;= =

min)©] 11, tj‘—‘:—

o e Ze3d A AFAREE] Bl ofs)
T} (Cunha-Lopes et al., 2019). e &7 == &8
A AR AT A DY (24hr) leEBAEOR H

S0l EeE R 2441t Bt EE S o of
g ol 9] Tt S5 et o

£ 4SS otk
Exposure dose intensity

daily exposure contribution

daily time contribution

2.6 SAEN
‘—7@ PM, s o’_ﬂL
Ast7] 98l Ad =3 87 (Linear Mixed-Effects,
Q.
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)
lo,
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(2
Nt

=

off Mgk avt dw 3l Bot A w4t
L5 7Pdsto] A whE 27 7ho] A
Fot3ieh PM, 5 557} 10 pg/m’ 571 wiupe} 374
 FeNO2| Hol= 7F A 95 SAIE § 95% 41=]
-7} (Confidence Intervals, CI)¥t 317 AA =it &
57%]—‘%@, 2 R software (version 4.2.2)& AH8-51
WX O W, “Imer” 7| A S AFESFLL P-value <
0.05°14 FAZ &2 Folgt 7 o= IhE|Qlnh
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10~1341E ofglo| & #57otaL, 44919 75 23~594]
At 604 o Ao =2 U A s BE
ol o] Jy Agul= tiFH o R dA 60%, 143
40% = YEFHTE A 2|92 Q1T 5008 7|E0 2
TAL AlE Ao o, 10~134]9] ¢ BE
R Aol AFESHATE 23~5941 % AT 30%,
AlE 70%°]1, 60A]] o1 FollAl= AT 49%, AlE 51%
2 AZ Aol 25 o gol AFsial 7148
of| A ojgdo]e] 79 FAlo] LFeREA|TE, 491 o=t

+ dgo] 2714 1@, ol B Hle 24

Table 2. Characteristics of study participants by PM, s.

SERT ST 2 of ol iRt A2 ofle] o] A
G AR cofer=m FHESHA. A4 A= 10%
2 v A7 FAHL, 25 FE2 45~50%2
2 HIES UERTh AAEA el o BE
& PM, s $F T thEA UERdon, dg+t
PM,; 5 $F2 82~12.3 pg/m*r}. AT ozt
i 715 Zlo] tieA] Z]dke] il ti71 547 A
oM SHH = PM,; =2 0] 2542 o
= QAR ZHAZ (Variability) ol BFsl] 7H]1€] 488
Yl ot =E Aot G o AA et
ZNlell whet 24 5 ug/m* e 97 pg/m’ IO =
2ol 7} eyttt

Aol whet AAEE A=t oh2A e, 1E
StohA] ehgte ol leE7]o= 9 a7 tit 2
7t o= 4= ok AREE Ui AR EEE
© 1% 49 Zom, BE Ao H Al B0l

70% oo 7 w2 HlES AAISHH 10~13

Age Group
Variables
10~13(n=20) 23~59(n=20) 60~ (n=77) p-value
Sex, N (%) 0.377
Man 11(55) 12(60) 46 (60)
Woman 9 (45) 8(40) 31(40)
District, N (%) 0.02*
Urban (5million~) 20(100) 6(30) 39(51)
Rural (~5million) - 14(70) 38(49)
Height (cm), Mean (SD) 147(11) 167 (52) 162(33)
Weight (kg), Mean (SD) 45(16) 67 (24) 65(15)
History of disease, N (%)
High blood pressure - 5(25) 45 (58)
Asthma 2(10) 5(25) 2(3)
Cancer - 10(13)
Smoking status, N (%) 0.059
Yes - 2(10) 8(10)
No 20(100) 18(90) 69(90)
Drinking status, N (%) 0.556
Yes - 10(50) 35(45)
No 20(100) 10(50) 42(55)
PM, 5 (ug/m>), Mean (Min~Max) 12.3(5~71) 8.2(6~58) 10.0 (8~97)
Temperature (°C), Mean -2.8 15.9 17.8
Humidity (%), Mean 59 64.7 66.1

*p-value < 0.05
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Al Hee] 79 171 22.8%, HMIEA 27] 4.4% 2 YEE
1, 23~594] A2 A7) 11.0%, #2A] A7) 2.5%
2 VBT 604 ol ] ¢ 2717 42% 2
A 5 7P WA vebar whEA 271(02%) 25
2 gt 0 & LERE T

ctol whet 27 v F= e E 8 ol A veh

4.4% 2.5% 0.2%
100 [ — —
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Fig. 4. Physical activity of each group.
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= SRl 4= UTh T3, 71 =E2 e ol A= 271
ot w27 27]9] AAZFo] Fs] dojubr] ¢l
10~13A4] Fat 23~59A4] o] 3¢ o] Fdat A
QoA 7H w2 AAEEEE Bk

O8] 5= AESeUAE Bofl Y AR EEd
= Tofste] TEH LEE k&0 ANE
Holzoh A4 thdate] 4 PM, 5 k&7 =7t 7}
78 (70%), 2178732 (13%), A2 (7%), ZTEFLIH (6%),
ol1FTH(3%), A (1%) 2] =& Uebtal, 53] 7}
A HollA e &7 %7t 70% 2 =A YErsth

ﬂll
c

mij

10~13A4] M2 7Hg (59%), S+l (32%), 7IEHAI U
(6%), 2] (4%), 15T (1%) =22 LERT

23~594 He2 7H (59%), A% (21%), et

(7%),

Table 3. Physical activity in exposure environment by age group.

2191 (7%), A% (3%), 71EHIU (6%) 2 LFERT

Micro-environment

Age group
Home Job/School Outdoor Indoor Restaurant/Cafeteria Transport
10~13 (n=20)
PM, 5 (ug/m?), Mean 12.71 11.69 12.12 10.72 - 14.52
Time of stay (%) 60.1 30.7 29 6 - 0.4
Physical activity (%) -
Sedentary 94 76 57 79 58
Moderate 6 20 30 17 4
Vigorous 0 4 13 4 1
23~59(n=20)
PM, 5 (ug/m?), Mean 8.07 8.74 8.02 6.02 937 9.08
Time of stay (%) 61.8 19.9 6.4 3.1 24 6.4
Physical activity (%)
Sedentary 97 93 74 89 91 75
Moderate 3 5 20 9 9 20
Vigorous 0 2 6 2 0 5
60~ (n=77)
PM, 5 (ug/m?), Mean 9.99 9.66 9.89 10.29 11.43 8.65
Time of stay (%) 79.9 1.9 6.7 6.3 0.8 4.4
Physical activity (%)
Sedentary 99 99 86 94 98 97
Moderate 1 1 13 5 2 3
Vigorous 0 0 1 0 0 0
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Fig. 5. Contribution of daily PM, 5 dose by micro-environment.
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Fig. 7. Exposure intensity of daily PM, s dose by micro-environment.
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Table 4. Estimated changes with 95% Cls in percentage deviations of FeNO measures associated with 10 pg/m? increases in

average PM;s.
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**p-value < 0.001
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