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Abstract

This research aims to monitor indoor NO2 concentrations at the 4" Thai-Laos Friendship Bridge
(Chiang Khong-Huay Xai) border checkpoint in Chiang Rai Province during high season and conduct health
risk assessments. The study design is survey research. Indoor NO2 samples were collected by the passive
sampling method using a diffusion tube sampler. The area and sampling sites consist of the International Health
and Quarantine Office (BC1), Immigration and Customs Checkpoint Arrival (BC2), Immigration Office
Arrival (BC3), Immigration Office Departure (BC4), and Immigration and Customs Checkpoint Departure
(BC5). The samplings were done from January to April 2023, after 1 week exposure. The mean and
median indoor NO, concentrations at the border checkpoint ranged from 15.1 (SD 2.3) to 88.3 (SD 30.6)
pg/m’ and 15.3 to 93.6 pg/m°, respectively. Indoor NO2 concentrations at all sampling sites were
significantly different, and the immigration and customs checkpoint arrival site (BC2) had the highest values
measured. Additionally, a moderate correlation was found between the indoor NO2 levels and the number of
trucks. Non-carcinogenic risk assessments of indoor NOz exposure were calculated by hazard quotient (HQ).
The results showed that the average HQ values of children were higher than those of male and female adults,
exceeding 1.0, indicating potential health risks
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Kruskal-Wallis test WU @NsagIulsunumy
lulasiulasanlydudazqaiuiadiauaneeiy
athapenilsgaiiudadnaiived Agmeada
(X*=14.816 p=0.005) uazimstlIauiiauazis
Mann-Whitney test WU @358 1UANNTNTIY

[ 1 = 1 L

woaizglulasaulasanladludazaaiiuandrany
e NNUIHAYNNEDH (9Tl

30 BC1 waz BC2 (U=64.000 ;

Z=-2.012; p=0.044)
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3@ BC1 waz BC3 (U=60.000 ;

Z=-2.178; p=0.029)

30 BC2 waz BC3 (U=26.000 ;

Z=-3.588; p<0.001)

30 BC2 waz BC4 (U=48.000 ;

Z=-2.675; p=0.007)

NAFDUFDAYDIMNTEFIUAN N NTUUDY
Malulasiaulasanladmalusiasuesaiunsy
wous lundasiiay Meddnadau Kruskal-Wallis
test wuaNsagIuraslsnaislulasiaule
sanladudazidauuanareiuadrataaniiaiau
aeNTEAYNNEDG (X*=12.513 p=0.006) Waz
dmsdSauiiasuaedd Mann-Whitney test WUT)
fendsagruenudniurasizlulasaulesanlsd
melusmsvasaunsuuau ludoumenau w.a.
2566 HANNUANGNAUTUEaUEY 7 aethaiiidday
Meae Gail

PRUNEEULAHRUNNTIAN (U=39.000

; Z=-3.049; p=0.002)

LD UNEBULALFDUNNANHUS

(U=47.000 ; Z=-2.717; p=0.007)

WaunEauLaziauiinan (U=53.000

; Z=-2.468; p=0.014)
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Figure 2 Concentration of indoor NO2 in sampling site during high season

M 3 meanuendundsseshalulasaulassnlyd (Ug/m’+SD) malusimsmunsuuauideswas Jewiadese

(n=15)
Table 3 Mean indoor NO2 concentrations (JLlg/m’+SD) at Chiang Khong border checkpoint, Chiang Rai Province
(n=15)
WUMe  9Ha man1ae YL VoY FYE RV TV T ey Y ‘smqmﬁ‘u
(n=4) (n=3) (n=4) (n=4) Mae1e (n=15)
. Ainde 19.3+3.3 24.1+6.6 26.2+5.8 48.3+16.7 29.8+14.7
Bet ANBHFIU 19.5 20.5 25.5 45.9 24.3
e . Ainde 29.0£10.0 27.2+5.0 37.7+14.0 88.3+30.6 46.8+30.9
pez ANBHFIU 28.7 25.3 32.5 93.6 32.9
. Ainde 19.4+4.4 21.2+7.5 19.3+1.9 25.1+10.8 21.2+6.7
Bes ANBHFIU 19.6 20.5 18.9 21.9 19.7
Nan . Ainde 18.8+3.7 15.1+2.3 24.4+5.5" 47.1+21.1 27.1+16.5
pes ANBHFIU 18.0 15.3 25.2 43.3 23.9
- Ainde 21.3+4.8 18.7+13.0 26.1+7.3 66.4+22.5 34.1+23.7
Bes ANBHFIU 21.8 15.9 24.9 67.4 26.5
IINNEULHDUY Aunde 21.6+6.4 21.2+7.8 26.7+9.4 55.0+28.5
ANBHFIU 20.5 20.5 25.2 46.3

MAEAA © A, B, C UaAIMMIIANZRANNUANGNTRILGazAINUMBENTssAulsdAYy 0.05
a, b UEAIAMMAANZRINUULANANTBILABLRDUNSEAUTETARY 0.05
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M1 4 NUIUUNYBINEILALENUINNULN I UTILAL2IDBNUBNUSENA BIPITUNWTHULAUTENDY I ALdeaTE

Table 4 Number of tourists and vehicles including arrival and departure at Chiang Khong border checkpoint, Chiang Rai

LU 2 21aan
thau a.a. TR VR VR T CUR I P T 3.0, TR R T M P VR R o
Wnviaaidien wmlng 11,261 8,807 8,053 10,014 38,135 11,284 8,444 8,239 10,216 38,183
(Au) PNEWMA 13,131 21,494 12,163 19,712 66,500 20,340 17,665 16,604 22,567 77,176
ERHY 25,435 20,301 20,216 29,726 95,678 30,487 26,109 24,843 32,873 114,312
SIUWINUE TOUTIND 6,503 3,171 3,753 9,589 23,016 6,506 3,135 3,569 9,633 22,843
(Au) 08U 879 706 805 956 3,346 891 734 835 971 3,431
FIEEATE 948 813 910 1,047 3,718 903 791 896 1,061 3,651
506 75 49 52 49 225 73 53 39 43 208
solagas 36 27 28 28 119 34 28 28 28 118
S0ANTENUBUR 72 80 35 82 269 145 104 66 54 369
ERHY 8,513 4,846 5,583 11,751 30,693 8,552 4,845 5,433 11,790 30,620

n: dinnueTaeuisudawss senuiiasmw 4 (Fewee-Henne); * vaneds sosuddiuyanalaitiv 7 au

NN 4 uaasdayadinnuinvaiien
(@M INetazrIaemd) wazdsennueaenun v
laua saussmn soeaud s0nTwUs 506 S0lagasnie
501 Wazsadnsenusud PRI -panau
WsNLAUEEILAASMWINg-a1) Wi 4 (Feawas-
WEN5IE) SN ad WWINTeese Tur
gamavauiien (Haunnsian Budounmeu
92566) LipthaadsanutuTuaasirlulasiay
leaanlaamelusmsmnmanudunusmeadanu
snnutinvieafisuazUszanasenumvus Togld
5NN andFuNUSLUULNeSdu (Pearson’s

correlation) WUIIAINARHAIINLT NEUDDIFY
Tulosaulesan ladianuduwus lufiamadeinu
G‘iwﬁmnussnnasiwﬁﬂ'ﬂﬁwﬁagmqaaa (r=0.497,
p<0.05) uBNAINTHAIMNTNRUE5zMI19d 11U
BIUNIN U LA DU SN USIUIUT AT DL e
agefiiadAymeadaluiamadennugenusosud
(r=0.819, p<0.05) wazsonszues (r=0.843,
p<0.05) Fmziadnuszandanduwugluiiana
Wenfuthunanswesiuwinvaaiesusolagss
(r=0.640, p<0.05) WALIOINTINUBUG (r=0.525,
p<0.05) daudaslumed 5

= a v o @ v o - a0
MITNN 5 Naﬂ'lﬁ’JLﬂi'lzﬁlﬂ'l'mﬂNWHﬁiL‘U‘UL‘ﬁﬂ%ﬁuizﬂ’l'lﬂﬂ']“ﬁluiﬁliﬁ]ulﬂaBﬂl‘ljﬁ UNTNANLNYT LLASTIUNIVUSOU

WINLAUEHENVDI JINNLTeee

Table 5 Pearson’s correlation between NOZ, number of tourists and vehicles at Chiang Khong border checkpoint, Chiang Rai

NO, Wnvieaiien SOUTIND  seEud  sanszuy sog  solagars seansueud
NO2 ' 1.000
finviaaien 0.048 1.000
30U 0.497 0.455 1.000
08U 0.051 0.819 0.405 1.000
J0nTEUL 0.089 0.843 0.352 0.896 1.000
506 -0.283 0.150 -0.137  0.296  0.265 1.000
solagans -0.170 0.640 0.031 0.669  0.787 0.652 1.000
RINTENULUG -0.134 0.525 -0.036 0.325 0.445 0.331 0.574 1.000

WEMe: mnuaaemaNUssansavnusnszautisdney 0.05
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Figure 3 Hazard quotient (HQ) of indoor NO, exposure
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