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Background: Indoor PM, ; concentrations in residential houses can be affected by various factors depending Accepted January 25, 2024

on the season. This is because not only do the climate characteristics depend on the season, but the activity
patterns of occupants are also different.

Objectives: The purpose of this study is to compare factors affecting indoor PM, ; concentrations in Lo
Highlights:

apartments and detached houses in Daegu according to seasonal changes. . .

- Various factors affect indoor PM,

Methods: This study included 20 households in Daegu, South Korea. The study was conducted during the Lo . .

] | iy " b . concentration in residential houses

summer (from 10 to August 10, 2023) and the autumn (from September 11 to October 9, 2023). A sensor- . .

v ( July st ) S P ) which could vary depending upon the
based instrument for PM, ; levels was installed in the living room of each residence, and measurements were season

taken continuously for 24 hours at intervals of one minute during the measurement period. Based on the .

| q . d d - Indoor PM, ; concentration was more

air quality monitoring system data in Daegu, outdoor PM, ; concentrations were estimated using ordinar .

kl quatity hg Y ad ! N gldl . 2"f N w ! :; 8 Y affected by outdoor PM, ; concentration

riging (OK) in Python. In addition, the indoor activities of the occupants were investigated using a time- . .

i (O19) 12y H v up were mnvestig using in autumn than in summer.

activity pattern diary. The affecting factors of indoor PM, ; concentration were analyzed using multiple
regression analysis.

Results: Indoor and outdoor PM, ; concentrations of the residences during summer were 15.27+11.09 pg/m’
and 11.5247.56 pg/m’, respectively. Indoor and outdoor PM, ; concentrations during autumn were 13.82%9.61
pg/m’ and 9.57+5.50 pg/m’, respectively. The PM, ; concentrations were higher in summer compared to
autumn both indoors and outdoors. The primary factor affecting indoor PM, ; concentration in summer was
occupant activity. On the other hand, during the autumn season, the primary affecting factor was outdoor
PM, 5 concentration.

Conclusions: Indoor PM, ; concentration in residential houses is affected by occupant activity such as the
inflow of outdoor PM, ; concentration, cooking, and cleaning, as found in previous studies. However, it was
revealed that there were differences depending on the season.

Key words: PM, ;, residential house, indoor activity, ordinary kriging, exposure

- On the other hand, indoor activities
had a greater effect in summer
(cooking, cleaning, ventilation) than
autumn (cooking).
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Fig. 1. Measurement point for 20 households in Daegu
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1. FEHHLW - 2| PM, s S

A 20770 o123} 7hS FEAY -9 M, BE,
AY CO, 5%, AW 2% @ Ath<SEE Table 13} Table 2]
YRl ofE9] ALY PM, , B 15.27411.09 pg/m’=
SE%loH, o& RS ARESto] 7% FEAQ] PM, 5 5
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Table 1. Residential houses indoor and outdoor PM, ; concentrations

Summer (n=27,732)

Autumn (n=26,936)

Variable Percentile Percentile p-value
Mean+SD Mean+SD
Min 25 50 75 Max Min 25 50 75 Max
Indoor PM, , 15.27+11.09 2.40 585 11.32 2325 4376 13.82+9.61  3.39 707 1076  18.78 44.87 <0.01
concentration
(ug/m’)
Outdoor PM, , 11.52+7.56 1.68 457 10.62 1691 3041 9.57+5.50 2.73 5.39 8.68 1276 26.81 <0.001
concentration
(ug/m’)
SD: standard deviation.
Table 2. Residential houses indoor CO, concentration, temperature, and relative humidity
Summer (n=41,598) Autumn (n=40,404)
Variable Percentile Percentile p-value
Mean+SD Mean+SD
Min 25 50 75 Max Min 25 50 75 Max
Indoor CO, 663.49+158.28 46391 55091 618.73 74414 109205 600.64+116.56 46822 51331 564.33 65746 931.66 <0.001
concentration
(ppm)
Indoor 30.20+0.93 2841 2956 3011 30.83 3226 27.15%*1.59 2451 2580 2710 2837 3003 <0.001
temperature
K9]
Indoor relative ~ 50.70+4.34 4295 4660 5135 5445 5783  45.68+8.08 2848 4013 4605 5244 5914 <0.001
humidity (%)
60 .60
'; y=09132x +1.3021 = y=0907x +0.4854
P R2=0.903 gy R?=0.903
g g
E i ° s
g g % ¢
= & . ]
& £ s e
g g .
: 10 |4 d
& d o
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(a) Summer

Fig. 2. Correlation analysis for validation of estimation models

2 ZA=Qltt Fe4Q] PM, ;. = 9.57+5.50 pg/m’, 1/0
ratiox= 1.4910.612 AFE=Rlom, ofFo] 7HEHETE Ay 9
A9 PM, 5 F=7F-F-oI5H B =3 tH(p<0.001).

FEAY CO, k= 9J50°] 663.49+158.28 ppm, 7}-20]
600.64+£116.56 ppm O & o{Fo] o A yergeh 2=et
AdEEE ofS0] 742} 30.20+0.93°C, 50.07+4.34%, 7F
o] Z7} 27.15,£1.59°C 9 45.68+8.08% % 50| 2=} 55

AQMS PM, ; concentration (ng/m*)

(b) Autumn

T B E=34TH(p<0.001).

2. Ordinary Kriging &%

OKE ©o]-&3 o5 7129] Fe4e] PM, s 54 5=l H
5to] one-point FHE-E AAISHITHFg. 2). FEHAW PM, 5 =
7103 FLsHA 1A% 2919 HES SAskeH AdF
(0=715), 7+&n=679)Z FH =3t 3t HolHE v
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Hee2 A4S 245 Al 252 89, A4, &
71 8L 11 9] 7= RS A5 7122 HYE vt
e o AR ALjEE S st ARMHRL 09~17A17H4] o
ol 7HEET AdEC] A o A YER T A PM,;
see o5 7hE B A9 PM,; w9t AR e 2
AL, B ¥ Qs o] E4al FE o g EHsh= AR
174158 82 9 AdWidso = Qs PM,; =71 247
7b FolE8 B3tk BU] 4F A5 7he EF o ARE
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4. ZEALY PM,; FER0! 2

FEA M, 5ol Tistel 48] PM, i, A CO,,
A L @ AW AUSES X $489 95t 44
2he] 24417 5F0] ARKLEYAE 23, Ha, W), 1 9
AAIAT BES & 5 g L A% 7R BHI A
BF WHE THobO] BhEIAAEAS AITH Table 3,

PM, 5 concentration (jig/m?)
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(a) Summer weekday

708 9 10 11 12 13 14 15 16 17 18 19 20 2 2 B 4

i ---=-Indoor --= door Cooking == Cleaning Veutilation == Othery

(¢) Summer weekend

Fig. 3. Indoor activities and PM, ; concentration by the time of day
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Table 3. Factors affecting indoor PM, ; concentration in summer

Category Variable B p-value R’ (Adj. R%)
Environmental factor (Constant) <0.001 0.468 (0.465)

Outdoor PM, ; concentration 0.673 <0.001

Indoor CO, concentration -0.060 0.005

Indoor temperature 0.077 <0.001

Indoor relative humidity 0.127 <0.001

Indoor activity Cooking 0.044 0.022

Cleaning 0.042 0.024

Ventilation 0.053 0.009

Others 0.020 0.559

Unknown -0.008 0.803

Absence 0.051 0.108

Adj. R* Adjusted R’.
Table 4. Factors affecting indoor PM, ; concentration in autumn

Category Variable B p-value R’ (Adj. R%)
Environmental factor (Constant) 0.030 0.638 (0.636)

Outdoor PM, ; concentration 0.781 <0.001

Indoor CO, concentration 0.014 0.396

Indoor temperature -0.036 0.026

Indoor relative humidity 0.171 <0.001

Indoor activity Cooking 0.105 <0.001

Cleaning 0.009 0.622

Ventilation 0.007 0.755

Others 0.007 0.850

Unknown 0.048 0.204

Absence -0.012 0.742

Adj. R* Adjusted R’.

oA Q&I PM, ;9 2 AEES T Hol AT 5= W]
EHTOH o540l 7IZEET =2 & QIthl B E ek whabA

FATE0NA TEEH AQ] PM, 5 wkE+= o Fo] 7HZol H]S]
% BEFZ Hlon, oj= AU PM,; w0l FFZ 1A 5
71 wjizof ofFo] 7hZol vlsh A- e PM,; &7 H =
Skl whekEch

dutd o g7 Aol EAsHA] EAY AL A= F
E1of| 419] 1/O ratio= 1 P|Tto]X|qt o] E3} 74 HEF 1 o]
2 AZE|o] Aujo] ¥hj o] EAFhaL & 4= kP Ae]
PM,s 59 A% A S5k ¢, oS 2dZ o]-8-5t
HH o5 A5 on, ES4AAdo] 2T 4= 7] "ol
nElA=S AT AZX E2] R?, MAE, RMSEZ} &
o] H$ 0903, 2.37, 2972 27 AHEEoH, 7129 H¢-
0.903, 1.72, 2.29& 7}z %ﬂ,ﬁ OKE ©]-&3}o] PM, 5
T FEEPE AP APATe} vwHS o, HolH

Hir r

EAJS] T M, B0 B2 A A Aol e
9 RE= 0.798, RMSE:= 9.32& UEhtth® E31 PM, .9 &
371 9 Auw Al AR 4RAS BA] Aot
Al57F 287 (spatio-temporal kriging) ¥ OKE H| W3t A0
A= 0K 739- MAEZ} 791, RMSEZ} 10.702. & WreRg T
w3 7] oS R ) AFET} W matol ¥
o o= e uolrky Bee,

Setete] EAE AFERLS BAG A7) g2
ol 4SSN HRG BN AZHEEFA

2 v 1A AR Hog ALY wheba] Al 20
7] A EEAS B4 ) A5 9 BAREY
A9] A7 ERAIT FARE BFS Bt

TS AEA 23t 7129 ggkol 0.7812 & (p=0.673)
of Hlsh Ae] PM, s Lo FYLE QI3 o] v =A 4
Elo] 7}Zo] ofEof vl A9 PM,, F&o] FFE o A &
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S ALY PM, , YR, EAS) FUHAY BRA F A9 PM,, SEE 012 FP 217} 15.27£11.09 g/,

shto|th 4042 249k L A (International Agency for Research
on Cancer, TARC)°|| =2 Q2] A] PM, ., PM,,, 5] =F
4 AdR71ekEo] ke gejudo] WAgs o Ay
St Qe[S W B Group 2AE -E510] A
Hgo] === EZ(probably carcinogenic to humans)Z &
FACED Hao] B9 J2H AY PM,; = BAY H
oS HAArk 4 Al vigof] A =ofld w|AHA7} A H
F(resuspension)2F <= Q131 o] 2 Qs A PM, . 5% 7} o}
A 4 Qlok

|59 AW CO, E+= 7HHT E3%om, oj= Ay &5
9] F7eF Wi AA9) AHE o= RISl 7kl Hls| &7t
H7% o o]foiF7] YYD 5= kSO whd, 71go)E of
Soll vls &7]Fe] o o AWl Co, =7t Aastar, A
9] PM, 7t AU E FYE0] 5&7}t =obd 4= vk 12y &
719] - ol Eoll= AWl PM, s 3= SAK 2 Folsk3lal
7Fole BAALE Fo4do] UEA] Aokt ol= H&EAl
£ &9 FHY 7] S Akl "ol SEIolA
X Hlo]ojA(information bias)7| TAYE 4= Q1o FE 47}
Azog 27] giof Bgalgo] Z7he 5= ek e
LHE AU371E AR HiEste] AUeES /A= 8
Sk gelole}. 12y 27| E <l eFH AHolE7 |7t AUE &
AE 5= W7 diZoll &R = AWE71d fA4 2 g
of AgstA] & 4= Ao, FF AAFE o83t Fotd &
717F AR fJElE Aol FEgeto] | 5 ok

2 A= 3 GA] 207 tiste] Aol whE FEA
U PM, s 5 SHI o A 38 FFAR0Z 85t
ek =S Auk o 7 AQ] pM, . =7 AREE = Al B/

= % o5/7F29] v} ofd o5 7HEe A WE
d& a1Esto] AEE FEAY PM, 5 w20 FFE vIA= F
8 ARE AEsHIRol AT 297t itk 13y o5 7t
= 7 AdS dde s AYsto] 71 A= AEA E4S
HHgsA] Foklth= eHAI7E Qlck E3L 5717877 2 AEst
SE-EY A R F & TEAY PM, 5 =0l ¥FZ vE &
Ue FF Bl tishA A=A At wEkA, AAE 2
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11524756 pg/m’0]9lom, 7+&2] 49 747+ 13.8249.61
ug/m’, 9.57+5.50 pg/m’2 YeRgTh AEE FEAY pM,
ol FFS vA= 80 B3 A3t 7HEo] o 5o vl
A9 PM, 5 =2 FFo] o A UEth A2 AUdE
% 287t FHAY PM, s =0 7MY & 9T T o
=& F4a0 &) &olglon, 7h&9] A% 887t AUl PM,;
o] IFE T A0 R Yepgrh wEhA FEAY PM,
SEe 950l 7hol Hls] AUE-Ee] FFol ¥ 2 AL
2 Uesth £ A A HedE 1Efsto] FEAY
PM,; =0 FFE vAE 78 AAE AEe9, o|E &
3 23 A-o| w2 FeAY PM,; &7} 7o) E8E

% olck

Al =

A
A 5 oox

(FIAIHS: 2021003320001), B35, s EAsHs] 8+
AE 20234 SFEA AR FAY AEAA@EEA
8}3])"of| A 2| itot =35 Axto]n olof ZAF=HU .
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