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Abstract Given the well-established evidence regarding the adverse health effect of PM, 5, one of the intrinsic limitations of
many epidemiological studies is their reliance on ambient exposure. The recent technical developments in low-cost sensors
(LCS) have reduced the logistical and financial burdens associated indoor and/or personal PM, 5 monitoring. However, LCS PM, 5
measurements obtained by optical methods are highly sensitive to meteorological conditions and require appropriate
calibration approaches before application, This study aimed to develop a calibration equation for hourly indoor LCS PM, 5
measurements using PurpleAir, one of the most widely applied LCS worldwide, in South Korea. Our indoor monitoring campaign
collected 2-minute PM, 5 concentrations in the homes of 65 older adults living in urban areas of South Korea for five days during
each of four seasons in 2023. In addition to PurpleAir, we used MicroPEM, as the reference instrument, that provides
gravimetrically corrected PM, 5 concentrations. Using 11,999 hourly-averaged PM, ;5 concentrations, we applied 16 calibration
models incorporating different combination of meteorological conditions and compared the evaluation statistics using cross-
validation. During the monitoring period, the mean of hourly PM, 5 concentration measured by PurpleAir was 23.88 ug/m?
(standard deviation [SD]=10.18). The overestimation by PurpleAir was consistently observed across hours, days, and seasons,
although the seasonal and diurnal patterns were similar to those measured by MicroPEM. Among the 16 calibration models, the
model including the dew point as a predictor yielded the lowest root mean square error (RMSE) among the single-predictor
models and achieved an RMSE nearly identical to that of the most complex model. These findings suggest an optimal calibration
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approach for indoor PM, 5 measurements obtained using LCS devices and support the application of LCS technology in large-

scale indoor and personal exposure assessment studies investigating the health effects of the PM, 5.
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Table 1. Comparison of MicroPEM and PurpleAir Devices.
Characteristic MicroPEM PurpleAir

Measurement principle

Nephelometer + Gravimetric

Only particle counter

PM size PM,s/ PM;o PM, / PM,5 / PM;,

Sampling interval 10 seconds (Real-time) 2 minutes (Real-time)

Weight Light (~2409) Heavy (~4509)

Portability Battery powered; portable Required an electrical outlet; not portable
Cost High ($3,500; low-volume production) Low ($230~$260; mass production)
Channel One channel Dual channel (A/B)

Accuracy High (Gravimetric Calibration) Moderate

Manufacturer RTl international (USA, NC) PurpleAir, Inc. (USA)
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Fig. 1. MicroPEM (left) and PurpleAir (right) placed in a participant’s living room during the indoor PM, 5 monitoring cam-

paign conducted across 68 households in 2023.
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PurpleAir PM, 5 from indoor monitoring campaign
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people™
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Collected samples
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Time reallocation
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Excluded samples with no
MicroPEM data

(Nsamule =9, Nueou\ezz)

Final data merged with MircoPEM PM, 5
(Maampie=144, Nyoopie=65, Myoury = 11,999)

Fig. 2. Data selection procedure to develop a calibration approach for hourly PM, 5 concentrations measured by PurpleAir

compared to MicroPEM measurements.
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Table 2. PurpleAir calibration equation list.

Group model Equation
1 1 PMysm=Bo+PMasp X B +e
2 PM,sm=Bo+PMyspX B +RHX B, +e
2 3 PMysm=PBo+PMyspXBr1+TXBr+e
4 PMysm=Bo+PMysp X1 +DX B+ e
5 PMysm=Bo+PMyspXBi+RHX B, +TX B3+ (RHXT)X B+ €
6 PMysm=Bo+PMyspX By +RHXB,+DX B3+ (RHXD)XB,+e
3 7 PMys =P+ PMyspX By +DX By +TX By +(DXT) X By +e
8 PMysm=Bo+PMyspXB;+RHXBy+TXB3+DXBs+ (RHXT)XBs+ (RHXD) X s+ (DXT) XS,
+(RHXDXT)XBg+e
9 PM;5m=Bo+PMysp X By +RHX B+ (PMysp X RH) X B3+ €
10 PMysm=Bo+PMysp X By +TX B+ (PMy5p XT) X B3+ €
n PM;sm=Bo+PMysp X B1+DXBy+ (PMysp X D) X B3+ €
12 PMysm=Bo+PMysp X By + Xﬁz PMyspX———— R XB3te
(1= RH (1-RH)
13 PMysm=PBo+PMyspX By +RHXBy+TX B3+ (PMysp X RH) X By + (PMy5p X T) X S5+ (RH X T) X Bg
4 +(PMy5p XRHXT) X B;+ €
14 PMysm=PBo+PMysp X B+ RHX By +TX B3+ (PMysp X RH) X B4+ (PMy5p X D) X 5+ (RH X D) X B4
+(PM,5p XRHXD) X B;+€
15 PMysm=Bo+PMysp X By +TXBy+DXBs+ (PMyspXT) X B4+ (PMysp X D) X Bs+(TX D) X B
+(PMyspXTXD)XB;+€
PMysm=PBo+PMyspX By +RHXBy+TXB3+DXBs+ (PMysp X RH) X Bs+ (PMy5p X T) X B+ (T X RH)
16 X B7+ (PMy5p X D) X Bg+ (D X RH) X g+ (D X T) X B19+ (PMy5p X RH X T) X 817+ (PM,5p X RHX D) X B,
+ (PMysp XD XT) X 13+ (DXRHXT) X B14+ (PMysp X RHXDXT) X 15+ €
PM, 5 p: Hourly PurpleAir PM, s concentration (cf_1, pg/m?)
PM, 5 m: Hourly MicroPEM PM, 5 concentration (ug/m?)
RH: Hourly relative humidity (%, PurpleAir sensor)
T: Hourly temperature (°C, PurpleAir sensor)
D: Hourly dew point (°C, D=T-[(100-RH)/5])
Bo: B1: Ba-- Brs: Regression coefficients
e: Error term
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602 HI0[3, B, XM, A, AN, 2, Ha2ls,

Table 3. Summary statistics of hourly PM, s, temperature, and relative humidity by PurpleAir and MicroPEM in the indoor
PM, s monitoring campaign of 65 older adults in South Korea for 2023.

People* PurpleAir MicroPEM
People season/ Hour (mean +SD) (mean +SD)
(n) day (n) (n)
PM, 5 Temp RH PM, 5 Temp RH
Overall 65 144 11,999 23.88+20.07 29.63%+3.53 38.22+9.68 12.83%+10.18 29.02+8.34 55.23+11.73
Spring 57 57 5,974 24.68+21.25 28.78+293 34.12x7.65 14.14+£1091 29.60+£10.18 50.90%+10.02
§ Summer 45 45 3,791 25.19%£17.67 32.84x1.97 46.98+7.05 11.96+88  32.03+£293 65.19%+8.32
§ Fall 23 23 1,382 1847+17.11 27.02+237 3477+£589 958+7.77 24.00+£546 50.60%+8.87
Winter 19 19 852 21.22+24.05 25.47+3.17 3359+11.48 12.80+1223 26.82+8.92 4880+12.16
> Weekday 65 143 6,733 24.57+20.72 29.69%+3.49 38.21%+9.63 13.09+£10.21 29.23+8.52 55.13+£11.65
©
O Weekend 65 144 5,266 23.00£19.18 29.55+3.58 38.24%+9.74 1251+£10.13 28.76+8.11 5535+11.83
SD = standard deviation; Temp = temperature; RH = relative humidity.
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