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Abstract Low-cost particulate matter (PM) sensors require demonstrated long-term stability and representativeness to be
reliably applied in complex urban environments. This study evaluates a climate-controlled light-scattering sensor (Gonggam
Sensor GGS727) by analyzing four years (2021~2024) of continuous PM, 5 and PM; measurements collected at Korea
University and comparing them with Beta Attenuation Method (BAM) observations from 25 regulatory monitoring stations
across Seoul. The GGS727 achieved high data completeness (>97%) and maintained stable sensitivity throughout the
observation period. Hourly-averaged sensor data showed strong spatial correlations with BAM measurements, with an
average R? of 0.81 and RMSE of ~6.5 ug m™ across all districts. Performance decreased gradually with distance from the
sensor site, indicating that airflow similarity and spatial proximity largely govern coherence between local sensor
observations and city-scale PM, s variability. Long-term regression parameters exhibited minimal interannual drift,
demonstrating stable temporal consistency of the sensor. Seasonal comparison with the Jongno monitoring station revealed
distinct relative response behaviors. In summer, the sensor tended to report slightly lower concentrations, consistent with
organic-rich fine aerosol characterized by lower refractive index, enhanced volatility, and a shift toward smaller particle sizes
with reduced scattering efficiency. In winter, nitrate-rich inorganic aerosol enhanced hygroscopic growth and increased
optical scattering, leading the sensor to report relatively higher PM, 5 than the BAM instrument. These discrepancies reflect
inherent differences in measurement principles and aerosol optical/thermodynamic properties rather than a loss of accuracy
or stability. The sensor further provided robust PM; measurements, with PM; accounting for ~69% of PM, 5 on average and
exhibiting strong seasonal variability (higher in summer, lower in winter). These patterns align with transitions between
secondary organic aerosol formation and wintertime accumulation of inorganic salts, underscoring the value of submicron
measurements for interpreting aerosol processes. Overall, the results demonstrate that a miniature climate-controlled sensor
can reproduce urban PM, s variability with FEM-comparable fidelity while capturing additional information on ultrafine
particles. Such performance highlights the utility of low-cost sensors for dense urban monitoring networks and for enhancing
population exposure assessment in environments with strong seasonal and spatial heterogeneity.
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Fig. 1. Front and back views of Gonggam Sensor (GGS727), internal schematic diagram, and installation site located on the
roof of the Mediheal EES Hall at Korea University (modified from Baek et al., 2022, Sensors, 22(5):1950)).
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Fig. 2. The map shows the location of 25 air monitoring stations (blue dots) across Seoul and Korea University (red dot)

where Gonggam Sensor (GGS727) is used to measure PM, s.
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Table 1. Linear regression results (R, slope, intercept, RMSE) between the Gonggam Sensor (GGS727) at Korea University and
25 urban air monitoring stations cross Seoul. The distance from Korea University and 4-year PM, 5 mean concentration at each
station are also provided. Stations are ordered by descending distance.

L 5 Intercept RMSE Distance Mean
District R Slope (ugm™) (ug m™) Km) (ugm)

Dongdaemun 0.87 1.13 -3.57 535 1.80 19.00
Seongbuk 0.84 1.10 -2.15 5.90 237 17.90
Jongno 0.87 1.08 -3.55 5.13 3.58 19.52
Junggu 0.84 1.05 -2.90 6.06 3.66 19.29
Seongdong 0.81 1.21 -3.70 5.67 3.68 17.68
Yongsan 0.80 1.16 -4.58 5.13 4.07 19.16
Seodaemun 0.83 1.02 -0.67 6.42 533 17.81
Gangbuk 0.80 1.09 -235 6.48 5.63 18.27
Eunpyeong 0.79 1.02 -1.57 7.02 5.71 18.89
Gwangjin 0.82 1.1 -261 6.04 5.88 18.16
Jungnang 0.83 1.12 -3.22 5.86 6.32 18.50
Mapo 0.83 1.08 -2.54 6.21 6.36 18.73
Nowon 0.80 1.02 -3.10 6.86 7.52 20.26
Dongjak 0.80 1.01 -2.46 6.97 7.55 19.87
Songpa 0.77 1.14 -3.61 6.51 7.83 18.58
Seocho 0.82 0.92 0.57 7.33 7.86 18.54
Gangnam 0.83 1.13 -3.62 5.88 7.90 18.77
Yeongdeungpo 0.80 1.03 -2.32 6.86 9.72 19.28
Yangcheon 0.79 0.97 -1.98 7.29 10.00 20.04
Gangdong 0.81 1.00 -1.59 6.80 10.16 19.15
Guro 0.79 0.92 1.14 7.92 10.26 18.07
Gwanak 0.77 1.07 -2.56 6.93 10.51 18.89
Dobong 0.84 1.06 -1.03 6.11 10.78 17.59
Gangseo 0.76 1.00 -1.29 7.52 11.29 18.93
Geumcheon 0.78 1.00 -2.01 7.33 12.92 19.55
Average - - - - - 18.82
GGS727 - - - - - 17.74

A ] ZAASTE 22 0.40 (41E8]-R?), 0.56 (7 18.82 ug m> o2 FAIA (17.74 ug m3) 2o} oF
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Fig. 3. Log-normal distributions of PM, 5 concentrations measured every hour by beta attenuation method at Jongno-gu station
and measured every 10 minutes by Gonggam sensor at Korea University (KU). Data were separated into two seasons: summer

(June~September) and winter (December~March).
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ot 9t AS A= A4tda dREEE A ozt
F71927} Z7FH=t (Yu et al., 2018), ©]5 F7]0]
= ZAEN 73 542 A=t (Huet al,
2010; Tang and Munkelwitz, 1994). olzigt =4 W3}
= A8 = N E AR E S7HE 4 Qi

z/d Hsh= Bt dAol= FF= nAA "o
Qurg oz sOAd e oA At E4ol
A3 wheba] Yo A7) & At Mie AFet o] Zof) o
21 droplet mode AJA}9] A G -&0| 7]-7(‘;]' a1 9
St 7] W] ireto] 242] Walel] WA

HF--8 4= QIth(Matsui et al., 2011). ©]= FAIE 7]
gF Al ) 2 F7ke o]ojd 4 Ut (Moore et
al., 2021; Jung et al., 2018). o213 AEA zpo] X
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size-selective inlet= AFES}A] Qe F7HANA 9
£ 27oA= ol2let 27] &

1 513 71540] Q1 (Chen ef al., 2018).
AT (NH,NOy)2 =I9F RHOY| 7173t 1hg]
dololA MER TolA 2ol SRt
9] sampling artifact)©] LAY 4= A= Hol
2 A 1th(Chang et al., 2000).
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Fig. 5. Hourly relationships between PM, ; and PM; concentrations from 2021 to 2024. Panel (b) represents the same relation-
ship with point colors indicating corresponding PM;, concentration.
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THAAE PM, 5t B0l PM, 7 PM,, 70
ThFsotER vkt 479 sk AwE L84
A& PME] EAS BAS AT 2021~2024 S<H
PM, T} PM, 5 Ato]9] AT A7kl AA uf<$
A o2 FAEATHI= 7= 0.69, AH 0.05, R?
£ 0.94). PM, 5= PM, 57t 71 o) A 9] H]=H
o7 F7tolH, WA o8 PM,s BT oF 69%E
Zp2)sF4E ol gt A2 PM, Ak=ol F U5
A-85 +200)F A= 75F FA ¢ A2 ol

S SHEGloH, o] 4] HlE AA| AA| 2=
OF 395 m|qto 2 UHA| LpERTE,

£35] 20249 712719} AAAS R)7F 7P Ze
H, thE A=olA= PM, 5 tH] PM, 9] Hl-&o] B
o] TEEGIET, ol2|§h Al7]oll= PM, ] E%
7F @A =S8k ol 2o AR (el B 71 4,
A4 42F 5] 71047F F7Feh, PM, ol Hl sl
PM, 7} AHAH o= o A 37H7] fEe R of
At A 20240 ol2f9t AE PMy, Ale]
o] Bzt AT 0 2 2 of, PM,~PM, ; BA 2] A3
o] T fAE AR Helrt,

AR A s dE Ak 2 2 H1F
24 YA (mineral dust)7} 23 -9, A&7
7¥sto] F7199sta A o] detA|n o]of what Atgh
T oF A A 7 PAVE vlAg A o2 gepA A
Bhito] x4 AT Qe AR d9A Ut
(Alfano et al., 2020). ©]2gt o]F&E P =2 9]
PM,, AF Al FARE AlA 9] ALgo] o] P
ok 9 59t o] 2 AFoAe AR BE5E
PM,, PM, 5 ¥ PM,, 7t A= A 1271 Q=] 7
FA = At

—_

ol o ofN oft

2021~2024: PM; =0.69 X PM, s~0.05, R>=0.98
2021: PM; =0.59 X PM, s—0.26, R”*=0.98
2022: PM, =0.62 X PM, s—0.48, R?=0.99
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Fig. 6. Monthly variations of PM; and PM, 5 concentrations,
and PM,/PM, s ratio.

2023: PM, =0.76 X PM, 5+ 0.22, R?=0.96
2024: PM, =0.81 X PM, s-0.26, R*=0.99

ol FHAAZE A
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S At BaE ey, T4 di7]ol A A8 PM2>
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