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This study investigated the real-time formaldehyde (HCHO) concentrations in an urban area of Ansan, South
Korea, during the summer of 2024, using Proton Transfer Reaction Time-of-Flight Mass Spectrometry (PTR-
ToF-MS) and Mid-Infrared Spectrometer (MIRA). Average concentrations of HCHO were 4.8+1.7 ppb for
PTR-ToF-MS and 3.5+0.7 ppb for MIRA with PTR-ToF-MS, exhibiting higher sensitivity to HCHO variations.
Findings with both instruments showed similar temporal trends (R2=0.82) with HCHO concentrations peaking
during the daytime (PTR: 6.4 ppb, MIRA: 4.3 ppb) and declining at night (PTR: 2.1 ppb and MIRA: 1.7 ppb).
The diurnal variations in HCHO concentration highlighted the active photochemical reaction that occur during
the summer. This study provided fundamental insights into the characteristics of photochemical pollution in
summer seasons through real-time observations of HCHO concentrations. The results from this study could
contribute to urban air quality management through the development of long-term, continuous datasets and cor-
relation analyses with other air pollutants in future research.

Key words: Formaldehyde (HCHO), Real-time analysis, PTR-ToF-MS, Mid-infrared Spectroscopy, Urban air
quality monitoring
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Table 1. Weather conditions during the test period in Ansan
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Fig. 1. Location of sampling site, industrial complex, and AWS2¥
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Fig. 2. HCHO analysis method: (a) PTR-ToF-MS - HCHO qualitative determination in the m/z 31 region, (b) MIRA - HCHO

absorption spectrum analysis at optical wavelengths.
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Table 3. Specification of measurement & analysis instruments used in this study

Time

Items Device . Specifications Analysis method
resolution
[ mass range : 1~10000 m/z
HCHO ( 6(?0{)11 IFE())II\:HZISN) >1 sec LOD*: 10 pptv Proton transfer reaction
? resolution : > 1500 m/Am
MIRA HCHO range : 0~100 ppm A
> 4 -
HCHO (Ultra, AERIES) >1 sec LOD* : 65 pptv™) Mid-infrared spectrometer
range : 0~200 ppm
0, (49iQ ?‘ieﬁzy;ecrienti fic) >1 sec 0~400 mg/m> UV Photometric
’ LDL™:0.50 ppb
range : 0~1000 ppb
NOx (@i QIYF?J I:IF(EX anla;yz.ert. fic) >1 sec 0~1500 pg / m? Chemiluminescence detector
i , Thermo Scientific LDL": 50 ppt

*LOD : limit of detection, ""LDL : lower detectable limit

Dilution N2 Gas
Standard Gas (HCHO, 3.56 ppm)

, Dilution Control Unit
MFC1.: 0-5,000 mi/min(STD gas)
MFC2 : 0-5,000 ml/min(Dilution gas)

Internal Calibration Unit
MFC1 : 0-20 ml/min(STD gas)
MFC2 : 0-800 ml/min(Dilution gas)

Zero Air Generator

1 1 1 1 1 1 1 |
® PTR_HCHO ccps vs HCHO STD conc. 90— | ® MIRA_HCHO conc. vs HCHO STD conc. =
—— fit curve(Fx) R2=0.9984 —— fit curve(Fx). R2=0.9993
15%10° - 80 - L
2
=3
- g
=] — -
& 1wl i g 70
% =
E g 60 — -
=3
s N
50 — =
T T T T T T T T T T T T
10 20 30 40 50 60 70 50 0 70 P .
HCHO STD gas (ppb) HCHO STD gas (ppb)

Fig. 3. HCHO Calibration for PTR-TOF-MS(left) and MIRA(right) instruments.
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Fig. 4. Time series of (a) HCHO, (b) O; and NO,, (c) temperature and relative humidity, and (d) precipitation during the

intensive measurement period 2024.
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Table 4. Summary on the measurement items
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3.2. IL{e] HCHO sE&=
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AT AlEE A8l Table 5ol AAIEIATE 2 $-2)
Uzl A f3lti7] 2852 (hazardous air pollutants,

woh HHWH

ToE=
HAPs)=} &3le] 20183FE 20223784 57l bR

o4 DNPH W'HO 2 ZAFE HCHO F%e o433
24 ppb (n=280), & 3.6 ppb (n=224), HA+ 5.7 ppb
(n=252), &2F-22F 3.9 ppb (n=252), A13F<HF 4.51 ppb
(n=168)= UEPHTE3® KORUS-AQ ZA#|1 717} (2016
| 5-69) A5 ZHE] NASA CAFE (compact

=

Ttems HCHO (ppb) 0, (ppb) NO, (ppb)  Temp. (T) RH (%)
PTR-ToF-MS MIRA

Mean 438 35 339 122 270 825

S.D. 1.6 0.7 19.0 6.7 38 15.6

Max. 1.7 6.0 81.5 34.6 36.4 99.0

Min 24 13 23 3.6 19.6 470
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Table 5. Comparison of the averaged formaldehyde concentrations measured in various studies

Class Locations Measurement Period HCHO (ppb)  Method / Instruments
Ansan, KOR Aug-Sep, 2024 48+1.6 Continuous / PTR-ToF-MS
Urban o ’ .
(this study) (17 days) 3.5+0.7 Continuous / MIRA
Yeosu-Gwangyang, KOR  Dec, 2018, Feb, Apr, Jul, 2019 2.40 DNPH-HPLC (n=280)
dustrial Pohang, KOR Sep, Nov, 2019 3.55 DNPH-HPLC (n=224)
:0;‘1?:{6‘1 Daesan, KOR May, Aug, Oct, 2020 5.69 DNPH-HPLC (n=252)
Ulsan-Onsan,KOR Apr, Jun, Oct, 2021 3.91 DNPH-HPLC (n=252)
Sihwa-Banwol, KOR May, Jun, Oct, 2022 451 DNPH-HPLC (n=168)
Urban Olympic Park, Seoul, KOR Oct-Nov, 2021 (24 days) 7.36+£3.27 DNPH-LC/QToF
Petrochemical Daesan, KOR May 22, 2016 12 an‘unuous / CAFE
Complex (laser-induced fluorescence)
. Semi-Continuous
Forest Mt. Whiteface, US Summer, 1999 1.34 DNPH-HPLC (n=3178)
Queens College Continuous / QCL
- + 1.
Urban New York, US Jul-Aug, 2000 22+11 (quantum cascade laser)
. Summer, 2009-2010 5.07+4.11 DNPH-HPLC (n=127)
Urban 9 cities, CHN .
Winter, 2009-2010 2.04+1.53 DNPH-HPLC (n=127)
Spring, 2016 34+1.6 Continuous / PTR-MS
Summer, 2016 5044 Continuous / PTR-MS
Urban Shenzhen, CEIN Fall, 2016 50+3.1  Continuous / PTR-MS
Winter, 2016 42422 Continuous / PTR-MS
Urban Guangzhou, CHN Sep-Nov, 2018 2.99+2.06 Continuous / PTR-ToF-MS
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Table 6. Diurnal maximum and minimum concentrations, and their differences

Items PTR-TOF_MISCHO(ppb/hr) MIRA O;(ppb/hr) NO,(ppb/hr)
Max/Hr 6.4/12 4.3/12 56.5/16 15.8/8
Min/Hr 3.0/3 3.2/3 18.0/7 8.2/17

A (Max-Min) 3.3ppb 1.3ppb 38.5ppb 7.7ppb
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