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Abstract Aldehydes are volatile organic compounds (VOCs) that can cause adverse health effects and contribute to the
formation of secondary pollutants. Although aldehydes are important air pollutants, the current regulatory framework may
not fully reflect actual industrial emission characteristics, suggesting the need for continuous review. This study characterized
emission patterns and quantified annual emission contributions of four aldehydes—formaldehyde, acetaldehyde,
propionaldehyde, and butyraldehyde—from industrial facilities in Jeonbuk State, South Korea. The results were interpreted in
relation to the current regulatory framework. Stack sampling was performed at 73 stacks from 56 facilities across six industrial
sectors from January to November 2025. Aldehydes were collected with DNPH cartridges and analyzed by HPLC. Annual
emissions were estimated from measured concentrations, exhaust flow rates, operating hours, and operating days. To
evaluate differences in aldehyde concentrations among sectors, the Kruskal-Wallis test and Dunn’s post hoc test were applied.
Aldehyde concentrations exhibited right-skewed distributions with high variability. Consequently, comparisons based on
mean and median values did not fully distinguish differences among industrial sectors. However, percentile analysis revealed
clear differences at higher concentration levels, particularly in the upper tail. Annual emission estimates further showed that
sectoral contributions were concentrated in a limited number of industries. Resin and plastic manufacturing contributed
67.9% of total acetaldehyde emissions, and non-negligible contributions were also observed in sectors outside the current
regulatory scope. Aldehyde emission compositions differed across sectors, indicating that priority control compounds vary by
industry type. These findings provide quantitative data to improve aldehyde emission monitoring and control strategies.
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Table 1. Number of surveyed stacks by industrial sector.

Industry Number of stacks
Resin/Plastic 13
Ascon 7
Painting 15
Semiconductor 6
Waste Incineration 10
Others 22
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Fig. 1. Locations of surveyed stacks from industrial facilities in Jeonbuk State.
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Table 2. HPLC conditions for aldehyde analysis.

Parameter Condition
Instrument HPLC (Infinity IlI, Agilent, USA)
Detector UV 360nm
Column C,g(Zorbax Eclipse Plus,

4.6 X250 mm, 5 um)
Column temperature 30°C
Mobile phase Acetonitrile : Water (70:30, v/v)
Flow rate 1.0mL min™’
Injection volume 10 L

8519 acetonitrile (J.T.Baker, HPLC Grade) = %=
1 5mL7t HEE FE6190H, 55 AR o
£ 2mL vialo] 2F]5te] 24 A5 2 o]-8513]rt.
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T
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n
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L
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Table 3. Analytical performance characteristics of the DNPH-
HPLC method for aldehyde determination.

Coefficient of

- MDL LOQ  Precision
Compounds deter;?{lzr)\atlon (opb)  (ppb) %)
Formaldehyde 1.0000 0.58 1.84 0.5
Acetaldehyde 1.0000 0.93 297 1.4
Propionaldehyde 1.0000 0.69 2.19 2.8
Butyraldehyde 1.0000 134 4.28 1.7

Kruskal-Wallis p = 0.0928
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Table 4. Summary statistics of aldehyde concentrations by industrial sector.
Concentration ranges (ppb)
Industry Compounds
Mean Median Min. Max.
Formaldehyde 212.8(1+404.9) 329 0.0 14314
. . Acetaldehyde 1,588.4(£3,901.6) 59.6 0.0 13,005.2
Resin/Plastic i
Propionaldehyde 10.5(+£22.7) 0.0 0.0 75.1
Butyraldehyde 25.1(+57.1) 0.0 0.0 196.9
Formaldehyde 48.5(+108.8) 0.0 0.0 269.9
Ascon Acetaldehyde 182.7 (£ 256.3) 103.5 0.0 664.4
Propionaldehyde 46.8(+86.2) 0.0 0.0 214.0
Butyraldehyde 6.8(+16.6) 0.0 0.0 40.6
Formaldehyde 75.2(+167.6) 0.0 0.0 618.9
. Acetaldehyde 180.4 (£ 624.0) 13.6 0.0 2,347.9
Painting .
Propionaldehyde 50.8(+190.2) 0.0 0.0 711.5
Butyraldehyde 70.3(+258.0) 0.0 0.0 966.6
Formaldehyde 97.9(+186.5) 7.0 0.0 377.5
. Acetaldehyde 29.6(+41.2) 15.5 0.0 87.3
Semiconductor .
Propionaldehyde 0.0(£0.0) 0.0 0.0 0.0
Butyraldehyde 0.0(£0.0) 0.0 0.0 0.0
Formaldehyde 250.9(+370.7) 65.7 0.0 1,134.8
Waste Incineration Acetaldehyde 303.2(+394.2) 149.0 0.0 1,011.7
Propionaldehyde 31.2(+£52.0) 0.0 0.0 144.1
Butyraldehyde 32.6(+67.7) 0.0 0.0 204.3
Formaldehyde 41.3(x£145.6) 0.0 0.0 567.0
Acetaldehyde 46.6(£67.2) 1.5 0.0 214.9
Others i
Propionaldehyde 27(+7.9) 0.0 0.0 29.0
Butyraldehyde 0.7(+2.6) 0.0 0.0 10.0
Note: Concentrations are expressed in ppb. Values below the MDL were treated as zero for summary statistics.
Egtujstol =l olefat o] FEHHOM, ol F AL SeluA gotek. o]t tho] BUE ot A
TY AT W LF wiETol 1*EHX o8 28k F Tk HiETel s dF W Eite] 2A UER
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SR A (& 97 boxplotol A 59 WIS Holdt Ao Hysb Seux ghe At s,
A o] (upper outlier)7h THE-E AFollA B whebA Bolut TR 2 thEgToRE
&= o] o]t AeFE e F£TH(1H 2). T HHIEEAES S0] AYsty] of S L
4% 5T HEE FYYI AR WIS V1E FE IS IRV EE < dda
o= Hlwet Avf, 20 Aol SdR AR 7} U
24 W91} e 58 S s Aol vehgth(1d
.olofl tiet BAIA 522 Kruskal-Wallis 475 3.2 IsE A H2oE
#?ﬂﬂ A3, o ELH|stol =5 AlQlstal dF Tt o294 719t 1 i 45E sk #2E
Golgh Apol7h LpehbA] 99O (p>0.05), oMIE  Hlmdt A 4 1k Aol BEo] FURBTHE A
drlsto] o tiet Dunn AFEHAANAE Fofgt o TR 5% X (upper tail) ol A F35HA LR TH
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Fig. 4. Annual aldehyde emission contributions by sector.
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