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Aldehydes are among the major air pollutants due to their contribution to photochemical smog, health haz-
ards, and odor. However, few studies have examined aldehyde concentration levels in flue gas, and only a lim-
ited number of substances have established emission limits. In this study, a method for the analysis of 14
aldehydes using HPLC-HRMS was optimized, and aldehyde concentrations in flue gas were measured. The
optimized method for target substance qualification and quantification demonstrated linearity within a cal-
ibration range of 5-100 ng/mL, recoveries of 84-104 %, and precision ranging from 1-9 %. The method detec-
tion limit(MDL) for each compound ranged from 0.067-0.377 ng/mL, and the limit of quantification(LOQ)
ranged from 0.212-1.202 ng/mL. In the flue gas samples, formaldehyde and acetaldehyde were detected in all
stacks, but their concentrations remained within emission limits. However, many substances without estab-
lished emission limits were also detected, with detection patterns varying by workplace. It appears necessary
to characterize workplace types and implement tailored management strategies. The data collected in this study
on aldehyde emissions in flue gas can support the identification of workplace-specific characteristics and the
establishment of management standards.
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Table 1. Target compounds analyzed in this study
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DNPH, Acrolein-DNPH, Propionaldehyde-DNPH, Crotonal-
dehyde-DNPH, Butyraldehyde-DNPH, Benzaldehyde-
DNPH, Valeraldehyde-DNPH (Supelco}), Isovaleral-
dehyde-DNPH, o-Tolualdehyde-DNPH, m-Tolualdehyde-
DNPH, p-Tolualdehyde-DNPH, Hexanal-DNPH, 2,5-

Compound name (short name) Structural formula Molecular weight Boiling point
Formaldehyde (FA) HCOH 30.03 21
Acetaldehyde (AA) CH3CHO 44.05 20.8

Acrolein (AR) CH2=CHCHO 56.06 52.5
Propionaldehyde (PA) CH3CH2CHO 58.08 48.8
Crotonaldehyde (CA) CH3CH=CHCHO 70.09 104
Butyraldehyde (BT) CH3(CH2)2CHO 72.11 75.7
n-Benzaldehyde (BZ) C6H5CHO 106.12 178.1
i-Valeraldehyde (IV) (CH3)2CHCH2CHO 86.13 92.5
n-Valeraldehyde (VA) CH3(CH2)3CHO 86.13 103
o-Tolualdehyde (OT) CH3C6H4CHO 120.15 199-200
m-Tolualdehyde (MT) CH3C6H4CHO 120.15 199
p-Tolualdehyde (PT) CH3C6H4CHO 120.15 204
Hexaldehyde (HA) CH3(CH2)4CHO 100.16 130-131
2,5-Dimethylbenzaldehyde (DB) (CH3)2C6H3CHO 134.18 283.8
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Table 2. Information on target facilities included in this study

Company Stack Main products

Control facility Emission facility

A-1 Petroleum refining and petrochemicals
A-2 Petroleum refining and petrochemicals
A-3 Petroleum refining and petrochemicals
Petroleum refining and petrochemicals
Petroleum refining and petrochemicals
Petroleum refining and petrochemicals
Compound and chemical product
Compound and chemical product
Paints and similar products
Surfactants
Metal products
Metal products
Metal products
Synthetic resins
Aluminum alloys

ZZOAR—=~—TITQmMMmOUOW

Aluminum

Burner Heating
Burner Heating
Burner Heating
EP Heating
WS Drying
Burner Incineration
(exemption) Incineration
Condensing, etc. Incineration
RTO Mixing
EP+WS Collection
Burner+WS+FF Furnace
FF Surface treatment
FF Furnace (electric arc)
Burner Boiler
CY+WS Furnace
FF Furnace (reverberatory)

*Abbreviations: EP(electrical dust precipitator), WS(wet scrubber), RTO(regenerative thermal oxidizer), FF(fabric filter),

CY/(cyclone)
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Table 3. HPLC analysis conditions for two different columns

HPLC (Thermo Fisher Scientific Vanquish)

Parameter Condition 1 Condition 2
Column C 18 3.9 x300 mm, 4 um C 18 4.6 x 150 mm, 2.7 ym
Mobile phase A: DIW(40), ACN(55), THF(5), B: ACN(100) A: DIW(100), B: MeOH(650), ACN(50)
Flow rate 0.3 mL/min 0.3 mL/min
Injection volume 10 uL 10 pL
Oven temp. 20°C 30°C
Time(min) % B Time(min) % B
0 - 105 0 70
. 0-10 70 - 75
Gradient 10.5 - 30 0 - 100
10 - 22 75 - 90
22 - 24 100
30 - 35
24 - 28 70
Run time 40 min 28 min
Detector UV/Vis 360 nm UV/Vis 360 nm
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Fig. 1. Comparison of LC chromatograms with two different
columns.
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Table 4. QA/QC parameters for aldehyde analysis using HPLC-HRMS

Compound RT LOD LOQ Accuracy Precision R2
(DNPH Derivative) (min) (ng/mL) (ng/mL) (%Recovery) (%RSD)

Formaldehyde 7.52 0.292 0.931 90 4 0.9998
Acetaldehyde 9.22 0.067 0.212 88 3 0.9999
Acrolein 11.56 0.221 0.704 93 2 1.0000
Propionaldehyde 12.4 0.135 0.431 85 2 0.9999
Crotonaldehyde 15.12 0.348 1.108 91 2 0.9999
Butyraldehyde 16.17 0.216 0.687 91 6 0.9997
Benzaldehyde 18.30 0.377 1.202 96 1 1.0000
i-Valeraldehyde 19.28 0.282 0.897 84 1 0.9997
n-Valeraldehyde 20.03 0.286 0.911 84 2 0.9996
o-Tolualdehyde 21.67 0.262 0.834 97 3 0.9988
m-Tolualdehyde 21.99 0.165 0.526 99 9 0.9992
p-Tolualdehyde 22.33 0.352 1.121 100 5 0.9998
Hexaldehyde 23.29 0.362 1.153 84 2 0.9995
2,5-Dimethylbenzaldehyde 24.79 0.347 1.105 97 3 0.9984
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Fig. 6. Comparison with site-boundary limits for odorous substances.
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Table 5. Aldehydes in flue gas (Unit: ppb)
Stack  FA AA AR PA CA BT BZ v VA oT MT PT HA DB
A-1 307.13 18497 622 32.02 156 198 3496 ND. ND. 461 ND. ND. 110 N.D.
A-2  155.66 103.65 0.17 2.61 N.D. N.D. 1640 N.D. ND. ND. ND. ND. ND. ND.

B 10573 17.74 024 200 025 0.79 873 014 024 254 016 ND. 067 049
A-3 20035 1848 027 6.07 190 159 5153 ND. 124 710 0.67 022 1.01 N.D.
C 296 7.04 0.17 073 022 084 279 ND. 047 098 014 ND. 047 042
D 36857 5143 385 159 219 1.00 2509 N.D. ND. 079 028 12094 N.D. 1.12
E 1293.62 41.04 3966 160 030 731 060 722 6.15 024 061 0.16 295 2.03
F 1047 455 ND. 116 ND. ND. 929 009 070 151 003 037 242 0.14
G 292.08 10098 9.97 72491 096 3231 1227 027 139 172 678 297 0.64 0.13
H 322 329 0.04 029 ND. ND. 026 009 041 042 ND. ND. 037 020
1 39.71 2129 N.D. 470 023 143 32,69 0.12 142 562 045 045 216 0.39
J 944 543 N.D. 080 ND. 866 025 4724 66.11 N.D. 007 0.68 0.60 4.05
K 1846 796 093 055 0.19 N.D. 444 035 025 1.17 0.08 ND. 125 0.26
L 1045 3.09 N.D. 0.13 ND. 020 1016 0.08 022 ND. 2.04 027 168 0.12
M 141.19 227.78 26.69 43.60 13.46 2394 2498 091 1123 3.80 495 263 5.51 1.00
N  169.14 47.14 949 367 339 0.67 465 037 1.8 052 015 0.07 0.80 N.D.
Avg. 19551 5287 5165 155 7.05 239 126 814 673 0.86 3498 517 224 12.88
Max. 1293.62 227.78 39.66 72491 13.46 3231 51.53 4724 66.11 7.10 6.78 12094 551 4.05
Min. 296 3.09 004 0.13 019 020 025 0.08 022 024 003 0.07 037 0.12
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