Journal of Korean Society for Atmospheric Environment
Vol. 34, No. 4, August 2018, pp.616-624
https://doi.org/10.5572/KOSAE.2018.34.4.616

p-ISSN 1598-7132, e-ISSN 2383-5346

NERE
Isocratic Z71510{A] HPLCE 0|&
IS ool &4
An Analytical Method of Formaldehyde in Exhaust Gases from
Industrial Facilities using a HPLC under Isocratic Conditions
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Abstract In this study, a previous DNPH (2,4-dinitrophenylhydrazine) coupled with high performance liquid
chromatography (HPLC) method to measure the concentration of formaldehyde in ambient and source environments has
been improved. To improve the disadvantage of the previous HPLC method, an appropriate composition ratio of mobile
phase (water: acetonitrile (ACN)) was determined and an isocratic analysis was conducted. Furthermore, limit of detection
(LOD), limit of quantitation (LOQ), accuracy, and precision were investigated to verify the reliability of the analytical conditions
determined. Finally, samples of exhaust gases from five different industrial facilities were applied to HPLC analytial method
proposed to determine their formaldehyde concentrations. The appropriate composition ratio of the mobile phase under the
isocratic condition was a mixture of water (40%) and ACN (60%). As the volume fraction of the organic solvent ACN increases,
retention time of the formaldehyde peak was reduced. Detection time of formaldehyde peak determined using the proposed
isocratic method was reduced from 7 minutes (previous HPLC method) to approximately 3 minutes. LOD, LOQ, accuracy, and
precision of the formaldehyde determined using standard solutions were 0.787 ppm, 2.507 ppm, 93.1%, and 0.33%,
respectively, all of which are within their recommended ranges. Average concentrations of the formaldehyde in five exhaust
gases ranged from 0.054 ppm to 1.159 ppm. The lowest concentration (0.054 ppm) was found at samples from waste gas
incinerator in a bisphenol-A manufacturing plant. The highest was observed at samples from the absorption process in
manufacturing facilities of chemicals including formaldehyde and hexamine. The analytical time of the formaldehyde in
ambient air can be shortened by using the isocratic analytical method under appropriate mobile phase conditions.
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Fig. 1. A schematic diagram of the sampling apparatus.
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Table 1. Information on exhaust gases from industrial facili-
ties for sample collection.

Sample Source of exhaust gas
A Waste gas incinerator in a BPA manufacturing plant
B HDPE production facility
C Carbon black manufacturing facility
D Crushing process in MDF production facility
E Absorption process in chemical manufacturing

facilities
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Table 2. HPLC analytical conditions.

Column C18 (4.6mm X 150 mm)
Mobile phase A : water B : Acetonitrile
Isocratic program A (40%) : B (60%)

Flow rate 1.0mL/min
Oven Temperature 40°C
Detection wavelength 360nm
Injection volume 10puL

Table 3. Change in retention time with composition ratio
of mobile phase.

Water% : ACN% Retention time (min) Area
30:70 2.268 432.794
40:60 2.985 436.676
50:50 4519 436.125
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Fig. 2. Change in chromatogram with composition ratio of mobile phase. Blue, red, and green curves indicate composition
ratio of A(30%):B (70%), A (40%):B (60%), and A (50%): B (50%), respectively.

Table 4. LOD and LOQ of formaldehyde determined using standard solution (0.05 ppm).

Standard sample # 1 2 3 4 5 6 7
Retention time (min) 2.982 2.982 2977 2.984 2.983 2.984 2.982
Area 34.584 34.262 34.898 34.413 34.746 34.584 34.527
Concentration (ppm) 0.0529 0.0525 0.0532 0.0526 0.0531 0.0529 0.0528
Standard deviation 0.00025

LOD (ppb) 0.787

LOQ (ppb) 2.507
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Table 5. Accuracy and precision of formaldehyde determined using standard solution.

Standard sample # 1 2 3 4 5
Retention time (min) 2.981 2.982 2.984 2.980 2.978
Area 70.298 70.053 69.810 70.044 70.459
Concentration (ppm) 0.0933 0.0930 0.0927 0.0930 0.0935
Average (ppm) 0.0931

Standard deviation 0.0003082

Accuracy (%) 93.1

Precision (%) 0.33

ERH 0.1 ppmg T £FA B 0.33% 2 i Table 6. Analysis results of exhaust gas samples.

ool AL HolFr) o] At A THAF Sample Sample # Retention Area  COncentration
type time (min) (ppm)
WMol AT QL WA 7R (<25%) FHE
i 1 2.980 41.647 0.054
UHEoh T A 2 2.981 41207 0.053
3 2.981 41364 0.054
_ . ) Mean 2.981 41.406 0.054
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