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A Study on Emission Characteristics of Carbonyl Compounds
for Indoor Air in New Apartment
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Abstract

The study is about variations in Carbonyl compounds concentration within apartment buildings according to pre-residence
and residence.

We consecutively investigated indoor air pollutants in 120 households in 6 cities at pre-residence and residence. Carbonyl
compounds were collected using the 2,4-DNPH cartridge and were analyzed using HPLC. The carbonyls concentration of
indoor air in the new apartments before occupation measured formadlehyde(76.0 pg/m’), acetone(85.9 pg/m’),
acetaldehyde(13.8 ug/m3). The carbonyls concentration of indoor air in the new apartments after occupation measured
formadlehyde(233.1 png/m’), acetone(128.9 pg/m’), acetaldehyde(29.8 ug/m’), respectively.

As a result, the mean concentration of carbonyl compounds within the pre-occupancy stage was lower than those of
residence.

Key Words : Indoor Air, New apartments, Carbonyls, Formaldehyde
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Table 1. Subject by area
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Low floor 12 4 12 4 4 4
Middle floor 12 4 12 4 4 4
High floor 12 4 12 4 4 4
total 36 12 36 12 12 12
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Table 2. Analytical condition of HPLC
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HPLC system

Shimadzu LC-10vp

Injector
Analytical column
Detector

Mobile phase
Gradient Elution

Shimadzu SIL-10ADvp

ACE 5 C-18(L 250% ID 4.6 mm, T 5 um)
UV-VIS Detector, Shimadzu
water(A)/Acetonitrile(B)

0~20 min : A/B = 60/40 —75/25

20~23 min : A/B =75/25 —60/40

Detection
Flow Rate 1.0 mL/min
Injection Volume 20 il

Absorbance at 360 nm
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Table 3. Lineality of Carbonyl compounds
Compounds R Compounds R
Formaldehyde 0.999 Propionaldehyde 0.999
Acetaldehyde 0.999 Butyraldehyde 0.999
Acetone 0.999 Benzaldehyde 0.999
Acrolein 0.999
Table 4. Relative Standard Deviation(RSD) of Carbonyls as HPLC (Unit :RSD(%))
Compounds Retention time (RSD) Response factor (RSD)
Formaldehyde 22 2.5
Acetaldehyde 1.9 2.6
Acetone 1.5 3.1
Acrolein 2.5 2.0
Propionaldehyde 1.9 2.7
Butyraldehyde 9.6 6.0
Benzaldehyde 1.8 2.6
Table 5. Method detection limit of Carbonyl compounds
MDL MDL
Compounds ng/ml g Compounds ne g
Formaldehyde 0.0011 0.18 Propionaldehyde 0.0006 0.10
Acetaldehyde 0.0006 0.10 Butyraldehyde 0.0007 0.12
Acetone 0.0007 0.12 Benzaldehyde 0.0008 0.12

MDL : Method Detection Limit
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Table 6. Temperature and humidity in new apartments
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Before occupation After occupation
Indoor Outdoor Indoor Outdoor
“temp(C) " humi(%) temp(C) temp(C) humi(%) temp(C)
Mean 20.3 35.7 26.9 26.4 60.7 117
S.D 43 6.8 2.8 1.7 11.0 3.9
Min. 5.8 225 21.0 23.0 41.0 -1.5
Max. 26.0 64.0 34.0 31.0 81.0 18.0
*temp: Temperature, “humi : Humidity
Table 7. Correlation analysis among Carbonyls concentration, temperature and humidity in new apartments
Temp Humi OTemp Form. Acet. Acrolein  Acetone Propion.  Butyr. Benz.
Temp 1
Humi 0237 1
OTemp 0208 -0.241" 1
Form. 0297 0266 0.004 1
Acet. 0.361" 0.007 0.155  0.781" 1
Acrolein -0.107 0.096 0.107  -0.047 -0.119 1
Acetone 0.270" 0.085 -0.070  0.734"  0.668"  -0.072 1
Propion. -0.008 -0.060 0.201°  0.185"  0.386" 0.112 0.006 1
Butyr. 0.083 03047 -02747 0367  0407"  -0.177 0.284" 0.149 1
Benz. -0.032 0476  -0446° 05627 0306 -0.108 0382 -0.024 0540 1
" p<0.05. " p<0.01

Temp: Indoor Temperature, Humi : Humidity, OTemp : Outdoor Temperature,
Form : Formaldehyde, Acet: Acetaldehyde, Propion : Propionalehyde, Butyr : Butyraldlehyde

Benz : Benzaldehyde
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Table 8. Concentration of Carbonyls in new apartments (unit : zg/m’)
Compound Before Resident . After Resident .
Mean S.D Min. Max. 1/0 Mean S.D Min. Max. 1/0
Formaldehyde 76.0 44.5 14.4 278.3 8.2 233.1 133.7 57.1 701.4 33.0
Acetaldehyde 13.8 6.8 1.6 40.6 4.0 29.8 21.1 5.4 164.0 11.3
Acetone 85.9 69.4 17.4 524.2 5.4 128.9 109.8 14.2 972.3 12.9
Propionaldehyde 2.8 6.2 <MDL 45.1 6.3 7.1 6.1 <MDL 429 7.7
Butyraldehyde 1.2 1.3 <MDL 6.4 4.0 0.4 1.7 <MDL 13.0 0.3
Benzaldehyde 8.0 6.2 <MDL 29.0 1.4 30.7 30.6 1.7 145.2 1.7

" 1/O = Indoor concentration/ Outdoor concentration
MDL = Minimum Detection Level
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Fig. 1. Concentrations of formaldehyde unoccupied in new apartments.
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Fig. 2. Concentrations of formaldehyde occupied in new apartments.
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Table 9. Carbonyl concentrations before resident in new apartments floor(unit : ug/m3)

el
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Low floor Middle floor High floor p-value
Formaldehyde 71.4+38.3 74.1+£42.8 82.1+51.5 0.747
Acetaldehyde 13.9+7.0 13.3+£7.1 14.0+6.5 0.714
Acrolein 0.9+0.3 09+0.1 1.1+04 0.693
Acetone 729+453 82.8+ 654 101.1 £87.8 0.136
Propionaldehyde 38+79 44+7.7 32+£5.1 0.884
Butyraldehyde 1.8+ 1.0 1.7+0.9 22+14 0.527
Benzaldehyde 74+53 7.9+6.45 8.7+6.9 0.671
Table 10. Carbonyl concentrations after resident in new apartments floor(unit : ug/m3)
Low floor Middle floor High floor p-value
Formaldehyde 233.1 £117.5 243.5+165.3 222.5+117.2 0.925
Acetaldehyde 27.4 £13.6 34.5+30.9 279+14.9 0.805
Acrolein N.D N.D N.D -
Acetone 105.8 + 61.2 151.6 £160.3 131.8£85.1 0.324
Propionaldehyde 6.8+4.9 8.4+8.0 63+438 0.555
Butyraldehyde 03+1.3 0.6+23 02+1.2 0.684
Benzaldehyde 29.5+26.5 30.4 +35.5 32.5+30.3 0.840
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Table 13. Aldehyde concentrations by repairs (unit : zg/m’)
Formaldehyde Acetaldehyde Acetone Propionaldehyde Benzaldehyde
n
Mean S.D p Mean S.D p Mean S.D p Mean S.D p Mean S.D p
Floor Y 14 281.6 161.9 0,027 25.0 10.8 0277 159.5 95.9 0.783 76 49 0294 21.7 15.7 0.074
change N 96 2279 1294 30.8 223 1259 112.1 72 62 323 323
Wallpaper Y 15 299.0 125.3 314 148 144.0 75.8 7.3 4.5 36.3 323
change N 95 2246 133.5 0258 29.8 22.1 0240 128.1 115.0 0443 72 63 0.105 30.1  30.7 0.067
Veranda Y 33 270.7 134.9 0,015 32.7 165 0,690 142.6 85.4 0.620 7.7 53 0.300 36.4 352 0,068
change N 77 2193 1319 289 229 1249 119.5 70 64 286 286
New Y 92 240.6 134.7 0.291 28.3 16.1 0374 131.5 116.2 0,680 70 6.0 0317 325 314 0.654
furniture N 18 204.7 1319 39.0 374 1219 75.8 8.1 6.3 ’ 228 267
Remodel- Y 45 260.1 137.5 0315 29.6 164 0.695 138.5 85.2 0.513 7.1 5.2 0.984 333 320 0.081
ing N 65 217.1 1302 303 241 1245 1252 7.3 6.6 ’ 292 301
. Y 14 275.7 1413 313 134 160.3 88.8 69 33 39.7 341
Paint =\ 96 2087 133.0 *7%° 209 222 7 1258 1129 ** 73 64 1™ 286 303 %%
. Y 4 2335 1714 2327 123 133.8 58.7 70 24 319 327
Smoking 108 203.8 1422 %3 264 190 1 ji75 9sg OO 55 5o 0061 o5 ygg 0:020
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