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Analysis of Aldehydes in Various Indoor Microenvironments

Jiho Yi, Seongeun Park and Dongchun Shin
The Institute for Environmental Research (IERY), Yonsei University

Formaldehyde is a suspected human carcinogen that is known to be released from pressed-wood products
used in home construction, including consumer products made with UF resins. EPA methods TO-11, based
on derivatization with 2, 4-dinitrophenylhydrazine(DNPH) were used for determination of formaldehyde.
Indoor measurements of aldehydes were made at 9 various microenvironments that high source of aldehydes
which located in Seoul city during the summer of 2000. Aldehydes were collected 8 hours at 9 indoor
microenvironments by holding{&crubber cartridge in front of DNPH-silica cartridge to remoyarl were
analysed by HPLC with UV detection. Formaldehyde, acetaldehyde and six other aldehydes were identified
in the 9 various microenvironments. Microenvironmental indoor characteristics were investigated factors such
as house age, smoking allowed, ventilation type, air conditioning, floor, size et al. Method accuracy, eval-
uation and validation studies included sampling repeatibility, recovery, method detection limit, effect of tem-
perature and humidity, sampling parameters, analytical performance. It was showed that for DNPH-silica
cartridge there were negative interference in presence, @i @mbient air. Determined all aldehyde con-
centrations were also low in the presence gfli@oor formaldehyde concentration ranging from less than
71.70ug/nT to 494.02ug/nT and this concentration is almost exceeded indoor guideline of 100ppl123
m°) which has been set in Australia and total concentrations of the eight aldehydes was 826.60ug/
m®. Aldehydes concentrations were found high in 9 various microenvironments indicating the presence of sig-
nificant indoor sources such as direct emissidre result of this survey suggested that climate control,
ventilation increase need to improve indoor air quality.

Key words: formaldehyde, indoor air, aldehydes-DNPH, microenvironments
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Fig. 1. Sampling system of aldehydes in air.
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Fig. 2. Chromatogram of aldehydes standard(a) and sample
).

Parameter

Condition

Column
Column temp.
Sample temp.

Mobile phase

Gradient

Flow rate
Injection volume
Detection

LC-Cig (4.6 mm x 25 cm, LD. 5 pm Supelcosil)

20°C
20°C

A: water/acetonitrile/tetrahydrofuran=60:30:10(V/V)

B: water/acetonitrile=40:60(V/V)
Omin2min: A/B=100%/ 0%
3min32min: A/B=0%/ 100%
33min35min: A/B=100%/ 0%
1.2 ml/min
20 ml
Absorbance at 360 nm
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Table 2. Characteristics of sampling sites in various microenvironments

. House age Size Renovation in building Ventilation Air Smoking
Site No. Floor 3 e .
(year) (m°) recently (year) type conditioning  allowed
1 Ist 40 40 2 No No No
Furniture store 2 Ist 30 20 3 No No No
3 1st 30 25 3 Natural No Yes
1 st 30 16 2 Natural No Yes
Cosmetic store 2 st 40 3 3 Mixed Yes No
3 Ist 10 20 1 Mixed Yes No
1 1st 30 2 - Natural No No
Paint store 2 1st 30 5 - Natural No No
3 1st 30 5 - Natural No Yes
1 1st 20 13 - Natural Yes No
Clothes store 2 1st 20 11 - Natural Yes No
3 1st 15 4 - Natural Yes No
1 Ist 25 24 2 Natural Yes No
Carpet store 2 Ist 20 20 2 Natural No No
3 st 30 8 10 No Yes Yes
1 Ist 5 14 6months No Yes Yes
Zglepaper 2 st 50 5 10 No Yes Yes
3 1st 30 20 1 No No Yes
1 1st 2months 25 - No No No
iﬁéem 2 Ist 2months 25 - No No No
3 Ist 2months 25 - No No No
1 3st 4months 30 - No No No
Newly 2 Ground 4months 25 - No No No
classroom 3 3st 4months 30 - No No No
4 Ground 4months 25 - No No No
1 7st 20 5 Imonth No No No
Newly Office 2 7st 20 3 1month Yes No No
3 7st 20 5 1month No No No
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3.1. 24 2ol QA/QC

3.1.1. A& (repeatibility)

Aldehydes®] AlZ7} HPLC 49 €]t 9x} 2y
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Z AEHE Hreld 15 &5 892 o] &gt
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o] A= HoIFAL, acrolein+acetone®] WS- 35

Table 3. Repeatibility for aldehydes of HPLC analysis(n=>5)

RSD (%)
Aldehydes Retention time (min) - -
Retention time Peak area

Formaldehyde 6.10 0.45 0.51
Acetaldehyde 7.22 0.39 0.49
Acrolein+acetone 8.80 0.01 0.01
Propionaldehyde 9.54 0.34 0.62
Crotonaldehyde 11.24 0.33 2.60
Butyraldehyde 12.54 0.30 3.23
Benzaldehyde 14.16 0.31 2.22

Table 4. Quality control aldehydes for accuracy and precision of DNPH derivatives standards(n=>5)

Average collection recovery(%)

Average response recovery(%)

Aldehydes Injection amount (0.15 pg) Injection amount (0.2 pg)
Mean £ SD (ug) Recovery (%) Mean + SD (ug) Recovery (%)
Form-aldehyde 0.15£0.07 102.96 + 10.23 0.19 £ 0.03 95.37 £ 15.96
Acet-aldehyde 0.16 £ 0.11 109.67 + 15.77 0.21£0.03 102.54 £ 12.54
Acrolein+acetone 0.14 = 0.02 93.33 £10.23 0.18 £0.01 90.23 £ 13.92
Propion-aldehyde 0.14 £ 0.01 94.46 £ 8.22 0.20 £ 0.02 99.73 £ 10.92
Croton-aldehyde 0.15 £ 0.05 97.85+ 4.92 0.21 £0.02 105.63 = 9.62
Butyr-aldehyde 0.15+0.02 98.00 + 15.22 0.15 + 0.02 98.00 + 15.22
Benz-aldehyde 0.14 +0.01 94.46 + 822 0.22 +0.03 112.10 + 12.80
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3.13. B4 AZE A (Method detection
limit)

B4 whH o] AZSHA (Method Detection Limit,
MDL)= Environmental Technology Verification Test
Protocolell A A|A1§F Wi o2 wle} 7Fs3h H 49
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Fig. 3. The ratio of aldehydes concentration with and concen-
tration with and without O3 scrubber cartridge
without Oy scrubber cartridgein newly classroom
in newly classroom(The third floor).
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Fig. 4. The ratio of aldehydes concentration with and
concentration with and without Oy scrubber cartri-
dge without O3 scrubber cartridgein newly class-
room in newly classroom (Underground first floor).
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Table 5. Analytical Method detection limit for aldehydes(n=10)

Aldehydes MDL (pg/ml) *MDL,, (ng/cartridge) *MDL, ug/m® (ppb)
Formaldehyde 0.004 0.011 0.0003 (0.0002ppb)
Acetaldehyde 0.046 0.138 0.0032 (0.0018pph)
Acrolein+acetone 0.018 0.055 0.0013 (0.0005ppb)
Propionaldehyde 0.045 0.136 0.0032 (0.0013ppb)
Crotonaldehyde 0.005 0.016 0.0004 (0.0001ppb)
Butyraldehyde 0.001 0.004 0.0001 (0.0001ppb)
Benzaldehyde 0.003 0.010 0.0002 (0.0001ppb)

*MDL,, (ng/cartridge)=3 x SD

*MDL(pg/m*)=MDL,,/the volume of air for sample collection
The MDL was calculation with 10 replicates of a 0.1 pg/cartridge standard
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Table 6. Aldehydes concentration in various indoor microenvironments

(Unit:pg/m®)
Site Aldehydes GM Min~Max
Furniture store (n=3) Formaldehyde 494.02 417.12~579.05
Acetaldehyde 40.01 26.00~ 51.45
Acrolein+acetone 63.83 49.62~ 73.60
Propionaldehyde 6.82 439~ 8.60
Crotonaldehyde 1.24 041~ 2.62
Butyraldehyde 0.90 0.32~ 17.36
Benzaldehyde 1.71 1.68~ 1.78
Cosmetic store (n=3) Formaldehyde 146.11 95.19~335.49
Acetaldehyde 44.04 36.19~ 50.42
Acrolein+acetone 102.98 47.12~204.15
Propionaldehyde 6.45 5.75~ 17.38
Crotonaldehyde 0.63 0.44~ 0.90
Butyraldehyde 0.45 0.39~ 0.52
Benzaldehyde 2.37 2.06~ 2.74
Paint store (n=3) Formaldehyde 77.97 59.41~130.88
Acetaldehyde 30.58 15.60~ 83.60
Acrolein+acetone 485.50 272.73~999.67
Propionaldehyde 7.12 3.70~ 18.99
Crotonaldehyde 1.00 0.6~ 11.29
Butyraldehyde 1.19 0.34~ 10.62
Benzaldehyde 2.26 1.82~ 2.57
Clothes store (n=3) Formaldehyde 182.96 123.46~335.49
Acetaldehyde 27.01 18.49~ 46.81
Acrolein+acetone 53.33 35.75~ 76.80
Propionaldehyde 4.18 3.35~ 6.31
Crotonaldehyde 0.68 0.38~ 0.91
Butyraldehyde 0.33 028~ 0.44
Benzaldehyde 1.75 149~ 2.36
Carpet store (n=3) Formaldehyde 71.70 32.11~137.84
Acetaldehyde 54.28 18.86~126.78
Acrolein+acetone 66.37 59.63~226.49
Propionaldehyde 9.60 5.64~ 13.98
Crotonaldehyde 1.36 048~ 2.71
Butyraldehyde 0.49 0.45~ 0.57
Benzaldehyde 2.60 236~ 3.01
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Table 6. Aldehydes concentration in various indoor microenvironments(continued)

(Unit:pg/m®)
Site Aldehydes GM MinMax
Wall paper store (n=3) Formaldehyde 336.59 135.61~534.00
Acetaldehyde 86.21 49.47~256.44
Acrolein+acetone 133.48 93.88~166.97
Propionaldehyde 10.33 4.98~ 20.96
Crotonaldehyde 2.33 1.40~ 5.15
Butyraldehyde 0.94 034~ 731
Benzaldehyde 1.78 1.77~ 1.80
Newly apartment (n=3) Formaldehyde 172.74 13.41~3140.85
Acetaldehyde 39.28 5.94~252.02
Acrolein+acetone 70.24 24.43~148.92
Propionaldehyde 12.57 3.06~ 43.63
Crotonaldehyde 1.99 1.20~ 3.03
Butyraldehyde 0.78 0.56~ 0.95
Benzaldehyde 4.15 295~ 5.04
Newly classroom (n=4) Formaldehyde 252.13 101.28~885.34
Acetaldehyde 2.21 0.66~ 4.13
Acrolein+acetone 11.54 4.88~ 22.90
Propionaldehyde 0.87 041~ 1.33
Crotonaldehyde 0.59 0.24~ 0.99
Butyraldehyde 1.11 0.83~ 2.05
Benzaldehyde 1.13 0.81~ 1.80
Newly office (n=3) Formaldehyde 301.67 102.63~674.01
Acetaldehyde 73.02 36.58~141.03
Acrolein+acetone 146.03 87.69~212.62
Propionaldehyde 14.03 8.35~ 21.48
Crotonaldehyde 5.23 0.38~ 77.96
Butyraldehyde 0.86 0.55~ 2.06
Benzaldehyde 5.32 1.34~ 19.47

on, F A8 oF 54%7F WHO AW ¥7] 7152l
123 pgm’e Zshs Aoz Yt

Formaldehyde= 7% (494.02 pg/m®), A &2 3
(336.59 pg/m?), A& AR (301.67 pg/m?), A= 7<)

|

21(252.13 pg/m®), °157(182.96 ug/m®), A% ofgte
(172.74 pg/m®),  3HEEH(146.11 pg/m®), AN EH
(77.97 pg/m®), FWIEA (71.70pg/n)e] o0& A U
ERom, acetaldehyde= XE¥7(86.21 pg/m?®), 215
AP (73.02 pg/m®), 7HIER (54.28 pg/m?), 3FEEH
(44.04 pg/m®), 7F-440.01 ug/m?), A& o}3}E(39.28
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A HE= A Propionaldehyde HA] A5 AHFA
(14.03 pg/m?), A3 o} E(12.57 ug/m®), A= EH
(1033 pg/m®), 71¥1 E 7 (9.60 pg/m®), ¥ EH(7.12
pg/m®), 774 (6.82 pg/m®), 887 (645 pg/m®), <
FH@U18pgmAe o= HEHIOH, 1 9 2
aldehydese W2 L2 AZHIT, ZE AHAA
A9l =g v 52 YERIIT

B Apo] A& AECHLE, e, AR )M A
=% formaldehyde B % F5 172.74 ug/m’=
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Table 7. Comparison of aldehydes concentration with domestic and abroad sites
Unit: pg/m®
Sites Area Form Acet Acrolein Propion Benz
-aldehyde -aldehyde  +acetone  -aldehyde  -aldehyde
Underground Seoul 122.2* - - - -
shopping
Underground Pusan  103.68 * 26.55 - - - -
shopping
Underground Taegu 66.1+54  86+14 473+30.7 46+45 11+04
shopping
Railroad Taegu 73+12 28404 60+20 03+01 04202
station
. Rall.r oad Seoul 60.1* - - - -
Domestic station
Bank Taegu 56.0 £ 6.9 78+£0.9 154+102 22%038 1.0+04
General hospital Taegu 33.1+6.6 78+34  20.7+6.1 0.7+£0.2 09£03
Bus terminal Taegu 16.3 + 3.6 6.4+3.6 10.0 £ 3.7 1.0£0.5 0.5£0.2
Department store Taegu 554 +11.8 69+23 241+79 22x09 09+£03
Library Taegu 55+ 1.0 1.8+0.2 33%0.3 0.7+£0.1 0.5+0.1
Underground road Seoul 72.1% - - - -
Unde;rgr ound Seoul 75.9* - - - -
parking lot
Home Seoul 95.05+51.93 34.18 +27.37 58.5721.78 4.60+3.01 4.69+3.64
Condominium American 90 £ 0.06* - - - -
Apartment American 80 £ 0.07* - - - -
Mobile home American 72 £2.01* - - - -
Abroad i
roa Home American 45+ 17* - - - -
LA
Home* American 54 5641989 2,95+ 2.68 1154092 038030
New Jersey

*unit: ppb



126

HE FFElof| x| €]
Z AlgEh

Selubet AEA]l dnk FEoA 9] aldehydess =
n]=¢] ofule 2 condominiumsol|41¢] aldehydes
T A fAkHl AEEAT

B AFollA X743 aldehydes®] s
oA 53] formaldehyde T T A4
S =& FEE HEEE, ol AlE
Aol EAR 59 15 A, 2 v =5U9 WA
¥, o, FAEE 2] AH F ok
O

(e}

W E, sP3E
18 2Egde]olelr] AL
o

SOl vlel i =4 AEE e

off rr

L”

7440 20E¢ o3 2
123 pg/m*(100pph) et B4 &
S veRd Zle® AtsETh

[S 2 BT
de 71EA

)\;L

34. CIAsh &
A

Aldehydes 7Fe] A= AFFE 95%, 99%=
AS3IAAL, olol gk A¥= Table 8°ﬂ ==

ALY Fi0f|M2| aldehydesZie| Arz

o

o . A

Formaldehyde®} propionaldehyde= 0.7, acrolein+
acetone} butyraldehyde= 0.58, formaldehydeS} acet-

aldehyde®] A4+ 0592 99% AZF| T4 73
& VERIIT.
c.ac Ol o

3.5. Ciksh Al &+
Ut 7 |[2¥SE nte| Akt 5'¢F71|

A 2% 5-7°C =71l we} formaldehyde level
< T H) FTkekaL, 5-7°CY Al % FAe form-
50%75]1: 71—/\/\]7;] NLH _Q_l:

=2 O

aldehyde 5% T2

Wslel] w2 formaldehyde OE FEe A W)
2 Yy, =2 ASE Bl B3 urea-

formaldehyde boned wood productsoﬂ/\ﬂv] free form-
aldehyde W22 A &% Walo] RO QJaFS W=
09, Table 9= AULE .5 2 Auk th7] 098

2] %= Wajo] W aldehydes FESHe] AT
S Uehd Zlojth £ ApeiE Ay .55 ¥
3}oll WE formaldehyde %= T3 SAHoZ #9

7} aldehydes?te] e AR F& 20 et @ Aol RIAT AYBBAS Ueniach. 53,
‘;}9_131] E3] acetaldehydeﬂ- propionaldehyde®] “§3+  benzaldehyde®} AUl 2=olX r=0.44, p<0.052 &
Ad+= 0.89F - =4 YEST. & BAE AFEIAL, ARk o g BAARL folgt
Table 8. Correlation coefficients between aldehydes in indoor microenvironment(n=28)

Form Acet Acrolein Propion croton butyr benz

-aldehyde -aldehyde +acetone  -aldehyde  -aldehyde  -aldehyde  -aldehyde

Form-aldehyde 1.000
Acet-aldehyde .59364** 1.000
Acrolein+acetone -.14597 .19418 1.000
propion-aldehyde .70283** .89055%* .29268 1.000
croton-aldehyde .02856 .09893 .02316 .16450 1.000
butyr-aldehyde -.06646 -.01871 .58020** .05544 -.07185 1.000
benz-aldehyde .05415 .23937 .07543 30757 -.10062 -.07601 1.000

Table 9. Correlation coefficients between aldehydes and indoor temperature, ndoor humidity, TSP, CO, CO, in the

indoor microenvironments(n=21).

Aldehydes indoor temp. indoor humidity TSP Cco £0
Formaldehyde 0.38269 0.29732 -0.02632 -0.22232 -0.15793
Acetaldehyde 0.28366 0.30449 0.24428 -0.05304 0.25785
Acrolein+acetone 0.07646 0.02439 0.04214 0.19140 0.08240
propionaldehyde 0.35893 0.31043 0.11416 -0.13116 0.02514
crotonaldehyde 0.22299 0.24277 0.35285 0.02280 0.37749
butyraldehyde 0.07702 0.17261 -0.10941 0.06170 -0.05073
benzaldehyde 0.44029* 0.34093 -0.08368 -0.28211 -0.23434

*P<0.05
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