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ABSTRACT

Aldehydes are irritants of the upper respiratory tract with symptoms such as eye, nose, and throat. Formalde-
hyde classified in Group 2A by the International Agency for Research on Cancer and a probable human car-
cinogen by the Unite States Environmental Protection Agency due to its carcinogenicity. Aldehydes may be
emitted from many other consumer products, such as permanent press fabrics, cosmetics, fiberglass insulation,
paints, and coatings. The purpose of this study was to examine theegpesse relationship between alde-
hydes levels and symptoms (eyes, nose, throat, and respiratory) for 36 dwellings and 280 households in Korea.
As a result, environmental factors affecting aldehydes level were indoor smoking, ventilation, using of carpet,
bed, and new furniture, painting for renovation, and indoor humidity. There was weakly positive correlation
between symptom score and aldehydes level.
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, Personal air sampler (Gillian Inc, Jap@n)x }-£-3}
o] 350 mge] 2, 4-dinitrophenylhydrazine (1.0 mg
DNPH)Z 243 1.0cm (7) x 2.0cm @] %) x 4.3
cm (& Zo])9] cartridge (Waters Corp, USA) <
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Fig. 1. Sampling kit of aldehydes in indoor air.
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Table 1.Analytical conditions of aldehydes

39

Table 2.Method Detection Limit of aldehydes

Contents Detail conditions
Column Supelcosil C18 column
(4.6 mmx 25cm, I.D. 5um)
Mobile phase A : water/acetonitrile/tetrahydrofuran
(60/30/10 viv)
B : water/acetonitrile 40/60 (v/v)
Gradient Stepl.82 min A:B=100:0%
Step2. 2-30 min A: B=0:100%
Step3. 36-33 min A: B=100:0%
Flow rate 1.2mL/min
Injection volume 2QL

Detector UV detector : k=360 nm
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2 15miololA o 8A7F Fk Alas EA A
o A& AFH F cartridge?] F% gol E2RaH 9
e 29) Dysto] Am ¥4 WA ~70CeA
9% washels)

37| & <¢H%]=*= DNPHsilica cartridge (Wa-
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MDL  MDLm?Y MDLc?
Aldehydes (Mg/mL) (ng/cartridge)  pg/m? (ppb)
Formaldehyde 0.004 0.011 0.0001 (0.0001 ppb)
Acetaldehyde 0.008 0.024  0.0003(0.0002 ppb)
Acrolein+acetone 0.008 0.023 0.0003(0.0001 ppb)
Propionaldehyde  0.008 0.025 0.0003 (0.0001 ppb)
Crotonaldehyde  0.009 0.028 0.0004 (0.0001 ppb)
Butyraldehyde 0.009 0.028 0.0004 (0.0001 ppb)
Benzaldehyde 0.012 0.037 0.0005 (0.0001 ppb)

YMDLm (ng/cartridgei3 x SD (Standard Deviation)

AMDLc (pg/m®)=MDLm/the volume of air for sample collection
The IDL was calculation with 10 replicates of afgicartridge
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Table 3.Variables in questionnaires for environmental factors anereptfrted health symptoms

Variables Class

Contents

Personal factors

Age, Gender

Building instruments

Smoking
Environmental factor Ventilations

Indoor environments
Climatic factor

House age, House type
Indoor smoker

Ventilation type, Ventilation time,
Ventilation during cooking with gas

Carpet, Bed, New furniture, Painting, Renovation
Humidity

Eye symptoms

Nose symptoms
Throat symptoms
Respiratory symptoms

Self-reported symptoms

Eye itching, Eye dry, Eye fatigue

Nose itching, Sneeze

Throat dry, Throat itching, Headache

Wheezing, Shortness of breath, Chest tightness
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Table 4.Concentration of aldehydes in indoor air at sub-Table 5.The characteristics of the subjects
ject’s dwellings

Symptom  Non symptom

Aldehydes Concentrationsyg/m’) Class Characteristics ’\%L%L:E(gllja g’(/?:g nfsel‘ga)
(n=67) Mean SD  Minimum Maximum
Gender**
Total Aldehydes  200.00 103.06  4.82  734.23 Man (n=140) 43.50% 65.50%
Formaldehyde 90.56 58.05 28.21 260.42 Personal Woman (r=138) 56.50% 34.50%
Acetaldehyde 40.75 30.18 13.12 166.02 factor Age (yr)* 33.9+20.5 24.6+19.2
Acrolein+acetone 5551 76.70 10.04 548.11 Indoor
Propionaldehyde 561 4.33 0.25 23.17 occupancy (hr) 14.9+4.9 14.2t4.5
Crotonaldehyde 1.16 1.89 0.12 12.92
Butyraldehyde 236 895  0.08 67.82 House age 13674 12471
Benzaldehyde 505 5.64 0.43 32.33 Build House type
*two seasonal (summer and fall) measurement in 36 dwellings instruments Single (=78) 28.20% 33.70%
Detached (r53) 21.80% 17.40%
APT (n=129) 50.00% 48.80%
olN| B E] =, o]—kﬂi 2 o}z 2 9le] F& F Indoor smoker
/B‘ Ac-!‘x't_!‘ﬂ ‘l_td ]—Q—OJEH?S] =, == E‘oéﬁ] 6‘] =, Smoking Yes (F!:93) 32.10% 37.10%
) _ No (n=183) 67.90% 62.90%
nejos s 9 Wz se) yrt PP
Natural ventilation
U z=o)o) B A
2 S TT#]MEHTable 4).-elell & dFelA Yes (n=243) 84.30% 92.10%
2]l HUHA 2EAH 3] =, opH EddHE] Ventia No (n=37) 15.70% 7.90%
5 Sl 5 entilation
=, oplE B okZE Qe w3t AakE A3} Ventilation during cooking with gas
et Yes (n=142) 47.60% 54.40%
A FeEel A E2d S| =, opA| Bt F] =, o} No (n=138) 52.40% 45.60%
AE B oz 2le] AW HF FEE 27 90.56 Carpet
pg/n?, 40.75pg/n? 9 55.51ug/m’e] i}, o] & ves (=20) 7.10% 7.40%
C e o _ - No (n=260) 92.90% 92.70%
5 (2000p] AFolAE S ek AW Ftel Bodr
Aol ZzE=olglsle = =z] Az iy 3N e
1ol £ Etﬂ—‘ﬂ: © E;j Az}, 7h7A > 494 Yes (n=172) 58.90% 73.10%
(417"' 579) I.lg/m , E]-?ﬂ'-g -‘{}_'UH@ 146 (95\' 335) No(n=104) 41.20% 26.90%
ug/m?’v E‘“ QJE— T&UH;ﬂ 77 (59‘1 131)Ug/m3, —)Q\_ %UH New furniture
) 183 (123~335)ug/nt’, 71 Fuld 72 (32~ ndoor Yes (n=113) 38.20% 44.90%
o | BEgAo 2 environments No (n=167 61.80% 55.10%
138)ug/m® ¥ A 2xA4-2 337 (136~ 534)ug/m® 4= ts No ( )
Foz wuyt uh gieh =3 A% A7)7h 14 ¥ Painting
alel A ZE) sty wAl W ARRAle] g ol Yes (n=67) 24.10% 23.60%
No (n=213 75.90% 76.40%
9= el 27 173 (13~ 3141)ug/m’, 252 . ( } ) b b
_ 3 3. enovation
(101 885)ug/r_n 2! 302 (103~674)ug/nrez % Yes (r=127) 42.90% 50.60%
AFE S5 (o] A1 2 5, 2000). ool wlaf & A = No (n=153) 57.10% 49.40%
A FEe A% 7)zke] 109 o)4E AHE= 2 Pet
3 o] 5 5 (20002 AT Al vl e Yes (n=38) 13.60% 13.50%
ez HriEeidh No (n=242) 86.40% 86.50%
et 53 SllA BuET g 9 3 Humidity
JA2) A SIS SN o Aoz B Clmae el 7.30% 9.00%
7}%) 9) o} (CommunityCOST Concentration Com-  factor Low (< 60%) — o100
mittee, 1990; WHO, 2000%] 2 =ahx dul =) (n=258) R Rt

o] A 22U Y o EYHI| = HF F  *p<0.05 *p<0.01
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Table 6.The comparison of aldehydes concentrations by

response to symptoms

Response to symptoms

Aldehydes

3 “Yes” for any “No” for all
(ng/nm) symptoms (=212) symptoms (168)
Mean+SD Meant SD
Total aldehydes 203:6102.9 196.3-103.4
Formaldehyde 91846.5 88.A-48.9
Acetaldehyde 40.222.9 38.4:21.9
Acrolein+acetone 55.#54.4 58.1:64.2

(b) Formaldehyde

Healthy subjective
symptom score
N

0 1
0 1

logx (formaldehyde concentration)

(d) Acetone- Acrolein

Healthy subjective
symptom score

0 0.5 1 15 2 2.5 3

logx (acroleir- acetone concentration)

Fig. 2. Symptom score by levels of aldehydes in the homes.
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organ by levels of formaldehyde in the homes.
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Table 7.Concentrations of aldehydes by environmental factors (ugitr®)

] Total aldehyde  Formaldehyde  Acetaldehyde Acrotgnetone
Class Variables
Mean+ SD Meant SD MeantSD Meart SD
House age
>10yr(n=16) 196.4+97.2 93.A#44.5 40.9£19.2 62.168.5
<10yr(n=19) 192.4+84.1 81.4-40.3 38.#19.6 47.6£33.7
Building instruments  House Type
Single (r=8) 161.2+65.9 77.3:36.7 36.5-14.9 37.4-16.3
Detached (i7) 219.7494.2 116.8:57.9 44.4+23.4 41.6£14.0
APT (n=18) 199.9+98.9 81.3+36.6 40.5+20.4 66.4+69.6
Smoker
Smoking Yes (12) 237.4+104.9* 93.1+45.0 46.#22.8 85.179.6*
No (n=24) 170.8+70.6 85.4-41.0 35.A#16.0 38.1#15.7
Natural ventilation
Yes (n=31) 190.4+90.7 85.8+40.3 37.120.0 53.6+55.4
No (n=5) 209.1+75.6 101.%+53.9 39.A419.1 54.5+16.7
Ventilation during cooking with gas
Yes (r=15) 180.1+103.2 72.#30.9* 33.6+£16.1 63.6+73.2
. No (n=21) 202.2+76.7 98.8+45.8 43.5£20.1 47.128.1
Ventilation .
Use of Aircleaner
Yes (r=2) 192.4+89.9 87.2:42.6 39.2£19.5 48.4£27.3
No (n=34) 203.9+62.8 101.2+32.1 43.2£0.2 54.0+52.8
Hood in the kitchen
Yes (r=32) 190.6+89.5 84.9+39.8 37.9-18.8 55.%54.4
No (n=4) 217.2+81.8 112.3:56.4 50.9+18.7 43.116.9
Carpet
Yes (n=3) 268.5+53.2 123.3:52.3 56.#21.4 70.2-16.8
No (n=33) 186.2+87.8 84.8+40.2 37.8:18.3 52.2+53.5
Bed
Yes (r=23) 215.3+91.9* 100.1+43.8**  42.2+20.5 60.6+58.9
No (n=12) 153.9+69.6 65.14-29.2 35.0+16.0 42.135.3
New furniture
Indoor environments Yes ¢nl6) 229.0+98.9* 101.5+44.4 47.2+21.9* 65.8+69.5
No (n=20) 164.2+67.7 77.1%+37.3 33.1%+13.9 44.129.4
Painting
Yes (n=9) 242.6+89.7* 121.2+47.3* 50.6+17.9* 55.4+45.7
No (n=27) 176.5-82.6 76.9-34.1 35.6+18.1 53.2:54.2
Renovation
Yes (n=17) 207.5+89.1* 105.9+46.7* 40.8+20.6 46.5+35.0
No (n=19) 180.1+87.3 72.0+29.9 38.14+17.8 60.2+63.1
Humidity
Climatic factor High ¢ 60%) (n=4) 221.2+78.6 115.652.5 49.3:20.9 45.8£16.8
Low (<£60%) (n=32) 189.5+89.6 84.5-40.0 38.1418.7 54 #54.4
*p<0.05, *p<0.01
P v]AE elom AT ik R oA wAl A Sxebm wwdh wp gloh A ojalsiela
el A F, 2w A ollstele wE 0 yE 8] sl BHe) A Uk Y=
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Table 8.Environmental factor associated with aldehydes exposure

) Total aldehyde Formaldehyde Acetaldehyde Acroteanetone
Class Variabl®
R.CY s.B S.E R.C S.E R.C S.E
Intercept -100.4 33.9 -39.5 14.6 5.2 11.8 -44.9 20.9
Smokin Indoor smoker
g 46.8*** 10.9 4.7 7.1%* 2.4 40.7*** 6.7
Ventilation Ventilation during cooking with gas
-16.3 11.6 —30.7%** 4.9 —6.0* 2.6 —20.3** 7.1
Carpet
174.2%* 18.9 86.1%* 8.1 31.9% 42 49.00* 117
New furniture
Indoor 59.,9%** 11.2 16.6*** 4.8 10.8*** 2.5 25.6%** 6.9
environments Painting
47.5%** 14.2 19.5%** 6.1 14 5% 3.1 21.0* 8.8
Renovation
5.8 12.3 27.2%** 5.3 2.7 2.7 30.9%* 75
L Humidity
Climatic factor 19.2 192 256 83  92* 43 158 118
R2 0.42 0.51 0.39 0.31
F-value 28.07 40 24.92 16.89
P-value 0.0001 0.0001 0.0001 0.0001

*p<0.05, *p<0.01 **p<0.001

DAl variables were binomial codes (Ye4, No=0), ?R.C : regression coefficiertS.E : standard error

24T 5 e AmzAe o
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156ug/mel b, A}g8hx] ke Felo) Al 36~
84pg/ntz ZAH Y =3 FE UF Al F o]

43 A7E F2 AR olF FHelAe) Zg
H3l= sxE 24~939ugim’ W9z 2ALE
(Sametet al, 1988; Brownet al, 1996; Kriegeret

. 1998). 30 M Fx2] Aol A 5rju]e] g
og_i 12 & A 2EYY S = prE 276ug/m’

2 FAHer, 2 ez @ Aol A
o] A dHd=R =g FHI7IE 24

o2 7= 9t} (Office of Smoking and Health,

o fl

1979; NRC Committee on Toxicology, 1980; Dalbey,

1982; Clarisset al, 2003).

A B =R el JE Fi
2q7e] g AR BAeINE B3] A}
F= Abg7ke] Amde] 0.6 (p<0.0L) wj$- &
© AL Holw 9o, ol F WeE St A
W 27) Wz zseh 1 9 WeEe) A

7 8

Jol wo AL AAHA hol BE = wWaw
X g3to] thE 3179] AS Sahskadc} (Table 8).
= o =

o] U 41T 3 Wz

A FD, IBIE, A AT e Aol ond,
Egdss St A4ds e 7, 7
= A A SIRIE A, AN FAk $717 3%

Sz A9 g,

Y1=46.8:X1-16.3X2+19.2X3+174.2 X4
+59.9:X5+47.5X6+5.8<X7—-100.4
Y2=1.2*X1-30.%X2+25.6-X3+86.1x X4
+16.6-X5+19.5-X6+27.2X7—-39.5
Y3=7.1*X1-6.0:X2+9.2+ X3+ 31.9- X4
+10.8:X5+14.5X6+2.7%X7—-18.0
Y4=40.9X1-20.3X2+15.8:X3+49.0- X4
+25.6:X5+21.0:X6+30.9: X7 —-44.9

(Y1: total aldehydes, Y2: formaldehyde, Y3: acet-
aldehyde, Y4: acroleihacetone, X1: indoor smok-
ing, X2: natural ventilation, X3: indoor humidity,
X4: using a carpet, X5: changing old furniture into
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new one less than 1 year, X6: painting work in
indoor less than 1 year, and X7: indoor renovation

less than 1 year)
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