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A survey of indoor and outdoor air pollution by aldehydes and ketone in August 1999, in the city of Fuji was

performed. Sampling was performed by using Sep-Pak

XPoSure. Target compounds were extracted with

dichloromethane, and analyzed by HPLC. Almost all aldehydes and ketone could be detected in indoor and outdoor

air. All target aldehyde and ketone concentrations in indoors were higher than those outdoors.

Formaldehyde

concentrations in new houses were higher than those in old ones. Concentrations of almost all aldehydes including
formaldehyde in the room where the floor was covered with tatami mat were lower than those with a carpet or
nothing at all. Formaldehyde concentrations of two of 21 houses (109%) exceeded the indoor air quality guideline

(100 2 g/m*) of the Ministry of Health and Welfare,
significant.
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Table 1. Characteristics the sampled house

Item n

Number of people who filled out
the questionnaire 20
House age
<1 year
1 ~ 3 year
5 — 10 year
10 ~ 20 year
> 20 year
Floor

N N W W

Tatami mat
Carpet 5

Wooden floor 7
Number of residents

1 3

2 3

3 7

4 3

5 2

6 1

7 1

Pets in the house 9

Presence of a garage 14

Mold in the bathroom 13

Use of insect repellent 16

Use of paint 3

Use of manicure 8

Use of aroma 11

Use of bleach 13

Use of a wax of the floor 4
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1. Formaldehyde, 2. Acetaldehyde, 3. Propanal, 4. Acrolein, 5. Propanal,
6. i-Butanal, 7. n-Butanal, 8. Ethylmethylketone, 9. Crotonaidehyde,
10. i-Pentanal, 11. n-Pentanal, 12. Benzaldehyde, 13. Hexanal.

Fig. 2. Typical HPLC chromatograms of standard solution

and indoor sample.
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Table 2. Operating conditions of HPLC.

HPLC : Hitachi L-6000 series

Dctector : UV-Vis spectrophotometric detector
(Shimadzu SPD-10A)

Detection wavelength: 360 nm

Column : Wakosil-DNPH (Wako Pure Ind. Chem.)
Column temperature : 40 C
Injection volume : 10 sl

(Gradient 1)

Flow rate : 0.9 ml/min
Mobile phasc : Distilled water : Methanol
0-14 min 27:73
14-38 min  27:73 = 0:100
38-53 min  0:100
{(Gradient 2)
Flow rate : 1.0 ml/min

Distilled water : Methanol : Acetonitrile
0-20 min  30:40:30

20-35 min  30:40:30 — (:70:30

35-53 min  0:70:30

Mobile phase :
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Table 3. Recovery and determination limit of aldehydes
and ketones by this method.
Recovery* Determination limit
(ng; S/N=10)

Formaldehyde 97% + 8% 0.063
Acetaldehyde 2% + 6% 0.10
Propanal 82% = 6% 0.18
Acrolein 37% = 29% 0.17
Acetone 86% £ 11% 0.16
i-Butanal 109% + 9% 0.23
n-Butanal 96% + 12% 0.23
Ethylmethylketone 103% =+ 7% 0.33
Crotonaldehyde 71% * 15% 0.25
i-Pentanal 91% = 7% 0.30
n-Pentanal 89% =+ 5% 0.25
Benzaldehyde 104% + 6% 0.24
n-Hexanal 99% =+ % 0.21

* n=7
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Fig. 3. Indoor and outdoor concentrations of formaldehyde plotted on the normal (a) and log-normal

(b) probability papers.
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REP OB SN, FLvAFLr b (57%)
B SALEWIT80B UL EOFRE, SR SN THE Y,
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HigFEERAE L BT 5 &, EPNREORMEIIRER
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(-7 %F—N) BETH-7,

FVLTUTE FORNBEEIINETIIHE LD
HWEFIHE SN TwD, 72821, BSI2k 5k,
1995-964E 12T b N2 E O —EEREHNO KL L 7
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MELIZL L WEMEETFTEFHG6S
pg/m*, BEERMFEAE TIE38 ng/m”’ (W &M
BIE) THH, KRBT LB L, EEHSELUA
s
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DIEFEFREHMEI00 ng/m® (3097) A2 Tw/z, 72, LTk B &, RILFEMELEI0F OFENTIEFEEH
ZORERRHHE A W o KEE2IRKET 2 KEE (&K 80pg/m* (7 H), —HEFEE1RFOENTIEFHH
Table 4. Summary of the concentration.
(1) Outdoor (ug/m®)
Arithmetic Geometric Percentage

mean =+ std mean std Max Min Max/Min  determined
Formaldehyde 2.61 + 0.63 2.53 1.31 3.47 1.45 2.38 100%
Acetaldehyde 2.40 + 1.21 2.06 1.85 5.04 0.482 10.5 100%
Propanal 0.414 £ 0.159 0.381 1.55 0.712 0.137 5.19 100%
i-Butanal 0.053 =+ 0.036 0.044 1.87 0.161 <0.037 >4.3 86%
n-Butanal 0.152 £ 0.050 0.145 1.36 0.273 0.093 2.92 100%
Ethylmethylketone 0.484 =+ 0.841 0.139 5.32 3.64 <0.055 >66 57%
Crotonaldehyde 0.091 =+ 0.038 0.082 1.63 0.160 <0.060 >2.7 90%
i-Pentanal 0.130 = 0.082 0.103 2.13 0.290 <0.057 >5.1 81%
n-Pentanal 0.095 = 0.041 0.085 1.70 0.181 <0.049 >3.7 90%
Benzaldehyde 0.242 £ 0.121 0.184 2.65 0.469 <0.039 >12 86%
n-Hexanal 0.492 <+ 0.172 0.464 1.42 0.892 0.221 4.03 100%
(2) Indoor (1 g/m?)

Arithmetic Geometric Percentage

mean std mean std Max Min Max/Min  determined
Formaldehyde 39.9 + 33.0 27.8 2.47 110 7.35 149 100%
Acetaldehyde 14.3 + 99 11.3 2.02 35.1 421 8.32 100%
Propanal 160 + 1.16 1.30 1.89 4.24 0.512 8.28 100%
i-Butanal 0.375 £ 0.315 0.256 2.70 1.17 <0.037 >31 95%
n-Butanal 0.490 + 0.324 0.399 1.96 1.39 0.099 14.1 100%
Ethylmethylketone 124 + 1.19 0.662 3.89 3.98 <0.055 >72 95%
Crotonaldehyde 0.408 = 0.263 0.334 1.93 1.10 0.111 9.94 100%
i-Pentanal 0.602 £ 0.328 0.515 1.81 1.26 0.172 7.33 100%
n-Pentanal 0.933 £ 1.17 0.591 2.49 5.35 0.139 38.4 100%
Benzaldehyde 0919 + 0.634 0.663 2.80 2.27 <0.039 >58 95%
n-Hexanal 412 + 491 2.69 2.37 214 0.907 23.6 100%
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Table 5. Indoor/Outdoor ratio
Median Max Min

Formaldehyde 12 58 2.3
Acetaldehyde 6.9 13 1.4
Propanal 3.6 7.8 1.4
i-Butanal 6.6 56 1.0
n-Butanal 2.7 14 0.78
Ethylmethylketone 5.0 30 1.0
Crotonaldehyde 4.2 8.9 1.6
i-Pentanal 6.0 33 1.4
n-Pentanal 59 55 1.8
Benzaldehyde 3.0 88 1.1
n-Hexanal 5.0 71 1.6
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Fig. 4. Concentrations of aldehydes and ketone in the

living room of different house age.

<ly i 1
1~3y 1
5~10y
10~20y Eﬁ{;;ﬁﬁ;&]
>20 y W cotaldehyde |

0 20 40 60 . 80 100
Concentration (u g/m”)

<1y T
1~3y WLLLUJJ.U.U.LLLLUJ‘

L
5~10
Y p— ‘ .
10~20 ‘UPropanal
Y m . |0 Ethylmethylketone |
>20y T _ WiPentanal

0 0.5 1 1.5 2 5 25 3
Concentration (x g/m”)

FTE N TunF - 3{bEMBTHE LM R
SNAID, W OO T LT FETHEE LM
HBohihs, RUX7VFe Mo 7y 7e §
RELE CHMEBR Lo 72,
FMREICELTE, §XTOT7 V7 NgEET
BELMEPR SN, L, ZF L AF LSy
b, BOTLFe NEFIEEASHEPR S A
Molz, E6II, BENREICELT, ERSOHEE
Thot, WEE Fig. 5IIRT, 2O7VIT 70061,
TAFe ReEr M R ARHIETR, BEFOM
BPELoTWLZEERRBLTVALDEEZ O
726

34 TLFER - TP DEREEIIFERYE523
ZH

BEFETHERCTT7 LT K7 b OEHEE
B R G 2 AERNE TN, HEE Table 7 12777,
KRNV LATUTe NOENBEEEHEIZEEL 2 (p<
0.01) ERIE, FEEHLISHOKRICEZHATWEH
EAMEVIIEETH o 72, HE & S RDIFHRE (&
HObH) OFFVATH- -0, FEEKIC
BIL T, £EFEEFEL A LIIRESKLD, |
H3. 208 EFbE L, ERAOFLLT LT
W, BMELORETERVLAT VT FOEE
FRE(RIITWEEEZOND, T2, BEHWT

41



38 Vol.3 No.l [2000]

Table 6. Correlations between aldehyde concentration.

(1) Outdoor concentration

1 2 3 4 5 6 7 8 9 10

1 Formaldehyde 1

2 Acetaldehyde 0.686** 1

3 Propanal 0.711*%* 0.823** 1

4 i-Butanal 0.199 0.408 0.478* 1

5 n-Butanal 0.416 0.406 0.681** - 0.561** 1

6 Ethylmethylketone  0.348 0.545*  0.540* - 0.063 0.305 1

7 Crotonaldehyde 0.521*  0.664** 0.734** 0.565** 0.517* 0.498* 1

8 i-Pentanal 0.443*  0.809** 0.740** 0.524* 0.380 0.703** 0.808** 1

9 n-Pentanal 0.584** 0.592** (.752** 0.489* 0.742** 0.177 0.494*  0.486* 1

10 Benzaldehyde - 0.002 0.021 0.352 0.258 0.233 - 0.152 0.207 - 0.010 0.137 1
11 n-Hexanal 0.358 0.110 0.354 0.368 0.532*% - 0.341 0.281 - 0.042 0.580** 0.268
** p<l1%, *:p<6%

(2) Indoor concentration

1 2 3 4 5 6 7 8 9 10

1 Formaldehyde 1

2 Acetaldehyde 0.659** 1

3 Propanal 0.581** (.812** 1

4 i-Butanal 0.523*  0.559** (.578** 1

5 n-Butanal 0.784**  0.744** 0.889** 0.635** 1

6 Ethylmethylketone 0.097 0.368 0.356** 0.272 0.368 1

7 Crotonaldehyde 0.684** 0.828** 0.694** 0.526* 0.687** 0.415 1

8 i-Pentanal 0.702**  0.927** 0.809** 0.643** 0.765** 0.439* 0.909** 1

9 n-Pentanal 0.693**  0.646** 0.828** 0.621** 0.887** 0.258 0.564**  0.627** 1

10 Benzaldehyde 0.801** 0.770** 0.840** 0.627** 0.912** 0.212 0.799** 0.815** 0.823** 1
11 n-Hexanal 0.673** 0.678** 0.884** 0.616** 0.880** 0.225 0.562** 0.653** 0.985** 0.818**

**. p<1%, *: p<b%
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Fig. 5. Plot of principal component 1 and 2 derived from
the concentrations of aldehydes indoors in the

Fuji city, Japan.
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Table 7. Stepwise regression results: variable that affected

indoor aldehyde or ketone concentration

Compound Variable b’ SEZ. F P’
Formaldehyde tatami mat -0.467 01151 165  0.0009
age of the house -0.094 0.0307 9.4 0.0075
Acetaldehyde tatami mat -0.479  0.0846 32.1 0.0000
Propanal tatami mat -0.314 0.0765 16.8 0.0008
outdoor concentration 0.691  0.1999 12.0 0.0030
7-Butanal tatami mat -0.933 0.1270 54.0 0.0000
n-Butanal tatami mat -0.452  0.0814 30.9 0.0001
Ethylmethylketone
Crotonaldehyde outdoor concentration 0.630 0.1904 10.9 0.0048
7-Pentanal tatami mat -0.390 0.0731 284 0.0001
n-Pentanal tatami mat -0.586 0.1283 20.8 0.0002
Benzaldehyde tatami mat -0.524  0.0887 35.0 0.0000
Hexanal tatami mat -0.546  0.1220 20.0 0.0003

*1: Slope of the regression equation (partial regression coefficient)

*2: Standard error

*3: F-value for slope estimate

*4: Probability that the slope is 0

*5: The floor of the sampling room was covered with tatami mat
made of a rush.
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