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Abstract

Japan's Ministry of Health, Labour and Welfare has established a provisional guideline for the concentration
of nonanal in indoor air. Nonanal is unstable in air and has a low recovery rate for direct sampling using GC/MS.
Thus, we established an HPLC analytical method for nonanal derivatization with 2,4-dinitrophenylhydrazine,
which is generally used for carbonyl compounds. The method was found to be applicable for the measurement of
nonanal and decanal and showed good stability and reproducibility. A survey of the indoor air in several houses
with the 2,4-dinitrophenylhydrazine-HPLC method revealed that the concentration of nonanal was 1.3-13.4 ug/m®
and that of decanal was <0.52-10.9 ug/m®. The concentrations in outdoor air were less than in the indoor air.
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Fig. 1 Derivatization of nonanal with 2,4-dinitrophenylhydrazine (DNPH)
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Table 1 Conditions for HPLC analysis of nonanal and decanal

Column ZORBAX Bonus RP
4.6mm i.d. X 15cm, 3.5 um

Column temp. 40 °C

Eluate acetonitrile 75 : water 25

Flow rate 1.0 mL/min

Injection vol. 20 uL.

Wavelength 360 nm
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Table 2 Recovery rates (%) of nonanal and decanal in tubes filled with CarbosieveS -1l and TenaxTA

Volume of air passed

CarbosieveS-l tube (n=3)

TenaxTA tube (n=3)

through the tube nonanal decanal nonanal decanal
30L 99.0 £ 45 92.0 £ 149 723 + 46 759 + 18
144 L 76.1 = 8.6 77.1 = 10.0 481 + 4.7 412 + 42

Values are mean * standard deviation.
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Fig. 2 HPLC chromatogram obtained from a standard
solution of nonanal-DNPH and decanal-DNPH

B0
pananal-DNPH (peak 1)
el
1T
B il
et (1101
Bire
P [ LX) D
ey Nl
2 .Y J i L
:l!:l:"l".p.-'l D
nonanal-DNPH (peak 2)
3 -
4 TR
O e
F{e 1]
4
B 1D
2 - brd)
e i B0
A L e s ———
mOE  WGE OO0 R0 B WO K080 §eo0 M

m/z

(n=5), ¥—7@oOEEHRKIE / F+F—)V-DNPH »°
0.65% , 7 # —)— DNPH #5054% T, HPLC/ ¥

TOEEERT O#EE LEAEE IR TH - 72,

3.3 DNPH BE&{L-HPLCRICK D/ FF—IL RV
FhF—IVBIEDO®KE
3.3.1 RNINEYRE
TR EEER O K5 - % Table 3 12/R$, BILH
& 144 LR OYE (n=7), /7 FF— 5995 £
6.8 %, FHF—IA985 +43%, 570 L @K DY
& (n=3) T, ZNEN 965+ 7.4 %K11052 +
54 %T, HAEIHENLTHRERITEKTLLZ2-
7o FWWE LD, TIRISHER L oBhamRH oW
7T =53 ST, K570 L oA E T
L WHEYG Do 7,
3.3.2 EETRE
B R % Table 4 [Z/R 7., RINES =% 144
L (100 mL/min T 24 FEMHERIY) L RE L7256, &
HIBREIZ, FF— VD11 ug/m®, FHF— s

Table 3 Recovery rates (%) of nonanal and decanal in

DNPH cartridge
Volume of air passed nonanal decanal
through the cartridge
144 L (n=7) 995 + 6.8 985 + 4.3
560 L (n=3) 965+ 74 1052 + 54

Values are mean = standard deviation.
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Fig. 3 LC/MS spectrum obtained from a standard solution of nonanal-DNPH and decanal-DNPH
Column: ZORBAX Bonus-RP (4.6mm i.d. X 15cm,3.5 um), Column temp.: 40 °C , Elute:
acetonitrile 75 : water 25, Flow rate: 0.25mL/min (The total flow of 0.8mL/min was
branched.), EI (70eV), Peaks 1-4 correspond to the peaks in Fig. 2.
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Fig. 4 Calibration curves of nonanal-DNPH and decanal-DNPH

Table 4 Detection limits (ug/m®) of nonanal and decanal

using DNPH cartridge
Volume of air sampled nonanal decanal
30L 5.3 2.5
144 L 1.1 0.52
400 L (outdoor) 0.40 0.19

052 ug/m’ Th -7, / FF— VOB EREIL 41
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Table 5 Concentrations of nonanal and decanal in newly built houses

. Ageof Room

Construgtlon Type of Type of hcg)use temp. ventilation nonanal decanal
material residence room o
(vears) (C)

RC condominium E 0 26.7 closed 115 1.9
RC condominium E 0 29.6 closed 49 15
RC condominium E 0 22.0 closed ND ND
RC condominium ] 0 31.0 closed 39 14
RC condominium ] 0 31.7 closed 10.9 1.8
RC condominium ] - 0 20.0 closed 13.2 ND
wooden detached house E LR 05 24.3 unknown 4.2 ND
wooden detached house E LR 0.5 24.3 unknown 2.1 ND
wooden detached house E GR 0.5 24.3 unknown 2.3 ND
Maximum (ug/m?) 13.2 1.9
Minimum (ug/m°) 2.1 <(0.52
Median (ug/m? 45 <0.52
Frequency™® 8/9 4/9

RC: Reinforced concrete, E: European-style room, J: Japanese-style room, LR: Living room, GR: Guest
room, ND: Not detected, *The number of rooms in which concentrations were detected / The number
of measured rooms.
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Table 6 Concentrations of nonanal and decanal in residences in use

Construction Type of Ageof  Room _—
: . Typeofroom  house temp. ventilation nonanal decanal
material residence o
(vears) (°C)

RC detached house J GR 3 13.6 closed 1.3 ND
RC detached house E LR 3 25.0 closed 6.5 1.8
RC detached house E CR 3 16.5 closed 7.7 1.9
RC condominium E LR 11 14.6 ventilator 6.2 2.6
RC apartment ] LR 26 29.0 closed 21 0.69
RC apartment J LR 26 28.6 closed 1.3 ND
LGS detached house E LR 1 184 unknown 72 6.1
LGS detached house E LR 9 17.7 unknown 59 19
wooden detached house E study 3 15.0 closed 9.0 14
wooden detached house E study 10 18.4 unknown 134 109
wooden detached house E LR 20 18.3 unknown 4.0 25
wooden detached house E LR 15 18.3 unknown 9.3 82
wooden apartment J LR 19 16.2 closed 31 2.7
wooden apartment J LR 20 15.8 closed 49 3.3
Maximum (ug/ms) 134 109
Minimum (ug/m?) 1.3 <0.52
Median (ug/m°) 6.0 2.2
Frequency* 14/14 12/14

RC: Reinforced concrete, LGS: Light gauge steel, J: Japanese-style room, E: European-style room,
GR: Guest room, LR: Living room, CR: Children's room, ND: Not detected, *The number of rooms in
which concentrations were detected / The number of measured rooms.

Table 7 Comparison of nonanal and decanal concentrations
in Japanese-style rooms and European-style rooms

nonanal decanal
Japan Euro Japan Euro
Maximum (ug/m?) 132 134 3.3 10.9
Minimum (ug/ms) 1.3 <11 <052 <052
Median (ug/m?) 35 6.2 1.0 1.9
Frequency* 8/8 14/15 5/8 11/15

Japan: Japanese-style room, Euro: European-style room,
*The number of rooms in which concentrations were
detected / The number of measured rooms.

Table 8 Concentrations of nonanal and decanal in outdoor air

nonanal decanal
Maximum (ug/m®) 0.90 0.96
Minimum (ug/mg) < 0.40 <0.19
Median (ug/m°) 0.44 <0.19
Frequency* 5/8 1/8

*The number of places in the outdoor air at which
concentrations were detected / The number of places
measured in the outdoor air.
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