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Survey of Indoor Air Chemicals Related with the Symptoms
of a Patient with Multiple Chemical Sensitivity (Part II)
— A Case Study of a House Wife Who Lives in Sapporo —
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Shinji TaxeucHi, Hiroyuki Kojima, Satoshi KoBavasur and Kazuo JIN

Multiple chemical sensitivity (MCS) patients have an acute hypersensitivity to specific chemicals
even at low concentrations. This makes difficult to clarify the chemicals relating to MCS symp-
toms. In order to find out the compound(s) that induce the symptoms of an MCS patient, we
compared the concentrations of chemicals in indoor air of house A where the patient had shown her
symptoms, to those in house B where she had not shown the symptoms. In addition, we also measured
the chemicals in indoor air of house A when air cleaners were used, because the symptoms of this
patient were abated on this condition. Of the 110 chemicals tested, the 11 compounds (acetone, ethyl
acetate, a—pinene, B-pinene, S-421, 2-ethyl-1-hexanol, 1-methyl-2-pyrrolidone, 2-ethylhexanoic
acid, 2-(2-ethylhexyloxy)ethanol, bornyl acetate, limonene) were detected in house A at higher
concentration than in house B, and were lowered when the air cleaners were used in house A. These
results suggest that these 11 chemicals may relate to the MCS symptoms of the patient.
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Table 1 Sampling Conditions of Indoor Air in House A and House B

House A House B
Sampling date :

Nov. 15, 2004 Jan. 19, 2005 Jan. 27, 2005
Sampling room 1F LR 2F BR 1 LR 2F BR 1F LR 2F BR
Airpurifier No use No use Use Use No use No use
Room temperature (°C) 5.3 23.6 22.4 24.2 18.0 24.2
Room humidity (%) 41 42 51 59 60 60
Starting time of sampling 13:26 14:06 14:23 14:25 14:30 13:45

LR : Living room, BR . Bed rocm
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Table 2 Quantitated lons and Monitored lons of the 17

Compounds*

T Quantitated Monitored

ion (m/z) ions(m/z)

2-Ethyl-1-hexanol 83 98, 112
1-Methyl-2-pyrrolidone 99 68, 98
2-Phenyl-2-propanol 121 118, 136
2-Ethylhexanoic acid 88 101, 115
L-Menthon 112 139, 154
2-(2-Butoxyethoxy)ethanol 45 75, 87
L-(—)-Menthol 81 95, 138
2-Ethylhexyl acrylate 55 83, 112
2-(2-Ethylhexyloxy)ethanol 45 83, 112
Bornyl acetate 95 93, 121
p-t-Butylcyclohexyl acetate 80 123, 138
TPMiB 89 143, 173
Diisopropyl adipate 129 111, 171
TPDiB 111 159, 173
N -Butylbenzenesulfonamide 141 170, 213
Isopropyl myristate 228 211, 229
2,2-Dimethoxy-2-phenylacetophenone 151 77, 105

TPMiB : 2,2,4-Trimethyl-1,3-pentanediol 1-monoisobutyrate and
2,2,4-Trimethyl-1,3-pentanediol 3-monoisobutyrate, TPDiB : 2,2,
4-Trimethyl-1,3-pentanediol diisobutyrate

*These compounds were newly monitored in the present paper.
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Table 3 Concentrations of Aldehydes in Indoor Air of House A and House B laglom)
House A House B
Compound Using airpurifier J SPALSRC
guideline
1F LR 2F BR 1F LR 2F BR 1F LR 2F BR
1 Formaldehyde 42 36 23 27 29 39 100
2 Acetoaldehyde 15 25 17 14 27 30 48
3 Propionaldehyde n.d. n.d. tr tr <1.0 12
4 Crotonaldehyde n.d. n.d. n.d. n.d. n.d. n.d.
5 Butyraldehyde n.d. fi.d. n.d. n.d. n.d. n.d.
6 Benzaldehyde n.d. n.d. n.d. n.d. n.d. n.d.
7 Isovaleraldehyde n.d. n.d. n.d. n.d. n.d. n.d.
8 Valeraldehyde n.d. n.d. n.d. n.d. n.d. n.d.
9 o-Tolualdehyde n.d. n.d. n.d. n.d. n.d. n.d.
10 m-Tolualdehyde n.d. n.d. n.d. n.d. n.d. n.d.
11 p-Tolualdehyde n.d. n.d. n.d. n.d. n.d. n.d.
12 Hexaldehyde n.d. n.d. n.d. n.d. n.d. f.d.
13 2,5-Dimethylbenzaldehyde n.d. n.d. n.d. n.d. n.d. n.d.
Total 57 61 40 41 56 69

LR : Living room, BR : Bed room, n.d. : <5ug/m?

Indoor air was passed through to a 2,4-dinitrophenyl hydrazine (DNPH) cartridge at a flow rate of 1L/min for 30 min (30 L).
The DNPH derivatives of aldehydes captured by the cartridge were extracted with 5 mL of acetonitrile and measured by HPLC

with UV detection at 360nm.



Table 4 Concentrations of Volatile Organic Compounds (VOCs) in Indoor Air of House A and House B

(ng/m?)
House A House B
Compound Using airpurifier J el
guideline
1F LR 2F BR 1F LR 2F BR 1F LR 2F BR LOQ
14  Ethanol 40 38 433 68 2477 1311 2.0
15  Acetone 54 11 13 12 23 11 5.9
16  Isopropanol n.d. n.d. n.d. n.d. n.d. n.d. 1.7
17  Dichloromethane n.d. n.d. n.d. n.d. n.d. n.d. 0.8
18  Propanol - n.d. n.d. fixdl n.d. n.d. n.d. 2.0
19  Methylethylketone n.d. n.d. n.d. n.d. n.d. n.d. 3.8
20 Hexane n.d. n.d. n.d. n.d. n.d. n.d. 34
21  Ethyl acetate 6.1 5.4 2.5 1.5 2.1 n.d. 1.4
22 Chloroform n.d. n.d. n.d. n.d. n.d. n.d. 2.8
23 24-Dimethylpentane n.d. n.d. n.d. n.d. n.d. n.d. 1.7
24 1,2-Dichloroethane n.d. n.d. n.d. n.d. n.d. n.d. 0.7
25 1,1,1-Trichloroethane n.d. n.d. n.d. n.d. n.d. n.d. 2.2
26  Benzene 0.7 n.d. n.d. n.d. 1.0 1.9 0.7
27  Butanol n.d. n.d. n.d. n.d. n.d. 1:d. 14
28  Carbon tetrachloride n.d. n.d. n.d. n.d. n.d. n.d. 23
29  1,2-Dichloropropane n.d. n.d. n.d. n.d. n.d. n.d. 0.7
30  2,2,4-Trimethylpentane n.d. n.d. n.d. n.d. n.d. n.d. 24
31  Bromodichloromethane n.d. n.d. n.d. n.d. n.d. n.d. 0.9
32  Trichloroethylene n.d. n.d. n.d. n.d. n.d. n.d. 0.9
33  Heptane 9.1 7.9 1.3 0.8 5.2 6.1 05
34  Methylisobutylketone n.d. n.d. n.d. n.d. n.d. n.d. 0.6
35  Toluene 7.8 7.4 5.9 3.9 5.9 89 1.0 260
36  Chlorodibromomethane n.d. n.d. n.d. n.d. n.d. n.d. 0.3
37  Butyl acetate n.d. n.d. n.d. n.d. n.d. n.d. 3.0
38  Octane 2.4 2.2 n.d. n.d. 8.9 17 0.8
39  Tetrachloroethylene n.d. n.d. n.d. n.d. g 60 0.5
40  Ethylbenzene 4.1 3.2 1.9 1.2 2.9 6.1 1.3 3800
41,42 m/p-Xylene 3.6 2.8 155 0.9 2.9 70 05
43 Styrene n.d. n.d. n.d. n.d. n.d. n.d. 4.0 220
44  o0-Xylene 2.9 2.3 1.1 0.9 3. 7.7 0.6
45  Nonane 6.9 5.6 1.6 1.1 15 37 1.1
46  a—Pinene 27 32 72 8.7 0.6 06 05
47  3-Ethyltoluene 3.8 2.8 1.1 n.d. 3.1 11 0.9
48  4-Ethyltoluene 2.3 n.d. n.d. n.d. 2.0 6.8 0.8
49  1,3,5-Trimethylbenzene 14 2.5 n.d. n.d. 1.4 4.1 0.9
50 2-Ethyltoluene 2.1 1.6 0.7 0.6 2.4 7.6 0.5
51  B-Pinene 8.7 8.7 1.6 1.5 0.6 06 0.6
52  1,2,4-Trimethylbenzene 5.2 3.9 1.6 1.2 4.1 16 0.6
53  Decane 3.3 7.0 2.3 80 7.9 31 1.2
54  p-Dichlorobenzene T, n.d. n.d. n.d. 4.3 20 1.2 240
55  1,2,3-Trimethylbenzene 1.4 1.0 0.6 n.d. 1.3 4.8 0.6
56  (-+)-Limonene 8.9 10 7.7 3.5 5.5 3.2 1.0
57  Nonanal 7.4 7.6 5.6 44 2.5 14 =
58  Undecane 6.2 4.4 1.2 n.d. 3.8 [ 1.1
59 1,2,4,5-Tetramethylbenzene n.d. n.d. n.d. n.d. n.d. 0.9 07
60  Decanal 2.1 2.4 n.d. n.d. n.d. ! —=
61 Dodecane 4.8 3.2 n.d. n.d. n.d. 20 3.2
62  Tridecane 5.8 n.d. n.d. n.d. fiud. 21 5.2
63  Tetradecane 45 n.d. n.d. n.d. n.d. 18 4.1
64 Pentadecane 2.1 2.3 n.d. n.d. n.d. 12 1.8
65 Hexadecane L3 1.3 n.d. n.d. n.d. 4.8 0.8
Total 250 293 567 139 2627 1648
Total (—Ethanol) 210 255 85 il 150 337

LOQ : Limits of quantitation, LR : Living room, BR : Bed room
Indoor air was passed through to a sampling tube® at a fiow rate of 100 mL/min for 30 min (3 L). The VOCs captured by the sampling
tube were analyzed by GC/MS with thermal desorbing system.
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Table 5 Concentrations of Semi Volatile Organic Compounds (SVOCs) in Indoor Air of House A and House B

(ug/m?)
House A House B
Compound Using airpurifier J dl o
guideline
IFLR 2FBR 1FLR 2FBR 1FLR 2F BR LOQ
66 Triethyl phosphate n.d. n.d. n.d. n.d. n.d. nd. 0.06
67 Camphor 0.12* 0.10* 0.07 n.d. 0.32 0.10  0.004
68 Propoxur (PHC) n.d. n.d. n.d. n.d. n.d. nd. 0.004
69 Tripropyl phosphate n.d. n.d. n.d. n.d. n.d. nd.  0.004
70 Dimethyl phthalate n.d. n.d. 0.016 n.d. n.d. 0.011 0.004
71 Diethyl phthalate 0.048 0.204 0.039 0.114 0.187 0.051 0.002
72 Fenobucarb n.d. n.d. n.d. n.d. n.d. nd. 0.004 23
73 Tributyl phosphate 0.014 0.009 0.01 n.d. 0.014 0.009 0.004
74 Tris(2-chloroethyl) phosphate n.d. n.d. 0.02 n.d. n.d. nd.  0.007
75 Diazinon n.d. n.d. n.d. n.d. n.d. nd.  0.004 0.29
76 Tris(2-chloro-1-methylethyl) phosphate  n.d. n.d. n.d. n.d. n.d. 0.020 0.004
77 Diisobutyl phthalate 0.022 0.007 0.013 0.010 0.005 0.017 0.002
78 S-421 0.093 0.021 n.d. n.d. n.d. nd.  0.004
79 Fenitrothion n.d. n.d. n.d. n.d. n.d. nd.  0.007
80 Dibutyl phthalate 0.59 0.35 0.27 0.15 0.64 2.06  0.08 220
81 Chlorpyrifos n.d. n.d. n.d. n.d. n.d. nd.  0.007 1(0.1)
82 Fenthion n.d. n.d. n.d. n.d. n.d. nd.  0.004
83 Dichloropropyl phosphate n.d. n.d. n.d. n.d. n.d. nd.  0.007
84 Butylbenzyl phthalate n.d. n.d. n.d. n.d. n.d. nd. 0.004
85 Di(2-ethylhexyl) adipate n.d. n.d. n.d. n.d. 0.007 nd. 0.004
86 Tris(butoxyethyl) phosphate n.d. n.d. n.d. n.d. n.d. nd.  0.04
87 Triphenyl phosphate n.d. n.d. n.d. n.d. n.d. nd.  0.007
88 Tris(2-ethylhexyl) phosphate n.d. n.d. n.d. n.d. n.d. nd. 0.007
89 Di-2-ethylhexyl phthalate 0.17 0.05 0.04 n.d. 0.13 0.23  0.08 120
90 Dicyclohexyl phthalate n.d. n.d. n.d. n.d. n.d. nd. 0.004
91 Tritolyl phosphate n.d. n.d. n.d. n.d. n.d. nd. 0.04
92 Permethrin n.d. n.d. n.d. n.d. n.d. nd.  0.007
93 Dioctyl phthalate n.d. n.d. n.d. n.d. n.d. nd.  0.004
94 2-Ethyl-1-hexanol 171> 1.81* 0.83 1.31 0.83 0.46  0.002
95 1-Methyl-2-pyrrolidone 1.39 2.04 0.38 1.10 n.d. nd. 0.006
96 2-Phenyl-2-propanol 0.38 0.34 0.29 0.39 0.09 0.12 0.005
97 2-Ethylhexanoic acid 2.82 2.54 1.52 0.72 1.20 0.58  0.03
98 L-Menthon n.d. 0.29 0.04 0.03 0.25 0.09  0.002
99 2-(2-Butoxyethoxy)ethanol 0.27 0:27 0.06 0.29 n.d. 0.06  0.02
100 L-(—)-Menthol n.d. n.d. 0.61 0.38 3.54 1.00  0.003
101 2-Ethylhexyl acrylate 0.26 0.45 0.57 0.77 0.26* 0.16  0.001
102 2-(2-Ethylhexyloxy)ethanol n.d. 0.22 n.d. 0.11 n.d. nd. 0.01
103 Bornyl acetate 0.15 0.79 0.09 0.24 n.d. nd.  0.001
104 p-¢-Butylcyclohexyl acetate 0.05 0.09 n.d. n.d. 0.68 0.70  0.002
105 TPMiB 3.58 5.66 7.22 2.25 0.91 0.24  0.008
106 Diisopropyl adipate n.d. n.d. n.d. n.d. 0.003 nd.  0.003
107 TPDiB 0.22 2.54 3.98 0,75 1.16 0.34  0.001
108 N -Butylbenzenesulfonamide 0.03 0.16 0.09 0.24 0.01 0.23  0.001
109 Isopropyl myristate 0.10 0:22 0.27 0.65 1.30 0.79  0.006
110 2,2-Dimethoxy-2-phenylacetophenone 0.18 0.03 0.39 0.03 n.d. nd.  0.002
Total 14.4 34.6 19.4 16.5 13.4 75

* I Ten to 50% of compound was detected from 2nd C,s disk.
LOQ : Limits of quantitation, LR : Living room, BR : Bed room, TPMiB : 2,2,4-Trimethyl-1,3-pentanediol 1-monoisobutyrate and 2,2,4-
Trimethyl-1,3-pentanediol 3-monoisobutyrate, TPDiB : 2,2,4-Trimethyl-1,3-pentanediol diisobutyrate

Indoor air was passed through to a glass fiber filter for the first stage and C,s disks for the second and third stage at a flow rate of
10L/min for 5.6~23.4h (3.4~14.1m?®. The SVOCs captured by each disk were extracted with acetone and analyzed by GC/MS.
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Fig.3 Structures of the 11 Compounds May Have Relation to MCS Symptoms of the Patient in This Study
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