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Volatile Organic Compound (VOC) Analysis and Anti-VOC
Measures in Water-based Paints
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We developed an analytical method for volatile organic compounds (VOCs) used as film-forming agents or
anti-freeze agents in water-based paints by flame ionization detection (FID-GC) and gas chromatography mass
spectrometry (GC/MS). Twelve VOC components were separated using 2 types of column that differ in polarity.
In addition, a pretreatment method by ethyl acetate-water partition was evaluated, and a survey of the use of VOCs
in commercially available water-based paints was performed. For indoor paints, the anti-VOC measures included
changes from VOC solvents to semi-VOC (SVOC) solvents such as those from 2,2,4-trimethyl-1,3-pentanediol-
monoisobutyrate (TMPMIB) to 2,2,4-trimethyl-1,3-pentanediol diisobutyrate and from ethylene glycol (EG) to
triethylene glycol. However, in multipurpose paints for both indoor and outdoor use, VOCs such as EG, TMPMIB,
diethyleneglycol dibutyl ether, and diethyleneglycol monobutyl ether were detected. Since these products may be
also used for indoor painting, indications of VOC components and caution for use on products are necessary.

Key words —— volatile organic compounds, water-based paints, flame ionization detection, gas chromatography
mass spectrometry, film-forming agents, anti-freeze agents

INTRODUCTION

With an increase in the airtight nature of houses,
indoor air pollution has become a serious issue.
Therefore, paints for construction and household
use have been rapidly changing from solvent-type
(oil-based) paints emitting many volatile organic
compounds (VOCs) to water-based paints.1, 2) For
water-based paints, anti-volatile organic compound
(VOC) measures such as a reduction in VOC com-
ponents and a change to solvents with a high boiling
point began to be taken.1, 2) VOCs used in water-
based paints include film-forming agents (such as
texanol and cellosolve) and anti-freeze agents (such
as glycols).1) There have been many studies on
VOC measurement in air,3–8) but few studies that
directly analyzed VOCs in paints.9) To investigate
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the present status of the use of VOCs in water-
based paints and anti-VOC measures, we developed
a method for the analysis of 12 VOC components
used in paints by flame ionization detection (FID-
GC) and gas chromatography mass spectrometry
(GC/MS), and performed an analysis survey by this
method.

MATERIALS AND METHODS

Samples —— Fifteen water-based paint products
were used as test samples.
Reagents —— Chemical names used here and
terms of abbreviations are shown in Table 1. Ta-
ble 1 shows the manufacturers and boiling points of
the standards of 12 VOCs analyzed. All standards
were of analytic grade or better. Eight VOCs from
No. 1 to No. 8 are used as film-forming agents while
4 VOCs from No. 9 to No. 12 are used as anti-freeze
agents. Ethyl acetate was used for pesticide residue
analysis produced by Wako Pure Chemical Indus-



312 Vol. 53 (2007)

Table 1. Analyzed VOCs

Abbreviation Chemical Name B.P. Manufacturer
1. CA Ethyleneglycol monoethyl ether acetate (Cellosolve Acetate) 156◦C Tokyo Chemical Industry Co., Ltd.
2. BC Ethyleneglycol butyl ether (Butyl Cellosolve) 171◦C Tokyo Chemical Industry Co., Ltd.
3. BCA Ethyleneglycol butyl ether acetate (Butyl Cellosolve Acetate) 188◦C Tokyo Chemical Industry Co., Ltd.
4. DEGDB Diethyleneglycol dibutyl ether 256◦C Wako Pure Chemical Industries Co., Ltd.
5. DEGMB Diethyleneglycol monobutyl ether 230◦C Wako Pure Chemical Industries Co., Ltd.
6. TMPMIB-1 2,2,4-trimethyl-1,3-pentanediol-1-monoisobutyrate 250◦C Tokyo Chemical Industry Co., Ltd.
7. TMPMIB-3 2,2,4-trimethyl-1,3-pentanediol-3-monoisobutyrate
8. TMPDIB 2,2,4-trimethyl-1,3-pentanediol diisobutyrate 280◦C Tokyo Chemical Industry Co., Ltd.
9. PG Propylene glycol 187◦C Wako Pure Chemical Industries Co., Ltd.

10. EG Ethylene glycol 197◦C Wako Pure Chemical Industries Co., Ltd.
11. DEG Diethylene glycol 245◦C Tokyo Chemical Industry Co., Ltd.
12. TEG Triethylene glycol 285◦C Tokyo Chemical Industry Co., Ltd.

No. 1–8 Film-forming agents, No. 9–12 Anti-freeze agents, Texanol: TMPMIB-1 and TMPMIB-3.

tries, Co., Ltd. (Osaka, Japan).
FID-GC Conditions —— As an FID-GC appara-
tus, a Hewlett Packard 5890 Series II Plus GC
model with a Hewlett Packard FID detector was
used. Samples (1 µl) were automatically injected by
the splitless method using a Hewlett Packard 7673
model. The following 2 types of column that dif-
fer in polarity were used. (1) GL Science TC-WAX
(0.25 mmφ × 30 m; film thickness, 0.25 µm)—
Operating conditions: carrier gas flowrate, He
1 ml/min; injection temperature, 250◦C; detector
temperature, 280◦C; and column temperature, 50◦C
(3 min)–6◦C/min–100◦C (0 min)–10◦C/min–250◦C
(3 min). (2) GL Science Inert CAP 5 MS (0.25 mmφ
× 30 m; film thickness, 0.25 µm)—Operating con-
ditions: carrier gas flowrate, He 1 ml/min; in-
jection temperature, 200◦C; detector temperature,
280◦C; and column temperature, 60◦C (1.5 min)–
10◦C/min–280◦C (10 min).
GC/MS Conditions —— As a GC/MS apparatus, a
Hewlett Packard 5890 Series II Plus GC model with
a Hewlett Packard MS detector (MSD 5972) was
used. The columns (2 types) for GC and operating
conditions were the same as those in FID-GC. Sam-
ples (1 µl) were injected by the splitless method us-
ing a Hewlett Packard 7673 model. The ionization
voltage was set at 70 eV (EI method). MS spectra
were scanned in the range from m/z 20 to 450 and
quantified by SIM.
Preparation of Test Samples —— Paint samples
(0.5 g) were put into 50 ml centrifugation tubes con-
taining 15 ml distilled water, which were adjusted
with distilled water to a volume of 20 ml. After the
addition of 20 ml of ethyl acetate, the tubes were
shaken and centrifuged at 3000 rpm. The ethyl ac-
etate phase was dehydrated with sodium sulfate, and

substances with low polarity were determined by
FID-GC and GC/MS. In addition, 0.1 ml of the wa-
ter phase was obtained and mixed with ethyl ac-
etate to obtain a volume of 5 ml, and dehydrated
with sodium sulfate. This solution was applied to
FID-GC and GC/MS, and 4 types of glycol with
high polarity [ethylene glycol (EG), propylene gly-
col (PG), diethylene glycol (DEG), and triethylene
glycol (TEG)] were determined.

RESULTS AND DISCUSSION

Evaluation of Measurements by FID-GC and
GC/MS

To analyze the 12 VOCs by GC (FID-GC,
GC/MS), mutual separation was evaluated using
various columns. First, using a TC-WAX col-
umn with high polarity, mutual separation was
evaluated. Figure 1 shows an FID-GC of 11
VOCs measured using TC-WAX, and Fig. 2 shows
a total ion chromatogram (TIC) obtained by
GC/MS. This column did not allow the mu-
tual separation of 2,2,4-trimethyl-1,3-pentanediol-
monoisobutyrate (TMPMIB-1 and -3) and 2,2,4-
trimethyl-1,3-pentanediol diisobutyrate (TMPDIB).
The total ion chromatogram of TMPDIB is shown
in Fig. 3.

Next, the conditions of the mutual separation of
these VOC components were evaluated using Inert
CAP 5 MS columns with very low polarity. Fig-
ure 4 shows an FID-GC of 10 VOCs measured using
Inert CAP 5MS, and Fig. 5 shows a total ion chro-
matogram obtained by GC/MS. In this column, PG
and EG could not be detected due to absorption and/
or degradation. In addition, the mutual separation
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Fig. 1. FID Gas Chromatogram of 11 Types of VOCs Using
TC-WAX Column

Operating Conditions for FID-GC are given in text. 1©CA:
Ethyleneglycol monoethyl ether acetate, 2©BC: Ethylenglycol butyl
ether, 3©BCA: Ethyleneglycol butyl ether acetate, 4©PG: Propylene gly-
col, 5©EG: Ethylene glycol, 6©DEGDB: Diethyleneglycol dibutyl ether,
7©DEGMB: Diethylene glycol monobutyl ether, 8©TMPMIB-1: 2,2,4-
trimethyl-1,3-pentanediol-1-monoisobutyrate, 9©TMPMIB-3: 2,2,4-
trimethyl-1,3-pentanediol-3-monoisobutyrate, 10©DEG: Diethylene gly-
col, 11©TEG: Triethylene glycol.

Fig. 2. Total Ion Chromatogram of 11 Types of VOCs Using
TC-WAX Column

Operating Conditions for GC/MS are given in text. 1©CA:
Ethyleneglycol monoethyl ether acetate, 2©BC: Ethylenglycol butyl
ether, 3©BCA: Ethyleneglycol butyl ether acetate, 4©PG: Propylene gly-
col, 5©EG: Ethylene glycol, 6©DEGDB: Diethyleneglycol dibutyl ether,
7©DEGMB: Diethylene glycol monobutyl ether, 8©TMPMIB-1: 2,2,4-
trimethyl-1,3-pentanediol-1-monoisobutyrate, 9©TMPMIB-3: 2,2,4-
trimethyl-1,3-pentanediol-3-monoisobutyrate, 10©DEG: Diethylene gly-
col, 11©TEG: Triethylene glycol.

of ethyleneglycol monoethyl ether acetate (CA) and
ethyleneglycol butyl ether (BC) was poor. However,
good separation of TMPMIB and TMPDIB could be
achieved.

Therefore, each VOC was measured using TC-
WAX, and when peaks of the retention time close
to those of TMPMIB and TMPDIB appeared, these
VOCs were quantified using Inert CAP 5 MS.

Figure 6 shows MS spectra of the VOCs, and
Table 2 shows the monitor ions and quantification

Fig. 3. Total Ion Chromatogram of TMPDIB Using TC-WAX
Column

Operating Conditions for GC/MS are the same as those in Fig. 2.

Fig. 4. FID Gas Chromatogram of 10 Types of VOCs Using
Inert Cap 5MS Column

Operating Conditions for FID-GC are given in text. 1©CA
and BC: Ethyleneglycol monoethyl ether acetate and Ethylengly-
col butyl ether, 2©DEG: Diethylene glycol, 3©BCA: Ethylenegly-
col butyl ether acetate, 4©DEGMB: Diethylene glycol monobutyl
ether, 5©TEG: Triethylene glycol, 6©TMPMIB-3: 2,2,4-trimethyl-1,3-
pentanediol-3-monoisobutyrate, 7©TMPMIB-1: 2,2,4-trimethyl-1,3-
pentanediol-1-monoisobutyrate, 8©DEGDB: Diethyleneglycol dibutyl
ether, 9©TMPDIB: 2,2,4-trimethyl-1,3-pentanediol diisobutyrate.

ions for the VOCs. Each calibration curve showed
good linearity in the range from 0.1 to 100 µg/ml,
and the reproducibility was high. The detection
limit was 0.6–0.03 µg/ml (S/N = 5).

TMPMIB (Texanol) is a mixture of TMPMIB-1,
which is formed by ester bonding between isobu-
tyric acid and the hydroxyl group at position 1
of 2,2,4-trimethyl-1,3-pentanediol, and TMPMIB-
3, which is formed by ester bonding between isobu-
tyric acid and the hydroxyl group at position 3.
Therefore, the TMPMIB standard showed 2 peaks.
The peak areas of FID-GC were compared to con-
firm the ratio of the two isomers. In the standard
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Fig. 5. Total Ion Chromatogram of 10 Types of VOCs Using
Inert Cap 5MS Column

Operating Conditions for GC/MS are given in text. 1©CA
and BC: Ethyleneglycol monoethyl ether acetate and Ethylengly-
col butyl ether, 2©DEG: Diethylene glycol, 3©BCA: Ethylenegly-
col butyl ether acetate, 4©DEGMB: Diethylene glycol monobutyl
ether, 5©TEG: Triethylene glycol, 6©TMPMIB-3: 2,2,4-trimethyl-1,3-
pentanediol-3-monoisobutyrate, 7©TMPMIB-1: 2,2,4-trimethyl-1,3-
pentanediol-1-monoisobutyrate, 8©DEGDB: Diethyleneglycol dibutyl
ether, 9©TMPDIB: 2,2,4-trimethyl-1,3-pentanediol diisobutyrate.

Table 2. Monitor Ions for SIM Measurement

VOCs Monitor ions (m/z)
CA 43, 59, 187
BC 57, 87
BCA 57, 87
DEGDB 57, 75
DEGMB 57, 75
TMPMIB-1 71, 89
TMPMIB-3 71, 89
TMPDIB 71, 243
PG 31, 43, 45
EG 31, 43
DEG 45, 75
TEG 45, 75

The underlined number is the m/z of the ion used for
quantification. Chemical names and terms of abbrevia-
tions are given in Table 1.

used in this study, the indicated 1-monoisoburyrate :
3-monoisobutyrate was 6 : 4. Using a TC-WAX col-
umn, the area ratio of the peak appearing first to that
appearing later was 4 : 6 (Fig. 1). Therefore, using
this column, the peak of 3-monoisobutyrate was de-
tected first. Conversely, the ratio was 6 : 4 using
an Inert CAP 5 column (Fig. 4). Thus, the retention
times of the two isomers using the former column
were the reverse of those using the latter column.
The MS spectrum of 1-monoisobutyrate slightly dif-
fered from that of 3-monoisobutyrate, but both spec-
tra showed high m/z 71 ion intensity (Fig. 6). There-

fore, in SIM measurement, m/z 71 of the ion was
used for quantification, and TMPMIB was quanti-
fied as the total of the peak areas of the two isomers.

Preparation of Test Solutions and Recovery Ex-
periments

Water-based solutions of the 12 VOCs at con-
centrations of 100, 1000, and 10000 µg/ml were
prepared. Each solution was mixed with the same
volume of ethyl acetate. Evaluation of the liquid-
liquid partition rate showed the transfer of 97–
101% or more of 7 VOCs [CA, BC, ethyleneg-
lycol butyl ether acetate (BCA), diethyleneglycol
dibutyl ether (DEGDB), TMPMIB-1, TMPMIB-
3, and TMPDIB] and 75–85% of diethylenegly-
col monobutyl ether (DEGMB) to the ethyl acetate
phase, and the remaining of 98–100% or more of
glycols in the water phase. Therefore, the com-
pounds that were transferred to the ethyl acetate
phase were dehydrated and applied to GC and
GC/MS. Glycols remaining in the water phase
were mixed with 50-volume ethyl acetate, dehy-
drated, and ethyl acetate solution was measured.
For DEGMB, the total of the values in both phases
was used. For products in which each VOC was not
detected, recovery experiments (n = 3) were per-
formed, and good recovery rates (94–105%) were
obtained.

Analysis of Commercially Available Products
VOC analysis was performed in 15 commer-

cially available water-based paint products by the
above method. The results are shown in Table 3.
Four samples (No. 1–4) were paints for business use
with consideration paid to the indoor environment,
and 5 products (No. 5–9) were commercially avail-
able indoor paints for household use. Six products
(No. 10–15) were commercially available multipur-
pose paints for household use that can also be used
for outdoor painting.

Figure 7 shows the TIC in the ethyl acetate
phase of Sample No. 3 in which TMPDIB and TMP-
MIB could be quantified using Inert CAP 5 MS.
Figure 8 shows the TIC of the water phase of No.
6 in which TEG was detected using TC-WAX while
Fig. 9 shows the TIC of the ethyl acetate phase of
Sample No. 8 in which BC was detected using TC-
WAX. Figure 10 shows the TICs (ethyl acetate and
water phases) of Sample No. 13 in which 5 VOCs
were detected using TC-WAX and the TIC of its
ethyl acetate phase using Inert CAP 5 MS. As
shown in these figures, there were only a few in-
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Fig. 6. Mass Spectra of 12 Types of VOCs
Chemical names and terms of abbreviations are given in Table 1.

terfering peaks.
There have been many studies on VOC mea-

surement in air.3–8) Since the collection efficiency

from the air differs among substances, the values of
VOC measurement are not always consistent with
the actual diffusion values. Therefore, the VOC
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Table 3. Analytical Results of VOCs in Water-based Paint

Sample No. Use Manufacturer Concentration of VOCs
1 Paint for business use (indoor) A TMPMIB 0.003%
2 Paint for business use (indoor) A N.D.
3 Paint for business use (indoor) B EG 0.07%

DEGMB 0.11%
TMPMIB 0.03%
TMPDIB 1.52%

4 Paint for business use (indoor) B TEG 0.13%
5 Paint for household use (indoor) C EG 0.03%

TMPMIB 0.013%
TMPDIB 4.39%

6 Paint for household use (indoor) C TEG 0.20%
7 Paint for household use (indoor) D TMPMIB 0.013%

TMPDIB 2.96%
8 Paint for household use (indoor) E BC 0.03%
9 Paint for household use (indoor) D EG 0.14%

TMPMIB 0.026%
TMPDIB 1.31%

10 Paint for household use (multipurpose) D EG 0.17%
DEGDB 0.87%
DEGMB 0.38%
TMPMIB 3.69%
TMPDIB 0.006%

11 Paint for household use (multipurpose) D EG 0.53%
DEGDB 0.37%
DEGMB 1.24%
TMPMIB 1.33%

12 Paint for household use (multipurpose) C EG 0.14%
TMPMIB 0.015%
TMPDIB 3.30%

13 Paint for household use (multipurpose) D EG 0.32%
DEGDB 0.73%
DEGMB 0.60%
TMPMIB 5.91%

14 Paint for household use (multipurpose) D EG 0.34%
DEGDB 0.56%
DEGMB 0.51%
TMPMIB 4.69%

15 Paint for household use (multipurpose) F EG 0.40%
TMPMIB 3.98%
TMPDIB 0.72%

BC: Ethylenglycol butyl ether, EG: Ethylene glycol, DEGDB: Diethyleneglycol dibutyl ether, DEGMB: Diethylene
glycol monobutyl ether, TMPMIB-1: 2,2,4-trimethyl-1,3-pentanediol-1-monoisobutyrate, TMPMIB-3: 2,2,4-trimethyl-
1,3-pentanediol-3-monoisobutyrate, TMPDIB: 2,2,4-trimethyl-1,3-pentanediol diisobutyrate, TEG: Triethylene glycol,
N.D.: Not detected.

content of the source should also be measured. VOC
analysis in water solution by the headspace method
or the solid-phase micro extraction (SPME) method
has been frequently reported.10–12) These methods
differ in the recovery rate of each substance and re-
producibility, and their procedures are complicated.
In this study, VOCs in water-based paints could be
quantified by a simple method using only liquid-

liquid distribution. There have been studies on
the analysis of VOCs in water-based paints9, 13, 14)

but no studies on the simultaneous analysis of 12
VOCs that differ in polarity from polar substances to
nonpolar substances such as TMPDIB by GC/MS.
Therefore, this method is applicable to the measure-
ment of VOCs used in water-based paints.

As indoor anti-VOC measures, solvents with a
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Fig. 7. Total Ion Chromatograms of Sample No. 3

Fig. 8. Total Ion Chromatograms of Sample No. 6

high boiling point were used in the indoor water-
based paints evaluated in this study. As film-
forming agents, TMPMIB with a low boiling point
(250◦C) was changed to TMPDIB (280◦C). Con-
cerning anti-freeze agents, EG with a low boiling
point (197◦C) was reduced (No. 3, 5) or changed
to TEG with a high boiling point (285◦C) (No.

Fig. 9. Total Ion Chromatogram of Sample No. 8

4, 6). Thus, changes to SVOCs with a boiling
point higher than the WHO’s VOC criteria (260◦C)
were observed. Both TMPMIB and TMPDIB irri-
tate the eyes and skin, but the LD50 of TMPDIB
is higher.15–17) Some studies on TMPDIB toxicity
have shown that this compound is relatively safe.
18–21) EG and DEG not only irritate the eyes and
skin but also affect the kidneys and central nervous
system, sometimes inducing renal failure and brain
injury.22–25) TEG has been reported to be safer than
EG.26, 27) Therefore, in terms of toxicity also, the
components have been changed to less toxic sub-
stances. However, in 1 commercially available in-
door paint for household use (No. 8), BC with a low
boiling point (171◦C) was detected. BC irritates the
eyes and skin and affects the central nervous system,
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Fig. 10. Total Ion Chromatograms of Sample No. 13

kidneys, and the liver.28, 29) Since there is a possibil-
ity that evaporated BC reaches a toxic level, caution
for use should be indicated.

In the multipurpose (indoor and outdoor) paints,
TMPMIB and EG were detected. In 4 products,
DEGDB (256◦C) and DEGMB (230◦C) as film-
forming agents were detected. DEGMB irritates the
eyes and may reach toxic levels after evaporation.30)

These products are also used for indoor painting,
but the indications on the products do not show dif-
ferences between their solvents and those of paints
only for indoor use. In addition, there were no in-
dications of solvents used in paints for household
use. VOC components and items requiring caution
for use should be indicated clearly on products.

In consideration of the possible use of TMPDIB
and TMPMIB as plasticizers, we analyzed plasti-
cizers in 26 commercially available vinyl chloride
products.31) TMPDIB was detected but not TMP-
MIB.

Acknowledgement A part of this study was
funded by the Ministry of Health, Labour and Wel-
fare.

REFERENCES

1) Tsumura, M. and Nakamura, K. (2003) Low-VOC

Water-Based Acrylic Glossy Emulsion Paint for Ar-
chitectural Coating. Toryo no Kenkyu, 140, 71–75.

2) Hirata, F., Nakano, T. and Sugiura, K. (2004) Study
on Rheology Control Technology in Non-Gloss
Water-borne Architectural Paint for Interior Use and
Its Application to the Development of a New Prod-
uct “ALES SUISEI NEXT”. Toryo no Kenkyu, 142,
21–26.

3) Clausen, P. A. and Wolkoff, P. (1997) Evaluation
of automatic thermal desorption. Capillary GC for
determination of semivolatile organic compounds
(SVOCs) in indoor air. J. High Resolut. Chro-
matogr., 20, 99–108.

4) Shields, H. C. and Weschler, C. J. (1987) Analysis
of ambient concentrations of organic vapors with a
passive sampler. J. Air Pollut. Control Assoc., 37,
1039–1045.

5) Lopes, D. P. (1997) DMSO/CS2 mixture: a solvent
system for desorption of polar and nonpolar paint
solvents from activated charcoal. Am. Ind. Hyg. As-
soc. J., 58, 603–607.

6) Pendergrass, S. M. (1999) Determination of gly-
cols in air: Development of sampling and analytical
methodology and application to theatrical smokes.
Am. Ind. Hyg. Assoc. J., 60, 452–457.

7) Hippelein, M. (2004) Background concentrations of
individual and total volatile organic compounds in
residential indoor air of Schleswig-Holstein, Ger-
many. J. Environ. Monit., 6, 745–752.

8) Zhu, J., Newhook, R., Marro, L. and Chan, C.
C. (2005) Selected Volatile Organic Compounds in



No. 3 319

Residential Air in the City of Ottawa, Canada. Env-
iron. Sci. Technol., 39, 3964–3971.

9) Censullo, A. C., Jones, D. R. and Wills, M. T. (1997)
Direct VOC analysis of water-based coatings by gas
chromatography and solid-phase microextraction. J.
Coat. Technol., 69, 33–41.

10) Raksit, A. and Punani, S. (1997) Gas chromato-
graphic-mass spectrometric investigation of aliphat-
icglycols in environmental samples. J. Chromatogr.
Sci., 35, 489–494.

11) van Stee, L. L. P., Leonards, P. E. G., Vreuls, R.
J. J. and Brinkman, U. A. Th. (1999) Identification
of non-target compounds using gas chromatography
with simultaneous atomic emission and mass spec-
trometric detection (GC-AED/MS): analysis of mu-
nicipal wastewater. Analyst (Cambridge, U.K.), 124,
1547–1552.

12) Hankemeier, T., Steketee, P. C., Vreuls, J. J. and
Brinkman, U. A. T. (1999) At-line SPE-GC-MS of
micropollutants in water using the PrepStation, Fre-
senius’ J. Anal. Chem., 364, 106–112.

13) Nakamura, S., Takino, M. and Daishima, S.
(2001) Analysis of waterborne paints by gas
chromatography-mass spectrometry with a
temperature-programmable pyrolyzer. J. Chro-
matogr., A, 912, 329–334.

14) Censullo, A. C., Jones, D. R. and Wills, M. T.
(2003) Speciation of the volatile organic compounds
(VOCs) in solventborne aerosol coatings by solid
phase microextraction-gas chromatography. J. Coat.
Technol., 75, 47–53.

15) The Chemical Daily Co., Ltd. (2003) 14303 no Ka-
gaku Shohin, The Chemical Daily Co., Ltd. Press,
Tokyo, pp.532.

16) National Institute of Health Sciences Interna-
tional Chemical Safety Cards (ICSC)—Japanese
Version—, http://www.nihs.go.jp/ICSC/icssj-c/
icss0629c.html

17) The Chemical Daily Co., Ltd. (2003) 14303 no Ka-
gaku Shohin, The Chemical Daily Co., Ltd. Press,
Tokyo, pp.532–533.

18) Astill, B. D., Terhaar, C. J. and Fassett, D. W.
(1972) The toxicity and fate of 2,2,4-trimethyl-1,3-
pentanediol diisobutyrate, Toxicol. Appl. Pharma-
col., 22, 387–399.

19) Krasavage, W. J., Tischer, K. S. and Roudabush,

R. L. (1972) The reversibility of increased rat
liver weights and microsomal processing en-
zymes after feeding high levels of 2,2,4-trimethyl-
1,3pentanediol diisobutyrate, Toxicol. Appl. Phar-
macol., 22, 400–408.

20) David, R. M., Lockhart, L. K. and Ruble, K. M.
(2003) Lack of sensitization for trimelliate, phtha-
late, terephthalate and isobutyrate plasticizers in a
human repeated insult patch test, Food Chem. Toxi-
col., 41, 589–593.

21) Yamano, T., Shimizu, M. and Noda, T. (2005) Ter-
atological Study of 2,2,4-trimethyl-1,3-pentanediol
diisobutyrate in Rats. J. Urban Living Health Assoc.,
49, 30–34.

22) The Chemical Daily Co., Ltd. (2003) 14303 no Ka-
gaku Shohin, The Chemical Daily Co., Ltd. Press,
Tokyo, pp.427–428.

23) International Chemical Safety Cards (ICSC)—
Japanese Version—, http://www.nihs.go.jp/ICSC/
icssj-c/icss0270c.html

24) The Chemical Daily Co., Ltd. (2003) 14303 no Ka-
gaku Shohin, The Chemical Daily Co., Ltd. Press,
Tokyo, pp.428.

25) International Chemical Safety Cards (ICSC)—
Japanese Version—, http://www.nihs.go.jp/ICSC/
icssj-c/icss0619c.html

26) The Chemical Daily Co., Ltd. (2003) 14303 no Ka-
gaku Shohin, The Chemical Daily Co., Ltd. Press,
Tokyo, pp.428–429.

27) International Chemical Safety Cards (ICSC)—
Japanese Version—, http://www.nihs.go.jp/ICSC/
icssj-c/icss1160c.html

28) The Chemical Daily Co., Ltd. (2003) 14303 no Ka-
gaku Shohin, The Chemical Daily Co., Ltd. Press,
Tokyo, pp.430.

29) International Chemical Safety Cards (ICSC)—
Japanese Version—, http://www.nihs.go.jp/ICSC/
icssj-c/icss0059c.html

30) International Chemical Safety Cards (ICSC)—
Japanese Version—, http://www.nihs.go.jp/ICSC/
icssj-c/icss0788c.html

31) Nakashima, H. and Onji, Y. (2005) Status of the
Use of Plasticizers Used for Commercially Avail-
able Polyvinyl Chloride Products. Bull. Osaka Pref.
Inst. Public Health, 43, 31–37.


