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2-BUTOXYETHANOL

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomenclature

Chem. Abstr. Serv. Reg. No.: 111-76-2

Chem. Abstr. Name: 2-Butoxyethanol

IUPAC Systematic Name: 2-Butoxyethanol

Synonyms: Butoxyethanol; B-butoxyethanol; n-butoxyethanol; 2-n-butoxyethanol; 2-
butoxy-1-ethanol; 2-n-butoxy-1-ethanol; O-butyl ethylene glycol; butylglycol; butyl
monoether glycol; EGBE; ethylene glycol butyl ether; ethylene glycol n-butyl ether;
ethylene glycol monobutyl ether; ethylene glycol mono-n-butyl ether; glycol butyl
ether; glycol monobutyl ether; monobutyl ether of ethylene glycol; monobutyl glycol
ether; 3-oxa-1-heptanol

1.1.2  Structural and molecular formulae and relative molecular mass

H;C— CH,— CH,— CH,— O— CH,— CH,— OH

C¢H,,0, Relative molecular mass: 118.17

1.1.3  Chemical and physical properties of the pure substance

From Lide (2004) unless otherwise specified

(a) Description: Liquid

(b) Boiling-point: 168.4 °C

(c¢) Melting-point. —=74.8 °C

(d) Density: 0.9015 g/mL at 20 °C

(e) Spectroscopy data: Infrared and nuclear magnetic resonance (proton) spectral data
have been reported (National Toxicology Program, 2000)
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(f) Solubility: Miscible with water, ethanol and diethyl ether; slightly soluble in
carbon tetrachloride; soluble in mineral oil and most organic solvents (National
Toxicology Program, 2000)

(g) Volatility: Vapour pressure, 100 Pa or 0.6 mm Hg at 20 °C; relative vapour density
(air = 1), 4.07 (Verschueren, 2001)

(h)  Octanol/water partition coefficient (P): log P, 0.83 (Hansch et al., 1995)

(i) Conversion factor: mg/m?* = 4,873 x ppm!

1.1.4  Technical products and impurities

2-Butoxyethanol is commercially available with the following specifications: purity,
99% min.; acidity (as acetic acid, % wt), 0.005-0.01 max.; water (% wt), 0.1 max.;
peroxides (as oxygen), 10 mg/kg max.; ethylene glycol (% wt), 0.2-0.3 max.; n-butyl
alcohol (% wt), 0.1 max.; diethylene glycol monobutyl ether (% wt), 0.1 max.; stabilizer
(butylated hydroxytoluene), 376 ppm target or 0.1% max. (Eastman Chemical Co.,
2000a,b; Dow Chemical Co., 2001; Shell Chemicals, 2002; Eastman Chemical Co., 2003;
Shell Chemicals, 2004).

Trade names for 2-butoxyethanol include: Butyl Cellosolve®; n-Butyl Cellosolve®;
Butyl Cellosolve® Solvent; Butyl Cellu-Sol; O-Butyl Ethylene Glycol; Butyl Glysolv;
Butyl Oxitol®; Butyl Oxital® EB; C4E1; Chimec NR; Dowanol® EB; Eastman® EB;
Eastman® EB Solvent; Ektasolve EB; Ektasolve EB Solvent; Gafcol EB; Glycol EB;
Glycol Ether EB; Jeffersol EB; Minex BDH; Poly-Solv EB.

1.1.5  Analysis

Analytical methods suitable for the determination of 2-butoxyethanol in environ-
mental matrices have been reviewed (ATSDR, 1998). These methods rely principally on
adsorption onto charcoal or other suitable material, followed by gas chromatographic
(GC) analysis with flame ionization (FID) or mass spectrometric (MS) detection. Lower
limits of detection generally range from 0.1 to 2 ppm, depending on the specific analytical
method employed and on the sampling procedure used (Boatman & Knaak, 2001).
Typical methods include those from the Deutsche Forschungsgemeinschaft (1991), the
National Institute for Occupational Safety and Health (2003), the Occupational Safety and
Health Administration (1990) and the Institut national de Recherche et de Sécurité (INRS,
2002). Yoshikawa and Tani (2003) reported a reversed-phase high-performance liquid
chromatography (HPLC) method with fluorescence detection after derivatization by treat-
ment with 1-anthroylnitrile; the method detects 2-butoxyethanol in workplace air in the
low parts per billion range (1-3 pg).

I Calculated from: mg/m? = (relative molecular mass/24.45) x ppm, assuming normal temperature (25 °C) and
pressure (103.5 kPa)
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Preparation methods for water samples are based on purge-and-trap (Michael ef al.,
1988, 1991), solvent extractions (Jungclaus et al., 1976; Yasuhara et al., 1981; Nguyen
et al., 1994) or direct injection (Beihoffer & Ferguson, 1994). Eckel ef al. (1996) noted the
inefficiency of the common purge-and-trap and solvent extraction methods for the isolation
of low-molecular-weight glycol ethers, and recommended instead the use of direct aqueous
injection, extractive alkylation or salting-out extraction with derivatization with penta-
fluorobenzoyl chloride.

Analytical methods for the determination of 2-butoxyethanol and its metabolites
(2-butoxyacetic acid and conjugates) in biological matrices (blood and urine) have also
been reviewed (Johanson, 1988; ATSDR, 1998). The methods generally involve extrac-
tion, derivatization and analysis by GC with FID, MS or electron capture detection
(ECD), or HPLC with ultraviolet (UV) detection (Johanson et al., 1986a; Begerow et al.,
1988; Johanson, 1989; Groeseneken et al., 1989; Rettenmeier et al., 1993; Sakai et al.,
1993, 1994; Bormett et al., 1995). A more recent method (Shih et al., 1999; Brown et al.,
2003) reported improved analysis of butoxyacetic acid in urine without derivatization.

Jones and Cocker (2003) reported that about half of the total 2-butoxyacetic acid in
human urine is in the conjugated form, although the percentage is highly variable between
and within individuals. The authors recommended total 2-butoxyacetic acid (after acid
hydrolysis) in urine as the biomarker of choice to monitor exposure to 2-butoxyethanol.

1.2 Production and use

Glycol ethers began to be used in the 1930s and some have been in general use for
nearly 50 years. They form a varied family of more than 30 solvents that commonly
dissolve in both water and oil. Traditionally, a distinction is made between two main
groups of glycol ethers: the E series and the P series, which derive from the name of the
chemical substance that serves as a starting point for their production (ethylene and
propylene, respectively). In each series, different derivatives have been developed to
provide the properties of solubility, volatility, compatibility and inflammability that are
required for different uses (Oxygenated Solvents Producers Association, 2004).

1.2.1 Production

Ethylene glycol ethers are manufactured in a closed, continuous process by reacting
ethylene oxide with an anhydrous alcohol in the presence of a suitable catalyst. Depend-
ing on the molar ratios of the reactants and other process parameters, the mixtures
obtained contain varying amounts of the monoethylene, diethylene, triethylene and higher
glycol ethers. Typically, the products of these mixtures are separated and purified by frac-
tional distillation (Boatman & Knaak, 2001).

Available information indicates that 2-butoxyethanol was produced by nine com-
panies in China, seven companies in Germany, six companies in India, four companies in
Japan, three companies in the USA, two companies each in Argentina, Mexico, Taiwan
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(China) and the United Kingdom and one company each in Australia, Brazil, Poland,
Russia, Slovakia and Spain (Chemical Information Services, 2004).

Since the early 1980s, 2-butoxyethanol has been the most widely produced and
consumed glycol ether in the USA. Production estimates for 2-butoxyethanol in the USA
from 1970 to 1999 are presented in Table 1.

Table 1. Production of 2-butoxyethanol in the USA from
1970 to 1999 (thousand tonnes)

1970 1975 1980 1985 1990 1995 1999

48.5 59.2 90.9 125.6 187.5 187.2 226.8

From Chinn et al. (2000)

1.2.2 Use

Because of their miscibility with water and with a large number of organic solvents,
most ethylene glycol ethers are especially useful as solvents in oil-water compositions.
This property, among others, leads to their use in numerous industrial (paints, pharmaceu-
tical products, inks) and consumer (cosmetics, detergents) applications. Their relatively
slow rate of evaporation also makes them useful as solvents and coalescing agents in
paints. Other uses include inks, cleaning products, chemical intermediates, process
solvents, brake fluids and de-icers (Boatman & Knaak, 2001).

Time trends in consumption of 2-butoxyethanol in the USA and western Europe are
shown in Tables 2 and 3, respectively. In 1999, consumption in Japan was estimated at
27 600 tonnes (Chinn et al., 2000). Some data on typical uses in Canada, the European
Union and the USA are shown in Table 4.

Table 2. Trends in consumption for 2-butoxyethanol in the USA —
1980-99 (thousand tonnes)

1980 1985 1990 1995 1999

Paints, coatings and inks 36.3 42.6 63.1 68.5 76.7
Metal and liquid household cleaners 11.8 14.5 19.0 21.3 20.4
Other uses 16.8 18.1 25.4 26.8 29.9
Production of 2-butoxyethanol acetate 4.5 6.4 6.4 5.9 6.8
Other production 0.9 4.5 5.9 6.8 7.7
Total 70.3 86.1 119.8 129.3 141.5

From Chinn et al. (2000)
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Table 3. Trend in consumption of 2-butoxyethanol in selected western
European countries” from 1987 to 1999 (thousand tonnes)

Year 1987 1991 1993 1995 1997 1999

Consumption 72 90 92 98 104 114

From Chinn et al. (2000)
* Countries include, in order of relevance: Austria, Switzerland, Sweden, Norway, Portugal,
Finland, Denmark, Ireland and Greece.

Table 4. Typical uses of 2-butoxyethanol in selected
regions and countries

Region/country European Union Canada USA
Year [2001] 2002 [1997]
Industrial use 87.3% 78% 61%
Paints and coatings 75.8% 85%

Cleaners 3.8% 8%

Inks 6.4% 5%

Other” 14.0% 2%

Consumer use 12.7% 22% 39%
Cleaners 8.8% 47% 46%
Paints and coatings 91.2% 32% 32%
Solvents 21.5%
Polishes 0.5%
Other® 21%

From OECD (1997); Boatman & Knaak (2001); ToxEcology Envi-
ronmental Consulting Ltd (2003)

* Includes chemicals used in synthesis and the electronic, rubber and
oil industries, agricultural products, adhesives, oil spill dispersants,
leather finishing, fire foams, pharmaceuticals and construction
materials.

® Includes consumer solvents, pesticides and personal care products.

The largest use for 2-butoxyethanol is as a solvent in surface coatings, especially water-
based paints and varnishes. Other coatings include spray lacquers, quick-dry lacquers,
enamels, varnishes and latex paint. Approximately 80% of 2-butoxyethanol consumed in
surface coatings is used for industrial and specialty coatings; the remainder is used in archi-
tectural coatings (Chinn et al., 2000).

2-Butoxyethanol also is used as a mutual solvent and coupling agent to stabilize and
solubilize immiscible ingredients in emulsion metal and liquid household cleaners. Other
solvent applications include printing inks, industrial cleaning fluids, nitrocellulose resins,
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dry-cleaning compounds, rust-removing liquids, varnish removers, textile and mineral
oils, as a formulation solvent for insecticides and herbicides, as a co-solvent in diesel fuel,
and use in cosmetic products such as hair dyes, nail polishes, nail polish removers and
skin cleansers (Chinn et al., 2000; Boatman & Knaak, 2001; Environment Canada/Health
Canada, 2002).

2-Butoxyethanol has a number of important applications as a chemical intermediate,
notably to form esters of acetic acid, phthalic anhydride, phosphoric acid, adipic acid and
several specialty herbicide products (e.g. the glycol ether esters of 2,4-D and 2,4,5-T)
(Chinn et al., 2000; Boatman & Knaak, 2001). It is also used as a component in phthalate
and stearate plasticizers.

In the 1980s, 2-butoxyethanol was used in certain automotive brake fluids, but it has
mostly been replaced by higher-boiling glycol ethers (Chinn et al., 2000).

2-Butoxyethanol has been replaced in some of its applications by the P-series of glycol
ethers, such as propylene glycol mono-n-butyl ether, dipropylene glycol mono-n-butyl
ether and propylene glycol mono-fert-butyl ether. Relative consumption of E- and P-series
glycol ethers differs by geographical region, ranging in 1999 from 55% E/45% P in western
Europe to about 75% E/25% P in the USA and Japan and 94% E/6% P in Mexico (Chinn
et al., 2000).

1.3 Occurrence

1.3.1 Natural occurrence

2-Butoxyethanol is not known to occur as a natural product.

1.3.2  Occupational exposure

Occupational exposure to 2-butoxyethanol may occur during its manufacture and use
as an intermediate in the chemical industry, and during the formulation and use of its
products. The major routes of exposure are inhalation and skin absorption. Because
2-butoxyethanol is readily absorbed through the skin and has a relatively low vapour
pressure, the dermal route may be predominant or may contribute significantly to overall
exposure.

Exposure to 2-butoxyethanol by inhalation is well documented; recent high-quality
reports prepared by national or international bodies are available (NICNAS, 1996; OECD,
1997; ATSDR, 1998).

Environmental monitoring of air concentrations in the breathing zone or in the work
area has been found to be inadequate to assess overall exposures; measurements of total
exposure to 2-butoxyethanol should take into account the respiratory uptake of vapours and
aerosols and the dermal absorption of 2-butoxyethanol in liquid, vapour and aerosol form
(NICNAS, 1996). Biological monitoring of the common urinary metabolite,
2-butoxyacetic acid, is recommended for a complete assessment of exposure (Angerer
et al., 1990; Johanson & Johnsson, 1991; Sohnlein et al., 1993; Vincent et al., 1993; Jones
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& Cocker, 2003). For workers in high-exposure occupations who do not wear protective
gloves, environmental sampling probably underestimates the exposure, and biomonitoring
of urinary butoxyacetic acid appears to be the best method for estimating overall exposure.

Data from the National Occupational Exposure Survey (NOES) conducted in the
USA by the National Institute for Occupational Safety and Health from 1980 to 1983 indi-
cate that an estimated 2 139 000 workers in 2260 industrial/occupational categories were
potentially exposed to 2-butoxyethanol (National Institute for Occupational Safety and
Health, 1989; ATSDR, 1998). The NOES database does not contain information on the
frequency, level or duration of exposure of workers to any chemical listed therein and
does not reflect recent changes in US production. The numbers also do not include
workers who were potentially exposed to trade-name compounds (observed in the NOES
survey) that contain 2-butoxyethanol.

In Australia, 82 companies were identified that formulate 2-butoxyethanol into
cleaning products, some of which produced cleaning products at more than one site; at
least 200 workers were involved in the formulation in each company (NICNAS, 1996).

(@)  Manufacture and use as an intermediate

2-Butoxyethanol is manufactured continuously, either full-time during the year or
within specific periods of several weeks or months. Workers may be exposed for approxi-
mately 8 h per day on 5 days per week during specific periods, but, typically, no personnel
works constantly at the plant, and fitters, engineers and other technical staff visit the plant
occasionally only. The process is enclosed as extensive precautions are taken to prevent
and minimize exposure of workers to the toxicity of the ethylene oxide feedstock
(ECETOC, 1994; NICNAS, 1996; OECD, 1996).

Exposure during transfer to tankers or drums is generally minimized by the use of
automated filling, where the operator is outside of the area during transfer, and the use of
local exhaust ventilation. Accidental exposure may occur when the process is breached or
when spills occur. Exposure may also occur during maintenance and cleaning activities;
however, the prior purging of equipment is generally standard practice (OECD, 1996).

Measurements of airborne concentrations of 2-butoxyethanol provided by manufac-
turers and collected for the OECD assessment are reported in Table 5.

Measurements in a manufacturing plant in the USA during drum filling operations,
the most probable source of exposure, showed levels of 1.7 ppm during area monitoring.
The highest personal monitoring reading was 0.1 ppm (Clapp et al., 1984).

Eight-hour time-weighted average (TWA) personal exposures of 2-butoxyethanol in
manufacturing plants in Europe were in the range of 0.01-0.4 ppm (production),
0.03-0.3 ppm (drum filling), 0.5-2.7 ppm (blending) and < 1.6 ppm (roadcar filling)
(ECETOC, 1985).

Personal exposure measurements of 2-butoxyethanol at a number of production sites
during 1988-93 showed concentrations in the range of 0.1-1.6 ppm and a mean of
0.13 ppm (ECETOC, 1994).
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Table 5. Airborne concentrations” measured during the manufacture
of 2-butoxyethanol

Plant location Activity No. of Mean Maximum
readings  (ppm) (ppm)

Australia All (STEL and TWA, personal) 0.1
Maintenance (TWA, area) 1.8
European Union Production 97 0.09 1.2
Filling 66 1.3 5.3
Technical unit 9 0.25 1.2
Laboratory 14 1.3 11
Various 8 0.5 2.7
European Union All 311 <0.1 1.6
European Union Production 30 <0.14 <0.31
Filling 10 <0.14 0.22
Laboratory sampling 20 <0.38 1.1
USA Production 16 <0.04
Tanker loading 11 <0.25 1.8

From NICNAS (1996); OECD (1997)

STEL, short-term exposure limit; TWA, time-weighted average

* No indications were available as to whether they represent task measurements or 8-h time-
weighted averages, except for the plant in Australia.

(b)  Formulation of products containing 2-butoxyethanol

Exposure during formulation strongly depends on the mixing process, which may be
enclosed or relatively open. Information obtained from the national assessment of exposure
to 2-butoxyethanol in Australia indicated that approximately 50% of formulators of cleaning
products that contain 2-butoxyethanol carry out mixing in open-top tanks that provide
greater potential for exposure (NICNAS, 1996). Workers are potentially exposed to
2-butoxyethanol for an average of 3 h per week (56% for < 1 h per week; range, 0.1-20 h).
For most formulators, 2-butoxyethanol is an ingredient of only some of their products, and
therefore exposure is not continuous on a daily or weekly basis.

Personal exposures of 2-butoxyethanol during the formulation of products are presented
in Table 6.

(¢)  Painting, printing and use of inks and varnishes

Airborne concentrations of 2-butoxyethanol that were measured during painting and
printing activities are summarized in Tables 7 and 8, respectively.

In a study performed from 1988 to 1993 (Vincent et al., 1996), exposure measurements
were made in 55 companies that covered 18 sectors of activity, including the principal use
category of products that contain glycol ethers: paints, inks, diluents and varnishes
(Table 9). Exposure of workers was measured by 8-h individual atmospheric sampling and
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Table 6. Eight-hour time-weighted average personal exposures to butoxy-
ethanol during formulation of products

Product No. of samples  Mean (ppm)  Range (ppm)  Reference
Printing ink 9 <1 NR Winchester (1985)
Varnish 12% 1.1 <0.1-8.1 Angerer et al. (1990)
Varnish 12% pre-shift 0.5 <0.1-14 Sohnlein ef al. (1993)
12% post-shift 0.6 <0.1-1
Paints 4 1.3 0.41-3.13 Foo et al. (1994)
Paints 328 0.4 <0.1-44.7 Vincent et al. (1996)
Paints 179 0.1 0.0-1.4 Wesolowski & Gromiec (1997)

NR, not reported
* No. of workers [no. of samples not stated]

biological monitoring of urine at the beginning and at the end of the shift. The people most
heavily exposed to 2-butoxyethanol were workers in the area of cataphoresis, where the
mean atmospheric exposure was 0.8 ppm, whose concentration of urinary butoxyacetic
acid reached 210 mg/g creatinine.

In a survey of industrial solvents conducted in 199496 in Japan in 95 different plants
(196 unit work areas; 1176 samples), 2-butoxyethanol was detected in 59 samples (eight
samples taken in printing areas and 51 samples taken in painting areas) with a median
atmospheric concentration of 0.5 ppm and a maximum concentration of 1.3 ppm (Yasugi
et al., 1998).

Exposure measurements (sampling period, 60—480 min) registered between 1987 and
1998 in the COLCHIC database in France were analysed by Vincent (1999). Results
related to painting and coating are presented in Table 10, and those for the printing industry
are given in Table 11.

Referring to the same COLCHIC database, 45 atmospheric personal samples were
taken between 1987 and 1998 in the printing industry and resulted in an arithmetic mean
concentration of 0.6 ppm (range, 0.02-5.3 ppm; median, 0.04 ppm; 95th percentile,
2.7 ppm) (Vincent, 1999). It should be noted that exposure to 2-butoxyethanol in the
printing industry in France has significantly decreased from 1987-92 to 1993-98; the
arithmetic mean for personal samples in 1987-92 was 1.4 ppm (median, 1.3 ppm; range,
0.02-6.6 ppm; 68 samples) and that in 1993-98 was 0.3 ppm (median, 0.1 ppm; range,
0.02-2.6 ppm; 79 samples) (p < 0.01) (Vincent & Jeandel, 1999).

In another study in France (Delest & Desjeux, 1995), exposures of 54 house painters
were assessed by biological monitoring. Only three painters had urinary concentrations of
butoxyacetic acid higher than the limit of detection (2 mg/g creatinine) and the maximum
concentration was 13.2 mg/g. The main reasons for the low figures observed were the
application technique (brush or roller) and the low content of 2-butoxyethanol in the
products used (< 5%).



Table 7. Time-weighted average® personal exposures to 2-butoxyethanol during painting

Activity No. of samples ~ Mean  Max. orrange Reference
(no. of workers) (ppm) (ppm)

Furniture production/finishing 64 1.5 0.07-9.9 Zaebst (1984, cited in ATSDR, 1998)
Staining/varnishing of parquet 9° 5 71.8 Denkhaus et al. (1986)
Car repair 1° 1.2 NA Veulemans et al. (1987)
General painting 10° 3.9 0.7-19.2 Veulemans et al. (1987)
House painting (water-based paints < 1.4% 2-butoxyethanol) 15 NR 0.4-12 Hansen et al. (1987)
Wood cabinet finishing 6(3) NR ND-0.4 Newman & Klein (1990)
Automobile spray painting 8(8) 0.4 0.2-0.6 Winder & Turner (1992)
Painting (water-based paints < 5 % 2-butoxyethanol) (54)° <0.1 <0.1-0.2 Delest & Desjeux (1995)
Indoor house painting (water-based paints) 20° 0.02 <0.01-0.15 Norbéck et al. (1996)
Painting of plastic material (two plants) 79 (19) <0.1 <0.1-0.8 Vincent et al. (1996)
Cataphoresis (two plants)® 66 (12) 0.8 <0.1-6.2
Varnishing metallic containers (three plants) 168 (79) 0.2 <0.1-2.4
Painting new vehicles (one plant) 39 (20) <0.1 <0.1-0.5
Can coating (three plants) 261 (143) 0.1 <0.1-1.0
Painting of metal frame (two plants) 50 (23) <0.1 <0.1-0.3
Painting of buildings (11 plants) 63 (63) <0.1 <0.1-0.2
Printed circuit boards varnishing (two plants) 57 (13) <0.2 <0.1-2.8
Can coating Haufroid et al. (1997)

External decoration 20 0.7 0.4-13

Inner protection 11 0.5 0.2-0.7

NA, not applicable; ND, not detected [limit of detection not reported]; NR, not reported

* Unless stated otherwise

® Type of sampling not stated

¢ 2-Butoxyethanol found in two samples

4 Electro-deposition of water-based anticorrosive agent
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Table 8. Personal exposures to 2-butoxyethanol during printing

Activity No. of samples Mean  Range Content of 2-butoxyethanol ~ Reference
(no. of workers)  (ppm)  (ppm) (%); comments
Printing press operators 3 <0.2 <0.04-0.49 2% in cleaning printing press Lewis & Thoburn (1981);
rollers ATSDR (1998)
Label printing/plate makers and 7 [2] 1-2 Apol (1981)
pressmen
Silkscreen printing and cleaning 6 34 1.1-5.2 Boiano (1983)
Silkscreen printing Baker et al. (1985)
Silk screeners 16 6.8
Spray printer 5 2.6
Controls 6 0.3
Silkscreen printing 3 4 3-5 Apol (1986)
Printing (various) 25% 0.8 0.3-3.6 Veulemans et al. (1987)
Printing press operators 1 NA 8 Lee (1988)
Silkscreen clean-up and maintenance 5 5.2 1.7-9.8 10-50% in hydrocarbon- Salisbury et al. (1987)
based cleaning solvent
Printing press operators 2 <033 ND-0.53 2% in cleaning printing press Kaiser & McManus (1990);
rollers ATSDR (1998)
General printing 9 0.64 0.4-0.8 Sakai et al. (1993)
Tampography (three workshops) 84 (29) 0.2 <0.1-0.7 Vincent et al. (1996)
Silkscreen (six workshops) 295 (110) 0.2 <0.1-1.6
Screen printing Auffarth et al. (1998)
Semi automatic 5 0.5 0.3-0.9
75% automatic 14 0.6 0.3-1.0
Fully automatic 3 0.5 0.3-0.9
Screen cleaning 5 0.6 0.2-0.7

NA, not applicable; ND, not detected
* Type of sampling not stated
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Table 9. Biological monitoring during the use of paints, inks and varnishes

Activity No. of samples Arithmetic mean urinary excretion
(mg/g creatinine) of butoxyacetic
acid (range)

Pre-shift Post-shift Pre-shift Post-shift

Cataphoresis 51 51 6.3 (<2-88.3) 17.9 (<2-210)

Painting new vehicles 40 40 ND ND

Automobile repainting 8 8 ND ND

Aircraft repainting 28 28 ND ND

Silk-screen painting 116 154 ND ND

Tampography 48 48 <2*(<2-4.1) 2.2 (<2-17.1)

Offset printing 9 11 3.2(<2-11.0) 2.2(<2-3.8)

Can coating 85 213 <2%(<2-13.6) 23(<2-284)

Varnishing metallic containers 79 79 3.0 (<2-38.2) 5.0 (<2-33.9)

for foods

Manufacture of paints 112 300 2.2(<2-5.2) 3.9 (<2-59.6)

Painting metal frames 47 46 4.3 (<2-30.7) 9.4 (<2-63.0)

Painting buildings 63 63 <2(<2-9.1) <2(<2-13.2)

Manufacture of printed circuit 56 56 <2(<2-15.7) 4.6 (<2-30.4)

boards

Staining and varnishing 50 50 ND 2.9 (<2-31.2)

furniture

Painting plastic materials 19 19 ND ND

From Vincent et al. (1996)
ND, not detected (< 2 mg/L)

 The arithmetic mean was < 2 when calculated by replacing data below the limit of detection by

half of the limit of detection.

Table 10. Personal exposures (60—480 min) to 2-butoxyethanol during
painting and coating activities in 1987-98

Type of work No. of Mean  Median  Range
positive  (ppm)  (ppm)  (ppm)
samples

Pneumatic coating with paint or varnish 58 0.47 0.2 0.04-4.3

Varnishing (curtain) 19 0.14 0.1 0.02-0.6

Brush or roll coating with paint or varnish 21 0.18 0.1 0.04-0.6

Electrodeposition 3 0.21 NR 0-0.6

From Vincent (1999)

NR, not reported
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Table 11. Personal exposures (60—480 min) to 2-butoxyethanol
during printing activities in 1987-98

Activity No.of Mean  Range Median
results  (ppm)  (ppm) (ppm)

Manual or automated screen printing 92 1.1 0.02-6.6 04
Screen cleaning 9 0.4 0.04-1.6 NR
Offset printing 13 0.3 0.02-1.2 0.04
General cleaning with solvents 2 2.6 1.2-3.9 NR
Flexography 20 0.08 0.04-0.1 0.1
‘Rotogravure’ 7 0.04 0.02-0.1 NR
From Vincent (1999)

NR, not reported

Twelve workers in a varnish production facility in Germany were found to be exposed
to an average concentration of 1.1 ppm 2-butoxyethanol, and individual TWA exposures
ranged from < 0.1 to 8.1 ppm. Biological monitoring of 2-butoxyethanol in the blood and
butoxyacetic acid in the urine showed average post-shift concentrations of 121.3 pg/L and
10.5 mg/L, respectively. A markedly lower pre-shift concentration of butoxyacetic acid in
the urine (3.3 mg/L) was reported. Most of the exposure was attributed to dermal absorp-
tion (Angerer et al., 1990).

In another study in Germany, the occupational exposure to glycol ethers of 12 workers
in the varnish production industry was evaluated. Urine samples of the workers were
collected on the morning of the first day (pre-shift) and at the end of the second day (post-
shift). Mean concentrations of 2-butoxyethanol from personal air samples were 0.5 ppm
(range, < 0.1-1.4 ppm) on the first day and 0.6 ppm (range, < 0.1-1.0 ppm) on the second
day. The mean urinary concentration of butoxyacetic acid was 0.2 mg/L (range, <0.02—
1.3 mg/L) on Monday pre-shift and 16.4 mg/L (range, 0.8—60.6 mg/L) on Tuesday post-shift
(Sohnlein et al., 1993).

(d) Cleaning

Exposure during cleaning is extremely variable, due to differences in the frequency
and duration of use of cleaning products, the strength of the solutions used, the method of
application of the products and the precautions taken during their use. Monitoring data
reported for cleaning activities are summarized in Table 12.

A study was conducted in France to evaluate the occupational exposure to 2-butoxy-
ethanol of 16 office cleaners and 13 automobile cleaners who used window-cleaning agents
(Vincent et al., 1993). Table 13 shows the atmospheric concentrations of 2-butoxyethanol
and the urinary concentrations of butoxyacetic acid in pre-shift and end-shift samples by
occupation. Average urinary concentrations of butoxyacetic acid correlated well with work
practices, i.e. with duration of use and daily quantity of window-cleaning agent used.



Table 12. Personal exposures to 2-butoxyethanol during cleaning activities

Activity No. of samples Mean Range % 2-Butoxyethanol; comments Reference
(no. of workers) (ppm) (ppm)
Window cleaning in hospitals 4) <0.2 <0.2 Cleaner applied in spray Apol & Cone (1983)
Cleaning in food plant 1) 1.6 0.3%; mechanical floor scrubbing, Apol & Johnson (1979)
95-min sampling
School cleaning “* <0.7 0.25%; cleaner applied in liquid and ~ Rhyder (1992), cited in
<0.2 spray form NICNAS (1996)
Window cleaning Vincent et al. (1993)
Cleaning cars
Garage A 10 (2) [0.5] <0.1-1.2 14.4%; 0.8—5-h exposure
Garage B 10 (6) [0.83] <0.1-2.8 21.2%; 0.3—4-h exposure
Garage C 6(3) <0.1 NR 5.7%; 0.7-2-h exposure
Garage D 4(2) 4.9 2.9-7.3 21.2%; 5.3-h exposure
Office cleaners®
Group A 32 (8) 0.32 <0.3-0.73  9.8%; 15-min exposure
Group B 8(2) <0.3 NR 0.9%; 15-min exposure

Adapted from NICNAS (1996)
NR, not reported

* Area monitoring

® Half-day shift air samples

we
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Table 13. Results of air and biological sampling for 2-butoxyethanol during cleaning activities

Job category Air concentration of 2-butoxyethanol Urinary concentration of butoxyacetic acid (mg/g creatinine)

(ppm)

Pre-shift End of shift

No. of AM Range No. of AM Range No. of AM Range

samples samples samples
Cleaner of new cars 15 2.33 <0.10-7.33 14 17.9 <2-98.6 12 111.3 12.7-371.0
Cleaner of used cars 15 0.36 <0.10-1.52 12 4.8 <2-33 11 63 <2244
Office cleaner 32 0.32 <0.30-0.73 32 2.1 <2-4.6 32 2.1 233

From Vincent ef al. (1993)
AM, arithmetic mean

TONVHIFAXOLNI-C
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Among workers with the highest exposures, the average TWA concentration of 2-butoxy-
ethanol was 2.33 ppm and the maximum urinary concentration of butoxyacetic acid reached
371 mg/g creatinine. Butoxyacetic acid was detected in only three of the 32 post-shift urine
samples of the office cleaners. Pre-shift concentrations were generally < 10 mg/g creatinine;
however, an isolated reading of 99 mg/g and a few readings of approximately 30 mg/g were
obtained for car cleaners (Vincent ef al., 1993).

(e)  Offices

2-Butoxyethanol was measured in indoor air samples at 70 office buildings across the
USA in 1991. 2-Butoxyethanol was detected in 24% of the samples from 50 telecommuni-
cations offices at concentrations up to 33 pg/m? [6.7 ppb] (geometric mean [GM],
0.1 pg/m3 [0.02 ppb]), in 44% of the samples from nine data centres at concentrations up
to 16 ug/m? (GM, 0.2 pg/m?3 [0.04 ppb]) and in 73% of the samples from 11 administrative
offices at concentrations up to 32 pug/m? [6.6 ppb] (GM, 1.0 pg/m3 [0.2 ppb]). In contrast,
70 samples of outdoor air collected in the immediate vicinities of these office buildings
were below the limit of detection of 0.05 pg/m?® [0.01 ppb] (Shields et al., 1996).

Indoor air was sampled in 1990 in 12 office buildings in the San Francisco Bay area
(USA). Concentrations of 2-butoxyethanol ranged from below the limit of detection
(1.9 ug/m? [0.39 ppb]) to 130 ug/m? [26.6 ppb]. The GM concentration was 7.7 ug/m?
[1.6 ppb] in indoor air compared with < 1.9 ug/m? [0.39 ppb] in the air outside these
buildings (Daisey et al., 1994).

(f) Miscellaneous data

From 1987 to 1998, the French COLCHIC database collected the results of 10 593 sam-
plings of glycol ethers from 620 facilities. 2-Butoxyethanol was detected in 1195 samples;
the arithmetic mean (AM) concentration of the 60—480-min personal samplings (347
results) was 0.64 ppm (median, 0.10 ppm; range, 0.02-22.6 ppm) (Vincent, 1999). It should
be noted that, globally, personal exposure concentrations have significantly decreased from
1987-92 (147 samples; AM, 1.1 ppm; median, 0.6 ppm; range, 0.02—11.0 ppm) to 1993-98
(178 samples; AM, 0.3 ppm; median, 0.1 ppm; range, 0.02-3.9 ppm) (Vincent & Jeandel,
1999).

Exposure to 2-butoxyethanol was monitored in a 1983 survey of 336 industries and
workshops in Belgium (Veulemans et al., 1987). 2-Butoxyethanol was found in 25 of 94
air samples from sites that used printing pastes, in 10 of 81 samples where painting was
carried out, in one of 20 samples from automobile repair shops and in 17 of 67 samples
from various other industries (production and distribution of chemicals, production and
sterilization of medical equipment and cleaning agents). The GM atmospheric concentra-
tions and ranges of 2-butoxyethanol at various sites were: printing shops, 0.8 ppm (range,
0.3-3.6 ppm); painting areas, 3.9 ppm (range, 0.7-19.2 ppm); automobile repair shops,
1.2 ppm (one sample); various other industries, 1.7 ppm (range, < 0.1-367 ppm) (the data
that relate to painting and printing activities are also presented in Tables 7 and 8§,
respectively).
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Exposure of 53 hairdressers who worked in 10 workshops was evaluated. The com-
position of 43 products was analysed; 2-butoxyethanol was detected in eight products at
concentrations of 0.5-5% by volume. No solvent was detected in the air samples (Vincent
etal., 1996).

Six personal exposure measurements made during the removal of mastic that contained
asbestos showed 2-butoxyethanol concentrations in the range of 8-107 mg/m? [2-22 ppm]
with a mean of 56.5 mg/m? [12 ppm] (Kelly, 1993).

Exposure levels of workers who used soluble cutting oils that contained 2-butoxy-
ethanol were relatively low; the range of butoxyacetic acid concentrations in post-shift
urine samples was in the order of < 2—8.3 mg/g creatinine (Vincent et al., 1996).

133 Environmental occurrence
(a) Air

According to data reported under the CEPA Section 16 survey, 319 tonnes of
2-butoxyethanol were released into the air in Canada in 1996, while 63 tonnes were
released as waste, 6.5 tonnes were released into landfills and 2 tonnes were released into
water (Environment Canada, 1997, cited in Environment Canada/Health Canada, 2002).

Reported levels of 2-butoxyethanol in three samples of ambient air taken from a
remote site in Nepal ranged from 0.1 to 1.6 pg/m’3; in forested areas in Germany (one
sample) and Italy (one sample), concentrations were 1.3 pg/m? and 0.4 pg/m3, respectively
(Ciccioli et al., 1993). In a later study (Ciccioli et al., 1996), levels of 2-butoxyethanol in
samples from six sites near the Italian base on Terra Nova Bay, Antartica, ranged from 1.3
to 14.9 ug/m3. [The source of these unexpectedly high levels is unknown.]

The US Environmental Protection Agency’s national volatile organic compounds
database, which includes data on indoor air in non-industrial offices (residential and com-
mercial), showed an average level of 0.214 ppb (median, 0.075 ppb) in 14 samples that
contained 2-butoxyethanol (Shah & Singh, 1988).

Concentrations of 2-butoxyethanol were measured in the indoor air of flats in France
(CSHPF, 2002; Gourdeau et al., 2002; Kirchner, 2002; European Union, 2004). Prelimi-
nary results indicate that the 90th percentiles were 3 pg/m? in the bedroom of a flat that
had a maximum value of 14 pg/m?, and 3.5 pg/m? in the kitchen of a flat that had a maxi-
mum value of 23 pg/m3. Releases from building materials were also evaluated. Simu-
lations were made by installing new carpets or new floor coverings or by applying paints
to the walls of reference rooms. After 24 h, the concentrations of 2-butoxyethanol in air
ranged from below the limit of detection to 3.8 pg/m? (mean, 1.7 ug/m?; standard deviation
[SD], 1.5 ng/m?) when release from carpets was tested. After 28 days, they ranged from
undetectable to 23.3 ug/m? (mean, 6.1 pg/m3; SD, 9.0 ug/m?). With other categories of
floor coverings, concentrations ranged from undetectable to 5.6 pg/m?® (mean, 2.5 pg/m?;
SD, 2.7 ug/m?) after 24 h and from undetectable to 59.6 ug/m?® (mean, 27.5 pg/m?; SD,
30.9 pg/m’®) after 28 days. Release by paint applied to the wall was at undetectable values
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after 24 h and reached 24 and 298 ng/m?, respectively, for the two paints tested 28 days
after application.

(b)  Drinking-water, groundwater and surface water

2-Butoxyethanol was listed as a contaminant in drinking-water samples analysed
between September 1974 and January 1980 in a survey of cities in the USA (Lucas, 1984,
cited in ATSDR, 1998).

2-Butoxyethanol was detected in 68% of 50 drinking-water samples (limit of detec-
tion, 0.02 pg/L) collected from Ontario, Nova Scotia and Alberta, Canada, in 1997. Con-
centrations ranged from below the limit of detection to 0.94 png/L, with a mean concentra-
tion of 0.21 pg/L. The authors mentioned that, due to limitations of the analytical methods
involved, confidence in the results of this study is low (Environment Canada/Health
Canada, 2002).

Leachate from municipal landfills and hazardous waste sites can release 2-butoxy-
ethanol into groundwater (Brown & Donnelly, 1988). Concentrations of 2-butoxyethanol
in aqueous samples from a municipal and an industrial landfill in the USA ranged from
< 0.4 to 84 mg/L (Beihoffer & Ferguson, 1994). 2-Butoxyethanol was detected at a con-
centration of 23 pg/L in one of seven groundwater samples collected near the Valley of
Drums, KY, USA, in February 1974 (Stonebreaker & Smith, 1980, cited in ATSDR,
1998).

Water samples taken from a polluted river in Japan (Hayashida River, where effluent
enters the river from the leather industry) in 1980 contained 2-butoxyethanol at a concen-
tration of 1310-5680 pg/L (Yasuhara et al., 1981).

Environment Canada/Health Canada (2002) have estimated that the average daily
intake of 2-butoxyethanol from air and drinking-water for the general Canadian popu-
lation ranges from 5 to 15 pg/kg bw for various age groups, and that the major contributor
is indoor air.

(¢)  Occurrence in consumer products

Typical percentage concentrations (ranges) of 2-butoxyethanol in various consumer
products are summarized in Table 14.

Emissions of 2-butoxyethanol from 13 consumer products purchased in the Ottawa,
Ontario, area were recently investigated by Health Canada (Cao, 1999; Zhu et al., 2001).
Products were selected on the basis of their likelihood to contain 2-butoxyethanol.
2-Butoxyethanol was detected in emissions from seven products, including cleaners, nail
polish remover and hair colourant, at rates of up to 876 mg/m?h. Analyses of the products
indicated that the cleaners contained 0.5-3.7% 2-butoxyethanol, while the nail polish
remover and hair colourant contained 3.8% and 25%, respectively (Environment Canada/
Health Canada, 2002).

In the Swedish product register (KEMI, 2002, cited in European Union, 2004), 882
products that contain 2-butoxyethanol have been identified, of which 58% are paints or
inks, 16% are cleaning agents, 8% are antirust agents and 8% are polishing agents.
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Table 14. Typical levels of 2-butoxyethanol in
consumer products (%)

Paints and coatings 2-25
Surface cleaners 0.1-71
Polishes 5-10
Floor strippers <1-30.5
Glass and window cleaners <1-40
Degreasers 5-15
Carpet cleaners <1-30
Laundry detergent <1.5-30
Rust removers <10-60
Oven cleaners <1-30
Ink and resin removers 1-93
Other (including solvents, pesticides and 0.1-94

personal care products)

From NICNAS (1996); Boatman & Knaak (2001); ToxEco-
logy Environmental Consulting Ltd (2003)

In the Danish product register (Arbejdstilsynet, 2001), 1204 products that contain
2-butoxyethanol have been identified, of which 76 were private household products. The
most common products were paints and varnishes (37%), cleaning/washing agents (20%),
surface treatments (8%), corrosion inhibitors (6%), surface active agents (3%), adhesives/
binding agents (3%) and solvents (2%).

Data extracted from the French product register SEPIA (INRS, 2003, cited in Euro-
pean Union, 2004) showed that 368 of the 10 345 products registered between 1997 and
2003 contained 2-butoxyethanol. The main use categories were paints, varnishes and inks
(39%), cleaning agents (37%) and products for metallurgical and mechanical sectors, e.g.
grease cleaners (14%).

Twenty-seven water-based paints and formulations used in the French automotive
industry have been analysed (Jargot et al., 1999). 2-Butoxyethanol was found in 18 samples
at concentrations ranging from traces to 40%; in thinners, the concentration ranged from 0
to 24.7%.

Concentrations of 2-butoxyethanol in window-cleaning preparations used by car and
office cleaners ranged from 0.9 to 21.2% by volume (Vincent et al., 1993).

(d) Miscellaneous

Potential exposure has been linked to the stoppers of bottles used for perfusion in
medicine that are made with natural or artificial rubber. Chemicals used in rubber formu-
lations can leach from rubber stoppers during sterilization and enter the bloodstream of
patients when the perfusion is administered. Results indicated a release of 70 and 65 pg/
150 mL 2-butoxyethanol from two dextrose solutions and a release of 13 pg/500 mL
2-butoxyethanol from a sodium bicarbonate solution (Danielson, 1992).
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14 Regulations and guidelines

Occupational exposure limits and guidelines for 2-butoxyethanol in workplace air are
presented in Table 15.

Germany recommends a biological tolerance value for occupational exposure to
2-butoxyethanol of 100 mg/L butoxyacetic acid in urine, and recommends that butoxy-
acetic acid in urine collected for long-term exposures after several shifts be monitored as
an indicator of exposure to 2-butoxyethanol (Deutsche Forschungsgemeinschaft, 2003).

The Health and Safety Executive (2002) in the United Kingdom recommends a
biological monitoring guidance value for occupational exposure to 2-butoxyethanol of
240 mmol butoxyacetic acid/mol creatinine in urine [roughly equivalent to 200 mg/L
butoxyacetic acid] measured after a shift.

In the European Union, 2-butoxyethanol is environmentally regulated as part of the
Volatile Compounds Directive (European Union, 1999).

2. Studies of Cancer in Humans

In a case—control study at eight haematology departments in France, Hours et al. (1996)
identified all locally resident patients aged 25—75 years who had acute myeloid leukaemia
or myelodysplasia with an excess of blastoids that was newly diagnosed during January
1991-April 1993. The controls were patients from the same hospitals, matched for age
(% 3 years), department of residence and nationality (French or other), who had never been
hospitalized for cancer or an occupational disease. All subjects were interviewed in hospital
by a trained investigator and were asked about their occupational history, including details
of tasks and products handled. An occupational hygieniest who was blinded to the case/
control status reviewed the information and classified the subject for exposure to each of
four categories of glycol ethers, as well as to various potentially confounding substances.
Analysis was by conditional logistic regression, and was based on 198 case—control pairs.
After adjustment for level of education, exposure to the group of glycol ethers that included
2-butoxyethanol was associated with an odds ratio of 0.64 (95% confidence interval [CI],
0.31-1.29), based on 20 exposed cases and 27 exposed controls. [ The Working Group noted
that the exposure category analysed included propyl and butyl glycol ethers. Furthermore,
the high prevalence of exposure among controls (27/191) suggests that the index of expo-
sure used was relatively non-specific.]
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Table 15. Occupational exposure limits and guidelines for
2-butoxyethanol

Country or region Concentration (ppm) Interpretation  Carcinogen
[mg/m3 ] classification
Australia 25 TWA Sk*
Austria 20 [100] TWA
40 [200] STEL
Belgium 20 TWA Sk
50 STEL
Canada
(Alberta) 20 TWA Sk
75 STEL Sk
(British Columbia) 25 TWA Sk
(Ontario) 20 TWA Sk
(Quebec) 25 TWA Sk
Brazil 39 TWA
Czech Republic [100] TWA Sk
[200] STEL
Denmark 20 TWA Sk
European Commission 20 TWA Sk
50 STEL
Finland 20 [98] TWA Sk
50[250] STEL
France 2[9.8] TWA Sk
30 [147.6] STEL
Germany (MAK) 20 [98] TWA Sk
80 Ceiling
Hong Kong 25 TWA Sk
Ireland 20 TWA Sk
50 STEL
Italy 20[97] TWA
Malaysia 20 TWA Sk
Mexico 26 TWA Sk
75 STEL
Netherlands 20 TWA Sk
40 STEL
New Zealand 25 TWA Sk
Norway 10 TWA Sk
Poland [98] TWA Sk
[200] STEL
South Africa 25 TWA Sk
Spain 20 TWA Sk
50 STEL
Sweden 10 TWA Sk
20 STEL
Switzerland 20 [100] TWA Sk

80 [400] STEL
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Table 15 (contd)

Country or region Concentration (ppm)  Interpretation  Carcinogen
[mg/m3] classification
United Kingdom (OES) 25 TWA Sk
50 STEL Sk
USA
ACGIH (TLV) 20 TWA A3®
NIOSH (REL) 5 TWA Sk
OSHA (PEL) 50 TWA Sk

From Arbejdstilsynet (2002); Health & Safety Executive (2002); Tydsuojelusaa-
doksid (2002); Deutsche Forschungsgemeinschaft (2003); Suva (2003); ACGIH
Worldwide (2004); European Union (2004); INRS (2005)

MAC/MAK, maximum allowable concentration; OES, occupational exposure
standard; PEL, permissible exposure limit; REL, recommended exposure limit;
STEL, short-term exposure limit; TLV, threshold limit value; TWA, full-shift
time-weighted average

# Sk, skin notation

® A3, confirmed animal carcinogen with unknown relevance to humans

3. Studies of Cancer in Experimental Animals

3.1 Inhalation

3.1.1 Mouse

Groups of 50 male and 50 female B6C3 F, mice, 7-8 weeks of age, were exposed to
2-butoxyethanol (> 99% pure) vapour by whole-body exposure at concentrations of 0,
62.5, 125 or 250 ppm [0, 302, 604 or 1208 mg/m?] for 6 h per day on 5 days per week for
104 weeks. Complete necropsies were performed on all mice, at which time all organs and
tissues were examined for macroscopic lesions and all major tissues were examined
microscopically. Survival of male mice exposed to 125 or 250 ppm was significantly lower
(by pair-wise comparison) than that of the control group (39/50 controls, 39/50 low-dose,
27/50 mid-dose (p = 0.021) and 26/50 high-dose (p = 0.015)). In females, survival was not
affected (29/50 controls, 31/50 low-dose, 33/50 mid-dose and 36/50 high-dose). The body
weights in control and treated animals were comparable except in high-dose female mice
in which a 17% decrease in body weight was observed. In males, the incidences of haeman-
giosarcoma of the liver were: 0/50 (control), 1/50 (low-dose), 2/49 (mid-dose) and 4/49
(high-dose). The incidence in high-dose males (250 ppm) was significantly increased
(p =0.046, Poly-3 test) relative to controls and the trend test was positive (p = 0.014,
Poly-3 test); this incidence exceeded the range in the historical control values (0-4%). Two
of the four mice treated with 250 ppm that had liver haemangiosarcomas also had
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haemangiosarcomas in either the bone marrow and heart or bone marrow and spleen; it
was not possible to determine whether these were primary or metastatic tumours. One liver
haemangiosarcoma developed in a low-dose female mouse. In female mice, dose-related
increases in the incidence of forestomach squamous-cell papilloma were observed
(0/50 control, 1/50 low-dose, 2/50 mid-dose and 5/50 high-dose). There was a single fore-
stomach squamous-cell carcinoma in the high-dose group only. The combined incidence of
forestomach squamous-cell papillomas and carcinoma was significantly increased
(p =0.034, Poly-3 test) in the high-dose group (250 ppm) and the trend was positive
(p = 0.002; Poly-3 test); the incidence exceeded the range (0-3%) in historical controls. In
males, the incidences of forestomach squamous-cell papillomas were 1/50 control, 1/50
low-dose, 2/49 mid-dose and 2/49 high-dose animals. One squamous-cell carcinoma deve-
loped in the mid-dose group. The incidence in treated males was not significantly different
from that in controls. Accompanying these neoplasms in females and, to a lesser extent, in
males were exposure-related increases in the incidences of ulcer and epithelial hyperplasia
of the forestomach. In addition, there was a possible exposure-related increase in the inci-
dence of hepatocellular carcinoma in high-dose males (control, 10/50; low-dose, 11/50;
mid-dose, 16/49; and high-dose, 21/49; p <0.01, Poly-3 test) (National Toxicology
Program, 2000).

3.1.2 Rat

Groups of 50 male and 50 female Fischer 344/N rats, 7-8 weeks of age, were exposed
to 2-butoxyethanol (> 99% pure) vapour by whole-body exposure at concentrations of 0,
31.2, 62.5 or 125 ppm [0, 151, 302 or 604 mg/m?] for 6 h per day on 5 days per week for
104 weeks. Complete necropsies were performed on all rats, at which time all organs and
tissues were examined for macroscopic lesions and all major tissues were examined micros-
copically. No exposure-related adverse effects on survival were observed. The survival rates
in males were 19/50 (control), 11/50 (low-dose), 21/50 (mid-dose) and 24/50 (high-dose),
and those in females were 29/50 (control), 27/50 (low-dose), 23/50 (mid-dose) and 21/50
(high-dose). No exposure-related increases in the incidence of tumours was found in males.
In females, the incidences of benign pheochromocytomas in the adrenal medulla were 3/50
(control), 4/50 (low-dose), 1/49 (mid-dose) and 7/49 (high-dose). In addition, one malignant
pheochromocytoma developed in the high-dose (125-ppm) group. The combined incidence
of benign and malignant tumours in females had a positive trend (p = 0.044, Poly-3 test);
however, the incidence in females exposed to 125-ppm was not significantly increased
relative to that in concurrent controls, but slightly exceeded the range for historical controls
(2-13%) from 2-year inhalation studies. Overall, the slight increase in incidences of pheo-
chromocytomas was considered to be an equivocal finding and could not be attributed with
certainty to exposure to 2-butoxyethanol (National Toxicology Program, 2000).
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4. Other Data Relevant to an Evaluation of Carcinogenicity
and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Toxicokinetics

(@)  Humans

2-Butoxyethanol is well absorbed by ingestion, inhalation and through the skin.

Several cases of ingestion of 2-butoxyethanol from suicide attempts have been reported
(see Table 16). Rambourg-Schepens ef al. (1988) described a case report of a suicide attempt
by ingestion of 250-500 mL of a window cleaner that contained 12% 2-butoxyethanol. The
subject survived but had moderate haemoglobinuria on the 3rd day and peak urinary levels
of butoxyacetic acid of approximately 40 g/g creatinine [estimated from a graph]. In another
report that involved the ingestion of 8 0z (8 x 28.4 cm? = 227.2 mL) of a cleaner that con-
tained 10-30% 2-butoxyethanol and 10—40% isopropanol, the peak blood concentration of
butoxyacetic acid was 900 ug/L (6.8 uM) and declined with a half-life of 12.7 h in samples
collected 100 min after ingestion and at different times over 3 days (McKinney et a/., 2000).
[This is longer than other reported half-lives and may be due to simultaneous treatment of
the patient with ethanol to inhibit metabolism.] The subject survived with no reported
haemolysis. A third case also involved ingestion of 360480 mL of a window cleaner that
contained 22% 2-butoxyethanol. The highest measured blood concentration of butoxyacetic
acid was 4.86 mM in samples collected approximately 16 h after ingestion and at different
times over 3 days (Gualtieri et al., 2003).

The blood-to-air partition coefficient of 2-butoxyethanol was reported to be 7965
(Johanson & Dynésius, 1988) and, as a consequence, it is well absorbed by inhalation.
Kumagai et al. (1999) measured the concentration of 2-butoxyethanol in inspired and
expired air of four volunteers exposed to 25 ppm [120.5 mg/m?] for 10 min at rest and found
that 80% of the 2-butoxyethanol was absorbed. Johanson et al. (1986a) exposed seven male
volunteers by inhalation to 20 ppm [96.4 mg/m3; 0.85 mmol/m?] 2-butoxyethanol for 2 h
during physical exercise. Respiratory uptake averaged 10.1 pmol/min or 57% of the amount
inspired. The concentration of 2-butoxyethanol in blood reached a plateau of 7.4 pmol/L
after 1-2 h and the apparent elimination half-life was 40 min. Jones and Cocker (2003)
reported a similar apparent elimination half-life of 2-butoxyethanol from blood of 56 min
(range, 41-84 min) after exposure of four volunteers to 50 ppm [241 mg/m3] 2-butoxy-
ethanol for 2 h at rest. Peak levels of the metabolite butoxyacetic acid were seen in blood
20 min after the 2-h exposure with a mean concentration of 35 uM (range, 2843 uM) that
declined with a half-life of 13 min (range, 2—42 min). Johanson et al. (1986a) reported that
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Table 16. Toxic effects of 2-butoxyethanol after its ingestion by humans

Reference Subject Glass cleaner (% of Syndrome
2-butoxyethanol)
Rambourg- 50-year-old 250-500 mL (12%, Deep coma, poor ventilation,
Schepens et al. woman ~30-60 g) metabolic acidosis, hypokalaemia,
(1988) haemoglobinuria, oxoluria
Gijsenbergh 23-year-old ~500 mL; estimated Coma, hypotension, metabolic
et al. (1989) woman absorbed samples, acidosis, anaemia, haematuria
200-250 mL (12.7%,
~25-30 g)
Litovitz et al. 87-year-old Unknown amount Coma, hypotension, metabolic
(1991) woman (6.5%) acidosis, hepatic and renal failure
Bauer et al. 53-year-old man 500 mL (9.1%, 45.5g)  Coma, metabolic acidosis, non-
(1992) cardiogenic pulmonary oedema
Nisse et al. 52-year-old 150 mL (9.1%, Poor ventilation, metabolic acidosis,
(1998) woman 13.65 ¢g) renal injury
Burkhart & 19-year-old man  568-852 mL (25-35%,  Neurotoxicity, lethargy, deep coma,

Donovan (1998)

McKinney et al.
(2000)

Osterhoudt
(2002)

Gualtieri et al.
(2003)

51-year-old
woman

16-month-old
girl

18-year-old man

113-255 g)

227 mL (10-30%,
~22.7-68 g)

Unknown quantity
(10-30%)

360-480 mL (22%,
~80-105.6 g)

hypotension, metabolic acidosis,
aspiration pneumonitis

Vomiting, lethargy, metabolic
acidosis, hypotension

Mental state depression, metabolic
acidosis

Central nervous system depression,
metabolic acidosis

total blood clearance of 2-butoxyethanol was 1.2 L/min and that the steady-state volume of
distribution was 54 L.

In-vivo studies have investigated the dermal absorption of 2-butoxyethanol liquid
(Johanson et al., 1988; Jakasa et al., 2004) and vapours (Johanson & Bowman, 1991;
Corely et al., 1997; Jones et al., 2003). Johanson et al. (1988) conducted experiments of
dermal exposure among five male volunteers; two or four of their fingers were exposed to
neat 2-butoxyethanol for 2 h. Capillary blood samples were collected from the other arm
and were analysed for 2-butoxyethanol. Urine was collected for 24 h and analysed for
butoxyacetic acid. The percutaneous uptake rates of 2-butoxyethanol ranged from 7 to
96 nmol/min/cm?. The authors estimated that, on average, 17% of the absorbed dose was
excreted as butoxyacetic acid within 24 h. However, their method for determining butoxy-
acetic acid did not include hydrolysis of the glutamine conjugate and may therefore under-
estimate the total amount of butoxyacetic acid excreted. The percutaneous uptake rate
ranged from 1 to 16 pmol/min when four fingers were exposed while the respiratory rate
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ranged from 8 to 14 (average, 10) pmol/min when the same volunteers were exposed to
20 ppm [96.4 mg/m?; 0.85 mmol/m?] butoxyethanol vapour during light work (Johanson
et al., 1986a).

In a more recent study, six male volunteers were exposed by dermal application twice
to 50%, once to 90% or once to undiluted (neat) 2-butoxyethanol for 4 h on a 40-cm? area
of skin. Inhalation exposure with a known input rate and duration was used as a reference
dose. Dermal absorption parameters were calculated from 24-h excretion of total (free plus
conjugated) butoxyacetic acid in urine and 2-butoxyethanol in blood, measured after both
inhalation and dermal exposures. These exposures correlated to pulmonary uptake and
dermal uptake. The dermal absorption of 2-butoxyethanol was higher from the aqueous
solutions than from neat 2-butoxyethanol. The dermal fluxes obtained from 24-h cumula-
tive excretion of butoxyacetic acid were 1.34 + 0.49, 0.92 + 0.6 and 0.26 + 0.17 mg/cm*h
for 50%, 90% and neat 2-butoxyethanol, respectively. The permeation rates into the blood
reached a plateau between 60 and 120 min after the start of exposure, which indicated the
achievement of steady-state permeation. The apparent permeability coefficient was
1.75£0.53 x 103 and 0.88 + 0.42 x 10~ cm/h for 50% and 90% 2-butoxyethanol, respec-
tively. These results show that percutaneous absorption of 2-butoxyethanol increases
markedly in aqueous solutions and that a water content as low as 10% can increase per-
meation rates fourfold. The uptake after dermal exposure to aqueous solutions substantially
exceeds pulmonary uptake (Jakasa et al., 2004).

In-vitro studies with human epidermal membranes in glass diffusion cells with water as
a receptor fluid show steady-state absorption rates of 0.198 (+ 0.7) mg/cm?h for neat
2-butoxyethanol applied as an infinite dose. The permeability constant was 2.14 x 10* cm/h
and the lag time was less than 1 h (Dugard et al., 1984). Lower rates of absorption were seen
with full thickness human skin and a tissue culture medium that contained 2% bovine serum
albumin (used as receptor fluid), in which the steady-state flux was 544 + 64 nmol/cm?h
(0.046 mg/cm?h) (Wilkinson & Williams, 2002).

2-Butoxyethanol vapour is also well absorbed through the skin and can contribute signi-
ficantly to the systemic dose. Corley ef al. (1997) exposed one arm of each of six volunteers
to 50 ppm [24.1 mg/m?] 2-butoxyethanol vapour for 2 h. Blood was collected from both the
exposed and unexposed arms and was analysed for 2-butoxyethanol and butoxyacetic acid.
Urine was collected and analysed for butoxyacetic acid and its conjugates, ethylene glycol
and glycolic acid. The concentration of 2-butoxyethanol was 1500 times greater in finger-
prick blood from the exposed arm than that in venous blood from the unexposed arm. This
confirmed that the previous estimates of 75% dermal absorption of 2-butoxyethanol calcu-
lated by Johanson and Bowman (1991) were probably overestimates due to contamination
of the blood sample with 2-butoxyethanol during collection. Estimates of dermal absorption
based on butoxyacetic acid and a physiologically based pharmacokinetic model showed that
dermal absorption of 2-butoxyethanol probably contributed 15-27% of the total systemic
dose. After dermal exposure of one arm to 50 ppm for 2 h, the peak 2-butoxyethanol con-
centration was 0.07 uM [8.26 pg/L] and occurred at the end of exposure. The half-life for
2-butoxyethanol in blood was 0.66 h. The peak blood concentration of butoxyacetic acid
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was 0.59 uM [70 pg/L] and occurred 3.7 h after the end of exposure. The half-life of
butoxyacetic acid in blood was 3.3 h.

The significance of dermal absorption of 2-butoxyethanol vapour was confirmed by
Jones et al. (2003) who exposed four volunteers on nine occasions by either ‘whole body’
(inhalation and dermal absorption) or ‘skin only’ (breathing clean air) exposure to 50 ppm
2-butoxyethanol for 2 h at different temperatures and humidities. At 25 °C and 40% rela-
tive humidity, dermal absorption of vapour accounted for an average of 11% of the total
absorbed dose. Dermal absorption increased slightly with increased temperature or humi-
dity; when both were combined (30 °C and 60% relative humidity), dermal absorption
contributed 39% of the ‘total’ absorbed dose.

In humans, the elimination of 2-butoxyethanol is mostly by excretion of butoxyacetic
acid in the urine. Johanson et al. (1986a) showed that less than 0.03% of the dose was
excreted as unchanged 2-butoxyethanol in urine and that butoxyacetic acid (without hydro-
lysis) accounted for 15-55% of the dose. This value probably underestimates the
percentage of 2-butoxyethanol that is excreted as butoxyacetic acid since this metabolite is
also excreted as a glutamine conjugate. Sakai e al. (1994) showed that the percentage of
conjugation of butoxyacetic acid in the urine of workers exposed to 2-butoxyethanol varied
from 44 to 92% with a mean value of 71%, a value supported by Corely ef al. (1997) who
estimated butoxyacetic acid—glutamine conjugation to be around 67% and found no
ethylene glycol or glycolic acid in the urine. Jones and Cocker (2003) showed that conju-
gation of butoxyacetic acid was variable both between and within workers and, based on
urine samples from 48 workers, that the average level of conjugation was 57% (95% CI,
44-70%).

Studies of volunteers showed that peak urinary excretion of butoxyacetic acid occurs
3-6 h after the end of a 2-h exposure to 2-butoxyethanol by inhalation and then declines
with a half-life of approximately 6 h (Johanson et al., 1986a; Jones & Cocker, 2003).

The low renal clearance of butoxyacetic acid (23-39 mL/min) indicates extensive
binding to protein and absence or low efficiency of tubular secretion of butoxyacetic acid.
The low apparent volume of distribution (15 L) is an additional indication of binding of
butoxyacetic acid to blood proteins (Johanson & Johnsson, 1991).

(b)  Animals
(1)  In-vivo studies

2-Butoxyethanol is well absorbed from the stomach in experimental animals.

Poet et al. (2003) administered 250 mg/kg bw 2-butoxyethanol by gavage and by intra-
peritoneal injection and 400 mg/kg bw by subcutaneous injection to B6C3F, mice and
found no significant differences at the end of exposure in blood concentrations of 2-butoxy-
ethanol or butoxyacetic acid between the routes of administration. 2-Butoxyethanol was
rapidly eliminated and was no longer detectable 1 h after treatment. The highest measured
concentrations of butoxyacetic acid in blood (approx. 1 mM) were found in the samples
obtained 0.5 h after administration.
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Medinsky et al. (1990) administered ['*C]2-butoxyethanol in the drinking-water (at
concentrations of 290, 860 or 2590 ppm equivalent to 237, 401 or 1190 pumol/kg bw,
respectively) for 24 h to Fischer 344N rats and showed that 50-60% of the dose was eli-
minated in the urine as butoxyacetic acid, 10% as ethylene glycol, 8-10% as carbon di-
oxide and less than 5% as unmetabolized 2-butoxyethanol.

Sabourin et al. (1992a) exposed Fischer 344 rats by inhalation for 6 h to ['“C]2-butoxy-
ethanol at concentrations up to 438 ppm [2111 mg/m?] (at which level 50% died). Uptake
and metabolism were linear up to 438 ppm and the major metabolite was butoxyacetic acid
with lesser amounts of ethylene glycol and its glucuronide. Over 80% of the ['“C]2-butoxy-
ethanol-derived material in blood was in the plasma and the data indicated that formation
of the haemolytic metabolite butoxyacetic acid was linearly related to the exposure concen-
tration up to levels that were toxic. Elimination of inhaled 2-butoxyethanol is rapid with
half-lives of < 10 min in Fischer 344 rats and < 5 min in B6C3F, mice after 1 day of expo-
sure (Dill et al., 1998).

Johanson (1994) exposed Sprague-Dawley rats by inhalation continuously for up to 12
days to 20 or 100 ppm [96.4 or 482 mg/m?] 2-butoxyethanol and showed that it was effi-
ciently metabolized with an average blood clearance of 2.6 L/h/kg. The major (64%) meta-
bolite was butoxyacetic acid and its renal clearance averaged 0.53 L/h/kg. The kinetics of
the elimination of 2-butoxyethanol and butoxyacetic acid were linear up to 100 ppm. The
average blood concentration of butoxyacetic acid during exposure to 20 and 100 ppm was
41 and 179 uM, respectively.

After topical application of 200 mg/kg bw ['*C]2-butoxyethanol to an area of 12 cm?
of the shaved backs of Wistar rats under non-occlusive conditions, 25-29% was absorbed
within 48 h. Peak blood levels of 2-butoxyethanol occurred 2 h after application and
butoxyacetic acid was the major metabolite. Haemolysis was noted in rats that received a
single dermal application of 260-500 mg/kg bw. In-vitro studies of percutaneous pene-
tration of 2-butoxyethanol showed that, in fresh dorsal skin of hairless rats under non-
occlusive conditions, 6% of the dose was absorbed within 1 h (2-butoxyethanol was
absorbed or evaporated after 1 h) and that a greater percentage (10%) was absorbed from
a 10% aqueous solution of 2-butoxyethanol (Bartnik et al., 1987).

The absorption of 2-butoxyethanol through the skin of anaesthetized guinea-pigs was
studied using one or two sealed glass rings (3.14 cm? each) that contained 1 mL diluted or
undiluted 2-butoxyethanol on the clipped back of the animals. During the latter half of a
2-h exposure to undiluted 2-butoxyethanol of an area of 6.28 cm? of skin, the concentration
of 2-butoxyethanol in blood appeared to level off with an average concentration of
21 umol/L (SD, 45%) and the absorption rate through the skin was estimated to be 0.25
(range, 0.05-0.46) pmol/min/cm? (SD, 49%) (Johanson & Fernstrom, 1986). In a later
experiment, the relative rates of absorption of aqueous solutions were investigated; 5, 10
and 20% 2-butoxyethanol had rates of absorption similar to undiluted 2-butoxyethanol but
40% and 80% solutions had double the rate. The permeability coefficient of guinea-pig
skin for undiluted 2-butoxyethanol was 0.4 x 103 cm/h and that for 5% aqueous 2-butoxy-
ethanol was 12 x 10 cm/h (Johanson & Fernstrom, 1988).



2-BUTOXYETHANOL 357

Three different amounts (520-2530 pmol/kg bw [30-61.4 mg/kg bw]) of ['4C]2-
butoxyethanol were applied to three circular areas, 2 cm in diameter, of the clipped backs
of Fischer 344N rats (non-occluded); within the dose range studied, absorption and meta-
bolism were linear with dose and 20-25% of the dose was absorbed. The majority (83%)
of the absorbed dose was excreted in the urine as butoxyacetic acid; only small amounts of
ethylene glycol were formed. Eighty per cent of ['*C]2-butoxyethanol was associated with
plasma and less than 20% was associated with red cells. Peak levels of ['“C]2-butoxy-
ethanol (223 nmol/mL ['*C]2-butoxyethanol equivalents) in plasma were reached at about
1 h after dermal administration of 1530 umol/kg bw [18.5 mg/kg bw] ['“C]2-butoxy-
ethanol, after which the concentration decreased with a half-life of about 4 h. The major
metabolite (53—-75% of [*C]2-butoxyethanol equivalents) in plasma was butoxyacetic acid
(Sabourin ef al., 1992b). Compared with other studies (Medinsky et al., 1990), the meta-
bolic profile was slightly different after dermal application compared with administration
in the drinking-water, which was speculated to be due to different rates of administration
and/or local tissue metabolism (Sabourin et al., 1992b).

Johanson and Fernstrom (1986) gave an intravenous bolus dose of 42 or 92 pmol/kg bw
(5 or 11 mg/kg bw) 2-butoxyethanol to pentobarbital-anaesthetized guinea-pigs. The appa-
rent total clearance and mean residence time of 2-butoxyethanol were 128 mL/min/kg bw
(£ 30%, SD) (which corresponds to 2.7 mL/min/g liver (£ 30%, SD)) and 4.7 min (= 30%,
SD), respectively.

Ghanayem et al. (1990) injected [*C]2-butoxyethanol intravenously into rats of diffe-
rent ages (controls aged 3—4 months and old rats aged 12—13 months). In addition, some
rats were also pretreated with pyrazole or cyanamide, which are inhibitors of alcohol dehy-
drogenase (ADH) or aldehyde dehydrogenase (ALDH), respectively, or probenecid, which
is an inhibitor of renal transport of organic acids. The area-under-the-curve (AUC), maxi-
mum blood concentration (C,,,,) and systemic clearance of 2-butoxyethanol were dose-
dependent. There was no effect of dose on half-life or volume of distribution of 2-butoxy-
ethanol. Age did not effect the half-life, volume of distribution or clearance of 2-butoxy-
ethanol but C,,, and the AUC of 2-butoxyethanol increased in older rats. Inhibition of
ADH and ALDH, the enzymes that metabolize 2-butoxyethanol, increased the half-life and
AUC of this substrate and decreased its clearance. For butoxyacetic acid, the half-life,
AUC and C,,, increased in older rats and with dose. Inhibition of ADH and ALDH
decreased the C,,,,, AUC and half-life of butoxyacetic acid. Treatments that protect against
2-butoxyethanol-induced haemolytic anaemia in rats were associated with a significant
decrease in the concentrations of butoxyacetic acid in blood. When renal transport of
organic acids was inhibited, no effect on the AUC, C,,, or clearance of 2-butoxyethanol
but an increase in the half-life and AUC of butoxyacetic acid were observed. The data
suggest that a decreased elimination of butoxyacetic acid in older rats may contribute to
their increased sensitivity to 2-butoxyethanol-induced haematotoxicity.

Bartnik et al. (1987) injected Wistar rats subcutaneously with 118 mg/kg [C]2-
butoxyethanol; 79% of the radioactivity was excreted in the urine, 10% in expired air (as
carbon dioxide) and 0.5% in the faeces within 72 h. Thymus and spleen had higher levels
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of radioactivity than liver, fat, kidney, testes, sternum, carcass and blood [other tissues not
examined].

In female B6C3F, mice, 2-Butoxyethanol and butoxyacetic acid were eliminated more
slowly from forestomach tissue than from the blood or other tissues. The half-lives of
2-butoxyethanol after an intraperitoneal dose of 261 mg/kg bw were 2.6 h and 0.6 h for the
forestomach and liver, respectively. The same dose of 2-butoxyethanol resulted in half-
lives of butoxyacetic acid of 4.6, 1.1 and 1.05 h for the forestomach, liver and blood, res-
pectively. The forestomach was the only tissue that had detectable levels of 2-butoxy-
ethanol at 24 h. 2-Butoxyethanol and butoxyacetic acid were excreted in the saliva and
were present in the stomach contents for a prolonged period following intraperitoneal and
oral administration (Poet et al., 2003).

Ghanayem ef al. (1987a) administered 125 or 500 mg/kg bw ['*C]2-butoxyethanol to
Fischer 344 rats by oral gavage and showed that 2-butoxyethanol was distributed at
highest concentrations (at 48 h) in the forestomach followed by liver, kidney, spleen and
glandular stomach. The tissue concentrations did not increase linearly from low to high
doses. The major route of elimination was the urine followed by exhalation of ['*C]carbon
dioxide. The proportion of the dose excreted as ['4C]carbon dioxide was significantly
higher in rats treated with 125 mg/kg bw compared with those given 500 mg/kg bw, which
may indicate saturation of metabolism. A small proportion of the dose was excreted in the
bile (8% of 500 mg/kg bw). The major urinary metabolite was butoxyacetic acid which
accounted for more than 75% of '4C in the urine, and the second major metabolite was the
glucuronide conjugate of 2-butoxyethanol. Conversely, the major metabolite in bile was
the glucuronide conjugate followed by butoxyacetic acid. A small quantity of radioactivity
was excreted in the urine as the sulfate conjugate of butoxyethanol at the lower (but not
the higher) dose.

Species and sex differences in elimination exist and, overall, mice eliminated 2-butoxy-
ethanol and butoxyacetic acid faster than rats. Sex-related differences were most significant
in rats and females were less efficient at clearing butoxyacetic acid from blood than males.
It was speculated that this might be explained by differences in renal excretion (Dill ef al.,
1998). As the animals aged, the rates of elimination of butoxyethanol and butoxyacetic acid
decreased in both species. Old mice eliminated butoxyacetic acid from blood up to 10 times
more slowly than young mice after a single exposure but this difference was reduced after
repeated exposure of the old mice to 2-butoxyethanol.

Further evidence of the influence of ethanol on the elimination of 2-butoxyethanol was
reported in an earlier study (Romer et al., 1985). Ethanol (20 mmol/kg bw [920 mg/kg bw])
and 2-butoxyethanol (2.5 mmol/kg bw [295 mg/kg bw]) were co-administered intraperito-
neally to female Sprague-Dawley rats; blood levels of 2-butoxyethanol were nearly constant
as long as blood ethanol levels were above 3 mM [138 pg/mL]. This level of ethanol inhi-
bited the metabolism of 2-butoxyethanol by ADH, the enzyme that is common to ethanol
and 2-butoxyethanol.
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(i)  In-vitro studies

In-vitro studies with isolated perfused rat liver showed dose-dependent Michaelis-
Menten kinetics in the elimination of 2-butoxyethanol at doses up to 3 mM [354 pg/mL ]
(Johanson et al., 1986b). The apparent Michaelis-Menten constant (K,,) ranged from 0.32
to 0.7 mM [38 to 82.6 ug/mL] and the maximum elimination (V) rate ranged from 0.63
to 1.4 pmol/min/g liver [74.5-165 pug/min/g liver]. The maximum intrinsic clearance was
1.7-2 mL/min/g liver. This in-vitro study also investigated the influence of ethanol on the
elimination of 2-butoxyethanol and found that, in the presence of 17 mM [782 ug/mL]
ethanol, the extraction ratio of 2-butoxyethanol decreased from 0.44 to 0.11, which
supports the hypothesis that 2-butoxyethanol is metabolized by ADH.

(iil)  Pharmacokinetic models

Several pharmacologically based pharmacokinetic models have been developed to
describe the absorption and elimination of 2-butoxyethanol in humans (Johanson &
Nislund, 1988; Corley et al., 1997), rats (Shyr et al., 1993; Lee et al., 1998) or both
(Johanson, 1986; Corley et al., 1994). The first model by Johanson (1986) was based on
elimination data (K,, and V,,,) that were extrapolated from perfused rat liver and used
blood flows and tissue volumes from the literature. Simulation of arterial blood concen-
trations of 2-butoxyethanol in a pharmacologically based pharmacokinetic model deve-
loped for a man after inhalation exposure to 20 ppm [0.8 mmol/m?®] and physical exercise
(‘light work’; 50 W) agreed well with data from a study of experimental exposure of
human volunteers. In further simulations, the effects of exercise and co-exposure to
ethanol were also studied and both predicted increased blood concentrations of 2-butoxy-
ethanol due to increased ventilation (e.g. increased pulmonary uptake of 2-butoxyethanol)
and inhibition of its metabolism, respectively. The relatively rapid decay of 2-butoxy-
ethanol in all compartments indicates that it is unlikely to accumulate. The model also
predicted that linear kinetics can be expected following occupational inhalation exposures
to 2-butoxyethanol of < 100 ppm.

Corley et al. (1994) developed a more sophisticated model to include additional routes
of exposure, physiological parameters and competing metabolic pathways for 2-butoxy-
ethanol. Model simulations were compared with data from rats following either intra-
venous infusion or oral or inhalation exposure and from humans following either inha-
lation or dermal exposure to 2-butoxyethanol. The model accurately simulated observed
data and was used to show that the species differences in kinetics resulted in higher blood
concentrations of butoxyacetic acid in rats than in humans. This, coupled with the fact that
human blood is less susceptible to haemolysis by butoxyacetic acid, predicts less risk for
haemolysis in humans as a consequence of exposure to 2-butoxyethanol. In a later model,
Corley et al. (1997) added parameters to describe the dermal absorption of 2-butoxy-
ethanol vapours and showed that, after exposure to 25 ppm (0.8 mmol/m?) for 8 h, the con-
centrations of butoxyacetic acid in human blood would be unlikely to reach levels asso-
ciated with haemolysis in vitro.



360 TARC MONOGRAPHS VOLUME 88

4.1.2  Metabolism

The general metabolism of 2-butoxyethanol is described in Figure 1 (ATSDR,
1998). In the primary pathway, which occurs in the liver, 2-butoxyethanol is first oxidized
via ADH to the intermediate, 2-butoxyacetaldehyde, which is subsequently further oxi-
dized via ALDH to 2-butoxyacetic acid (the principal active metabolite). 2-Butoxyacetic
acid may be conjugated with glycine or glutamine to form N-butoxyacetylglycine and
N-butoxyacetylglutamine, respectively, or be metabolized to carbon dioxide. 2-Butoxy-
ethanol can also be O-dealkylated via cytochrome P450 (CYP) 2E1 to form ethylene glycol
and butyraldehyde. Ethylene glycol is subsequently metabolized to oxalic acid and further
to carbon dioxide, while butyraldehyde is oxidized to butyric acid. 2-Butoxyethanol can
also be conjugated directly with glucuronide or sulfate via glucuronyl or sulfotransferases,
respectively. In addition, conjugation with fatty acids in the liver has been observed in one
in-vivo study in rats exposed to 2-butoxyethanol (Kaphalia et al., 1996).

The route of administration appears to influence the relative importance of each meta-
bolic pathway in rats, based on the profile of urinary metabolites (Medinsky et al., 1990;
Sabourin et al., 1992a,b). Although 2-butoxyacetic acid is the major metabolite following
exposure to 2-butoxyethanol via any route, the formation of ethylene glycol is favoured
after inhalation exposure or administration in the drinking-water compared with conju-
gation with glucuronide. However, at low concentrations in the drinking-water or high con-
centrations in air, no significant difference in the proportion of these metabolites was
observed. Production of the glucuronide conjugate is favoured following dermal exposure.

(a)  Oxidation of 2-butoxyethanol to 2-butoxyacetaldehyde and
2-butoxyacetic acid

Although it was considered for a long time to be an intermediate step in the conver-
sion of 2-butoxyethanol to butoxyacetic acid, the actual formation of the aldehyde meta-
bolite has only very recently been demonstrated in experimental animals. Deisinger and
Boatman (2004) administered a single oral dose of 600 mg/kg bw 2-butoxyethanol to
male and female B6C3F,; mice and detected low but measurable levels of 2-butoxyacetal-
dehyde in the blood, liver and forestomach at all time-points (5, 15 and 45 min) up to
90 min after exposure. Concentrations were highest in all tissues 5 min after adminis-
tration and declined thereafter. Initial levels were approximately 10-fold higher in the
forestomach than in the blood and liver. Levels of the aldehyde intermediate were signi-
ficantly higher in tissues of female mice than in those of male mice, and were one to three
orders of magnitude less than those of the acid metabolite.

An extensive database of studies in exposed humans and experimental animals shows
that the formation of 2-butoxyacetic acid is a principal metabolic end-point for 2-butoxy-
ethanol. Although it mainly occurs in the liver, there is potential for the formation of
2-butoxyacetic acid in tissues at or near the site of contact that contain ALDH and ADH,
e.g. the skin, forestomach or glandular stomach (Sabourin et al., 1992a). Aasmoe et al.
(1998) demonstrated that ADH3 was the only ADH isoenzyme that effectively oxidized
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2-butoxyethanol in the liver of rats. No information was found on the isoenzyme(s) of
ADH that is involved in the metabolism of 2-butoxyethanol to 2-butoxyacetic acid in
humans. There are several classes of ADH, for some of which interindividual variation
occurs in humans (i.e. polymorphism); thus, there may be substantial variability in the
extent to which 2-butoxyethanol is metabolized to 2-butoxyacetic acid in the human popu-
lation, but this has not been investigated extensively.

Green et al. (2002) compared the distribution of ADHs in the forestomach and glan-
dular stomach of rodents with that in the stomach of humans. The authors noted that the
enzymes are largely concentrated in the stratified squamous epithelium of the forestomach
of rats and mice but are more diffuse in the glandular stomach, and have greater activity in
these tissues in mice than in rats. This greater activity corresponds to the greater sensitivity
of mice to 2-butoxyethanol-induced effects in the forestomach. In the human stomach,
ADH and ALDH are evenly distributed throughout the gastric epithelial cells of the
mucosa.

2-Butoxyacetic acid appeared in the urine or was measured in the blood of humans
following incidental ingestion or occupational or controlled exposure via inhalation or
dermal contact (Johanson et al., 1986a, 1988; Rambourg-Schepens et al., 1988; Angerer
et al., 1990; Rettenmeier et al., 1993; Sakai ef al., 1993; Sohnlein ef al., 1993; Sakai et al.,
1994; Corley et al., 1997; Haufroid et al., 1997; Laitinen, 1998; McKinney et al., 2000;
Jakasa et al., 2004). In these studies, 2-butoxyacetic acid was the major metabolite iden-
tified and was found to correspond to up to 70% of the amount of 2-butoxyethanol
absorbed (Jakasa et al., 2004). Some of the 2-butoxyacetic acid is eliminated as the free
acid, while a portion is conjugated before elimination (Jakasa ef al., 2004). Concentrations
of free 2-butoxyacetic acid in the blood of five men exposed to 20 ppm [97 mg/m?]
2-butoxyethanol by inhalation for 2 h ranged from 18.5 to 56.5uM [2 to 7 mg/L]
(Johanson & Johnsson, 1991). Levels of 2-butoxyacetic acid at the end of a shift in the
urine of workers who used glass cleaners that contained 2-butoxyethanol increased linearly
with ambient concentration of 2-butoxyethanol (exposure range, < 0.1-7.33 ppm [< 0.5-
35 mg/m?]) (Vincent et al., 1993), which suggests that saturation of this metabolic pathway
does not occur at these exposure concentrations. However, in an experimental study,
Johanson et al. (1986a, 1988) observed substantial variation in the urinary levels of
2-butoxyacetic acid between volunteers exposed to 2-butoxyethanol by dermal application
(2.5-39%; five subjects) or by inhalation (15-55%; six subjects). Similarly, Jakasa et al.
(2004) observed interindividual variations of 42—70% in urinary levels of total 2-butoxy-
acetic acid (i.e. free and conjugated) of six volunteers exposed by inhalation to approxi-
mately 93 mg/m? 2-butoxyethanol.

2-Butoxyacetic acid is also the major metabolite of 2-butoxyethanol in experimental
animals. In rats administered up to 2590 ppm [2.6 mg/L] 2-butoxyethanol in the drinking-
water (1.2 mmol/kg bw), 2-butoxyacetic acid eliminated in the urine accounted for up to
60% of the administered dose (Medinsky et al., 1990). 2-Butoxyacetic acid also comprised
more than 75% of the radioactivity in the urine of rats administered a single dose of up to
500 mg/kg bw ['“C]2-butoxyethanol by gavage (Ghanayem et al., 1987a). Inhibition of
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ADH or ALDH by pyrazole or cyanamide, respectively, significantly reduced the extent of
conversion of 2-butoxyethanol to 2-butoxyacetic acid in rats administered a single oral dose
of 500 mg/kg bw (i.e. from 75-90% of total radioactivity in the urine to 5—-13%); the reduc-
tion in levels of 2-butoxyacetic acid corresponded with a reduction in toxicity (Ghanayem
et al., 1987b) (see also Section 4.1.1). Similarly, competitive inhibition of ADH by ethanol,
n-propanol or n-butanol reduced the production of 2-butoxyacetic acid from 2-butoxy-
ethanol by 43, 33 and 31%, respectively (consistent with the greater affinity of the enzyme
for alcohols than for glycol ether), which was accompanied by a corresponding reduction in
the toxicity of 2-butoxyethanol (Morel et al., 1996). Exposure of rats to airborne concen-
trations of up to 483 ppm [2333 mg/m?3] 2-butoxyethanol did not appear to exceed the satu-
ration level of its conversion to 2-butoxyacetic acid, based on the increase in concentrations
of this metabolite measured in the urine (Sabourin et al., 1992a; Johanson, 1994).

In an investigation of the metabolism of 2-butoxyethanol to 2-butoxyacetic acid during
long-term inhalation exposure of rats and mice (Dill et al., 1998; National Toxicology
Program, 2000), the rate of elimination of 2-butoxyethanol from blood followed linear
kinetics, which suggests that the production of 2-butoxyacetic acid in both species was also
linear. However, the rate of disappearance of 2-butoxyethanol from blood was greater in
mice than in rats. Similarly, mice were more efficient at eliminating 2-butoxyacetic acid
from the blood, although elimination followed non-linear kinetics in both species (see also
Section 4.1.1()). In addition, the rate of elimination of both 2-butoxyethanol and 2-
butoxyacetic acid from blood decreased with increasing duration of exposure, particularly
in rats. Thus, although mice may metabolize 2-butoxyethanol to 2-butoxyacetic acid at a
greater rate than rats, the metabolite is subsequently cleared much more rapidly in mice,
which is consistent with the apparently greater sensitivity to 2-butoxyethanol-induced
haematological effects of rats than mice in both short- and long-term studies. Similarly, the
greater sensitivity of female rats than male rats is probably related to slower clearance of
the active acid metabolite than to sex-related differences in its production, although the
activity of the hepatic ADH isoenzyme involved (ADH3) was reported to be greater in
female rats than in male rats (Aasmoe ef al., 1998; Aasmoe & Aarbakke, 1999). The acti-
vities of gastric ADH are greater in male than in female rats [however, the sex difference
was only significant when octanol was the substrate; 2-butoxyethanol was not tested in this
study] (Aasmoe & Aarbakke, 1999). Consistent with the less pronounced sex-specific
sensitivities to 2-butoxyethanol-induced toxicity in mice, little sex difference in the forma-
tion or elimination of 2-butoxyacetic acid was observed in this species.

Ghanayem et al. (1987c) observed that older rats metabolized 2-butoxyethanol to
2-butoxyacetic acid to a greater extent than younger rats following oral administration of
500 mg/kg bw, based on a comparison of the levels of 2-butoxyacetic acid in the urine.
Similar results were obtained in rats that were administered a single intravenous dose of
up to 125 mg/kg bw 2-butoxyethanol, based on greater values of the AUC and C,,,, of
2-butoxyethanol and in C,,, and half-life of 2-butoxyacetic acid in older rats compared
with younger rats (Ghanayem ef al., 1990). In mice, although no significant difference in
the rate of clearance of 2-butoxyethanol (and presumably the formation of 2-butoxyacetic
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acid) was observed between older and younger animals exposed to up to 125 ppm
[603 mg/m?] by inhalation for 1 day, younger mice cleared 2-butoxyacetic acid at a
10-fold greater rate than older mice after 1 day. However, this difference was less obvious
after 3 weeks of exposure (Dill et al., 1998) (see also Section 4.1.1(d)).

In an in-vitro investigation of the comparative metabolism of 2-butoxyethanol in hepa-
tocytes from humans and rats, Green et al. (1996) observed that cells from rats were more
efficient at converting 2-butoxyethanol to 2-butoxyacetic acid than those from humans
(four men and three women). Saturation of this pathway appeared to occur at much lower
doses in hepatocytes from humans than in those from rats, since the percentage of total
radioactivity identified as 2-butoxyacetic acid was only 1.5-fold greater in rat hepatocytes
than in human hepatocytes at 0.02 mM, while the difference was 6.1-fold at 10 mM. The
percentage that was converted to 2-butoxyacetic acid increased with up to 10 mM glycol
ether in rat hepatocytes but decreased in human hepatocytes between 0.02 and 0.2 mM.

(b)  Conjugation of 2-butoxyacetic acid with glutamine or glycine

Conjugation of 2-butoxyacetic acid with glutamine via acyltransferase has been
demonstrated in humans. Rettenmeier ef al. (1993) reported that N-butoxyacetylglutamine
accounted for a mean of 48% (range, 16-64%) of the 2-butoxyacetic acid that was
detected in urine collected at the end of the work week from six lacquerers who were
exposed to 2-butoxyethanol (the remainder was free 2-butoxyacetic acid). Hence, conju-
gation with glutamine may represent an important route of removal of 2-butoxyacetic
acid. Sakai ef al. (1994) reported that a larger proportion (mean, 71%; range, 44-92%) of
total 2-butoxyacetic acid was present as conjugates [not further identified] in the urine of
six workers who were exposed to 2-butoxyethanol. They also determined that the fraction
of 2-butoxyacetic acid eliminated as conjugates decreased throughout the work week,
which may reflect a decline in the capacity for conjugation with continued exposure.
These data are consistent with the lower proportions of conjugated 2-butoxyacetic acid
observed by Rettenmeier ef al. (1993) in the urine of workers after several days of expo-
sure. More recently, Jones and Cocker (2003) determined that the mean extent of conju-
gation of 2-butoxyacetic acid [not further identified] was 57% (95% CI, 44-70%) in a
group of 48 exposed workers, in six of whom there was no evidence of conjugation. These
authors also observed substantial intra-individual variability in volunteers who were
exposed repeatedly to 50 ppm [242 mg/m?3] 2-butoxyethanol for 2 h (i.e. nearly 0—100%)
and hypothesized that this large variability was not related to polymorphisms but to other
factors such as levels of glutamine. Corley et al. (1997) observed that about two-thirds
(67%) of the 2-butoxyacetic acid excreted in the urine of male volunteers exposed der-
mally (one arm) to airborne concentrations of 50 ppm [242 mg/m3] 2-butoxyethanol was
present as N-butoxyacetylglutamine.

Little information was available on the conjugation of 2-butoxyacetic acid with
glycine. No evidence of conjugation with this amino acid was found in rats that were
administered up to 2590 ppm [2590 pg/mL] 2-butoxyethanol in the drinking-water for
1 day and observed for 3 days after exposure (Medinsky et al., 1990) or in rats exposed
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dermally to up to 2530 pmol/kg bw [298 mg/kg bw] (Sabourin et al., 1992b). However,
glycine conjugation with the alkoxyacetic acid metabolite has been observed for other
glycol ethers (2-methoxyethanol and 2-ethoxyethanol) (Jonsson et al., 1982; Cheever
etal., 1984; Moss et al., 1985). Corley et al. (1994) did not observe conjugation of
2-butoxyacetic acid with amino acids in samples of blood or urine from rats that were
administered single doses of up to 126 mg/kg bw by gavage.

On the basis of these data, it appears that clearance of 2-butoxyacetic acid via conju-
gation occurs to a greater extent in humans than in rats, although data on this metabolic
step in rodents are sparse.

(¢)  Dealkylation of 2-butoxyethanol to ethylene glycol and
butyraldehyde

Only limited data on the occurrence of O-dealkylation of 2-butoxyethanol to ethylene
glycol and (presumably) butyraldehyde in humans are available. Ethylene glycol, or its
metabolite (oxalate), have been detected in the plasma or urine from two individuals who
had ingested cleaning products that contained 2-butoxyethanol (250-500 mL of a solution
that contained 12% 2-butoxyethanol) (Rambourg-Schepens et al., 1988) and 150 mL of a
solution that contained 9.1% 2-butoxyethanol (Nisse et al., 1998). Metabolic acidosis,
which is commonly associated with ethylene glycol poisoning, was observed in both cases
(Rambourg-Schepens ef al., 1988; Nisse et al., 1998). Conversely, neither ethylene glycol
nor its metabolites were detected in the serum or urine from two people who had ingested
2-butoxyethanol (200-250 mL of a product that contained 12.7% 2-butoxyethanol
(~25-30 g) or 360480 mL of a product that contained 22% 2-butoxyethanol (~80-105 g))
(Gijsenbergh et al., 1989; Gualtieri et al., 1995), although metabolic acidosis occurred in
both cases. Similarly, Corley et al. (1997) did not detect ethylene glycol or its metabolic
products in the urine of a group of volunteers who were exposed dermally to 50 ppm
[242 mg/m?] 2-butoxyethanol for 2 h.

There is stronger evidence for the occurrence of this metabolic pathway in rats.
Medinsky et al. (1990) reported that ethylene glycol comprised 14-22% of total urinary
radioactive metabolites in rats that were administered up to 2590 ppm [2590 pg/mL]
[4C]2-butoxyethanol in the drinking-water for 24 h. It also accounted for 2-11% of total
14C in the urine of rats that were administered doses of 8.6 or 126 mg/kg bw by gavage
(Corley et al., 1994), but was not detected in the urine of rats that were administered up
to 500 mg/kg bw 2-butoxyethanol by gavage (Ghanayem ef al., 1987a). [This discrepancy
may have been due to the *C radiolabel being on the butoxy moiety instead of the ethanol
moiety (National Toxicology Program, 2000).] Similarly, Sabourin et a/. (1992b) iden-
tified 4.1-6.5% of urinary metabolites as ethylene glycol in rats that were exposed
dermally to up to 2530 umol/kg bw [298 mg/kg bw] 2-butoxyethanol. Contrary to the
increase in the proportion of urinary ethylene glycol observed in rats exposed orally or
dermally to increasing levels of 2-butoxyethanol (Medinsky et al., 1990; Sabourin et al.,
1992b), the fraction of urinary metabolites identified as ethylene glycol decreased with
increasing exposure level in rats exposed to airborne concentrations of 4.3, 49 and
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438 ppm [21, 237 and 2119 mg/m?] 2-butoxyethanol for 6 h (i.e. 16, 13.4 and 8%,
respectively). The majority of ethylene glycol was excreted after cessation of exposure
(Sabourin et al., 1992a).

In an in-vitro study, hepatocytes from both rats and humans (four men and three
women) metabolized 2-butoxyethanol to ethylene glycol. However, ethylene glycol repre-
sented a greater proportion of total radioactivity in rat cells than in human cells, which
indicates a possible greater propensity for this metabolic step in rats than in humans. In
both rat and human hepatocytes, the percentage of 2-butoxyethanol that was metabolized
to ethylene glycol decreased with increasing dose, which the authors suggested was indi-
cative of saturation of this pathway at relatively low concentrations of 2-butoxyethanol
(Green et al.,1996).

Haufroid et al. (1997) hypothesized that polymorphism for CYP2E1 may influence
the extent to which 2-butoxyethanol may be dealkylated to ethylene glycol and butyralde-
hyde. This was based on the observation that the level of free 2-butoxyacetic acid in the
urine of a worker who expressed the heterozygous c2 allele (c1/c2) did not change subs-
tantially throughout the workday, unlike the 30 other workers who expressed the homo-
zygous cl allele (c1/c1) in whom substantial increases in levels of urinary free 2-butoxy-
acetic acid occurred. The authors suggested that the lack of increase in urinary 2-butoxy-
acetic acid may be due to greater activity of the c2 allele compared with that of the cl
allele in O-dealkylation of 2-butoxyethanol as observed by Hayashi et al. (1991). It was
noted that urine samples were not analysed for amino acid conjugates of 2-butoxyacetic
acid, which could also have influenced the excretion of free 2-butoxyacetic acid. The
genetic polymorphism that affects transcriptional regulation of human CYP2E1 could also
contribute to interindividual differences in the metabolism of 2-butoxyethanol via the
dealkylation pathway.

Although no information was available regarding the formation of butyraldehyde or
the subsequent metabolic product, butyric acid, in humans or experimental animals, it is
predicted that butyraldehyde is the other metabolite that would result from O-dealkylation
of 2-butoxyethanol to ethylene glycol.

(d)  Glucuronide and sulfate conjugation of 2-butoxyethanol

Information on the in-vivo formation of glucuronide or sulfate conjugates with
2-butoxyethanol was only available for rats, although the glucuronide conjugate has been
tentatively identified in hepatocytes from both rats and humans exposed to 2-butoxy-
ethanol in vitro (Green et al., 1996). In rats administered single oral doses of 125 or
500 mg/kg bw radiolabelled 2-butoxyethanol, the glucuronide conjugate represented up to
24% of total urinary metabolites. This conjugate was no longer detectable in the urine 48
h after administration of 125 mg/kg bw, while levels were similar at 8 and 48 h following
ingestion of 500 mg/kg bw. The sulfate conjugate was detected in samples of urine taken
8 h after administration of 125 mg/kg bw but was not found in the urine from rats exposed
to 500 mg/kg bw. The glucuronide conjugate was the major metabolite in bile and
constituted up to 89% of biliary radioactivity 30 min after exposure; however, this



2-BUTOXYETHANOL 367

proportion declined to 54% after 8 h. The sulfate conjugate was not detected in the bile
(Ghanayem et al., 1987a).

The glucuronide conjugate has also been identified as a minor metabolite in the urine
of rats exposed to 290-2590 ppm [290-2590 pug/mL] ['“C]2-butoxyethanol in the drinking-
water for 24 h (8—11% of total radioactive metabolites measured in urine) (Medinsky et al.,
1990) and of rats administered 8.6 or 126 mg/kg bw ['*C]2-butoxyethanol by gavage
(10-15% of total radioactive metabolites) (Corley et al., 1994). The proportion of urinary
metabolites identified as 2-butoxyethanol—glucuronide increased with the level of exposure
in rats exposed to airborne concentrations of 4.3-438 ppm [21-2119 mg/m?] 2-butoxy-
ethanol for 6 h (i.e. from 10.6 to 62.3%). The glucuronide conjugate is apparently cleared
rapidly, since it constituted only 3.6-6.5% of urinary metabolites during the 7-16 h after
cessation of exposure (Sabourin ef al., 1992a). However, the proportion of urinary meta-
bolites identified as the glucuronide conjugate did not increase in rats administered dermal
doses of 520-2530 umol/kg bw, but was similar at all doses (i.e. 13—15%) (Sabourin et al.,
1992b).

Inhibition of the principal pathway of metabolism of 2-butoxyethanol (i.e. oxidation
to 2-butoxyacetic acid) by injection of pyrazole or cyanamide (inhibitors of ADH and
ALDH, respectively) into rats administered a single oral dose of 500 mg/kg bw [*C]-
2-butoxyethanol (labelled at C1) resulted in a shift to increased conjugation with glu-
curonide and sulfate. The proportions of these conjugates increased from 9-24% (glucu-
ronide) and undetectable (sulfate) to 75-85% and 7.5-20%, respectively, of the total
radioactivity in the urine. The shift towards the conjugation pathway corresponded with
a reduction in 2-butoxyethanol-induced haematotoxicity (Ghanayem et al., 1987b).
Following intravenous administration of lower single doses of 2-butoxyethanol to rats
(62.5 or 125 mg/kg bw), the glucuronide conjugate was only detected in the blood of ani-
mals that had also been administered pyrazole as an inhibitor of ADH (Ghanayem et al.,
1990).

Ghanayem et al. (1987¢c) demonstrated that young rats produce a greater proportion
of glucuronide conjugates and (as discussed above) proportionally less 2-butoxyacetic
acid than older rats, which is consistent with the apparent lower sensitivity of young rats
to the haematotoxic effects of 2-butoxyethanol. However, the sulfate conjugate was not
detected in the urine of young rats.

4.2 Toxic effects

4.2.1 Humans

(@) Oral exposure

Several individual cases that involved consumption of a few hundred millilitres of
glass cleaners that contained 6.5-35% 2-butoxyethanol have been reported (Gijsenbergh
et al., 1989; Rambourg-Schepens et al., 1988; Litovitz ef al., 1991; Bauer et al., 1992;
Burkhart & Donovan, 1998; Nisse ef al., 1998; McKinney et al., 2000; Osterhoudt, 2002;
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Gualtieri et al., 2003). The main symptoms were hypotension, poor ventilation, coma,
metabolic acidosis (probably due to the formation of butoxyacetic acid), renal
impairment, haematuria and effects on the blood (erythropenia, reduced haematocrit and
haemoglobin levels, haemoglobinuria and/or hypochromic anaemia) (Table 16).
[Treatment by haemodialysis can lead to haemodilution that might account for a lower
blood cell count but not for haemoglobinuria.] In a report of 24 cases of ingestion of up
to 300 mL of glass-cleaning products that contained 0.5-10% 2-butoxyethanol that were
included in a survey of childhood poisonings, all of the children were reported to be
asymptomatic. Even at the highest estimated dose of 1850 mg/kg bw (300 mL of a glass
cleaner that contained 8% 2-butoxyethanol (~24 g)) that was consumed by a 2-year-old
child, no signs of metabolic acidosis or of haematological, renal or neurological adverse
effects were manifest (Dean & Krenzelok, 1992).

(b)  Dermal exposure

Percutaneous absorption of 2-butoxyethanol was investigated experimentally in five
men, who kept two or four fingers immersed in 2-butoxyethanol for 2 h. None of the
subjects exhibited an adverse reaction (Johanson et al., 1988). No evidence of strong
adverse dermal effects or skin sensitization was observed in 201 individuals exposed
dermally to 0.2 mL 10% 2-butoxyethanol in patches, although repeated applications did
produce increasing erythema in several subjects (Greenspan et al., 1995).

(¢)  Inhalation exposure

The effects reported by subjects who were exposed to 113 ppm [546 mg/m?] 2-
butoxyethanol for 4 h (two men), 195 ppm [942 mg/m?] for two 4-h periods separated by
a 30-min interval (the same two men and one woman) or 98 ppm [474 mg/m?] for 8 h (two
men and two women) included irritation to the eyes (probably due to direct contact with
the vapours), nose and throat, a disturbance of taste, a slight increase in nasal mucous
discharge and headache. In this study, the women appeared to be more sensitive to the
induction of these effects than the men. In none of these trials was there any evidence of
changes from pre-exposure values in erythrocyte fragility, blood pressure, pulse rate or
urinary levels of glucose or albumin (Carpenter et al., 1956).

In two studies in which groups of four or seven male volunteers were exposed by
inhalation to 20 or 50 ppm [97-242 mg/m?] 2-butoxyethanol for 2 h, no overt signs of
toxicity were observed (Johanson et al., 1986a; Johanson & Boman, 1991). In the earlier
investigation, in which the intake of 2-butoxyethanol was estimated to be 2 mg/kg bw for
the 2-h exposure at 20 ppm (during which time the men performed light physical exer-
cise), no consistent effects on the lungs (ventilation or breathing rate) or the heart (electro-
cardiogram readings or heart rate) were observed (Johanson et al., 1986a). In the sub-
sequent study, the investigators distinguished between vapour inhalation (through the
mouth alone) and dermal exposure to the vapour (with a mask to prevent inhalation); no
toxic effects were evident following either exposure protocol (Johanson & Boman, 1991).
In a more recent study, four volunteers exposed to 25 ppm [121 mg/m?] 2-butoxyethanol
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for 10 min also did not show overt signs of toxicity shortly after treatment (Kumagai
etal., 1999).

Signs of respiratory or ocular irritation, headache, sore throat and a sore nose that
would become raw and bleed were reported in small groups of workers exposed to 5 ppm
[24 mg/m?3] or less 2-butoxyethanol vapours (Apol, 1986).

The effect of occupational exposure to 2-butoxyethanol on various haematological,
renal and hepatic parameters was investigated in 31 male workers at a beverage production
plant who were exposed to mean concentrations of 3.64 mg/m? 2-butoxyethanol (range,
1.77-6.14 mg/m?; 20 samples) or 2.20 mg/m? (range, 0.75-3.35 mg/m?; 11 samples) for
1-6 years, based on limited exposure data. The workers were also exposed to unspecified
concentrations of methyl ethyl ketone. These parameters were also measured in a compa-
rison population of 21 unexposed workers, matched for sex, age and smoking habits. Blood
samples were collected at the end of the shift, while urine samples were taken before and
after the workshift. No differences were observed in erythrocyte count, reticulocyte count,
haemoglobin concentration, mean corpusclar volume, mean corpuscular haemoglobin or
erythrocyte osmotic resistance between exposed and unexposed workers. However,
haematocrit was significantly lower (p = 0.03) in the exposed group, while their mean cell
haemoglobin concentration was significantly higher (p = 0.02) than that of controls,
although the absolute differences in mean values were small (i.e. 43.9 versus 45.5% and
336 versus 329 g/L, respectively) and the ranges of values overlapped. No correlation was
found between any of the haematological parameters investigated and levels of
butoxyacetic acid in the urine at the end of the workshift or the difference in levels of this
acid before and after the workshift (used as parameter of internal exposure), and no
differences were observed in the renal parameters investigated (serum creatinine or urinary
retinol binding protein). With regard to hepatic parameters, no statistically significant
differences in levels of aspartate aminotransferase (20.5 + 4.9 versus 21.7 + 6.3 IU/L) or
alanine aminotransferase (20.5 + 13.1 versus 28.6 £ 16.3 UI/L) in the plasma were found
between exposed and unexposed workers. However, plasma concentration of alanine
aminotransferase and levels of butoxyacetic acid in the urine were statistically significantly
correlated (r = 0.60; p = 0.0004) (Haufroid et al., 1997).

Several hours after the floor in an unventilated office had been stripped using a
solvent that contained 2-butoxyethanol and other substances, seven workers were
exposed to airborne levels estimated to be 100-300 ppm (483-1449 mg/m?) (based on
symptoms) for 0.5-4 h. Subjects had immediate severe irritation of the eye and upper
respiratory tract, nausea and presyncope which subsided within 3 days. [It was not
specified in the brief account of these cases whether haematological parameters were
examined immediately after exposure.] All but one of these workers reported recurrent
upper respiratory irritation and the appearance of cherry angiomas 3 months later. Eight
months after exposure, six of the seven workers had an increased blood cell sedimentation
rate and mild hypertension, while skin lesions continued to appear and persisted. Follow-
up for an additional 5 years in four of these workers revealed gradual disappearance of
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most of these effects, with the exception of the cherry angiomas that continued to persist
and develop (Raymond ef al., 1998).

Collinot et al. (1996) investigated the potential of 2-butoxyethanol to induce hepatic
enzymes in a group of 17 male foundry workers who were exposed to a maximum concen-
tration of 7.5 ppm (36 mg/m?) 2-butoxyethanol. Levels of D-glucaric acid (which is the end
product of the glucuronic acid pathway and is an indicator of enzyme activity in the liver)
in the urine of exposed workers were compared with those in 18 unexposed controls. Uri-
nary excretion of D-glucaric acid was significantly greater in exposed subjects than in
controls, although significant seasonal variability was also found among exposed workers
(increase in D-glucaric acid of 165% in winter and 85% in summer when the doors were
open and the 2-butoxyethanol concentration was lower). [The Working Group noted that
many of these occupational studies involve mixed exposures, the effects of which cannot
be ascribed specifically to 2-butoxyethanol.]

4.2.2  Experimental systems

(a)  In-vivo studies with single doses (acute effect)

Based on LDsys and LCjsgs that range from 530 to 6700 mg/kg bw and from 450 to
700 ppm [2173-3381 mg/m?], respectively, 2-butoxyethanol produces low to moderate
toxicity in experimental animals following acute exposure (Smyth et al., 1941; Werner
et al., 1943a; Carpenter et al., 1956; Smyth et al., 1962; Weil & Wright, 1967; Gingell
et al., 1998). Haematological effects, as well as effects on the liver, kidney, lung and
spleen, some of which may be secondary to haematotoxicity, have been observed in ani-
mals exposed acutely to lower doses or concentrations. For example, alterations in hae-
matological parameters that are characteristic of haemolytic anaemia have been observed
in rats administered single oral doses as low as 125 mg/kg bw, while haemoglobinuria was
noted in older rats following administration of 32 mg/kg bw by gavage (Ghanayem et al.,
1987c). Female rats were more sensitive to 2-butoxyethanol-induced haemolysis than
male rats following administration of a single dose of 250 mg/kg bw by gavage, as the
magnitude of changes in haematological parameters was greater in females than in males;
in addition, the onset of haemolysis was faster in females than in males (Ghanayem et al.,
2000). Exposure to airborne concentrations of 62 ppm [299 mg/m?] for 4 h resulted in
increased osmotic fragility of erythrocytes (Carpenter et al., 1956), whereas dermal
exposure to 260 mg/kg bw for 6 h induced haemolysis in rats (Bartnik ef al., 1987).
Ghanayem et al. (1992) and Sivarao and Mehendale (1995) demonstrated that younger
blood cells were more resilient to 2-butoxyethanol-induced haemolysis than older cells,
as rats that had been bled several days before exposure to a single oral dose were less
severely affected than rats that had not been bled.

2-Butoxyethanol is considered to be a mild-to-severe irritant to the skin and eyes of
rabbits (range doses, 0.1-0.5 mL neat compound), and severity increased with duration of
exposure (range, 1-72 h) (Carpenter & Smyth, 1946; Smyth et al., 1962; Kennah et al.,
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1989; Jacobs, 1992; Zissu, 1995). There was no evidence of skin sensitization in one
investigation in guinea-pigs (Zissu, 1995).

()  In-vivo studies with multiple exposures

(i)  Short-term exposure

Oral exposure

In short-term studies in rats exposed by the oral route, the blood was the principal
target for the effects of 2-butoxyethanol. Haematological changes that are characteristic
of haemolysis (including reductions in red blood cell count, haemoglobin levels and
haematocrit values) have been reported by a number of investigators in rats exposed
repeatedly to 2-butoxyethanol for 2-65 days (Grant et al., 1985; Krasavage, 1986;
National Toxicology Program, 1989; Dieter et al., 1990; Ghanayem et al., 1992; Ezov
et al., 2002). In most of the studies in which haematological parameters were measured,
these changes were observed at all doses administered by gavage or in the drinking-water
(i.e. 100 mg/kg bw per day). However, a no-observed-effect level (NOEL) of 30 mg/kg
bw per day was reported in a study in rats exposed for only 3 days (which was designed
primarily to investigate developmental toxicity) (National Toxicology Program, 1989).
Ghanayem ef al. (2001) observed an increase in the magnitude of haematological changes
that were indicative of severe regenerative anaemia after repeated administration of
250 mg/kg bw 2-butoxyethanol per day by gavage for 1, 2 or 3 days to male and female
Fischer 344 rats that were killed 24 or 48 h after the last dose; the onset of effects was
faster in females. Thrombosis was observed in the lungs, nasal submucosa, eyes, liver,
heart, bones and teeth, together with lesions that were consistent with acute infarction in
the vertebrae and femur; again, onset was earlier in female rats than in males, which the
authors hypothesized to be precipitated by initial stages of haemolysis induced by 2-
butoxyethanol. Similarly, in male and female Fischer F344 rats administered two, three or
four daily doses of 250 mg/kg bw 2-butoxyethanol by gavage and examined on days 2, 3,
4 and 29, Ezov et al. (2002) reported severe acute regenerative haemolytic anaemia, with
faster onset in females, together with thrombosis and infarction in the heart, brain, lungs,
eyes and bones mainly in female rats. In a separate report, it was noted that signs of intra-
medullary thrombosis in the femur and subsequent new bone growth were observed in
rats examined on day 29 (Shabat et al., 2003). Morphological changes were noted in ery-
throcytes, the severity of which progressed with increasing exposures and was greater in
females than in males. Red blood cells from these exposed rats were found to have
increased adherence to an extracellular matrix derived from endothelial cells of the blood
vessel wall; it was suggested by the authors that such increased adherence could lead to
vascular occlusion and result in the observed thrombosis (Koshkaryev et al., 2003).
Nyska et al. (1999a) also observed thrombosis of ocular blood vessels with retinal
haemorrhage, necrosis and photoreceptor degeneration in female Fischer 344 rats
administered 250 mg/kg bw 2-butoxyethanol per day by gavage for 3 consecutive days;
thrombosis was also noted in the nasal cavity submucosa, teeth, femur and vertebrae. In
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a subsequent investigation, Nyska et al. (2003) noted a correlation between thrombosis
and expression of the vascular cell adhesion molecule, which included severe haemolysis,
in the ocular vessels of female Fischer 344 rats administered three or four daily doses of
250 mg/kg bw 2-butoxyethanol. The authors suggested that this molecule functions in the
pathogenesis of 2-butoxyethanol-related thrombosis by promoting adhesion of
erythrocytes to the endothelium.

In some of the short-term studies in rats, effects on blood were observed to be rever-
sible after cessation of exposure (Grant et al., 1985; Ghanayem et al., 1992). In a prelimi-
nary developmental toxicity study in which pregnant rats were exposed daily to 0, 150,
300 or 600 mg/kg bw 2-butoxyethanol on days 9-11 or 11-13 of gestation and then killed
on day 20, severe haematological effects were observed in dams 24 h after exposure,
although the severity of these effects decreased as time since exposure increased (National
Toxicology Program, 1989). In addition, there was evidence that rats developed tolerance
to or autoprotection against the haematological effects of 2-butoxyethanol, as the
magnitude of the changes was smaller in pre-exposed rats (Ghanayem et al., 1992;
Sivarao & Mehendale, 1995). However, an increase in the time between pre-treatment and
challenge from 7 to 14 or 21 days resulted in higher mortality, and indicated that the auto-
protective effect is gradually lost as the red blood cells age (Sivarao & Mehendale, 1995).
Therefore, similar to the results of the acute toxicity studies, these data suggested to the
authors that younger blood cells are more resilient to the induction of effects by repeated
exposure to 2-butoxyethanol, and that the lethality of 2-butoxyethanol is related to its
ability to induce haemolysis.

Other target organs in which 2-butoxyethanol induced effects in short-term oral
studies in rats include the spleen, liver and kidneys. Relative weights of the liver and
spleen were increased in pregnant rats animals exposed to 100 mg/kg bw per day or more
for 3 days (National Toxicology Program, 1989) and in male rats administered 125 mg/kg
bw per day for 12 days (Ghanayem et al., 1992), while increased relative kidney weight
was observed in pregnant rats exposed to 100 mg/kg bw per day or more for 3 days
(National Toxicology Program, 1989). Ezov ef al. (2002) noted that increases in absolute
and relative spleen weights inversely correlated with decreases in red blood cell count in
male and female rats administered 250 mg/kg bw 2-butoxyethanol daily for up to 4 days.
Microscopic examination revealed congestion of the spleen in rats after 6 weeks of
exposure to 222, 443 and 885 mg/kg bw per day, while haemosiderin deposition in the
liver and kidneys and haemoglobinuria were noted after exposure to 443 mg/kg bw per
day and above (Krasavage, 1986). In contrast, no effects on organ weights were observed
in short-term studies in which rats were exposed to up to 506 mg/kg bw per day for up to
21 days (Exon et al., 1991; National Toxicology Program, 1993) or up to 225 mg/kg bw
per day for as long as 65 days (Dieter et al., 1990).

Data on the short-term toxicity of orally administered 2-butoxyethanol in mice are
more limited. No specific target organs were identified in a limited 2-week range-finding
study at doses of up to 627 and 1364 mg/kg bw per day (in males and females, respec-
tively) in the drinking-water, although the relative thymus weight of the males was
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decreased at 370 mg/kg bw per day and above (National Toxicology Program, 1993).
Dehydration was reported in some animals that were exposed to the highest doses (370
and 627 mg/kg bw per day in males and 673 and 1364 mg/kg bw per day in females),
although decreased drinking-water consumption was only observed in one of the groups
that was reported to have symptoms of dehydration. A reduction in red blood cell count
was observed in mice administered 500 or 1000 mg/kg bw per day on 5 days per week
for 5 weeks, but haemoglobin levels were not affected (Nagano et al., 1979, 1984).

In an investigation of the potential mode of action of the induction of forestomach
tumours in mice, Poet et al. (2003) administered 2-butoxyethanol by gavage to male and
female B6C3F, mice at doses of 0, 400, 800 or 1200 mg/kg bw per day for 2 days, which
were reduced to 0, 200, 400 or 600 mg/kg bw per day for an additional 2 days. Epithelial
hyperplasia and inflammation of the forestomach were observed at all doses, and severity
increased with dose. Similar effects were also observed in mice administered 400 mg/kg
bw per day by intraperitoneal or subcutaneous injection for 4 days. Green et al. (2002)
observed hyperkeratosis of the forestomach in female B6C3F, mice administered
500 mg/kg bw per day 2-butoxyethanol for 10 days, but not in the forestomach of mice
exposed to 150 mg/kg bw per day or less or in the glandular stomach in any dose group.

Inhalation exposure

In short-term inhalation studies in rats, the blood, liver and kidneys were the main
targets of 2-butoxyethanol toxicity, although examination was limited to gross pathology
(Dodd et al., 1983) or to the microscopic appearance of a limited range of tissues
(Carpenter et al., 1956). Increased erythrocyte fragility was reported in an early study in
rats after 30 exposures (7 h per day on 5 days per week for 6 weeks) to 54 ppm
[261 mg/m?] 2-butoxyethanol and above (Carpenter et al., 1956). In Fischer 344 rats
exposed to 0, 20, 86 or 245 ppm [0, 97, 415 or 1183 mg/m?] for 9 days (6 h per day), hae-
matological effects observed at the two higher concentrations included significantly
decreased red blood cell count and haemoglobin concentration and increased reticulocyte
count and mean corpuscular volume; with the exception of mean corpuscular volume,
these changes were reversible during a 14-day recovery period. Increases in relative liver
weight were observed at 85 ppm and above, and reversible changes in relative liver
weight were also noted at 245 ppm and above. No effects were noted at 20 ppm (Dodd et
al., 1983). In another earlier investigation, Werner et al. (1943b) observed decreases in
red blood cell count and haemoglobin, accompanied by increases in reticulocyte count, in
Wistar rats exposed to 135 or 320 ppm [653 or 1549 mg/m?] 2-butoxyethanol for 5 weeks
(7 h per day on 5 days per week).

In a study that was primarily designed to investigate developmental toxicity, pregnant
Fischer 344 rats were exposed to 0, 25, 50, 100 or 200 ppm [0, 121, 242, 483 or
966 mg/m?®] 2-butoxyethanol for 10 days. The animals were killed on day 21 of gestation
and haematological analyses were carried out on the dams. Similar to the effects reported
by Dodd et al. (1983), significant decreases in red blood cell count and mean corpuscular
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haemoglobin concentration and increases in mean corpuscular volume and mean corpus-
cular haemoglobin were observed in dams exposed to 100 ppm and 200 ppm; significant
decreases in haemoglobin and haematocrit and increased relative spleen and relative
kidney weights were noted after exposure to 200 ppm. No effects were observed after
exposure to 50 and 25 ppm (Tyl et al., 1984).

In the only available short-term inhalation study in mice, a reversible increase in ery-
throcyte fragility was observed in animals exposed to 100 ppm [483 mg/m?] for 30 expo-
sures; transient haemoglobinuria was evident after exposure to 200 and 400 ppm [966 and
1932 mg/m3] (Carpenter ef al., 1956).

Exposure of pregnant New Zealand white rabbits to up to 200 ppm [966 mg/m?]
2-butoxyethanol for 13 days did not result in clear alterations in haematological para-
meters; however, there was a suggestion of haematuria’haemoglobinuria after exposure to
high concentrations (100 and 200 ppm). In addition, mortality and the occurrence of spon-
taneous abortions were increased by 200 ppm, but not by 100 ppm or less (Tyl et al.,
1984).

Limited data are also available on the short-term toxicity of 2-butoxyethanol in other
experimental species. No haematological effects were noted in guinea-pigs exposed to up to
494 ppm [2386 mg/m?] 2-butoxyethanol, although effects were noted in the lungs (conges-
tion) and kidney (tubule swelling and increased relative weight) (Carpenter et al., 1956).
However, effects on blood parameters (including increased leukocyte count, decreased ery-
throcyte count and haemoglobin and increased erythrocyte osmotic fragility) were noted in
a small number of dogs exposed to 385 ppm [1860 mg/m?3] and in monkeys exposed to 200
or 100 ppm [966 or 483 mg/m?3] (Carpenter et al., 1956). Werner et al. (1943c¢) also observed
slight, but statistically significant effects on haematological parameters (decreased haema-
tocrit and haemoglobin) in dogs exposed to 415 ppm [2005 mg/m?] for up to 12 weeks (7 h
per day on 5 days per week).

Dermal exposure

Only limited data are available on the short-term dermal toxicity of 2-butoxyethanol.
Based on a limited secondary account of an unpublished study (Tyler, 1984), haemato-
logical effects (reductions in red blood cell count and haemoglobin concentration) and
local skin damage (erythema, oedema and necrosis) were reported in rabbits that received
nine applications of an aqueous solution, with a lowest-observable-effect level (LOEL) of
180 mg/kg bw per day (applied as a 50% aqueous dilution) and a NOEL of 90 mg/kg bw
per day (applied as a 25% aqueous dilution).

(ii))  Subchronic exposure

Based on the limited database available, haematological effects and effects on the
liver and kidneys appear to be the critical effects associated with subchronic exposure via
ingestion or inhalation in animals.
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Oral exposure

In a study conducted by the National Toxicology Program (1993), male and female
Fischer 344/N rats were administered 0, 750, 1500, 3000, 4500 or 6000 ppm 2-butoxy-
ethanol in the drinking-water (estimated equivalent doses, 0, 69, 129, 281, 367 or
452 mg/kg bw per day in males and 0, 82, 151, 304, 363 or 470 mg/kg bw per day in
females based on drinking-water consumption) for 13 weeks. Haematological effects indi-
cative of anaemia were observed in both males and females exposed to 750-6000 ppm
(equivalent to 69-452 mg/kg bw per day in males and 82-470 mg/kg bw per day in
females). Females were more sensitive to the haematological effects than males, as alte-
rations in blood parameters (including red blood cell count, haemoglobin concentration,
mean cell volume, mean cell haemoglobin and haematocrit) were reported at all doses as
early as 1 week after initiation of exposure and were still present at 13 weeks. In males,
signs of mild anaemia were only observed at doses of 1500 ppm (129 mg/kg bw per day)
and above. The authors suggested from the spectrum of haematological effects that the
anaemia was regenerative (as indicated by increased numbers of reticulocytes) and that
haemolysis was brought about by cell swelling (increased mean cell volume). Effects were
also observed in the liver, including increased relative weights (82 and 367 mg/kg bw per
day in females and males, respectively) and histopathological changes (hepatocellular
degeneration with 304 and 281 mg/kg bw per day in females and males, respectively, cyto-
plasmic alterations in all exposed groups and pigmentation with 151 and 452 mg/kg bw per
day in females and males, respectively). Although the authors noted that cytoplasmic alte-
rations may be related to the induction of enzymes that are associated with glucuronide and
sulfate conjugation of 2-butoxyethanol, an increase in relative liver weight (commonly
associated with enzyme induction) was observed at all exposure levels in females, while
such increases were only noted in males at higher doses. Hepatic pigmentation was consi-
dered to be secondary to haematotoxicity (with similar sex-related differences in sensi-
tivity), while degenerative changes were considered to be compound-related and may
represent a primary toxicity of 2-butoxyethanol. The lowest concentration administered
(i.e. 750 ppm, or 82 and 69 mg/kg bw per day in females and males for haematological and
hepatic effects, respectively) was found to be the LOEL.

In male and female B6C3F; mice administered 0, 750, 1500, 3000, 4500 or 6000 ppm
2-butoxyethanol in the drinking-water for 13 weeks (estimated equivalent doses, 0, 118,
223,553, 676 or 694 mg/kg bw per day in males and 0, 185, 370, 676, 861 or 1306 mg/kg
bw per day in females based on drinking-water consumption), the only effects observed
in mice exposed to up to 6000 ppm (equivalent to 694 and 1306 mg/kg bw per day in
males and females, respectively) were slight reductions in body-weight gain (6000 ppm
in both sexes) and increased relative kidney weight in females at all exposure levels (i.e.
750 ppm or 185 mg/kg bw per day and above). However, the effects on kidney weight
were considered to be secondary to reduced body-weight gain, as no histopathological
changes were noted at the highest dose (National Toxicology Program, 1993). [However,
the Working Group noted that relative kidney weights were increased at doses lower than
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those associated with significant reductions in body-weight gain.] In contrast, however,
Heindel et al. (1990) reported increased mortality in female Swiss CD-1 mice adminis-
tered drinking-water that contained 1 or 2% 2-butoxyethanol (equivalent doses, 1300 and
2100 mg/kg bw per day) for 15 weeks. Similarly exposed males lost weight during the
study. No such effects were observed at doses of 700 mg/kg bw per day. No lesions of the
kidney were observed in females exposed to 1300 mg/kg bw per day [the only dose at
which examinations appear to have been conducted]. At this dose, relative kidney weights
were increased in both sexes and relative liver weight was increased in the females. [It is
unclear whether organ weights were examined at other doses.] The NOEL, based on
changes in body-weight gain and organ weights, was considered to be 700 mg/kg bw per
day; however, it is not indicated whether organ weights were examined at this dose.
Haematological parameters were not investigated in either of these two studies.

In a study designed to investigate potential modes of induction of the liver neoplasms
observed in a previously reported chronic bioassay in mice (National Toxicology
Program, 2000), Siesky et al. (2002) administered 2-butoxyethanol by gavage to male
B6C3F, mice and male Fischer 344 rats at doses of 0, 225, 450 and 900 mg/kg bw per day
(mice) and 0, 225 and 450 mg/kg bw per day (rats) for up to 90 days; animals were killed
after 7, 14, 28 and 90 days of exposure. Dose-related decreases in haematocrit and
increases in relative spleen weight were observed in both species, accompanied by an
increase in iron deposition in Kupffer cells. Oxidative DNA and lipid damage, as
measured by 8-hydroxydeoxyguanosine and malondialdehyde, respectively, and
increased DNA synthesis in hepatocytes and endothelial cells were observed in mice after
7 and 90 days of exposure to 2-butoxyethanol, but not in rats at any time point. Park et al.
(2002a) observed similar indications of oxidative stress in B6C3F, mice exposed to 450
or 900 mg/kg bw 2-butoxyethanol per day by gavage for 7 days, together with decreased
levels of the antioxidant, vitamin E. In an accompanying in-vitro study, these authors
induced oxidative stress in isolated mouse hepatocytes exposed to haemolysed red blood
cells, but not in hepatocytes exposed to 2-butoxyethanol or 2-butoxyacetic acid, which,
they suggested, was indicative that the oxidative stress in the liver in mice was secondary
to the accumulation of iron that resulted from 2-butoxyethanol-induced haemolysis.
Based on the results of these studies, Park et a/. (2002a) hypothesized that the liver
tumours in mice arise due to stress associated with iron deposition in the liver, although,
as noted below, the incidence of hepatic haemosiderin pigmentation did not correlate with
the presence of tumours (National Toxicology Program, 2000) (see Section 4.5).

Inhalation exposure

In Fischer 344/N rats exposed to 0, 31, 62.5, 125, 250 or 500 ppm [0, 150, 302, 604,
1208 or 2415 mg/m?] 2-butoxyethanol by inhalation for 14 weeks (6 h per day on 5 days
per week), changes in haematological parameters that were characteristic of macrocytic,
normochromic, responsive anaemia (i.e. increased mean cell volume, lack of change in
mean cell haemoglobin values and increased reticulocyte count) were observed (National
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Toxicology Program, 2000). Females were more sensitive than males; alterations in
haematological parameters were observed at the lowest concentration tested (i.e. LOEL,
31 ppm [150 mg/m?]) in females, while the LOEL in males for these effects was 125 ppm
[604 mg/m?]; the NOEL in males was found to be 62.5 ppm [302 mg/m?]. The severity of
these effects increased with concentration in both sexes. In addition, females that died or
were killed before the end of the study had an increased incidence of thrombosis in the
blood vessels of several tissues as well as bone infarction. Signs of earlier infarction were
also observed in the vertebrae of females exposed to 500 ppm and killed at the end of the
study period, although there was no evidence of thrombosis in these animals. These effects
were not observed in male rats. It was hypothesized by the authors that the thrombosis
resulted from severe acute haemolysis, which caused a release of protocoagulants from
erythrocytes, or from anoxic damage to endothelial cells; either of these effects could com-
promise blood flow (see also Nyska et al., 1999b). Long et al. (2000) also reported throm-
bosis and infarction of the dental pulp of female rats that were exposed to 500 ppm
[2415 mg/m?] for 13 weeks and killed early (day 4 of the treatment) due to their moribund
condition, but not in rats that were killed at termination of the study; they suggested that
this was indicative of reversibility of the lesions. Other effects consistent with regenerative
haemolytic anaemia observed in both male and female rats included excessive haemato-
poietic cell proliferation in the spleen, haemosiderin pigmentation in hepatic Kupffer cells
and renal cortical tubules and bone marrow hyperplasia. Inflammation and/or hyperplasia
of the forestomach also occurred in male and female rats exposed to the higher concentra-
tions (250 and 500 ppm [1208 and 2415 mg/m?]), while increases in relative kidney and
liver weights were noted in females exposed to 62.5 ppm [302 mg/m?] and above and in
males exposed to 250 ppm and above (National Toxicology Program, 2000).

Haematological effects that consisted of slight decreases in red blood cell count and
haemoglobin levels and an increase in mean corpuscular haemoglobin were also observed
in female Fischer 344 rats exposed to 77 ppm [372 mg/m?] (6 h per day on 5 days per
week) for 6 weeks (Dodd et al., 1983); after 13 weeks of exposure, values for these para-
meters were generally similar to those of controls [contrary to the observations in this
strain of rats by the National Toxicology Program (2000)]. Males appeared to be much
less sensitive, as the only effect on blood was a very slight decrease in red blood cell count
after 13 weeks of exposure to 77 ppm. No indication of haematotoxicity was observed at
doses of 25 and 5 ppm [121 and 24 mg/m?]. No histopathological changes or alterations
in clinical chemistry were noted in exposed rats (Dodd et al., 1983).

Alterations in haematological parameters that were indicative of haemolytic anaemia
(haemoglobin, haematocrit and erythrocyte counts) were also the most sensitive end-
points observed in B6C3F, mice exposed to 0, 31, 62.5, 125, 250 or 500 ppm [0, 150, 302,
604, 1208 or 2415 mg/m?] (6 h per day on 5 days per week) for 14 weeks (National Toxi-
cology Program, 2000). However, the anaemia in mice was considered to be normocytic,
normochromic and responsive (compared with the macrocytic anaemia noted in rats),
because 2-butoxyethanol did not induce any changes in mean cell volume. In addition,
based on the magnitude of the changes, the anaemia was less severe in mice than in rats,
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although females were again more sensitive than males (LOELs in females and males,
31 ppm [150 mg/m?] and 125 ppm [604 mg/m?], respectively). As in rats, effects in the
spleen that were consistent with regenerative anaemia (haemosiderin pigmentation at
doses of 125 ppm and above in males and 250 ppm and above in females and increased
haematopoiesis at doses of 250 ppm and above in males and at 500 ppm in females) were
also observed. The incidence of hyperplasia of the forestomach was increased in female
mice exposed to 125 ppm or more, while the incidence of forestomach inflammation was
increased in females exposed to 250 ppm and above. In males, only non-statistically signi-
ficant increases in the incidence of forestomach hyperplasia were observed after exposure
to the highest concentration. The incidence of haemosiderin pigmentation of hepatic
Kupffer cells was increased in male mice at doses of 500 ppm and in female mice at doses
of 250 ppm or above; haemosiderin pigmentation was also observed in the renal tubules
of both males and females exposed to the highest concentration. Increased mortality was
noted in both males and females exposed to 500 ppm.

In an early 90-day study of male C3H mice (Carpenter et al., 1956) that were exposed
to 0, 100, 200 or 400 ppm [0, 483, 966 or 1932 mg/m?] 2-butoxyethanol (7 h per day on
5 days per week) for up to 90 days, transient haemoglobinuria and reversible increased
liver weights were observed at the two higher concentrations, although no lesions were
observed on microscopic examination of the liver, kidney and lung. The osmotic fragility
of the red blood cells from all exposed animals was increased immediately after each
exposure, but no increase in severity was apparent throughout the duration of the study.
However, the erythrocytes returned to normal during the 17-h rest between exposures.
Thus, the LOEL was found to be 100 ppm [483 mg/m?].

No overt signs of toxicity and no effects on the weight or microscopic appearance of
unspecified organs or on haematology (including osmotic fragility) were observed in New
Zealand white rabbits that received daily dermal applications (covered) of up to 150 mg/kg
bw per day 2-butoxyethanol for 6 h per day on 5 days per week for 13 weeks (Tyler, 1984;
ECETOC, 1994, 1995).

(ii1)  Chronic inhalation exposure

A 2-year inhalation bioassay was conducted in groups of 50 male and 50 female
Fischer 344/N rats that were exposed to 0, 31.2, 62.5 or 125 ppm [0, 151, 302 or
604 mg/m?®] 2-butoxyethanol (6 h per day on 5 days per week) for 104 weeks. An addi-
tional nine or 27 male and female rats per group were evaluated at 3, 6 and 12 months.
Similar to the critical end-points observed in shorter-term studies, chronic exposure to
31.2 ppm [151 mg/m?] 2-butoxyethanol (the lowest concentration tested) or more resulted
in haemolytic anaemia (characterized as macrocytic, normochromic anaemia based on
decreases in haematocrit, haemoglobin concentrations and erythrocyte counts, increases
in mean cell volume and mean cell haemoglobin and the lack of an effect on mean cell
haemoglobin concentration) in both male and female rats, which persisted throughout the
12 months that haematological parameters were monitored. The severity of these effects
increased with level of exposure and did not improve over time. The anaemia was
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considered to be responsive, based on the observation of increased reticulocyte and
nucleated erythrocyte counts and a decrease in the myeloid:erythroid ratios. Consistent
with results observed in earlier studies, toxicokinetic data indicated slower clearance of
the active metabolite, 2-butoxyacetic acid, and greater activity of the relevant isoenzyme
in females. In general, the severity of haematological effects was greater in females than
in males, and alterations in multiple parameters were observed at the lowest concentration
tested (i.e. 31.2 ppm [151 mg/m?], which was considered to be the LOEL), while only
mean cell volume was affected in males at this concentration (National Toxicology Pro-
gram, 2000).

Neoplastic lesions were observed in the adrenal gland of female rats, as described in
Section 3. A non-statistically significant increase in the incidence of hyperplasia of the
adrenal medulla was also observed in females exposed to 125 ppm [302 mg/m?]. No such
increases were observed in males. Other exposure-related histopathological changes
observed in rats exposed to 62.5 ppm and above included increased incidences of minimal
hyaline degeneration of the olfactory epithelium in males and females (incidences: 13/48,
21/49, 23/49 and 40/50 males and 13/50, 18/48, 28/50 and 40/49 females exposed to 0,
31.2, 62.5 and 125 ppm, respectively) (which was considered by the authors to be an
adaptive/protective effect rather than an adverse effect), increased incidences of pigmen-
tation of Kupffer cells in the liver of males and females (incidences: 23/50, 30/50, 34/50
and 42/50 males and 15/50, 19/50, 36/50 and 47/50 females exposed to 0, 31.2, 62.5 and
125 ppm, respectively) and an increase in splenic fibrosis in males (incidences: 11/50,
14/50, 19/50 and 20/50 exposed to 0, 31.2, 62.5 and 125 ppm, respectively) (National
Toxicology Program, 2000).

In a concurrent bioassay (National Toxicology Program, 2000), groups of 50 male and
50 female B6C3F, mice were exposed by inhalation to 0, 62.5, 125 or 250 ppm [0, 302,
604 or 1208 mg/m?] 2-butoxyethanol for 6 h per day on 5 days per week for 104 weeks.
An additional 30 male and 30 female mice were evaluated at 3, 6 and 12 months. Consis-
tent with the results reported for shorter-term studies, B6C3F, mice were less sensitive to
the haematological effects of 2-butoxyethanol than rats. Anaemia, which was characterized
by decreases in haematocrit, haemoglobin concentrations and erythrocyte count, occurred
at 3, 6 and 12 months in male and female mice exposed to the two higher concentrations
(125 and 250 ppm [604 and 1208 mg/m?]) and there was some evidence of anaemia in
females exposed to 62.5 ppm [302 mg/m?], but only at one time-point (6 months). In
general, based on the lack of consistent changes in mean cell volume (except in females
exposed to 250 ppm for 12 months) and mean cell haemoglobin concentrations, the effects
observed in mice were consistent with normocytic, normochromic anaemia. Although it
was considered to be responsive, based on the increased reticulocyte counts, this response
improved over time. In addition, contrary to the observations in rats, there were no
decreases in myeloid:erythroid ratios; in fact, increases were observed in some exposed
groups. Thrombocytosis was present in both male and female mice at all concentrations,
based on the increase in platelet counts; time of appearance was inversely related to con-
centration. As in rats, female mice were more sensitive than males, and significant altera-
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tions in haematological parameters generally occurred earlier and at lower exposure levels
in female mice.

The observed neoplastic lesions, including those of the forestomach, liver and circu-
latory system, are described in Section 3. The incidence of hyperplasia of the epithelium
of the forestomach was significantly increased in a concentration-related manner in all
exposed groups (1/50, 7/50, 16/50 and 21/50 males and 6/50, 27/50, 42/50 and 44/50
females exposed to 0, 62.5, 125 and 250 ppm, respectively), which was accompanied by
a concentration-related trend in the incidence of ulcers of the forestomach in female mice
(1/50, 7/50, 13/50 and 22/50). The authors hypothesized that the observed forestomach
tumours represented a continuation of the injury/degeneration process, although the
potential relationship between these lesions was not investigated. [The authors noted that
the mechanism by which the forestomach is exposed is not clear; the role of preening or
mucocilliary clearance of the respiratory tract in the exposure is unknown, although
similar lesions and accumulation of 2-butoxyethanol in the forestomach of mice were also
observed following oral or intraperitoneal administration (Poet et al., 2003).] Minimally
severe haemosiderin pigmentation of Kupffer cells was also noted in the liver of exposed
mice, which did not appear to be directly correlated to the incidence of neoplastic lesions
in this organ, since such pigmentation was not present in all males in which liver tumours
were observed but was noted in female mice that did not have an increased incidence of
neoplastic lesions at this site. Therefore, although the pathogenesis of neoplastic lesions
of the liver could not be determined, the authors suggested that it was unlikely to be
related to the accumulation of haemosiderin pigment and was possibly related to oxida-
tive stress. The LOEL for non-neoplastic effects (haematotoxicity and forestomach
lesions) was 62.5 ppm [302 mg/m?] in both sexes of mice.

(iv) Other data

Based on the limited data available, 2-butoxyethanol appears to have some immuno-
modulating potential, to which mice are more sensitive than rats. Significant effects on
indicators of immune function were observed in BALB/c mice administered repeated oral
doses of 50 mg/kg bw per day or more for 10 days (Morris et al., 1996), while only slight
or no changes in immune function parameters were noted in Fischer 344 and Sprague-
Dawley rats administered higher doses (i.e. up to 400 mg/kg bw per day by gavage for
2 days and up to 6000 pm in the drinking-water (equivalent to up to 444 mg/kg bw per day)
for 21 days, respectively) (Exon et al., 1991; Smialowicz ef al., 1992). Repeated dermal
application of 500 mg/kg bw per day for 4 days or longer resulted in a reduced immune
response of T cells, but not of B cells, in BALB/c mice (Singh ef al., 2001); no similar
studies in rats were identified. Topical administration of 4 mg 2-butoxyethanol resulted in
a time-dependent decrease in contact hypersensitivity response to oxazolone in female
BALB/c mice, whereas higher dermal doses or oral administration of up to 400 mg/kg bw
per day for 10 days did not modulate this response (Singh et al., 2002). Reduced weights
or histopathological changes were observed in the thymus or spleen of both mice and rats
exposed subchronically or chronically to 2-butoxyethanol; however, it was considered that
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these effects were probably secondary to haemolysis and decreased body weight (National
Toxicology Program, 1993, 2000).

No investigations of the neurological effects of 2-butoxyethanol have been identified,
although various signs of effects on the central nervous system, including loss of coordi-
nation, sluggishness, narcosis, muscular flaccidity and ataxia, have been reported after
exposure to high doses or concentrations in numerous short-term studies (Carpenter ef al.,
1956; Dodd et al., 1983; Hardin et al., 1984; Krasavage, 1986).

(¢)  In-vitro investigations of haemolytic effects

Differences in species sensitivity to haemolysis induced by 2-butoxyethanol and its
metabolites have been investigated in several studies in vitro. Consistent with the results
of in-vivo studies, 2-butoxyacetic acid was more potent than either the parent compound
or the acetaldehyde metabolite (Bartnik er al., 1987; Ghanayem, 1989; Sivarao &
Mehendale, 1995). Although slight species differences were observed in erythrocytes
exposed to 2-butoxyethanol (humans were less sensitive than rats, mice, dogs and guinea-
pigs) (Carpenter et al., 1956; Bartnik ef al., 1987), variability between species was much
more pronounced when cells were exposed to 2-butoxyacetic acid (erythrocytes from
humans were less sensitive than those of rats). In a comparison across multiple mamma-
lian species (three to five animals per species), Ghanayem and Sullivan (1993) observed
that red blood cells from rats, mice, hamsters, rabbits and baboons were more sensitive to
the effects of 2-butoxyacetic acid than those of pigs, dogs, cats, guinea-pigs and humans.

Bartnik et al. (1987) reported that 1.25 mM [165 ug/mL] 2-butoxyacetic acid (the
lowest concentration administered) resulted in 25% haemolysis in male Wistar rat ery-
throcytes after 180 min, while, in contrast, 15 mM [1980 pg/mL] 2-butoxyacetic acid did
not produce measurable haemolysis in erythrocytes from healthy humans over the same
time. [This study was conducted on washed erythrocytes rather than whole blood, which
indicates that the species difference in sensitivity in vitro was probably due to an inherent
difference in the erythrocytes, rather than in the extent of plasma protein binding of 2-
butoxyacetic acid.] Ghanayem (1989) exposed pooled whole blood from male Fischer
344 rats and healthy human volunteers (three men and women) to 2-butoxyacetic acid for
0.25-4 h and measured haematocrit and free plasma haemoglobin levels as indicators of
swelling of the erythrocytes and haemolysis, respectively. Based on observations after 4 h
of incubation, 8.0 mM [1056 ug/mL] 2-butoxyacetic acid had less effect in humans than
0.5 mM [66 pg/mL] 2-butoxyacetic acid had in rats. [However, it is not clear from the
data presented whether the slight changes in human erythrocytes were produced in
relation to the initial control value or were compared with data for a 4-h incubation in the
absence of 2-butoxyacetic acid.] Similarly, Udden and Patton (1994) observed no effects
in human erythrocytes exposed to 2 mM [264 pg/mL] 2-butoxyacetic acid (the maximum
concentration tested) for 4 h, although this concentration induced rapid haemolysis in rat
erythrocytes. Exposure of rat erythrocytes to 0.2 mM [26.4 ng/mL] 2-butoxyacetic acid
did not result in haemolysis, although reduced cell deformability and increased mean cell
volume were noted. In a subsequent investigation, similar sub-haemolytic changes were
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observed, including loss of deformability and an increase in mean cell volume and cell
sodium levels, in human erythrocytes (from up to 14 individuals) that were incubated with
7.5 or 10.0 mM [990 or 1320 ug/mL] 2-butoxyacetic acid and in rat erythrocytes exposed
to lower concentrations of 2-butoxyacetic acid (i.e. 0.05, 0.075 or 1.0 mM [6.6, 9.9 or
132 pg/mL]). A slight, but statistically significant increase in haemolysis was observed in
red blood cells obtained from 40 hospitalized adults that were exposed in vitro to 10 mM
2-butoxyacetic acid; significant increases in haemolysis were not noted in exposed cells
from 11 healthy adults or 46 hospitalized children (Udden, 2002).

Following incubation for 4 h with 2 mM [264 pug/mL] 2-butoxyacetic acid, Udden
(1994) reported a lack of haemolysis in human red blood cells from groups of different
human subjects, including nine healthy young adults (31-56 years old), nine older subjects
(64-79 years old), seven patients who had sickle-cell disease and three patients who had
spherocytosis. However, these groups differed with regard to the extent of spontaneous
haemolysis that occurred after incubation of their red blood cells for 4 h in the absence of
2-butoxyacetic acid.

Unlike the sex-related differences in sensitivity to 2-butoxyethanol-induced haemato-
logical effects that have been observed in rats exposed in vivo, in-vitro exposure of rat ery-
throcytes to the metabolite 2-butoxyacetic acid revealed no differences in sensitivity
between males and females, as measured by packed cell volume (Ghanayem et al., 2000),
which provides further support to the supposition that differences in vivo are related to
differences in metabolism and toxicokinetics of 2-butoxyethanol rather than to differences
in toxicodynamics.

(d) Mode of action that induces haematological effects

Extensive data from comparative toxicity studies with the parent compound and its
metabolites, as well as from studies in which oxidation of 2-butoxyethanol to 2-butoxy-
acetic acid is inhibited, indicate that 2-butoxyacetic acid is the metabolite that is princi-
pally responsible for the haematological effects observed in experimental animals
exposed to 2-butoxyethanol (Ghanayam et al., 1987b; Morel et al., 1996). The changes in
haematological parameters induced by 2-butoxyacetic acid are characteristic of haemo-
lytic anaemia, although the mode(s) of action by which 2-butoxyacetic acid induces these
effects has (have) not been established conclusively. Before the occurrence of haemolysis
in red blood cells from rats, erythrocyte swelling, morphological changes (including a
change from typical discocytic to spherocytic appearance and stomatocytosis) and
decreased deformability have been observed (Udden, 1996). Udden (2000) observed
similar morphological changes in rat erythrocytes following in-vivo exposure to
125 mg/kg bw 2-butoxyethanol and in-vitro exposure to 1.0 mM [132 pg/mL] 2-butoxy-
acetic acid which are suggestive of a progression from stomatocytosis, or cupping, to
spherocytosis and, finally, to lysis. These morphological changes were not observed in
human erythrocytes incubated with up to 2.0 mM [264 ug/mL] 2-butoxyacetic acid. The
severity of morphological changes in erythrocytes, including stomatocytosis, macro-
cytosis, moderate rouleaux formation, spherocytosis, schistocytosis and ghost cell forma-
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tion, increased progressively in male and female Fischer 344 rats administered 250 mg/kg
bw 2-butoxyethanol per day by gavage for 1, 2 or 3 days (Ghanayem et al., 2001). Based
on available information from his own research and the investigations of others,
Ghanayem (1996) hypothesized that the swelling of erythrocytes was due to increased
cell membrane permeability to cations and water and noted that such changes in cellular
membranes have been observed in the blood of humans who have hereditary sphero-
cytosis, as have stomatocytes, which are associated with altered intracellular levels of
sodium and potassium that lead to increased cell water, increased mean cell volume,
decreased deformability and increased osmotic fragility. 2-Butoxyacetic acid-induced
swelling of rat erythrocytes exposed in vitro continued after removal of 2-butoxyacetic
acid and was not reversible, although the rate of swelling decreased (Ghanayem ef al.,
1989). These authors also investigated the partitioning of 2-butoxyacetic acid between
erythrocytes and plasma and determined that the concentration in cells increased over
time while that in the plasma remained relatively constant (Ghanayem et al., 1989). In a
previous study, Ghanayem and Matthews (1990) showed that administration of calcium
channel blockers to rats before exposure to 2-butoxyethanol decreased the erythrocyte
swelling and improved the associated haemolytic anaemia; it was speculated that homeo-
stasis of intracellular calcium or other cations (whose passage through cellular mem-
branes may be affected by such blockers) may be involved in 2-butoxyethanol-induced
toxicity (Ghanayem, 1996). Conjugation of 2-butoxyethanol with long-chain fatty acids
in the liver has been observed in rats (Kaphalia et al., 1996), although it is not known
whether such conjugation would occur when lipids were present in erythrocyte mem-
branes. In addition, Dartsch et al. (1999) reported that the intermediate metabolite,
butoxyacetaldehyde, caused depolymerization of intracellular stress fibres that contain
actin in mammalian renal epithelial cells, which resulted in morphological alterations in
cell shape and volume that were consistent with the hypothesis that cell swelling points
to the induction of a necrotic process.

4.3 Reproductive and developmental effects

4.3.1 Humans

No data on the potential reproductive or developmental effects of 2-butoxyethanol in
humans were available to the Working Group.

4.3.2  Experimental systems

(@)  Reproductive toxicity

Very limited information on the potential reproductive toxicity of 2-butoxyethanol is
available. In the only investigation of the potential effect of 2-butoxyethanol on reproduc-
tive ability identified (i.e. the multigeneration study by Heindel et al. (1990)), adminis-
tration of 700-2100 mg/kg bw per day 2-butoxyethanol in the drinking-water to breeding
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pairs of CD-1 mice throughout mating, pregnancy and lactation did not induce any discer-
nible effects on male reproductive organs or sperm or on the estrous cycle of females.
However, fertility was impaired, based on statistically significant reductions in the numbers
of litters per pair and live pups per litter after exposure to 1300 and 2100 mg/kg bw per day;
these doses were also associated with decreased body-weight gain and drinking-water con-
sumption in the parent mice. Based on the results of a cross-over mating trial, in which
exposed males were mated with control females and exposed females were mated with
control males, these effects were found to be primarily due to an effect on the treated
females. Because of the lack of sufficient pups in the groups treated with 1300 and
2100 mg/kg bw per day, fertility was only examined in the group that was administered
700 mg/kg bw per day. No effects on reproductive ability, as measured by mating and ferti-
lity indices, litter size, proportion of live pups or live pup weights, were noted in mice
exposed to 2-butoxyethanol in utero, from weaning to sexual maturity or until delivery of a
litter.

Acute exposure to 800 ppm [3864 mg/m?] of a saturated vapour of 2-butoxyethanol
for 3 h did not result in altered testicular weight in Alpk/Ap rats (Doe, 1984). Similarly,
no histopathological effects on the testes, epididymidis or seminal vesicles were observed
in Alpk/Ap rats administered a single oral dose of up to 868 mg/kg bw butoxyacetic acid
by gavage (Foster et al., 1987).

No effects on testes weight or histopathology were reported in short-term studies in
which Fischer 344 (or Fischer 344/N), Sprague-Dawley and Crl:COBS CD (SD)BR rats
were administered doses of up to 1000, 506 and 885 mg/kg bw 2-butoxyethanol per day,
respectively, and JCL-ICR mice were administered up to 2000 mg/kg bw per day (Nagano
et al., 1979, 1984; Grant et al., 1985; Krasavage, 1986; Exon et al., 1991; National Toxi-
cology Program, 1993).

Sperm morphology and vaginal cytology were assessed in Fischer 344/N rats and
B6C3F, mice that received 2-butoxyethanol in the drinking-water for 13 weeks. In mice,
no evidence was found of an adverse effect on the estrous cycle of females administered
up to 1306 mg/kg bw per day, while a slight reduction in sperm motility was observed in
males that received 694 mg/kg bw per day and absolute left testis weights were slightly
reduced at all dose levels (i.e. 553 mg/kg bw per day and above). In the corresponding
study in rats, uterine atrophy or decreased sperm concentration were evident, with LOELs
of 304 and 281 mg/kg bw per day in females and males, respectively (National Toxico-
logy Program, 1993).

Testicular degeneration and necrosis of the epididymis was noted in a subchronic study
in B6C3F, mice that were exposed by inhalation to 500 ppm [2415 mg/m?] 2-butoxy-
ethanol, a concentration that was associated with decreased survival and lesions in several
organs (National Toxicology Program, 2000). No such effects were noted in the concurrent
study in Fischer 344/N rats exposed to up to 500 ppm 2-butoxyethanol.

No effects on male or female reproductive organs were reported in a 2-year bioassay in
which Fischer 344/N rats and B6C3F, mice were exposed to up to 125 and 250 ppm [604
and 1208 mg/m?] 2-butoxyethanol, respectively (National Toxicology Program, 2000).
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(b)  Developmental toxicity

In studies in rats and mice, oral administration of 2-butoxyethanol during pregnancy
induced fetotoxic and/or embryotoxic effects, but generally only at or above maternally
toxic doses. When Fischer 344 rats were administered 0, 30, 100 or 200 mg/kg bw
2-butoxyethanol per day by gavage on days 9—11 of pregnancy (National Toxicology
Program, 1989), increased fetal deaths occurred after exposure to 200 mg/kg bw per day.
Maternal toxicity (including haemolysis) was evident at doses of 100 mg/kg bw per day
or more. The frequency of malformations was not increased at any dose level. Haemato-
logical effects (reduced platelet count) were also noted in fetuses of dams that were
exposed to 300 mg/kg bw per day on days 11-13 of gestation, although inconsistent
changes in mean corpuscular volume were observed at lower doses. The LOELs for deve-
lopmental and maternal toxicity were considered to be 200 and 100 mg/kg bw per day,
respectively; no effects were noted after exposure to 30 mg/kg bw per day.

Pregnant CD-1 mice were administered 0, 350, 650, 1000, 1500 or 2000 mg/kg bw
2-butoxyethanol per day by gavage on days 8—14 of gestation (Wier et al., 1987). An
increase in the number of resorbed embryos was observed after oral administration of
1000 mg/kg bw per day or more. Clinical signs of toxicity were observed in dams
(staining of cage papers, lethargy, abnormal breathing, failure to right or mortality) treated
with 650 mg/kg bw per day and above. The LOEL for maternal toxicity and the no-
observed-adverse-effect level (NOAEL) for developmental toxicity were considered to be
650 mg/kg bw per day. In pups of dams administered 650 or 1000 mg/kg bw per day, no
effects on survival or growth as of postnatal day 22 were observed. Administration by
gavage of 1180 mg/kg bw per day (only dose tested) to CD-1 mice during days 7—14 of
pregnancy resulted in maternal deaths (20%) and reductions in the number of viable
litters, but did not affect pup weight or postnatal survival (Schuler et al.,1984; Hardin
etal., 1987).

Heindel et al. (1990) observed a slight fetotoxic effect at a dose that was not overtly
toxic to the parent animals; in a multigeneration study, a small, but statistically significant
reduction in live pup weight (by 4.3%) was observed in the F, generation after adminis-
tration of 0.5% 2-butoxyethanol in the drinking-water (equivalent to 700 mg/kg bw per
day) to male and female CD-1 mice throughout mating, pregnancy and lactation. Greater
reductions in live pup weight were noted at higher doses (1 and 2% in the drinking-water;
equivalent to 1300 or 2100 mg/kg bw per day) at which overt maternal toxicity (decreased
body weight and fluid consumption, increased kidney weight and/or increased mortality)
was observed. This effect was attributed to maternal exposure, since it was only observed
in pairings in which exposed females were mated with control males. However, although
a 4.4% reduction in live pup weight was noted in the F, generation, this decrease was not
statistically significant (which indicated that the effect did not worsen in successive gene-
rations), and 700 mg/kg bw per day was considered by the investigators to be close to the
NOAEL for developmental toxicity.
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Developmental toxicity in the form of increased numbers of non-viable implants and
resorptions and decreased percentage of live fetuses per litter was observed in Fischer 344
rats exposed to 200 ppm [966 mg/m?] 2-butoxyethanol on days 615 of pregnancy. Reduced
skeletal ossification was evident at doses of 100 ppm [483 mg/m?] or more (concentrations
that were also maternally toxic based on weight loss and haematological effects). Therefore,
the LOEL for maternal and developmental toxicity was considered to be 100 ppm, since no
effects were observed at doses of 25 or 50 ppm [121 or 242 mg/m?] (Tyl et al., 1984).
However, no significant developmental effects occurred in Sprague-Dawley rats exposed to
150 or 200 ppm [726 or 966 mg/m?] 2-butoxyethanol on days 7-15 of pregnancy, although
haematuria occurred in dams on the first day of exposure at 200 ppm (Nelson et al., 1984).
In rabbits exposed to 2-butoxyethanol on days 6-18 of pregnancy, the LOEL for both
maternal and developmental toxicity was 200 ppm [966 mg/m?], based on increased morta-
lity, abortions and weight loss and a slight reduction in the number of viable implants per
litter; no significant toxicity was noted in dams or fetuses at doses of 100 ppm [483 mg/m?]
or less (Tyl et al., 1984).

In a study of Sprague-Dawley rats that received repeated dermal applications (not speci-
fied if the site of application was covered) of neat 2-butoxyethanol on days 7-16 of
pregnancy, no overt signs of maternal toxicity and no evidence of developmental toxicity
were observed at doses of 0.48 mL per day (~3.6 mmol per day; ~1920 mg/kg bw per day).
However, the higher dose of 1.4 mL per day (~10.8 mmole per day; ~5600 mg/kg bw per
day) was lethal to the dams (Hardin et al., 1984).

4.4 Genetic and related effects

The genetic toxicology of 2-butoxyethanol and its major metabolites, 2-butoxyacetal-
dehyde and 2-butoxyacetic acid, has been reviewed (Elliott & Ashby, 1997).

4.4.1 Humans

The potential genotoxicity of 2-butoxyethanol and other glycol ethers was studied in
a group of 19 workers (15 men and four women) who were occupationally exposed to
glycol ethers in a varnish production plant. External and internal exposures were assessed
by personal air monitoring on Monday and Tuesday after an exposure-free weekend. In
the varnish production area, the concentrations of 2-butoxyethanol, 2-ethoxyethanol and
2-ethoxyethyl acetate in air averaged 0.5, 2.9 and 0.5 ppm, respectively, on Monday and
0.6, 2.1 and 0.1 ppm, respectively, on Tuesday. At the same workplaces, the mean concen-
trations of 2-butoxyacetic acid and 2-ethoxyacetic acid in the urine of workers were 0.2
and 53.2 mg/L on Monday before the workshift and 16.4 and 53.8 mg/L on Tuesday after
the workshift, respectively. On Tuesday after the shift, venous blood samples were
collected from the workers, and lymphocyte cultures were prepared and analysed for the
frequency of sister chromatid exchange and micronuclei. Fifteen persons who were not
occupationally exposed to glycol ethers and who largely matched the exposed group in
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terms of age and smoking habits served as controls. A comparison of all exposed and
unexposed workers as well as of the small subgroups of exposed and unexposed smokers
and nonsmokers did not show any increase in the mean frequencies of sister chromatid
exchange or micronuclei in the exposed workers (Séhnlein ef al., 1993).

No data on the genetic and related effects of 2-butoxyacetaldehyde or 2-butoxyacetic
acid in humans were available to the Working Group.

4.4.2  Experimental systems (see Table 17 for details and references)

2-Butoxyethanol

(@) In-vitro studies

2-Butoxyethanol has been examined in several bacterial mutagenicity assays both in
the absence and in the presence of an exogenous metabolic activation system. In one of
these studies (Zeiger et al. 1992), postmitochondrial supernatant from both rats and
hamsters was used. No induction of gene mutations by 2-butoxyethanol was observed in
Escherichia coli strain WP2uvrA or in Salmonella typhimurium strains TA100, TA102,
TA1535, TA1537, TA98 or TA97. In a single study, mutagenic activity of 2-butoxyethanol
in strain TA97a, which is closely related to strain TA97, was reported. This finding could
not be confirmed, however, in a thorough independent study that was specifically designed
to investigate this observation. Thus, there is no convincing evidence that 2-butoxyethanol
can cause gene mutation in bacteria.

2-Butoxyethanol was also ineffective in inducing mutations in a bacteriophage assay.

In rat and mouse hepatocytes, 2-butoxyethanol did not cause a significant increase in
the level of 8-hydroxydeoxyguanosine in DNA, a biomarker of oxidative stress.

In an assay for the induction of mutations in mammalian cells in vitro, 2-butoxyethanol
did not increase the frequency of Gpt mutations in Chinese hamster ovary (CHO-AS52)
cells, a subline that has been genetically engineered to allow the detection of both base sub-
stitutions and deletions that may result from clastogenic events. In another study, 2-butoxy-
ethanol was reported to induce an increase in mutant frequency in Chinese hamster V79
cells over the concentration range of 20—75 mmol/L [2360-8850 pg/mL]. However, no data
and no information on cytotoxicity were presented, and the description was inadequate for
evaluation (Elias ef al., 1996).

Studies on the capacity of 2-butoxyethanol to induce sister chromatid exchange have
yielded inconsistent results. Whereas negative results were reported in Chinese hamster
ovary cells, positive findings were obtained in Chinese hamster lung V79 cells and human
lymphocytes. A cell cycle delay was observed in 2-butoxyethanol-treated V79 cells (Elias
et al., 1996). [As no details on cell cycle kinetics of treated and untreated cells were given
for the V79 cells and no data on toxicity or cell cycle were presented for human lympho-
cytes, the Working Group noted that whether the positive effects reported for these sister
chromatid exchange assays are artefacts or not cannot be fully evaluated.]



Table 17. Genetic and related effects of 2-butoxyethanol and its metabolites

Test system Result* Dose” Reference
(LED/HID)
Without With
exogenous  exogenous
metabolic metabolic
system system
2-Butoxyethanol
Escherichia coli WP2uvrA, reverse mutation - - 10 000 png/plate  Gollapudi et al. (1996)
Salmonella typhimurium TA100, TA1535, TA1537, TA98,TA97, - - 10 000 pg/plate  Zeiger et al. (1992)
reverse mutation
Salmonella typhimurium TA100, TA102, TA98, reverse mutation - - 13 600 pg/plate  Hoflack et al. (1995)
Salmonella typhimurium TA100, TA97a, reverse mutation - - 10 000 png/plate  Gollapudi et al. (1996)
Salmonella typhimurium TA97a, reverse mutation + NT 2200 Hoflack et al. (1995)
Salmonella typhimurium TA97a, reverse mutation NT + 9000 ng/plate Hoflack et al. (1995)
Bacteriophage 74D, mutation - NT 111.1 Kvelland (1988)
Oxidative DNA damage, 8-OHdG, B6C3F; mouse and Fischer 344 rat - NT 2954 Park et al. (2002a)
hepatocytes in vitro
Gene mutation, Chinese hamster ovary (CHO-ASS52) cells, Gpt locus - NT 898 Chiewchanwit & Au
in vitro (1995)
Gene mutation, Chinese hamster V79 cells, Hprt locus in vitro ) NT 2363°¢ Elias et al. (1996)
Sister chromatid exchange, Chinese hamster ovary (CHO) cells in vitro  — NT 3500 National Toxicology
Program (1993)
Sister chromatid exchange, Chinese hamster ovary (CHO) cells in vitro  NT - 5000 National Toxicology
Program (1993)
Sister chromatid exchange, Chinese hamster V79 cells in vitro ) NT 2363¢ Elias ef al. (1996)
Micronucleus formation, Chinese hamster V79 cells in vitro +) NT 1005 Elias et al. (1996)
Chromosomal aberrations, Chinese hamster ovary (CHO) cells in vitro ~ — - 5000 National Toxicology
Program (1993)
Chromosomal aberrations, Chinese hamster V79 cells in vitro - NT NG Elias et al. (1996)
Aneuploidy, Chinese hamster V79 cells in vitro + NT 993 Elias et al. (1996)
Cell transformation, Syrian hamster embryo cells - NT NG Elias et al. (1996)
Cell transformation, Syrian hamster embryo cells ) NT 1000 Kerckaert et al. (1996)
Cell transformation, Syrian hamster embryo cells - NT 2363 Park ez al. (2002b)
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Table 17 (contd)

Test system Result* Dose” Reference
(LED/HID)
Without With
exogenous  exogenous
metabolic metabolic
system system
Sister chromatid exchange, human peripheral lymphocytes in vitro + 500 ppm [500] Villalobos-Pietrini
et al. (1989)
Chromosomal aberrations, human peripheral lymphocytes in vitro - - 3000 ppm Villalobos-Pietrini
[3000] et al. (1989)
Chromosomal aberrations, human peripheral lymphocytes in vitro - NT NG Elias et al. (1996)
Oxidative DNA damage, 8-OHdG, mouse liver in vivo + 900 po, 7 d Park et al. (2002a)
Oxidative DNA damage, 8-OHdG, mouse liver in vivo + 450 po x 5/wk,  Siesky et al. (2002)
7-90d
Oxidative DNA damage, 8-OHdG, rat liver in vivo - 450 po x 5/wk,  Siesky et al. (2002)
7-90d
DNA adduct formation (32P-postlabelling), Sprague-Dawley rats, - 120 pox 1 Keith et al. (1996)
brain, kidney, liver, spleen, testes in vivo
Micronucleus formation, male and female CD-1 mice, polychromatic - 8001ip x 1 Elias et al. (1996)
erythrocytes in bone marrow in vivo
Micronucleus formation, male B6C3F, mice, polychromatic - 550ipx 3 National Toxicology
erythrocytes in bone marrow in vivo Program (2000)
Micronucleus formation, male Fischer 344/N rats, polychromatic - 450ipx 3 National Toxicology
erythrocytes in bone marrow in vivo Program (2000)
Inhibition of intercellular communication, Chinese hamster V79 cells + NT 1005 Elias et al. (1996)
in vitro
2-Butoxyacetaldehyde
Salmonella typhimurium TA100, TA102, TA98, TA97a, reverse - - 5000 pg/plate Hoflack et al. (1995)
mutation
Gene mutation, Chinese hamster ovary (CHO-AS52) cells, Gpt locus - NT 0.2 % (v/v) Chiewchanwit & Au
in vitro 2000 (1995)
Gene mutation, Chinese hamster V79 cells, Hprt locus in vitro + NT 232 Elias et al. (1996)
Sister chromatid exchange, Chinese hamster V79 cells in vitro + NT 23.2 Elias et al. (1996)
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Table 17 (contd)

Test system Result? Dose” Reference
(LED/HID)
Without With
€xogenous  €xogenous
metabolic metabolic
system system
Micronucleus formation, Chinese hamster V79 cells in vitro + NT 4.7 Elias et al. (1996)
Chromosomal aberrations, Chinese hamster V79 cells in vitro + NT 9.5¢ Elias et al. (1996)
Aneuploidy, Chinese hamster V79 cells in vitro + NT 10.6 Elias ez al. (1996)
Cell transformation, Syrian hamster embryo cells in vitro - NT NG Elias et al. (1996)
Inhibition of intercellular communication, Chinese hamster V79 cells - NT 10 Elias et al. (1996)
in vitro
Chromosomal aberrations, human peripheral lymphocytes in vitro + NT 9.5¢ Elias ez al. (1996)
2-Butoxyacetic acid
Salmonella typhimurium TA100, TA102, TA98, TA97a, reverse - - 1 000 pg/plate Hoflack et al. (1995)
mutation
Sister chromatid exchange, Chinese hamster V79 cells in vitro - NT 105°¢ Elias et al. (1996)
Micronucleus formation, Chinese hamster V79 cells in vitro ()] NT 660 Elias et al. (1996)
Chromosomal aberrations, Chinese hamster V79 cells in vitro - NT NG Elias et al. (1996)
Aneuploidy, Chinese hamster V79 cells in vitro ? NT 50 Elias ez al. (1996)
Cell transformation, Syrian hamster embryo cells - NT NG Elias et al. (1996)
Chromosomal aberrations, human peripheral lymphocytes in vitro - NT NG Elias ez al. (1996)
Micronucleus formation, male and female CD-1 mice, polychromatic - 200 ip x 1 Elias et al. (1996)
erythrocytes in bone marrow in vivo
Inhibition of intercellular communication, Chinese hamster V79 cells - NT 12 408 Elias et al. (1996)

in vitro

8-OHdG, 8-hydroxydeoxyguanosine

 +, positive; —, negative; (+), weak positive; ?, inconclusive; NG, not given; NT, not tested

® LED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, pg/mL; in-vivo tests, mg/kg bw; po, oral administration; ip, intraperito-

neal injection; d, day; wk, week
¢ Estimated from the graph in the article
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Consistently negative results were obtained in three independent studies that assessed
the ability of 2-butoxyethanol to induce structural chromosomal aberrations in Chinese
hamster ovary (CHO) cells and V79 lung cells and human lymphocytes.

In an in-vitro study that examined several genetic or related end-points in Chinese
hamster V79 cells, a weak induction of micronuclei, an increased percentage of hyperdi-
ploid cells (aneuploidy) and inhibition of gap-junctional metabolic cooperation between
Hprt™ and Hprt~ cells were observed following treatment of the cells with 2-butoxy-
ethanol. These assays are known to be especially sensitive to interference by the cytotoxic
effects of test agents. [The Working Group felt that, in view of the lack of information
provided on the toxicity of the treatments, the description of the results was too limited
for an evaluation.]

Tests for the ability of 2-butoxyethanol to induce morphological transformation of
Syrian hamster embryo cells yielded inconclusive results. Negative results were obtained
in two studies in which the cells were incubated with the test compound for 7 days. Posi-
tive results were reported in an assay that used an exposure period of 24 h. [The Working
Group noted that an inconsistent concentration—effect relationship was evident in this
experiment. |

(b)  In-vivo studies

In mice exposed to 2-butoxyethanol by repeated oral administration of 450 and
900 mg/kg bw for 7 days, significantly elevated levels of 8-hydroxydeoxyguanosine were
observed in hepatic DNA. This effect was attributed by the authors to oxidative stress
induced via the induction of haemolysis and a resulting increase in iron deposition in the
liver (Park et al., 2002a). No increase in 8-hydroxydeoxyguanosine was found in liver
DNA of similarly exposed rats. This difference is consistent with the species differences
in the development of hepatic tumours (see Section 3). No evidence for the genotoxic
activity of 2-butoxyethanol was obtained in other in-vivo studies. Oral administration of
120 mg/kg bw to rats did not cause the formation of hydrophilic or hydrophobic DNA
adducts detectable by 3?P-postlabelling in the brain, liver, kidney spleen or testes.
2-Butoxyethanol did not increase the frequency of micronucleated polychromatic erythro-
cytes in the bone marrow of mice and rats following repeated intraperitoneal applications
or of mice following a single intraperitoneal application. The ratio of polychromatic and
normochromatic erythrocytes, a potential indicator of treatment-related cytotoxic effects
on the bone marrow, was only determined in the study that used a single application and
was found to be unaltered.

(i)  Alterations of proto-oncogenes in tumours

In order to determine whether the induction of mutations in proto-oncogenes by
2-butoxyethanol may have been involved in the formation of forestomach neoplasms
induced by this compound in male and female B6C3F; mice (see Section 3), the spectra
of H-ras proto-oncogene mutations in forestomach tumours of animals exposed to 2-
butoxyethanol and of control animals were compared. Fourteen tumours from exposed
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mice and 11 from control mice were analysed. Codon 61 mutations in the H-ras gene were
detected in 57% of the tumours of the exposed animals and in 45% of those of the control
animals. The mutation profiles within the forestromach neoplasms of the 2-butoxy-
ethanol-exposed animals did not differ significantly from those in the spontaneous neo-
plasms. The high frequency of activated H-ras gene that was detected in spontaneous neo-
plasms suggested that this gene is important for the formation of forestomach tumours in
B6C3F, mice. The findings indicate that 2-butoxyethanol does not increase the mutation
frequency of the H-ras proto-oncogene and suggest that the compound may enhance
tumour formation by promoting clonal growth of spontaneously initiated forestomach
cells that primarily contain an activated H-ras gene (National Toxicology Program, 2000).

In a related study, the effect of 2-butoxyethanol on the level of DNA methylation was
investigated in mice and rats. The continuous treatment of transgenic FVB/N mice
(Oncomice Neo 01T™) which carry the viral Harvey ras (v-Ha-ras) oncogene with
~120 mg/kg bw 2-butoxyethanol per day via subcutaneously implanted minipumps for
2 weeks did not result in an alteration of the methylation status of the Ha-ras transgene in
testes, spleen, brain, kidney or liver within 5 and 120 days after the start of administration.
The authors concluded that it appears unlikely that 2-butoxyethanol causes demethylation
of DNA, which would increase the expression of v-Ha-ras, or increased methylation of
DNA, which would induce mutations through the formation of thymine from 5-methyl-
cytosine. A 3?P-postlabelling study of the level of 5-methylcytosine from whole genome
analyses of male and female v-Ha-ras transgenic mice treated with 2-butoxyethanol (mini-
pump for up to 120 days) and of male Sprague-Dawley rats (120 mg/kg bw by gavage for
1 day) did not reveal any effect of the compounds on total DNA methylation in mice (brain,
bone marrow, spleen and testes) or rats (brain, kidney, liver, spleen and testes) (Keith et al.,
1996).

(i)  Interference with DNA repair

High concentrations (> 8.5 mM) of 2-butoxyethanol have been shown to potentiate the
induction of chromosomal aberrations in Chinese hamster V79 cells by methyl methane-
sulfonate (Elias et al., 1996). As 2-butoxyethanol alone did not display any clastogenic
effect (Elias ef al., 1996), it was hypothesized that the compound might inhibit the repair
of DNA that was previously damaged by the alkylating agent. In accordance with this
hypothesis, Hoflack et al. (1997) observed that subsequent exposure to 2-butoxyethanol
(5 mM) of Syrian hamster embryo cells that had been treated with methyl methanesulfo-
nate (0.2 mM), which rapidly increases the cellular concentration of poly(ADP-ribose),
inhibited poly(ADP-ribose) synthesis. No effect of 2-butoxyethanol on poly(ADP-ribose)
concentration was observed in cells not pretreated with methyl methanesulfonate. The
decrease was not caused by a depletion of NAD™, the substrate of the polymerization reac-
tion, by 2-butoxyethanol, and the underlying mechanism remained unclear. As poly(ADP-
ribosyl)ation is involved in base-excision repair of DNA damage, this observation supports
the notion that high concentrations of 2-butoxyethanol may interfere with the repair of
certain types of DNA lesions and the maintenance of chromosomal stability.
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2-Butoxyethanol metabolites

(a)  2-Butoxyacetaldehyde

2-Butoxyacetaldehyde did not induce gene mutations in several strains of S. typhimu-
rium in the absence or presence of an exogenous metabolic activation system. It was not
mutagenic in the Chinese hamster ovary cell subline CHO-AS52, in which the shorter
analogue of 2-butoxyacetaldehyde, methoxyacetaldehyde, had been shown to induce
mutations (Ma et al., 1993). However, one study reported genotoxic effects at compara-
tively low concentrations of 2-butoxyacetaldehyde in various assays in Chinese hamster
V79 cells without exogenous metabolic activation (an assay for gene mutations at the
Hprt locus, an assay for the induction of sister chromatid exchange and an assay for the
induction chromosomal aberrations, micronucleus formation and aneuploidy). Tests for
the inhibition of metabolic cooperation of Chinese hamster V79 cells and for the transfor-
mation of Syrian hamster embryo cells yielded negative results. The results of this study
may be taken as an indication of a weak genotoxic activity of 2-butoxyacetaldehyde that
appears to be predominantly expressed at the chromosomal level. [The Working Group
felt that the presentation of the results did not allow a critical examination of the data.]

(b)  2-Butoxyacetic acid

2-Butoxyacetic acid is an aliphatic acid and would not be expected to exhibit any geno-
toxic activity. The compound did not induce mutations in several strains of S. fyphimurium
in the absence or presence of an exogenous metabolic activation system. In a series of
in-vitro assays performed without an exogenous metabolic activation system, it did not
increase the frequency of sister chromatid exchange or of structural chromosomal aberra-
tions and did not inhibit gap-junctional metabolic cooperation in Chinese hamster V79 cells.
In contrast, weakly positive results were found in a micronucleus assay with V79 cells and,
in the same cell line, a weak effect of 2-butoxyacetic acid on the percentage of aneuploid
cells was reported. 2-Butoxyacetic acid did not increase the frequency of chromosomal
aberrations in human lymphocytes in vitro. [The Working Group felt that the limited data
presented did not allow any conclusion on the extent to which cytotoxic effects of the
treatment or pH changes induced by the acid in culture medium may have contributed to the
results reported. ]

In the only available in-vivo assay of 2-butoxyacetic acid, the compound did not affect
the frequency of micronucleated polychromatic erythrocytes in the bone marrow of mice
following a single intraperitoneal injection. In this study, 2-butoxyacetic acid was toxic to
the bone marrow, as statistically significant decreases in the ratio of polychromatic and nor-
mochromatic erythrocytes were observed at the two highest doses (100 and 200 mg/kg bw).

4.5 Mechanistic considerations

The available data on 2-butoxyethanol largely support the concept that the compound,
the structure of which does not carry any alerts for probable genotoxic activity (Ashby &
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Tennant, 1991; Tennant & Ashby, 1991; Elliott & Ashby, 1997), exhibits no appreciable
genotoxic effects. Although many studies were carried out in the absence of metabolic acti-
vation, consistent data show that 2-butoxyethanol does not induce gene mutations in bacteria
or structural chromosomal aberrations in mammalian cells in vitro, and there is evidence that
the compound does not cause oxidative stress that results in genotoxicity in hepatocytes
in vitro. Weakly positive results have been reported for high concentrations of 2-butoxy-
ethanol in some in-vitro studies of cultured mammalian cells, but the way in which the data
were presented and the lack of essential information on experimental details cause un-
certainties that prevent their full evaluation. It cannot be excluded, however, that some of
the positive findings actually represent true genotoxic effects caused by the metabolite,
2-butoxyacetaldehyde, which may be formed in small amounts in vitro depending on the
concentration of 2-butoxyethanol, the type of cells and the exogenous metabolic activation
system used. Although speculative, this is consistent with a number of potentially positive
results that were reported for 2-butoxyacetaldehyde in some assays that mainly used cyto-
genetic end-points. The genotoxic activity of this aldehyde appears to be lower, however,
than that of other glycol ether-derived aldehydes with shorter alkyl groups, since methoxy-
acetaldehyde is mutagenic in Chinese hamster CHO-AS52 cells and clastogenic in standard
Chinese hamster ovary cells, whereas 2-butoxyacetaldehyde is not (Ma et al., 1993;
Chiewchanwit & Au, 1995). The metabolic end-product of the oxidation of 2-butoxyethanol
and 2-butoxyacetaldehyde, 2-butoxyacetic acid, appears to be non-genotoxic.

Several in-vivo assays with 2-butoxyethanol have shown the absence of detectable
genotoxic activity in bone marrow. Studies on the effects of 2-butoxyethanol on mouse liver
have indicated, however, that it causes oxidative stress associated with the formation of
oxidative base damage in hepatic DNA, as demonstrated by increased levels of 8-hydroxy-
deoxyguanosine and other biomarkers of oxidative stress (Park ef al., 2002a). This hepatic
oxidative stress has not been attributed to the action of 2-butoxyethanol per se, but to the
metabolic formation of 2-butoxyacetic acid via the induction of haemolysis in the liver (see
below).

The haematological effects of 2-butoxyethanol have been studied extensively.

The damage to red blood cells that is induced by 2-butoxyethanol appears to proceed
through a process known as colloid osmotic haemolysis in which damage to the cell mem-
brane leads to swelling of the red blood cell. In essence, the damage leads to a ‘leaky’ red
cell or to other effects that produce a ‘hole’ in the red cell membrane that is smaller than
the effective radius of the haemoglobin molecule. The extent of such damage governs the
different processes that involve removal of damaged red blood cells from the circulation.
Red blood cells that have minor damage and are slowly enlarging are removed totally in
the spleen which has a particularly efficient mechanism to overcome stress and destroys
subtly damaged red blood cells. More extensive damage can be recognized by the liver,
which has a much larger capacity for removal of damaged red blood cells, but a higher
threshold for recognition of damage. When the capacity of both spleen and liver are over-
whelmed by a rapidly progressive swelling of the red blood cell, intravascular haemolysis
occurs. Accordingly, in an individual with a spleen, low-level red cell damage does not



2-BUTOXYETHANOL 395

lead to the build-up of haemosiderin within the liver. It should be noted that some indivi-
duals are asplenic at birth or have their spleen removed due to trauma or to treatment for
haematological or neoplastic disorders. In such individuals, senescent red blood cells are
routinely removed in the liver, as would damaged red blood cells.

Chronic inhalation exposure to 2-butoxyethanol has been shown to result in the forma-
tion of hepatic haemangiosarcomas and hepatocellular carcinomas in male mice, but not in
female mice or rats of either sex (National Toxicology Program, 2000; see Section 3). The
induction of liver neoplasia has been suggested to be the result of oxidative damage secon-
dary to the haemolytic deposition of iron in the liver (Park et al., 2002a; Sielsky et al.,
2002; Klaunig & Kamendulis, 2005). It is postulated that the formation of liver tumours is
mediated by the production of the haematotoxic metabolite of 2-butoxyethanol, 2-butoxy-
acetic acid, which causes haemolysis of red blood cells and the release of iron and its depo-
sition in Kupffer cells in both rats and mice. These iron-containing deposits are assumed
to catalyse, through Fenton and/or Haber-Weiss reactions, the formation of reactive oxygen
species and/or to activate Kupffer cells to produce oxidative species in male mice as well
as certain cytokines. The production of reactive oxygen species has been linked to the
formation of oxidative DNA damage, i.e. 8-hydroxydeoxyguanosine, observed in hepa-
tocytes (Park et al., 2002a; Siesky et al., 2002) and to the stimulation of DNA synthesis in
both endothelial cells and hepatocytes (Siesky et al, 2002) through a postulated
modification of gene expression in the livers of male mice. It has been shown that induc-
tion of endothelial cell proliferation by the treatment of mice with 2-butoxyethanol occurs
at doses that produced haemangiosarcomas in mice (Siesky et al., 2002). The lack of
tumour formation in rats has been attributed in part to a higher level of antioxidants, speci-
fically vitamin E (2.5-fold greater), in rat liver than in mouse liver (Siesky et al., 2002).
The more effective protection of rats against the consequences of oxidative stress is indi-
cated by the lack of an increase in the formation of oxidative damage and the absence of
enhanced proliferation of endothelial cells or hepatocytes, although haemolysis occurred
(Siesky et al., 2002). In-vitro results have demonstrated that iron sulfate as well as iron
released from haemolysed erythrocytes, but not 2-butoxyethanol, cause oxidative stress in
primary cultured mouse hepatocytes and in Syrian hamster embryo cells, together with
morphological transformation (Park ef al., 2002a,b), which adds support to the hypothesis
that iron-induced oxidative stress may play an essential role in the induction of hepatic
tumours by 2-butoxyethanol in male mice. Additional strong support for this hypothesis
stems from the results of a search for a possible association between chemically induced
haemosiderosis and haemangiosarcomas in the liver of mice in selected studies conducted
by the National Toxicology Program (Nyska et al., 2004). In addition to 2-butoxyethanol,
two other compounds, i.e. para-nitroaniline and para-chloroaniline, were associated with
haemosiderin pigmentation of Kupffer cells in both males and females and with the
development of haemangiosarcoma in male mice only. The overall association between
liver haemangiosarcoma and pigmentation in Kupffer cells was highly significant
(p <0.001). The cause of haemosiderosis in all cases was the haemolytic effect of the
compounds (Nyska et al., 2004).
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In considering all of the available evidence, a scenario appears conceivable whereby
the exposure of male mice to high concentrations of 2-butoxyethanol results in haemolysis
and iron-mediated oxidative stress in the liver, which is accompanied by the induction of
mutagenic oxidative DNA lesions, such as 8-hydroxydeoxyguanosine, the repair of which
by base-excision repair may be impeded by an interference of 2-butoxyethanol with poly-
(ADP-ribosyl)ation. The simultaneously induced cell proliferation would increase the
probability that DNA damage becomes a fixed mutation and that mutated clones expand
and eventually give rise to tumours. However, other mechanisms have not been considered.

None of the known causes of hepatic haemangiosarcoma has been associated with
haemolytic anaemia in humans. Similarly, no hepatic angiosarcoma has been reported in
groups who have chronic haemolytic processes, such as the autoimmune haemolytic anae-
mia that is seen in patients who have lupus erythematosus, or individuals who have
inherited red cell membrane defects, such as hereditary spherocytosis, for which splenec-
tomy in childhood is the usual treatment. However, it should be noted that hepatic angio-
sarcomas are relatively rare and may not have been recognized. [The Working Group
found no published studies on haemangiosarcomas associated with haemolysis or lupus.]
Nevertheless, increased levels of iron in the body have been associated with other forms
of cancer in the liver (Nyska et al., 2004).

Compared with that of mice and rats, the blood of humans is much more resistant to
induction of haemolysis in vitro by 2-butoxyacetic acid. Moreover, the level of vitamin E
in human liver is approximately 100-fold higher than that in mouse liver (Rocchi et al.,
1997). Thus, it appears that the mechanism of oxidative stress is unlikely to occur in
humans and that the hepatic tumours observed in male mice exposed to 2-butoxyethanol
are a species- and sex-specific phenomenon that may not be relevant to humans.

Chronic inhalation exposure to 2-butoxyethanol has also been shown to be associated
with the formation of forestomach tumours in female mice and, to a lesser extent, in male
mice, whereas no forestomach tumours occurred in exposed rats. It has been proposed that
tumour induction is the consequence of a sustained exposure of this organ to high concen-
trations of 2-butoxyethanol and its toxic metabolites, primarily 2-butoxyacetic acid, which
results in tissue damage, reparative regeneration and hyperplasia (Green ef al., 2002; Poet
et al., 2003). Several factors are thought to contribute to a high local burden in the fore-
stomach. These include direct exposure of the tissue, even in inhalation experiments, via
the oral route as a consequence of grooming contaminated fur or licking the walls of the
exposure chamber, salivary excretion and mucociliary transport of material deposited in the
airways followed by ingestion (Green et al., 2002). In addition, other factors result in a pro-
longed exposure of the forestomach as compared with other organs. These include the
physiological function of the forestomach as a storage organ for ingested material and the
slow elimination of 2-butoxyethanol from forestomach tissue compared with other tissues
or blood, irrespective of the route of application. The reason for the much lower suscepti-
bility of rats to the development of forestomach lesions has not been elucidated fully.
However, it has been shown in mice that ADH, which catalyses the first step in the oxida-
tion of 2-butoxyethanol to 2-butoxyacetic acid, has a higher affinity and a higher maximal
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activity with 2-butoxyethanol as substrate than rat ADH, and that it is expressed at much
higher specific activity in areas of the mouse forestomach than in that of rats. These diffe-
rences have been purported to result in higher local concentrations of toxic metabolites of
2-butoxyethanol in the forestomach of mice compared with that of rats (Green et al., 2002).

It cannot be excluded that the continuous presence of the metabolite 2-butoxyacetal-
dehyde, which possibly exhibits weak clastogenic activity, can give rise to tumour forma-
tion in the regenerating forestomach tissue.

Anatomical and physiological differences between mice and humans limit, but do not
entirely rule out, the relevance of mouse forestomach tumours to humans.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

2-Butoxyethanol is a glycol ether that is widely used as a solvent in surface coatings
(paints and varnishes), paint thinners, printing inks and glass- and surface-cleaning products
(including those used in the printing and silk-screening industries), and as a chemical
intermediate. It is also used in a variety of personal care and other consumer products.
Occupational exposure occurs through dermal absorption or via inhalation during its
manufacture and use as a chemical intermediate, and during the formulation and use of its
products. Highest mean exposures have been measured for silk screeners. Exposure of the
general population can occur through dermal contact or inhalation during the use of
consumer products, particularly cleaning agents.

5.2 Human carcinogenicity data

A case—control study of acute myeloid leukaemia and myelodysplasia found no ele-
vation of risk with exposure to a group of glycol ethers, including 2-butoxyethanol.
However, the information provided by this study on 2-butoxyethanol specifically was
limited.

5.3 Animal carcinogenicity data

2-Butoxyethanol was tested for carcinogenicity by inhalation exposure in male and
female mice and rats. Clear increases in tumour incidence were observed in a single
species. Exposure to 2-butoxyethanol induced a dose-related increase in the incidence of
haemangiosarcomas of the liver in male mice and a dose-related increase in the inci-
dences of combined forestomach squamous-cell papillomas or carcinomas (mainly
papillomas) in female mice. In female rats, a positive trend was observed in the occur-
rence of combined benign or malignant pheochromocytomas (mainly benign) of the
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adrenal medulla, but this equivocal result could not be attributed with confidence to expo-
sure to 2-butoxyethanol. There was no increase in the incidence of tumours in male rats.

5.4 Other relevant data

Toxicokinetics and metabolism

2-Butoxyethanol is rapidly absorbed following ingestion, inhalation and dermal expo-
sure in humans and experimental animals. Uptake and metabolism in rats are linear up to
400 ppm. The elimination half-life of 2-butoxyethanol from the blood is much longer in
humans than in rats or mice. The principal pathway of metabolism in humans and experi-
mental animals involves oxidation to butoxyacetaldehyde and butoxyacetic acid (the
putatively active metabolite for 2-butoxyethanol-induced haematological effects) via
alcohol and aldehyde dehydrogenases, respectively. Based on limited data and the results
of a physiologically based parmacokinetic model, humans appear to metabolize 2-butoxy-
ethanol to butoxyacetic acid to a lesser extent than rats, which results in greater concen-
trations of butoxyacetic acid in the blood of rats than in that of humans. The elimination
half-life of butoxyacetic acid in the urine is about 6 h in humans, and at least 15-55% of
the inhaled dose of 2-butoxyethanol is excreted as free butoxyacetic acid. Although mice
metabolize 2-butoxyethanol to butoxyacetic acid at a greater rate than rats, the metabolite
is cleared much more slowly in rats, which is consistent with the greater sensitivity of rats
to its effects in the blood. Similarly, slower clearance in female rats probably accounts for
their greater sensitivity compared with male rats. Detoxification via conjugation of
butoxyacetic acid with glutamine and excretion in the urine has been demonstrated in
humans, but not to date in rats. The extent of glutamine conjugation varies within and
between individuals, with a mean of around 70%. 2-Butoxyethanol may also be O-dealky-
lated to ethylene glycol, based on limited information in humans and more extensive evi-
dence in rodents (conjugation of 2-butoxyethanol with glucuronide or sulfate has been
observed in rats, but only tentatively in human hepatocytes in vitro).

Toxic effects

Several case reports that involved the consumption of up to several hundred millilitres
of glass-cleaning liquid that contained various amounts of 2-butoxyethanol described a
variety of effects (hypotension, coma, metabolic acidosis, renal impairment, haematuria,
haemoglobinuria, hypochromic anaemia) in adults. In a survey of childhood poisonings,
no symptoms were reported in children who had ingested comparable amounts of glass-
cleaning liquids.

Incidental cutaneous exposures were not reported to produce adverse skin reactions or
skin sensitization. Repeated dermal exposure produced increasing erythema. Exposure to
2-butoxyethanol vapour is irritating to the eyes, nose and throat.

In studies of occupational exposure to airborne 2-butoxyethanol (mean concentrations
of 2-4 mg/m?), effects on blood parameters (lower haematocrit values), but no changes in
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renal or hepatic function and no correlation with concentrations of 2-butoxyacetic acid in
the urine of exposed workers were observed. In one study, airborne levels of 100-300 ppm
[483-1450 mg/m?] 2-butoxyethanol caused acute and severe irritation of the eyes and
respiratory tract and the appearance of cherry angiomas (benign cutaneous vascular
lesions) after 3 months, which persisted and continued to develop.

Effects on the blood appear to be the most sensitive parameter in experimental animals
following acute, short-term, subchronic or chronic exposure via oral, inhalation and dermal
routes, based on an extensive database. Alterations in haematological parameters that are
consistent with haemolytic anaemia have repeatedly been observed in multiple species,
including mice and rats. There is substantial evidence from in-vivo and in-vitro investiga-
tions that rats are more sensitive to 2-butoxyethanol-induced haemolysis than other experi-
mental species, and alterations in relevant parameters were observed following long-term
exposure to concentrations as low as 31.2 ppm [151 mg/m?]. Female rats are more sensi-
tive to the haematological effects associated with exposure to 2-butoxyethanol than male
rats, which is consistent with sex-related differences in the clearance of the putatively
active metabolite, butoxyacetic acid, and greater activity of the enzymes involved in its
formation. On the basis of several in-vitro investigations in erythrocytes of humans and
rats, humans appear to be much less sensitive. Although the physical-chemical pathway
for haemolysis by 2-butoxyethanol has not been fully elucidated, it has been reported that
haemolysis involves cell swelling, morphological changes and decreased deformability.

Haemolysis has been proposed to be linked mechanistically to the induction of liver
neoplasia in male mice by 2-butoxyethanol. Damage to red blood cells results in the depo-
sition of haemosiderin in Kupffer cells of both mice and rats which in turn apparently
mediates the induction of hepatic oxidative stress that has been observed in both species
in vivo. In mice, but not in rats, oxidative stress results in the formation of the oxidative,
mutagenic DNA lesion, 8-hydroxydeoxyguanosine, as well as an increase in the prolife-
ration of endothelial cells; both of these effects are assumed to contribute to the develop-
ment of liver tumours. The apparent protection of rats against these consequences of oxi-
dative stress, which is not observed in mice, has been attributed to a higher level of pro-
tective antioxidants in rat liver than in mouse liver. In view of the much lower sensitivity
to haemolysis of human erythrocytes than those of mice and rats, and the fact that the con-
centration of the antioxidant, vitamin E, is approximately 100-fold higher in human liver
than in mouse liver, the induction of liver tumours in humans is unlikely to occur through
this pathway. Other potential mechanisms have not been investigated.

Toxic effects have been observed in the forestomach of mice and rats following both
oral and inhalation exposure to 2-butoxyethanol; mice were more sensitive than rats. In a
chronic inhalation study in mice, toxicity was observed at all concentrations investigated,
i.e. at 62.5 ppm [302.5 mg/m?] and higher. The effects on the forestomach were increased
in incidence and severity with increasing exposure concentration, and included irritation,
inflammation, hyperplasia and ulceration. Increases in tumour incidences were observed
in mice at the higher concentrations. The formation of forestomach tumours in mice is
associated with high local exposure of the forestomach to 2-butoxyethanol, even during
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inhalation exposure, and to high metabolic activity in certain areas of the forestomach,
which results in high local concentrations of the toxic metabolite, 2-butoxyacetic acid.

Reproductive and developmental effects

In developmental toxicity studies in rats and mice that involved oral and inhalation
exposure to 2-butoxyethanol, embryotoxic or fetotoxic effects were observed at doses or
concentrations similar to or greater than those which induced toxicity (including haemato-
logical effects) in the dams. Alterations in haematological parameters were also observed
in fetuses of exposed dams. Effects on reproductive ability and reproductive organs were
also only observed at doses or concentrations of 2-butoxyethanol much greater than those
associated with haematological effects.

Genetic and related effects

The available data on 2-butoxyethanol support the concept that the compound itself
exhibits no appreciable genotoxicity. The oxidative metabolite, 2-butoxyacetaldehyde,
appears to have a weak capacity to cause genotoxic effects in vitro, largely at the chromo-
somal level. The product of further oxidation, 2-butoxyacetic acid, does not appear to be
genotoxic.

5.5 Evaluation

There is inadequate evidence in humans for the carcinogenicity of 2-butoxyethanol.
There is limited evidence in experimental animals for the carcinogenicity of 2-butoxy-
ethanol.

Overall evaluation

2-Butoxyethanol is not classifiable as to its carcinogenicity to humans (Group 3).

6. References

Aasmoe, L. & Aarbakke, J. (1999) Sex-dependent induction of alcohol dehydrogenase activity in
rats. Biochem. Pharmacol., 57, 1067-1072

Aasmoe, L., Winberg, J.-O. & Aarbakke, J. (1998) The role of liver alcohol dehydrogenase iso-
enzymes in the oxidation of glycolethers in male and female rats. Toxicol. appl. Pharmacol.,
150, 86-90

ACGIH® Worldwide (2004) Documentation of the TLVs® and BEIs® with Other Worldwide Occu-
pational Exposure Values — CD-ROM — 2004, Cincinnati, OH



2-BUTOXYETHANOL 401

Angerer, J., Lichterbeck, E., Begerow, J., Jekel, S. & Lehnert, G. (1990) Occupational chronic
exposure to organic solvents. XIII. Glycolether exposure during the production of varnishes.
Int. Arch. occup. environ. Health, 62, 123-126

Apol, A.G. (1981) Labels West, Inc., Redmond, WA (Health Hazard Evaluation Report No. HETA 81-
105-831), Cincinnati, OH, National Institute for Occupational Safety and Health, Hazard Eva-
luations and Technical Assistance Branch

Apol, A.G. (1986) Lamiglas, Woodland, WA (Health Hazard Evaluation Report No. HETA-86-037-
1749), Cincinnati, OH, National Institute for Occupational Safety and Health, Hazard Eva-
luations and Technical Assistance Branch

Apol, A.G. & Johnson, WM. (1979) Associated Grocers, Inc., Seattle, WA (Health Hazard Eva-
luation Report No. HETA 78-120-608), Cincinnati, OH, National Institute for occupational
Safety and Health, Hazard Evaluations and Technical Assistance Branch

Apol, A.G. & Cone, J. (1983) Bay Area Hospital, Coos Bay, OR (Health Hazard Evaluation Report
No. HETA 82-053-1263), Cincinnati, OH, National Institute for Occupational Safety and
Health, Hazard Evaluations and Technical Assistance Branch

Arbejdstilsynet [Danish Working Environment Authority] (2001) Re. EU Regulation 793/93. Infor-
mation from the Danish Product Register, Copenhagen, Letter dated 04/11/01

Arbejdstilsynet [Danish Working Environment Authority] (2002) WEA-Guide C.01 — Limit Values
for Substances and Materials, Copenhagen

Ashby, J. & Tennant, R.-W. (1991) Definitive relationships among chemical structure, carcino-
genicity and mutagenicity for 301 chemicals tested by the US NTP. Mutat. Res., 257, 229-306

ATSDR (Agency for Toxic Substances and Disease Registry) (1998) Toxicological Profile for
2-Butoxyethanol and 2-Butoxyethanol Acetate, Atlanta, GA

Auffarth, J., Hohmann, R. & Tischer, M. (1998) [Exposure to Hazardous Substances in the Screen
Printing Industry] (Schriftenreihe der Bundesanstalt fiir Arbeitsschutz und Arbeitsmedizin GA
53), Dortmund/Berlin (in German)

Baker, E., Smith, T. & Quinn, M. (1985) Screen Printing Shops Boston, MA and Denton, Maryland
Areas (Health Hazard Evaluation Report HETA 82-212-1553), Cincinati, OH, National Insti-
tute for Occupational Safety and Health, Hazard Evaluations and Technical Assistance Branch

Bartnik, F.G,, Reddy, A.K., Klecak, G., Zimmermann, V., Hostynek, J.J. & Kunstler, K. (1987) Percu-
taneous absorption, metabolism, and hemolytic activity of n-butoxyethanol. Fundam. appl.
Toxicol., 8, 5970

Bauer, P., Weber, M., Mur, J.M., Protois, J.C., Bollaert, P.E., Condi, A., Larcan, A. & Lambert, H.
(1992) Transient non-cardiogenic pulmonary edema following massive ingestion of ethylene
glycol butyl ether. Intensive Care Med., 18, 250-251

Begerow, J., Heinrich-Ramm, R. & Angerer, J. (1988) Determination of butoxyacetic acid in urine
by capillary gas chromatography. Fresenius Z. anal. Chem., 331, 818-820

Beihoffer, J. & Ferguson, C. (1994) Determination of selected carboxylic acids and alcohols in
groundwater by GC-MS. J. chromatogr. Sci., 32, 102—-106

Boatman, R.J. & Knaak, J.B. (2001) Ethers of ethylene glycol and derivatives. In: Bingham, E.,
Cohrssen, B. & Powell, C.H., eds., Patty s Toxicology, 5th Ed., Vol. 7, New York, John Wiley
& Sons, pp. 73-84, 136-157, 243-270

Boiano, J.M. (1983) Downing Displays Inc. (Health Hazard Evaluation Report HETA No. 82-330-
1252), Cincinnati, OH, National Institute for Occupational Safety and Health, Hazard Eva-
luations and Technical Assistance Branch



402 TARC MONOGRAPHS VOLUME 88

Bormett, GA., Bartels, M.J. & Markham, D.A. (1995) Determination of 2-butoxyethanol and
butoxyacetic acid in rat and human blood by gas chromatography—mass spectrometry. J. Chro-
matogr., B665, 315-325

Brown, K.W. & Donnelly, K.C. (1988) An estimation of the risk associated with the organic consti-
tuents of hazardous and municipal waste landfill leachates. Hazard. Waste hazard. Mater., S,
1-30

Brown, K K., Cheever, K.L., Butler, M.A., Shaw, P.B. & McLaurin, J.L. (2003) Synthesis, charac-
terization, and use of 2-[(*Hy)butoxy]Jacetic acid and 2-(3-methylbutoxy)acetic acid as an
internal standard and an instrument performance surrogate, respectively, for the gas chroma-
tographic—mass spectrometric determination of 2-butoxyacetic acid, a human metabolite of
2-butoxyethanol. J. Chromatogr., B792, 153-166

Burkhart K.K. & Donovan J.W. (1998) Hemodialysis following butoxyethanol ingestion. Clin.
Toxicol., 36, 723-725

Cao, X.-L. (1999) Emissions of Glycol Ethers from Consumer Products — A Final Report for
1998/1999 CEPA Project, Ottawa, Health Canada

Carpenter, C.P. & Smyth, H.F., Jr (1946) Chemical burns of the rabbit cornea. Am. J. Ophthalmol.,
29, 1363-1372

Carpenter, C.P., Pozzani, U.C., Weil, C.S., Nair, J.H., III, Keck, GA. & Smyth, H.F., Jr (1956) The
toxicity of butyl cellosolve solvent. Arch. ind. Health, 14, 114-131

Cheever, K.L., Plotnick, H.B., Richards, D.E. & Weigel, W.W. (1984) Metabolism and excretion
of 2-ethoxyethanol in the adult male rat. Environ. Health. Perspect., 57, 241-248

Chemical Information Services (2004) Directory of World Chemical Producers, Dallas, TX
[www.chemicalinfo.com]

Chiewchanwit, T. & Au, W.W. (1995) Mutagenicity and cytotoxicity of 2-butoxyethanol and its
metabolite, 2-butoxyacetaldehyde, in Chinese hamster ovary (CHO-ASS52) cells. Mutat. Res.,
334, 341-346

Chinn, H., Anderson, E. & Yoneyama, M. (2000) CEH Marketing Research Report: Glycol Ethers,
Palo Alto, CA, SRI International

Ciccioli, P., Brancaleoni, E., Cecinato, A., Sparapani, R. & Frattoni, M. (1993) Identification and
determination of biogenic and anthropogenic volatile organic compounds in forest areas of
northern and southern Europe and a remote site of the Himalaya region by high-resolution gas
chromatography—mass spectrometry. J. Chromatogr., 643, 55-69

Ciccioli, P., Cecinato, A., Brancaleoni, E., Frattoni, M., Bruner, F. & Maione, M. (1996) Occur-
rence of oxygenated volatile organic compounds (VOC) in Antarctica. Int. J. environ. anal.
Chem., 62, 245-253

Clapp, D.E., Zaebst, D.D. & Herrick, R.F. (1984) Measuring exposures to glycol ethers. Environ.
Health Perspect., 57, 91-95

Collinot, J.P., Collinot, J.C., Deschamps, F., Decolin, D., Siest, G. & Galteau, M.M. (1996) Eva-
luation of urinary D-glucaric acid excretion in workers exposed to butyl glycol. J. Toxicol.
environ. Health, 48, 349-358

Corley, R.A., Bormett, GA. & Ghanayem, B.1. (1994) Physiologically based pharmacokinetics of
2-butoxyethanol and its major metabolite, 2-butoxyacetic acid, in rats and humans. Toxicol.
appl. Pharmacol., 129, 61-79



2-BUTOXYETHANOL 403

Corley, R.A., Markham, D.A., Banks, C., Delorme, P., Masterman, A. & Houle, J.M. (1997)
Physiologically based pharmacokinetics and the dermal absorption of 2-butoxyethanol vapor
by humans. Fundam. appl. Toxicol., 39, 120-130

CSHPF (Conseil Supérieur d’Hygiéne Publique de France) (2002) [Glycol Ethers in Consumer
Products and Health] (Progress Report to the Directeur Général de la Santé), Paris, Section des
Milieux de Vie (in French)

Daisey, J.M., Hodgson, A.T., Fisk, W.J., Mendell, M.J. & Ten Brinke, J. (1994) Volatile organic
compounds in twelve California office buildings: Classes, concentrations and sources. A#mos.
Environ., 28, 3557-3562

Danielson (1992) Toxicity potential of compounds found in parenteral solutions with rubber
stoppers. J. parenteral Sci. Technol., 46, 4347

Dartsch, P.C., Hildenbrand, S., Gfrorer, W., Kimmel, R. & Schmahl, F.W. (1999) Cytotoxic effects
of 2-butoxyethanol in vitro are related to butoxyacetaldehyde, an intermediate oxidation pro-
duct. Environ. Toxicol. Pharmacol., 7, 135-142

Dean, B.S. & Krenzelok, E.P. (1992) Clinical evaluation of pediatric ethylene glycol monobutyl
ether poisonings. Clin. Toxicol., 30, 557-563

Deisinger, P.J. & Boatman, R.J. (2004) /n vivo metabolism and kinetics of ethylene glycol mono-
butyl ether and its metabolites, 2-butoxyacetaldehyde and 2-butoxyacetic acid, as measured in
blood, liver and forestomach of mice. Xenobiotica, 34, 675-685

Delest, A. & Desjeux, F. (1995) [Evaluation of exposure to glycol ethers in 54 building painters. ]
Rev. Méd. Trav., 22, 113-117 (in French)

Denkhaus, W., von Steldern, D., Botzenhardt, U. & Konietzko, H. (1986) Lymphocyte subpopu-
lations in solvent-exposed workers. Int. Arch. occup. environ. Health, 57, 109-115

Deutsche Forschungsgemeinschaft (1991) Ethylene glycol derivatives 2-methoxyethanol, 2-
ethoxyethanol, 2-butoxyethanol, 2-methoxyethyl acetate, 2-ethoxyethyl acetate. In: Kettrup,
A., ed., Analyses of Hazardous Substances in Air, Vol. 1, Weinheim, VCH Verlag GmbH

Deutsche Forschungsgemeinschaft (2003) List of MAK and BAT Values 2003 — Commission for the
Investigation of Health Hazards of Chemical Compounds in the Work Area (Report No. 39),
Weinheim, Wiley-VCH Verlag GmbH, pp. 61, 194-195

Dieter, M.P., Jameson, C.W., Maronpot, R.R., Langenbach, R. & Braun, A.G. (1990) The chemo-
therapeutic potential of glycol alkyl ethers: Structure—activity studies of nine compounds in a
Fischer-rat leukemia transplant model. Cancer Chemother. Pharmacol., 26, 173—180

Dill, J.A., Lee, KM., Bates, D.J., Anderson, D.J., Johnson, R.E., Chou, B.J., Burka, L.T. &
Roycroft, J.H. (1998) Toxicokinetics of inhaled 2-butoxyethanol and its major metabolite, 2-
butoxyacetic acid, in F344 rats and B6C3F1 mice. Toxicol. appl. Pharmacol., 153, 227-242

Dodd, D.E., Snellings, W.M., Maronpot, R.R. & Ballantyne, B. (1983) Ethylene glycol monobutyl
ether: Acute, 9-day, and 90-day vapor inhalation studies in Fischer 344 rats. Toxicol. appl.
Pharmacol., 68, 405-414

Doe, J.E. (1984) Further studies on the toxicology of the glycol ethers with emphasis on rapid
screening and hazard assessment. Environ. Health Perspect., 57, 199-206

Dow Chemical Co. (2001) Sales Specification Sheet: Butyl Cellosolve Solvent, Midland, MI

Dugard, P.H., Walker, M., Mawdsley, S.J. & Scott, R.C. (1984) Absorption of some glycol ethers
through human skin in vitro. Environ. Health Perspect., 57, 193-197

Eastman Chemical Co. (2000a) Sales Specification: Eastman EB (Ethylene Glycol Monobutyl
Ether) Solvent, Stabilized 2 (Specification No. 12211), Longview, TX



404 TARC MONOGRAPHS VOLUME 88

Eastman Chemical Co. (2000b) Sales Specification: Eastman EB Solvent (Ethylene Glycol Mono-
butyl Ether) (Specification No. 650), Longview, TX

Eastman Chemical Co. (2003) Material Safety Data Sheet: EB Solvent — Stabilized 2, Kingsport, TN

ECETOC (European Chemical Industry, Ecology and Toxicology Centre) (1985) The Toxicology
of Glycol Ethers and its Relevance to Man: An Up-dating of ECETOC Technical Report No. 4
(Technical Report No. 17), Brussels

ECETOC (European Chemical Industry, Ecology and Toxicology Centre) (1994) 2-Butoxyethanol
Criteria Document, including a Supplement for 2-Butoxyethyl Acetate (Special Report No. 7),
Brussels

ECETOC (European Centre for Ecotoxicology and Toxicology of Chemicals) (1995) The Toxico-
logy of Glycol Ethers and its Relevance to Man (Technical Report 64), Brussels

Eckel, W., Foster, G. & Ross, B. (1996) Glycol ethers as ground water contaminants. Occup. Hyg.,
2,97-104

Elias, Z., Daniére, M.C., Marande, A.M., Poirot, O., Terzetti, F. & Schneider, O. (1996) Genotoxic
and/or epigenetic effects of some glycol ethers: Results of different short-term tests. Occup.
Hyg.,2,187-212

Elliott, B.M. & Ashby, J. (1997) Review of the genotoxicity of 2-butoxyethanol. Mutat. Res., 387,
89-96

Environment Canada (1997) Results of the CEPA Section 16 Notice Respecting the Second Priority
Substances List and Di(2-ethylhexyl)phthalate, Hull, Quebec, Use Patterns Section, Commer-
cial Chemicals Evaluation Branch

Environment Canada/Health Canada (2002) Priority Substances List Assessment Report: 2-Butoxy-
ethanol, Quebec/Montreal

European Union (1999) Council Directive 1999/13/EC of 11 March 1999 on the Limitation of
Emissions of Volatile Organic Compounds due to the Use of Organic Solvents in Certain Acti-
vities and Installations (CONSLEG: 1999L0013), Luxembourg, Office for Official Publi-
cations of the European Communities

European Union (2004) European Union Risk Assessment Report — 2-Butoxyethanol (Draft Report),
Luxembourg, Office for Official Publications of the European Communities

Exon, J.H., Mather, G.G., Bussiere, J.L., Olson, D.P. & Talcott, P.A. (1991) Effects of subchronic
exposure of rats to 2-methoxyethanol or 2-butoxyethanol: Thymic atrophy and immunotoxi-
city. Fundam. appl. Toxicol., 16, 830840

Ezov, N., Levin-Harrus, T., Mittelman, M., Redlich, M., Shabat, S., Ward, S.M., Peddada, S.,
Nyska, M., Yedgar, S. & Nyska, A. (2002) A chemically induced rat model of hemolysis with
disseminated thrombosis. Cardiovasc. Toxicol., 2, 181-193

Foo, S.C., Lwin, S., Chia, S.E. & Jeyaratnam, J. (1994) Chronic neurobehavioural effects in paint
formulators exposed to solvents and noise. Ann. Acad. Med. Singapore, 23, 650—654

Foster, PM.D., Lloyd, S.C. & Blackburn, D.M. (1987) Comparison of the in vivo and in vitro testi-
cular effects produced by methoxy-, ethoxy- and N-butoxy acetic acids in the rat. Toxicology,
43, 17-30

Ghanayem, B.I. (1989) Metabolic and cellular basis of 2-butoxyethanol-induced hemolytic anemia
in rats and assessment of human risk in vitro. Biochem. Pharmacol., 38, 1679—1684

Ghanayem, B.I. (1996) An overview of the hematotoxicity of ethylene glycol ethers. Occup. Hyg.,
2, 253-268



2-BUTOXYETHANOL 405

Ghanayem, B.I. & Matthews, H.B. (1990) Attenuation of 2-butoxyethanol-induced hemolytic
anemia by calcium channel blockers (Abstract No. 70). Pharmacologist, 32, 182

Ghanayem, B.1. & Sullivan, C.A. (1993) Assessment of the heamolytic activity of 2-butoxyethanol
and its major metabolite, butoxyacetic acid, in various mammals including humans. Hum. exp.
Toxicol., 12, 305-311

Ghanayem, B.1., Burka, L.T., Sanders, J.M. & Matthews, H.B. (1987a) Metabolism and disposition
of ethylene glycol monobutyl ether (2-butoxyethanol) in rats. Drug Metab. Dispos., 15, 478-484

Ghanayem B.1., Burka, L.T. & Matthews, H.B. (1987b) Metabolic basis of ethylene glycol mono-
butyl ether (2-butoxyethanol) toxicity: Role of alcohol and aldehyde dehydrogenases. J. Phar-
macol. exp. Ther., 242, 222-231

Ghanayem, B.1., Blair, P.C., Thompson, M.B., Maronpot, R.R. & Matthews, H.B. (1987c) Effect
of age on the toxicity and metabolism of ethylene glycol monobutyl ether (2-butoxyethanol)
in rats. Toxicol. appl. Pharmacol., 91, 222-234

Ghanayem, B.I., Burka, L.T. & Matthews, H.B. (1989) Structure—activity relationships for the
in vitro hematotoxicity of N-alkoxyacetic acids, the toxic metabolites of glycol ethers. Chem.-
biol. Interactions, 70, 339-352

Ghanayem, B.I., Sanders, J.M., Clark, A.-M., Bailer, J. & Matthews, H.B. (1990) Effects of dose,
age, inhibition of metabolism and elimination on the toxicokinetics of 2-butoxyethanol and its
metabolites. J. Pharmacol. exp. Ther., 253, 136-143

Ghanayem, B.I., Sanchez, M. & Matthews, H.B. (1992) Development of tolerance to 2-butoxy-
ethanol-induced hemolytic anemia and studies to elucidate the underlying mechanisms. Toxicol.
appl. Pharmacol., 112, 198-206

Ghanayem, B.1., Ward, S.M., Chanas, B. & Nyska, A. (2000) Comparison of the acute hemato-
toxicity of 2-butoxyethanol in male and female F344 rats. Hum. exp. Toxicol., 19, 185-192

Ghanayem, B.I., Long, P.H., Ward, S.M., Chanas, B., Nyska, M. & Nyska, A. (2001) Hemolytic
anemia, thrombosis, and infarction in male and female F344 rats following gavage exposure
to 2-butoxyethanol. Exp. Toxicol. Pathol., 53, 97-105

Gijsenbergh, F.P., Jenco, M., Veulemans, H., Groeseneken, D., Verberckmoes, R. & Delooz, H.H.
(1989) Acute butylglycol intoxication: A case report. Hum. Toxicol., 8, 243-245

Gingell, R., Boatman, R.J. & Lewis, S. (1998) Acute toxicity of ethylene glycol mono-n-butyl
ether in the guinea pig. Food chem. Toxicol., 36, 825-829

Gollapudi, B.B., Barber, E.D., Lawlor, T.E. & Lewis, S.A. (1996) Re-examination of the muta-
genicity of ethylene glycol monobutyl ether to Salmonella tester strain TA97a. Mutat. Res.,
370, 61-64

Gourdeau, J., Cocheo, V., Jacob, V., Kaluzni, P., Kirchner, S., Laurent, A.M., Locoge, N., Person,
A. & Vasselin, F. (2002) [Volatile Organic Compounds. Protocol of the Pilot Study] (Docu-
ment de travail, 28/03/2002), Paris, Observatoire de la Qualité de I’Air Intérieur (in French)

Grant, D., Sulsh, S., Jones, H.B., Gangolli, S.D. & Butler, W.H. (1985) Acute toxicity and recovery
in the hemopoietic system of rats after treatment with ethylene glycol monomethyl and mono-
butyl ethers. Toxicol. appl. Pharmacol., 77, 187-200

Green, C.E., Gordon, GR., Cohen, P.M., Nolen, H.W., Peters, J.H. & Tyson, C.A. (1996) In vitro
metabolism of glycol ethers by human and rat hepatocytes. Occup. Hyg., 2, 67-75

Green, T., Toghill, A., Lee, R., Moore, R. & Foster, J. (2002) The development of forestomach
tumours in the mouse following exposure to 2-butoxyethanol by inhalation: Studies on the
mode of action and relevance to humans. Toxicology, 180, 257-273



406 TARC MONOGRAPHS VOLUME 88

Greenspan, A.H., Reardon, R.C., Gingell, R. & Rosica, K.A. (1995) Human repeated insult patch
test of 2-butoxyethanol. Contact Derm., 33, 59-60

Groeseneken, D., Veulemans, H., Masschelein, R. & Van Vlem, E. (1989) An improved method for
the determination in urine of alkoxyacetic acids. Int. Arch. occup. environ. Health, 61, 249-254

Gualtieri, J., Harris, C., Roy, R., Corley, R. & Manderfield, C. (1995) Multiple 2-butoxyethanol
intoxications in the same patient: Clinical findings, pharmacokinetics, and therapy (Abstract
No. 170). J. Toxicol. clin. Toxicol., 33, 550-551

Gualtieri, J.F., DeBoer, L., Harris, C.R. & Corley, R. (2003) Repeated ingestion of 2-butoxy-
ethanol: Case report and literature review. J. Toxicol. clin. Toxicol., 41, 57-62

Hansch, C., Leo, A. & Hoekman, D. (1995) Exploring OQSAR: Hydrophobic, Electronic, and Steric
Constants, Washington DC, American Chemical Society, p. 25

Hansen, M.K., Larsen, M. & Cohr, K.-H. (1987) Waterborne paints. A review of their chemistry and
toxicology and the results of determinations made during their use. Scand. J. Work Environ.
Health, 13, 473-485

Hardin, B.D., Goad, P.T. & Burg, J.R. (1984) Developmental toxicity of four glycol ethers applied
cutaneously to rats. Environ. Health Perspect., 57, 6974

Hardin, B.D., Schuler, R.L., Burg, J.R., Booth, GM., Hazelden, K.P., MacKenzie, K.M., Piccirillo,
V.J. & Smith, K.N. (1987) Evaluation of 60 chemicals in a preliminary developmental toxicity
test. Teratog. Carcinog. Mutag., 7, 29-48

Haufroid, V., Thirion, F., Mertens. P., Buchet, J.-P. & Lison, D. (1997) Biological monitoring of
workers exposed to low levels of 2-butoxyethanol. Int. Arch. occup. environ. Health, 70,
232-236

Hayashi, S.-J., Watanabe, J. & Kawajiri, K. (1991) Genetic polymorphisms in the 5'-flanking region
change transcriptional regulation of the human cytochrome P450IIE1 gene. J. Biochem., 110,
559-565

Health & Safety Executive (2002) Occupational Exposure Limits 2002 (EH40/2002), Norwich,
Her Majesty’ Stationery Office, pp. 13, 29

Heindel, J.J., Gulati, D.K., Russell, V.S., Reel, J.R., Lawton, A.D. & Lamb, J.C., IV (1990) Assess-
ment of ethylene glycol monobutyl and monophenyl ether reproductive toxicity using a conti-
nuous breeding protocol in Swiss CD-1 mice. Fundam. appl. Toxicol., 15, 683-696

Hoflack, J.C., Durand, M.J., Poirier, GG.,, Maul, A. & Vasseur, P. (1997) Alteration in methyl-
methanesulfonate-induced poly(ADP-ribosyl)ation by 2-butoxyethanol in Syrian hamster
embryo cells. Carcinogenesis, 18, 2333-2338

Hoflack, J.C., Lambolez, L., Elias, Z. & Vasseur, P. (1995) Mutagenicity of ethylene glycol ethers
and of their metabolites in Salmonella typhimurium his~. Mutat. Res., 341, 281-287

Hours, M., Dananche, B., Caillat-Vallet, E., Fevotte, J., Philippe, J., Boiron, O. & Fabry, J. (1996)
Glycol ethers and myeoloid acute leukemia: A multicenter case control study. Occup. Hyg., 2,
405-410

INRS (Institut national de Recherche et de Sécurité) (2002) [Glycol ethers: Method 022] In:
[Métropol Database (Measurement of Pollutants)], Paris (in French)

INRS (Institut national de Recherche et de Sécurité) (2003) Extractions from the SEPIA Database
for Products containing EGBE (Internal Document), Paris

INRS (Institut national de Recherche et de Sécurité) (2005) [Threshold Limit Values for Occupa-
tional Exposure to Chemicals in France] (Cahiers de Notes documentaires No. 2098), Paris,
Hygiene et Sécurité du Travail (in French)



2-BUTOXYETHANOL 407

Jacobs, G.A. (1992) Eye irritation tests on two ethylene glycol ethers. J. Am. Coll. Toxicol., 11, 738

Jakasa, 1., Mohammadi, N., Kriise, J. & Kezic, S. (2004) Percutaneous absorption of neat and
aqueous solutions of 2-butoxyethanol in volunteers. Int. Arch. occup. environ. Health, 77, 719-84

Jargot, D., Dieudonné, M., Hecht, C., Masson, A., Moulut, O. & Oury, B. (1999) [Water-based
Paints for the Automobile Industry] (Cahier de Notes Documentaires No. 177), Paris, Hygi¢ne
et Sécurité du Travail (in French)

Johanson, G. (1986) Physiologically based pharmacokinetic modeling of inhaled 2-butoxyethanol
in man. Toxicol. Lett., 34, 23-31

Johanson, G. (1988) Aspects of biological monitoring of exposure to glycol ethers. Toxicol. Lett.,
43, 5-21

Johanson, G. (1989) Analysis of ethylene glycol ether metabolites in urine by extractive alkylation
and electron-capture gas chromatography. Arch. Toxicol., 63, 107-111

Johanson, G. (1994) Inhalation toxicokinetics of butoxyethanol and its metabolite butoxyacetic
acid in the male Sprague-Dawley rat. Arch. Toxicol., 68, 588-594

Johanson, G. & Boman, A. (1991) Percutaneous absorption of 2-butoxyethanol vapour in human
subjects. Br. J. ind. Med., 48, 788—792

Johanson, G. & Dynésius, B. (1988) Liquid/air partition coefficients of six commonly used glycol
ethers. Br. J. ind. Med., 45, 561-564

Johanson, G. & Fernstrom, P. (1986) Percutaneous uptake rate of 2-butoxyethanol in the guinea
pig. Scand. J. Work Environ. Health, 12, 499-503

Johanson, G. & Fernstrom, P. (1988) Influence of water on the percutaneous absorption of 2-
butoxyethanol in guinea pigs. Scand. J. Work Environ. Health, 14, 95-100

Johanson, G. & Nislund P.H. (1988) Spreadsheet programming — A new approach in physio-
logically based modeling of solvent toxicokinetics. Toxicol. Lett., 41, 115-127

Johanson, G. & Johnsson, S. (1991) Gas chromatographic determination of butoxyacetic acid in
human blood after exposure to 2-butoxyethanol. Arch. Toxicol., 65, 433—435

Johanson, G., Kronborg, H., Néslund, P.H. & Nordqvist, M.B. (1986a) Toxicokinetics of inhaled
2-butoxyethanol (ethylene glycol monobutyl ether) in man. Scand. J. Work Environ. Health,
12, 594-602

Johanson, G., Wallén, M. & Nordqvist, M.B. (1986b) Elimination kinetics of 2-butoxyethanol in
the perfused rat liver — Dose dependence and effect of ethanol. Toxicol. appl. Pharmacol.,
83, 315-320

Johanson, G., Boman, A. & Dynésius, B. (1988) Percutaneous absorption of 2-butoxyethanol in
man. Scand. J. Work Environ. Health, 14, 101-109

Jones, K. & Cocker, J. (2003) A human exposure study to investigate biological monitoring methods
for 2-butoxyethanol. Biomarkers, 8, 360-370

Jones, K., Cocker, J., Dodd, L.J. & Fraser, 1. (2003) Factors affecting the dermal absorption of
solvent vapours: A human volunteer study. Ann. occup. Hyg., 47, 145-150

Jonsson, A.-K., Pedersen, J. & Steen, G. (1982) Ethoxyacetic acid and N-ethoxyacetylglycine:
Metabolites of ethoxyethanol (ethylcellosolve) in rats. Acta pharmacol. toxicol., 50, 358-362

Jungclaus, GA., Games, L.M. & Hites, R.A. (1976) Identification of trace organic compounds in
tire manufacturing plant wastewaters. Anal. Chem., 48, 1894-1896

Kaiser, E.A. & McManus, K.P. (1990) Graphic Creations, Inc., Warren RI (Health Hazard Eva-
luation Report HETA No. 88-346-2030), Cincinnati, OH, National Institute for Occupational
Safety and Health, Hazard Evaluations and Technical Assistance Branch



408 TARC MONOGRAPHS VOLUME 88

Kaphalia, B.S., Ghanayem, B.I. & Ansari, GA.S. (1996) Nonoxidative metabolism of 2-butoxy-
ethanol via fatty acid conjugation in Fischer 344 rats. J. Toxicol. environ. Health, 49, 463—479

Keith, G, Coulais, C., Edorh, A., Bottin, M.C. & Rihn, B. (1996) Ethylene glycol monobutyl ether
has neither epigenetic nor genotoxic effects in acute treated rats and in subchronic treated v-
HA-ras transgenic mice. Occup. Hyg., 2, 237-249

Kelly, J.E. (1993) Ohio University, Athens, OH (Health Hazard Evaluation Report No. HETA-92-
314-2308), Cincinnati, OH, National Institute for Occupational Safety and Health, Hazard
Evaluations and Technical Assistance Branch

KEMI (2002) Information from the Swedish Product Register on 4th Priority List Substances (ESR
793/93), Stockholm, Letter dated 04/19/02

Kennah, H.E., II, Hignet, S., Laux, P.E., Dorko, J.D. & Barrow, C.S. (1989) An objective procedure
for quantitating eye irritation based upon changes of corneal thickness. Fundam. appl. Toxi-
col., 12, 258-268

Kerckaert, GA., Brauninger, R., LeBoeuf, R.A. & Isfort, R.J. (1996) Use of the Syrian hamster
embryo cell transformation assay for carcinogenicity prediction of chemicals currently being
tested by the National Toxicology Program in rodent bioassays. Environ. Health Perspect., 104
(Suppl. 5), 1075-1084

Kirchner, S. (2002) [Glycol Ethers and Domestic Environments], Paris, Centre scientifique et
technique du Batiment (in French)

Klaunig, J.E. & Kamendulis, L.M. (2005) Mode of action of butoxyethanol-induced mouse liver
hemangiosarcomas and hepatocellular carcinomas. Toxicol. Lett., 156, 107-115

Koshkaryev, A., Barshtein, G., Nyska, A., Ezov, N., Levin-Harrus, T., Shabat, S., Nyska, M., Redlich,
M., Tsipis, F. & Yedgar, S. (2003) 2-Butoxyethanol enhances the adherence of red blood cells.
Arch. Toxicol., 77, 465469

Krasavage, W.J. (1986) Subchronic oral toxicity of ethylene glycol monobutyl ether in male rats.
Fundam. appl. Toxicol., 6, 349-355

Kumagai, S., Oda, H., Matsunaga, 1., Kosaka, H. & Akasaka, S. (1999) Uptake of 10 polar organic
solvents during short-term respiration. Toxicol. Sci., 48, 255-263

Kvelland, I. (1988) The mutagenic effect of five oil dispersants and of ethyleneglycolmonobutyl-
ether in bacteriophage 74D. Hereditas, 109, 149-150

Laitenen, J. (1998) Correspondence between occupational exposure limit and biological action level
values for alkoxyethanols and their acetates. Int. Arch. occup. environ. Health, 71, 117-124

Lee, S.A. (1988) Louisiana-Pacific Corp., Missoula, MT (Health Hazard Evaluation Report No.
HETA-87-309-1906), Cincinnati, OH, National Institute for Occupational Safety and Health,
Hazard Evaluations and Technical Assistance Branch

Lee, K.M., Dill, J.A., Chou, B.J. & Roycroft, J.H. (1998) Physiologically based pharmacokinetic
model for chronic inhalation of 2-butoxyethanol. Toxicol. appl. Pharmacol., 153, 211-226

Lewis, F.A. & Thoburn, T.W. (1981) Graphic Color Plate, Inc. Stamford, CT (Health Hazard Eva-
luation Report HETA No. 79-020-839), Cincinnati, OH, National Institute for Occupational
Safety and Health, Hazard Evaluations and Technical Assistance Branch

Lide, D.R. (2004) CRC Handbook of Chemistry and Physics, 84th Ed., Boca Raton, FL, CRC
Press, pp. 3-82, 6-84

Litovitz, T.L., Bailey, K.M., Schmitz, B.F., Holm, K.C. & Klein-Schwartz, W. (1991) 1990 Annual
Report of the American Association of Poison Control Centers National Data Collection
System. Am. J. emerg. Med., 9, 461-509



2-BUTOXYETHANOL 409

Long, P.H., Maronpot, R.R., Ghanayem, B.I., Roycroft, J.H. & Nyska, A. (2000) Dental pulp infarc-
tion in female rats following inhalation exposure to 2-butoxyethanol. Toxicol. Pathol., 28,
246-252

Lucas, S.V. (1984) GC/MS (Gas Chromatography/Mass Spectrophotometry) Analysis of Organics
in Drinking Water Concentrates and Advanced Waste Treatment Concentrates, Vol. 2, Com-
puter-printed Tabulations of Compound Identification Results for Large-volume Concentra-
tions (NC Report No. EPA-600/1-84-0208.397), Columbus, OH, Battelle Laboratories for US
Environmental Protection Agency, Office of Research Development, Health Effects Research
Laboratories

Ma, H., An, J., Hsie, A.W. & Au, W.W. (1993) Mutagenicity and cytotoxicity of 2-methoxyethanol
and its metabolites in Chinese hamster cells (the CHO/HPRT and AS52/GPT assays). Mutat.
Res., 298, 219-225

McKinney, P.E., Palmer, R.B., Blackwell, W. & Benson, B.E. (2000) Butoxyethanol ingestion with
prolonged hyperchloremic metabolic acidosis treated with ethanol therapy. Clin. Toxicol., 38,
787-793

Medinsky, M.A., Singh, G., Bechtold, W.E., Bond, J.A., Sabourin, P.J., Birnbaum, L.S. & Henderson,
R.F. (1990) Disposition of three glycol ethers administered in drinking water to male F344/N
rats. Toxicol. appl. Pharmacol., 102, 443-455

Michael, L.C., Pellizzari, E.D. & Wiseman, R.W. (1988) Development and evaluation of a proce-
dure for determining volatile organics in water. Environ. Sci. Technol., 22, 565-570

Michael, L.C., Pellizzari, E.D. & Norwood, D.L. (1991) Application of the master analytical scheme
to the determination of volatile organics in wastewater influents and effluents. Environ. Sci.
Technol., 25, 150155

Morel, G.,, Lambert, A.M., Rieger, B. & Subra, I. (1996) Interactive effect of combined exposure
to glycol ethers and alcohols on toxicodynamic and toxicokinetic parameters. Arch. Toxicol.,
70, 519-525

Morris, B.J., Shipp, B.K., Bartow, T.A. & Blaylock, B.L. (1996) Oral exposure to 2-butoxyethanol
alters immune reponse in BALB/c mice (Abstract No. 1756). Toxicologist, 30, 342

Moss, E.J., Thomas, L.V., Cook, M.W., Walters, D.G,, Foster, PM.D., Creasy, D.M. & Gray, T.J.B.
(1985) The role of metabolism in 2-methoxyethanol-induced testicular toxicity. Toxicol. appl.
Pharmacol., 79, 480-489

Nagano, K., Nakayama, E., Koyano, M., Oobayashi, H., Adachi, H. & Yamada, T. (1979) [Testi-
cular atrophy of mice induced by ethylene glycol mono alkyl ethers.] Jpn. J. ind. Health, 21,
29-35 (in Japanese)

Nagano, K., Nakayama, E., Oobayashi, H., Nishizawa, T., Okuda, H. & Yamazaki, K. (1984) Experi-
mental studies on toxicity of ethylene glycol alkyl ethers in Japan. Environ. Health Perspect., 57,
75-84

National Institute for Occupational Safety and Health (1989) National Occupational Exposure
Survey, Cincinnati, OH, US Department of Health and Human Services, Centers for Disease
Control

National Institute for Occupational Safety and Health (1990) Criteria for a Recommended Stan-
dard: Occupational Exposure to Ethylene Glycol Monobutyl Ether and Ethylene Glycol Mono-
butyl Ether Acetate (NTIS No. PB901-173369), Cincinnati, OH

National Institute for Occupational Safety and Health (2003) NIOSH Manual of Analytical Methods,
4th Ed., 3rd Suppl., Cincinnati, OH, Method 1403



410 TARC MONOGRAPHS VOLUME 88

National Toxicology Program (1989) Teratologic Evaluation of Ethylene Glycol Monobutyl Ether
(CAS No. 111-76-2) Administered to Fischer-344 Rats on Either Gestational Days 9 Through
11 or Days 11 Through 13 (PB 89-165849), Research Triangle Park, NC

National Toxicology Program (1993) Toxicity Studies of Ethylene Glycol Ethers 2-Methoxyethanol,
2-Ethoxyethanol, 2-Butoxyethanol (CAS Nos. 109-86-4, 110-80-5, 111-76-2) Administered in
Drinking Water to F344/N Rats and B6C3F; Mice (NTP Toxicity Report Series No. 26; NIH
Publ. No. 93-3349), Research Triangle Park, NC

National Toxicology Program (2000) Toxicology and Carcinogenesis Studies of 2-Butoxyethanol
(CAS No. 111-76-2) in F344/N Rats and B6C3F; Mice (Inhalation Studies) (NTP TR 484; NIH
Publication No. 00-3974), Research Triangle Park, NC

Nelson, B.K., Setzer, J.V., Brightwell, W.S., Mathinos, P.R., Kuczuk, M.H., Weaver, T.E. & Goad,
P.T. (1984) Comparative inhalation teratogenicity of four glycol ether solvents and an amino
derivative in rats. Environ. Health Perspect., 57,261-271

Newman, M. & Klein, M. (1990) Schmidt Cabinet Company, New Salisbury, IN (Health Hazard
Evaluation Report No. HETA-88-068-2077), Cincinnati, OH, National Institute for Occupa-
tional Safety and Health, Hazard Evaluations and Technical Assistance Branch

Nguyen, D-K., Bruchet, A. & Arpino, P. (1994) High resolution capillary GC-MS analysis of low
molecular weight organic compounds in municipal wastewater. J. high Resolut. Chromatogr.,
17, 153-159

NICNAS (National Industrial Chemicals Notification and Assessment Scheme) (1996) Priority
Existing Chemical No. 6 — 2-Butoxyethanol in Cleaning Products, Canberra, Australian
Government Publishing Service

Nisse, P., Coquelle-Couplet, V., Forceville, X. & Mathieu-Nolf, M. (1998) Renal failure after suici-
dal ingestion of window cleaner. A case report (Abstract). Vet. hum. Toxicol., 40, 173

Norbick, D., Wieslander, G., Edling, C. & Johanson, G. (1996) House painters’ exposure to glycols
and glycol ethers from water based paints. Occup. Hyg., 2, 111-117

Nyska, A., Maronpot, R.R. & Ghanayem, B.I. (1999a) Ocular thrombosis and retinal degeneration
induced in female F344 rats by 2-butoxyethanol. Hum. exp. Toxicol., 18, 577-582

Nyska, A., Maranpot, R.R., Long, P.H., Roycroft, J.H., Hailey, J.R., Travlos, G.S. & Ghanayem,
B.I. (1999b) Disseminated thrombosis and bone infarction in female rats following inhalation
exposure to 2-butoxyethanol. Toxicol. Pathol., 27, 287-294

Nyska, A., Moomaw, C.R., Ezov, N., Shabat, S., Levin-Harrus, T., Nyska, M., Redlich, M.,
Mittelman, M., Yedgar, S. & Foley, J.F. (2003) Ocular expression of vascular cell adhesion
molecule (VCAM-1) in 2-butoxyethanol-induced hemolysis and thrombosis in female rats.
Exp. Toxicol. Pathol., 55, 231-236

Nyska, A., Haseman, J.K., Kohen, R. & Maronpot, R.R. (2004) Association of liver hemangio-
sarcoma and secondary iron overload in B6C3F1 mice — The National Toxicology Program
experience. Toxicol. Pathol., 32, 222-228

Occupational Safety & Health Administration (1990) 2-Butoxyethanol (Butyl Cellosolve), 2-
Butoxyethyl Acetate (Butyl Cellosolve Acetate), Method 83, Salt Lake City, UT, Organic
Methods Evaluation Branch, OSHA Analytical Laboratory

OECD (Organization for Economic Co-operation and Development) (1997) SIDS Initial Assessment
Report for 6th SIAM, 2-Butoxyethanol (CAS No. 111-76-2), Paris, UNEP Publications

Osterhoudt, K.C. (2002) Fomepizole therapy for pediatric butoxyethanol intoxication. J. Toxicol.
clin. Toxicol., 40, 929-930



2-BUTOXYETHANOL 411

Oxygenated Solvents Producers Association (2004) The Glycol Ethers [http://www.ethers-de-
glycol.org/english/index.html]

Park, J., Kamendulis, L.M. & Klaunig, J.E. (2002a) Effects of 2-butoxyethanol on hepatic oxida-
tive damage. Toxicol. Lett., 126, 19-29

Park, J., Kamendulis, L.M. & Klaunig, J.E. (2002b) Mechanisms of 2-butoxyethanol carcinogeni-
city: Studies on Syrian hamster embryo (SHE) cell transformation. Toxicol. Sci., 68, 43-50

Poet, T.S., Soelberg, J.J., Weitz, K.K., Mast, T.J., Miller, R.A., Thrall, B.D. & Corley, R.A. (2003)
Mode of action and pharmacokinetic studies of 2-butoxyethanol in the mouse with an emphasis
on forestomach dosimetry. Toxicol. Sci., 71, 176-189

Rambourg-Schepens, M.O., Buffet, M., Bertault, R., Jaussaud, M., Journe, B., Fay, R. & Lamiable,
D. (1988) Severe ethylene glycol butyl ether poisoning. Kinetics and metabolic pattern. Hum.
Toxicol., 7, 187-189

Raymond, L.W., Williford, L.S. & Burke, W.A. (1998) Eruptive cherry angiomas and irritant symp-
toms after one acute exposure to the glycol ether solvent 2-butoxyethanol. J. occup. environ.
Med., 40, 1059-1064

Rettenmeier, A.W., Hennigs, R. & Wodarz, R. (1993) Determination of butoxyacetic acid and N-
butoxyacetylglutamine in urine of lacquerers exposed to 2-butoxyethanol. Int. Arch. occup.
environ. Health, 65, S151-S153

Rhyder (1992) Work Cover Authority NSW, Evaluation of Ethylene Glycol Monobutyl Ether Expo-
sure Levels for GCS School Cleaners in the Coffs Harbour Area, 8—9 August 1992 (cited in
NICNAS, 1996)

Rocchi, E., Seium, Y., Camellini, L., Casalgrandi, G,, Borghi, A., D’Alimonte, P. & Cioni, G. (1997)
Hepatic tocopherol content in primary hepatocellular carcinoma and liver metastases. Hepa-
tology, 26, 67-72

Sabourin, P.J., Medinsky, M.A., Birnbaum, L.S., Griffith, W.C. & Henderson, R.F. (1992a) Effect
of exposure concentration of the disposition of inhaled butoxyethanol by F344 rats. Toxicol.
appl. Pharmacol., 114, 232-238

Sabourin, P.J., Medinsky, M.A., Thurmond, F., Birnbaum, L.S. & Henderson, R.F. (1992b) Effect
of dose on the disposition of methoxyethanol, ethoxyethanol, and butoxyethanol administered
dermally to male F344/N rats. Fundam. appl. Toxicol., 19, 124-132

Sakai, T., Araki, T. & Masuyama, Y. (1993) Determination of urinary alkoxyacetic acids by a rapid
and simple method for biological monitoring of workers exposed to glycol ethers and their
acetates. Int. Arch. occup. environ. Health, 64, 495-498

Sakai, T., Araki, T., Morita, Y. & Masuyama, Y. (1994) Gaschromatographic determination of
butoxyacetic acid after hydrolysis of conjugated metabolites in urine from workers exposed to
2-butoxyethanol. Int. Arch. occup. environ. Health, 66, 249-254

Salisbury, S., Bennett, D. & Aw, T.-C. (1987) Tropicana Products, Bradenton, FL (Health Hazard
Evaluation Report HETA No. 83-458-1800), Cincinnati, OH, National Institute for Occupa-
tional Safety and Health, Hazard Evaluations and Technical Assistance Branch

Schuler, R.L., Hardin, B.D., Niemeier, R.W., Booth, G., Hazelden, K., Piccirillo, V. & Smith, K.
(1984) Results of testing fifteen glycol ethers in a short-term in vivo reproductive toxicity
assay. Environ. Health Perspect., 57, 141-146

Shabat, S., Nyska, A., Long, P.H., Goelman, G., Abramovitch, R., Ezov, N., Levin-Harrus, T,
Peddada, S., Redlich, M., Yedgar, S. & Nyska, M. (2004) Osteonecrosis in a chemically



412 TARC MONOGRAPHS VOLUME 88

induced rat model of human hemolytic disorders associated with thrombosis — A new model
for avascular necrosis of bone. Calcif. Tissue int., 74, 220-228

Shah, J.J. & Singh, H.B. (1988) Distribution of volatile organic chemicals in outdoor and indoor
air. A national VOCs data base. Environ. Sci. Technol., 22, 1381-1388

Shell Chemicals (2002) Data Sheet: Butyl OXITOL, London

Shell Chemicals (2004) Data Sheet: Butyl OXITOL (North America), Houston, TX

Shields, H.C., Fleischer, D.M. & Weschler, C.J. (1996) Comparisons among VOCs measured in
three types of US commercial buildings with different occupant densities. Indoor Air, 6, 2—17

Shih, T.-S., Chou, J.-S., Chen, C.-Y. & Smith, T.J. (1999) Improved method to measure urinary
alkoxyacetic acids. Occup. environ. Med., 56, 460-467

Shyr, L.J., Sabourin, P.J., Medinsky, M.A., Birnbaum, L.S. & Henderson, R.F. (1993) Physiolo-
gically based modeling of 2-butoxyethanol disposition in rats following different routes of
exposure. Environ. Res., 63,202-218

Siesky, A.M., Kamendulis, L.M. & Klaunig, J.E. (2002) Hepatic effects of 2-butoxyethanol in
rodents. Toxicol. Sci., 70, 252-260

Singh, P., Zhao, S. & Blaylock, B.L. (2001) Topical exposure to 2-butoxyethanol alters immune
responses in female BALB/c mice. Int. J. Toxicol., 20, 383-390

Singh, P., Morris, B., Zhao, S. & Blaylock, B.L. (2002) Suppression of the contact hypersensitivity
response following topical exposure to 2-butoxyethanol in female BALB/c mice. /nt. J.
Toxicol., 21, 107-115

Sivarao, D.V. & Mehendale, H.M. (1995) 2-Butoxyethanol autoprotection is due to resiliance of
newly formed erythrocytes to hemolysis. Arch. Toxicol., 69, 526-532

Smialowicz, R.J., Williams, W.C., Riddle, M.M., Andrews, D.L., Luebke, R.W. & Copeland, C.B.
(1992) Comparative immunosuppression of various glycol ethers orally administered to
Fischer 344 rats. Fundam. appl. Toxicol., 18, 621-627

Smyth, H.F., Jr, Seaton, J. & Fischer, L. (1941) The single dose toxicity of some glycols and deri-
vatives. J. ind. Hyg. Toxicol., 23, 259-268

Smyth, H.F., Jr, Carpenter, C.P., Weil, C.S., Pozzani, U.C. & Striegel, J.A. (1962) Range-finding
toxicity data: List VI. Am. ind. Hyg. Assoc. J., 23, 95-107

Sohnlein, B., Letzel, S., Welte, D., Riidiger, H.-W. & Angerer, J. (1993) Occupational chronic expo-
sure to organic solvents. XIV. Examinations concerning the evaluation of a limit value for
2-ethoxyethanol and 2-ethoxyethyl acetate and the genotoxic effects of these glycol ethers. /nt.
Arch. occup. environ. Health, 64, 479—484

Stonebreaker, R.D. & Smith, A.J., Jr (1980) Containment and treatment of a mixed chemical dis-
charge from the ‘Valley of the Drums’ near Louisville, Kentucky Contr. Haz 1-10 (cited in
ATSDR, 1998)

Suva (2003) Grenzwerte am Arbeitsplatz 2003, Luzern, Swiss Accident Insurance [Swiss OELs]

Tennant, R.W. & Ashby, J. (1991). Classification according to chemical structure, mutagenicity to
Salmonella and level of carcinogenicity of a further 39 chemicals tested for carcinogenicity by
the US National Toxicology Program. Mutat. Res., 257, 209-227

ToxEcology Environmental Consulting Ltd (2003) 2-Butoxyethanol and 2-Methoxyethanol. Current
Use Patterns in Canada, Toxicology Profiles of Alternatives, and the Feasibility of Performing
an Exposure Assessment Study, Vancouver, BC, Health Canada



2-BUTOXYETHANOL 413

Tyl, R.W., Millicovsky, G., Dodd, D.E., Pritts, .M., France, K.A. & Fisher, L.C. (1984) Teratologic
evaluation of ethylene glycol monobutyl ether in Fischer 344 rats and New Zealand white
rabbits following inhalation exposure. Environ. Health Perspect., 57, 47-68

Tyler, T.R. (1984) Acute and subchronic toxicity of ethylene glycol monobutyl ether. Environ.
Health Perspect., 57, 185-191

Tyosuojelusdadoksid (2002) HTP arvot 2002, Helsinki, Sosiaali-ja terveysministerion [Finnish
OELs]

Udden, M.M. (1994) Hemolysis and deformability of erythrocytes exposed to butoxyacetic acid, a
metabolite of 2-butoxyethanol: II. Resistance in red blood cells from humans with potential
susceptibility. J. appl. Toxicol., 14, 97-102

Udden, M.M. (1996) Effects of butoxyacetic acid on human red cells. Occup. Hyg., 2, 283-290

Udden, M.M. (2000) Rat erythrocyte morphological changes after gavage dosing with 2-butoxy-
ethanol: A comparison with the in vitro effects of butoxyacetic acid on rat and human erythro-
cytes. J. appl. Toxicol., 20, 381-387

Udden, M.M. (2002) In vitro sub-hemolytic effects of butoxyacetic acid on human and rat erythro-
cytes. Toxicol. Sci., 69, 258-264

Udden, M.M. & Patton, C.S. (1994) Hemolysis and deformability of erythrocytes exposed to butoxy-
acetic acid, a metabolite of 2-butoxyethanol: I. Sensitivity in rats and resistance in normal
humans. J. appl. Toxicol., 14, 91-96

Verschueren, K. (2001) Handbook of Environmental Data on Organic Chemicals, 4th Ed., Vol. 1,
New York, John Wiley & Sons

Veulemans, H., Groeseneken, D., Masschelein, R. & Van Vlem, E. (1987) Survey of ethylene glycol
ether exposures in Belgian industries and workshops. Am. ind. Hyg. Assoc. J., 48, 671-676

Villalobos-Pietrini, R., Gémez-Arroyo, S., Altamirano-Lozano, M., Orozco, P. & Rios, P. (1989)
Cytogenetic effects of some cellosolves. Rev. int. Contam. ambient., 5, 41-48

Vincent, R. (1999) [Occupational exposure]. In: [Glycol Ethers, What Health Risks?], Paris, Ed.
INSERM, pp. 237-256 (in French)

Vincent, R. & Jeandel, B. (1999) [Evolution of exposure levels between 1987 and 1998.] In: [Glycol
Ethers, What Health Risks?], Paris, Ed. INSERM, pp. 257-262 (in French)

Vincent, R., Cicolella, A., Subra, 1., Rieger, B., Poirot, P. & Pierre, F. (1993) Occupational exposure
to 2-butoxyethanol for workers using window cleaning agents. Appl. occup. environ. Hyg., 8,
580-586

Vincent, R., Rieger, B., Subra, 1. & Poirot, P. (1996) Exposure assessment to glycol ethers by atmos-
phere and biological monitoring. Occup. Hyg., 2, 79-90

Weil, C.S. & Wright, GJ. (1967) Intra- and interlaboratory comparative evaluation of single oral test.
Toxicol. appl. Pharmacol., 11, 378-388

Werner, H.W., Mitchell, J.L., Miller, J.W. & von Oettingen, W.F. (1943a) The acute toxicity of
vapors of several monoalkyl ethers of ethylene glycol. J. ind. Hyg. Toxicol., 25, 157-163

Werner, H.W., Nawrocki, C.Z., Mitchell, J.L., Miller, J.W. & von Oettingen, W.F. (1943b) Effects
of repeated exposures of rats to vapors of monoalkyl ethylene glycol ethers. J. ind. Hyg.
Toxicol., 25, 374-379

Werner, H.W., Mitchell, J.L., Miller, J.W. & von Oettingen, W.F. (1943c¢) Effects of repeated expo-
sure of dogs to monoalkyl ethylene glycol ether vapors. J. ind. Hyg. Toxicol., 25, 409—414

Wesolowski, W. & Gromiec, J.P. (1997) Occupational exposure in Polish paint and lacquer industry.
Int. J. occup. Med. environ. Health, 10, 79-88



414 TARC MONOGRAPHS VOLUME 88

Wier, P.J., Lewis, S.C. & Traul, K.A. (1987) A comparison of developmental toxicity evident at
term to postnatal growth and survival using ethylene glycol monoethyl ether, ethylene glycol
monobutyl ether, and ethanol. Teratog. Carcinog. Mutag., 7, 55-64

Wilkinson, S.C. & Williams, F.J. (2002) Effects of experimental conditions on absorption of glycol
ethers through human skin in vitro. Int. Arch. occup. environ. Health, 75, 519-527

Winchester, R.V. (1985) Solvent exposure of workers during printing ink manufacture. Ann. occup.
Hyg., 29, 517-519

Winder, C. & Turner, P.J. (1992) Solvent exposure and related work practices amongst apprentice
spray painters in automotive body repair workshops. Ann. occup. Hyg., 36, 385-394

Yasugi, T., Endo, G., Monna, T., Odachi, T., Yamaoka, K., Kawai, T., Horiguchi, S. & Ikeda, M.
(1998) Types of organic solvents used in workplaces and work environment conditions with
special references to reproducibility of work environment classification. Ind. Health, 36,
223-233

Yasuhara, A., Shiraishi, H., Tsuji, M. & Okuno, T. (1981) Analysis of organic substances in highly
polluted river water by mass spectrometry. Environ. Sci. Technol., 15, 570-573

Yoshikawa, M. & Tani, C. (2003) Sensitive determination of alkoxyethanols by pre-column deri-
vatization with 1-anthroylnitrile and reversed-phase high-performance liquid chromatography.
J. Chromatog., A1005, 215-221

Zaebst, D.D. (1984) In-depth Industrial Hygiene Survey Report of Henredon Furniture Industries,
Inc., Morgaton, NC (Health Hazard Evaluation Report HETA), Cincinnati, OH, National Insti-
tute for Occupational Safety and Health, Hazard Evaluations and Technical Assistance Branch

Zeiger, E., Anderson, B., Haworth, S., Lawlor, T. & Mortelmans, K. (1992) Salmonella mutageni-
city tests: V. Results from the testing of 311 chemicals. Environ. mol. Mutag., 19 (Suppl. 21),
2-141

Zhu, J., Cao, X.-L. & Beauchamp, R. (2001) Determination of 2-butoxyethanol emissions from
selected consumer products and its application in assessment of inhalation exposure associated
with cleaning tasks. Environ. int., 26, 589-597

Zissu, D. (1995) Experimental study of cutaneous tolerance to glycol ethers. Contact Derm., 32,
74-77





