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EXECUTIVE SUMMARY

This report has been produced as part of the ECETOC Joint Assessment of Commodity
Chemicals (JACC) programme.  It presents a critical evaluation of the toxicity and
ecotoxicity data of n-butanol (nBA).  Since the last comprehensive review of nBA by
IPCS a in 1987, new data have become available.  A hazard/risk assessment will be
required under current OECD/EU schemes b,c.

nBA is a colourless liquid that is primarily used as an intermediate in the manufacture
of other chemicals, and in solvent applications.  If nBA is released into the environment
(airborne), a major part will be distributed to the water compartment. nBA is rapidly
degraded in air and water; little accumulation in soil, biota, sediment or suspended
matter is anticipated. nBA has a low order of toxicity at all trophic levels.

nBA is readily absorbed through the lungs of humans and laboratory animals and can
also penetrate the skin. Following absorption, nBA is rapidly metabolised, ultimately
to CO2, with small amounts being eliminated in urine as glucuronide and sulphate
conjugates.

When administered in single doses to laboratory animals by gavage, inhalation or
application to the skin, nBA exhibits a low order of toxicity.  Available information on
the effects of nBA following repeated exposure is supplemented in this report by data
on n-butyl acetate, an ester that hydrolyses to form nBA and acetic acid within minutes
of entering systemic circulation.  The typical effect of high doses of nBA following single
or repeated exposure is a transient, depression (narcosis) of the central nervous system,
which is commonly seen with other short chain alkyl alcohols.  Specific neurotoxicity
is not observed.  Specific target organs and selective toxicity have not been identified.
nBA is not genotoxic and there is no concern for carcinogenic potential.

nBA showed some foetotoxicity in laboratory animals at high concentrations that were
toxic to the mother, but is devoid of selective developmental toxicity. Male or female
fertility is not adversely affected, as shown by studies with n-butyl acetate.

Earlier reports describing neurotoxicity and hearing loss in workers exposed to nBA
have not been substantiated. In humans, nBA is slightly to moderately irritant to the
skin on prolonged contact, and moderately irritant to the eyes.

a IPCS Environmental Health Criteria Documents [http://www.who.int/pcs/ra_site/ehc.html]
b OECD Existing Chemicals Programme [http://www1.oecd.org/ehs/hazard.htm]
c EU Existing Chemicals Work Area [http://ecb.ei.jrc.it/existing-chemicals/]
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THE ECETOC SCHEME FOR THE JOINT ASSESSMENT OF COMMODITY CHEMICALS

This report has been produced by an ECETOC Task Force as part of the Joint Assessment
of Commodity Chemicals (JACC) programme for preparing critical reviews of the
toxicology and ecotoxicology of selected existing industrial chemicals.  In the programme,
commodity chemicals (i.e. those produced in large tonnage by several companies and
having widespread and multiple uses) are jointly reviewed by experts from a number
of companies with knowledge of the chemical. It should be noted that in a JACC review
only the chemical itself is considered; products in which it appears as an impurity are
not normally taken into account.

This report presents a critical evaluation of the toxicology, ecotoxicology and
physico-chemical properties of n-butanol (nBA; CAS No. 71-36-3).  This information
is supplemented by toxicological data on n-butyl acetate, which is rapidly hydrolysed
in vivo to nBA and acetic acid.

Where relevant, the Task Force has assigned a Code of Reliability (CoR) a to
(eco)toxicological studies to reflect the degree of confidence that can be placed on the
reported results.  The criteria used to assess and categorise reliability are included in
Appendix B.

a A list of special abbreaviations is given at Appendix A
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1.  SUMMARY AND CONCLUSIONS

n-Butanol (nBA) is a commodity chemical produced in Europe and USA in volumes
exceeding 500 kilotonnes per year.  A colourless, flammable liquid with an alcoholic
odour, nBA is soluble in water and miscible with a large number of organic solvents.  It
is used primarily as an intermediate in the manufacture of other chemicals, such as butyl
acetate, butyl acrylate and butyl glycol ethers; considerable quantities are used as a
solvent in coating applications.

nBA enters the environment to a small extent from natural sources (biomass,
fermentation), and during its production, transport, storage and use as an intermediate
and a solvent.  The primary route for entering the environment is release to the
atmosphere when used as a solvent.  Assuming equilibrium distribution, approximately
80% of nBA will partition to water and 16 - 19% to air.

nBA is readily biodegradable in water and readily decomposed in the air by
photodegradation; it does not adsorb on soil. Thus, substantial environmental
concentrations and biomagnification in the food chain are not anticipated.  nBA has a
low order of toxicity to environmental organisms at all trophic levels.

Approximately 50% of inhaled nBA is readily absorbed via the lungs of humans and
laboratory animals; it can also penetrate the skin.  Studies with radiolabelled material
have demonstrated that, once absorbed, nBA is rapidly and completely distributed
throughout the organism.  The majority (approximately 80%) of the radiolabel is
eliminated as CO2, with smaller amounts eliminated in urine as glucuronide and sulphate
conjugates.  The half-life of nBA in plasma of rats is approximately 1 hour.

nBA exhibits a low order of toxicity when administered in single doses to laboratory
animals by gavage, inhalation or application to the skin.  The material is slightly to
moderately irritant to the skin on prolonged contact, and moderately irritant to the eyes.

A substantial amount of information is available on the effects of repeated exposure
of laboratory animals to nBA.  The information is supplemented in this review by
data on n-butyl acetate, an ester that hydrolyses to form nBA and acetic acid within
minutes of entering systemic circulation.  The most common effect of repeated exposure
is a transient, general central nervous system (CNS) depression, often observed with
other short chain alkyl alcohols.  In an evaluation of neurotoxicity including schedule-
controlled operand behaviour, neuropathology, motor activity and functional
observational battery, no changes were observed in rats exposed to n-butyl acetate vapour
over a 13-week period.  No specific target organs have been identified from subchronic
exposure to nBA, nor from systemic exposure to n-butyl acetate.  There is no evidence
in either in vivo or in vitro test systems that nBA exerts genotoxic activity.
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Foetotoxicity has been observed in the offspring of laboratory rats, but only at exposure
concentrations that are toxic to the mother.  The lack of specific developmental toxicity
is supported by studies conducted with n-butyl acetate in rats and rabbits.

No detectable effects on reproductive parameters were observed in studies where either
male rats had been exposed to nBA and mated to non-exposed females, or in which
female rats had been exposed to nBA throughout gestation.  In repeated exposure studies
with nBA, no treatment-related effects were observed on microscopic examination of
male or female reproductive organs.  In addition, supporting evidence for a lack of effect
on fertility is provided by data from a subchronic study with n-butyl acetate.

Earlier reports of human experience in the workplace describe CNS toxicity and hearing
loss related to nBA; no further cases on hearing disturbances related to nBA have been
reported since.  At high vapour concentrations and under poor working conditions,
severe eye irritation has been reported.

Current exposures to nBA in production facilities are probably low, but insufficient
detail is available for evaluation.  Less data are available from other industrial settings,
i.e. customer (end-user) sites.  Existing regulatory exposure standards for nBA appear
to be adequate to protect human health.

Overall, there seems to be no justification for the EC classification of nBA as "harmful",
and it is suggested that this classification should be reviewed.
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2.  IDENTITY, PHYSICAL AND CHEMICAL PROPERTIES, ANALYTICAL METHODS

2.1  Identity

Name: n-Butanol (nBA)

IUPAC name: Butan-1-ol

Synonyms: Butanol 
n-Butan-1-ol
Butyl alcohol
n-Butyl alcohol
1-Hydroxybutane
Methylolpropane
Propylcarbinol

CAS name: 1-Butanol

CAS registry No: 71-36-3

UN number: 1120

Molecular mass 74.12

Formula: C4H10O

Structural formula CH3 - CH2 - CH2 - CH2 - OH

2.2  EC classification and labelling

nBA is classified and labelled in accordance with the Dangerous Substances Directive
(EC, 1993). 

EC (EINECS) No: 200-751-6

Index No: 603-004-00-6

Classification: Flammable, harmful a, irritant

Labelling, symbol: Xn Harmful a

a The basis for the classification is unknown
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R-Phrases: R 10 Flammable
R 22 Harmful if swallowed
R 37/38 Irritating to respiratory system / skin
R 41 Risk of serious damage to eyes
R 67 Vapours may cause drowsiness and dizziness

S-Phrases: (S 2 Keep out of reach of children) a

S 7/9 Keep container tightly closed and in a 
well-ventilated place

S 13 Keep away from food, drink and animal feedstuff
S 26 In case of contact with eyes, rinse immediately with

plenty of water and seek medical advice 
S 37/39 Wear suitable gloves and eye/face protection
S 46 If swallowed, seek medical advice immediately and

show this container or label 

2.3  Physical and chemical properties

nBA is a colourless, flammable liquid with an alcoholic odour.  It is soluble in water and
miscible with a large number of organic solvents.  Physical and chemical properties are
listed in Table 1.

a Only for consumer products
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Table 1: Physical and chemical properties

Property Value, unit Reference

Melting point -89 - -90°C Company data sheets a

-89.3°C Hahn et al, 1986
-89.5°C Weast et al, 1989
-89.9°C Verschueren, 1986

Boiling point at 1,013 hPa 116 - 118°C Company data sheets a

117.7 °C Hahn et al, 1986; Verschueren, 1986
117.2°C Weast et al, 1989

Relative density D4
20 (density of 0.810 Company data sheets a

water at 4°C is 1,000 kg/m3) 0.8098 Hahn et al, 1986; Weast et al, 1989

Viscosity, at 20°C 2.9 mPa·s b Elf Atochem, 1996; BASF, 1999; 
ExxonMobil, 2000

3.0 mPa·s Hahn et al, 1986; Oxeno, 2000

Refractive index nD at 20°C 1.3991 Hahn et al, 1986

Vapour pressure at 20°C 5.5 - 6.7 hPa c Company data sheets a

5.9 hPa d Verschueren, 1986

Vapour density at 25°C (air = 1) 2.55 - 2.6 Company data sheets a

Threshold odour concentration e 0.6 mg/m3 f Dalton et al, 1997
0.52 mg/m3g Wysocki and Dalton, 1996
0.36 mg/m3 Ruth, 1986
2.6 mg/m3h Amoore and Hautala, 1983

Surface tension at 20°C 22.3 mN/m Hahn et al, 1986

Solubility in water at 20°C 74.5 - 77 g/kg Company data sheets a

77 g/kg Hahn et al, 1986; Verschueren, 1986

Solubility of water in nBA at 20°C 250 g/kg Hahn et al, 1986
200 g/kg Elf Atochem, 1996

Miscible with alcohol, ether, acetone Yes Weast et al, 1989; Elf Atochem, 1996
and benzene; ketones, esters, alcohols

Partition coefficient, log Kow 0.88 i Hansch and Leo, 1985 cited by Staples,
(octanol/water) at 20°C 1998; Verschueren, 1986; Elf Atochem, 

1996; Oxeno, 2000

Partition coefficient, log Koc (organic 1.86 i Howard, 1990 cited by Staples, 1998
carbon/water) at 20°C

Henry's Law constant at 20 - 25°C 0.64 Pa·m3/mol k This report 
0.56 Pa·m3/mol l Howard, 1990 cited by Staples, 1998
0.90 Pa·m3/mol m Elf Atochem, 1996

Flash point, closed cup 29 - 37°C Company data sheets a

34°C Hahn et al, 1986
28.85°C Billig, 1992
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Table 1: Physical and chemical properties (cont’d)

Property Value, unit Reference

Explosion limits in air at room 1.4 - 11.3% (v/v) Company data sheets a; Hahn et al,
1986; temperature and 1,013 hPa Billig, 1992 

1.45 - 11.25% (v/v) Lewis and Von Elbe, 1951 cited by
Weast et al, 1989

Auto-flammability, ignition 340 - 367°C Company data sheets a

temperature 342.85°C Billig, 1992
380°C Hahn et al, 1986

a Shell, 1993; Elf Atochem, 1996; ExxonMobil, 2000; Union Carbide, 1998; BASF, 1999 ; Oxeno, 2000
b Reported as 3.60 cSt
c Highly dependent on small variations in temperature
d Reported as 4 mm (Hg)
e For odour detection or olfactory perception
f Median value, reported as 0.2 ppm (Section 2.4)
g Median value, reported as 0.17 ppm (Section 2.4)
h Reported as 0.83 ppm
i Measured, reported as 72
j Calculated
k Calculated: molecular mass x vapour pressure / solubility in water
l Presumably calculated, reported as 5.57 x 10-6 atm.m3/mol
m Calculated, reported as 8.87 x 10-6 atm.m3/mol

Typically, commercial nBA has a purity 99.8%. Common impurities are isobutanol
(< 0.05% w/w), dibutyl ether (< 0.03%), butyric acid (< 0.002%) and water (< 0.1%).

2.4  Conversion factors

Conversion factors for nBA concentrations in air at standard conditions (20°C and
1,013 hPa) are:

• 1 ppm = 3.082 mg/m3

• 1 mg/m3 = 0.324 ppm

In this report, converted values (rounded) are given in parentheses.
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2.5  Analytical methods

2.5.1  Workplace air

NIOSH (1994) developed a standard method for the detection of nBA in workplace
air which involved pumping a certain volume of air (2 - 10 l) through a tube containing
activated charcoal.  Any adsorbed nBA (and other volatile organic compounds) was
eluted with a mixture of 2-propanol and carbon disulphide, and the eluate analysed by
gas chromatography (GC) using a flame ionisation detector (FID). The relatively high
detection limit is sufficient for monitoring current occupational exposure limit (OEL)
values of airborne nBA concentrations (Table 7).

Kawai et al (1997) modified the NIOSH method to achieve a lower detection limit of
0.3 ppm nBA (0.92 mg/m3) for 8-hour exposure.  The workplace air was sampled by
diffusion onto carbon cloth exposed in a case holder (typically attached to the worker's
chest pocket), the cloth extracted with carbon disulphide and the adsorbate analysed by
GC-FID.

A further modification of the NIOSH method, in which the nBA is desorbed with
hydrogen sulphide, has been standardised by BASF (2000a).  The analytical sensitivity
is 2.2 ng nBA and the detection limit 0.06 mg nBA/m3 (0.02 ppm) in 25 litres of sampled
air.  The method is suitable for personal and area measurements.  It has been certified
(renewable every 3 years) by the competent German authority (Mess- und Prüfstellen
der Länder, Kassel).

2.5.2  Environmental media

For the determination of nBA in ambient air, the above NIOSH method for workplace
air can be used. There are no standard methods for the analysis of water, soil or sediment.
No substantial concentrations of nBA in the environment are expected (Section 4.3.6
and 5.1).

2.5.3  Biological media

Urine analysis of nBA by GC-FID (detection limit 0.02 µg/ml) has been carried out
following extraction with dichloromethane in the presence of acid or hydrolase, because
part of the nBA was reportedly conjugated with glucuronide (Kawai et al, 1997).
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Deisinger and English (1997) used high-pressure liquid chromatography (HPLC) to
determine the amount of radiolabelled nBA in heparinised whole blood and brain
homogenates.  Samples were de-proteinised by adding an equal volume of 0.5 M sodium
tungstate followed by an equal volume of 0.5 M cupric sulphate.  Following mixing and
centrifugation, injections of the clear supernatant were separated by HPLC, using a
reverse-phase column and an isocratic mobile phase consisting of 25 mM sodium formate
buffer (pH 4.0) with 20% acetonitrile, at 1 ml/min.  The column effluent was directed to
a radiochemical flow-through detector.  The detection limit was determined by the
specific activity of the radiolabelled material.

Deisinger and English (2001) developed an analytical method using GC with mass
spectroscopy (MS) for the detection of nBA, n-butyl acetate, n-butyraldehyde, and
n-butyric acid in heparinised whole blood (detection limit around 1 mg nBA/l of blood).
The blood samples were de-proteinised by the addition of an equal volume of 0.4 M
sulphuric acid containing 3-methyl-1-butanol and n-hexanoic acid as internal standard.
The samples were extracted with a small volume of diethyl ether, and the extract treated
with ethereal diazomethane to methylate the carboxylic acids.  Quantitative analysis
was achieved by GC using a free-fatty-acid-phase capillary column and mass-selective
ion detection of the individual analyte.
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3.  PRODUCTION, STORAGE, TRANSPORT AND USE

3.1  Production

nBA is produced by the hydroformylation of propylene that has reacted with carbon
monoxide and hydrogen (syngas) in the presence of a metal (generally rhodium or
cobalt) catalyst.  This "Oxo" process is carried out continuously at low pressure
(20 atm a or 2,030 kPa) or high pressure (500 atm or 50,700 kPa) and yields a mixture
of n-butyraldehyde and isobutyraldehyde.  The resulting aldehydes are separated by
distillation and hydrogenated to the corresponding alcohols, which are further refined
by distillation (Billig, 1992). All reaction and distillation steps are carried out in closed
systems.

In the USA, total production capacity of nBA in 1999 was 2,533 x 106 pounds
(1,149 kt) a.  The market (demand) for nBA in 1999 in the USA was 1,850 x 106 pounds
(839 kt), including exports of 285 x 106 pounds (129 kt) (ChemExpo News, 1999).  The
1998 US production for nBA was 1,780 x 106 pounds (807 kt) (CMA, 1999a).  No data are
available for Europe. 

3.2  Storage

Storage of nBA is dictated by flammability concerns.  Since the vapour density is 2.6
times that of air, any nBA that possibly accumulates in low areas may be prone to ignition
(Table 1).  nBA can also react with other chemicals (e.g. explosives, organic peroxides)
to cause fires.

Consequently, nBA is usually stored in closed, grounded metal containers dedicated to
nBA storage, with little fugitive emissions, in a well-ventilated area without exposure
to heat, and away from possible ignition sources.  Examples of these containers are tank
cars (> 10,000 gallons c or 38 m3), tank trucks (> 10,000 gallons) and chemical storage
tanks in tank farms (> 25,000 gallons or 95 m3).  Conservation vents may be present.
Storage in drums represents a very small percentage of the total.

3.3  Transport

Transport of nBA within production facilities is typically through dedicated transit pipes
and conduits to storage tanks or transport vessels.  Transport from production facilities
to off-site use or processing centres is done via tank cars, tank trucks or transporting
drums.  Small orders are sometimes handled and shipped in drums.

a 1 atm = 101.325kPa
b 1 pound = 1 lb = 0.4535924 kg
c 1 US gal = 3.785 1

11

n-Butanol (CAS No. 71-36-3)

ECETOC JACC No. 41



3.4  Use

In the USA in 1999, most (77%) nBA was used as an intermediate in the production of
other chemicals, with direct solvent use of only 8%. nBA was also used in the manufacture
of adhesives, building material agents, cleaning agents, detergents, dyestuffs, fertilisers,
surface treatment agents, mostly in closed systems (CMA, 1999b).  A percentage
breakdown is given in Table 2. No such data are available for Europe.

Table 2: Industrial use pattern in the USA (CMA, 1999b)

USA (%)

Closed system 81
Open system 4
Export 15

Total: 100

Chemical intermediates
Acrylates 32
Glycol ethers 25
Butyl acetate 11
Plasticisers 4
Miscellaneous 5

Total intermediates 77
Coating solvent 8
Export from USA 15

Total: 100

In the USA, nBA derived products and nBA as such continue to be used in many surface-
coating applications.  The use of the nBA-derived butyl esters in latex architectural paints
is expected to increase with the continued demand for water-based paints in the housing
market (ChemExpo News, 1999).

In Europe, water-borne "acryl" paints for decorative painting in the housing market are
the major outlet for materials made from nBA. 
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4.  ENVIRONMENTAL DISTRIBUTION AND TRANSFORMATION

4.1  Emissions

nBA is released to the environment from natural and human (anthropogenic) sources.

4.1.1  Natural sources

In a study conducted in situ on locations near Vienna, Austria, nBA was found along
with 21 other volatile organic compounds (VOCs) emitted by several plants such as rape
(Brassica napus), rye (Secale cereale) and grass (Graminea sp.), and by trees including beech
(Fagus sp.), birch (Betula sp.) and hornbeam (Carpinus sp.) at a rate of 1.6 - 17 ng/g
biomass/h (König et al, 1995).  Other natural sources may include animal waste, microbes
and insects (US EPA, 1994).  Fermentation of the tundra cover was assumed to be the
source of airborne nBA in Alaska (Section 5.1: Cavanagh et al, 1969).

Various authors (cited in US-EPA, 1994) have identified nBA as a VOC in certain foodstuffs
including dried beans (0 - 7 µg/kg), split peas (150 µg/kg), lentils (120 µg/kg), apple and
pear aroma, grape essence, mountain cheese, roasted filberts and fried bacon (levels not
quantified)

nBA was detected in kiwi fruit (Actinidia chinensis) flowers, where it represented 0.01%
of the total amount of 87 VOCs (Tatsuka et al, 1990) and in bagaceiras (Portuguese grape
marc) (Silva et al, 1996). The levels were not quantified.

nBA concentrations of 0.391, 61.3 and 0.48 mg/kg (3 samples) were measured in poultry
manure at different stages (0, 9 and 28 days, respectively) of anaerobic fermentation
at 28 - 29°C (Yasuhara, 1987).

nBA was identified, but not quantified, in gas from sanitary landfills at several locations
in Germany (Bruckmann and Mülder, 1982).

4.1.2  Emissions during production and use

There are few data available on man-made releases of nBA into the environment.

Emissions of nBA during production and industrial uses are probably low due to the
use of closed systems (Table 2).

The US Toxics Release Inventory lists the reported releases (annual quantities emitted)
from industrial facilities having 10 or more full-time employees and manufacturing
or processing ≥ 25,000 lbs (11,364 kg) a or otherwise use ≥ 10,000 lbs (4,545 kg) of nBA.
In 1997, the majority of the emissions were from its use as a solvent (Table 3).  

a 1 lb = 1 pound = 0.4535924 kg
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Table 3: Industrial emissions in the USA in 1997 (US-EPA, 1999a)

Number of facilities reporting 1,001 1,001
(lb) (kg)

Total air  emissions 21,456,156 9,752,798
Surface water discharges a 79,743 36,246
Underground injection 3,122,078 1,419,126
Off-site land releases 34,484 15,674
Total on-site releases 24,692,461 11,223,845

Transfers off-site to disposal 188,914 85,870

Total on- and off-site releases 24,881,375 11,309,715
a Excluding emissions from waste-water treatment plants (WWTPs)

These figures represent a worst-case estimate, as they are based on conservative
assumptions and do not take into consideration any breakdown on-site by biological
or physical means (such as waste-water treatment, incineration and flaring)
(US-EPA, 1999b).

4.2  Environmental distribution

The primary route for nBA to enter the environment is its airborne release when used
as a solvent.  Using the Mackay Level 1 fugacity modelling (Paterson and Mackay, 1985),
the theoretical distribution to different environmental compartments has been estimated
(Table 4).

Table 4: Partitioning into the environment

Reference: Hüls, 1996a Staples, 1998
Compartment  (%) (%)

Air 18.7 15.8
Water 80.5 80.8
Soil 0.4 1.8
Biota < 0.1 < 0.1
Sediment 0.4 1.7
Suspended matter < 0.1 < 0.1

The estimates suggest that, after equilibrium distribution, approximately 80% of nBA
will be found in water and 16 - 19% in air.  Small amounts of nBA are expected to partition
to soil and sediment (< 2%); the amounts in biota and suspended soil are negligible.
These results reflect the relatively high water solubility of nBA, and its modest vapour
pressure and Henry's Law constant (Table 1).
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4.3  Environmental fate and biotransformation

4.3.1  Atmospheric fate

In the atmosphere, photochemically produced hydroxyl radicals (. OH) or similar oxidants
will cause nBA to degrade rapidly with a short half-life of 0.43 to 2.4 days (Staples, 1998)
or 2.2 days (US-EPA, 1994).  The Atmospheric Oxydation Program (version 1.87) SRC,
2000) calculated half-lives of 2.33 days (&OH-timeframe of 12 h/d) and 4.66 days
(. OH-timeframe of 24 h/d) using an . OH rate constant of 6.89 x 10-12 cm³/molecule/s.
Campbell et al (1976) measured . OH rate constants of 4.1 x 10-12 cm³/molecule/s and
predicted a half-life of 5 hours for nBA in urban air.  Physical removal of nBA from the
atmosphere by wet deposition is another possible removal mechanism (US EPA, 1994).

When emitted to the atmosphere, nBA may contribute to the formation of tropospheric
ozone through oxidation of atmospheric NO to NO2, by the oxidation of intermediates
produced during its degradation and further photolysis of NO2 to NO and atomic
oxygen.  The experimental half-life for photodecomposition of nBA (initial concentration
5 ppm, 15 mg/m3) in the presence of NO was 6.5 hours (Dilling et al, 1976).  Derwent
et al (1998) calculated the photochemical ozone creation potential (POCP) of nBA to
be 61.2, moderate when compared to ethylene (100), which serves as a reference.

4.3.2  Aquatic fate

Indirect photolysis in water and hydrolysis are not significant degradation mechanisms
for nBA (Staples, 1998; US-EPA, 1994).  Biodegradation is the most important process
(Section 4.3.4). 

4.3.3  Terrestrial fate

The partitioning coefficient log Koc value of 1.86 (Table 1) indicates that nBA will not be
bound to soil.  Because it is readily soluble in water, nBA is expected to be fairly mobile
in soil and may leach into groundwater.  Biodegradation of nBA would be expected to
reduce the amount available (US-EPA, 1994).

4.3.4  Biodegradation

Aerobic

In a closed bottle test, 88% nBA was degraded within 30 days (Hüls, 1996b; CoR 1a).  In
an OECD-screening test, 98% of the added nBA (initial concentration 20 mg nBA/l) was
eliminated within 14 days (Hüls, 1996c; CoR 1a).  Based on these results nBA is classified
as readily biodegradable (> 60% degradation reached within a 10-d window). The same
conclusion was reached in a review by Staples (1998; CoR 4b).
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A Zahn-Wellens test with 450 mg nBA/l showed 100% degradation in 5 days (Hüls,
1996d; CoR 1a).  In a Coupled Units test, which runs constantly, 98.5% nBA were degraded
(Hüls, n.d. CoR 1a).  Therefore nBA is expected to degrade in wastewater treatment
plants (WWTPs).

In addition to the above standard biodegradation tests, several earlier studies showed
rapid biodegradation within a few days (McKinney and Jerris, 1955; CoR 2e; Hatfield,
1957; CoR 2e; Pitter, 1976; CoR 2e; Bridié et al, 1979a; CoR 2e).

Anaerobic

The anaerobic biodegradation potential of nBA was determined in a submerged up-
flow filter with a retention time of 2 - 10 days.  After 52 days (earlier measurements
not stated), 95% of both chemical oxygen demand (COD) and total organic carbon (TOC)
had been removed.  In acetate-enriched (to enhance co-metabolism) methanogenic
cultures, 100% degradation (based on gas production) of nBA was achieved within
4 days (Lin Chou et al, 1979; CoR 2e).

4.3.5  Bioaccumulation

No measured bioconcentration factor (BCF) is available.

From the partition coefficient, a BCF of approximately 3 was calculated (SRC, 1988 cited
by Staples 1998; CoR 4b).  This and the partition coefficient itself suggest that nBA has
low bioaccumulation potential.  The US EPA (1995) has stated that nBA is not a
"bioaccumulative chemical of concern".  Biomagnification of nBA in the aquatic and
terrestrial food chains is therefore unlikely.

4.3.6  Summary and evaluation

nBA enters the environment from natural sources (biomass, fermentation) and to a small
extent during its production, transport, storage and use, as an intermediate and a solvent.
The primary route for entering the environment is the release to the atmosphere when
used as a solvent.  Assuming equilibrium distribution, approximately 80% of nBA
will partition to water and 16 - 19% to air.

nBA is readily degradable in water and readily decomposed in the air by
photodegradation; it does adsorb on soil.  Thus, substantial environmental concentrations
and biomagnification in the food chain are not anticipated.

Based on the data available and the above discussion, no further tests are considered to
be necessary.

a Appendix B
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5.  ENVIRONMENTAL LEVELS AND HUMAN EXPOSURE

5.1  Environmental levels

Few data are available on concentrations of nBA in air and water.

5.1.1  Air

The available data on background concentrations of nBA in air are presented in Table 5.

Table 5: Concentrations in air

Location, year Concentration Reference

(µg/m3) (ppb)

Hawaii USA (summer 1967) - 0 Cavanagh et al, 1969

Point Barrows, Alaska USA - 34 - 445 Cavanagh et al, 1969

(summer 1967) 190a

Tucson, Arizona USA - 0.12 Snider and Dawson, 1985 -

(February - September 1982)

Santa Rita and Mt. Lemmon, Arizona - 0.06 Snider and Dawson, 1985

USA (August - September 1982)

Above estuary, Southampton UK, < 0.1 - 6.4 (0.03 - 2.1) b Bianchi and Varney, 1992

(summer 1991 and winter 1990 - 1991 0.4 - 10.2 (0.13 - 3.3) b

Vicinity of solvent reclamation plant, 3,030 - 30,300 (980 - 9,800) b US-EPA, 1994

Maryland, USA

Indoor air in homes in Italy 20 6 b US-EPA, 1994

a Mean  
b Converted following Section 2.3

nBA has been detected, but not quantified, in Black Forest air and in suburban air of the
city of Tübingen in Germany (Jüttner, 1986).

5.1.2  Water

No data on natural background concentrations are available.

nBA concentrations of 87 - 318 µg/l and < 1 µg/l were reported in the Hayashida River,
Japan, and the Lee River, UK.  nBA has also been detected (concentration not specified)
in Lake Ontario (US EPA, 1994).

In 1980, a concentration of 318 µg nBA/l was measured in surface water receiving waste
from the leather industry in Tasuno City (Japan) (Yasuhara et al, 1981).
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5.2  Human exposure levels and hygiene standards

5.2.1  Non-occupational exposure

Pellizari et al (1982) detected nBA in 7 of 8 samples of human milk from mothers living
in the urban areas of Bridgeville (PA), Bayonne (NJ) and Baton Rouge (LA) in the
USA.  Actual concentrations levels were not reported.  The source was not identified.

nBA was identified by GC MS along with 149 other VOCs emitted from furniture coatings
(Salthammer, 1997).

5.2.2  Occupational exposure

Because of its production in closed systems, no substantial workplace concentrations of
nBA are anticipated.  Workplace concentrations during production (distillation) and use
as an intermediate for the production of butyl acetate, were measured by Hüls (1995,
1997).  The average workplace concentrations in all production steps were much less than
1 mg nBA/m3 (0.32 ppm), well below the occupational exposure standard (Section 5.2.3).

From 1979 to 1999, extensive workplace exposure measurements were undertaken within
a chemical company at all sites involved in the production and use of nBA.  The
measurement method was comparable to NIOSH, detailed in Section 2.5.1.  The strategy
was based on personal air sampling.  The frequency of measurement (10/site on average)
could be kept low due to compliance with hygiene standards (Section 5.2.3).  The results
are summarised in Table 6.  However, the general representativeness of these results,
for all down-stream scenarios, cannot be evaluated (see also Section 10).

Table 6: Workplace (8-h TWA) concentrations a (BASF, 2000b)

Concentration ppm b mg/m3

Range 0.03 - 160 0.09 - 493

Mean 0.54 1.66

95% ≤ 1.1 ≤ 3.4

90% ≤ 0.48 ≤ 1.48

50% (median) ≤ 0.04 ≤ 0.12

a 3,678 personal samples at 323 sites
b Reported values, converted following Section 2.3

nBA has been identified in the workplace air of Belgian printing shops (31% of samples
obtained from 24 shops), and industrial painting operations (22% of samples from 21
sites from 1983 to 1985) (Veulemans et al, 1987).  In addition, nBA was detected in 63%
of samples of workplace air from 19 plants involved in various other industrial operations
(including production and distribution of chemicals, metal manufacturing, food
industries, production and sterilisation of medical equipment and cleaning companies).
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Median air concentrations of 5.7, 1.5, 5.4 and > 300 mg/m3 (1.85, 0.5, 1.75 and > 97 ppm)
were reported in a wood and metal working industry sites with ventilation, two wood
and metal working sites without ventilation and a spray painting operation in booths
with ventilation, respectively (Vincent et al, 1994).  These values appear to be area samples
rather than personal samples.

Measured air concentrations of nBA during spray painting of commercial aircraft ranged
from approximately 25 to 70 mg/m3 (8 - 23 ppm) (Triebig et al, 1992).

Eleven male printers, working in two small shops, were exposed to mixed solvent
vapours.  The geometric mean nBA concentration at the workplace was 1.4 ppm nBA
(4.3 mg/m3).  The measurement methods are described in Section 2.5.1 (Kawai et al, 1997)
(Section 7.1.1).

US-EPA (1994) has reported concentrations of 3.6 mg/m3 (1.17 ppm) in the breathable
air of workers using nBA as a solvent.

The NIOSH Hazard Evaluation and Technical Assistance (HETA) branch reported on
hygiene surveys made from 1978 to 1985 at different US companies.  During the
production of butylglycidyl ether, exposure of workers was confounded by low
concentrations (not quantified) of butanol (isomer not specified) and epichlorohydrin
(NIOSH, 1979).  No butanol (isomer not specified) was detected in personal and area
samples of workplace air in a label manufacturing plant (NIOSH, 1983).  Fourteen
workers at a soft drinks company, during can-lining (using a waterborne epoxy spray
containing 8% nBA and 8% butylcellosolve), were exposed to 8-hour TWA concentrations
of 0.757 - 3.44 ppm nBA (2.33 - 10.6 mg/m3) (NIOSH, 1984).

During cleaning of wing parts at an aircraft manufacturing plant, personal air samples
from the breathing zone of seven workers exposed to vapours from a degreasing solvent
(containing 5% nBA mixed with 35% perchloroethylene, 30% methylene chloride, 25%
aromatic petroleum solvents, and 5% diacetone alcohol) contained up to 0.5 ppm nBA
(1.5 mg/m3) (NIOSH, 1986a).

One worker of a graphite fishing rod manufacture was exposed to various solvents
evaporating from coating materials (including nBA, methyl ethyl ketone, 2-ethoxyethyl
acetate and 2-ethoxyethanol).  The personal nBA concentration measured was less than
the detection limit of 0.7 ppm nBA (2.2 mg/m3) (NIOSH, 1986b).  In another workshop
manufacturing graphite and fibreglass fishing rods, two workers, a coater and a blank
washer, were exposed to a mixture of nBA, acetone, toluene and xylene evaporated from
the coating solvent used. nBA concentrations (8 h TWA) were 1.4 - 8.0 ppm
(4.3 - 25 mg/m3) in the coating area, 2.8 - 3.3 ppm (8.6 - 10.2 mg/m3) in the breathing zone
of the coater and 0.6 - 0.9 ppm (1.8 - 2.8 mg/m3) in the breathing zone of the blank washer
(NIOSH, 1986c).
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5.2.3  Hygiene standards

Several industrialised countries have adopted an OEL value for nBA; examples are given
in Table 7.  Almost all the OELs include a skin notation (for which no further
documentation is available).

Table 7:  Examples of occupational exposure limit values

TWA Ceiling Limit STEL Notation Reference
Country (ppm) (mg/m3) a (ppm) (mg/m3) a (ppm) (mg/m3) a

Austria 100 310 - - 200 ab 620 ab - DFG, 1999
Belgium 20 61 - - - - - ACGIH, 2002
Denmark - - 50 150 - - Skin Arbejdstilsynet, 2000
France - - - - 50 150 INRS, 1999
Finland 20 61 - - - - - ACGIH, 2002
Germany 100 310 - - 200 ab 620 ab - DFG, 1999
Italy 20 61 - - - - - ACGIH, 2002
Japan - - 50 150 - - Skin JSOH, 1999
Netherlands - - - 15 45 Skin Sdu, 1999
Norway - - 25 75 - - - Arbeidstilsynet, 1997
Sweden 15 45 30 90 - - Skin AFS, 1996
Switzerland 20 61 - - - - - ACGIH, 2002
UK - - - - 50 154 Skin HSE, 2000
USA 20 61 - - - - - ACGIH, 2002 c

- - 50 150 - - Skin NIOSH, 2000
100 300 - - - - - OSHA cited by 

NIOSH, 2000

TWA Time-weighted average concentration (8-h working period)
STEL Short-term exposure limit (15 min, unless specified otherwise)
a Official values; some countries use different conversion factors and/or other ambient temperature
b 5 min, max. 8 x/shift 
c OELs in other countries are also directly linked to the value published by ACGIH, including Australia,

Bulgaria, Colombia, Jordan, Korea, New Zealand, Singapore and Vietnam

No environmental or public health standards are available for nBA in indoor air, drinking
water or food residues.

5.2.4  Other standards

In the USA, an Immediately Dangerous to Life or Health (IDLH) concentration of
1,400 ppm (4,300 mg/m3) was established, based on acute inhalation toxicity data.  This
value is considered protective and includes conservative assumptions (NIOSH, 1996).
The Reference Dose (RfD) for chronic oral exposure is 0.1 mg nBA/kg/d (US-EPA, 2001).
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5.2.5  Summary

Background exposure to nBA from various, mostly unknown, environmental sources
appears to be common (IPCS, 1987 p. 20).  Various concentrations were reported from
working areas depending on working hygiene, degree of ventilation and incident
situation.  Exposure as high as 300 mg/m³ was reported for certain working sites with
spray operations, with the additional risks of acute or chronic respiratory irritation due
to the aerosol nature of the material.

Occupational exposure limit values of 50 or 100 ppm (155 and 310 mg/m³) have been
established.
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6.  EFFECTS ON ORGANISMS IN THE ENVIRONMENT

6.1  Micro-organisms

nBA has been tested for its toxicity to bacteria and protozoa (Table 8).

Table 8: Toxicity to micro-organisms

Organism Biological Method Time Concentration Reference CoR a

endpoint / (mg/l)

Parameter

Bacteria Growth inhibition

Pseudomonas putida EC10 Bringmann- 16 h 2,250 Hüls, 2001 1d

Kühn

Pseudomonas putida EC3 Bringmann- 16 h 650 Bringmann and 1d

Kühn Kühn, 1977a

Photobacterium EC50 Microtox 5 min 2,041 Blum and Speece 1d

phosphoreum 1991

Aerobic heterotrophic EC50 Microtox 24 h 3,980 Blum and Speece,

bacteria 1991 1d

Methanogenic bacteria EC50 Microtox 24 h 10,714 Blum and Speece, 

1991 1d

Microcystis aeruginosa EC3 Bringmann-Kühn 8 d ≥100 b Bringmann and 1d

Kühn, 1978a,b

Protozoa Growth inhibition

Entosiphon sulcatum Toxicity Bringmann-Kühn 16 h 55 Bringmann and 1d

threshold c Kühn, 1978c, 1980a

Uronema parduczi Toxicity Bringmann-Kühn 20 h 8 Bringmann and 1d

threshold c Kühn, 1980b

a Code of reliability (Appendix B)
b Also, erroneously, listed as ≥ 312 mg/l
c Screening test showing the onset of adverse effects (3 - 5% growth inhibition)

The results show that nBA has a low order of toxicity to bacteria and protozoa.  As the
protozoa tests are screening tests showing the onset of adverse effects, the toxicity
thresholds are much lower than the EC50 values for bacteria.
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6.2  Aquatic organisms

nBA has been tested for its toxicity to invertebrates and fish (Table 9). 

Table 9: Toxicity to invertebrates and fish

Organism Biological Method Time Concentration Reference CoR a

Invertebrates Lethality

Artemia salina Tolerance limit Static 24 2,950 Price et al, 1974 2c

Immobility

Daphnia magna EC0 Static 24 1,677 Kühn et al, 1989 2c

EC50 2,337

EC100 5,700

Daphnia magna EC0 Static 48 1,26015 Kühn et al, 1989 2c

EC50 1,983

EC100 2,455

Daphnia magna EC0 Static 24 300 Bringmann and 2c

EC50 1,855 Kühn, 1977b

EC100 5,000

Daphnia magna EC0 Static 24 1,411 Bringmann and 2c

EC50 1,880 Kühn, 1982

EC100 2,500

Harpaticoid Nitocra EC50 Static 96 2,100 Bengtsson et al, 1b

spinipes 1984b

Fish Lethality

Pimephales promelas LC50 Flow- 96 1,730 Brooke et al, 1984 1b

through

Pimephales promelas LC50 Flow- 96 1,740 Veith et al, 1983a,b 4b

through

Alburnus alburnus LC50 Static 96 2,300 Bengtsson et al, 1b

1984 b

Carassius auratus LC50 Static 24 1,900 Bridié et al, 1979b 1c

Carassius auratus Tolerance Static 7,412 Hill et al, 1981 2c

threshold

Leuciscus idus LC50 Static 48 1,200 - 1,770 Juhnke and 1c

Lüdemann, 1978

Pimephales promelas LC50 Static 96 1,910 Mattson et al, 1d

1976

Semolitus atromaculatus Critical range Static 24 1,000 - 1,400 Gillette et al, 1952 3a

a Code of reliability (Appendix B)
b Methodology described by Lindén et al, 1979

The available data show that nBA is practically non-toxic to invertebrates and fish.
All LC50 and EC50 values are well above 1,000 mg/l.  No chronic data are available.
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Furthermore, tadpoles of the frog Rana pipiens became immobilised at 38 mmol nBA/l
(2,820 mg/l) (Munch, 1972; CoR 1d).

Table 10 shows that nBA has a low order of acute and chronic toxicity to algae.

Table 10: Toxicity to algae

Organism Biological Method Time Concentration Reference CoRa

endpoint / (mg/l)

Parameter

Growth inhibition

Scenedesmus EC50 DIN 38412 96 h >500 BASF, 1990 1c

subspicatus Part 9

Scenedesmus EC3 Bringmann 8 d ≥875 b Bringmann and Kühn, 1d

quadricauda -Kühn 1977a, 1978a,b, 1980a

a Code of reliability (Appendix B)
b Also, erroneously, listed as ≥ 95 mg/l in Bringmann and Kühn, 1977a, 1978a,b

6.3  Terrestrial organisms

The acute toxicity of nBA to starlings (Sturnus vulgaris) was low (LD50 2,500 mg/kgbw)
(Schafer et al, 1983; CoR 1d).

Hoffman and Eastin (1981; CoR 4e) incubated fertile eggs of the mallard duck
(Anas platyrhynchos) for 3 or 8 days and immersed them in butanol (isomer not specified)
dissolved in water.  By 18 days, there were no measurable effects at 10%
(100 mg butanol/l), but higher concentrations were embryotoxic.

For larvae of the clawed toad Xenopus laevis an LC50 of 1,200 mg nBA/l was reported
(De Zwart and Sloof, 1987; CoR 1d).

6.4  Summary and evaluation

nBA has a low order of toxicity at all trophic levels.  The acute EC50/LC50 values were
generally well above 1,000 mg nBA/l.  Algae were more sensitive, with EC50 values
ranging upwards from 500 mg/l.  These values are several orders of magnitude above
environmental levels.

nBA is readily biodegradable in water and does not bioaccumulate (Section 4.3).
Measured concentrations are low and long-term adverse effects to the aquatic organisms
are not expected.  No accumulation of nBA in the atmosphere is expected, due to its
rapid photodegradation.
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7.  KINETICS AND METABOLISM

7.1  Absorption and excretion

7.1.1  Humans

Dermal

The uptake of nBA through human skin has been estimated using in vitro methodologies.

The absorption rate of nBA across isolated human epidermis was 0.048 mg/cm²/h
compared to 0.57 mg/cm²/h for ethanol (Scheuplein and Blank, 1971 cited by Dugard et
al, 1984 and Boman and Maibach, 1996; CoR 4b).

Boman and Maibach (1996; CoR 2e) determined an in vitro absorption rate of 2.30 ±
0.52 mg/cm²/h and a permeability constant of 2.84 ± 0.65 x 10-3 cm/h for pure nBA through
normal split-thickness human thigh skin.  The authors observed increased skin absorption
of nBA following concurrent administration of nBA with various surfactants and
co-solvents, or with injured or delipidised skin.

Scheuplein and Blank (1973; CoR 2e) studied the in vitro permeability of nBA on human
abdominal epidermal sheets and full-thickness dermis, obtained at autopsy, with diffusion
cells at 25°C for 24 hours.  The receiver half of the diffusion cell was filled with distilled
water and 0.1 M aqueous nBA (7.4 g/l) or pure nBA, radiolabelled in some trials, was
placed in the donor half-cell in contact with the stratum corneum or external side of the
tissue.  The permeability constants upon contact with aqueous nBA solution were
2.5 x 10-3 cm/h and 30 x 10-3 cm/h, for epidermis and dermis, respectively.  The respective
permeability constants for pure nBA were 0.060 x 10-3 cm/h and 1.0 x 10-3 cm/h.  Pure
nBA did not cause any structural alterations of the epidermis as judged by
histopathological examination.  In comparison to the stratum corneum, the dermis was
an inferior permeability barrier to nBA.

Inhalation

Two groups of 6 healthy male volunteers (21 - 34 years of age) were exposed intermittently,
through a breathing valve and mouthpiece, to concentrations of 100 or 200 ppm nBA
(300 or 600 mg/m3).  Initial exposure (30 min at rest) was followed by a pause of 20
minutes.  Three subsequent exposures (3 x 30 min) were combined with physical exercises
of 50, 100 and 150 W (light, moderate and heavy) in the low exposure (100 ppm) group,
and 50 W each in the high exposure (200 ppm) group.  No significant EGG changes were
recorded in any subject from either group, either at rest or during the exercises.
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In the 100 ppm group, the uptake of nBA during initial exposure at rest was 43 mg of
nBA, which corresponded to 48% of the dose applied.  During the 3 subsequent exercises
of 50, 100 and 150 W the uptake was 80, 130 and 135 mg nBA, i.e. 37, 40 and 41% of
the dose.  Arterial blood concentrations in the 100 ppm group increased from 0.3 mg
nBA/l at rest to 0.6, 0.9, and 1.3 mg/l during the respective exercises. Following initial
exposure to 200 ppm, about 80 mg of nBA (47% of the dose applied) was taken up.  The
uptake during the 3 subsequent exposures to 200 ppm with light exercise was
145 - 160 mg nBA, corresponding to 36 - 39% of the dose.  In the 200 ppm group, arterial
blood concentrations rose from 0.5 mg nBA /l at rest, to a plateau of 1.1 mg/l (Åstrand
et al, 1976; CoR 2e).

A mean blood level of 0.45 mg nBA/l (maximum 1.288 mg/l) was reported, at the end of
the work shift, in 9 healthy parquet workers (25 - 58 years of age) occupationally exposed
to mixtures of organic solvent vapours containing nBA.  The average measured
concentration was 66.7 mg nBA/m3 (21.6 ppm), with peaks up to 1,200 mg/m3 (400 ppm)
(Denkhaus et al, 1986; CoR 2e).

Urine samples were collected from 11 male printers, working in two small shops, exposed
to mixed solvent vapours.  The geometric mean of workplace concentrations were
1.4 ppm nBA (4.3 mg/m3), 3.3 ppm ethyl acetate (12.1 mg/m3), 10.9 ppm toluene
(41.8 mg/m3), 1.2 ppm ethyl benzene (5.3 mg/m3) and 1.5 ppm xylene (6.6 mg/m3); a
control group was not exposed to solvent.  The measurement methods are described in
Section 2.5.1 and 2.5.3.  Urine samples were analysed after hydrolysis with hydrochloric
acid.  At the end of the 8-hour work shift, there was a significant increase in total nBA
concentration (228 ± 62 ng/mg creatinine) in the urine of exposed workers when compared
to controls (12 ± 9 ng nBA/mg creatinine) (Kawai et al, 1997; CoR 2e).

7.1.2  Animals

Oral

nBA is generally considered to be readily oxidised via aldehyde dehydrogenase to butyric
acid.  To some extent the aldehyde also appears to be bound to glutathione (GSH) since
a decrease of GSH in rat liver could be observed 6 hours after treatment with nBA
(560 mg/kgbw) (Videla et al, 1982; CoR 2e).

Sprague-Dawley rats (male, 200 - 250 gbw) were administered single doses of
n-[1-14C]butanol mixed with corn oil (4.5, 45 or 450 mg nBA/kgbw) by gavage.  Within
24 hours, approximately 80% of the radioactivity was eliminated as 14CO2 in expired
air and up to 13% excreted in urine and faeces (Table 11) (DiVincenzo and Hamilton,
1979; CoR 2e).
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Table 11: Distribution (%) of radioactivity in rats dosed with n-[1-14C]butanol

(adapted from DiVincenzo and Hamilton, 1979)

Dose Expired air Urine Carcass Faeces Overall recovery
nBA 14CO2

(unchanged)

4.5 a 0.56,  0.40 79.1,  75.6 2.6,  4.6 15.2,  16.3 0.75,  1.1 98.2,  98.0

45 a 0.27,  0.20 78.3,  84.8 5.1,  5.0 12.8,  12.1 1.03,  0.69 97.5,  102.8

450 b 0.34 ± 0.15 83.3 ± 1.6 4.4 ± 1.1 12.3 ± 0.47 0.6 ± 0.08 101.0 ± 2.2
a Individual values for 2 rats
b Mean ± standard deviation for 4 rats

In a similar experiment, n-[1-14C]butanol (dose level not specified) was administered
orally to rats (strain not stated).  Within 72 hours, 95% of the radioactivity had been
eliminated, while 2.8% was found in urine and faeces (Rumyanstev et al, 1975 cited by
CIR Expert Panel, 1987 and IPCS, 1987; CoR 4d).

After administration of a single oral dose of 2,000 mg nBA/kgbw (20% unlabelled nBA
dissolved in water) to fasted Wistar rats, only 0.03 ± 0.004% of the dose was excreted
unchanged in the urine (Gaillard and Derache, 1965; CoR 2e).

Dermal

DiVincenzo and Hamilton (1979; CoR 2e) quantified the percutaneous absorption rate
of nBA in dogs by attaching an absorption cell to the clipped thorax of 2 anaesthetised
male beagle dogs.  A 55.6 cm² area of the skin was exposed for 1 hour to 20 µCi of
n-[1-14C]butanol mixed with 15 ml of an unknown carrier (probably unlabelled nBA).
Expired air and urine were collected for 8 hours and the radioactivity was determined.
The results were compared with the excretion of radioactivity from 3 dogs injected
intravenously with n-[1-14C]butanol (1 mg/kgbw) dissolved in physiological saline
(Tables 12 and 13).

Table 12: Elimination of radioactivity by dogs dermally exposed to n-[1-14C]butanol

(adapted from DiVincenzo and Hamilton, 1979)

Dog No. Radioactivity excreted nBA absorbed Skin absorption rate
(dpm a) through skin (mg) (µg/min/cm2)

Expired air Urine

1 13,500 4,600 29.08 8.7

2 16,770 1,470 29.38 8.8
a Disintegrations per minute
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Table 13: Elimination of radioactivity by dogs following intravenous injection of
n-[1-14C]butanol (adapted from DiVincenzo and Hamilton, 1979)

Dog No. Expired air Urine 8-h recovery
nBA (unchanged) 14CO2

(%) (%) (%) (%)

1 0 15.4 2.86 18.3

2 0 16.1 2.91 19.0

3 0 11.9 2.22 14.12

The dogs given nBA intravenously eliminated on average 15% of the administered
radioactivity as 14CO2 in expired air and 2.7% in the urine, of which 75% was accounted
for as nBA-sulphate and O-glucuronide.  No unchanged nBA was detected in expired
air.  It was assumed that the metabolic fate and disposition of nBA were the same after
intravenous or dermal administration.  The authors calculated that 29 mg of nBA was
absorbed through the skin of the dogs at a rate of 8.8 µg/min/cm2 (DiVincenzo and
Hamilton, 1979; CoR 2e).  The absorption rate is equivalent to 0.528 mg/cm2/h and
approximately 5 fold lower than the absorption rate determined for human skin in vitro
(Section 7.1.1).

Skin absorption of an infinite amount (not quantified) of nBA in guinea pigs under
intermittent exposure conditions (8 x 1 min at 30-min intervals for 4 h), was compared
to the absorption under continuous exposure over 4 hours.  Skin absorption of nBA was
assessed by following the concentration of nBA in the blood of the animals (Figure 1).
There was a normal build-up of concentration during continuous exposure.  During
intermittent exposure a considerable amount of nBA was absorbed while the blood
concentration fluctuated with a steady increase in amplitude during the consecutive
exposures.  All coinciding samples from intermittently exposed animals revealed
significantly lower concentrations of nBA (except at 70 and 80 min) than those from
continuously exposed animals.  The absorption of nBA was highest at the end of the
exposure period (Boman et al, 1995; CoR 2e).
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Figure 1: Concentration of nBA in blood of guinea pigs following dermal exposure to
nBA (adapted from Boman et al, 1995)

a Mean of 5 animals
b Mean of 16 animals
c 1 µmol = 74.12 µg/l

Skin absorption of nBA, as reflected by the blood concentration in guinea pigs, was
enhanced by acute (e.g. stripping, sandpaper or needle abrasion and defattening) and
subacute injuries (e.g. irritation and allergic contact dermatitis).  The subacute injuries
had a less pronounced effect.  Induced contact dermatitis had no effect on nBA absorption
(Boman and Wahlberg, 1989; CoR 2e).

From the physico-chemical properties of nBA, Fiserova-Bergova et al (1990) predicted
a high transdermal penetration rate (flux) and potential toxicity of nBA, and proposed
a basis for skin notation, taking into account the current OEL value.

Inhalation

Wistar rats were exposed (whole-body) by inhalation to nBA vapour concentrations
of 94 ± 9 ppm (290 ± 28 mg/m3) for 7 hours.  The level of nBA in the blood of the animals
reached a steady state within the first hour, with a mean value of 173 ± 16 µg/l
(Figure 2) (Swiercz et al, 1995).
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Figure 2: Concentration of nBA in blood of rats a during inhalation (whole-body) of
94 ppm nBA (adapted from Swiercz et al, 1995)

a Mean of 4 rats

Serial concentrations of nBA were measured in male beagle dogs exposed (whole-body)
by inhalation to 50 ppm (150 mg/m3) of unlabelled nBA vapour for 6 hours.  Venous
blood samples were collected periodically during and after the exposure.  About 55%
of the inhaled nBA was absorbed through the lungs.   Expired air samples were taken
by means of a latex mask during sample collection and through a 50-ml syringe in the
late phase of exhalation.  Expired air contained about 22 ppm nBA (68 mg/m3) throughout
the exposure period; the concentration rapidly decreased when the exposure was
terminated (Figure 3).  The concentration of nBA in the blood was below the limit of
detection, both during and after exposure (DiVincenzo and Hamilton, 1979; CoR 2e). 
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Figure 3: Concentration  of nBA in expired air of dogs a exposed to 50 ppm nBA by
inhalation (adapted from DiVincenzo and Hamilton, 1979)

a Mean of 4 dogs

Wistar rats were exposed by inhalation to 50, 100 and 200 ppm nBA (150, 300 and
600 mg/m3) for 8 hours.  Urine samples were collected 16 hours after exposure and
analysed as such, or after treatment with hydrochloric acid or hydrolase preparation
(Section 2.5.3).  The results are displayed in Figure 4.  The proportion of the amount
of free to total (free plus conjugated) nBA in urine after exposure to 100 or 200 ppm was
35 - 40%, i.e. higher than after exposure to 50 ppm, when it was approximately 8%.  This
indicated saturation of the conjugation process at high concentrations (Kawai et al, 1997;
CoR 2e).

Figure 4: Concentration a of nBA in urine of rats after inhalation of 50, 100 and
200 ppm of nBA (adapted from Kawai et al, 1997)

a Mean of 5 measurements 
b 1 µmol = 74.12 µg
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7.2  Distribution and metabolism

7.2.1  In vivo data

Oral route

The tissue distribution of radioactivity was measured in Sprague-Dawley rats, dosed
by gavage, with n-[1-14C]butanol (450 mg/kgbw) mixed with corn oil.  The highest
concentrations of radioactivity (% of dose) were found in the liver and blood 8 hours
after nBA administration; the overall distribution of radioactivity to other tissues was
relatively low (Table 14).  The plasma concentration of the parent substance nBA reached
a maximum of 70.9 µg/ml at 1 hour after dosing.  At 4 hours the plasma concentration
was below the limit of detection, which shows that nBA was rapidly metabolised.  At
24 hours, 4.4 % of the nBA dose was excreted in the urine, as judged by the detected
radioactivity, of which 44.4% was conjugated as O-sulphate and 30.7% as O-glucuronide;
urea accounted for the remainder of the excreted radioactivity (DiVincenzo and Hamilton,
1979). 

Table 14: Distribution of radioactivity in rats dosed with h- [1-14C]butanol (450
mg/kgbw) by gavage (adapted from DiVincenzo and Hamilton, 1979)

Tissue Radioactivity (% of dose)
4 h 8 h 24 h

Liver 2.64 ± 0.34 3.88 ± 0.40 2.65 ± 0.2
Blood 0.51 ± 0.05 0.74 ± 0.11 0.38 ± 0.04
Kidney 0.24 ± 0.01 0.18 ± 0.01 0.11 ± 0.01
Lung 0.11 ± 0.008 0.12 ± 0.004 0.07 ± 0.009
Fat 0.05 ± 0.02 0.09 ± 0.01 0.06 ± 0.008
Brain 0.03 ± 0.004 0.04 ± 0.001 0.04
Heart 0.05 ± 0.004 0.02 ± 0.002 0.02 ± 0.004
Adrenal glands 0.006 ± 0.002 0 009 ± 0.002 0.009 ± 0.001
a Mean ± standard deviation for 4 rats

The time course for the concentration of nBA in the blood of fasted Wistar rats was
determined following a single oral administration of 2,000 mg nBA/kgbw (20% unlabelled
nBA dissolved in water).  The highest concentration of nBA (510 µg/ml) was reached
at the 2-hour sampling.  nBA disappeared rapidly from the plasma but 150 µg/ml was
still present 8 hours after dosing (Figure 5).  The alcohol-oxidation coefficient of
165 ± 13 mg/kgbw/h for nBA, compared to 162 ± 14 mg/kgbw/h for ethanol, indicated a
high substrate affinity of nBA for alcohol dehydrogenase (ADH) (Gaillard and Derache,
1965; CoR 2e).
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Figure 5: Concentration a of nBA in blood of rats dosed orally with 2,000 mg nBA//kgbw

(adapted from Gaillard and Derache, 1965)

a Mean from 6 rats

The administration of 16 mmol of nBA(approximately 400 mg/kgbw) by gavage to 3 chinchilla
rabbits resulted in a 1.8% increase in total glucuronic acid excretion in urine collected within
24 hours, indicating a low rate of conjugation of nBA (Kamil et al, 1953; CoR 2e).

One hour after oral administration of n-[1-14C]butanol (dose level not specified) to
rats (strain not stated), radioactivity was found in the liver, kidneys, small intestine and
lungs.  Four hours post-treatment, radioactivity had substantially decreased (Rumyanstev
et al, 1975cited by CIR Expert Panel, 1987 and IPCS, 1987; CoR 4b).

Parenteral route

A poorly reported study indicated that after intraperitoneal injection of 840 mg nBA/kgbw
to rats, the plasma half-life of nBA was 25 minutes and the distribution volume of
nBA was determined as 95% of the body weight, indicating little affinity to structures
or compartments other than body water (Rietbrock and Abshagen, 1971; CoR 3a).

7.2.2  In vitro data

Following absorption, nBA is expected to be uniformly distributed throughout the body,
as indicated by the tissue-blood partition coefficients of around 1 for brain, kidney and
liver in rats; for adipose and muscle tissues, the coefficients were slightly lower (0.78)
(Kaneko et al, 1994).
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In the first metabolic step, nBA is oxidised to n-butanal (n-butyric aldehyde), mainly by
ADH(s) (Merritt and Tomkins, 1959; Von Wartburg et al, 1964).  Several isoenzymes exist
that differ in their intracellular topochemistry and substrate specificity.  Thus, nBA was
metabolised in vitro by Class I and II ADHs isolated from human liver, whereas Class
III ADH showed no activity up to 100 µmol/l (7,400 µg/l).  The concentrations
corresponded to those seen in blood after ingestion of alcoholic drinks (10 - 100 µmol/l;
740 - 7,400 µg/l). Ethanol (2.5 - 10 µmol/l; 115 - 740 µg/l) caused a concentration-dependent
inhibition of the ADH activities towards nBA (Ehrig et al, 1988).

In liver slices obtained from Wistar rats, nBA was converted to CO2, primarily via ADH(s),
with approximately 60% of the metabolism inhibited at 25 µl nBA/200 mg liver/2 ml
incubate.  Production of CO2 was depressed in favour of lactate with a 10-fold increase
in the lactate-pyruvate ratio (Forsander, 1967).  This may indicate that under certain
conditions, non-oxidative pathways may be employed after the rate-limiting step.

Microsomes, obtained from the liver of Sprague-Dawley rats, oxidised nBA to n-butanal
in the presence of a nicotine-amide adenine dinucleotide phosphate hydrogenase
(NADPH) generating system, without involvement of catalase.  Oral administration
of ethanol to female rats for 6 to 8 weeks resulted in a striking enhancement of microsomal
activity from 4.4 ± 0.3 nmol n-butanal/min/mg microsomal protein in the controls to 7.4
± 0.7 nmol/min/mg in ethanol-treated rats (Teschke et al, 1974).  The involvement of
cytochrome P450 was implicated by inhibition of the metabolism with carbon monoxide.
In addition, the ability of the microsomal fraction to oxidise nBA by means of hydrogen
peroxide was demonstrated directly by the addition of H2O2, and indirectly by inhibiting
the catalase-dependent decomposition of hydrogen peroxide with azide (Cederbaum
et al, 1978, 1979).  The finding that hepatic microsomes are capable of oxidising nBA
to n-butanal shows that, at least in rodents, there may be non-dehydrogenase mediated
metabolism of nBA in vivo.  The apparent Km value 4.9 mM for nBA (363 mg/l) (Teschke
et al, 1975; CoR 2e), if applicable in vivo, indicates that the hepatic microsomal system
could be near to its maximum activity.

Auty and Branch (1976) observed that elimination of nBA in isolated perfused livers
from female Wistar rats was a saturable process.  The initial concentration of 2.0 mM
nBA (148 mg/l) decreased by more than 50% at a rate of 3.3 mmol/min (245 mg nBA/min)
after an initial zero-order phase until, after 9.1 minutes, a concentration of 0.8 mM
(59 mg/l) was reached; the decline followed first-order kinetics below this concentration.
The apparent Km was 0.86 mM (64 mg/l) and the Vmax was 0.077 mmol/min (57 mg/min).
Handler and Thurman (1988) perfused livers from nBA-fed and fasted rats, and found
that catalase-H2O2 was the predominant pathway of nBA oxidation in the fasted state
in the presence of fatty acids.  Thus, under the conditions of the perfused rat liver model,
diet and nutritional state may play important roles in the relative contribution of ADH
and catalase pathways to nBA oxidation.  However, this is not regarded as particularly
relevant for the human situation.
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In addition to its conversion via oxidative pathways, in vitro and in vivo investigations
have shown that nBA may be a substrate of enzymes esterifying fatty acids.  Carlson
(1994a,b) observed the formation of n-butyl esters of palmitic, stearic and oleic acid in
rats after intraperitoneal bolus injection of 1 ml nBA/kgbw.  Since it may be expected
that specific and non-specific esterases will hydrolyse these esters quite readily, this
esterification step is regarded as transient, and probably occurs at high concentrations
only.  Carlson and Olson (1995) investigated the relative kinetic properties of liver
and lung ADHs in their propensity to oxidise nBA (as well as 1-pentanol and 1 propanol).
Pulmonary Km values were higher than those in the liver.  Furthermore, the pH optimum
of the pulmonary enzyme was in the alkaline range.  The experiments support the
assumption that the liver serves as the major source of metabolic clearance of nBA.

7.3  Evaluation

Inhalation studies with nBA in human volunteers and dogs show that a significant
amount of nBA is absorbed through the lung (40% in humans and 55% in dogs,
respectively).  Although the data obtained from humans do not provide blood
half-life values, the plasma levels of nBA were proportionally exposure-related, suggesting
rapid elimination.

In vitro studies indicate that nBA can permeate human skin (epidermis and dermis).
A skin absorption rate of 8.8 µg/cm2/min was determined in dogs.

The pattern of excretion and overall recovery observed in different experimental animals
demonstrate complete absorption of nBA by the oral route.

Once absorbed, nBA is distributed throughout the organism, with highest concentrations
found typically in the liver, kidneys and lungs.  After oral administration to rats, a peak
blood level was reached after 1 to 2 hours; nBA then disappeared rapidly from the blood
with an estimated half-life of 1 hour.

nBA is metabolised, primarily via alcohol and aldehyde dehydrogenases in the liver.
This pathway involves oxidation to butyric acid and further degradation to shorter acids
and ketones, ultimately to CO2.  A minor pathway involves conjugation, mainly as
nBA-O-glucuronide or nBA-O-sulphate and excretion in urine. Some nBA may be
excreted in urine or expired unchanged.

Thus, the metabolic pathways can be illustrated in the following manner (Figure 6).
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Figure 6: Metabolism of nBA

a ADH = alcohol dehydrogenase
b ALDH = aldehyde dehydrogenase
c n-Butanal = butyric aldehyde
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8.  EFFECTS ON EXPERIMENTAL ANIMALS AND IN VITRO TEST SYSTEMS

8.1  Acute toxicity

Several studies on the acute toxicity of nBA by the oral, dermal and inhalation routes
have been reported, mostly in summarised form.  These earlier investigations do not
comply with current GLP requirements (CoR 1), because the purity of test substance,
administered concentrations, strain and, number of animals and dose groups are often
not specified (CoR 2).

8.1.1  Oral

Findings of acute lethality following oral administration of nBA to rats and rabbits
are detailed in Table 15.  The signs of intoxication were mainly associated with sedative
effects on the CNS.

Table 15: Acute oral toxicity

Species, LD50 (mg/kgbw), Observation Effect Remark Reference CoR
strain, 95% confidence period (d)
number, sex limits

Rat
Carworth- 4,360 (3,980 - 4,780) 14 NS a Smyth et al, 2g
Wistar, NS 1951
Osborne- 2,510 (2,220 - 2,840) 14 Depression, Fasted animals Jenner et al, 2g
Mendel, 5 M comma, death 1964
+5 F after 4 - 18 h
NS, 4 M 2,020 (1,180 - 3,280) 10 Death after Purchase, 2e
4 F 790 (280 - 2,240) 2 - 6 h, liver 1969

and kidney
toxicity

Wistar, 10 M 3,829 (3,014 - 4,862) 7 Agitation, nBA solution Ciugudeanu 2e
10 F 3,831 (3,219 - 4,559) lateral 70% in water et al, 1985

decubitus,
dyspnoea

Rabbit
NS 3,484 a (NS) 1 NS ND50

b Munch, 1972 3a
815 mg/kgbw c

a Reported as 47 mmol/kgbw
b Dose inducing narcosis in 50% of the animals
c Reported as 11 mmol/kgbw
NS  Not stated
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In the study of Purchase (1969), there was a large variability of lethality in the lower
dose ranges (LD50 confidence limits for males and females overlapped).  The author
reported liver and kidney toxicity that was not observed in the other studies of Table
15.  The Task Force considers that this might have been caused by possible impurities
in the test substance.

8.1.2  Dermal

LD50 values following dermal administration of nBA to rabbits are presented in Table
16.  In these studies, no data on exposure conditions or clinical signs were recorded.

Table 16: Acute dermal toxicity in rabbits

LD50 (mg/kgbw) Reference CoR

7,600 a Treon, 1967 4b

5,300 Rowe and McCollister, 1982 4b,d

4,200 Rowe and McCollister, 1982 4b

a Reported as LD67/24h of 9.4 ml/kgbw

8.1.3  Inhalation

Results (LC50 values) and details of acute inhalation studies with nBA are presented
in Table 17.  Additional observations are reported below.

Table 17: Acute inhalation toxicity

Species, strain, Time (h) LC50 Effect Reference CoR
(ppm) (mg/m3)

Rat
Albino, 6 M 8 > 7,800 > 24,000 a NS b Smyth et al, 1951 2e
Sprague- 4 > 5,76 > 17,760 c Slight decrease Klimisch and Zeller, 2c
Dawley, 10 M, in body weight 1979
10 F gain

Mouse
NS 7 6,600 d 20,300 Giddiness after Rowe and McCollister, 2g

1 h, prostration 1982
after 1.5 - 2h
deep narcosis
with loss of 
reflexes after
3 h and death of
some animals

a Reported as 24 mg/l, saturated vapour
b Range-finding, 14 d observation
c Reported as 17.76 ± 6.58 mg/l
d Reported value
NS  Not stated
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Rats survived inhalation exposure to saturated nBA vapour for 8 hours (Smyth et al,
1951).  In mice, signs of intoxication were mainly associated with effects on the CNS
(Rowe and McCollister, 1982).

When 0.2 ml (162 mg) nBA liquid was placed in the mouth of anaesthetised Sprague-
Dawley rats and aspiration induced, 9 of 10 rats died instantly of respiratory and cardiac
arrest due to the high concentration of nBA in the blood stream.  Small areas of focal
pulmonary haemorrhage and oedema were observed, but most of the pulmonary tissue
appeared normal (Gerarde and Ahlstrom, 1966; CoR 3c).

RTECS (2000; CoR 4c) reported an LC50 value of 28,400 mg/m3.  No other details are
available.

8.1.4  Other routes

LD50 values obtained after intraperitoneal injection of nBA in mice (> 2,000 mg/kgbw)
(Maickel and Nash, 1985) and intravenous injection in dogs (1,260 mg/kgbw)
(McGregor et al, 1964) do not indicate unusual differences in terms of species and
administration routes.  CNS depression, including hypothermia and decreased rotarod
performance, are typical signs of nBA intoxication in mice and rats at dose levels of
1,000 - 2,000 mg/kgbw (Maickel and Nash, 1985; Mohler and Gordon, 1991).

8.1.5  Summary

The LD50 and LC50 values are mostly derived from old and/or poorly documented acute
toxicity studies.  However, they appear to show plausible values and a consistent pattern,
which is not contradictory to what is known about other alcohols of similar
chain length.  The weight of evidence suggests that nBA is of low acute toxicity
via the oral (LD50 ≥ 2,500 mg/kgbw), dermal (LD50 ≥ 4,200 mg/kgbw) and inhalation
(LC50 > 20,000 mg/m3) routes of exposure.  At high dose levels or concentrations, nBA
induces depressor effects on the CNS.

Although the studies on acute dermal toxicity are poorly reported, no serious or
unexpected systemic toxicity was seen by any other route tested.  The data do not support
the current EC classification as harmful (Xn) (Section 2.2).

8.2  Skin, respiratory tract and eye irritation, sensitisation

8.2.1  Skin irritation

The skin irritation of undiluted nBA has been assessed in rabbits, using different
methodologies.  One test also included diluted nBA (Table 18).
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Table 18: Skin irritation in rabbits

Method Time (h) Effect Reference CoR

Draize, occlusive 2 Irritant a, superficial Schreiber, 1979 2e
necrosis

Draize, occlusive 1 Irritant Schreiber, 1979 2e
Modified OECD, 4 Irritant c Jacobs et al, 1987 2a
occlusive b

NS, probably uncovered 9 Not irritant McOmie and Anderson, 1949 2e
NS, probably uncovered 12 x 5 d Slightly irritant, drying McOmie and Anderson, 1949 2e

of skin
Modified Draize, 24 Variable e Weil and Scala, 1971 2e
occlusive
a When extrapolated to EC/OECD method
b Teflon chamber
c Undiluted and diluted 50% (probably in water)
d For 21 d
e Results from 22 laboratories

There are two other reports of non-irritant or moderately irritant effects using an
uncovered belly vesicant system.  Details of the test method are not available (Union
Carbide, 1951; CoR 4c; cited by RTECS, 1990; CoR 3a). 

Whereas the study of Schreiber (1979) mentions superficial necrosis on occlusive
application of nBA, the data of McOmie and Anderson (1949) show only minor irritation.
The latter authors did not state whether the skin was exposed under cover.  If not, the
results could be explained by evaporation.  There is no skin irritation test under
semi-occlusive conditions (OECD 404).

In an interlaboratory study, Weil and Scala (1971) reported on a wide range of skin
irritation reactions for nBA (including erythema, oedema and necrosis), with primary
irritation scores ranging from 0.2 to 11.2 on a scale of 0 to 30.  The results are difficult to
evaluate as the exposure duration (24 h) extended beyond that of the OECD standard
method (4 h).

On balance, nBA is irritant to the skin under occlusive conditions and slightly or not
irritant under conditions allowing evaporation.

8.2.2  Eye irritation

The irritancy of undiluted and diluted nBA to the rabbit eye was assessed, following
standard Draize or OECD 405 protocols.  Some authors used a different scoring system
(Table 19).
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Table 19: Eye irritation in rabbits

Method Dilution of Time Effect Score a Reference CoR
nBA (%)

Draize b Undiluted 24 h Irritant: some 18 McOmie and Anderson, 2e
conjunctivitis, 1949
corneal oedema

72 h Largely reversible 8
7 d Reversible Not stated

Draize c 40 24 h only Irritant: corneal > 5.0 d Carpenter and Smyth, 2g
effects 1946

15 24 h only Irritant: corneal ≤ 5.0 d

effects
Draize Undiluted 24 h Moderately irritant 21.2 e Weil and Scala, 1971 2e

72 h Moderately irritant 9.8 e

7 d Largely reversible 2.0 e

Draize Undiluted 24 - 72 h Moderately irritant 27.5 BASF, 1979 2e
7 d Reversible 0

Draize Undiluted 24 h Largely reversible 19.5 Sugai et al, 1990 3a
Draize Undiluted 24 h Severely irritant 61 f Kennah et al, 1989 2e

30 24 h Moderately irritant 45 f

25 24 h Moderately irritant 34 f

15 24 h Slightly irritant 4 f

10 24 h Slightly irritant 3 f

OECD 405 Undiluted 24, 48, 72 h Irritant 60.8 g,h Bagley et al, 1999 1a
7, 10, 14, Reversible 0 ECETOC, 1998
21 d

a Maximum 110, according to the Draize scale (unless stated otherwise)
b Instilled not stated
c Instilled volume 50 µl
d Out of a maximum of 20; 10 was employed as maximum for nBA; > 5 considered as severe
e Mean of median Draize scores from 25 laboratories
f Draize score and correlation with corneal thickness
g Modified maximum average score, maximum 110
h Individual data according to EC classification are available (ECETOC, 1998)

In a data compilation to rank various chemicals for eye irritancy, nBA showed moderate
corneal opacity, iritis and conjunctivitis, which were reversible within 7 days (ECETOC,
1998; Bagley et al, 1999; CoR 1a).  In most of the other studies the irritant effects of
nBA also proved to be reversible over 7 days.

The large data set from individual animals and laboratories reported by Weil and Scala
(1971) showed a wide variability in susceptibility/sensitivity towards this test material.
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Jacobs and Martens (1988, 1989; CoR 2e) presented in vitro data from an enucleated
eye test. Scores for corneal opacity and for epithelial damage were presented that indicated
a slight to moderate irritant potential.  The test system has not been fully validated
(Gettings et al, 1996), but appears to be able to recognise potent irritants.

In conclusion, undiluted nBA is moderately to strongly irritant to the rabbit eye, but the
effects are reversible.  Lower concentrations are moderately or slightly irritant.

8.2.3  Respiratory tract irritation

nBA is used as a positive control in studies investigating sensory irritation and effects
on olfaction.  RD50 values for respiratory rate depression in the mouse are presented
in Table 20.

Table 20: Respiratory rate depression in the mouse

Exposure time RD50 Reference CoR

(min) (ppm) (mg/m3) a

5 1,268 3,910 De Ceaurriz et al, 1981; Schaper, 1993 2e
1 3,080 9,490 Korsak et al, 1993 2e
10 4,784 14,740 Kane et al, 1980 2e
1 11,696 35,050 Kristiansen et al, 1988 2e
a Converted values

8.2.4  Sensitisation

No sensitisation studies in experimental animals  are available for nBA.

The structurally-related primary alcohol n-propanol showed no allergenic properties
in a mouse ear swelling test, in a guinea pig maximisation test or in occluded patch tests
(Gad et al, 1986).

Human experience with nBA does not indicate that there should be concern regarding
sensitisation (Section 10.2).

8.2.5  Evaluation

The results of the available skin and eye irritation studies appear consistent when the
differences in methodology are taken into account.  On balance, undiluted nBA is slightly
to moderately irritant to the skin, and shows acute eye irritation to a moderate to strong
degree with complete reversibility within 7 to 21 days.  The data do not support an
EC classification of R41, risk of serious damage to eyes (Section 2.2).

nBA is not expected to be a sensitiser, taking into consideration the animal data with
structurally-analogous alcohols (and also the human experience).
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8.3  Repeated dose toxicity

8.3.1  Oral

Four groups of male and female CD rats (30/sex/group) were administered daily (not
further specified; 5 or 7 d/wk) by gavage 0, 30, 125 or 500 mg nBA/kgbw/d for either 6
or 13 weeks.  Body weight and food consumption were recorded weekly.  Any signs
of mortality and overt toxicity were noted twice a day.  Ophthalmic examination was
conducted prior to treatment and during week 13 before final necropsy.  Clinical
pathology of urine and blood was investigated, prior to study initiation, in a separate
group of 10 male and 10 female rats, during week 6 in all surviving rats scheduled for
interim kill and during week 13 in the first 10 male and 10 female rats scheduled for
final necropsy.  Ten male and ten female rats from each group were necropsied on study
days 43 to 44 and the remaining animals on study days 92 to 93.  Gross pathology of
all animals was assessed and organs from animals necropsied on study days 92 to 93
were weighed.  A complete histopathological investigation was made of all animals of
the control and high-dose groups.  In the low and mid-dose groups, histopathology
included the liver, kidney, and heart from all animals and all gross lesions.  All animals
found dead or killed in extremis were also microscopically examined.  No dose-related
differences were observed between treatment or control rats in body or organ weight
changes, food consumption or mortality, gross pathology, and histopathological and
ophthalmic evaluations.  Ataxia and hypoactivity (lasting less than 1 h) were observed
2 to 3 minutes after dosing in both sexes of the high-dose group (500/mg/kgbw/d) during
the final 6 weeks of dosing.  Such ataxia and hypoactivity are typically seen following
high oral doses of alcohols.  The rapid induction/remission of these effects and the
reported increased incidence after the interim kill may be due to the fact that personnel
were able to collect post-dose observations more quickly since fewer animals required
dosing.  nBA was not expected to persist or accumulate over time.  No treatment-related
signs were observed in the 30 or 125 mg/kgbw/d treatment groups, the latter value being
the no-observed adverse effect level (NOAEL) (US-EPA, 1986; CoR 2e).

Thirty Wistar rats (4 wk) received 6.9% nBA (equivalent to 3,500 - 7,000 mg/kgbw) in
drinking water containing 25% sucrose for up to 3 months; 30 male rats served as control.
The authors did not report clinical, macroscopical and classical histological effects,
but only described ultrastructural changes, namely elongated mitochondria
(megamitochondria), without stating the frequency.  The ultrastructural changes were
not accompanied by functional changes; the coupling efficiency was preserved
(Wakabayashi et al, 1984; CoR 3a).
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8.3.2  Dermal

When nBA was applied under occlusion to rabbit skin (12 x 5 h) for 21 days, drying of
the skin was reported and on continuous exposure, cracking, furrowing and exfoliation
of the epidermis (McOmie and Anderson, 1949; CoR 2e).

8.3.3  Inhalation

In rodents, other oxidative enzymes such as catalase or cytochrome P450 may also play
a significant role in the oxidation of nBA (Lieber et al, 1978).  Inhalation of 2,000 ppm
nBA (6,200 mg/m3) over 3 days by male Sprague-Dawley rats was associated with a 30%
increase of cytochrome P450 activity in the liver, but not in lung or kidney (Aarstad et
al, 1985).

Male Sprague-Dawley rats (5/group) inhaling (6 h/d) 50 ppm nBA (150 mg/m3) for
1 week, initially showed a decrease in the concentration of circulating testosterone
and an increase in corticosterone.  The concentration of luteinising hormone remained
constant.  Levels of testosterone and corticosterone returned to normal within 7 days of
exposure (Cameron et al, 1985; CoR 1d).

Male Wistar rats (12/group) were exposed (6 h/d, 5 d/wk) to 50 or 100 ppm nBA vapour
(150 or 310 mg/m3) for 3 months.  A group of 24 male rats was sham exposed and served
as controls.  The concentration of nBA was analysed by GC at 30-min intervals.
Haematology of tail vein blood was evaluated prior to exposure and one week before
study termination.  Clinical biochemistry was investigated 24 hours after the final
exposure.  Liver microsomal mixed function oxidase levels were determined using
cytochrome P450 as an indicator and liver peroxidation was measured by malon-
dialdehyde formation.  Neurological effects were assessed by means of the animals'
performance on a rotarod, prior to and at monthly intervals during the study.
Measurement of the level of analgesia was determined by hot plate avoidance behaviour
at the end of the 3 months exposure period.  No histological examinations were made.
During the study, there were no deaths, or evidence of clinical signs of toxicity, at either
exposure concentration.  There were no effects on body weight or on absolute or relative
(to body weight) organ weights of 7 organs examined.  There was a slight but statistically
significant decrease in haemoglobin concentration at both exposure concentrations (this
did not appear to be dose-related) and a decrease in red blood cell count in the 100-ppm
group.  There were no statistically significant changes in serum enzymes or in mixed
function oxidase activity, however, lipid peroxidation activity was increased at both
exposure concentrations (this did not appear to be treatment-related).  The authors
reported a decreased performance on the rotarod at both concentrations, which increased
as the study progressed.  The decrease appeared to be dose-related (Task Force comment:
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the data were only reported in graphical form and no tabular data for rotarod performance
were presented).  There were no apparent changes in sensitivity of thermal response at
either concentration.  Thus, the lowest-observed-effect level (LOEL) was 50 ppm (Korsak
et al, 1994; CoR 3a).  The description of the study shows no methodological deficiencies,
but it lacks elements of a standard study for repeated exposure, including
histopathological evaluation of tissues. No data were given on the nBA blood levels.

The above results indicate a moderately disturbed co-ordination performance, which
is a frequent sequel of an unspecific solvent impact on the CNS (and not of neurotoxicity
as such).  (The same authors previously observed a similar effect in an acute exposure
regimen at nBA concentrations of 500 ppm and higher [Korsak et al, 1993]).  They do not
indicate a neurotoxicity in the sense of irreversible effects on the CNS or peripheral
nervous system.  Further information corroborating this assessment may be taken from
in-depth studies with n-butyl acetate (the latter is rapidly hydrolysed into nBA and
acetate), (Section 9.4 and 9.2).

8.3.4  Summary and evaluation

The effects of repeated exposure to nBA have been investigated in rats in two studies,
by the oral (gavage) and inhalation routes of exposure.

The most sensitive indicator of oral toxicity was ataxia and hypoactivity at
500 mg nBA/kgbw/d, the highest dose tested; this is typical of alcohol CNS depression.
There was no clear evidence of other systemic toxicity.  Slight effects on haematological
parameters were noted in female rats at 500 mg/kgbw/d after 6 weeks, but not after
13 weeks of dosing.  The NOAEL was 125 mg nBA/kgbw.

Neurological effects typical of alcohol CNS depression (as judged by measuring rotarod
performance) were the endpoint of nBA exposure by inhalation at 50 and 100 ppm
(150 and 310 mg/m3).  In addition, increased lipid peroxidation was noted at both exposure
concentrations.  The relevance of the latter observation is not clear.  Slight and
non-treatment-related decreases in red blood cell count at 50 ppm and in haemoglobin
concentration at 50 and 100 ppm are consistent with some haematological findings of
borderline significance in the gavage study.  However, their biological relevance is
questionable in view of the magnitude of the changes and the lack of a dose-response
relationship.  Thus, the LOAEL was 50 ppm.

The above oral and inhalation study results are not consistent with more recent,
well-performed acute and repeat-dose neurotoxicity and behavioural studies with
n-butyl acetate (which, following absorption, is rapidly cleaved into nBA), where NOAELs
of 1,500 and 500 ppm, respectively, were identified (Section 9.4 and 9.2)).
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8.4  Genotoxicity

8.4.1  In vitro

Gene mutation

nBA was tested in a number of gene mutation assays on different Salmonella typhimurium
strains using a standard plate incorporation protocol in the presence and the absence
of metabolic activation (Table 21).  No signs of toxicity were reported.  All tests
demonstrated reproducibly that nBA is not genotoxic.

Aneuploidy induction was observed during early germination of Aspergillus nidulans at
concentrations up to 1.0% nBA (v/v), the highest, cytotoxic concentration tested (Table 21).

Table 21: Gene mutation assays in bacteria and yeast

Species, strain Concentration Endpoint Reference CoR

Metabolic Result c

activation b

Salmonella typhimurium (µg/plate a) Histidine reversion

TA98, TA100, UTH8413,  UTH8414 ≤ 2,000 Yes/No -ve Connor et al, 1985 2e

TA98 and TA100 NS Yes/No -ve Khudoley et al, 1987 2e

TA100, TA1535, TA1537,  TA98 NS Yes/No -ve McCann et al, 1975 3a

TA102 ≤ 5,000 Yes/No -ve Jung et al, 1992; 1b1b

Müller et al, 1993

Aspergillus nidulans (µg/ml) Mitotic chromosome

segregation

Diploid strain P1 5,670 - 8,100 d No +ve Crebelli et al, 1989 3b

a Plate incorporation assay
b Aroclor 1254-induced rat liver S9-mix
c -ve, negative: not mutagenic; +ve, positive: mutagenic
d Reported as 0.7 - 1.0% (v/v)

Chromosomal damage

nBA did not increase the frequency of micronuclei in male Chinese hamster lung fibroblast
cells, nor the rate of sister chromatid exchanges in Chinese hamster ovary cells.  No
increase, above negative control, in DNA repair was seen in the umu test, with and without
metabolic activation.  No cytotoxicity was reported in those three tests (Table 22).
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Table 22: Chromosome damage assays

Test system Concentration) Metabolic Endpoint Result a Reference CoR

(µg/ml) activation

Male Chinese hamster lung 810 - 40,500 b No Chromosome -ve Lasne et al, 2a

(CHL) fibroblast V79 cells, aberrations 1984

micronucleus assay

Chinese hamster ovary 810 c No Sister -ve Obe and 1d

(CHO) cells, 7 days chromatid Ristow, 1977

exchanges

Salmonella typhimurium ≤ 27,000 Yes d/No DNA repair -ve Nakamura 2a

strain TA1535/pSK1002, et al, 1987

umu test

a -ve, negative: not mutagenic
b Reported as 0.1 - 5% (v/v)
c Reported as 0.1% (v/v)
d Phenobarbital and 5,6-benzoflavone induced rat liver S9-mix

Chen et al (1984; CoR 3a) demonstrated that nBA inhibited the metabolic co-operation
between 6 thioguanine sensitive and resistant Chinese hamster lung fibroblast (V79)
cells.

8.4.2  In vivo

In a micronucleus assay, male and female NMRI mice (5 - 8 wk) received single oral
doses of 0, 500, 1,000 and 2,000 mg nBA/kgbw (99.9% pure), in olive oil.  Clinical signs
of toxicity were evident at 2,000 mg/kgbw.  Twenty-four hours after administration
the animals were killed and the bone marrow examined for micronuclei in 2,000
polychromatic and normochromatic erythrocytes, and the ratio of polychromatic to
normochromatic erythrocytes determined; a positive control group was also included.
In addition, another 2,000 mg/kgbw group was evaluated 48 hour post-exposure for the
same endpoints.  No increase was noted in the number of normochromatic and
polychromatic erythrocytes containing either small or large micronuclei and no inhibition
of erythropoiesis or aneuploidy was detected (Engelhardt and Hoffmann, 1998; CoR 1a). 

Up to 10 µl of a 15% solution of nBA in water (1,215 µg nBA) did not induce sister
chromatid exchanges or chromosomal aberrations after 3 to 4 days in the Cornell
K-strain chicken embryo in ovo cytogenetic assay.  No signs of toxicity were reported
(Bloom, 1981; CoR 2a).
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8.4.3  Evaluation

There is no evidence of in vitro genotoxicity of nBA from bacterial mutagenicity, sister
chromatid exchanges, and primary DNA damage assays. nBA induced aneuploidy in
Aspergillus nidulans.  No micronucleus induction was detected in vitro in V79 cells and
in vivo in the bone marrow of mice after oral administration of nBA.  Since micronuclei
can reflect clastogenicity and aneuploidy, the latter result suggests that the in vitro
aneuploidy results in Aspergillus nidulans are not significant to mammalian cells in vivo.
nBA did not induce sister chromatid exchanges or chromosomal aberrations in chicken
embryos.

In conclusion, the available data do not demonstrate that nBA has a genotoxic potential.

8.5  Chronic toxicity and carcinogenicity

No chronic toxicity studies have been carried out with nBA.

The US National Cancer Institute (cited in IPCS, 1987; CoR 4b) recorded two older
Japanese long-term studies on rats, recorded by the US National Cancer Institute, without
further documentation or reference.  According to IPCS "Both of these studies were
inadequate, by present standards, for the assessment of the carcinogenicity of the
substance.  No adequate data on carcinogenicity are available".

Due to the lack of mutagenicity and specific target/organ-directed repeat-dose toxicity,
there is at present no evidence for carcinogenic effects of nBA.

8.6  Reproductive toxicity

8.6.1  Developmental toxicity

Pregnant Sprague-Dawley rats (15 - 18/group) were exposed (whole-body, 7 h/d) by
inhalation to 0, 3,500, 6,000 or 8,000 ppm of nBA (0, 10,800, 18,500 or 24,700 mg/m3) on
day 1 to 19 of gestation.  Dams were killed on day 20 and foetuses weighed and examined
for malformations.  Maternal toxicity and decreased food consumption were noted in the
6,000 and 8,000 ppm groups.  Two of the 18 dams at 8,000 ppm died during the exposure
period.  At 8,000 ppm narcosis occurred in approximately half of the dams on gestation
day 20.  At 3,500 ppm no effects were seen in the dams.  Foetal weights were slightly
decreased at 6,000 and 8,000 ppm, but unaffected at 3,500 ppm.  No effects were observed
on the number of corpora lutea, resorptions, mean number of live foetuses or mean sex
ratio.  No external foetal malformations were observed and there were no differences
in skeletal or visceral malformation rates, or in rates of commonly observed variations.
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There was a slight increase in the percent of foetuses with rudimentary cervical ribs only
in the 8,000-ppm group.  Considering the pronounced maternal toxicity at 8,000 ppm,
the developmental toxicity of nBA appeared to be low and did not indicate selective
foetal effects.  The NOAEL for maternal and foetal toxicity was 3,500 ppm.  For foetuses,
the LOAEL based on a slight decrease in foetal weight was 6,000 ppm (Nelson et al,
1989a; CoR 1d).

In a behavioural teratology study, male Sprague-Dawley rats (18/group) were exposed
(7 h/d) to concentrations of 0, 3,000 or 6,000 ppm nBA (0, 9,200 or 18,500 mg/m3) for
6 weeks.  The males were then mated to non-exposed females.  Separate groups of 15
pregnant females were exposed (7 h/d) to the same concentrations from day 1 to 20 of
gestation, and were allowed to deliver.  The offspring from those two groups were
observed during postnatal days 10 to 90 for signs of developmental neurotoxic effects
by measuring ascent on a wire mesh screen, rotarod and running wheel performance,
open-field and photoelectrically-monitored activity, avoidance conditioning and
operand conditioning. In addition, the neurochemical levels of acetylcholine,
dopamine, norepinephrine, serotonin, met-encephalin, β-endorphin, and substance
P neurotransmitter, were measured in the cerebrum, cerebellum, brainstem, and midbrain.
No general toxicity to maternal and paternal animals was reported.  No detectable effect
on pregnancy rate was found after either maternal or paternal exposure.  In the 6,000
ppm group, 5% (4/78) of behavioural and 6% (4/64) of neurochemical measures differed
from those of controls.  There were no discernible patterns of effects.  The authors
concluded that "In view of this, it is highly unlikely that administration of nBA at the
current Permissible Exposure Limit (PEL) of 100 ppm would produce structural or
behavioural teratogenicity in rats using the test employed here."  The NOAEL for maternal
and paternal animals, and their offspring was 6,000 ppm (Nelson et al, 1989b; CoR 1d).

Female rats (undefined strain, breeding colony Nofer Institute of Occupational Medicine,
Lodz, Poland) (11 - 17/group) were given drinking water containing  0, 0.24, 0.8 and
4% a of nBA (probably nominal concentrations, equivalent to doses of 0, 300, 1,000
and 5,000 mg nBA/kgbw/d) for 8 weeks, during which time oestrus cyclicity was
evaluated.  After the 8 week exposure period the females were mated with untreated
males for 3 weeks.  Dosing of the females continued until the animals were killed on
day 20 of gestation, when foetuses were collected and examined for skeletal and visceral
malformations.  Weight gain, food and water consumption, and general behaviour were
recorded during pre-mating (8 wk), mating (3 wk) and gestation (20 d).  The unit of
statistical analysis in this study was the individual foetus, not the litter.  General
appearance, food consumption, body weight, rate of weight gain, oestrus cycle length
and number, absolute and relative organ weight (not specified), haemoglobin
concentration, haematocrit values, foetal body weights, intra-uterine mortality, corpora
lutea, total implants, and placental weight were unaffected by nBA exposure.

a The 4% solution was described as delivering total daily doses twice as high as the acute oral LD50
(~ 2.1 g/kg/d by gavage).  This may correspond to the rapid metabolism, but, in addition, may also
reflect a reduced water intake.
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At 4% the crown-rump length was decreased (mean of 4.0 to 3.8 cm for the control
and treated group, respectively).  Developmental effects were reported in all 3 dose
groups.  Skeletal effects were limited to an extra 14th rib in 1 foetus in the low dose
group and 2 foetuses in the high dose group, and wavy ribs in 1 foetus in the low dose
group.  CNS defects included dilation of either the subarachnoid space or lateral and/or
third ventricles of the brain, or external or internal hydrocephalus.  Dilated renal pelves
were also observed.  Of the 65 control foetuses examined for skeletal effects, none had
an extra fourteenth or wavy rib(s) or any other skeletal malformation or variation.  Two
of the 61 control foetuses examined for visceral anomalies had dilatation of the lateral
and/or third ventricles of the brain, while none had dilatation of the subarachnoid space
or external or internal hydrocephalus.  Although the authors considered all 3 dose levels
as related to increased foetal effects when compared to controls, there was no dose-
dependent increase.  The NOAEL for maternal toxicity was 5,000 mg nBA/kgbw/d; a
NOAEL was not reported for offspring (Sitarek et al, 1994; CoR 3b).  However, since
no foetus of the middle dose group was affected, and only 2 in the low dose, it appears
probable that the observations in the low dose group were not treatment related.

The authors considered the recorded developmental effects (dilatation of the brain
ventricles/spaces or renal pelvis, internal hydrocephalus, wavy or extra ribs) as being
related to nBA and assessed these findings as variations or delayed development
commonly seen in large historical control databases.  Of significance, the incidence of
all but one of the reported developmental effects in the actual control population was
0%.  In the MARTA-MTA 1995 database, using Crl:CD BR rat, the incidence of "cerebral
ventricle, enlargement" was 2%/foetus or 4.4%/litter, and the incidence of "renal pelvis,
dilated" 0.95%/foetus or 5.2%/litter (Wise and Petrere, 1996).  The "malformations"
reported that were assessed as "variations" in other databases should be classified based
on the incidence within the rat strain.  The incidence of variations within the rat strain
used in this study is unknown, since the authors used a rat strain common only to their
laboratory in Poland.  The laboratory diet was also unique.  Since the strain of rat and
type and quality of diet can have profound effects on rates of variations and
malformations, and since there is no historical database available for the strain tested,
the term "variation" has to be assigned with reservation.  However, the term may still
be appropriate since the variations reported are also common in several rat strains
frequently used in the USA.  In fact, Nelson et al (1989a) described some of these variations
following inhalation exposure to nBA.  It should not be surprising that high oral doses
of nBA that alter normal maternal physiology would also cause an increase in common
variations in laboratory rodents.  Thus, the developmental effects seen by Sitarek et al
(1994) cannot be regarded as a selective foetal effect.
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8.6.2  Fertility and effects on reproductive organs

In a behavioural teratology study, male Sprague-Dawley rats (18/group) were exposed
(whole-body, 7 h/d) to concentrations of 0, 3,000 or 6,000 ppm nBA (0, 9,200 or
18,500 mg/m3) for 6 weeks.  The males were then mated with non-exposed female
rats.  Separate groups of 15 pregnant female rats were exposed (7 h/d) to the same
concentrations from day 1 to 20 of gestation, and were allowed to deliver.  The offspring
from those two groups were observed for signs of developmental neurotoxicity
(Section 8.6.1).  No general maternal or paternal toxicity was reported.  Paternal exposure
had no detectable effect on pregnancy rate in non-exposed females; maternal exposure
was also without detectable effect on pregnancy rate.  Although the study was designed
to provide animals for postnatal assessment of developmental neurotoxicity, the lack of
effect on pregnancy rate following either maternal or paternal exposure suggested that
nBA had no effect on fertility up to 6,000 ppm (Nelson et al, 1989b; CoR 1d).

Female rats (undefined strain, breeding colony Nofer Institute of Occupational Medicine,
Lodz, Poland) (11 - 17/group) were given drinking water containing 0, 0.24, 0.8 and
4% a of nBA (probably nominal concentrations, equivalent to doses of 0, 300, 1,000
and 5,000 mg nBA/kgbw/d) for 8 weeks, during which time oestrus cyclicity was
evaluated.  After the 8 week exposure period the females were mated with untreated
males for 3 weeks.  Dosing of the females continued until the animals were killed on
day 20 of gestation, when foetuses were collected and examined for skeletal and visceral
malformations (Section 8.6.1).  No effects were noted on the number and length of the
oestrous cycles, while foetal body weight, intrauterine mortality, corpora lutea, total
implants, and placental weights were unaffected (Sitarek and Berlinska, 1996; CoR
3b).  These results confirm the finding of Nelson et al (1989a) that nBA has a low propensity
for affecting the reproductive ability of rats at relatively high exposures.

8.6.3  Summary and evaluation

Treatment of rats with up to 8,000 ppm nBA by inhalation for 6 weeks prior to mating
did not affect male fertility when bred to non-exposed females.

Additional supportive evidence for this conclusion comes from a 13-week inhalation
study with n-butyl acetate, which is rapidly cleaved into nBA (Section 9.1.1), that showed
no effects up to 3,000 ppm on homogenisation-resistant spermatid head counts from
both the testes and the epididymides and on reproductive organ histopathology
(Section 9.3.2).

a The 4% solution was described as delivering total daily doses twice as high as the acute oral LD50
(~ 2.1 g/kg/d by gavage).  This may correspond to the rapid metabolism, but, in addition, may also
reflect a reduced water intake.
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Female rats dosed up to 5,000 mg nBA/kgbw/d via drinking water did not produce
altered oestrous cycles, fertility rates, or reduced number of offspring.  In several
developmental toxicity studies, exposure to nBA, either by inhalation or via the drinking
water, did not affect the ability of female animals to successfully maintain pregnancies
and produce viable litters.

Exposure of pregnant animals to high levels of nBA by inhalation caused significant
toxicity to the dams and slight developmental toxicity in the offspring.  Tests for
developmental neurotoxicity at similar exposure concentrations did not reveal any
pattern of effects suggestive of structural or behavioural teratogenicity.  Interpretation
of a developmental toxicity study conducted via drinking water is problematic as common
variations were termed malformations and the control animals had an unusually low
incidence (0% in most cases) of variations and/or malformations.

The weight of evidence suggests that nBA is not a selective developmental toxicant and
induces developmental toxicity only at high doses that also cause significant toxicity to
the dam.

In conclusion, nBA does not present a hazard for male or female reproductive function
in experimental animals.

8.7  Neurotoxicity

Experimental investigations into the neurotoxic potential of nBA have been carried out
in the frame of subacute and subchronic toxicity studies with nBA (Section 8.3).  nBA
caused a concentration-dependent reduced performance in the rotarod test at 50 and
100 ppm (150 and 310 mg/m3) during the course of a 3-month inhalation study.  This
observation was indicative of CNS depression; it is frequently recorded with most organic
solvents at high(er) levels.  The sensitivity in the thermal response assay was not
influenced (Korsak et al, 1994; CoR 3a) (Section 8.3.3).

Additional data from well designed neurotoxicity studies with n-butyl acetate (that is
rapidly cleaved into nBA; Section 9.1.1) do not indicate selective neuro- or CNS-related
toxicity.  Transient signs of reduced general activity levels at airborne exposure concentrations
of 1,500 and 3,000 ppm were observed (David et al, 1998; CoR 1a) (Section 9.3).

In a well-designed developmental study following prenatal exposure of rats to nBA, no
behavioural effects on offspring were found (Nelson et al, 1989b) (Section 8.6.1).

Overall, nBA does not show selective or cumulative neurotoxicity in experimental
animals. 
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9.  OTHER CONSIDERATIONS AND SUPPORTIVE DATA ON n-BUTYL ACETATE

nBA is the product of the rapid hydrolysis of n-butyl acetate a in vivo.  The enzymes
responsible are predominantly located in the liver and therefore, systemic exposure
to nBA requires a lag time of a few seconds after the onset of n-butyl acetate exposure.

9.1  Metabolism

9.1.1  Formation of nBA

When n-[1-14C]butyl acetate was injected into the tail vein of 32 male Sprague-Dawley
rats at a mean dose of 30.2 mg/kgbw (16.8 µCi/rat), rapid systemic distribution of
radioactivity occurred, followed by rapid elimination from the tissues, as measured by
liquid scintillation analysis of whole blood and brain tissue samples.  HPLC with
radiochemical detection was used to separate and quantitate n-butyl acetate, its hydrolysis
product nBA, and products of the subsequent oxidative and conjugate metabolism of
nBA (Figure 6, Section 7.3).  The analyses indicated that n-butyl acetate was rapidly
eliminated from the blood (t1/2 = 0.41 min), and was detected in brain tissue only at low
concentrations (mean maximum of 3.8 µg equivalents b/g at 1.9 min) in the first
2.5 minutes following dosing.  The higher concentrations of nBA, found in both blood
(Cmax = 52 µg equivalents/g at tmax

c 2.6 min) and brain (Cmax = 79 µg equivalents/g at
tmax 2.5 min), were also rapidly eliminated (t1/2 = 1.0 - 1.2 min) and were undetectable
20 minutes post dosing.  n-Butyric acid was present at low concentrations in blood (mean
maximum of 5.7 µg equivalents/g at 7.4 min) that declined slowly following dosing; it
was largely undetected in brain tissue.  Early eluted polar metabolites (presumably
Krebs cycle intermediates of [14C]nBA and glucuronide and sulphate conjugates of
[14C]nBA) were detected in whole blood (mean maximum of 12.2 µg equivalents/g at
4.2 min); trace amounts were seen in brain tissue.  The hydrolysis of n-butyl acetate in
blood and brain was estimated to be 99% complete within 2.7 min at this dose level
(Deisinger and English, 1997; CoR 2e).

Data on n-butyl acetate should not be used indiscriminately as representative of nBA.
The enzyme capacity for the hydrolytic cleavage of nBA to n-butyl acetate may become
saturated at excessive concentrations, and particularly the local and acute effects of both
materials may not be identical.  Furthermore, it is known that the acetate moiety has
some propensity to exert cellular metabolic acidosis, e.g. at the olfactory epithelium. 

No data are available on the hydrolysis rate in humans. It is, however, generally known
that unspecific esterases are widespread in all mammalian tissues and that esters of
primary alcohols are accessible to those enzymes.

a CAS No. 123-86-4, formula: CH3CO2(CH2)3CH3; molecular mass 116
b Since only the radioactivity is counted, the µg/g tissue may represent n-butyl acetate, nBA or further

sequel products
c Time of maximum nBA concentration

53

n-Butanol (CAS No. 71-36-3)

ECETOC JACC No. 41



Due to the rapid cleavage in rats, several studies on the systemic toxicity of n-butyl
acetate may be of relevance  to corroborate the data base on nBA in rats. These studies
are detailed below.

9.2  Repeated dose toxicity

Bernard and David (1996; CoR 1a) exposed (whole-body, 6 h/d, 5 d/wk) male and female
Sprague-Dawley rats (15/sex/group) to concentrations of 0, 500, 1,500 or 3,000 ppm of
n-butyl acetate (0, 2,400, 7,200 or 14,500 mg/m3) a for 13 weeks.  The time-weighted
average analytical concentrations were within 10% of the target concentrations.  No
spontaneous mortality occurred during the study.  Animals were observed for signs
of toxicity prior to exposure, once per hour during exposure, and 30 minutes to 1 hour
after exposure.  There was minor reduction in physical activity levels during exposure
of rats to 3,000 ppm.  Signs of sialorrhea and red discoloration on the chin hair were also
observed.  The physical activity of rats exposed to 1,500 ppm was also reduced during
exposure, though generally with minimal severity.  Control and 500 ppm animals
appeared normal during exposure.  After exposure, animals in all groups had porphyrin
nasal discharges and dried porphyrin stains around the nose.  These clinical signs were
also seen occasionally during the morning examination before exposure.  Mean body
weights of the 3,000 ppm group were significantly lower than the control group for
males and females.  Overall weight gains at 3,000 ppm were 62% and 78% of weight
gains for the controls (males and females, respectively).  Mean food consumption of the
3,000 ppm group was significantly lower than the control values throughout the study
for male rats and at all intervals except days 84 and 91 for female rats.  Mean weekly
food consumption at 3,000 ppm was 14 - 25% lower than that of the controls for male
rats and 6 - 16% for female rats.  Mean body weights of the males and females at
1,500 ppm were significantly lower than the controls.  However, overall weight gains
for males and females were 90 and 107% of the control group, respectively.  Mean
food consumption of the 1,500 ppm group was significantly lower and mean weekly
food consumption lower than those of the controls, both in male and female rats.  Mean
body weights at 500 ppm were comparable to the control group throughout the study,
and no statistically significant differences were noted.  However, mean food consumption
at 500 ppm was significantly lower than controls for male and female rats at several time
points during the study.  Mean weekly food consumption at 500 ppm was 3 - 12% lower
than controls for male rats and 2% higher to 7% lower for female rats.

Blood was collected from 5 animals per group after 30 days of exposure, and from 10
animals per group at termination.  No significant differences in haematological parameters
were seen after 30 days of exposure.  Slightly higher erythrocyte counts, haematocrit
levels, and haemoglobin concentrations were observed for the 3,000 ppm male and female
rats after 90 days; none of the differences was considered to be biologically significant.

a 1 ppm = 4.829mg/m3
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Evaluation of blood cell morphology did not suggest any compound-related effects.
After 30 days of exposure, slight but significantly lower mean sodium concentrations
were observed in males and females at 3,000 ppm compared with controls, and
significantly lower mean chloride concentrations for the 1,500 ppm males.  No other
differences in serum chemistry were seen.  After 90 days exposure, minor but statistically
significant changes were observed in mean albumin (lower) and total protein
concentrations (lower) for the 3,000 ppm females, and mean sorbitol dehydrogenase
activity (higher) for the 1,500 ppm males.  These changes were not considered to be
toxicologically relevant.

No treatment-related ophthalmologic changes were observed.  Mean terminal body
weights were significantly lower in the 1,500 and 3,000 ppm males and females than
in the controls.  Mean absolute liver, kidney and spleen weights were significantly lower,
but relative organ weights (to body weight) were not significantly different with one
exception, i.e. the mean spleen-to-body weight ratio for the 3,000 ppm males was
significantly lower than for the controls.  In addition, mean testes-to-body weights for
the 1,500 and 3,000 ppm males and the mean relative lung weight for the 3,000 ppm
males were significantly higher than for the controls.  Mean adrenal gland-to-body
weight ratios for the 1,500 ppm female and 3,000 ppm male and female groups were
significantly higher than for the respective controls.

Signs of irritation of the glandular stomach and necrosis in the non-glandular stomach
were observed in two 3,000 ppm female rats.  Focal necrosis of the olfactory epithelium
was seen in the nasal passages of some rats exposed to 1,500 and all rats at 3,000 ppm.
The severity of the olfactory lesion was mild to moderate at 3,000 ppm and minimal
to mild at 1,500 ppm.  No lesions were observed in the nasal passages at 500 ppm.
Inflammation of the stomach mucosa (glandular or forestomach) was also observed
microscopically in a few 3,000 ppm female rats; this lesion may be due to stress.  Other
lesions that were observed microscopically were not considered to be compound-related.
There was no effect on either epididymal or testicular sperm counts.

In conclusion, exposure of rats to n-butyl acetate vapour resulted in acute, transient
signs of reduced physical activity levels during exposure to 1,500 and 3,000 ppm.
Decreased body weight and food consumption were noted at 1,500 and 3,000 ppm,
but there was no systemic, organ-specific toxicity.  Signs of upper respiratory tract
irritation were seen in the nasal passages of 1,500 and 3,000 ppm animals.  The NOAEL
for this study is considered to be 500 ppm n-butyl acetate (2,400 mg/m3).  This would
be equivalent to 500 ppm nBA (1,500 mg/m3).
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9.3  Reproductive toxicity

9.3.1  Developmental toxicity

Pregnant Sprague-Dawley rats (4 x 37 - 43 females) were exposed (whole body, 7 h/d)
to n-butyl acetate concentrations in air of 0 or 1,500 ppm (0 or 7,200 mg/m3) for 3 weeks.
Group 1 was not exposed to test material throughout the study and served as control.
Group 2 was continuously exposed to 1,500 ppm n butyl acetate from day 7 to 16 of
gestation and group 3 from day 1 to 16 of gestation.  Group 4 was exposed (5 d/wk)
for 3 weeks prior to gestation and then continuously from day 1 to 16 of gestation.
All exposures were discontinued from gestation day 17 until study termination.  On
gestation day 21 (sperm positive = day 1), the foetuses were collected and examined for
both skeletal and visceral malformations.  Food consumption was decreased in each test
group in the week following initiation of n-butyl acetate exposure.  The decrease in food
consumption was accompanied by decreases in body weight in Group 3 and 4.  Relative
kidney and lung weights were increased in animals exposed to n-butyl acetate, with
the greatest increase occurring in animals receiving the longest exposure.  There were
no changes in histopathology that could be attributed to n-butyl acetate exposure.
Mating and reproductive performance and intrauterine mortality were unaffected.
Foetal growth measurements (foetal body weights and crown-rump length) and placental
weights were lower in Groups 2, 3, and 4.  However, the duration of exposure and period
of gestation during which exposure occurred did not affect foetal growth indices.  Sex
ratios were unaffected.  There was no increase in the incidence of "major malformations"
in any of the n-butyl acetate exposed groups.  There was an increase in the incidence
of skeletal anomalies ("total rib dysmorphology") and skeletal variation ("reduced
ossification of the pelvis") in Groups 2 and 3, but not in Group 4.  The incidence of rib
dysmorphology in the control population was zero. Group 4 had an increased incidence
in "hydroureter" when compared to the control group (Group 1);  Groups 2 and 3
were unaffected.  Because none of the observed foetal anomalies were seen in all treatment
groups, each of which included exposure to the same dose (1,500 ppm) of n-butyl acetate
over the period of organogenesis (gestation days 7-16) the authors did not consider these
effects to be evidence of teratogenicity of n-butyl acetate (Hackett et al, 1982; CoR 2e).

Pregnant New Zealand white rabbits (3 x 21 - 25 females) were exposed (whole-body,
7 h/d) to n-butyl acetate concentrations in air of either 0 (control) or 1,500 ppm
(0 or 7,200 mg/m3) for 19 days.  Rabbits in all groups were housed outside of the exposure
chambers between exposure periods.  Group 1 received sham exposures to filtered air
throughout the study and served as controls; Group 2 was exposed to 1,500 ppm n-butyl
acetate from day 7 to 19 of gestation and Group 3 was exposed to test material from
gestation day 1 to 19.  All test material exposures were discontinued from gestation day
20 through study termination on gestation day 30, when the foetuses were collected and
examined for both skeletal and visceral malformations.  Food consumption was decreased
in Group 2 and 3 in the week following initiation of n-butyl acetate exposure, but also
in controls.  The body weight in Groups 2 and 3 were consistently higher than in controls;
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organ weights and histopathology appeared normal in the n-butyl acetate exposed
animals.  Mating and reproductive performance and intrauterine mortality were
unaffected by n-butyl acetate exposure.  Foetal growth measures (foetal body weights
and crown-rump length), placental weights, and sex ratios were not affected by n-butyl
acetate exposures.  There was no increase in the incidence of "major malformations"
in any of the n-butyl acetate exposed groups.  In terms of "minor anomalies", there
was an increase in the incidence of "misaligned sternbrae" and "retinal folds" in Group
3; Group 2 was not affected.  The only increased incidence in "morphologic variations"
was an increase in "clear gallbladder"; and that only in Group 3.  The authors concluded
that rabbit foetuses were unaffected by n-butyl acetate exposure as none of the effects
occurred in both exposure groups (Hackett et al, 1982; CoR 2e).

Evaluation

Exposure of pregnant animals to high concentrations of n-butyl acetate by inhalation
caused slight maternal toxicity in all studies conducted to date.  Some developmental
toxicity was also observed at those high exposure concentrations, although those findings
are not consistent across the treatment groups of the studies, with one reporting a slight
increase and another reporting no effect.  The lack of continuity and similarity for these
findings suggests that they are incidental and unrelated to n-butyl acetate exposure.
This is also the conclusion of the study authors.

9.3.2  Fertility and effects on reproductive organs

Sprague-Dawley rats (10/sex/group) were exposed by inhalation (whole-body, 6 h/d,
5 d/wk) to concentrations of 0, 500, 1,500, or 3,000 ppm of n-butyl acetate (0, 2,400, 7,200
or 14,500 mg/m3) for 13 weeks.  The study was conducted according to the US-EPA Toxic
Substances Control Act Health Effects Testing Guidelines, with the exception that the
histology of tissues from the central and peripheral nervous systems was not examined.
(Those tissues were evaluated in a companion neurotoxicity study, reported in Section
9.4, using animals exposed concurrently with the animals from the study).  Exposures
to n-butyl acetate vapour resulted in acute, transient signs of reduced activity levels
during exposure to 1,500 and 3,000 ppm.  There was decreased body weight and food
consumption at 1,500 and 3,000 ppm, but no systemic, organ-specific toxicity.  Signs
of irritation were seen in the nasal passages of 1,500 and 3,000 ppm animals.  The left
testis and left epididymis of each male rat were frozen at -25°C for evaluation of
homogenisation-resistant sperm counts.  The right testis and right epididymis of each
male rat were processed for histopathological examination.  No exposure-related effects
on epididymal or testicular sperm count or histopathology was observed (Bernard and
David, 1996; CoR 1d).  Since n-butyl acetate is rapidly hydrolysed on entering systemic
circulation, any effects would be likely to be caused by nBA.  Since no changes were
noted, it is not anticipated by the Task Force that equivalent doses of nBA would have
adverse effects on the male reproductive tract.

57

n-Butanol (CAS No. 71-36-3)

ECETOC JACC No. 41



Four groups of 37 - 43 female Sprague-Dawley rats were exposed (7 h/d) to n-butyl
acetate air concentrations of 0 or 1,500 ppm (0 or 7,200 mg/m3).  The rats were maintained
in the exposure chambers throughout the study for 3 weeks before gestation until
gestation on day 21.  Group 1 was not exposed to test material throughout the study
and served as the control.  Group 2 was continuously exposed to 1,500 ppm n-butyl
acetate from day 7 to 16 of gestation and group 3 from day 1 to 16 of gestation.  Group
4 was exposed (5 d/wk) for 3 weeks prior to gestation and then continuously from
day 1 to 16 of gestation.  All test material exposures were discontinued from gestation
day 17 until study termination.  On gestation day 21 (sperm positive = day 1), the foetuses
were collected and examined for both skeletal and visceral malformations (Section 9.3.1).
Mating and reproductive performance and intrauterine mortality were unaffected by
n-butyl acetate exposure.  Although the study was designed to provide animals for
assessment of developmental toxicity, the lack of effect on pregnancy rate following
maternal exposure (pre-mating and during exposure) to 1,500 ppm indicated that
n-butyl acetate and therefore, its metabolite nBA, had little or no potential to affect
fertility in female rats (Hackett et al, 1982; CoR 2e).

Evaluation

There was no effect of up to 3,000 ppm of n-butyl acetate for 13 consecutive weeks on
homogenisation-resistant spermatid head counts from both the testes and the
epididymides or on reproductive organ histopathology.  Female rats exposed via
inhalation to 1,500 ppm n-butyl acetate for 3 weeks prior to mating and up to day 16
of gestation did not have altered fertility rates or reduced number of offspring.  Female
rats exposed for different times during gestation were able to successfully maintain
pregnancies and produce viable litters.  Though there are no data from conventional
studies designed specifically to investigate effects on fertility and reproductive function,
the findings of these studies provide a strong indication that n-butyl acetate does not
present a reproductive hazard to both male and female animals.  This conclusion is given
further support by data from the sub-chronic and developmental toxicity studies that
showed no evidence for effects on the male and female reproductive organs, even at the
highest dose levels, for both n-butyl acetate and its major metabolite, nBA.

9.4  Neurotoxicity

Bernard and David (1994; CoR 1d) exposed (whole-body) male and female Sprague-
Dawley rats (10/sex/group) by inhalation to 0, 1,500, 3,000 or 6,000 ppm of n-butyl acetate
(99% pure) (0, 2,400, 7,200, 14,500 or 29,000 mg/m3) for a single 6-hour period.  The study
was conducted according to the US-EPA Toxic Substances Control Act Health Effects
Testing Guidelines and included post-exposure motor activity (MA) measurement and
a functional observational battery (FOB).  Animals near the chamber windows were
observed every 30 minutes during exposure.  Beginning immediately after onset and
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continuing until the end of the exposure, there was minimally reduced activity
(hypoactivity) and minimally reduced responses to extra-chamber stimulation
(tapping on the outside wall of the inhalation chamber).  At 6,000 ppm, the severity of
hypoactivity was minor to moderate.  At 3,000 ppm, the severity of hypoactivity in
female rats was minor, while male rats were characterised as having minimal hypoactivity.
Only minimal hypoactivity was observed at 1,500 ppm.  Sialorrhea was observed in
exposed male rats, but only occasionally in exposed female rats.  Tearing was also noted
occasionally in treated female rats.  There were no deaths during exposure and no clinical
signs were noted at any time post-exposure.  Mean total MA and total ambulations on
day 0 (post-exposure) by the 3,000 and 6,000 ppm male and female groups were
significantly lower than those of the controls, but no differences were noted on days
1, 7 or 14.  The FOB was performed on all animals 6 days prior to the exposure and again
after MA determination on day 0, and on days 7 and 14.  On day 0, the hair coat scores
of the 6,000 ppm male and female groups were significantly higher than the controls,
indicating that the hair coat appeared slightly unkempt.  In addition, forelimb grip
strength for the females at 3,000 ppm was significantly higher on day 0 than for the
control group.  No differences were noted on days 7 and 14.  Individual animal body
weights were measured on day 0, prior to exposure, and on days 7 and 14 prior to
FOB examinations.  The male 6,000 ppm rats had significantly lower mean body weights
on days 7 and 14 than the controls.  Male 1,500 ppm rats also had significantly lower
mean body weights on day 7.  The differences in mean body weight between treated
and control groups were less than 10%.  No differences were noted among female rats
or between male 3,000 ppm rats and the control group.  No treatment-related gross
lesions were noted at necropsy.  These results indicated that n-butyl acetate, at
concentrations up to 6,000 ppm, reduced activity and response to stimulus during
exposure.  Thus, no NOAEL could be established.  Immediately after exposure, transient
decreases in MA occurred in groups exposed to 3,000 and 6,000 ppm.  These changes
were not observed during the FOB examination after MA on day 0 or on the day after
exposure, indicating a transient effect.  The authors considered 1,500 ppm to be the
NOAEL for changes that occurred after the animals were removed from the vapour.

Bernard and David (1996; CoR 1d) conducted a 13-week inhalation neurotoxicity study
according to the US-EPA Toxic Substances Control Act Health Effects Testing Guidelines.
The study consisted of two sets of Sprague-Dawley rats: (i) male and female ad
libitum-fed animals for FOB, MA and neuropathology (NP) endpoints, and (ii) male rats
restricted to 12 - 14 g food/d for schedule-controlled operand behaviour (SCOB).  Both
sets were exposed (6 h/d, at least 65 exposures) to concentrations of 0, 500, 1,500
or 3,000 ppm of n-butyl acetate  (0, 2,400, 7,200 or 14,500 mg/m3) for 14 weeks.
The time-weighted average analytical determinations of the test substance vapour
concentrations were within 10% of the target concentrations.  Nominal concentrations
were generally 13 - 70% higher than the concentrations measured analytically.  Animals
were observed daily for signs of toxicity prior to exposure, once per hour during exposure,
and 30 minutes to 1 hour after exposure.  No mortality occurred during the study.
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Neurotoxicity was evaluated in ad libitum-fed animals using FOB and quantitative
measurement of MA during weeks 1, 4, 8, and 13, and NP at termination.  SCOB testing
was conducted daily in food-restricted male rats.  Prior to n-butyl acetate exposure, rats
were trained to obtain food rewards by pressing a lever 20 times (Fixed Ratio 20, FR20)
and after a 120 seconds interval (Fixed Interval 120, FI120).  The animals were then tested
on a schedule of 4 x FR20 and 2 x FI120 in 47-min sessions (1 x/d, 5 d/wk) during weeks
1 - 13 of exposure and weeks 14 and 15 following cessation of exposure.

Animals exposed to 1,500 ppm and higher had minor reduction in activity levels.  There
was no evidence of a cumulative effect on the severity of the reduced activity.  Control
and 500 ppm animals appeared normal during exposure.  There were no other apparent
differences in the clinical condition of FOB/MA/NP and SCOB animals.  Mean body
weights and body weight gains of the 3,000 ppm male and female ad libitum-fed rats
were significantly lower than in controls.  At 1,500 ppm, there was still some decreased
body weight gain among ad libitum-fed females.  Mean body weight gains for the
500 ppm ad libitum-fed groups were comparable to controls throughout the study.  No
differences in body weight were noted among the male SCOB rats.  There was no evidence
of neurotoxicity during FOB examinations.  Mean total MA at 3,000 ppm was significantly
higher in males than controls during week 4.  Mean total MA counts for all male groups
were closer to baseline values during weeks 8 and 13 and no significant differences were
observed among groups.  No time-treatment interactions were observed in total
ambulations for male groups, and no significant MA differences were present in female
rats.  No significant differences were seen in SCOB at any air concentration.  No treatment
related changes were detected during gross necropsy examinations of male or female
FOB/MA/NP rats exposed to the test substance.  Microscopic evaluations of sections
from the brain, spinal cord (cervical and lumbar regions), dorsal and ventral spinal roots,
dorsal root ganglia, sciatic nerve, and tibial nerve of animals in the control and
3,000 ppm groups did not reveal any treatment-related effects.

In conclusion, repeated exposure to n-butyl acetate vapour at 1,500 and 3,000 ppm
resulted in acute, transient signs of reduced activity during exposure.  There was no
evidence of a cumulative effect on activity during the 13-week exposure period.  In
addition, there was no evidence of neurotoxicity based on FOB, MA, NP, and SCOB
endpoints.  Therefore, the NOAEL for subchronic neurotoxicity to n-butyl acetate for
this study was 3,000 ppm.

Since the n-butyl acetate is rapidly hydrolysed to nBA and acetic acid on entry into
systemic circulation, it is not anticipated by the Task Force that nBA would have effects
other than transient CNS depression.
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10.  EFFECTS ON HUMANS

10.1  Acute and subchronic toxicity

10.1.1  Acute toxicity

Oral, intramuscular, or intravenous administration of 5 to 10 ml of a saturated nBA
solution in saline or water (presumably 7%; 0.35 - 0.70 g nBA) given to 344 patients with
profuse haemorrhage successfully controlled bleeding and did not elicit any signs of
adverse effects (Revici and Ravich, 1953).

Welt (1950) reported another study by Ravich and Revici where patients tolerated
intravenous infusion of 500 ml nBA solution (7%; 35 g nBA) and 10 daily oral doses of
up to 1,500 ml nBA solution (7%; 10 x 105 g nBA) with no negative effects.  Based on
these observations and a further study including 938 patients, nBA was found to be
an effective means of pain control.

10.1.2  Short- and long-term exposure

During controlled experiments on the kinetics and metabolism of nBA, human volunteers
tolerated exposure inhalation to levels of up to 200 ppm (620 mg/m3) for 2 hours without
signs of discomfort (Åstrand et al, 1976) (Section 7.1.1).

The physical condition of approximately 100 male workers exposed to nBA during
the coating and drying of photographic paper was followed for 10 years.  At the beginning
of the study, when the average concentration of nBA in the workplace was 200 ppm
(620 mg/m3), the mean erythrocyte count was slightly decreased.  When the average
concentration was reduced to 100 ppm (310 mg/m3), no systemic effects were observed,
and there were no changes in clinical chemistry or chest X-ray parameters that could be
associated with occupational nBA exposure (Sterner et al, 1949).

In a soft drinks company, 14 workers using a waterborne epoxy spray containing 8%
nBA and 8% butylcellosolve during can-lining were exposed to 8-hour TWA
concentrations in air of 0.757 to 3.44 ppm nBA (2.33 - 10.6 mg/m3).  The authors concluded
that the expoxy ingredient was responsible for the transient respiratory irritation seen
in nearly all 14 workers and for one case of lung sensitisation (NIOSH, 1984).

During cleaning of wing parts at an aircraft manufacture, personal air samples from the
breathing zone of 7 workers exposed to vapours from a degreasing solvent, containing
5% nBA (mixed with 35% perchloroethylene, 30% methylene chloride, 25% aromatic
petroleum solvents, and 5% diacetone alcohol), were found to contain up to 0.5 ppm
nBA (1.5 mg/m3).  The same workers sometimes used another heavy-degreasing solvent
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containing 1,1,1-trichloroethylene (98%) and dioxane (2%).  The 7 solvent-exposed
workers scored lower on neurobehavioural tests measuring attention and alertness than
did 13 non-exposed controls.  Apart from the small number of participants in the study,
the different scores might be attributable to the fact that the selected control subjects
were probably more attentive and alert since their jobs involved reading and writing
(NIOSH, 1986a).

There have been several reports relating to effects in workers of poorly-defined mixed
solvent exposures including nBAfrom which no conclusions can be drawn regarding nBA.

One worker engaged in graphite fishing rod manufacture was exposed to various solvents,
including nBA, methyl ethyl ketone, 2-ethoxyethyl acetate and 2-ethoxyethanol,
evaporating from coating materials.  The personal nBA concentration was less than
the detection limit of 0.7 ppm nBA (2.2 mg/m3).  Potential adverse health effects (on male
and female reproduction) were associated with 2-ethoxyethyl acetate and 2-ethoxyethanol
(NIOSH, 1986b).  In another workshop manufacturing graphite and fibreglass fishing
rods, a coater and a blank washer were exposed to a solvent mixture of nBA, acetone,
toluene and xylene.  nBA concentrations (8 h TWA) were 1.4 to 8.0 ppm (4.3 - 25 mg/m3)
in the coating area, and 2.8 to 3.3 ppm (8.6 - 10.2mg/m3) in the breathing zone of the
coater and 0.6 to 0.9 ppm (1.8 - 2.8 mg/m3) in the breathing zone of the blank washer
(NIOSH, 1986c). In both studies, the subjects complained of headache, light-headedness
and dizziness.

Chronic bronchitis was found in all 11 male workers (age not specified) exposed to nBA
during the manufacture of cellulose acetate ribbon.  Subsequently, the workplace
concentration was found to be 246.2 mg nBA/m3 (80 ppm); this might not have been
representative of the original exposure concentration.  Of the 11 workers, 4 had
dyspnoea and cough, 5 showed signs of moderate anaemia, 3 had abnormal liver
function and 2 experienced hand tremor, while 5 were classified as asymptomatic
(Velazquez et al, 1969).  The findings were not matched to an unaffected control group
or considered in the context of possible confounding factors such as smoking or alcohol,
or exposure to other materials including dust.

Velazquez et al (1969) examined the hearing of the same 11 men who had been exposed
to nBA during the manufacture of cellulose acetate ribbon and who were without the
benefit of personal protective equipment from noise.  Nine of the men experienced
hearing loss (hypo-acusia) in direct relation to exposure duration when compared with
23 individuals of a control group and 47 workers exposed to 90 to 100 dB of industrial
noise alone.  The average hearing loss of the nBA-exposed group in the central frequencies
(500 - 3,000 Hz) was not large, 21.94 dB (range 11.59 - 32.39 dB), with a mean widening
of the break between 3,000 and 4,000 Hz of 42.22 dB.  The average hearing loss tended
to decrease as the frequencies moved away from the central zone.
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Royster (1993) concluded that the audiologic procedures and industrial hygiene methods
used by Velazquez et al (1969) were possibly not adequate and that care should be taken
in drawing firm conclusions from the report.  Royster pounted out that horizontal
and vertical axes were mislabelled on various charts and that the audiograms were
misinterpreted.  Furthermore, calibration problems had existed and subjects were not
screened correctly.  In summary, the audiologic impairment observed by Velazquez
et al may possibly only have been an age- or equipment-related effect.

Three case histories from 1965 to 1971 concerned workers who had handled nBA under
intense light and heat without any precautions in a non-ventilated photographic
laboratory.  Exposure levels were not quantified but must have been excessive; the
exposure duration ranged from 1 months to 2 years.  Obvious signs of transient vertigo
with nausea, vomiting, and headache were observed in 1 worker; this was interpreted
as a Ménière-like disease.  The 2 other workers did not show any signs or symptoms
(Seitz, 1972).  Because of incomplete reporting of the cases and the levels of exposure,
no firm conclusions can be drawn.  The single case of vertigo may have been due to
an extremely high or otherwise incidental exposure level, or to a spontaneous outbreak
of Ménière-like disease.

10.1.3  Evaluation

No adverse effects were reported following the acute oral, intramuscular or intravenous
administration of massive doses of nBA for therapeutic purposes.

In an occupational setting, long term exposure of workers to high concentrations of nBA
vapour was associated with bronchitis, slight anaemia and CNS effects.  Another study
reported hearing losses in workers exposed to nBA vapours for several years.  However,
the results must be interpreted with caution because of deficiencies in documentation
and methodology.  Thus, no definitive conclusion can be drawn at present.  More
information is needed, especially on possible over-exposure on user's sites.

10.2  Eye and respiratory irritation

10.2.1  Epidemiological studies

In a raincoat manufacturing plant, a mixture of nBA with various amounts of diacetone
alcohol and denatured alcohol was used for the "cementing" process.  nBA concentrations
ranged from 15 to 100 ppm (46 - 310 mg/m3).  Of the 35 employees, 28 had between 10
to 1,000 vacuoles in the corneal epithelium.  The affected workers showed signs of
epiphora and complained of itching and burning of the eyes; swelling of the eyelids and
occasional redness of the eyes were also reported.  The symptoms were more severe on
wakening in the morning than during the day.  When the patients were away from work,
the corneal vacuoles decreased and resolved completely in 10 days.  The authors
presumed that the symptoms were caused by nBA, without giving a basis for this
assumption, but added that other compounds might also have been responsible.  No
information on dust exposure was given (Cogan and Grant, 1945).
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Similar cases were described in 6 plants producing waterproof clothing such as ponchos
and raincoats.  nBA was used alone or together with other solvents including methylethy
lketone, ethanol and naphtha (concentrations not stated).  No complaints of ocular
irritation were received from 30 workers when nBA concentrations in workplace air
ranged from 5 to 14 ppm (15 - 43 mg/m3).  When concentrations were between 20 and
65 ppm (62 - 200 mg/m3), 5 of the 30 workers suffered from eye irritation, "sickening
odour", headache, and dizziness.  These symptoms were common at exposures between
60 and 115 ppm (185 - 354 mg/m3) (Tabershaw et al, 1994).

Corneal inflammation was occasionally observed in workers of a photographic paper
production plant exposed to concentrations of nBA of 200 ppm (620 mg/m3) or more.
The symptoms included a burning sensation (that sometimes continued for several days
after cessation of exposure), blurred vision, lachrymation, and photophobia.  These
symptoms began in the middle of the working week and became more severe towards
the end of the week.  When the average concentration was reduced to 100 ppm
(310 mg/m3) complaints of eye irritation or unpleasant odour were rare.  The authors
also noted that there were numerous instances of plant employees working without
complaint at concentrations which were irritating and objectionable to the casual visitor
or to office workers, suggesting that those working with nBA had become acclimated
upon repeated exposure (Sterner et al, 1949).  This does not necessarily preclude
detrimental effects to eyes and respiratory tract from chronic exposure.  Moreover, it
demonstrates that the irritant properties of a material do not necessarily protect against
potential systemic over-exposure.

Employees at a paper processing plant complained of burning eyes, accompanied with
lachrymation.  Clinical examination revealed oedema of the conjunctiva and the corneal
epithelium and, in some cases, corneal epithelial defects.  The causative agent was
believed to be a printing ink containing a considerable amount of nBA. No exposure
levels of nBA or other materials were reported (Peters, 1958).

10.2.2  Studies with volunteers / controlled clinical studies

Controlled chamber studies with 10 male and female volunteers, exposed to nBA for
3 to 5 minutes experienced objectionable nose and throat irritation at 25 ppm (77 mg/m3)
and in addition ocular irritation at 50 ppm (154 mg/m3) (Nelson et al, 1943).  This result
is in contrast to more recent experience (see below) and may possibly be due to limited
means of exposure or exposure assessment.

No discomfort was reported by human volunteers exposed to 200 ppm (620 mg/m3) for
2 hours ((Åstrand et al, 1976) (Section 7.1.1).
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Cometto-Muñiz and Cain (1993) established an odour detection threshold of 54 ppm
nBA (166 mg/m3) in 4 normosmic subjects and a nasal sensory irritation (pungency)
threshold of 1,100 ppm (3,400 mg/m3) in 4 anosmic subjects,  lacking olfaction.

The thresholds for olfactory perception and for sensory irritation towards nBA (purity
99.8%) were determined in 64 individuals (32 acetone-exposed workers and 32 naïve
subjects), and also in 142 individuals ranging in age from 20 to 89 years to evaluate
the effect of age.  The lateralisation technique used allowed objective determination and
ability to distinguish between odour perception and sensory irritation threshold, the
latter being defined as the concentration that produced trigeminal nerve stimulation.
The median threshold for olfactory perception was 0.17 ppm nBA (0.52 mg/m3), which
is considerably lower than the data reported by Cornetto-Muñiz and Cain (1993), and
for irritation 2,402 ppm (7,403 mg/m3).  The lowest irritation threshold in any test subject
was 289 ppm (891 mg/m3).  With increasing age there was a reduction in olfactory
perception (Wysocki and Dalton, 1996), which appears to be a common observation. 

Subsequent to the Wysocki and Dalton studies, Cometto-Muñiz and Cain (1998) repeated
their study using similar lateralisation techniques to determine the odour and irritation
thresholds of a series of n-alcohols, including nBA, in 4 normosmic and 5 anosmic
subjects.  Little, if any, difference was noted between the responses of normosmic and
anosmic subjects.  The thresholds of nBA for odour detection (28.8 ppm or 89 mg/m3)
and nasal irritation (4,163 ppm or 12,830 mg/m3), as extrapolated from a graphical
representation of the data, were similar to, but greater than, the values reported by
Wysocki and Dalton.  The results of this study support those of Wysocki and Dalton,
providing further evidence that the sensory irritation threshold lies substantially above
the odour threshold.

It should be noted that both Cometto-Muñiz and Cain (1993, 1998) studies used few
subjects and also there is a significant discrepancy between the anosmic results of the
two studies.  Specifically the 1993 study observed nasal pungency at 1,100 ppm
(3,400 mg/m3), whereas, in the second study, the value was above 4,000 ppm
(12,300 mg/m3).  This discrepancy questions the reliability of the experimental design
(small sample size) and verification of the exposure concentration in those studies.

10.2.3  Evaluation

nBA is irritant to the skin on repeated or prolonged exposure.  Ocular and respiratory
irritation, including damage of the cornea, has been reported under occupational and
controlled exposure conditions at concentrations higher than 50 ppm (154 mg/m3).
According to two controlled studies, odour perception and nasal irritation thresholds
were 0.17 or 28.8 ppm (0.52 or 89 mg/m3) and 2,402 or 4,163 ppm (7,403 or 12,830 mg/m3).
A more accurate quantitation of the threshold of irritation, if feasible, would be informative.
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11.  HAZARD ASSESSMENT

nBA is a commodity chemical produced in Europe and USA in volumes exceeding
500 kt/y.  The material is a colourless liquid with a vapour pressure of 5.5 to 6.7 hPa,
allowing for saturated vapour concentrations of approximately 29,000 mg/m3

(~ 9,400 ppm).  nBA is manufactured in closed systems, transported in bulk containers
(tank cars or tank trucks) or in smaller quantities (drums and pails).  nBA is primarily
used as an intermediate in the manufacture of other chemicals such as butyl acetate,
butylacrylate and butylglycolethers; considerable quantities are used in applications
involving coating solvents (Table 2).  Although released to air and water during
production and use (Table 3), the majority of nBA released to the environment is expected
to partition to water with little accumulation in soil, biota, sediment or suspended matter
(Table 4).  nBA is readily biodegradable in water, 98.5 to 100% being degraded within
14 days in OECD guideline studies (Section 4.3.4).  Estimates of half-life in air range
from 0.4 to 2.4 days, based on calculated photo-reactivity with hydroxyl radicals or other
volatile oxidants.

The production of nBA and its use in the manufacture of other chemicals are carried out
in closed systems; the potential for exposure is therefore low.  In applications where
nBA is used as a solvent, exposure could result from vapour inhalation or absorption
through skin.  In general, measured values of nBA vapour in an industrial setting fall
well below current regulatory standards (Table 5).

nBA has a low order of toxicity to bacteria and protozoa (Table 8).  In aquatic invertebrates
(Daphnia magna), 48-hour EC50 values based on immobility were ~2,000 mg nBA/l
(Table 9).  In studies with fish, 96 hour LC50 values ranged from 1,700 to 2,300 mg/l
(Table 9).  A 96-hour EC50 value for growth inhibition in algae of > 500 mg/l has also
been reported (Table 10).  These data suggest that, to environmental organisms, nBA
is slightly toxic to relatively non-toxic.

nBA exhibits a low order of toxicity when administered in single doses to laboratory
animals by stomach tube, inhalation or covered application to the skin.  Oral LD50 values
appear to be consistent in different studies using different species (Table 15).  By
inhalation, the LC50 values were > 24,000 mg nBA/m3 (> 7,800 ppm) in the rat and
> 20,000 mg/m3 (6,600 ppm) in the mouse.  A dermal LD50 value of 3,400 mg/kgbw
has been reported for single 24-hour occluded skin application in rabbits.  In general,
for both ingestion and inhalation of high doses/exposure concentrations of nBA, the
major effect in animals is narcosis.  In humans, under normal conditions of handling
and use of nBA, this imminent hazard of acute exposure is not to be expected.  Even
following a catastrophic release of nBA vapour with concentrations approaching
saturation (29,000 mg/m3 or 9,400 ppm), brief exposure would not cause lethal effects
although some degree of narcosis might be encountered.
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Depending on the method used, different results have been reported for the irritant effects
of nBA when applied to the skin of rabbits (Table 18).  Dermal exposure, under occlusive
conditions precluding evaporation from the skin, caused strong irritation and superficial
necrosis.  Slight to moderate skin irritation was seen where the test material was uncovered.
nBA is irritant to the eyes, depending on the extent of dilution (Table 19).

The effects of repeated oral administration and inhalation exposure of rats to nBA has
been studied.  When administered by stomach tube for 13 weeks, the major adverse
effect was transient ataxia and hypoactivity during the latter 6 weeks of the study.
The NOAEL was 125 mg nBA/kg/d (US-EPA, 1986).   The human health hazard following
prolonged oral exposure to nBA is very low.

In a 3-month study in which rats were exposed to nBA vapour, some haematological
(decreased haemoglobin and red blood cell count) and neuromuscular effects were
observed.  Effects were seen at concentrations as low as 150 mg/m3 (50 ppm) (Korsak
et al, 1994).  This study is inadequately described and lacks elements of a conventional
study for repeated exposure, including histopathological evaluation of tissues; thus it
is of limited value.  Bernard and David (1996) conducted a more thorough study with
n-butyl acetate.  (n-Butyl acetate is cleaved rapidly into nBA and may thus be used as
a surrogate, both qualitatively and quantitatively on a molar basis, including equivalent
ppm levels of inhalation).  The study was conducted according to US EPA and OECD
guidelines and under GLP conditions, using exposure concentrations of up to
14,500 mg/m³ (3,000 ppm) for 13 weeks.  Decreased activity during exposure, decreased
body weight, food consumption and clinical signs suggestive of irritant effects were
seen, particularly in animals exposed to the highest concentration.  In contrast to the
Korsak et al study, haematological studies showed a slight increase in red blood cell
count, haematocrit and haemoglobin.  The nasal passages and the stomach were identified
as target tissues.  The effects on nasal tissues are likely to be attributable to the acetate
moiety of the molecule.  The NOAEL for systemic toxicity was 1,500 mg/m3 (500 ppm).
Based on this result, the human health hazard following prolonged inhalation exposure
to nBA is judged by the Task Force to be low.

In general, no mutagenic activity was detected in several tests for gene mutation in both
bacteria and mammalian cell lines (Section 8.4.1) and no clastogenic activity was observed
in in vivo test systems (Section 8.4.2).  nBA is thus not genotoxic.  Moreover, there is
no evidence implicating nBA as a carcinogen in animals or humans.

nBA has been tested in vapour inhalation studies for effects on the developing offspring
of rats.  Foetotoxicity (decreased foetal weight and slight increases in skeletal variations
or malformations) was observed only at exposure concentrations toxic to the mother
(Nelson et al, 1989a).  These effects are generally associated with foetotoxicity and
are consistent with non-specific delayed development following maternal toxicity.
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The NOAEL for both maternal and foetal toxicity was ~ 10,800 mg nBA/m3 (3,500 ppm).
The developmental toxicity of nBA has also been studied in rats when administered
in drinking water (Sitarek et al, 1994).  The lack of methodological details of this study
do not permit a proper evaluation of results.  The lack of specific developmental toxicity
on the part of nBA is supported by studies conducted with n-butyl acetate in rats and
rabbits.  In these studies no effects attributable to the test compound were observed
on the foetuses of rabbits and the minimal effects seen in rats, indicative of retarded
development, were observed at exposure concentrations toxic to the mothers
(7,200 mg/m3 or 1,500 ppm).

A limited number of neurobehavioural and neurochemical parameters were affected in
neonates of mothers exposed to nBA (Nelson et al, 1989b).  Again, these effects were
noted in the presence of maternal toxicity.  No patterns of results characteristic of specific
developmental neurotoxicity were seen.  The NOAEL was 18,500 mg/m3 (6,000 ppm).

nBA had no effect on male fertility, as shown in a study in which male rats were exposed
to nBA vapour for 6 weeks and then mated with unexposed females.  In the same study,
reproductive indices of pregnant females exposed during the entire period of gestation
were unaffected.  The NOAEL for effects on fertility is thus > 18,500 mg/m3 (> 6,000 ppm)
(Nelson et al, 1989b).  Additional supporting evidence for a lack of effect on fertility is
provided by the subchronic study with n-butyl acetate (Bernard and David, 1996).  The
study included extensive investigations on male reproductive tissue and sperm.  No
effects on  either the reproductive organs or sperm were noted at exposure concentrations
up to 14,500 mg/m3 (3,000 ppm).

As shown for single exposures to high doses/concentrations of nBA, narcosis appears
to be the most immediate and often the only effect observed following repeated
administration.  In addition, in longer-term studies with animals, hypoactivity and ataxia
were observed suggestive of CNS depression, an effect often associated with other
alcohols and esters.  In a subchronic oral gavage study in rats, transient effects consistent
with CNS depression were noted at 500 mg/kg/d but not at 125 mg/kg/d (US EPA, 1986).
In a repeated inhalation study in rats with n-butyl acetate (Bernard and David, 1996),
the NOAEL for apparent CNS depression was 2,400 mg/m3 (500 ppm) with hypoactivity
noted only during exposure at concentrations of 7,200 mg/m3 (1,500 ppm) and greater.
No gross changes were observed in other specific measures for evaluation of
neurotoxcity (SCOB, NP, MA and FOB) even at the highest exposure concentration
(14,500 mg/m3; 3,000 ppm).
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NOAEL and LOEL values for various endpoints are summarised in Table 23.  Based
on the available information the most sensitive endpoint of toxicity would appear to be
CNS depression.  No specific target organs have been identified in the more reliable
studies conducted with nBA and the pattern of findings from studies conducted by
repeated exposure are generally limited to non-specific effects, i.e. decreased weight
gain and decreased food consumption.

Table 23: NOAEL and LOEL values

Endpoint NOAEL LOEL Effect
(mg/kg/d) (mg/kg/d)

Repeated oral 125 500 CNS depression
administration (gavage)

(mg/m3) (ppm) (mg/m3) (ppm)
Repeated inhalation 2,400 500 7,200 1,500 CNS Depression, decreased
(n-butyl acetate a) body weight and food 

consumption
Foetal toxicity 10,800 3,500 18,500 6,000 Decreased foetal weight
Maternal toxicity 10,800 3,500 18,500 6,000 Decreased food consumption
Fertility > 18,500 6,000 ND ND
Specific neurotoxicity > 14,500 3,000 ND ND
(n-butyl acetate a)
a Equivalent to nBA on a molar (ppm) basis
ND  Not determined
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12.  FIRST AID AND SAFE HANDLING ADVICE

12.1  First aid and medical treatment

There is no specific treatment or antidote for over-exposure to nBA.  Supportive medical
treatment as indicated by the patient's condition is recommended.

12.1.1  Skin and eye injuries

Clothing contaminated with nBA should be removed and either discarded or laundered
before re-use.  Affected areas of skin should be washed with copious quantities of water
for at least 10 minutes.  If the eyes are splashed with nBA, they should be irrigated
immediately and for at least 10 minutes with eye-wash solution or clean water, holding
the eyelids apart.  A physician should be consulted.

12.1.2  lnhalation

The subject over-exposed to nBA vapours should be taken into fresh air, kept warm and
at rest if difficulty in breathing is experienced.  If a patient stops breathing, artificial
respiration should be administered until qualified medical personnel are able to take
over.  Medical aid should be summoned immediately.

12.1.3  Ingestion

If nBA has been swallowed, do not induce vomiting as aspiration into the lungs may
cause chemical pneumonitis.  Never administer anything by mouth to an unconscious
person.  A physician should be consulted immediately.

12.2  Safe handling

12.2.1  Safety at work

In order to avoid danger of fire and explosion, good ventilation at the workplace and
in storage is essential.  Usual industrial hygiene standards must be regarded.  Gloves
(rubber) and eye protection (close-fitting protective goggles) should be worn.
Contamination of skin and clothes is to be avoided.

12.2.2  Storage safety

The material is to be stored in tightly closed vessels under cool and dry conditions.

70

n-Butanol (CAS No. 71-36-3)

ECETOC JACC No. 41



12.2.3  Fire safety and extinguishers

A fire extinguisher should be kept at hand.  Suitable extinguishing media: water spray,
dry media, alcohol-resistant foam or CO2.  Containers should be kept cool by spraying
with water if exposed to fire.  Foam should be applied in large quantities, since it is
subject to degradation by the product.

12.2.4  Protection against fire and explosion

Measures to avoid electrostatic charges should be introduced.  Avoid sources of open
fire and ignition.

12.3  Management of spillage and waste

Ensure adequate ventilation and extinguish ignition sources.  Dam off and pump larger
amounts into containers, soak residues with absorbent material and dispose of in
accordance with local regulations.
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solvents. Int Congr Ser-Excerpta Med 440:196-199 [Influence of solvents on enzyme assays].

Yashuda Y, Cabral AM, Antonio A. 1976. Inhibitory action of aliphatic alcohols on smooth
muscle contraction. Pharmacology 14:473-478 [Pharmacological investigation in vitro].

Yonezawa Y, Urushigawa Y. 1979. Chemico-biological interactions in biological
purification systems. V. Relation between biodegradation rate constants of aliphatic
alcohols by activated sludge and their partition coefficients in a 1-octanol-water system.
Chemosphere 3:139-142 [QSAR based on log Pow and biodegradation rate].

Yoshiyama Y, Nagai K, Some H, Tamura G. 1973. Selection inhibition by pantoyl lactone
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APPENDIX A:  ABBREVIATIONS

ADH Alcohol dehydrogenase
ALDH Aldehyde dehydrogenase
BCF Bioconcentration factor
bw Body weight
CNS Central nervous system
COD Chemical oxygen demand
CoR Code of reliability (Appendix B)
FID Flame ionisation detector
FOB Functional observational battery
GC Gas chromatography 
h Hour
HPLC High-pressure liquid chromatography
IDLH Immediately dangerous to life or health
LOEL Lowest observed effect level
MA Motor activity
min Minute
MS Mass spectrometry
NADPH Nicotine-amide adenine dinucleotide phosphate hydrogenase
NOAEL No-observed adverse effect level
NP Neuropathology 
NS Not stated
OEL Occupational exposure limit (value)
POCP Photochemical ozone creation potential 
QSAR Quantitative structure-activity relationship
RfD Reference dose
s Second
SCOB Schedule-controlled operand behaviour
sp. Species
STEL Short-term exposure limit (value)
TOC Total organic carbon (including dissolved and particulate organic matter)
TWA Time-weighted average (concentration)
VOC Volatile organic compound
wk Week
WWTP Wastewater treatment plant
y Year
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APPENDIX B:  CRITERIA FOR RELIABILITY CATEGORIES

Adapted from Klimisch et al (1997)

Code of Category of reliability
Reliability
(CoR)

1 Reliable without restriction
1a GLP guideline study (OECD, EC, EPA, FDA, etc...)
1b Comparable to guideline study
1c Test procedure in accordance with national standard methods (AFNOR, DIN, etc...)
1d Test procedure in accordance with generally accepted scientific standards and described 

in sufficient detail

2 Reliable with restrictions
2a Guideline study without detailed documentation
2b Guideline study with acceptable restrictions
2c Comparable to guideline study with acceptable restrictions
2d Test procedure in accordance with national standard methods with acceptable restrictions
2e Study well documented, meets generally accepted scientific principles, acceptable for

assessment
2f Accepted calculation method
2g Data from handbook or collection of data

3 Not reliable
3a Documentation insufficient for assessment
3b Significant methodological deficiencies
3c Unsuitable test system

4 Not assignable
4a Abstract
4b Secondary literature
4c Original reference not yet available
4d Original reference not translated (e.g. Russian)
4e Documentation insufficient for assessment
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No. 32 Methylene Chloride (Dichloromethane): Human Risk Assessment Using Experimental Animal

Data
No. 33 Nickel and Nickel Compounds: Review of Toxicology and Epidemiology with Special

Reference to Carcinogenesis
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No. 38 A Guide to the Classification of Preparations Containing Carcinogens, Mutagens and

Teratogens
No. 39 Hazard Assessment of Floating Chemicals After an Accidental Spill at Sea
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No. 40 Hazard Assessment of Chemical Contaminants in Soil
No. 41 Human Exposure to N-Nitrosamines, their Effects and a Risk Assessment for

N-Nitrosodiethanolamine in Personal Care Products
No. 42 Critical Evaluation of Methods for the Determination of N-Nitrosamines in Personal Care

and Household Products
No. 43 Emergency Exposure Indices for Industrial Chemicals
No. 44 Biodegradation Kinetics
No. 45 Nickel, Cobalt and Chromium in Consumoducts: Allergic Contact Dermatitis
No. 46 EC 7th Amendment: Role of Mammalian Toxicokinetic and Metabolic Studies in the

Toxicological Assessment of Industrial Chemicals
No. 47 EC 7th Amendment "Toxic to Reproduction": Guidance on Classification
No. 48 Eye Irritation: Reference Chemicals Data Bank (Second Edition)
No. 49 Exposure of Man to Dioxins: A Perspective on Industrial Waste Incineration
No. 50 Estimating Environmental Concentrations of Chemicals using Fate and Exposure Models
No. 51 Environmental Hazard Assessment of Substances
No. 52 Styrene Toxicology Investigation on the Potential for Carcinogenicity
No. 53 DHTDMAC: Aquatic and Terrestrial Hazard Assessment (CAS No. 61789-80-8)
No. 54 Assessment of the Biodegradation of Chemicals in the Marine Environment
No. 55 Pulmonary Toxicity of Polyalkylene Glycols
No. 56 Aquatic Toxicity Data Evaluation
No. 57 Polypropylene Production and Colorectal Cancer
No. 58 Assessment of Non-Occupational Exposure to Chemicals
No. 59 Testing for Worker Protection
No. 60 Trichloroethylene: Assessment of Human Carcinogenic Hazard
No. 61 Environmental Exposure Assessment
No. 62 Ammonia Emissions to Air in Western Europe
No. 63 Reproductive and General Toxicology of some Inorganic Borates and Risk Assessment for

Human Beings
No. 64 The Toxicology of Glycol Ethers and its Relevance to Man
No. 65 Formaldehyde and Human Cancer Risks
No. 66 Skin Irritation and Corrosion: Reference Chemicals Data Bank
No. 67 The Role of Bioaccumulation in Environmental Risk Assessment: The Aquatic Environment

and Related Food Webs
No. 68 Assessment Factors in Human Health Risk Assessment
No. 69 Toxicology of Man-Made Organic Fibres
No. 70 Chronic Neurotoxicity of Solvents
No. 71 Inventory of Critical Reviews on Chemicals (Only available to ECETOC members)
No. 72 Methyl tert-Butyl Ether (MTBE) Health Risk Characterisation
No. 73 The Value of Aquatic Model Ecosystem Studies in Ecotoxicology
No. 74 QSARs in the Assessment of the Environmental Fate and Effects of Chemicals
No. 75 Organophosphorus Pesticides and Long-term Effects on the Nervous System
No. 76 Monitoring and Modelling of Industrial Organic Chemicals, with Particular Reference to

Aquatic Risk Assessment
No. 77 Skin and Respiratory Sensitisers: Reference Chemicals Data Bank
No. 78 Skin Sensitisation Testing: Methodological Considerations
No. 79 Exposure Factors Sourcebook for European Populations (with Focus on UK Data)
No. 80 Aquatic Toxicity of Mixtures
No. 81 Human Acute Intoxication from Monochloroacetic Acid: Proposals for Therapy
No. 82 Risk Assessment in Marine Environments
No. 83 The Use of T25 Estimates and Alternative Methods in the Regulatory Risk Assessment of

Non-threshold Carcinogens in the European Union
No. 84 Scientific Principles for Soil Hazard Assessment of Substances
No. 85 Recognition of, and Differentiation between, Adverse and Non-adverse Effects in 

Toxicology Studies
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No. 86 Derivation of Assessment Factors for Human Health Risk Assessment
No. 87 Contact Sensitisation: Classification According to Potency
No. 88 Environmental Risk Assessment of Difficult Substances
No. 89 (Q)SARS: Evaluation of the commercially available software for human health and

environmental endpoints with respect to chemical management applications
No. 90 Persistence of Chemicals in the Environment
No. 91 Aquatic Hazard Assessment II

Joint Assessment of Commodity Chemicals (JACC) Reports

No. Title

No. 1 Melamine
No. 2 1,4-Dioxane
No. 3 Methyl Ethyl Ketone
No. 4 Methylene Chloride
No. 5 Vinylidene Chloride
No. 6 Xylenes
No. 7 Ethylbenzene
No. 8 Methyl Isobutyl Ketone
No. 9 Chlorodifluoromethane
No. 10 Isophorone
No. 11 1,2-Dichloro-1,1-Difluoroethane (HFA-132b)
No. 12 1-Chloro-1,2,2,2-Tetrafluoroethane (HFA-124)
No. 13 1,1-Dichloro-2,2,2-Trifluoroethane (HFA-123)
No. 14 1-Chloro-2,2,2-Trifluoromethane (HFA-133a)
No. 15 1-Fluoro 1,1-Dichloroethane (HFA-141B)
No. 16 Dichlorofluoromethane (HCFC-21)
No. 17 1-Chloro-1,1-Difluoroethane (HFA-142b)
No. 18 Vinyl Acetate
No. 19 Dicyclopentadiene (CAS: 77-73-6)
No. 20 Tris-/Bis-/Mono-(2 ethylhexyl) Phosphate 
No. 21 Tris-(2-Butoxyethyl)-Phosphate (CAS:78-51-3)
No. 22 Hydrogen Peroxide (CAS: 7722-84-1)
No. 23 Polycarboxylate Polymers as Used in Detergents
No. 24 Pentafluoroethane (HFC-125) (CAS: 354-33-6)
No. 25 1-Chloro-1,2,2,2-tetrafluoroethane (HCFC 124) (CAS No. 2837-89-0)
No. 26 Linear Polydimethylsiloxanes (CAS No. 63148-62-9)
No. 27 n-Butyl Acrylate (CAS No. 141-32-2)
No. 28 Ethyl Acrylate (CAS No. 140-88-5)
No. 29 1,1-Dichloro-1-Fluoroethane (HCFC-141b) (CAS No. 1717-00-6)
No. 30 Methyl Methacrylate (CAS No. 80-62-6)
No. 31 1,1,1,2-Tetrafluoroethane (HFC-134a) (CAS No. 811-97-2)
No. 32 Difluoromethane (HFC-32) (CAS No. 75-10-5)
No. 33 1,1-Dichloro-2,2,2-Trifluoroethane (HCFC-123) (CAS No. 306-83-2)
No. 34 Acrylic Acid (CAS No. 79-10-7)
No. 35 Methacrylic Acid (CAS No. 79-41-4)
No. 36 n-Butyl Methacrylate; Isobutyl Methacrylate (CAS No. 97-88-1) (CAS No. 97-86-9)
No. 37 Methyl Acrylate (CAS No. 96-33-3)
No. 38 Monochloroacetic Acid (CAS No. 79-11-8) and its Sodium Salt (CAS No. 3926-62-3)
No. 39 Tetrachloroethylene (CAS No. 127-18-4)
No. 40 Peracetic Acid (CAS No. 79-21-0) and its Equilibrium Solutions
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Special Reports

No. Title

No. 8 HAZCHEM; A Mathematical Model for Use in Risk Assessment of Substances
No. 9 Styrene Criteria Document
No. 10 Hydrogen Peroxide OEL Criteria Document (CAS No. 7722-84-1)
No. 11 Ecotoxicology of some Inorganic Borates
No. 12 1,3-Butadiene OEL Criteria Document (Second Edition) (CAS No. 106-99-0)
No. 13 Occupational Exposure Limits for Hydrocarbon Solvents
No. 14 n-Butyl Methacrylate and Isobutyl Methacrylate OEL Criteria Document
No. 15 Examination of a Proposed Skin Notation Strategy
No. 16 GREAT-ER User Manual
No. 17 Risk Assessment Report for Existing Substances Methyl tertiary-Butyl Ether

Documents

No. Title

No. 32 Environmental Oestrogens: Male Reproduction and Reproductive Development
No. 33 Environmental Oestrogens: A Compendium of Test Methods
No. 34 The Challenge Posed by Endocrine-disrupting Chemicals
No. 35 Exposure Assessment in the Context of the EU Technical Guidance Documents on Risk

Assessment of Substances
No. 36 Comments on OECD Draft Detailed Review Paper: Appraisal of Test Methods for Sex-

Hormone Disrupting Chemicals
No. 37 EC Classification of Eye Irritancy
No. 38 Wildlife and Endocrine Disrupters: Requirements for Hazard Identification
No. 39 Screening and Testing Methods for Ecotoxicological Effects of Potential Endocrine Disrupters:

Response to the EDSTAC Recommendations and a Proposed Alternative Approach
No. 40 Comments on Recommendation from Scientific Committee on Occupational Exposure Limits

for 1,3-Butadiene
No. 41 Persistent Organic Pollutants (POPs) Response to UNEP/INC/CEG-I Annex 1
No. 42 Genomics, Transcript Profiling, Proteomics and Metabonomics (GTPM). An Introduction
No. 43 Contact Sensitisation: Classification According to Potency, A Commentary

116

n-Butanol (CAS No. 71-36-3)

ECETOC JACC No. 41


