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NOTE TO READERS OF THE CRITERIA DOCUMENTS

Every effort has been made to present information in
the criteria documents as accurately as possible without
unduly delaying their publication. In the interest of all
users of the environmental health criteria documents,
readers are kindly requested to communicate any errors
that may have occurred to the Manager of the International
Programme on Chemical Safety, World Health Organization,
Geneva, Switzerland, in order that they may be included in
corrigenda, which will appear in subsequent volumes.

A detailed data profile and a legal file can be
obtained from the International Register of Potentially
Toxic Chemicals, Palais des Nations, 1211 Geneva 10,
Switzerland (Telephone No. 7988400 or 7985850).
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ENVIRONMENTAL HEALTH CRITERIA FOR
TRI-n-BUTYL PHOSPHATE

A WHO Task Group meeting on Environmental Health Cri-
teria for Tri-n-butyl Phosphate was held at the British
Industrial  Biological [Research  Association (BIBRA),
Carshalton, United Kingdom, from 9 to 13 October 1989. Dr
S.D. Gangolli, Director, | BIBRA, welcomed the participants
on behalf of the host institution and Dr M. Gilbert opened
the meeting on behalf |of the three cooperating organiz-
ations of the IPCS (ILQ, UNEP, WHO). The Task Group
reviewed and revised the draft criteria document and made
an evaluation of the [risks for human heaith and the
environment from exposure to tri-n-butyl phosphate.

The first draft of this document was prepared by Dr A.
Nakamura, National Institute for Hygienic Sciences, Japan.
Dr M. Gilbert and Dr P.G. Jenkins, both members of the
IPCS Central Unit, ere responsible for the overall
scientific content and editing, respectively.
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1. SUMMARY

1.1 Identity, physical and chemical properties, analytical
methods

Tri-n-butyl - phosphate (TBP) is a non-flammable, non-
explosive, colourless, odourless liquid. However, it is
thermally unstable and begins to decompose at temperatures
below its boiling point. By analogy with the known chemi-
cal properties of trimethyl phosphate, TBP is thought to
hydrolyse readily in either acidic, neutral, or alkaline
solutions. It behaves as a weak alkylating agent. The
partition coefficient between octanol and water (log
P.w) is 3.99-4.01.

The analytical method of choice is gas-liquid chroma-
tography with a nitrogen-phosphorus sensitive or flame
photometric detector. The detection limit in water is
about 50 ng/litre. Contamination of analytical reagents
with TBP has been frequently reported; therefore, care
must be taken in order to obtain reliable data in trace
analysis of TBP.

1.2 Sources of human and environmental exposure

TBP is manufactured by the reaction of n-butanol with
phosphorus oxychloride. It is used as a solvent for cellu-
lose esters, lacquers, and natural gums, as a primary
plasticizer in the manufacture of plastics and vinyl
resins, as a metal extractant, as a base stock in the
formulation of fire-resistant aircraft hydraulic fluids,
and as an antifoaming agent. During the past few years,
the utilization of TBP as an extractant in the dissol-
ution process in conventional nuclear fuel reprocessing
has increased considerably.

Exposure of the general population through normal use
can be regarded as minimal.

1.3 Environmental transport, distribution, and transformation

When used as an extraction reagent, solvent, or anti-
foaming agent, TBP is continuously lost to the air and

11



Summary

aquatic environment. The biodegradation of TBP is moderate
or slow depending on the ratic of TBP to active biomass.
It involves stepwise enzymatic hydrolysis to orthophos-
phate and n-butanol, which undergoes further degradation.
The concentration of TBP in water is not decreased by
standard techniques for drinking-water treatment.

Bioconcentration factors (BCF) measured for two
species of fish (killifish and goldfish) range from 6 to
49. The depuration half-life was 1.25 h.

1.4 Environmental levels and human exposure

TBP has been found frequently in air, water, sediment,
and aquatic organisms, but levels in environment samples
are low. Higher concentrations of TBP have been detected
in air, water, and fish samples collected near paper manu-
facturing . plants in Japan: 13.4 ng/m3® in air; 25 200 ng
per litre in river water, 111 ng/g in fish organs. Total
diet-studies in the United Kingdom and the USA indicate
average daily TBP intakes of approximately 0.02-0.08 ug per
kg body weight per day.

1.5 Effects on organisms in the environment

The inhibitory concentrations (ECy, ECgq, ECyqq) of TBP
for the multiplication of unicellular algae, protozoa, and
bacteria have been estimated to lie within the range of
3.2-100 mg/litre. The acute toxicity fish (LCg) ranges
from 4.2 to 11.8 mg/litre. TBP -increases the drying rate
of plant leaves, which results in rapid and complete inhi-
bition of leaf respiration.

1.6 Kinetics and metabolism

In experimental animals, oral or intraperitoneally in-
jected TBP is readily transformed by the liver, and pre-
sumably by the kidney, to yield hydroxylated products as
butyl moieties. TBP is excreted mainly as dibutyl hydrogen
phosphate, butyl dihydrogen phosphate, and butyl bis-
(3-hydroxybutyl) phosphate. Alkyl moieties hydroxylated as
alkyl chains are removed and excreted partly as N-acetylalkyl
cysteine and partly as carbon dioxide.

12



EHC 112: Tri-n-butyl Phosphate

1.7 Effects on experimental animals and in vitro test systems

Oral LDg, values for TBP in mice and rats have been
reported to range from about 1 to 3 g/kg, indicating rela-
tively low acute toxicity.

In subchronic toxicity studies with TBP, dose-depend-
ent depression of body weight gain and increases in liver,
kidney, and testis weights were reported. The results of
the subchronic studies indicate that the kidney may be a
target organ of TBP.

Primary skin irritation caused by TBP in albino rab-
bits may be as serious as that caused by morpholine.

TBP is reported to be slightly teratogenic at high
dose levels. The mutagenicity of TBP has been inadequately
investigated. Negative results have been reported in bac-
terial tests and in a recessive lethal mutation test with
Drosophila melanogaster.

There are no adequate data to assess the carcino-
genicity of TBP, and the effects on reproduction have not
been investigated.

The ability of TBP to produce delayed neuropathy has
been inadequately investigated. Effects seen following
oral administration of a high dose (0.42 ml/kg per day for
14 days) suggested delayed neuropathy, but no axonal de-
generation was seen and no definite conclusions could be
drawn. This same high dose (0.42 ml/kg per day for 14
days) caused a  significant reduction in conduction vel-
ocity of the caudal nerve and morphological alteration of
unmyelinated fibres in rats. These results indicate that
TBP has a neurotoxic effect on the peripheral nerve.

1.8 Effects on humans

In an in vitro study, TBP has been reported to have a
slight inhibitory effect on human plasma cholinesterase.

There are no case reports of delayed neurotoxicity, as
has been observed in cases of tri-o-cresyl phosphate
poisoning.

13
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2. IDENTITY, PHYSICAL AND CHEMICAL PROPERTIES,
ANALYTICAL METHODS

2.1 Identity

Chemical Structure:

o

HyC — (CHp)y — O — P —— O — (CHp); — CHj

o

(CHy)y

CH,

Molecular formula: C,,H,,0,P

Relative molecular mass: 266.3

CAS chemical name: Phosphoric acid, tributyl ester
CAS registry number: 126-73-8

RTECS registry number: TC7700000

Synonyms: TBP; tri-n-butyl phosphate; phosphoric acid,
tri-n-butyl ester

Trade name:  Phosflex 4®; Skydrol LD-4®; Celluphos 4®;
Disphamol 1 TBP®

Manufacturers and suppliers (Modern Plastics Encyclopedia,
1975; Parker, 1980; Laham et al., 1984):
Albright & Wilson Ltd.;
A & K Petroleum Ind. Ltd. (Laham et al., 1984);
Ashland Chemical Co.; Bayer AG; .
Commercial Solvent Corp.; East Coast Chemicals Co.;
FMC Corporation; McKesson Chemical Co.;
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Mobay Chemical Co.; Mobil Chemical Co.;
Monsanto Chemical Co.; Rhone-Poulenc Co.;
Protex (SA) Stauffer Chemical Co.; Tenneco
Organics Daihachi Chemical Ind. Co.; Nippon
Chemical Ind. Co. Ltd.

2.2 Physical and chemical properties

The physical properties of tri-n-butyl phosphate
(TBP) are listed in Table 1.

Table 1. Physical properties of tri-n-butyl phosphate

Physical state colouriess, odourless liquid

Melting point (°C) -80%

Boiling point (°C) 289 (with decomp.)b.9; 177-178 (3.6 kPa)bd;
150 (1.33 kPa)?

Fiash point (°C) 193P; 1667; 1469

Relative density 0.973-0.983 (25 °C)?; 0.978 (20 °C)3

Refractive index 1.4226 (25 °C)?; 1.4215 (25 °C)?

Viscosity (cSt) 3.5-12.20;3.72

Surface tension 29 dynes/cm (20 °C)

Vapour pressure 66.7 kPa (200 °C)?; 973 Pa (150 °C)2
133 Pa (100 °C)%; 9 Pa (25 °C)

Solubility in organic solvents miscible with organic solvents

Solubility in water (mg/litre) 1012 (4 °C)®; 0.422 (25 °C)°;
2.85x 104 (50 °C)®

Octanol-water partition coefficient 4.00%; 3.999; 4.01h

(log Pey)

2 Laham et al. (1984)

5 Modern Plastics Encyclopedia (1975)

¢ Parker (1980)

9 Windholz (1983)

¢ Higgins et al. (1959)

! Saeger et al. (1979)

i Sasaki et al. (1981)

Kenmotsu et al. (1980b)

TBP is non-flammable and non-explosive. However, it
is thermally unstable and begins to decompose at temper-
atures below its boiling point (Paciorex et al., 1978;
Bruneau et al., 1981). The weak bond of the molecule is
the C-O bond, and its primary splitting leads to butene
and phosphoric acid (Bruneau et al., 1981). With an
excess of oxygen, complete combustion to carbon dioxide
and water occurs at about 700 °C (Bruneau et al., 1981).

15
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Despite a lack of data, TBP is thought to hydrolyse
readily in either acidic, neutral, or alkaline solution,
based on the known chemical properties of trimethyl
phosphate (Barnard et al., 1961).

2.3 Conversion factor

Tributyl phosphate 1 ppm = 10.89 mg/m3

2.4 Analytical methods

2.4.1

Analytical methods for determining TBP in air, water,
sediment, fish, and biological tissues are summarized in
Table 2. The methods of choice are gas chromatography (GC)
equipped with a nitrogen-phosphorus sensitive detector
(GC/NPD) or flame photometric detector (GC/FPD), and gas
chromatography plus mass spectrometry (GC/MS). The detec-
tion limit in water by GC/NPD or GC/FPD is approximately
50 ng/litre. TBP and other trialkyl/aryl phosphates
(TAPs), e.g., triphenyl phosphate (TPP), trioctyl phos-
phate, and tricresyl phosphate (TCP), can be simul-
taneously determined by GC. Thin-layer chromatography
{TLC) is sometimes used for determining TBP but is not
widely applicable.

Extraction and concentration

TBP is easily extracted from aqueous solution with
methylene chloride or benzene (Kenmotsu et al.,, 1980a;
Kurosaki et al.,, 1983; Ishikawa et al., 1985). Low levels
of TBP in water are successfully concentrated on Amberlite
XAD-2 resin (Lebel et al.,, 1979, 1981), XAD-4 resin
(Hutchins et al., 1983), or a mixed resin of XAD-4 and
XAD-8 (Rossum & Webb, 1978). The purge-trap method with
charcoal filter for ng/litre levels of TBP was reported by
Grob & Grob (1974), but the percentage recovery was not
calculated.

TBP may be extracted from sediment with polar solvents
such as acetonitrile (Kenmotsu et al.,, 1980a) or acetone
(Ishikawa et al., 1985).

Acetonitrile and methylene chloride (Kenmotsu et al.,
1980a) or acetone-hexane (Lebel & Williams, 1983; EAIJ,
1984) have been used for extracting TBP from fish or

16
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adipose tissues. Gas-phase and particulate TBP in the
atmosphere have been simultaneously collected on glycerol-
coated Florisil® columns (Yasuda, 1980).

An octadecyl column has been used for extracting and
concentrating TBP in blood plasma preparations (Pfeiffer,
1988). The sample was passed through the column from which
TBP was eluted with chloroform. The recovery of 50 ug per
litre was more than 90% of the TBP added to the column.

Clean-up procedure

Florisil column chromatography has been wused for
clean-up (Kenmotsu, et al.,, 1980a; Lebel & Williams, 1983;
EAJ, 1984). This method allows the separation of TBP from
other phosphate esters, e.g., TPP, and from organophos-
phorus pesticides, e.g., parathion.. Sulfur-containing com-
pounds, which often exist in sediment samples and inter-
fere with the analysis of TBP by GC/FPD, are easily separ-
ated by elution with hexane from the Florisil column. Re-
extraction with sulfuric acid from the hexane layer is a
useful technique to avoid interference by sulfur-contain-
ing compounds (Kenmotsu et al., 1980a). However, it is
difficult to separate TBP from lipids by Florisil column
chromatography  because of their similar  polarities
(Kenmotsu et al., 1980a). In such cases, gel permeation
chromatography (GPC) is useful (where the elution volume
varies depending on the type of phosphate ester, i.e.
trialkyl, triaryl, or tri(haloalkyl) phosphates) (Lebel &
Williams, 1983). Partitioning between acetonitrile and
petroleum ether is an effective way of separating TBP from
adipose tissue (Kenmotsu et al., 1980a; EAJ, 1984). Acti-
vated charcoal column chromatography has also been used to
separate  TBP from co-extractives of sediment samples
(Kenmotsu et al., 1980a) .

Gas chromatography and mass spectrometry

To identify TBP in environmental samples by packed
column GLC, a comparison of each retention time using two
types of liquid phase of different polarity is desirable.
As a low polarity liquid phase, 3% or 10% OV-1 (Kenmotsu
et al, 1980a; Ramsey & Lee, 1980), 2% or 3% SE-30
(Ramsey & Lee, 1980; EAJ, 1984), 2% or 3% OV-17 (Lebel et
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al., 1981; EAJ, 1984), 3% or 7% OV-101 (Sasaki et al.,
1981; Lebel et al., 1981), SP-2100 (Rossum & Webb, 1978),
2% OV-225 (Yasuda, 1980), 2% DC-200 (EAJ, 1984), and 2%
OV-17 plus 2% PZ-179 (Ishikawa et al., 1985) have been
used. For the higher polarity liquid phase, 1% or 2% QF-1
(Bloom, 1973; Kurosaki et al., 1983), 5% FFAP, and 5%
Thermon-3000 (Kenmotsu et al., 1980a, 1982) have been
used. When a non-polar liquid phase is used in packed
column GC, the reproducibility of the phosphate ester
chromatogram is often poor. High loading of the liquid
phase generally gives a good reproducibility (Kenmotsu et
al., 1980a; Nakamura et al., 1980).

Capillary column GC has also been used for the
identification and determination of TBP in environmental
samples. Lebel et al. (1981) and Hutchins et al. (1983)
used SP-2100 fused silica capillary column (25 m long;
0.22 mm internal diameter) for the determination of TBP in
water samples. A wide-bore capillary glass column (25 m
long) coated with OV-101 was used by Rogers & ‘Mahood
(1982).

Lebel & Williams (1983) used GC-MS for identifying
TBP. The selected ion monitoring (SIM) technique is also
useful for the quantification of low TBP levels (Lebel et
al,, 1981; Lebel & Williams, 1983; Ishikawa et al.,
1985).

Contamination of analytical reagents

The widespread use of TBP in the plastics and paper
industries may cause contamination of analytical reagents.
Traces of TBP have been found in cyclohexane (Bowers et
al., 1981; Karasek et al, 1981), methylene chloride
(Lebel et al, 1981), activated charcoal, and Avicel
(crystalline cellulose) (Kenmotsu et al, 1980a). There-
fore, care must be taken in order to obtain reliable data
in trace analysis of TBP.

Other analytical methods
TLC has been used for determining TBP. Bloom (1973)
reported good separation of TBP by coupling TLC with GC.

Komlev et al. (1979) described an analytical method for
TBP in waste water and air using TLC. Tittarelli &
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Mascherpa (1981) described a highly specific HPLC detector
for TAPs wusing a graphite furnace atomic absorption
spectrometer. In general, TLC and HPLC have not been as
widely used as GC. Parker (1980) described the automatic
monitoring of air using a flame photometric detector.

21



Sources of Human and Environmental Exposure

3. SOURCES OF HUMAN AND
ENVIRONMENTAL EXPOSURE

3.1 Productions and processes

TBP does not occur naturally in the environment. Fig-
ures concerning total world production are not available.
In Japan, 230 -tonnes were produced in 19842, and 45
tonnes were produced in the USA in 1982 (Schultz et al.,
1984). The estimated 1985 worldwide production capacity
was 2720-4080 tonnes per year (US EPA, 1987a).

TBP is prepared by the reaction of phosphorus oxy-
chloride with n-butanol (Windholz, 1983).

3.2 Uses

TBP is used as a solvent for cellulose esters,
lacquers, and natural gums, as - a primary plasticizer in
the manufacture of plastics and vinyl resins, and as an
antifoam agent (Sandmeyer & Kirwin, 1981; Windholz, 1983).
In recent years, there has been a considerable increase in
the use of TBP as an extractant in the dissolution process
in conventional nuclear fuel processing (Parker, 1980;
Laham et al, 1984; Schultz et al.,, 1984) and in the
preparation of purified phosphoric acid (wet phosphoric
acid method) (Davister & Peeterbroeck, 1982). Some 40%
to 60% of all TBP consumed (probably in the USA) is used
as a base stock in the formulation of fire-resistant
aircraft hydraulic fluids (US EPA, 1985). In Japan, 140
tonnes was used in 1984 as an antifoaming agent (mainly in
paper manufacturing plants), 40 tonnes as a metal extract-
ant, and 50 tonnes for miscellaneous purposes®. TBP is
also used as a constituent of cotton defoliants, which act
by producing leaf scorching (Harris & May-Brown, 1976).

2  pegrsonal communication to IPCS from the Association of the Plasticizer Industry

of Japan (1985)
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4. ENVIRONMENTAL TRANSPORT, DISTRIBUTION,
AND TRANSFORMATION

Summary
|
TBP has been found widely in environmental m‘ ia (air,
water, sediment, and biological tissues) but usually| at low
concentrations. Sources of TBP in the environment | include
leakage from sites of production and use (e.g., aircraft
hydraulic fluids) and release from plastics or other products.
No figures on the amounts released into the environment are

available.

Once in the environment, it appears that the majority of
TBP finds its way to sediments. Biodegradation in water is
dependent on water quality (1 mg/litre was degraded in 7 days
in River Mississippi water). Little or no degradation occurs
in sterile river water or natural sea water. The degradation
pathway most probably involves stepwise enzymatic hydrolysis.

In drinking-water treatment, TBP levels do not decrease
unless powdered activated carbon is used, when very effective
adsorption occurs (90-100% at a TBP concentration of 0.1 g per
litre).

The bioaccumulation potential for TBP in killifish and
goldfish is low, the bioconcentration factor ranging from 6 to
49. Depuration is rapid (half-life, 1.25 h).

There is no information on the fate of TBP in air, but this
does not appear to be an area of concern. In addition, there
are no data on transport to ground water.

4.1 Transport and transformation in the environment

4.1.1

Release to the environment

A major potential pathway of entry of TBP into the
environment is by leakage from sites of production or use,
and leaching from plastics disposed in landfill sites or
aquatic environments. TBP has been found widely in air,
water, sediment, fish, and several biota, but usually at
low concentrations.
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Extraction reagents and solvents are continuously lost
from solvent extraction processes and may be transferred
to aquatic environments. Ashbrook (1973), Ritcey et al.
(1974), and Ashbrook et al. (1979) estimated the losses
from solvent extraction plants. When recycled acid is
used in the dissolution process in a conventional nuclear
fuel reprocessing plant, TBP and its phosphate derivatives
build up to a level where low concentrations of organo-
phosphate vapour are released to the off-gas stream
(Parker, 1980). However, no data on TBP levels in air at
these plants are available.

“TBP used in antifoaming agents may be lost from manu-
facturing plants  into the environment, but the resultant
amounts in the environment have not been measured. High
concentrations of TBP have been detected in river water

- (1.61-25.2 pug/litre), fish (4.2-111.0 ng/g), and air over

4.12

the sea (13.4 ng/m3) sampled near Kawanoe City, Japan,
where there are many paper manufacturing sites (Yasuda,
1980; Tatsukawa et-al., 1975) (Table 5).

Fate in water and sediment
The solubility of TBP--in water is considerably less

than 1 g/litre at ambient temperatures (Table 1). Monitor-
ing studies have shown that it is widely present in water

_and sediment (Suffet et al., 1980; Hattori et al.,, 1981;

4.1.3

Williams & Lebel, 1981; Shinohara et al.,, 1981; Williams
et al, 1982; Ellis et al., 1982; Kurosaki et al., 1983).
The difference in TBP concentrations between water and
sediment was estimated to be about 3 orders of magnitude
(river water, 20-110 ng/litre; river sediment, 8-130 ng/g;
sea water, 6-150 ng/litre; sea sediment, 2-240 ng/g) (EAJ,
1978a,b). The concentration factor of TBP on marine sedi-
ment was reported to-be 4.3 (Kenmotsu et al., 1980b).

Biodegradation

The biodegradation of TBP in river water is slower
than that of triphenyl phosphate and may depend to a con-
siderable extent on water quality. Hattori et al. (1981)
reported that 1 mg/litre completely disappeared in 6 days
in Oh River water, Osaka, Japan, after a two-day lag
period. However, at an - initial TBP concentration of 20 mg
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per litre, only 21.9% was biodegraded in Oh River water
after 14 days (Hattori et al., 1981). In Neya River water,
Osaka, Japan, degradation started at 6 days and was' com-
plete after 9 days. In River Mississippi water (St. Louis
waterfront, USA), degradation of TBP (1 mg/litre) started
after 2 days and was complete within 7 days (Saeger et
al.,, 1979). No degradation was observed in sterile river
water (Saeger et al., 1979; Hattori et al., 1981) or in
clear non-sterile sea water after 15 days (Hattori et al.,
1981). Primary biodegradation rates from semicontinuous
activated sludge studies (US Soap and Detergent Assoc.,
1965; Mausner et al., 1969) generally showed the same
trend in degradation rates as river die-away studies. TBP
degradation was 96% complete at a 3-mg per litre, 24-h
feed level, but only 56% (x 21%) at a 13-mg/litre, 24-h
feed level (Saeger et al.,, 1979). The ultimate biodegrad-
ability of the phosphate esters was measured by Saeger et
al. (1979) using the apparatus and procedure developed by
Thompson & Duthie (1968) and modified by Sturm (1973).
Two widely different results were obtained for the degra-
dation TBP (20 mg/litre): 3.3% and 90.8% of the theoreti-
cal carbon dioxide evolution were measured in two exper-
iments. Such differences are probably due to variations in
the composite seed used in the two tests. A difference in
the ratio of TBP to active biomass may have resulted in
inhibition in the first case but not in the second
(Saeger, et al., 1979).

The degradation pathway for TBP most likely involves
stepwise enzymatic hydrolysis to orthophosphate and al-
cohol moieties (Pickard, et al., 1975). The alcohol would
then be expected to undergo further degradation.

Water treatment

Fukushima and Kawai (1986) reported that 0.105-21.2 ug
TBP/litre (geometric mean: 0.543 ug/litre) in untreated water
was reduced to 0.018-3.80 ug/litre (geometric mean:
0.156 pg/litre) by conventional waste water treatment.

Piet et al. (1981) investigated the behaviour of or-
ganic compounds in dune infiltration: no change of concen~
tration of TBP was observed. Sheldon & Hites (1979) re-
ported that a TBP level of 400 ng/litre was not decreased
by standard techniques for drinking-water treatment.
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Environmental Transport, Distribution, and Transformation

However, TBP is effectively adsorbed to powdered activated
carbon (90-100% at a TBP concentration of 0.1 g/litre).
The adsorption coefficient (Freundlich equation) obtained
from an experiment using 0.01 to 10 mg TBP/litre at 25 °C
was 190 (Ishikawa et al., 1985).

Bioaccumulation and biomagnification

Data reported on the bioaccumulation and depuration of
TBP in killifish and goldfish are given in Table 3. No
data for other fish species are available. Calculations
of bioconcentration factors (BCF) for other species have
been made on the basis of physico-chemical properties
(Sasaki et al., 1981, 1982). However, these must be con-
sidered less' reliable than the low values actually
measured in killifish and goldfish.

Table 3. Bioaccumulation and clearance of TBP by fish

Species = Temp. Flow/ Bioconcen- Exposure Depuration
0

stat tration conc. half life Reference
factor® (mg/itre)  (h)

Kilifish 25 sat 1149 0.2-0.06 Sasaki et al. (1982)
(Oryzias flow 1627 0.84-0.1 1.25
latipes) 25 stat 30-35 34 Sasaki et al. (1981)
Goldfish 25 stat 6-11 34 Sasaki et al. (1982)
(Carassius
auratus)

2 Determined by GC-FPD
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5. ENVIRONMENTAL LEVELS AND HUMAN EXPOSURE

Summary

TBP -has been found frequently in environmental samples
{air, water, sediment, and fish) but usually at low levels.
Measured ambient air concentrations range from non-detectable
to 41.4 ng/m3; the higher levels occurring near manufacturing
sites. Surface water levels up to 25 200 ng/litre have been
reported, but no groundwater sampling data are available.
Levels in sediment range from 1 to 350 ng/g.

TBP levels in biological samples, including fish and
shellfish, of up to 111 ng/g have been measured. It has also
been detected in bird populations.

Human adipose tissues obtained from the autopsy of
individuals with no known occupational exposure to TBP showed
one positive sample (9.0 ng TBP/g) out of 16.

Exposure of the general population can occur by several
routes, including the ingestion of contaminated drinking-water
(levels up to 29.5 ng/iitre), fish and shellfish, and other
foodstuffs. US FDA total-diet studies have found average
intake levels of 38.9, 27.7, and 2.7-6.2 ng/kg body weight per
day for infants, toddlers, and adults, respectively.

Occupational exposure can occur in several industries, and
especially where aircraft maintenance workers handle hydraulic
fluids. Exposure during the synthesis of TBP and in plastics
production Is unfikely if protective measures are taken and
because the various processes have been automated to a
considerable extent.

Although production amounts are lower than for other
triaryl/alkyl phosphates, TBP has been found frequently  in
environmental samples (water, sediment, and fish), whereas
other triaryl/alkyl phosphates occur more rarely. However,
the measured concentrations are usually low. These are
listed in Tables 4-6.
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5.1 Environmental levels

5.1.1

5.1.2

5.14

Air

Yasuda (1980) investigated the distribution of various
organic phosphorus compounds in the atmosphere above the
Dogo Plain and Ozu Basin agricultural areas of Western
Shikoku and above the Eastern Seto Inland Sea, Japan
(Table 4). TBP concentrations were usually less than 10 ng
per m3, but higher concentrations (13.4-41.4 ng/m3) were oc-
casionally found. These higher atmospheric concentrations
of TBP are probably due to fumes liberated from paper
manufacturing plants located around Kawanoe City. However,
the source of these higher concentrations has not been
clearly identified. TBP has also been detected in the
atmosphere in Okayama City, Japan, but the levels were
less than 1 ng/m3 (Kenmotsu et al., 1981).

Water

TBP has been widely detected in river, lake, and sea
water in Europe, Japan, Canada, and the USA (Tables 4 and
3).

Tatsukawa et al. (1975) measured the distribution of
five phosphate esters in river water in the Seto Inland
Sea area of Japan and found 10 to several hundred ng per
litre. Higher TBP concentrations (7600 to 25 200 ng/litre)
were detected in Kinsei River, Kawanoe City, Japan. The
authors suggested that these high concentrations were the
result of effluent from paper manufacturing plants.

Sediment

Despite low sediment adsorption coefficients, TBP has
frequently been detected in sediment samples in Japan
(EAJ, 1978a,b; Wakabayashi, 1980; Rogers & Mahood, 1982;
Ishikawa et al., 1985). The concentrations ranged from 1
to 350 ng/g.
Fish, shellfish, and birds

Although bioconcentration factors are low (section
4.2), significant concentrations of TBP (ranging from 1 to
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30 ng/g) have been found frequently in fish and shellfish
(Tables 4-6). Tatsukawa et al. (1975) reported a high
concentration (111 ng/g) in the organs of goby caught in
Kawanoe harbour at the entrance to the Kinsei River, Japan
(Table 4). Although no clear evidence was available, this
may have been due to pollution by paper manufacturing
plants located around Kawanoe City. Rogers & Mahood (1982)
also found TBP in fish caught downstream from pulp mills
and a sewage plant outfall, but the concentrations were
not reported.

Reports of wildlife monitoring by the Environmental
Agency of Japan (EAJ, 1982, 1983, 1984) indicated TBP
levels of 20-250 ng/g in birds (Gray starlings).

5.2 General population exposure

52.1

Food

The presence of TBP in infant and toddler total-diet
samples and in adult diet samples was studied by Gartrell
et al. (1986a,b). These samples were collected between
October 1980 and March 1982 during a survey made for the
US Food and Drug Administration (FDA). Gunderson (1988)
also investigated the presence of TBP in samples collected
between April 1982 and April 1984 during FDA total diet
studies. TBP was only found in approximately 2% of the
samples, corresponding to average daily intakes of 38.9,
27.7, and 2.7-6.2 ng/kg body weight per day for infants,
toddlers, and adults, respectively.

Gilbert et al. (1986) analysed composite total-diet
samples (representative of 15 different commodity food
types encompassing an average adult diet for each of eight
regions in the United Kingdom) for the presence of trial-
kyl and triaryl phosphates. Of the food groups, offal,
other animal products, and nuts consistently contained the
highest levels, but the proportion of individual compounds
in the different food groups varied. Trioctyl phosphate
was the major component in the carcass meat, offal, and
poultry groups, and there were significant amounts of TBP
and TPP. Total phosphate intake was estimated to be
between 0.08 and 0.16 mg per person per day.
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5.2.2 Drinking-water

TBP has been monitored in drinking-water in. Canada
(Suffet et al., 1980; Lebel et al., 1981; Williams &
Lebel, 1981; Williams et al.,, 1982), and the concen-
trations ranged from 0.2 to 29.5 ng/litre.

5.2.3 Human tissues

Lebel & Williams (1983) analysed phosphate esters in
human adipose tissue and detected TBP (9.0 ng/g) in one of
16 autopsy samples from humans with no known occupational
exposure to TBP. In a similar study carried out by the US
EPA (1986), a trace amount of TBP was detected in one of
46. samples.

5.3 Occupational exposure

In its 1981-1983 National Occupational Exposure Survey
(NOES), the National Institute for Occupational Safety and
Health (NIOSH), USA, estimated that 12 111 workers in 6
industries and 13 occupations were potentially exposed to
TBP. Not included in this survey were workers involved in
aircraft maintenance. Due to manipulation of hydraulic
fluids containing TBP, these workers represent the largest
population occupationally exposed. In 1988, the Tributyl
Phosphate Task Force (TBPTF) of the Synthetic Organic
Chemical Manufacturers Association (SOCMA) estimated that
approximately 45 000 aircraft workers, the greatest number
of workers potentially exposed to TBP, are exposed once
per week for 30 min to 2 h to hydraulic fluids containing
TBP (US EPA, 1987b, 1989).
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6. EFFECTS ON ORGANISMS IN THE ENVIRONMENT

Summary

TBP is moderately toxic to aquatic organisms, the 96-h
LCy, being 2.2 mg/litre for Daphnia and 4.2-11.4 mg/litre for
fish in static tests. No data on non-target plants are avall-
able, but since the compound is used in desiccant defoliants,
some damage to plants adjacent to treated areas could be ex-
pected.

6.1 Unicellular algae, protozoa, and bacteria

Toxicity data of TBP for protozoa, algae, and bacteria
are given in Table 7. The inhibitory concentrations
(ECy, ECgy, EC,q) of TBP for the multiplication of
unicellular algae, protozoa, and bacteria have been esti-
mated to lie within the range of 3.2-100 mg/litre.

6.2 Aquatic organisms

Data on the toxicity of TBP for aquatic organisms are
given in Table 8.

There is little difference in sensitivity between the
few species of fish that have been studied; 96-h LCg, values
range from 4.2 to 11.8 mg/litre. It seems that embryo-
larval stages are less sensitive than post-natal stages of
the fish life-cycle, but since the test conditions used
were not identical this has not been fully confirmed. A
series of tests carried out at different temperatures with
rainbow trout suggested that toxicity increases with
increasing temperature (Dave et al., 1979).

In studies by Dave & Lidman (1978), rainbow trout did
not show any obvious effects at water concentrations below
5.6 mg TBP/litre but behaved very calmly when trapped in a
hand-net at a concentration of 1 mg/litre (all concen-
trations are nominal value). At 10 mg/litre, the fish
started showing severe balance disturbances, which in-
cluded highly atypical movements like darting, coiling
swimming, and backward somersaults, but they recovered
after 24-72 h at this concentration. On the other hand,
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Effects on Organisms in the Environment

the balance disturbances persisted until the end of the
experiment at a concentration of 11.5 mg/litre. At 13.5 mg
per litre, the fish were immobilized, lying on their sides
at the bottom of the water, and some of them died.

6.3 Plants

TBP is used as a constituent of cotton defoliants,
producing leaf scorching, and is associated with an
increase in the rate of leaf drying (Harris & May-Brown,
1976). Kennedy et al. (1955) reported that TBP increases
the drying rate of lucerne, resulting in excessive leaf
loss.

TBP applied by spraying as an emulsion (at a rate
equivalent to 0.25% of freshly harvested leaf/weight)
doubled the drying rate of ryegrass leaves. Leaf respir-
ation stopped and did not resume in the subsequent 4 days
(Harris & May-Brown, 1976). TBP has been shown to damage
the leaf surface and help herbicides penetrate bean leaves
(Babiker & Dancan, 1975; Turner, 1972).

There is no information on the effects of TBP on non-
target plants, even at concentrations designed to produce
desiccation of crop plants.

6.4 Arachnids
No mortality was observed among two-spotted spider

mites {(Tetranychus urticae) fed TBP at a concentration
of 2 g/kg (Penman & Osborne, 1976).
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7. KINETICS AND METABOLISM

Summary

TBP is readily absorbed (> 50%) from the gastrointestinal
tract in rats. Some absorption of TBP through the skin also
occurs, although the extent of dermal absorption is difficult
to quantify from the data available. No information is avail-
able on the absorption of TBP following inhalation, and there
is no satisfactory information on the distribution of TBP or
its ‘metabolites following absorption. The metabolism of TBP is
characterized by oxidation of the butyl moieties. Oxidized
butyl groups are removed as glutathione conjugates and sub-
sequently excreted as N-acetlyl cysteine derivatives. TBP metab-
olites are excreted predominantly in the urine, although
smaller amounts also appear in the faeces and expired air.

7.1 Absorption

No information is available on the absorption of TBP
following inhalation. Substantial absorption from the
gastrointestinal  tract occurred in rats given a single
oral dose of TBP (Suzuki et al.,, 1984a,b; Khalturin &
Andryushkeeva, 1986). Suzuki et al. (1984b) reported that
more than 50% of an orally administered dose of TBP was
absorbed within 24 h. Dermal absorption of TBP has been
demonstrated in pigs, and there was little difference in
the rate of skin penetration between regions with or
without  hair  follicles (Schanker, 1971). In  vitro
investigations on isolated human skin showed that TBP has
a high penetrating capacity. The average maximum steady-
state rate of penetration through isolated human skin is
6.7 x 1074 pmol/cm? per min (Marzulli et al., 1965).

In a study by Sasaki et al. (1985), TBP was poorly
absorbed in goldfish but readily absorbed in killifish.

7.2 Distribution

Little information is available on the distribution of
TBP and its metabolites. Following single or repeated oral
dosing in rats, TBP was detected in the gastrointestinal
tract, blood, and liver (Khalturin & Andryushkeeva, 1986).
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7.3 Metabolism

The metabolic transformation of TBP has been studied
in male rats following oral or intraperitoneal adminis-
tration of = 14C-labelled TBP (Suzuki et al., 1984a,b).
The first stage in the metabolic process appeared to be
oxidation, catalysed by cytochrome P-450-dependent mono-
oxygenase, at the w or w-1 position on the butyl chains.
The hydroxy groups generated at the w. and w-1 positions
were further oxidized to produce carboxylic acids and
ketones, respectively {(Suzuki et al, 1984b). Following
these oxidations, the oxidized alkyl moieties were removed
as glutathione conjugates, which were then excreted as N-
acetyl cysteine derivatives (Suzuki et al.,, 1984a). It has
been reported that TBP is also metabolized in rodents to
butyl-n-cysteine (Jones, 1970). However, the presence of
butyl-n-cysteine was refuted by Suzuki et al. (1984a).
In the urine, the major phosphorus-containing metabolites
are dibutyl hydrogen phosphate, butyl dihydrogen phos-
phate, and butyl bis(3-hydroxybutyl) phosphate as well as
small amounts of the following phosphates: dibutyl 3-hyroxy-
butyl, butyl 2-hydroxybutyl hydrogen, butyl 3-hydroxybutyl
hydrogen, butyl 3-carboxypropyl hydrogen, 3-carboxypropyl
dibutyl, butyl 3-carboxypropyl 3-hydroxybutyl, butyl bis (3-
carboxypropyl), and 3-hydroxybutyl dihydrogen (Suzuki et al.,
1984b)

The rate of metabolism of TBP and the nature of the
metabolites produced were determined in in viiro tests on
rat liver homogenate. It was found that rat liver micro-
somal enzymes rapidly metabolized TBP in the presence of
NADPH (within 30 min), but only slight metabolic breakdown
(11%) occurred in the absence of added NADPH. Dibutyl(3-
hydroxybutyl) phosphate was obtained as a metabolite in
the first stage of the test. The extended incubation time
in the second stage of the test yielded two further metab-
olites, butyl di(3-hydroxybutyl) phosphate and dibutyl
hydrogen phosphate, which were produced from the primary
metabolite  dibutyl(3-hydroxybutyl) phosphate (Sasaki et
al.,, 1984). The degradation of TBP to these three metab-
olites has also been observed in in vitro studies on gold-
fish and killifish (Sasaki et al., 1985).
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7.4 Excretion

In studies by Suzuki et al. (1984b), male Wistar rats
(weighing 180-210 g) were given a single oral or intra-
peritoneal dose of 14 mg 14C-labelled TBP per kg body
weight. Urine and faeces were collected separately.
Within 24 h of oral administration, 50% of the radioac-
tivity was eliminated in the urine, 10% in the exhaled
air, and 6% in the faeces; the total elimination after 5
days was 82%. Following intraperitoneal injection, 70% of
the radioactivity was eliminated in the wurine, 7% by
exhalation, and 4% in the faeces within 24 h; the total
elimination after 5 days was 90%.
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8. EFFECTS ON EXPERIMENTAL ANIMALS
AND IN VITRO TEST SYSTEMS

Summary

Acute toxicity studies suggest that the chicken is the
least sensitive species to TBP, rats and mice being more sensi-
tive. A single injection of TBP produces clinical symptoms of
mild anaesthesia, weakness, and respiratory failure.

Some short-term toxicity studies. showed that TBP depresses
body weight. However, other short-term studies showed no
depression of body weight but histological evidence of degener-
ative changes in the seminiferous tubules. Further short-term
studies indicated diffuse hyperplasia of the urinary bladder
epithelium.

Mild to severe skin irritation, inducing erythema and
oedema, has been reported together with mild irritation after
instillation of TBP into the conjunctival sac of rabbits.

In mutagenicity  studies, equivocal results have been ob-
tained in the Ames test in the presence or absence of metabolic
activation. However, Escherichia coli tests, Salmonella micro-
some tests, and recessive lethal mutation tests in Drosophila
melanogaster all indicate that TBP is non-mutagenic.

TBP produces only mild plasma cholinesterase depression in
rats. Short-term exposure results in the depression of caudal
nerve conduction velocity and equivocal morphological changes
in the Schwann cells of peripheral nerves.

Chicken dosed with high levels of TBP showed no evidence of
ataxia or nerve and brain histopathology. These data demon-
strate that TBP does not produce delayed - neuropathy (i.e.
OPIDN) in the chicken.

8.1 Single exposure

The acute lethality data for TBP are presented in
Table 9.

Vandekar (1957) observed that a single injection of 80
or 100 mg TBP/kg in female rats produced clinical symptoms
of mild anaesthesia, pronounced weakness, incoordination,
and respiratory failure 1-2 h later.
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Tabie 9. Acute lethality date for TBP

Species Route of tD50/LCsp Reference
administration values

Rat oral 1400 mg/kg Johannsen et al. (1977)
oral 1390-1530 mg/kg Mitomo et al. (1980)
oral 1552 mg/kg Bayer AG (1986)
oral 1600-3200 mg,/kg Eastman Kodak (1986)
oral 3000 mg/kg Dave & Lidman (1978)
6-h inhatation 1359 mg/m?3 Eller (1937)
intraperitoneal 800-1600 mg/kg Eastman Kodak (1986)
intravenous 100-mg/kg Vandekar (1957)

Mouse oral 900-1240 mg/kg Mitomo et al. (1980)
oral 400-800 mg/kg Eastman Kodak (1986)
intraperitoneal 100-200 mg/kg Eastman Kodak (1986)
subcutaneous 3000 mg/kg Eller (1937)

Rabbit dermat > 3100 mg/kg Johannsen et al. (1977)

Cat 4-5-h inhalation 2500 mg/m® Eller (1937)

Chicken oral 1800 mg/kg Johannsen et al. (1977)

Mitomo et al. (1980) reported acute toxicity studies
on TBP. The oral LDg, values for ddY mice and Wistar rats
were 1240 mg/kg (male mice), 900 mg/kg (female mice), 1390
mg/kg (male rats), and 1530 mg/kg (female rats).

8.2 Short-term exposure

In a short-term toxicity study with TCP and TBP,
Wistar rats were fed pelleted diet containing a mixture of
TBP and TCP at a concentration of 5000 mg/kg for 9 weeks
(Oishi et al.,, 1982). The body weights of TBP-treated
rats were significantly lower than those of the controls.
QOishi and his co-workers also reported a short-term
toxicity study with TBP in which Wistar male rats were fed
diets containing 0, 5000 or 10 000 mg TBP/kg for 10 weeks
(Oishi et al., 1980). The body weights and food consump-
tion of the treated groups were significantly lower than
those of the controls. The relative weights of the brain
and kidneys in the high-dose group were  significantly
higher although the absolute weights were significantly
lower than those of the control rats. Total protein and
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cholesterol in the high-dose group and blood urea nitrogen
(BUN) in both TBP-treated groups were significantly higher
than those in the controls, Cholinesterase activities were
not inhibited. The blood coagulation time of the treated
groups was significantly prolonged.

Laham et al. (1984) reported the results of a short-
term toxicity study in which Sprague-Dawley rats were ad-
ministered TBP by gavage at doses of 0.14 and 0.42 ml/kg
for 14 days. No overt signs of toxicity were observed
throughout the study. There were no significant differ-
ences in body weight between the test groups and their
respective  controls, but absolute and relative liver
weights were significantly increased in the high-dose
group (both sexes). Histopathological examination revealed
a low incidence of degenerative changes in the seminifer-
ous tubules of the high-dose group.

In a follow-up 18-week study, Laham et al. (1985)
administered TBP by gavage once a day (5 days/week) to
Sprague-Dawley rats (12 rats of each sex per group). Low-
dose animals received 200 mg/kg per day throughout the
study. High-dose animals received 300 mg/kg per day for
the first 6 weeks and 350 mg/kg per day for the remaining
12 weeks. Histopathological examination of tissues re-
vealed that all treated rats developed diffuse hyperplasia
of the wurinary bladder epithelium. - Similar changes were
not found in the control animals. No testicular changes
were observed in the high-dose rats.

When Sprague-Dawley rats were fed diets containing TBP
at levels of 0, 8, 40, 200, 1000, or 5000 mg/kg for 90
days, clinical chemistry changes included increased serum
gamma-glutamyl transpeptidase levels in both sexes given
5000 mg/kg (Cascieri et al., 1985).. Both absolute and
relative liver weights were increased in both sexes at
this dose. Histopathological studies indicated TBP-induced
transitional cell hyperplasia in the wurinary bladder of
males given 1000 or 5000 mg/kg and females given 5000 mg
per kg.

Mitomo et al. (1980) reported that seven consecutive
daily oral intubations of TBP at doses of 140 or 200 mg
per kg in Wistar rats resulted in marked increases in the
relative weights of the liver and kidneys, increased BUN
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8.4 Teratogenicity
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values, and tubular degeneration. The daily administration
of 130 or 460 mg TBP/kg to rats for one month |caused a
marked depression of body weight gain and mortalities: of
20 and 40%, respectively. Three-month feeding studies at
TBP doses of 0, 500, 2000, or 10 000 mg/kg in ddY mice and
SD rats produced dose-dependent depression of body weight
gain accompanied by increases in liver, kidney, and testes
weights and a decrease in uterine weight. Increased BUN
values were found in the high-dose groups of both rats and
mice.

Smyth & Carpenter (1944) observed primary skin irri-
tation effects following a single 0.01 ml application of
TBP to the clipped belly of albino rabbits.

A single dermal application of 500 mg TBP tp the in-
tact or abraded skin of six rabbits produced severe irri-
tation, inducing erythema and oedema in all the animals.
The instillation of 100 mg TBP in the conjunctival sac of
rabbits gave rise to mild irritation, which was noted 1,
2, 3, and 7 days following the application (FMC Corpor-
ation, 1985a).

A test on the irritating and corrosive potential of
TBP, conducted according to the OECD Guidelines for
Testing of Chemicals, No. 404 and 405 (OECD, 1981), showed
that TBP was slightly irritating to rabbit skin (4-h
exposure) and to rabbit eyes (Bayer AG, 1986).

Skin sensitization testing in human is inadequate (US
EPA, 1987b, 1989). Although results suggest that TBP does
not elicit any sensitization reaction in humans, | the poor
protocols used prevent any pertinent assessment.

Roger et al. (1969) reported that TBP was slightly
teratogenic in chickens at high levels.

Mutagenicity and carcinogenicity

Hanna & Dyer (1975) reported that TBP was not muta-
genic in recessive lethal mutation tests using Drosophila
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melanogaster. However, Gafieva & Chudin (1986) reported
that TBP was mutagenic in the Ames test with Salmonella
typhimurium TA 1535 and TA 1538 at concentrations of 3500
and 1000 pg/plate both with and without metabolic acti-
vation. No mutagenicity was noted at lower concentrations
(< 100 pug/plate).

The mutagenicity of TBP was also evaluated in
S. typhimurium strains TA 98, TA 100, TA 1535 and TA 1538
(Ames Test) both in the presence and absence of added
metabolic activation by Aroclor-induced rat liver S9
fraction. TBP, diluted with DMSO, was tested at concen-
trations up to 100 ul/plate using the plate incorporation
technique. TBP did not produce a positive response in any
strain with = metabolic activation. Strains TA 1535, TA
1537, and TA 1538, without metabolic activation, produced
twice the number of revertants per plate compared to the
solvent control (DMSO) for at least three of the five test
concentrations, but no dose-response relationship was
observed (US EPA, 1978).

Tests on Escherichia coli strains WP2, WP2uvrA, CM561,
CM571, CM611, WP67, and WP12 showed no mutagenic effect
after 48 or 72 h of incubation at 37°C (Hanna & Dyer,
1975).

TBP was tested for mutagenic effects in a Salmonella/
microsome test, both with and without S9 mix (metabolizing
system), at doses of up to 12.5 mg/plate using four 8.
typhimurium LT2 mutants (histidine-auxotrophic strains TA
1535, TA 100, TA 1537 and TA 98). Doses of up to
120 ug/plate produced no bacteriotoxic effects.. Bacterial
counts remained unchanged. At high concentrations there
was marked strain-specific bacterial toxicity so that only
the range up to 500 ug/plate could be evaluated. There
were no indications that TBP had any mutagenic effect
(Bayer AG, 1985).

The testing of TBP at doses of 97 to 97 000 ug per
plate, both with and without a metabolizing system (59
mix), on S. typhimurium strains TA 98, TA 100, TA 1537,
and TA 1538 confirmed the lack of mutagenic activity (FMC
Corporation, 1985b).

No data are available on the carcinogenicity of TBP.
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8.6 Neurotoxicity

Sabine & Hayes (1952) showed that both technical and
reagent grades of TBP possess very weak cholinesterase
activity and that very large doses produce cholinergic
symptoms in vive. They concluded that although TBP was
capable of producing cholinergic symptoms, the doses
required were so large that the “risk of accidental
absorption of acutely toxic amounts is negligible, If the
dosages for rats are roughly applicable to humans, it
would be necessary for the development of symptoms that a
human ingest a dose in the order of 100 ml or receive
several millilitres parenterally”. Sabine & Hayes (1952)
found that TBP induced sleepiness and coma |in male
Sprague-Dawley rats when it was orally and parenterally
administered.

Laham et al. (1983) reported the effects of TBP on the
peripheral nervous system of Sprague-Dawley rats. In male
rats fed TBP by gavage for 14 consecutive days (0.42 ml/kg
per day) a small but significant reduction of caudal nerve
conduction velocity, accompanied by morphological| changes
in the sciatic nerve, was found. Electron migcroscopic
examination of sciatic nerve sections showed a retraction
of Schwann cell processes in unmyelinated fibres, which
may be interpreted as an early response to |chemical
insult. No axonal degeneration was observed in these ani-
mals. Laham et al. (1984) also investigated subacute oral
toxicity of TBP in Sprague-Dawley rats and observed no
overt signs of neurotoxicity (ataxia, convulsion,| loss of
righting reflex, etc.).

Johannsen et al. (1977) administered TBP orally to
adult chickens at a cumulative dosage of 3680 mg/kg. No
dysfunctional changes were noted during the period|from 24
to 42 days following exposure. Formalin-fixed bnain, sci-
atic nerve, and spinal cord samples examined 42 days after
exposure showed no pathology.
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9. EFFECTS ON HUMANS

Although there are no. case reports of delayed neuro-
toxicity resulting from TBP exposure, workers exposed to
15 mg TBP/m3 air have complained of nausea and headaches
(ACGIH, 1986).

TBP has a high capacity for skin penetration
(Marzulli et al, 1965) and has been shown to have an
irritant effect on the skin and mucous membranes in humans
(Stauffer, 1984). It also appears to have an irritant
effect on the eye and respiratory tract.

In an in vitro study, Sabine & Hayes (1952) found that
TBP had a slight inhibitory effect on human plasma
cholinesterase.
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10. EVALUATION OF HUMAN HEALTH RISKS
AND EFFECTS ON THE ENVIRONMENT

10.1 Evaluation of human health effects

10.1.1

10.1.2

There have been no reports that TBP has effects on oc-
cupationally exposed humans other than headache, nausea,
and symptoms of skin, eye, and mucous membrane irritation.
No cases of poisoning among the general population have
been reported.

There is no indication from animal studies of a neuro-
toxic effect comparable to organophosphate-induced delayed
neuropathy (OPIDN). Systemic toxicity in humans following
acute exposure is likely to be low.

From in vitro test results, TBP is not considered to
be mutagenic.

TBP is absorbed through the skin and so dermal ex-
posure should be minimized.

The likelihood of long-term effects in occupationally
exposed humans is small.

Exposure levels

The general population may be exposed to TBP through
various environmental media, including drinking-water.
However, the concentrations of TBP measured in drinking-
water by the USA Environmental Protection Agency were
extremely low and similar low levels were found in Japan,
Canada, and Switzerland. Analyses in the USA of human
adipose tissue revealed trace amounts of TBP in a small
number of samples. There are insufficient data to evalu-
ate the significance of general population exposure to
TBP.

Workers involved in aircraft maintenance are poten-
tially the most highly exposed population because of ma-
nipulation of hydraulic fluids containing TBP.

Toxic effects

Tributyl phosphate may enter the body by dermal pen-
etration and by ingestion. However, the data available do
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not permit a useful comparison of the dermal and oral
pharmacokinetics.

The available information does not permit an assess-
ment of the risk presented by TBP as a potential carcino-
gen, neurotoxic agent, or dermal sensitizer. Observations
relating to hyperplasia of urinary bladder epithelium in
rats, neurotoxicity signs (ataxia, incoordination, weak-
ness, respiratory failure) in rats, and sensitization of
guinea-pigs - are considered inadequate to evaluate the
hazardous - potential of TBP for human health. No tumour
development has been observed in rats. TBP does not pro-
duce delayed neurotoxic effects in hens. No adequate data
are available on the effects of TBP on reproduction (func-
tion of gonads, fertility, parturition, growth and devel-
opment of offspring).

10.2 Evaluation of effects on the environment

10.2.1

Although, on the basis of physico-chemical properties,
TBP has a high potential for bioaccumulation, measurements
in laboratory experiments show that this is not realized
in practice. Residues in biota sampled from the environ-
ment are generally low, though measurable residues in
birds suggest that some transfer in the food chain is
possible. Toxicity data are limited but suggest moderate
toxicity to aquatic organisms. This information tends to
support the view that TBP presents little risk to organ-
isms in the environment since measured concentrations in
surface waters are generally low.

Exposure levels

TBP has been found widely in surface water, sediment,
and ground water, but normally only at low concentrations.
The biodegradation of TBP in water is substantial under
aerobic conditions but proceeds only at a slow rate below
certain concentrations. It is possible that a low level
equilibrium is reached in the environment between continu-
ous release and removal. The lack of data on the rate of
TBP hydrolysis does not permit a reliable assessment of
the persistence of TBP in the environment. Consequently,
the potential hazard of the substance cannot be evaluated.
More data are required on the rate of TBP hydrolysis,
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which, when used with the available information on the
biodegradability, will facilitate the assessment of its
persistence and consequently the environmental risk posed
by its manufacture, use, and disposal.

Toxic effects

The sensitivity of aquatic organisms to TBP has been
determined  in static tests. However, the biodegradability
and relative hydrophobicity suggest that flow-through
testing would provide more reliable data because of more
constant exposure. The available information indicates
moderate toxicity of TBP to algae, daphnids, and rainbow
trout. TBP causes damage to terrestrial plants by increas-
ing leaf drying rates, which results in excessive leaf
loss. No information is available on uptake and trans-
location, :
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11. RECOMMENDATIONS

11.1 Recommendations for further research

There is a need for further studies on skin sensitiz-
ation, - teratogenicity and reproductive toxicity, and on
the pharmacokinetics of different exposure routes.

Further testing for .mutagenic potency is required.
Initial in vitro tests on mammalian cell cultures should,
if necessary, be followed by in vive testing. Depending
on the outcome of these mutagenicity tests, a carcino-
genicity study may be required.
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1.

EHC 112: Tri-n-butyl Phosphate

RESUME

Identité, propriétés physiques et chimiques, méthodes
d’analyse

Le phosphate de tri-n-butyle (TBP) est un liquide
ininflammable, inexplosible, incolore et inodore. Toute-
fois, il est instable & la chaleur et commence i se
décomposer a des températures inférieures a son point
d’ébullition. Par analogie avec les propriétés chimiques
du phosphate de triméthyle, il devrait subir une hydrolyse
rapide en milieu acide neutre ou alcalin. C’est un agent
faiblement alkylant. Son coefficient de partage entre
Ioctanol et I'eau (log de P_,) est de 3,99-4,01.

Pour [lanalyse, la méthode choix est 1a chromatogra-
phie gaz-liquide, avec détection au moyen d’un dispositif
sensible 4 Pazote/phosphore ou par photométrie de flamme.
Les réactifs pour analyse sont fréquemment contaminés par
du TBP; aussi, faut-il veiller a ce probléeme lorsqu’on
s'efforce d’obtenir des données fiables sur la recherche
de traces de TBP.

Sources d’exposition humaine et environnementale

Le phosphate de tri-n-butyle est produit par
réaction du n-butanol sur Poxychlorure de phosphore. On
Putilise comme solvant des esters cellulosiques, des
vernis et des gommes naturelles et comme Dplastifiant pour
différentes matiéres plastiques, notamment les résines
vinyliques. On [Putilise également pour Iextraction des
métaux, comme base dans la préparation des liquides
hydrauliques ininflammables destinés 2a I’aéronautique et
comme agent antimousse. Au cours des derniéres années,
I'usage du TBP comme solvant d’extraction dans le procédé
par dissolution utilisé pour le retraitement du combus-
tible nucléaire, s’est beaucoup développé.

On  peut considérer qu’en utilisation normale, la
population dans son ensemble n’encourt qu’une exposition
minime,

65



Résumé

Transport, distribution et transformation dans
Fenvironnement

Lorsqu’on 'utilise comme réactif, comme solvant
d’extraction ou comme agent antimousse, le TBP s’échappe
continuellement dans P'atmosphére et dans le milieu
aquatique. Sa  biodégradation est moyennement lente a
lente selon sa proportion par rapport a la biomasse
active. Elle comporte une hydrolyse enzymatique en
plusieurs étapes conduisant 3 un orthophosphate et au n-
butanol, lequel est dégradé a son tour. Les techniques
ordinaires de traitement de Il'eau de consommation ne
réduisent pas sa teneur en phosphate de tributyle.

Les facteurs de bioconcentration mesurés chez deux
espéces de poissons (un cyprinodontidé et le poisson
rouge) vont de 6 a4 49, La demi-vie d’élimination est de
1,25 heure chez ces poissons.

Niveaux dans I'environnement et exposition humaine

On trouve fréquemment du TBP dans I’air, P'eau, les
sédiments et les organismes aquatiques mais les préléve-
ments effectués n’en contiennent que de faibles quantités.
On en a trouvé de plus fortes concentrations dans Iair,
Peau et les poissons prélevés a proximité d’usines de
pite 4 papier au Japon: 13,4 ng/m3 dans I'air, 25 200 ng
par litre dans l’eau de riviére et 111 ng/gramme dans les
organes pisciaires. Des études de ration totale effectuées
au Royaume-Uni et aux Etats-Unis indiquent que [Papport
alimentaire moyen quotidien de TBP est’ d’environ 0,02 a
0,08 ug/kg de poids corporel.

Effets sur les étres vivants dans leur milieu naturel

On estime que la concentration inhibant la multipli-
cation des algues wunicellulaires, des protozoaires et des
bactéries (CEy, CEgy, CEyy), se situe dans les
limites de 3,2 a 100 mg/litre. La toxicité aigué pour les
poissons . (CLgg) varie de 4,2 a 11,8 mg/litre. Le TBP
augmente - la  vitesse de desséchement des feuilles,
entrainant une inhibition rapide et compléte de Ia
respiration foliaire.



EHC 112: Trinbutyl Phosphate

Cinétique et métabolisme

Administré par voie orale ou injecté par voie
intrapéritonéale a des animaux de laboratoire, le TBP est
rapidement transformé par le foie et peut-étre aussi par
le rein' en produits d’hydroxylation au niveau des restes
butyliques. Le TBP est principalement excrété sous la
forme d’hydrogénophosphate de dibutyle, de dihydrogéno-
phosphate de butyle et de phosphate de butyle et de bis-
hydroxy-3 butyle. Les restes alkyles| hydroxylés sont
éliminés et excrétés sous forme de N-acétylalkyl cystéine
et de gaz carbonique.

Effets sur les animaux d’expérience et les systémes
d'épreuve in vitro

Les valeurs de la DLy, par voie orale chez la souris
et le rat seraient d’environ 1 a 3 g/kg ce qui indique une
toxicité aigué relativement faible.

Des études de toxicité subchronique ont permis
d’observer une réduction du gain de poids liée a la dose
ainsi qu’une augmentation du poids du |foie, des reins et
des testicules. Le rein semble étre ['organe cible du
phosphate de tri-n-butyie.

L’irritation cutanée provoquée par
lapins albinos parait aussi sévére qu'avec la

Le TBP serait légérement tératoge

le TBP chez des
morpholine.

e a fortes doses.

Quant & son pouvoir mutagéne, il n’a pas été suffisamment
étudié. Des résultats négatifs ont été signalés a la suite
d’épreuves sur bactéries ainsi qu’aprés une épreuve de
mutation létale récessive sur Drosophila melanogaster.

11 n’existe pas de données suffisantes permettant
I’évaluation du pouvoir' cancérogéne du TBP et on n’en a
pas étudié les effets sur la fonction de reproduction.

L’aptitude du TBP ‘4 produire une neuropathie retardée
n’a pas été suffisamment étudiée. Certes, les effets
observés aprés administration orale d’urjxe dose importante
(0,42 ml/kg/jour pendant 14 jours) font songer & une
neuropathie retardée, mais aucune dégénérescence n’a été
relevée au niveau de axonmes et }aucune conclusion
définitive ne peut donc é&tre tirée de| ces études. A la
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Résumé

méme dose (0,42 mil/kg/jour pendant 14 jours) on a observé
une réduction sensible de la vitesse de conduction au
niveau du nerf caudal et une altération morphologique des
fibres non myélinisées chez le rat. Ces résultats
montrent que le TBP exerce des effets neurotoxiques sur
les nerfs périphériques.

Effets sur ’lhomme

Lors d’une étude in vitro, on a relevé que le TBP
avait un léger effet inhibiteur sur la cholinestérase
plasmatique.

On n’a signalé aucun cas de neurotoxicité retardée
comme cela est arrivé lors d’intoxications par le phos-
phate de tricrésyle.
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EHC 112: Trinbutyl Phosphate

EVALUATION DES RISQUES POUR LA SANTE HUMAINE
ET DES EFFETS SUR L'ENVIRONNEMENT

Evaluation des risques pour la santé humaine

A part des maux de téte, des nausées et des symptomes
d’irritation au niveau de la peau, des yeux et des
muqueuses, on n’a pas signalé d’effets chez des personnes
exposées de par leur profession. Aucun cas d’intoxication
n’a été signalé dans la population générale.

Rien n’indique, compte tenu des résultats obtenus sur
I'animal, que le TBP ait des effets neurotoxiques compara-
bles 4 la neuropathie retardée que produisent les composés
organophosphorés. Il est probable que la toxicité aigué¢ du
TBP est faible pour I’homme.

- Les résultats d’épreuves in vitro indiquent que le TBP
n’est pas mutagéne.

Le TBP est absorbé par voie cutanée, aussi faut-il
éviter toute exposition de I'épiderme.

Des effets a long terme dus 4 wune exposition
professionnelle sont peu probables.

Niveaux d’exposition

Il vy a probablement un risque d’exposition de 1Ia
population générale au TBP par lintermédiaire des divers
compartiments de I’environnement et notamment par 'eau de
consommation. Toutefois les concentrations de phosphate
de tributyle mesurées dans de lP'eau de boisson par
I’Agence de Protection de I’Environnement des Etats-Unis
se sont révélées extrémement faibles et I'on a trouvé
également des valeurs trés basses au Canada et en Suisse.
Des analyses effectuées aux Etats-Unis sur des tissus
adipeux humains ont révélé la présence de traces de TBP
dans un petit nombre d’échantillons. Cependant, les
données sont insuffisantes pour qu’on puisse se faire une
idée du degré d’exposition de la population générale au
TBP.

Les personnes qui travaillent & 1’entretien des
aéronefs sont les plus: exposées au TBP car elles sont
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amenées a  manipuler des liquides hydrauliques qui en
contiennent.

1.2 Effets toxiques

Le phosphate de tributyle peut pénétrer dans
Porganisme par voie percutanée ou par ingestion.
Toutefois, les données disponibles ne permettent pas de
comparer utilement la pharmacocinétique de ces deux voies
de pénétration.

A la lumiére des données disponibles, il n’est pas
possible d’évaluer le risque que constitue la TBP en tant
qu’agent cancérogéne, neurotoxique ou sensibilisant
potentiel. Les observations qui font état d’une hyper-
plasie de I'épithélium vésical chez le rat, de signes de
neurotoxicité  (ataxie, incoordination, faiblesse,
défaillance respiratoire) chez ce méme animal et d’une
sensibilisation chez les cobayes, ne paraissent pas
suffisantes pour qu’on puisse procéder a une évaluation
réelle du risque pour la santé humaine. On n’a pas
observé de tumeur chez les rats. Chez les poulets, le TBP
ne produit pas d’effets neurotoxiques retardés. En ce qui
concerne la fonction de reproduction, les données
disponibles ne sont pas suffisantes (qu’il ~ s’agisse des
gonades, de la fécondité, de la parturition ainsi que de
la croissance et du développement des poussins).

Evaluation des effets sur I'environnement

Compte tenu de ses propriétés physicochimiques, le TBP
présente une forte tendance a la bioaccumulation mais les
mesures effectuées au laboratoire montrent qu’il n’en est
rien dans la pratique. Les résidus présents dans la faune
sauvage sont généralement faibles encore que la présence
de résidus dosables chez certains oiseaux fasse songer &
une possibilité de transfert par la chaine alimentaire.
Les données toxicologiques sont limitées mais indiquent
une toxicité moyenne pour les organismes aquatiques.
Toutes ces données tendent & confirmer Iopinion selon
laquelle le TBP n’est guére dangereux pour les étres
vivants dans leur milieu naturel, du fait que les
concentrations mesurées dans les eaux de surface sont
généralement faibles.
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EHC 112: Tri-nbutyl Phosphate

2.1 Niveaux d’exposition

On trouve du TBP un peu partout dans les eaux super-
ficielles, les sédiments et les eaux souterraines mais en
principe sa concentration est faible. Dans I'eau, le TBP
subit une biodégradation aérobie appréciable mais celle-ci
est plutét lente en-dessous de. certaines concentrations.
Il est possible qu’il s’établisse un équilibre a faible
concentration dans le milieu naturel entre Papport et
Pélimination du TBP. L’absence de données concernant la
vitesse d’hydrolyse du TBP ne permet pas d’évaluer de
fagon fiable la persistance de <ce produit dans
Penvironnement. On ne peut donc pas déterminer le danger
potentiel que constitue cette substance. II faudrait
avoir davantage de données sur la vitesse d’hydrolyse, ce
qui, compte tenu de ce que l'on sait de la biodégrabilité
du TBP, faciliterait Pévaluation de sa persistance et par
voie de conséquence, le risque qu’il constitue pour
Ienvironnement du fait de sa production, de son
utilisation et de son rejet.

2.2 Effets toxiques

Des épreuves statiques ont permis d’évaluer la
sensibilité des organismes aquatiques au TBP. Toutefois
ce produit étant biodégradable et relativement hydrophobe,
il serait bon d’effectuer des essais dans wun courant
d’eau, ce qui permettrait d’obtenir des données plus
fiables en raison de la meilleure constance de I’expo-
sition. Les données disponibles indiquent que le TBP est
modérément toxique pour les algues, les daphnies et la
truite arc-en-ciel. Il est dangereux pour les plantes
terrestres car il accroit la vitesse de dessication des
feuilles ce qui entraine une défoliation excessive. On ne
dispose d’aucune donnée sur la fixation du phosphate de
tributyle ni sur sa translocation.
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Recommandations

RECOMMANDATIONS

I est nécessaire de poursuivre les travaux sur la
sensibilisation cutanée par le phosphate de tri-n-
butyle, sur sa tératogénicité et sur sa toxicité pour Ia
fonction de reproduction, ainsi que sur sa pharmaco-
cinétique selon différentes voies d’exposition. ‘

Il est également nécessaire de poursuivre I’étude du
pouvoir mutagéne. Les épreuves in vitro initiales sur
cultures de cellules mammaliennes devront si nécessaire
&tre suivies d’épreuves in vivo. Selon les résultats de
ces épreuves de mutagénicité, il pourra s'avérer
nécessaire d’effectuer une étude de cancérogénicité.
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RESUMEN

Identidad, propiedades fisicas y quimicas y métodos
analiticos

El tri-n-butilfosfato (TBF) es un liquido no infla-
mable, no explosivo, incoloro e inodoro. Sin embargo, es
térmicamente inestable y empieza a descomponerse a temper-
aturas inferiores a su punto de ebullicion. Por analogia
con las propiedades quimicas conocidas del trimetilfos-
fato, se considera que el TBF se hidroliza ripidamente en
soluciones 4cidas, neutras o alcalinas. Se comporta como
agente alquilizante débil. El coeficiente de reparto en
etanol y agua (log P_,) es de 3,99-4,01.

El método analitico mas apropiado es la cromatografia
gas-liquido con un detector sensible al nitrégeno-fosforo
o un detector fotométrico de llama. El limite de deteccién
en el agua es de unos 50 ng/litro. A menudo se han
comunicado casos de contaminaciéon de reactivos analiticos
con TBF; por consiguiente, la obtencién de datos fiables
en el andlisis de cantidades infinitesimales de TBF
requiere un procedimiento cuidadoso.

Fuentes de exposicion humana y ambiental

El TBF se obtiene mediante la reaccién de n-butanol con
oxicloruro de fésforo.. Se wutiliza como disolvente de
ésteres de celulosa, lacas y gomas naturales, como plasti-
ficante primario en . la fabricacion de plasticos y de
resinas vinilicas, como reactivo extractor de metales,
como materia prima en la formulacibn de fluidos
hidraulicos pirorresistentes para los aviones y como
agente antiespumante. En los wltimos aiios, ha aumentado de
forma considerable la utilizacion del TBF como extractor
en el proceso de ‘disoluciéon durante la reelaboracion del
combustible nuclear convencional.

La exposicion de la poblacion general por el uso
normal puede considerarse minima.
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Resumen

Transporte, distribucion y transformacion en el medio
ambiente

Cuando se utiliza como reactivo extractor, disolvente
0 agente antiespumante se producen emisiones continuas de
TBF al aire y al agua. La biodegradacién del TBF es
moderada o lenta, atendiendo al cociente entre su concen-
tracion y la biomasa activa. Consiste en wuna hidrolisis
enzimdtica escalonada a ortofosfato y #n-butanol, que
experimenta una ulterior degradacién. La concentracién de
TBF en el agua no disminuye con el empleo de las técnicas
normales de tratamiento del agua de bebida.

Los factores de bioconcentracion (FBC) medidos en dos
especies de peces (Fundulus y Carassius auratus) oscilan
entre 6 y 49, La semivida de depuracion fue de 1,25 h.

Niveles medioambientales y exposicion humana

Se ha detectado con frecuencia TBF en el aire, el
agua, los sedimentos y los organismos acudticos, pero los
niveles en muestras medio ambientales son bajos. Se han
encontrado concentraciones mas altas de TBF en muestras de
aire, agua y peces recogidas en las proximidades de
instalaciones de fabricacion de papel en el Japon: 13,4
ng/m3 en el aire; 25 200 ng/litro en aguas fluviales; 111
ng/g en o6rganos de peces. Varios estudios de la dieta
total realizados en el Reino Unido y los Estados Unidos
indican un promedio diarioc de ingestion de TBF de unos
0,02-0,08 ug/kg de peso corporal.

5. Efectos sobre los organismos vivos en el medio ambiente

Se ha calculado que las concentraciones inhibitorias
(CEy, CEgy y CEyq) de TBF para la multiplicacion de
algas unicelulares, protozoos y bacterias oscilan entre
los 3,2 y los 100 mg/litro. La toxicidad aguda en los
peces (CLy,) oscila entre 4,2 y 11,8 mg/litro. El1 TBF
aumenta el ritmo de desecacién en las hojas de las
plantas, lo que origina una inhibicién rdpida y completa
de la respiracion foliar.
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Cinética y metabolismo

En animales de experimentacion, el TBF administrado
por via oral o por inyeccion intraperitoneal es ridpida-
mente transformado en el higado, y es de suponer que tam-
bién en el rifi6bn, para dar productos hidroxilados en forma
de butilderivados. El TBF se excreta principalmente como
dibutilhidrogenofosfato,  butildihidrogenofosfato y  butil
bis-(3-hidroxibutil) fosfato. Los componentes alquilicos
hidroxilados en forma de cadenas alquilicas se eliminan y
excretan en parte como N-acetilalquilcisteina y en parte
como anhidrido carbénico.

Efectos en los animales de experimentacion y en sistemas
de prueba in vitro

Se ha informado que, por via oral, los valores de la
DLy, del TFB en el ratén y ratas oscilan aproximadamente
entre 1 y 3 g/kg, lo que indica una toxicidad aguda
relativamente baja.

En estudios de toxicidad subcronica con TBF se detectd
una disminucién en la ganancia de peso corporal y un
aumento del peso del higado, de los rifiones y de los
testiculos. Los resultados de esos estudios indican que
el rifion puede ser uno de los oOrganos destinatarios del
TBF.

La irritacion cutinea primaria que el TBF causa en los
conejos albinos puede ser tan grave como la que produce la
morfolina.

Se ha informado que, a dosis altas, el TBF puede ser
ligeramente teratogénico. No se ha investigado suficiente-
mente la mutagenicidad del TBF. Se han comunicado resulta-
dos negativos en pruebas con bacterias y en un ensayo de
mutacion letal recesiva con Drosophila melanogaster.

No hay datos suficientes para evaluar la actividad
carcinogénica del TBF, y no se han investigado sus efectos
sobre la reproduccion.

No se ha investigado lo bastante la capacidad del TBF
para producir neuropatia diferida. Los efectos observados
después de la administracion oral de una dosis alta (0,42
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Resumen

ml/kg diarios durante 14 dias) indicaron una neuropatia
diferida, pero no se detecté degeneracion axonal y no se
pudieron sacar conclusiones definitivas. Esta misma dosis
alta (0,42 ml/kg diarios durante 14 dias) caus6 wuna
reduccién importante en la velocidad de conduccién del
nervio caudal y una alteraciéon morfologica de las fibras
amielinicas de las ratas. FEstos resultados indican que el
TBF tiene un efecto neurotéxico en los nervios
periféricos.

Efectos en la especie humana

Segin un estudio in vitro el TBF tiene un efecto
ligeramente inhibidor de 1la colinesterasa del plasma
humano.

No se han notificado casos de neurotoxicidad diferida,
como la observada en casos de intoxicacién por tri-o-cresil-
fosfato.
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EVALUACION DE LOS RIESGOS PARA
LA SALUD HUMANA
Y DE LOS EFECTOS EN EL MEDIO AMBIENTE

Evaluacion de los riesgos para la salud humana

No se tienen noticias de que, en las personas
profesionalmente expuestas, el TBF tenga otros efectos que
dolor de cabeza, nauseas y sintomas de irritacién de la
piel, los ojos y las mucosas. No se han notificado casos
de intoxicacion entre la poblacién general.

Los estudios con animales no indican que haya un
efecto neurotéxico comparable a la neuropatia diferida que
inducen los organofosfatos. La toxicidad sistémica en la
especie humana después de una exposicibn intensa es
probablemente baja.

De los resultados de las pruebas in vitro se deduce
que el TBF no tiene efectos mutagénicos.

El TBF se absorbe a través de la piel, por lo que se
deberia limitar al m4ximo la exposicién cutinea.

La probabilidad de que se observen efectos a largo
plazo en las personas profesionalmente expuestas es
pequeita.

Niveles de exposicion

La poblacién general puede estar expuesta al TBF en
distintos medios ambientales, incluida el agua de bebidaC.
Sin embargo, las concentraciones de TBF en el agua potable
medidas por el Organismo de los Estados Unidos para la
Proteccién del Medio Ambiente eran sumamente pequedias; en
el Jap6n, el Canadd y Suiza se han medido niveles igual-
mente bajos. En los EE.UU. se han llevado a cabo anilisis
de tejido adiposo humano que han revelado la existencia de
indicios de TBF en un pequefio nimero de muestras., No hay
datos suficientes para = evaluar la importancia de 1la
exposicion de la poblacién: genereral al TBF.

Los trabajadores que se ocupan del mantenimiento de
los aviones son, en potencia, el sector de la poblacién
mds expuesto, a causa de la manipulacion de fluidos
hidraulicos que contienen TBF.
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2.1

|

Evaluacion de los Riesgos y de los Efectos en el Medio Ambiente

Efectos toxicos

El tributilfosfato puede ingresar en el organismo por
via cutdnea o por ingestion. Sin embargo, los datos
disponibles no permiten establecer una comparacién util de
la farmacocinética en ambas vias.

No se cuenta con informacion suficiente para evaluar
el riesgo que representa el TBF como posible agente
carcinogénico, neurot6xico o sensibilizante cutineo. Las
observaciones relativas a la induccion de hiperplasia del
epitelio de la vejiga urinaria en la rata, a signos de
neurotoxicidad (ataxia, falta de coordinacién, debilidad y
fallo respiratorio) en la misma especie y a sensibiliz-
aciébn en el ‘cobaya se consideran insuficientes .para
evaluar el peligro potencial del TBF para la salud humana.
No se ha detectado en ratas la formaciéon de tumores. El
TBF no produce efectos neurotéxicos diferidos en la
gallina. No se dispone de bastantes datos aacerca de los
efectos del TBF en la reproduccion (funciéon .de las
gonadas, fertilidad, parto y crecimiento y desarrollo de
la descendencia).

Evaluacion de los efectos en el medio ambiente

Aunque en virtud de sus propiedades fisico-quimicas el
TBF tiene un alto potencial de bioacumulacion, las medidas
efectuadas en los experimentos de laboratorio muestran que
en la practica no se bioacumula. Los residuos en las
muestras de biota procedentes del medio ambiente son
generalmente bajos, si bien los medidos en las aves ponen
de manifiesto la posibilidad de una cierta transferencia
en la cadena de alimentos. Los datos de toxicidad son
limitados, pero indican que ésta es moderada para los
organismos acudticos. Esta informacién parece confirmar
el critero de que el TBF entrafia un riesgo minimo para los
seres vivos del medio ambiente, puesto que las concen-
traciones medidas en las aguas superficiales son general-
mente bajas.

Niveles de exposicion

Se ha encontrado TBF ampliamente distribuido en las
aguas superficiales, los sedimentos y las aguas sub-
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