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ABBREVI ATl ONS

DIVBA di met hyl benzat hral i ne

EEC Eur opean Econoni ¢ Comuni ty

LOAEL | onest - observed- adverse-effect |eve

MATC maxi mum accept abl e tol erance concentration
NOAEL no- observed- adver se-effect |evel

NOEL no- observed-ef fect |eve

NOLC no- observed | ethal concentration

PCE pol ychromati c erythrocytes

TT toxicity threshold

1. SUMVARY

1.1 ldentity, physical and chenical properties, analytical nethods

Phenol is a white crystalline solid which nelts at 43 °C and
i quefies upon contact with water. It has a characteristic acrid
odour and a sharp burning taste. It is soluble in nost organic
solvents; its solubility in water is linted at roomtenperature;
above 68 °C it is entirely water-soluble. Phenol is noderately
volatile at roomtenperature. It is a weak acid, and in its ionized
formvery sensitive to electrophile substitution reactions and
oxi dati on.
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Phenol may be collected from environnental sanples by
absorption in NaCH solution or onto solid sorbents. Desorption is
achi eved by acidification, steamdistillation and ether extraction
(fromsolutions) or by thermal or liquid desorption (fromsolid
sorbents). The nobst inportant anal ytical techniques are gas
chromat ography in conbination with flane ionization/electron capture
detection, and hi gh-performance |iquid chronatography in conbination
with ultraviol et detection. The | owest reported detection limt for
air is 0.1 ug/nt. Phenol can be neasured in blood and urine; in
urine sanples a detection linmt of 0.5 pg/litre has been reported.

1.2 Sources of hunman and environnental exposure

Phenol is a constituent of coal tar, and is forned during the
natural deconposition of organic materials. The major part of pheno
present in the environment, however, is of anthropogenic origin.
Production and use of phenol and its products, especially phenolic
resins and caprol actam exhaust gases, residential wood burning and
cigarette snoke are potential sources. Another potential source is
the at nospheric degradati on of benzene under the influence of |ight,
whereas the presence of phenol in liquid manure may al so contribute
considerably to its atnospheric | evels. Benzene and pheno
derivatives may, by in vivo conversion, forma source of
endogenous human phenol exposure.

The worl dwi de production of phenol appeared to be fairly
constant throughout the 1980s, the USA being the nobst inportant
producer. Its major use is as a feedstock for phenolic resins,
bi sphenol A and caprol actam Sone nedi cal and pharnaceutica
applications are al so known.

1.3 Environnental transport, distribution and transformation

The nmain enissions of phenol occur to air. The mmjor part of
phenol in the atnosphere will be degraded by photochenical reactions
to di hydroxybenzenes, nitrophenols and ring cl eavage products, with
an estimated half-life of 4-5 h. A mnor part will disappear from

the air by wet deposition (rain). Phenol is expected to be highly
nobile in soil, but transport and reactivity nay be affected by pH

Phenol in water and soil may be degraded by abiotic reactions
as well as microbial activity to a nunmber of conpounds, the nost
i nportant being carbon di oxi de and nethane. The proportion of
bi odegradation to the overall degradation of phenol is determ ned by
many factors, such as concentration, acclinmation, tenperature, and
the presence of other conpounds.

1.4 Environnmental |evels and human exposure

No data are avail abl e on atnospheric phenol |evels. Background
| evel s are expected to be less than 1 ng/n¥. Urban/suburban |evels
vary from0.1 to 8 pg/n?, while concentrations in source-doninated
areas (industry) were reported to be up to two orders of magnitude
hi gher. Phenol has been detected in rain, surface water and ground
wat er, but data are very scarce. Elevated phenol |evels have been
reported in sedinments and ground waters due to industrial pollution

Qccupati onal exposure to phenol nmay occur during the production
of phenol and its products, during the application of phenolic
resins (wood and iron/steel industry) and during a nunber of other
industrial activities. The highest concentration (up to 88 ng/nY)
was reported for workers in the ex-USSR quenching coke with
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phenol -cont ai ni ng waste water. Mst other reported concentrations
did not exceed 19 ng/nt.

For the general popul ation, cigarette snoke and snoked food
products are the nost inportant sources of phenol exposure, apart
fromthe exposure via air. Exposure by way of drinking-water and
i nadvertently contam nated food products should be | ow, phenol has
an objectionable snell and taste, which in nost cases leads to
non- accept ance by the consuner.

1.5 Kinetics and netabolism

Phenol is readily absorbed by all routes of exposure. After
absorption, the substance is rapidly distributed to all tissues.

Absor bed phenol nmainly conjugates with glucuronic acid and
sul furic acid and, to a | esser extent, hydroxylates into catecho
and hydroqui none. Phosphat e conjugation also occurs. The formation
of reactive netabolites (4, 4-biphenol and di phenoqui none) has been
denonstrated in in vitro studies with activated hunman neutrophils
and | eucocytes.

The rel ative anpbunts of glucuronide and sul fate conjugates vary
with dose and ani mal species. A shift fromsulfation to
gl ucuroni dati on was observed in rats after increasing the pheno
dose.

The liver, the lung, and the gastrointestinal nucosa are the
nost inportant sites of phenol netabolism The relative role played
by these tissues depends on route of administration and dose.

In vivo and in vitro studies have denonstrated coval ent
bi ndi ng of phenol to tissue and pl asna proteins. Sonme pheno
nmet abolites al so bind to proteins.

Urinary excretion is the major route of phenol elinmnation in
ani mal s and humans. The rate of urinary excretion varies wth dose,
route of administration, and species. A mnor part is excreted in
the faeces and expired air.

1.6 Effects on laboratory manmals, and in vitro test systens

Phenol has moderate acute toxicity for mammals. Oral LDsg
val ues in rodents range from 300 to 600 ng phenol/kg body wei ght.
Dermal LDsp values for rats and rabbits range from 670 to 1400
ng/ kg body wei ght, respectively, and the 8-h LGy for rats by

inhal ation is nmore than 900 ng phenol /n?. dinical synptoms after
acute exposure are neuronuscul ar hyperexcitability and severe
convul si ons, necrosis of skin and nucous nenbranes of the throat,
and effects on lungs, nerve fibres, kidneys, liver, and the pupi
response to light.

Sol uti ons of phenol are corrosive to skin and eyes. Pheno
vapours can irritate the respiratory tract. There is evidence that
phenol is not a skin sensitizer

The nost inportant effects reported in short-term ani ma
studies were neurotoxicity, liver and ki dney danege, respiratory
effects and growh retardation. Toxic effects in rat kidney have
been reported to occur at oral dose |evels of 40 ng/ kg per day or
nore. Liver toxicity was evident in rats admnistered at | east 100
ng/ kg per day. In alinmted 14-day study in rats, an oral
no- observed- adverse-effect |evel (NOAEL) of 12 ng/ kg per day was
reported, based on kidney effects. In this experinent mosis (an
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iris response to light) was still inhibited at 4 ng/ kg per day;
however, the health significance of this finding is not clear. Sone
bi ol ogi cal changes were reported to occur in the intestinal nucosa
and ki dneys of mce at dose |levels below 1 ng/kg per day, a finding
of uncertain toxicol ogical significance.

There are no adequate studies on the reproductive toxicity of
phenol . Phenol has been identified as a devel opnental toxicant in
studies with rats and mce. In tw nultiple dose rat studies, NOAEL
val ues of 40 ng/ kg per day (the | owest-observed-adverse-effect |eve
(LOAEL) was 53 ng/ kg per day) and 60 ng/ kg per day (the LOAEL was
120 ng/ kg per day) have been reported. In the nouse, the NOAEL was
140 ng/ kg per day (the LOAEL was 280 ng/ kg per day).

The majority of bacterial mutagenicity tests have given
negative results. Mitations, chronmosomal damage and DNA effects have
been observed in manmmalian cells in vitro. Phenol has no effect on
intercellular comunication (neasured as netabolic cooperation) in
cultured mammal i an cells. Induction of micro-nuclei in bone narrow
cells of mce has been observed in sone studies. No m cronuclei were
observed in mce studies at | ower doses.

Two carcinogenicity studi es have been conducted with mal e and
femal e rats and mce receiving phenol in their drinking-water.
Mal i ghancies (e.g., GCcell thyroid carcinom, |eukaem a) were only
seen in |lowdose nale rats. No adequate dernal or inhalation
carcinogenicity studi es have been conducted. Two-stage
carci nogeni city studi es have shown that phenol, applied repeatedly
to nouse skin, has pronpting activity.

1.7 Effects on hunans

A wi de range of adverse effects has been reported foll ow ng
wel | - docunment ed human exposure to phenol by the dernmal, oral or
intravenous routes. Gastrointestinal irritation has been reported
foll owi ng ingestion. Local effects foll owing dermal exposure range
from pai nl ess bl anching or erythema to corrosion and deep necrosis.
System c effects include cardiac dysrhythnias, netabolic acidosis,
hyperventilation, respiratory distress, acute renal failure, rena
damage, dark urine, methaenogl obi naem a, neurol ogical effects
(i ncluding convul sions), cardi ovascul ar shock, conma and death. The
| owest reported dose resulting in a hurman death was 4.8 g by
i ngestion; death occurred within 10 nin.

The potential for poisoning through inhalation of pheno
vapours has | ong been recogni zed, but no cases of death foll ow ng
this route of exposure have been reported. Synptons associated with
i nhal ati on of phenol included anorexia, weight |oss, headache,
vertigo, salivation and dark urine.

Phenol is not a sensitizing agent.

The human odour threshold for phenol has been reported to range

from0.021 to 20 my/n? in air. The odour threshold for phenol in
wat er has been reported to be 7.9 ng/litre, and the taste threshold
0.3 ng/litre in water

Adequat e hunan data on the carcinogenicity of phenol are not
avai |l abl e.

1.8 Effects on organisnms in the environnent

In studies on single bacteria species, the ECGy val ues found
for growmh inhibition varied from244 to 1600 ng phenol/litre. A

Page 9 of 102



Phenol (EHC 161, 1994)

toxicity threshold of 64 ng phenol/litre was found. Val ues for

protozoa and fungi were of the sane order of magnitude as for
bacteria; for algae, they were sonewhat | ower.

Phenol is toxic to higher freshwater organisns. The | owest
LGCsg or EGso val ues for crustaceans and fish lie between 3 and 7
ng phenol/litre. The data on the acute toxicity to marine organi sns
are conparable with those for freshwater organisns. In long-term
studi es on crustacea and fish species, a renmarkable difference in
sensitivity has been observed; the LC, values from enbryo-I|arva
tests on Salno and Carassius proved to be much lower (0.2 and 2
ug phenol/litre, respectively) than the correspondi ng val ues for
other fish species (NOLC 2.2-6.1 ng/litre) and anphibia, or from
reproduction tests on crustacea (NOLC 10 ng phenol/litre). Data from
long-termtests on marine organi sns are not avail abl e.

The bi oconcentration factors of phenol in various types of
aquatic organisns are in general very low (< 1-10), although sone
hi gher values (up to 2200) have al so been reported. Phenol
therefore, is not expected to bioaccunul ate significantly.

The avail abl e data concerning the fate and effects of phenol in
terrestrial organisns are very scarce. A 120-h EGso for mllet was
found to be 120-170 ng/litre, and in a contact test the LGy for

eart hwor m speci es was 2.4-10.6 ug/ cnf.
1.9 Summary of evaluation
1.9.1 Human health

The general population is primarily exposed to phenol by
i nhal ati on. Repeated oral exposure may arise from consunption of
snoked food or drinking-water

Data are inadequate to determ ne the degree of exposure of the
general popul ation, but an upper-limt estimate of the daily intake
can be made. On the basis of "the worst case scenario", an estimate
can be made assuming that an individual will be maximally exposed to
phenol through continuous inhalation of heavily contamni nated air
with frequent consunption of smoked food itens and of drinking-water
cont ai ni ng phenol up to the taste threshold. The estimated maxi ma
total daily intake of phenol for such a 70-kg individual is
calculated to be 0.1 ng/ kg body wei ght per day.

The | owest NOAEL val ues identified in animal experinents are
for kidney and devel opnmental effects, and in rats lie within the
range of 12-40 ng/ kg body wei ght per day. Using an uncertainty
factor of 200, a range of 60-200 upg/ kg body wei ght per day is
recomended as the upper limt of the total daily intake (TDI).
Consi dering the upper-linmit estimate of human daily intake of 100
pg/ kg body wei ght per day, it is concluded that the average genera
popul ati on exposure to phenol fromall sources is below this range.

A reason for concern is sone evidence that phenol may be
genotoxic and the fact that there is insufficient data to discount
with certainty the possible carcinogenicity of the conpound. The
eval uati on must be kept under periodic review

1.9.2 Environnment
Phenol is not expected to bioaccurul ate significantly. Phenol

is toxic to aquatic organi snms; an environnental concern |evel of
0.02 pg/litre can be determ ned applying the nodified US EPA net hod.
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Adequat e data on plants and terrestrial organisns are |acking.

I nterconpartmental transport of phenol mainly occurs by wet
deposition and by | eaching through soil. Generally, the conpound is
not likely to persist in the environnent. The scarce exposure data
do not allow the evaluation of the risk from phenol to either
aquatic or terrestrial ecosystens. However, in view of the derived
envi ronmental concern level for water, it is reasonable to assune
that aquatic organisnms may be at risk in any surface or sea water
cont ami nated with phenol

2. | DENTI TY, PHYSI CAL AND CHEM CAL PROPERTI ES, ANALYTI CAL METHODS
2.1 ldentity
Chem cal formula: GCHO

Chem cal structure

oH

Rel ati ve nol ecul ar nass: 94. 11
Conmon narne: pheno

Conmon synonyns: aci dum carboli cum aci dum phenol i cum
aci dum phenyli cum benzaphenol, benzene
phenol, benzenol carbolic acid,
hydr oxybenzene (1 UPAC), oxybenzene
nmonohydr oxybenzene, nonophenol, phenic
aci d, phenol al cohol, phenyl hydrate,
phenyl hydroxi de, phenylic acid

Conmon trade nanes: carbololie (NLD), fenololie (NLD)
kristalliertes Kreosot (GER)
St ei nkohl enkr eosot (GER)
St ei nkohl ent eer kreosot (GER), venzéno
(FRA), ENT 1814.

CAS registry nunber: 108-95-2

CAS chem cal nane: phenol

2.2 Physical and chem cal properties

Some physical and chenical properties of phenol are given in
Tabl e 1.

Table 1. Sone physical and chenical properties of phenol?

Boi | i ng point (101.3 Pa) 181.75 °C

Mel ting point 43 °C

Page 11 of 102



Phenol (EHC 161, 1994)

40.9 °C (ultrapure naterial)

Rel ative density (20 °/4 °)° 1.071
Rel ati ve vapour density (air = 3.24
Vapour pressure (20 °Q 0. 357 mHg
(50 °CQ 2. 48 mHg
(100 °Q 41. 3 mmHg
Saturation concentration in air (20°C) 0.77 g/nt
Solubility in water (16 °C) 67 g/litre°
Log n-octanol /water partition
coefficient (l1og P 1. 46d
Di ssoci ation constant in water
at 20 °C (Ka) 1.28 x 10710
Fl ash- poi nt (cl osed cup) 80 °C
(open cup) 79 °C
85 °C
Flammability limts 1.3-9.5%

& From Kirk-Ohnmer (1980); RIVM (1986)

b Weast (1987)

¢ Above 68.4 °C phenol is entirely soluble in water

4 The P,y of phenol is very nmuch dependent on pH, pH at |og
Pow = 1.46 was not given

€ Budavari et al. (1989)

Phenol has a nelting point of 43 °C and forns white to
col ourless crystals (Budavari et al., 1989). It has al so been
described as a colourless to pink solid or thick Iiquid (N GCSH,
1985a). Phenol has a characteristic acrid snmell and a sharp burning
taste. Odour and taste threshold values are reported in section 8. 3.
In the nolten state, it is a clear, colourless liquid with a | ow
viscosity. A solution with approximtely 10% water is called
phenol um liquefactum as this mxture is liquid at roomtenperature.
Phenol is soluble in nobst organic solvents (aromatic hydrocarbons,
al cohol s, ketones, ethers, acids, hal ogenated hydrocarbons). The
solubility is linmted in aliphatic solvents.

The chem cal properties of phenol are affected by the resonance
stabilization possibilities of phenol and, in particular, of the
phenol ate i on. Because of this, phenol reacts as a mld acid. In the
presence of electrophilic groups (nmeta-indicators), the acidic
properties are enphasi zed.

Phenol is sensitive to oxidizing agents. Splitting of the
hydrogen atom fromthe phenolic hydroxyl group is foll owed by
resonance stabilization of the resulting phenyloxy radical. The
radi cal formed can easily be further oxidized. Depending on the
oxi di zi ng agent applied and the reaction conditions, various
products, such as di hydroxy- and trihydroxybenzenes and qui nones are
fornmed. These properties make phenol suitable as an anti oxidant,
functioning as a radical trapping agent. Phenol undergoes numerous
el ectrophilic substitution reactions, such as hal ogenation and
sul fonation. It also reacts with carbonyl conpounds in both acidic
and al kaline nmedia. In the presence of fornal dehyde, phenol is
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readi |y hydroxynet hyl ated with subsequent condensation to resins.

2.3 Conversion factors

1 ng/n? = 0.26 ppm
1 ppm = 3.84 ng/nt

2.4 Analytical methods
Anal ytical nethods for phenol are shown in Table 2.
2.4.1 Sanpling and pre-treatnent

Phenol in air sanples may be coll ected by absorption in NaCH
solution contained in wash bottles or on filters inpregnated with
NaOH sol ution. Phenol in air, water and solid waste sanples nay be
collected (directly or after extraction) in tubes containing solid
sorbent (Tenax, silica gel or, less commonly, carbon) (lIARC, 1989).
For large air volunes, the NaOH nmethod is usually preferred, whereas
for smaller quantities (personal air sanpling, for instance) solid
sorbent tubes have been reported to be nore practical (RIVM 1986).

Rel ease of phenol from aqueous sol utions (including NaCH
sorbent, and also urine) is achieved by acidification, steam
distillation and/or ether extraction. After adsorption onto Tenax,
thermal desorption at 250 °Cis usually preferred (the whol e sanple
may be inserted directly into a gas chromat ograph), whereas, in the
case of silica gel, liquid desorption with chloroformis generally
applied. There is a small possibility of chemi cal conversion during
heati ng, whereas Tenax may react with ozone to formsnmall quantities
of phenol. Only one analysis per sanple is possible in the case of
thermal desorption. The use of liquid desorption allows nore
anal yses per sanple, but because of the unavoidable dilution the
detection linmt is higher (RI'VM 1986).

Table 2. Methods for the detection of phenol in air

Sanpl i ng Vol unme of air Pre-treat ment
(litre) bef ore anal ysis
Absor bance in NaCH sol ution 100 acidification
in a wash bottle; 1 litre/mn sanpl e
Absor bance in NaOH sol ution 25 000 acidification and
in an inpinger; 20 litre/nmin steam distillation
G ass fibre filter inpregnated with 600 acidification and
NaOH and gl ycerol; 120 litre/mn extraction with ether
Absorbance in NaCH solution in 1000 acidification and
an inpinger; 28 litre/mn steam distillation
Absor bance in NaCH sol ution - none

in a wash bottle; 1 litre/mn

Absorbance in NaCH solution in 150 conversion in an

a sinter wash bottle; 1-2 litre/mn azophenol derivate
Absor bance in Na,CO; sol ution; 30 calibration at pH = 10
1litre/mn and pH = 7
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Absorbance in NaCH solution in 300 calibration at pH = 12
an inpinger; 28 litre/mn and at pH =6
Tenax with and wi t hout KOH, 5 thermal desorption
0.25 litre/mn 250 °C
Tenax; 0.1 litre/mn 4 thermal desorption

260 °C
Tenax; 0.5-1 litre/nin 70 thermal desorption

250 °C

Table 2 (contd)

Sanpl i ng Vol ume of air Pre-treat nent
(litre) bef ore anal ysi s
Tenax; 0.75 litre/mn 90 thermal desorption
300 °C
Silica gel 25 liquid desorption

with chl orof orm

Silica gel; 0.05-2 litre/mn 10 liquid desorption
wi t h chl or of orm

Dr agen tube gas detection 0.5 none

2.4.2 Analysis

The nost inportant anal ytical techniques for the detection of
phenol are gas chromat ography (GC) in conbination with flame
ioni zation detection (FID), and high-performance |iquid
chromat ography (HPLC) in conbination with ultraviolet (W)
detection. The identification of phenol by GC FI D has been i nproved
by reaction of phenols with brom de or pentafluoro-benzyl brom de,
and the use of electron capture detection (Hoshika & Miuto, 1979; US
EPA, 1986a). The identification of phenol using HPLC can be inproved
by reaction with, for exanple, p-nitrobenzene di azoni um
tetrafl uoroborate to formazo derivatives (Kuwata et al., 1980).

Detection limts of the above techniques for air sanples are
given in Table 2. For the GJFID detection of phenol in water, using
el ectron capture detection followi ng derivatization with
pent af | uor obenzyl bronide, a detection linmt of approxinmtely 0.2
pmg/litre has been reported (US EPA, 1986a).

GC in conbination with nmass spectronetry (MS) is nore sensitive
than with FID, but is nore expensive. This technique, using either
packed or capillary colums, was reported to have practica
quantitative limts of approxinmately 1 ng phenol/kg wet weight for
soi | / sedi nent sanples, 1-200 ng phenol /kg for wastes, and 10
pug/litre for groundwater sanples (US EPA, 1986b,c).

Anot her reported analytical technique is colorinetry after
reacti on of phenol with 4-amino antipyrine, in the presence of
potassium ferricyanide, to forman antipyrine dye. The detection
limt of this technique for water sanples, after steamdistillation
was reported to be 1 pg/litre (Anerican Public Health Association
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1985). For air sanples of 1 n?, the detection limt was reported
to be 2 pg/n? (see Table 2). The interference by para-substituted
phenol s and chl orophenols is low (RIVM 1986).

Infrared (IR) detection of phenol is a rather insensitive
net hod, and is highly susceptible to interference by other conpounds
such as water vapour. However, it is a rapid and specific method
which allows directly readabl e continuous nmeasurenment. It is
considered to be attractive only at air concentrations of nore than
1000 pg/ n?, for exanple in | eakage tests and industrial warning
systenms (RIVM 1986). Also directly readable is the Drager gas
detection tube (see Table 2); however, the detection lint is very
hi gh (> 19 000 pg/ nt).

For the GO/ FID detection of total phenol in urine sanples,
after acidification and ether extraction, a detection linmt of 0.5
pg/litre was estimated (NI OSH, 1985b). Colorinmetric nethods for the
determ nati on of free phenol in both urine and blood are avail abl e.
In one nethod, phenol reacts with p-nitroaniline follow ng
deproteinization and extraction with diethyl ether. Oher phenols

will interfere (Miting et al., 1970). In another nethod, pheno
reacts with ammnia and N-chlorosuccinimde in alkaline nmedia with
sodium nitroprusside as a catalyst. This nmethod was found to be
applicable in the range of 3-24 ng/litre, using spiked sanples of
urine (AmMathe et al., 1987). The concentration of total phenol in
urine and plasma can be determ ned by GO/ Ms foll owi ng hydrol ysis of
gl ucuroni de and sulfate conjugates with sulfuric acid and
derivatization with propanoi c anhydride. The detection limt is
reported to be 10 pg/litre (Pierce & Nerland, 1988).

3. SOURCES OF HUMAN AND ENVI RONVENTAL EXPOSURE
3.1 Natural sources

Phenol is a constituent of coal tar, and is forned during the
natural deconposition of organic materials. Increased environnental
levels may result fromforest fires (Hubble et al., 1981).

Phenol has been detected anpng the volatile conmponents from
liquid nmanure at concentrations of 7-55 pg/kg dry wei ght (Spoelstra,
1978). In the Netherlands, for exanple, the contribution fromthis
source to the overall phenol enission into air in 1983 has been
calculated to be 15% assuming conplete volatilization of phenol and
an average phenol concentration in manure of 30 pg/kg dry wei ght
(RIVM 1986).

3.2 Ant hropogeni c sources
3.2.1 Production

The nost commonly used production nethod for phenol, on a
wor | dwi de scale, is fromcunene (isopropyl benzene). In the USA, for
exanpl e, nore than 98% of phenol is produced by this nethod (I ARC
1989). Phenol is al so produced from chl orobenzene and tol uene. A
smal | but steady supply of phenol is recovered as a by-product of
netal | urgi cal coke manufacture (1 ARC, 1989). The enission factor of
phenol into air during production by the cunmene process has been
reported to be 0.16 g phenol emitted per kg phenol produced (UBA,
1981).

In Table 3, information is presented concerning the production

of phenol in various countries in 1981. This information was derived
fromthe open literature (Chenfacts, 1978-1981; United Nations,
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1980; SRI, 1982; CI D TNO, 1984; |ARC, 1989) and, where necessary,
was extrapol ated to 1981. There have been no mmj or production
changes according to data available up to 1986 (I ARC, 1989).

3.2.2 Industrial processes

Phenol is the basic feedstock fromwhich a nunber of
commercially inportant materials are made, including phenolic
resins, bisphenol A (2, 2-bis-1-hydroxyphenyl propane), capro-I|actam
al kyl phenols, as well as chl orophenol s such as pentachl or opheno
(1 ARC, 1989).

Table 3. Production of phenol in 1981 and 1986 (kil otonne/year)

Country Producti on Producti on
in 19812 in 1986°

Brazil 50

Bul gari a 35

Czechosl ovaki a 44 46

Fi nl and 32

France 150

Ger many, Feder al

Republ i ¢ of 247

ltaly 223

I ndi a 14

Japan 215 260

Mexi co 20

The Net her| ands 166

Pol and 66

Romani a 66

Spai n 55 70

Uni t ed Ki ngdont 110 53

USA 1350 1413

USSR 497 515

O her countries 34

Eur opean Community (total) 920

Tot al 3374

3 Chenfacts (1978-1981): United Nations (1980); SR (1982); C D TNO
(1984); 1 ARC (1989)

b From | ARC (1989)

¢ Phenol is no longer produced in the UK
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The nost inportant phenol em ssions result fromthe use of
phenolic resins. Phenolic resins are used as a binding material in,
for exanple, insulation materials, chipboard and triplex, paints and
casting sand foundries. Their contents vary from 2-3%  for insulation
material to > 50% for noulds (Bollig & Decker, 1980). Enissions are
approxi mately proportional to the concentration of free phenol
which is present as a nononer in these materials (1-5% (Bollig &
Decker, 1980). In addition, phenol may be rel eased as a result of
thermal deconposition of the resins.

In foundries, phenol em ssions develop both during the
production of nmoulds and kernels and during founding (TNO, 1978).
The content of free phenol may rise by up to 12% (Ryser & Ul mer,
1980). Enission factors reported by RIVM (1986) were 0.35 g pheno
emtted per kg used casting sand, 2-5 g phenol enitted per kg resin
in the production of casting sand, and 10 g phenol enitted per kg
resin during the production of noulds by the "hot-box" procedure.

O her industrial activities in which phenol may be emtted to
the air, as well as some of their reported em ssion factors, are
i sted bel ow

* production of phenol resins (0-0.5 g phenol enmtted per kg
resin produced) (RIVM 1986)
* production of phenols and phenol derivatives

* production of caprolactam (0.02-0.05 g phenol emtted per kg
cycl ohexanone (an internedi ate) produced (RIVM 1986)

* producti on of cokes
* production of insulation materials
* process em ssions

Emi ssions to water nmay al so result from processing.
3.2.3 Non-industrial sources

Phenol has been detected in the exhaust gases of private cars
at concentrations of 0.3 ppm (approximately 1.2 mg/n?¥) to 1.4-2.0
ppm (5.4-7.7 ng/ ) (Kuwata et al., 1980; Verschueren, 1983). It
has al so been identified in cigarette snoke, in quantities that are
conparabl e to an average em ssion of 0.4 ng/cigarette (G oenen
1978). Enission gases fromall material incinerators and hone fires,
especi al | y wood- burni ng, nmay contain substantial quantities of
phenol (Den Boeft et al., 1984).

Anot her potential source of phenol is the atnospheric
degradati on of benzene under the influence of Iight (Hoshino &
Aki not o, 1978).

Phenol s have been detected in snoked foods (section 5.3.2).
3.3 Endogenous sources

An inportant additional source of human phenol exposure nay be
the in vivo formation fromvarious xenobiotics, e.g., benzene
(Pekari et al., 1992).
3.4 Uses

The | argest single use of phenol is the production of phenolic
resins. Next is its use in the production of caprolactam an
intermediate in the production of nylon 6, and 2, 2-bis- 1-

hydr oxyphenyl pr opane (bi sphenol A), which is mainly used in the
production of phenolic resins (Kirk-Chner, 1980).
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The various applications of phenol as a percentage of total
1981 consunption, in the USA and western Europe, are sunmarized in
Table 4 (Kirk-OQhner, 1980). The data presented are in close
agreenment with the 1986 USA data reported by | ARC (1989).

Table 4. Use of phenol in 1981 (%total consunption)?

Producti on of USA West Eur ope

Phenol i c resins 48 36

Bi sphenol A(2, 2-bis-1-

hydr oxyphenyl pr opane) 18 17
Capr ol act am 15 28
Q her products 19 19
Tot al 100 100

& From Kirk-Ohnmer (1980)

Phenol was widely used in the 19th century for wound treat nent
and as an antiseptic and | ocal anaesthetic. The nedical uses of
phenol today include incorporation into disinfectants, antiseptics,
| otions, salves and ointnments (1ARC, 1989). Another nedica
application of phenol is its use as a neurolytic agent, applied in
order to relieve spasmand chronic pain (Wod, 1978).

In addition to the applications nentioned in section 3.2.2,
phenol is used in the manufacture of paint and varni sh renovers,
| acquers, paints, rubber, ink, illumnating gases, tanning dyes,
perfunmes, soaps and toys (I ARC, 1989).

4. ENVI RONMENTAL TRANSPORT, DI STRI BUTI ON AND TRANSFORMATI ON
4.1 Transport and distribution between nedia

No data have been found concerning wet and dry deposition of
phenol . Since phenol in air is present alnpbst exclusively in the gas
phase, dry deposition (by particle deposition) is expected to be
negligi ble. Wt deposition may contribute to the di sappearance of
phenol fromthe atnosphere: when phenol was neasured during seven
epi sodes of rain in Portland, Oregon, USA, relatively high
concentrations were found in the rain water (Leuenberger et al.
1985).

Based on its relatively high solubility in water and the
relatively | ow vapour pressure at roomtenperature, phenol is
expected to end up largely in the water phase upon distribution
between air and water. Consequently, transport fromair to soil and
water is likely (RIVM 1986). Volatilization fromdry near-surface
soil should be relatively rapid (Howard, 1989).

Theoretical deposition rates for phenol were estimated assuning
a behaviour simlar to SO2, and conparing with the rate of reaction
of phenol w th hydroxyl radicals (see below). Based on this
comparison, it was concluded that nost phenol in the atnosphere is
degraded chenically, rather than transported (RIVM 1986).

Partition coefficient (K,) values of phenol for two silt

Page 18 of 102



Phenol (EHC 161, 1994)

| oans were reported to be 39 and 91 dn?/ kg. Based on these K

val ues, phenol woul d be expected to be highly nobile in soil, and
therefore may | each to ground water (Howard, 1989). This was
confirnmed by Scott et al. (1982) who found | ow adsorption of

phenol to two sterile silt loans (pH 5.4, organic matter content 1.1
and 3.6, respectively), as shown by Freundlich K val ues of 0.57 and
1.19, respectively. Based on the pK, (log (1.28 x 10 "19),

phenol exists in a partially dissociated state in water and noi st
soils and, therefore, its transport and reactivity may be affected
by pH (Howard, 1989). Upon neasurenent of the sorption and
desorption of phenol fromwater to surface sedinment (pH 6.21-6.35
organic matter content of fine fraction (< 2 uM was 10.2%, pheno
appeared to bind strongly to the soil. The estinmated K, was 2900

dm’/ kg (1saacson & Frink, 1984). However, no correction was nmade

for any degradation occurring during the experinments. The adsorption
of phenol onto soil or microbial biomass may be decreased by the
presence of phenol derivatives (Boyd, 1982; Sel vakumar & Hsieh

1988). Phenol has been detected in ground water as a result of
| eaching (see section 5.1.2).

4.2 Abiotic degradation
4.2.1 Ar

Phenol may react in air with hydroxyl and NO; radicals, and
under go ot her photochemi cal reactions to form di hydroxy-benzenes,
ni trophenols, and ring cl eavage products (Atkinson et al., 1979;
Bruce et al., 1987). The half-life for phenol in air was found to
be 4-5 h under photochenically reactive conditions in a snog chanber
(Spicer et al., 1985); this is in good agreenent with the
estimated half-life of phenol in air of 5 h based on its estimted
reaction rate with hydroxyl radicals (RIVM 1986). Howard (1989)
reported an estimated half-life of 15 h for the reaction of pheno
with hydroxyl radicals in air. The reaction of phenol with nitrate
radi cal s during the night nay be a significant renoval process; a
hal f-1ife of 15 min has been estimted at an atnospheric
concentration of 2x10% nitrate radicals per cnt® (Howard, 1989).

Phenol absorbs light in the region of 290-330 nm and therefore
coul d photol yse (Howard, 1989).

4.2.2 \Water

Phenol s generally react in sunlit natural water via reaction
wi th photochem cally produced hydroxyl and peroxy radicals; typical
hal f-1ives were reported to be 100 and 19.2 h, respectively (Howard,
1989).

Phenol was found to be oxidized to carbon dioxide in water
under experinental conditions (tenperature approxinmately 50 °C), in
the presence of oxygen and sunlight, at a rate of 11% per 24 h
(Knoevenagel & H mmelreich, 1976). It was reported to react with
nitrate ions in dilute aqueous solutions to form di hydroxybenzenes,
ni trophenol s, nitrosophenol and nitroquinone, presumably by a
radi cal nmechani sminvol vi ng hydroxyl and phenoxyl radicals (N essen

et al., 1988). Phenol has been found to react with nitrous acid in
waste water to form cyanide (Adachi et al., 1987), and to form
chl orophenol s in chlorinated drinking-water (Jarvis et al., 1985)

and p-benzoqui none in the presence of chlorine dioxide (Wajon et
al., 1982).

4.3 Biodegradation
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Bacteria play a magjor role in the degradation of phenol in
soil, sedinment and water. The nunber of bacteria capabl e of
utilizing phenol is usually a small percentage of the tota
popul ation present in, for exanple, a soil sanple (H ckman & Novak
1989). However, repeated phenol exposure may result in acclinmation

(the pronption of strains capable of utilizing phenol as food)
(Young & Rivera, 1985; Colvin & Rozich, 1986; Shinp & Pfaender
1987; Wggins & Al exander, 1988; Ti bbles & Baecker, 1989).

Phenol may be converted by bacteria under aerobic conditions to
carbon di oxi de (Southworth et al., 1985; Usin, 1985; Aelion et
al ., 1987; Dobbins et al., 1987; Aquino et al., 1988), and
under anaerobic conditions to carbon dioxide (Bak & Wddell, 1986;
Tschech & Fuchs, 1987) or nethane (Healy & Young, 1979; Ehrlich et
al ., 1982; Young & Rivera, 1985; Fedorak & Hrudey, 1986; Fedorak

et al., 1986). Benzoate, catechol, cis-cis-nuconate,
- ket oadi pate, succinate and acetate have all been identified as
intermedi ates in the biodegradati on of phenol (Paris et al., 1982

Krug et al., 1985; Fedorak et al., 1986; Knoll & Wnter, 1987).
Sone of the carbon derived fromthe degradation of phenol may be
incorporated into the bacterial biomass (Chesney et al., 1985).

Phenol may be degraded in its free formas well as after
adsorption onto soil or sedinent, although the presence of sorbent
reduces the rate of biodegradation (Shinp & Young, 1987; Knezovich

et al., 1988).

When phenol is the only carbon source, it can be degraded in a
biofil mreactor with first-order kinetics at concentrati ons bel ow
about 20 pg/litre at 10 °C. The first-order rate constants are 3 to
30 tinmes higher than those of easily degraded organi c conpounds at
100- to 1000-fold higher concentrations (Arvin et al., 1991).
Reported phenol degradation rates suggest rapid aerobic degradation
in sewage (typically > 90%with an 8-h retention tine), soi
(typically compl ete bi odegradation in 2-5 days), fresh water
(typically conmpl ete biodegradation in < 1 day), and sea water
(typically 50%in 9 days) (Howard, 1989). Anaerobic biodegradation
is slower (Baker & Mayfield, 1980).

The contribution of bacteria to the overall rate of degradation
may be affected by a nunber of factors such as phenol concentration
(Baker & Mayfield, 1980; Ursin, 1985; Hwang et al., 1989),
tenperature (Baker & Mayfield, 1980; Bak & Wddell, 1986; Hwang et

al ., 1986; Thornton-Manning et al, 1987; Qurujeyal ashm & Oiel,
1989), sunlight (Hwang et al., 1986), soil depth (Dobbins et
al ., 1987; Federle, 1988), the presence of other nutrients
required for bacterial growh (Rubin & Al exander, 1983; Fedorak &
Hrudey, 1986; Rozich & Colvin, 1986; Thorton-Manning et al.
1987), the presence of other pollutants (Southworth et al., 1985;
Hof f mann & Vogt, 1988; Wang et al., 1988; Nankoong et al., 1989)
and bacterial abundance (Tranvik et al., 1991).

5. ENVI RONVENTAL LEVELS AND HUVAN EXPOSURE
5.1 Environnental |evels
5.1.1 Air

No data are avail abl e for background | evels of phenol in air,
away from em ssion sources. They are expected to be low (< 1 ng
phenol /) (RIVM 1986).

Hi gher | evels of phenol in air may be expected for urban areas,
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mainly due to traffic em ssions. Urban phenol concentrations have
been reported for Osaka, Japan (1-4 pg phenol/n¥; Kuwata et al.
1980), Nagoya, Japan (0.2-8 ug phenol/n? with an average of 1.7 pg
phenol / n?; Hoshi ka & Mito, 1979, 1980), Paris, France (0.7-8 pg
phenol / n?; Hagemann et al., 1978), and Portland, USA (0.22 to

0.42 pg phenol / n?; Leuenberger et al., 1985). Despite

differences in analytical techniques, the first three series of
measur ement s showed good agreenent. The Portland results were | ower,
but came fromair sanples taken during rain periods; phenol was al so
detected in rain water (see section 5.1.2).

Anmbi ent air |evels of phenol have been extensively nonitored in
the highly industrialized and urbani zed Upper Silesia region of
Pol and (Sanitary Epi dem ol ogi cal Station, Katow ce, 1991). Levels
during 1990 ranged from 3.8 to 26.6 pg/nt, the highest val ues
being in the areas of greatest industrial concentration

Hoshi ka & Muto (1979, 1980) reported a phenol |evel of

approxi mately 190 ug/nt "near" a phenolic resin factory (no
details). Kuwata et al. (1980) found phenol l|evels of 0.8-3.5

mg/ m? in foundry enissions (no details).

Based on limted data, nedian anbi ent atnospheric |evels of
phenol (based on estimated 24-h averages) were estimted by
Brodzi nsky & Singh (1982) to be 0.12 ug/nt for urban/ suburban
areas (7 sanples) in the USA (which is |ower than reported above for
several cities), and 104 pg/nt (2-170 pg/n?) for source-
dom nated areas (83 sanples) in the USA

5.1.2 Water and sedi nent

Level s of phenol dissolved in rain water from Portland, USA,
were found to range fromO0.08 to 1.2 ug/litre and averaged above
0.28 pg/litre; gas phase concentrations ranged from 220-410 ng/ n?
(Leuenberger et al., 1985).

Concentrations reported for surface water in the Netherl ands
were 2.5-6.5 pg/litre for two major rivers, 0.3-7 pg/litre for
| akes, and 1.5 pg/litre for coastal waters (the given concentrations
i ncl ude ot her phenolic substances) (RIVM 1986). Industrial rivers

in the USA were reported to contain 0-5 pg/litre, but 3-24 pg/litre
was reported for Lake Huron. Phenol was al so detected in 2/100 raw
water supplies in 1977 in the US EPA National O ganics Mnitoring
Survey (Howard, 1989).

Drinki ng-water |evels of phenol in the USA have been reported
to be around 1 pg/litre or otherw se below the detection linmt
(summari zed by Howard, 1989). Phenol was detected (no quantitative
data) in drinking-water in the USA from5 out of 14 drinking-water
pl ants surveyed and in Geat Britain in 2 out of 4 sites (Fielding

et al., 1981). Hi gher groundwater |evels have been reported
followi ng industrial activity (e.g. 6.5-10 000 pg/litre in two

aqui fers 15 nonths after a coal gasification project; sunmarized by
Howar d, 1989). Phenol was detected at a maxi num concentrati on of
1130 nyg/litre in nine wells in Wsconsin after a spill, and was
detectable for at least 1.5 years after the spill (Delfino & Dube,
1976) .

Phenol was not detected in water sanples fromthree areas in
Japan anal ysed for an environnmental survey; however, |evels of
0.03-0.04 ng/litre were detected in 3 out of 9 bottom sedi nent
sanples fromthe sane regions (Fujii, 1978).
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O her sedi ment concentrations reported were 13 000 pg/ kg in
sampl es from Lake Huron, "not detected" in an unspecified industrial
river in the USA, < 1000 pg/ kg (dry weight) as the medi an
concentration in 9% of sediment sanples from 318 data points in the
USA, and 10 pg/ kg (dry weight) in sanples collected 6 kmfroma
wast ewat er treatnent discharge zone in California (sunmarized by
Howar d, 1989).

Phenol was detected in 63 out of 165 sedinents from sanpling
areas in the Puget Sound region (Tetra Tech. Inc., 1986). Half the
sanpl es had a concentration of phenol bel ow 40 pg/ kg sedi ment (dry
wei ght); the maxi num | evel was 1700 ug/kg.

Level s of phenol with neans of 0.01-5.7 ng/litre (maximumup to
53 ng/litre) have been reported in effluents fromvarious industrial
sources (summarized by Howard, 1989). Highest |evels were associ ated
with the iron and steel industry. Limted quantitative data fromthe
VI EW Dat abase (ATSDR, 1989) for ground water at hazardous waste
sites indicated maxi mumlevels of 2.48 to 85 000 pg/litre (average
33 800 pg/litre, 6 data points).

No data have been found indicating the presence of phenol in
soil. Phenol is not likely to persist in soil because of rapid
bi odegradati on (section 4.3) or transport to ground water or air
(section 4.1).

5.2 CQccupational exposure

Qccupati onal exposure to phenol may occur during the production
of phenol and phenol derivatives, during the production of phenolic
resins and ot her products derived from phenol, during processing of
the latter nmaterials, and during a nunber of other activities.

5.2.1 Production

Personal air sanples of workers involved in the production of
phenol by the cunene process in the ex-USSR contai ned on average 5.8
nmy phenol / n?. For workers occupied in the production of pheno
from chl orobenzene, the mean exposure level was 1.2 ng phenol / n?
(Mogi | nicka & Piotrowski, 1974). Values reported in the same
publication for workers in two phenol resin-producing industries
were 0.6-3 ng phenol / nt.

5.2.2 Application of phenolic resins

Qccupati onal exposure during the processing of phenolic resins
appears to be partly determnmined by the content of free phenol in the
applied resin (Bollig & Decker, 1980; Ryser & U ner, 1980).

In the wood industry, indoor phenol concentrations of 0.3 ng

per n? (Wnkler, 1981) and 1.5 ng/n? (range 0.8-2.6) (Glli et
al ., 1980) have been reported. Concentrations in the breathing

zone of wood workers were 1.3-2.6 ng phenol/n? (Gspan et al.
1984). In anot her study, concentrations of < 0.04 to 1.9 ng

phenol / n? were found at plywood plants (Kauppinen et al., 1986).

In iron and steel foundries, average hourly pheno

concentrations of 0.4-4.5 ng/n? were reported in the manufacture
of moulds or kernels (Schitz & Wl f, 1980). Phenol concentrations of

1-4 nmg/ nt were neasured in a foundry in OCsaka, Japan (Kuwata et
al ., 1980). Local phenol concentrations were reported to be as

hi gh as 75-420 ng/nt due to the thermal degradation of the resin.
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However, this effect of thernal degradati on was not reflected in
hourly concentrations neasured during the foundry process: val ues of
3-16 ng phenol/n?, with an average of 10 ng phenol / n?, were

reported by Schitz & Wl f (1980), and a maxi nrum hourly average of
2.7 ng phenol /n was reported by Ryser & Uner (1980). (It is not
known whether these results were obtained in personal or area air
sampl es). Phenol concentrations during the operation of an electric
furnace in a steel factory in Pueblo, Colorado, USA were 0.04, 0.18
and 0.20 ng/n’ in the vicinity of the furnace. General roomair
sampl es taken during operation of a grey iron foundry were bel ow t he
detection linmt (CGunter, 1987).

5.2.3 Oher occupational situations

Exposure | evel s of 5-88 ng phenol /n® have been reported for
enpl oyees in the ex- USSR who quenched coke with waste water
containing 0.3-0.8 g/litre phenol (Petrov, 1960).

Measurenments at coal gasification and liquefaction plants in
the USA showed relatively | ow phenol concentrations (< 0.08 ng

per n?) at various sites (Dreibelbis & Hawt horne, 1985).

In a Japanese bakelite factory, area sanples contained 0-12.5
my phenol /n? (Chtsuji & lkeda, 1972).

In a synthetic fibre factory in Japan, concentrations of 19 ng
phenol / P were neasured, whereas in a USA fibrous glass wool

factory concentrations of 0.05-1.3 ng phenol /n? were reported
(Denment et al., 1973; Cgata et al., 1986).

The concentrati ons of phenol in creosote vapour, analysed in
seven creosote inpregnation plants in Finland, ranged from< 0.1 to
1.8 mg/n? air (Heikkil&a et al., 1987). The highest exposures
occurred during the cleaning of creosote warm ng chanbers.

During the dissection of cadavers by dental students, pheno
br eat hi ng zone concentrations ranged from5 to 19 ng phenol / nt.
(The hi gh phenol concentrations resulted fromthe applied enbal nmi ng
solution, in conbination wth inadequate ventilation) (Boiano,
1985) .

5.3 General popul ation exposure
5.3.1 Indoor air

Borovik & Dmitriev (1981) found a naxinmal concentration of 0.02
Hug phenol/n? in hospitals in the ex-USSR It is, however, not
clear fromwhere the phenol originated; it nay have been used as a
disinfectant in these hospitals.

No i nformati on has been found with regard to pheno
concentrations in residential houses and apartnents. G garette
snoki ng must be considered as the nost inportant potential source in
dwel lings. A distinction should be made between the main stream (the
snoke inhal ed by the snoker) and the side stream (produced by the
snoul dering cigarette itself). It was estimated that 0.01-0.22 ngy
phenol per cigarette was released in the nainstream while the
si destream phenol content was 2.6 tinmes higher. In the case of
various Japanese cigarettes, 0.3-0.4 ng phenol was enmitted into air
during burning (Kuwata et al., 1980). For an unventilated room of
50 nt, the smoking of one cigarette would thus result in a pheno

concentration of 6-8 pg/nt.
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5.3.2 Food and dri nki ng-wat er

Phenol is found in snoked neat and fish products. The wood
snoke with which such products are treated contains, anong other
ingredients, a wide range of phenols and phenol ethers, which
contribute significantly to the characteristic snoke aroma (snell
and taste) of the product.

Phenol is absorbed into the food products during snoking.
Quantitative data, however, are scarce, since phenols are usually
determned as a group. According to Toth (1982), the total pheno
content of snobked sausage is 70 ng/kg; Bratzler et al. (1969)
found a content of 37 nmg/kg in the outer |layer of the product, and
| ower contents in the inner part. Luten et al. (1979) determnined a
nunber of individual phenols in snmoked herring and found a pheno
content, depending on the duration of snoking, of approxinmately
10-30 ng/ kg. Potthast (1976, 1982) neasured 2-18 ng/ kg in snoked ham
and |iver sausage.

If liquid snoke derivates are used in order to give a snoky
flavour to fish and neat products, the end product al so contains
phenol . However, with regard to snell and taste aspects, phenol is
not the nost inportant phenolic conpound fromwood snoke. In this
respect, nethoxy and di net hoxy phenols are nore inportant, together
with aliphatic fatty acids and carboxyl conpounds.

Phenol may al so enter food unintentionally by, for instance,
contam nation in transport or from packaging materials, or contact
wi th ot her phenol -containing materials. However, these acci dental
cases woul d probably be detected and | ead to non-acceptance by the
consumer, owi ng to the conspi cuous phenol snell and taste (see
section 8.3 for odour and taste threshol ds).

Phenol has been found in botton pits fish from5 sites in
Conmencement Bay in Tacoma, USA, at a maxi mum average of 0.14 ny/kg
and an overall maximumof 0.22 mg/kg (Nicola et al., 1987).

Little information is available with respect to the occurrence
of phenol in drinking-water. Surface and ground waters intended for
the production of drinking-water in the Netherlands were reported to
contain 1-9 pg phenol/litre (phenol index, including other phenolic
conmpounds) (RIVM 1986). Phenol was found in a donestic water supply
inthe USA at a level of 1 ug/litre (Rananathan, 1984). Cases of
drinking-water pollution with phenol have been reported in the UK
and the USA; the phenol water concentrations were reported to be
5-10 pg and 5-120 ng per litre, respectively (see section 8.1.2.2).
Chlorination of drinking-water may result in the formation of
chl orophenol s from phenol, which greatly adds to the objectionable
snell and taste (Jarvis et al., 1985).

6. KINETICS AND METABOLI SM I N LABCRATORY ANI MALS AND HUMANS

Phenol and conjugated netabolites of phenol occur naturally in
ani mal and human tissue and can be detected in the urine, faeces,
saliva and sweat. The body's production of phenol depends on the
type of diet: a high protein or neat diet pronotes phenol fornmation

6.1 Absorption
Phenol is readily absorbed through all routes, such as the
I ungs, intact and abraded skin, and the gastrointestinal tract of

bot h humans and animals (Von OCettingen, 1949; Dei chmann & Kepl i nger
1963).
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6.1.1 Animl uptake studies
6.1.1.1 Pul nonary

There are no in vivo data on absorption of phenol follow ng
i nhal ati on exposure. However, in vitro studies by Hogg et al
(1981), using “C phenol with excised trachea-|ung preparations
and isol ated perfused rat lung, denonstrated that phenol can be
rapidly and efficiently absorbed in the |ungs.

6.1.1.2 Dermm

The extent of absorption of phenol through rabbit skin is nore
strongly influenced by the area of the skin exposed than by the
concentration of the applied solution in water (Deichmann &

Wt herup, 1944; Liao & Oshme, 1980).

In studies with the hairl ess nouse, phenol destroyed the
stratum corneum (Behl et al., 1983a). Simlar effects were
reported by Hug et al. (1986) and Jetzer et al. (1986).
Absorption of phenol through thermally damaged nmouse skin in vitro
was al so reported to be greatly enhanced (Behl et al., 1983b). In
contrast, Deichmann et al. (1952) observed that injury of the
rabbit skin caused by phenol appeared to retard the rate of
absor pti on.

The perneability of mouse skin to phenol from aqueous sol ution
invitro increased with increasing tenperature of the carrier
solution (from10 to 37 °C) (Jetzer et al., 1988).

Measur ement of the permeation constant of phenol through
hairl ess nmouse skin at 37 °C in vitro yielded a value of 18 800 +
3000 cmh (Hug et al., 1986; Jetzer et al., 1986).

6.1.1.3 Intestinal

When a single oral dose of 25 ng/kg body wei ght was
adm nistered to rats, pigs or sheep, nore than 95% was absorbed (Kao
et al., 1979).

In vitro studi es showed that aqueous sol utions of pheno
pl aced into ligated sections of the gastrointestinal tract had the
fastest absorption rate in the colon, followed by the ileum The
absorption rate in the stomach was nmuch sl ower (Deichmann &
Kepl i nger, 1963).

6.1.2 Human uptake studies
6.1.2.1 Pul nonary

The retention of phenol in the bodies of eight human vol unteers

exposed to 6-20 ng/nt by inhalation only for 8 h was 70% 80%
during the course of the study (Piotrowski, 1971). GChtsuji & |keda
(1972) reported simlar observations.

6.1.2.2 Dermm

Hurmman skin absorption of phenol vapour (5-25 ng/n?¥) occurs
rapi dly (Ruedemann & Dei chmann, 1953). Fatal cases reflect the rapid
rate of absorption of phenol through the skin (Turtle & Dolan, 1922;
Duverneuil & Ravier, 1962; Hi nkel & Kintzel, 1968; Lewin & deary,
1982). The retention in eight human vol unteers, exposed to pheno

vapour at concentrations of 6-20 ng/n?, by skin only, for 6 h was
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70-80% (Pi otrowski, 1971). Piotrowski (1971) proposed the follow ng
formula for calculating the absorption rate of phenol vapour through
the skin:

A = (0.35)C

where A is the anpbunt of phenol absorbed in ng/h per unit area
and Cis the phenol air concentration in ng/nt.

Concentrations of between 5 and 10% phenol denature epi der nal
protein, and this can partly prevent absorption. The phenol -protein
conmplex is not stable and by dissociation of phenol the substance
nmay exert its action over a period of time (Schm dt & Mi bach,
1981).

Phenol was detected in the urine of 4 out of 16 infants (2-5
nont hs) with seborrhoeic eczema who were skin-painted twice daily
for 48 h with a comercial paint containing 4% (wv) phenol and 8%
(wv) resorcinol (Rogers et al., 1978). In adults, a single
topi cal application of 4 ug phenol/cnf on 13 cnf of the ventral
forearm reportedly gave an absorption of 4.4% of the adninistered

dose (Fel dman & Mai bach, 1970). The period of exposure and the
concentration of phenol are both factors that determ ne the extent
of absorption (Piotrowski, 1971; Roberts et al., 1977,

Bar anowska- Dut ki ewi cz, 1981).

In vitro studi es have al so shown that phenol from aqueous
solutions (1% wv) readily penetrates human skin (Roberts et al.,
1977, 1978). A value of 8200 cnmfh was obtained as the perneation
constant of phenol through human skin at 25 °C (Flynn & Yal kowsky,
1972). In an in vitro study with human abdom nal skin, 10.9% of
the applied dose was absorbed. This study showed an excel |l ent
qualitative, but a somewhat |ess accurate quantitative, agreenent
between the in vivo and in vitro skin absorption of 12 conpounds
(Franz, 1975).

6.2 Distribution

Phenol is rapidly distributed to all tissues in exposed
ani mal s.

In rabbits, 15 min after oral administration of 0.5 g
phenol / kg, chemical analysis indicated that the liver contained the
hi ghest concentration of total phenol followed by the central
nervous system lungs and bl ood. After 82 min, phenol was fairly
uniformy distributed over all tissues. The proportion of free to
conj ugat ed phenol changed with tine, and, after 360 min, nost of the
phenol was conjugated (Dei chmann, 1944).

After a single oral administration of *C phenol (207 ny/kg)
to rats, the highest concentration ratios between tissue and pl asma
were found in liver (42%, foll owed by spleen, kidney, adrenal,
thyroid and lungs, with a peak tissue |evel occurring after 0.5 h
(Liao, 1980; Liao & Cehne, 1981la).

Hi ghest tissue residues were found after 2 h in the kidneys and
livers of mice and rats treated intravenously (Goodi & Oehne, 1978;
Whel drake et al., 1978; Geenlee et al., 1981).

6.3 Metabolic transformation

6.3.1 Metabolite identification
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St udi es enpl oyi ng several species have denonstrated that
conjugation with glucuronic acid and sulfate are major netabolic
pat hways for phenol. Hydroxylation to hydroqui none and catechol also
occurs (WIllians, 1938, 1959; Garton & WIlianms, 1949; Bray et
al ., 1952a,b,c; Parke & WIllians, 1953).

In vitro studi es have shown the formati on of 4, 4'-bipheno
and di phenoqui none by neutrophils, activated | eucocytes and by

hor ser adi sh peroxi dase foll owi ng addition of phenol (Eastnond et
al ., 1986).

Phenol netabolismin rabbits was studied by Dei chmann &
Keplinger (1963). During the first 24 h follow ng ora
adm ni stration of a sublethal dose of 300 ng phenol/kg body weight,
23% of the adnini stered dose was recovered as exhal ed carbon
di oxi de. Trace ampunts of catechol and hydroqui none were al so
detected in the breath. Over the sane period, 72% of the dose was
excreted in the urine (48% of which was excreted as free and 52% as
conj ugat ed phenols), 1% was excreted in the faeces, 4% remined in
the carcass, and trace anounts were exhal ed.

Oral administration of G phenol (1.2 ng/kg) to rats
resulted in at |east 80%excretion in urine within 24 h, with 68% as
phenyl sul fate and 12% as phenyl glucuronate (Edwards et al.
1986) .

A pronounced shift fromsulfation to gl ucuronidation was
observed in rats after increasing the phenol dose (Koster et al.
1981). This observed shift is apparently due to a saturation of the
overal |l sulfation process, rather than to a depletion of inorganic
sulfate (Witering et al., 1979; Koster et al., 1981; Koster
1982). Alimted availability of 3-phosphoadenosi ne-5-phosphosul fate
may account for the decreased proportion of phenol conjugation to
sul phate at relatively high doses (Rami & \Whel drake, 1981).
Repeat ed adm ni stration of phenol, however, did not affect
gl ucuronide synthesis in rats (Takenori & d owacki, 1962).

The pig has limted ability for phenol sulfation. The domestic

cat lacks the ability for glucuronic acid conjugation of phenol. In
cats, phenyl phosphate has been detected as a netabolite in small
anounts, in addition to sulfate conjugates (Capel et al., 1974;

French et al., 1974).

Fol | owi ng oral adninistration of *C phenol (0.01 ng/kg) to
three men, 90% of the dose was excreted in the urine within 24 h
mai nly as phenyl sulfate (77% and phenyl glucuronide. Snall amounts
of guinol sulfate and guinol glucuronide were al so present (Cape
et al., 1972b).

Several investigators have confirned the above-nentioned
results using in vitro nmethods (DeMeio & Arnolt, 1944; Capel et
al ., 1972b; Shirkey et al., 1979; Hogg et al., 1981; Koster
et al., 1981; Sawahata & Neal, 1983).

6.3.2 Coval ent binding to macronol ecul es

Early pharnmacoki netic studies (neasuring distribution vol unes)
in dogs, pigs and goats suggested that tissue binding occurs (Cehne,
1969). Further aninmal studies have indicated that phenol and/or its
nmet abolites bind covalently to tissue protein, mainly in the liver

(Bolt, 1977; Illing & House, 1980; Jergil et al., 1982; Smart &
Zannoni, 1984). Binding to rabbit bone marrow nitochondrial DNA in
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studies with isolated cells has also been reported (Rushnore et
al., 1984). invivo and in vitro studies have denonstrated
coval ent bi nding of radiol abell ed phenol to plasma proteins from
humans, dogs, rats and trout (Liao, 1980; Liao & Cehne, 1981a, b;
Judi s, 1982; Schm eder & Henry, 1988). Reactive phenol netabolites
fornmed by peroxidases bind readily to proteins (Eastnmond et al.
1986, 1987a) and DNA (Subrahmanyam & O Brien, 1985).

6.3.3 Location

Quantitatively, the nost inportant sites of phenol conjugation
are the liver, lung and gastrointestinal mucosa. The relative roles
pl ayed by these tissues depend on the route of adm nistration and
the dose.

The liver is an inportant site of phenol netabolism After
direct administration of phenol into the hepatic circulation, the
liver showed considerable first-pass netabolismin rats (Cassidy &
Houst on, 1980; Houston & Cassidy, 1982). Phenol -netabolizing enzynmes
have been detected in rabbit hepatic mcrosones (Koop et al.

1989).

O her tissues, such as lungs, intestines and ki dneys, also play
an inportant role in phenol netabolism (Quebbenann & Anders, 1973;
Powel | et al., 1974; Houston & Cassidy, 1982). Pheno
sul fotransferases, which catal yse phenol sulfation, occur in a

variety of human tissues (intestinal wall, lungs, platelets, adrena
gl ands, brain, placenta, etc.) (Canpbell et al., 1987; Gbb et
al ., 1987). After oral uptake of phenol, there is a very large

first-pass netabolismin the intestines. The lungs al so show

consi derabl e first-pass netabolism (as was established after direct
adm nistration into the pulnonary circulation of rats) (Cassidy &
Houst on, 1980; Houston & Cassidy, 1982). Due to saturation of
hepati c enzymes, extrahepatic tissues play an increasing role in the
conj ugation of phenol as the dose of phenol increases; at doses

hi gher than 5 ng/ kg body weight, intestinal conjugation in rats
exceeds the contribution of the hepatic and pul nonary enzynes
(Cassidy & Houston, 1984).

Myel oper oxi dases isol ated from human neutrophils and
peroxi dati ve enzynes from activated human | eucocytes nedi ate the
formati on of reactive phenol netabolites including 4,4'-biphenol and
di phenoqui none. Myel oper oxi dase- nedi at ed hydr oxyl ati on occurs in
addition to hepatic cytochrome P-450 oxidation. In several species,
nyel oper oxi dase activity has been reported in bone marrow, where it
may play a role in phenol netabolismand toxicity (Eastnond et
al ., 1986, 1987a; Subrahmanyam et al., 1991).

6.4 Elimnation and excretion

Urinary excretion is the major route of phenol elinination in
ani mal s and humans. The rate of excretion varies with dose, route of
adm ni stration and ani nal species (Dei chmann, 1944; Capel et al.
1972a,b). O 18 ani mal species studied by Capel et al. (1972a,b),
the 24-h urinary excretion of phenol was greatest in the rat (95% of
the 25 ng/ kg body wei ght oral dose) and the lowest in the squirre
nonkey (only 31% of the dose). Liao & Oehme (1981a,b) reported a
half-l1ife of 4 hin rats.

Fi ve days after oral gavage with *C phenol (0.1 ng/kg body
weight), only 0.3%of the applied dose was retained in rats (Freitag
et al., 1985).

Only m nor anobunts of unchanged phenol are excreted in exhal ed
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air or in faeces (Deichmann & Keplinger, 1963). Less than 1% of an
orally adm ni stered dose of 300 ng phenol/kg body weight to rabbits
was found in the faeces after 24 h (Dei chmann, 1944).

Phenol conjugates nmay al so be excreted in the bile of rats
(4.6% of a 50 ng/ kg dose) (Abou-el-Mkarem et al., 1967). It has
been suggested that biliary excretion of phenol plays an inportant
role when urinary excretion is inpeded. Rats, whose ki dneys were
ligated, showed a nmarked increase in biliary excretion of pheno
netabolites (Witering et al., 1979). Furthernore, it has been
reported that phenol and its netabolites can undergo enterohepatic
circulation in rats (Ghodi & Cehne, 1978).

Urinary excretion of phenol in human vol unteers exposed to
phenol vapour via inhalation (chanber studies) or skin, occurred
with an excretion rate constant of k = 0.2/ h. For a one-conpartnment
nodel, this corresponds to a half-life of approximately 3.5 h
(Piotrowski, 1971)

6.5 Biological nonitoring

The US ACG H has |isted a biological exposure index for pheno
of 250 ng/g creatinine for end-of-shift urine sanples (ACAH, 1991)

The excretion of phenol and phenol conjugates in the urine may
be used as an index of exposure, but it should be noted that there
are other causes that nmay |lead to phenol excretion in the urine. One
of these is benzene exposure; other possible significant sources are
food and drugs (Docter & Zielhuis, 1967; |lkeda & Chtsuji, 1969;

Fi shbeck et al., 1975; Paradowski et al., 1981). Elevated

urinary phenol excretion is thus not a specific index of exposure to
phenol . Furthernore, the large range of "normal" urine val ues
(phenol concentrations have been found to vary from0.5 to 81.5
ng/litre) (Deichmann & Schafer, 1942; Docter & Zielhuis, 1967,

Pi otrowski, 1971; Gspan et al., 1984; Pekari et al., 1992) would

appear to linit the useful ness of urinary phenol excretion as an
accurate index of |ow occupational exposure |evels.

In volunteers, after a single 8-h exposure to phenol vapour
concentrations of up to 6.8 ng/n?¥, the phenol excretion in urine
increased up to a maxi numof 100 ng total phenol/litre (Piotrowski,
1971). In workers occupational ly exposed to 10 ng phenol / n?,
concentrations in urine of up to 262 ng/litre were reported
(Ohtsuji & I keda, 1972). However, another recent study, using nore
speci fic nethods of analysis, showed good correlation (R=0.91) between
exposure levels in the range 5-17 ng/nt and the total concentration
of phenyl sulfate and phenyl glucuronide in the urine at the end of the
wor kshift (Ogata et al., 1986).

7. EFFECTS ON LABORATORY MAMVALS, AND IN VI TRO TEST SYSTEMS
7.1 Single exposure
7.1.1 LD50 val ues

After oral adm nistration of phenol to mice, rats and rabbits,
LDso val ues ranged from 300- 600 nmg phenol / kg body wei ght. No
LGCso val ues have been reported in the published literature.
However, after inhalation of 900 ng phenol/n’ by rats for 8 h, no
deat hs were observed. The dermal LDsg (by occl usive and
non- occl usi ve techni ques) was 670 ng/ kg body weight for rats and
850- 1400 ng phenol / kg body wei ght for rabbits. LDsg val ues for
intraperitoneal injection were in the range of 127-223 ng phenol / kg
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body wei ght for rats.
A summary of LDsg values is given in Table 5.
7.1.2 Effects

The acute lethality of phenol, associated with exposure to high
concentrations, is generally attributed to a depressing effect on
the central nervous system (see also section 7.8.1). The clinica
ef fects of phenol poisoning are i ndependent of the route of
adm ni stration. Reported synptons include neuronuscul ar
hyperexcitability, including tw tching and severe convul sions. Heart
rate at first increases, then becones slow and irregular. Bl ood
pressure at first increases slightly, then falls markedly.

Sal i vation, marked dyspnoea and a decrease in body tenperature are
al so anong the effects reported (Dei chnann & Wtherup, 1944; Von
Cettingen & Sharples, 1946; Farquharson et al., 1958; Ernst et
al ., 1961; Deichmann & Keplinger, 1963; Cehne & Davis, 1970;
Pullin et al., 1978; Liao & Oehne, 1980; Reid et al., 1982).

After oral ingestion, the nucous nenbranes of the throat and
oesophagus showed swel ling, corrosion, and necrosis, with
haenor r hages (Dei chmann & Keplinger, 1963).

In a study by Schlicht et al. (1992), fenale Fischer-344 rats
were administered 0, 12, 40, 120 or 224 ny phenol/kg body wei ght by
gavage in a water vehicle. Aninmals were exanined for clinical signs,
and neurotoxicity and systemc (liver, kidney, adrenal and thynus)
effects, 4-20 h after treatment. Trenors were observed 1-2 nmin after
dosing in the two highest dose groups. The pupil response to |light
(mosis) was significantly inhibited at all dose levels at 24 h
after exposure. Loconmptor activity was reduced at 224 ng/kg. At this
dose level, 2/6 aninmals had hepatocyte necrosis, 4/6 had rena
vascul ar stasis and 4/6 had necrosis of the thynmus. At 120 ng/ kg,
l'iver necrosis was present in 1/7 animals, as was necrosis of the
t hynus gl and.

Table 5. Acute animal toxicity of phenol LDsy val ues

Speci es Rout e of LDsg val ues Vehi cl e Ref er ence
adm ni stration (mg/ kg body
wei ght)
Mouse oral 300 Von Cettingen &
Shar pl es (1946)
Mouse or al 427 Kostovetskii &
Zhol dakova (1971)
Rat or al 340- 530 2-7%in
wat er Dei chmann &
Wt herup (1944)
Rat or al 512 Kostovetskii &
Zhol dakova (1971)
Rat oral 445-520 wat er Thonpson & G bson
(1984)
Rat or al 400 wat er Schlicht et al
(1992)
Rat der mal 670 undi | ut ed Conni ng & Hayes
(570-780) (1970); Brown et al
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(1975)
Rat intraperitoneal 127-223 wat er or Thonpson & G bson
undi | ut ed
(1984)
Rabbi t oral 400- 600 2-7%in Dei chmann &
wat er Wt herup (1944)
Rabbi t der mal 850 Fl i cki nger (1976)
(600-1200)
Rabbi t der mal 1400 Vernot et al. (197
(740-2670)

In various ani mal species, inhalation of phenol adversely
af fected the lungs, causing hyperaenmi a, infarcts, bronchopneunoni a,
purul ent bronchitis and hyperpl asia of the peribronchial tissues
(Von Cettingen, 1949).

Sensory irritation was neasured in nmice by the Alarie assay. A
50% decrease in respiratory rate (RDsg) was found at 638 ngy

phenol /n? (De Ceaurriz et al., 1981).

Ccul ar and nasal irritation, trenors and i ncoordi nati on were

reported in rats exposed via inhalation to 906 ng/nt for 8 h
(Fl'i ckinger, 1976).

O her pathol ogi cal abnornalities induced by phenol by various
routes of adm nistration included denyelination of nerve fibres (see
al so section 7.8.1), nyocardi al degeneration and necrosis (Dei chnann
& Keplinger, 1963; Liao & Oehnme, 1980). Kidney damage (vacuolization
and enl argenent of cells) and |iver danage (e.g., enlargenent of
hepatic cells) were also observed (OCehnme & Davis, 1970; Coan et

al ., 1982). Urine was usually dark or "snoky" in appearance,
probably due to oxidation products of phenol (Sollimn, 1957).

7.2 Short-term exposure
7.2.1 Oal exposure

In a study by Schlicht et al. (1992), groups of eight fenale
Fi scher-344 rats received oral doses of phenol in a water vehicle of
0, 4, 12, 40 or 120 ng/ kg body weight daily for 14 days. Trenors
were apparent only after the first dose at the highest |evel
Exposure to 120 ng/ kg per day was lethal to all rats within 11 days.
The pupil response (mosis) was decreased one day after the | ast
dose for all but the highest surviving dose group (the incidences
were 100% 50% 62% and 76% for the 0, 4, 12 and 40 ng/ kg groups,
respectively). Loconptor activity was not affected after the 4th,
9th or 14th dose. No hepatic effects were observed at 40 ng/ kg per
day, while 3/8 aninmals had renal vascular stasis. There were no
hi stol ogi cal effects at 12 ng/ kg per day. At 40 ng/ kg per day, the
pat hol ogi cal changes in the kidneys included two animals with
tubul ar degeneration in the papillar region, and one with protein
casts in the tubules. The pathol ogical report attributed these
findings to decreased vascul ar perfusion (MacPhail, persona
conmuni cation to the | PCS)

Rats were admi ni stered, by gavage, 20 daily doses of 10, 50 or
100 nmg phenol / kg body wei ght. At necropsy, slight effects on liver
and ki dneys were reported at 100 ng phenol /kg body wei ght (Dow
Cheni cal Conpany, 1976).
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Rats receiving 50 or 100 ng phenol / kg body wei ght, by gavage,
over a 6-nonth period (135 doses, presunmably daily, 5 days/week)
were reported to show slight to noderate kidney danmage
Admi ni stration of 100 nmg phenol / kg body wei ght apparently resulted
in slight liver changes (Dow Chenical Conpany, 1976).

In a range-finding study, carried out prior to a long-term
carcinogenicity study, mce and rats were provided with tap water
containing 0, 100, 300, 1000, 3000 or 10 000 nmg phenol/litre for 13
weeks. Mean body wei ght gain was decreased only in nmice and rats
receiving 10 000 ng phenol/litre (NC, 1980). In these

drinki ng-wat er studies, the highest daily doses were calculated to
be approxi mately 2000 ng phenol / kg body wei ght for mce and 1000 ngy
phenol / kg body weight for rats.

Phenol was provided to rats in drinking-water for 12 nonths at
0, 800, 1200, 1600, 2000 and 2400 ng phenol/litre. Depressed wei ght
gain was observed in rats receiving doses > 2000 ng/litre. The
correspondi ng daily dose was cal cul ated by the authors of the study
to be > 200 ng/ kg body wei ght (Deichmann & Cesper, 1940).

7.2.2 Dermal exposure

In a study by Deichmann et al. (1950), rabbits were exposed
to 1.18-7.12% phenol in water (64-380 ng phenol/kg body weight) for
5 h/day, 5 days/week, for 18 days. Dose-rel ated systemc effects
(trenors, death) were observed in rabbits exposed to > 2.37%
phenol (130 ng phenol /kg body weight), while skin irritation
(hyperaem a, tissue necrosis) occurred at doses of > 3.56% pheno
(190 nmg phenol / kg body weight). This effect was particularly
apparent when the application sites were bandaged.

7.2.3 Inhal ation exposure

No studies reported or conducted according to contenporary
standards were avail abl e.

In a study by Deichmann et al. (1944), rats, rabbits and
gui nea-pi gs were exposed to concentrations of 100-200 ng pheno
vapour/n?, 7 h/day, for 5 days/week. Rats exposed for a period of
74 days did not show any gross or mcroscopic evidence of injury.
Rabbits survived a 3-nonth exposure but, at autopsy, lung and heart
damage and indications of liver and kidney danmage were found.
Qui nea- pi gs were the nost susceptible. Five out of twelve died after
12 days of exposure, and the renaining seven were killed after 29
days of exposure. Prior to death, guinea-pigs showed wei ght |oss,
respiratory difficulties, and signs of paralysis. At autopsy, there
was evi dence of acute |obul ar pneunonia, vascul ar danmage, and
hepati c and renal danmge; the total (free and conjugated) pheno
content of the blood was 14 ng/litre. The rabbits had simlar, but
| ess severe, synptons.

G oups of 10 monkeys, 50 rats and 100 mice were exposed to 19
my phenol /n?, 8 h/day, 5 days/week for 90 days. Concurrent contro
groups were exposed to fresh air only. No deaths occurred and there
was no reduction in weight gain of treated aninmals. There were no
statistically significant adverse effects observed when the aninmals
were assessed by a stress test involving swinmmng perfornance. A
range of clinical chem stry, haematol ogy and urinalysis paraneters
were not affected by exposure to phenol. Routine histol ogy was
performed on the liver, lungs, kidneys, brain and heart. The results
of the percentage of animals showi ng evi dence of "pathol ogica
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change" indicated effects in the Iiver and ki dneys of exposed

ani mal s. However, the author of the study concluded that no clinica
or pat hol ogi cal changes occurred that were of toxicol ogica
importance. It is not clear if the upper respiratory tract was
examined in this study in order to | ook for evidence of irritation
(Sandage, 1961).

Conti nuous exposure to 100 ng phenol /n? for 15 days
significantly affected the central nervous systemof rats, as was
denonstrated by their performance in the "tilted plane" test. Plasm
| evel s of potassium nmagnesium | actate dehydrogenase, aspartate
am notransferase (ASAT), al anine am notransferase (ALAT) and
gl ut amat e dehydr ogenase were el evated. Haenogl obin, haematocrit, and
pl asma sodi um cal ciumand chloride |evels were unaffected (Dalin &
Kristofferson, 1974).

7.2.4 Subcut aneous exposure

Subcut aneous exposure to phenol was studied principally to
obtain informati on about neurol ogical or haematopoietic effects (see
sections 7.8.1 and 7.8.2). No other effects were reported.

7.2.5 Ear exposure

Instillation of phenol (formand ampbunt not specified) into the
i nner ear round w ndow of Sprague-Dawl ey rats caused nor phol ogi ca
damage to the organ of Corti in the basal coil. The outer hair cells
appeared to be nore sensitive to phenol than the inner hair cells,
which were nostly intact. As a result of the damage, inpairnent of
i nner ear function was noted (as determ ned by auditory brain stem
recordi ngs) which was regressive for |ower sound frequencies, but
appeared to be permanent for higher frequencies (Anniko et al.
1988) .

7.3 Skin and eye irritation; sensitization

Local damage to the skin, followi ng exposure to phenol, was
found to include erythema, inflanmation, discoloration, eczens,
papi | | onas and necrosis (Dei chmann, 1949; Deichmann et al., 1950;
Conni ng & Hayes, 1970; Pullin et al., 1978). For exanple, in
rabbits, 0.5 g phenol, noistened with physiol ogical saline, produced
necrosis of both the intact and abraded skin (Flickinger, 1976).

Sol utions of 10-14% (v/v) phenol in water have been reported to
cause transi ent delayed erythena (after 0.5-5 h) and acute vascul ar
perneability, as assessed by exudation of intravenously injected
Evans blue, in guinea-pigs after dermal treatnment for 1 nmin (Steele
& Wlhelm 1966).

In one study, an increase in ear thickness was used as an index
of skinirritation (inflanmation). Mxinmal responses to phenol were

observed one hour after application of 1-2 ng phenol to the ear of

female 1CR mice. Significant thickening could still be detected 6
weeks after exposure (Patrick et al., 1985).
When phenol, in glycerine dilutions down to 10% or 5% aqueous

solutions, was applied to the rabbit eye, severe danage (conplete
destruction to opaque corneas) was seen. |Imediate water irrigation
was very effective in preventing the opacity. A delay of 10 seconds
reduced this effectiveness (Muirphy et al., 1982).

Fourteen days after the application of 0.1 g phenol to the
rabbit eye, all eyes exhibited keratoconus and pannus fornation
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(Fl'i ckinger, 1976).

Phenol gave negative results in a Magnussen and Kligman skin
sensitization test (ltoh, 1982).

7.4 Long-term exposure

No adequate data are avail able. Studies on carcinogenicity are
presented in section 7.7.

7.5 Reproduction, enbryotoxicity and teratogenicity
7.5.1 Reproductive toxicity

No adequate studies conducted according to current protocols
are avail abl e.

Hel l er & Pursell (1938) exposed rats to 100-12 000 ngy
phenol /l'itre drinking-water, corresponding to cal cul ated approxi mate
daily oral doses of 10-1200 mg phenol / kg body wei ght. Genera
appearance, growh and fecundity were normal for rats exposed to
100-1000 ng/litre for five generations and to 3000 or 5000 ng/litre
for three generations. Stunted growth was noted in the offspring of
rats exposed to 7000 ng/litre. Many of the offspring died at |evels
of 8000 ng/litre because of maternal neglect. At 10 000 ng/litre,
the offspring died at birth, and at 12 000 ng/litre there was no
reproducti on.

7.5.2 Enbryotoxicity/teratogenicity
7.5.2.1 In vivo studies

Phenol was eval uated for maternal and devel opnental toxicity in
ti med- pregnant Sprague-Dawl ey rats (20-22 confirned pregnanci es per
group). Distilled water (vehicle) or phenol (30, 60 or 120 ng/ kg per
day) was adm nistered daily by gavage in a volune of 5 m/kg of body
wei ght throughout the period of nmajor organogenesis (gestationa
days 6-15). Dans were wei ghed on the day of sperm detection
(gestational day 0), prior to daily dosing, and at term nation

(gestational day 20); observations for clinical signs of toxicity
were conducted during the treatnment period. At term nation
(gestational day 20), maternal |iver weight, gravid uterine weight
and status of uterine inplantation sites (i.e. nunber of inplants,
resorptions, late fetal deaths and live fetuses) for each damwere
recorded. Each live fetus was wei ghed, sexed and exam ned for

ext ernal norphol ogi cal abnormalities. Visceral exami nation of each
fetus was performed using a fresh tissue dissection nethod;

approxi mately one-half of the fetal heads fromeach litter were
fixed (Bouins' solution) and sectioned free-hand for exani nation of
internal structures; carcasses (one-half w thout heads) were cleared
and stained with Alizarin Red S prior to skeletal exami nation. Al
control and phenol -treated dams survived to schedul ed sacrifice, and
no distinctive treatnment-rel ated signs of toxicity were noted.
Pregnancy rates at termination were high (95-100% per group) and no
litters were totally resorbed, so that a total of 20-22 live litters
per group (268-293 fetus per group) was avail able for exam nation

No significant dose-related changes were noted for the foll ow ng
end- points: maternal body wei ght (gestational day 0, 6, 11, 15 or
20), maternal body wei ght gain (treatnent period, gestational period
or gestational period corrected for gravid uterine weight), naterna
liver weight, gravid uterine weight, prenatal nortality, live litter
size or incidence of norphol ogical abnormalities (mal formations or
vari ations). However, average fetal body weight per litter was
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significantly reduced at the high-dose (93% of average contro
wei ght) (Jones-Price et al., 1983a).

In a study by Kavl ock (1990), phenol was adm nistered by ora
gavage to groups of Sprague-Dawl ey rats on day 11 of gestation (day
1: spermplug) at 0, 100, 333, 667 and 1000 ng phenol / kg body
wei ght. The vehicle used in this study was a 4:4:1:1 nixture of
wat er, Tween 20, propylene glycol and ethanol. Maternal toxicity
(decreased wei ght gain) was seen at the two hi ghest doses. O fspring
viability and growmh were not affected up to postnatal day 6, but
hind |inb paralysis was observed in sone offspring in the two
hi ghest dose groups.

In a screening assay, groups of 17-21 Fischer-344 rats received
0, 40 or 53.3 ng phenol/kg body wei ght by gavage in water on
gestation days 6-15. There were no significant effects on materna
body wei ght gain. One of 15 pregnant fenales resorbed the entire
litter at 40 ng/kg and 2 of 16 did so at 53.3 ng/kg (there were no
simlar effects in 153 control litters in the study). Al three
femal es had severe respiratory syndrones (rales and dyspnoea). One
hi gh-dose fenmale with synptons of respiratory toxicity delivered a
low weight litter that had poor viability. Kinked tails were present
in 2 of 4 surviving pups in that litter. Litter size on postnatal
days 1 and 6 was significantly reduced at 53.3 ng/kg but not at 40
ng/ kg. There were no effects on pup body wei ghts on postnatal days 1
or 6 (Narotsky & Kavlock, 1993).

Phenol was eval uated for maternal and devel opnental toxicity in
ti med- pregnant Swiss albino (CD-1) mce (22-29 confirnmed pregnanci es
per group). Distilled water (vehicle) or phenol (70, 140 or 280
ng/ kg per day) was administered daily by gavage in a volume of 10
m / kg of body wei ght throughout the period of major organogenesis
(gestational days 6-15). Dans were wei ghed on the day of vagi na
pl ug detection (gestational day 0), prior to daily dosing
(gestational days 6-15), and at termination (gestational day 17);
observations for clinical signs of toxicity were conducted during
the treatnent period. Evaluation of maternal and devel opnent al
end-points at ternination (gestational day 17) were the sane as for
rats (see description fromthe study by Jones-Price et al., 1983a,
above). Toxicity observed at the high-dose | evel included 11%
nortality (4/36 treated females), clinical signs (especially trenor
and ataxia), reduced maternal body weight (gestational day 17),
reduced nmat ernal body weight gain (treatnment period, gestationa
period and gestational period corrected for gravid uterine weight),
and a trend only toward reduced maternal |iver weight. Pregnancy
rates at termnation ranged from71 to 84% no litters were totally
resorbed so that 22-29 live litters (214-308 fetuses) were avail able
for exami nation. No dose-rel ated changes were noted for prenata
nortality, live litter size or incidence of norphol ogica
abnormalities, except for an apparent increase in cleft palate
(8/ 214 fetuses in the high dose versus 0/308 anpbng controls). (It
shoul d be noted that cleft palate is a nmalformation to which the
CD-1 mouse is predisposed under conditions of maternal stress).
Average fetal body weight per litter was significantly reduced (82%
of average control weight) in the highest dose group (Jones-Price

et al., 1983b).

In a study by Mnor & Becker (1971), groups of Sprague-Daw ey
rats were given 20, 63, or 200 ng phenol / kg body wei ght
intraperitoneally on days 9-11 or 12-14 of gestation. Fetal body
wei ght was reduced in the highest dose group treated on days 12-14.
No gross anomalies were observed, and intrauterine death was not
i ncreased at any dose |evel
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7.5.2.2 In vitro studies

In the chick enbryotoxicity screening test (CHEST), 130
subst ances were tested. For each conpound, 120 selected Wite
Leghorn Fow enbryos, aged 1.5, 2, 3 and 4 days of incubation, were
used. Phenol did not exhibit enbryotoxic properties in this test up
to 100 pug, and was one of the | east enbryotoxic conpounds tested
(Jelinek et al., 1985).

In a study by Ogleshby et al. (1992), phenol was added to
cultures of five rat enbryos on gestational day 10 at
concen-trations of 0 to 100 pg/m . Enbryos were exam ned 42 h |ater
for viability, growth and norphology. Viability was not affected at
any concentration, but a |l owincidence of tail defects was observed

at 100 pg/ m, and enbryonic growm h was decreased at 75 and 100
png/ m . When hepatocytes isolated frompregnant rats were co-cul tured
with the enbryos, the toxicity to the enbryos was increased. Tai
defects were observed at 25 and 50 pg/m, and growt h was reduced at
these concentrations. Wthout the presence of hepatocytes, pheno

was the | east toxic of 13 para-substituted phenols tested in this
system however, it was the only one which becane nore enbryotoxic
when hepat ocytes were present.

When phenol was added to cultures of human enbryonic pal at al
mesenchyne cells, cell growh was 50% i nhi bited at a concentration
(1Gsp) of 0.8 MM (78 pg/litre) (Pratt & Wllis, 1985).

7.6 Mitagenicity and rel ated end-points

Data on nutagenicity and rel ated end-points are sunmarized in
Tables 6, 7, 8 and 9, respectively.

7.6.1 Mitagenicity studies
7.6.1.1 Bacterial systens

Phenol has been tested for nmutagenicity by a nunber of authors
in various strains of Salnmonella typhinuriumand was shown to be
reproduci bly negative, both with and w thout mnetabolic activation
(Epler et al., 1979; Glbert et al., 1980; Rapson et al.

1980; Pool & Lin, 1982; Haworth et al., 1983). A positive effect
was observed in strain TA98 in the presence of an exogenous

met abolic activation systemin a study enploying a nodified culture
medium (WIld et al., 1980; CGocke et al., 1981).

A positive effect was reported for phenol in a fluctuation test
with strain TA100 after netabolic activation, but no data were given

on toxicity (Koike et al., 1988; abstract). A positive result was
reported in a nmutation test with Escherichia coli B/ Sd-4; however,
the applied dose levels were highly toxic (Denerec et al., 1951).

7.6.1.2 Non-manmal i an eukaryotic systens

Negative data were obtained in the absence of exogenous
nmet abolic activation with the eukaryotic microorgani sm
Saccharomyces cerevisiae. At high doses and in the presence of an
activation system a positive result was obtained (Cotruvo et al.
1977). Phenol induced mitotic segregation in Aspergillus nidulans
(Crebelli et al., 1987).

Table 6. Tests for genotoxicity in bacteria
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Speci es Strain Measur ed end- poi nt Test conditions
Escherichia coli Sol -4 reverse mnutation 0.1-0.2% 3-24 h
(survival less than 2%
AB1899 nm filamentation 10-500 pg/mM; 3-4 h
Sal nmonel | a TA100 reverse mutation fluctuation test
typhi muri um 0- 500 ng/ wel |

TA98 reverse nutation 1000-fol d concentration

TA100 range i n DMSCP (1979)

TA1535 reverse mutation 0-100 pg/ pl ate

TA1538 reverse mutation 0-50 pg/plate

TA98 reverse nutation 0-3333 pg/plate in

TA100 DVMSG, prei ncubation

TA1535

TA1537

TA98 reverse mutation 0-3333 pg/plate in

TA100 prei ncubati on HQ

TA1535

TA1537

TA98 reverse nutation 0.5-5000 pg/plate in

TA100 DVSO (5000 pg toxic)

TA1535

TA1537

TA1538

Table 6 (contd).
Speci es Strain Measur ed end- poi nt Test conditions

TA100 reverse mnutation 0. 1-1000 pg/plate

(1980)

TA98 reverse mnutation 0-100 pnol /plate (99.5%
purity with 0.15% + (ra
cresols as main inpurit:
non- st andard nedi a)

& + = present; - = absent
b 4+ = positive; - = negative
¢ DVSO = dinethyl sulfoxide

Tabl e 7.

Tests for genotoxicity in non-mamalian eukaryotic systens

Speci es

Strain

Measur ed end- poi nt

Test conditions
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Fungi

Sacchar omyces
cerevi si ae

Aspergillus
ni dul ans

I nsects

Dr osophi |l a

nel anogast er

Fi sh

Sal no gairdneri

D3 mtotic reconbi nati on

mtotic segregation

Oregon-R  SLRL?

Berlin K SLRL

chronosonal aberrations

10°°, 10°% dilution of
phenol in saline

5-20 mM

phenol vapour 24 h
0.2, 0.25, 0.5%in
saline, injection

0.01, 0.1, 1.2%in
Hol tfreter solution
vagi nal douch

50 nMin 5% saccharos
feeding, 3 broods F;
generation

i njection

0.3-0.6 ul/litre, 72 |

a

+ = positive;

- = negative

b SLRL = sex-linked recessive |ethal nutations
Tabl e 8. In vitro phenol genotoxicity in mamalian cells
Speci es Cell type End- poi nt 2 Condi ti ons
Chi nese hanster CHO VBL CA 500- 800 pg/ m
2000- 3000 pg/ m
Chi nese hanster V79 lung forward nutation 0-500 g/ n
HPRT (500 pg/ M toxic)
Chi nese hanster CHO VBL SCE 300-400 pg/ m
2000- 3000 pg/ m
Chi nese hanster V79 |ung intercellular not reported
conmuni cati on
V79 | ung intercellular 250 pg/
communi cati on
V79 | ung intercellul ar 10-75 pg/ m
conmuni cati on
Mouse L5178Y | ynphona forward nutation 600- 1800 pg/

TK
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L5178Y forward nutation 180-890 pg/ m
(530 pg/ M toxic)
5.6-41 pg/ m
(20 pg/ M toxic)
Mouse L5178Y DNA synt hesi s 9.4-940 pg/ m
i nhibition
L5178Y DNA strand breaks 16-470 pg/ nm
16-470 pg/ nm
Tabl e 8 (contd).
Speci es Cell type End- poi nt 2 Condi ti ons
L5178Y DNA strand breaks 94 ug/ m
Human T-1 ynphocyt es SCE 0.47-282 g/ m
| ynphocyt es SCE 188 ug/
| ynphocyt es SCE 1.7-470 pg/m
(470 pg/ M toxic)
| ynphocyt es SCE 282 ug/ nm
Hurran fibrobl ast DNA repair 0. 094- 9400 pg/ m
HelLa DNA synt hesi s 188 ug/ nm
i nhibition
W - 38 DNA synt hesi s 0.094-9400 pg/ m

i nhi bition

& CA = chronpsone aberrations; HPRT = hypoxant hi ne guani ne phosphori bosyl tr
SCE = sister chromatid exchange

absent; + = present;
negative; + = positive

b

c

Table 9. Phenol genotoxicity in in vivo nammlian systens

Test conditions
(sampling tinmes)

Speci es/ Strain Measur ed end- poi nt

Mouse/ CD- 1 m cronucl ei in bone 265 ny/ kg, oral
mar r ow (0, 18, 24, 42 or 48 h)
Mouse/ CD- 1 m cronuclei in maternal bone gestation day 13, 265 ng/ kg
marrow and fetal |iver oral (15, 18, 24, 30, 36 or
Mouse/ CD- 1 m cronucl ei in bone 250 ng/ kg, oral (30 h)
nar r ow
Mouse/ CD- 1 nm cronucl ei in bone 265 nmg/ kg, i.p.

Page 39 of 102



Mouse/ CD- 1

Mouse/ NVR|

Mouse/ Port on

Rat / Spr ague-
Dawl ey

Rat / Spr ague-
Dawl ey
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marr ow

m cronucl ei in bone
mar r ow

m cronucl ei in bone
nmar r ow

chronpbsonmal aberrations in
sper mat ogoni a, primary
sper nat ocyt es

chronobsonml aberrations in
bone marrow

DNA strand breaks (al kaline
elution in rat testis)

(18, 24, 42 or 48 h)

40, 80 or 160 ngy/ kg, i.p.
(18 h)

47, 94 or 188 ny/kg, i.p.
0, 24 h (30 h)

2mM of 0.08, 0.8 or 8 ng/li
solution, oral, daily for f
generations

72-180 ng/ kg, i.p.
300-510 ng/ kg, oral (20 h)

7.9, 26 or 79 nmg/kg, i.p. (
or 24 h) 4, 13.2 or 39.5 ng
i.p. for 5 days

& + = positive;

In Drosophil a nmel anogast er,

= negative; i.p. = intraperitoneal injection

no statistically significant

sex-linked recessive lethals were obtained after exposure to pheno

via a variety of techniques (Sturtevant,

Gocke et al., 1981; Wodruff

et al., 1985).

1952; WIld et al., 1980;
However, when an

unusual techni que was used, i.e. exposing isolated gonads in vitro
and inplanting themin host |arvae, several types of nutations were
i nduced (Hadorn & Niggli, 1946).

When rai nbow trout ( Salnb gairdneri) were exposed to pheno

for 72 h at concentrations of 0.3 and 0.6 pl

percent age of chrompbsomal aberrations in gil

significantly increased, at both concentrations,
way. OF these aberrations,

aneupl oi dy,

7.6.1.3 Mamulian in vitro systens

Data on
Tabl e 8.

30% were structural
and 25% were non-specified netaphases (Al -Sabti, 1985).

phenol/litre water, the
and ki dney tissue was

in a dose-rel ated

45% consi st ed of

invitro genotoxicity in mamalian cells are given in

In a Chinese hanster V79 lung cell/HPRT nutation test, pheno

gave a positive result with nmetabolic activation
decreased surviva
In a nouse | ynphoma L5178Y cell/TK mutation test,

The hi ghest dose

by approxi mately 50% (Pashin & Bakhitova, 1982).

there were

statistically significant and dose-rel ated increases in nutation
frequency in the presence and absence of metabolic activation
(Wangenhei m & Bol csfol di, 1988). However, in another |aboratory this
test yielded non-conclusive results (MG egor

et al., 1988).

As part of the US NTP testing program phenol was eval uated for

i nduction of chronpsomal
(SCE) in Chinese hanster ovary (CHO cells (lvett
At a del ayed harvest tinme (22.5 h),

aberrations and sister chromati d exchange

et al., 1989).

there were significantly

i ncreased incidences of aberrations in cultures that included a

net abol i c activation systemfrominduced rat
dose-response effect was seen,

liver. Al though a
the frequency of aberrations in the

absence of activation was |ow and the authors reported a negative

result. Regardi ng SCE induction
both with and wi thout activation

I n addi ti ona

positive results were obtained,
studi es, phenol

i nduced SCE in human | ynphocytes in vitro, both in the presence
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and in the absence of netabolic activation (Mrinoto & Wl ff, 1980;
Morinmoto et al., 1983; Erexson et al., 1985). Negative results
(SCE) have al so been reported (Jansson et al., 1986).

Phenol gave negative results in three studies in Chinese
hanster V79 cell netabolic cooperation assays (Chen et al., 1984;
Mal colm et al., 1985; Bohrman et al., 1988).

7.6.1.4 Mamulian in vivo system somatic cells

In a bone marrow m cronucl eus test, groups of four Swiss CD1
m ce (sex not specified) were orally adm nistered 265 ng phenol / kg
body wei ght and were sacrificed at 0, 18, 24, 42 and 48 h. Bone
mar r ow depressi on (decreased pol ychromatic erythrocytes/ nornocytes
(PCE/NCE) ratio) persisted at least up to 48 h after dosing. A
slight, but statistically significant, increase in the nunber of
m cronucl ei was seen at 24 h (3 mcronuclei/1000 cells versus 1.5
m cronucl ei /1000 cells; 3000 cells scored per nmouse) (Ciranni et
al ., 1988b).

In a further study to asses the transplacental clastogenicity
of phenol, groups of 4 pregnant Swiss CD-1 nice received 265 ng
phenol / kg/ body wei ght by oral gavage on day 13 of gestation. After
15, 18, 24, 30, 36 or 40 h, animals were sacrificed and adult bone
marrow cells and fetal liver cells were scored for mcronucl ei
Slight, but statistically significant, increases in the frequency of
m cronucl eated PCE in adult bone marrow were observed at 15, 18 and
24 h (3.8, 4.0 and 5.0 micronuclei/ 1000 cells, respectively,
conpared with 2/1000 for negative controls). A statistically
significant reduction in the PCE/NCE ratio was seen at 18 and 36 h
Phenol had no effect on the frequency of micronuclei in fetal Iiver
(CGranni et al., 1988a).

Bone marrow |liver cells were also evaluated for the formation
of mcronuclei, 30 h after oral administration of 0 or 250 ny
phenol / kg body weight to groups of five males Swiss CD-1 nice
(Gad-El Karim et al., 1986). Uptake was indicated by convul sive
seizures in all mce receiving phenol (1000 PCEs scored per nouse).

Phenol (265 ng/ kg body weight), administered to Swiss CD-1 nice
by a single intraperitoneal injection, was reported to increase the
frequency of mcronuclei in bone marrow PCEs 18 h post-treatnent (7
m cronucl ei /1000 cells). The increased frequency decreased at 24 h
and was no longer statistically significant at 42 h. A decreased
PCE/NCE ratio persisted in tests up to 48 h post-treatnent (G ranni

et al., 1988b).

Barale et al. (1990) reported a negative result in a bone
marrow m cronucl eus test in Swiss CD-1 nmice 18 h after treatnent
wi th phenol. There was no effect on the PCE/ NCE ratio.

Cocke et al. (1981) briefly reported a negative result in a
bone marrow m cronucl eus test, in which NVRI nice were sanpled at 30
h, following i.p. injection of 47-188 ng phenol/kg. No infornation
on toxicity was given

The results of these and other studies are summari zed in Tabl e
9.

7.6.1.5 Mamulian in vivo systens: germcells
Skare & Schrotel (1984) obtained negative results in studies of

DNA strand breakage in rat testis. In one experinment, rats received
by intraperitoneal injection 0, 7.9, 26 or 79 ng phenol / kg body
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wei ght and were sacrificed at 2.6 or 24 h post-treatnment. Simlar
results were obtained with further groups of rats that received 4,
13.2 and 39.5 nmg phenol / kg body weight daily for 5 days before
sacrifice.

I n an unconventional study involving dosing (0, 6.4, 64 and 640
ng phenol / kg body wei ght) of five successive generations of nmale and
femal e mice, |large nunbers of structural and nunerical chronosonal
aberrations were reported in spermatocytes and spernatozoa, wth
dose- and generation-rel ated increases. The study was carried out
with 138 male mice froman inbred stock after skin testing
(Bul siewi cz, 1977).

7.7 Carcinogenicity

The evidence for the carcinogenicity of phenol in experinental
ani mal s, based on the studies sumari zed bel ow, was recently
considered by the I ARC (1989) to be inadequate. Phenol was
classified by US EPA in Goup D (data inadequate for evaluating the
carcinogenic potential) (Bruce et al., 1987).

7.7.1 Oal exposure

In an NCI (1980) study, groups of 50 male and 50 fenal e
B6C3F; mi ce were given drinking-water containing 0, 2500 or 5000
ng phenol/litre for 103 weeks. As natched controls, groups of 50
mal e and 50 fenmale mce received tap water. There was a dose-rel ated
decrease in water consunption and nmean body weight gain in al
groups of mice. In mce receiving 5000 ng phenol/litre, an increase
in the nunber of uterine endonetrial stronal polyps (5/48 = 10% was
observed (in matched controls the incidence was 1/50 = 2% . There
was no evidence of an increased incidence of nalignant tunours. The
ot her observed neopl asns were of the usual nunber and type found in
mce of this strain and age (NCI, 1980).

Groups of 50 male and 50 fermal e Fischer-344 rats received O,
2500 or 5000 ng phenol/litre drinking-water for 103 weeks, while the
mat ched control group received tap water. Male and female rats given
5000 nmg/litre showed a decrease in mean body wei ght from week 20
onwards. There were statistically significant increased incidences
of phaeochronocytonas, |eukaem as, |ynphomas and C-cell thyroid
carcinomas in nales of the | owdose group (NCI, 1980). NTP
considered this study negative for carcinogenicity due to the lack
of a dose-response for the neoplasns and the | ack of response in
f emal es.

7.7.2 Dermal exposure

Three studi es exani ned the potential carcinogenicity of pheno
followi ng dermal application (Rusch et al., 1955, Boutwell et
al ., 1956; Bernard & Salt, 1982). However, none is considered
adequate for the evaluation of carcinogenicity due to the short
duration of exposure and/or use of inappropriate vehicles.
7.7.3 Inhal ation exposure

No studi es have been reported for this route of exposure.
7.7.4 Two-stage carcinogenicity studies

A dose of 3 nmg phenol in acetone was applied to | CRFHa Swi ss
mce 3 times per week for 52 weeks after initiation with 150 pg

DVBA. Papi |l | ona devel opnent was enhanced, conpared with that of nice
exposed to DVBA al one (Van Duuren et al., 1968; Van Duuren &
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Col dschmi dt, 1976). These observations were in agreement with those
fromearlier reports on the pronotional activity of phenol (Boutwell
et al., 1955, 1956; Sal anobn & d endenning, 1957; Boutwell & Bosch

1959; Wnder & Hoffrmann, 1961).

A dose of 3 ng phenol in acetone applied 3 tines weekly for 460
days to female ICR'Ha Swiss mce after initiation with 5 g
benzo[ a] pyrene had a slight pronoting activity. Sinultaneous
application of both agents showed a partial reduction in carcinonas
conmpared with mce treated with benzo[ a]pyrene al one (Van Duuren
et al., 1971, 1973; Van Duuren & Gol dschmi dt, 1976).

7.8 Special studies
7.8.1 Neurotoxicity

Trenors, convul sions, coma and death were reported after
i ntraperitoneal and subcutaneous doses of phenol (Deichnmann &
Wtherup, 1944; Ernst et al., 1961; Wndus-Podehl et al., 1983).
The tremors were enhanced by prior nonoam ne depl etion follow ng
reserpi ne treatnent (Suzuki & Kisara, 1985).

Upon hi stol ogi cal exami nation of rats in which convul sions had
been i nduced by subcutaneous phenol injection (200 ng/ kg body wei ght
gi ven once a week for two weeks), two out of six animls showed
spi nal cord and spinal root degeneration (Veronesi et al., 1986).

Phenol, given either intravenously or intra-arterially (250
ug), facilitated neuronuscul ar transm ssi on and ant agoni zed
neur onuscul ar bl ockade by D-tubocurarine in cats. The effect was
determined to be pre-synaptic in origin (Blaber & Gallagher, 1971).

Phenol caused dim nution of the conpound action potential in
preparati ons of the saphenous nerve after acute and chronic
perfusion (Schaunmburg et al., 1970).

G oups of five nale CD-1 nice were supplied w th drinking-water
containing 0, 4.7, 19.5 or 95.2 ng phenol/litre for 4 weeks, at the
end of which the concentrations of various neurotransmtters and
their netabolites were neasured in different parts of the brain. The
| argest effects were seen in levels of noradrenaline in the
hypot hal amus (significant decreases of 29 and 40%in the nmid- and
hi gh- dose groups) and of dopanine in the corpus striatum
(significant decreases of 21, 26 and 35%in the low, md- and
hi gh- dose groups). There were dose-rel ated, but not always
statistically significant, decreases in all of the neurochem cals
nmeasured in the hypot hal amus: noradrenal i ne, dopam ne
vani |l yl mandelic acid (VMA), 3, 4-di hydroxy-phenylacetic acid
(dopac), honovanillic acid (HVA), serotonin (5-HT) and
5- hydr oxyi ndol eacetic acid (5-H AA). There were significant
decreases in VMA in the midbrain, corpus striatumand cortex, 5-HT
in the mdbrain, corpus striatum and nmedul | a obl ongata, and dopac in
the cerebellumin the high-dose group only. There were al so
significant decreases in 5-HT and 5-H AA in the hypothal anus of the
m d- and hi gh-dose groups (Hsieh et al., 1992).

Cont i nuous exposure of rats to 0.012, 0.12 and 5.3 ng

phenol / n? for 61 days caused a shorter extensor nuscle chronaxy
and an increase in whol e-blood cholinesterase activities in rats at

concentrations above 0.012 ng phenol /nm® (Mukhitov, 1964).
7.8.2 Melotoxicity

Because phenol is an inportant netabolite of benzene, which is
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known to exert a toxic effect on bone marrow (including |eukaem a)
after netabolic activation, many studi es have been perforned to
investigate the possible nyel otoxic action of phenol

Inan in vitro assay for toxicity to primary nurine
haemat opoi etic cell cultures, phenol showed slight and variable
activity at a concentration of 0.4 nM but there was marked toxicity
at 2 MM In conparison, the phenol netabolites catechol and
hydr oqui none exhi bited nmarked toxicity at 0.04 nM (Seidel et al.,
1991).

Subcut aneous treatnment with phenol (245 ng/ kg body wei ght)
significantly inhibited erythropoiesis in mce 48 h after treatnent,

as indicated by a °°Fe uptake assay (Bolcsak & Nerland, 1983).

Intraperitoneal injection of 0-150 ng phenol/kg body weight to
mal e B6C3F; mice, twice daily for 12 days, did not result in a
suppressi on of bone marrow cellularity. However, sinultaneous
treatment of mce with 75 ng phenol /kg body wei ght and 25-75 ngy

hydr oqui none/ kg body wei ght (another benzene metabolite), produced a
dose-rel ated decrease in bone narrow cellularity, which was nuch
nore pronounced than after treatnment with hydroqui none only. The
observed effect closely resenbled the nyel otoxic effect of benzene
(Eastmond et al., 1987b). Subsequent in vitro studies by these
and ot her investigators confirned that phenol (0.01-1 mV stinulates
further bioactivation of hydroquinone to nyel otoxi c conpounds in
bone-marrow cells (Eastnond et al., 1987b; Subrahmanyam et al.
1989).

No haemat opoietic toxicity was found in rats after daily
subcut aneous i njections of 250-750 ng phenol/kg body weight for 1
week. O the rats receiving 750 ng phenol/kg body wei ght, 50% di ed
(Mtchell, 1972).

Si x consecutive subcutaneous injections of 50 ng phenol /kg body
weight to mice resulted in a slightly but significantly reduced
nunber of granul opoietic stemcells and bone marrow cellularity in
the tibia (Tunek et al., 1981).

7.8.3 | mmunot oxi col ogy

One i mmunol ogi cal study has been reported. Fernale CDL mce were
exposed to 19 ng phenol/n? (5 ppnm), either as a single 3-h
exposure or as five daily 3-h exposures. Neither the susceptibility
of the aninmals to experinentally induced streptococcus aeroso
infection nor their pul nobnary bactericidal activity was
significantly affected (Aranyi et al., 1986).

G oups of five nale CD-1 nice were supplied w th drinking-water
containing 0, 4.7, 19.5 or 95.2 ng phenol/litre for 4 weeks, at the
end of which various haematol ogi cal and i nmunol ogi cal paraneters
were neasured. The erythrocyte count was statistically significantly
decreased, conpared with control values, in all treated groups in a
dose-rel ated manner, but total and differential |eucocyte counts
were unaffected. Total spleen cellularity was decreased in a
non-si gni fi cant dose-rel ated manner. The hi ghest dose suppressed the
stimulation of cultured splenic | ynphocytes by the B-cell mitogen
I i popol ysaccharide, the T-cell mtogen phytohaenaggl utinin, and the
T- and B-cell mtogen pokeweed, but not by concanavatin. The m d and
hi gh doses suppressed the animals' antibody production in response
to a T-cell-dependent antigen, i.e. sheep erythrocytes (Hsieh et

al ., 1992).
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7.8.4 Biochemcal effects

In a study on the biochem stry of intestinal nucosa, mce were
provided with 0,5, 50 or 500 mg phenol/litre drinking-water
(cal culated by the authors to be 1, 10 and 100 ng phenol / kg body
weight) for 5 days or 5 nonths at 1-day intervals. An increase in
gl ucose- 6- phosphat ase, succi nate dehydrogenase and cytochrone

oxi dase activities in the intestinal nmucosa was observed in mice
receiving > 0.02 ng phenol /kg body weight for 5 days. A decrease

in these activities was seen at 2 ng phenol/kg body weight. After 5
nont hs admini stration of 0.02 and 0.2 ng phenol / kg body wei ght, the
enzyne activity had returned to normal, but the highest dose group
showed a decline (or even a lack) of activity in the cells of the
intestinal rmucosa (O owska et al., 1980).

I n anot her study of biochemical effects, mce were provided for
5 days (killed 24 h after the |last application) and 35 days (killed
30 days after the last application) with aqueous solutions of 0.08,
0.8 or 8 ng phenol/litre. The authors of the study cal cul ated the
doses to be approximately 0.016, 0.16 and 1.6 ng phenol/kg body
wei ght per day, respectively. Only the | owest dose of 0.08 ngy
phenol /litre evoked considerabl e changes in the localization of
gl ucose- 6- phosphat ase, 5 days after treatnent. Changes in al kaline
phosphat ase | ocalization in the kidney were seen at 0.8 and 8 ng
phenol /litre. Full recovery occurred after 30 days (Laszczynska et
al ., 1983).

I nhal ati on exposure of 50 male white rats to 0.4 ngy

phenol / n?, 24 h/day, 7 days/week, for 3 nonths, resulted in some

i nhi bition of oxidative phosphorylation in the lungs, liver and

ki dneys. An increase in the rate of glycolysis was al so observed in
the lungs and ki dneys (Skvortsova & Vysochi na, 1976).

8. EFFECTS ON HUMANS
8.1 General popul ation exposure
8.1.1 Controlled studies

In the Klignman nmaxi nization test, phenol did not cause
sensitization in 24 human volunteers (Kl ignman, 1966).

It was reported by Rea et al. (1987) that, in a group of 134
"chem cally sensitive" patients where several volatile organic
chemicals were detected in the blood, 107 (80% reacted adversely
after a challenge exposure to phenol alone (0.008 ng/n?). The
criteria used to identify "sensitive patients" and "adverse
reactions" were not specified. The toxicol ogical significance of
this finding is not known.

Mukhitov (1964) reported that six 5-min inhalation exposures to
phenol at 0.015 ng/ n? produced an increased sensitivity to |ight

in each of 3 dark-adapted subjects.
8.1.2 Case reports

Various reports have appeared on the adverse effects of pheno
in individuals or groups of humans after intentional (e.g.
therapeutic) as well as accidental short-term exposure to phenol
8.1.2.1 Dernmal exposure

The use of phenol as a disinfectant and antiseptic was
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i ntroduced by Lister (1867). However, its use has been restricted by
i ntoxi cations caused by these applications (Table 10).

Local effects after dermal phenol exposure consisted of
erythema or painl ess blanching (Dreisbach, 1983), and, in nore
severe cases, corrosion (Schm dt & Mibach, 1981) and necrosis. The
use of 5-10% phenol dressings for antiseptic purposes, for exanple,
has led to many cases of necrosis of the skin and underlying
ti ssues. Wen fingers and toes have been invol ved, anputation has
someti nmes been necessary. Due to their high toxicity, these
dressings are no |longer used (Cronin & Brauer, 1949; Dei chmann,
1949; De Groote & Lanbotte, 1960; Abraham 1972).

Phenol chem cal peel is a technique which has been used in
superficial surgery of the skin for the last 30 years (Ersek, 1991).
The phenolic mxture used classically is 3 mM of 50% phenol, 2 m of
water, 8 drops of soap and 8 drops of croton oil. This is applied to
the skin to reduce pignmentation. Topical use of phenol as a chem ca
face-peel has been reported as being associated with cardi ac
dysrhythmias in "up to 30% of adults" (Mdrrison et al., 1991), but
only a single case report has been published (Warner & Har per
1985). This report concerned a 10-year-old boy who had a sol ution
consi sting of 40% phenol and 0.8%croton oil in hexachl orophene soap
and water, applied to a |arge nevus covering 1.9% of his body
surface whil st under anaesthesia (60% nitrous oxide and 3%
hal ot hane) and receiving a total of 200 ml of lactated Ringer's
solution intravenously. After 55 mn of treatnment, nultifocal and
coupl ed premature ventricul ar conpl exes were detected by ECG but
bl ood pressure remai ned stable and plasnma sodi um and pot assi um
concentrations were normal. An intravenous infusion of 250 ngy
bretylium sul fate suppressed the dysrhythm a and the boy had an
uneventful recovery.

System ¢ intoxication can occur very rapidly after absorption
of phenol through the skin (Table 10). Most significantly,
cardi ovascul ar shock (sonetimes resulting in death) and severe
nmet abol i ¢ aci dosi s occur. Truppnan & Ell enby (1979) observed cardi ac
arrhythm as (supraventricular as well as ventricular) in 10 out of
42 patients within 10 min after the application of approximately 5%
phenol on half of the face for cosnetic treatnent. Hyperventilation
ki dney damage and net haenogl obi naem a have al so been observed in
several cases of exposure to phenol

Table 10. Human dermal toxicity of pheno

Concentration Medi um Cont act duration G rcunst ances

(%

100 crystals 30 min in glove

80-100 wat er 20 mn spill on hip, thigh, death
scrotum

80-100 wat er 2-4 days cl osed dressings on

open wounds
78 wat er 2-5 mn 4-5 |litres spilt on
upper hal f of body

43.5 wast e wat er 1 mn spill on lower half of body
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5 oi nt nent 7 days cl osed dressing on cut
2 wat er 2.5 days noi st dressing over burns
on 30% of body surface

2 wat er 11 h cl osed bandage on
i nfant unbilicus

Foxall et al. (1991) reported a case of acute renal failure
followi ng an industrial accident in which a man was partially
submerged for a few seconds in a solution of 20% phenol in
di chl oronet hane. He i medi ately showered, but was subsequently found
in a state of collapse. Hs extremties were cold and he had 50%
body burns. He devel oped nausea and vomiting after taking fluids.
Anuria ensued, with arise in plasm creatinine, but treatnent with
i ntravenous furosemn de and haenodyalisis (daily for seven days, then
with decreasing intervals for a further 18 days), allowed adequate
urinary volunes to be produced. Respiratory distress required
intensive care treatnent. Marginal polyuria persisted one year after
the accident.

8.1.2.2 Oal exposure

Cases of oral intoxication have occurred as a result of
acci dental and intentional ingestion. Local and systemic effects
have been described in the literature, synptons being sinmlar to
those foll owi ng dernmal exposure. Case reports have been published
(Model , 1889; Stajduhar-Caric, 1968; Haddad et al., 1979).

Death occurred within 10 min of ingestion of 4.8 g pheno
(Andersen, 1869). However, ingestion of 56.7 g of a phenol -saline
m xture was reported to have occurred w thout conplaints (Leider &
Moser, 1961), and an individual survived the ingestion of 57 g
phenol (88% after intensive treatnent. Synptons in the latter study
i ncluded severe gastrointestinal irritation, as well as the expected
cardi ovascul ar and respiratory effects (Bennett et al., 1950).

A severe accidental phenol spill in Wsconsin in 1974
cont am nat ed ground wat er whi ch was bei ng used as dri nki ng-wat er
Approxi mately one nmonth | ater, several people living near the spil
compl ai ned of health effects. Six nmonths after the spill, nedica
hi stories were taken from 100 peopl e who had consuned
phenol - cont am nated water (the authors estimated the daily exposure
to be 10-240 ng phenol /person). In retrospect, a statistically
significant increase was found in diarrhoea, nmouth sores, dark urine
and burning of the nouth, which had persisted for an average of 2
weeks. No significant abnormalities were found 6 nonths after
initial exposure upon physical examination or |aboratory analysis.
Urinary phenol |evels were not el evated (Delfino & Dube, 1976; Baker

et al., 1978).

Ariver in North Wales, United Kingdom used for the
preparati on of drinking-water, was accidentally contaninated with
phenol (Jarvis et al., 1985). Wen the water was chl orinated,
various chl orophenol s appeared to have been fornmed. A retrospective
postal survey of 344 househol ds that received the contani nated tap
wat er and 250 control househol ds was carried out. Significantly nore
gastrointestinal illnesses, as well as other synptons, were clai ned
in the contam nated areas than in the unexposed areas. Pheno
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concentrations in drinking-water were conservatively estimated to
have been 4.7-10.3 pg/litre for sone days (Jarvis et al., 1985).

8.1.2.3 Inhalation exposure

Very few cases of adverse effects after short-term pheno
vapour exposure have been reported.

Hospi tal outbreaks of severe idiopathic neonatal unconjugated
hyper bi | i rubi naem a have been associated with the phenol - contai ni ng
di sinfectant used for cleaning the nursery equi pnent, floors and
wal | s. When the disinfectant was no | onger used, the epidenic
subsided (Daum et al., 1976; Wsowski et al., 1978; Doan et

al ., 1979).

St udi es of occupational inhalation exposure are described in
section 8. 2.

8.1.2.4 Exposure by injection

Phenol has been used as a neuron bl ocking agent in patients
suffering fromspasmfollow ng, for exanple, spinal cord danage or
cerebrovascul ar stroke (Wod, 1978, review, Nathan, 1959; Cooper et

al ., 1965; Khalili & Betts, 1967; G bson, 1987). It has al so been
used to relieve chronic pain (Wod, 1978; Benzon, 1979; Snith,
1984). Treatnent involved adm nistering the phenol by intravenous
injection or perfusion, or by direct injection into the spinal cord.
Reported side-effects of phenol therapy were convul sions, transient
par aest hesi a, | eg weakness, urinary and fecal incontinence, one case
of a severe arterial block in the upper armrequiring anputation
and one case of acute bronchospasm (Wod, 1978, review, Benzon

1979; G bson, 1987; Atkinson & Skupak, 1989). |In addition, there
have been reports of phenol -induced cardiac dysrhythma in adults
(Forrest & Ramage, 1987) and in children, in whom an incidence of
19% was reported (Mrrison et al., 1991).

8.2 Cccupational exposure

Poi soni ng due to chronic inhalation of phenol was known 100
years ago, primarily as a disorder in physicians and their hel pers,
under the term "carbol marasnus" (Lister, 1867). A classical case of
phenol narasnus was described in a worker enployed for 13" years in
a | aboratory boiling phenol solutions. Synptons were anorexia,
wei ght | oss, headache, vertigo, salivation and dark urine (Merliss,
1972).

A few studi es are avail abl e concerni ng occupati onal exposure of
workers in bakelite factories. Wrkers were exposed to phenol, and
si mul t aneous exposure to fornmal dehyde occurred. El evated pheno
urine levels, unspecified conplaints, and chronic airway obstruction
wer e observed (Schoenberg & Mtchell, 1975; Knapik et al., 1980).

Twent y-ni ne cases of poi sonings anong workers, who, during a
3-year period, quenched coke with a waste-water sol ution containing
0.3-0.8 g phenol/litre, were attributed to phenol intoxication
Phenol vapour concentrations in the air ranged fromO0.5 to 12.2
my/ nt. The nunber of workers and the synptons of intoxication were
not specified. The author did not consider the potential of dernal
absorption (Petrov, 1960).

A case-control study was carried out on 57 cases anpng 3805

workers fromthe Finnish wood industry (particle board, plywood
sawri || or formal dehyde glue) suffering fromrespiratory cancer. The
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i nhal at ory exposure |evel to phenol and frequency of multiple
exposure to pesticides were found to be significantly higher for
cancer cases, but the exposure to wood dust was not significantly
different between cases and controls (Kauppinen et al., 1986). The
nunber of cases in this study was snmall, and confoundi ng exposures
wer e i nadequately controll ed

In a case-control study of 6678 rubber workers, enployed in
areas where phenol was used, exposure to phenol was not associ ated
with increased risks of cancer of the respiratory tract, stomach or
prostate or of |ynphosarcoma or |ynphatic |eukaem a (WIcosky et

al ., 1984).

A nortality study was conducted anong 14 861 white mal e workers
engaged in the production or use of phenol and fornal dehyde in five
conmpanies within the USA. The foll ow up conprised nore than 360 000
man-years. Mortality rates fromall causes conbined were simlar to
those in the general population of the USA. Excesses of cancer of
the oesophagus, cancer of the kidney and Hodgkin's di sease were
observed anmong the workers exposed to phenol, but these did not show
any exposure-response rel ationship and were not statistically
significant. Reduced nortality ratios were observed for cancer of
the buccal cavity and pharynx, cancer of the stonmach, cancer of the
brain, arteriosclerotic heart disease, enphysema, disease of the
di gestive systemand cirrhosis of the liver, although these
reducti ons were not statistically significant. For arteriosclerotic
heart di sease, enphysena and cirrhosis of the liver, there were
i nverse rel ati onshi ps between nortality rates and durati on of pheno
exposure and cumul ati ve phenol exposure |evels (Doseneci et al.
1991).

A cardiovascul ar di sease (CVD) nortality study was conducted
anong 1282 white nal e production workers in a large rubber- and
tyre-manufacturing plant. Exposure estimates for 25 solvents were
avai l abl e (concentrations were not neasured). The CVD nortality
during 15-year foll ow up period was anal yzed i n exposed and not
exposed workers. The known associ ati on between CS2 exposures and
i schem ¢ heart diseases (IHD) was confirnmed, and two other solvents,
et hanol and phenol, were also found to be predictors of |HD. Pheno
showed the strongest association with CVD nortality. However, sone

confounders (cigarette snoking, hypertension and hi gh serum
chol esterol) were not controlled and unrecogni zed chem ca

at herogens coul d al so, according to the authors, influence the
results (WIlcosky & Tyroler, 1983).

8.3 Organoleptic data

The odour threshold for phenol has been reported to range from
0.021 to 20 nmg/nt (Van Genert & Nettenbreijer, 1977; Van Genert,
1984).

The geonetric nean of 16 air odour thresholds and 6 water odour
threshol ds for phenol was reported by Ampbore & Hautala (1983) to be
0.16 ng/nt (0.040 ppm with a standard error of 0.026 ppm. In
this calculation, the original literature was revi ewed and val ues
whi ch diverged nore than 100-fold fromthe nearest of two or nore
other thresholds were elininated. Both detection and recognition
val ues were included. The water detection threshold for phenol
based upon multiplying the calculated air odour threshold by the
water-air distribution ratio, was reported by the sanme authors to be
7.9 mg/litre.

A taste threshold value of 0.3 ng/litre in water has been
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reported (US EPA, 1992).
9. EFFECTS ON OTHER ORGANI SMS | N THE LABORATORY AND FI ELD

The toxicity of phenol has been studied in nicroorgani sns
(e.g., bacteria, fungi, algae and protozoa) and nunerous aquatic
invertebrates and vertebrates (Buikema et al., 1979). Because of
this vast anount of data, a selection has been nade, based on the
reliability of the data and the rel evance of the test organisns.
Details of acute and long-termaquatic toxicity studies, considered
to be adequately perfornmed and reported, are included in Tables 11
and 12. Less adequate studies are reported in the text only.

9.1 M croorganisns

Rel i abl e phenol toxicity data for nicroorganisns are given in
Tabl e 11.

In mcroorgani snms, growh inhibition is usually observed after

phenol exposure. In studies on single bacterial species, the EGCs
val ues (EGCso = cal cul ated concentration affecting 50% of test

popul ation) found for growth inhibition varied from 244 ny
phenol/litre in a newy devel oped, 6-h test with Pseudononas putida
(Sl abbert, 1986) to 1600 ng phenol/litre after 18 h of exposure in a
nore conventional test with Aeronpnas hydrophila (Dutka & Kwann,
1981). Bringmann & Kihn (1977) reported a toxicity threshold of 64
ng/litre after 16 h. ECso val ues for reduced photol um nescence in

Phot obact eri um phosphor eum of 28-34 ng phenol/litre (Dutka et

al ., 1983) and 40 ng phenol/litre (Curtis et al., 1982) have

been reported. In activated sludge, the EGy, for a reduced oxygen

upt ake was reported to be 520-1500 ng phenol/litre, whereas a | ower
val ue was found for substrate consunption inhibition (104 ng

phenol /litre) (Mksch & Schurmann, 1988; Vol skay & G ady, 1988). The
| owest reported concentration affecting activated sl udge was 10 ng
phenol /litre; 1 nmg phenol/litre had no effect (Baird et al.

1974).

Reported toxicity thresholds for protozoa were of the same
order of nmagnitude as for bacteria: 33-144 ng phenol/litre
(Bringmann & Kiuhn, 1959, 1980; Dive & Lederq, 1977; Bringmann et

al ., 1980). For al gae, values were sonmewhat | ower, but were
observed after a |onger exposure period: 6 ng phenol/litre for
cyanobacteria (blue-green algae) and 8 ng phenol/litre for green
al gae, after 7-8 days of exposure (Bringmann & Kihn, 1978, 1980).
The |1 Gy val ues (concentrati on causi ng 50% growt h i nhibition)
reported for various fungi by Kwasni ewska & Kai ser (1983) were of
the sane order of magnitude as the above EGCsy val ues for bacteria
growt h i nhibition: 460-1000 ng phenol/litre. These val ues are al so
within the range of concentrations observed by Babich & Stotzky
(1985) to cause initial or conplete growh inhibition in various
fungi (100-1000 ng phenol/litre and 750->1000 ng phenol/litre,
respectively).

Table 11. Acute aquatic toxicity of pheno

Organi sm Tenmperature pH Di ssol ved Har dness
(°O oxygen (mg CaCosf
(nmg/litre) litre)

Freshwat er Organi sns

Page 50 of 102



Phenol (EHC 161, 1994)

Bacteria
Phot obact eri um 15 6.5-6.7
phosphor eum
Pseudomonas puti da 25 7.0 80.1
27 7.2
Cyanobacteria
M crocysti s aerugi nosa 27 7.0 72.3
Green al gae
Scenedesnus 27 7.0 72.3
quadri cauda
Pr ot ozoa
Chi | ononas 20 6.9
par anaeci um
Col pi di um canpyl um 20
Ent osi phon sul cat um 25 6.9 80.1
M cr oregnma het er ost ona 27 7.5-7.8 213.6
Table 11 (contd).
Organi sm Tenperature pH Di ssol ved Har dness
(°O oxygen (mg CaCosf
(mg/litre) litre)
Ur onema par duczi 25 7.3
Crust acea
Asel | us aquati cus 11 £ 1 7.5-8.1 99.5 £+ 7.7
Cypris subgl obosa 20.4 7.9 8.4 204
Daphni a magna 19.8-20.9 7.7-8.3 157 + 4
19 £ 1 8.2 £+ 0.3 199. 4
19 + 1 8.2 +£0.3 199. 4
17.2 + 7.4 £ 0.2 8.7+ 1.1 44.7
22 + 1 6.8-7.8 7.6 £ 0.2 146 + 15
Ganmar us pul ex 11 £ 1 7.5-8.1 99.5 + 7.7
7t 8.3 10.9 250
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Table 11 (contd).
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25

I+
-

8.18 = 0.04 57.1 £ 4.1

Organi sm Temperature pH Di ssol ved Har dness
(°O oxygen (mg CaCos/
(mg/litre) litre)
Lymmaea acumi nat a 20 £ 2 7.9 £ 0.2 5.5+ 1.5 190- 223
Wor s
Li modri | us 11 + 1 7.5-8.1 99.5 + 7.7
hof f nei st eri
Pol ycelis felina 18 7-8.5 T 300- 500
Pol ycelis tenuis 11 £ 1 7.5-8.1 99.5 + 7.7
Fi sh _
Brachydanio rerio 25 £ 0.5 8.0-8.3 - 350- 375 (
24 + 1 > 6 64
Canpost ona anomal um 23 - ;
Cat ost onus 17.2 £+ 0.5 7.4 £ 0.2 8.7+ 1.1 44.7
comrer soni
Jordanel l a floridae 25 + 0.5 8.0-8.3 - 350- 375 (
Lebi stes reticul atus 28-31.8 7.8-8.2 5.7-7.2 218-239
Table 11 (contd).
Organi sm Tenperature pH Di ssol ved Har dness
(°O oxygen (mg CaCos/
(mg/litre) litre)

Lepom s macrochirus

Leuci scus i dus
nmel anot us

17.2 + 0.5 7.4 £ 0.2 8.7 1.1 44. 7

20
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Not opt er us not opt er us 23-26.5 6.8-7.6 5.9-7.8 60-70

Pi mephal es pronel as 17.2 + 0.5 7.4 £ 0.2 8.7+ 1.1 44.7
25 + 2 6.2-8.2 43- 49

Rasbor a 20 7.2 250

het er onor pha

Rutilus rutilus 10.3 £ 0.3 7.8 £ 0.02 257- 260

Sal no gai rdneri 15 + 0.5 8.0-8.3 - 350- 375 (
17.2 £+ 0.5 7.4 £ 0.2 8.7+ 1.1 44.7

I nsects

Baeti s rhodani 11 £ 1 7.5-8.1 99.5 £+ 7.7

Chi rononus ri parius 11 £ 1 7.5-8.1 99.5 £+ 7.7

Table 11 (contd).

Organi sm Tenperature pH Di ssol ved Har dness
(°0 oxygen (my CaCOy/

(mg/litre) litre)

Hydr opsyche 11 + 1 7.5-8.1 99.5 + 7.7

angusti penni s

Mari ne Organi sims

Crust acea

Artem a salina

Cant hocanpt us synt heti ¢ medi um according to Cairns

Gamrar us duebeni 5+ 0.6 7.7 £ 0.1 8.4+ 0.3 0. 6% (
16 + 0.6 7.7 £ 0.1 8.4+ 0.3 0.6% (

Mesi dot ea ent onon 5+ 0.6 7.7 £ 0.1 8.4 0.3 0.6% (
10 + 0.6 7.7 £ 0.1 8.4+ 0.3 0.6% (

Panopeus herbsti i 25 25 pptK F

Mol | usca

Crassostrea 24 + 1 seak ;
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Vi rginica
Mer cenari a 24 + 1 seaX F
nmercenari a
Table 11 (contd).
Organi sm Tenperature pH Di ssol ved Har dness
(°O oxygen (mg CaCos/

(mg/litre) litre)

Wor s

Ophryotrocha 21 seaX ¢
di adema

Fi sh

Phoxi nus phoxi nus 5+ 0.7 7.7 + 0.1 8.4+ 0.3 0.6% (

& S =static test; CF = continuous flowtest; R = renewal test (sem-static
b ECso = nedian effect concentration = cal cul ated concentration causing effe
TT = toxicity threshold, i.e. concentration affecting growth in > 3% of p

¢ effect: reduction in photoluni nescence

¢ mniml concentration affecting growth

€ river water

" concentration of test compound anal ysed during assay
9 imobility

h

si mul t aneous testing of 8 species

no data; aerated

I reported was TL,, or nedian toxicity limt
salinity; sea = sea water

Table 12. Long-termaquatic toxicity of phenol

Organi sm Temperature pH Di ssol ved Hardness Met hod?® Test
(°O oxygen (mg/litre
(rmg/litre) CaCGs)

Freshwat er Organi sns

Crust acea
Daphni a 19 £ 1 8.2 199 R 16 d
magna (48 h)

19 £ 1 8.2 + 0.3 199 R 21 d
Ceriodaphnia 25 = 1 8.18 = 0.04 57.1 £+ 4.1 R 4 da
dubi a (48 h) 7 da
Fi sh
Brachydanyo 24 =+ 1 6.1-6.5 6.4-8.5 57-61 R 3 nol
rerio (24 h)
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R 2 no
(48 h) with
expo:
conc:
eggs
2-3

Table 12 (contd).

Organi sm Temperature pH Di ssol ved Hardness Met hod? Test
(°O oxygen (mg/litre
(mg/litre) CaCQOy)

Car assi us 19-24 7.78 6.2-9.0 197.5 CF 8 da
aur at us (tes
eggs
spaw
hat ¢
Wi t hi

I+
=

Pi mephal es 25 8.0 5.3 725.3 CF 30 d

pronel as

725.3
46.0

Pi mephal es 25
promel as 25

+

=
N @
N o
No
~N w
QQ

38 d
(tes

eggs
spaw

Sal mo 12-14 7.78 6.2-9.0 197.5 CF 8 da
gai rdneri (tes
eggs
ferti
hat c
wi t hi

Table 12 (contd).

Organi sm Tenperature pH Di ssol ved Hardness Met hod® Test
(°O oxygen (mg/litre
(my/litre) CaCQj)

13.3-14.2 7.4-8.1 8.6-10.2 100 CF 4 da
(tes
eggs
ferti
hat c
23 d

7.8 5.7 579.9 CF 58 d.
(tes
eyed
conpl

& S =static test; CF = continuous flowtest; R = renewal test (seni-static)
b NOEC = no- observed-effect concentration = highest tested concentration wt
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An LC, is a calculated value which is, to sone extent, conparable to the ¢
phenol concentration anal ysed during test

survival was a nore sensitive end-point than reproduction

calcul ated fromresults by Task G oup

hi ghest concentration tested

9 extrapol ated by authors

(¢} Q o

-

An increase in salinity (0-30% increased the toxicity of
phenol to fungi (Babich & Stotzky, 1985).

9.2 Aquatic organisms
9.2.1 Freshwater organisns
9.2.1.1 Short-term studies

The nost inmportant sublethal acute effects observed in
freshwat er species after phenol exposure were a reduced heart rate
and damage to the epitheliumof gills (with loss of function),

[iver, Kkidneys, intestines and bl ood vessels. One study reported the
occurrence of severe seizures, nmediated by the central nervous
system in Salnmo gairdneri after exposure to sublethal pheno
concentrations (Bradbury et al., 1989). In invertebrates, growth

i nhibition was usual |y observed. Sone ECsy val ues for the latter
organi snms are given in Table 11.

Most toxicity studies concentrated on lethal effects. Death was
usual ly preceded by immobility, |loss of equilibrium paralysis and
respiratory distress (Razani et al., 1986a; Tonapi & Varghese,

1987; Green et al., 1988; Chagnon & H ohowskyj, 1989). Toxicity
testing, where the sane species was used by different research
workers in different waters, resulted in LGsy val ues (LGs :
cal cul ated concentration causing death in 50% of test group) that
varied widely, as can be seen from Table 11

Envi ronnental factors may affect the toxicity of phenol (Brown

et al., 1967; Mller & Qgilvie, 1975; Ruessink & Smth, 1975;
Cairns et al., 1976; Reynolds et al., 1978; Birge et al.

1979; Dalela et al., 1980; duth & Hanke, 1983; Gupta et al.
1983a, b; Stephenson, 1983). Hardness and pH, however, do not appear
to have a large inpact on phenol toxicity. The toxicity for various
fungi and fish species, for exanple, did not change significantly
over the pHrange of 5-8; toxicity for fungi and sone fish species
was not influenced at all by hardness, whereas phenol was slightly
nore toxic in soft than in hard waters for the carp (Herbert, 1962;
Pi ckeri ng & Henderson, 1966; ElIFAC, 1972; Babich & Stotzky, 1985).
The effect of tenperature appeared to be variable (Cairns et al.
1978; Babich & Stotzky, 1985). Since tenperature influences both the
upt ake and the detoxification (conjugation) of phenol (G een et

al ., 1988), phenol toxicity could be enhanced, as well as

di m ni shed, by increasing tenperature, dependi ng on which paraneter
was i nfluenced nost.

Several biological factors also influence the response of the
biota to phenol, e.g., strain type, nutritional status, size,
enbryonal or devel opnental stage, crowdi ng and physi ol ogi ca
adapt ati on (Dowden & Benett, 1965; Al exander & O arke, 1978; Birge

et al., 1979; Flerov, 1979; De Graeve et al., 1980; Kordyl ewska,

1980; CGupta et al., 1982b; Mayes et al., 1982; Black et al.
1983; Lewi s, 1983).
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Conparison of 48-h LGsy values from Table 11 shows that, in
general, fish are the npst sensitive freshwater species with respect
to phenol toxicity. The 48-h LGCso val ues for sone selected fish
species ranged from7 to 64 ng/litre. For crustaceans, this range
was 3.1-200, and for nolluscs it was 200-205 ng/litre; for insects,
it was 19-720 ng/litre and for worns 200-870 ng/litre. Upon
si mul taneous testing of eight species at concentrations up to 51 ng
phenol /litre, no toxicity was observed for |arvae of the anphibian

Xenopus |l aevis, for the snail Aplexa hypnorum or the insect
Tanytarsus dissinilis. Were toxicity was observed, LGy val ues
were included in Table 11 (Hol conbe et al., 1987). The data
presented in Table 11 are in good agreenent with the order of
i ncreasing tol erance to phenol proposed by Al ekseyev & Antipin
(1976): fish-crustaceans-tol erant insects-worns-nolluscs-highly
tol erant insects.

9.2.1.2 Long-term studies

Most | ong-term studies with freshwater species have concerned
growt h, reproduction and/or nortality; these studies are discussed
bel ow. Studi es considered to be adequately perforned and reported
are included in Table 12.

A few long-termstudies with freshwater fish have been desi gned
to detect sublethal effects of phenol exposure. Increased
proteolysis as a result of stress, mild kidney danage, and an
inhibitory effect on the devel opnent and maturati on of the ovary,
secondary to a liver dysfunction, were sone of the effects reported
(Dangé, 1986; Cupta & Dalela, 1987; Kumar & Mikerjee, 1988).

In alife-cycle test using Daphnia nagna, the maxi num
acceptabl e tol erance concentrati on (MATC) proved to be 1.5-6.3 ng
phenol /litre (US EPA, 1980). These results are conparable with the
no- observed-ef fect concentration (NOCEC) val ues for growth and
reproduction (both 3.2 ng phenol/litre) found by Hernens (1984) and
Ois et al. (1991). De Neer et al. (1988), however, found a
consi derably | ower NOEC val ue of 0.16 ng phenol/litre for growth of

Daphni a magna under simlar experinental conditions.

Exposure of adult Brachydanio rerio to 2.2, 4.9 or 24 ny
phenol /litre for 3 nonths resulted in 67% nortality at the highest
concentration; the no-observed-Ilethal concentration (NOLC) was 4.9
ng phenol/litre. At 24 ng phenol/litre, only i mature oocytes were
found in surviving fish; at the two | ower concentrations both
i mature and mature oocytes were observed, whereas spawni ng was
del ayed. In subsequent enbryo-larval tests, starting with the eggs
of exposed adults, nortality appeared to be maxi mal during enbryonic

devel opment and the initial larval stage. All larvae died within 12
days at 4.9 ng phenol/litre. At 2.2 nmg phenol/litre, larva

nortality was still slightly increased, but surviving ani mals showed
normal growth and devel oprnent (Razani et al., 1986b).

In two enbryo-Ilarval bioassays on Pinephal es pronelas, growh
proved to be the nost sensitive criterion: the NOEC val ues were 0.75
and 1.83 ng phenol/litre (De Gaeve et al., 1980; Hol conbe et

al., 1982).

The results of the enbryo-larval test on Salno gairdneri
given by Birge et al. (1979) (LC;:0.2 pg/litre) and Black et
al. (1983) (NCEC.9 pg/litre) are much |l ower than those obtai ned by
De G aeve et al. (1980) (NOECyown: 0.1 ng/litre), probably
because the latter test was started with eyed eggs, whereas the
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fornmer two tests were started with just-fertilized eggs.

In addition, Birge et al. (1979) studied the influence of
phenol in an enbryo-larval test on Carassius auratus and found a
LG of 2.0 pg phenol/litre.

Dunpert (1987) reported a NOLC val ue of 10 ng phenol/litre for
| arvae of the anphibian Xenopus laevis; larval nortality was 100%
within 3 weeks at 50 ng phenol/litre. Larval growth was slightly,
but not significantly, retarded at 5 and 10 ng phenol/litre.
Hat ching was normal at all tested concentrations. However, the
results may not be reliable because test solutions were renewed only
once a week, whereas aeration nay al so have contributed to
undet ected | oss of phenol. In other enbryo-Ilarval bioassays on five
anphi bi an species, Rana ripiens and Rana catesbei ana were the
| east tolerant. These species exhi bited about equal sensitivity to
phenol (LC;: 1.0 and 1.1 ng phenol/litre, respectively; LCy:
5.2 and 8.5 ng phenol/litre, respectively (Birge et al., 1980).

9.2.2 Marine organi sns
9.2.2.1 Short-term studies

In acute toxicity studies on some narine organi sns
(crustaceans, worns, snails and fish), the LG5 val ues ranged from
8.8-330 ng phenol/litre (see Table 11). In general, the
sensitivities of marine and freshwater organi sns for phenol were
simlar.

At a subl ethal phenol concentration, activities of sone enzynes
appeared to be decreased in the brain, liver and nuscle tissue of
Sar ot her odon nossanbi cus; this effect was i ndependent of salinity
(Ravi chandran & Anant haraj, 1984).

9.2.2.2 Long-term studies

No adequate data are available on long-termtoxicity to marine
or gani sns.

9.2.3 Accumul ation

The bi oconcentration factor of phenol nay be cal cul ated, using
a log Poy value of 1.46 (pH not stated, see Table 1) and the
formula log BCF = 0.79 log Poyw -0.40 (Veith & Kosian, 1983). This
yi el ds a bioconcentration factor of 5.7, which is very | ow and does
not indicate any potential for bioaccunulation

The experimental bioconcentration factors, reported by Hardy
et al. (1985) for algae, by Erben (1983) for flatwornms, by Erben
(1982) for snails, by Key & Scott (1986) for crabs, and by Call et

al . (1980) and Kobayashi & Akitake (1975) for fish, are in
agreenent with the cal cul ated value. Oher studies, however,
reported higher values. The bioconcentration factor for Daphnia
magna, as assessed from “C nmeasurenents, was reported to be
1375 after 24 h, with an estimated half-1ife upon depuration of 8 h
A |l ower bioconcentration factor (277) was cal cul ated from uptake and
depuration rate constants (Dauble et al., 1986). The
bi oconcentration factors for phenol, as determined by *C
neasurenents in a 5-day experinent with activated sludge, in a 24
h-experinment with the alga Chlorella fusca, and a 3-day experi nent
with the fish Leuciscus idus nelanotus, were 2200, 200 and 20,
respectively (Freitag et al., 1985).

Upt ake was usually conplete (the equilibriumlevel reached)

Page 58 of 102



Phenol (EHC 161, 1994)

within 1-2 days. Initially, excretion was also rapid, but it usually
sl owed down after some hours, and depuration was reported to be

i nconpl ete. The anount of unchanged phenol still present after 24 h
in the alga Scenedesmus quadricauda, for exanple, was 22% (Hardy

et al., 1985), whereas radioactivity fromC showed a retention

of 80% after 96 h of depuration in the mud crab Panopeus herbsti
(Key & Scott, 1986).

Based on reported and estinated bioconcentration factors for
aquatic organi sns, phenol is not expected to bioaccunul ate
significantly.

9.2.4 Metabolism

The netabolismof phenol in fish yields the known phenyl
conj ugat es (phenyl sulfate and phenyl gl ucuronide) and qui no
sul fate (Kobayashi et al., 1976; Layiwola & Linnecar, 1981; Nagel
1983; Nagel & Urich, 1983; Kasokat et al., 1987). In the excreta
of the frog Rana tenporaria, the same netabolites were found after
phenol injection, together with catechol, catechol sulfate and
traces of resorcinol. Xenopus |aevis, another anphibian, appeared

to be unable to glucuronidate phenol, but conpensated this by

i ncreasing the production of other netabolites conpared to Rana
tenmporaria (nore quinol sulfate and phenyl sulfate, and, in
addition, resorcinol sulfate) (Beyer & Frank, 1985; Gbrge et al.,
1987).

Phenol netabolismmmay be induced by prior exposure to phenol or
phenol derivatives, as was observed for sulfate conjugation in the
clam Ruditapes phillippinarum (Kobayashi et al., 1987).

9.3 Terrestrial organisnms

Phenol may be taken up by, and stored in, the cuticle nenbranes
of various plants, such as tomatoes and green pepper fruits, and
rubber | eaves (Shafer & Schénherr, 1985). Labell ed phenol was
demonstrated to be taken up by soybean roots. The |label stayed in
the roots, and was not transported to the shoot, which was
attributed to the netabolism of phenol by the plant into i mobile
conmpounds (McFarlane et al., 1987). MIlet seeds appeared to be
nore sensitive to the toxicity of phenolic conpounds than |ettuce
and cucunber seeds. The 120-h ECso val ue for root elongation
inhibition in mllet was determned to be 120-170 ng phenol/litre
(Wang, 1986).

The toxicity of phenols for four earthworm speci es (Neuhauser
et al., 1986) was conpared with those of other chemicals using two
standardi zed tests devel oped by the EEC, the 2-day contact test and
the 14-day artificial soil test. O ten classes of chenmicals, pheno
was the nobst toxic in the contact test, with LG val ues of
2.4-10.6 pg/cnf, regardl ess of species. A lower relative toxicity
was reported by the same authors using the artificial soil test.

10. EVALUATI ON OF HUVAN HEALTH RI SKS AND EFFECTS ON THE ENVI RONMENT
10.1 Evaluation of human health risks
10.1.1 Exposure

The main way in which the general popul ation can be exposed, on
a long-termbasis, to phenol present in anbient air is as a result

of industrial em ssions and various conbustion processes. O her
i nhal ati on sources include the deconposition of organic materials,
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[iquid manure, and the atnospheric degradati on of benzene.

I nhal ati on and dermal exposure may arise fromcontact with
cont am nat ed water or consuner products containing phenol. Indirect
exposure of man through the food chain is not likely to add
significantly to long-terminhal ati on exposure, in view of the short
life-time of the conmpound in the environnment (section 10.2.1.).

I ndi vi dual s may ingest phenol via drinking-water from contam nated
surface water or ground water. Repeated oral exposure may arise from
the consumpti on of snoked food itens. Endogenous production of
phenol nmay be influenced by the diet and exposure to certain drugs
and ot her xenobioti cs.

The exposure data avail able are i nadequate to determ ne the
degree of exposure of the general population or of specific groups
at risk, including workers.

An upper-lint estinate of the daily intake can be nmade for
| ong-term exposure of the general population. In this hypothetica
case, it is assumed that an individual will be maximally exposed to
phenol through continuous inhalation of air froma heavily
industrialized area, with frequent consunption of snoked food itens
with a high phenol content, and of drinking-water containing pheno
up to the taste threshold. The estimate is sunmarized in the table
bel ow.

Sour ce Quantity of source Phenol Phenol i ntake
concentration

Air 20 m/ day 200 ug/ nt 4 nyl day
Srmoked food 200 g/ week 70 g/ kg 2 ngy/ day
itens

Drinking-water 2 litres/day 300 pg/litre 0. 6 ny/ day

Assumi ng an average body wei ght of 70 kg, the total daily
intake of this nmaximally exposed individual will be 0.1 ng/kg body

wei ght per day. The daily intake by the general popul ation can be
expected to be much less than this figure.

10.1.2 Toxicity

Phenol has noderately acute toxicity for animals. The oral
LDso for various ani mal species range from 300 to 600 ng phenol / kg
body weight, and the LG for rats by inhalation is nore than 900

my phenol / n?.

In humans, the | owest acutely lethal oral dose was reported to
be 4.8 g, which is approximately 70 ng/ kg body weight. Local, as
wel |l as systemc, effects have been reported in humans, consisting
of irritation, necrosis, cardiovascular effects, metabolic acidosis,
neur ol ogi cal effects and net haenogl obi naem a. Several fatal cases
have been reported after oral or dermal intoxication. No docunented
cases of death by inhalation of phenol have been found.

Sol uti ons of phenol are corrosive to the skin and eyes. Pheno
vapours can irritate the respiratory tract. Phenol is not a skin
sensitiser in guinea-pigs or humans.

The nost inportant effects reported in short-term ani ma
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studies were neurotoxicity, liver and ki dney danage, respiratory
effects and growh retardation. Toxic effects in rat kidney have
been reported to occur at oral dose |levels of 40 ng/ kg per day or
nore. Liver toxicity was evident in rats admnistered at | east 100
ng/ kg per day. In alinmted 14-day study on rats, an oral NQAEL of
12 nmg/ kg per day was reported based on kidney effects. In this
experinment, mosis (an iris response to light) was inhibited at 4
ng/ kg per day (the | owest dose tested). However, the health
significance of this finding is not clear. Sone bi ochem cal changes
have been reported to occur in the intestinal nucosa and ki dneys of
nmce at dose levels below 1 ng/ kg per day. The toxicol ogi cal val ue
of these insufficiently reported biochenical observations is not
known.

There have been no |long-termgeneral toxicity studies in
ani mal s or adequat e epi deni ol ogi cal studies.

No adequate studies on the reproductive toxicity of phenol have
been reported. Phenol has been identified as a devel opnent al
toxicant in studies with rats and mce. In two nultiple-dose rat
studi es, NOAELs of 40 ng/ kg per day (the LOAEL was 53 ng/ kg per day)
and 60 ng/ kg per day (the LOAEL was 120 ng/ kg per day) have been
reported. For the npbuse, the NOAEL was 140 ng/ kg per day (the LQOAEL
was 280 ng/ kg per day).

There is sone evidence that phenol is genotoxic to mamalian
cells in vitro. Based on the induction of bone marrow mi cronucl ei
in several studies with mice, phenol nmay have genotoxic potenti al

Oral (drinking-water) animal carcinogenicity bioassays did not
gi ve evi dence of a carcinogenic potential of phenol. No anim
i nhal ati on or adequate dermal carcinogenicity studies are avail able.
Two- st age carcinogenicity studies with nice showed that pheno
applied to the skin does have tunour-pronoting activity. Adequate
human data on carcinogenicity are not avail abl e.

10.1.3 Evaluation

Accidental high exposure to phenol nmay cause severe | oca
effects, system c intoxications and even death. The avail abl e data
do not suggest a strong potential for cunulative health effects from
chroni ¢ exposure.

The | owest NOAELs identified are for kidney and devel opnent al
effects, and in rats are in the range of 12-40 ng/ kg body wei ght per
day. The Task Group decided to derive a tolerable daily intake
(TDI), taking into consideration this range. An uncertainty factor
of 200 (including factors of 10 for interspecies variation, 10 for
intraspecies variation, and 2 to account for the limted data base
on the toxicity of phenol in animals) was considered appropriate. A
range of 60-200 pg/ kg per day was recommended as the upper limt of
the TDI by the Task Group. As the Task Group's upper-limt estimte
of human daily intake is 100 pg/ kg body wei ght per day (section
10.1.1), it can be concluded that the average general popul ation
exposure to phenol fromall sources will be well below this range.

There remai n, however, two reasons for concern. The avail able
data suggest that phenol nmay be genotoxic, and there is insufficient
data to discount the possibility that phenol is carcinogenic. For
these reasons, it is particularly inportant that this eval uation of
phenol be kept under periodic review.

10.2 Evaluation of effects on the environnment
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10.2.1 Environnental |evels

Once released into the environnent, interconpartnenta
transport of phenol may occur by wet deposition fromair to sea
wat er and surface water and soil, and, as the conpound can be
expected to be highly nobile in soil, by Ieaching through soil.
Evaporation will be slow fromwater and can only be expected
followi ng contam nation of relatively dry soil

Phenol, however, is generally not likely to persist in either
air, sea or surface water, soil or sewage. It readily reacts
photochenmically and is rapidly biodegraded aerobically, mainly to
carbon di oxi de. Anaerobic degradation to carbon dioxi de or nethane
al so occur. Half-lives will be in the range of several hours for
phot odegradati on and in the range of hours to days for aerobic
bi odegradati on. Anaerobi c bi odegradati on al so occurs, albeit at a

sl ower rate. Low renoval rates of phenol in ground water and soi
may occur, e.g., following spills, with subsequent inhibition of the
m crobi al popul ati ons.

The scarce environnmental exposure data avail abl e give sone
support for the above concl usions:

* reported ambient air levels are low (< 8 pg/ n? for urban
areas; < 200 pg/n? for heavily industrialized areas);

* phenol has been detected in rain water;

* reported surface water levels are low (< 24 pg/litre);

* | evel s in ground water have only been found at highly

contani nated sites
10.2.2 Toxicity

Based on reported and estimated bi oconcentration factors for
aquatic organi sm phenol is not expected to bioaccunul ate
significantly. The data base on aquatic toxicity is considered
adequat e for evaluation. Phenol is toxic to aquatic organisns: the
| owest ECso for water organisns is estinated to be 3.1 ng/litre
(48-h LGsop for Ceriodaphnia dubia). The | owest chronic NOEC is
estimated to be 0.2 pg/litre (8-day LC, for Salnp gairdneri).
Applying the nodified US EPA net hod, an Environnental Concern Leve
of 0.02 pug/litre can be derived for water. In general, fish are the
nost sensitive species and the sensitivities of nmarine and
freshwater organisnms are sinilar. Adequate data on plants and
terrestrial organisns are not avail abl e.

10.2.3 Eval uation

The scarce exposure data available do not allow any firm
conclusions with regard to the degree of risk fromphenol to either
aquatic or terrestrial ecosystenms. However, in view of the derived
Envi ronnmental Concern Level of phenol for aquatic organisns, it is
reasonabl e to assune that these organisns may be at risk in any
surface or sea water subject to phenol contam nation, in spite of
the rapid degradation of this conpound.
11. FURTHER RESEARCH

There is a need for the followi ng itens:
a) further investigation of the in vivo genotoxicity of phenol

b) nore ani nal toxicol ogy studies, including 90-day oral and
i nhal ati on studies, carcinogenicity bio-assays by the
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i nhal ati on route, and neurotoxicity and nultigeneration
reproductive toxicity studies (including evaluation in
of f spring);

c) assessnent of environnmental and occupational exposures and
eval uation of health effects in occupational popul ations;

d) further evaluation of the dose-duration-effect relationships,
reversibility/persistence and health significance of the
reported phenol -i nduced inhibition of the pupillary response to
|'ight;

e) further data on the toxicity of phenol for plants and
terrestrial organisns.

12. PREVI OQUS EVALUATI ONS BY | NTERNATI ONAL BODI ES

The carcinogenic risk of phenol was evaluated in 1989 by the
I nternati onal Agency for Research on Cancer (IARC, 1989). The
summary eval uati on fromthe | ARC Monograph is reproduced here.

" Exposur es

Phenol is a basic feedstock for the production of phenolic
resins, bisphenol A, caprolactam chlorophenols and severa
al kyl phenol s and xyl enols. Phenol is also used in disinfectants and
antiseptics. COccupational exposure to phenol has been reported
during its production and use, as well as in the use of phenolic
resins in the wood products industry. It has al so been detected in
aut onoti ve exhaust and tobacco snoke.

Experimental carcinogenicity data

Phenol was tested for carcinogenicity by oral admnistration in
drinking-water in one strain of mce and one strain of rats. No
treatnment-related increase in the incidence of tunmours was observed
in mce or in female rats. In male rats, an increase in the
i nci dence of | eukaem a was observed at the | ower dose, but not at
the hi gher dose. Phenol was tested extensively in the two-stage
nouse skin nodel and showed pronoting activity.

Human car ci nogeni city data

In one case-control study of workers in various wood
i ndustries, an increased risk was seen for tunours of the nmouth and
respiratory tract in association with exposure to phenol; however,
the nunber of cases was small and confoundi ng exposures were
i nadequately controll ed

O her relevant data

I n humans, phenol poisoning can occur after skin absorption
i nhal ati on of vapours or ingestion. Acute |ocal effects are severe
tissue irritation and necrosis. At high doses, the npbst prom nent
systemc effect is central nervous system depression. Phenol causes
irritation, dermatitis, central nervous systemeffects and |iver and
ki dney toxicity in experinmental aninmals.

Phenol induced micronuclei in fenale nice and sister chromatid
exchange in cultured human cells. It did not inhibit intercellular
comrunication in cultured animal cells. It induced nutation but not
DNA damage in cultured animal cells. It did not induce recessive
lethal mutation in Drosophila. It had a weak effect in inducing
mtotic segregation in Aspergillus nidulans. Phenol did not induce
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mutation in bacteri a.
Eval uati on

There is inadequate evidence for the carcinogenicity of phenol
i n hunans.

There is inadequate evidence for the carcinogenicity of phenol
in experinmental aninmals.

Overal |l eval uation

Phenol is not classifiable as to its carcinogenicity to hunans
(Goup 3)".
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RESUME

1. ldentité, propriétés physiques et chim ques et neéthodes
d' anal yse

Le phénol se présente sous la fornme d' un solide cristallin
blanc qui fond & 43 °C et se liquéfie par contact avec |'eau. |
dégage une odeur acre caractéristique et posséde une saveur forte et
pi quante. Il est soluble dans |la plupart des solvants organi ques; sa
solubilité dans |'eau est limtée a la tenpérature anbiante;
au-dessus de 68 °C il est entierement soluble dans |'eau. Le phéno
est nodérénent volatil a la tenpérature anbiante. C est un acide
faible, et, sous sa fornme ionisée, il est trés sensible aux
réactions de substitution électrophile et a |'oxydation

On peut recueillir | e phénol dans des échantillons prél evés
dans | ' environnenent par absorption dans une solution de soude ou
par adsorption sur un solide. La désorption s'effectue par
acidification, entrainenent a |a vapeur et extraction a |'éther (a
partir des solutions) ou par voie therm que ou en phase |iquide
(lorsqu'il est adsorbé sur un solide). Les nméthodes d' anal yse |es
pl us inmportantes sont |a chromatographi e en phase gazeuse avec
détection par ionisation de flamme ou capture d' électrons ou encore
| a chromat ographi e |iquide a haute perfornmance avec détection en
lum ére ultra-violette. Lalimte de détection la plus basse qui ait
été signal ée dans |'air est de 0,1 pg par ni. On peut doser le
phénol dans | e sang et les urines; dans |les échantillons d' urine, on
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a fait état d' une limte de détection de 0.5 ug/litre.
2. Sources d'exposition hurmai ne et environnenental e

Le phénol est un constituant du goudron de houille et il se
fornme au cours de |la déconposition naturelle des substances
organi ques. La mmjeure partie du phénol présent dans |'environnenent
provi ent cependant de |'activité humaine. Les sources potentielles
en sont la production et |'utilisation, tel quel ou sous fornme de
dérivés, en particulier de résines phénoliques et de caprol act ane,
| es gaz d' échappenent, |a conbustion de bois de construction et |a
fumée de cigarette. Une autre source potentielle est constituée par
| a dégradati on at nosphéri que du benzéne sous |'action de la |um ére,
| a présence de phénol dans |e purin pouvant égal ement fortenent
contribuer a sa concentration dans |'atnosphere. Les dérivés du
benzéne et du phénol peuvent, par conversion in vivo, constituer
une source d' exposition humai ne endogéne.

La production de phénol dans | e nonde s'est nontrée
rel ati vement constante pendant |es années 1980, |les Etats-Unis
d' Amérique en étant |le premer producteur. Il est principal enent
utilisé pour la fabrication des résines phénoliques, du bisphénol A
et de |l a caprolactane. On en connait égal ement un certain nonbre
d' applications nédi cal es et pharnmaceuti ques.

3. Transport, distribution et transfornmation dans |'environnenment

Les principal es ém ssions de phénol se produisent dans |'air.
La majeure partie du phénol présent dans |'atnosphére finit par étre
dégradée par voi e photochi m que en di hydroxybenzénes, nitrophénols
et dérivés résultant de |'ouverture du cycle, avec une dem-vie
estimative de 4 a 5 heures. Une petite quantité est élim née de
["air par dépdt hum de (pluie). Le phénol devrait présenter une
forte nobilité dans le sol mais son transport et sa réactivité
peuvent étre affectés par |le pH

Le phénol présent dans |'eau et | e sol peut étre déconposé par
des réactions abiotiques ainsi que par |'activité mcrobienne en un
certain nonbre de produits, dont les plus inportants sont |e dioxyde
de carbone et | e méthane. La part des réactions biol ogi ques dans |a
déconposition gl obal e du phénol dépend de nonmbreux facteurs tels que
la concentration, |'acclimatation, la tenpérature et |a présence
d' autres conposés.

4. Concentrations dans |'environnenent et exposition humaine

On ne posséde aucune donnée sur |l a concentration atnosphéri que
du phénol. La concentration de fond est vrai senbl abl enent inférieure
a 1 ng/n?’. Les valeurs en milieu urbain et suburbain varient de
0,1 & 8 pg/n? alors que dans |es zones ou prédom nent |es sources
de phénol (zones industrielles) |les concentrations signal ées peuvent
étre jusqu'a 100 fois plus élevées. On a décel é du phénol dans |'eau
de pluie, les eaux superficielles et |les eaux souterraines nais |les
données sont trés rares. On a fait état de concentrations él evées de
phénol dans des sédinents et des eaux souterraines par suite de
pollution industrielle.

Il peut y avoir exposition professionnelle au phénol lors de |la
production de ce produit et de ses dérivés, lors de |I'enduction avec
des résines phénoliques (industrie du bois et métallurgie) et lors
d' un certain nonbre d autres activités industrielles. La
concentration la plus élevée qui ait été signal ée (jusqu' a 88
nmy/ m?) concernait des ouvriers de |'ex-URSS enpl oyés a
| "extinction du coke avec des eaux usées contenant du phénol. La

Page 93 of 102



Phenol (EHC 161, 1994)

pl upart des autres concentrati ons évoquées ne dépassai ent 19
g/ ne.

En ce qui concerne | a popul ation dans son ensenble, c'est la
fumée de cigarette et les alinents funés qui constituent |les plus
i nportantes sources d' exposition au phénol, si |'on excepte
| ' exposition par voi e atnosphérique. L'exposition par |'eau de
boi sson ou | a consommation par inadvertance de produits alinentaires
contam nés devraient rester faibles; |le phénol a en effet une odeur
et une saveur désagréables, ce qui dans la plupart des cas devrait
al arnmer | e consommat eur

5. Cinétique et nétabolisne
Le phénol est facilenment absorbé par toutes |es voies

d' exposition. Apreés absorption, il se répartit rapi denent dans
| " ensenbl e des tissus.

Une fois résorbé, il forme essentiell enent des conjugués avec
| "aci de glucuronique et |'acide sulfurique, et, dans une noindre
mesure, des hydroxyl ates avec | e catéchol et |'hydroquinone. Il y a

égal ement conj ugai son avec | es phosphates. La formation de

mét abol i tes réactifs (4, 4-bi phénol et di phénoquinone) a été mise en
évidence lors d' études in vitro portant sur des neutrophiles et
des | eucocytes hunains activés.

La proportion relative de glucuroni des et de sul fo-conjugués
varie avec |la dose et |'espéece animale. Chez le rat, on a observé
qu' en augnentant |a dose de phénol, la formation de sul fo-conjugués
| "emportait sur celle de gl ucuro-conjugués.

C est essentiellenent dans le foie, |es pounons et au niveau de
| a muqueuse gastro-intestinale que |l e phénol est nétabolisé. Le rodle
relatif joué par ces divers tissus dépend de la voie
d' admini stration et de | a dose.

Des études in vivo et invitro ont nontré que |le phénol se
fixait aux protéines tissulaires et plasnmatiques par |iaison
coval ente. Certains nétabolites du phénol se lient égal enent aux
pr ot éi nes.

C est principalenent par |la voie urinaire que |a phénol est
excrété chez |'animal et |'home. Le taux d'excrétion urinaire varie
selon la dose, la voie d admnistration et |'espéce. Une faible
proportion est excrétée dans les nmatieres fécales et |'air expiré.

6. Effets sur |les animaux d' expérience et |es systenes
d' épreuve in vitro

Le phénol présente une toxicité aigué nodérée pour les
manmi f éres. La DLso par voie orale varie chez |es rongeurs de 300
a 600 ng de phénol/ kg de poids corporel. La DLsg derm que varie
respectivenent de 670 a 1400 ng/ kg de poids corporel chez le rat et
le lapin et pour le rat, la CLsp a 8h. par voie respiratoire est
supérieure & 900 ng de phénol /nt. Aprés exposition aigué, |es
synpt 6nmes cl i ni ques sont une hyperexcitabilité neuronuscul aire, des
convul si ons graves, une nécrose de |a peau et des nuqueuses de |la
gorge et |'on note égal enent des effets au niveau des pounons, des
fibres nerveuses, des reins, du foie et de la pupille (réflexe
phot onot eur) .

Les sol utions de phénol sont agressives pour |la peau et |es
yeux. A |'état de vapeur, |le phénol peut irriter les voies
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respiratoires. On est fondé a croire que | e phénol n'agit pas comre
sensi bi |l i sateur cutané.

Les effets les plus inportants relevés lors d' études a court
terme sur |'aninmal consistaient en neurotoxicité, |ésions hépatiques
et rénales, troubles respiratoires et retard de croi ssance. A des
doses oral es quotidi ennes de 40 ng/ kg ou davantage on a observé des
ef fets néphrotoxiques chez |le rat. Chez |la néne espéce, il y avait
une évidente hépatotoxicité aux doses supérieures ou égales a 100
ng/ kg/jour. Lors d une étude limtée de 14 jours sur des rats, on a
obtenu, pour |a dose par voie orale sans effets nocifs observabl es,
une val eur de 12 ng/kg/jour, le critére retenu étant les effets sur

le rein. Dans cette expérience, il y avait encore inhibition du
nyosis (réaction de I'iris a un stimulus |umneux) a |la dose
quoti dienne de 4 ng/kg; toutefois, |'inportance nédicale de cette

observation deneure incertaine. On a signal é | a présence de
certaines altérations biologi ques au niveau de | a nmugqueuse
intestinale et des reins chez des souris recevant des doses
quotidiennes inférieures a 1 ng/ kg, observation dont |'inportance
t oxi col ogi que n' est pas non plus bien claire.

Il n'y a pas eu d'études satisfaisantes sur la toxicité du
phénol pour |a fonction de reproduction. Toutefois, la toxicité du
phénol parait se manifester par son action délétéere sur le
dével opperment du rat et de la souris. Lors de deux études au cours
desquel |l es des rats ont recu des doses nultiples de phénol, on a
obtenu, pour |a dose sans effets nocifs observabl es, une val eur de
40 ng/ kg/jour (pour |a dose la plus faible sans effets nocifs
observabl es, cette valeur était de 53 ng/kg/jour) et de 60
ng/ kg/j our respectivenent (dans ce cas, |a dose la plus faible sans
effets nocifs observables était de 120 ng/kg/jour). Chez la souris,
| a dose sans effets nocifs observables était de 140 ng/kg/jour (dose
m ni mal e sans effets nocifs observabl es: 280 ng/ kg/jour).

La plupart des tests de nutagénicité bactérienne ont donné des
résultats négatifs. Cependant, des épreuves effectuées in vitro
sur des cellules manmmal i ennes ont révél é | a présence de nmutations,
de | ésions chronpbsom ques et d' effets sur |'ADN. Le phénol est sans
effet sur la communication intercellulaire (nmesurée par la
coopération métabolique) dans des cultures de cellules manmal i ennes.
Un certain nonbre d' études ont mis en évidence |'induction de
m cr o- noyaux dans des cellul es de noell e osseuse nurine. Toutefois,
| es études sur la souris n'ont pas révél é |a présence de
m cro-noyaux a doses plus faibles.

Deux études de cancérogénicité ont été effectuées sur des rats
et des souris nmales et fenelles a qui |'on admnistrait du phéno
mél é a |l eur eau de boisson. On n'a observé d' affections malignes (a
savoir cancers nmedullaires de la thyroide, |eucém es) que chez |les
rats mél es soumis a de faibles doses. On n'a pas effectué d' études
de cancérogénicité en bonne et due forne utilisant la voie

percutanée ou la voie respiratoire. Des études de cancérogénicité en
deux phases ont nontré que | e phénol pouvait se conporter conme un
agent tunoro-pronoteur lorsqu' on |'appliquait a plusieurs reprises
sur | a peau de |l a souris.

7. FEffets sur |'home

Des cas bien docunentés d' exposition hunai ne au phénol par la
voi e percutanée, buccal e ou intravei neuse, ont donné lieu a
| ' observation d' effets indésirables trés divers. Il a été fait état
d'une irritation des voies gastro-intestinales aprés ingestion de
phénol . Apreés exposition de |la peau, les effets observés | ocal enent
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vont d'un bl ém ssenent cutané indolore ou d un érythene a la
corrosion et a la nécrose profonde. Parnm |es effets généraux, on a
noté | es troubles suivants: arythm es cardi aques, acidose

meét abol i que, hyperventilation, détresse respiratoire, insuffisance
rénal e ai gué, |ésions rénales, urines foncées, méthénogl obi nénie
troubl es neurol ogi ques (notament des convul sions), choc

cardi o-vasculaire, coma et nort. La dose orale la plus faible qu
ait entrainé un décés humain était de 4,8 g; la nort est survenue
dans les 10 m nutes.

Le risque d'intoxication par inhalation de vapeurs de phéno
est connu depuis longtenps, nmais on n'a pas signal é de déceés
consécutif a ce type d' accident. Les synptones produits par
I "inhal ati on de phénol consistent notanment en anorexie, perte de
poi ds, maux de téte, vertiges, salivation et coloration foncée des
urines.

Le phénol n'est pas un agent sensibilisateur.

Le seuil ol factif pour |'home serait 0,021 & 20 ng/n? d' air.
Pour | e phénol en solution aqueuse, on a fait état d'un seui
olfactif de 9 ng/litre, le seuil gustatif étant de 0,3 ng/litre
d' eau.

On ne di spose pas de données suffisantes sur |le pouvoir
cancérogene du phénol

8. Effets sur les étres vivants dans leur mlieu nature

Lors d' études portant sur une seul e espéce de bactéries, on a
obtenu, pour la CEsp relative a |'inhibition de |a croissance, des
val eurs allant de 244 a 1600 ng de phénol/litre. On a constaté que
le seuil de toxicité se situait a 64 ng de phénol/litre. Pour |es
protozoaires et |es chanpignons, |es valeurs étaient du néne ordre
que pour |es bactéries; pour les algues elles étaient un peu
inférieures. Le phénol est toxique pour |es organi snes dul caqui col es
supérieurs. Pour les crustacés et |es poissons, les valeurs les plus
faibles de la Clsg ou de CEsp se situent entre 3 et 7 ng de
phénol /litre. Les données concernant la toxicité aigué du phéno

pour | es organi smes marins sont conparables a celles dont on di spose
au suj et des organi smes d' eau douce. Des études a long terne sur des
crustacés et diverses espéces de poissons ont révél é des différences
de sensibilité remarquabl es; c'est ainsi que les valeurs de la CL;
provenant d' épreuves sur des enbryons et des larves de Salnp et de
Carassi us se sont révél ées trés inférieures (respectivenent 0,2 et
2 pug de phénol/litre) aux val eurs correspondantes pour d' autres
especes de poissons (concentration sans effet |étal observable,
2,2-6,1 ng/litre) et d anphibiens, ou tirées d' études sur la
reproducti on des crustacés (concentration sans effet |éta
observabl e, 10 ng de phénol/litre). On ne dispose pas de données sur
des épreuves a long terne qui auraient été pratiquées sur des
organi smes marins

En général |le facteur de bioconcentration du phénol chez |les
di vers types d' organi snes aquatiques est trés bas (<1-10) encore
qu' on ait signal é parfois des valeurs plus élevées (jusqu'a 2200).
Il est donc vraisenbl able que | e phénol ne subit pas d'accunul ation
bi ol ogi que inportante.

Les données dont on dispose au sujet de |a destinée et des
effets du phénol chez |es organisnmes terrestres sont tres peu
nonbreuses. La CEsp a 120 h. est de 120 a 170 ng/litre pour le
mllet et lors d une épreuve par contact, on a obtenu pour la Clgg
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chez le lonmbric, une valeur conprise entre 2,4 et 10,6 pg/cnrt.
9. Résungé de |'évaluation
9.1 Santé hunmine

La popul ati on dans son ensenbl e est essentiellement exposée au
phénol par la voie respiratoire. Par voie orale, il peut y avoir
exposition répétée par suite de |la consommation d' eau de boi sson
contam née ou d'aliments fumes.

On ne di spose pas de données suffisantes pour déterm ner
| "anmpl eur de |'exposition de | a population générale, nmais on peut
donner une limte estinative supérieure de |'absorption quotidi enne.
En mettant | es choses au pire, on peut considérer que |'exposition
maxi mal e se produit chez un individu qui inhale en permanence de
["air fortement contamnmi né et consonme souvent des alinments fumés ou
de |' eau de boisson qui contient du phénol a des concentrations
atteignant le seuil gustatif. On a calculé que |a dose quotidi enne
ingérée maximale totale estinmative pour un individu de ce genre
pesant 70 kg était de 0,1 ng/kg de poids corporel

Les val eurs de | a dose sans effets nocifs observabl es obt enues
par expérinmentation aninale en prenant conme critéres |es troubles
rénaux et les effets sur |e dével oppenent étaient, chez le rat, de
|"ordre de 12 a 40 ng/ kg de poids corporel et par jour. En utilisant
un coefficient d incertitude de 200, on peut reconmander comre

l[imte supérieure de |a dose journaliére totale une val eur située
entre 60 et 200 pg/ kg de poids corporel. En prenant pour |'home une
dose quotidienne limte de 100 pg/ kg de poids corporel, on peut
conclure que |'exposition de toutes origines au phénol de |la
popul ati on dans son ensenbl e se situe en-dessous de ces val eurs.

On peut étre préoccupé par le fait que, selon certaines
données, | e phénol pourrait étre génotoxique et que d autre part, on
ne possede pas suffisament de résultats pour écarter avec certitude
| éventualité que | e phénol soit cancérogéne. L'évaluation de ce
conposé doit étre revue périodi quenent.

9.2 Envi ronnenent

Le phénol ne subit probabl enent pas d'accunul ati on bi ol ogi que
inmportante. Il est toxique pour |es organisnmes aquatiques; en
appl i quant | a néthode nodifi ée de |'Agence de protection de
" envi ronnenment des Etats-Unis, on peut considérer que |la
concentration préoccupante de cette substance dans |'environnenent
est de 0,02 pg/litre. On manque de données suffisantes sur son
action chez les plantes et |es organisnes terrestres.

Il peut y avoir transport du phénol d'un conpartinent a |'autre
de | ' environnenent par dép6t humide ou par |essivage du sol. En
général, ce conposé ne devrait pas persister dans |'environnenent.
Les rares données dont on di spose sur |'exposition ne pernettent pas
d' évaluer le risque qu'il présente pour |es écosysténes aquati ques
ou terrestres. Toutefois, en tenant conpte de la val eur de sa
concentrati on préoccupante pour |'environnenent aquatique, il est
rai sonnabl e de consi dérer qu'en cas de contanination par |e phéno
des eaux de surface ou des eaux marines, il y a un risque pour |es
organi smes aquati ques.

RESUVMEN

1. ldentidad, propiedades fisicas y quimcas, métodos analiticos
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El fenol es un sélido cristalino, blanco, que funde a 43 oCy
se licua al contacto con el agua. Posee un olor acre caracteristico
y un sabor ardiente fuerte. Es soluble en | a nmayor parte de | os
di sol ventes organicos. A tenmperatura anbiente, su solubilidad en
agua es linmtada; por encima de 68 oC es conpl etanmente hidrosol uble.
El fenol es noderadanente vol atil a tenperatura anbiente. Es un
aci do débil y, en su forma ionizada, nuy sensible a |as reacciones
de sustitucion electrofilica y a |la oxidacion

El fenol se puede obtener a partir de nuestras anbi ental es por
absorci 6n en una sol uci 6n de NaOH o en contacto con sorbentes
s6lidos. La desorcidn se Ileva a cabo por acidificaci é6n, destilacién
al vapor y extraccion con éter (a partir de soluciones) o nediante
desorcion térmca o liquida (a partir de sorbentes sélidos). Las
técnicas analiticas mas inportantes son la cronatografia de gases en
conbi naci 6n con | a detecci 6n de ionizaci 6n por conductor y de
captura de electrones, y la cromatografia en fase liquida, de alta
presi 6n, en conbi naci 6n con | a detecci én por luz ultravioleta. En e
aire, el limte de detecci 6n mas bajo que se haya notificado es de
0,1 pg/n?. Se puede determinar |la presencia de fenol en |a sangre
y la orina; en nuestras de orina se ha registrado un Iimte de
deteccion de 0,5 pg/litro.

2. Fuentes de exposici6on humana y anbienta

El fenol es uno de |os conponentes del alquitran de hulla y se
forma durante | a desconposicion natural de naterial es organicos. No
obstante, |la mayor parte del fenol presente en el nedio anbiente es
de origen antropogéni co. Al gunas fuentes potenciales son |la
producci 6n y el uso de fenol y de sus productos, especial nente
pl &sticos fendlicos y caprolactama, | o0s gases de escape, |a quena de
lefia y el huno de los cigarrillos. Ora fuente potencial es la
degradaci 6n atnosférica del benceno por la influencia de la luz, si
bien | a presencia del fenol en | os purines puede asinisno tener
consi derabl e influencia en sus nivel es atnosféricos. Los derivados
del benceno y del fenol pueden, nediante una conversién in vivo,
constituir una fuente de exposici 6n humana enddégena a fenol

Segln parece, |la producci én nundi al de fenol fue bastante
regular a lo |largo del decenio de 1980, en que | os Estados Uni dos
fueron el productor més inportante. Se usa principal nente cono
materi a basica de las resinas fenolicas, del bisfenol Ay de la
caprol actama. Tanbi én se | e conocen al gunas aplicaci ones médi cas y
farmacéuti cas.

3. Transporte, distribucion y transfornaci 6n en el nedi o anbiente

Las principal es em siones de fenol van al aire. La mayor parte
del fenol existente en |la atnbsfera se degradara nedi ante reacci ones
fotoquimcas frente a | os dihidroxi bencenos, los nitrofenoles y |os
productos de rotura del anillo, con una senivida, estinada en 4 a 5
hs. Una parte nenor desaparecera del aire por deposicién hidrica
(I'luvia). Se piensa que el fenol es novil en el suelo, pero el pH
puede influir en el transporte y |a reactividad.

El fenol presente en el agua y el suel o puede degradarse por
reacci ones abi 6ticas, asi conp por la actividad m crobiana, dando
lugar a un namero de conpuestos, |os mas inportantes de |os cual es
son el dio6xido de carbono y el netano. La proporcioén entre la
bi odegradaci 6n y | a degradaci 6n general del fenol esta detern nada
por miltiples factores, conpb |la concentraci én, la aclinacioén, |la
tenmperatura y |l a presencia de otros conpuestos
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4. Nivel es anbiental es y exposi ci 6n hunmana

No se di spone de datos sobre | os nivel es atnosféricos de fenol
Se supone que | os nivel es basicos son inferiores a 1 ng/n?. Los
ni vel es urbanos y suburbanos oscilan entre 0,1 y 8 pg/nt, nientras
que se ha notificado que | as concentraci ones en | as zonas pro6xi mas
al foco de emsiodn (industria) alcanzan nagnitudes cien veces
superiores. Se ha detectado fenol en la lluvia y en |as aguas
superficiales y subterraneas, pero |os datos son nuy escasos. En
sedi nent os y aguas subterraneas se han notificado nivel es el evados
de fenol debidos a |a contam naci én industri al

La exposici 6n profesional al fenol puede tener lugar durante |la
producci 6n del msnmo y de sus derivados, |la aplicacion de resinas
fendlicas (industrias maderera y siderdrgica) y algunas otras
actividades industriales. La concentraci é6n nas alta (hasta 88
nmg/ n?) se ha notificado en relaci 6n con trabajadores de |la antigua
Uni 6n Sovi ética que apagaban el coque con aguas residual es que
contenian fenol. La mayor parte de |as restantes concentraci ones

notificadas no rebasan |os 19 ng/ n?.

Para | a pobl aci 6n en general, el hunmo de cigarrillo y |los
al i ment os ahumados constituyen |as fuentes nmas inportantes de
exposici 6n al fenol, aparte de |la exposicioén a través del aire. La
exposici 6n a través del agua potable y de | os alinentos contan nados
por inadvertencia probabl enmente sea baja; el fenol tiene un olor y
un sabor desagradables, que en | a mayor parte de | os casos provocan
el rechazo del consum dor

5. G nética y netabolisnp

El fenol se absorbe facil nmente por todas |as vias de
exposi ci 6n. Tras |la absorcion, |a sustancia se distribuye
rapi danente a todos |l os tejidos

El fenol absorbido se conjuga principal nente con el &acido
glucurénico y el acido sulfurico y, en nenor nedida, se hidroxila en
pi rocat equi na e hi droqui nona. Tambi én se conjuga con | os fosfatos.
La formaci 6n de netabolitos reactivos (4, 4-bifenol y difenoquinona)
se ha denpbstrado en estudios in vitro con neutrofilos y |eucocitos
hurmanos acti vados.

Las cantidades relativas de glucurono y sul foconjugados varian
segun la dosis y |la especie animal. Tras aunentar |a dosis de fenol
se observé en las ratas un canbio de la sulfatacién a la
gl ucur oni daci 6n.

El higado, |os pulnbnes y |a nucosa gastrointestina
constituyen los sitios mas inportantes del netabolisnmo fendlico. La
funci on rel ati va desenpefiada por esos tejidos depende de la via de
adm nistraci 6n y de |l a dosis.

Estudios in vivo e in vitro han denostrado |a unién
coval ente del fenol con las proteinas tisulares y plasnmaticas.
Al gunos netabolitos fendlicos se unen asimsnmo a | as proteinas.

La excrecién por la orina es la principal via de elimnacién
del fenol en los aninmales y en | os seres hunanos. La tasa de
excrecion urinaria varia en funcién de la dosis, de la via de
admnistracidon y de |la especie. Una parte nenor se excreta a través
de las heces y del aire espirado.

6. Efectos en naniferos de |aboratorio y en sistenmas de
prueba in vitro
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El fenol tiene una toxicidad aguda noderada en | os naniferos.
En | os roedores, los valores de |a DLsg por via oral oscilan entre
300 y 600 ng de fenol/kg de peso corporal. Los valores de la
DLsgpor via cuténea para ratas y conejos oscilan entre 670 y 1400
ng/ kg de peso corporal, respectivanente, y el valor de |a CLsg por
inhalaci6n a las 8 horas en las ratas es superior a los 900 ng de
fenol /nf. Los sintonas clinicos después de |a exposici6n aguda son
hi perexcitabilidad neuromuscul ar y convul si ones graves, necrosis de
la piel y de las nmucosas de |la garganta y efectos en | os pul nones,
fibras nerviosas, rifiones, higado y en la respuesta pupilar a la
luz.

Las sol uci ones de fenol son corrosivas para la piel y |os ojos.
Los vapores de fenol pueden irritar las vias respiratorias. Existen
pruebas de que el fenol no produce sensibilizaci 6n cutanea.

Los efectos mas inportantes notificados a partir de estudi os de
corta duraci 6n en ani mal es fueron neurotoxici dad, |esiones hepéaticas
y renales, trastornos respiratorios y retraso del crecimento. Se
han notificado efectos toxicos en el rifibn de las ratas con dosis
por via oral de 40 ng/kg al dia o mas. La toxicidad en el higado
resultd evidente en las ratas a | as que se habian adm nistrado a
nmenos 100 ng/ kg diarios. En un estudio |limtado de 14 dias de
duraci 6n realizado en ratas se notificé un nivel sin efectos
adver sos observados (NOAEL) de 12 ng/kg al dia por via oral, basado
en |l os efectos renales. En este experinento, la mosis (respuesta
del iris a la luz) se mantuvo inhibida con 4 ng/kg al dia; sin
enbargo, no esta claro el significado nédico de este hallazgo. Se
notificd la existencia de al gunos canbi os bi ol 6gi cos en | a nucosa
intestinal y |l os rifiones de ratones con dosis inferiores a 1 ng/kg
al dia, dato de significado toxicol 6gico incierto.

No hay estudi os adecuados sobre | a toxicidad reproductiva de
fenol. En estudios con ratas y ratones el fenol ha sido identificado
comp to6xico del desarrollo. En dos estudios de dosis miltiples en
ratas, se han notificado NOAEL de 40 ng/kg al dia (el mas bajo nive
sin efectos adversos observados (LOAEL) fue de 53 ng/kg al dia) y de
60 ng/ kg al dia (el LOAEL fue de 120 ng/kg al dia). En el raton, el
NOAEL fue de 140 ng/kg al dia (el LOAEL fue de 280 ng/kg al dia).

La mayor parte de | as pruebas de nut ageni ci dad bacteri ana han
dado resul tados negativos. En células in vitro de mam feros se han
observado nut aci ones, | esiones cronosoénmicas y efectos en el ADN. E
fenol no tiene efectos en |a comnunicaci 6n intercelular (nedi da cono
cooperaci 6n nmetabdlica) en cultivos de células de maniferos. En
al gunos estudi os se ha observado | a inducci é6n de m cronlcl eos en
célul as de médul a 6sea de ratones. Con dosis més bajas no se
observaron mcronucl eos en estudi os con ratones.

Se han |l evado a cabo dos estudi os de carcinogenici dad con
ratas y ratones nmachos y henbras a | os que se admi nistr6 fenol con
el agua de beber. SO0l o se observd malignidad (por ejenplo, carcinonma
de células Cde latiroides y leucem a) en ratas macho con dosis
baj as. No se han realizado estudi os adecuados de carci nogeni ci dad
por via dérmca o por inhalacién. Estudios de carcinogenicidad de
dos fases han nostrado que el fenol, aplicado repetidanente a |la
piel del ratén, tiene efectos activadores.

7. FEfectos en el ser humano
Se ha notificado una |larga serie de efectos adversos en el ser

humano resul tantes de | a exposici én bi en docunentada al fenol por
via cutanea, oral o intravenosa. Se ha notificado irritaci én
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gastrointestinal tras su ingestién. Los efectos locales de |la
exposi ci 6n cut anea van desde el enblanquecimento o el eritenm
i ndol oros hasta la corrosién y la necrosis profunda. Entre |os
ef ectos sistémcos cabe citar disritm as, acidosis netabdlica,

hi perventil aci 6n, disnea, insuficiencia renal aguda, |esiones

renal es, orinas oscuras, netahenogl obi nem a, trastornos neurol 6gi cos
(i ncluidas convul siones), choque cardi ovascular, coma y nuerte. La
dosis minima reportada conmp causante de nmuerte en el ser hunmano es
de 4,8 g por ingestiodn; la nmuerte se produjo en nenos de 10 mi nutos.

Durante nucho tienpo se ha reconocido |a posibilidad de
envenenam ent o por inhal aci 6n de | os vapores de fenol, pero no se
han reportado casos nortal es rel aci onados con esta via de
exposi ci 6n. Los sintomas que se asocian a la inhalaci én de feno
consisten, entre otros, en anorexia, pérdida de peso, dolor de
cabeza, vértigo, salivacién y orinas oscuras.

El fenol no es un agente sensibilizante.

El unbral de percepci 6n del fenol por el olfato humano oscila
entre 0,021 y 20 ng/n? en el aire. Se ha notificado un unbral de
percepci 6n del fenol en el agua de 7,9 ng/litro, y un unbral de
percepci 6n por el gusto de 0,3 ng/litro en el agua.

No se di spone de dat os adecuados sobre | a carcinogenicidad de
fenol en el ser humano.

8. FEfectos en |los seres vivos del nedio anbiente

En estudi os con bacterias de especie Unica, los valores de la
CEso con inhibicién del crecimento oscilaron entre 244 y 1600 ny
de fenol/litro. Se conprobdé un unbral de toxicidad de 64 ng de
fenol/litro. Los valores para | os protozoarios y |os hongos fueron
de la msnma cuantia que para |las bacterias, mentras que para | as
al gas fueron ligeranente inferiores.

El fenol es téxico para | os organi snbos superiores de agua

dul ce. Los valores mas bajos de la CLsg 0 la CEsg, para
crustaceos y peces se situan entre 3y 7 ng de fenol/litro. Los
dat os sobre |l a toxicidad aguda para organi snbs mari nos son
conparabl es a | os correspondi entes a organi snos de agua dul ce. En
estudi os de | arga duraci é6n sobre especies de crustéaceos y de peces
se han observado notabl es diferencias de sensibilidad; |os valores
de la CL; en pruebas con enbriones y larvas de Salno y

Carassi us resultaron nmucho mas bajos (0,2 y 2 ug de fenol/litro,
respectivanmente) que | os val ores correspondi entes a otras especies
de peces (NOLC de 2,2-6,1 ng/litro) y anfibios, o que | os obtenidos
en pruebas de reproducci 6n en crustaceos (NOLC de 10 ng de
fenol/litro). No se dispone de datos acerca de pruebas de |arga
duraci én realizadas en organi snbs mari nos.

Los factores de bioconcentraci 6n del fenol en diversos tipos de
organi snbs acuaticos son en general nuy bajos (< 1-10), aunque se
han notificado tambi én al gunos val ores mas altos (hasta 2200). Asi
pues, no se prevé que |a bioacunul aci 6n del fenol sea significativa.

Los datos sobre el destino y |os efectos del fenol en
organi snos terrestres son nuy escasos. En el mijo se determ nd una
CEso a las 120 horas de 120-170 ng/litro mientras que, en una
prueba de contacto, |a CLsg para especies de |lonbrices resulté ser

de 2,4-10,6 pg/cnf.

9. Resunen de |a eval uaci 6n
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9.1 Salud hunmana

La pobl aci 6n en general esté expuesta al fenol principal nente
por inhal aci 6n. La exposici 6n repetida por via oral puede producirse
por el consunp de alinentos ahunmados o de agua potabl e.

No existen datos suficientes para determ nar el grado de
exposi ci 6n de | a poblaci 6n en general, pero se puede calcular la
cantidad méxi ma ingerida diarianmente. Basandose en "la peor de |as
hi pot esi s" se puede realizar una estinaci 6n suponi endo que un
i ndi vi duo estara expuesto en grado maxinmo al fenol nediante |a
i nhal aci 6n continua de aire intensanente contam nado aconpafiada de
un consump frecuente de productos alinmenticios ahumados y de agua
gue contenga fenol hasta niveles de percepci 6n por el gusto. En
total, la ingesta maxima diaria de fenol en un individuo de 70 kg se
calcula en 0,1 ng/ kg de peso corporal al dia

Los val ores de NOAEL mas bajos identificados en experi nmentos
con animales se refieren a efectos en el rifién y en el desarrollo, y
en las ratas se sitlan dentro de un margen de variaci 6n de 12-40
ng/ kg de peso corporal al dia. Utilizando un factor de incertidunbre
de 200, se recomenda conp |imte maxino de la ingesta diaria total
(IDT) entre 60 y 200 pg/ kg de peso corporal al dia. Teniendo en
cuenta que el limte maxinmo de la ingesta diaria en seres humanos se
calcula en 100 pg/ kg de peso corporal al dia, se llega a la
concl usi 6n de que | a exposici én nedia de | a poblaci 6n en general al
fenol, sea cual fuere |l a fuente, se encuentra por debajo de este
i nterval o.

Son notivo de preocupaci 6n al gunas i ndi caci ones de que el feno
podria ser genotoxico y el hecho de que no haya datos suficientes
para descartar con seguridad | a posible carcinogenicidad de
conpuesto. La eval uaci 6n debe nantenerse sujeta a revisioén
peri odi ca.

9.2 Medio ambiente

No se prevé una bi oacunul aci 6n i nportante del fenol. Este
conmpuesto es toxico para | os organi snbs acuaticos; nediante |a
aplicaci 6n del método nodificado de la Agencia de los EE. UU. para |la
Protecci 6n del Medi o Anbiente, se puede determinar un nivel en nedio
anbi ente de preocupaci 6n de 0,02 pg/litro. Se carece de datos
adecuados sobre plantas y organi snbs terrestres.

El transporte de fenol entre conpartin entos se produce
princi pal nrente por deposicién hidricay filtracion a través de
suel 0. En general, es poco probable que el conpuesto persista en e
nmedi o anbiente. La escasez de datos sobre | a exposicion no permten
eval uar el riesgo que representa el fenol para | os ecosistenas tanto
acuaticos conp terrestres. Sin enbargo, habida cuenta del nivel de
preocupaci 6n anbi ental que se ha establ ecido en relaci 6n con e
agua, es razonabl e suponer que | os organi snos acuati cos pueden
correr riesgo en cual qui er agua superficial o nmarina contamnm nada con
fenol .

See Al so:
Toxi col ogi cal Abbreviations
Phenol (HSG 88, 1994)
Phenol (1 CSC)
PHENCL (JECFA Eval uati on)
Phenol (PIM 412)
Phenol (I ARC Summary & Eval uation, Volunme 71, 1999)
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