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Canadian Soil Quality Guidelines
for the Protection of Environmental
and Human Health

PHENOL
1997
his fact sheet provides Canadian soil quali
guidelines for phenol for the protection o
environmental and human health (Table 1

Supporting scientific documents are also availab
(Environment Canada 1996; Health Canada 1996).
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Background Information

Phenol (C6H6O; CAS 108-95-2) is a white to light pink
crystalline solid, but is usually sold and used as a liqu
(ATSDR 1989; Budavari 1989). It is an aromatic hydrox
compound belonging to the nonchlorinated monohyd
phenol group. Synonyms for phenol include carbolic ac
hydroxy benzene, oxybenzene, phenic acid, phe
hydroxide, phenylic acid, and phenyl hydrate. Phenol h
a log Kow of 1.46, a vapour pressure of 0.027 kPa (
The guidelines in this fact sheet are for general guidance only. Site-sp
values. The values may be applied differently in various jurisdictions. 
application of the values.

Canadian Environmental Quality Guidelines
Canadian Council of Ministers of the Environment, 1999

Table 1. Soil quality guidelines for phenol (mg·kg-1 ).

Agricultura

Guideline 3.8a

SQGHH

Limiting pathway for SQGHH

3.8
Groundwate
(drinking wa

Provisional SQGHH

Limiting pathway for provisional SQGHH

NCb

ND

SQGE

Limiting pathway for SQGE
20
Soil contac

Provisional SQGE
Limiting pathway for provisional SQGE

NCc

ND

Interim soil quality criterion (CCME 1991) 0.1

Notes: NC = not calculated; ND = not determined; SQGE = soil quality guid
health.

aData are sufficient and adequate to calculate an SQGHH and an SQGE. Ther
integrated de novo guideline for this land use, derived in accordance with
criterion (CCME 1991) is superseded by the soil quality guideline.

bBecause data are sufficient and adequate to calculate an SQGHH for this lan

cBecause data are sufficient and adequate to calculate an SQGE for this land
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20°C), and a water solubility of 87 000 mg·L-1  (at 25°C).
Phenol is primarily a human-made chemical, but als
occurs naturally in decomposing organic material, anim
wastes, and coal tar (ATSDR 1989).

Phenol is used in the production or manufacture o
explosives, coke, fertilizers, illuminating gas, paints an
paint removers, rubber, asbestos goods, wood pres
vatives, synthetic resins, textiles, drugs, pharmaceutic
preparations, perfumes, Bakelite, and other plasti
(Deichmann and Keplinger 1981). It is also used to ma
caprolactam for the production of nylon 6 and othe
synthetic fibres, and bisphenol A for the production o
epoxy and other resins (ATSDR 1989). Phenol is used 
a general disinfectant, an anaesthetic, and an antiseptic
is present in a number of pharmaceuticals such 
ointments, ear and nose drops, cold sore lotion
ecific conditions should be considered in the application of these
The reader should consult the appropriate jurisdiction before

Land use

l
Residential/
parkland Commercial Industrial

3.8a 3.8a 3.8a

r check
ter)

3.8
Groundwater check
(drinking water)

3.8
Groundwater check
(drinking water)

3.8
Groundwater check
(drinking water)

NCb

ND
 NCb

ND
 NCb

ND
 

t
20
Soil contact

128
Soil contact

128
Soil contact

NCc

ND
 NCc

ND
 NCc

ND
 

1 10 10

eline for environmental health; SQGHH = soil quality guideline for human

efore the soil quality guideline is the lower of the two and represents a fully
 the soil protocol (CCME 1996a). The corresponding interim soil quality

d use, a provisional SQGHH is not calculated.

 use, a provisional SQGE is not calculated.
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mouthwashes, gargles, toothache drops, analgesic r
throat lozenges, and antiseptic lotions (A. Karaokcu 19
Health Canada, Ottawa, pers. com.). Approximately 93
of phenol produced in Canada is used in the production
phenolic resins, which are used as binding material
insulation materials, chipboard, and paints, and in cast
sand foundries (Stanford Research Institute 1993; WH
1994).

In Ontario, the 98th percentile of phenol concentrations
rural and urban parkland soils, not impacted by local po
sources of pollution were 14 and 27 µg·kg-1 , respectively
(OMEE 1993). Phenol has been detected at contamina
sites at levels ranging from background to 26 900 µg·k-1

(Marchand 1992; Pakdel et al. 1992). Marchand (199
reported concentrations of nonchlorinated phenols rang
from 400 to 26 900 µg·kg-1  at a contaminated site near 
petroleum refinery in Montreal.

Total phenolic concentrations in surface water acro
Canada are reported to be generally below 2 µg·k-1 ,
whereas groundwater concentrations range from 
(detection limit) to 10 000 µg·kg-1 (CCREM 1987).
Concentrations below 100 µg·kg-1  were reported in
groundwater and piezometer well samples in Prin
Edward Island (CCREM 1987). Sithole and William
(1986) detected phenol in 3 of 120 raw water sampl
with concentrations ranging from 0.12 to 0.357 µg·kg-1 , in
a Canadian national survey of drinking water samples.

Concentrations of phenol in the order of 1000 µg·L-1  have
been reported downstream from pulp and paper a
chemical industries in northern Ontario (Health an
Welfare Canada 1980; CCREM 1987). Munro 
al. (1985) reported concentrations of phenol ranging fro
0.001 to 10 mg·L-1  in the waters of the St. Clair River.

Phenol levels ranging from <0.1 (detection limit) t
33.3 µg·kg-1  in sediment samples from various rivers 
Quebec have been reported by Laliberté (1990). Phe
has also been detected in the sediments of the Ottawa 
basin at concentrations of up to 0.2 mg·kg-1  (Paul and
Laliberté 1987).
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Environmental Fate and Behaviour in Soil

Phenol has a moderate vapour pressure of 0.027 kP
20°C and a Henry’s law constant of 3.97 × 10-7 atm
m3·mol-1 . Therefore, volatilization is expected to be rap
from surface soils (WHO 1994). In the atmospher
phenol exists predominantly in the vapour pha
(Eisenreich et al. 1981). The estimated half-life in a
generally varies from 4 to 5 h (WHO 1994), but value
ranging from 2.28 h to 22.8 h have been reported in 
literature (Howard et al. 1991).
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In soil, phenol is readily adsorbed by clays such 
montmorillonite, kaolinite, and illite, with the rate of
adsorption being influenced by sorptive capacit
(Hemphill and Swanson 1963; Zhang and Sparks 199
Adsorption reduces the rate of phenol biodegradation 
soils, although sorption to clay surfaces is reversib
(Saltzman and Yariv 1975; Knezovich et al. 1988
Relative to other mono-substituted benzene derivative
phenol has a low Koc and Kow, hence, sorption to organic
matter is expected to be low. In acidic soil, low adsorptio
and high mobility have been reported for phenol (Scott 
al. 1982; Howard 1989).

In solution, phenol reacts as a weak acid. Based on 
high pKa (9.99), phenol is not expected to dissociate 
the environment at pH <9. Howard (1989) suggests that
phenol may exist in a partially dissociated state in wat
and in moist soils.

Since phenol is soluble in water and moderately volatile,
is very mobile in soils (Howard 1989) and can readi
leach through soils and contaminate groundwater.

Phenol absorbs light in the range of 290 to 330 nm a
therefore may be subject to photodegradation (WH
1994). Exposing phenol to radiation of 290 nm
wavelength has been reported to result in a 32.5
reduction in the concentration of the parent compou
(Freitag et al. 1985). An atmospheric photolysis half-lif
ranging from 46 to 173 h has been reported in th
literature (Howard et al. 1991). Products of th
atmospheric photochemical transformation of phen
include dihydroxybenzenes, nitrophenols, and numero
ring cleavage products (WHO 1994).

Phenol tends to biodegrade rapidly in the environme
(i.e., within 2–5 d) (Baker and Mayfield 1980; Howard
1989). Both aerobic and anaerobic soil microorganism
are capable of utilizing phenol as a growth substra
although decomposition under aerobic conditions is mo
rapid than under anaerobic conditions (Scott et al. 198
Howard 1989). The complete mineralization of phenol 
form carbon dioxide (under aerobic conditions) or carbo
dioxide plus methane (anaerobic conditions) will occu
under appropriate environmental conditions (Fedorak a
Hrudey 1986; Dobbins et al. 1987; Tschech and Fuc
1987; Aquino et al. 1988; WHO 1994). Intermediat
products of the biotransformation process includ
benzoate, catechol, cis-cis-muconate, β-ketoadipate,
succinate, and acetate (Paris et al. 1982; Krug et al. 19
Knoll and Winter 1987). Bacteria of the gener
Pseudomonas (e.g., Pseudomonas putida) are believed to
play a major role in the degradation of phenol in soils an
sediments (Bayly and Wigmore 1973; Haider et al. 197
Knezovich et al. 1988). Other genera, such a
Achromobacter, Azotobacter, Arthrobacter, Bacillus
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Brevibacterium, Clostridium, Flavobacterium, Micrococcus
and Sarcina have also been shown to actively degrad
phenol (Haider et al. 1974; Visser et al. 1977).

Bioaccumulation

Relative to other substituted benzene derivatives, phe
has a low octanol–water partition coefficient (log Kow =
1.46) (WHO 1994). Therefore, phenol is not expected 
bioaccumulate significantly (Verschueren 1983
Windholtz et al. 1983; Howard 1989; WHO 1994). Base
on log Kow data for phenol, a BCF of 7.6 has bee
calculated (Lyman et al. 1982).
t
n

e
t

n
s
v
a

d

.
s
t
a
h
s

a
a
8

o
s
g

 

y
al
in
ol
e

 of
ed
r
d
r

th
e
o-

l

d
as
s,
as
ary

l

l.
Behaviour and Effects in Biota

Microbial Processes

Very few data are available on the toxicity of phenol 
microbial processes such as nitrification, ammonificatio
and respiration. Several studies have shown that ph
inhibits nitrification significantly, especially a
concentrations above 500 mg·kg-1  (Tomlinson et al. 1966;
Stafford 1974; Beccari et al. 1980; Neufeld et al. 198
Benmoussa et al. 1986)

Terrestrial Plants

Phenols occur naturally in plants and soils. Since phe
and phenolics are relatively water soluble, they are pre
in the soil solution and are easily taken up by plants 
root absorption and stored in different parts of the pl
(Kuiters and Denneman 1987). Shafer and Schonh
(1985) reported that phenol was absorbed and store
cuticle membranes of tomato (Lycopersicon) and green
pepper (Capsicum) fruits and in rubber plant leaves
Absorption of C14-labeled phenol by roots in soybean
(Glycine max. L.) was reported by McFarlane e
al. (1987). The absorbed phenol was stored in roots 
not translocated to shoots, an observation that the aut
attributed to in vivo metabolization of phenol to le
mobile compounds.

Plant phenols play a role in resistance to insect dam
(Leszczynski et al. 1985) and as defence agents ag
herbivores (Harborne 1985; Rhodes 1985; Haslam 198

Environment Canada (1995) reported that no effect 
radish (Raphanus sativa) seedling emergence wa
observed in an artificial soil treated with 79 m
phenol·kg-1  soil. At 125, 158, and 170 mg phenol·kg-1  soil,
radish seedling emergence was reduced by 25%, 41%,
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50%, respectively. A similar test on lettuce (Lactuca
sativa) seedling emergence showed no effect at 40 m
phenol·kg-1  soil, but at 79, 83, and 131 mg·kg-1  seedling
emergence was reduced by 23%, 25%, and 50%
respectively.

Terrestrial Invertebrates

No effect on earthworm (Eisenia foetida) mortality was
observed at 160 mg phenol·kg-1  soil, but at 210, 270, and
320 mg·kg-1 , the earthworms’ mortality was 25%, 50%,
and 74%, respectively (Environment Canada 1995
Neuhauser et al. (1985) reported an LC50 for E. foetida of
401 mg phenol·kg-1  soil.

Livestock and Wildlife

Phenol is readily absorbed (both orally and dermally) b
animals (Clarke and Clarke 1975). The extent of derm
absorption depends primarily on the area of the sk
exposed. Liao and Oehme (1980) reported that phen
absorption was influenced to a greater extent by th
surface area of skin exposed than by the concentration
the applied solution. Phenol vapours are also absorb
into the pulmonary circulation (Deichmann and Keplinge
1981). After absorption, most of the phenol is oxidize
and conjugated with sulphuric, glucuronic, and othe
acids.

Phenol poisoning in animals is usually associated wi
respiratory failure causing death. It may also caus
damage to the lungs, liver, kidneys, heart, and genit
urinary tract (Deichmann and Keplinger 1981).

Kao and Bridges (1979) reported that, following ora
administration of phenol (25 mg·kg-1  bw) in sheep and
pigs, a high proportion of the dose is rapidly excrete
through urine (in 3 h, 85% in sheep and 84% in pigs w
recovered). Less than 0.5% was excreted in fece
suggesting that a considerable amount of phenol w
absorbed. Phenyl phosphate was also reported as urin
metabolite of phenol in sheep.

LD50 concentrations for rabbits exposed to pheno
dermally range from 850 to 1400 mg·kg-1  bw (Flickinger
1976; Vernot et al. 1977).

Schafer et al. (1983) reported an LD50 of >113 mg·kg-1  bw
for the redwinged blackbird (Agelaius phoeniceus)
following oral exposure to phenol.

Phenol toxicity was reported in pigs when phenyle (2.9%
phenol) was used to disinfect the pig pen (Reid et a
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Human and Experimental Animal Health
Effects

From the limited data available at the present time,
appears that most Canadians are mainly exposed to ph
by consuming food (78–89% of the total daily intake) a
to a lesser extent by inhalation of phenol-contaminated
(up to about 22% of the total daily intake for teenager
Both drinking water and soil ingestion were insignifica
pathways of exposure, contributing to <0.1% of th
overall daily exposure for all age classes. Exposure
phenol-containing products and nonprescription dru
could constitute the largest consumer exposure, but
Canadian use pattern of the latter products could 
identified, and thus it was not possible to assess expos
via such products, especially by the dermal route (Hea
Canada 1996).

Phenol is readily and extensively absorbed after inhalat
and oral and dermal exposure. Following absorptio
phenol is rapidly distributed to all tissues, metabolize
and excreted in urine as free phenol and conjugated fo
within approximately 24 h (Deichmann 1944; Piotrows
1971; Capel et al. 1972; Liao and Oehme 1981; Edwa
et al 1986).

Acute phenol poisonings in humans may result in dea
regardless of the route of exposure (Bruce et al. 198
Lethality has been associated with oral doses of 1.5
phenol (range 1–60 g) in adults and 0.1– 0.2 g pheno
children (Health and Welfare Canada 1980). Collap
respiratory edema and failure, and damage to the kidne
liver, pancreas, and spleen have been reported after a
exposure in humans. Symptoms of chronic and subchro
exposure to phenol include mouth sores, weight lo
vertigo, salivation, diarrhea, and dark urine (Merlis
1972).

Although some limited evidence in experimental anima
suggests that phenol is a tumour promoter, phenol
“unclassifiable with respect to carcinogenicity in human
(Group VI) because of the inadequate evidence 
carcinogenicity in humans and experimental anima
(Health Canada 1996).

WHO (1994) identified two critical studies for the
derivation of a TDI via oral exposure. A multiple-dose, r
teratogenicity study by Jones-Price et al. (1983) provid
a NOAEL of 60 mg·kg-1  bw per day, based on dose
related signs of fetal toxicity such as decreased aver
fetal body weight. A NOAEL of 12 mg·kg-1  bw per day,
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based on kidney effects, was reported by Schlicht et 
(1992) in a limited 14-d study on female Fisher-344 ra
Using an uncertainty factor of 200 (10 for intraspeci
variation, 10 for interspecies variation, and 2 for th
limited database on the toxicity of phenol in anim
studies), WHO (1994) recommended a range of 60–2
µg·kg-1 bw per day as an upper limit of the TDI. Th
lowest TDI of the range recommended by WHO (1994
60 µg·kg-1  bw per day, is adopted provisionally by th
Bureau of Chemical Hazards of Health Canada for t
derivation of health-based soil quality guidelines fo
phenol at contaminated sites in Canada (Health Can
1996).
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Guideline Derivation

Canadian soil quality guidelines are derived for differen
land uses following the process outlined in CCME
(1996a) using different receptors and exposure scenar
for each land use (Table 1). Detailed derivations f
phenol soil quality guidelines are provided in
Environment Canada (1996) and Health Canada (1996)

Soil Quality Guidelines for Environmental Health

Environmental soil quality guidelines (SQGEs) are based
on soil contact using data from toxicity studies on plan
and invertebrates. In the case of agricultural land use, s
and food ingestion toxicity data for mammalian and avia
species are included. To provide a broader scope 
protection, a nutrient and energy cycling check 
calculated. For industrial land uses, an off-site migratio
check is also calculated (Table 2).

For all land uses, the preliminary soil contact value (al
called threshold effects concentration [TEC] or effec
concentration low [ECL], depending on the land use) 
compared to the nutrient and energy cycling check. If t
nutrient and energy cycling check is lower, the geomet
mean of the preliminary soil contact value and the nutrie
and energy cycling check is calculated as the soil qual
guideline for soil contact. If the nutrient and energ
cycling check is greater than the preliminary soil conta
value, the preliminary soil contact value becomes the s
quality guideline for soil contact.

For agricultural land use, the lower of the soil qualit
guideline for soil contact and the soil and food ingestio
guideline is recommended as the SQGE.

For residential/parkland and commercial land uses, t
soil quality guideline for soil contact is recommended a
the SQGE.
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Table 2. Soil quality guidelines and check values for phenol (mg·kg-1 ).

Land use

Agricultural
Residential/
parkland Commercial Industrial

Guideline 3.8a 3.8a 3.8a 3.8a

Human health guidelines/check values
SQGHH 3.8b 3.8b 3.8b 3.8b

Soil ingestion guideline 1 900 1 900 7 000 150 000

Inhalation of indoor air check 500 500 1 800 2 100

Off-site migration check — — — 28 000

Groundwater check (drinking water) 3.8 3.8 3.8 3.8

Produce, meat, and milk check NCc NCc — —

Provisional SQGHH

Limiting pathway for provisional SQGHH

NCd

ND
NCd

ND
NCd

ND
NCd

ND

Environmental health guidelines/check values

SQGE 20e 20e 128e 128e

Soil contact guideline 20 20 128 128

Soil and food ingestion guideline NCf — — —

Nutrient and energy cycling check NCf NCf NCf NCf

Off-site migration check — — — 286

Groundwater check (aquatic life) 0.007g 0.007g 0.007g 0.007g

Provisional SQGE
Limiting pathway for provisional SQGE

NCh

ND
NCh

ND
NCh

ND
NCh

ND

Interim soil quality criterion (CCME 1991) 0.1 1 10 10

Notes: NC = not calculated; ND = not determined; SQGE = soil quality guideline for environmental health; SQGHH = soil quality guideline for human
health. The dash indicates guideline/check value that is not part of the exposure scenario for this land use and therefore is not calculated.  
aData are sufficient and adequate to calculate an SQGHH and an SQGE. Therefore the soil quality guideline is the lower of the two and represents a fully

integrated de novo guideline for this land use, derived in accordance with the soil protocol (CCME 1996a). The corresponding interim soil quality
criterion (CCME 1991) is superseded by the soil quality guideline.

bThe SQGHH is the lowest of the human health guidelines and check values. For phenol, the SQGHH is based on the groundwater check (drinking
water).

cNot calculated for phenol. Concerns about phenol should be addressed on a site-specific basis.

dBecause data are sufficient and adequate to calculate an SQGHH for this land use, a provisional SQGHH is not calculated.

eThe SQGE is based on the soil contact guideline.

fData are insufficient/inadequate to calculate this guideline/check.

gThis check value has not been applied in the determination of the soil quality guideline. The applicability of the groundwater check (aquatic life)
values should be determined on a site-specific basis.

hBecause data are sufficient and adequate to calculate a SQGE guideline for this land use, a provisional SQGE is not calculated.
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