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FOREWORD

Concise International Chemical Assessment
Documents (CICADs) are the latest in a family of
publications from the International Programme on
Chemical Safety (IPCS) — a cooperative programme of
the World Health Organization (WHO), the International
Labour Organization (ILO), and the United Nations
Environment Programme (UNEP). CICADsjoin the
Environmental Health Criteria documents (EHCs) as
authoritative documents on the risk assessment of
chemicals.

International Chemical Safety Cards on the relevant
chemical(s) are attached at the end of the CICAD, to
provide the reader with concise information on the
protection of human health and on emergency action.
They are produced in a separate peer-reviewed
procedure at IPCS. They may be complemented by
information from |PCS Poison Information Monographs
(PIM), similarly produced separately fromthe CICAD
process.

CICADs are concise documents that provide sum-
maries of the relevant scientific information concerning
the potential effects of chemicals upon human health
and/or the environment. They are usually based on
selected national or regional evaluation documents or on
existing EHCs. Before acceptance for publication as
CICADs by IPCS, these documents undergo extensive
peer review by internationally selected expertsto ensure
their compl eteness, accuracy in the way in which the
original dataare represented, and the validity of the
conclusions drawn.

The primary objective of CICADs is characteri-
zation of hazard and dose-response from exposure to a
chemical. CICADs are not a summary of all available
data on a particular chemical; rather, they include only
that information considered critical for characterization
of the risk posed by the chemical. The critical studies
are, however, presented in sufficient detail to support the
conclusions drawn. For additional information, the
reader should consult the identified source documents
upon which the CICAD has been based.

Risks to human health and the environment will
vary considerably depending upon the type and extent of
exposure. Responsible authorities are strongly encour-
aged to characterizerisk on the basis of locally measured
or predicted exposure scenarios. To assist the reader,
examples of exposure estimation and risk characteriza-
tion are provided in CICADs, whenever possible. These
examples cannot be considered as representing all

possble exposure situations, but are provided as
guidance only. The reader isreferred to EHC 170}

While every effort is made to ensure that CICADs
represent the current status of knowledge, new informa-
tion is being developed constartly. Unless otherwise
stated, CICADs are based on a search of the scientific
literature to the date shown in the executive summary. In
the event that a reader becomes aware of new informa-
tion that would change the conclusions drawn in a
CICAD, thereader isrequested to contact IPCS to
inform it of the new information.

Procedures

The flow chart on page 2 shows the procedures
followed to produce a CICAD. These procedures are
designed to take advantage of the expertise that exists
around the world — expertise that is required to produce
the high-quality evaluations of toxicological, exposure,
and other data that are necessary for assessing risks to
human health and/or the environment. The IPCS Risk
Assessment Steering Group advises the Coordinator,
IPCS, on the selection of chemicals for an IPCS risk
assessment based on the following criteria:

there is the probability of exposure; and/or
there is significant toxicity/ecotoxicity.

Thus, it is typical of a priority chemical that

itisof transboundary concern;

itis of concern to arange of countries (developed,
developing, and those with economies in transition)
for possible risk management;

there is significant international trade;

it has high production volume;

it has dispersive use.

The Steering Group will also advise IPCS on the appro
priate form of the document (i.e., a standard CICAD or a
de novoCICAD) and which institution bears the respon-
sibility of the document production, as well as on the
type and extent of the international peer review.

The first draft is usually based on an existing
national, regional, or international review. When no
appropriate source document is available, a CICAD may
be produced de novo. Authors of the first draft are
usually, but not necessarily, from the institut ion that
developed the original review. A standard outline has
been developed to encourage consistency in form. The

! International Programme on Chemical Safety (1994)
Assessing human health risks of chemicals: derivation of
guidance values for health -based exposure limits. Geneva,
World Health Organization (Environmental Health Criteria
170) (also available at http://www.who.int/pcs).
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CICAD PREPARATION FLOW CHART

Selection of priority
chemical, author
institution, and agreement
on CICAD format

!

Preparation of first draft

!

Primary acceptance
review by IPCS and
revisions as necessary

!

Selection of review
process

!

Peer review

!

Review of the comments
and revision of the
document

!

Final Review Board:
Verification of revisions
due to peer review
comments, revision, and
approval of the document

!

Editing
Approval by Coordinator,
IPCS

!

Publication of CICAD on
web and as printed text

Advice from Risk Assessment
Steering Group

Criteria of priority:

e there is the probability of exposure;
and/or
e there is significant toxicity/ecotoxicity.

Thus, it is typical of a priority chemical that

e it is of transboundary concern;

e itis of concern to a range of countries
(developed, developing, and those with
economies in transition) for possible risk
management;

e there is significant international trade;

e the production volume is high;

e the use is dispersive.

Special emphasis is placed on avoiding
duplication of effort by WHO and other
international organizations.

A usual prerequisite of the production of a
CICAD is the availability of a recent high-
quality national/regional risk assessment
document = source document. The source
document and the CICAD may be produced in
parallel. If the source document does not
contain an environmental section, this may be
produced de novo, provided it is not
controversial. If no source document is
available, IPCS may produce a de novo risk
assessment document if the cost is justified.

Depending on the complexity and extent of
controversy of the issues involved, the steering
group may advise on different levels of peer
review:

. standard IPCS Contact Points
3 above + specialized experts
. above + consultative group
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first draft undergoes primary review by IPCS to ensure
that it meets the specified criteriafor CICADs.

The second stage involves international peer review
by scientists known for their particular expertise and by
scientists selected from an international roster compiled
by IPCS through recommendations from IPCS national
Contact Points and from IPCS Participating Institutions.
Adequate time is allowed for the selected experts to
undertake a thorough review. Authors are required to
take reviewers' comments into account and revise their
draft, if necessary. The resulting second draft is
submitted to a Final Review Board together with the
reviewers comments. At any stage in the international
review process, a consultative group may be necessary
to address specific areas of the science. When a CICAD
isprepared de novq a consultative group is normally
convened.

The CICAD Final Review Board has several
important functions:

to ensure that each CICAD has been subjected to an
appropriate and thorough peer review;

to verify that the peer reviewers' comments have
been addressed appropriately;

to provide guidance to those responsible for the
preparation of CICADs on how to resolve any
remaining issuesif, in the opinion of the Board, the
author has not adequately addressed all comments
of the reviewers; and

to approve CICADSs as international assessments.

Board members serve in their personal capacity, not as
representatives of any organization, government, or
industry. They are selected because of their expertise in
human and environmental toxicology or because of their
experience in the regulation of chemicals. Boards are
chosen according to the range of expertise required for a
meeting and the need for balanced geographic repre
sentation.

Board members, authors, reviewers, consultants,
and advisers who participatein the preparation of a
CICAD are required to declare any real or potential
conflict of interest in relation to the subjects under
discussion at any stage of the process. Representatives
of nongovernmental organizations may be invited to
observe the proceedings of the Final Review Board.
Observers may participate in Board discussions only at
the invitation of the Chairperson, and they may not
participate in the final decision-making process.
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1. EXECUTIVE SUMMARY

The first draft of this CICAD was prepared by the
Fraunhofer Institute of Toxicology and Experimental
Medicine, Hanover.! A comprehensive literature search
of relevant databases was performed in June 2002. The
first draft of this document was circulated for a limited
peer review, and a Consultadive Group was convened to
finalize the document and verify that the peer review
comments had been adequately dealt with. The members
of the Consultative Group, who were participantsin this
peer review, are provided in Appendix 2. The final draft
was thensent for peer review to |PCS Contact Points
and Participating Institutions, as well as to further
experts identified in collaboration with the IPCS Risk
Assessment Steering Group. Information on the peer
review of this CICAD is presented in Appendix 3. Ths
CICAD was approved as an international assessment at a
meeting of the Final Review Board, held in Varna,
Bulgaria, on 8-11 September 2003. The members of the
Final Review Board are listed in Appendix 4. The
International Chemical Safety Card for creosote (ICSC
0572), produced by the International Programme on
Chemical Safety (IPCS, 2002), has also been reproduced
in this document.

11 Identity, physical/chemical properties,
and analytical methods

This CICAD is on coal tar creosote. Wood creosote
isadifferent product that is used mainly in pharmaceuti-
cal preparations and is not covered in this document.

Coal tar creosote is a brownish-black/yellowish-
dark green oily liquid with a characteristic odour,
obtained by the fractional distillation of crude coal tars.
The approximate distillation range is 206-400 °C. The
chemical composition of creosote is influenced by the
origin of the coal and also by the nature of the distilling
process; as a result, the creosote components are rarely
consistent in their type and concentration.

Creosote is a mixture of several hundred, probably a
thousand, chemicals, but only a limited number of them
are present in amounts greater than 1%. There are six
major classes of compounds in creosote: aromatic hydro-
carbons, including polycyclic aromatic hydrocarbons
(PAHSs) and alkylated PAHs (which can constitute up to
90% of creosote); tar acids / phenolics; tar bases /
nitrogen-containing heterocycles; aromatic amines;
sulfur -containing heterocycles; and oxygen containing
heterocycles, including dibenzofurans. Creosote may be
sold as diluted preparations, which may contain carrier
oil or solvents. The composition and use of creosote are

! This CICAD has been prepared de novo, and thereisno
actual source document.

regulated in some countries; the regulations usually
focus on the content of benzo[ g pyrene (BaP) and
phenolics.

Creosote is only slightly soluble in water and
soluble in avariety of organic solvents. However, the
physical and chemical properties of the individual com-
ponents of creosote vary widely; some, for example, are
highly soluble in water.

The analysis of creosote is complex. Different
profiles of creosote chemicals are found in the different
matrices: the most volatile are found in air, the most
soluble in water, and those with greater sorptive capacity
in sediment/soil. Depending upon the matrix (e.g., air,
water, soil/sediment, biological materials) from which
the sample is taken, suitable cleanup and extraction are
necessary. High-resolution gas chromatography (HRGC)
with aflame ionization detector (FID) or mass spec-
trometric (MS) detection or reversedphase high-
performance liquid chromatography (HPLC) with a
fluorescence detector (FL) have been the separation and
determination methods most commonly used.

Occupational exposure to airborne creosote particles
has been previously monitored as coal tar pitch volatiles
(CTPV). However, the CTPV method is not sensitive
enough to measure low concentrations of creosote
fumes. Important components such as airborne PAHs
can be sampled on a polytetrafluoroethylene (PTFE)
filter connected to a sorbent tube and analysed after
extraction by HRGC or HPLC. Other volatilecom-
pounds from creosote can be sampled on sorbent tubes.

The urinary PAH metabolites 1-pyrenol (1-hydroxy-
pyrene) and 1-naphthol (1-hydroxynaphthalene) have
been used in the assessment of creosote exposure.

1.2 Sources of human and environmental
exposure

Coal tar creosote is awood preservative and water-
proofing agent for structures on land and in marine and
fresh waters and for railway crossing timbers and sleep-
ers (railroad ties), bridge and pier decking, poles, log
homes, fencing, and equipment for children’s play-
grounds.

The mgjority of creosote used in the European
Union (EV) is for the pressure impregnation of wood. In
the USA and many other countries, the use of coal tar
creosote is limited to certified applicators.

Non-wood uses include anti-fouling applications on
concrete marine pilings. Creosote can be a component of
roofing pitch, fuel oil, and lamp black and a lubricant for
die moulds. Other uses reported include animal and bird
repellent, insecticide, animal dip, and fungicide.
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Creosote production in the USA fallsinto two
categories: distillate (100%) creosote and creosote in
coal tar solution. Distillate production in 1992 was
240 000 tonnes; production of creosote in coal tar solu-
tion was 110 000 tonnes. The production of creosote in
the EU has been estimated to be approximately 60 000—
100 000 tonnes per year.

During pressure impregnation of wood products,
excess creosote may be released from the treated
materials. Leaching of spilled wastes from these
application sites has been common. Creosote is also
released to the environment from facilities through air
emissions.

1.3 Environmental transport, distribution,
and transformation

The environmental transport and distribution of
creosote are complex processes, depending on the
physicochemical properties of creosote constituents and
their interaction with matrix properties, as well as envi-
ronmental conditions. Generally, creosote is distiibuted
within all environmental compartments (air, water, sedi-
ment, soil, biota). However, the major environmental
sinks of creosote components are sediment, soil, and
groundwater.

Generally, phenolic compounds, low-molecular-
weight PAHSs, and some heterocycles tend to be pre-
dominantly in the gaseous phase. Creosote constituents
may also occur in the atmosphere as particul ate matter.

Volatilization of creosote from water surfaces is not
considered to be a significant process.

The movement of creosote within aquatic systemsis
dependent upon the aqueous solubility, affinity to
organic phases, and sorptive capacity of the components.
Generally, the highly soluble fraction includes phenolic
and heterocyclic compounds and |ow-molecular -weight
PAHSs. The high-molecular-weight aromatic compounds,
with relatively low solubilities and high adsorptive
capacities, dominate the associated sediments. However,
movement of high -molecular-weight compounds may
occur by co-transport of colloid sorbed contaminants.

Field observations and laboratory leaching experi-
ments have shown losses of creosote components from
wooden creosoted constructions during water immer-
sion. Leachability of creosote components was higher in
fresh water than in seawater. The rate of migration
increased with increasing temperature and decreased
with the age of the pilings. Nitrogen-containing hetero-
cycles leached faster than PAHs and dibenzofuran.

The rate of vertical or horizontal transport of
creosote components in soil is dependent upon their

physicochemical properties as well as the soil properties
and environmental conditions. Laboratory model and
field experiments (simulating creosote spills) showed a
high retardation of transport of high-molecular-weight
compounds coupled with a fast downward migration of
low-mol ecular-weight compounds. Some of the creosote
compounds released from treated wood products into
surrounding soil may persist for decades.

Creosote PAHs are taken up to a small degree by
terrestrial plants and animals. No quantitative data on
uptake of creosote compounds are available for farm
animals. A number of agquatic invertebrates and fish
monitored in field and laboratory studies showed sig
nificant uptake of creosotederived PAHSs. Transfer to
the human food supply is possible via contaminated
seafood.

The biodegradability of creosote constituents is
variable. Generally, the efficacy of aerobic degradation
is greater than that of anaerobic degradation. Phenolic
compounds are relatively easily degraded. Within PAHS,
degradability appears to be inversely related to the num-
ber of aromatic rings. Some heteroaromatic compounds
are quickly removed, whereas others are recalcitrant.
Biotransformation of creosote components appears to
dominate over mineralization. In some cases, the inter-
mediates formed can be more persistent, mobile, or toxic
than their parent compounds.

Besides structural features of the chemicals, a num-
ber of other factors, such as bioavailability, microbial
adaptation, oxygen supply, and nutrientavailability,
influence their degradation or transformation in situ.

Although little examined, fish appear to metabolize
creosote PAHs more rapidly than aquatic invertebrates.

Photochemical transformation seems to be the most
important abiotic mechanism by which creosote constit -
uents, such as PAHs and heterocyclic and phenolic com-
pounds, are transformed in the atmosphere and, to a
lesser extent, in water and soil. Photo-oxidation prevails
over direct photolysis. A study performing irradiation of
sdected PAHSs separately or of the same PAHs present
in a creosote mixture showed that there was a trend of
decreased photoreactivity in the mixture compared with
theindividual tests.

Aquatic invertebrates and fish bioaccumul ate
creosote components, as has been demonstrated mainly
for PAHs by field monitoring studies at creosote-
contaminated sites, relocation experiments, and labora-
tory or microcosm studies. Generally, PAH profilesin
insects and crayfish were close to that found in sedi -
ments, whereas fish had greatly altered ratios for
low/high-molecul ar-weight PAHs. Bioconcentration
factors (BCFs) in connection with creosote exposure
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have rarely been reported. However, BCFs for PAH
components from creosote contaminated sediments have
been estimated to range from 0.3 to 73 000.

A number of remediation strategies have been
developed, mainly for creosote-contaminated ground-
water and soils. Most of the treatments achieved signif-
icant reductions for certain substances, but were not or
only partially successful in reducing the toxic potential
of the treated matrices.

Creosote-treated wood does not decay in the
environment, and therefore its disposal is problematic.
Creosote-treated wood should not be incinerated under
uncontrolled conditions, as toxicants such as PAHs and
halogenated dioxins and furans may be produced.

1.4 Environmental levels and human
exposure

The very few data available for ambient air concen-
trations refer to concentrations of selected PAHs in the
vicinity of creosote facilities. A maximum concentration
of 90 ng/m3 has been reported for naphthalene at a dis-
tance of 2000 m. Concentrations decreased with increas-
ing distances from creosoting plants: for example, from
64 ng/m° at 500 m to 1.6 ng/m?® at 5000 m for fluoran-
thene a from 5ng/m> at 100 m to 0.6 ng/m® at 2000 m
for BaP.

Groundwater samples near creosote waste sitesin
several countries have been found to contain creosote
related PAHs and phenolic, heterocyclic, and BTEX
(benzene, toluene, ethylbenzene, and xylene) com-
pounds. Monitoring data from 44 Danish creosote sites
showed concentrations (90th percentiles) of 30 ug/litre
for BaP and 50 pg/litre for chrysene. Highest concentra:
tions of several individual heterocyclic, phenolic, or
BTEX compounds detected in the vicinity of several
creosote waste sites were in the range of 10-80 mg/litre.

Concentrations in the mg/litre range have been
found for some individual PAHs in river water affected
by a creosote spill 10 years earlier. Twelve individual
PAHs were monitored in water samples of a drainage
stream near a creosote works. Maximum concentrations
ranged from 0.02 pg/litre (benzo[ b] - and benzo[ K]fluor -
anthene) to 153 pg/litre (naphthalene), with BaP concen
trations of up to 0.05 pg/litre.

Elevated PAH concentraions have also been
observed in small waterways, where banks were pro-
tected with creosoted wood constructions, or in railway
ditches, where creosotetreated power or telecommuni-
cation line poles were erected. The maxi mum BaP con
centration measured was 2.5 pg/litre. The mean total
PAH concentration in the ditches was about 600 pg/litre.

In the vicinity of wood-preserving facilities,
maxima for total PAHs in sediments amounted to about
20 000-30 000 mg/kg dry weight; maxima for total
nitrogen heterogycles were in the order of 1000 mg/kg
dry weight. BaP concentrations as high as several
hundred mg/kg dry weight have been measured. The
most abundant heterocycle was carbazole (18 mg/kg dry
weight). Sediments near creosoted wooden constructions
(pilings, bank protection, poles/sleepers) showed total
PAH concentrations of up to 1200 mg/kg dry weight,
with mean BaP concentrations of about 2 mg/kg dry
weight.

Elevated concentrations of creosotederived com-
pounds have been documented in soils near abandoned
creosote-producing/using facilitiesin several countries,
with maximum concentrations of several thousand
mg/kg dry weight for total PAHs and of nearly
100 mg/kg for total phenols. Concentrations of “creosote
oil contents” up to 90 000 mg/kg dry weight have been
reported around creosotetreated poles. Soil from a
storage area for impregnated railway ties and playground
sand from sandboxes made of old impregnated railway
ties contained total PAHs at concentrations up to
20 mg/kg and up to about 2 mg/kg dry weight, respec-
tively. BaP concentrations found in soils near wood
treatment/storage sites reached a maximum of
390 mg/kg dry weight, those near creosoted posts,

6 mg/kg, and those from playground sand, 0.2 mg/kg.

Creosoted wood products can contain high concen
trations of PAHSs, even after several decades of use;
phenolic and heterocyclic compounds may also be
present. For example, mean concentrations (mg/kg
wood) ranging from 1510 (quinoline) to 11 990 (phen-
anthrene) have been found to occur in creosoted wood.
Wooden sleepers installed in playgrounds showed BaP
concentrations of up to 1570 mg/kg shavings.

Edible fish and seafood captured from creosote
contaminated areas or held in creosoted cages have been
found to contain increased concentrations of PAHs and
PAH metabolites. The mean concentration of BaP in tail
meat of commercial market |obsters increased from
0.6 to 79 pg/kg wet weight after about 3 months of
impoundment.

Creosote-derived PAHs have been detected at
concentrations significantly over background levelsin
several classes of aguatic fauna, including insects,
molluscs, crustaceans, and fish collected at various
creosote-contaminated sites of freshwater or estuarine/
marine environments. In general, concertrations were
highest in invertebrates (up to several hundred mg/kg
dry weight). Concentrations of total PAHs in liver of fish
living on creosote-contaminated sediment and in their
invertebrate food organisms were as high as 1 and
84 mg/kg dry weight, respectively (compared with
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0.1 and 0.5 mg/kg dry weight in controls). Heterocyclic
compounds in snails (Thais haemastoma) from a bay
near awood preserving facility were found to be present
at concentrations up to about 10 pg/kg wet weight, and
PAHs were present at concentrations up to about

200 ug/kg wet weight.

The general population can be exposed to creosote
or creosote components by handling creosote or products
containing creosote and by contact with creosote
contaminated air, water, soil, or food. Routes of expe
sure include inhalation, drinking/ingestion, and skin
contact.

Due to the complexity of creosote and the many
different exposure situations, exposure may vary both
qualitatively and quantitatively. Nevertheless, some
estimations using BaP as a marker substance and based
on several assumptions have been performed for two
important exposure scenarios. As aresult, a daily
exposure through skin contact of about 2 ng BaP/kg
body weight has been assessed for children playing on
creosoted playground equipment. The daily intake of
BaP from consumption of vegetables and fruits from
gardensin the vicinity of creosoting plants has been
estimated to range from 1.4 to 71.4 pg/kg body weight.

There is one study providing internal monitoring
data for people living in the vicinity of a creosote
impregnation plant. Excretion values of 1- and 2-
naphthol were significantly higher in the exposed
residents than in controls. For example, the mean
concentrations of 1-naphthol in morning urine samples
were 2.5 umol/mol creatinine for the exposed and
1.2 umol/mol creatinine for the non-exposed group.
The 1-pyrenol excretion did not differ significantly.

Occupational exposure to creosote may occur
during manufacture, use, transport, or disposal of
creosote or creosoted wood products. Most daaare
available for wood-preserving workers.

Creosote aerosol concentrations monitored as the
CTPV by similar methods in wood impregnation plants
reached maxima of up to 9700 pg/ms. Total time-
weighted average (TWA) concentrations of creosote
vapours ranged from 0.5t0 9.1 mg/m3, with peaks up to
71 mg/m3, at wood impregnation plants and from 0.1 to
11 mg/m3 at workplaces where creosoted wood was
handled. The mean concentrations of particulate PAHs
ranged from 0.2 to 106 ug/m3 in the impregnation plants
and from 0.8 to 46 pg/m?’ in the handling of impregnated
wood. The proportion of particulate-bound PAHs
relative to total PAHs appeared to be less than 4%.

Prevailing compounds of the vapour phase of wood
impregnation plants were naphthal ene, methylnaphthal
enes, indene, acenaphthene, and fluorene; the main

PAHSs of the particulate phase included fluorene, phen-
anthrene, anthracene, and pyrene. Maximum concentra
tions of the marker substances naphthalene and BaP (the
latter mainly particle-bound) were as high as 41 mg/m3
and 1 ug/ma, respectively. An abundant heterocyclic
PAH was benzothiophene, showing concentrations of up
to 2800 ug/m3. Concentrations of phenol, biphenyl, and
methy!| styrenes did not exceed 2000, 1000, and 3000
ug/me, respectively. Air monitoring during cleanup
operations of highly creosote-contaminated soil revealed
exposure concentrations of up to 0.9 mg/mé for volatile
PAHSs, 0.2 mg/m® for particulate PAHs, and <0.002
mg/n? for BaP.

An important route of occupational exposure to
creosote is via skin. It has been estimated that over 90%
of pyrene and 50-70% of naphthalene enters via the
skin. A mean total pyrene contamination on the skin of
creosote impregnation workers was approximately
1 mg/day in workers without protective clothing. Protec
tive clothing reduced the pyrene contamination on the
workers' skin by about 35%, on average.

Concentrations of two PAH metabolites, 1-naphthol
and 1-pyrenol, have been monitored as internal markers
of creosote exposure. For example, the mean urinary
concentrations of 1-naphthal in Finnish wood impregna-
tion plant workers and in assemblers handling treated
wood were 1350 and 1370 pmol/mol creatinine, respec
tively. The mean urinary concentration of 1-pyrenol was
about 10 times higher in these wood impregnators
(64 umol/mol creatinine) than in the assemblers. An
increase in urinary 1-pyrenol values during the workshift
has also been observed in workersinvolved in the
production of creosote or the cleanup of creosote-
contaminated soil. The 1-pyrenol concentrations corre-
lated well with differences in pyrene skin contamination,
but poorly with differencesin pyrene breathingzone air
concentrations.

Exposure calculations on the basis of excreted
metabolites (plus air and/or skin monitoring data)
suggested a total daily uptake of 15 or 16 mg/worker
(assembler or impregnator) for naphthalene. Estimations
for pyrene did not exceed 5 mg/worker per day.

15 Comparative kinetics and metabolism in
laboratory animals and humans

There are no laboratory animal or human studies
measuring the specific rate and extent of coal tar crec
sote absorption following oral, inhalation, or dermal
exposure. However, evidence for a significant absorption
of creosote components comes from detection of creo-
sote PAH metabolites in urine of creosote exposed
workers or volunteers and from detection of PAH-DNA
adducts in animal or human tissues following creosote
exposure. Indirect evidence also comes from the toxic
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effects elicited by creosote in laboratory animalsor
humans. Additionally, single-component studies show a
significant absorption potential of individual PAHS,
although their predictive value for the quantitative
absorption kinetics after exposure to the mixture is
limited.

Specific distribution studies on coal tar creosote
have not been performed.

In accordance with principal PAH metabolic path-
ways, hydroxy metabolites of PAHSs such as 1-naphthol
and 1-pyrenol have been measured in urine of creosote
exposed humans.

In general, PAHs (metabolized or unmetabolized)
can be excreted into bile, faeces, and urine as well as
into breast milk, regardless of the route of absorption.
However, specific studies on the elimination and
excretion of coal tar creosote are confined to the
determination of PAH metabolites in human urine.
Elevated urinary levels of 1-naphthol and 1-pyrenol have
been found in workers of several wood creosoting plants
and in assemblers handling creosote-impregnated wood.
Comparisons between the estimated daily uptake of
naphthal ene/pyrene by inhalation and the urinary
excretion of 1-naphthol/1-pyrenol indicated a remark -
able contribution of non-inhalation routes of uptake,
especially for pyrene. The relevance of dermal uptake
for Ipyrenol excretion has also been demonstrated in
workers using protective clothing, which resulted in a
significant reduction of skin contamination and 1-
pyrenol excretion. Topical treatment of volunteers with a
single dose of creosote significantly enhanced the basal
excretion of 1-pyrenol.

Elimination half-lives for 1-naphthol and 1-pyrenol
were in the range of hours or days.

Most studies on interactions of creosote with cellu
lar components refer to interactions of creosote PAHs
with nucleic acids. PAH-DNA adducts have been
detected in mice, rats, and fish after experimental or
environmental exposure to creosote.

1.6 Effects on laboratory mammals and in
vitro test systems

Based on limited studies, creosotes are of low to
moderate acute toxicity in experimental animals. The
lowest LDsq value, 433 mg/kg body weight, was
reported for mice after oral exposure. Thereislittle
reliable information on effects of creosotes after short -
term exposure. Body weight losses have been observed
in rats, sheep, and calves following oral creosote doses.

Some earlier limited studies with mice indicated
acarcinogenic activity of creosotes after topical

application. Types of tumours included not only skin
carcinomas and papillomas, but also lung carcinomas. A
more recent epicutaneous mouse study performed with
two different coal tar creosote preparations (CTP1: BaP
content of 10 mg/kg; CTP2: BaP content of 275 mg/kg)
confirmed the carcinogenic potential of creosotes with
respect to induction of skin tumours. There was alinear
dose-effect relationship between tumour incidence and
BaP content of both creosotes. The creosotes were about
5 times more potent than expected from pure BaP treat -
ments. Non-neoplastic effects observed in this long-term
(78 weeks) study included skin ulcerations and decreases
inlife span.

Several creosotes have been shown to be skin
irritants in animals. Data on eye irritancy are conflicting.

There are no adequate animal studies on the
reproductive or developmental toxicity of creosotes.
However, creosote has been shown to be able to €licit
estrogen-mediated activities in vitro, indicating some
potential for endocrine disruption. Adverse reproductive
effects have also been reported in fish exposed to
creosote.

A number of in vitro tests based upon bacterial and
mammalian systems have shown creosote to be geno
toxic. The pattern of genotoxicity observed was similar
to that found in PAHSs. Creosote was also genotoxic in
an in vivo micronucleus test in mice.

Tests with fish cellsin culture showed that the cyto-
toxicity of creosoteis enhanced by irradiation with ultra-
violet (UV) light. This is consistent with the known
phototoxic potential of some PAHS.

Creosote has been shown to be a hepatic micro-
somal enzyme inducer in laboratory mammals.

1.7 Effects on humans

1.7.1  General population

Information on the effects of coal tar creosote in the
general population is scarce.

Creosote has been involved in incidental or acciden-
tal poisoning incidents, mainly due to its use as a pesti-
cide. Deaths occurred following ingestion of about 1-2 g
(children) or about 7 g (adults). Symptoms included
salivation, vomiting, respiratory difficulties, vertigo,
headache, loss of pupillary reflexes, hypathermia,
cyanosis, convulsion, etc., accompanied by oropharyn-
ged, intestinal, pericardial, liv er, and kidney damage.

Increased occurrence of skin rashes in people
residing in or near an abandoned wood creosoting plant
in the USA has been suggested.
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Evidence of cancer incidence following environ-
mental exposure is limited to a report on breast and
gastrointestinal cancer in females of a population
exposed to a creosote-contaminated water supply in the
USA. However, it could not clearly be demonstrated
whether creosote or confounding risk factors were
responsible.

1.7.2  Occupational exposure

Most reports on the effects of coal tar creosote on
humans refer to occupational exposure, resulting mainly
from dermal and/or inhalational contact with creosote or
creosoted wood.

The most apparent effects included irritations or
lesions of skin and eyes, including phototoxic or photo-
allergic reactions, sometimes accompanied by general
symptoms such as depression, weakness, headache,
slight confusion, vertigo, nausea, increased salivation, or
vomiting. Photosensitization (sensitization of the skin to
UV light by creosote) has been observed in workers
exposed to creosote.

Increased risks of developing lip and skin cancers
have been observed in cohort studies of Swedish and
Norwegian wood impregnators and in Finnish round
timber workers. The possible interaction with sunlight
exposure has not been adequately addressed. The mortal-
ity for cancer of the scrotum was elevated among brick
makers exposed to creosote.

Single epidemiological studies suggested a possible
risk for bladder cancer, multiple myeloma, and lung
cancer due to exposure to creosote. Two case—control
studies suggested an increased risk of brain tumours and
neuroblastoma among offspring of male workers with
possible creosote exposure.

All of the epidemiological studies were based on
qualitative estimations of exposure rather than on
measurements.

1.8 Effects on other organisms in the
laboratory and field

EGs values (15 min) determined using the Microtox
test (inhibition of bioluminescence from Photobacterium
phosphoreumor Vibrio fischer) by different coal tar
creosotes (in acetone solutions) ranged from 0.38 to
0.63 mg/litre. Significant decreases in bioluminescence
compared with controls have also been found for several
creosote-contaminated environmental samples, such as
sediments (including their elutriates and pore waters)
and groundwater. Furthermore, a strong inhibition of
nitrification by creosote-contaminated |eachate has been
observed.

Creosote induced signs of stress and abnormal
growth in experimentally exposed aquatic plants. Visual
changes in Myriophyllum spicatum could be seen at
nominal creosote concentrations as low as 1.5 mg/litre.
EG;ovalues for a decrease in node production, shoot
lengths, and dry weight were calculated to be 86, 55, and
33 mgl/litre, respectively. Additionally, membraneion
|leakage was significantly and dose dependently
increased at creosote concentrations ranging from 0.1 to
92 mg/litre. The phototoxic potential of creosote has
been demonstrated in Lemna gibba: ECs, values
(nominal) for reduction in growth rate decreased from
54 mg/litre (under laboratory visible light) to 12 mg/litre
under simulated solar radiation.

Creosote ECso/L Cso values for aquatic invertebrates
have been measured in the range of 0.02-4.3 mg/litre.
Larval stages proved to be more sensitive than adult
stages. Lifetime exposure of Daphnia pulex to water-
soluble fractions of creosote resulted in decreased
growth rates and reproductive impairment.

An increase in susceptibility to infections has been
observed in eastern oysters (Crassostrea virginica)
exposed to 15% and 30% dilutions of creosote
contaminated sediment. Increased mortalities have been
noted in many crustacean species exposed in the labora
tory to matrices environmentally contaminated by
creosote. Sublethal effects, such as decreases in dry
weight gain and in proportion of gravid females, have
been recorded in Mysidopsis bahia (crustacean); the 7-
day EG, for these more subtle effects was 0.015 pg total
identified aromatic hydrocarbons/litre.

Acetone extracts from creosote- contaminated sedi -
ments showed an acute toxicity to Nitocra spinipes
(crustacean) comparable to that of creosote.

Creosote is acutely toxic to fish, with the lowest
L Gso reported to be 0.7 mg/litre.

Creosote-contaminated groundwate, water, or
sediments (including associated waters) have been
shown to cause adverse reproductive and devel opmental
effects in fish. The LCx, for hatching success was
calculated to be 0.05 mg creosote/litre. LCsy values
determined in spot (Leiostomus xanthurus) decreased
with increasing duration of exposure to creosote-
contaminated sediment during 728 days of exposure.

Data on the effects of creosote exposure on terres-
trial organisms are limited. A root elongation test of
different creosotes with Allium cepa resulted in 96-h
EG;ovalues (for reduction of root length) ranging from
18 to 34 mg/litre. Earthworms (Eisenia foetida) exposed
to creosote-contaminated soil (e.g., about 1000 mg total
PAHs/kg dry weight) died within a few days.
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In the vicinity of creosote sources, adverse effects
on aquatic microorganisms, aquatic invertebrates, and
fish have been observed, similar to those inducible by
creosote in the laboratory. Fish from heavily creosote-
contaminated sites (sediments) showed a high preval
ence of hepatic and extrahepatic neoplasms, an impaired
immune status (reduced macrophage activities), and
reproductive impairment.

In a series of outdoor aquatic microcosm studies in
which creosote was added, there was a rapid concentra
tion-dependent reduction in zooplankton abundance and
number of taxa, with an ECso (at 5 days) of 45 ug creo-
sote/litre (nominal). In contrast, there was no direct
adverse effect on the phytoplankton community. In
another test, rainbow trout (Oncor hynchus mykiss)
exposed to 100 pl creosote/litre (nominal) died within
3 days. At lower concentrations, immunological altera
tions developed within 28 days (lowest-observed - effect
concentration [LOEC]: 17 ul creosote/litre [nominal]).
The creosoteinduced immunomodulation was reversible
during continual exposure. Concentration dependent eye
damage and an elevated hepatic ethoxyresorufin-O-
deethylase (EROD) activity were seen at 3 and 10 pl
creosote/litre (nominal).

Field observations on terrestrial organisms refer to
fatal cases of suspected creosote poisoning in wildlife
(black rhinoceros Diceros bicornis) and farm animals
that had access mainly to freshly creosoted wood or
Ccreosote containers.

1.9 Risk evaluation

Creosote is a genotoxic carcinogen for which a
threshold has not been identified. There is consistent
evidence from human studies that creosote causes skin
cancer, but the studies do not allow dose-response
analysis.

A study examining skin carcinogenicity of two
samples of coal tar creosote, with different BaP contents,
and of BaP alone in mice showed a significant increase
in the rate of formation of papillomas and squamous cell
carcinomas at the site of application. However, other
organs were not examined. A linear relationship was
observed between tumour rate and the dose of BaP in the
creosote solution applied to the skin. There was no evi -
dence of athreshold for carcinogenic effects. Analysis of
the doseresponse relationship resulted in a slope factor
of 4.9 x 10° tumours/animal for atotal dose of 1 Mg
BaP. I n this study, based on its BaP content, creosote
appeared to be about 5 times more carcinogenic than a
solution of BaP alone.

The human monitoring data concerning this type of
exposure are limited; therefore, a sample risk assessment
was not included here.

10

Creosote has been measured in air, water, soil, sedi-
ment, and biota. The fate of creosote componentsis
largely dependent on the physicochemical properties of
the components, matrix properties, the presence of
degrading or accumulating organisms, and environmen-
tal conditions. Creosote may pose a significant risk to
biota encountering spills or loading events. Laboratory
studies have shown toxicity of creosote to aquatic and
terrestrial organisms, while field studies have also
demonstrated adverse effects following exposure to
creosote. To date, it is not clear which creosote compo-
nents may serve as indicators of environmental creosote
contamination and toxicity.

2. IDENTITY, PHYSICAL/CHEMICAL
PROPERTIES, AND ANALYTICAL

21

METHODS

Identity and physical/chemical

properties of coal tar creosote

This document is on coal tar creosote. Wood
creosote is a different product that is used mainly in
pharmaceutical preparations and is not covered in this

document.

Coal tar creosote is a brownish-black/yellowish-
dark green oily liquid with a characteristic sharp odour,
obtained by the fractional distillation of crude coal tars
(see Figure 1 on next page). The approximate distillation
range is 200—400 °C (ITC, 1990). Table 1 provides some
of the physical properties of creosote.

Table 1: Physical properties of creosote.?

Property
Synonyms

CAS Nos.
Molecular mass

Boiling range
Density

Viscosity

Flash point

Ignition temperature

Octanol/water

partition coefficient
(log Kow)

Solubility in organic
solvents

Solubility in water

Value

Coal tar creosote, creosote oil, coal
tar oil, creosote P1

8001-58-9; 90640-80-5 (anthracene
oil); 61789-28-4

Variable (complex mixture of
hydrocarbons)

~200-400 °C
1.00-1.17 g/cm3at 25 °C
4-14 mm?s at 40 °C
Above 66 °C

500 °C

1.0

Miscible with many organic solvents

Slightly soluble / immiscible

2 From ITC (1990); von Burg & Stout (1992).
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Fig. 1: The formation of creosote from coal tar distillation.

The chemical composition of creosotes is influenced
by the origin of the coal and also by the nature of the
distilling process; as aresult, the creosote components
arerarely consistent in their type and concentration.
Therefore, t he trade names and/or the manufacturers of
the creosotes mentioned in this document have been
specified, wherever possible.

The legislation concerning the composition of creo-
sote varies from country to country. Creosotes used in
wood preservation are classified according to national/
international standardsin terms of specifications— e.g.,
American WoodPreservers' Association (AWPA)
standards P1 and P2 and the Western European Institute
for Wood Preservation creosote grades A, B, and C (see
Table 2). For example, before 1994, creosote could
contain up to 20% phenolic compounds; in 1994,
however, this was limited to 3% (EC, 1994). Further, in
recent years, legislation in many countries has required
that the BaP content of creosote be reduced. The EU
(European Committee for Standardization, 2000) has
recently finalized a new standard on classification and
methods of testing for creosotes. European industry uses
only creosote grades B and C with a BaP content lower
than 50 mg/kg (0.005 weight %) and, for gradeC, also
lower volatile compounds (European Committee for
Standardization, 2000).

Creosote is a mixture of several hundred, probably a
thousand, chemicals, but only a limited number of them

11

— lessthan 20% — are present in amounts greater than
1% (Lorenz & Gjovik, 1972; Nylund et al., 1992). The
chemical structures of some of these constituents are
given in Figure 2.

There are six major classes of compounds in creo-
sote (Willeitner & Dieter, 1984; US EPA, 1987) (see
Table 3):

— aromatic hydrocarbons including PAHs, alkylated
PAHs (non-heterocyclic PAHs can constitute up to
90% of creosote by weight), and BTEX;

— tar acids / phenalics, including phenols, cresols,
xylenols, and naphthols (tar acids, 1-3 weight %;
phenolics, 2—17 weight %; Bedient et al., 1984);

— tar bases/ nitrogen-containing heterocycles,
including pyridines, quinolines, benzoquinolines,
acridines, indolines, and carbazoles (tar bases, -

3 weight %; nitrogen-containing heterocycles, 4.4—
8.2 weight %; Heikkil&, 2001);

— aromatic amines, such as aniline, aminonaphtha-
lenes, diphenyl amines, aminofluorenes, and amino-
phenanthrenes (Wright et al., 1985), as well as
cyano-PAHS, benz acridine, and its methyl -
substituted congeners (Motohashi et al., 1991);

— sulfur -containing heterocycles, including benzothio-
phenes and their derivatives (1-3 weight %); and

— oxygen-containing heterocycles, including dibenze
furans (5-7.5 weight %).
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Table 2: Specifications for creosote (according to the Western European Institute for Wood Preservation).?

Grade A Grade B Grade C

Boiling range (°C) 200400 235-400 300-400
Relative density (g/ml) 1.04-1.15 1.02-1.15 1.03-1.17
Flash point (°C) >61 >61 >61
Crystallization temperature (°C) £23° £23 £50
Water content (weight %) £1 £1 £1
Water-extractable phenols (%) £3 £3 £3
Toluol -nsoluble matter (%) £0.4 £0.4 0.4
Distillation fractions (weight %)

£235 °C £10 £20 -

£300 °C 2040 40-60 £10

£355 °C 55-75 70-90 65-95

Benzo[a]pyrene content (%)

£0.05 (500 mg/kg)

£0.005 (50 mg/kg) £0.005 (50 mg/kg)

2 From European Committee for Standardization (2000).
b The contents of naphthalene and its alkyl homologues are low.

¢ The crystallization points for two coal tar oil samples from RutgersVfT AG used in the Fraunhofer study (Buschmann et al., 1997;

see section 7) were 1 and 5 °C.

Nylund et al. (1992) analysed four different creo-
sotes from Poland, Germany, Denmark, and the former
Soviet Union. They could identify about 85 components
(96-98% of the total amount). The main componentsin
all four creosotes were naphthalene and its alkyl deriva
tives, phenanthrene, fluorene, acenaphthene, alkyl -
phenols, and dibenzofuran. The sum concentration of
PAHs with 2-3 aromatic rings was about the same in all
four analysed creosotes, but there were considerable
differences (1.3-8.6%) in the content of PAHs with
04 aromatic rings (Nylund et a., 1992). An analysis of
the PAHs in a mixture of German and Polish creosotes
showed that phenanthrene was by far the predominant
PAH, followed by naphthalene (Lehto et al., 2000).

Table 3 gives the results of some coal tar creosote
analyses, and Table 4 lists the PAH content of some coal
tar creosotes used in regulatory monitoring and in some
environmental/toxicological studies. Many of the earlier
studies on creosote concentrated on PAHSs, because they
are known carcinogens and represent the largest chemi-
cal group in creosote itself. However, PAHs are not very
soluble and have a high adsorption to particulate matter.
More recent studies (e.g., Arvin & Flyvbjerg, 1992;
Mueller et al., 1993; Middaugh et al., 1994a,b) have
concentrated on the other compounds in creosote— e.g.,
BTEX, nitrogen containing heterocycles, sulfur-
containing heterocycles, or phenolics— that are more
soluble in water (see Table 5) and are found at a much
higher percentage in leachate, contaminated water, soil,
and sediment (see section 5). Heterocyclic compounds
constitute about 5% of creosote compounds; however,
due to their relatively high solubility and weak sorption,
they can amount to 35-40% of the water-soluble fraction
of creosote and are therefore potential groundwater
contaminants (Licht et al., 1996. The mixture profiles of
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creosote-associated chemicals found in the environment
(see section 5) are quite different from those in Table 3.

Creosote formulations can contain, for example,
petroleum oils (Fowler et al., 1994). For some wood
preservation uses, creosote is mixed 1:1 with fuel oil
(Hoffman & Hrudey, 1990. In order to increase anti
microbial efficacy, creosae has been mixed with
“topped” coal tar (i.e.,, CTPV) (Todd & Timbie, 1983).

2.2 Physical/chemical properties of the
individual components of creosote
2.2.1 Vapour pressure

The vapour pressure of creosote is variabl e because
of the number of compounds involved and is difficult to
characterize. Vapour pressures for individual compe
nents range from, for example, 12 700 Pafor benzene to
2.0 x 10™° Pafor the PAH dibenzo[ a,h]anthracene (see
Table 5).

2.2.2  Solubility and Kow values

Creosote itself is given as immiscible with water
(USEPA, 198439 or slightly soluble (von Burg & Stout,
1992). The individual components of creosote have very
differing solubilities (see Table 5). The agueous sd -
bility and the mobility of PAHs in, for example, ground
water systems decrease as the molecular mass increases.
The PAHs with three or more aromatic rings have a
solubility of less than 1 mg/litre, whereas the solubilities
of BTEX, phenols, and nitrogen-, sulfur-, and oxygen-
containing heterocycles (NSO compounds) are orders of
magnitude higher.
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Fig. 2: Chemical structures of some creosote constituents.
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Table 3: Reported chemical analyses of some coal tar creosotes.?®

Chemical analysis (weight %)

(") B) © (D) B F © H)
Aromatic hydrocarbons
Indene 0.6 0.43 0.87
Biphenyl 0.8*/1.6 21 14 0.8°¢ 13 1.45 41
PAHs
Naphthalene 1.3/3.0* 11 13-18 7.6 12.9 12.32 11.4
1-Methylnaphthalene 0.9*/1.7 1217 0.9¢ 2.2 3.29 8.87
2-Methylnaphthalene 1.2%/2.8 3.0 12.0 2.1¢ 4.5 7.51 115
Dimethylnaphthalenes 2.0%/2.3 5.6 16 3.42 5.16
Acenaphthylene 0.2 0.15 0.1
Acenaphthene 9.0%/14.7 31 9.0 8.3¢ 5.8 12.51 5.86
Fluorene 7.3/10.0* 31 7-9 5.2¢ 4.6 5.03 6.33
Methylfluorenes 2.3/3.0* 31
Phenanthrene 21* 12.2 12-16 16.9° 11.2 10.21 6.7 1-33
Methylphenanthrenes 3.0* 31 0.45 0.54
Anthracene 2.0% 2-7 8.2¢ 17 0.9 0.8 0.4-1.2
Methylanthracenes 4.0* 5.9
Fluoranthene 7.6/10.0* 34 2-3 7.5¢ 4.6 4.41 2.27 02-22
Pyrene 7.0/8.5* 22 1-5 5.3¢ 37 2.0 1.13 0.1-15
Benzofluorenes 1.0/2.0* 34 22
Benz[a]anthracene 0.5 0.26 0.17
Benzo[k]fluoranthene 0.22 0.16-0.3
Chrysene 2.6/3.0* 2.2 1° 0.5-1.0 0.21 <0.05
Benzo[a]pyrene 0.43° 0.2 0.1 <0.05 0.02-0.16
Benzo[e]pyrene 0.2
Perylene 0.1
Tar acids / phenolics
Phenol 0.24 0.56 0.24
0-Cresol 0.10 0.2
m-, p-Cresol 0.24 2.31 0.6
2,4-Dimethylphenol 0.12 0.59 0.48
Naphthols 0.12
Tar bases / nitrogen-containing heterocycles
Indole 2d
Quinoline 1 2.04 0.59 0.58 0.89
Isoquinoline 0.7¢ 0.18 0.30 0.59
Benzoquinoline 4d 0.29 0.05 05
Methylbenzoquinoline 0.3¢
Carbazole 24 3.9¢ 0.7 0.53 0.22
Methylcarbazoles 20
Benzocarbazoles 2.8¢ 01
Dibenzocarbazoles 3.1¢
Acridine 2¢ 0.2 15 0.12
Aromatic amines
Aniline 0.05¢ 0.21

14
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Table 3 (contd)

Chemical analysis (weight %)

") © () G P ©) H)
Sulfur containing heterocycles
Benzothiophene 0.3¢ 0.4 0.3 05
Dibenzothiophene 1.0 0.78 0.73
Oxygen-containing heterocycles / furans
Benzofuran 0.1 <0.1
Dibenzofuran 5.0*/7.5 4-6 3.9¢ 3.7 6.14 5.59
Other not specified 23.1

components

a2 Adapted from Heikkila (2001).

b (A) Lorenz & Gjovik (1972); with asterisk (*) from a literature survey; without asterisk, own measurements of main components in an

¢ Concentration in PAH fraction.
4" Concentration in nitrogen compound fraction.
€ Includes triphenylene.

AWPA standard creosote.
(B) Nestler (1974); six creosotes, four unspecified, and two fulfilled the US federal specifications | and IlI.

(C) Andersson et al. (1983); Rudling & Rosen (1983); creosote used in the impregnation of railway ties.

(D) Wright et al. (1985).

(E) ITC (1990); AWPA standard creosote P1 (AWPA P1).

(F) Nylund et al. (1992); sample of German creosote; about 85 compounds were identified.

(G) Nylund et al. (1992); sample of former Soviet creosote; about 85 compounds were identified.
(H) Schirmberg (1980); three different creosote samples, all fulfilling the British standard BS 144/73/2.

Table 4: Priority PAHs and concentration of PAHs in some creosotes used in environmental/toxicological studies.

PAH concentrations (weight %)

Priority ] Best.ari' et al. CTP1°; CTP2:
ehto et al. (1998a); Fielden et  Mangelsdorfetal. Mangelsdorf et al.

PAH PAHs? (2000) al. (2000) (1998) (1998)
Naphthalene *N 5.04 7.4 12.3 24
Acenaphthylene * 0.02 n.g.c n.g. n.g.
Acenaphthene * 2.42 3.8 n.g. n.g.
Fluorene * 3.60 21 n.g. n.g.
Phenanthrene *N 10.46 8.7 31 12.3
Anthracene *N 2.74 05 0.3 05
Fluoranthene *N 4.28 6.0 04 4.1
Pyrene * 2.01 5.0 0.1 23
Benz[a]anthracene * #N 0.24 0.96 0.003 0.1
Chrysene * N 0.17 2.6 0.002¢ 0.1¢
Benzo[b]fluoranthene * # 0.1 04 n.g. n.g.
Benzo[k]fluoranthene * N 0.08 0.2 n.g. n.g.
Benzo[a]pyrene * N 0.09 0.3 0.001 0.03
Benzo[ghi]perylene * 4N 0.00 0.11 n.g. n.g.
Dibenz[a,h]anthracene *# 0.04 0.06 0.0001 0.002
Indeno[1,2,3-cd]pyrene *y N 0.03 0.13 n.g. n.g.

a

[

4 Together with triphenylene.

*

#

n.g. = not given.

Listed by US EPA as priority PAHs for environmental monitoring.
United Kingdom Health and Safety Executive Priority PAHs (HSE 11); in addition, benzo[jJfluoranthene, anthanthrene, and
cyclopentalc,d]pyrene.

N = Netherlands Priority PAHs used by the Dutch Ministry of Environment (BKH, 1995).
b CTP1 and CTP2 are two different coal tar creosote samples used in the carcinogenicity study (section 7.3).
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Table 5: Physical properties of some components of creosote.

Relative Vapour Aqueous
Chemical molecular Boiling pressure Exp.? solubility
Compound formula mass point (°C) (Pa, 25 °C) Log Kow log Kw  (mgllitre, 25 °C)
Aromatic hydrocarbons
Benzene CoHs 78.1° 8qP 12 700°¢ 2.12° 1780°
Toluene C/Hg 92.1¢ 111¢ 3700° 2.69° 515¢
Ethylbenzene CgHio 106.2¢ 1364 1240° 3.13¢ 152¢
p-Xylene CgHio 154.2¢ 2544 1180° 3.18° 215¢
Indene CoHs 116.2¢ 1824 160f 2.922 3.68 insolubled
Biphenyl CizHi0 154,24 2544 0.7f 3.16-4.17" 754
PAHs
Naphthalene CioHs 128.2 218" 10.4-12.3° 3.37° 4.00 318
1-Methylnaphthalene Ci1Hio 142.2 2424 8.3¢ 3.87¢ 28°
2-Methylnaphthalene CiiHio 142. 4 2419 9.0¢ 3.972 4.76 24.69
2,6-Dimethylnaphthalene CioHio 156.21 263 20.41 4.35" 2
Acenaphthylene CioHio 152. ¢ 2809 0.89' 4.07¢ 3.9¢
Acenaphthene CioHio 154.2' 279 0.29' 3.93 5.07 3.9
Fluorene CisHio 166.2' 295 8.0 x 10721 4.18° 4.52 4.64% 1.9%!
Phenanthrene CisHio 178.2/ 340 1.6 x 10721 4.57¢ 1.1¢
Anthracene CiaHio 178.2 342 8.0 x 1071 45 73
Fluoranthene Cishho 202.3' 375! 1.2x10%1 5.221 260"
Pyrene CisHio 202.3 393 6.0 x 101 5.18 135!
Chrysene CisHh2 228.3 4481 8.4 x10%1 5.91 0.002!
Benzo[a]pyrene Cootho 252.3' 496 7.3x1071 6.50' 0.0038!
Dibenzofa,h]anthracene CooHia 278.4 524! 2.0x 1070 6.50' 5.80' 0.0005'
Phenolics
Phenol CoHs 94.1° 182P 61° 1.46° 93 000°; 88360°%
67000™
o-Cresol C/H{O 108.1¢ 1914 37° 1.98¢ 26 000°¢
m-, p-Cresol C/H{O 108.1¢ 202¢ 22°/16° 1.96/2.01¢ 24.000™
22 700/21 500"
2,4-Dimethylphenol CgH10 122. ¢4 2124 2.35% 2,424 8795°
Nitrogencontaining heterocycles
Pyrrole C4HsN 67" 131 0.75° 58 800"
Indole CH;N 117° 254" 2.00° 1875°
Quinoline GCoH7N 129° 238" 2.03° 4.20 6300% 60 00044m
Isoquinoline GoH7N 129° 243P 2.08° 4500°
Benzoquinoline CisHoN 179.29 3.54°
Acridine CisHoN 179° 346° 3.4° 3.36 46.5°
Benz[c]acridine Ci7HiIN 2299
Carbazole CioHoN 167° 355° 3.29% 3.71° 4.01 1.2%; 0.91¢
Aromatic amines
Aniline CHN 939 1849 659 0.90¢ 369
Sulfur-containing heterocycles
Thiophene C4HsS 84P 84p 8400f 1.81° 3600°
Benzo[b]thiophene CsHeS 134 221 26° 3.12° 3.70 130°
Dibenzothiophene Ci2HeS 184° 332P 0.26° 4.38% 5.45° 5.45 1.0%; 0.53¢
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Table 5 (contd)

Relative Vapour Aqueous
Chemical molecular Boiling pressure Exp.? solubility
Compound formula mass point (°C) (Pa, 25 °C) Log Ko log Ky, (mgllitre, 25 °C)
Oxygen-containing heterocycles / furans
Furan C,H,0 68 31.3¢ 80 300° 1.34¢ 28 600¢; 10 000"
Benzofuran CsHO 118° 174 2.67° 2.96 100-1000
(18 °C)?
Dibenzofuran C,H0 168° 285° 4.12" 4.31° 4.74 4,75 3.1

Johansen et al. (1998).

Rippen (1999).

Verschueren (1996).

Brohdm et al. (1999a).

At 20 °C; Auer-Technikum (1988).

Hansch & Leo (1979).

BUA (1990).
Luetal. (1978).

Sundstrém et al. (1986).

IPCS (1995).

Bleeker et al. (1998).

At 20 °C; Mackay et al. (1982).

T o353 - x— " Ta@ "0 o o0 oCw

The aqueous solubilities given for individual chemi-
cals are usually given as solid solubilities if the chemi-
cals are asolid at ambient temperatures. In creosote,
however, these compounds are present in liquid form.
Liquid solubilities are always greaer than solid solubil-
ities, the differences increasing in proportion to their
boiling points; for the compounds found in creosote,
their liquid solubilities are 3—240 times greater than their
solid solubilities (Raven & Beck, 1992). The few data
found on liquid solubilities are given in Table 6. When
liquids are present in a mixture, the properties of an
individual component in the mixture vary from those of
the pure component. Furthermore, as dissolution pro-
ceeds, the cornrposition of the non-agueous phase will
change (Mackay et al., 1991). The term “effective
solubility” is used to describe the solubility of a parti
cular component in a complex mixture. As dissolution of
creosote proceeds, the more soluble components will be
rapidly lost, causing the mole fraction and therefore the
effective solubilities of the other constituents to increase.
Effective solubilities of the 10 US EPA priority PAHsIin
creosote are given in Table 6.

Log octanol/water partition coefficient (Kow) values
for PAHs range from 3 to about 7. Other components of
creosote have widely varying log Kow values, from 0.65
for pyridine (Leo et al., 1971) to 4 for biphenyl and
dibenzofuran (see Table 5). The log organic carbon
sorption coefficient (K,) values for PAHs range from
2.410 7.0 (IPCS, 1998). Some experimental log tar/water
partition coefficient (Ky,) values derived from partition-
ing studies of coal tar constituents were found to be
reasonably comparable with the respective log K,,, cited
from other studies (Rostad et al., 1985 see Table5).
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Rostad et al. (1985); experimental log tar/water partition coefficient.

Raven & Beck (1992); calculated from relation of Shiu et al. (1988).

ChemFinder.com Database & Internet Searching (http://www.chemfinder.com).

Data on PAHSs taken from IPCS (1998); details on other PAHSs to be found there; solubilities from Mackay & Shiu (1977).

2.2.3  Other physical/chemical properties

Creosoted timber has a low electrical conductivity,
which is recognized in the use of creosote-impregnated
poles for electrical power transmission and for sleepers
(railroad ties) where track signalling is practised (ITC,
1990.

Corrosive effects on arange of metals were slight:
for example, liquid creosote on mild steel produced a
weight loss of 2.3 pg/dm? per day, whereas creosoted
timber produced a weight loss of 27 pg/dm? per day.
Natural rubber, neoprene, polyvinyl chloride (PVC), and
polythene were significantly affected by creosote,
whereas other substances, such as PTFE and polypropyl-
ene, were least affected (ITC, 1990.

The ignition temperature for creosoted timber is 50—
100 °C higher than that of untreated timber (ITC, 1990).

Thermal decomposition of creosote and wood
treated with creosote at 400 °C, 600 °C, and 800°C
produced in the condensate the same PAHSs present in
the original substance. Up to about 400 °C, the substance
distilled off; between 400 °C and about 545 °C, creosote
was oxidatively decomposed. In addition, at about
400 °C, treated wood showed oxidative decomposition
to aldehydes, ketones, and phenolic compounds. Exper-
iments to detect polychlorinated dibenzodioxins
(PCDDs) and dibenzofurans (PCDFs) showed raised
levels of these compounds compared with blanks;
however, due to the small number of samples, the
difference was not significant (Becker, 1997).
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Table 6: Differences in aqueous solid and liquid solubilities for 10 US EPA priority PAHs in creosote where data were
available, together with their effective solubilities @

Solid solubility Liquid solubility® Effective solubility?
PAH (mgllitre, 25 °C) (mgllitre, 25 °C) (magllitre) Range
Naphthalene 31¢d 111.0 16.4 14.1-18.5
Acenaphthene 3.9¢ 129 1.97 1.71-2.19
Fluorene 1.95¢d; 4 64° 15.0 0.65 0.56-0.72
Phenanthrene 1.14 0.54 0.46-0.61
Anthracene 0.07%¢ 5.8 0.17 0.15-0.19
Fluoranthene 0.26° 0.081 0.066-0.096
Pyrene 0.13¢ 2.2 0.10 0.083-0.12
Benz[a]anthracene 0.014° 0.30 0.0020 0.0014-0.0025
Chrysene 0.002¢ 0.34 0.0022 0.0016-0.0028
Benzo[a]pyrene 0.0038° 0.12 0.00023 0.000 18-0.000 28

2 Priddle & MacQuarrie (1994). Effective solubility in water is the solubility of a particular component in a complex non-aqueousphase
liquid. It is defined as the mole fraction of the component multiplied by the component’s pure aqueous solubility.

IPCS (1998); solubilities from Mackay & Shiu (1977).
Broholm et al. (1999a).
Lu etal. (1978).

® a o o

2.3 Analysis

The analysis of creosote — a mixture of hundreds of
chemicals— is very complex. The presence of creosote
is confirmed by the profiling analysis of its components.
Different profiles of creosote chemicals are found in the
different matrices: the most volatile are found in air, the
most soluble in water, and those with greater sorptive
capacity in sediment/soil (see section 5; see also Hale &
Aneiro, 1997). Depending upon the matrix (e.g., air,
water, soil/sediment, biological mat erials) from which
the sample is taken, suitable cleanup and extraction are
necessary (see sections below). HRGC with FID,
HRGC-MS, or reversed-phase HPLC with FL have been
the separation and determination methods most com-
monly used. Thinlayer chromatography (TLC)-FID can
supplement methods such as gas chromatography (GC)
FID and GC-MS through its ability to quantify the polar
and high-boiling fractions (Breedveld & Karlsen, 2000).

Most analytical efforts have concentrated on the
PAHSs, the dominant components of coal tar and coal tar
creosote. However, a number of constituents, notably
oxygen and nitrogen-containing heterocycles, which
exhibit appreciable solubilities, have been identified as
major contributors to the acute toxicity of creosote
leachates, and recent studies have aimed at analysis of
these compounds.

2.3.1  “Pure” (undiluted) creosote

First attempts to analyse creosote were by fractional
distillation, but the process is tedious, and fractions
overlap considerably. Lorenz & Gjovik (1972) used GC
to analyse creosote both quantitatively, by a simulated
fractional distillation, and qualitatively (see Table 3).

Raven & Beck (1992); calculated from relation of Shiu et al. (1988).
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Samples of creosote can be separated into chemical
class fractions (aliphatic hydrocarbons, neutral aromatic
hydrocarbons, sulfur - and oxygen-containing aromatic
compounds, and nitrogen- and hydroxy! group-
containing aromatic compounds) using adsorption
column chromatography with neutral alumina by elution
with hexane, benzene, chloroform, and tetrahydrofuran/
ethanol, according to the method of Later et al. (1981).

Wright et al. (1985) isolated the PAHs and nitrogen
containing polycyclic aromatic compounds (NPACs)
from creosoteand separated these further using adsorp-
tion column chromatography with silicic acid using
hexane:benzene, benzene, and benzene:ethyl ether
eluents to isolate carbazole, amino-substituted enriched,
and azaarene subfractions. Comparative quantitative
chemical analysis of the PAH and NPAC fractions was
achieved by HRGC using GGFID. Before analysis of
the amino-substituted enriched fraction, the amino-PAHs
were selectively derivatized using pentafluoroproprionic
anhydride. Over 30 PAHs and over 20 NPACs were
identified (Wright et al., 1985; see Table 3).

The composition of creosotes from four producers
was characterized by Nylund et al. (1992). The creosote
samples were fractionated according to the method of
Later et al. (1981) into four chemical classes. The creo-
sotes and chemical fractions were analysed and their
components identified by HRGC with FID, with MS, or
with an alkali thermoionization detector (Nylund et al.,
1992). In addition to the HRGC analysis, the 13 PAHsIin
the creosotes and in the distilled fractions boiling above
240°C were analysed with HPLC with FL. About 85
components were identified, some of which arelisted in
Table 3.
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For the analysis of PAHs in creosate, the sample
was dissolved in acetone, then injected into a GC-mass
selective detector (GC-MSD) (Priddle & MacQuarrie,
1994).

Benz[c]acridine in creosote has been determined in
silica-alumina column chromatogrgphy enriched frac
tions using GC with nitrogen specific detection and GS
MS (Motohashi et al., 1991).

2.3.2  Air monitoring

Constituents of creosote can appear both in the
gaseous phase and/or on particlesin air. Mas s equil-
ibrium depends, for example, on vapour pressure and
adsorptive affinity of a compound for particles. Also,
high airflow over the filter increases evaporation from
particles to the vapour phase. High sampling velocities
are generally used in environmental air monitoring in
contrast to occupational exposure monitoring, potentially
resulting in different ratios of compounds in the vapour
phase to compounds on particles.

2.3.2.1 Creosote vapours

A sample of creosote was heated to 60°C in a
chamber, and evaporated constituents were collected
simultaneously into absorption solution (toluene), on
silica (desorbed with diethyl ether), on activated char
coal (desorbed with carbon disulfide), and on XAD-2
resin (desorbed with diethyl ether). The samples were
analysed by means of HRGGMS, and 28 compounds
were identified. With activated charcoal, many com-
ponents were lacking. Of the four sampling methods,
XAD-2 was selected for further testing. The main
components were analysed by GC with FID. The
recovery of the tested main components ranged from 82
to 102%. The detection limit was about 1-5 pg/sample,
corresponding to 0.01-0.05 mg/m3 for an air volume of
100 litres (Heikkila et al., 1987). The 12 main compo-
nents were phenol, cresols, xylenols, methyl styrene,
indene, naphthalene, biphenyl, dibenzofuran, benzo-
thiophene, quinoline, isoquinoline, and fluorene.

2.3.2.2 Occupational air monitoring

The concentration of airborne particles originating
from coal tar or cod tar pitch has been monitored as
CTPV. Thisis aso known as benzenesoluble matter
(BSM) or cyclohexane-soluble matter (CSM). The
method has also been applied to creosote fumes (Markel
etal., 1977; Todd & Timbie, 1983). However, the
precision of the CTPV method with glass fibre filters
was very poor when tested with creosote fumes (Todd &
Timbie, 1983).

The US National Institute for Occupational Safety
and Health (NIOSH) recommended that CTPV be
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collected on PTFE filters. Although this method has
been wit hdrawn, NIOSH Method 5042 is fundamentally
the same procedure and can be used (NIOSH, 1998). Air
samples are collected by drawing a known volume of air
through the sampler. The filters are analysed by extract-
ing with benzene and gravimetrically determiningthe
BSM. The US Occupational Safety and Health Adminis
tration (OSHA) Method 58 is also used to collect CTPV,
but on glass fibre filters (OSHA, 1986). The glass fibre
filters are analysed by extracting with benzene and
gravimetrically determining the BSM of half of the
extract. If the BSM exceeds the permissible exposure
limit, the remaining extract is analysed by reversed-
phase HPLC with UV-FL detection for select PAH
determination. Borak et al. (2002) sampled creosote
particles and vapours on closed-faced cassettes con-
taining PTFE filters connected in a series with XAD-2
sorbent tubes. The filters and sorbent tubes were
extracted with benzene to determine the BSM. The
extracts were redissolved in acetonitrile, and 16 PAHs
were analysed by HPLC with UV detection (Borak et al.,
2002). Because Borak et al. (2002) had to evaporate the
benzene to determine the BSM, some of the lower-
molecular-weight PAHs may have been lost; hence,
these determinations may be an underestimateof the
actual exposure. The result s showed that the BSM
method was not sensitive enough to reliably measure
low concentrations of creosote fumes.

Creosote vapours were sampled on XAD-2 and
analysed with HRGC and FID, and particulate PAHs on
prewashed glass fibre filters were extracted and analysed
by HPLC with FL (Heikkilé et ., 1987).

Using GC with atomic emission detection, Becker et
a. (1999) measured thiarene (sulfur-containing PAHS;
0.4-19 pg/ms) in the personal air space of workersin
electrolysis halls of an aluminium reduction plant who
were exposed to CTPV.

For details on the use of biological monitoring to
monitor occupational exposure of creosote workers, see
sections 2.3.8 and 5.3.

2.3.3  Water samples

The water-soluble fraction of creosote is an
extremely complicated mixture of low-molecular-weight
aromatic compounds. When creosote comes into contact
with water, the low-molecul ar-weight aromatics — the
water-soluble fraction— are enriched in the agueous
phase. The fraction of phendls increases to about 45%,
the NSO fraction increases to 38%, and the fraction of
PAHSs decreases to 17%. The dominant compounds in
the water -solubl e fraction are phenolics (phenol, mono-
and dimethylphenols), benzene and a kylated benzenes,
low-molecular-weight PAHS, and heterocycles con-
taining nitrogen, sulfur, and oxygen (Arvin & Flyvbjerg,
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CREOSOTE SAMPLE
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dry with anhydrous
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Analysis of
PAHs

Analysis of

N-, S-, O-heterocycles

Fig. 3: Analysis of creosote according to Middaugh et al. (1994a).

1992). Changing the pH of a sample, followed by
extraction of the aqueous phase by liquid—liquid
extraction or solid-phase extraction, is widely used. It is
valuable in separating neutral (e.g., PAHS), basic (e.g.,
azaarenes), and acidic (e.g., phenolics) compounds
(Turney & Goerlitz, 1990; Mueller et al., 1991a;
Middaugh et al., 19945 see Figure 3). Available
methods for the extraction, purification, identification,
and quantification of creosoterelated constituentsin the
aguatic environment have been reviewed (Johansen et
a., 1996, 1998; Hale & Aneiro, 1997).

Using the scheme for extraction of groundweter
samples according to Figure 3, the components were
analysed (Middaugh et al., 1994a). The limit of detection
for PAHs in creosote was 400 ng/ml. Creosote hetero
cyclesin organic extracts were also detected with GG
FID, but with slightly different temperature conditions.
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The limit of detection for creosote heterocycles was
200 ng/ml (Middaugh et a., 1994a). Phenolic com-
pounds were detected by GC-FID/electron capture
detector (ECD). The limit of detection for creosote
phenolics was 50 ng/ml.

Turney & Goerlitz (1990) used a method similar to
that given in Figure 3. Water samples were first analysed
with HPLC. If organic compounds were present, they
were extracted at different pHs with dichloromethane
(DCM) into three separate fractions: the neutral aro-
matics, the phenolic compounds, and the nitrogen-
containing heterocycles. The three isolated fractions
were then analysed qualitatively and quantitatively using
GC-MS. Two different analyses on two different fused
silica columns, one polar and the other non-polar, were
reguired to resolve the complex mixtures. The GC-MS
was supplemented by GC with FID where appropriate.
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Quinolinone and isoquinolinone are difficult to extract
fromwater and decompose at the high temperature of
GC, so they were analysed by HPLC only (Turney &
Goerlitz, 1990; Bestari et al., 1998a,b).

Whereas some authors (e.g., Rostad et al., 1984;
Mueller et al., 1991a,b,c; Middaugh et al., 1994a,b; Sved
& Roberts, 1995) have analysed for all creosote compo-
nents, others (see below) have concentrated on particul ar
groups of compounds.

BTEX compounds were analysed with a hexane
liquidHiquid microextraction GC technique (Barbaro et
a., 1992). Aromatic hydrocarbons and derivatized
phenols were extracted from groundwater with pentane.
Compounds present at concentrations higher than
30 pg/litre were identified by GC-MS and quantified by
GC-FID. Detection limits were 0.01 mg/litre for aro-
matic hydrocarbons and 0.02-0.03 for the phenols
(Flyvbjerg et al., 1993, Dyreborg & Arvin, 1994).

Analysis of PAHs in aqueous samples was carried
out by extraction with DCM and GC-MSD (Priddle &
MacQuarrie, 1994). Other investigators used HPLC with
FL for analysis of PAHs (Schoor et al., 1991 Hattum et
a., 1998; Karrow et al., 1999).

NSO compounds (thiophene, benzothiophene,
benzofuran) were extracted with diethyl ether/pentane
and the organic phase analysed with GC-FID (Dyreborg
et a., 1996a; Licht et al., 1997). Johansen et al. (1996,
1997, 1998) used the classical liquid-iquid extraction
with DCM at pH 8 followed by GC-MS using scan mode
or selective ion monitoring (SIM), giving detection
limits for most heterocyclic aromatic compounds
containing nitrogen, sulfur, or oxygen of 0.05 pg/litre.
Other creosote compounds were extracted with diethyl
ether/pentane followed by GCFID. HPLC was used to
detect 2 hydroxyquinoline, 1-hydroxy -isoquinoline, and
4-methyl-2-hydroxyquinoline, giving detection limits of
10, 10, and 50 pg/litre, respectively (Johansen et al.,
1996, 1997, 1998).

2.3.4  Sediment samples

M ethods to extract coal tar and coal tar creosote
from sediments include aqueous caustic reflux and
sonification/blending. Many extraction procedures
requireinitial drying, such as air or oven drying,
lyophilization, or use of a chemical desiccant (Hale &
Aneiro, 1997). Other methods include mechanical
shaking with acetone followed by petroleum ether
(Hattum et al., 1998), DCM, and acetone/hexane; and
evaporation to dryness, the residue bei ng subsequently
dissolved in hexane (Hyotyldinen & Oikari, 1999a). The
methods for the extraction and fractionation of creosote
from soil and sediment are similar to those given in
Figure 3. However, Mueller et al. (1991b,c) used a
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slightly different fractionation, whereby the oxygen- and
sulfur -containing heterocycles are extracted in the
organic phase with PAHSs, leaving the nitrogen-
containing heterocycles in a fraction of their own.

2.3.5 Soil samples

Wet soil was extracted in acetone, then centrifuged
to remove solids. The supernatant was evaporated and
resuspended in DCM, dried with anhydrous sodium
sulfate, and then analysed by GC-FID. Phenols were
quantified colorimetrically using the 4-amino antipyrene
method after extraction in alkaline methanol solution.
Qil hydrocarbons were determined using infrared
spectroscopy after extraction with 1,2-trichlorotrifluoro
ethane (Ellis et al., 1991). Breedveld & Karlsen (2000)
likewise used GC-FID to determine the PAH content in
dried soil samples.

Soil samples were collected and analysed for PAHs
by US Environmental Protection Agency (EPA)
Methods 3550 and 8310 (HPLC with UV-FL) and for
total phenols using American Public Health Association
(APHA) method APHA 5530 C (Guerin, 1999.

Hydrocarbons (mainly PAHS) were extracted from
heavily contaminated soil using headspace solid-phase
microextraction, and analysis was dne by GCM S
(Eriksson et al., 2000, 2001).

2.3.6  Wood samples

Samples of creosoted wood were taken and dried at
room temperature and Soxhlet -extracted with DCM,
then washed with sulfuric acid and then sodium hydrox-
ide. After drying with sodium sulfate, the solvent was
changed to cyclohexane for GCG-MSD determination of
the PAHSs (Gurprasad et al., 1995).

Creosote oil content in wood and soil samples was
determined by extraction with a toluene/xylene mixture
or Soxhlet extraction using toluene. Compound identi -
fication was by GC-M SD, and quantitative analysis was
by GC-FID (Becker et a., 2001). Mostly PAHs and
nitrogen-containing heterocycles were found. The same
method was used by Bergqgvist & Holmroos (1994).

2.3.7 Biological materials

Freshwater isopods were blotted dry, homogenized
with anhydrous sodium sulfate, and extracted with n-
hexane with micro-Soxhlet. Analysis of PAHs was by
HPLC (Hattum et al., 1998).

Trout hepatic tissue was ground with anhydrous
sodium sulfate and extracted with DCM. Gel permeation
was used to remove the lipids and other hydrophobic co-
extractives. The second gel permeation chromatographic
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fraction containing PAHs of interest was cleaned up by
solidphase extraction (SPE) with Florisil. Analysis was
by GC-FID, with limits of detection of 2—7 ng/g lipid
(Whyte et a., 2000.

Wet sediment or minced tissues (fish) were digested
in boiling ethanol/potassium hydroxide. Following
sample digestion, hydrocarbons were partitioned into
cyclohexane by liquid-liquid extraction. The cydo-
hexane phase was concentrated and the PAH-containing
fraction isolated by chromatography on Florisil. Anal-
ysiswas by HPLC (Black et al., 1981).

Saponified snail tissue was extracted with isooctane/
dimethylsulfoxide (DM SO) and the resulting sample
analysed for PAHs and nitrogen, sulfur-, and oxygen-
containing heterocycles using GC-MS (Rostad &

Pereira, 1987).

Homogenized tissue was digested with lithium
hydroxide and extracted with diethyl ether. The ether
extracts were dried, concentrated, and fractionated on
glass columns with activated silicagel. The saturated
hydrocarbons were eluted with hexane; the aromatic
hydrocarbons were eluted with DCM/hexane. Analysis
was by GC-FID and GC-MS (DeLeon et al., 1988).
2.3.8 Biological monitoring

The urinary PAH metabolites 1-pyrenol (1-hydroxy-
pyrene) and 1-naphthol (1-hydroxynaphthalene) have
been used to attempt to monitor creosote PAH exposure
(Heikkil&, 2001). The use of a single marker to control
or monitor exposure to a mixture assumes that the
components of the mixture do not act additively and that
there are no toxicokinetic interactions between the
members of the mixture (Viau, 2002). Experimental
studies have shown that co-exposure to naphthal ene does
not alter the toxicokinetic profile of the urinary excretion
of 1-pyrenol in the rat exposed to pyrene (Bouchard et
a., 1998). In human volunteers, it was shown that
dermal exposure to pure pyrene or to creosote produced
the same toxicokinetic profile for the urinary excretion
of 1-pyrenol (Viau & Vyskocil, 1995).

In workers of a coke oven plant, there was an
excellent correlation between airborne pyrene and BaP;
further, 1-pyrenol was correlated with both airborne
pyrene and airborne PAHSs, suggesting that 1-pyrenol
could be used as a biomarker of exposure to carcino-
genic PAHs (Kuljukka et al., 1996) (see also section
5.3).

2.3.8.1 1-Pyrenol

1-Pyrenol, a metabolite of the PAH pyrene, has
been used as a biomarker of exposure to creosote
(Jongeneelen et al., 1985, 1988a; Van Rooij et a.,
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1993ay Viau et al., 1993; Elovaara et al., 1995;
Heikkila et al., 1995, 1997; Borak et al., 2002). The
method of determination consists of enzymatic
hydrolysis of conjugated 1-pyrenol in urine samples,
followed by SPE and reversed-phase HPLC with FL
(Jongeneelen et al., 1986).

2.3.8.2 1-Naphthol

Heikkila et al. (1995, 1997 monitored the urinary
concentration of 1-naphthol as its pentafluorobenzyl-
bromide derivative using HRGC with an ECD, a
modification of the method of Keimig & Morgan (1986).
Urinary 1-naphthol was hydrolysed with concentrated
hydrochloric acid at 100 °C (water bath) and extracted
with DCM. The limit of detection was 0.07 umol/litre,
corresponding to 5 umol/mol creatinine. Yang et al.
(1999) reported an improved method with a detection
limit of urinary naphthols up to 0.27 pg/litre using
enzyme hydrolysis of the samples with heating to 37°C
followed by extraction, derivatization, and HRGC-M S
SIM. Simultaneous determination of urinary metabolites
of phenanthrene, fluoranthene, pyrene, chrysene, and
BaP from coke workers has been described (Grimmer et
al., 1997).

3. SOURCES OF HUMAN AND
ENVIRONMENTAL EXPOSURE

31 Natural sources

There are no nat ural sources of coal tar creosote.

3.2 Anthropogenic sources

3.2.1 Processes and production levels

3.2.1.1 Processes

Creosote is generally obtained through the fractional
distillation of coal tars, which in turn are by-products of
the destructive distillation (“ carbonization” or “coking”)
of coal to coke or town gas (IARC, 1985) (see Figure 1).
During the distillation of coal tar, the first fractions are
low-molecular-weight oils, and the final product is coal
tar pitch. Creosote is obtained at a temperature interme-
diate between the temperatures at which the first and
final products are obtained. The distillation range of
creosote is from about 200 °C to about 400 °C (RPA,
2000). Some specifications for creosote are given in
Table 2. Recent regulations in different countries may
impact the composition of creosote used (see section 2).
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3.2.1.2 Production levels

Creosote production in the USA fallsinto two
categories: distillate (100%) creosote and aeosote in
coal tar solution. Distillate production in 1992 was
240 000 tonnes; production of creosote in coal tar
solution was 110 000 tonnes (US International Trade
Commission, 1994).

It is difficult to give an accurate overview of
production levels, as the industry has changed signi-
ficantly in the last decade due to economic and environ-
mental restrictions. In former times, in the USA, there
were 24 creosote-producing plants (Todd & Timbie,
1983 and over 600 wood-preserving plantsthat used
454 000 tonnes of creosote annually (Fowler et al.,
1994). Other more recent reports give other figures. In
1997, there were 445 wood-preserving plantsin total,
70 of which treated wood with creosae. These plants
treated 2 758 000 m® of wood and consumed
223290 000 litres of creosote and creosote solutions.
Assuming creosote has an average density of
1.03 kg/litre, this would be equivalent to approximately
230 000 tonnes of creosote (Micklewright, 1998).

In the EU (nine plants), the creosote production
volumes were about 64 000 tonnes in 1998, about
66 000 tonnes in 1999, and some 70 000 tonnes in 2000
(personal communication to IPCS, 2003). RPA (2000)
estimates a production volume of 100 000 tonnes or
more in the EU based on 10 plants.

UK DOE (1988) has estimated that 40 000 tonnes of
creosote are manufactured each year in the United King
dom; approximately 25% is exported, 25% is used by
industry, and 50% is used for immersion treatment and
retail domestic use. RPA (2000) estimates that approxi -
mately 20 000 tonnes of creosote are used in the United
Kingdom each year.

Although details of creosote production levelsin
other countries was not available, it should be mentioned
that coal tar creosote is produced in countries where
carbonization or coking takes place.

3.2.2 Uses

3.2.2.1 Wood uses

Coal tar creosote is awood preservative and water
proofing agent and has been used for (RPA, 2000):

— marine works in seawater and tidal waters,
including piling, dock fendering, sea defence work,
and lock gates (here, timbers are likely to become
wet and remain wet);

— workson land and in fresh water, including piling
and lock gates and river defence;
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— railway crossing timbers and sleepers (railroad ties);
—  bridge and pier decking;

— poles and log homes;

— domestic and other fencing; and

— equipment for children’ s playgrounds.

In Canada, there are five creosote pressure-treating
facilities operating in Canada, as well as small facilities
using dip tanks and vapour chambers. These facilities
collectively use 21 x 10° kg (21 000 tonnes) of creosote
per year. Preservation of railway ties uses 54% of the
creosote, marine pilings use 37%, and bridge deckings,
timers, and utility poles use the remaining 9% (CEPA,
1993.

The magjority of creosote used in the EU is for the
pressure impregnation of wood. The West European
wood preservation industry is reported to supply about
710 000 nt of creosote-treated wood per year, which is
about 11% of treated wood (RPA, 2000). A previous
estimate was 1 million cubic metres of creosotetreated
wood used in Europe in 1990 (BKH, 1995). The value
of 710 000 m® would account for the majority
(90 000 tonnes per annum) of creosote use in the EU,
with an average of 120 kg/m3 wood (RPA, 2000).

Other preservation application modes include
dipping, deluging, and spraying. Following treatment,
the timber is dried by allowing the solvent to evaporate
fromthe treated timber in the open air.

The extended life expectancy of creosoted com-
pared with untreated wood reflects the retention capacity
of creosote in the wood; for example, as much as 75% of
creosote applied to marine pilings will remain in the
wood after 40 years of service. The life expectancy for
untreated wood is less than 10 years (Bestari et al.,
1998b)

Until recently, the use of creosote by the general
public in Europe was almost exclusively limited to the
United Kingdom and Ireland. It is reported that approx-
imately half of the creosote used in the United Kingdom
—i.e, at least 10 000 tonnes per annum— was for use
by the general public (brushing) (RPA, 2000). BS 144
Type 3, containing less than 50 mg BaP/kg, is the most
commonly used creosote formulation for brushing
applications. Due to concerns about the carcinogenic
potential of creosote, the EU passed an amendment (EU,
2001) to the “Marketing and Use” Directive (EU, 1976),
which required that all amateur uses of creosote be
prohibited by 30 June 2003 (HSE, 2003). In the EU, the
use or sale of creosote or newly treated wood containing
BaP at levels above 50 mg/kg to private consumersis no
longer permitted. Creosoted wood may be used only for
professonal and industrial applications. It may not be
used inside buildings, in contact with foodstuff, for
containers for growing purposes, at playgrounds, or at
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other sites at risk of skin contact (EC, 1999). In the
Netherlands, sale and use of creosote contaning more
than 50 mg BaP/kg and treated products are totally
banned (EC, 2001). In the USA and many other
countries, the sale and use of coal tar creosote are now
restricted to certified applicaors or to persons under
their direct supervision (US EPA, 1984a; ATSDR,
2002).

3.2.2.2 Non-wood uses

Coal tar creosote prevents animal and vegetable
growth on concrete marine pilings and is a component of
roofing pitch, fuel oil, and lamp black and a lubricant for
die moulds (HSDB, 1999). Other uses reported include
animal and bird repellent, insecticide, animal dip, and
fungicide.

About 2% of the creosote produced annually was
used for non-wood purposes — for example, blended
with petroleum distillates as a herbicide, insecticide, and
disinfectant. Many of these uses have now been prohib-
ited. In the USA, for example, interior application is
prohibited (US EPA, 1984a).

3.2.3 Release into the environment

There are alarge number of creosote treatment
facilities in the USA. Benndt et al. (1985) reported more
than 4000, Mueller et al. (1989) reported over 700, and
Fowler et al. (1994) reported 600 wood-preserving
plants using almost half a million tonnes of creosote
eachyear. Micklewright (1998) reported that there were
70 wood-preserving plantsin the USA that treated wood
with creosote. During pressure impregnation of wood
products, excess free product may be released from the
treated materials. Leaching of spilled wastes from these
application sites has been common (e.g., Black, 1982;
Borthwick & Patrick, 1982; Goerlitz et al., 1985; Malins
et al., 1985; Merrill & Wade, 1985; Elder & Dredler,
1988; Mueller et al., 1989; Pollard et al., 1994; Pereira et
al., 1987). Large companies either treat aqueous wastes
in their own biological treatment plants or discharge
these wastes into municipal systems that receive
biological treatment.

Seventy-seven large handlers of coal tar creosote in
the USA report that 97% (500 000 kg) of the creosote
released to the environment from their facilitiesis
emitted through air (TRI97, 2000).
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4. ENVIRONMENTAL TRANSPORT,
DISTRIBUTION, AND TRANSFORMATION

The behaviour of creosote in the environment
depends upon the physical and chemical properties of its
components. Most of the information available refers to
creosote PAHs, but there are some data on the hetero
cyclic and phenolic components.

41 Transport and distribution between
media

After input to the environment, creosote is
“weathered,” a multifactor process involving evapor-
ation, dissolution, adsorption to particul ate matter, and
photo-oxidation. These processes affect the various
constituents to different degrees, depending on their
physicochemical properties(and possible mutual
interactions). The extent of reactions is influenced by
weather conditions and other environmental factors.

Characteristic of creosote-impregnated wood
productsis “bleeding” or exudation of creosote. The
exudate may evaporate, reman liquid, or harden into a
semisolid state on the surface of the treated wood.
Bleeding continues for many years and is enhanced on
hot and sunny days (see ITC, 1990.

4.1.1 Air

Creosote constituents occur in the atmosphere in the
gaseous and the particulate phases. The distribution
between the two phases depends strongly on the vapour
pressures of the different creosote constituents.
According to Eisenreich et al. (1981), compounds with
vaoour pressures of [110° kPa should exist predomi-
nantly in the vapour phase, and those having vapour
pressures of £10° % kPa should exist predominantly in the
particul ate phase, although, in reality, most high -
molecular-weight organics lie between these extremes.

Vapour pressures of individual components detected
in creosote range from, for example, 12 700 Pa for
benzeneto 2.0 x 10"° Pa for dibenzo[ah]anthracene
(see Table 5). Generally, lowmolecular-weight PAHs
(e.g., naphthalene, anthracene, and phenanthrene) are
mainly in the gas phase, and high -molecular-weight
PAHSs are mainly bound to particles. Phenolic com-
pounds, including cresols, as well as the heterocyclic
fraction tend to be in the vapour state (see section 2).
However, it is not clear how the specific composition of
creosote may modify the distribution behaviour of the
individual components.

PAHSs can be transported over long distances
without significant degradation (IPCS, 1998), but this
is not the case for phenolic compounds, due to rapid
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photochemical attack and rain scavenging (IPCS, 1995).
There is no comprehensive evaluation of the atmos-
pheric transport of heterocyclic compounds.

The volatilization of five PAHs (acenaphthene,
fluorene, phenanthrene, anthracene, fluoranthene) from
creosote-treated wood has been determined using
chambers in the laboratory. The total exposed surface
area of wood (yellow pine, Pinus strobus) was 0.118 n?
and was painted with approximately 120 ml of creosote
(density: 0.9 g/ml). Rates of desorption followed first-
order kinetics and were higher at 30 °C than at 4 °C.
Mean sum PAH fluxes varied from 2.6 (£1.5) mg/m2
treated wood per day at 4 °C to 29.5 (+6.1) mg/m?
treated wood per day at 30 °C. Desorptionhalf-lives
ranged from 0.7 to 31 years at 4 °C and from 0.3 to
lyear at 30 °C for fluoranthene and acenaphthene,
respectively (Gevao & Jones, 1998). Emissions of
creosote compounds from treated wooden ties used in
the Swiss railway network were calculated to be
1710tonnes per year, corresponding to an emission
factor of 208 mg/m2 per day. Emission factors for vola
tile PAHs and phenolic compounds were calculated to be
20.3 and 0.58 mg/m2 per day, respectively (Kohler et d.,
2000).

4.1.2  Water and associated sediments

4.1.2.1 Volatilization from water

The transport of creosote compounds from the water
surface depends on their volatilization rate and is not
considered to be a dominant process for PAHs and
cresols, as can be derived from their physicochemical
properties (see section 2; e.g., Henry’s law constants:
naphthalene: 49 Pam¥mol; dibenzo[a,i ]pyrene:

0.000 449 Pa-m’/mol; cresols; 0.08-0.13 Pa:m*mol).
Heterocycles are even less volatile than PAHs (see
section 2; e.g., vapour pressure of naphthalene/quino
line: 10.4/1.2 Pa, 25 °C).

In a 56-day laboratory microcosm study, the
average volatilization of phenanthrene (at 10 °C and
20 °C) was found to be less than 2% (while binding to
solids was up to 59%). The microcosms consisted of
flasks each containing creosote- and pentachlorophenol
(PCP)-contaminated aquifer material (13 g, sampled in
the USA) and artificial simulated groundwater (12 ml)
and were spiked with **C-labelled phenanthrene
(Mohammed et al., 1998).

4.1.2.2 Distribution within aquatic systems
1) Principal factors

Principal factors that control the partitioning of
creosote (components) between surface water sheen,
water column, suspended particles, bottom sediment,
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and sediment pore water include aqueous solubility,
affinity to organic phases, and sorptive capacity.

The solubility in pure water for the most common
PAH components of creosote ranges from 0.5 pg/litre
for dibenzo[a,h]anthracene to 31 mg/litre for naph-
thalene (see Table 5). Phenolic compounds are highly
soluble and mobile (e.g., phenol: 67-93 g/litre; p-cresol:
21-24 g/litre). Heterocyclic compounds are more water
soluble than PAHs with similar molecular weights; for
example, quinoline, the heterocyclic anal ogue of
naphthalene, has a solubility of 6300—-60 000 mg/litre
(see section 2). Accordingly, a fractionation process
starts when creosote comes into contact with water. For
example, the fraction of PAHs decreased from about
85% in the original creosote to about 17% in the aqueous
phase, whereas the fraction of phenols increased from
about 10% to 45% and the heterocyclic (NSO) fraction
from about 5% to 38% (Arvin & Flyvbjerg, 1992.

In natural waters, however, a concentration-
dependent exchange equilibrium exists between
adsorbed and soluble states, and a number of organic
compounds (in natural water and wastewaters) can
increase the solubility of some PAHs (NRCC, 1983;
Swartz et a., 1989). For example, BaP and chrysene
have often been found near creosote sites at higher
maximum concentrations than expected from their
common solubilities (Kiilerich & Arvin, 1996).

The log K, of the individual components of creo-
sote varies between 0.75 for pyrrole and 6.5 for BaP (see
Table 5). In general, PAHs show a high affinity for
organic phases. In connection with a case of creosote
groundwater contamination, the partitioning of PAHs
and nitrogen heterocycles (n = 31) between a two-phase
fluid system (an upper agueous phase and alower oily
tar phase), which developed in the aquifer, has been
studied. For most compounds, a good correlation was
found between their log Kw and their respective log Kow
values (Rostad et al., 1985.

Relatively high Ko values indicate a strong
adsorptive capacity of many creosote PAHs (1PCS,
1998 see also section 2) and some cresols (IPCS, 1995;
see also section 2).

Generally, the high-molecular-weight aromatic
organic compounds (more than three rings), with
relatively low solubilities and high adsorptive capacities,
dominate the sediments, whereas the low-molecular -
weight aromatic organic compounds (fewer than three
aromatic rings) partition selectively into the aqueous
phase (Padma et al., 1999; see also section 5). In cases
of severe contamination, PAHs can also exist in a non-
agueous-phase liquid (oil phase), which complicates the
distribution equilibria (Black, 1982; Priddle & Mac
Quarrie, 1994; Hughes et al., 1997).
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The more water -soluble fraction, including the
naphthal enes, acenaphthene, fluorene, and heterocyclic
and phenolic compounds, can (be dissolved and) be
transported rapidly in groundwater and surface water. In
afield experiment, some components of creosote were
monitored after creosote was intenticnally placed into an
aquifer, thereby creating a limited plume of contam-
inated groundwater. From samples collected after 278
and 471 days, it was evident that some nitrogen
containing heterocycles (i.e., quinoline and indole) were
travelling faster than naphthalene (consistent with their
higher aqueous solubilities). Another heterocycle,
carbazole (which has an aqueous solubility less than that
of naphthalene), was moving at a rate closer to that of
naphthal ene than to that of quinoline. The higher-
mol ecular-weight PAHSs (e.g., phenanthrene, anthracene,
chrysene) moved very slowly, if at all, from the creosote
source (Fowler et al., 1994).

Consistently, creosote contaminated sediments are
typically found to be enriched with the hydrophobic
creosote aromatic organic compounds, when compared
with the original creosote (Black, 1982 ; Bieri et dl.,
1986 Krone et al., 1986; Padma et al., 1998 1999;
Hydtyldinen & Oikari, 19998). Many creosote aromatic
organic compounds adsorbed to sediments can persist
for decades (e.g., Black, 1982; Bieri et al., 1986; Catallo
& Gambrell, 1987 ; Hydtyldinen & Oikari, 19993).

Natural and anthropogenic activities, such as tides,
storms, bioturbation, shipping, and dredging, may
sometimes cause dissolution of sediment-associated
creosote compounds and resuspension into the water
column, resulting in along-term, low-level exposure of
biota to these components. In contrast, the hydrophilic
compounds are likely to influence the biota immediately
after introduction into the aquatic environment (e.g.,
Padma et al., 1999).

In some studies, however, it was observed that
sedimentation isolated creosote-contaminated layers
from the water, thereby slowing and eventually halting
the dissipation of the more water -soluble PAHs (CEPA,
1993. Huntley et al. (1993) reported, for the Arthur Kill
and other rivers in the USA, sedimentation rates of 0.6—
8.9 cm/year. Within sediments, the interstitial water is
enriched with the low-molecular-weight PAHs (NRCC,
1983 Padma et al., 1999.

The in situ distribution of PAHs between dissolved
and colloidal (mainly composed of clay, iron oxides,
iron sulfides, and quartz particles) phases has been
investigated in creosote contaminated aquifers
(Villholth, 1999). For benzo(b+j+k)fluoranthene,
benzo[e]pyrene, BaP, and benz[a]anthracene, the mass
associated with the coarse (>100 nm) colloidal fraction
constituted 34.7, 12.3, 10.7, and 5.4% of their total
masses, respectively. The extent of partitioning was
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related to the hydrophobicity of the PAHs. Because
colloids are mobile, such an association playsarolein
cotransport of PAHs.

2) Source-related data

Creosote reaches surface waters from creosoted
wooden constructions in direct contact with water
(pilings, bank protection, boats, etc.), from creosote-
contaminated sites via effluents or groundwater, or from
accidental spills. Each of these situations has its specific
complex distribution dynamics. Some findings relating
to wooden creosoted constructions and to the so-called
waste creosote are discussed separately in the following

paragraphs.

WOODEN CREOSOTED CONSTRUCTIONS:

Variable losses of creosote (unspecified) have been
reported from treated pilings during several years of
immersion in estuarine/marine waters (Hochman, 1967,
Miller, 1977).

The migration of 15 creosote PAHs (naphthalene, 2-
methylnaphthalene, 1-methylnaphthal ene, biphenyl,
acenaphthylene, acenaphthene, dibenzofuran, fluorene,
phenanthrene, anthracene, carbazole, fluoranthene,
pyrene, 1,2-benzanthracene, chrysene) from treated
wood pilings into fresh water and seawater has been
investigated in the laboratory (Ingram et al., 1982. All
of the PAHs present in the wood migrated into water,
with higher concentrations in fresh water than in
seawater. The six major compounds (70—80% of total
compounds that migrated) were naphthalene, phenan-
threne, acenaphthene, dibenzofuran, fluorene, and 2-
methylnaphthalene. The rate of migration increased with
increasing temperature (2040 °C); it was lower for
12-year-old aged pilings than for freshly treated pilings.
The annual loss of total PAHs from a piling (total sur
face area of 15000 cm?, unaged wood in seawat er at
30 °C) has been estimated to be about 774147 g (Ingram
et al., 1982). Another laboratory leaching test using a
recently developed method (derived from the standard
DEV $4 test, DIN 38414; duration: 120 h; DIN, 1984)
showed that PAHs and heterocyclic compounds are
leachable from creosote-treated wood (creosote: no
complete specification; wood: Austrian pine, Pinus
nigra) into deionized water, into an aqueous buffer
solution (pH 4.7), and into an aqueous solution of humic
substances. Maximum leaching occurred during the first
24 or 48 h. The leached amounts of nitrogen hetero cy-
cles (quinoline, isoquinoline, indole, 2 methylquinoline)
were at least 1 order of magnitude higher than those of
the PAHSs (naphthal ene, acenaphthene, fluorene, phenan-
threne, fluoranthene, pyrene) and of dibenzofuran. The
nitrogen-containing heterocycles leached faster than
PAHs and dibenzofuran (Becker et al., 2001).
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A leaching rate of 273 mg/piling per day for total
PAHSs has been estimated for pilings (total surface area:
5455 cnt) in fresh water (Bestari et al., 19985). Inthis
study, the distribution of 15 PAHSs (arranged in order of
increasing molecular weight: naphthaene, acenaphthene,
fluorene, phenanthrene, anthracene, fluoranthene,
pyrene, benzja]anthracene, chrysene, benzo[b]fluoran-
thene, benzolk]fluoranthene, BaP, benzo[ g,h,i]perylene,
indenol[1,2,3-cd] pyrene, dibenz[a,h]anthracene) in
water, sediment, and PV C strips has been assessed in
outdoor freshwater microcosms containing 0.5, 2, 3, 4,
or 6 creosoteimpregnated pilings. Conditions were
parallel to those of another experiment (Bestari et a.,
19984) running with liquid creosote applications and
described below. The concentrations of total PAHS
(dissolved and suspended) increased rapidly in water up
to 7 days post-exposure, yielding a clear dosedependent
concentration gradient ranging from 7.3 pg/litre
(0.5pilings) to 97.2 pg/litre (6 pilings). Thereafter, they
decreased gradually to approximately background levels
(two control microcosms containing untreated pilings)
by day 84 (similarly to the parallel experiment with
liquid creosote). The loss from water was not accom-
panied by an increase of PAHs in sediments, although an
increase in PV C-bound PAHs was observed. At no time
were the three PAHs with the highest molecular weights
(see above) detected in the water samples (maybe due to
retention in the pilings); chrysene and BaP disappeared
from the water column after 7 days (maybe due to
adsorption to lipophilic structures); anthracene was lost
between 42 and 84 days (maybe due to photolytic and
microbial degradation). The relative composition of the
other PAHs did not change significantly in water over
the course of the study. The average disappearance half-
time of sum PAHs from water was calculated as
48.5 days (range: 42.8-60.7 days). Thiswas close to the
value of 38.7 days (range: 21.7-69.3 days) found in the
parallel study.

WASTE CREOSOTE :

Contamination of groundwater and surface waters
by waste creosote (e.g., due to seepage from unlined
containment ponds or spillage over retaining wallsin
creosote facilities; see also section 3) has occurred at
several sites (see section 5). At some locations, it was
observed by means of exploratory wells that the
contaminated plume moved vertically through surface
soils and then down-gradient in the direction of net
groundwater flow (Ehrlich et al., 1982, Bedient et al.,
1984 Goerlitz et al., 1985; Ball, 1987 Baedecker et al.,
1988. PAHs and other organic compounds have been
transported in this way to groundwater, which flows, for
example, towards nearby estuarine/coastal waters
(Goerlitz et al., 1985 or rivers (Hickok et al., 1982;
Raven & Beck, 1992). Direct horizontal transport from
creosote- contaminated sites into (and within) surface
water systems has also been documented (Black, 1982 ;
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Elder & Dresler, 1988. Obvious pools of oily materials
were sometimes visible in water or sediments (Black,
1982 Huggett et a., 1987; McKee et al., 1990).

A controll ed field experiment has been performed in
Canada to observe the migration and natural fate of a
creosote plume in groundwater. For this purpose, a
modified creosote mixture (density: 1.03 g/ml; raw
creosote, 69.5 kg, from Carbochem, Canada, amended
with cabazole, 0.45 kg, p-cresol, 0.5 kg, phenol, 1.0 kg,
m-xylene, 3.0 kg) in sand (about 5800 kg) was emplaced
beyond the groundwater table. The devel oping dissolved
organic plume was studied over a 4year period by
monitoring seven representative compounds (phenol,
m-xylene, naphthalene, 1-methylnaphthal ene, phenan -
threne, dibenzofuran, carbazole). In total, more than
7800 samples were analysed. Mass balance calculations
indicated that ongoing transformation occurred. Phenol
migrated as a discrete slug plume and almost completely
disappeared after 2 years. Them-xylene migrated out-
ward to a maximum distance at approximately 2 years
and then receded back to the source; carbazole showed
similar behaviour; the dibenzofuran plume remained
relatively constant in extent and mass over the last
2years of monitoring. The naphthalene and 1-methyl-
naphthal ene plumes continued to increase in extent and
mass over the observation period. The behaviour of
phenanthrene was less conclusive and difficult to
determine due to itshigh adsorptive capacity. There
were several indications (measurement of redox-
sensitive parameters in the vicinity of the plume,
accumulation of aromatic acids within the plume,
measurement of phospholipid acids) that the observed
plume mass |loss was dueto microbial biodegradation.
From their overall results, the authors concluded that the
depletion behaviour of creosote is highly site-specific.
They suggested that time frames required for creosote
disappearance may range from years to decades for the
higher-solubility compounds (e.g., phenolics and mono-
cyclic aromatics) and from decades to centuries for the
lower -solubility compounds (e.g., PAHs and hetero-
cyclic aromatics) (King & Barker, 1999; King et al.,
1999.

The distribution of 15 priority PAHs (the same
PAHSs as used in Bestari et al., 1998b;see above) in
water, sediment, and absorbed to PV C strips was
assessed over 84 days following direct application of
liquid creosote (for composition, see Table 4) to aquatic
outdoor microcosms. The nominal creosote concentra-
tions of the treated microcosms (n= 14; natural riverine
sediments, water from ponds, biotic community dueto
natural colonization and transfer) ranged from 0.06 to
109 mg/litre; two microcosms served as controls. Con-
centrations of total PAHs in water decreased exponen-
tially with time— for example, from 7.3 pg/litre (post -
treatment day 2) to 0.8 pg/litre (post-treatment day 84)
in thelowest treatment and from 5803 pg/litre (day 2) to
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13.9 ugl/litre (day 84) in the highest treatment. There was
also achange in relative proportions of the 15 PAHs
monitored: both low and high-molecul ar-weight PAHs
were lost first from the water column, followed by PAHs
of intermediate molecular weight (4-5 aromatic rings).
In sediments, a dosedependent increase in sum PAHs
was observed above the 0.59 mg creosote/litre treatment,
followed by a decline thereafter in all but the highest
treatment. At this concentration (109 mg creosote/litre),
total sediment PAHs remained relatively constant

(68 ug/g) over the 12-week period; within the individual
PAHSs, there was a declining trend in sediment concen-
trations of lowmolecular-weight PAHs, whereas the
concentrations of intermediate- and high -molecular-
weight PAHSs continued to increase. The relative com-
position of PAHs on the PV C lining was dominated by
low-molecular-weight PAHs (Bestari et al., 19989.

4.1.3 Saoil

The same principal physicochemical properties as
discussed in section 4.1.2 for the aquatic environment
regulate the mobility of creosote (components) in soil,
resulting in partitioning between soil organic matter,
solid surfaces, soil water, residual oily phases, and
gaseous phases.

4.1.3.1 Volatilization from soil

Loss of creosote components from soil by volatili-
zation may be significant only for some low-molecular-
weight compounds (with relatively high vapour
pressures; see section 2) and for highly contaminated
soils. Quantitative data obtained with creosote
contaminated soil as the source were not available.

4.1.3.2 Transport within soil

Depending on soil type, hydrogeol ogy, amount of
creosote released, etc., transport processes such as
advection (movement with the bulk fluid), dispersion,
adsorption, or decay contribute to a different degree to
the movement of creosote in soil. Creosote components
often persist for long times near their sources; on the
other hand, some migration to groundwater and surface
water has occurred. Some data have been summarized
for wood products in service and for creosote waste
sites, as follows.

1) Wooden creosoted constructions

Creosote components are slowly released from
treated wood products (poles, railroad ties, etc) by oil
exudation, rainwater (or irrigation) leaching, and
volatilization of the lighter fractions (Petrowitz &
Becker, 1964, 1965; Bosshard, 1965; Henningsson,
1983 Nurmi, 1990; Behr & Baecker, 1994; Gurprasad et
al., 1995; Gevao & Jones, 1998). Accordingly, soil
samples around and under impregnated poles showed

high contents of creosote (see section 5) after 10 years
(up to 90 g/kg dry weight; Nurmi, 1990) or 40 years (up
to 1.5 g/kg dry weight) (Berggvist & Holmroos, 1994 of
service. Similarly, PAHs have entered surrounding soil,
ditches, and groundwater in a storage and use area of old
railway ties; migration of PAHs in soil appeared to be
slow (Sandell & Tuominen, 1996 ).

In aterrestrial microcosm study with wooden (pine)
posts impregnated with creosote spiked with *C-labelled
phenanthrene and acenaphthene, the mass balance of the
radioactive material within compartments was investi-
gaed 2.5 months after introduction of the postsin the
experimental ecosystem; the major part of |abelled
phenanthrene/acenaphthene remained in the posts
(95%/93.5%), and a small portion distributed to soil
(2.7%14.3%), air (1.4%/1%), and biota (0.9%/1.2%). The
highest concentrations were found in areas immediately
surrounding the posts. No radioactivity was detected
below the first 10-cm soil layer or in leachate or ground
water (Gile et al., 1982).

2) Waste creosote sites

Waste creosote in soil can occur as lighter- and
heavier-than-water fractions, or even as a free liquid
pool. The light fraction (moving with fluctuating water
levels) contains mainly the water -soluble components.
The heavy fraction tends to travel downwards to
impervious soil layers (which it can flow along), in this
way sometimes reaching groundwater and surface waters
(CEPA, 1993; see also section 4.1.2). Near old wood -
preserving facilities, creosote residues have been found
to persist in soil for many years (e.g., Sundstrém et al.,
1986, Borazjani et al., 1990; Acharya & Ives, 1994; see
also section 5). At deeper soil layers (about 0.5-1.5 m),
the composition of residues was sometimes similar to
that of the original creosote product, whereas in the
surface layer (020 cm), many lowmolecular-weight
compounds were missing (KEMI, 1995). At greater
depths (4-5 m), mainly two- and three-ring PAHs could
be observed (Breedveld & Karlsen, 2000.

In alaboratory model experiment (simulating a
creosote spill), the leaching of six aromatic compounds
from a saturated sand column contaminated artificially
with creosote (116 g mixed with 2.56 kg sand) was
studied over 36 days. The compounds studied (benzene,
toluene, o-xylene, phenol, o-cresol, and naphthal ene)
accounted for 21.8% (w/w) of the creosote (no fuither
specification). Phenol and o-cresol were totally |eached
from the contaminated sand within the first 5 days,
followed by benzene within 10 days and toluene after
36 days. Naphthaleneand o-xylene were not totally
leached when the experiment ended. Some loss by
evaporation was indi cated by atypical creosote smell
before the experiment started (Dyreborg & Arvin, 1994).
Another soil column leaching test with soil (heterogenic



Coal tar creosote

composition) from a creosote contaminated area showed
that about 9% of the creosote (no specification) could be
leached out (Ellis et al., 1991). Broholm and co-workers
studied the transport of 25 organic compounds typical of
creosote (monocyclic aromatic hydr ocarbons [MAHS],
PAHSs, heterocyclic aromatic compounds [HACs],
phenolic compounds) in alarge (0.5 min height, 0.5 m
in diameter) macroporous clayey till column (139 days,
biodegradation prevented by sodium azide). Results
showed that the transport of low - mol ecul ar-weight
compounds was not retarded relative to bromide,
whereas the transport of the high-molecular-weight
organic compounds was retarded significantly. The
following order (with increasing retardation) was
observed: benzene, pyrrole, toluene o-xylene, p-xylene,
ethylbenzene, phenol, benzothiophene, benzofuran <
naphthalene < 1-methylpyrrole < 1 -methylnaphthalene,
indole, o-cresol, quinoline < 3,5 dimethylphenol, 2,4-
dimethylphenol < acridine < carbazole < 2-methyl-
quinoline < fluorene < dibenzofuran < phenanthrene,
dibenzothiophene. This order was unexpected based on
the octanol/water partition coefficients of the organic
compounds (Broholm et al., 1999g). Transport through a
column of fractured clayey till resulted in a comparable
order of retardation (Broholm et al., 1999b). A fast
downward migration of selected compounds (naphthal-
ene, 1-methylnaphthal ene, toluene, phenol, dimethyk
phenols, o-cresol, benzothiophene, quinoline) —
coupled with some attenuation, probably due to bio-
degradation — was also observed in a clayey till field
experiment (Broholm et al., 2000).

4.1.4 Biota

Individual creosote components are bioavailable to
widely varying degrees, as seen for PAHs (e.g., Hattum
et al., 1998; IPCS, 1998), heterocyclic compounds (e.g.,
Southworth et al., 1978 1980; Eastmond et al., 1984),
and phenolic compounds (e.g., IPCS, 1995).

Most data in connection with creosote exposure
refer to PAHs.

A limited uptake of PAHs in plants (ryegrass,
Lolium perenne L.) has been observed in aterrestrial
microcosm study with creosote-treated wood as initial
creosote source. After 2.5 months, 0.1% of the applied
14C-1abelled phenanthrene and 0.04% of the acenaph-
thene were detected in planttissue (Gile et al., 1982).

M easurements of the possible adsorption of PAHs
to or deposition of PAHS onto roots or leaves of plants
near creosote sources are not available. However, in
general, PAHs are significantly subj ected to both wet
and dry deposition onto plant surfaces, with little trans-
port to inner plant tissues possible (e.g., Kipopoulou et
al., 1999; Howsam et al., 2000, 2001). Adsorption of
PAHSs to roots of terrestrial plants occurs, but
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translocation to shoots seems to be limited (e.g., Binet et
a., 2000). Terrestrial soil PAHs are probably less
available to terrestrial root systems than are aquatic
sediment PAHSs to aquatic rooted plants (e.g., McGlynn
& Livingston, 1997).

Animals (earthworms: Lumbricus spp., pill bugs:
Armadillarium and Porcellia spp., mealworm larvae:
Tenebrio molitor, gray crickets: Acheta domesticus,
garden snails: Helix pomata, and a vole: Microtus
canicaudus) kept in the terrestrial microcosm mentioned
above were found to have taken up 0.8% and 1.2% of
the labelled phenanthrene and acenaphthene, respec-
tively, applied to wood. Soil-dwelling and litter -feeding
species (pill bugs and earthworms) showed higher
concentrations than crickets or snails residing above
ground and feeding on vegetation. The vole had high
concentrations of **C in the gastrointestinal tract, but
also in the brain, suggesting some systemic intake (Gile
et al., 1982; see also section 4.3.2).

Field observations also indicated uptake of creosote-
derived PAHs by aquatic organisms. Elevated levels (see
section 5.1.6) have been detected, for example, in
molluscs and crustaceans taken from creosotetreated
pilings (Shimkin et al., 1951; Dunn & Stich, 1976) and
in (mostly sediment-associated) invertebrates and fish
captured from creosote contaminated areasin fresh
waters (Black et al., 1981; DelLeon et a., 1988; Pastorok
et al., 1994) and marine environments (Zitko, 1975;
Malins et al., 1985; Rostad & Pereira, 1987; Elder &
Dresler, 1988.

Relocation experiments with oysters and clams and
laboratory studies with fish confirmed the uptake (and
accumulation) of PAHSs following creosote exposure (see
section 4.3.1). An increase in PAH bile metabolites has
been detected in fish (rainbow trout, Oncorhynchus
mykiss) from a 28-day creosote microcosm study,
indicating some uptake (and metabolism) (Karrow et al.,
1999. Extracts of oysters (Crassostrea virginica)
exposed to the water - soluble fraction of creosote-
contaminated sediment and the correspond ing sediment
extracts showed similar profiles of organic compounds
(Hale & Aneiro, 1997).

A transfer primarily of the lipophilic creosote
constituents (or their metabolites) to the human food
supply is possible and has been documented in some
cases (e.g., for shellfish and fish; see sections 5.1.4 and
5.1.6). Some transfer to livestock is also likely via con-
tact of farm animals with creosotetreated farm buildings
or fences or when creosote is used as a general disinfec
tant (Oehme & Barrett, 1986); however, measurements
of tissue burdens of animals affected (see section 9)
were not available.
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4.2 Transformation

4.2.1 Biodegradation/biotransformation

Compared with the many studies with individual
components of creosote, relatively little is known of the
biotransformation and biodegradation of creosote con-
stituents when they are present in the creosote mixture.

4.2.1.1 Microbial organisms

Creosote is not easily degraded by microorganisms
(see Tables 7 and 8), consistent with its use as a wood
preservative (see section 3) and with field monitoring
results (see section 5).

Increased concentrations of methane found in some
creosote-contaminated aquifers suggested that some
anaerobic degradation was occurring (e.g., Ehrlich et al.,
1982 Goerlitz et al., 1985). Products of aerobic degrada-
tion have also been identified at some creosote-
contaminated sites (e.g., Pereira et al., 1988, Johansen et
al., 1998).

The extent of microbial degradation of creosote is
difficult to determine because of the large number of
chemicals present in the aiginal or environmentally
fractionated mixtures and the large variability in
concentration ratios.

The individual creosote constituents together cover
awide range of microbial degradability or recalcitrance.
For details, see reviews or other publications on MAHs
(e.g., Barker et a., 1987; Barbaro et a., 1992; Rippen,
1999, PAHSs (e.g., Cerniglia & Heitkamp, 1989;
Cerniglia, 1992; Mueller et a., 1996; IPCS, 1998;
Juhasz & Naidu, 2000 Kanaly & Harayama, 2000),
HACs (e.g., Grbic-Galic, 1989; Kuhn & Suflita, 1989;
Dyreborg et al., 19963 Licht et al., 1996; Bianchi et al.,
1997; Bressler et a., 1998, Fetzner, 1998), or phenolic
compounds (e.g., Arvin et al., 1991; Nielsen &
Christensen, 1994 ; IPCS, 1995).

However, extrapolations from studies with single
substances are of limited value, because many inter-
actions between the individual components are possible.
Most interactions observed were degradation inhibiting,
but there were also promoting effects on the degradation
of cosubstancesin afew cases (Arvinet al., 1988 1989;
Bouchez et al., 1995; Millette et a., 1995 1998;
Dyreborg et a., 1996b,c; Lantz et al., 1997; Broholm et
al., 1999Db; Lotfabad & Gray, 2002).

Therefore, in this context, mainly studies using
simple or complex mixtures of creosote constituents as
test material (i.e., artificial, environmental, original
mixtures) have been considered. A survey of the results
of bacterial aerobic (Keck et al., 1989; Thomas et al.,
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1989 Mueller et a., 1991a; Evanshen et al., 1992
Dyreborg et a., 1997; Mohammed et al., 1998; Broholm
et al., 1999b; Lehto et d., 2000 or anaerobic (Godsy et
al., 1992; Flyvbjerg et al., 1993, Dyreborg et a., 1997,
Sharak Genthner et al., 1997) degradation studies
modelling (more or less sophisticated) natural in situ
conditionsis given in Tables 7 and 8, respectively.
Despite the great complexity of creosote degradation
processes, some general trerds can be observed. The
majority of components are not completely degradable
under simulated natural conditions, even with (in situ
adapted) inocula from creosote contaminated sites.
Aerobic degradation proceeds more quickly than
anaerobic degradation (e.g, Dyreborg et al., 1997).
Phenolic compounds are relatively easily degraded.
Within PAHSs, degradability appears to be inversely
related to the number of aromatic rings. Some HACs
were quickly degraded or disappeared (e.g., quinoline),
whereas others (e.g., pyrrole) were rather recalcitrant.
Most studies monitored only the disappearance of the
compounds, so it is often not clear if there was bio-
transformation rather than complete mineralization.

Besides structural features of the chemicals, a series
of other factors influence the degradation/transformation
of creosote constituentsin situ — for example, bioavail
ability (e.g., with respect to sorption phenomena,
trapping in pore water, etc.), initial concentration, and
nutrient or oxygen supply (Fetzner, 1998 Johansen et
al., 1998; Broholm et al., 1999b; Breedveld & Sparrevik,
2000, Juhasz et a., 2000a). It is assumed that in typical
creosote-contaminated groundwater compartments, the
oxygen concentration will often not be sufficient for
complete biodegradation (Lee & Ward, 1985; Wilson et
al., 1986; Broholm et al., 1999h). Biodegradation rates
of some PAHSs have been found to be enhanced transi-
ently by pre-irradiation (Lehto et al., 2000). Microbial
adaptation to some creosote compounds also occurred
(Wilson et al., 1986).

There is agreat variety in microbial metabolic
pathways of creosote compounds, but they al involve
the incaporation of oxygen into the ring structure, ring
cleavage, and the production of intermediates with
specific breakdown patterns (Gibson & Subramanian,
1984 Pereira et a., 1987 1988; Arvin et al., 1988;
Miller & Comalander, 1988; Wilson & Jones, 1993
Chapman et al., 1995; Mueller et a., 1996; Licht et al.,
1997 Fetzner, 1998; Johansen et al., 1998; Bresser &
Fedorak, 2000). In some cases, the intermediates formed
can be more persistent (mobile or toxic) than their parent
compounds, as has been found, for example, for quino-
line/quinolinone (Fetzner, 1998, acenaphthene / several
acenaphthene oxidation products (Selifonov et al.,

1998), and some other PAH metabolites (Singleton,
1994).



Table 7: Survey on laboratory investigations of aerobic degradation of creosote (under simulated conditions as expected in situ)?

Startingbcreosote Components
Inoculum material monitored Conditions Duration  Main trends for removal (R) Reference
Mixed consortium from Environmental (waste, 11 11 PAHs Microcosm (Kidman >4 months R: Mean tyvalues (days): Keck et al.
c-c soil PAHSs quantified, 0.7-830 sandy loam + 1% Three4ing PAHs ( = 3): 26-29 (1989)
Ha/g soil) creosote waste); 20 °C, Four-ring PAHs ( = 3): 52-82
dark, tilling at 2- to 3- Five-ring PAHs (n = 4): 87-863
week intervals)
Mixed consortium from Environmental 42 compounds Shake flask (+ nutri- 14 days R: 100%, phenolics; 99%, low-molecular-weight PAHs; Mueller et al.
c-c soil (groundwater) (21 PAHSs, 9 ents), 30 °C, dark 87-94%, HACs; 53%, high-molecular-weight PAHs (1991a)
HACs, 9
phenolics)
Mixed consortium from Environmental plus m- m-cresol Microcosm 28 days R: 22.6% mineralization Evanshen et
c-c soil cresol (0.5-104 pg/g soil)  (radiolabelled) al. (1992)
Mixed consortium from  Artificial (n = 25), MAHSs, 25 compounds Clayey till column, 11- 40 days No complete R of any compound Broholm et al.
tap water and soil PAHs, HACs, phenolics 13 °C (+NO 3, +02); flow (1999b)
rate: 1570 ml/day
Mixed consortium from Environmental 12 compounds Bottle, no further details 7 months  9/12 compounds still present Thomas et al.
c-c groundwater (7 PAHs, 2 HACs, R: carbazole, dibenzofuran, phenanthrene (1989)
1 cresol)
Yciabelled naphthalene, Yco, Bottle, dark, 24°C 8-19 days R: <40% (no degradation with inocula from pristine
phenanthrene, or sites)
methylnaphthalene
Mixed consortium from  Artificial, 10 HACs (0.4-4 10 HACs Microcosm (ground- 846 days Stepwise R: Dyreborg et
c-c groundwater mg/litre) water), dark, 10 °C, (1) indole, quinoline, carbazole (short lag period, 3-25 al. (1997)
magnetic stirrer days)
(2) dibenzothiophene, benzofuran, dibenzofuran (long
lag period, 29—-278 days)
(3) pyrrole, 1imethylpyrrole (no complete R) (long lag
period)
(4) thiophene, benzothiophene (only in the presence of
HACSs listed under (1))
Mixed consortium from **Cdabelled phenanthrene Yco, Flask shaken, 56 days Partial R: 14% mineralization Mohammed et
c-c aquifer material (plus environmental) 10 °C, 20 °C al. (1998)
Creosote enrichment  Original (6 PAHs quanti- 6 PAHs Batch vial, shaken, dark 7 days Complete R: naphthalene Lehto et al.
culture from c-c fied: 0.87-3.7 umol/litre) Partial R (in parentheses: k (h™), expressed as E-03):  (2000)

sediment

acenaphthene (8.33), anthracene (8.08), fluorene
(8.33), phenanthrene (7.16), pyrene (0.84)

& Abbreviations used: c-c = creosote-contaminated; HAC = heterocyclic aromatic compound:; k = biodegradation rate; MAH = monocyclic aromatic hydrocarbon; PAH = polycyclic

aromatic hydrocarbon; R = removal; ty,= half-life.

b Refers mainly to three categories: original, environmental, artificial mixture (simple or complex).

[

Refers to degradation or transformation, corrected for abiotic losses.



Table 8: Survey on laboratory investigations of anaerobic degradation of creosote (under simulated conditions as expected in situ).?

Startingbcreosote Components
Inoculum material monitored Conditions Duration Main trends for removal (R)’ Reference
Mixed consortium from Environmental Phenolic and Microcosm, methanogenic; 300 days Three-step sequential R: Godsy et al. (1992)
c-c groundwater and heterocyclic °C n.sp. (1) quinoline, isoquinoline
aquifer compounds (4—20%, (2) phenol
CHs, CO2 (3) methylphenols, quinolinone,
isoquinolinone
Mixed consortium from Environmental plus MAHS, naphthalene, = Batch microcosm; 10 °C, 7-12 months R: Flyvbjerg et al. (1993)
c-c groundwater artificial phenolic compounds, 20 °C; nitrate-reducing (n), n: toluene, phenol, cresols, 2,4-DMP,
ion reduction sulfate-reducing (s) 3,4 DMP
s: toluene, phenol, o-, mcresol
No R:
n: benzene, xylenes, naphthalene,
2,3DMP, 2,4DMP, 2,5DMP, 3,5-
DMP
s: benzene, xylenes, naphthalene,
2,3-DMP, 2,4DMP, 2,5DMP, 3,5-
DMP
Mixed consortium from  Artificial, L0 HACs 10 HACs Microcosm (groundwater), 846 days R of 2/10 HACs: Dyreborg et al. (1997)
c-c groundwater (0.4-4 mgllitre dark, 10 °C, magnetic stirre r, quinoline (m, n, s) and indole (n), lag
each) methanogenic (m), nitrate- periods of 200—-300 days
reducing (n), sulfidogenic (s)
Mixed consortium from  Artificial; 16 PAHs®  PAHSs, CHa, ion Batch; 25 °C; Tween added; Upto 1 year Partial R: m: all bicyclic PAHs, 1 Sharak Genthner et al.
c-c creekbed sediment  (262.1) reduction methanogenic (m), nitrate- tricyclic PAH (anthraquinone); n: 2- (1997)
reducing (n), sulfidogenic (s) methylanthracene; s: none
No R: four- or five-ring PAHs (m, n,
s)
Mixed consortium from See above See above See above See above No R of any PAHs tested

c-c aquifer

2 Abbreviations used: c-c = creosote-contaminated; DMP = dimethylphenol; HAC = heterocyclic aromatic compound; MAH = monocyclic aromatic hydrocarbon; n.sp. = not specified;
PAH = polycyclic aromatic hydrocarbon; R = removal.

o o o

Refers mainly to three categories: original, environmental, artificial mixture (simple or complex).
Refers to degradation or transformation, corrected for abiotic losses.

Initial concentrations in mg/litre.
Naphthalene, 2-methylnaphthalene, 1-methylnaphthalene, biphenyl, 2,6-dimethylnaphthalene, acenaphthene, fluorene, phenanthrene, anthracene, 2-methylanthracene, anthraquinone,
fluoranthene, pyrene, 2,3-benzo[bifluorene, chrysene, BaP.
Initial total nominal concentration in mgl/litre.
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Because of the numerous sites with creosote con-
tamination (mainly soils, groundwater), many efforts
have been undertaken to develop useful remediation
strategies. Generally, there are three basic approaches.
One method involves the removal of contaminated soil
and its treatment onsite (prepared bed, etc.) or in a
slurry reactor under conditions optimal for microbial
growth; inocula used can be native or specifically
enriched (Mueller et al., 1989 1991b,c; Borazjani et al.,
1990 Ellis et al., 1991 Daviset al., 1993; Otte et al.,
1994 Glaser & Lamar, 1995; Brooks et a., 1998
Guerin, 1999; Eriksson et a., 2000). In another tech-
nique used for treating groundwater, the contaminated
water is pumped to the surface, where it can be treated
aerobically and thereafter recycled (to nearby surface
waters) (Mahaffey et al., 1989 ; Mueller et al., 1993;
Middaugh et al., 1994b). The third method involves
proceduresto promotein situ biodegradation — for
example, by adding nutrients, electron acceptors,
adapted microorganisms, and sometimes surfactants or
other materials, such as manure, straw, compost, or
sewage sludge, to the soil (e.g., Ellisetal., 1991;
Evanshen et a., 1992). Creosote contaminated ground -
waters have been treated in similar ways (Dust &
Thompson, 1973). Frequently, a combination of several
strategies is used for remediation — including physical
or chemical methods such as encapsulating, washing
(plus surfactants), and sorption (Tobia et al., 1994 Zapf-
Gilje et a., 2001; Bates et al., 2002; Rasmussen et al.,
2002).

In many cases, it has been possible to achieve
significant reductions for certain substances. However,
advantages seem to be limited. Primarily the high-
molecular-weight PAHs continued to be recalcitrant in
treated soil (e.g., Mueller et a., 1991hc; Daviset a.,
1993 Glaser & Lamar, 1995; Breedveld & Karlsen,
2000, Breedveld & Sparrevik, 2000). Despite the
removal of amgjority of creosote contaminants from
groundwater through biotreatment, only a slight decrease
in toxicity and teratogenicity (see section 9) of biotreated
groundwater was observed (Mueller et al., 19919. A
study in which creosote-contaminated groundwater was
treated with a sorption/bio-barrier (peat/sand barrier
material under aerobic conditions) found trimethyl-
phenols to be the most difficult to remove (Rasmussen et
a., 2002). Some constraints connected with bioremedi-
ation of creosote contaminated soils have been reviewed
in detail (Wilson & Jones, 1993 Pollard et al., 1994;
Alexander, 2000; Juhasz et al., 2000 Reid et al., 2000).
A recent study (Brooks et al., 1998 demonstrated that
several treatments have been successful in reducing, for
example, the total PAH concentration in contaminated
soils, but actually increased the microbial mutagenicity
of these soils; an analysis indicated that the mutagenic
fraction contained azaarenes, a substance class that was
often not included in monitoring programmes. Other
experiments showed accumulations of PAH metabolites/
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degradation products, such as 9H-fluorenone, 4-
hydroxy -9H-fluorenone, 9,10-phenanthrenedione, and
4H-cyclopenta] def]phenanthrenone (Eriksson et al.,
2000).

Bacteriainvolved in degradation of creosote
components (some PAHs, HACs, phenolic compounds)
have been isolated and identified as belonging mostly to
the genera of Pseudomonas or Sphingomonas (Drisko &
O'Neill, 19%6; Ehrlich et al., 1983, Bennett et al., 1985;
Rothenburger & Atlas, 1990; Chapman et al., 1995,
Grifoll et al., 1995; Lantz et al., 1997; Selifonov et al.,
1998 Eriksson et a., 2000; Leblond et al., 2001) and
Mycobacterium (Grosser et al., 1995). Lignin-degrading
fungi such as Phanerochaete sordida P. chrysosporium,
and Pleurotus ostreatus have also been found to be
capable of transforming several creosote PAHs (Glaser,
1990 Daviset a., 1993; Glaser & Lamar, 1995; Eggen
& Majcherczyk, 1998).

4.2.1.2 Other organisms

Little is known about the transformation of creosote
by other organisms. Generally, the most striking feature
seems to be that PAH components are transformed more
rapidly in fish than in several invertebrate species
(NRCC, 1983; IPCS, 1998). Mostly, these PAH metabo-
lites are not routinely detected (Meador et al., 1995). The
occurrence of PAH metabolites in fish after controlled
creosote exposure has been reported only rarely (Karrow
et al., 1999). Formation of PAH-DNA adductsin fishis
addressed in section 6.6. Transformation results for
mammals are available only from studies with laboratory
mammals (see section 6).

4.2.2  Abiotic degradation

4.2.2.1 Photodegradation

Photochemical transformation seems to be the most
important abiotic mechanism by which creosote con
stituents, such as PAHs, HACs, and phenolic com-
pounds, are transformed in the at mosphere and, to a
lesser extent, in water and soil. Indirect photolysis
(photo-oxidation, involving peroxyl, hydroxyl, and other
radicals) appears to prevail over direct photolysis. Half-
lives measured (mostly in single-component studies with
and without reference to creosote) varied widely (0.2 h—
550 days), depending on test conditions and compounds
(e.g., NRCC, 1983; IPCS, 1995[review on cresolg],
1998 [review on PAHs and HACg]). There are few data
on transformation products. Several oxygenated com-
pounds have been observed, as well as nitroPAHs and
nitro-cresols (e.g., Andersson & Bobinger, 1992 ;
Kochany & Maguire, 1994; IPCS, 1995, 1998).

Little information is available on photodegradation
of creosote components when present in the creosote
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mixture. lrradiation (arc xenon lamp, agueous media) of
six PAHs separately or of these PAHs in creosote (initial
PAH concentrations / duration: 0.61-3.1 pmol/litre / 5—
30 min or 0.554.4 umol/litre / 10 min, respectively)
resulted in the following photodegradation rates (%
separately / in mixture): naphthalene (57/47.6), acenaph
thene (47/50), fluorene (48.4/29.3), phenanthrene
(91.7/6.82), anthracene (83.6/29.1), and pyrene
(38.3/8.64). With one exception (acenaphthene), there
was atrend of decreased photoreactivity in the mixture
compared with the individual tests; this was explained
by the competition of light absorption in the presence of
co-occurring compounds. The photochemical products
detected by GC-M S seemed to be quinone derivatives of
the original compounds (Lehto et al., 2000).

For the purpose of remediation of creosote- and
PCP-contaminated waters, laboratory-scale experiments
using the photo-Fenton reaction, which employs ferric
ion (F§’+), hydrogen peroxide, and UV light, have been
conducted. Saturated aqueous solutionsof creosote/PCP
(American creosote P2) were treated by the phote
assisted Fenton reaction (1 mmol Fe*/litre; 10 mmol
hydrogen peroxide/litre; black lamp UV light; pH: 2.75;
25 °C), and the disappearance of 36 identified creosote
compounds and PCP was monitored during a 180-min
reaction period. The following order of reactivity was
found: two-ring PAHs > heterocyclics > phenolics
(including PCP) > three-ring PAHs > four- and five-ring
PAHs. Within 5 min, the concentrations of 18 of the
37 compounds declinedto values at or below their
detection limits; 13 compounds were at least 90%
transformed, but six PAHs (phenanthrene, fluoranthene,
2,3-benzo[ b]fluorene, chrysene, benzo[ bjfluoranthene,
and BaP) resisted to a greater extent. By 180 min, a
more extensive transformation was observed, except for
chrysene and BaP (showing 70—80% transformation).
No new peaks were observed in MS chromatograms, and
added “C-phenanthrene and **C-pyrene were mineral-
ized by 93% and 35%, respectively; about 33% of the
organic nitrogen was converted to inorganic nitrogen-
containing compounds, accompanied by an undeter -
mined yield of sulfate. Concomitantly, the acute toxicity
of the treated solution to fish and water flea (see section
9) was reduced (Engwall et al., 1999). Another method
using photocatalysis (near-UV irradiation in the presence
of titanium dioxide) appeared to achieve total minerali-
zation of creosote in water (separate phase; 100 or
360 mg creosote/litre, Armor Coat, commercial domestic
grade, Canada), as demonstrated by changes in
absorbance or reflectance and/or carbon dioxide
evolution; intermediate products were not monitored
(Serpone et al., 1994. A single-component photolysis
study with BaP (using hydrogen peroxide and UV light
and additional analytical methods) detected a series of
polar BaP photoproducts, including methoxy, hydroxy,
and dihydroxy isomers of BaP and even more polar
compounds (Miller et al., 1988).

4.2.2.2 Hydrolysis

Abiotic hydrolysisis considered not to be a signi-
ficant environmental degradation process for PAHs
(IPCS, 1998) and phenolic compounds (IPCS, 1995).
Similar conclusions may be valid for HACs.

4.3 Bioaccumulation and biomagnification
4.3.1 Aquatic organisms

Field monitoring studies showed that aquatic
organisms such as invertebrates (Shimkin et al., 1951;
Zitko, 1975; Dunn & Stich, 1976; Black et al., 1981,
Malins et al., 1985; Rostad & Pereira, 1987; Deleon et
al., 1988; Elder & Dresler, 1988 and fish (Black et al.,
1981 Malins et al., 1985; Pastorok et al., 1994) living at
creosote-contaminated sites have absorbed PAHSs (and
heterocyclic compounds) typical of creosote at concen -
trations above reference values (see section 5.1.4).

Characteristic differences between invertebrate and
vertebrate species have been pointed out by the field
study of Black et al. (1981). Insects and crayfish (Pro-
cambarus sp.) had much higher levels of phenanthrene,
1,2-benzanthracene, and BaP than most of the fish
(brown trout, Salmo trutta; white sucker, Catostomus
commersoni ). An exception was lamprey (Lampetrasp.),
which appeared to accumulate high levels of phenan
threne (a 3.5-fold increase compared with sediments).
Generally, PAH profilesin insects and crayfish were
close to that found in the sediments, whereas fish had
greatly altered ratios for low/high-molecular-weight
PAHSs (see also section 5.1.4).

Relocation experiments with mollusc and crustacean
species also indicated accumulation of PAHs. Oysters
(Crassostrea virginica; total n = about 60) sampled from
an industrially non-impacted site (Piatatank River, USA)
were exposed in situto PAH-contaminated sediments
near a creosote facility on the Elizabeth River (Virginia,
USA). Within 3 days of exposure, the concentrations of
several measured PAHSs (benz[a] anthracene/chrysene,
benzofluoranthenes, BaP, fluoranthene, phenanthrene,
pyrene) increased from non-detectable to as much as
11.7 mg/kg dry weight; they then stabilized during the
15-day observation period (Pittinger et al., 1985).
Similarly, oysters (n = 5 per group) introduced for a 6-
week period into an estuarine environment near a
creosote contamination site (Pensacola, Florida, USA)
showed a significant increase of phenanthrene, fluorene,
and pyrene(diagram only) in soft tissues, whereas
naphthalene was not accumulated. Minimum BCFs
relative to sediments have been estimated to be in the
range of 0.3-1.0 for phenanthrene and fluoranthene
(Elder & Dresler, 1988 . Clams (Rangia cuneata; n = 3-
4 per group) translocated from arelatively pristine site to
a bayou (Bayou Bonfouca, USA) flowing over a
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creosote spill site showed gradual increases of several
PAHSs in their shucked bodies over a 4week period; the
most pronounced increase was seen for benzopyrenes,
from pre-exposure (background) levels of 87 pg/kg wet
weight to 132 pg/kg wet weight after 2 weeks and

600 pug/kg wet weight after 4 weeks (DelLeon et al.,
1988. Accumulation of PAHsin newly moulted and
intermoult crustaceans (blue crab, Callinectes sapidus)
has been examined in the Elizabeth River (USA) near a
creosote spill site. Paired premoult and intermoult crabs
(n = 912 per group) were placed in baskets for approxi-
mately 3 days (until ecdysis was completed). The mean
total PAH concentrations (cyclopenta[def] phenanthrene,
fluoranthene, pyrene) in hepatopancreas and muscle
increased from nondetectable levelsto significant
burdens in both stages, with higher concentrationsin
newly moulted crabs (hepatopancreas/muscle:
9560/1380 ug/kg dry weight) than in intermoult crabs
(3360/498 pg/kg dry weight). Lowmolecul ar-weight
compounds such as acenaphthene, dibenzofuran,
fluorene, and phenanthrene were present in both control
and exposed crabs (Mothershead & Hale, 1992).

Adult lobsters (Homarus americanus; n = n.sp.)
exposed to creosote (no specification) at concentrations
ranging from 0.3 to 2.5 mg/litre during a laboratory
lethality test showed considerably higher values of
“creosote” in their hepatopancreas than the control
lobsters (322047 500 mg/kg lipid versus 670 mg/kg
lipid; as indicated by fluorescence measurements). The
residues increased with the test concentrations (0.3, 1.3,
2.5 mgl/litre) as well as with exposure time (up to 120 h)
at the 0.3 mg/litre exposure, which was the nonlethal
concentration (McLeese & Metcalfe, 1979). Guppies
(Poeciliareticulata) kept in the laboratory in aquaria
that contained a sediment layer taken from a creosote-
contaminated small drainage stream had significant
residues of several PAHSs (acenaphthene, anthracene,
benz[a]anthracene, benzo[ b] fluoranthene, benz[Kk]fluor-
anthene, BaP, chrysene, fluoranthene, phenanthrene,
pyrene) in their tissues (composite samples of carcasses
without liver; n = n.sp.) 43 days after exposure. Naph-
thalene and fluorene were not detected in the fish tissue,
although they were present along with the other PAHs in
sediment and water (Schoor et al., 1991). In amicro-
cosm study, livers of rainbow trout (Oncorhynchus
mykiss; n = 10) contained 4 of 16 individual PAHs
scanned for, but there was no relationship to creosote
dose after 28 days of exposure. This lack was thought to
be partly due to rapid metabolism in fish prior to analyti-
cal detection (Whyte et a., 2000.

BCFs in connection with creosote exposure have
rarely been determined; there is an estimate for oysters
and sediment (see above: Elder & Dresler, 1988).
Recently, biota—sediment accumulation factors (BSAFS)
of several PAHs have been determined for a creosote
contaminated lake in Finland. Duck mussels (Anodonta

35

anating were exposed to sediment for 10 months
(1998-1999) by caging at four experimental sites. The
BSAFs derived from concentrations of PAHs (acenaph-
thene, phenanthrene, anthracene, fluoranthene, pyrene,
and benz[ g anthracene) in sediment (on an organic
matter basis) and in duck mussel tissue (on alipid
weight basis) varied from 0.79 to 1.45. The highest
BSAF (1.45) was calculated for benz[a]anthracene
(Hyotyldinen et al., 2002). Values from other studies for
some creosote constituents, such as PAHs and hetero
cyclic or phenolic compounds, have been compiled
elsewhere (e.g., Lu et a., 1978; Southworth et a., 1978,
1980 Veith et a., 1980; Eastmond et al., 1984;
Sundstrém, et al., 1986 IPCS, 1995, 1998). They vary
over awide range, depending on compound, aqudic
species, and test conditions— for example, BCFs
(organism/water in wet weight; IPCS, 1998 for
naphthalene: 19.3-10 844 (measured in crustaceans),
2.2-320 (measured in fish); or for BaP: 458—73 000
(measured in crustaceans), 125-4900 (measured in
fish). Generally, equilibrium concentration factors
increased with increasing molecular weight (or with log
Kow) Within a compound group. Some sulfur-containing
heterocycles have been found to be bioconcentrated to a
greater extent than their PAH counterparts— for
example, naphthalene and benzo[b]thi ophene showed
BCFs of 50 and 750, respectively, in Daphnia magna
(Eastmond et al., 1984). Accumulation may also be
influenced by the presence of co substances. Studies
with anthracene showed that BCFsin fish (rainbow
trout, Oncorhynchus mykiss) differed during single
compound and complex-mixture (oil shale retort water)
exposures (Linder et al., 1985).

Biomagnification of creosote PAHs within aguatic
food-chains appears to be limited as far as fish are
involved, because vertebrates generally have a more
effective metabolic capacity for these compounds than
invertebrates (e.g., NRCC, 1983).

4.3.2  Terrestrial organisms

Only few data are available on bioaccumulation of
creosote constituents in the terrestrial environment
following creosote exposure.

In a microcosm experiment with creosote containing
YC-labelled acenaphthene and phenanthrene, an accu
mulation (ecological magnification) factor between a
grey-tailed vole (Microtus canicaudus) and soil has been
determined. The calculations (mg/kg of **C equivalents
in vole / mg/kg of *‘C equivalentsin soil) resulted in
factors of 12 for phenant hrene and 31 for acenaphthene
(Gileetal., 1982.
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4.4 Ultimate fate following use

The ultimate fate of creosote components is largely
dependent on the physicochemical properties of the
components, matrix properties, the presence of
degrading/accumulating organisms, and environmental
conditions. Components may be distributed to the
atmosphere (the more volatile fraction), leached to water
and soil (compounds with high solubilities), with the
potential for migration, orsorbed onto soil or sediment
particles (compounds with high K,,). Movement of
sediment -sorbed creosote components may also occur
through transport of colloidal material. Some creosote
components are readily degradable via biotic (aerobic
and anaerobic) ard abiotic processes; however, many
high-molecul ar -weight compounds are recal citrant and
may persist in the environment for decades. Degradation
of creosote components often leads to the formation of
transformation products (i.e., the compounds are not
mineaalized), which may be more toxic and mobile than
the parent compounds. There is also the potential for
marine and terrestrial organisms to bioaccumulate
creosote components; however, thisis dependent on the
bioavailability of the compounds, the organisms’ mode
of feed, and metabolism.

For high-molecular-weight PAHs, which are the
most persistent creosote components, sediments and
soils are the major environmental sinks (IPCS, 1998,
consistent with creosote-related findings disaissed
previously (sections 4.1-4.3). However, the possibility
for redistribution processes should be noted. Addition
ally, groundwater is an important sink for many creosote
components (see section 5).

There are only afew specific measurements of the
thermal decomposition of creosote or creosoted wood
(Marutzky, 1990 Becker, 1997; see also section 2). For
example, combustion of creosoted wood in a small
incinerator resulted in elevated emission vdues (carbon
monoxide, nitrogen oxides, hydrocarbons) compared
with untreated wood (Marutzky, 1990. Analysesfor
PCDDs/PCDFs in a laboratory -scale combustion
experiment gave (preliminary) positive results (Becker,
1997). Because a multiplicity of undesired combustion
products may be generated, it is recommended that
creosoted residues be incinerated only in a licensed high-
temperature incinerator (UNEP, 1995 HSDB, 1999. In
particular, dioxins, which are formed during waste
incineration processes in the temperature range between
250 and 650 °C, require high temperatures (~1000 °C)
for destruction (e.g., Tuppurainen et a., 1998).

The reuse of creosoted railway ties or telephone
poles, etc., in children’s playgrounds or other public or
private places is now restricted in many countries (RPA,
2000).
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5. ENVIRONMENTAL LEVELS AND
HUMAN EXPOSURE

51 Environmental levels

The contribution of creosote to environmental con-
tamination in highly industrialized regions is difficult to
assess because there are releases of PAHs from many
other sources. However, profile and concentration
gradients of creosote components in relation to creosote
point sources are helpful markers.

The choice of PAHs to be quantified in research and
environmental policy as indicators for pollution or health
risk assessment depends on the purpose of the investi-
gation, and there is no international agreement. The US
EPA (1984b) proposed 16 PAHSs as “priority pollutant
PAHSs,” and these are often taken as a reference list for
analysis of various environmental matrices. Some
countries have their own lists of “priority PAHS” (1PCS,
1998). For example, agroup of 10 PAHsis used by the
Dutch Ministry of Environment (BKH, 1995), and a
group of 11 PAHs s used by the United Kingdom
Health and Safety Executive (see Table 4) . Sometimes
only the three most abundant PAHSs (pyrene, phen
anthrene, and fluoranthene) are recorded.

Typically, contamination by creosote has been
traced by monitoring selected PAHSs, but occasionally
HACs (NSO) have also been determined.

Generally, thereis great variability in the con-
centrations of the various creosote components,
depending, for example, on the varying composition of
original creosotes, the amount of creosote released,
distance from the source, and the degree of weathering
(combined influence of dissolution/adsorption, volatili-
zation, and degradation; see also section 4) of the
creosote.

There are few data available for ambient air and
surface water matrices, partly reflecting the difficulties
in relating the volatile or water-soluble components of
creosote to their source. Stationary matrices such as
sediment and soil are the best indicators of creosote
contamination due to the association of many charac-
teristic creosote components with organic matter (see
section 4). Creosote constituents frequently reach
groundwater, which remains enriched with low
molecular-weight aromatics, including benzene, toluene,
xylenes, naphthalene, and phenolic and heterocyclic
compounds.

Metabolites from the degradation of creosote are not
usually included in routine analyses of creosote-
contaminated samples.
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5.1.1 Air

There are few data concerning ambient atmospheric
concentrations of creosotederived compounds; these
refer to PAHs from creosote point sources— for
example, in the vicinity of creosote facilities.

Fluoranthene concentrations near a creosoting firm
in the Netherlands were reported to be 64 ng/m3 ata
distance of 500 m, which decreased to 7.2 and 1.6 ng/m3
at 2000 m and 5000 m, respectively. At 2000 m from the
creosoting company, the following PAHs were present:
naphthalene (90 ng/m°), phenanthrene (44.6 ng/m’),
fluoranthene (7.2 ng/m?’), and anthracene (2.2 ng/m®
(Slooff et al., 1989). In another study, measured and
calculated BaP concentrations in air at a distance of 100,
200, and 2000 m from a creosoting plant were given
(without details) as 2—5 ng/m?,0.5-1.5 ng/m’®, and
0.6 ng/m3, respectively (BKH, 1995). Occasionally,
neighbouring residents of creosote facilities have
complained about odour nuisance (and irritated mucous
membranes) (BKH, 1995).

A survey on outdoor concentrations of selected
PAHSs (including BaP) from other or undefined sources
is given by IPCS (1998).

Indoor air concentrations measured at workplaces
are compiled in section 5.3.

5.1.2 Water

5.1.2.1 Groundwater

Creosote-related compounds have been detected in
groundwater samples near former gasworks and creo-
soting facilities in Canada, Denmark, and the USA. They
include MAHSs (e.g., benzene, toluene, xylenes), PAHs
(e.g., naphthalene, methylnaphthalene, phenanthrene,
anthracene, fluorene, pyrene, chrysene, BaP), and
phenolic and heterocyclic compounds. A survey is gven
in Table 9 (showing sum concentrations) and Tables 10—
12 (showing individual concentrations). Highest
concentrations have been found in onsite monitoring
wells of aformer creosote works (Pensacola, Florida,
USA), with average concentrations of 1419 mg/litre for
total PAHs, 178 mg/litre for total heterocycles, and
0.77 mg/litre for total phenolics (Mueller et al., 1993;
see also Table 9). The average concentration for BaP
was 37.6 mg/litre (Mueller et al., 1993 see also Table
10). In this study, the elevated concentrations of total
PAHSs, total heterocycles, and BaP may be reflective of
the sampl e preparation methodol ogies used. Monitoring
data from 44 Danish creosote sites showed concentra-
tions (90th percentiles) of 30 pg/litre for BaP and
50 pg/litre for chrysene (Kiilerich & Arvin, 1996 see
also Table 10). Highest concentrations of several
individual heterocyclic compounds (e.g., carbazole,
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d benzofuran, dibenzothiophene, quinoline/quinolinone)
were in the order of 10-80 mg/litre (see Table 11).
Within monocyclic aromatic and phenolic compounds, a
maximum of 25 mg/litre was reported for m/p-cresol
(see Table 12).

Mean total PAH concentration s in municipal water
supply wells near aformer creosote facility (including a
distillation plant) in the USA ranged from 0.5 to
4 mg/litre; individual PAH concentrations are not given
(Hickok et al., 1982; see also Table 9).

A comparison of groundwater analyses from
44 Danish creosote sites showed that the highest con
centrations found for most of the creosote constituents
were of the same order of magnitude as the calculated
solubilities found in the literature. Exceptions were
chrysene and BaP concentrations, which were 1-2 orders
of magnitude higher than their solubilities. The reason
for thiswas not given (Kiilerich & Arvin, 1996).

5.1.2.2 Surface waters

It has been estimated that 80% of the (diffuse) PAH
pollution of surface waters (from small waterways) in
the Netherlands originates from creosotetreated banks
(BKH, 1995). Occasionally, films of creosote oil have
been identified in small Dutch water ways in which
creosoted wood was being placed for bank protection
(BKH, 1995) or in a small river near an abandoned US
wood treatment facility (Black, 1982). During the
application of creosoted bank protection in a small
Dutch waterway, BaP concentrations of 1.3 pg/litre were
measured; concentrations of other PAHs were not
reported (BKH, 1995).

None of the nine PAHs monitored was detected in
river water samples taken downstream from a wood
treatment facility in Pensacola, Florida, USA (detection
limit not specified; probably 30 ug/litre), despite high
PAH concentrations in sediments and biota (Elder &
Dresler, 1988); however, it should be noted that many
PAHSs are difficult to detect in surface waters due to
adsorption and other phenomena (see also section 4).

On the other hand, PAHs have been detected in
river water (Bayou Bonfouca, Lousiana, USA) from an
area that remained contaminated following a creosote
spill (fire at awood products treatment plant) 10 years
previously. Eight PAHs were monitored (at one control
and three “contaminated” sites) — for example, naph-
thalene (up to 14.1 mg/litre), fluorene (up to 12.3 mg/li-
tre), phenanthrene (up to 155 mg/litre), and BaP (up to
6.6 mg/litre) (Catallo & Gambrell, 1987). Monitoring of
12 PAHs in water samples of a drainage stream near a
creosote works (Pensacola, Florida, USA) resulted in
total concentrations of up to 153 pg/litre, with BaP
concentrations of up to 0.05 pg/litre (Schoor et al.,



Concise International Chemical Assessment Document 62

Table 9: Groundwater contamination by creosote: sum concentrations.?

Concentrations

Country/site Components (mgllitre) Measure Reference
Canada
Five wood treatment/storage sites total PAHs ( = n.sp.) 1.9-303 range of maxima CEPA (1993)
Denmark
Three sites contaminated by creosote  total MAHSs (9) n.d.—-6.8 range (n = 11) Johansen et al.
(gasworks or asphalt) total PAHSs (6) n.d.-0.1 (1997)

total phenols (8) n.d.-3.2

total naphthalenes (6) n.d.-7.2
Three sites contaminated by creosote heterocycles: maxima (n = 13) Johansen et al.
(gasworks or asphalt) pyrroles and pyridines (14) 25 (1998)

thiophenes (6) 0.12

furans (3) 0.058
USA
St. Louis Park, Minnesota, former total PAHs (20) 0.0005-0.004  range of averages Hickok et al.
creosoting facility (50 years of n=4) (1982)
operation), municipal water supply
wells (four sites)
St. Louis Park, Minnesota, former phenolic compounds 30 maximum (n = 4) Ehrlich et al.
creosoting facility (50 years of (1982)
operation), aquifer near plant site; s:
1981
Pensacola, Florida, near American total PAHs (12) 25.12 maxima (six sites) Goerlitz et al.
Creosote Works (1902-1981); s: 1984  total phenolics (17) 65.59 (1985)
Pensacola, Florida, near American total PAHs (12) 8.0 maxima (five sites, Pereira & Rostad
Creosote Works (1902-1981); s: n.sp.  total phenols (7) 27.8 five depths) (1986)

total heterocycles:

N (7) 10.8

S(2) 0.4

O (1, dibenzofuran) 0.2
Pensacola, Florida, near American total nitrogen heterocycles 26.98 maxima (five sites, six Pereira et al.
Creosote Works (1902-1981); s: 1983  (9) depths) (1987)
Pensacola, Florida, American Creosote total PAHs (20) 1419 average (n = n.sp.) Mueller et al.
Works (1902-1981), on-site monitoring total heterocycles (9) 177.5 (1993)°
well; s: n.sp. total phenolics (11) 0.77
Pensacola, Florida, American Creosote total organics (41) 570.37 n=1 Middaugh et al.
Works (1902-1981), 1 well; s: 1991 (1994a)°

2 Abbreviations used: MAH = monocyclic aromatic hydrocarbon; n.d. = not detected; n.sp. = not specified; PAH = polycyclic aromatic

hydrocarbon; s = sampling year.

b The elevated concentration of creosote components detected in these studies may be reflective of the sample preparation

methodologies used.

1991). Total PAH concentrations (16 PAHS) in railway
ditch water flowing to salmon streams (British
Columbia, Canada) did not exceed 1 pg/litre at four
sampling points, but reached maxima of 122 pg/litre and
3516 pgl/litre at two sites where creosotetreated power/
telecommunication line poles were erected in the ditches
(mean: 606.9 ug/litre; n = 6). Maximum BaP and chry -
sene concentrations were 2.5 pg/litre and 441 pg/litre,
respectively (Wan, 1991; see also Table 13). Dataon
additional creosotederived individual PAHs detected in

surfacewaters are listed in Table 13.

For associated sediment concentrations, see Tables

14 and 15.
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5.1.3

Sediment and soil

5.1.3.1 Sediment

High concentrations of PAHs have been found in
coastal or estuarine as well as in continental water
sediments near creosote sources. A survey is givenin
Table 14 (sum concentrations) and Table 15 (individual
concentrations). Total PAH maxima of about 20 000-
30 000 mg/kg dry weight or more have been detected in
the vicinity of woodpreserving facilities (Krone et a.,
1986 Catalo & Gambrell, 1987; Roberts et al., 1989;
CEPA, 1993). Heterocyclic compounds were also
present (see T able 14), with maxima of about
1300 mg/kg dry weight for total nitrogencontaining
aromatic compounds, for example (Krone et al., 1986).
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Table 10: Groundwater concentrations of non-heterocyclic PAHs detected at creosote-con taminated sites.

Groundwater concentrations? (ug/litre)

Compound ) @ @) @) ) (6) ) ®) ©)

Acenaphthene 139 760 30 800 805

Acenaphthylene 760 14 770 1520 59

Anthracene 360 70 81.4 60 850 3830 425

Anthraquinone 19 420 3980

Benz[a]anthracene 38 950 6010 280

Benzo[a]fluorene

Benzo[b]fluorene 35990 4900

Benzofluoranthenes

Benzo[b]fluoranthene 8000 11 910 3760 121
+KP (+ kP

Benzo[K]fluoranthene

Benzo[ghi]perylene

Benzo[a]pyrene 0.27 4000 0.32 30 37 580 2800 57

Benzo[e]pyrene

Biphenyl 225 360 2270 5670

Chrysene 0.67 50 37 580 7920 249

Dibenzo[a,h]anthracene <0.1

1,7-Dimethylnaphthalene 37.8

2,3-Dimethylnaphthalene 8810 1820

2,6-Dimethylphenanthrene 19 420 6040

Fluoranthene 230 860 45 050 1028

Fluorene 160 130 293 610 141330 26 620 661

Indeno[1,2,3-cd]pyrene 3200

2-Methylanthracene 74 330 9670

1-Methylfluorene 354

Methylnaphthalenes 820

1-Methylnaphthalene 614 790 13 330 29 110

2-Methylnaphthalene 1263 1400 2860 563

1-Methylphenanthrene 11 460

Naphthalene 7500 66 000 2.8 8600 3490 15600 1110 83220 3312

Perylene

Phenanthrene 700 214 780 356 760 100 920 1825

Pyrene 94 171 130 27 040 666

a

(1) Near former tar distillation plant, Ontario, Canada, maximum values (Raven & Beck, 1992).

(2) Near six wood treatment/storage sites across Canada, maximum values (CEPA, 1993).
(3) Near wood-preserving plant, New Castle, New Brunswick, Canada, maximum values (CEPA, 1994).
(4) Forty-four sites near gasworks, asphalt factories, and wood preservation plants, Denmark, 90th percentiles (Kiilerich & Arvin,

1996).

(5) Near abandoned wood treatment facility, Texas, USA, maximum values (Bedient et al., 1984).
(6) Near creosote works, Pensacola, Florida, USA, maximum values (Goerlitz et al., 1985).

(7) Near creosote works, on-site, Pensacola, Florida, USA, average (Mueller et al., 1993).

(8) Near creosote works, Pensacola, Florida, USA, single measurement (Middaugh et al., 1994a).
(9) Near five wood treatment facilities across USA, average (Rosenfeld & Plumb, 1991).

b +k = + benzo[Kfluoranthene.

Waterway and river banks in the Netherlands have
been protected from erosion by creosoted wood. As a
result, elevated PAH concentrations have been found in
the sediments — for example, 5.5 mg/kg dry weight (for
three PAHs: pyrene, phenanthrene, and fluoranthene)

compared with 0.18 mg/kg dry weight in waterways 14).
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without creosoted bank protection (BKH, 1995). Total
PAH concentrations of up to 20 mg/kg dry weight
(Vijayan & Crampton, 1994) or 1200 mg/kg dry weight
(Wan, 1991) have been recorded in connection with
other wooden creosoted constructions (see also Table
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Table 11: Groundwater concentrations of heterocyclic compounds detected at creosote-contaminated sites.

Groundwater concentrations 2 (ug/litre)

Compound

@

@ (32) (3b) @ ®)

(6) U]

®)

©)

Nitrogencontaining heterocycles

9-Acridinone 105 0.005 21

Acridine 13 55 0.012 106 14 4110 2290
Alkylpyridines, other 110

Alkylquinolines, other 86

Carbazole 150 299 570 30420 4510
2,4-Dimethylpyridine 27 7.7

1-Hydroxyisoquinoline 1150 6 900

2-Hydrox y-4-methylquinoline 450 1100

2-Hydroxyquinoline 270 42 000

Indole 83

Isoquinoline 1800 29 1310 100 5400
Isoquinolinone 4172

1-Methylpyrrole n.d.p

2-Methylpyridine 57 41 490 7220
2-Methylquinoline 50 21 297

4-Methylquinoline 857 590 1620
Pyrrole 0.22

Quinoline 45 11 200 288 60 11420
Quinolinone 9987

Sulfur-containing heterocycles

Alkylthiophenes 6.5

Benzothiophene 99 669 1 360 1320 2480
Benzothiophene-2,3-dione <25 182.6

Dibenzothiophene 51 9.4 55 980 6450
Dibenzothiophene-sulfone 0.27

Thiophene 9.2

Oxygen-containing heterocycles

Benzofuran 16

Dibenzofuran 31 24.7 204 490 84420 22530 332
Methylbenzofurans 11

2 (1) Near old gasworks and wood treatment facilities, Denmark, maximum values (Johansen et al., 1998).

(2) Near abandoned wood treatment facility, Texas, USA, maximum values (Bedient et al., 1984).

(3) Near former creosote facility, Florida (a) and Minnesota (b), USA, means (Ondrus & Steinheimer, 1990).

(4) Near former creosote facility, Florida, USA, statistical value not specified (Pereira et al., 1983).

(5) Near former creosote facility, Florida, USA, maximum values (Pereira & Rostad, 1986 ; Pereira et al., 1987).
(6) Near creosote works, Pensacola, Florida, USA, maximum values (Goerlitz et al., 1985).
(7) Near creosote works, on-site, Pensacola, Florida, USA, average (Mueller et al., 1993).

(8) Near creosote works, Pensacola, Florida, USA, single measurement (Middaugh et al., 1994a).

(9) Near five wood treatment facilities across USA, average (Rosenfeld & Plumb, 1991).

b n.d. = not detected.

BaP concentrations as high as several hundred
mg/kg dry weight have been measured in sediments near

wood-preserving facilities. Values of about 1-2 orders of

magnitude lower occurred in sediments adjacent to

5.1.3.2 Soil

creosoted banks or railway rights-of-way (see Table 15).

Concentrations of more than 20 other individual PAHs
and some heterocyclic compounds are given in Table 15.

Generally, there is a great variation in contaminant
concentrations, showing patchiness and “hot spots.”

Elevated concentrations of creosotederived com-
pounds have been documented in soils near abandoned

facilities that had produced or used creosote in Australia
(Guerin, 1999, Canada (CEPA, 1993; Otte et al., 1994,
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Table 12: Groundwater concentrations of monocyclic aromatic and phenolic compounds detected at
creosote-contaminated sites.

Compound

Groundwater concent rations? (ug/litre)

) @

®

@ ©) ©) ) ®)

Monocyclic aromatic compounds

Benzene 900 8400 3500 33
p-Dichlorobenzene 32.6

Ethylbenzene 39
Toluene 150 1200 48
1,2,3-Trimethylbenzene 46.7

Xylenes 110 1400 1670 94
Phenolic compounds

Cresols 3200

o-Cresol 650 6 660

m-Cresol 780 100 25170 (+ pf

p-Cresol n.d.©

2,3-Dimethylphenol 50 1050

2,4-Dimethylphenol 150 5650

2,5-Dimethylphenol 150 3040

2,6-Dimethylphenol n.d. 900

3,4-Dimethylphenol n.d. 2200

3,5-Dimethylphenol 220 9520

2-Methylphenol 7100 1268
3-Methylphenol 13730

4-Methylphenol 6170 3640
Naphthol 1190

Phenol 2000 3300 10 400 50 11 470 1537
Trimethylphenol 20 1910

Xylenols 4100 600 9380

2 (1) Near former gasworks, Denmark, statistical value not specified (Flyvbjerg et al., 1993).
(2) Near abandoned wood treatment facility, USA, maximum values (Bedient et al., 1984).
(3) Near former tar distillation plant, Canada, maximum values (Raven & Beck, 1992).
(4) Forty-four sites near gasworks, asphalt factori es, and wood preservation plants, Denmark, 90th percentiles (Kiilerich & Arvin,

1996).

(5) Near creosote works, Pensacola, Florida, USA, maximum values (Goerlitz et al., 1985).
(6) Near creosote works, on-site, Pensacola, Florida, USA, average (Mueller et al., 1993).
(7) Near creosote works, Pensacola, Florida, USA, single measurement (Middaugh et al., 1994a).

(8) Near five wood treatment facilities across USA, average (Rosenfeld & Plumb, 1991).

b +p =+ p-cresol.
¢ n.d. = not detected.

Finland (Priha et a., 2001), Norway (Breedveld &
Farrevik, 2000), Sweden (Elliset a., 1991 ; Eriksson et
a., 2000), and the USA (Bedient et al., 1984 ; Thomas et
al., 1989; Borazjani et al., 1990; Acharya & Ives, 1994
Mohammed et al., 1998), aswell asin the vicinity of
creosote-treated wooden constructions, such as polesin
service (Nurmi, 1990; Bergqvist & Holmroos, 1994;
BKH, 1995, railway sleepers (railroad ties) (Sandell &
Tuominen, 1996 ), or sandboxes made of old railway
sleepers (Danish EPA, 1996). A survey isgivenin Table
16 (sum concentrations) and Table 17 (individual
concentrations). Maximum sum concentrations of PAHs
ranging from 90 to 520 000 mg/kg dry weight have been
reported from wood treatment/storage sites in Canada
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(CEPA, 1993. A maximum of 32 000 mg total PAHs/kg
dry weight was found at a creosote production sitein
Sweden, which had not been in operation for more than
70 years. Total phenols amounted to 98 mg/kg dry
weight (Ellis et al., 1991). Similarly high concentrations
of “creosote oil contents’ (up to 90 000 mg/kg dry
weight) were present in soil samples taken around
creosote-treated poles (Nurmi, 1990). Analyses of play-
ground sand from sandboxes made of old impregnated
raillway ties found total PAH concentrations of up to
1.8 mg/kg dry weight. This maximum was measured in
samples from surface sand in close contact with the
wood. Maximum values of about 0.4 mg/kg were
detected both at 20 cm depth in close contact with the
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Table 13: Surface water concentrations of PAHs detected at creosote-contaminated sites.

Surface water concentrations®? (ug/litre)

Compound @) () 3) 4)
Acenaphthene 5.4-33 0.6-49.2

Acenaphthylene 0.1-2.6

Anthracene 400-39 700 0.05-6.55 2.7-554
Benz[a]anthracene n.d—0.11 11.5-182
Benzofluoranthenes n.d.—5500

Benzo[b]fluoranthene tr.—0.02 11.8-141
Benzo[K]fluoranthene 0.001-0.02 6.2—-78
Benzo[ghi]perylene 9.1-15.3

Benzo[a]pyrene 300-6600 0.005-0.05 n.d.-2.5 13
Chrysene n.d.—0.05 15.4-441
Dibenzo[a,h]anthracene 1.7-23

Fluoranthene 1200-110 000 0.14-1.7 20-1226

Fluorene 600—-12 300 1-7.15 0.6—68.8
Indeno[1,2,3-cd]pyrene 12.5-31.4

Naphthalene 700-14 100 5.3-153 0.3-0.8

Phenanthrene 2300-155 000 0.15-6.04 7.9-488

Pyrene 2100-85 000 0.26-2.7 19.4-733

2 (1) River Bayou Bonfouca, USA; range (Catallo & Gambrell, 1987).

(2) Small drainage stream, Pensacola, USA; range (Schoor et al., 1991).
(3) Railway ditch water, near creosote-treated power/telecommunication line poles erected in ditches, British Columbia, Canada;

range (Wan, 1991).

(4) Small waterways, The Netherlands; statistical value not specified (BKH, 1995).

b Abbreviations used: n.d. = not detected; tr. = trace.

wood and in surface sand 0.5 m distant from the wood
(Danish EPA, 1996).

BaP concentrations found in soils near wood treat -
ment/storage sites reached maxima of 390 mg/kg dry
weight (CEPA, 1993), those near creosoted posts,

6.1 mg/kg (BKH, 1995), and those from playground
sand, 0.2 mg/kg (Danish EPA, 1996). For soil concen
trations of additional PAHs and some heterocyclic
compounds, see Table 17.

Several PAHs have been identified in wood preser-
vative sludge at very high concentrations, ranging from
300 mg/kg (benzo[j]fluoranthene) to 26 000 mg/kg
(fluoranthene); the BaP content was found to be
3600 mg/kg (NRCC, 1983; weight basis and statistical
value not specified).

5.1.4 Food

Creosote-derived contamination of food has been
documented mostly for fish and seafood from contami -
nated rivers or estuaries or from their containment in
creosote-contaminated impoundment.

Fish and other aquatic animals captured from
creosote- contaminated areas have been found to contain
creosote-typical PAHs (see Table 18) and in some cases
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(fish) PAH metabolites (see section 5.1.6). Many of the
animals analysed belong to edible and commercially and
recreationally important species. In field experiments,
newly moulted crabs, which are regarded as a seafood
delicacy, have been demonstrated to accumulate signi -
ficant amounts of high-molecular-weight PAHs orig-
inating from creosote (Mothershead & Hale, 1992, see
also section 4.3.1).

The PAH burden in edible animals appears to
increase not only due to living in creosote-contaminated
natural habitats but also due to procedures following
catch. Dunn & Fee (1979) reported on PAH contamina
tion of lobsters (Homarus sp.), most probably attrib-
utable to creosote contamination during impoundment.
Freshly caught lobsters from four different areas (total n
= 19) had less than 1 ug BaP/kg wet weight in tail meat,
whereas |obsters kept in a commercial tidal pound con-
structed of creosoted timber contained highly elevated
levels of BaP and other PAHs. The maximum concert
trations of BaP were 2300 pg/kg wet weight in digestive
gland and 281 pg/kg wet weight in tail meat. The mean
concentration of BaP in tail meat of commercial market
lobsters increased from 0.6 pg/kg wet weight (n = 5) to
78.9 po/kg wet weight (n = 10) after about 3 months
(June to September 1978) of impoundment; the corres
ponding ranges were 0.4-0.9 pg/kg compared with 7.4—
281 ug/kg. Concentrations of 13 PAHs detected in the
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Table 14:

Sediment contamination by creosote: sum concentrations?

Concentrations

(mg/kg dry
Location Compounds weight)® Measure Reference
Coastal estuarine sediments
Canada, British Columbia, Belcarra total PAHs <0.02-19.7 range (at40 mand Vijayan & Crampton
Bay, near creosoted pilings 3m) (1994)
Canada, near creosoted wharf: total PAHSs (up to 16) ranges (1-50 m Gagne et al. (1995)
- intertidal 0.12-209.11 distance, various
- subtidal 0.14-29.03 depths)
USA, Eagle Harbor, Puget Sound, total AHs (29) 2.8-120 range of means Malins et al. (1985)
Washington, near wood -creosoting from three sites
facility (in operation since the late (total n = 15)
1800s) _
total AHs (29) 1300 n=1
total NCACs (>200) ~100 n=1
total AHs (29) 310 1 site Krahn et al. (1986)
total PAHs ( = n.sp.) 1100-29 000  range (3 sites) Krone et al. (1986)
total NCACs (>200) 200-1250 range (3 sites)
total PAHs (13) 6461 n=1 Swartz et al. (1989)
USA, Elizabeth River, Virginia, total PAHs (14) 1.2-170 range (h = 28 Bieri et al. (1986)
Southern Branch, highly industrialized stations)
area including creosote wood treatment (451 pAHSs 1 = n.sp.) 10.9-259.4  range of meansfor  Koepfler & Kator
plants; two massive spills of wood four stations (1986)
preservatives
total PAHs 1 = n.sp.) 400-13 000°¢  range (one site, Huggett et al. (1987)
two depths)
total PAHs (21) 21200 mean (h = 2) Roberts et al. (1989)
total PAHs 1 = n.sp.) 3-2200 range (h =3 Vogelbein et al.
stations) (1990)
total PAHs (>21) 15000 maximum (n = 225) Huggett et al. (1992)
USA, Arthur Kill, New Jersey, highly total PAHs (17-19) 1.7-139 range of means Huntey et al. (1993)
industrialized area including creosote (five stations)
wood-pre serving industries (1960s-
1970s), s: 1991
Continental water sediments
Canada, Thunder Bay, Ontario, total PAHs (16) 0.69-4330 range (n = 24) McKee et al. (1990)
harbour (Lake Superior) adjacenttoa  y4t5) pAHs i = n.sp.) 26 388 maximum (n = CEPA (1993)
wood-preserving plant n.sp.)
Canada, Newcastle, New Brunswick, total PAHs (12) 3.6-11 000 range (h = 14) Kieley et al. (1986)
drainage ditch near wood-preserving
facility
Canada, Truro, Nova Scotia, discharge total PAHs (12) 1.5-6300 range (h = 14) Kieley et al. (1986)
stream / Salmon River
Canada, British Columbia, railway ditch total PAHs (16) 1.89-1169 range Wan (1991)
2135 mean
The Netherlands, two waterways: total PAHSs (3) n.sp. BKH (1995)
- with/without creosoted bank 5.5/0.18
protection
Finland, Lake Jamséanvesi, near total PAHs (16) 8-3294 range (h = 9; Hyo6tylainen & Oikari
creosote impregnation plant (in three sites, three (1999a)
operation: 1956-1976) depths)
Sweden, River Angemanalven, site 3, total PAHs (up to 20) 48-1968 range (h = n.sp.) Ericson et al. (1999)

near creosote impregnation plant (in
operation: 1947-1968)

2 Abbreviations used: AH = aromatic hydrocarbon; NCAC = nitrogen-containing aromatic compound; n.sp. = not specified; PAH =

polycyclic aromatic hydrocarbon; s = sampling year, if specified.

b Unless otherwise specified.
¢ Weight basis not clearly specified.



Table 15: Sediment concentrations of PAHs and heterocyclic compounds detected at creosote-contaminated sites.

Sediment concentrations @ (mg/kg dry weight)

Compound @ @ G @ ® 6) ™ ®) ©) (10) (11) (12) (13) (14)  (15)
Acenaphthene 0.04-5 890 810 0.26-34.0 5-19 107 0.02-12.7 (2.7) 5.8-24.6
Acenaphthylene 86 0.36-3.40 0.03-0.99 (0.3) nd.-48
Anthracene 0.1-12 280 1300 0.26 0.61-31.0 3-140 23 107-1650 0.03-40.6 (8.0) 1124 9.5-734 2.7
Benz[a]anthracene 0.1-52 160 11 140 0.35 0.30-12.0 5-15 12 590 0.02-42.7 (7.9) n.d.—-12.7 0.94
Benzo[a]fluorene 120 0.29

Benzo[b]fluorene 120 0.28 0.21
Benzofluoranthenes 0.3-3 17 110 0.23 75-2280

Benzo[b]fluoranthene 64 0.29-8.70 32 120 <0.08-13.9 (3.0) 632 n.d.—0.22
Benzo[k]fluoranthene 27 14 0.20-9.30 4.1 69 <0.1-7.1 (1.4) n.d—-1250 0.30
Benzo[ghi]perylene 0.2-0.7 0.03 0.33-2.80 97 0.14-2.2 (0.7) 0.13
Benzo[a]pyrene 02-21 34 9 50 0.10 0.31-11.0 7.8 40-610 190 0.11-9.1 (2.3) 450 20.0-358 045 23
Benzo[e]pyrene 0.3-2 6 56 0.08 120 0.25
Biphenyl 0.01-0.4 0.09

Chrysene 0.3-78 150 19 0.32 0.39-14.0 7-10 6.2 290 0.06-59.5 (11.4) n.d.—42.1 1.0
Dibenzo[a,h]anthracene 0.02-0.4 25 0.69-1.20 0.16-0.77 (0.3) n.d. (0.31-144)°
2,6-Dimethylnaphthalene  0.01-0.7 n.d.—438
2,6-Dimethylphenanthrene n.d—0.6

Fluoranthene 0.3-25 1000 42 1000 2.37 0.59-66.0 17-62 28 608-6580 2300 0.3-523 (91.3) 6.5
Fluorene 0.04-6.6 730 1000 1.25 0.74-17.0 3-32 32 358-7720 0.04-116 (20.3) n.d.—295 12
Indeno[1,2,3-cd]pyrene 0.1-1.2 18 0.03 0.30-33.0 48 0.13-1.7 (0.6) 14.3-453 0.15
1-Methylfluorene 0.31-74.9
1-Methylnaphthalene 0.01-1.4 n.d.

2-Methylnaphthalene 0.02-1.7 0.03 0.46-22.0

1-Methylphenanthrene 0.01-1.2 11
3-Methylphenanthrene 25
Naphthalene 0.2-3.6 460 1300 0.1 0.37-54 02-03 45 1380-7720 0.09-1.1 (0.5) 7654

Perylene 0.05-0.5 14 0.05 n.d.—14.3 0.24
Phenanthrene 0.2-19 2000 25 2430 422 0.36-89 n.d.-12 103 435-29310 5600 0.2-204 (36.7) 5687 15
Pyrene 0.3-18 580 28 1.35 0.17-27.0 11-32 66 178-1660 1700 0.2-135 (26.1) n.d.—188 3.8
2,3,5-Trimethylnaphthalene n.d—0.6 n.d.



Table 15 (contd)

Sediment concentrations ® (mg/kg dry weight)

Compound @ @ (&) ©®) (©) @) 8) ©9) (10) (11) (12) (13) (14) (15
Heterocycles

Carbazole nd-17 18 0.34-2.50

Dibenzofuran 0.03-3.6 0.48-6.0

Dibenzothiophene 0.35

a

(1) Coastal harbour sediments, USA, means (Malins et al., 1985).

(2) Coastal harbour sediments, USA, n =1 (S wartz et al., 1989); heterocycles: Krone et al. (1986).

(3) Subestuarine (Elizabeth River) sediment, USA, statistical value not specified (Bieri et al., 1986).

(4) Estuarine (Elizabeth River) sediment, USA, maxima (Huggett et al., 1987, 1992).

(5) Estuarine (Elizabeth River) sediment, USA, mean (Roberts et al., 1989).

(6) Estuarine river (Arthur Kill) sediment, USA, range (Huntley et al., 1993).

(7) Estuarine drainage stream sediment, Pensacola, USA, range (Elder & Dresler, 1988).

(8) Estuarine drainage stream sediment, Pensacola, USA, single measurement (Schoor et al., 1991).

(9) Bayou Bonfouca sediment, USA, range, weight basis not specified (Catallo & Gambrell, 1987).

(10) Ditch sediments from two wood-preserving facilities, Canada, maximum values (Kieley et al., 1986).

(11) Ditch sediments adjacent to a railway right-of-way, Canada, range (mean) (Wan, 1991).

(12) Near six wood treatment/storage sites across Canada, maximum values (CEPA, 1993).

(13) Lake Jamsanvesi sediment, Finland, range, 0-10 cm depth (Hy6tyldinen & Oikari, 1999a).

(14) River sediment adjacent to a wood treatment facility, Sweden, combined sample from three sites (Ericson et al., 1999).
(15) Sediment from small waterways with creosoted bank protection, The Netherlands, maximum value (BKH, 1995).

n.d. = not detected.

10-30 cm depth.
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Table 16: Soil contamination by creosote: sum concentrations.?

Concentrations

Location Compounds (mg/kg dry weight)® Measure Reference
Australia (southeastern), total PAHs (16) 2200 maxima Guerin (1999)
former creosoting plant area total phenols 150 (n=n.sp.)
(|nboperat:on ]for 30 yegl_rst)_, total PAHs (16) 3-501 ranges
subsamples for remedialion  y44a) phenols 0.08-59 (n=28)
Canada, nine wood total PAHs 89.5-520 000 range of maxima CEPA (1993)
treatment/storage sites (n=n.sp.)
Canada, Quebec, two total PAHs (16) means Otte et al. (1994)
wood-preserving industrial (n=5)
sites:
- soil 1 (Tracy) 919¢
- soil 2 (Delson) 4686°
Denmark, playground sand  total PAHs (9) n.d.-1.8 range Danish EPA (1996)
from four sandboxes made (n=12)
of old railway sleepers
Finland, creosote treated “creosote oil contents” Nurmi (1990)
poles (after 2, 4, and 10
years in service, 1978-
1988) ranges:
- around the poles 25 000-90 000 (n =>20)
- under the butt ends 5000-33 000 (n=~6)
Finland, wood treatment total PAHs >2000 n.sp. Priha et al. (2001)
plant
Finland, storage area for total PAHs (19) <0.002-19.5 range (n =19; Sandell & Tuominen (1996)
railway ties; s: 1992-1993 different depths at
nine sites)

Norway, Lillestrom, creosote total PAHs (16) Breedveld & Sparrevik (2000)
wood-preserving activity for
>50 years:
- top soil 6280 n.sp.
- organic layer 200
- aquifer sand 324
Sweden, Stockholm, total PAHs (11) <10-32 000 range
creosote production site 4326 mean (n = 80)
(1861-1917); s: ~1990 total phenols <1-98 range Ellis et al. (1991)

26.4 mean (n = 20)
Sweden, close to creosoted total PAHs (7) plus <1-1500 range Bergqvist & Holmroos (1994)
posts dibenzofuran (n=15)
USA (southeastern); eight total PAHs (16) n.d.—196° range Borazjani et al. (1990)
woodHreating plant sites? (totaln = 44)
USA, creosote waste site total PAHs 5749 n.sp. Baud-Grasset et al. (1993)
(no details)
USA, Louisiana, Slidell, Acharya & Ives (1994)
wood preservation facility
(1892-1970; destroyed by
fire in 1970):
- surface/near-surface soils total PAHs (~15) 1-15 680° n.sp.
- soil matrix of aquifer total PAHs 2488 n.sp.
USA, Montana, Libby site; total PAHs (~17) 524 single Mohammed et al. (1998)

s:1992

a
b Unless otherwise specified.
c
d

Weight basis not clearly specified.
Slightly contaminated areas (chosen for remediation).
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Abbreviations used: n.d. = not detected; n.sp. = not specified; s = sampling year, if specified.



Table 17: Soil concentrations of PAHs and heterocyclic compounds detected at creosote -contaminated sites.

Soil concentrations * (mg/kg dry weight)

Compound @ @ ©) @ ©) ©) U] @® © (10) (11)
PAHSs

Acenaphthene 32.1 (100) <0.05 n.d.-1.9 7.2 (1.5) 5300 559
Acenaphthylene <0.5 <0.05 5(0.9) 635.1 85
Anthracene 8.0 (9.8) 1910 <0.05-0.07 n.d—65 14 (2.7) 2.16 5400 678
Benz[a]anthracene 53 10 (1.1) 1200 312
Benzo[b]fluoranthene 2.2 (6.5) 500 1.56 7.2 (0.9) 340
Benzo[k]fluoranthene 1.6 (4) 0.70 1(0.1) 550
Benzo[ghi]perylene 0.6 (1.7) 1.6 (0.2) 60
Benzo[a]pyrene 2.0 (4.9) 390 <0.05-0.20 0.53 0.35-6.1 2.8 (0.4) 490
Benzo[e]pyrene 0.94

Biphenyl 0.79

Chrysene 4(27) n.d.-520 11 (1.3) 1119
Dibenzo[a,h]anthracene 0.3(1) 240
1,4-Dimethylnaphthalene 2.5(0.4)

1,7-Dimethylnaphthalene 1.89

Fluoranthene 55.9 (150) <0.05-0.71 5.41 n.d.—2500 70 (9.8) 6600 1056
Fluorene 12.6 (27) <0.05 0.02 n.d—66 15 (1.8) 4.22 5600 489
9H-Fluorenone 28 (2.8)

Indeno[1,2,3-cd]pyrene 0.7 (2.3) 2.3(0.3)

1-Methylfluorene 0.47

1-Methylnaphthalene 2.06

2-Methylnaphthalene 3.42 7.7 6100 257
Naphthalene 16.9 (52) 2058 <0.05 0.01 1.3(0.2) 3.74 17.3 23 226
Phenanthrene 71.1 (149) 7200 <0.05-0.05 0.21 n.d-75 66 (15) 18.3 16 000 1090
9,10-Phenanthrenedione 17 (2.3)

Pyrene 30.8 (55) <0.05-0.82 4.66 n.d.—1800 51 (6.1) 4600 865
Heterocycles

Dibenzofuran n.d-50 3.76 4500 358
Dibenzothiophene 1.18




Table 17 (contd)
& (1) Australia, excavated soil, near former creosoting plant, means (maxima in parentheses) (Guerin, 1999).
(2) Canada, near seven wood treatment/storage sites, maximum values (CEPA, 1993).
(3) Denmark, playground sand from four sandboxes made of old railway ties, 0-20 cm depths, ranges (Danish EPA, 1996 ).
(4) Finland, storage area for railway ties, various sites (9) and depths (0—2 m), maximum values (Sandell & Tuominen, 1996).
(5) The Netherlands, near creosoted posts placed 45 years ago; reference value: 0.08 mg/kg (BKH, 1995).
(6) Sweden, soil close to three creosoted posts after 40 years of exposure, various depths (25-90 cm), ranges (Bergqvi st & Holmroos, 1994 ).
(7) Sweden, creosote-contaminated soil from a former gasworks site, means (standard deviation in parentheses) (Eriksson et al., 2000).
(8) USA, Texas, near former creosote facility (1952-1972); sampling: 1983; 0.2—0.5 m (Bedient et al., 1984).
(9) USA, Texas, near former creosote facility, 2.0-2.2 m (Thomas et al., 1989).
(10) USA, Louisiana, near fire-destroyed former creosote facility (maximum values; weight basis not clearly specified) (Acharya & Ives, 1994).
(11) USA, creosote waste site (location, statistical value, and weight basis not clearly specified) (Baud-Grasset et al., 1993).
® n.d. = not detected.
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Table 18: Concentrations of PAHs and heterocyclic compounds in aquatic fauna from creosote -contaminated sites.?

Concentrations (ug/kg)

Environment; PAHSs, Creosote-
creosote source Species etc. contaminated  Control Remarks Reference
Freshwater (small  insects (mostly phen w: 5489 42 n=n.sp. Black et al.
river); downstream  Trichoptera larvae) BA w: 2893 7 (subsamples of 0.5 g) (1981)
(and upstream = BaP w: 725 1
controlz of a_” " crayfish phen w: 447 6 composite samples of
Creosote spill Site,  (procambarus sp.) BA w: 40 2 10-25
Michigan, USA BaP w8 0.6
lamprey phen w: 15 313 35 n =3 or more
(Lampetra sp.) BA w: 20 n.d.
BaP w:l 0.8
brown trout Salmo  phen w: 38 2 n =3 or more
trutta) BA w: 0.2 0.2
BaP w: 0.07 0.04
white sucker phen w: 28 4 n =3 or more
(Catostomus BA w: 0.1 0.1
commersoni) BaP w: 0.08 0.05
Freshwater (wood  insects phen w: 520 n.d. composite sample (no CEPA (1993)
treatment, no napht w: 500 n.d. details)
details, Calgary, BaP w: 3.9 n.d.
Alberta, Canada)  figh (n.sp.) phen w: 30 n.d. composite sample (no
napht w: 220 n.d. details)
BaP n.d. nd.
Freshwater (river);  large-scale sucker total n.sp. (slightly details in special report Pastorok et al.
near wood (C. macrocheilus) elevated com- (1994)
treatment facility pared with
controls)
Bayou; near marsh clam benzo- w: up to 600 87 n = 3—-4/site (caged at DeLeon et al.
creosote spill site (Rangia cuneata) pyrenes three sites) (1988)
(creosote works)
(and control bayou)
Marine; collected barnacles benzo- present n.d. n=n.sp. Shimkin et al.
from creosoted (Tetraclita pyrene (no details) (1951)
pilings, California,  squamosa
USA rubescens)
Marine; wharf mussel (Mytilus “creosote” I: 1 046 000 n.sp. n=n.sp. Zitko (1975)
periodically edulis)
repaired with periwinkle I: 3 254 000 n.sp.
creoso te-treated (Littorina littorea) (459 000)°
timber (New
Brunswick, whelks I: 354 000 n.sp.
Canada) (Buccinum (202 000)°
undatum
Neptunea decem-
costata)
Marine; creosoted  mussels BaP w: up to 215 dropped off n=n.sp. Dunn & Stich
pilings or timbers (Mytilus edulis) (1976)
(five stations),
Vancouver, British
Columbia, Canada
Marine; creosote-  fish, English sole total d: ~1000 ~100 liver (composite sample Malins et al.
contaminated (Parophrys vetulus) of 4-6) (1985)
SHZdrlt:?)fmS (Eagle  jnvertebrates total 50 000, 84 000 ~500 n = 2 (composite stomach
’ food organisms$ samples
Washington, USA) ( 9 ) ples)
(and control site) eg. up to up to
phen 18 000 56
FA 14 000 89
chrys 11 000 15
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Table 18 (contd)

Concentrations (ug/kg)

Environment; PAHSs, Creosote-
creosotesource  Species etc. contaminated  Control Remarks Reference
Estuarine, oyster total (6), d: 3900 n.d. n=n.sp. Pittinger et al.
Elizabeth River, (Crassostrea eg. (1985)
Virginia, USA; virginica) FA 1700
creosote and other BaP 200
industries phen 100
Estuarine snail (Thais PAHs (12) w: 0.7-194 n.sp. n.sp. Rostad &
(Pensacola Bay, haemastoma) 01 Pereira (1987)
Florida, USA); near 2‘295 (M w:0.1-97
}/vo?_d—preservmg phen w194
acility BaP w: 2.8

FA w: 61

acrid w: 9.7
Estuarine snail (Thais up to figure only @ and weight  Elder & Dresler
(Pensacola Bay, haema stoma) phen 190 ~33 basis = n.sp.) (1988)
Florida, USA); near FA 65 n.d.
wood-preserving pyrene 45 n.d.
facility (and control
site)

)

Abbreviations used: acrid = acridinone; BA = benz[a]anthracene; BaP = benzo[a]pyrene; chrys = chrysene; d = on a dry weight basis;

FA = fluoranthene; | = on a lipid weight basis; napht = naphthalene; n.d. = not detected; NSOs = heterocyclic (NSO) compounds;

n.sp. = not specified; PAH = polycyclic aromatic hydrocarbon; phen = phenanthrene; w = on a wet weight basis.

b Values in parentheses measured in samples from Passamaquoddy Bay with no apparent sources of creosote oil (according to the
authors, possibly indicating widespread creosote contamination).

¢ Benthic food organisms in the stomachs of the English sole from Eagle Harbor.

edible tissues of a freshly caught and an impounded 5.1.5  Other products
lobster are given in Table 19. Other PAHs that were
detected but not identified or quantified were similarly Several studies have monitored the content of
elevated in impounded lobsters. creosote (components) in creosoted wood products used
as sleepers (Petrowitz & Becker, 1964, 1965; Rotard &
Table 19: PAH concentrations in the tail meat of lobsters Mailahn, 1987, Gurprasad et al., 1995, poles/posts
(Homarus sp.) before and after impoundment.? (Nurmi, 1990 Berggvist & Holmroos, 1994 ), or marine
pilings (Drisko, 1963; Ingram et al., 1982, Gagne et .,
Concentrations 1995), reused as playground equipment (Rotard &
(hglkg wet weight) Maj?)ahn, 1987, ot 55 firewegodp(Rotar(d & Mailahn,
BAHS ‘(3nef:°rle) (':f:te{) 1987), or used for unknown purposes (Merrill & Wade,
1985; Becker et al., 2001). The most important featureis
Phenanthrene 32 100 that all of these products can contain very high concen-
Fluoranthene 67 1815 trations of PAHs even after several decades of use;
Pyrene 17.5 537 phenolic and heterocycl ic compounds were also present.
Triphenylene 5.1 627
Chrysene 22 303 _ _General ly, there was arel ative_decrease in_Iow-
Benz[alanthracene a4 299 p0|llng c.ompounds.qnd correspondi ngly arelative
Benzo[e]pyrene 43 077 mcrea;e in high-bailing gompounds |.n creosote products
over time due to weathering (Petrowitz & Becker, 1964
Benzo[b]fluoranthene 11 261 1965 Merrill & Wade, 1985; Bergqvist & Holmroos,
Benzo[K]fluoranthene 0.35 169 1994 Gurprasad et al., 1995. The total loss of creosote
Benzo[a]pyrene 0.76 281 has been determined for poles in service over a 10year
Benzo[ghi]pery|ene 0.19 51 pel’IOd (1978—1988) It was 10% aboveground, 12.1% at
Dibenz[a,h]anthracene n.d.p 153 ?_;c:)u();]dl(ljne, ant(id700/;tO.5 ';1 bsilg\gf?m:gdhne (Nfurml .
. Creosoted posts analy er 40 years of service
Indenoft 2, 3 cdlpyrene 051 187 (Berggvist & Holmroos, 1994) showed the following
# Adapted from Dunn & Fee (1979). Concentrations are concentration ranges (three posts, four sections, three
m%azlérﬁg IQJ:Se%déglf?etrl)sféﬁ?e?f a freshly caught (before) zones, in g/kg of moisture free wood): acenaphthene
b g oot datoctod. ' (0.05-18), chrysene (0.17-2.9), fluoranthene (1.4-26),

fluorene (0.25-14), naphthalene (<0.005-20), 2-methyt
naphthal ene (<0.01-8.8), phenanthrene/anthracene (0.3—
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41), pyrene (0.91-16), and dibenzofuran (0.14-12). BaP
contents were not recorded in this investigation. In
another study, BaP conterts ranging from 44 to

1573 mg/kg shavings (Rotard & Mailahn, 1987) were
found in wooden sleepers (n= 3) installed in German
playgrounds. Comparable results were obtained from a
larger-sized Canadian study on out-of-service railroad
ties (sleepers), some of which had been in service for at
least 60 years. BaP concentrationsin the positive
samples (n = 27) ranged from 86 to 656 mg/kg, with a
mean of 342 mg/kg (Gurprasad et al., 1995). A complete
survey on concentrations of creosote compounds
detected in old railroad tiesis given in Table 20.
Concentrations (mg/kg wood) of some compounds in
creosoted wood samples (n = 3) of unspecified origin
and age were much higher than those reported in

Table 20: acenaphthene (1630), fluoranthene (15 270),
fluorene (3570), phenanthrene (11 990), pyrene

(11 850), dibenzofuran (1870), and quinoline (1510)
(Becker et al., 2001). A wood sample from awharf
treated with acreosote stain before immersion in the
water about 2 years previously had a total PAH content
(16 PAHSs) of 141 871 mg/kg dry weight, the most
abundant PAHs being phenanthrene, fluoranthene,
pyrene, and fluorene (Gagne et al., 1995). Creosote
extracts from different cross-sectional depths of marine
pilings differed in their infrared spectra (Drisko, 1963).

5.1.6 Biota

There were no reports available on concentrations of
creosote-derived compounds in terrestrial flora or fauna.

No information was available on concentrations of
creosote-derived compounds in aguatic plants.

Table 18 (section 5.1.4) shows concentrations of
PAHSs and heterocyclic compounds reported in aguatic
fauna from creosote contaminated sites. PAHs derived
from creosote have been detected in several classes of
aquatic fauna, including insects, molluscs (gastropods,
bivalves), crustaceans, and fish collected at various
creosote-contaminated sites of rivers and coastal or
estuarine/ marine environments (Shimkinet al., 1951
Zitko, 1975; Dunn & Stich, 1976; Black et al., 1981,
Malins et al., 1985; Pittinger et a., 1985; Rostad &
Pereira, 1987, DelLeon et al., 1988; Elder & Dresler,
1988 CEPA, 1993; Pastorok et al., 1994). In general,
concentrations were highest in invertebrates (see Table
18). For example, food organisms (invertebrates) of a
bottom-dwelling fish (Englis h sole, Parophrysvetulus)
exposed to creosote-contaminated sediments in Eagle
Harbor (USA) contained total PAH concentrations as
high as 84 mg/kg dry weight. In the liver of the English
soles, total PAH concentrations of about 1 mg/kg dry
weight have been found (Malins et al., 1985). There
were also indications of the presence of free radicals
(derived from nitrogen-containing heterocyclesin
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creosote) in liver and bile of English sole from Eagle
Harbor (Malins & Roubal, 1985). Near a creosote spill
site in Hersey River (USA), BaP concentrations were as
high as 725 pg/kg wet weight in Trichoptera larvae, but
only 0.07-1 pg/kg wet weight in several fish species
(Black et a., 1981). Similarly, only trace levels of PAHs
have been detected in flesh of selected fish sampled
from the contaminated Elizabeth River, USA (no details
given) (Huggett et a., 1987). In snails, heterogyclic
compounds were found to be present at lower concentra
tions (up to 9.7 ug/kg wet weight) than PAHs (up to

194 ug/kg wet weight) (Rostad & Pereira, 1987; see also
Table 18).

Generally, the lower PAH concentrationsin fish
from contaminated areas compared with invertebrates
are attributed to the rapid metabolism of PAHsin fish.
Consistently, relatively high concentrations of PAH
metabolites have been found in creosote PAH -exposed
fish (Malins et al., 1985; CEPA, 1993; Karrow et al.,
1999. For example, mean concentrations of PAH
metabolites (measured as BaP equivalents) in the bile of
English sole (Parophrysvetulus, n= 22) exposed to
creosote-contaminated sediments in Eagle Harbor (USA)
amounted to 2100 + 1500 pg/kg dry weight (compared
with 100 + 89 ug/kg dry weight in controls, n = 20)
(Malins et a., 1985).

Altogether, the aguatic fauna living near creosote-
contaminated sites appear to absorb PAHSs significantly
over background levels.

5.2 General population exposure

The general population can be exposed to creosote
itself, to consumer products containing creosote, andto
creosote constituents deposited or enriched in environ-
mental media or food viaall usual routes of exposure
(inhalation of air, ingestion of food or drinking water,
skin contact).

Private users come into dermal or inhalative contact
with creosote w hile treating garden fences, animal
houses, etc. with creosote, handling/using creosoted
wood constructions (e.g., fences, garden equipment,
railroad ties used for landscaping, etc.), or applying
creosote as a pesticide in another way. In order to limit
direct exposures from these sources, some countries
have restricted the sale and use of creosote or creosoted
products for private purposes (RPA, 2000; ATSDR,
2002.

Consumers of fish and shellfish kept in creosoted
cages or caught in contaminated waters (see section
5.1.4) can take up the accumulated creosote components
or creosote metabolites via diet. In the USA (ATSDR,
2002), health officials have advised against consumption
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Table 20: Concentrations of creosote compounds in old railway sleepers (railroad ties).

Concentrations (mg/kg shavings)

Germany?(n= 5y

Canada® (n = 27)

Compound range range mean
Acenaphthene 44973 139-5600 1410
Acenaphthylene n.d.%—42 11
Anthracene 273-5300 1170
Benz[a]anthracene 167-2110 599
Benzo[a]fluoranthene 22419

Benzo[b]fluoranthene + [j]: 307-2316 82-948 421
Benzo[K]fluoranthene 100-1930 52-811 310
Benzo[ghi]perylene 28-339 142
Benzo[e]pyrene 30.8-1300

Benzo[a]pyrene 43.8-1573 86-656 342
Cyclopenta[def]phenanthrene 418-3917

Chrysene + triph: 266—12 950 220-2260 681
Dibenzo[a,h]anthracene n.d.—187 64
Fluoranthene 833-23 067 481-7820 2560
Fluorene 58-1849 178-4910 1420
Indeno[1,2,3-cd]pyrene 322-354 18-389 193
Naphthalene 6.4-392

Phenanthrene +anth: 1005-19 892 654-13 500 3720
Perylene 32-231

Phenylnaphthalene 101-2140

Pyrene 553-11 683 356-5110 1670
Dibenzofuran 23-990

Dibenzothiophene 22-1420

Quinoline 7.8-30.5

Phenols (phenol, mono-, di-, trimethylphenols) 0.48-37.8

1-Naphthol 0.8-5.1

4-Phenylphenol 0.5-7.7

Z Rotard & Mailahn (1987).

¢ Gurprasad et al. (1995).
4 n.d. = not detected.

Three samples from sleepers installed in playgrounds, one sample from closed railway sleepers, one sample from discarded
sleepers provided as firewood (with maximum concentrations in the playground sleepers); anth = anthracene; [j] =
benzo[j]fluoranthene; triph = triphenylene.

of fish from some riv ers polluted with creosote (Bayou
Bonfouca, Willamette River).

Residents near creosote facilities, creosote waste
sites, or sites where creosote-treated scrap lumber is
incinerated may be exposed by inhalation (contaminated
air), by ingestion of food (fruits and vegetables with
contaminated surfaces), and/or by drinking (contami-
nated groundwater) (BKH, 1995).

Children playing on creosoted playground equip -
ment can be exposed to creosote (components) present
on the wood surface (exudation), in the surrounding soil
(leaching), or in the air (evaporation). Small children
touching the treated wood and playing with sand may
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have not only intensive skin contact, but also some oral
intake from hand-to-mouth transfer (BKH, 1995).

A study on the assessment of multi-pathway
exposure of small children to PAHs by measuring
urinary concentrations of 1-pyrenol found that food
seems to be a main source of total pyrene and total PAH
uptake in small children, even with relatively high
concentrations of PAHs in urban ar (Vyskocil et al.,
2000). Studies of occupational exposure to creosote (see
section 5.3) have shown that dermal exposure is the most
important route of exposure.

There are only scarce data on creosoterel ated
contamination of drinkingwater (see section 5.1.2.1).
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Table 21: Survey on published estimations of exposure of children in playgrounds to BaP in creosote.

BaP contentin  Exposure

creosote period Estimated BaP
Group (country) Route (assumed) (assumed) Starting assumptions exposure Reference?
Children playing on Dermal 25 mg/kg Once per Estimated skin burden 2.6 ng/kg® body BMU (1995) EC
creosoted playing week per week: 10 pl weight per day (1999)
equipment (Germany) creosote
Children playing on Dermal Informationwas 2hor 50% coverage of open  0.85 or 1.7 ng/kg® WS Atkins
creosoted playing not available to 4 h/day skin, body weight of 15 body weight per International Ltd
equipment (country not the authors kg day (1997)
known to authors)
Children playing on Dermal 50 mg/kg Daily (3h)  Extrapolation of data 20.4%/2.04% ng/kg®  BKH (1995)

creosoted playing

equipment

(Netherlands)
2 A discussion of these studies is given in CSTEE (1999).
b Assuming body weight of child is 15 kg.
Z Figure given in reference.

(calculated).

from creosote -exposed body weight per
workers (measure- day

ments of pyrene

concentrations on

workers’ skin; conver

sion to BaP concentra-

tions) to children’s

exposure

Figure obtained by recalculation (probable mistake: 110.5 pg pyrene (measured) corresponds to 0.163 pg (not 1.63 pg) BaP

Table 22: Estimates of exposure to BaP from creosote for people living in the neighbourhood of creosote plants?

BaP content in

Estimated BaP

Route creosote (assumed) Starting assumptions exposure

Inhalation 500 mg/kg Storage yard of creosoted wood: BaP concentrations 0.5-5 ng/m®
calculated at a distance of 100 and 250 m, based on
emission measurements and using a distribution model (no
details given)

Oral (consumption of 500 mg/kg BaP concentration on crops at air concentrations of 0.5— 1.4-71.4° (11°) pg/kg

vegetables and fruits
from gardens)

5 ng/m?: 0.2-10 mg/kg crop
Consumption: 0.5 kg crops/day

body weight per day

Adult body weight: 70 kg

2 From BKH (1995).

b Figure obtained by recalculation (5000 pg +70 = 71 pg, not 11 ug).

¢ Figure given in reference.

Drinking-water is not monitored for creosote itself, but
some components of the mixture (e.g., “priority PAHS’
listed in Table 4) are sometimes monitored.
5.2.1 Exposure data

Due to the complexity of creosote and the many
different exposure situations, exposure profiles may vary
widely. Detailed measurements are lacking. Some esti-
mations using BaP as a marker substance have been
published for important exposure scenarios. children
playing on creosoted playground equipment (see Table
21) (BKH, 1995, BMU, 1995; EC, 1999) and residents
living in the neighbourhood of creosoting plants (Table
22) (BKH, 1995).

Although three different calculations were used for
children’s exposure, the results were in a comparable
order of magnitude: namely, about 1-2.6 ng BaP/kg
body weight per day (see Table 21). Exposure of people
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consuming garden crops contaminated by airborne creo-
sote has been estimated to be in the range of 1-70 ug
BaP/kg body weight per day (see Table 22). Generally,
the estimations performed are highly uncertain due to the
many assumptions that had to be made because of the
lack of representative measured data. Exposure estima-
tions for other components or substance classes (e.g.,
phenols or cresols) to which people near creosote
sources may be exposed at increased levels are not
available.

5.2.2  Monitoring of human fluids/tissues

A human monitoring study has been performed on
subjects living in the vicinity of a creosote impregnation
plant in Delson, Quebec, Canada. Urinary metabolites of
naphthalene (- and 2-naphthol) and pyrene (1-pyrenol)
were used as biomarkers of exposure. Morning and
evening urine samples (Sunday evening and Monday
morning in mid-August 1999) were collected from
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30 exposed individuals (male and female adults, non
smoking) living at a distance of 50-360 m downwind of
the plant and from a control group (n = 30) in the adjoin-
ing municipality residing at a distance of 1.9-2.7 km
upwind of the plant. Excretion values of 1-and 2-
naphthol were found to be significantly higher in the
exposed group than in the controls (P < 0.04), after
accounting for possible confounding variables. The
respective geometric mean concentrations (or 5th/95th
percentiles; arithmetic means) of 1-naphthol for the
exposed and non-exposed groups were 2.04 (0.55/6.00;
2.59) and 1.36 (0.39/7.02; 1.94) umol/mol creatinine for
evening samples and 2.49 (0.77/8.43; 3.03) and 1.17
(0.37/6.88; 1.64) umol/mol creatinine for morning
samples. Corresponding values for 2-naphthol were 1.78
(0.82/3.67; 1.71) and 1.36 (0.63/5.07; 1.71) pmol/mol
creatinine for evening samples and 1.94 (1.03/4.96;

2.13) and 1.08 (0.49/5.05; 1.36) umol/mol creatinine for
morning samples. However, the 1-pyrenol excretionsin
the exposed and control groups were not significantly
different (P> 0.5). The uptake of pyrene due to the plant
was too small to contribute significantly to the 1-pyrenol
excretion, whereas the uptake of naphthalene, being
more volatile and in higher concentrations in the air,
could be monitored via 1- and 2 - naphthols (Bouchard et
al., 2001).

53 Occupational exposure

Exposure to creosote is possible in several occupa
tionsinvolved in the manufacture, use, transport, or
disposal of creosote or creosoted wood products — for
example, employees of coal tar distillation and wood
impregnation plants, carpenters, assemblers of railroad
switches, workers involved in handling, installing, or
repairing impregnated timber constructions, gardeners or
farmers painting fences, etc., with creosote or applying it
as a pesticide, or workers handling discarded impreg
nated wood or contaminated soil. Most data are available
for workers of wood impregnation plants. Studies of
occupational exposure to creosote have shown that
dermal exposure is the most important exposure route.

5.3.1  Workplace data

5.3.1.1 Air concentrations

CTPV air concentrations from wood impregnation
plants have been compiled in Table 23 (Markel et al.,
1977, NIOSH, 1980, 1981b; Flickinger & Lawrence,
1982 Todd & Timbie, 1983; US EPA, 1984c; Alscher &
Lohnert, 1985 Heikkil& 2001; Borak et a., 2002). The
creosote aerosol concentrations ranged from <0.4 ug/m®
(NIOSH, 1981b) to 9710 pg/m® (Todd & Timbie, 1983).
As seen in Table 23, maximum values frequently
exceeded the permissible occupational exposure limit of
0.2 mg/ms, which has been set, for example, in the USA
(ACGIH, 2000). Some studies have shown that the

CTPV method is not a precise (Todd & Timbie, 1983) or
sensitive method (Borak et al., 2002) for creosote fumes.

A maximum CTPV concentration of 59 ug/m3 has
been measured in personal air samples of dock builders
(n=3; New York, USA, 1980). However, sampling
occurred on an atypically cool day when workers were
mostly not operating. Therefore, the authors assumed
that exposure may be substantially higher on more
representative days. Additionally, visual inspection
indicated a high potential for direct skin contact with
creosote (NIOSH, 1981a).

Creosote vapours have been monitored at different
workplaces in Finland by Heikkil& et al. (1987). The
total TWA concentrations ranged from 0.5t0 9.1 mg/m3
in two creosote impregnation plants (total n = 22), with
high peak concentrations (37—71 mg/n?°) during opening
and cleaning of the creosote warming chamber. Expoure
to these peak concentraions was lower in one plant due
to automation and in general due to local exhaust
suction. In other plants/working sites where creosoted
wood had to be handled (total n = 28), total TWA con-
centrations of 0.1-11 mg/m3 have been found — i.e.,
railway switch assembly hall (4.7-11 mg/m?’), repairing
of rallway (0.1-1 mg/ms), replacement of railsin railway
yard (0.7-7 mg/m®), welding of switches (0.5
0.7 mg/m°), or stevedores at ports (1.0 mg/m®). Com-
pounds measured in the vapours (and used for sum
calculations) included toluene, xylenes, trimethyl
benzenes, methyl ethyl benzenes, benzofuran, methyl
indene, xylenols, dibenzofuran, fluorene, acenaphthylene
(each less than 5%), phenol, methyl styrenes, indene,
cresol s, benzothio phene, acenaphthene (each 5-15%),
and naphthalene and its alkyl homologues (each more
than 15%)).

Total concentrations of vapour-phase PAHs have
not been given. However, the main vapour phase PAH
naphthalene was present on average at 32% (handling of
treated wood) or 52% (wood impregnation) of the total
vapour concentration. The mean total particle-bound
PAH concentrations (3—6 aromatic rings) ranged from
0.2 to 106 ug/m3 in the impregnation plants and from
0.8to 46 pg/m3 in the handling of impregnated wood.
Usually, the proportion of particulate PAHs relative to
the total PAH concentration of vapours was below 0.5%,
except during welding processes, for which it was about
4% Heikkila et a., 1987).

Personal air sampling was performed for CTPV and
11 PAH components of creosote in four wood impregna
tion plants in North America (Bookbinder & Butala,
2001). Air sampling showed concentrations of
2.2 mg/m? for naphthalene and 0.6 mg/m® for methyt
naphthalene, but otherwise there were few or no creosote
components, including BaP. CTPV was quantifiable in
only one sample (0.05 mg/m®).
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Table 23: Survey on concentrations of CTPV or similar PAH surrogates measured in wood impregnation plants.?

Concentration

Country, year (ng/nt) Measure Remarks Reference
Finland, 1980 20-400 CTPV; n =8;s=n.sp. Heikkila (2001)
The Netherlands, <22->200 particulate matter (benzene soluble); full-shift Borak et al. (2002)
year n.sp. n=34;p
USA (Arkansas), 70-550 PPOM;n=11;p+a Markel et al. (1977)
1976
USA (Texas), 1980 3-1211 CTPV; n = 18 (8 job categories); p NIOSH (1980)
USA (Washington), CTPV NIOSH (1981b)
1980 <0.4-1343 p(n=6)

<0.4-163 a(n=2)
USA, n.sp. 56 CTPV (benzene soluble); geometric five plants ( = 155) Flickinger & Lawrence

mean (8-h TWA) (1982)
USA, n.sp. 90-9710 CTPV;a(n=5) Todd & Timbie (1983)
USA, n.sp. 20-9000 creosote particles; s, n = n.sp. estimate (based on US EPA (1984c)
data from AWPI)

USA, 1982 100 particulate matter (benzene soluble); Alscher & Lohnert (1985)

s, n=n.sp.

North America, 50 (in one CTPV
n.sp. sample only)

four plants, gloves Bookbinder & Butala
and whole-body (2001)
dosimeters

2 Abbreviations used: a = area sampling; AWPI = American Wood-Preservers’ Institute; CTPV = coal tar pitch volatiles; n.sp. = not
specified; p = personal sampling; PAH = polycyclic aromatic hydrocarbon; PPOM = particulate polycyclic organic matter; s =

sampling; TWA = time-weighted average.

A survey on concentrations of individual creosote
components present in workplace air in five plants (two
in Finland, one each in Germany, Sweden, and the
Netherlands) is presented in Tables 24 (wood impregna
tion) and 25 (operations with impregnated wood). It
included selected PAHs (non-heterocyclic and hetero-
cyclic), phenolic compounds, and other constituents
(biphenyl, methyl styrenes) in the vapour and/or particu
late phase. Generally, the distribution equilib rium of
airborne contaminants in the vapour and particul ate
phases depends on boiling point and adsorptive affinity
of the compound and on surrounding conditions (e.g.,
temperature).

Most compounds detected are non-heterocyclic
PAHSs, with naphthal ene, methylnaphthalenes, indene,
acenaphthene, and fluorene being predominant in the
vapour phase; the main PAHSs of the particul ate phase
included fluorene, phenanthrene, anthracene, and
pyrene. Usually, naphthalene and BaP (the latter being
mainly particle-bound) are used as marker substances.
Concentrations as high as 41 mg/m’® (wood impregna
tion; Table 24) or 8.5 mg/m3 (handling of impregnated
wood; Table 25) have been reported for naphthal ene.
Maximum BaP concentrations have been reported as
0.8 ug/m? (Table 24) and 1.0 pg/n? (Table 25).

The most abundant heterocyclic PAH has been
benzothiophene, showing maximum mean concentra
tions of 100 ug/m® (Table 25) or 2800 pg/m (Table 24).
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Phenol concentrations ranged from <100 to
1800 ug/m3 (Tables 24 and 25). Concentrations reported
for biphenyl amounted to <100-900 pg/m?®, and those for
methy! styrenes, <100—2700 pg/m® (Tables 24 and 25).

There are also some data from workplaces involved
in creosote production. For example, total PAH concen
trations (gaseous and particulate PAHS) in acoal tar
distillation plant in the Netherlands ranged from 4.7 to
26 pg/nt, and pyrene (the only individual PAH for
which a value was given) concentrations ranged from
1.4 to 8.5 pg/m?, relating to geometric means (total n=
23) of TWA exposures over 8 h (Jongeneelen et al.,
1986).

A Finnish study addressed exposure of workers
(about 20) involved in cleanup operations of highly
creosote-contaminated soil in an old gasworks area
(>2000 mg PAHs/kg soil). Air monitoring (personal and
stationary sampling) showed exposure levels of 0.038-
0.884 mg/n?® for volatile PAHs, 0.004-0.183 mg/n? for
particulate PAHs, 0.035-0.831 mg/m3 for naphthalene,
and <0.0002 mg/m® for BaP. For urinary levels of 1-
pyrenol in these workers, see section 5.3.2 (Prihaet al.,
2001).

5.3.1.2 Skinexposure

Direct contact of creosote with skin is most likely
for workers (including farmers and carpenters) applying
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Table 24: Workplace air conc entrations of creosote telated compounds in wood impregnation plants.

Concentrations in air®® (ug/m°)

@ @ ® @ ©) ©) U]

Compound means mean s.m. range
Acenaphthene 200-3000 v
Acenaphthylene <100-200 v
Anthracene 1-19p 18 v+p
Benz[a]anthracene 0.4p
Benzo[a]fluorene 0.2-0.54 p 0.094 p 0.6p
Benzo[b]fluoranthene 0.07 p
Benzo[K]fluoranthene 0.01-0.06 p 0.014 p 0.19p
Benzo[ghi]perylene <0.01-0.02 p 0.012 p
Benzo[a]pyrene 0.01-0.06 p 0.014 p <0.01-0.07p 0.07-0.8p 0.05p
Benzo[e]pyrene 0.03-0.16 p 0.047 p
Chrysene 0.11-0.69 p 0.17 p 0.8p
Dibenzo[a,h]anthracene <0.01-0.02 p 0.011p
Fluoranthene 14 v+p
Fluorene <100-2200 v 0.30p 18 vi+p

0.9-22p
Indene 400-4200v
Indeno[1,2,3-cd]pyrene
Naphthalene 2200-41 000 v 1540v 650 v+p 2200v
Methylnaphthalene 300-7000 v 600 v
Phenanthrene 10-61p 4.02 p 179 v+p
Pyrene 11-6.1p 0.97p 0.3-3.0 v+p
Biphenyl <100-900 v
Isoquinoline <100-400 v
Quinoline <100v
Benzothiophene 100-2800 v
Dibenzothiophene <100-500 v
Dibenzofuran <100-700 v
Cresols <100-600 v
Methyl styrenes 200-2000 v
Phenol 100-1800 v
Xylenols 100-900 v

2 (1) Finland, creosote (using Polish creosote) plant 1 (railway ties) and plant 2 (poles), 1985, range of means for three different

working areas (workers, 18 samples; openings of the impregnation chamber, 2 samples; cleaning of the chamber, 3 samples)
(Heikkila et al., 1987).

(2) Finland, creosote (using Polish creosote) plant 1, 1987, personal air samples from six workers, TWA concentrations over a
workweek (total n = 60) (Elovaara et al., 1995; Heikkila et al., 1997).

(3) Finland, 1980, no details (Heikkila, 2001).

(4) Germany, 1984, creosote plant; no details (Alscher & Lohnert, 1985).

(5) Sweden, plant (railway ties), 1983, one typical personal sample from handling creosote-impregnated railroad ties (Andersson et
al., 1983).

(6) The Netherlands, plant (railway ties), 1991, personal air samples from 10 workers over 2 days (Van Rooij et al., 1993a).
(7) USA, four creosote plants, personal air samples from 26 workers (Bookbinder & Butala, 2001).

Abbreviations used: s.m. = single measurement; p = particulate phase; v = vapour phase.

creosote manually or in open systems or handling and aerosols present in air or deposited on surfaces of
creosoted wood. In the latter case, the potential for tools, other equipment, or clothing.

exposure does not come solely from freshly treated

wood; rather, it continues for many years, because To date, no standard methods exist for assessing
bleeding out of creosde from creosoted wood is dermal exposure (Benford et al., 1999). A study of
common. Skin can also be exposed to creosote vapours dermal exposure among workers of a Dutch plant for
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Table 25: Workplace air concentrations of creosote -related compounds during operations with creosoted wood.

Concentrations in air®® (ug/m?3)

@ @ ©) @ ® ©)

Compound n.sp. n.sp. mean mean mean mean
Acenaphthene 200 v 100 v
Acenaphthylene <100v 100 v
Anthracene <0.01-0.3p <0.01p 05p 1.8p
Benz[a]anthracene <0.01-2.9p <0.01-1.0 p
Benzo[a]fluorene <0.01-0.8 p <0.01p 0.06 p 1.6p
Benzo[b]fluoranthene <0.01-1.0p <0.01p
Benzo[K]fluoranthene <0.01-0.7 p <0.01p 0.02 p 0.64 p
Benzo[ghi]perylene <0.03-0.2p <0.01p <0.01p 0.16 p
Benzo[a]pyrene <0.01-1.0p <0.01-0.6 p 0.04 p 0.64 p ~0.01p <0.01p
Benzo[e]pyrene <0.01-0.6 p <0.01-0.2p 0.07 p 21p
Chrysene 0.01-3.5 p° <0.01-0.3 p°© 0.05p 29p
Dibenzo[a,h]anthracene <0.03-0.3 p <0.01p <0.01p 0.15p
Fluoranthene 0.15-89p <0.01-2.8 p
Fluorene 100 v <100 v
04p 0.1p
Indene 200 v <100v
Indeno[1,2,3-cd]pyrene
Methylnaphthalene 800 v 200 v
Naphthalene 1000-8500 v 2600 v 200 v 1100 v 400 v
Phenanthrene 0.08-7.6 p <0.01-2.8 p 6.5p 21p
Pyrene 0.11-7.7p <0.01-1.9p 0.6p 13p 06p 0.07p
Biphenyl 100 v 100 v
Isoquinoline <100v <100v
Quinoline 200 v <100v
Benzothiophene 100 v <100v
Dibenzothiophene <100v <100v
Dibenzofuran <100v <100v
Cresols <700v <100v
Methyl styrenes 2700 v <100v
Phenol <100v <1100 v
Xylenols 200 v <100v

2 (1) Assembling of rails, Finland, 1983 (Méakinen & Korhonen, 1983).

(2) Rail welding, Finland, 1983 (Makinen & Korhonen, 1983).

(3) Assembly hall, Finland, 1985, personal air samples from two workers (total n = 8) (Heikkila et al., 1987).

(4) Rail welding, Finland, 1985, personal air samples from two workers (totaln = 4) (Heikkila et al., 1987; Heikkila, 2001).
(5) Construction and repairing of rails, Finland, 1985, personal air samples from five workers (total n = 8) (Heikkila, 2001).
(6) Loading on ship, Finland, 1985, personal air samples from two workers (total n = 9) (Heikkila, 2001).

Abbreviations used: n.sp. = not specified; p = particulate phase; v = vapour phase.

Including triphenylene.

o

impregnation of railroad sleepers using the dermal The pyrene dose on the skin was reduced by 35%
exposure pad method (six pads on different sites of the and 1-pyrenol excretion in urine was reduced by 50%
body of 10 workers) resulted in an estimated mean total with the use of protective clothing (coverall, gloves, and
pyrene skin contamination of 500 ug/day (range 47— socksof treated cotton material), confirming that the
1510 pg/day) (Van Rooij et al., 1993a). According to skin is an important route of uptake and that protective
Van Rooij et al. (1994), the exposure pad monitoring clothing reduces workers' exposure effectively (Van
devices resulted in a 2fold underestimaion compared Rooij et a., 1993a).

with skin wipes. The true mean total skin dose was

therefore about 1 mg/day. In a study to determine the exposure of workers

applying creosote to wood by pressure treatment, dermal
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exposure was assessed by passive dosimetry with cotton
gloves and cotton whole-body dosimeters under work
clothing (Bookbinder & Butala, 2001). Gloves and
whole-body dosimeters were removed at the end of the
work cycle and analysed by GGMS for nine PAHs
(creosote constituents; no further details). Dermal expo-
sures were highest in workers not wearing protective
gloves. The highest dermal exposure occurred in
workers with direct contact with creosote. The majority
of dermal exposure (g creosote/kg body weight per
day) was of hands (104.6), compared with 25.1 for arms,
21.8 for torso top, 14.8 for torso bottom, and 28.8 for
legs.

In afurther study to characterize the relationship
between inhalation and dermal exposures in creosote-
exposed wood treatment workers, full-shift breathing
zone air samples were collected and analysed for
benzenesoluble fraction and 16 individual PAHs in both
the particulate and gaseous fractions (Borak et a., 2002).
Urinary 1pyrenol levels were measured in post -shift
urine samples and next-day urine samples. Although
airborne concentrations appeared to be low, urinary 1-
pyrenol measurement gave strong evidence that some of
these workers had been exposed to creosote and that
systemic absorption had occurred, and this must have
been by the dermal route (Borak et al., 2002).

5.3.2 Monitoring body fluids of workers

Urinary 1-pyrenol is awidely adopted biological
marker of occupational exposure to PAHs (Jongeneelen
et al., 1988b; Bouchard & Viau, 1999; Jongeneelen,
2007). Urinary 1-pyrenol can be formed only from
exposure to pyrene, a non-carcinogenic PAH at the more
volatile end of the PAH spectrum. The abundance of
pyreneisrelatively high and shows a good correlation
with exposure as measured by the 11 PAHs chosen for
monitoring by the United Kingdom Health and Safety
Executive or the 16 PAHs chosen for monitoring by the
US EPA. BaP has a much lower abundance than pyrene.
However, in the case of creosote, the airborne PAH
results show that the profile of PAHs for timber
impregnation is dominated by naphthalene and the more
volatile PAHSs. It istherefore suggested that creosote
might be better monitored by measurement of urinary 1-
naphthol (Heikkil& et al., 1995). Whereas naphthalene is
mainly inhaled, the four - to six-ring PAHs have a 100—
200 times lower concentration in air and are mainly
taken up through the skin. Therefore, urinary 1-naphthol
aloneis not suitable as a marker substance either for
assessment of inhalation or cutaneous exposure to total
PAHSs or for assessment of exposure tothe five- or six-
ring carcinogenic PAHs (Heikkila et al., 1997).

Two PAH metabolitesin the urine of workers have
been monitored as internal markers of PAH/creosote
exposure. The data obtained for 1-naphthol (Heikkil& et
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al., 1995, 1997) and 1-pyrenol (Jongeneelen et al., 1985,
1986, Jongeneelen, 1992, Van Rooij et a., 1993a; Viau
et a., 1993; Elovaaraet a., 1995; Heikkila et al., 1995;
Borak et al., 2002) — their parent compounds belonging
to the major constituents of creosote (see section 2) —
have been compiled in T able 26. The studies have been
performed with workers of different creosote-related
workplaces (impregnation of wood, handling of treated
wood, or creosote production) in Canada, Finland, and
the Netherlands. There was a clear distinction between
exposed workers and concurrent controls or other back-
ground values.

The arithmetic mean urinary concentration of 1-
naphthol in Finnish wood impregnation plant workers
(Heikkila et a., 1997) was comparable to that found in
assemblers setting up (in ahall) switch elementsinto
railway ties impregnated with a Polish creosote
(Heikkila et al., 1995) (1350 vs. 1370 pmol/mol
creatinine; see Table26). The correlation between TWA
concentrations d naphthal ene and the end-of -shift
urinary 1-naphthol concentrations was fairly good (r =
0.75) for wood impregnation plant workers (Heikkil&a et
al., 1997), but poor (r < 0.5) for assemblers (Heikkil& et
al., 1995).

The mean urinary concentration of 1-pyrenol was
about 10 times higher in the wood impregnation workers
(64 pmol/mol creatinine) (Elovaara et al., 1995) than in
the assemblers (Heikkilé & al., 1995). 1 -Pyrenol concen-
trations reported from other wood impregnation plants
ranged from 0.2 umol/mol creatinine (Viau et al., 1993)
to 82 umol/mol creatinine (Jongeneelen, 1992) (see aso
Table 26).

Geometric means (medians) of up to 12 umol 1-
pyrenol/mol creatinine have been measured in workers
of acoal tar distillation plant producing (among other
chemicals) creosote (Jongeneelen et al., 1986) (see also
Table 26).

Monitoring of urinary 1-pyrenol in workers
involved in cleanup operations of highly creosote
contaminated soil (see section 5.3.1.1) suggested that
some exposure occurred, for example, in excavators and
tractor drivers (n= 10), showing concentration ranges
(corrected for creatinine content) of <0.5-23.7 nmol/litre
(before work period) and 3.3-233 nmol/litre (during
work period). The increased values were thought to be
caused mainly by poor skin protection (Prihaet al.,
2003).

The correlation between breathing-zone air con-
centrations of pyrene and urinary 1-pyrenol concentra-
tions was found to be low (r < 0.5) in both wood
impregnators (Van Rooij et al., 1993a; Elovaara et a.,
1995 and assemblers (Heikkil& et a., 1999. Similarly,
this correlation was small in a group of creosote workers
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Table 26: Concentrations of hydroxy metabolites of pyrene and naphthalene in the urine of workers.

Workplace

Details

Concentration in urine (in umol/mol creatinine,

unless otherwise specified)

1-Pyrenol

1-Naphthol

Reference

Wood impregnation

Canada, 1991
workers (1 =19)
[referents (n = 21)

Finland, 1987
workers (= 6)*

[referents (n = 5)

The Netherlands, 1991
workers ( = 10):

- without coverall

- with coverall

The Netherlands
workers (1= 3)
workers 1 =1)
workers (1= 21)

The Netherlands
workers (= 36) of low
(n = 20), moderate (=
13), high (n =3)
exposure

middle of the workweek
median (range)

median (range)

end of shift (3 days)

mean
(standard deviation or range)

Monday to Tuesday

mean/median
mean/median

10 days, range

n.sp., range

n.sp., range

post -shift + next-day samples
(n = 68), range

1.63 (0.18-10.47)
0.08 (0.002-0.6)]

64
(23)
n.spd

6.6/6.6 pg/day®
3.2/2.9 pg/day®

0.6-20
42-82
0.5-76

<0.1-63 pg/g creatinine

20.5 pmol/litre
(3.5-62.1 pmol/litre}
<0.07 umol/litre]

Viau et al. (1993)

Elovaara et al. (1995);
Heikkila et al. (1997)

Van Rooij et al.
(1993a)

Jongeneelen et al.

(1985, 1988b);
Jongeneelen (1992)

Borak et al. (2002)

Handling of treated wood

Finland, 1987

railway switch
assembly, workers (1=
3)

The Netherlands
handling of railway
layers, workers (n=
14)

Creosote producton

The Netherlands
distillation of coal tar,

workers (= 4y
[referents (n = 5)

mean (range)
Monday:

- morning

- end of shift
- evening
Friday:

- morning

- end of shift
- evening

n.sp., range

during workweek

range of medians
median

0.6 (0.4-0.9)
4.4 (3.8-5.2)
9.1 (3.7-12.3)

6.8 (3.9-12.2)

8.4 (5.8-12.8)
18 (10.2-25.1)

0.2-4.5

3.7-11.8
0.25]

18 (<5-35)
556 (254-722)
219 (100-437)

187 (79-511)
1370 (870-2330)
300 (296-304)

Heikkila et al. (1995)

Jongeneelen (1992)

Jongeneelen et al.
(1986)

2 Smokers and non-smokers
b Corresponding to 1350 pmol/mol creatinine (220-2950 pmol/mol creatinine).
¢ Areference value for non-occupationally exposed people in Finland was 0.23 umol/mol creatinine (Finnish Institute of Occupational

Health, 1999).
4 n.sp. = not pecified.

€ Corrected for background excretion (44 randomly selected samples).

at afacility where railroad ties were heated and pressure
treated with creosotes. Almost the entire internal dose
could be attributed to dermal rather than inhalation
exposure (Borak et al., 2002).

Smoking increases the excretion of urinary 1-
pyrenol, but the confounding influence of smoking on 1-
pyrenol excretion in creosote-exposed workers is hardly
detectable, due to the relatively high occupational dose
of pyrene in creosote-exposed workers (Jongeneelen et
al., 1986; Viau et a., 1993; Borak et al., 2002).

Van Rooij et a. (1993a) compared the content of 1-
pyrenol in urine of workers of a Dutch wood impregna-
tion plant, with and without protective clothing. On the
day the workers did not wear a coverall, the excreted
amount of 1 -pyrenol in urine, sampled from Monday
morning (08:00) to Tuesday morning (06:00), was
higher than on the day the workers wore a coverall (see
Table 26). Differencesin urinary 1-pyrenol excretion
correlated well with differences in pyrene skin con-
tamination, but poorly with differencesin pyrene
breathing air concentrations.
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Altogether, in the studies mentioned above,
concentrations of the urinary metabolites were better
indicators of total exposure than concentrations of the
PAHSs in air analyses, because they reflect all routes of
exposure, including dermal.

BaP metabolites have not been monitored in the
urine of creosote workers, probably due to difficultiesin
analysis of small quantities (Ariese et al., 1994;
Grimmer et al., 1997).

Generally, it should be noted that PAH metabolites
are not specific for creosote per se. However, despite the
frequent general occurrence of their parent compounds
(IPCS, 1998), 1pyrenol and 1-naphthol appear to be
useful indicators of occupational exposure to (creosote)
PAHSs, if possible confounding factors are considered
(e.g., Van Rooij et a., 1994; Quinlan et a., 1995; Yang
et al., 1999; Viau, 2002). Nevertheless, because of the
complexity of creosote, it is not clear if they are also
suitable indicators of health risk.

PAH-DNA adducts in white blood cells of a group
of workers expased to creosote oil (no details given)
have been monitored at the start (Monday) and at the end
(Friday) of the working period. Results showed an
increase in the overall adduct levels during the working
period and a remarkable interindividual difference with
regard to the types of adducts formed (Roggeband et al.,
1991; see section 6).

5.3.3 Estimations of exposure

Using the previous air and urine monitoring data
(Elovaara et al., 1995; Heikkila et al., 1995, 1997) of
creosote workers (impregnators and assemblers),
Heikkila (2001) estimated the daily inhaled uptake of
naphthalene and pyrene and compared it with the
predicted and the real daily output of urinary 1-naphthol
and 1-pyrenol. The results suggested that 50-70% of
internal naphthalene exposure and over 99% of internal
pyrene exposure were attributable to percutaneous
uptake. The total daily uptake of naphthalene amounted
to 15/16 mg/worker (assembler/impregnator), and that of
pyrene to 0.6/5 mg/worker (assembler/impregnator). The
skin contamination was estimated to be 50 mg naph-
thalene/worker per day and 27 mg pyrene/worker per
day for impregnation plant workers and 60 mg naph-
thalene/worker per day and 3.3 mg pyrene/worker per
day for assemblers. These calculationswere based on a
series of assumptions (for inhalation uptake: lung
ventilation of workers was 25 litres/min; inhalative
uptake of naphthalene and pyrene was 50%; for excre-
tion: 7% of the naphthalene and 4% of the pyrene taken
up viathe lungs and the skin were excreted in urine as 1-
naphthol and 1-pyrenol, respectively; for percutaneous
absorption: 18% of the dose applied to skin was
absorbed).
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Another study in creosote workers (Van Rooij et al.,
1993a) also found the skin to be the main route of
pyrene uptake. The authors concluded from their calcu-
lations (based on the assumptions of Van Rooij et a.,
1993b) that 69 pg (median; range: 9.4-302 pg) of
pyrene entered the body through the skin, and 4.5 ug
(median; range: 1.5-15 pg) entered viarespiration
during an 8 h workshift; thus, dermal uptake contributed
more than 90% to total dose. A similar high contribution
(>90%) of dermal exposure to internal dose for pyrene
was confirmed by a recent study with creosote workers
(Borak et al., 2002).

Therefore, surface and skin wipe samples will be a
more suitable tool than air measurements to monitor
exposure to creosote in the working environment (e.g.,
Klingner & McCorkle, 1994).

Intake estimations for the general population are
available for pyrene (Van Rooij et al., 1994; IPCS,
1998). The values are much lower than those shown for
creosote workers. For example, daily intakes of 2 ug/day
for non-smokers and 4 pg/day for smokers among the
general population in the Netherlands have been
reported (Van Rooij et al., 1994.

6. COMPARATIVE KINETICS AND
METABOLISM IN LABORATORY ANIMALS
AND HUMANS

6.1 Absorption

There are no animal or human studies available
investigating the specific extent or rate of coal tar
creosote absorption following oral, inhalation, or dermal
exposure. However, there are several indications that a
significant absorption of coal tar creosote components
occurs.

Metabolites of PAHs have been found in urine of
workers impregnating wood with creosote or handling
creosoted wood; exposure was therefore mainly via
inhalation and skin contact (Jongeneelen et al., 1985,
1988b,c Bos & Jongeneelen, 1988; Van Rooij et a.,
1993a; Elovaara et al., 1995, Heikkila et al., 1995, 1997;
see also section 6.4). Volunteers (n= 2, male) exposed
to asingle topical dose of 100 ul creosote (no specifica
tion given) applied to the inner face of the forearms also
excreted 1-pyrenol, a hydroxy PAH metabolite (Viau &
Vyskocil, 1995; see also section 6.4).

Based on the results of urinary excretion of metabo -
lites (in relation to estimated inhal ative uptake of the
parent compounds), which were obtained with creosote
workers (see also sections 5.3 and 6.4), it has been
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suggested that 56-70% of naphthalene and more than
90% of pyrene uptake could be attributed to skin
absorption.

Indirect evidence for absorption of creosote compe
nents by oral, dermal, or respiratory routes is also given
through the toxic effects elicited in animals (section 7)
and humans (section 8) following creosote exposure.

Generally, PAHs are well absorbed from the
digestive tract, lungs, or skin of laboratory animals or
humans, as compiled in several reviews (e.g., IPCS,
1998; ATSDR, 2002).

For example, when [ *C]naphthalene was given
orally to rats, about 84% of the“C dose was recovered
in urine and about 7% in faeces within 72 h (Bakke et
al., 1985). A pilot study with two human volunteers
confirmed that naphthalene is absorbed into the body
after oral, respiratory, and dermal exposure (Heikkil4,
2001). The oral availability of soil-bound BaP admin-
istered by gavage to rats changed with the type of soil
(sand > clay) (Goon et a., 1997). Hack & Selenka
(1996) investigated the mobilization of PAHs from
contaminated soil and found that under gastrointestinal
conditions, with the addition of lyophilized milk,
mobilization ranged from 7% up to 95%. Ingestion
bioavailabilty of pyreneis estimated at 12.5% (CanTox,
1991).

Absorption of PAHs from lungs occurs more rapidly
for free PAHs than for particle-bound PAHs (IPCS,
1999. Administration of labelled BaP (in acetone) to the
skin of rhesus monkeys resulted in 51% absorption after
7 days. When a BaP in soil mixture was applied, dermal
absorption decreased to 13.2% (Wester et al., 1990).
Cross-speciesin vitro dermal absorption tests with
labelled BaP showed a skin absorption of about 95% for
rats, 51% for hairless guineapigs, and 23-43%for
humans by 48 h post-exposure (Moody et al., 1995. The
dermal half-life or penetration rate of BaP varied greatly
with the presence and type of co-substances applied
(Dankovic et al., 1989; Roy et al., 1996; Sartorelli et al.,
1999); therefore, extrapolation from studies with single
components or other mixtures or matrices is of limited
predictive value.

Phenolic compounds are also readily absorbed
through respiratory and gastrointestinal tracts and
through the skin (Fellows, 1937, 1939; IPCS, 1994,
1995). Heterocyclic compounds may also be absorbed
by all routes of exposure.

For estimations of uptake using the biomarkers 1-
pyrenol and 1-naphthol, see section 6.4.
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6.2 Distribution

Distribution studies with coal tar creosote have not
been performed. Studies on theindividual constituents
are, however, likely to reflect their distribution, even
when administered in creosote.

For example, studies on PAHs, mostly BaP, have
shown that after administration of labelled compound,
detectable levels of radioactivity occurred in almost all
internal organs, particularly fat-rich tissues (including
breast milk and placenta) (IPCS, 1998; ATSDR, 2002).
Disposition in brain tissues has been shown for BaP
(Saunders et al., 2002). Phenolic compounds are found
to be rapidly distributed all over the body (IPCS, 1994,
1995). Therefore, it is expected that administration of
creosote would result in awide distribution of its
components in the body.

6.3 Metabolic transformation

Studies on the metabolism of coal tar creosote are
limited in number and refer principally to PAH compo-
nents.

Generally, PAHs and other xenobiotics are metabo-
lized by microsomal oxidative enzyme systems, in
particular the cytochromeP450 (CY P) system
(CYP1A1, CYP2EL, and CYP3A), in liver, lungs, and
other tissues. PAHs undergo hydroxylation, thereby
forming active intermediates (epoxides) that can bind to
macromolecules and cause specific toxic effects.
Conjugates of phenols, dihydrodiols, quinones, and
anhydrides have been the principal metabolic products
identified. The detailed metabolic profile varies with
compound and species tested (IPCS, 1998; ATSDR,
2002. The complex metabolic reactions have been
extersively studied with BaP (for areview, including a
scheme of the proposed pathways, see also IPCS, 1998;
ATSDR, 2002).

Metabolites detected or measured after coal tar
creosote exposure include 1-naphthol, which is formed
from naphthalene (Bakke et al., 1985; Keimig &
Morgan, 1986 Tingle et al., 1993), and 1-pyrenol, which
has pyrene as parent compound (Boyland & Sims, 1964;
Keimig et al., 1983 Jongeneelen et al., 1985; Viau et d.,
1995a). Both are used — with limitations — as indica-
tors of coal tar creosote exposure by testing human urine
samples (Jongeneelen et al., 1985, 1988b; Elovaara et
al., 1995; Heikkila et al., 1995, 1997 ; see also section
5.3). Their suitability as biomarkers for occupational
creosote exposure has been discusssed in detail by
Heikkil& (2001).

Danish creosote has been found to induce an
enzyme involved in the glucuronidation of 1-pyrenol
(Nylund et al., 1992).
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Glucuronosyltransferase activity was assayed in
liver microsome preparations from rats treated with
creosote (200 mg/4 ml olive oil per kg body weight by
gavage 72 and 24 h before sacrifice; n = 8). Results
suggested a highly efficient form or forms of 3
methylcholanthrene inducible phenol uridine
diphosphate-glucuronosyltransferase(s) , with
significantly decreased K, and increased Vo values
compared with untreated controls (Luukkanen et al.,
1997).

Metabolic pathways for phenolic compounds
include conjugation, hydroxylation, and oxidation
reactions (IPCS, 1994, 1995).

6.4 Elimination and excretion

Little information is available on the excretion
pattern of coal tar creosote. What information is
available refers to PAH metabolites in human urine.

Generally, metabolized (and some unmetabolized)
PAHSs are excreted into bile and faeces and, to a lesser
extent, into urine, regardless of route of absorption.
From there, reabsorption via hepatobiliary circulation
occurs. Frequently, the excretion behaviour of certain
PAHSs isinfluenced by the concomitant presence of other
PAHSs (IPCS, 1998; ATSDR, 2002).

Lipophilic PAHs are also excreted into breast milk
(ATSDR, 2002).

The urinary excretion of metabolites has been
studied in workers after creosotederived exposure to
naphthalene (Heikkila et al., 1995, 1997), the most
abundant compound in creosote vapour, and to pyrene
(Jongeneden et al., 1985 1988b; Bos & Jongeneelen,
1988 Van Rooij et al., 1993a; Viau et al., 1993, 1995b;
Elovaara et al., 1995, Heikkila et a., 1995; Viau &
Vyskocil, 1995), which is a less volatile creosote
component.

Concentrations of naphthalene and its metabolite 1-
naphthol have been determined in workplace air (per
sonal air samples) and in urine of six workers, respec
tively, from a creosote impregnation plant in Finland,
whererailroad ties were impregnated with coal tar
creosote. The mean naphthal ene concentration during
the workweek was 1.5 mg/m® (range: 0.4—4.2 mg/n).
The corresponding urinary concentration of 1-naphthol
at the end of the workshift ranged from 3.5 to
62.1 umol/litre, with a mean of 20.5 umol/litre, whereas
the urinary concentration of the reference group (n =5
occupationally non-exposed male smokers) was below
the detection limit (0.07 umol/litre). The mean ratio of
1-naphthol excretion (mol/24 h) to the respiratory uptake
of naphthalene (estimated from an arbitrary lung ventila
tion of 25 litressmin and 50% retention) per workshift
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has been calculated to be 17% (SD 9%). The estimated
daily uptake of naphthalene by inhalation correlated
moderately with the 1-naphthol excretion over 24 h.
Possibly, there is also some additional uptake of naph-
thalene through the skin or viaingestion (Heikkila et al.,
1997). The correlation between 1-naphthol concentra
tionsin the urine of three assemblers monitored over

5 consecutive days and naphthalene air concentraions
was poor (correlation coefficient, r < 0.5) (Heikkila et
a., 1995).

For 1-pyrenol and its parent compound pyrene, no
carrelations have been found between concentrationsin
urine and concentrations in workplace air (mean:

0.97 pg/m®, range: 0.23-2.2 pg/m®), respectively, in the
wood impregnation worker study group (the same as
monit ored by Heikkila et al., 1997). That was explained
by the higher uptake of pyrene viathe dermal route. The
daily output of urinary 1-pyrenol (281—-1551 nmol/day)
exceeded the daily uptake of inhaled pyrene (30—

91 nmol/workshift) by up to about 50-fold in the six
workers. Urinary 1-pyrenol concentrations ranged from
4 to 122 umol/mol creatinine, demonstrating a very high
maximum (compared with literature data [e.g., mean
(SD): 0.27 (0.24) pmol/mol creatinine measured in
people (n = 27) from urban and rural areas in Estonia]; a
control group was lacking) (Elovaaraet al., 1995).

Elevated urinary levels of 1-pyrenol have also been
found in employees of other creosote-impregnating
plants (Jongeneelen et al., 1985, 1988b; Bos &
Jongeneelen, 1988 ; Jongeneelen, 1992 Van Rooij et d.,
1993a; Viau et al., 1993, 1995b) and in assemblers
handling creosote-impregnated wood (Heikkila et al.,
1995). The maximum daily urinary 1-pyrenol excretion
found for the three assemblers monitored from Monday
to Monday amounted to 25.1 pmol/mol creatinine. The
excreted amounts of 1-pyrenol were (on amolar basis)
4-51 times higher than the corresponding estimated
pyrene inhalation doses (basing on a mean pyrene
concentration of 0.4 ug/m3 in the breathing zone of the
assemblers), thus indicating nortinhal ative routes of
uptake (Heikkila et al., 1995).

In all cases, the excretion patterns of 1-pyrenol
could be related to thespecific working conditions of the
workers. The background levels for control groups were
low. For example, the I-pyrenol concentrations in spot
urine samples from 21 non occupationally exposed
individuals ranged from 0.002 to 0.57 pmol/mol
creatinine (geometric mean: 0.08 umol/mol creatinine).
Other control groups had a geometric mean of
0.07 pmol/mol creatinine for nonsmokers (n = 95)
and 0.12 pmol/mol creatinine for smokers (h = 45) (Viau
et a., 1993, 1995D).

The relevance of percutaneous pyrene uptake for 1-
pyrenol excretion has also been demonstrated in workers
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(n = 10) of awood impregnation plant in the Nether-
lands (Van Rooij et al., 1993a). T he use of protective
clothes (coveralls worn underneath normal workclothes)
resulted in areduction of pyrene skin contamination
(measured by means of skin exposure pads) by about
35%, as well as a significant decrease in the amount of
urinary 1-pyrenol. On the day (one Monday, after a
weekend off) on which workers wore coveralls, the
mean pyrene concentration in the air was 1.2 ug/nt; on
the day without the coveralls (next Monday, after a
weekend off), it was 0.9 ug/n? (personal air samples).
The median tot a pyrene skin contamination ranged
between 47 and 1510 pg/day (median: 346 pg/day)
without coveralls and between 39 and 433 pg/day
(median: 185 pg/day) with coveralls. The corres ponding
urine samples (collected from Sunday morning to
Tuesday morning, thus including an exposure period of
8 h) contained 6.6 pug L-pyrenol (without coveralls) and
3.2 ug 1-pyrenol (with coveralls). Altogether, there was
a high correlation between dermal exposure and urinary
excretion, but a low correlation between air concentra-
tion of pyrene and urinary excretion of 1-pyrenol. It
should be noted that the extra protective clothing was
not very effective in reducing pyrene skin contamination
(an average of about 35%, as stated above). The most
important explanations given by the authors related to
the uncovered skin areas, such as the face, wrists, and
ankles, and to contamination by air sucked between the
skin and coveralls.

Patterns of 1-pyrenol excretion have been studied in
two male volunteers exposed to a single dose of 100 pl
creosote (no specification given) by the dermal route
(topical application to the inner face of the forearms).
This treatment enhances the basal excretion by approx-
imately 20-fold, with excretion peaks occurring in the
urine between 10 and 15 h after application (Viau &
Vyskocil, 1995).

6.5 Retention and turnover

Elimination kinetics have been calculated on the
basis of concentrations of 1-pyrenol in urine (sampled
over a 17-day period) of an operator in a cr eosote
impregnating plant (Jongeneelen et al., 1988b) and of 1-
pyrenol and 1-naphthol in urine (sampled over an 8-day
period) of assemblers (h = 2) handling creosote-
impregnated wood (Heikkila et al., 1995. The excretion
process seems to be biphasic. A fast-excreting com-
ponent with a half-life of 1-2 days and a slow-excreting
component with a half-life of 16 days have been
calculated for 1-pyrenol (Jongeneelen et al., 1988b).

Another study showed that even after more than
64 h without exposure, creosote workers (n=19) in a
wood treatment plant excreted more Lpyrenol than the
referent groups (n = 19). Creosote workers had a geo-
metric mean excretion of 1.63 (0.18-10.47) umol/mol
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creatinine during their workweek compared with a
geometric mean of 0.08 pmol/mol creatinine for the
referent group (Viau et al., 1995b).

In a study with two volunteers treated topically with
creosote (100 pl; left in contact with forearm skin for
1 h), first-order apparent elimination half-lives of about
12 h were calculated for 1-pyrenol, which was analysed
in urine collected for a period of 48 h after application
(Viau & Vyskodl, 1995).
6.6 Interactions with cellular components
Studies on reactions of creosote with body compo-
nents principally refer to interactions of creosote PAHS
with nucleic acids. Such reactions are suggested to play
an important role in carcinogenicity and are well docu-
mented for PAHs including BaP (e.g., IPCS, 1998, Culp
et al., 2000) and complex mixtures such as coal tar,
bitumen, diesel exhaust, etc. (e.g., Mukhtar et al., 1986;
Schoket et al., 1988a,b; Springer et al., 1989; Gallagher
et al., 1990; Phillips et al., 1990a,b; Weyand et al., 1991,
Leadon et al., 1995 Lyons et al., 1997, Reddy et d.,
1997, Culp et a., 2000).

PAH-DNA adducts have been detected in mice
(Schoket et a., 1988a; Phillips et al., 1990a; Randerath
et al., 1996), rats (Chadwick et al., 1995), fish (Collier et
al., 1993; Ericson et al., 1998 1999; Rose et &, 2000),
and humans (Schoket et al., 1988b; Phillips et al., 1990g;
Roggeband et al., 1991) after experimental, environmen-
tal, or occupational exposure to creosote.

Following topical application of creosote (commer-
cial preparations purchased from local hardware shops;
25 pl or 5ul diluted to 150 pl with ethanol; single and
multiple doses) to male Parkes mice, significant levels of
PAH-DNA adducts were formed in mouse skin. The
levels measured 24 h after a single dose declined in a
biphasic manner (first phase: removal of one-hd f to two
thirds of initial levels of adducts by 7 days; second
phase: removal of one-half to two-thirds of the remain-
der in the succeeding 25 days). After multiple topical
doses, a steady increase in the formation of PAH-DNA
adducts was seen in skin during the course of the 5-week
treatment (with dosing on the 1st and 4th days of each
week). Interestingly, a similar accumulation of PAH—
DNA adducts was seen in lung tissue, indicating a
significant systemic transport. The adduct levelsin lung
were approximaely half those attained in skin. A
detailed identification of individual PAH adducts has not
been performed (Schoket et al., 1988a Phillips et a.,
1990a). Dermal treatment (once per day for 2 days,
sacrifice 24 h later) of female mice (n= 3 per group)
with an extract (solvent: hexane/acetone = 1/1, v/v) of
samples from awood -preserving waste site in the USA
(containing coal tar creosote, PCP, and other poly-
chlorinated aromatics) also resulted in PAH adducts in
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several tissues, such as skin, lung, liver, kidney, and
heart, with tissuespecific levels. One of the major
adducts was a BaP adduct, whose levels in the five
tissues correlated linearly with total adduct levels
(Randerath et al., 1996).

Formation of DNA adducts has been observed in the
liver of male Fischer 344 rats (n = 6) gavaged daily with
50 mg creosote/kg body weight (lot/batch CX1984,
obtained from the National Toxicology Program
Repository, USA, prepared by Radian Corporation;
Texas, USA; carrier: peanut oil) for 5 weeks. There was
also a significant interaction between creosote and 2,6-
dinitrotoluene (DNT). Pretreatment of rats with creosote
resulted in a significant (66%) increase in the formation
of DNT-derived DNA adductsin the livers of rats com-
pared with animals dosed with DNT alone (Chadwick et
al., 1995).

Thelevels of PAH-DNA adductsin the liver of
feral fish (oyster toadfish, Opsanis tau; n = 5) sampled
from the Elizabeth River (Virginia, USA) were highly
correlated with concentrations of PAHs (0.01—

100 mg/kg dry weight) in surficial sediments at the
capture sites, showing maxima at a site near an old
creosote plant (Collier et al, 1993). High DNA—-PAH
adduct levels were a'so found in liver and extrahepatic
tissues (anterior kidney, spleen, and blood) of mummi -
chog (Fundulus heteroclitus, n = 4) collected from a
creosote-contaminated site in the Elizabeth River (Rose
et al., 2000). Hepatic DNA adducts have also been
measured in wild fish (perch, Perca fluviatilis; n=9)
from a site in a Swedish river whose bottom sediments
were heavily contaminated with creosote originating
from aformer wood treatment facility (total PAH
concentrations of up to 1968 mg/kg dry weight in the
sediment, 0-5 cm, at earlier measurements). The adduct
levels were found to be significantly increased compared
with several reference sites. In the laboratory, perch (n=
7) were exposed to an organic solvent extract prepared
from the creosote contaminated sediment (total PAH
concentration: 48 mg/kg dry weight) by repeated oral
administration (each dose: 13 mg PAHs/kg body weight;
four doses givenwith an interval of 4 days; sacrifice:

4 days after the last dose). Resulting adduct patterns
were very similar to those observed in perch from the
contaminated field site. One of the adducts was
tentatively identified as a BaP adduct (Ericson et &,
1998 1999).

The formation of DNA adducts has been demon-
strated in humans as well. White blood cells collected
from workers exposed to creosote showed an increase in
PAH-DNA adducts during the workweek (Roggeband et
al., 1991; see also section 5.3). Adult (n= 10) and fetal
(n = 9) human skin explants maintained in short-term
organ culture and treated topically with creosote (pur-
chased from local hardware shops; 25 pl diluted to

150 ul with ethanol for application; single dose)
developed, within 24 h, levels and patterns of adducts
similar to those seenin in vivo tests with mouse skin.
The mean levels of adducts in creosote-treated fetal skin
were laver than those in adult skin (Schoket et al .,
1988b; Phillips et al., 19903).

Generally, there are also attempts to use such
measurements as biomarkers of PAH exposure
(Randerath & al., 1996; Lewtas et d., 1997; Lyons et al.,
1997 and references therein; Godschalk et al., 1998;
Koganti et al., 1998; Reichert et a., 1998).

7. EFFECTS ON LABORATORY MAMMALS
AND IN VITRO TEST SYSTEMS

7.1 Single exposure

There are some data on acute toxicity of creosote
available for rats (Pfitzer et al., 1965; IRI, 1979 1981,
1982 Willeitner & Dieter, 1984; Atochem, 1992a;
RTECS, 1999, mice (Morita et a., 1997; RTECS,
1999), rabbits (Pfitzer et al., 1965), and farm animals
(Harrison, 1959). Most of the studies show low to
moderate acute oral toxicity and low acute dermal
toxicity, but often they do not meet current standards and
are incompletely reported (see also Table 27).

Rats (five males, five females) survived a 4-h
exposure by inhalation to creosote vapour (AWPA P1-
65) generated by heating to 50 °C. Effects included
depressed respiration rate and a semicomatose condition.
A gradual recovery was observed within a number of
hours after treatment. There were (unspecified) patho
logical changes, which (except for the presence of focal
chronic pneumonitis in seven of the animals) were
reversible 14 days after treatment (IRI, 1981). Another
inhalation test with rats resulted in no deaths following
an exposure of 1 h to creosote saturated air vapours
(0.033 ml/litre air, no further details given; von Burg &
Stout, 1992).

Oral LDso valuesin rats ranged from 725 mg/kg
body weight (RTECS, 1999) to 5430 mg/kg body weight
(Willeitner & Dieter, 1984) (see also Table 27). The
only value available for mice was 433 mg/kg body
weight (RTECS, 1999; see also Table 27). Clinical
symptoms have not been reported in the rodents. A
sheep dosed with 8000 mg/kg body weight (given as a
suspension in sawdust and water by stomach tube) died
within 4 days, whereas a calf dosed with 4000 mg/kg
body weight showed heavy loss in body weight within
4 days following dosing but survived. There were no
well-defined clinical symptoms (e.g., dullness) or
postmortem findings; urine was dark in colour, with a
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Table 27: Summary of LDsg values for creosote.

LDso

(mg/kg body
Creosote? Route Species weight) Remarks®? Reference
Coal tar creosote Oral Rat 1700 * Pfitzer et al. (1965)
(n.s)
Coal tar creosote Oral Rat 3800 95% Cl: 2900-5100 mg/kg body IRI (1979)
(AWPA P1-65) weight
Coal tar creosote Oral Rat * Willeitner & Dieter (1984)
(i.a. DB) 3870
(.a. 2) 5430
Coal tar creosote Oral Rat 2524 OECD Guideline 401 Atochem (1992)
(Creosote speciale
14130)
Coal tar creosote Oral Rat 725 * RTECS (1999)
(n.s)
Coal tar creosote Oral Mouse 433 * RTECS (1999)
(n.s.)
Coal tar creosote Oral Sheep 4000 totaln =5 Harrison (1959)
(n.s)
Coal tar creosote Oral Calf >4000 totaln =2 Harrison (1959)
(n.s.)
Coal tar creosote Intraperitoneal  Mouse 470 Lorke's method, 4 days, males  Morita et al. (1997)
(MOP 9328)
Coal tar creosote Dermal Rabbit >7950 LOAEL: >15 800 mg/kg body Pfitzer et al. (1965)
(n.s.) weight

*

Coal tar creosote Dermal Rat * Willeitner & Dieter (1984)
(i.a. DB) >3100
(l,a. 29 >4200
Coal tar creosote Dermal Rat >2000 * IRI (1982)

(AWPA P1 65)

2 Abbreviations used: AWPA = American Wood-Preservers’ Association; Cl = confidence interval; i.a. = impregnating agent; LOAEL =
lowest -observed-adverse effect level; n.s. = no specification; OECD = Organisation for Economic Co -operation and Development.

b An asterisk (*) indicates that no further details were specified.

pronounced tarry odour. At necropsy of the sheep, there
was a strong smell of creosote in the stomach and
intestines, but no signs of congestion or irritation; the
pleural cavity contained excess clear fluid (Harrison,
1959 see also Table 27).

Intraperitoneal administration resulted in an LDs, of
470 mg/kg body weight in mice (Morita et a., 1997; see
also Table 27).

The dermal LDso values were greater than
2000 mg/kg body weight inrats and rabbits (Pfitzer et
al., 1965; IRI, 1982; Willeitner & Dieter, 1984 ; see
Table 27).
7.2 Short- and medium-term exposure
Thereis little reliable information available
regarding effects of coal tar creosote in experimental

animals after repeated exposure. No short -term studies
on inhalation exposure to creosote were available.
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The studies on oral exposure to creosote are limited.
Oral treatment (gavage) of male Fischer 344 rats (n = 6)
with 50 mg coal tar creosote (in peanut oil)/kg body
weight per day over 1-5 weeks (creosote obtained from
the National Toxicology Program Repository, USA,
lot/batch CX1984) praduced no changes in the weights
of the small intestine, large intestine, or caecum. The
body weight was significantly reduced (6.75%) after the
first week of treatment, but not by weeks 3 and 5. Some
intestinal enzyme activities were found to be altered
dter 1, 3, and 5 weeks of treatment; for example, caecal
& glucuronidase activity was increased and small
intestinal nitroreductase activity was reduced (Chadwick
et al., 1995). Treatment of male Wistar rats (n = 8) with
Danish creosote (composition given by Nylund et al.,
1992); 200 mg/kg body weight in 4 ml of olive oil) by
gavage 72 and 24 h before death resulted in a significant
increase in absolute and relative liver weights
(Luukkanen et al., 1997).

Female ICR mice treated on gestation days 5-9
withpetroleum creosote (dissolved in DM SO; coal tar-
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derived but called petroleum creosote by author;
creosote refined CX1984; Matheson, Coleman and Bell
Manufacturing Chemists, Norwood, Ohio, USA) at

400 mg/kg body weight per day and sacrificed on day 17
of gestaion showed no changes in mean weights of
livers, kidneys, lungs, and adrenals. Body weight gains
were significantly lowered (by 16%) in both the group
administered creosote (n = 20) and the group admin-
istered the solvent alone (n = 23), compared with
untreated controls (0 = 29) (lyer et al., 1993).

Three sheep were administered daily oral doses of
creosote (of the grade used for commercial timber
preservation in New Zealand; suspended in water and
sawdust) at approximately 500, 1000, and 2000 mg/kg
body weight (corresponding to approximately one-half,
one-quarter, and one-eighth of the acute lethal dose rate).
The sheep receiving the lowest dose rate (for 32 days) as
well as the two controls, one given untreated sawdust
(for 12 days), showed no ill effects. The two sheep
treated with the higher concentrations rapidly lost weight
and died on the 16th day (1000 mg/ kg body weight per
day) or 8th day (2000 mg/kg body weight per day).
Other clinical symptoms were loss of appetiteand
weakness. Postmortem findings included some hyper
aemia or patchy inflammation of the mucous membranes
of the colon and duodenum, excess peritoneal fluid,
extensive petechiation of the epicardium, enlargement of
lymph glands of the head, and enlargement of the
thyroid. The contents of the stomach and intestines had a
strong smell of creosote. There were no significant
histological findings reported (although details of the
extent of examination were not given).

A calf administered (orally) 500 mg creosote/kg
body weight per day for 11 days lost weight. Severe loss
of weight and “poor condition” were reported for a
second calf given 1000 mg/kg body weight per day for
11 days. Weight loss in this animal continued for
3 weeks following cessation of treatment, although
45 days after the start of the trial, while still emaciated,
its condition was said to be improving (Harrison, 1959).
7.3 Long-term exposure and
carcinogenicity

Some older experimental studies with mice
indicated a carcinogenic activity of creosotes after
topical application (Woodhouse, 1950 Lijinsky et a.,
1957, Poel & Kammer, 1957; Boutwell & Bosch, 1958;
Roe et al., 1958; see also Table 28). Types of tumours
included not only skin carcinomas and papillomas, but
also lung carcinomas. In some cases, the studies were,
however, limited, having small numbers of test animals,
lack of controls, insufficient dose information, poor
specification of creosotes, etc.; none of the studies
provided doseresponse rel atiorships.
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A 78-week dermal carcinogenicity study was
conducted with two samples of coal tar creosote with
different BaP contents (Buschmann et al., 1997; see also
Tables 28 and 29). Two different creosote samples were
tested: creosote 1 (CTP1) and creosote2 (CTP2) con-
tained 10 and 275 mg BaP/kg, respectively. Both
samples were diluted with toluene before being applied
to CD1 male mice (62 per group). The BaP contents of
the applied solutions were as follows: CTP1: 0.2, 0.5,
1.4, and 4.1 mg/kg; CTP2: 1.3,3.8, 12.6, 37.6, and
113 mg/kg. The animals were treated with 25 pl of
solution twice a week over a period of 78 weeks.
Treatment in some animals had to be interrupted due to
ulceration. In the high-dose group (CTP2; 113 mg/kg),
there was a reduced survival time of animals. For this
dose group, the study was terminated after 274 days.

Squamous cell carcinomas and papillomas were
observed from both preparations. These tumours were
seen at the site of application only. Other organs were
not investigated. A doserelated, statistically significant
(P < 0.05) increase in tumour rate was found for CTP2.
For CTP1, at the dose level with the highest BaP con
centration of 4.1 mg/kg, there was an increase in tumour
rate that was not statistically significant (Buschmann et
al., 1997).

This study was evaluated for the German Ministry
of the Environment (Mangelsdorf et al., 1998). The
rationale for the calculation of the risk assessment is
given in Appendix 1. According to this analysis, the
ulcerations are not the primary cause of the tumours, as
there was no difference in the tumour rate between
animals with or without ulceration for the same dose
level. For the calculation of the risk, only those animals
for which the treatment was not interrupted due to
ulceratians were taken into account. After correction for
the reduced survival time, alinear relationship between
observed tumour rate and BaP content of the solution of
both CTP samples was found.

A value of 4.9 x 10" tumours/(animal x pg BaP)
was found for t he slope of the curve that, for both
samples of creosote, describes the relationship between
the increased number of skin tumours compared with the
control and the total amount of BaP (creosote) applied
during the course of treatment.

From this study, alifetime risk for dermal cancer
incidence of about 10™ has been derived for creosote,
corresponding to a BaP dose of 1 ng/kg body weight per
day (CSTEE, 1999):

Slopefactor = 4.9 x 10‘3/ug BaP for the whole
length of treatment (546 days)
= 2.7/ug BaP per day
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Table 28: Summary of carcinogenicity studies on coal tar creosote.

Tumour type, incidence Latency
Creosote / study design? Duration [other effects] period Comments Reference
Coal tar creosote® / dermal, mouse, 25 weeks Skin carcinomas in 9 of 19 n.sp. Untreated control Woodhouse
males/females (n = 25/25), twice surviving mice; papillomas lacking (however,  (1950)
weekly: concentration n.sp. (covering in 10/19; deaths: 31 no tumours with
an area of about 1.5 cm in diameter) pine oil and linseed

oil)

Coal tar creosote (creosote 1 oil from 70 weeks Skin tumours in 13/26 50 weeks Only 1 dose, Lijinsky et al.
a Wilton still) ¢/ dermal, mouse females; more than 1 semiquantitative (1957)
(Swiss), female, n = 30, 1 drop of tumour per animal occurring dose information,
undiluted creosote oil twice weekly (a total of 23 tumours, 16 specific control
over 70 weeks malignant) group lacking
Coal tar creosote (blended oil ?) / About 44 Skin tumours in 8/8 females 18-23 BaP not detected Poel &
dermal, mouse (C57L), female, n=  weeks at both doses (malignant weeks in test samples Kammer (1957)
10, 1 drop (0.009 ml) of 80% or 20% 7/8) versus 0/10 in controls,
creosote (in toluene) 3 days/week for metastases to lung or
life span or until first papilloma regional lymph nodes
developed at the site of application
Coal tar creosote (light oil®) / dermal, About 45 Skin tumours in 11/11 21-25 BaP not detected Poel &
mouse (C57L), male, n =11, 1drop  weeks males (male-specific control weeks in test samples Kammer (1957)
(0.009 ml) of 50% creosote (in group lacking)
toluene) 3 days/week for life span or
until first papilloma developed at the
site of application
Coal tar creosote (Carbasota,> Boutwell &
USA) / dermal, mouse (Sutter), Bosch (1958)
female, n = 30, 1 drop (25 pl) twice
weekly
- for 4 weeks 44 weeks No skin tumours 18 weeks
- for 28 weeks 28 weeks Skin tumours (carcinomas)  (1st

in 82% of mice; papillomas  appear-

in >90% of mice ance)
Coal tar creosote (Carbasota,¢ n.sp. Only1 Roe et al.
USA) / dermal, mouse (Sutter), sex: concentration (1958)
n.sp. tested; lung
-n =19-24, 1 drop (25 pl) twice 8months 139 lung tumours in 24 mice tumours a more
weekly from 3 weeks until 6 months (5.8 adenomas/mouse) vs. ;si;ensnw'e end-point

an skin tumours

of age 9/19 (0.5 adenomas/mouse)

in controls
-n =29, 1drop (25 pl) (after 8 months 315 lung tumours in 29 mice
weaning) twice weekly for 5 months (10.8 adenomas/mouse)
((:Fz)algljj:s?()m and kept in creosoted Skin/lung tumours

(combined results from both

groups, n =24 + 29): 5/53

skin+/lung- 9/53 skin-

/lung+; 39/53 skin+/lung+
- n =23, 1 drop twice weekly for 4 10 months 37 lung tumours in 23 mice
weeks (9 times in all) (1.6 adenomas/mouse), no
untreated controls lacking skin tumours (0.3
(controls with 1 drop of benzene or adenomas/mouse)
0.5% croton oil)
Coal tar creosote (CTP1f /dermal, 78 weeks =  Skin tumours in 1/62 and 212-478 Buschmann et
mouse (CD-1), male, n = 62, 25 ul of 546 days 2/62 mice of the two highest days (1st al. (1997)f
0.1, 1, 3,and 9 mg CTP1 (in toluene) dose groups vs. 0-1/62 in appear-
per application (corresponding to 0.2, controls, statistically not ance)

0.5, 1.4, and 4.1 mg BaP/kg) twice
weekly over 78 weeks

2 (-) controls (toluene)

1 (+) control (BaP)

significant
[wet ulcerations in 23/62 or

21/62 mice of the 3 and 9
mg dose groups]
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Table 28 (contd)

Tumour type, incidence Latency
Creosote / study design? Duration [other effects] period Comments Reference
Coal tar creosote (CTP 2f / dermal, 78 weeks =  Skin tumours (statistically 38-366 Correlation to BaP  Buschmann et
mouse (CD-1), male, n = 61-62,25 546 days  significant) in 9/62, 23/62, days content al. (1997)f
plof0.1, 0.3, 1, 3, and 9 mg CTP2 and 20/61 mice of the 1, 3,  (1st
(in toluene) per application and 9 mg dose groups appear-
(corresponding to 13, 3.8, 12.6, 37.6, ance)

and 113 mg BaP/kg) twice weekly
over 78 weeks

2 (-) controls (toluene)
1 (+) control (BaP)

[wet ulcerations in 1, 3, and
9 mg dose groups, dry
ulcerations in 3 and 9 mg
dose groups; desquama-

tions in 9 mg dose group;
reduction in mean lifetime in
1, 3, and 9 mg dose groups]

No specification.
Containing 2.75 g benz[a]anthracenellitre.
Manufactured by Barrett Chemical Co., USA.

® oo oo

275 mg BaP/kg.

Abbreviations used: n = number per group; dermal = epicutaneous route; n.sp. = not specified.

Manufactured by Rutgers VfT AG, Germany (for composition, see section 2), CTP1 containing 10 mg BaP/kg, CTP2 containing

' Cited as the Fraunhofer study (1997) in Mangelsdorf et al. (1998). See also Table 29.
9 Experiments with the 9 mg dose group were terminated after 274 days.

= 1.3 x 10™*/ug BaP per kg body
weight per day (mouse weighs 0.02
kg)

= 1.3 x 10™*/ng BaP per kg body
weight per day

This has also been calculated with the same result using
the T2s (daily dose inducing a tumour incidence of 25%
upon lifetime exposure method.

Based on its BaP content, the tumorigenic effect of
creosote appeared to be 5 times greater than its BaP
content alone would have predicted. This was concluded
from a comparison of tumour incidence in mice treated
with the creosote solutions with that in a parallel positive
control, in which mice were treated with a solution of
pure BaP.

Non-neoplastic effects observed in this long-term
study included skin ulcerations and decreases in life span
(see Tables 28 and 29).

In atumour -initiating test, female Sutter mice (n =
30) were treated topically with 1 drop of undiluted
creosote (Carbasota, Barrett Chemical Company, USA)
twice aweek for 1 month; after an interval of 1 week,
croton oil (25 pl of a0.5% solution in benzene) was
applied twice weekly for an additional 51 weeks.
Whereas no tumours developed in the control groups
(control 1: creosote alone applied for 1 month with an
observation period of 44 weeks; control 2: croton oil
alone for 44 weeks), 46% of mice from the initiating test
group developed malignant skin tumours (Boutwell &
Bosch, 1958). Similar coal-derived liquids also showed
tumour-initiating activity in CD-1 mice (Mahlum, 1983
Mahlum et al., 1984).
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Some fractions of creosote (chemical composition
not specified; vehicle: benzene) painted onto the skin of
female mice (n = 20; twice weekly, for atotal of 72—
145 applications) have been found to increase the
tumorigenic action of BaP with respect to both number
of skin tumours and latency period (Cabot et al., 1940;
Sall & Shear, 1940). An artificial mixture consisting of
five creosote PAH components (anthracene, chrysene,
pyrene, fluoranthene, and phenanthrene) has been tested
in a 2year carcinogenicity mouse skin bioassay. A
toluene solution containing 0.1% of each of the five
PAHSs produced tumours in 23% of the mice (male
C3H/HeJ mice; n = 20) with alatency period of
73 weeks. With the addition of 0.001% of BaP to the
above solution, 47% of the mice produced tumours with
alatency period of 66 weeks. Additionally, a coal tar
solution in toluene (containing 0.0006% BaP) produced
tumours in 51% of mice with alatency period of
73 weeks. Both concentrations of BaP administered in
toluene by themselves did not produce skin tumours
(Warshawsky et al., 1993. In contrast, no increase in
skin tumour formation was observed in mice (female
Charles River CD-1; n = 27-30) after topical co-
administration of BaP and selected coal distillates,
compared with administration of BaP alone (Springer et
al., 1989).

Carcinogenicity of creosote after inhalation or
oral/dietary exposure has not been studied. Dietary
exposure of female B6C3F1 mice over 2 yearsto similar
mixtures (e.g., coal tar samples from manufactured gas
plant waste sites) resulted in dose-related increases in
several types of tumours, includng liver carcinomas,
forestomach squamous epithelial papillomas and
carcinomas, alveolar/bronchiolar adenomas and
carcinomas, and small intestine adenocarcinomas (Culp
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Table 29: Scheme of the 1997 mouse skin carcinogenicity study (Buschmann et al., 1997).2°

C1 Cc2 CTP1 CTPZX BaP®
Creosote test solutions
mg creosote/treatment 0 0 0.3 1 3 9 0.1 0.3 1 3 9d -
BaP concentration applied 0 0 0.2 0.5 14 4.1 13 3.8 126 37.6 1139 348
(mg/kg)
Ug BaP/treatment 0 0 0.003 0.01 0.03 0.09 0.03 0.08 03 0.8 254 75
Total BaP (pug/mouse: 0 0 0.5 16 4.7 14 3.9 12 42 128  384¢ 1170
156 applications)
General records
Number of treated animals 62 62 62 62 62 62 62 62 62 62 614 62
Mean lifetime (days) 494 470 493 483 471 447 504 473 444 407  249¢ 477
First appearance of 512 - - 394 240 212 345 114 121 163 72¢ 184
suspected papilloma (days)®
First appearance of - - - - 478 - 534 485 38 366 - 351
suspected carcinomas
(days) ®
Histopathological results
Number of mice with non- 1 0 0 0 0 2 0 2 6 12¢ 16+ 27*
malignant skin tumours
Number of mice with 0 0 0 0 1 0 1 1 3 16*r 64 32
malignant skin tumours
Number of mice with skin 1 0 0 0 1 2 1 3 9* 23¢ 20+ 47*
tumours (malignant and
non-malignant)
Number of mice with more 0 0 0 0 0 0 0 0 0 5 2d 18
than one skin tumour
Total number of tumours 1 0 0 0 1 2 1 3 9 28 2 68

a

Table 28 application on clipped skin.

(containing 275 mg BaP/kg).
¢ An asterisk (*) indicates statistical significance, P < 0.05.

given.

et al., 1998). The BaP content within these coal tar diet
mixtures has been found to be only partially indicative
of the tumour formation observed (Goldstein et al.,
1998 Culp et a., 2000; Gaylor et al., 2000.

Of the individual components of creosotes, at |east
several PAHs are established carcinogens — for
example, benz[ a]anthracene, BaP, benzo[K]fluoranthene,
and chrysene (IPCS, 1998). There are also indications of
carcinogenicity for some heterocyclic compounds — for
example, carbazole (Weyand et al., 1993; IARC, 1999),
quinolines (LaVoieet al., 1988; Weyand et al., 1993),
and thiophenes (Tilak, 1960). Some phenolic compounds
may have promoting activity (IPCS, 1994 1995).

In a creosote-contaminated environment, hepato-
cellular carcinomas and adenomas have been reported in
fish (see section 9).

Cited as the Fraunhofer study (1997) according to Mangelsdorf et al. (1998); dosage regimen and further details as described in

Abbreviations used: C1, C2: negative controls; CTP1 = coal tar creosote 1 (containing 10 mg BaP/kg); CTP2 = coal tar creosote 2

Terminated after 274 days (instead of 546 days) because of severe skin lesions, so fewer than the scheduled 384 applications were

Type of tumour given from visual inspection; therefore, no clear distinction between benign and malignant tumours possible.

74 Irritation and sensitization

Skin irritation has been tested for two German
creosotes. Impregnation agent DB and impregnation
agent Z showed Draizescore indices of 2.2 and 1.9,
respectively. Both were classified as nonirritants
regarding primary/24 h skin irritation (Willeitner &
Dieter, 1984). A French creosote (14130) tested
according to OECD Guideline 404 has been found to be
irritating to the skin (Atochem, 1992b). A nother creosote
(USA, 64-451B) has been classified as a primary skin
irritant, with a primary skin irritant score of 6.1 (Pfitzer
et a., 1965).

Skin irritation has been observed in the mouse tail
skin test with certain fractions of creosote; however,
type of creosote, composition of fractions, and dose
levels have not been specified (Wrench & Britten, 1975).
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A single application of 25 ml of creosote (manu-
facturer not given) to the clipped skin (over jaw area) of
acalf caused skin changes such as swelling, hardening,
and creasing. Dry, crusty thickening of the skin persisted
for more than 4 weeks (Olafson & Leutritz, 1959).

Instillation of undiluted coal tar creosote (0.1 ml; no
further details reported) in the eyes of rabbits elicited a
redness of the conjunctiva with congested vessels that
resolved within 7 days (Pfitzer et a., 1965). No primary
eye irritation has been found with the two German
creosotes (tested according to European Commission
regulations from 1983; Willeitner & Dieter, 1984) and
the French creosote (tested according to OECD
Guideline 405; Atochem, 1992c) mentioned above.

Photosensitization (sensitization of the skinto UV
light by creosote) has been observed in workers exposed
to creosote (see section 8.2), but experimental animal
studies with creosote are not available. However, this
phenomenon has been well documented for coal tar and
related mixtures and several compounds (e.g., anthra
cene, BaP, pyrene, acridine) present in coal tar and coal
tar creosote (Kochevar et al., 1982, Comaish, 1987,
IPCS, 1998; ATSDR, 2002).

7.5 Reproductive and developmental
toxicity

7.5.1 Effects on fertility

A coal tar creosote (partial specification: 15 PAHS)
did not significantly increase absolute or relative uterine
wet weight or vaginal cornification in immature and
mature ovarectomized ICR mice (n = 4-6) or DBA/2
mice (n = 5-7). The animals received oral doses (by
gavage) once every 24 h for 4 days and were sacrificed
onday 5. The doses consisted of 0.1 ml sesame ail
containing creosote at 0.1, 10, 50, or 100 mg/kg body
weight (Fielden et al., 2000).

7.5.2 Developmental toxicity

A preliminary study with petroleum creosote (coal
tar-derived; lot CX1984; dissolved in DMSO) admin-
istered by gavage to pregnant ICR mice on days 5-9 of
gestation at a single dose (400 mg/kg body weight per
day; n = 20-29; sacrifice: day 17 of gestation) did not
find significant differences in skeletal and visceral mal-
formations among the experimental groups (untreated;
creosote treated; solvent alone treated). The number of
live fetuses, number of dead fetuses, number of resorp-
tions, and sex ratio in the live fetuses were similar in all
groups. Maternal body weights were significantly
lowered in the creosote and solvent -treated groups.
There were also unexpected signs of overt maternal
toxicity by gestation day 9 in creosotetreated animals —

so that treatment was not continued until day 14 of
gestation (lyer et al., 1993.

To date, studies with rodents at lower dose levels
over additional days of gestation or studies conducted
according to current guidelines are not available.

An experiment with pregnant pigs held on wooden
platformstreated with coal tar creosote (no specification;
at least three brush applications of a commercial creo-
sote; duration of drying before confinement of the sows:
2448 h) resulted in adverse developmental effects. The
sows (n = 4) in contact with the creosoted plaforms for
2-10 days prior to delivery delivered a number of dead
newborns (24 of 41). The surviving pigs were rough and
dehydrated and had rough skins and severe diarrhoeg;

11 baby pigs died by day 3 post-farrowing. The weight
gains were reduced over a 6-week period. Signs of
maternal toxicity were not reported. In a control
exposure with four pregnant sows held on untreated
wooden platforms, 1 of 36 newborns was dead on
delivery and 3 died post -farrowing, probably due to
crushing (Schipper, 1961).

Embryotoxicity of petroleum creosote (coal tar-
derived; lot CX1984; dissolved in DMSO) has been
studied in a mouse preimplantation embryo culture
system. ICR mouse embryos (n =15) collected on day
3.5 of gestation (blastocyst stage) were exposed for 1 h
to different concentrations of creosote in serum-
supplemented culture medium with and without rodent
hepatic S9 microsomal fractions and subsequently
cultured in control medium for 24—72 h. Embryonic
viability varied inversely with petroleum creosote
concentration. At 24 h, embryonic lethality was related
to creosote concentrations. at 22 pg/ml of culture
medium, there was no embryotoxic effect; at 33 pg/ml,
there was a decrease in viability by 26-43%; and at
54 ug/ml, there were no viable embryos. Culture
supplementation with rodent hepatic S9 microsomal
fractions did not modify the embryotoxic effects.
Embryos exposed to the intermediate exposure level
showed a decreasing developmental potential with
increasing timein culture (lyer & al., 1992).

The Consultative Group was aware of animal
studies on the developmental toxicity of creosote, which
has been classified in Finland as a developmental
toxicant, but the studies were not available to the
Consultative Group.

In fish, developmental toxicity of creosote has been
shown (see section 9).
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7.5.3 Endocrine disruption

A coal tar creosote (partial specification: 15 PAHS)
has been examined in vitro for estrogen receptor -
mediated activity using competitive ligand binding
assays and reporter gene assays (Fielden et al., 2000).
Creosote was found to bind to the mouse estrogen
receptor, bind to the human sex hormone binding
globulin, and elicit partial agonist activity in reporter
gene assaysin transiently transfected MCF-7 cells
(human mammary carcinomaderived cells). The mouse
competitive ligand binding assay (using uterine cytosol
from female ICR mice) resulted in an 1Gyo value
(displacement of the labelled ligand from the estrogen
receptor) of 135 mg/litre creosote (compared with
7 ugl/litrefor 17a-estradiol). Based on these values, it
was estimated that creosote has a relative estrogenic
potency of 0.000 165 and contains approximately
165 mg/litre of estradiol -equivalents. In the assay with
human cells (human pregnancy serum), creosote dis -
placed approximately 50% of the ligand at a concentra-
tion of 220 mg/litre; however, an |G value could not be
determined, because full displacement curves could not
be obtained due to the insolubility of creosote at higher
concentrations. In the reporter gene assay, measuring
luciferase activity, creosote induced luciferase activity
by 36%, compared with the 100% response by 174-
estradiol, at the highest concentration of 22 mg/litre.
Because higher concentrations of creosote were cyto-
toxic, an ECsq for this end-point could not be calculated.
Co-treatment tests showed that concentrations of
creosote as low as 1 mg/litre had an additive effect on
induction of luciferase by 17&-estradiol (1 nmol/litre),
whereas lower concentrations of areosote were not
inhibiting or potentiating. Antiestrogenic effects of
creosote (assayed via pS2-regulated gene expression in
MCF-7 cells) could not be found (Fielden et al., 2000.
7.6 Mutagenicity and related end-points
A number of the components of creosote (e.g.,
PAHSs) are known to be mutagenic (IPCS, 1998).
7.6.1 In vitro assays

A summary of in vitro genotoxicity assays carried
out for various creosotes with bacterial (Ames/Salmo-
nellatest, assays with Escherichia coli) and mammalian
(mouse lymphoma cell assay, sister chromatid exchange
test with Chinese hamster ovary cells, chromosomal
aberrations in human lymphocytes) test systemsis given
in Table 30 (Simmon & Poole, 1978; Bos et al., 1983
1985 Nylund et al., 1992; IUCLID, 2000. Almost all
creosotes tested showed mutagenic activity after
metabolic activation (S9 mix) in the conventional
Ames/Salmonellaassay with strain TA98. Further, the
nitroreductase overproducing strain Y G1021 and the O-
acetyltransferase overproducing strain Y G1024 were
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tested, which have increased sensitivity to detect
mutagenicity of aromatic nitro and amino compounds.
Positive results were also obtained with several other
Salmonella TA or Y G strains or with the mouse lym
phoma cell assay and the sister chromatid exchange test
with Chinese hamster ovary cells. Negative results have
been observed with the Salmonella tester strain TA1535
(which may be less sensitivein this case or indicative of
other mutation types). Depending on creosote type
tested, the Salmonella assay with tester strain TA100 as
well as the SOS chromotest with Escherichia coli PQ37
gave positive and negative responses, thus indicating
differences in mutagenic activity between different
creosotes. There were also differencesin the relative
strengths of genotoxic responses. For example, Nylund
et a. (1992), testing four creosote samples (about

85 components identified, 96—-98% of total composition;
see also Table 3: F, G) from different countries, found
the same order of potency when the creosoteswere
tested both in the Ames/Salmonella assay using strains
TA98 and Y G1024 and in the sister chromatid exchange
test with metabolic activation. The order of potency was:
Danish > former Soviet > German > Polish creosotes.

In atwo-stage transformation assay, creosote (no
specification given) enhanced transformation of Syrian
hamster embryo cells initiated with BaP, thus indicating
tumour-promoting activities (Sanner & Rivedal, 1988).

Attempts have been made to identify the compounds
or groups of compounds in different creosotes respon
sible for the mutagenic activity. As aresult, severa
fractions of different creosotes have also been demon
strated to be mutagenic to Salmonella typhimurium
TA98 in the presence of metabolic activation. The
creosotes were fractionated by means of TLC (Bos et d.,
1984a) or distillation (Nylund et al., 1992). Three of
seven TLC fractions of creosote P1 were highly
mutagenic: one contained unidentified more polar
compounds, the second contained BaP, and the third
contained benz[a]anthracene (Bos et al., 1984a). Both
fractionation and mutagenicity profiles differed between
the four different creosotes (Danish, German, Polish,
former Soviet) tested by Nylund and co-workers. A
common feature in the tests with Salmonellastrains
TA98 and TA100 (plus S9 mix) was that the mutagen-
icity appeared in the distillation fractions having the
highest boili ng point ranges (>290 °C) and high con-
centrations of known mutagenic PAHs (chrysene,
benzo[ €| pyrene, benzo[k]fluoranthene, BaP, dibenzo-
[a,h] anthracene, benzo[ ghi perylene). Although the
intact creosotes contained lower concentrations of the
six PAHsthan these fractions, their mutagenic response
was mostly higher; only a single fraction of one creosote
showed slightly higher mutagenicity than the original
creosote (Nylund et al., 1992).
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Table 30: In vitro genotoxicity of several creosote samples.

Results with

Creosotes? tested metabolic
(concentration) Assay (end-point) Species/strain activation® Reference
Creosote P1 Salmonella assay TA1535 - Bos et al. (1983)°
(up to 50 pg/plate) TA1537 6]

TA1538 +

TA98 +

TA100 +
Creosote P1 Salmonellataped plate TA1535 - Bos et al. (1985)
(up to 200 pg/plate) assay” TA1537 O]

TA97 o)

TA102 “

TA98 ®

TA100 +
Creosotes: Salmonella assay TA1535 - - Simmon & Poole (1978)
P1, P2 TA1537 + +

TA98 +, +

TA100 +, +
Creosotes: Salmonella assay TA98 +, +, +, + Nylund et al. (1992)
Da, Ge, Po, So TA100 +, +, -, -
(up to 500 pg/plate) YG1021 + + +

YG1024 + o+
Creosotes: Escherichia assay WP2 - - Simmon & Poole (1978)
P1, P2
Creosotes: SOS chromotest Escherichia coli PQ37 +,+, -, = Nylund et al. (1992)
Da, Ge, Po, So
(up to 200 pg/ml DMSO)
Creosotes: Lymphoma cell assay = Mouse L5178Y +, + Simmon & Poole (1978)
P1, P2 (TK +/-)e
Creosotes: Sister chromatid Chinese hamster + +, 4+ Nylund et al. (1992)
Da, Ge, Po, So exchange test ovary cells

(up to 200 pg/ml growth medium)

Chromosomal
aberrations

Creosote speciale 14130
(n.sp.)’

Human lymphocytes -

Atochem (1991)

2 Creosote P1 = prepared by Cindu Chemicals, The Netherlands.
Creosote P2 = mixture of coal tar and creosote.

Creosote P1 and P2 = Creosotes type P-1 and type P-2 according to AWPA specifications (see section 2).

Creosote speciale 14130 = manufactured by Atochem, France.

Da, Ge, Po, So = Danish, Geman, Polish, former Soviet creosote (the first three creosotes conformed to British Standard 144/73;
the creosote originating from the former Soviet Union was supplied by the Finnish Wood Preserving Association; for specifications,

see Table 3).

50 ug creosote per plate.

¢ TK = thymidine kinase reversion.
f According to OECD Guideline 474.

Components suggested to be responsible for the
mutagenicity of creosotes include mainly PAHSs, but also
aromatic amines and certain azaarenes (e.g., Sundstrém
et al., 1986). Comparisons between mutagenic acti vities
and concentrations of known mutagenic PAHs in several
creosotes (see above) and some of their corresponding
fractions suggested synergistic and antagonistic inter
actions (Nylund et al., 1992).

The mutagenic action of creosote (Cindu Chemicals,
The Netherlands) vapour (generated at 37 °C) has been
attributed to fluoranthene, based on the so-called taped
plate assay with Salmonella strains TA98 and TA100in
the presence of S9 mix (Bos et a., 1987); however, this
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According to creosote types tested. + = positive; (+) = slightly positive; — = negative. Metabolic activation with S9 mix.
Data on cytotoxicity were given only by Bos et al. (1983), reporting a 100% survival of Salmonella typhinurium TA98 and TA100 at

Modified Ames test for detection of volatile mutagens (according to Distlerath et al., 1984).

test was negative with the creosotes examined by
Nylund et al. (1992).

Urine samples of rats injected intraperitoneally with
250 mg creosote/kg body weight showed elevated
mutagenic activity in the Ames test with Salmonella
typhimuriumTA98 in the presence of metabolic activa
tion and & glucuronidase (Bos et al., 1984hc). The same
test (metabolic activation not reported) was positive with
urine samples from rats treated ordly with creosote (lot
CX1984; 50 mg/kg body weight per day) over a 5-week
period (Chadwick et al., 1995.
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Human urine samples collected from wood impreg
nation plant workers (n = 6) at the end of shift and tested
according to the AmesSalmonella test with strain
TA100 did not show any exposurerelated increase in
mutagenicity (Nylund et al., 1989). The same wastrue
for urine samples from three workers of another wood
impregnation plant, w hen tested with Salmonella strain
TA98 (plus S9 mix and & glucuronidase): spot wipe
samples collected from several contaminated surfaces
(n = 5; solvent: acetone or alcohol) in the working
environment of this plant gave positive mutagenic
results with the tester strain TA98 in the presence of S9
mix; the extraction with acetone revealed higher
mutagenic values than extraction with alcohol (Bos et
al., 1984b,c).

Several genotoxicity tests paformed with creosote
contaminated soils or sediments gave positive results.

The mutagenic activity (as monitored by the Ames
test with Salmonella typhimuriumTA98, +/— S9 mix) of
a creosote/PCP waste sludge (from an active wood
treatment facility) applied to soil was found to persist in
surface soil at least 350 days after sludge application.
During lysimeter experiments, most of the mutagenicity
was detected in surface soil extracts, with weaker
responses in leachate samples (Barbee et al., 1996).
Similarly, the crude fraction of bottom sediment waste
collected from a sediment pond of a plant using both
PCP and creosote was mutagenic in the Ames assay with
Salmonella typhimurium TA98 (plus SO mix), with a
total activity approximately equal to the sum of the
activities of three (i.e., acid, base, neutral) fractions
(Donnelly et al., 1987). A weak mutagenicity in the
Salmonella Ames assay against strain TA98 (with
metabolic activation) was found in the PAH fraction of
soil collected from awood treatment plant (in operation
from 1924 to 1987; using 100% creosote, 50% creosote
mixed with other oils and oil carrier, PCP, etc.; oil
content 3—6 w/w % of soil; PAH content not quantified)
and subjected to Soxhlet extraction with DCM and class
component chromatographic separation (Zemanek et al.,
1997).

Soil samples taken in 1996 from a former creosote
wood treatment facility (in operation from 1917 to 1972)
with maximum PAH concentrations of 3000 mg/kg dry
soil were tested with the Ames Salmonella assay using
the tester strains Y G1041 and Y G1042. The creosote
soil extracts (extraction agent: DCM) were found to be
moderately mutagenic with metabolic activation (S9
mix) and were non-mutagenic without metabolic
activation. However, some bioremediation techniques
resulted in an increased mutagenicity despite successin
reducing the total PAH concentration, probably due to
the presence of nitrogen-containing heterocycles
(Brooks et al., 1998 Hughes et al., 1999.
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A soil sample from a hazardous waste site contam-
inated with creosote (no further details) was assayed by
amicronucleus test with Tradescantia Cuttings of
Tradescantia clone 4430 were exposed for 30 h to
different solutions of aqueous soil extracts (initial total
PAH concentration in the soil: 5749 mg/kg, weight basis
not specified). The micronucleus frequencies increased
in a concentraion-dependent manner. A further increase
in genotoxicity was seen in soil samples (containing
indigenous microflora) incubated for 8 weeks, which
was presumed by the authors to be due to the generation
of water-soluble metabolic intermediates by the micro-
organisms (Baud Grasset et al., 1993).

Sediment samples collected in 1994 near a wharf,
which was treated before immersion in the water with
creosote (no specification) some months before (1993),
and extracted wih DCM, followed with an exchange
into DM SO, were tested in rainbow trout (Oncorhynchus
mykiss) hepatocytes using the nick translation assay
(NTA) and the alkaline precipitation assay (APA). Total
PAH concentrations in these sediments ranged from
0.14 to 209 mg/kg dry weight, with the number of PAHs
varying from 6 to 16. PAH concentrations and geno-
toxicity were higher in samples from the intertidal
section than from the subtidal section. Samples closest to
the wharf (1 m and 5 m) showed more genotoxicity than
those farthest (40 m and 50 m) from the wharf. Whereas
80% and 60% of the intertidal samples were genotoxic
according to NTA and APA, respectively, only 10% and
30% of the subtidal sampleswere positiveinthe NTA
and APA, respectively. There were somecorrelations
between levels of some PAHSs (naphthalene, acenaph
thylene, fluorene, phenanthrene, anthracene, and pyrene)
and the NTA results, but the relevance of this finding
remains unclear (Gagne et al., 1995.

7.6.2 In vivo assays

7.6.2.1 Creosotes

A commercially available coal tar creosote (Lot No.
MOP9328, manufactured by Nakarai, Kyoto, Japan) has
been tested in a collaborative study using the rodent
micronucleus assay. CD-1 male mice (n =5 or more)
received two intraperitoneal injections (with an interval
of 24 h) of creosote (in olive ail) at a concentration of
92.5, 185, or 370 mg/kg body weight. The frequency of
micronucleated polychromatic erythrocytes in bone
marrow increased dose dependently and with statistical
significance (24 h after final treatment). A single
intraperitoneal treatment of 370 mg/kg body weight
(corresponding to about 80% of the LD sy) also induced
micronuclei (Moritaet al., 1997).
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7.6.2.2 General results for class components

Many PAHs and some heterocyclic and other com-
pounds occurring in creosotes have been shown to be
genotoxic (Debnath et al., 1992; IPCS, 1998; Johansen
et a., 1998; Heikkild, 2001). Of 33 PAHSs evaluated,
only three (anthracene, fluorene, and naphthalene) were
inactivein all short-term tests (I1PCS, 1998; Heikkilg,
2001). With some exceptions, genotoxicity tests have
given negative results for phenolic compounds (1PCS,
1994 1995).

PCP, which is sometimes mixed with creosote, is
probably not mutagenic in the Ames assay (IPCS, 1987).

7.7 Other studies
7.7.1  Cytotoxicity and photocytotoxicity

The cytotoxicity and photocytotoxicity (in UV-
irradiated cells) of intact (nonirradiated) and photo-
modified creosote (density: about 1 g/ml; Carbochem
Canada) has been tested in fish cellsin culture
(Oncorhynchus mykiss; gill cell line RT gill-W1).
Photocytotoxicity occurred at considerably lower
concentrations than cytotoxicity. Photomodified creosote
was found to be much more cytotoxic than intact
creosote. The authors concluded from cal culations with
previously established toxic equivalence factors for
PAHsthat all the aromatic hydrocarbons presentin
creosote may contribute to cytotoxicity, but that
photocytotoxicity was dueonly to the fluoranthene,
pyrene, anthracene, and benz[a]anthraceneinthe
mixture (the phototoxic BaP was not detectable in the
creosote samples tested) (Schirmer et al., 1999.

Comparablein vitrotests with mammalian cells
have not been performed for creosote. Cytotoxicity
assays with individual PAHs in V79 Chinese hamster
fibroblasts (Utesch et al., 1996) or human fibroblasts
(Bauer et al., 1985) also showed (among others) a clear
phototoxic potential of fluoranthene, anthracene, and
benz[a]anthracene. Photolysates of BaP were found to
be acutely toxic to Salmonella typhimurium TA98
(Miller et al., 1988).

7.7.2 Induction of microsomal enzymes and
related effects

Exposure of mammalian species to creosote results
in enzyme induction, which can be studied and used
diagnostically for the assessment of contaminant
exposures, and the molecules involved can be considered
prospective biomarkers of effect. Cytochrome P450—
in particular, CYP1A1, CYP2EL, and CYP3A —
enzymes are induced by PAHSs, benzene/toluene, and
other pesticides and are involved in the metabolism of
the compounds and in the formation of the reactive

metabolites (see also section 6). The effect of PAH
induction of CYP1AL1 in the liver can be investigated by
determination of EROD activity. Pentoxyresorufin-O-
depentylase (PROD) is primarily due to CYP2B1. The
induction of CYP1 enzymes is regulated by the ayl
hydrocarbon receptor (AhR) (IPCS, 1998).

For detection of dioxinlike activity (CYP1A1
induction), liver microsomes from immature and mature
mice (ICR and DDA/2) treated with creosote according
to the dosage regimen described in section 7.5.1 have
been examined for EROD and PROD activity. There
were statistically significant and dose dependent
increases in EROD activity (with age-dependent
differences) in ICR mice (e.g., immature/mature mice:
5.9-fold/11.4-fold increase at 100 mg/kg body weight).
PROD activity increased in a similar way, but without
age-related differences. In DBA mice, a strain less
responsive to AhR ligands, enzyme induction occurred
to alesser extent (Fielden et al., 2000 .

CYP1A1 induction has also been detected in fish
exposed to creosote-contaminated sediments (see section
9.

There were some in vitro tests for detection of
dioxin-like activity.

As seen in a gel retardation assay (using hepatic
guineapig cytosol), coal tar creosote was ableto
transform the AhR to aform capable of binding a
dioxin-responsive element oligonucleotide probe
(Fielden et al., 2000).

An AhR-mediated receptor gene assay using Hepa
1c1c7 cells (mouse hepatoma derived cell s) showed that
CYP1A1l-regulated luciferase reporter gene was induced
by 2,3,7,8-tetrachl orodibenzo-p-dioxin (TCDD) and
creosote. The ECso (luciferase induction) was 18 ng/litre
for TCDD and 26 pg/litre for creosote. On this basis,
creosote was estimated tohave arelative dioxin-like
potency of 0.000 731 and to contain approximately
730 mg/litre of dioxin equivalents. The authors sug-
gested that the dioxin-like activity is likely due to the
presence of dioxin-like PAHs within creosote, such as
benzo[K] fluoranthene, dibenz[a,h]anthracene, chrysene,
anthracene, BaP, and benz[a]anthracene (Fielden et al.,
2000.

CYP1A1 induction was also seen within studies on
the bioavailability of soilbound PAHs for mammalian
species. Studies with rats exposed to soil contaminated
by a mixture of at least 13 PAHs showed that 1) only
two or three PAHs (BaP, fluoranthene, and pyrene) were
detected in liver and lung; 2) CYP1A1 activity, followed
by EROD measurement, was highly induced in liver (13-
fold induction) and lung (78-fold); and 3) DNA adducts
were significantly increased (Fouchécourt et al., 1999).



Coal tar creosote

In asimilar study with rats fed a diet containing contam-
inated soil, the highest induction of CYP1A1 was
obtained with a sample contaning five- and sixring
PAHs in the soil (Roos et al., 1996). A further study
(Roos et al., 2002) used minipigs, which have chemical
and physiological properties of the gastrointestinal tract
that are similar to those of humans and, further, similar
indudbility of CYP1A1 (Lu & Li, 2001). Subchronic
daily oral doses of soils containing PAHs led to signifi-
cant induction of CYP1AL1 in several organs: liver =
duodenum > lung > kidney = spleen. This induction of
CYP1A1 was achieved at soil doses that arein the range
of amounts ingested by playing children due to hand-to-
mouth activities and is therefore suggested as a suitable
model for reflecting this exposure route in humans.
7.7.3  Effects on intercellular communication

The epigenetic toxicity characterized by disrupting
gap junctional intercellular communication (GJIC), an
effect that has been attributed to tumour promotion, has
not been tested with complete creosote.

However, an artificial non-aqueous-phase liquid
(NAPL) mixture of PAHs commonly foundin coal tar
and creosote products (toluene, naphthalene, I methyl-
naphthalene, 2 ethylnaphthalene, acenaphthene, fluor-
ene, phenanthrene, fluoranthene, and pyrene; mole
fractions: 0.03, 0.05, 0.22, 0.11, 0.11, 0.05, 0.10, 0.09,
and 0.04, respectively) has been subjected to a GJIC
assay (scrape loading/dye transfer assay). The cell
cultures consisted of WB-F344 rat liver epithelial cell
lines. GJIC was reversibly inhibited at a maximal and
non-cytotoxic dose of 60 pmol/litre, with inhibition
occurring within 5 min. A second mixture consisting of
acenaphthene, fluoranthene, and pyrene, the three NAPL
components that were not significantly degraded during
biodegradation tests (NAPL mixture inoculated in batch
reactors with Pseudomonas cepacia CRE7, astrain
isolated from creosote contaminated soils), showed a
similar activity to that of the original NAPL mixture
(Ghosal et al., 1999 .

7.8 Factors modifying toxicity, and toxicity
of metabolites

A major factor modifying the toxicity of creosoteis
sunlight, especially its UV components (see sections 7.4
and 7.7.1). Thisisdue to the presence of photoabsorbing
molecules (e.g., PAHSs), which can be transformed by
irradiation to reactive intermediates, thus leading to
enhanced toxicity. Larger PAHs have been found to
have a greater photoreactibility than smaller ones
(Utesch et al., 1996, IPCS, 1998).

It is assumed that metabolites (diol epoxides) of
PAHs play amajor role in carcinogenesis, being the
ultimate carcinogens (IPCS, 1998). Metabolites,
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especially of PAHs and heterocyclic compounds, have
often been found to be more toxic than the parent
compounds. For example, the 7,8 -diol -9,10-epoxy
metabolite of BaP was highly embryotoxic and terato
genic, whereas BaP did not cause significant increasesin
the incidence of malformations. Some methylated PAH
metabolites were also toxic, depending on, among other
factors, the position of the methyl group (IPCS, 1998).
7.9 Mechanisms of toxicity / mode of action
Due to the complexity of creosote composition,

the mechanism of action of creosote has not been well
defined. A number of components will probably act
via different mechanisms, influenced by multiple-
component interactions, which may be additive, syner -
gistic, and/or antagonistic, depending on the end-point
considered and the actual composition of the mixture.

Cases of fatal poisoning (deaths in animals and
humans due to multi-organ failure) after ingestion of
creosote have been attributed mainly to the phenolic
components in the mixture (Bowman et a., 1984).

The phototoxic action of creosote is likely due to
certain PAHs and heteocycles, both, however, showing
differences in photochemistry and secondary mechan
isms for phototoxicity (Kochevar et al., 1982).

The mutagenic and carcinogenic properties of
creosote have been predominantly attributed to certain
PAHSs capable of forming mutagenic DNA adducts (e.g.,
IARC, 1985). Mutagenicity and carcinogenicity have
also been found for quinoline (IRIS, 2001).

There are also components acting via estrogen
receptor- and AhR-mediated mechanisms, showing in
vitro aweak potential for endocrine disruption and some
kind of dioxinlike activity (Fielden et al., 2000 .

8. EFFECTS ON HUMANS

All of the studies available are limited due to the
lack of exposure measurements. As well, in many
studies, the type of creosote is not known or is not well
characterized.

8.1 General population

8.1.1  Acute toxicity and poisoning incidents
Bowman et al. (1984) reported a case of intentional
fatal creosote poisoning. A 70-year-old man was found
unconscious after ingestion of “industrial” creosote
(probably about 1 litre). After about 30 h, the patient
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became acidotic and anuric and died. An obvious
extensive ulceration of the oropharynx could be seen.
Postmortem examination showed petechial haemor-
rhages over the intestinal surfaces and over the peri-
cardium. The oesophageal and gastric mucosa were
stained brown but showed no ulceration. An acute
tubular necrosis in the kidney and some degeneration
and necrosis of the liver were noted.

According to Lewin (1929), deaths have occurred
14-36 h after the ingestion of about 7 g of creosote by
adults or 1-2 g by children. Symptoms included
salivation, vomiting, respiratory difficulties, thready
pulse, vertigo, headache, loss of pupillary reflexes,
hypothermia, cyanosis, and mild convulsions.

Physiciansin California, USA, reported 10 cases
(systemic: 2, eye: 1, skin: 5, eye/skin: 2) of illness or
injury dueto creosoteto the register of the California
pesticide illness surveillance programme in 1987
(Maddy et al., 1990). Data on pesticide poisoning have
also been collected for England and Wales. Creosote
was responsible for 27 out of 1012 (2.7%) pesticide
deaths occurring between 1945 and 1989. At least 73%
of all pesticide fatalities were due to suicide (Casey &
Vale, 1994). Creosote was also involved in accidental
pesticide poisoning in children (less than 10 years old).
In a United Kingdom survey (United Kingdom Home
Accident Surveillance System, 1989-1991), 17 (7%) out
of 250 paediatric pesticide poisoning cases were due to
creosote. Eight of these children with suspected creosote
poisoning were admitted to hospital; none died (Thomp-
son et al., 1994).

8.1.2 Epidemiological studies

In 1990, a 2-year health surveillance project began
on residents (African American, 123 males, 91 females)
living in or near an abandoned creosote wood treatment
plant in Texas, USA. The most obvious health effects
determined by self -reported interview referred to dermal
effects. During the first year of the surveillance, the
prevalence of skin rashes was higher than in the control
group (African Americans from a nearby town, 122
males, 93 females) — namely, 27.9% versus 4.9%, with
arelativerisk (RR) of 5.72 (95% confidence interval
[CI] = 3.0-10.9). In the second year, the results were
confirmed. Results of the first year showed a statstically
significant excess of chronic bronchitis (RR = 2.65; 95%
Cl =1.26-5.57), which was reduced and not statistically
significant (11 observed vs. 7 expected) in the second
year. The authors underline that reliance on self-reported
information seriously limits the interpretation of the
study (ATSDR, 2002).

In the USA, an excess incidence of breast and
gastrointestinal cancers among women was observed in
acommunity (St. Louis Park, Minneapolis, Minnesota)
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exposed to low lev els of creosote components in muni-
cipal water. Apparently, the groundwater reservoirs
became contaminated by deposited wastes from a plant
that distilled coal tar products and treated wood from
1917 to 1972 (Dusich et al., 1980). However, areanal -
ysis attributed the difference to the confounding effect of
other risk factors for breast cancer, such as age at first
birth, parity, age at menarche and menopause, body
mass index, history of benign breast disease, and family
history (Dean et a., 1988. In conclusion, a clear con-
nection could not be demonstrated between breast cancer
and coal tar creosote contaminated water, nor was the
increased incidence of gastrointestinal cancer more than
slightly significant (ATSDR, 2002).

Health data on children in contact with creosote via
wooden creosoted playing equipment have not been
reported. Effects mediated via parental exposure have
been investigated in three studies (Savitz et al., 1989;
Feingold et al., 1992, Kerr et al., 2000). Positive associ-
ations have been found for childhood brain cancer
(Feingold et a., 1992; odds ratio [OR] = 3.7, 95% CI =
0.8-16.6; see also Table 31) and childhood neuro -
blastoma (Kerr et al., 2000, OR = 2.1, 95% CI = 1.1-4.3;
see also Table 31). Another study evaluated the relaion
between potential paternal exposure and small-for -
gestational-age infants (40 exposed cases; 371 total
cases); the resulting risk elevation (odds ratio, adjusted
for several factors) was 1.1 (95% CI = 0.7-1.7) (Savitz
et al., 1989).

8.2 Occupational exposure

8.2.1  Acutetoxicity and poisoning incidents

Occupational exposure to creosote, creosote vapour,
or creosote dust can elicit mild to severe irritation or
lesions of the skin, such as erythema, dermatitis, hyper-
pigmentation, or warts (Hudelo et a., 1927; Schwartz,
1942 Jonas, 1943; Merlescu, 1974 Markel et al., 1977,
Flickinger & Lawrence, 1982; Heyl & Mellet, 1982;
Willeitner & Dieter, 1984; Edmiston & Maddy, 1987),
and eyes (Birdwood, 1938 Jonas, 1943; Markel et al.,
1977, Edmiston & Maddy, 1987), as well as benign skin
lesions (Mackenzie, 1898 Haldin-Davis, 1935). Photo-
toxic/photoallergic reactions, which can be induced by
additional exposure to UV light (sun), have also been
observed (Jonas, 1943, Merlescu, 1974; Heyl & Mellet,
1982). Conjunctiva and cornea are the parts of the eye
affected. Contact of liquid creosote with the eye has
caused painful protracted keratoconjunctivitis (Grant &
Schuman, 1993).

General symptoms, such as depression, weakness,
severe headache, slight confusion, vertigo, nausea, and
increased salivation, have been documented in 11 out of
450 (2.4%) construction workers with creosote burns
(Jonas, 1943). Of 120 workers who had sprayed warmed



Table 31: Summary of occupational case—control studies on creosote and cancer.?

Exposed
cases/ Adjusted
Study population referents OR 95% CI° Reference, notes
Hodgkin disease
54 cases, both females and males, from a hospital registry, diagnosed in 2/1 10.7 1.1-103* Persson et al. (1989); 90% CI; OR adjusted for age at time
Orebro, Sweden, 1964-1986; and 275 referents of similar age from the same of diagnosis, sex, farming, exposure to fresh wood, and
area from population registries exposures associated with at least doubled risk for
Hodgkin disease.
31 cases, both females and males, from the Cancer Registry, diagnosed in 0/4 0 0-10.3* Persson et al. (1993); Cl estimated by the Consultative
Link®éping, Sweden, 1975-1984; and 204 referents of similar age from the same Group and is unadjusted. OR adjusted for age at time of
area from population registries diagnosis and exposures associated with at least doubled
risk for Hodgkin disease.
Non-Hodgkin lymphoma
106 cases, both females and males, from a hospital registry, diagnosed in 5/1 9.4 1.2 -69* Persson et al. (1989); 90% CI; OR adjusted for age at time
Orebro, Sweden, 1964-1986; and 275 referents of similar age from the same of diagnosis, sex, farming, exposure to fresh wood, and
area from population registries exposures associated with at least doubled risk for non-
Hodgkin lymphoma.
93 male cases from the Cancer Re gistry, diagnosed in Linkdping, Sweden, 0/44 0 0-34 Persson et al. (1993); Cl estimated by the Consultative

1975-1984; and 204 referents of similar age from the same area from
population registries

622 cases from rural Minnesota and lowa diagnosed in 1980-1983 and 1245
frequency-matched (state, age, year of death for the deceased cases) referents

Exposed to asphalt and/or creosote

Group and is unadjusted; OR adjusted for age at time of
diagnosis and exposures associated with at least doubled
risk for non-Hodgkin lymphoma.

Blair et al. (1993); OR adjusted for age, state, smoking,
family history of malignant lym phoproliferative disease,

by random digit dialling (<65 years of age) or from Medicare files (>65 years of ~ 53/105 10 0.7-15 agricultural exposure to pesticides, use of hair dyes, and
age) for those alive and from state vital records for the deceased Lowdntensity exposure direct/surrogate respondent; a large number of
Yy exp comparisons made; exposure to asphalt and creosote not
49/97 1.0 0.7-15 differentiated.
High-intensity exposure
4/8 11 0.3-4.0
Multiple myeloma
131 cases, both females and males, from several hospital registries, diagnosed  7/4 4.7 1.2-18.0 Flodin et al. (1987); OR adjusted for multivariate
in Linkoping, Sweden, 1972-1983, and alive in 1981-1983; and 484 random confounder score.
referents from population registries from the same geographical area
Glioma
125 male cases from a neurological hospital, France, diagnosed in 1975-1984,  Wood workers Cordier et al. (1988); ClI calculated by the Consultative
age <65 years, and 238 male referents of the same age group with a vascular, 9/11 16 06-4.2 Group.

non-neoplastic, non-malformative neurological disease



Table 31 (contd)

Study population

Exposed
cases/ Adjusted
referents OR 95% C|°

Reference, notes

Glioma (contd)

Creosote exposure in woodworkers
- possible or certain

6/7 11 0.1-11.1
- certain
5/3 1.7 0.1-23.4
- >30% of time
1/0 undefined
Urinary bladder
484 male cases, 35-70 years of age, with pathologically confirmed diagnosis Non-substantial exposure Siemiatycki et al. (1994); adjusted for age, ethnicity,
between 1979 and 1986, in Montreal, Canada, and 1879 referents from the c socioeconomic status smoking, coffee, respondent status,
. . h . . 6/n.sp. 11 04-29
same hospitals with another malignant disease, plus 533 healthy population ) other substances.
referents from electoral lists and random digit dialling Substantial exposure
1/n.sp. 0.4 0.1-33
Lung cancer
310 cases from among the male staff of the national electricity and gas 114/50 16 1.1-23 Martin et al. (2000); OR and CI adjusted for socioeconomic
company in France, diagnosed in 1978-1989, and 4 referents for each from status and for exposure to asbestos; OR increased with
company records cumulative exposure (1.0, 1.8, 1.2, 1.2, and 2.4 for no
exposure and four exposure categories).
Oral cancer
410 cases diagnosed in 1980-1989 from four counties in Sweden from the 3/6 0.5 0.1-2.0 Schildt et al. (1999); exposure assessment during 1 year

cancer registry, and an age-, county-, and sex- (and for the deceased, year of
death) matched referent for each case from the population registry

before the diagnosis from mailed questionnaire;
unadjusted figures.

Childhood cancer (0-14 years)
341 cases of childhood cancer (including 67 brain cancers) diagnosed in 1976—

1983 in Denver, USA, from Colorado Central Cancer Registry and 222 age -,
sex-, and telephone exchange area-matched controls from random digit dialling

183 histologically confirmed cases of neuroblastoma from New York state,
excluding New York City, between 1976 and 1987 from New York State Cancer
Registry and 372 referents from birth certificate registry, frequency matched for
year of birth

Paternal exposure to creosote
Brain cancer

5/5 37 0.8-16.6
Total childhood cancer

15/5 25 0.8-8.1
Paternal exposure to creosote
Neuroblastoma

21/21 21 1143

Feingold et al. (1992); OR and CI adjusted for father’s
education; exposure (according to job exposure matrix)
during the year prior to the child’s birth.

Kerr et al. (2000); OR and ClI adjusted for several socio-
demographic variables, including age at child’s birth,
education, and nativity; exposure from telephone interview
of the mother.

Z In all studies, exposure to creosote is estimated, not measured.
An asterisk (*) indicates a 90% CI.
¢ n.sp. = not specified.
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creosote (air concentration up to 10 mg/m3), 113 com-
plained of headache, giddiness, nausea, vomiting, and/or
copious salivation (Dumler, 1962).

8.2.2  Casereports and epidemiological studies

8.2.2.1 Non-cancer effects

Women (281 cases, 216 controls, USA) occupa
tionally exposed to dusts that were primarily wood and
agriculturerelated were found to have an increased risk
of infertility (OR = 2.87, CI = 1.05-7.88); however,
there were no data available to establish an association
with the wood preservatives (PCP, creosote, formal de-
hyde, chromium, or arsenic) commonly used (Smith et
al., 1997).

8.2.2.2 Cancer

There are several case reports and series (Macker-
Zie, 1898; O’ Donovan, 1920; Cookson, 1924; Henry,
1947, Lenson, 1956 ) on skincancer (epitheliomata of
the head, neck, lip, hands, legs, or scrotum) in workers
exposed to creosote for decades. Metastases to inner
organs have also been reported (Cookson, 1924).

A number of case-control studies exploring the
association between different types of cancer and
creosote exposure have been conducted. A statistically
significant association for multiple myeloma was
reported in one study (Table 31; Flodin et al., 1987), in
oneof two studies on Hodgkin disease (Persson et a.,
1989, 1993, in one of three studies on nortHodgkin
lymphoma (Persson et al., 1989, 1993; Blair et al.,
1993), and in one study on lung cancer (Martin et a.,
2000. No association was found for bladder cancer
(Siemiatycki et al., 1994) or squamous cell oral cancer
(Schildt et al., 1999. An association was observed
between potential paternal ocupational exposure to
creosote and brain cancer and neuroblastoma in children
(Feingold et al., 1992; Kerr et al., 2000).

Several cohort and record linkage studies have
analysed cancer incidence or mortality among creosote-
exposed workers (Axelson & Kling, 1983; Tornqvist et
al., 1986; Steineck et al., 1989; Karlehagen et al., 1992;
Pukkala, 1995; see also Table 32). Henry (1946) calcu-
lated that the crude mortality rate for scrotal cancer
during 1911-1939 for brickmakers (exposed to creosote
oil), based on nine cases, was 29 x 10°, while that for
the general population was 4.2 x 1078, Excess risks were
observed for other occupations with exposure to creo-
sote, but with smaller numbers of cases. In a small
cohort study (reported as an abstract only) of wood
impregnators exposed to creosote and arsenic, eight
cases of cancer at different sites were observed, while
six were expected from national figures; in a subgroup
of workers not exposed to arsenic, three cancer cases
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were observed (0.8 expected) (Axelson & Kling, 1983).
In acohort study (Karlehagen et al., 1992 examining
922 Swedish and Norwegian wood impregnators (e.g.,
railroad cross ties and telegraph poles; no data on
individual exposure available) from 13 plants found a
standardizel incidence ratio (SIR) of 250 for lip cancers
and an SIR of 237 for (non-melanoma) skin cancer. The
risk increased with the latency; analysis by duration of
exposure was not provided. According to the authors, the
significantly elevated risk for lip and skin cancer could
probably be attributed to the combination of exposure to
creosote and sunlight (Karlehagen et al., 1992). Ina
population-based record linkage study in Finland,
elevated risks for lip cancer (SIR = 306) and non-
melanoma skin cancer (SIR = 464) were found for
round-timber workers (Pukkala, 1995); according to
Heikkila (2001), the round-timber workers can be
classified as being exposed to creosote. Statistically non-
significant slight increases were observed for the cancers
of the skin and nervous system, but not of the lung,
among power linesmen in a Swedish record linkage
study (Térnqvist et al., 1986). A statistically non -
significant, slight increase in the incidence of cancer of
the urinary tract was also observed in this study. Ina
registry linkage study (Steineck et al., 1989), borderline
statistically significant increased risks of bladder and
renal pelvic cancer incidence were observed among
telephone and telegraph lineworkers.

All of the studies available are limited due to the
lack of exposure measurements. Furthermore, in many
of the studies, the type of creosote is not known or not
well characterized. Other limitations include the small
number of cases and the possible influence of occupa
tional or non-occupational confounding factors (e.g.,
multiple exposures). Taking all results together, the most
frequent and consistent associations have been found for
skin cancer. No consistent support was observed in the
cohort and record linkage studies for the association
between creosote exposure and cancer of the lung,
urinary tract, or lymphoma reported in some of the case-
referent studies.

9. EFFECTS ON OTHER ORGANISMS IN
THE LABORATORY AND FIELD

9.1 Laboratory experiments

9.1.1 Microorganisms

Thetoxicity of five Swedish creosote productsin
acetone and aqueous solutions to bacteria has been tested
in the Microtox bioassay (inhibition of bioluminescence
from Photobacterium phosphoreum or Vibrio fischeri)



Table 32: Summary of cohort and registry linkage studies on creosote and cancer.?

Observed Expected
b number of number of p
Study design and population Cancer site cases cases Risk metric® 95% CI” Reference, notes
A cohort of 123 Swedish workers applying creosote to wood, All exposed Axelson & Kling (1983); abstract
1950-1980. Cancer mortality reported. All cancer 8 6 only; exposure also to arsenic;
statistical significance not

Exposure to creosote only, for U5 years indicated, apparently not

All cancer 3 0.8 significant.
All incident cases of cancer in males from the Swedish Cancer All sites 236 SIR: 110 100-120* Tornqvist et al. (1986); exposure
Registry in 1961-1979 linked to Census information on job in Lung, trachea 17 SIR: 70 40-100* to electrical and magnetic fields,
1960. SIR calculated for power linesmen in electric power industry ) creosote, lead, isocyanates,
using 5-year age and county stratification. Urinary organs 18 SIR: 120 80-180* silicon.

excluding

kidney

Skin (non- 8 SIR: 150 70-260*

melanoma)

Nervous 13 SIR: 150 90-240*

system
All incident cases of urothelial cancer in males from the Swedish Creosote exposed (line workers in electric power Steineck et al. (1989); adjusted for
Cancer Registry in 19611979 linked to Census information on stations and telephone and telegraph companies) age, socioeconomic group, degree
job in 1960. Job exposu re matrix used to characterize the Renal pelvic 6 RR: 213 94-4gp Of urbanization; overlap with
exposures; rate ratios (RR) calculated between the exposed and cancerp ' Tornqvist et al. (1986) possible.
those not exposed to any chemical.

Bladder cancer 48 RR: 135 101-179
Cohort of 922 men employed 1 year in 1950-1980 in 13 wood All sites 129 SIR: 94 78-110 Karlehagen et al. (1992); exposure
impregnation plants in Sweden and Norway followed from cancer Lip 5 SIR: 250 81-583 assessment through questionnaire
registries from August 1953 to May 1987 or through 79 years of ' to the plants; for cancer of lip and
age. Lung 13 SIR: 79 42-135 skin, increase in risk by latency.

Urinary bladder 10 SIR: 111 53-204

Skin (non- 9 SIR: 237 108450

melanoma)

Melanoma SIR: 172 56401

Malignant SIR: 190 83-378

lymphoma

- Hodgkin 2 SIR: 200 24-723

disease

- non-Hodgkin 6 SIR: 189 69412

lymphoma



Table 32 (contd)

Observed Expected
number of number of

Study design and population Cancer site” cases cases Risk metric® 95% CI Reference, notes
All incident cases of cancer from the Finnish Cancer Registry in Round-timber workers Pukkala (1995); figures adjusted
1971-1985 I|nked_ to Census information on occupatlt_)n in 1970. All sites 86 SIR: 128 103-158 for social class; figure not given if
Person-years at risk calculated from yearly death registers. Sex, . ) the expected cases were less than
age-, and period-specific SIRs calculated for each exposed group. Lip 5 SIR: 306 99-713 5 and the SIR was not significantly
Figures given for round-timber workers, which includes Lung 26 SIR: 118 77-173 different from 1; most impregna-
impregnation workers and workers handling preserved timber, and U bladd qe tion workers are also exposed to
timber workers, which includes impregnation workers (Heikkila, reter, bladder, n.c. other impregnation products.
2001). urethra

Skin (non- 5 SIR: 464 151-1080

melanoma)

Skin melanoma n.d.

Non-Hodgkin n.d.

lymphoma

Timber workers

All sites 344 SIR: 93 84-103

Lip 19 SIR: 215 129-335

Lung 88 SIR: 73 59-90

Ureter, bladder, 15 SIR: 91 51-151

urethra

Skin (non- 3 SIR: 51 10-148

melanoma)

Skin melanoma 11 SIR: 124 62-222

Non-Hodgkin 6 SIR: 83 30-180

lymphoma

a

o o

All studies performed without exposure measurements.
Cancer sites reported for which there was an increased risk or for which the studies on individual sites had indicated an elevated risk.
RR = rate ratio; SIR = standardized incidence ratio.

An asterisk (*) indicates a 90% CI.

n.d. = not determined.
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(Sundstrém et al., 1986. The 15-min EG;q values were
in the range of 0.38-0.63 mg/litre (acetone solutions).

A toxic response to creosote-contaminated surface
waters (Pensacola Bay, Florida, USA; Middaugh et al.,
1991), groundwaters (Middaugh et al., 1991, 1994b;
Mueller et al., 1991a), and sediments has been measured
using the Microtox bioassay. Microtox tests of acetone
extracts of two creosote-polluted sediments from
Sweden and Norway resulted in a toxicity comparable to
that of the original creosote (see above), with 15-min
EGso values of 0.27—0.88 mg/litre (Sundstrom et al.,
1986).

Significant decreases in luminescence have also
been observed in Microtox tests of pore waters and/or
elutriates of creosote-contaminated river (Pastorok et al.,
1994 or lake (Hyotyléinen & Oikari, 1999a,b) sediment
samples. The greatest effects were found for samples
from a dock used for creosote off-loading (Pastorok et
a., 1994) or from sites with the highest total PAH
concentration (3.3 mg/g dry weight; EC5o of a1:2
elutriate = 4.5%; Hydtyldinen & Oikari, 1999ab),
respectively. Sediment elutriate samples from a creek
adjacent to awood treatment site showed ECs values
ranging from 4 to 30% in the Microtox bioassay (Athey
et al., 1989).

A strong inhibition of nitrification by creosote
contaminated water has been observed during a labora-
tory leaching experiment (sand column artificially con-
taminated with creosote) combined with a nitrification
toxicity bioassay. There were good correl ations between
toxicity and concentrations of five selected creosote
compounds (benzene, toluene, o-xylene, phenol, and o-
cresol) in the leachate. Most of the toxicit y was associ-
ated with the two phenolic compounds. Pseudocritical
concentrations (defined as the concentration of a toxi-
cant for which a 100% inhibition of nitrification was
expected) were determined for four of the five com
pounds: 10.7 mg/litre for benz ene, 8.4 mg/litre for o-
xylene, 3.5 mg/litre for phenol, and 1.3 mg/litre for o-
cresol (Dyreborg & Arvin, 1995). Several organosulfur
compounds, some of which occur in creosote, were
found to have inhibitory effects on anaerobic microbial
metabolism (lactate degradation, nitrate or sulfate
reduction, and methanogenesis) (Londry & Suflita,
1998.

9.1.2  Aquatic organisms

9.1.2.1 Plants

A small aguatic vascular plant (Spirodela polyr-
rhiza) has been tested with water-soluble fractions
(WSFs) of coal tar distillates. The 5% and 10% WSFs
(PAH content not determined) caused a 95% and 100%
inhibition in growth (determined by the number of
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fronds), respectively, after 10 days of incubation (King
& Coley, 1989).

A culture of the aquatic macrophyte Myriophyllum
spicatum was exposed to creosote concentrations rang
ing from 0.16 to 200 mg/litre for 2 weeks (17 nominal
creosote concentrations plus 3 controls ; creosote from
Stella-Jones, New Westminster, British Columbia,
Canada). Concentrations of up to 13.3 mg/litre stimu
lated shoot growth but inhibited root growth (as
measured by length). At higher concentrations, shoot
growth was also inhibited. A biphasic response was also
observed for biomass (dry weight), with inhibition
occurring at concentrations above 3.6 mg/litre. Root
number (due to adventitious roots being produced along
the length of the stem and not only at the base of the
plant) was significant ly higher at 3.6 mg/litre, and root
length was significantly reduced at 4.5 mg/litre. Visual
changes, including an increase in pink coloration and
changes in the location of root initiation, could be
observed at nominal creosote concentrations as low as
1.5 mg/litre (1 mg creosote/litre treatment corresponded
to about 170 pug total PAHg/litre). The EGq values
(decrease) for the three parameters shoot Iength, node
production, and dry weight were calculated to be
55.1 mg/litre, 86 mg/litre, and 33.4 mg/litre, respec-
tively. Altogether, creosote induced signs of stress and
abnormal growth in the exposed plants (McCann et al.,
2000. In addition to the growth bioassay, effects of
creosote on membrane permeability were tested in
Myriophyllum spicatumat nominal concentrations
ranging from 0.1 to 92 mg creosote/litre (the lowest
creosote treatment corresponded to approximately 8.8 pg
total PAHg/litre in the growth medium). Apical meri-
stems from axenic Myriophyllum plants were expased to
these concentrations (eight treatments, three controls) for
4 days, after which membrane integrity was determined
by tissue conductivity measurements. Results indicated a
significant, dose-dependent increase in ion leakage at all
concentrations tested (McCann & Solomon, 2000).
Marwood et al. (2001) reported a 12-day ECso of 2.6 mg
total PAHg/litre (nominal concentration) for growth
inhibition of Myriophyllum spicatumfrom a static
renewal test under simulated solar radiation (SSR, which
mimics the relative levels of UV radiation found in
natural sunlight generated by coolwhite fluorescent
bulbs plus 300-nm and 350-nm photoreactor lamps,
altogether producing visible light plus UV-A and UV-
B). Growth measurements were based on the increase in
fronds during the exposure to marine-grade liquid
creosote (Stella Jones, New Westminster, British
Columbia, Canada).

When a culture of the floating aguatic macrophyte
Lemna gibba (duckweed; n = 32) was exposed to liquid
creosote (StellaJones, Vancouver, British Columbia,
Canada) in static renewal 8-day toxicity bioassays under
visible light (generated by coolwhite fluorescent bulbs),
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an EG;, value of 49.7 ul/litre (nominal concentration)
was obtained for reduction in growth rate (as measured
by increase in leaf number); this corresponds to

54.2 mg/litre (density of this creosote: 1.09 g/ml). A
marked increase in toxicity was observed following
irradiation of the plants (n = 28) with SSR. Theresulting
EGso value was 10.7 pl/litre (equivalent to 11.7 mg/l+
tre), thus exhibiting a 5-fold decrease compared with
visible light. Comparable EG;, values were found for
chlorophyll content and photosynthetic end-points
(Gensemer et a., 1996). This phototoxicity is consistent
with findings inLemna gibba exposed to PAHs under
SSR (Huang et a., 1993; Ren et a., 1994. Marwood et
al. (2001) reported an 8 day ECso of 7.2 mg total
PAHSg/litre (nominal concentration) for growth inhibition
of Lemna gibba from a static renewal test under SSR.
Growth measurements were based on shoot length and
number of leaf nodes during exposure to marine-grade
liquid creosote (Stella Jones, New Westminster, British
Columbia, Canada).

9.1.2.2 Invertebrates

Data on the acute toxicity of various creosotes to
aguatic invertebrates have been compiled in Table 33.
For molluscs, a 96-h ECs, (reduction of shell deposition
in eastern oyster, Crassostrea virginica) value of
0.7 mg/litre has been determined (Borthwick & Patrick,
1982 . EG;¢/LCy values reported for crustaceans ranged
from 0.018 mg/litre (mysid shrimp, Mysidopsis bahia;
Borthwick & Patrick, 1982) to 4.3 mg/litre (water flea,
Daphnia magna; IUCLID, 1995). Larval stages of
lobster (Homarus americanus) proved to be more sensk
tive than adult stages, with 96-h EGso values of 0.02 vs.
1.8 mg/litre (McLeese & Metcalfe, 1979). Two different
creosote products tested in Daphnia magnaresulted in
different 48-h EGsovalues (immobilization): i.e., 1.0 and
4.3 mg/litre (IUCLID, 1995).

Lifetime exposure (about 90 days) of Daphnia pulex
to WSFs of creosote (Ace Hardware; at concentrations
of 1 and 1.8% WSFs) led to a decrease in growth rates
and reproductive impairment, such as reduced number of
broods, disturbances in moulting, and an increase in
abortion rates (Geiger & Buikema, 1982.

Sediments collected from various sites (estuarine
and coastal waters, streams, lakes) polluted predomi-
nantly with creosote have also been demonstrated to be
toxic against aquatic molluscs, including, for example,
oysters (Chu & Hale, 1994), crustaceans (Sundstrém et
al., 1986; Swartz et al., 1989, Sasson-Brickson &
Burton, 1991; Pastorok et al., 1994; Padma et al., 1998
1999; Hyotyldinen & Oikari, 1999ab), and other
invertebrates (Metcalfe & Hayton, 1989).

The Elizabeth River (Virginia, USA) is known as a
highly contaminated subestuary of the Chesapeake Bay,
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some parts of which have been impacted by creosote
spills as well as by creosote plants, petroleum tank
farms, and wet and dry docks (Bieri et al., 1986). A
wood treatment facility used creosote from the 1950s
until 1992, contributing significantly to pollution in its
vicinity (Padma et al., 1999). According to Huggett et al.
(1992), sediment concentrations of creosote related
aromatic organic compounds were as high as 15 g/kg dry
weight. Futhermore, they noted that areal distribution of
the contaminants in the river and biological responses
reported seem to be best correlated withthe concentra-
tion of the creosote compounds (Huggett et al., 1992).

An increase in susceptibility to infectious disease
has been demonstrated in eastern oysters ( Crassostrea
virginica) exposed to 0, 15, and 30% dilutions of the
WSF generated from Elizabeth River sediments. The
mean total PAH concentration in this sediment was
2.4 g/kg dry weight. The mean concentration of aromatic
compounds in the WSF (more than 100 compounds) was
4.08 mg/litre, with naphthalene, acenghthene, 2-meth-
ylnaphthal ene, phenanthrene, fluorene, dibenzofuran, 1-
methylnaphthalene, and carbazole being the predominant
compounds (concentrations ranging from 0.15 to
1.51 mg/litre). Exposure to these fractions for 56 or
68 days enhanced pre-existing infections caused by the
protozoan parasite Perkinsus marinus (Dermo) and
increased the oysters’ susceptibility to experimentally
induced infection in a dose-dependent manner (Chu &
Hale, 1994).

Of crustaceans, the epibenthic bay mysid Mysidop-
sis bahia has been tested for acute (Padma et al., 1998
and sublethal (Padmaet al., 1999) effects after exposure
to creosote contaminated sediment of the Elizabeh
River (collected near wood treatment industry). The 48-h
L Gso values (nominal concentrations; semistatic condi-
tions) was given as 0.7 mg/litre total identified aromatic
organic compounds for the WSF of the sediment. Com-
pared with the 96-h L Cso value of 0.018 mg total identi-
fied aromatic organic compounds/litre obtained with the
WSF of whole creosote (see Table 33), the sediment
WSF was less acutely toxic. Chemical analyses showed
major differences in the composition of the two WSFs,
the most striking being an enrichment of the creosote
WSF with nitrogen-containing heterocycles (>80%; low
mol ecular-weight aromatic organic compounds), which
were not detected in the sediment WSF. The latter had
higher proportions of PAHs. The authors suggested that
the hi gher toxicity of the whole creosote WSF is due at
least in part to the presence of the nitrogen-containing
heterocycles (Padma et al., 1998). Exposure of Mysidop-
sis bahia to sublethal concentrations of WSF sediments
from the same site for 7 days resulted in a significant
decrease in dry weight gain and in proportion of gravid
females. The ECsp was 0.015 ug total identified aromatic
organic compoundg/litre, corresponding to 1% WSF
(Padmaet al., 1999).
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Table 33: Acute toxicity of creosote to aquatic invertebrates.?

Life Creosote type Test type / Concentration®
Species stage (solventused) conditions End -point (effect) (mgl/litre) Reference
Eastern oyster 36 mm Marine-grade Flow / 21.4 °C; 96+ ECsp (reduction 0.71 n Borthwick & Patrick
(Crasso strea (acetone) 21.1%o salinity of shell deposition)  (0.41-1.01) (1982)
virginica)
Water flea n.sp. Creosote PTT stat / (OECD 48 ECyq 4.3n IUCLID (1995)
(Daphnia (n.sp.) Guideline 202) (immobilization)
magna) NOEL 3.07n
Creosote SNCF stat/ (OECD 48+ ECso 1.04n
(n.sp.) Guideline 202) (immobilization)
NOEL 0.52n
Copepod n.sp. Swedish creosote  n.sp./n.sp. 96-h LCsg 0.76-1.56 n Sundstrom et al.
(Nitocra products, 1984, (only reference (1986)
Spi nipes) n=5 given)
(acetone)
Mysid shrimp 1mm Marine-grade stat/ 25.5 °C 96-h LCso 0.018 n Borthwick & Patrick
(Mysidopsis (TEG) 20.0%o salinity (0.015-0.021) (1982)
bahia)
Pink shrimp 83 mm Marine-grade flow / 24.2 °C; 96-h LCsp 0.24n Borthwick & Patrick
(Penaeus (acetone) 21.0%o salinity (0.18-0.34) (1982)
duorarum)
Lobster Larval n.sp. (n.sp.) semistat / 20 °C; 96-h LCso 0.02m McLeese & Metcalfe
(Homarus Adult 30%o salinity 96-h LCso 1.76 m (1979)
americanus)
Marine sand Adult, n.sp. (n.sp.) semi-stat / McLeese & Metcalfe
shrimp (Crangon 1.3 g 30%o salinity; (1979)
septemspinosa) 10 °C 96-h LCsp 0.13 m
20 °C 96-h LCso 0.11m

Abbreviations used: EGy = median effective concentration; flow = flowthrough conditions; LG, = median lethal concentration; m =

based on measured concentrations; n = based on nominal concentrations; NOEL = no-observed-effect level; n.sp. = not specified;
OECD = Organisation for Economic Co-operation and Development; semi-stat = semistatic conditions (renewal at 48+ intervals);

stat = static conditions; TEG = triethylene glycol.
95% confidence intervals in parentheses.

Another location contaminated by a mixture of
PAHSs characterisitic of creosote is Eagle Harbor
(Washington, USA). The total concentration of 13 PAHs
in the sediment tested was 6461 mg/kg dry weight.
Exposure of the amphipod Rhepoxynius abroniusto this
sediment and to itsinterstitial water caused complete
acute mortality. All amp hipods (h = 20) exposed to beds
of undiluted sediment died within 10-60 min. In dilution
experiments with uncontaminated sediment from
Y aquina Bay (Oregon, USA), the 4day LGCso was
666 mg/kg wet weight (Swartz et al., 1989).

River sediments collected (1980-1992) in the
vicinity of awood treatment (creosote) facility (Oregon,
USA) were tested for mortality of the amphipod Hya-
lella azteca (10-day static bioassay; according to the
American Society for Testing and Material s). Of the
48 stations tested, 7 had sediments that were signifi-
cantly (P O 0.05) toxic relative to local reference area
sediments, and 6 were significantly (P O 0.05) toxic
relative to other reference (Wilsonville) sediments. The
highest mortalities (31-100%) were found in the area of
the creosote dock, the adjacent shoreline upstream of the
creosote dock, and the railroad bridge. Beside PAHs as
main contaminants, other groups of potentially toxic

chemicals, such as chlorinated phenols, PCDDs/PCDFs,
and arsenic, have been identified in the sedimentsto a
limited extent (concentrations not reported) (Pastorok et
al., 1994).

Sediments from another river (Ohio, USA) impacted
by several contaminants including creosote wer e found
to significantly reduce survival rates of Ceriodaphnia
dubia after static 48-h laboratory exposures (0-42%
survival rates versus 93-100% in controls from an
upstream reference site, n= 7 tests). Identified contam-
inants of downstream polluted sediments consisted of
14 PAHs (15-213 mg/kg dry weight) and several metals,
such as chromium, cadmium, copper, lead, and zinc
(Sasson-Brickson & Burton, 1991).

Parts of the bottom sediments collected from alake
in Finland (Lake Jamsénvesi) have been contaminated
by a creosote impregnation plant, which was in opera
tion for 20 years until 1976. Elutriates of several
sediment samples (sediment/water 1:4, v/v) collected
from 16 sites in the 1990s were acutely toxic to Daphnia
magna (Hyotyldinen & Oikari, 1999a,b). The most toxic
sample (from site 13; G-10 cm depth) gave a 24-h EG;,
value (immobilization test) of 21% (+ 1.0%) (elutriate
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equals 100%) and was associated with atotal PAH
concentration of 1421 ug/litre and a BaP concentration
of 1680 ng/litre (Hyotyléinen & Oikari, 1999H. The
corresponding total PAH sediment concentration was
3294 mg/kg dry weight. The elutriates were non-toxic
when their total PAH concentrations remained below
0.7 pg/litre. The reference sediment from another lake
(Lake Palosjarvi) did not contain PAHs (detection limit
0.5 pg/kg dry weight) and was not toxic in the Daphnia
tests (Hyd6tyldinen & Oikari, 19993.

Acetone extracts from Swedish and Norwegian
sediments (ecosystem not specified) contaminated by
creosote about 1020 years ago were also highly toxic to
Nitocra spinipes (crustacean). The 96-h L Gso values of
0.51 (95% CI = 0.42-0.57) and 0.55 (95% CI = 0.42—
0.72) mgl/litre (based on extractable organic matter),
respectively, were in a similar order of magnitude as
thoseof pure creosote (see Table 33), although not all
extracted material could be redissolved in acetone
(Sundstrém et al., 1986).

Sediments collected near a wood-preserving plant
on Thunder Bay Harbour, Canada, and highly contam-
inated by creosote (oil and grease content: 7600—

80 000 mg/kg), PCP, metals, and other toxicants were
found to be acutely toxic to mayflies (Hexagonia
limbatg) and leeches ( Nephelopsis obscura) during a 10-
day laboratory exposure study (Metcalfe& Hayton,
1989).

9.1.2.3 Vertebrates

The acute toxicity of several creosote preparations
to vertebrates has been studied in several species of fish
in Pensacola, Florida, USA (Webb, 1975 Borthwick &
Patrick, 1982, Sundstrém et al., 1986; IUCLID, 1995)
(see Table 34). LCso values ranged from 0.72 mg/litre
(Borthwick & Patrick, 1982) to 10.5 mg/litre (Sundstrém
et al., 1986). Sheepshead minnows (Cyprinodon
variegatus) had a 96-h L Gsp of 0.72 mgl/litre in static
water and 3.5 mg/litre in flowing water (Borthwick &
Patrick, 1982).

In studies expressing results in terms of percent
creosote in water, acute toxicity bioassays with a
mixture of American creosote-P2 and PCP (1:1)
according to established procedures of the US EPA
(1995) gave a 48 h LCs, of 0.01 (95% CI = 0.008-
0.015) and a 96-h L Cs; of 0.006 (95% CI = 0.005-0.007)
in fathead minnows (Pimephal es promelas; 14 days of
age, 20 °C) (Engwall et al., 1999).

Groundwater (obtained from the American Creosote
Works [ACW] site) contaminated with creosote and
some PCP was acutely toxic to fish embryos (inland
silverside, Menidia beryllina; n = 30 per group), causing
100%/ 100%/80% mortality at 100%/10%/1%
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concentrations, respectively. Terata occurred in 100%
and 67% of dead embryos at the 10% and 1% concentra
tions, respectively. At the 1% concentration, all hatched
larvae (20%) had terata, including stunted skeletal axes
and deformed hearts (Mueller et a., 1991a). Toxicity
and teratogenicity of groundwater samples decreased
only slightly after 14 days of biotreatment with indige-
nous microorganisms, which removed selectively (to
80-100%) a series of creosote components. Thus,
residual constituents (mainly higher-molecular-weight
PAHSs, PCP, and other persistent contaminants) are
thought to beresponsible for the observed effects
(Mueller et a., 1991a). Similar results were noted during
alater study (Middaugh et al., 1994a,b). According to
Middaugh et al. (1991), groundwater from the ACW site
contained 210 mg total identified organics/litre (about
40-50 compounds).

Water from a stream flowing through the abandoned
ACW site showed a concentration of 0.28 mg total
identified organicd/litre (about 40-50 compounds). This
streamwater caused significant (compared with controls)
teratogenic responses in the fish (Menidia beryllina)
embryo test at a concentration of 100%, but not at 10%
and 1% (Middaugh et al., 1991).

Another study (Vines et a., 2000) demonstrated that
diffusible creosote-derived compounds from weathered
creosote-treated pilings were able to disrupt normal
development in the Pacific herring ( Clupea pallasi) in a
concentrationdependent manner. Effects included
cessat ion of early development, abnormal cardiovascular
function, alterations in the movement of developing
embryos or larvae, decreased hatching success, and
abnormal larval morphology. The LCs for hatching
success was calculated to be 0.05 mg/litre (total n=
2 x 100 eggs; 10 creosote concentrations). The hatching
rate of embryos exposed to creosoted wood was 90%
lower than that of control embryos (seawater alone) and
72.4% lower than that of embryos exposed to untreated
wood. Partial hatching (incomplete hatch) was observed
in 15-20% of creosote-exposed embryos. All embryos
adhering directly to the creosotetreated wood and 40—
50% of embryos not adhering to the creosotetreated
wood failed to develop beyond the first few days of
incubation. Surviving embryos showed a series of
adverse effects, such as a93% reduction in heart rate, a
moderate to marked arrhythmia, and an increase in
frequency and an ateration in pattern of embryonic/
larval movement, including tremors. Morphological
deformities in hatched larvae exposed as embryos to
creosoted wood included scoliosis, pericardial oedema,
and ascites.

Congruently, a 72% decrease in hatching success
(compared with controls) as well as larval abnormalities
were recorded in herring (Clupea pallasi) embryos,
which were collected from creosote-treated pilingsin a



Concise International Chemical Assessment Document 62

Table 34: Acute toxicity of creosote to aquatic vertebrates.?

Life Creosote type Test type / Concentration®
Species stage (solventused)  conditions End point (effect) (mg/litre) Reference
Rainbow trout 58 mm Marine-grade P stat / (APHA/ 24-h LCso 2.16n Webb (1975)
(Oncorhynchus 13 (acetone) ORSANCO test (1.60-2.90)
mykiss) methods) No mortality® 0.32n
Rainbow trout 58 mm Creosote/coal stat 24-h LCsgp 4.42n Webb (1975)
(Oncorhynchus tar mixture (3.63-5.39)
mykiss) (60/40) 96-h LCsg 0.88n
(acetone) (0.75-1.02)
No mortality 0.49n
Goldfish (Carassius 37-63 Marine-grade P stat 24-h LCso 351n Webb (1975)
auratus) mm 13 (acetone) (3.34-3.69)
96-h LCsgp 2.62n
(2.30-2.97)
No mortality 0.25n
Bluegill sunfish 42 mm Creosote/coal stat 24-h LCso 3.72n Webb (1975)
(Lepomis tar mixture (2.76-5.02)
macrochirus) (60/40) 96-h LCsg 0.99n
(acetone) (0.83-1.19)
No mortality 0.75n
Sheepshead minnow 9 mm Marine-grade stat/ 25 °C; 96-h LCqgp 0.72n Borthwick &
(Cyprinodon (TEG) 20%o salinity (0.66-0.79) Patrick (1982)
variegatus)
Sheepshead minnow 12 mm Marine-grade flow /24 °C; 96-h LCso 3.5n Borthwick &
(Cyprinodon (acetone) 20%o salinity (2.9-4.2) Patrick (1982)
variegatus)
Id (Leuciscus idus n.sp. Impregnation n.sp./n.sp. 48-h LCsq 50-100 Willeitner &
melanotus) agent Z Dieter (1984)
Zebrafish n.sp. Creosote PTT stat/ (OECD 24-h LCsg 55n IUCLID (1995)
(Brachydanio rerio) (n.sp.) Guideline 203) 48-h LCsq 52n
96-h LC20 41n
No mortality 2.6n
Creosote SNCF  stat/ (OECD 96-h LCgo_ 6.6 n
(n.sp.) Guideline 203) No mortality 41n
Bleak n.sp. Swedish n.sp./n.sp. 96-h LCsg 7.93-10.52 n Sundstrém et
(Alburnus alburnus) creosote (only reference al. (1986)

products, 1984,
n=5
(acetone)

given)

2 Abbreviations used: APHA = American Public Health Association; flow = flowthrough conditions; LGo = median lethal concentration;
m = based on measured concentrations; n = based on nominal concentrations; n.sp. = not specified; OECD = Organisation for
Economic Co -operation and Development; ORSANCO = Ohio River Valley Water Sanitation Commission, USA, stat = static
conditions; TEG = triethylene glycol.

95% confidence intervals in parentheses.

¢ Highest observed concentration inducing no mortality.

natural spawning site (San Francisco Bay, USA) and

monitored in the laboratory (Vineset al., 2000 .

Cores of creosote-contaminated stream sediments

from the ACW site were placed in aguaria (also

containing beach sand) in such numbers to ascertain
survival of the test fish, juvenile guppies (Poecilia

reticulata), for up to 2 months. After 43 days of

exposure to such sublethal concentrations of creosote
components (varying concentrations in the ng/litre to
pg/litre range for 12 PAHs monitored), an average 50
fold induction in CYP1A1 in the liver was observed

(Schoor et al., 1997).
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Sediments and associated waters from the Elizabeth
River (Virginia, USA), which were contaminated by
creosote-derived PAHs (from a former wood preser-
vation plant) and by several other contaminants
(including heavy metals), were found to be acutely toxic
to estuarine fish (spot, Leiostomus xanthurus) in
laboratory experiments (Hargis et al., 1984; Roberts et
al., 1989). All fish (0 = n.sp.) exposed in aquaria (with
sediment layered on the bottom) to highly contaminated
Elizabeth River sediment (total PAH concentration:

21 000—33 100 mg/kg dry weight) died within 2 h (in
contrast to surviving controls exposed to reference
sediment). The 24-h L Cspwas given as 56% Elizabeth
River sediment. The L Gso values decreased with
increasing duration of exposure (51%, 16%, 2.9%, and
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2.5% after 7, 12, 21, and 28 days, respectively) (Hargis
et al., 1984; Roberts et al., 1989). Similarly, sediments
collected near a wood-preseaving plant on Thunder Bay
Harbour, Canada, and highly contaminated by creosote
(oil and grease content: 7600-80 000 mg/kg), PCP,
metals, and other toxicants were acutely toxic to fathead
minnows (Pimephales promelas) during a 10-day
laboratory exposure study (Metcalfe & Hayton, 1989).
Sediments contaminated by a mixture related to creosote
(weathered coal tar collected from ariver) were toxic to
shortnose sturgeon (Acipenser brevirostrun) embryos
and larvae in laborat ory exposures (Kocan et al., 1996).

Sediments artificially contaminated with creosote
(marine grade, manufactured by Koppers, USA) have
also been tested (Sved et al., 1992, 1997; Sved &
Roberts, 1995). In this experimental series, spots
(Leiostomus xanthurus) were exposed to suspended
creosote- containing sediment in a flow-through system.
Acute toxicity tests conducted according to established
guidelines (e.g., APHA, 1985; ASTM, 1989 resulted in
a96-h LG of 1740 g total resolvable PAHS/litre (95%
Cl =1480-2060 ug PAHSs/litre), based on measured
concentrations (Sved & Roberts, 1995). Additionally,
spots (n = 4 per group) were exposed to mean total
resolvable PAH concentrations of 16, 35, 76, 150, or
320 pg/litre over 14 days (0, 1, 2, 4, 7, 10, 14 days). Fish
at all test concentrations (but not control fish) refused
food. Hepatic EROD activity was dependent on PAH
concentration and length of exposure. It increased at
35 ug/litre and higher concentrations during the first
2 days of exposure and then declined; by day 7, there
were no significant differences compared with controls.
At 76 pg/litre and higher concentrations, severe fin
erosion, epidermal lesions, and mortality were observed
(Sved et a., 1992).

In order to attribute the observed effectsto a
particular subset of PAH compounds, two selected
fractions of creosote obtained by distillation, a high-
molecular-weight fraction (HMWF) and a low
molecular-weight fraction (LMWF) were subjected to
similar tests. Spots (Leiostomus xanthurus) (n= 8 per
group) were exposed (in the flow-through system) to
suspended sediments mixed with each fraction for
10 days. The total resolvable PAH concentrations were
not significantly different between the LMWF
(49 pg/litre) and the HMWF (72 pg/litre) exposures.
However, except for phenanthrene, the percent compo-
sition of the six most abundant creosote PAHs (naph
thalene, acenaphthene, fluorene, phenanthrene, fluoran-
thene, pyrene) was quite different for both fractions. The
composition of the HMWF was similar to that of
environmentally weathered creosote. Exposure to the
HMWF resulted in mortality, epidermal lesions, fin
erosion, and temporary induction of hepatic EROD
activity. None of these effects occurred in fish exposed
to LMWF or uncontaminated sediment. Fish exposal to
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LMWEF did develop symptoms, but of minor severity,
such as epidermal lesions limited to the area surrounding
the mouth, nares, and opercula (Sved et al., 1997).

Intraperitoneal administration of extracts (solvent
for extraction: mixture of acetone/cyclohexane/
methanol; solvent for administration: olive oil) of
creosote-containing sediments (from Lake Jamsanvesi,
Finland) to rainbow trout ( Oncorhynchus mykiss) led
within 96 h after single injection to induction of hepdic
EROD activity and to increased levels of PAH metabo -
litesin bile (determined as 1-pyrenol equivalents),
similar to administration of creosote alone or creosote:
spiked sediments. Marked effects were seen at doses of
100 mg total PAHs/kg body weight (Hy 6tyldinen &
Oikari, 1999¢).

9.1.3  Terrestrial organisms

9.1.3.1 Plants

Toxicity of five Swedish creosote products to higher
plants has been tested with the onion (Allium cepa)
according to a standard method (Fiskesjo, 1985),
measuring reduction of root lengths during 4 days of
exposure (in the presence of 0.5% acetone). The 96-h
EGso values ranged from 18 to 34 mg/litre medium
(Sundstrém et al., 1986).

A root elongation test using lettuce (Lactuva sativg
resulted in an ECso of 52% (for growth suppression)
after exposure to creosote-contaminated sediment
elutriate (containing 25 ppm creosote, basis not
specified, measured by infrared spectroscopy) (Athey et
al., 1989).

9.1.3.2 Invertebrates

Sediment samples (n= 3) from a creek adjacent to a
wood treatment site (in Mississippi, USA) caused
mortality in earthworms (Eisenia foetida), with LD g
values rangingfrom 28 to 58%. Creosote concentrations
measured by infrared spectroscopy ranged from 693 to
95 000 ppm (basis not specified) (Athey et al., 1989).

Different creosote contaminated soil samples
collected from wood treatment facilities in Canada were
also acutely toxic to earthworms (Eisenia foetida,
mature, n = 10 per group) in 14-day survival tests. All
earthworms exposed to soil 1 (1320 mg total PAHs/kg
dry weight, sum of 16 PAHSs) and soil 2 (1500 mg total
PAHs/kg dry weight) died within 1-2 days. In soil 3
(20 mg total PAHs/kg dry weight), all earthworms
survived for 14 days and 50% for 41 days. Survival of
earthworms in control soil was 97-100%. Exposure of
the worms to 3.13% or more of soils 1 and 2 resulted in
100% mortality by days 4-7. The toxicity of the soils
could not always be predicted based on chemical



Concise International Chemical Assessment Document 62

concentrations alone. Soils having a low ratio of PAHs
to total DCM -extractable organics have higher cumula-
tive earthworm survival times, as measured by earth
worm days. Slurry phase biotreatment (with adapted
microorganisms for 52 days) of soil 1 and soil 2
eliminated acute toxicity in soil 1 (all earthworms
survived for 14 days), but not in soil 2 (all earthworms
died within 2 days); biotreatment related decr easesin
PAHs were observed in both soils, with the greatest
decrease in soil 1. Earthworm activity decreased with
increasing concentration and time of exposure to the
contaminated soils. Worms burrowed into soil only in
the 3.13% contaminated soil, control soil, and biotreated
soil 1 (Charrois et al., 2001).

9.1.3.3 Vertebrates

Two bird species, bobwhite quail (Colinus
virginianug) and mallard duck (Anas platyrhynchos),
were tested in an 8-day feeding study with a mixture of
creosote and coal tar (60/40). This mixture was dis-
solved in corn oil and added to the diet in a series of
dosage levels. The 14-day -old birds received the test diet
for 5 days and then were put on atoxicant free diet for
an additional 3-day observation period. The resulting 8-
day LG5 values were 1261 (744-2139) mg/kg diet for
bobwhite quail and 10388 (1177-91 712) mg/kg diet for
mallard duck, with estimated no-observed-effect levels
(NOELSs) of 215 and 2150 mg/kg diet, respectively
(Webb, 1975). Another report (USDA, 1981) stated an
L D5y of 10.5 mg creosote/kg body weight for ducks (no
further details given).

The only vertebrate species, a gravid female gray -
tailed vole (Microtus canicaudus), included in a
terrestrial microcosm study did not exhibit any acute
effects on exposure to creosoted wood, but showed a
significant reduction in predation of crickets (Gileet al.,
1982.

9.2 Field observations
9.2.1 Microorganisms
9.2.1.1 Water

Benthic microbial populations of aquatic environ-
ments heavily polluted with creosote PAHs have been
found to be adversely affected.

In a stream (Bayou Bonfouca, Louisiana, USA), the
abundances of viable benthic bacteria, fungi, and
protozoa were much lower at the contaminated sites than
at the control site, as determined by ATP analysis and
direct counts of sediment samples. The biomass
decreased with increasing contamination (Catallo &
Gambrell, 1987).
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In creosotecontaminated (estuarine) sediments
from the Elizabeth River (Virginia, USA), the bacterial
production measured as [3H]thymidi ne uptake was
reduced in a dose dependent manner with increasing
PAH concentrations; the bacterial biomass (determined
by direct counts and viable counts of total heterotrophs)
was found to be depressed in the most contaminated
sediments (mean total resolvable PAH concentrations:
10.9-259 mg/kg dry weight for four stationsin the
Elizabeth Rver vs. 1.45 mg/kg dry weight for one
control station in the York River) (Koepfler & Kator,
1986).

9.2.1.2 Soil

Soil microorganisms in uncontaminated (n = 5) and
creosote-contaminated (n = 4) soils from different
locations in Canada have been examined for functional
diversity and community structure by using sole carbon
source utilization patterns. There did not appear to be
significant differences in Shannon diversity and richness
indices, principal component analysis, or colour
development rank plots between contaminated and
control soils (total PAH concentrations: 174—2305 vs.
not present — 0.63 mg/kg soil, wet or dry weight not
specified) (Derry et al., 1998).

However, there are a number of other limitationsin
using soil carbon source utilization tests for assessing
microbial functional diversity and community structure,
as outlined by Preston-Mafham et al. (2002). For
example, soil stor age at low temperature can reduce and
differentially affect bacterial, actinomycete, and fungal
populations. Soilsin this study were stored at 4 °C.

9.2.2  Aquatic organisms

9.2.2.1 Plants

There are no studies available.

9.2.2.2 Invertebrates
Hyperplasia in ovicells has been observed in

estuarine bryozoans (Schizoporella unicornis) growing
in an estuary in close proximity to coal tar derivatives,
including creosote. The changes could also be induced
experimentally within 7-9 days, when normal colonies
were transferred to the contaminated site (Powell et al .,
1970.

In mussels (Anodonta anatina) deployed in cagesin
a creosote contaminated L ake Jamsanvesi in central
Finland for 10 months, glycogen and protein contents of
adductor muscle were analysed as bioenergetic markers
of possible long-term effects related to creosote expo-
sure. Mussels nearest the contaminated site contained the
highest total PAH concentrations and had the lowest



Coal tar creosote

glycogen and protein concentrations in their adductor
muscles. The adverse effects are thought to be caused by
chemical stress due to creosote components (Hyotyk-
dinen et al., 2002).

Ceriodaphnia dubia (crustacean) exposedin situ (in
exposure chambers) to creosote contaminated sediment
of the Little Scioto River (Ohio, USA) for 48 h showed
survival rates of 14-82.5% (mean: 45.5%; n=7 sample
periods) versus 75-98% (mean: 85.7%; n =7) at the
upstream uncontaminated reference site (Sasson-
Brickson & Burton, 1991). Thus, toxicity in situ was
somewhat lower than in corresponding |aboratory tests
(see section 9.1.2.2; Sasson-Brickson & Burton, 1991).

Tagatz et a. (1983) conducted studies of estuarine
macrobenthic animal communities that were colonized
on uncontaminated and artificially creosote-contamin-
ated sediment for 8 weeks in aguaria; concentrations
used were 0, 177, 884, and 4420 mg/kg sand (nominal;
marine-grade creosote). They found a significant
reduction in the number of individuals and species,
progressively differing from control with increasing
creosote concentration. The abundances of echinoderms,
annelids, and arthropods were affected at all concentra-
tions tested, whereas molluscs were not affected at the
lowest concentration. Changes in indices of species
diversity and dominance occurred at the middle and high
concentrations.

Counts of the benthic meiofauna (nematodes, oligo-
chaetes, others) from creosote contaminated sites of a
stream (Bayou Bonfouca; see section 9.2.1) showed
significant reductionsin these popul ations due to
increasing levels of creosote. According to the authors,
this response may be related to depressed microbenthic
adivity (Catallo & Gambrell, 1987).

9.2.2.3 Vertebrates

Fish (mummichog, also known askillifish,
Fundulus heteroclitus, a small non-migratory estuarine
species) inhabiting a site in the Elizabeth River
(Virginia, USA) heavily contaminated with PAHs
(2200 mg/kg dry sediment), primarily originating from
creosote, showed various pathological abnormalities,
including high prevalences of hepatic and extrahepatic
neoplasms (Vogelbein et al., 1990; Vogelbein, 1993;
Fournie & Vogelbein, 1994, and references therein).

Vogelbein et a. (1990) reported grossly visible
hepatic lesions in 93% (56/60 of adult mummichogs
(Fundulus heteroclitus). Hepatocellular carcinomas were
detected in 33% (20/60) and foci of cellular alterations
in 73.3% (44/60) of the fish. The majority of these fish
also exhibited moderate to severe hepatocellular
lipoidosis and ceroidosis, which also occurred in fish
(n = 30) from a less contaminated site (61 mg PAHskg
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dry sediment). Neoplastic lesions were not detected at
the less contaminated siteand at a relatively uncontam-
inated reference site (3 mg PAHs/kg dry sediment; n=
15). In addition to liver lesions, 20 exocrine pancreatic
neoplasms were recorded in a group of about

1300 mummi chogs collected at the heavily contaminated
site over a 2-year period (between October 1989 and
1991). The prevalence of pancreatic neoplasmsin
subsamples was 3.3% (8/240, captured during October
1991, all size classes) or 6.7% (8/120, captured during
October 1991, total length >75 mm): 5% (6/120)
adenomas and 1.7% (2/120) carcinomas. All specimens
with pancreatic neoplasms also had hepatocellular
lesions. Other proliferative lesions observed (no
numbers given) included neoplasms of the bile ducts,
vascular system, kidney, and lymphoid tissues (Fournie
& Vogelbein, 1994). Additionally, hepatic lesions of
mummichogs collected from this site were found to
contain depressed levels of CYP1A1 compared with
adjacent normal liver tissue (Van Veld et al., 1992.

Although mummichogs (Fundulus heteroclitus)
from the contaminated Elizabeth River location showed
chronic lesions, they were resistant to the acute effects of
the creosote-contaminated sediment — in contrast to fish
from areference site (Van Veld et al., 1991; Armknecht
et a., 1998). Another study evaluating teratogenic
effects (cardiac abnormalities) in field caught and
laboratory-raised mummichog embryos from a highly
creosote-contaminated Elizabeth River site and a
reference site (York River) also found indications of an
enhanced toleranceto local contaminated sediments
(Ownby et al., 2002). Other recent studies testing several
toxicological end-points confirmed a decreased
susceptibility of mummichog from a highly creosote
contaminated site on the Elizabeth River. Moreover,
they found out that these effects were evident in one
generation but to a lesser degree in subsequent gener
ations under clean laboratory conditions (Meyer & Di
Giulio, 2002; Meyer et al., 2002, and references therein).
Reduced macrophage activities were found in spot
(Leiostomus xanthurus) and hogchoker ( Trinectes
maculatus) captured from the polluted part of the
Elizabeth River. The chemotactic and phagocytic
efficiencies of kidney macrophages were significantly
reduced compared with fish from control rivers (Weeks
& Warinner, 1986). Altered phagocytic activity of
peritoneal macrophages was also found in oyster toad-
fish (Opsanus tau) from this site (Seeley & Weeks-
Perkins, 1991).

Elevated prevalences of hepatic neoplasms and
other hepatic lesions have also been found in fish from a
heavily creosote contaminated coastal environment:
Eagle Harbor, Puget Sound (Washington, USA). Adult
English sole (Parophrysvetulus, a bottom-dwelling,
non-migratory marine fish species) were collected in
1983-1984 from three polluted harbour sites (mean total
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PAH concentrations. 2.8-120 mg/kg dry sediment) and
examined (Malins et al., 1985). They were affected by
hepatic neoplasms (e.g., hepatocellular carcinomas,
cholangiocellular carcinomas) at 27% (20/75) and by
foci of cellular alterations (putative preneoplastic
lesions) at 44% (33/75). These lesions not only were
undetectalde in fish from the reference area (n = 40), but
were either not detected or detected at low prevalences
(1.1-2.5%) in fish from four previously sampled sites
near Eagle Harbor (7-11 km away) (Malins et al., 1984
1985). English sole (prespawning females, n = 41-50
per group) sampled during the 1986 and 1987 spawning
seasons from Eagle Harbor showed reproductive
impairment (Johnson et a., 1988).

The detection of DNA-PAH adducts in tissues of
fish from creosote-contaminated sitesis discussed in
section 6.6.

9.2.2.4 Outdoor microcosm studies with plankton and
fish

Some studies (discussed in the following para
graphs) employed outdoor experimental microcosms
composed of fresh water (approximately 12 000 litres)
from an irrigation pond and sifted sediment, which were
dosed with defined amounts of liquid creosote and
exposed to natural sunlight and precipitation (Karrow et
al., 1999; Whyte et al., 2000 Sibley et al., 2001ab).

One of these studies assessed the response of
zooplankton communities to single applicatiors of

creosote in freshwater microcosms (Sibley et al., 20019.

Marine grade liquid creosote (Stella-Jones, Vancouver,
British Columbia, Canada) was applied (by subsurface
injection) to 14 microcosms at hominal concentrations
ranging from 0.06 to 109 mg/litre; two additional
microcosms served as controls (see Bestari et al., 1998z;
section 4.1.2). There was atotal of 86 species belonging
to four major groups (cladocerans, copepods, ostracods,
and rotifers). Creosote induced arapid, concentration-
dependent reduction in zooplankton abundance and
number of taxa, with maximum response (50—-100%
reduction in population densities) occurring between 5
and 7 days after treatment. Many of these taxarecovered
to control levels during the post-treatment period, with
the degree and duration of recovery being strongly
dependent on creosote concentration. A significant shift
in species composition was found at concentrations
greater than 1.1 mg/litre. Based on nominal creosote
concentrations, effect concentrations, EGsy (95% Cl)
estimated for total zooplankton abundance were 44.6
(40.9-48.2) and 46.6 (45.8-47.4) ug/litre at 5 and

7 days, respectively. The corresponding no-observed-
effect concentrations (NOECs) were 13.9 and 5.6 pg/li
tre, respectively. Based on measured sum PAHSs, the
EGso values amounted to 5.3 (2.7-5.9) and 2.9 (2.6-3.3)
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ug/litre, and the NOEC values were 7.3 and 3.7 ug/litre,
respectively.

As part of the above study (Sibley et al., 2001a),
effects of creosote on freshwater phytoplankton
populations were also assessed (Sibley et al., 2001b).
Phytoplankton (approximately 200 species belonging to
Chlorophyceae, 48-81% of total abundance,
Cyanophyceae, Euglenophyceae, Chrysophyceae,
Bacillariophyceae, Cryptophyceae, and Dinophyceage)
was sampled on days 7 and 1 before treatment and at
days 7 and 21 after treatment. Creosote had no direct
adverse effect on the phytoplankton community based
on total abundance and number of taxa. On the contrary,
population densities and number of taxain most treat -
ments exceeded those in the controls and exhibited a
parabolic relationship relative to creosote concentration.
This response can be attributed to reduced grazing pres-
sure resulting from the significant impact on zooplank -
ton populations (Sibley et al., 20014, b).

Further microcosm studies tested the immunotoxic
potential (Karrow et al., 1999, 2001) and other effects
(Whyte et al., 2000 of creosote (manufacturer, etc., not
specified) in fish. Following the dosing of microcosms
with creosote(after 103108 days), female rainbow trout
(Oncorhynchus mykiss) were added to the microcosms
for a 28-day period under static conditions. Karrow and
co-workers used initial creosote concentrations (nomi -
nal) of 0, 5, 9, 17, 31, 56, and 100 pl/litre and found
adverse alterations in several immunological parameters
of the fish (n = 15 per concentration, n = 30 in control).
Concentration dependent changes in immunological
parameters were observed. The LOEC of these immuno
logical effects was 17 pl creosote/litre (based on nom-
inal concentration), corresponding to atotal PAH
concentration of 611.63 ng/litre in the water (measured
on day 15 of exposure). At 100 pl creosote/litre, al fish
died within 3 days of exposure. Mortalities observed at
the lower creasote concentrations appeared not to be
related to nominal creosote concentrations (Karrow et
al., 1999).

In afollow-up study, it was found that the creosote
induced immunomodulation not only was concentration-
dependent, but also was dependent on the duration of
exposure, showing an initial stimulatory or inhibitory
response, then returning to near control levels after
28 days of exposure (Karrow et al., 2001).

Additionally, rainbow trout (Oncorhynchus mykiss)
(n= 10 per group) in microcosms dosed with 0O, 3, or
10 pl creosote/litre (corresponding to 0, 1158.9, and
2030.6 ng total PAHg/litre in water, measured at the start
of exposure) were tested for eye damage (changesin
lens optical quality) and hepatic EROD activity. After
28 days of creosote exposure, the optical quality of
lenses (sharpness of focus) was significantly reduced, as
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indicated by an increase in focal length variability, and
EROD activity was significantly elevated compared with
controls. Both effects rose with creosote dose (Whyte et
al., 2000).
9.2.3  Terrestrial organisms

Field studies on the effects of creosote on terrestrial
plants have not been reported.

A recent study report s effects of creosote contam-
ination on soil invertebrates. In a soil contaminated with
creosote about 50 years ago, several changes in compo-
sition and abundance of soil invertebrate (nematodes,
collembolans, mites) and microbial communities were
observed with respect to PAH content (and other
parameters) of soil. Results indicate that both indirect
effects (via prey, changes in microhabitat, etc.) and
direct toxicity of creosote may alter complex soil
communities. For example, fungal biomass was nega-
tively associated with PAH concentrations, but bacterial
populations correlated positively. Correspondingly,
bacterivorous nematodes proliferated due to PAH
contamination, while fungivorous nematodes (and other
groups) were reduced. The abundance of certain
nematodes (Paratylenchidae) correlated negatively with
BaP and an unidentified PAH (Blakely et al., 2002).

In 1973, creosote poisoning (death, weals on skin,
hepatic necrosis, and gastric ulcers) was diagnosed in
black rhinoceroses (Diceros bicornis) kept in creosoted
holding pensin the former Transvaal, South Africa
(Basson & Hofmeyer, 1973 ; Basson, 1987). Another
report described that 7 out of 20 black rhinoceroses died
after being moved into newly built, creosotetreated
holding pens in Zimbabwe in 1990. As with the earlier
reports mentioned above, neither type nor concentrations
of creosote involved were reported (Kock et al., 1994).

Some cases of suspected creosote poisoning
(deaths) of farm animals in the years 1920-1940 have
been reported from the USA and Australia. Mostly cattle
that had access to freshly creosoted wood (railway ties,
telephone poles, fences) were affected (Hanlon, 1938;
Harrison, 1959; Olafson & Leutritz, 1959; Henningsson,
1983. In Canada, a case of creosote poisoning in cattle
occurred probably due to drinking of creosae from an
open drum |eft in the corral (Cribb, 1968). Topical
application of a mixture of 60% creosote and 40% fuel
oil used as a cure for ringworm also turned out to be
poisonous to cattle, resulting in deaths of 6 out of 47
steers and heifers (Blandford et al., 1968; Clarke &
Clarke, 1975; Humphreys, 1988).

Studies on experimental application of creosote to
farm animals are addressed in sections 7.1, 7.2, and 7.4.
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10. EVALUATION OF HUMAN HEALTH
RISKS AND EFFECTS ONTHE
ENVIRONMENT

The chemical composition of creosotes is influenced
by the origin of the coal and also by the nature of the
distilling process; as aresult, the creosote components
are rarely consistent in their concentration. Further, the
composition of creosote varies greatly from country to
country due to national/international regulations. One of
the creosote components of regulatory concern is BaP.

Previously, the main interest was concentrated
mostly on the (non -heterocyclic) PAHsin creosote,
because a number of these are known carcinogens and
because PAHs represent the largest chemical group in
creosote itself. More recent studies have involved the
identification, quantification, and evaluation of other
components — for example, BTEX, nitrogen-containing
heterocycles, sulfur-containing heterocycles, or
phenolics, which are more soluble in water and are
found at a much higher percentages in leachate,
contaminated water, soil, and sediment.

10.1 Evaluation of human health risks

10.1.1 Exposure

The general population can be exposed to creosote
or creosote components by handling creosote itself or
products containing creosote and by contact with
creosote-contaminated air, water, soil, or food. Routes of
exposure include inhalation, drinking/ingestion, and skin
contact.

Due to restrictions on the use of creosote and
creosoted wood in some countries, legislation changing
the composition of creosote (reduction of phenolics and
BaP by the EU in recent years), and, furthermore,
restrictions to consumers of creosote for home brushing
and of the sale of creosoted wood (EC, 2001), exposure
to these components of creosote should, in those
countries, be reduced.

Populations particularly at risk of exposure include
domestic applicators of creosote, persons in frequent
contact with creosoted wood (e.g., equipment or garden
furniture), children using playground equipment made
from creosoted wood, persons living in the neighbour-
hood of creosote manufacturing and wood-preserving
facilities, as well as persons eating food contaminated
with creosote (e.g., fish and game enclosed in creosoted
containment). Additional exposures may include waste
dumps and incineration sites.

Crude estimates of creosote exposure (based on
BaP) have been made. For example, adaily intake of



Concise International Chemical Assessment Document 62

about 2 ng BaP/kg body weight has been assessed for
children playing on creosoted playground equipment,
and a daily intake of BaP from consumption of veg-
etables and fruits from gardens in the vicinity of creo-
soting plants has been estimated to range from 1.4 to
71.4 ig/kg body weight in adults.

Significant occupational exposure of workers to
creosote components, especially in, for example, wood
impregnation factories, has been reported. The main
route of exposure is via skin; air monitoring alone is not
sufficient for risk estimation. Exposure calculations on
the basis of excreted metabolites (plus air and/or skin
monitoring data) suggested atotal daily uptake of 15 or
16 mg per worker (assembler or impregnator) for naph-
thalene. Estimations for pyrene did not exceed 5 mg/day
per worker.

10.1.2 Hazard identification

Deaths have been reported in humans after ingestion
of 1-2 g (children) and 7 g (adults) creosote, with symp -
toms of acute poisoning. Some laboratory studies sug
gested alow to moderate acute toxicity of creosote
following oral or dermal exposure.

Creosote is irritating to skin in humans and
experimental animals. Photosensitizing potential has
been documented in creosote exposed workers. No
specific target organ of creosote toxicity has been
identified in limited short-term studies; hence, a no-
observed-adverse-effect level (NOAEL) or lowest-
observed-adverse-effect level (LOAEL) could not be
derived.

Creosote preparations have been found to be
mutagenic inin vitro and in vivo tests.

Increased risks for lip and skin cancers have been
observed in cohort studies of Swedish and Norwegian
wood impregnators and in Finnish round-ti mber work-
ers. The possible interaction with sunlight exposure has
not been adequately addressed.

Several studies in mice showed an increased fre-
guency of skin cancer after local exposure to creosote.
Clear evidence of a dose—response relationship was
reported in the only multiple-dose study.

10.1.3 Dose-response analysis

Creosote is considered to be a genotoxic carcinogen
for which athreshold has not been identified.

The available studies on cancer in humans do not
allow dose-response analysis.
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The Buschmann et al. (1997) study examined skin
carcinogenicity in mice using two samples of coal tar
creosote with different BaP contents and of BaP alone. A
significant increase in papillomas and squamous cell
carcinomas was observed at the site of appication for
one creosote sample. Evaluation of the results showed a
linear relationship between tumour rate and the dose of
BaP in the creosote solution applied to the skin. Other
organs were not examined.

An analysis of the dose-response relationship was
carried out:

— limiting the analysis to animals without skin ulcers
in order to avoid possible effects of ulceration on
tumorigenesis;

— using tumours per animal as the response metric in
order to avoid error due to saturation of the outcome
at high doses; and

— adjusting the data for shortened survival and
duration of dosage in the high-dose group.

For the relationship between the creosote dose,
expressed as BaP dose rate, and tumour rate, the
following exponential function was derived:

TR = 1.31 (95% CI = 1.08—-1.59) x DR®% (5% €1 =085-1.09

where:

TR = tumour rate per day;
DR = dose rate (ug/day).

The exponent, ~1, shows that the relationship is linear.
The slope factor 1.31 equals 4.9 x 1072 tumours/mouse
for atotal dose of 1 pg BaP. This correspondsto a
lifetime cumulative risk of 10“for a daily dose of
creosote via dermal exposure corresponding to 1 ng
BaP/kg body weight.

The fact that the experiment was terminated at
78 weeks rather than at the end of the normal life span
of the animals leads to an underestimation of the true
carcinogenic potency of creosote, by a factor of approx
imately 2.

In this study, creosote, per mg BaP, was about
5times more carcinogenic to mice than a solution of
BaP alone. Creosote is also both a cancer initiator and a
promotor. Therefore, creosote has the potential of being
carcinogenic to humans when they are exposed dermal-
ly.

The human monitoring data concerning this type of
exposure are limited; therefore, a sample risk assessment
was not included here However, there have been
attempts to estimate dermal exposure to BaP in creosote
in some special -risk groups (children playing on
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creosoted playing equipment and residents living in the
neighbourhood of creosoting plants; see Tables 21 and
22 and EC, 1999), and these data have been used by
other bodies for arisk assessment.!
10.1.4 Uncertainties in the risk evaluation

The composition of creosote is dependent on its
source and preparation parameters, and the creosote
components are rarely consistent intheir type and

concentration. This makes a toxicological evaluation
difficult.

In the critical study, only male mice were studied,
versus the standard approach of two species and both
sexes, and pathological analysis was confined to the
skin. BaP alonerepresented 20% of the total carcino-
genicity of creosote. Creosote contains other compo-
nents that may also affect its carcinogenic potential;
therefore, different compositions may have different
carcinogenic potency.

Concerning the whole database on creosote toxicity,
there is alack of information on toxicity via routes of
exposure other than dermal; little information is avail
able on general systemic toxicity, and no information is
available on several end-points, such as reproductive
toxicity, immunotoxicity, and organ toxicity. Risk
characterization is hampered by lack of exposure data
and of validated exposure markers.

10.2 Evaluation of effects on the
environment
10.2.1 Environmental levels and fate (exposure

evaluation)

The fate of creosote componentsislargely
dependent on the physicochemical properties of the
components, matrix properties, the presence of
degrading or accumulating organisms, and environ-
mental conditions. Components may be distributed to the
atmosphere (the more volatile fraction), leached to water
and soil (compounds with high solubilities), with the
potential for migration, or sorbed onto soil or sediment
particles (compounds with high K, ). Movement of
sediment -sorbed creosote components may also occur
through transport of colloidal material. Some creosote
components are readily degradable via biotic (aerobic
and anaerobic) and abiotic processes; however, many
high-molecul ar-weight compounds are recal citrant and
may persist in the environment for decades. Degradation
of creosote components often leads to the formation of
transformation products (i.e., the compounds are not
mineralized), which may be more toxic and mobile than

! http://europa.eu.int/comm/heal th/ph_risk/commit -
tees/sct/sct_en.htm.
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the parent compound. There is also the potential for
aquatic and terrestrial organisms to biocaccumulate
creosote components; however, thisis dependent on the
bioavailability of the compounds, the organism’s mode
of feed, and metabolism. The highest concentrations of
creosote in the environment are generally found in
sediment and soil; for example, concentrations up to
several thousand mg/kg have been reported close to
production/usage plants. Concentrations in surface water
are generally in the mg/litre range, although concentra-
tions an order of magnitude higher have been reported
10 years after a areosote spill.

Applications of creosoted wood in contact with
water or soil may have different environmental impacts,
depending on compartment -specific capacities of
elimination and mobility of released creosote compe
nents.

Leaching of creosote from treated wood is the main
source of emission and of the potentially inherent risks.

10.2.2 Hazard evaluation

10.2.2.1 Aquatic environment

Several laboratory studies in aquatic microorgan
isms, plants, invertebrates, and fish confirmed the toxic
and/or phototoxic potential of creosote or fractions of
creosote. The most sensitive responses were observed
with aquatic invertebrates and fish. LCso values were as
low as 20 pgl/litre (invertebrates) or several hundred
po/litre (fish). An LCsofor hatching success in fish was
50 pg/litre.

More subtle effects could be demonstrated in
outdoor aquatic microcosm studies. Dose-related eye
damage in fish occurred in experimental ponds dosed
with 3 and 10 ug creosote/litre. Adverse immunol ogical
alterations were seen in fish at a LOEC of 17 pl/litre.
Investigations at the population level have been per -
formed for zooplankton, but not fish. A microcosm study
showed that zooplankton communities were adversely
affected by single applications of creosote. EG;, and
NOEC values (for reduction in zooplankton abundance
and number of taxa) were 45 pg/litre and 6 pg/litre,
respectively.

Some data based on measured PAH concentrations
are available for fish exposed to suspended sediment
artificially contaminated with creosote. The 96-h LG
was about 1700 g total resolvable PAHS/litre. At all
test concentrations (16-320 ug total resolvable PAHS/Ii-
tre), fish refused food; the lowest concentration that
produced severe fin erosion, epidermal lesions, and
mortality was 76 g total r esolvable PAHd/litre.
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Laboratory exposure of invertebrates and fish to
several matrices contaminated by creosote also caused
acute and sublethal effects, including reproductive
impairment.

Field studies provided strong associ ations between
the occurrence of neoplastic lesions in fish and creosote
contamination. Neoplasms in fish and other adverse
effects in microorganisms, invertebrates, and fish were
mostly documented at sites of heavy creosote contam-
ination. However, adverse effects (e.g., developmental
effects in fish) have also been observed at sites of
chronic low-level input (e.g., near creosoted pilings).

10.2.2.2 Terrestrial environment

Based on the few studies performed with terrestrial
organisms, creosote appeared to be of moderate toxicity
to standard test plants and earthworms. Studies that
could be used to assess the hazard of creosote to higher
terrestrial organisms were not available. Some fatal
cases of suspected creosote poisoning occurred in farm
animals and wildlife.

10.2.3 Risk evaluation

The major determinants of creosote’s environmental
toxicity include not only PAHs but also (primarily in
aqueous matrices) heterocyclic aromatics and phenolic
compounds. The multiplicity and variability of intrinsic
toxic components, their possible interactions, and the
compositional changes of the mixture during transport
through the environment lead to complex toxic actions.
Generally, environmental weathering of creosote did not
lead to a reduction of toxicity.

To date, it is not clear which creosote components
may serve as indicators of environmental creosote con-
tamination and toxicity. However, creosote may pose a
significant risk to biota encountering spills or leaching
events.

10.2.3.1 Aquatic environment

1) Near waste creosotesites

There are many waste sites where the input of
creosote, creosote fractions, or single components into
the adjacent aguatic environment exceeded the effect
concentrations.

Itis clear from residue analysis, toxicological
profiles of acute and chronic effects being manifest, and
field observations that creosote waste sites can be
associated with risks to aquatic organisms.
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2) Near creosoted structures

The risk for aquatic organisms in contact with
wooden creosoted structures is also of concern. Some
compounds have been found to diffuse from wood,
resulting in aguatic concentrations that may cause
adverse effects.

10.2.3.2 Terrestrial environment

In soils at many creosote waste sites as well as at
treated creosoted structures, contaminant concentrations
are sufficient to affect terrestrial plants and soil organ
isms. However, adverse effects are rarely documented.

Based on a few case reports, creosote, freshly
creosoted fences, etc., may pose a fatal risk for farm
animals and wildlife licking them.

Due to alack of data (exposure/effects), risk of
creosote exposure for farm or feral animals cannot be
evaluated.

11. PREVIOUS EVALUATIONS BY
INTERNATIONAL BODIES

The International Agency for Research on Cancer
(IARC) classification of creosote and some of its
components is given in Table 35.

Table 35: IARC classification of creosote and some of its

components.
Based on IARC
monograph from

Substance Evaluation? year
Creosote 2A 1987
Carbazole 3 1983
PAHs®

Fluorene 3 1983
Phenanthrene 3 1983
Anthracene 3 1983
Fluoranthene 3 1983
Pyrene 3 1983
Benz[a]anthracene 2A 1973, 1983
Chrysene 3 1973, 1983
Benzo[b]fluoranthene 2B 1973, 1983
Benzo[k]fluoranthene 2B 1983
Benzo[a]pyrene 2A 1973, 1983
Benzo[ghi]perylene 3 1983
Dibenz[a,h]anthracene 2A 1973, 1983
Indeno[1,2,3-cd]pyrene 2B 1973, 1983
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Table 35 (contd)

2 Group 2A, the compound is probably carcinogenic to humans.
Group 2B, the compound is possibly carcinogenic to humans.
Group 3, the compound is not classifiable as to its
carcinogenicity to humans.

b A few PAHSs are given here. For more details, see IPCS
(1998) and IARC (1999).

WHO Guidelines for Drinking-water Quality
(Second Edition) for some components of creosote are
given in Table 36.

Table 36: WHO Guidelines for Drinking-water Quality?

Aromatic Guideline

hydrocarbons value (pg/litre) Remarks

Benzene 10° For excess risk of 107°
Toluene 700 ATOC

Xylenes 500 ATO

Ethylbenzene 300 ATO

Styrene 20 ATO

BaP 0.7° For excess risk of 107

2 From WHO @Q004).

For substances that are considered to be carcinogenic, the
guideline value is the concentration associated with an upper-
bound excess lifetime cancer risk of 107°.

ATO = concentrations of the substance at or below the health-
based guideline value may affect the appearance, taste, or
odour of the water (given as “C” in the Third Edition).

The WHO Air Quality Guidelines (WHO, 2000)
contain a guideline for BaP. Based on epidemiol ogical
data from studies in coke oven workers, a unit risk for
BaP as an indicator air constituent for PAHs is estimated
to be 8.7 x 10°° per ng/m® (0.12 ng/m® produces an
excess lifetime cancer risk of 1 x 107).
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APPENDIX 1 — ANALYSIS OF THE
DERMAL CARCINOGENIC POTENCY OF

CREOSOTE'
A1, Description of the model
A1.1 Definition of terms

The parameters and terms used in deriving the dose—effect
relationship, along with their definitions and symbols, are listed
in Table A-1 on the next page. The table also includes the
equations, dimensions, and units that are used.

A1.2 The relationship between tumour incidence

(I) and the number of tumours per animal
(TpT)

While / < 1 always holds, TpT, in contrast, can have any
value (=0). Changes can still occur at high doses, but because
of the bounds applying to /, they are difficult to resolve
experimentally. Thus, TpT is a more suitable parameter for
assessing carcinogenicity studies. However, for low incidences,
I=TpT.

The probability of finding m tumours (caused through a
single-stage damaging process) in a single animal, given a
mean value for the population of p, is given by the Poisson
distribution, P(p,m) = p"/ [Exp(p)-m!]. So that the probability of
zero tumours is (m = 0), P(p,0) = Exp(-p). In other words,
tumour incidence / is given by I(p) = 1 — Exp(-p). Here, the
addition theorem I(p1 + p2) = I(p1) + I(p2) — I(p1) - I(p2) is valid,
which ensures that / < 1. If the Poisson distribution is applicable
to the incidence of tumours (because TpT = p), then, following
algebraic transformation, the following relationship is also valid:

Equation 1: TpT =—In(1-1)

A1.3 Derivation of the carcinogenicity factor K

The total number of tumours is given by the time integral of
le
the tumour rate as T = J TR(T)dT- Different routes of
0
exposure are considered to be additive in respect to tumour
rate. Without restricting the general validity, it holds that tumour

rate is a function of time and dose rate (which is also possibly a
function of time), i.e., TR = f(¢, DR(z)). On the not

unreasonable assumption that this function is separable, i.e.,
can be expressed in the form £ (¢, DR(z)) = g(¢)- l(DR(z)) as

a product of individual functions, we can obtain a number of
simplifications. For example, if 1= B- DR(t) and g(1)= 4-1",

then tumour rate can be expressed as
te

T=A-B I DR(T) - 7"d T , making it proportional to the
0

nth moment of the dose rate. If DR = const = {DR) , one gets

' From Mangelsdorf et al. (1998).
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n+l

T=4- B~<DR> . ‘71 Of course, in this case, the curve for
n+

the total number of tumours with time must be known.

Continuing to assume that n = 0, with the carcinogenicity
factor x = 4- B, one obtains the simplest possible variant,
T=x-(DR)-t, = k- D, whereby the total number of tumours

can be been to be directly proportional to total dose (the
question of tumour latency period is not considered here). The
carcinogenicity factor, K, is the number of tumours per second
that arise from the corresponding dose rate. The same
relationship is also valid for TpT, of course, when the mean dose
rate for the individual animal is used.

In the event of all the above-mentioned assumptions, with
the exception of n = 0, being valid, provided the experimental
data are all collected after the same time interval, the above

n+l
model is still applicable, since the factor e
n+1

expressed in the form of another A - B. However, the model
can then no longer be used for the investigation of allometric
=K

mouse

is simply

problems (such as K human )-

A14 Relationship of the model to standard

models

Any function with a value between zero, or just above, and
unity and with a dose—argument range from zero to infinity is in
principle suitable for formally describing tumour incidence. In
toxicology, by restricting oneself to "toxins,” one can surely
expect incidence to increase uniformly with dose.

Thus, incidence curves can show an inflection, a threshold
value, below which no effect occurs, and spontaneous tumour
rates can differ. Whether at zero exposure the argument range
actually begins at zero is questionable, since there is always
some, even if minute, background concentration. By estimating
this background concentration and inserting it in place of zero,
one can often avoid mathematical difficulties without
compromising the results.

Assuming the minimum requirements that an incidence
curve must fulfil for the differential equation
I'(x) =(a+b-x)-(1-I(x)). with the boundary condition for
spontaneous tumour rate, I, i.e., 1(0) = 1, 0ne obtains the

following three-parameter function:

b-x?
I(X)=1—(1—1,T,,)‘Exp{—a~x— 5 }

This corresponds exactly with the curve of a linearized multi-
stage model (Rees & Hattis, 1994).

The first term on the right of the equation is the beginning
of the Taylor expansion of any function around zero. The slope
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Table A-1: Overview of parameters/terms and corresponding symbols and relationships.

Parameters/
terms

Definition

Symbol/relationship

Dim.

Units used®

Population size

Tumorous
animals

Number of
tumours

Total number of
tumours

Incidence
Tumours per
animal

Exposure rate

Body weight

Dose rate

Total dose

Total exposure

Tumour rate

Slope factor

Carcinogenicity

factor

Unit risk

Total number of animals in a population

Number of animals in the population with at
least one tumour

Total number of tumours of animal i

Total number of tumours in the population

Probability that the animals of the
population have at least one tumour

Tumour expectation per animal

Absolute mean substance uptake rate by
the test animals

Mean body weight of the test animal

Weight- or animal-related exposure rate
Time integral of the dose rate over
treatment period 7,

Time integral of exposure rate over
treatment period 7,

Probability of occurrence of tumour per unit
time

Slope of the incidence curve at D =0

Slope factor for tumours per animal

Incidence at unit dose minus spontaneous
incidence

ny

l;
r=x
I=n,/N
IpT=T/N
7

M
DR=m/M

dI(D)

dD D=0
K
I(1) - 1(0)

kgls

kg
1/s

kg

1/s

tumours/animal
ug BaP/day

kg body weight

ug BaP/(day-kg body weight)
or ug BaP/(day-animal)

ug BaP/kg body weight or pug
BaP/animal

ug BaP

tumours/(animal x day)

tumours x kg body weight /
ug BaP or
tumours/(animal-ug BaP)

@ Dimensions are always given in basic rather than derived units:

units used are also given.
® Dimensionless; numerical reasons can nevertheless suggest use of units, e.g., (g carcinogen/kg body weight).

¢ According to the calculus mean value rule, the relationship between total dose and mean dose rate <DR> is D=(DR)- ¢,

factor is thus given by j'(() = a-(l—] ) and the unit risk by
sp

UR=1(1)-1,,-

A comparison of the above (continuous) solution with the
(discrete) Poisson statistics shows (again with ISP << 1) that

the term in the exponent can be identified with TpT, so that

b-x
TpT=a~x+T

2

Thus, our evaluation represents a de facto linearized

multistage model.

metre, kilogram, second, ampere. To facilitate understanding, the

A2. Application to the dermal
carcinogenicity of creosote

The detailed analysis of the Fraunhofer study (Buschmann
et al., 1997) is still unpublished, so it is described briefly here.
Instead of the frequently employed, formal, standard evaluation
with the linearized multistage model, we chose to plot the
logarithm of the number of tumours per animal against the
logarithm of the dose rate, since over the whole range of dose
rates this facilitated the interpretation of the primary data. At low
tumour rates, for example, one can immediately see whether or
not a threshold is approached, while at high tumour rates it is
possible to ascertain additivity, even when tumour incidence is
approaching saturation (see section A1.2). Nevertheless, from
the remarks made in section A1.4, it is clear that the two
methods of evaluation are essentially identical, thus yielding the

same results.
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The following, however, is only a general account of the It can also be clearly seen that BaP on its own shows a
applied procedure, a detailed description of which, including the weaker carcinogenic effect than the two creosote samples with
functions on which it is based, being provided in section A1, corresponding BaP concentrations.

where Table A-1 offers an overview of the applied relationships
and the functions on which they are based, as well as

dimensions and units. 0.01 0.03 0.1 0.3 1 3

In the figures, the measure of carcinogenic effect, on the 1
ordinate, is expressed in terms of the number of tumours per
animal, instead of in the more usual term of tumour incidence,
the number of tumour-bearing animals in relation to the total
number treated. This is based on the consideration that at
higher concentrations, tumour incidence is subject to saturation,
while the number of tumours per animal continues to increase.
The total number of tumours, or the mean number of tumours
per animal, is a better parameter on which to base the dose—
effect relationship. On the relationship between the number of 0.03
tumours per animal and tumour incidence, see Equation 1 in
section A1.2.

e
[

0.3

e
i~

0.1

tumours / animal

0.03

0.01 0.03 0.1 03 1 3
As a measure of the applied dose, the dose rate of BaP in doserate (/ngaP /day)
the creosote was expressed on the abscissa. BaP was chosen

) Fig. A-1: Number of tumours per animal as a function of
as the reference parameter in order to be able to compare the

dose rate.
two creosote samples with pure BaP. Dose rate is a measure of All animals. 1 = CTP1; 2 = CTP2; B = BaP alone; — = fitted to
the applied dose of BaP. In order to obtain the dose rate, the CTP data, but excluding the highest CTP2 dose rate;

dose that was applied twice a week was converted to dose per - = fitted to all the data, including data for BaP.

day. This parameter was chosen for the figures because it is
used to obtain the slope factors (Table A-1). 0.01 0.03 0.1 03 1 3

In order to analyse the dose—effect relationship, in Figure 4
A-1, the number of tumours per animal, expressed as the 1
logarithm, is shown in relation to the logarithm of the BaP dose
rate. As a first approximation, most of the points lie on a straight
line, only the point corresponding to the highest dose of CTP2 (9
mg group, in which treatment was terminated prematurely) and
BaP itself not fitting into the dose—effect relationship.

e
W

0.3

e
p—

0.1

tumours / animal

As already it is possible that the occurrence of ulceration
disturbs the dose—effect relationship, in Figure A-2, only the data 0.03
for those animals in which treatment was not interrupted are
used. Disregarding the highest CTP2 dose level, it is clear that 1
this results in a better dose—effect relationship. However, this 0.01 0.03 0.1 0.3 1 3
evaluation neglects the reduction in survival time with increasing dose rate ( ygBaP /day)
dose rate, which, on account of the positive correlation between
tumour rate and survival time, makes additional correction
measures necessary.

0.03

Fig. A-2: Number of tumours per animal.
Only animals without ulcerations. 1 = CTP1; 2 = CTP2; B = BaP
alone; — = fitted to CTP data; --- = fitted to all the data, including
Thus, in Figure A-3, survival rate was also taken into data for BaP.

account, at each dose level the number of tumours per animal
being divided by the average survival time in order to obtain the
tumour rate in tumours/(animal x day). Particularly in the group
in which treatment was prematurely terminated, this correction
resulted in a marked increase in tumour rate compared with the
lower dose levels. This is reflected in Figure A-3, where now all
the points, with the exception of that for BaP, fall on a straight
line.
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Fig. A-3: Tumour rate as a function of dose rate.
Only animals without ulcerations; adjusted for survival and
actual dosage. 1 = CTP1; 2 = CTP2; B = BaP alone; — = fitted
to CTP data.

For the relationship of BaP dose rate (Figure A-3) to the
tumour rate TR, one obtains the following exponential function:

Equation 2: TR = a- DR®
TR = 1.31 (95% CI = 1.08-1.59) x DR"®° (% ¢1=088-1.05)
where:

TR = tumour rate per day;
DR = dose rate (ug/day).

The exponent of 0.96 indicates a linear dose—effect
relationship in the concentration range under study. In particular,
no deviation from this relationship is found in the lower
concentration range, thus providing no support for the
hypothesis of a threshold value.

The value b = 1 is a plausible and simple value (strict
dose—effect proportionality). Thanks to this linear relationship,
“a” can be given an interpretable physical dimension. Thus,
equation 2, above, can be simplified to TR = a x DR.

For this case, “a” can be defined as the specific
carcinogenicity factor Kgermal:

= TR/ DR [tumours / (animal x ug BaP)]
= 4.9 x 107 tumours/(animal x pg BaP)

Kdermal

As described above, Kgermal Was derived from the number
of tumours per animal and corresponds to the slope factor,
which is normally determined from tumour incidences.

In order to calculate lifetime risk with help of Kgermal, this
must be multiplied by the lifetime dose and corresponds to a
lifetime cumulative risk of 107 for a daily dose of creosote
corresponding to a BaP dose of 1 ng/kg body weight.
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Up until now we have implicitly assumed that at the point of
time t, the true incidence, i.e., the true number of tumours per
animal, is ascertainable. However, depending on the type of
tumour and its location, a latency period may occur, during
which time the tumour is not detectable. The following
relationship holds: 7, (¢)=1,(r—¢,)or I, (¢) <1, (¢) and

1.(r)= Iobs(t) + Alno(t) (for the example of incidence). The

true value for incidence is indicated by the index w, the
observed value by the index obs, and the not observable value
by the index no. If the latency period (which is generally related
to dose (rate)) can be determined, explicit corrections may be
applied. Only in the simplest case of constant dose rate, where

n =0 (see above), is TR, = K‘-<DR> .[1_t’] valid for the

t@
observed tumour rate, meaning that the observed tumour rate is
too small by the amount in brackets. From the data (see Figure
A-4), one can conclude that the expected error factor (given a
treatment period of ¢, = 548 days), depending on dose rate, will
be in the range of 0.45-0.82. This means that for the doses
investigated here, tumour rate would be increased by a factor of
2 at the most.

10 30 100 300 1000
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1030 100 300 1000

total exposure n g BaP

Fig. A-4: Number of tumours per animal for BaP itself and
for various PAH mixtures in studies of dermal
carcinogenicity.
1=CTP1; 2 =CTP2; B = BaP (Buschmann et al., 1997); G1 =
lubricating oil (Grimmer et al., 1982); G2 = flue gas
condensation products (Grimmer et al., 1985); H = BaP (Habs et
al., 1980)
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APPENDIX 3 — CICAD PEER REVIEW

The draft CICAD on coal tar creosote was sent for review
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R. Benson, Drinking Water Program, US Environmental
Protection Agency, Denver, CO, USA
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J.A. Holme, Norwegian Institute of Public Health, Oslo,
Norway

B. Jernstréom, Karolinska Institute, Stockholm, Sweden
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APPENDIX 5— ABBREVIATIONS AND

ACW
AhR
APA
APHA
ATP
AWPA
BaP
BCF
BSAF
BSM
BTEX
CAS
Cl
CICAD

CsSM
CTPV
CYP

DEO
DMSO
DNA
DNT
EGso
ECD
EHC
EPA
EROD
EU
FID

FL

GC
GJIC
HAC
HMWF
HPLC
HRGC
IARC

1Cso
ICSC
ILO
IPCS

Kow

Kiw
LGso
LDso
LMWF
LOAEL
LOEC
MAH
MS
MSD

ACRONYMS

American Creosote Works

aryl hydrocarbon receptor

alkaline precipitation assay

American Public Health Association
adenosine triphosphate

American Wood-Preservers’ Association
benzo[a]pyrene

bioconcentration factor

biota—sediment accumulation factor
benzene-soluble matter

benzene, toluene, ethylbenzene, and xylene
Chemical Abstracts Service

confidence interval

Concise International Chemical Assessment
Document

cyclohexane-soluble matter

coal tar pitch volatiles

cytochrome P450

dichloromethane

dichloromethane -extractable organics
dimethylsulfoxide

deoxyribonucleic acid
2,6-dinitrotoluene

median effective concentration
electron capture detector
Environmental Health Criteria
Environmental Protection Agency (USA)
ethoxyresorufin-O-deethylase
European Union

flame ionization detector

fluorescence detector

gas chromatography

gap junctional intercellular communication
heterocyclic aromatic compound
high-molecular-weight fraction
high-performance liquid chromatography
high-resolution gas chromatography
International Agency for Research on
Cancer

median inhibitory concentration
International Chemical Safety Card
International Labour Organization
International Programme on Chemical
Safety

MichaelisMenten constant

organic carbon sorption coefficient
octanol/water partition coefficient
tar/water partition coefficient

median lethal concentration

median lethal dose
low-molecularweight fraction

lowest -observed-adverse -effect level
lowest -observed-effect concentration
monocyclic aromatic hydrocarbon
mass spectrometry

mass selective detector

NAPL
NIOSH

NOAEL
NOEC
NOEL
NPAC

NSO
n.sp.
NTA
OR
OSHA

PAH
PCB

PCDD
PCDF

PIM
PROD
PTFE
PVvC
RR
SD
SIM
SIR
SPE
SSR

TCDD
TLC

UNEP
USA
US EPA

uv
Vmax
viv
WHO
WSF
wiw
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non-aqueous-phase liquid

National Institute for Occupational Safety
and Health (USA)

no-observed-adverse €ffect level
no-observed-effect concentration
no-observed-effect level

nitrogen-containing polycyclic aromatic
compound

nitrogen, sulfur, oxygen heterocycles
not specified

nick translation assay

odds ratio

Occupational Safety and Health
Administration (USA)

polycyclic aromatic hydrocarbon
polychlorinated biphenyl
polychlorinated dibenzo-p-dioxin
polychlorinated dibenzofuran
pentachlorophenol

Poison Information Monograph
pentoxyresorufin-O-depentylase
polytetrafluoroethylene
polyvinyl chloride

relative risk

standard deviation

selective ion monitoring
standardized incidence ratio
solid-phase extraction

simulated solar radiation

daily dose inducing a tumour incidence of
25% upon lifetime exposure

2,3,7,8-tetrachlorodibenzo-p-dioxin
thindayer chromatography
time-weighted average

United Nations Environment Programme
United States of America

United States Environmental Protection
Agency

ultraviolet

maximum rate

volume per volume

World Health Organization
water-soluble fraction

weight per weight



CREOSOTE

0572
May 2003

CAS No: 8001-58-9
RTECS No: GF8615000
EC No: 648-101-00-4

Wash oil
Creosote oil
Coal tar creosote

TYPES OF
HAZARD/ ACUTE HAZARDS/SYMPTOMS PREVENTION FIRST AID/FIRE FIGHTING
EXPOSURE

FIRE Combustible. NO open flames. Powder, water spray, foam, carbon

dioxide.

EXPLOSION

EXPOSURE AVOID ALL CONTACT!

Inhalation Cough. Shortness of breath. Local exhaust or breathing Fresh air, rest. Refer for medical
protection. attention.

Skin MAY BE ABSORBED! Redness. Protective gloves. Protective Remove contaminated clothes.

Burning sensation. clothing. Rinse and then wash skin with
water and soap.

Eyes Redness. Pain. Safety goggles, or eye protection in First rinse with plenty of water for
combination with breathing several minutes (remove contact
protection. lenses if easily possible), then take

to a doctor.

Ingestion Confusion. Headache. Nausea. Do not eat, drink, or smoke during Give a slurry of activated charcoal

Vomiting. Weakness. Shock or work. Wash hands before eating. in water to drink. Refer for medical
collapse. attention. Do NOT induce vomiting.

SPILLAGE DISPOSAL

PACKAGING & LABELLING

Collect leaking liquid in covered containers. Use T Symbol Do not transport with food and
face shield. (Extra personal protection: complete R: 45 feedstuffs.

protective clothing and filter respirator for organic S: 53-45

gases and vapours.) Do NOT let this chemical enter | Note: H, J, M

the environment.

EMERGENCY RESPONSE STORAGE

NFPA Code: H2; F2; RO

Provision to contain effluent from fire extinguishing. Separated from food

and feedstuffs.
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Chemical Safety

Prepared in the context of cooperation between the International

* Programme on Chemical Safety and the European Commission
*

© IPCS 2002

SEE IMPORTANT INFORMATION ON THE BACK.




0572 CREOSOTE

IMPORTANT DATA

Physical State; Appearance Routes of exposure

BLACK TO BROWN, OILY LIQUID, WITH CHARACTERISTIC The substance can be absorbed into the body by inhalation of

ODOUR. its vapour, through the skin and by ingestion.

Chemical dangers Inhalation risk

On combustion, forms toxic fumes. A harmful contamination of the air can be reached very quickly
on evaporation of this substance at 20°C and especially on

Occupational exposure limits spraying.

TLV not established.
Effects of short-term exposure

The substance is irritating to the eyes, the skin and the
respiratory tract. Exposure to sun may enhance the irritating
effect of creosote on skin and eyes and lead to burns. Exposure
by ingestion may result in death. Medical observation is
indicated.

Effects of long-term or repeated exposure

Repeated or prolonged contact with skin may cause dermatitis
and hyperpigmentation of skin. This substance is probably
carcinogenic to humans.

PHYSICAL PROPERTIES

Boiling point: 200-400°C Vapour pressure, kPa at 20°C: about 6
Melting point: about 20°C Flash point: above 66°C c.c.
Density: 1.0-1.17 g/cm?® Auto-ignition temperature: 335°C

Solubility in water: very poor

ENVIRONMENTAL DATA

The substance is toxic to aquatic organisms. This substance may be hazardous in the environment; special attention should be
given to soil contamination, ground water contamination. It is strongly advised that this substance does not enter the environment.

NOTES

Depending on the degree of exposure, periodic medical examination is suggested.
Do NOT take working clothes home.

ADDITIONAL INFORMATION

Neither the EC nor the IPCS nor any person acting on behalf of the EC or the IPCS is responsible
LEGAL NOTICE for the use which might be made of this information

©IPCS 2002
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RESUME D'ORIENTATION

La premiére version du présent CICAD a été
préparée par I’ Institut Fraunhofer de toxicologie et de
médecine expérimentale de Hanovre.! Une étude
bibliographique trés compl éte des bases de données
intéressantes a été effectuée en juin 2002. La premiére
version du document a été distribuée en vue d’ un
examen restreint par des pairs et un groupe consultatif
s’ est réuni pour y mettre la derniére main et s’ assurer
qgu'il avait été tenu diment comptedes observations
formulées lors de I’examen en question. La liste des
membres du groupe consultatif, qui ont également
participé al’ examen par des pairs, figure al’ appendice
2. Laversion finale a été ensuite communiquée aux
points de contact de I’ IPCS et aux institutions
participantes en vue d’' un nouvel examen par des pairs,
ainsi qu’'a d’ autres experts désignés en collaboration
avec le Groupe d’ orientation pour |’ évaluation des
risques de I’ PCS. Des renseignements sur |’ examen par

des pairs du présent CICAD sont donnés a |’ appendice 3.

Ce CICAD a été approuvé en tant qu’ évaluation
internationale lors de la réunion du Comité d’ évaluation
finale qui S est tenue a Varna (Bulgarie) du 8 au 11
septembre 2003. La liste des membres de ce comité est
donnée al’ appendice 4. Lafiche internationale sur la
sécurité chimique de la créosote (ICSC 0572) établie par
le Programme international sur la sécurité chimique
(IPCS, 2002) est également reproduite dans le présent
document.

1. Identité, propriétés physiques et
chimiques et méthodes d’analyse

Le présent CICAD porte sur la créosote de goudron
de houille. La créosote de bois est un produit différent,
principalement utilisé pour des préparations pharma-
ceutiques (créosote officinale) et elle N’ est pastraitée
dans ce document.

La créosote de goudron de houille se présente sous
laforme d'un liquide huileux brunétre & noir ou jaunétre
avert foncé, doté d' une odeur caractéristique. On
I’ obtient par distillation fractionnée de goudrons de
houille bruts. Elle distil le approximativement entre 200
et 400 °C. La composition chimique de la créosote
dépend de I’ origine de la houille ainsi que du mode de
distillation. Les constituants de la créosote sont donc
rarement de méme nature et de méme concentration.

Lacréosote est un mélange de plusieurs centaines,
voire d' un millier de substances chimiques, dont un petit
nombre seulement est présent dans une proportion
supérieure a 1 %. Ces constituants se répartissent en six

L Ce CICAD aéé préparé de novo et ne s appuie donc pas sur
un document préalable.
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groupes principaux : des hydrocarbures aromatiques,
notamment des hydrocarbures aromatiques poly -
cycliques (HAP) et leurs dérivés alkylés (qui peuvent
constituer jusqu’a 90 % de la créosote); des acides de
goudron / phénals; des bases de goudron / hétérocycles
azotés; des amines aromatiques et des hétérocycles
soufrés ou oxygénés comme les dibenzofurannes. La
créosote est commercialisée sous la forme de prépar-
ations diluées dans de I’ huile ou un solvant. La com-
position et |’ usage de ce produit est réglementée dans
certains pays; cette réglementation porte habituelement
sur la teneur en benzo[a]pyréne (BaP) et en dérivés
phénoliques.

La créosote n’'est que légérement soluble dans I’ eau,
mais soluble dans divers solvants organiques. Toutefois,
les propriétés physiques et chimiques des constituants de
ce produit varient largement de I'un a |’ autre et certains,
par exemple, sont trés solubles dans I’ eau.

L' analyse de la créosote se révéle complexe. Les
subtances chimiques qui la constituent offrent un profil
différent selon la matrice dans laguelle elles se trouvent :
les plusvolatiles se retrouvent dans |’ air, les plus
solubles dans I’ eau et celles qui présentent la capacité de
sorption la plus élevée, dans les sédiments et le sol.
Selon la matrice dans laquelle la prise d’ essai a été
prélevée (air, eau, sd, sédiments ou encore produits
biologiques), il faut procéder a une purification et a une
extraction. Les méthodes de séparation et de recherche/
dosage les plus couramment utilisées sont la chromato-
graphie en phase gazeuse a haute résol ution avec
détect ion par ionisation de flamme ou spectrométrie de
masse ou encore la chromatographie en phase liquide a
haute performance avec détection par fluorescence.

La surveillance de I’ exposition professionnelle aLix
particules de créosote se faisait antérieurement par
dosage des dérivés volatils issus du brai de goudron de
houille, mais cette méthode n’ est pas suffisamment
sensible pour la mesure de faibles quantités de vapeurs
de créosote. Les constituants importants, les HAP
présents dans |’ air par exemple, peuvent étre captés sur
un filtre de polytétrafluoréthyléne relié a un tube
d’ absorption, puis dosés par chromatographie en phase
gazeuse a haute résolution ou chromatographie en phase
liquide & haute performance aprés extraction. Les autres
constituants voldils de |a créosote peuvent également
étre captés au moyen de tubes d’ absorption.

On a également recours au dosage de métabolites
urinaires des HAP, comme le 1-pyrénol (1-hydroxy -
pyrene) ou le 1 -naphtol (1-hydroxynaphtaléne) pour
évaluer |’ exposition a la créosote.
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2. Sources d’exposition humaine et
environnementale

La créosote de goudron de houille est utilisée pour
la protection du bois et comme agent hydrofuge sur
certaines structures en bois utilisées en milieu terrestre
ou aquatique (eau de mer ou eau douce). On I'emploie
ainsi pour traiter les traverses de voies ferrées ou les
traverses d'aiguillage, la couverture des ponts et des
quais, les poteaux, les maisons en rondins, les barriéres
et clotures et I’ équipement des terrains de jeux.

Dans I’ Union européenne, la créosote est utilisée en
majeure partie pour I"imprégnation du bois sous
pression. Aux Etats-Unis et dans beaucoup d’ autres
pays, I’ utilisation de la créosote de goudron de houille
est réservée a des professionnels agréés.

En dehors du traitement du bois, on utilise égale
ment la créosote pour protéger contre les salissures les
pilotis de béton immergés en mer. Elle peut également
entrer dans la composition des produits d’ étanchéité
pour toitures comme le brai a couverture, du mazout, du
noir de fumée et peut servir de lubrifiant pour le
démoulage. Elle s'utilise aussi comme répulsif contre
certains animaux - oiseaux, hotamment- comme
insecticide, pour la préparation de bains destinés aux
animaux et comme fongicide.

Aux Etats-Unis, la production de créosote se divise
en deux catégories : la créosote de distillation (100 %) et
la créosote en solution de goudron de houille. La produc
tion de distillat a été de 240 000 tonnes en 1992 et celle
de créosote en solution de goudron de houille, de
110 000 tonnes. Dans I’ Union européenne, la production
de créosote est estimée a environ 60 000 - 100 000
tonnes par an.

Lorsde I'imprégnation du bois sous pression, de la
créosote en exces peut étre libérée par les matériaux
traités. Il est fréquent que de la créosote soit entrainée
par lessivage de restes de produit répandus sur les sites
de traitement. De la créosote peut également étre libérée
dans |’ environnement par |es émissions provenant des
ateliers ou ce produit est utilisé.

3. Transport, distribution et transformation
dans I’environnement

Le transport et la distribution de la créosote dans
I environnement sont des processus complexes qui
dépendent, outre des conditions environnementales, des
propriétés physico -chimiques des constituants de ce
produit et de leurs interactions avec la matrice qui les
contient. D’une fagon générale, la créosote se retrouve
dans tous les compartiments de |’ environnement (air,
eau, sediments, sol et biotes). Les principaux lieux de

dépdt sont toutefoisles sédiments, le sol et les eaux
souterraines.

Les phénols, les hydrocarbures aromatiques
polycycliques de faible masse moléculaire et certains
hétérocycles ont généralement tendance a se retrouver
plutdt dans la phase gazeuse. Les constituants de la
créosote peuvent également étre présents dans
I atmosphére sous forme particulaire.

On estime que |’ évaporation de la créosote a partir
des étendues d’ eau ne constitue pas un phénoméne
important.

Le mouvement de la créosote dans les systémes
aquatiques est lié aux propriétés de ses constituants :
solubilité dans I’ eau, affinité pour les différentes phases
organiques et capacité de sorption. En général, ce sont
les phénols, les hétérocycles et les HAP de faible masse
moléculaire qui en constituent la fraction fortement
soluble. Les dérivés aromatique de masse moléculaire
élevée, qui sont relativement peu solubles et présentent
une forte capacité d' adsorption, prédominent dans les
sédiments. Ceci dit, |es composés de masse moléculaire
élevée peuvent également ére transportés avec des
contaminants fixés par sorption sur des colloides.

Les observations sur le terrain et des expériences de
lessivage en laboratoire montrent que des constituants de
la créosote peuvent passer dans le milieu aquatique
lorsque des structures de bois traitées par ce produit sont
immergées dans |’ eau. Ces constituants sont plus
facilement lixiviés par I eau douce que par I’ eau de mer.
Le taux de migration dans I’ eau augmente avec la
température et diminue avec |’ &ge des pilotis. Les
hé érocycles azotés sont plus rapidement lixiviés que les
HAP et e dibenzofuranne.

La vitesse de transport horizontal et vertical des
constitutants de la créosote dans le sol dépend de leurs
propriétés physico -chimiques ainsi que des propriétés du
sol et ces conditions environnementales. La modélisa
tion en laboratoire et des expériences sur le terrain
(simulation de déversements de créosote) ont montré
gu’a un transport fortement retardé des composés de
masse moléculaire élevée était associée une migration
rapide des composés de faible masse moléculaire versle
bas. Certains des constituants de la créosote libérés dans
le sol environnant par des structures en bois imprégné
sont susceptibles d'y demeurer pendant des décennies.

Les HAP de la créosote sont absorbés en faible
proportion par les plantes et les animaux terrestres. On
ne possede pas de données quantitatives sur |’ absorption
de constituants de la créosote par des animaux
d’ élevage. Un certain nombre d’ études effectuées sur des
invertébrés aquatiques ainsi que la surveillance de
poissons au laboratoire et dans leur milieu naturel ont
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mis en évidence une absorption non négligeable des
HAP de la créosote par ces organismes. || est possible
gue ces composés puissent passer dans |’ organisme
humain par mnsommation de poissons et de fruits de
mer contaminés.

La biodégradabilité des constituants de la créosote
est variable. Généralement, la décomposition se fait plus
facilement en aérobiose qu’ en anaérobiose. Labio
dégradation des phénols est relativement facile. Dansle
cas des HAP, la biodégradabilité est inversement
proportionnelle au nombre de noyaux aromatiques.
Certains hétérocycles sont rapidement éliminés, alors
que d’ autres résistent a la biodégradation. 11 semble que
la biotransformation des constituants de la créosote
I emporte sur leur minéralisation. Dans certains cas, il se
forme des produits intermédiaires qui peuvent étre plus
persistants, plus mobiles et plus toxiques que les
COMPpOoSEs initiaux.

Outre les caractéristiques structural es de ces
substances, un certain nombre d’ autres facteurs, comme
la biodisponibilité, |’ adaptation microbienne, I’ apport
d’ oxygene et la présence de nutriments interviennent
dans leur dégradation ou leur transformation in situ.

Bien que la question ait été peu étudiée, il semble
gue les poissons métabolisent les HAP de la créosote
plus rapidement que les invertébrés aquatiques.

La conversion photochimique semble étre le
meécanisme abiotique le plus important par lequel les
constituants de la créosote, comme les HAP, les
hétérocycles et les phénols se transforment dans
I’ atmospheére et, dans une moindre mesure, dans le sol et
dans |’ eau. La photo-oxydation I’ emporte sur la
photolyse directe. Une étude au cours de laquelle on a
irradié certains HAP, soit séparément, soit dans un
mélange de type créosote, a montré que la photoréac-
tivité de ces composés avait tendance a étre moindre
lorsqu’ils étaient mélangés.

Les invertébrés aquatiques et les poissons accu-
mulent les constituants de la créosote, commeon |'a
montré, principalement dans le cas des HAP, a
I’ occasion d’ études de terrain sur des sites contaminés
par de la créosote, lors d’ expériences de déplacement ou
encore lors d' études en laboratoire ou d’ essais sur
microécosystemes. En général, le profil de bioaccumu-
lation des HAP chez les insectes et |es écrevisses est
voisin de ce que I’ on observe dans les sédiments, alors
gue chez les poissons le rapport des HAP de faible
masse moléculaire aux HAP de masse moléculaire
élevée est considérablement modifié. 1l est rare que les
facteurs de bioconcentration résultant d' une exposition a
la créosote soient publiés. On estime toutefois que dans
le cas des HAP, le facteur de bioconcentration résultant
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d’ une exposition a des sédiments contaminés par de la
créosote, a une valeur comprise entre 0,3 et 73 000.

On aimaginé un certain nombre de stratégies de
remédiation, principal ement pour traiter des sols et des
nappes phréati ques contaminées. Dans la plupart des cas,
le traitement a permis de réduire sensiblement la
concentration de certaines substances, mais il a été
totalement ou partiellement impuissant aréduirela
toxicité des matrices contaminées.

Le bois traité a la créosote ne se décompose pas
dans la nature, aussi son éimination pose t-elle un
probléme. 1l ne faut pas procéder al’incinération
incontrélée de bois traité a la créosote; en effet, cette
opération risquerait de libérer dans I’ environnement des
produits toxiques tels qu’ HAP, dioxines hal ogénées ou
furannes.

4. Concentrations dans I’environnemernt et
exposition humaine

Les trés rares données dont on dispose concernant
les concentrations dans I’ air ambiant se rapportent a
certains HAP retrouvés a proximité d'installations ou de
la créosote est produite ou utilisée. Dans le cas du
naphtaléne, on a relevé une concentration maximale
égale 290 ng/m? & une distance de 2000 m. La
concentration de ces produits diminuait & mesure que
I’on s' éloignait de I'installation : elle passait par
exemple de 64 ng/m® 2500 m 1,6 ng/m° & 5000 m dans
le cas du fluoranthéne et de 5 ng/mt® & 100 m & 0,6 ng/n?
a 2000 m dans le cas du BaP.

On a constaté dans plusieurs pays que des
échantillons d’ eaux souterraines prélevés a proximité de
sites pollués par des déchets de créosote contenaient des
HAP, des hétérocycles et un groupe de composés
(benzene, toluene, éthylbenzene et xyléne = BTEX)
habituellement présents dans la créosote. Au Danemark,
les données de surveillance de 44 sites ou de la créosote
est présente indiguent des concentrations (90éme percen-
tile) de 30 ig/litre de BaP et de 50 ig/litre de chryséne.
Les concentrations les plus élevées de plusieurs
hétérocycles, phénols ou composés du groupe BTEX
relevées au voisinage de sites contenant des déchets de
créosote se situaient entre 10 et 80 mg/litre.

Dans |’ eau d'un cours d’ eau ou de la créosote avait
été déversée 10 ans auparavant, on arelevé la présence
de certains HAP a des concentration de I’ ordre du
mg/litre. Dans un canal de drainage situé a proximité
d’un site ol était travaillée de la créosote, on asurveillé
la concentration de douze HAP. Les valeurs maximales
allaient de 0,02 ig/litre dans le cas du benzo[b]- et du
benzo[k]fluoranthéne & 153ig/litre dans le cas du
naphtal éne, avec une concentration pouvant atteindre
0,05 ig/litre pour le BaP.
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De fortes concentrations de HAP ont été également
relevées dans de petits canaux, dont les rives étaient
protégées par des structures en bois traité par la créosote,
ainsi que dans des fossés longeant des voies ferrées ou
étaient érigés des poteaux de bois traité a la créosote
destinés a supporter des lignes électriques ou téléphon -
iques. La concentration de BaP la plus forte qui ait été
mesurée était de 2,5 ig/litre. Dans les fossés, la con-
centration moyenne des HAP totaux était égale a
600 ig/litre.

A proximité d ateliers de traitement du bois, on a
relevé dans les sédiments des concentrations en HAP
totaux comprises entre 20 000 et 30 000 mg/kg de poids
sec; la teneur maximale en hétérocycles azotés était de
I’ ordre de 1000 mg/kg de poids sec. Des concentrations
en BaP pouvant atteindre plusieurs centaines de mg/kg
de poids sec ont été mesurées. L’ hétérocycle le plus
abondant était le carbazole (18 mg/kg de poids sec).
Dans des sédiments situés a proximité de structures en
bois traité ala créosote, tels que pilotis, pal planches de
protection des berges, poteaux ou traverses, on a
constaté que la concentration des HAP totaux pouvait
atteindre 1200 mg/kg de poids sec, la concentration
moyenne du BaP étant d’ environ 2 mg/kg de poids sec.

Dans plusieurs pays, |a présence de concentrations
€élevées de constituants de la créosote a été attestée dans
des sols situés a proximité d'installations industrielles
abandonnées ou ce produit avait été fabriqué ou utilisé,
avec des valeurs maximales de plusieurs milliers de
mg/kg de poids sec dans |e cas des HAP totaux et de
prés de 100 mg/kg pour les phénols totaux. Aux abords
de poteaux de bois traité a la créosote, on asignalé la
présence de «constituants d’ huile de créosote» a des
concentrations allant jusqu’ a 90 000 mg/kg de poids sec.
Dansle sol d'une aire de stockage de traverses de
chemin de fer traitées ala créosote ainsi que dans le
sable de bacs a sable pour enfants confectionnés a I’ aide
de vieilles traverses imprégnées de créosote, on arelevé
la présence d' HAP a une concentration totale allant
respectivement jusqu’a 20 mg/kg et environ 2 mg/kg de
poids sec. A proximité de sites de stockage ou de
traitement de bois a la créosote, la concentration du BaP
dansle sol atteignait la valeur maximale de 390 mg/kg
de poids sec; elle atteignait 6 mg/kg autour de poteaux
imprégnés et 0,2 mg/kg dans le sable de terrains de jeu.

Le bois traité ala créosote peut prés enter une teneur
élevée en HAP, méme au bout de plusieurs décennies et
des composés phénoliques et hétérocycliques peuvent
également étre présents. On a mesuré dans ce bois des
concentrations moyennes (en mg/kg de bois) allant de
1510 pour la quinoléine a11 990 pour e phénantrene.
Dans des traverses de bois utilisées sur des aires de jeu,
on atrouvé des concentrations de BaP pouvant atteindre
1570 mg par kg de copeaux.
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Des poissons et des fruits de mer comestibles
péchés dans des zones contaminées par de la créosote ou
gardés dans des casiers de bois imprégné de créosote se
sont révélés présenter une teneur accrue en HAP et leurs
métabolites. La concentration moyenne de BaP dans des
queues de homards commercialisées est ainsi passée de
0,6 a 79 ig/lkg de poids humide au bout de trois mois en
casiers.

Des HAP provenant de la créosote ont été mis en
évidence a des concentrations sensiblement plus élevées
que les valeurs de fond chez plusieurs groupes
d’animaux appartenant a la faune aguatique tels
gu’insectes, mollusques, crustacés et poissons capturés
sur des sites qui étaient situés dans des eaux douces,
estuarielles ou marines contaminées par de la créosote.
D’une fagon générale, c'est chez les invertébrés que la
concentration de ces composés était la plus €levée
(jusgu’ a plusieurs centaines de mg/kg de poids sec).
Dans le foie de poissons vivant dans des eaux ou les
sédiments étaient contaminés par de la créosote, ainsi
que dans I’ organisme des invertébrés dont ils se
nourrissent, on ardevé, pour les HAP totaux, des
concentrations pouvant atteindre respectivement 1 et
84 mg/kg de poids sec (contre respectivement 0,1 et
0,5 mg/kg de poids sec chez les organismes témoins).
Chez des gastéropodes (Thais haemastoma) provenant
d’une baie a proximité de laquelle se trouvait un atelier
d’imprégnation de bois, on a constaté la présence
d’hétérocycles a des concentrations allant jusqu’ a
environ 10 ig/kg de poids humide et la teneur en HAP
pouvait atteindre environ 200 ig/kg de poids humide.

C’ est en manipulant de la créosote ou des sub-
stances qui en contiennent ou encore par contact avec de
I’air, de I’eau, de la terre ou des aliments contaminés,
que la population générale peut se trouver exposée a ce
produit ou a ses constituants. |l existe différentes voies
d’ exposition comme la voie respiratoire, lavoie
digestive (boisson ou consommation de nourriture) et la
voie cutanée.

En raison de la complexité de ce produit et de la
grande diversité des situations dans lesquelles on peut y
étre exposé, |’ exposition peut varier tant qualitativement
que quantitativement. Dans |le cas de deux scénarios
importants, on a néanmoins fait quel ques estimations
basées sur I’ utilisation du BaP comme marqueur et sur
un certain nombre d' hypothéses. On a ainsi obtenu une
valeur d’environ 2 ng de BaP par kg de poids corporel
pour I’ exposition journaliére par contact cutané
d’enfants qui s'amusent dans une aire de jeu équipée de
structures en bois traité a la créosote. La dose de BaP
ingérée quotidiennement du fait de la consommation de
fruits et de Iégumes cultivés dans des jardins situés aux
alentours d' ateliers de créosote a été estimée 41,4 -
71,4 ig de BaP par kg de poids corporel.



Concise International Chemical Assessment Document 62

Il existe une étude qui fournit les détails de la
surveillance biologique de personnes vivant a proximité
d’'un atelier d’imprégnation de bois a la créosote. On a
ainsi constaté que la quantité de 1- et de 2-naphtol
excrétée était sensiblement plus élevée chez les résidants
gue chez les témoins. Par exemple, la concentration
moyenne du 1 naphtol dans les urines du matin était de
2,5 imol/mol de créatinine chez les personnes exposées
et de 1,2 imol/mol de créatinine chez les sujets non
exposeés. || n'y avait pas de différence sensible en ce qui
concerne |’ excrétion urinaire du I-pyrénol.

Il peut y avoir exposition professionnelle & la
créosote au cours de la fabrication, de I’ utilisation, du
transport ou de I’ éliminationdu produit ou d’ objets en
boistraité. Laplupart des données disponibles
concernent des travailleurs employés au traitement du
bois.

La surveillance, selon des méthodes anal ogues, de la
concentration d’ aérosols de créosote sous la forme de
dérivés volatils issus du brai de goudron de houille dans
des ateliers d'imprégnation de bois, a mis en évidence
des valeurs pouvant aller jusqu'a 9700 ig/m®. La
concentration totale en moyenne pondérée par rapport au
temps alait de 0,5 49,1 mg/nT avec des pics a 71 mg/m’
dans des ateliers d'imprégnation de boiset de 0,1 a
11 mg/m° sur les lieux de travail ol I’on manipulait du
bois traité a la créosote. La concentration moyenne des
HAP liés & des particules allait de 0,2 4 106 ig/m® dans
les ateliers d’'imprégnation et de 0,8 a46ig/m % Ja ol des
piéces de bois imprégné étaient manipulées. La propor -
tion de HAP liés a des particules par rapport aux HAP
totaux s’ est révélée inférieure a4 %.

Les analyses effectuées dans des ateliers d’ imprég-
nation montrent que dansla phase gazeuse, ce sont le
naphtal éne, les méthylnaphtalénes, I’indene, I’ acénaph-
tene et le fluoréne qui prédominent, alors que dans la
phase particulaire, on trouve principalement du fluoréne,
du phénanthrene, de I’ anthracéne et du pyrene. La
concentration maximale de marqueurs comme le
naphtalene et le BaP (ce dernier principalement lié a des
particules) atteignait respectivement 41 mg/m3 et
1ig/m>. Parmi les hétérocycles, le benzothiophéne était
présent en abondance, avec une concentration pouvant
atteindre 2800 ig/m3. La concentration du phénol, du
biphényle et des méthylstyrenes ne dépassait pas les
valeurs respectives de 2000, 1000 et 3000 ig/ m°>. Des
controles effectués sur I'air lors de la décontamination
de sols fortement pollués par de la créosote ont mis en
évidence des concentrations allant jusqu’ 20,9 mg/m®
pour les HAP volatils, 0,2 mg/m® pour les HAP liés a
des particules et inférieures & 0,002 mg/m°® pour le BaP.

La voie cutanée constitue un mode d’ exposition
professionnelle important & la créosote. On estime que
plus de 90 % du pyréne et 50 a 70 % du naphtaléne
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pénétrent dans |’ organisme par voie transcutanée. Chez
destravailleurs employés a I'imprégnation du bois qui
ne portaient pas de vétements protecteurs, on arelevé
une contamination moyenne totale de la peau par le
pyréne qui était d’environ 1 mg par jour. Le port de
vétements protecteurs a permis de réduire d’ environ

35 % en moyenne la contamination cutanée par le
pyréne.

On utilise comme marqueurs biologiques internes
de I’exposition a la créosote deux métabolites d’ hydro-
carbures aromatiques polycycliques, a savoir le 1-
naphtol et le I-pyrénol. Chez des ouvriers finlandais
travaillant dans des ateliers d’imprégnation du bois et
chez des employés qui assemblaient des éléments en
bois traité on arelevé une concentration urinaire
moyenne de 1-naphtol respectivement égale a 1350 et
1370 imol/moal de créatinine. La concentration urinaire
moyenne du I-pyrénol était environ 10 fois plus élevée
chez les imprégnateurs (64 imol/mol de créatinine) que
chez les assembleurs. Chez des ouvriers employé&ala
production de créosote ou a la décontamination de sols
pollués par de |a créosote, on a constaté une augmer+
tation de la concentration urinaire du 1-pyrénol pendant
la durée du poste de travail. Il y avait une bonne corré-
lation entre la concentration du 1-pyrénol et le degré de
contamination cutanée, mais guére de corrélation entre
cette concentration et la concentration du pyréne dans
I"air de la zone de respiration.

Le calcul del’exposition basé sur la concentration
des métabolites excrétés (et sur les données de surveil -
lance deI'air ou de la contamination cutanée) indiquait
gue la dose journaliéere absorbée totale serait comprise
entre 15 et 16 mg par travailleur (assembleur ou
imprégnateur) dans le cas du naphtaléne. En ce qui
concerne le pyréne, la dose journaliére estimative ne
dépassait pas 5 mg par travailleur.

5. Cinétique et métabolisme comparés
chez 'Homme et les animaux de
laboratoire

On ne dispose pas d’ études sur I’Homme ou sur des
animaux de laboratoire au cours desquelles aient été
mesurés la vitesse et | e taux d’ absorption de la créosote
de goudron de houille aprés exposition orale, respiratoire
ou cutanée. Toutefois, en recherchant, dansles urines de
travailleurs ou de volontaires exposés a la créosote, la
présence de métabolites des HAP qu’elle contient, on a
pu déterminer si ces constituants avaient été absorbés en
proportion significative; une autre méthode a consisté a
mettre en évidence la présence d’ adduits HAP-ADN
dans lestissus d’ animaux ou de sujets humains exposés.
Les effets toxiques provoqués par la créosote chez des
animaux de laboratoire ou des sujets humains constitue
aussi une preuve indirecte de |’ exposition a ce produit.
Par ailleurs, des études portant sur des constituants
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déterminés montrent que les différents HAP sont
susceptibles d’ étre absorbés en quantité importante, mais
ellesn’ont qu’ une valeur prédictive limitée pour
quantifier la cinétique d’ absorption apres exposition.

On n’apas fait d' études particuliéres sur la
distribution de la créosote de goudron de houille.

Connaissant les principal es voies de métabolisation
des HAP, on a dosé leurs métabolites hydroxylés,
notamment e 1-naphtol et le 1-pyrénol, dans les urines
de sujets humains exposés a la créosote.

D’une fagon générale, les HAP (métabolisés ou
non) peuvent étre excrétés par voie hiliaire, fécale ou
urinaire ou encore dans le lait maternel, quelle que soit
la voie d absorption. Cela étant, les études consacrées a
I"éimination et al’excrétion de |a créosote de goudron
de houille se limitent a la recherche et au dosage de leurs
métabolites dans |’ urine humaine. On atrouvé une
concentration élevée de 1-naphtol et de 1-pyrénol dans
les urines de travailleurs employés dans plusieurs
ateliers d' imprégnation de bois ainsi que dans celles
d'ouvriers employés a |’ assemblage de piéces de bois
traitées par la créosote. En comparant la dose journaliére
estimative de naphtaléne et de pyréene absorbée par la
voie respiratoire ala concentration urinaire de 1-naphtol
et de 1-pyrénol, on a constaté que d’ autres voies que la
voie respiratoire contribuaient de fagon importante a
I’ absorption de ces hydrocarbures, en particulier dans le
cas du pyréne. On a également observé que la voie
d’ exposition transcutanée est importante dans le cas du
pyréne, car en examinant des ouvriers qui portaient des
vétements protecteurs, on a constaté une diminution
sensible de la contamination cutanée et de I’ excrétion de
1-pyrénol. L’ application topique a des volontaires d' une
dose unique de crésosote a provogqué une augmentation
sensible de I’ excrétion basale de I-pyrénol.

La demi-vie d’' élimination du 1-naphtol et du 1-
pyrénol (temps de demi-élimination) est de I’ ordre de
quelques heures a quelques jours.

La plupart des études consacrées a |’ interaction de
la créosote avec les constituants cellulaires portent sur
son interaction avec les acides nucléiques. On a mis en
évidence la présence d’ adduits HAP-ADN chez des
souris, des rats et des poissons exposés a de la créosote
soit expérimentalement, soit dans leur milieu naturel.

6. Effets sur les mammiféres de labora-
toire et les systemes d’épreuvein vitro

Selon des études limitées, les diverses créosotes
présentent une toxicité faible a modérée pour les
animaux de laboratoire. La valeur la plus faible de la
DLsg, a savoir 433 mg/kg de poids corporel, a été
observée chez des souris aprés exposition par voie orale.
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On ne possede pas beaucoup de données fiables au sujet
de I’ effet des créosotes aprés une exposition de bréve
durée. Une perte de poids a été constatée chez desrats,
des moutons est des veaux aprées administration de
créosote par la voie orale.

Un certain nombre d’ études antérieures, de portée
limitée, avaient mis en évidence une activité cancéro-
gene apres application topique de diverses créosotes. Les
tumeurs observées étaient non seulement des carcinomes
est des papillomes cutanés, mais aussi des cancers
pulmonaires. Une étude plus récente comportant
I" exposition épicutanée de souris a deux préparations
différentes de créosote de goudron de houille
(préparat ion No 1 : teneur en BaP égale a 10 mg/kg;
préparation No 2 : teneur en BaP égale a 275 mg/kg), a
confirmé que la créosote pouvait provoquer des tumeurs
cancéreuses cutanées. On a constaté qu’il y avait une
relation doseeffet linéaire entre I’incidence de ces
tumeurs et |a concentration du BaP dans les deux
préparations. Les créosotes se sont révélées cing fois
plus actives que ce que I’ on pouvait attendre d’un
traitement par le seul BaP. Parmi les effets non
néoplasiques observés au cours de cette étude along
terme (78 semaines) figuraient des ulcérations cutanées
et une diminution de la durée de vie.

Plusieurs créosotes se révélent irritantes pour la
peau chez I’animal. Les données concernant I’irritation
de la muqueuse oculaire sont contradictoires.

On ne dispose pas d’ expérimentations animales
adéquates sur latoxicité des créosotes pour lafonction
de reproduction et le développement. On a cependant
montré que ces produits pouvaient stimuler des activités
ameédiation oestrogénique in vitrg ce qui indique une
possihilité de perturbation du systéme endocrine. On a
également constaté des effets nocifs sur la reproduction
de poissons exposés a la créosote.

Un certain nombre de tests effectuésin vitro sur des
systémes bactériens ou mammaliens montrent que la
créosote est génotoxique. Le type de génotoxicité
observé est analogue a celui des HAP. La créosote se
révele également génotoxique in vivo, comme le montre
le test des micronoyatix sur la souris.

Des tests effectués sur des cellules pisciaires en
culture révelent que la cytotoxicité de la créosote est
augmentée |lorsque les cultures sont soumises a un
rayonnement ultraviolet. Cette observation est en accord
avec la phototoxicité bien connue de certains HAP.

On a montré que la créosote était cap abled’induire
les enzymes microsomiennes hépatiques chez les
mammiféres de laboratoire.
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7. Effets chez 'Homme

7.1 Population générale

On ne possede guere d'informations concernant les
effets de la créosote de goudron de houille sur la
population générale.

Il'y aeu des cas d intoxication accidentelle par la
créosote dus principalement a I’ utilisation de ce produit
comme pesticide. La mort est survenue apres ingestion
d’environ 1 &2 g (enfants) ou d'environ 7 g de créosote
(adultes). Les symptdmes consistaient notamment en
salivation, vomissements, difficultés respiratoires,
vertiges, céphalées, abolition des réflexes pupillaires,
hypothermie, cyanose, convulsions, etc. accompagnés de
|ésions oropharyngées, intestinales, péricardiaques,
hépatiques et rénales.

Aux Etats-Unis, on a évoqué de la possibilité d’ une
augmentation des cas d’ érythéeme cutané chez des
personnes habitant dans une ancienne installation
d’imprégnation de bois ou a proximité de ce lieu.

En ce qui concerne I'incidence des cancers apres
exposition environnementale, les données se limitent a
une communication faisant état de cas de cancer du sein
et de cancers digestifs aux Etats Unis chez des femmes
appartenant a une population exposée a la créosote par la
consommation d’ eau contaminée. |l n'atoutefois pas été
possible de déterminer de fagon claire si la créosote était
véritablement en cause ou si des facteurs de confusion
étaient présents.

7.2 Exposition professionnelle

Laplupart des publications relatives aux effetsdela
créosote de goudron de houille sur I’ organisme humain
se rapportent a une exposition professionnelle résultant
principalement d’un contact cutané ou respiratoire avec
de la créosote ou du bois traité par ce produit.

Les effets les plus visibles qui ont été observés
consistaient en irritation de la peau et des yeux, avec
notamment des réactions phototoxiques et photo-
allergiques, quelquefois accompagnées de symptémes
généraux tels que dépression, faiblesse, céphalées,
confusion légere, vertiges, nausées, hypersalivation ou
vomissements. Des cas de photosensibilisation
(sensibilisation cutanée aux UV par la créosote) ont été
observés chez des travailleurs exposés a la créosote.

Dans des cohortes d’ ouvriers suédois et finlandais
employés al’imprégnation de piéces de bois avec de la
créosote ainsi que chez des travailleurs utilisant du bois
d oeuvre en rondins, on a constaté une augmentation du
risque de cancer de lalévre et de la peau. Les inter-
actions possibles avec I’ exposition a la lumiére solaire
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n’ont pas été suffisamment examinées. Chez des
briquettiers exposés a la créosote, on a observé une
augmentation de la mortalité par cancer du scrotum.

Selon certaines études épidémiologiques, |’ expo-
sition a la créosote pourrait aussi comporter un risque de
cancer de lavessie, de myélome multiple et de cancer du
poumon. Deux études cas-témoins évoquent également
la possibilité d’un risque accru de tumeurs cérébrales et
de neuroblastomes dans la descendance de travailleurs
de sexe masculin ayant pu étre exposés a la créosote.

Toutes ces études épidémiologiques se fondent sur
une estimation quantitative de I’ exposition plutot que sur
sa mesure.

8. Effets sur les autres étres vivants au
laboratoire et dans leur milieu naturel

Diverses créosotes de goudron de houille (en
solution dans |’ acétone) soumises au test Microtox
(inhibition de la bioluminescence de Photobacterium
phosphoreum ou de Vibrio fischeri) ont donné des
valeurs de la CEsy a 15 minutes allant de 0,38 a
0,63 mg/litre. On a également observé une diminution
significative de la bioluminescence par rapport aux
témoins avec plusieurs échantillons prélevés dans des
environnements contaminés par |a créosote, comme des
sédiments (y compris leurs élutriats et I’ eau des pores)
ou des eaux souterraines. On a en outre observé une
forte inhibition de la nitrification en présence de lixiviats
contaminés par la créosote.

La créosote a provoqué |’ apparition de signes de
stress et une croissance anormale chez des plantes
aguatiques exposées expérimentalement. Chez
Myriophyllum spicatum on pouvait constater
visuellement les anomalies a des concentrations de
créosote ne dépassant pas 1,5 mg/litre. Les valeurs de la
CEso pour des anomalies telles que la diminution de la
formation de noeuds, de la longueur des pousses et du
poids a sec ont été respectivement estimeées a 86, 55 et
33 mgl/litre. En outre, a des concentration de créosote
alant de 0,1 a 92 mg/litre, on constatait une augmen-
tation importante et liée a la dose de la fuite ionique
transmembranaire. Le pouvoir photoxique de la créosote
a été mis en évidence chez Lemna gibba : les valeurs
nominales de la CEsq pour une réduction du taux de
croissance sont passées de 54 mg/litre (au laboratoire, en
lumiére visible), a 12 mg/litre sous rayonnement solaire
simulé.

La mesure de la CEx et de la CLsq pour les
invertébrés aquatique a donné des résultats qui se situent
entre 0,02 et 4,3 mg/litre. Les stades larvaires se sont
révélés plus sensibles que les stades adultes. L’ expo
sition de daphnies (Daphnia pulex) pendant toute la
durée de leur vie a des fractions hydrosolubles de
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créosote a entrainé une diminution du taux de croissance
et une perturbation de la reproduction.

On a observé une augmentation de la sensibilité aux
infections chez des huitres de la c@e est (Crassostrea
virginica) exposées a des dilutions a 15 % et 30 % de
sédiments contaminés par de la créosote. Une mortalité
accrue a également été constatée chez de nombreuses
especes de crustacés exposés en laboratoire a des
matrices contaminées dans |’ environnement par de la
créosote. Des effets sublétaux, tels qu’ une diminution du
gain de poids a sec et de la proportion de femelles
gravides ont été observés chez le crustacé Mysidopsis
bahia; la CEspa 7 jours pour ces effets plus subtils
correspondait a 0,015 ig d’ hydrocarbures aromatiques
totaux identifiés par litre.

Des extraits acétoniques de sédiments contaminés
par de la créosote présentaient, pour le crustacé Nitocra
spinipes, une toxicité aigué comparable a celle de la
créosote elleméme.

La créosote provoque des intoxications aigués chez
les poissons, lavaleur laplus faible dela CLs qui ait été
rapportée étant égale a 0,7 mg/litre.

On a montré que des eaux souterraines, des eaux de
surface ou des sédiments (y compris|’eau qu'ils
contenaient) contaminés par de la créosote, produisait
des effets nocifs sur la reproduction et le dével oppement
des poissons. On a calculé que la CLg relative au taux
de succes des éclosions était de 0,05 mg de créosote par
litre. Chez le tambour croca, Lei ostomus xanthurus, la
CLso a diminué a mesure qu’ augmentait la durée
d’exposition a des sédiments contaminés par de la
créosote, sur une durée totale d' exposition de 7 a
28 jours.

Les données relatives aux effets de la créosote sur
les organismes terrestres sont limitées. Un test
d’allongement de |’ appareil racinaire utilisant diverses
créosotes et Allium cepa a donné pour la CEspa 96 h
(réduction de la longueur de I’ appareil racinaire) des
valeurs allant de 18 a 34 mg/litre. Des lombrics (Eisenia
foetida) exposés a de la terre contaminée par la créosote
(environ 1000 mg de HAP totaux par kg de poids sec)
sont morts en quelques jours.

Au voisinage de sources de créosote, on a observé
des effets nocifs sur les microorganismes et les inverté-
brésaquatiques ainsi que sur les poissons, effets qui
étaient analogues a ceux que I’ on peut produire en
laboratoire avec ce produit. Chez des poissons provenant
de sites fortement contaminés par la créosote (sédi -
ments), on a observé une forte prévalence de néoplasmes
hépatiques et extrahépatiques, un affaiblissement du
systéme immunitaire (réduction de I’ activité des
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macrophages) et une perturbation de la fonction de
reproduction.

Lorsd une série d’ études en extérieur sur des
microécosystémes aquatiques dans lesquels on avait
introduit de la créosote, on a constaté une diminution
rapide, fonction de la dose, de I’ abondance du zoo-
plancton et du nombre de taxons, avec une CEsg a
5 jours de 45 ig de créosote par litre (valeur nominale).
En revanche, aucun effet nocif direct n’a été constaté sur
le phytoplancton. Dans une autre expérience, on a pu
observer lamort en 3 jours de truites arc-en-ciel
(Oncorhynchus mykiss) exposées a une concentration de
créosote de 100ig/litre (valeur nominale). A plusfaible
concentration, des anomalies immunologiques ont fait
leur apparition en |’ espace de 28 jours (concentration la
plus faible provoquant un effet observable ou LOEC :
17 ig de créosote par litre (valeur nominale)). L’ immu-
nomodulation provoquée par la créosote régressait
pendant I’ exposition. Aux concentrations de 3 et de
10 il de créosote par litre (valeur nominale), des |ésions
oculaires dépendant de la concentration et une élévation
de I’ é&thoxyrésorufine-O-déséthylase (EROD) hépatique
ont été observées.

Les observations sur le terrain portant sur des
organismes terrestres concernent des cas mortels
d’intoxication d’ animaux sauvages (rhinocéros noir
Diceros bicornis) et d’animaux de ferme qui pourraient
mettre en cause la créosote, ces animaux ayant eu acces,
pour |’ essentiel, a des objets de bois fraichement
imprégnés ou & des récipients de créosote.

9. Evaluation des risques

La créosote est une substance cancérogéene
génotoxique dont on Ha pas mis en évidence le seuil
d’activité. Les études sur I’ Homme fournissent des
données concordantes selon lesquelles ce produit
provogue des cancers, mais elles ne permettent pas de
procéder a une analyse de la relation doseréponse.

On a cherché a déterminer I’ aptitude de deux
échantillons de créosote de goudron de houille a
provoquer des cancers de la peau. Deux échantillons de
ce produit de teneur différente en BaP ainsi qu’un
échantillon de BaP seul appliqués sur la peau de souris
ont provoqué une augmentation sensible du taux de
formation de papillomes et de carcinomes spino-
cellulaires au point d' application. Les autres organes
n’ont toutefois pas été examinés. On a constaté
I’ existence d’'une relation linéaire entre la proportion de
tumeurs et lateneur en BaP de la solution de créosote
appliquée sur lapeau. Il n'y avait aucune donnée
permettant de conclure al’ existence d'un seuil pour
I" activité cancérogene de ce produit. L’ analyse de la
relation doseréponse a permis de déterminer que le
factaur de pente était de 4,9 x 10~3tumeurs/animal pour
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une dose totale de 1 ig de BaP. A la lumiére de cette
étude, qui se fonde sur lateneur en BaP, la créosote
apparait comme environ 5 fois plus cancérogéne qu’ une
solution contenant uniquement du BaP.

En ce qui concerne les sujets humains, les données
tirées de la surveillance de ce type d' exposition sont
limitées, aussi n’at-on pas cherché a obtenir une valeur
représentative du risque.

On a procédé au dosage de la créosote dans I’ air,
I’eau, le sol, les sédiments et les biotes. Le devenir des
constituants de |a créosote dépend en grande partie de
leurs propriétés physicochimiques, de celles de la
matrice ou ils se trouvent, de la présence d’ organismes
capables dégrader ou d’accumuler ces produits et erfin,
des conditions environnementales. La créosote pourrait
comporter un risque important pour les étres vivants lors
de déversements ou lorsque le produit est chargé. Les
études en |aboratoire montrent que la créosote est
toxique pour les organismes aquatiques ou terrestres, et
des études dans le milieu naturel ont également mis en
évidence des effets nocifs en cas d’ exposition a ce
produit. Pour I’instant, on ne sait pas avec exactitude si
les constituants de la créosote peuvent servir
d’indicateurs de lacontamination de |’ environnement
par la créosote et de sa toxicité dans ces conditions.
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RESUMEN DE ORIENTACION

El primer proyecto de este CICAD fue preparado
por el Instituto Fraunhofer de Toxicologiay Medicina
Experimental de Hannover (Alemania).l Serealizé una
busqueda bibliografica amplia en las bases de datos
pertinentes en junio de 2002. El primer proyecto de este
documento se distribuy6 para un examen colegiado
limitado y se convoc6 un Grupo Consultivo afin de
ultimar el documento y verificar laidoneidad de las
observaciones del examen colegiado. La lista de los
miembros del Grupo Consultivo que participaron en
dicho examen colegiado figura en el apéndice 2. El
proyecto final se envié luego a los puntos de contacto
del IPCSy alas instituciones participantes en él parasu
examen colegiado, asi como a otros expertos
identificados en colaboracion con el Grupo de
Orientacion del IPCS sobre Evaluacion del Riesgo. La
informacion sobre el examen colegiado de este CICAD
apareceen el apéndice 3. Este CICAD se aprobd como
evaluacion internacional en unareunion de la Junta de
Evaluacion Final, celebrada en Varna (Bulgaria) del 8 a
11 de septiembre de 2003. La lista de los miembros de la
Junta de Evaluacién Final figura en el apéndice 4.
También se reproduce en este documento la Ficha
internacional de seguridad quimica (ICSC 0572) parala
creosota, preparada por €l Programa Internaciona de
Seguridad de las Sustancias Quimicas (IPCS, 2002).

1. Identidad, propiedades fisicas y
guimicas y métodos analiticos

Este CICAD se refiere ala creosota de alquitran de
hulla. La creosota de madera es un producto diferente,
que se utiliza sobre todo en preparaciones farmacéuticas,
y queda fuera del ambito del presente documento.

Lacreosota de alquitran de hulla es un liquido
oleoso de color entre pardo y negro o entre amarillento y
verde oscuro con un olor caracteristico, que se obtiene
por destilacion fraccionada de alquitranes de hulla
brutos. Latemperatura aproximada de la destilacién es
de 200 °C a 400 °C. Su composicion quimica depende
del origen de la hullay también de las caracteristicas del
proceso de destilacion; por consiguiente, los compo-
nentes de la creosota raramente son uniformes en cuanto
asutipoy concentracion.

La creoota es una mezcla de varios cientos de
productos quimicos, probablemente mil, pero sélo hay
un nimero limitado de ellos en cantidades superiores al
1%. En su composicién hay seis clases principales de
compuestos: hidrocarburos aromaticos, en particular
hidrocarburos aromaticos policiclicos (PAH) y PAH

' Este CICAD es nuevo, por lo que en realidad no existe
ningin documento original .
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alquilados (que pueden representar hasta el 90% del
total); acidos/fenoles de alquitran; heterociclos con bases
de alquitrdn/nitrogeno; aminas aromaticas; heterociclos
con azufre; y heterociclos con oxigeno, incluidos los
dibenzofuranos. La creosota se vende como prepara
ciones diluidas, que pueden contener aceite o disolventes
de relleno. Su composicién y uso estan reglamentados en
algunos paises; la reglamentacion normal mente se
concentra en €l contenido de benzo[a]pireno (BaP) y de
fenoles.

La creosota es sblo ligeramente soluble en agua 'y
soluble en diversos disolventes organicos. Sin embargo,
las propiedades fisicas y quimicas de cada uno de sus
componentes varian ampliamente; algunos, por gjemplo,
son muy solubles en agua.

El andlisis de la creosota es complegjo. En las
diferentes matrices se observan perfiles distintos de sus
compuestos: los mas volétiles se encuentran en el aire,
los més solubles en el aguay los de mayor capacidad de
sorcion en el sedimento/suelo. En funcion de la matriz
(por ejemplo, aire, agua, suelo/sedimento, materiales
bioldgicos) de la que se toma la muestra, hay que
realizar un proceso de limpiezay extraccion adecuados.
Los métodos de separacion y determinacion mas
utilizados son la cromatografia de gases de ata
resolucion con un detector de ionizacion de llamao la
deteccion mediante espectrometria de masas o bien la
cromatografia liquida de alto rendimiento de fase inversa
con un detector de fluorescencia.

Y a se habia vigilado la exposicién ocupacional alas
particul as de creosota suspendidas en €l aire en forma de
productos volétiles de brea de alquitran de hulla. Sin
embargo, el método de deteccion de estas particulas no
es suficientemente sensible para medir concentraciones
bajas de humo de creosota. Se puede realizar un
muestreo de |os componentes importantes, como los
PAH suspendidos en €l aire, mediante un filtro de
politetrafluoroetileno conectado a un tubo absorbente y
analizarlos tras su extraccion por cromatografia de gases
de alta resolucion o cromatografia liquida de alto
rendimiento. Se puede hacer un muestreo de otros
componentes volatiles de la creosota en tubos
absorbentes.

En la evaluacion de la exposicion ala creosota se
han utilizado los metabolitos urinariosde los PAH, 1-
pirenol (1-hidroxipireno) y 1-naftol (1-hidroxinaftaleno).
2. Fuentes de exposicion humanay
ambiental

La creosota de alquitran de hulla es un conservante
de la madera 'y un agente impermesabilizante de
estructuras en tierra'y en aguas marinasy dulces, asi
como de traviesas de ferrocarril de distintos tipos,
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plataformas de puentes y muelles, postes, casas de
madera, vallas y equipo para campos de juegos para
nifios.

Lamayor parte de la creosota utilizada en la Unién
Europea se destina a | aimpregnacion de la madera a
presion. En los Estados Unidos y otros muchos paises €l
uso de la creosota de alquitran de hulla est4 limitado a
aplicadores certificados.

L os usos en productos distintos de la madera
incluyen aplicaciones antiincrustantes en pilotes marinos
de hormigdn. La creosota puede ser un componente de la
brea para techar, €l petréleo combustible, el negro de
humo y un lubricante para troquel es. Otros usos
notificados son como repelente de aves 'y de otros
animales, insecticida, bafio antiparasitario paraanimales
y fungicida.

La produccion de creosota en los Estados Unidos se
divide en dos categorias: destilada (100%) y en solucion
de alquitrén de hulla. La produccion destilada en 1992
fue de 240 000 toneladas y en solucion de alquitran de
hulla de 110 000 toneladas. La produccion de creosota
en la Unién Europea se ha estimado en unas 60 000-
100 000 toneladas &l afio.

Durante laimpregnacion de los productos de la
madera a presion, se puede liberar de los productos
tratados el exceso de aeosota. Ha sido frecuente la
lixiviacién de los desechos vertidos en estos lugares de
aplicacion. La creosota también puede pasar a medio
ambiente a partir de las instalaciones mediante
emisiones d aire.

3. Transporte, distribuciéon y
transformacion en el medio ambiente

El transporte y distribucién de la creosota en €l
medio ambiente es un proceso complejo que depende de
las propiedades fisicoquimicas de |os componentes que
laintegran y de su interaccidn con las propiedades de la
matriz, asi como de| as condiciones ambientales. En
general, la creosota se distribuye en todos los comparti-
mentos del medio ambiente (aire, agua, sedimento,
suelo, biota). Sin embargo, los destinos principales de
sus componentes en el medio ambiente son el sedimento,
el suelo y las aguas fredticas.

Por lo general, los compuestos fendlicos, los PAH
de bajo peso molecular y algunos heterociclos tienden a
localizarse de manera predominante en la fase gaseosa.
También se pueden encontrar en la atmésfera elementos
constitutivos de la creosota como particul as en suspen-
sion.

La volatilizacion de la creosota de las aguas
superficiales no se considera un proceso significativo.
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Lacirculacién de la creosota en los sistemas
acuaticos depende de la solubilidad acuosa, la afinidad
por las fases orgénicas y la capacidad de sorcién de los
componentes. En general, la fraccion altamente soluble
comprende compuestos fendlicos y heterociclicos, asi
como PAH de bajo peso molecular. Los compuestos
aromaticos de peso molecular elevado, de solubilidad
relativamente bajay con capacidad de adsorcién alta
predominan en los sedimentos asociados. Sin embargo,
se puede producir un desplazamiento de compuestos de
peso molecular alto debido a su transporte junto con
contaminantes presentes en 1os coloides

En observaciones sobre €l terreno y experimentos de
lixiviacion en el laboratorio se han puesto de manifiesto
pérdidas de componentes de la creosota a partir de
construcciones de madera tratada con este producto
durante lainmersién en agua. La capacidad delixivi-
acion de los componentes de la creosota era mayor en €l
agua dulce que en el agua marina. La velocidad de
migracién aumenta con latemperaturay disminuye con
laantigliedad de los pilotes. La lixiviacion de los
heterociclos que contienen nitrogeno es mas rapida que
ladelos PAH y la del dibenzofurano.

Lavelocidad del transporte vertical u horizontal de
los componentes de la creosota en el suelo depende de
sus propiedades fisicoquimicas, asi como de las
propiedades del suelo y de las condiciones medio-
ambientales. En experimentos con modelos de
laboratorio y sobre €l terreno (simulando derrames de
creosota) se observé un retraso elevado del transporte de
los compuestos de peso molecular bajo. Algunos de los
compuestos de la creosota desprendidos de | os productos
de lamadera hacia el suelo circundante pueden persistir
durante decenios.

Las plantasy |os animales terrestres solamente
absorben en peguefia medida los PAH de la creosota. No
se dispone de datos cuantitativos sobre la absorcion de
compuestos de creosota por los animales de granja.
Algunos invertebrados acuéticos y peces vigilados sobre
el terreno y en estudios de laboratorio mostraron una
absorcién importante de PAH derivados de la creosota.
Es posible la transferencia al suministro de alimentos
humanos mediante el pescado y el marisco contam-
inados.

La biodegradabilidad de los elementos constitutivos
de la creosota es variable. En general, la eficacia de la
degradacion aerobia es mayor que la de la anaerobia. La
degradacion de los conpuestos fendlicos es relativa
mente facil. Dentro de los PAH, la degradabilidad parece
ser inversamente proporcional a ndmero de anillos
aromaticos. Algunos compuestos heteroaromaticos se
eliminan con rapidez, mientras que otros son mas
persistentes. Parece que la biotransformacién de los
componentes de |a creosota predomina sobre la
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mineralizacion. En algunos casos, los intermediarios
formados pueden ser mas persistentes, maéviles o toxicos
que los compuestos de |os que proceden.

Ademés de las caracteristicas estructurales de los
productos quimicos, en su degradacion o transformacion
in situ influyen algunos otros factores, como la bio
disponibilidad, la adaptacién microbiana, el suministro
de oxigeno y la disponibilidad de nutrientes.

Aungue se ha examinado poco este aspecto, parece
que los peces metabolizan los PAH de la creosota con
mayor rapidez que |os invertebrados acuaticos.

La transformacién fotoquimica parece ser el
mecanismo abiético méas importante mediante el cual
algunos constituyentes de la creosota, como los PAH y
los compuestos heterociclicos y fendlicos, se
transforman en la atmésfera y, en menor grado, en €l
aguay el suelo. Lafotooxidacién predomina sobre la
fotolisis directa. En un estudio de irradiacion de
determinados PAH por separado o de |os mismos
presentes en una mezcla de creosotas se puso de
manifiesto la tendencia hacia una disminucion de la
fotorreactividad en la mezcla en comparacion con las
pruebas individuales.

En los invertebrados acuéticos y 1os peces se
produce una bioacumulacién de componentes de la
creosota, como se ha demostrado sobre todo paralos
PAH mediante estudios de vigilancia sobre el terreno de
zonas contaminadas por creosota, experimentos de
relocalizacion y estudios de laboratorio o de micro
cosmos. En gener al, los perfiles de los PAH en los
insectosy los cangrejos de rio suelen ser semejantes a
los observados en los sedimentos, mientras que los peces
tenian valores muy alterados de larazén entre los PAH
de peso molecular bajo y de peso molecular alto.
Raramente se han notificado factores de bioconcen
tracion en relacion con la exposicion a la creosota. Sin
embargo, se ha estimado que los factores de bioconcen-
tracion para los componentes de los PAH procedentes de
sedimentos contaminados por creosota oscilan entre 0,3
y 73 000.

Se han elaborado diversas estrategias de correccion,
principalmente para las aguas freéticas y 10s suelos
contaminados por creosota. La mayor parte de los
tratamientos lograron reducciones significativas de
determinadas sustancias, pero lareduccién del potencial
téxico de las matrices tratadas tuvo un éxito nulo o sélo
parcial.

Lamaderatratada con creosota no se descompone
en el medio ambiente, por lo que su eliminacién es
problematica. Dicha madera no se debe incinerar en
condiciones no controladas, dado que se pueden producir
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sustancias toxicas, como PAH y dioxinas halogenadas y
furanos.
4. Niveles ambientales y exposicién
humana

Los muy escasos datos disponibles para las
concentraciones en el aire ambiente se refieren alas de
determinados PAH en las cercanias de instalaciones de
creosota. Se ha notificado para el naftaleno una
concentracion méxima de 90 ng/m? a una distancia de
2000 m. Las concentraciones decrecian a aumentar la
distancia de las instal aciones de tratamiento con
creosota: por ejemplo, de 64 ng/m* a 500 m a 1,6 ng/m®
a 5000 m para el fluoranteno o de 5 ng/m3 alo0 ma
0,6 ng/m* a 2000 m parael BaP.

Se ha comprobado que las muestras de agua fredtica
recogidas cerca de vertederos de creosota en diversos
paises contienen PAH y compuestos fendlicos, hetero-
ciclicosy de BTEX (benceno, tolueno, etilbencenoy
xileno). Los datos de vigilancia de 44 vertederos de
creosota daneses pusieron de manifiesto concentraciones
(percentil 90) de 30 pg/l parael BaPy 50 pg/l parae
criseno. Las concentraciones mas elevadas de varios
compuestos heterociclicos, fendlicos o de BTEX por
separado detectadas en las inmediaciones de varios
vertederos de creosota eran del orden de 10-80 mg/l.

Se encontraron concentraciones de algunos mg/I
para determinados PAH en aguas de rio afectadas por un
derrame de creosota que se habia producido 10 afios
antes. Se vigilaron 12 PAH por separado en muestras de
agua de una corriente de drenaje cercana a zonas de
trabajo con creosota. Las concentracianes maximas
fueron de 0,02 ug/l (benzo[b]fluoranteno y benzo[k]-
fluoranteno) a 153 ug/l (naftaleno), con concentraciones
de BaP de hasta 0,05 pg/l.

Se han observado asimismo concentraciones
elevadas de PAH en pequefias corrientes de agua cuyos
taludes estaban protegidos por estructuras de madera
tratada con creosota 0 en zanjas localizadas junto alas
vias de ferrocarril, donde se instalaban postes de madera
tratada con creosota para las lineas de energia el éctrica o
de telecomunicaciones. La concentracién méxima de
BaP medida fue de 2,5 pg/l. La concentracion total
media de PAH en las zanjas fue de unos 600 pg/l.

En las proximidades de instal aciones de proteccion
de lamadera, la concentracién méaxima para el total de
los PAH presentes en los sedimentos as cendié a unos
20 000-30 000 mg/kg de peso seco; la concentracion
maxima para el total de los heterociclos de nitrogeno fue
del orden de 1000 mg/kg de peso seco. Se han medido
concentraciones de BaP de hasta varios cientos de mg/kg
de peso seco. El heterociclo més abundante era el
carbazol (18 mg/kg de peso seco). En los sedimentos
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cercanos a construcciones de madera tratada con
creosota (pilares, proteccién de taludes, postes/traviesas)
se detectaron concentraciones totales de PAH de hasta
1200 mg/kg de peso seco, con una concentracion media
de BaP de unos 2 mg/kg de peso seco.

Se han documentado concentraciones elevadas de
compuestos derivados de |a creosota en suel os cercanos
ainstal aciones abandonadas de produccién/utilizacion
de creosota en varios paises, con concentraciones
maximas de varios miles de mg/kg de peso seco parala
concentracion total de PAH y de casi 100 mg/kg paralos
fenoles totales. Se han notificado concentraciones de
“contenido de aceite de creosota’ de hasta 90 000 mg/kg
de peso seco alrededor de postes tratados. El suelo de
una zona de almacenamiento de traviesas de ferrocarril
impregnadas o la arena de campos de juegos delimitados
por vigjas traviesas de ferrocarril tratadas contenian una
concentracion total de PAH de hasta 20 mg/kgo hasta
unos 2 mg/kg de peso seco, respectivamente. Las
concentraciones de BaP presentes en suelos cercanos a
lugares de tratami ento/al macenamiento de madera
alcanzaron un maximo de 390 mg/kg de peso seco, las
obtenidas cerca de postes tratados con creosota 6 mg/kg
y las de la arena de campos de juego 0,2 mg/kg.

L os productos de madera impregnada con creosota
pueden contener concentraciones elevadas de PAH,
incluso después de varios decenios de uso; también
pueden estar presentes compuestos fendlicos y
heterociclicos. Por ejemplo, se haobservado que las
concentraciones medias (mg/kg de madera) en la madera
tratada con creosota oscilan entre 1510 (quinolina) y
11 990 (fenantreno). Las traviesas de madera instaladas
en campos de juegos mostraban concentraciones de BaP
de hasta 1570 mg/kg de virutas.

Se ha observado que el pescado y el marisco
comestibles capturados en zonas contaminadas por
creosota 0 mantenidos en jaulas tratadas con este
producto contenian concentraciones mas elevadas de
PAH y sus metabolitos. La concentracién media de BaP
en la carne de la cola de las langostas de los mercados
comerciales aumentaba de 0,6 a 79 pg/kg de peso
himedo tras unos tres meses de estar enjauladas.

Se han detectado PAH derivados de la creosota en
concentraciones significativamente superiores alos
niveles de fondo en diversas clases de fauna acuética,
con inclusion de insectos, moluscos, crustaceosy peces
recogidos en varios lugares contaminados por creosota
en entornos de agua dulce o de estuariog/marinos. En
general, las concentraciones eran més elevadas en los
invertebrados (hasta de varios cientos de mg/kg de peso
seco). Las concentraciones del total de PAH en el higado
de los peces que vivian en sedimentos contaminados por
creosotay en los organismos invertebrados que les
servian de alimento eran de hasta 1 y 84 mg/kg de peso
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seco, respectivamente (en comparacion con 0,1y

0,5 mg/kg de peso seco en los testigos). Se observo la
presencia de compuestos heterociclicos en los caracoles
(Thais haemastoma) procedent es de una bahia cercana a
una instalacion de proteccion de la madera en concen-
traciones de hasta unos 10 pg/kg de peso himedo y de
PAH en concentraciones de hasta unos 200 pg/kg de
peso huimedo.

Puede haber exposicion de la poblacion general ala
creosotao sus componentes mediante la manipulacion
de ésta o de los productos que la contienen o por
contacto con el aire, el agua, €l suelo o los alimentos
contaminados por creosota. Las vias de exposicion son
lainhalacion, la bebida/ingestion y el contacto cutaneo.

Debido a la complegjidad de |la creosotay alas
numerosas situaciones de exposicion diferentes, dicha
exposicién puede variar tanto cualitativa como cuan
titativamente. No obstante, se han realizado algunas
estimaciones para dos hipétesis importantes de expo-
sicion utilizando BaP como sustancia marcadora y
tomando como base varias premisas. En consecuencia,
se ha evaluado una exposicion diaria por contacto
cutaneo de unos 2 ng de BaP/kg de peso corporal en
nifios que juegan en campos cuyo material estatratado
con esta sustancia. La ingesta diaria de BaP a partir del
consumo de hortalizas y frutas procedentes de huertos
préximos a instalaciones de produccién de creosota se ha
estimado que es del orden de 1,4 a 71,4 pg/kg de peso
corporal.

Hay un estudio que proporciona datos de vigilancia
interna de | as personas que viven en las inmediaciones
de unainstalacion de impregnacién de creosota. Los
valores de excrecion del 1- y 2-naftol fueron significativ-
amente superiores en 10s residentes expuestos que enlos
testigos. Por gjemplo, las concentraciones medias de 1-
naftol en las muestras de orina tomadas por la mafiana
fueron de 2,5 pmoles/mol de creatinina para el grupo
expuesto y de 1,2 umoles/mol de creatinina para el no
expuesto. La excrecion de 1-pirenol no diferia de manera
significativa.

Se puede producir exposicion ocupacional ala
creosota durante su fabricacion, uso, transporte o
eliminacion o la de los productos de madera tratados con
ella. Lamayor parte de |los datos disponibles son de
personas que trabajan en la proteccién de la madera.

Las concentraciones de aerosoles de creosota
controlados como productos vol&tiles de brea de
alquitran de hulla por métodos similares en instal aciones
de impregnacién de la madera alcanzaron valores
maximos de hasta 9700 ug/ms. El promedio total
ponderado por €l tiempo de las concentraciones de
vapores de creosota variaban entre 0,5 y 9,1 mg/nt, con
maximos de hasta 71 mg/m3, en instalaciones de
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impregnacion de lamaderay entre 0,1y 11 mg/m3 enlos
lugares de trabajo donde se manipulaba madera tratada.
L as concentraciones medias de PAH en forma de
particul as oscilaban entre 0,2 y 106 ug/m3 enlas

instal aciones de impregnacion y entre 0,8y 46 ug/m3 en
la manipulacion de la madera impregnada. La propor-
cion de PAH unidos a particulas en relacién con latotal
parecia ser inferior a 4%.

L os compuestos predominantes de la fase de vapor
de las instalaciones de impregnacion de la madera eran
el naftaleno, los metilnaftalenos, el indeno, el acenafteno
y el fluoreno; | cs principales PAH de la fase particulada
eran el fluoreno, el fenantreno, el antraceno y el pireno.
L as concentraciones maximas de las sustancias
marcadoras, como €l naftalenoy el BaP (este Ultimo
fundamentalmente unido a particulas) eran de hasta
41 mg/m’ y 1 ug/m’, respectivamente. Un PAH
heterociclico abundante era el benzotiofeno, con
concentraciones de hasta 2800 ug/m3. Las concen-
traciones de fenil, bifenil y metil estirenos no excedian
de 2000, 1000 y 3000 pug/m?, respectivamente. En la
vigilancia del aire durante las operaciones de limpieza de
suelos muy contaminados por creosota se detectaron
concentraciones de exposicion de hasta 0,9 mg/m3 para
los PAH volétiles, 0,2 mg/m3 paralos PAH particulados
y < 0,002 mg/m®paralos BaP.

Unaviaimportante de exposicion profesiona ala
creosota es la cutanea. Se ha estimado que mas del 90%
del pirenoy entre el 50y el 70% del naftaleno penetran
por esta via. La concentracion total media de pireno
sobre la piel de los trabajadores de la impregnacion con
creosota era de aproximadamente 1 mg/dia en los
trabajadores sin ropa de proteccion. La ropa de protec-
¢ion reducia la contaminacién cutanea por pireno de los
trabajadores de la impregnacion como promedio alre
dedor de un 35% .

Se havigilado la concentracion de dos metabolitos
de los PAH, el Xnaftol y el 1-pirenol, como marcadores
internos de la exposicién a la creosota. Por gjemplo, la
concentracién urinaria media de 1-naftol en los trabaja-
dores finlandeses de instal aciones de impregnacion de la
maderay en ensambladores que manejaban madera
tratada era de 1350 y 1370 umoles/mol de creatinina,
respectivamente. La concentracién urinaria media de 1-
pirenol era en estos impregnadores de la madera unas
10 veces superior (64 pmoles/mol de creatinina) alade
los ensambladores. También se ha observado un
aumento de los valores de 1-pirenol en laorinadurante
el turno de trabajo en trabajadores que intervenian en la
produccién de creosota o la limpieza de suelos contam-
inados por ella. Habia una correlacion elevada de las
concentraciones de 1-pirenol con las diferencias en la
contaminacion cutanea por pireno, pero baja con las
diferencias en las concentraciones de pireno en el aire de
zonas en las que se respiraba.
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Los célculos de la exposicién basados en los
metebolitos excretados (més los datos de vigilancia del
airey/o lapiel) parecen indicar una absorcion diaria de
15 6 16 mg/trabajador (ensamblador o impregnador)
para el naftaleno. Las estimaciones para el pireno no
sobrepasaban los 5 mg/trabajador a dia.

5. Cinética y metabolismo comparativos
en animales de laboratorio y en el ser
humano

No hay ningun estudio en animales de laboratorio o
en personas que mida la velocidad especificay la
magnitud de la absorcion de creosota de alquitrén de
hullatras la exposicion oral, respiratoria o cutanea. Sin
embargo, hay pruebas de una absorcién importante de
componentes de la creosota gracias a la deteccion de
metabolitos de los PAH de la creosota en la orina de
trabajadores o voluntarios expuestos a esta sustanciay la
deteccion de aductos de PAH-ADN en tejidos animales
0 humanos tras la exposicion a ella. También hay
pruebas indirectas derivadas de | os efectos tdxicos
originados por la creosota en animales de laboratorio o
en personas. Ademas, |os estudios sobre componentes
aislados ponen de manifiesto un potencial de absorcién
importante de los distintos PAH, aunque su valor
predictivo parala cinética de la absorcidn cuantitativa
tras la exposicion ala mezcla sea limitado.

No se han realizado estudios especificos de
distribucion parala creosota de alquitran de hulla.

Con arreglo alas principales vias metabdlicas de los
PAH se han medido algunos de sus hidroximetabolitos,
por ejemplo el I-naftol y el 1-pirenol, en la orina de
personas expuestas a la creosota.

En general, los PAH (metabolizados o no) se
pueden excretar en la hilis, las hecesy la orina, asi como
en la leche materna, con independencia de la via de
absorcién. Sin embargo, los estudios especificos sobre la
eliminacion y excrecién de la creosota de alquitrén de
hulla se han limitado a la determinacion de los
metabolitos de los PAH en la orina humana. Se han
detectado niveles urinarios elevados de 1-naftol y 1-
pirenol en trabajadores de varias instalaciones de
tratamiento de la madera con creosotay en ensambla
dores que manipulaban la madera impregnada. Las
comparaciones entre la ingesta diaria estimada de
naftaleno/pireno por inhalacién y la excrecién urinaria
de I-naftol/1-pirenol indicaba una notable contribucion
de las vias de absorcién distintas de lainhalacion,
especialmente para el pireno. Se ha demostrado
asimismo la relevancia de la absorcién cutanea para la
excrecion de J-pirenol en los trabajadores que utilizaban
ropa de proteccion, con la consiguiente reduccion
significativa de la contaminacion cutdneay de la
excrecion de Ipirenol. El tratamiento tépico de
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voluntarios con una dosis Uinica de creosota aumento
considerablemente la excrecion basal de 1-pirenol.

Las semividas de eliminacion para el 1-naftol y 1-
pirenol fueron del orden de horas o dias.

Lamayor parte de los estudios sobre las interacci-
ones de |la creosota con componentes celulares se
refieren ainteracciones de los PAH de la creosota con
los &cidos nucleicos. Se han detectado aductos de PAH-
ADN en ratones, ratas y peces tras la exposicion
experimental o ambiental a la creosota.

6. Efectos en mamiferos de laboratorio y
en sistemas de ensayo in vitro

De acuerdo con algunos estudios limitados, las
creosotas tienen en |os animales de experimentacion una
toxicidad aguda entre baja y moderada. El valor mas
bajo de la DLso, de 433 mg/kg de peso corporal, se
notificd paralos ratones tras la exposicion oral. Hay
poca informacion fidedigna sobre los efectos de las
creosotas tras una exposicion breve. Se ha observado
pérdida de peso corporal en ratas, ovejasy terneros
después del suministro de dosis de creosota por via oral.

Algunos estudios limitados anteriores con ratones
indicaban una actividad carcinogénica de las creosotas
tras la aplicacion tépica. Los tipos de tumores eran no
sblo carcinomas y papilomas cutaneos, sino también
carcinomas de pulmén. En un estudio epicutaneo mas
reciente realizado en ratones con dos preparaciones
diferentes de creosota de alquitran de hulla (CTP1:
contenido de BaP de 10 mg/kg; CTP2: contenido de BaP
de 275 mg/kg), se confirmd el potencial carcinogénico
de las creosotas con respecto a la induccion de tumores
cutdneos. Habia una relacion lineal dosis-efecto entre la
incidencia de tumoresy el contenido de BaP de ambas
creosotas. L as creosotas fueron unas cinco veces mas
potentes de lo que cabia esperar de los tratamientos con
BaP puro. Los efectos no neopl sicos observados en este
estudio prolongado (78 semanas) fueron ul ceraciones
cuténeas y disminucién de lalongevidad.

Se ha demostrado que varias creosotas son irritantes
de lapiel en los animales. Los datos sobre la irritacion
ocular son contradictorios.

No hay ningin estudio adecuado en animales sobre
latoxicidad reproductiva o en el desarrollo. Sin
embargo, se ha demostrado que la creosota puede
desencadenar in vitro actividades mediadas por
estrégenos, lo cual indica un cierto potencial de trastorno
endocrino. También se han notificado efectos adversos
sobre la reproduccion en peces expuestos a ella

Diversas pruebas in vitro basadas en sist emas de
bacterias y de mamiferos han puesto de manifiesto que
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la creosota es genotoxica. La pauta de genotoxicidad
observada era similar ala que se producia en los PAH.
La creosota fue también genotdxica en una prueba in
vivo de micronucleos en ratones.

Las pruebas realizadas en cultivos de células de
peces mostraron que la citotoxicidad de la creosota
aumenta mediante la radiacion con luz ultravioleta. Esto
es coherente con €l potencial fototoxico conocido de
algunos PAH.

Se ha demostrado que la creosota es inductora de
enzimas microsomales hepéticas en mamiferos de
|aboratorio.

7. Efectos en el ser humano
7.1 Poblacion general

Apenas hay informacion sobre |os efectos de la
creosota de alquitran de hulla en la poblacion general.

Se conocen casos deintoxicacion incidental o
accidental relacionados con la creosota, principa mente
debido a su utilizacién como plaguicida. Se produjeron
fallecimientos tras la ingestion de 1-2 g (nifios) o unos
7 g (adultos). Entre los sintomas cabe mencionar
salivacion, vomitos, dificultades respiratorias, vértigo,
dolor de cabeza, pérdida de reflejos pupilares, hipo-
termia, cianosis, convulsiones, etc., acompafiados de
dafios orofaringeos, intestinales, pericardicos, hepéaticos
y renales.

Se ha indicado en los Estados Unidos una mayor
incidencia de erupciones cutaneas en personas residentes
en una instalacion abandonada de tratamiento de la
madera con creosota o cerca de ella.

Las pruebas de incidencia de cancer tras la expo-
sicion ambiental se limitan a un informe sobre casos de
cancer de mamay gastrointestinal en mujeres de una
poblacion expuesta a un suministro de agua contaminada
por creosota en los Estados Unidos. Sin embargo, no se
pudo demostrar claramente si se debia ala creosota o a
factores de riesgo de confusion.

7.2 Exposicion ocupacional

La mayoria de los informes sobre los efectos de la
creosota de alquitran de hulla en las personas se refieren
ala exposicién ocupacional, derivada fundamental mente
del contacto cuténeo y/o por inhalacién con creosota o
madera tratada con ella.

L os efectos mas manifiestos eran irritaciones o
lesiones de lapiel y los 0jos, en particular reacciones
fototdxicas o fotoalérgicas, a veces acompafiadas de
sintomas generales como depresion, debilidad, dolor de

cabeza, ligera confusion, vértigo, nauseas, aumento de la
salivacion o vémitos. Se ha observado fotosensibili-
zacion (sensibilizacién de lapiel alaluz ultravioleta
mediante la creosota) en trabajadores expuestos a esta
sustancia.

En estudios de cohortes de impregnadores de la
madera suecos y noruegosy en trabajadores de madera
en rollo finlandeses se ha detectado un mayor riesgo de
induccion de cancer de labios y de piel. No se ha
estudiado de manera adecuada |la posible interaccion con
la exposicién alaluz solar. La mort alidad por cancer de
escroto fue elevada entre | os fabricantes de ladrillos
expuestos a la creosota.

Algunos estudios epidemiol 6gicos aislados parecen
indicar un posible riesgo de cancer de vejiga, mieloma
multiple y cancer de pulmén debido ala exposicion ala
creosota. De dos estudios de casos y testigos se dedujo
un aumento del riesgo de tumores cerebralesy neurc
blasomas entre la descendencia de trabajadores varones
con posible exposicion a la creosota.

Todos los estudios epidemiol 6gicos se basaron en
estimaciones cualitativas de la exposicién mas que en
mediciones.

8. Efectos en otros organismos en el
laboratorio y en el medio ambiente

Los vaores de la CE; (15 minutos) determinados
mediante la prueba Microtox (inhibicion dela
bioluminiscencia de Photobacterium phosphoreum o
Vibrio fischeri) de distintas creosotas de alquitran de
hulla (en soluciones de acetona) fueron de 0,38 a
0,63 mg/l. También se ha observado una disminucion
significativa de la bioluminiscencia en comparacién con
los testigospara varias muestras tomadas del medio
ambiente contaminadas por creosota, tales como
sedimentos (con inclusién de sus elutriados y su agua
capilar) y aguas freaticas. Ademas, se ha detectado una
fuerte inhibicion de la nitrificacion por una solucion de
lixiviacion contaminada por creosota.

La creosota indujo signos de estrésy crecimiento
anormal en plantas acuéticas expuestas de manera
experimental. Se pudieron observar cambios visuales en
Myriophyllum spicatum con concentraciones nominales
de creosota de solo 1,5 mg/l. Se calcularon valores de la
CEs( para una disminucién de la produccion de nudos, la
longitud de los tallosy el peso seco de 86, 55y 33 mgl/l,
respectivamente. Ademas, la transferencia de iones a
través de la membrana aumenté de manera si gnificativa
y dependiente de |a dosis para concentraciones de
creosota de 0,1 a 92 mg/l. Se ha demostrado el potencial
fototdxico en Lemnagibba: losvalores delaCEsgg
(nominal) paralareduccion de la tasa de crecimiento
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disminuy6 de 54 mg/l (bajo luz visible de laboratorio) a
12 mg/l en condiciones de radiacién solar simulada.

Se han medido en invertebrados acuéticos valores
de la CE;¢/CL 55 de la creosota del orden de 0,02-
4,3 mg/l. Las fases larvarias resultaron mas sensibles que
las adultas. La exposicion durante toda la vida de
Daphnia pulex a fracciones de creosota solubles en agua
produjeron una disminucién de la tasa de crecimiento y
trastornos reproductivos.

Se ha observado un aumento de la susceptibilidad a
las infecciones en las ostras orientales (Crassostrea
virginica) expuestas a diluciones del 15% y el 30% de
sedimento contaminado por creosota. Se ha detectado un
aumento de la mortalidad en muchas especies de
crustaceos expuestas en el laboratorio a matrices
contaminadas en el medio ambiente por creosota. Se han
registrado en Mysidopsis bahia (crustéceo) efectos
subletales, por ejemplo una disminucion del aumento del
peso seco y de laproporcién de hembras prefiadas; |la
CE;5 en siete dias para estos efectos mas leves fue de
0,015 pg del total de los hidrocarburos aromaticos
identificados/I.

L os extractos de acetona de sedimentos contam-
inados por creosota mostraron una toxicidad aguda para
Nitocra spinipes (crustéceo) comparable con lade la
creosota.

La creosota tiene toxicidad aguda para los peces,
siendo la CLsy, més baja notificada de 0,7 mg/l.

Se ha demostrado que €l agua fredtica, el agua o los
sedimentos contaminados por creosota (con inclusion de
las aguas asociadas) provocan efectos adversos en la
reproducciény el desarrollo de los peces. Se calculd que
la CLso para €l éxito de la eclosion era de 0,05 mg de
creosota/l. Losvalores delaClso determinados en el
verrugato croca (Leiostomus xanthurus) disminuyeron
con el aumento de la duracion de la exposicién a
sedimento contaminado por creosota durante 7 -28 dias
de exposicion.

Los datos sobre los efectos de la exposicion ala
creosota en los organismos terrestres son limitados. En
una prueba de elongacion de las raices de Allium cepa
con distintas creosotas se obtuvieron valores de la CEsg a
las 96 horas (para la reduccion de lalongitud de las
raices) de 18 a 34 mg/l. Las lombrices de tierra (Eisenia
foetida) expuestas a suelo contaminado por creosota (por
gjemplo, unos 1000 mg de PAH totales/kg de peso seco)
murieron a los pocos dias.

En las cercanias de fuentes de creosota, se han
observado en microorganismos acuéticos, invertebrados
acuaticos y peces efectos adversos semejantes alos
inducibles por esta sustancia en el laboratorio. Los peces
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procedentes de lugares muy contaminados por creosota
(sedimentos) mostraron una elevada prevalencia de
neoplasmas hepaticos y extrahepéticos, trastornos de la
situacion inmunitaria (reduccion de la actividad de los
macro6fagos) y trastornos de la funcion reproductiva.

En una serie de estudios de microcosmos acuaticos
en el exterior en el que se afiadia creosota, hubo una
répida reduccion dependiente de la concentracion de la
abundancia de zooplancton y el nimero de taxones, con
una CEsg (alos cinco dias) de 45 g de creosotall
(nominales). En cambio, no se observaron efectos
adversos directos en la comunidad de fitoplancton. En
otra prueba, las truchas arco iris (Oncorhynchus mykiss)
expuestas a 100 pl de creosota/l (nominales) murieron
en tres dias. En concentraciones mas bajas, aparecieron
alteraciones inmunol égicas en 28 dias (concentracion
més baja con efectos observados [LOEC]: 17 pl de
creosota/l [nominales]). La inmunomodulacién inducida
por creosota fue reversible durante la exposicion
continua. Se observaron dafios oculares dependientes de
laconcentracion y una elevada actividad de la etoxi -
resorufin-O-deetilasa hepética con 3y 10 ul de
creosota/l (nominales).

Hay observaciones sobre el terreno en organismos
terrestres relativas a casos fatales de posible intoxicacion
por creosota en la floray fauna silvestres (rinoceronte
negro, Diceros bicornis) y en animales de granja que
tenian acceso principalmente a contenedores de madera
tratada recientemente con creosota o de creosota.

9. Evaluacién del riesgo

La creosota es un carcinégeno genot 6xico para el
que no se ha determinado ningun umbral. Hay pruebas
convincentes obtenidas en estudios con personas de que
la creosota provoca cancer de piel, pero con esos
estudios no se puede realizar un andlisis de larelacion
dosis-respuesta.

En un estudio en el que se examing la carcino-
genicidad cutanea en ratones de dos muestras de
creosota de alquitran de hulla con distintos contenidos de
BaP por una parte y de BaP solo por otra, se registrd un
aumento significativo de la tasa de formacién de
papilomas y carcinomas de células escamosas en el
punto de la aplicacion. Sin embargo, no se examinaron
otros 6rganos. Se observé una relacion lineal entre el
indice de tumores y la dosis de BaP en la solucion de
creosota aplicada en la piel. No se encontraron pruebas
de un umbral para los efectos carcinogénicos. El andlisis
de larelacion dosisrespuesta dio lugar a un factor de
pendiente de 4,9 x 10 tumores/animal para unadosis
total de 1 pg de BaP. En este estudio, basado en su
contenido de BaP, la creosota parecia unas cinco veces
mas carcinogénica que una solucién de BaP solo.
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Los datos de vigilancia en las personas relativos a
este tipo de exposicion son limitados; por consiguiente,
no se ha incluido agui una evaluacion del riesgo de
muestra.

Se hamedido la creosota en € aire, € agua,
suelo, el sedimento y labiota. El destino de los
componentes de |la creosota depende en gran medida de
las propiedades fisicoguimicas de dichos componentes,
|as propiedades de la matriz, la presencia de organismos
gue los degradan o acumulan y las condiciones
ambientales. La creosota puede plantear un riesgo
significativo parala biota cuando se producen derrames
0 una acumulacién. En estudios de laboratorio se ha
demostrado la toxicidad de |a creosota paralos
organismos acuéticos y terrestres, mientras que en
estudios sobre el terreno se han demostrado asimismo
efectos adversos tras la exposicion a ella. Hasta el
momento no esta claro qué componentes de la creosota
pueden servir como indicadores de la contaminacion y la
toxicidad de la creosota en el medio ambiente.
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