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Synopsis

Di-n-octyl phthalate (DnOP), the straight chain dioctyl ester of phthalic acid, is not
produced in Canada. Approximately one tonne, however, is used in Canada each year. Di-
n-octyl phthalate has been detected occasionally in industrial liquid effluents and in sewage
sludge in Canada, and less frequently in surface waters and sediments. No data have been
identified on concentrations of DnOP in air, precipitation, soil, or biota in Canada. This
substance is not persistent in air or surface water, but may persist and accumulate in
sediment under anaerobic conditions.

The maximum concentration of DnOP reported for surface waters in Canada is
approximately five times less than the chronic effects threshold estimated for the most
sensitive aquatic species. Although no data were identified on the toxicity of DnOP to
wildlife and benthic organisms, it is considered that, on the basis of its limited use,
exposure of these organisms is unlikely to result in harmful effects.

Based on the limited use of DnOP in Canada and its rapid removal from the
atmosphere by photo-oxidation, concentrations in the atmosphere are likely to be small.
Consequently, DnOP is not expected to contribute significantly to formation of ground-
level ozone, global warming, or depletion of stratospheric ozone.

The available information was considered inadequate to quantitatively estimate the
exposure of the general population in Canada to DnOP or the associated potential health
risk.

Based on these considerations, it has been concluded that di-n-octyl phthalate
is not entering the environment in a quantity or concentration or under conditions
that are having a harmful effect on the environment or that constitute a danger to the
environment upon which human life depends. There are insufficient data to conclude
whether DnOP is entering the environment in a quantity or concentration or under
conditions that constitute a danger to human life or health.
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1.0 Introduction

The Canadian Environmental Protection Act (CEPA) requires the Minister of the
Environment and the Minister of Health to prepare and publish a Priority Substances List that
identifies substances, including chemicals, groups of chemicals, effluents, and wastes, that may
be harmful to the environment or constitute a danger to human health. The Act also requires both
Ministers to assess these substances and determine whether they are "toxic" as defined under
Section 11 of the Act, which states:

“…a substance is toxic if it is entering or may enter the environment in a quantity or
concentration or under conditions

a) having or that may have an immediate or long-term harmful effect on the
environment;

b) constituting or that may constitute a danger to the environment on which
human life depends; or

c) constituting or that may constitute a danger in Canada to human life or
health.”

Substances that are assessed as "toxic" as defined under Section 11 of the Act may
be placed on Schedule I of CEPA. Consideration can then be given to developing
regulations, guidelines, or codes of practice to control any aspect of this substance’s life
cycle, from the research and development stage through manufacture, use, storage,
transport, and ultimate disposal.

The assessment of whether di-n-octyl phthalate (DnOP) is "toxic", as defined under
CEPA, was based on the determination of whether it enters or is likely to enter the
Canadian environment in a concentration or quantities or under conditions that could lead
to exposure  of humans or other biota at levels that could cause adverse effects.

Data relevant to the assessment of whether DnOP is "toxic" to the environment
under CEPA were identified from existing review documents, published reference texts,
and on-line searches conducted between September 1991 and March 1993, of the following
commercial databases: CAB Abstracts (1984 to 1993), CHEMICAL ABSTRACTS (1985
to 1991), Chemical Evaluation Search and Retrieval System (CESARS), Hazardous
Substances Data Bank (HSDB), IRPTC-LEGAL, and POLLUTION ABSTRACTS (1985
to 1991). Data relevant to the assessment of whether DnOP is "toxic" to the environment
obtained after April 1993, have not been included.

To identify toxicological data relevant to the assessment of whether DnOP is
"toxic" to human health under CEPA, a background review was prepared under contract
by the British Industrial Biological Research Association Toxicology International
(BIBRA) in 1991. Information therein was identified on the basis of a literature search of
BIBRA's data sources and the online bibliographic databases TOXLINE/TOXLIT,
MEDLINE, BIOSIS, National Technical Information System (NTIS) (all, 1962 to 1991),
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and the Hazardous Substances Data Bank (HSDB) on TOXNET. The following
computerized databases were also searched for relevant data in November 1991:
Hazardous Substances Data Bank (HSDB), Registry of Toxic Effects of Chemical
Substances (RTECS), Integrated Risk Information System (IRIS), Chemical
Carcinogenesis Research Information System (CCRIS), TOXLINE and TOXLIT (all, 1981
to 1991). Dr. A.B. DeAngelo of the U.S. Environmental Protection Agency (U.S. EPA)
was also contacted in June 1992, in an attempt to identify additional data relevant to the
assessment of the toxicity of DnOP.

To identify data relevant to the estimation of exposure of the general population to
DnOP, the following computerized databases were searched in November 1991:
Environmental Bibliography (1973 to 1991), Enviroline (1971 to 1991), POLLUTION
ABSTRACTS (1970 to 1991), Environment Canada Departmental Library Catalogue (ELIAS)
(1991), AQUAREF (1970 to 1991), Canadian Research Index (MICROLOG) (1979 to 1991),
and Co-operative Documents Project (CODOC) (1991). Dr. G. Jenkins of the Ontario Ministry
of the Environment, Mr. D. Spink of the Alberta Ministry of the Environment, and Mr. H. St.-
Martin of Environment Quebec were also consulted in an attempt to identify data on
concentrations in environmental media to which humans are exposed (i.e., drinking water). Data
relevant to assessment of whether DnOP is "toxic" to human health obtained after August 1992
were not considered for inclusion.

Review articles were consulted where appropriate. However, all original studies that form
the basis for determining whether DnOP is "toxic" under CEPA have been critically evaluated by
the following Environment Canada staff (entry, and environmental exposure and effects) and
Health Canada staff (human exposure and effects on human health):

Environment Canada Health Canada

L. Brownlee P.K.L. Chan
C. Fortin M.E. Meek
K. Lloyd
P. Paine
K. Taylor

In this report, a synopsis is presented concerning DnOP that will appear in the Canada
Gazette. Section 2.0 is an extended summary of the technical information that is critical to the
assessment. The assessment of whether DnOP is "toxic" is presented in Section 3.0. Supporting
documentation that presents the technical information in greater detail has also been prepared.

As part of the review and approvals process established by Environment Canada,
the environmental sections of this report were peer reviewed by: Dr. Foster Mayer (U.S.
EPA, Gulf Breeze, FL), Dr. W.J. Adams (ABC Laboratories, Columbia, MO), and Dr. V.
Zitko (Fisheries and Oceans Canada, St. Andrews, NB). Sections related to the effects on
human health were approved by the Standards and Guidelines Rulings Committee of the
Bureau of Chemical Hazards of Health Canada. The entire Assessment
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Report was reviewed and approved by the Environment Canada/Health Canada CEPA
Management Committee.

Copies of this Assessment Report and the unpublished supporting documentation are
available upon request from:

Commercial Chemicals Branch
Environment Canada
14th Floor, Place Vincent Massey
351 St. Joseph Boulevard
Hull, Quebec
K1A 0H3

Environmental Health Centre
Health Canada
Room 104
Tunney's Pasture
Ottawa, Ontario
K1A 0L2
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2.0 Summary of Information Critical to Assessment of "Toxic"

2.1 Identity, Properties, Production, and Uses

Di-n-octyl phthalate, a phthalic acid ester, has the CAS (Chemical Abstracts
Service) Registry Number 117-84-0, the molecular formula C24H38O4, and a molecular
weight of 390.6. Synonyms include: DnOP and 1,2-benzenedicarboxylic acid, dioctyl ester.
The structure of di-n-octyl phthalate is shown in Figure 1. Di-n-octyl phthalate is a clear,
viscous liquid at ambient temperature, with a reported vapour pressure of 0.02 Pa at 250C
(Mabey et al., 1982) and Henry's Law Constant of 1.7 Pa·m3/mol (Mabey et al., 1982).
Determination of the water solubility of phthalic acid esters is complicated since these
compounds easily form colloidal dispersions in water (Klöpfer et al., 1982) and are subject
to the phenomenon referred to as "molecular folding" (Callahan et al., 1979). Reported
water solubilities ranged from 20 (DeFoe et al., 1990) to 3000 µg/L (Wolfe et al., 1980).
The range of values for the octanol/water partition coefficient (log Kow) reported in the
literature is between 5 and 9.9 (CMA, 1984; DeFoe et al., 1990; Mabey et al., 1982; Veith
et al., 1984).

The most sensitive and selective analytical method for the determination of phthalic
acid esters, including DnOP, in environmental media is gas chromatography with electron
capture detection (Kohli et al., 1989).

Two problems have plagued the chemical analysis and the reporting of
concentrations of DnOP. The first, applicable to phthalic acid esters as a group, is due to
the fact that this group of compounds frequently occurs as plasticizers in analytical
equipment and as contaminants in laboratory air and solvents. Therefore, a great deal of
care is needed to prevent contamination during collection, storage, and analysis of
samples (Hites and Budde, 1991; Kohli et al., 1989; Mathur, 1974; Mayer et al., 1972;
U.S. EPA, 1982). For instance, DnOP was specifically identified by Bauman et al.
(1967) as a contaminant in lipid and soil samples collected in plastic-lined bags. Many
studies conducted before 1980 reporting environmental concentrations have not

Figure 1 Structure of Di-n-octyl Phthalate
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accounted for this problem (Pierce et al., 1980). The second problem, specific to DnOP, is that
the terminology is not consistent in the technical literature, with the substance sometimes being
referred to as "dioctyl phthalate". This has led to confusion with the branched-chain isomer,
bis(2-ethylhexyl) phthalate (DEHP), also sometimes referred to as "dioctyl phthalate" or "DOP".
As a consequence, the frequency of occurrence of DnOP in the environment may have been
overestimated, since reports of environmental concentrations of "dioctyl phthalate" could pertain
to DEHP, which has been used in much higher quantities than DnOP.

Di-n-octyl phthalate is used as a plasticizer to impart flexibility to polymers, particularly
polyvinyl chloride (PVC) used to make products such as gloves, flooring, and flexible sheets
(Law, Sigurdson & Associates, 1993).

There are no Canadian producers of DnOP (Law, Sigurdson & Associates, 1993; SRI
International, 1991). On the basis of confidential business information provided to Environment
Canada, it is estimated that approximately one tonne of this substance is used annually in Canada
(C. Fortin, 1993). Di-n-octyl phthalate is not commercially available in North America and is
only made on special order (Law, Sigurdson & Associates, 1993; Camford Information Services
Inc., 1992). Available data are insufficient, however, to estimate the amounts of DnOP imported
in mixtures with other plasticizers or in plastic products.

2.2 Entry into the Environment

The occurrence of naturally produced phthalates in biological and geochemical samples
has been suggested, but in most cases the possibility of contamination during sampling or
analysis could not be ruled out (Mathur, 1974). However, it is unlikely that the amounts of
phthalates produced naturally would be significant compared with those from anthropogenic
sources (WHO, 1992).

Recent information specifically related to the release of DnOP to the Canadian
environment is limited to that reported by the Ontario Ministry of the Environment under the
Municipal/industrial Strategy for Abatement (MISA) program. Between February 1990 and
January 1991, the mean concentration of DnOP in effluents being discharged into Lake Ontario
from one organic chemical plant located in Whitby, Ontario was 2.3 µg/L (loading value of
0.001 kg/day) (OME, 1992). Di-n-octyl phthalate was detected in 9 of 15 Canadian municipal
sludges sampled between 1980 and 1985, with concentrations ranging from traces to 115 mg/kg
[dry weight (d.w.)]; the median concentration was 7 mg/kg (Webber and Lesage, 1989).

In the early 1980s, DnOP was reported at concentrations in the range of 1 to 10 µg/L in
effluents of Canadian chemical plants discharging into the St. Lawrence River at Cornwall,
Ontario, and into the St. Clair River at Sarnia, Ontario, (CCREM, 1987; Munro et al., 1985).

Although unable to distinguish between DnOP and DEHP, Brownlee and Strachan
(1977) reported that "dioctyl phthalate" was present at a concentration of 15 µg/L in the
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effluent of a kraft pulp and paper mill at Red Rock, Ontario, on Lake Superior. Similarly,
"dioctyl phthalate" was detected, but not quantified, in extracts of municipal incinerator fly ash
from Ontario (Eiceman et al., 1979).

2.3 Exposure-related Information

2.3.1 Fate

Processes affecting the distribution and transformation of DnOP in the environment
include atmospheric photo-oxidation, partitioning to soil, sediment and biota, and aerobic
degradation (Callahan et al., 1979; Howard et al., 1991; Kohli et al., 1989; Pierce et al., 1980;
Sanborn et al, 1975). No measured bioconcentration factors were identified for DnOP.

Howard et al. (1991), on the basis of scientific judgement, estimated a photo-oxidation
half-life for DnOP in air of less than 1.9 days, and aerobic biodegradation half-lives for DnOP
in soil and surface water ranging between 1 and 4 weeks, with an estimated hydrolysis half-life
of 107 years at pH 7. From the results of an experiment conducted in a laboratory model
ecosystem, Sanborn et al. (1975) reported a degradation half-life for DnOP of 5 days in the
water column. Identified transformation products included mono-n-octyl phthalate and phthalic
acid. Di-n-octyl phthalate, like many other dialkylphthalates, may form water soluble
complexes with fulvic acids, found commonly in fresh water and soils. This may increase its
mobilization and reactivity in soil and its solubility in water (Kohli et al., 1989).

Callahan et al. (1979) reviewed the fate of DnOP in water and, by comparison with
other phthalic acid esters, concluded that sorption onto particulate matter and biota,
bioaccumulation, and aerobic biodegradation were probably the most important fate processes
for this substance.

In a laboratory model ecosystem with an exposure period of 33 days, algae
accumulated the highest concentration of DnOP (1.8 mg/kg), Daphnia the least (0.16 mg/kg),
while fish (0.59 mg/kg), snail (0.85 mg/kg), and mosquito larvae (0.59 mg/kg) accumulated
intermediate concentrations of DnOP (Sanborn et al., 1975).  Reliable bioconcentration factors
could not be derived because the concentration of DnOP in the water continued to decrease
throughout the study.

2.3.2 Concentrations

Very limited information is available concerning concentrations of DnOP in
Canadian surface waters and sediments, and there are no reliable data on air, precipitation,
soil, or biota.

Di-n-octyl phthalate was detected in one of 45 samples of raw surface water
collected in Alberta between 1987 and 1992, at a concentration of 4 µg/L (detection
limit, 1 µg/L) (Halina, 1993). Germain and Langlois (1988) reported a mean
concentration of 9 ng/L DnOP (detection limit, 0.04 ng/L) in the St. Lawrence River
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between Cornwall and Quebec city in 1987. The Niagara River Data Interpretation Group (1990)
reported that mean concentrations in water samples collected during 1988 and 1989 at Fort Erie
and Niagara-on-the-Lake were 2.9 and 5.2 ng/L (detection limit, 0.15 ng/L). Di-n-octyl phthalate
was detected in 50 of 51 water samples from Fort Erie and in 38 of 44 water samples from
Niagara-on-the-Lake. It was not detected in 22 samples of raw drinking water collected in 1992
from 11 municipalities in the Lac St-Jean and Charlevoix areas of Quebec (detection limit, 1.0
ìg/L) (MENVIQ, 1993).

Information on concentrations of DnOP in surface waters in the
NAQUADAT/ENVIRODAT database is limited to approximately 80 records for Alberta and
two records for British Columbia dating from 1985 to 1988, with concentrations ranging from <1
to 7 ìg/L (NAQUADAT, 1993). Concentrations of DnOP between 1 and 10 ìg/L (actual values
not specified) were reported in 4 out of 24 samples of intake water for industrial chemical plants
located on the St. Clair River in 1979-80 (Munro et al., 1985).

Rogers and Hall (1987) reported levels of DnOP of 94 ng/g and <15 ng/g dry weight in
sediments 0.5 km and 1 km, respectively, downstream from a sewage outfall in the Fraser River
estuary. Fallon and Horvath (1985) reported concentrations in sediment ranging from 90 to 260
ng/g for three samples collected in 1982 from the south end of Grosse Ile in the Detroit River.
The concentration of DnOP in St. Clair River sediments near Sarnia, Ontario, was reported to be
15 ìg/g (EC/OME, 1986).

Information has not been identified on concentrations of DnOP in food. Available data
relevant to estimation of human exposure are restricted to the lack of detection (limit of
detection, 1.0 ìg/L) of DnOP in 232 of 246 drinking water supplies in Alberta (in the remaining
14, maximum: 11 ìg DnOP/L; overall mean: below limit of detection) (Halina, 1993); 25
drinking water supplies in one area in the United States (Perwak et al., 1981); the lack of
detection in small numbers of fish in harbours of the Great Lakes (detection limit not specified)
(DeVault, 1985); and reported levels of 0.081 and 0.11 ìg/g wet-weight in 2 out of 10 samples of
fish in British Columbia (Swain and Walton, 1989). However, the authors of the latter
investigation concluded that their results were not reliable owing to possible sources of
contamination in sampling and analysis.

2.4 Effects-related Information

2.4.1 Experimental Animals and In Vitro

In several studies, the acute toxicity of DnOP in laboratory animals has been low (Dogra
et al., 1987;1989; Fassett, 1963; NIOSH, 1987). The lowest oral LD50 in rats and mice was 13
g/kg body weight (b.w.) (Dogra et al., 1989; Fassett, 1963).

Administration of 1000 mg/[kg (b.w.)·day) of DnOP to various strains of male rats
either in the diet or by stomach tube for up to three weeks produced liver enlargement
accompanied in some cases by fat accumulation and cell damage (Lake et al., 1984;
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Mann et al., 1985; Oishi and Hiraga, 1980). Increases in peroxisome numbers were not
observed upon electron microscopic examination; however, a marginal increase in the
peroxisomal marker enzyme (cyanide-insensitive palmitoyl CoA oxidase) was reported
(Lake et al., 1984; Mann et al., 1985). Tissue damage in the thyroid and reduced serum
thyroxine have also been observed following exposure of male Wistar albino rats to DnOP
for 3, 10, or 21 days in their diet {2000 mg/[kg (b.w.)·day]} (Hinton et al., 1986).

Information identified on subchronic toxicity is restricted to inadequately documented
studies. In an incomplete report of a study in which male rats were exposed to two doses (and
controls) of DnOP in the diet for 11 weeks (DeAngelo et al., 1988) in a study for which
additional documentation is not available (DeAngelo, 1992) exhibited marked liver damage
(characterized by cellular enlargement and proliferation, vacuolization, chronic
inflammation, and necrosis). These male Fischer 344 rats were exposed to dietary levels of
0.5 or 1% DnOP {300 or 600 mg/[kg (b.w.)·day)} {LOEL = 300 mg/[kg (b.w.)·day)}.
Alterations in serum enzyme levels were consistent with the liver damage. In another study,
small groups of mice were exposed to an unspecified concentration of DnOP in air for up to
16 weeks (Lawrence et al., 1975). There were no overt signs of toxicity and lungs in these
mice were normal upon microscopic examination. Other investigations were restricted to
examining a limited range of effects following exposure by routes not similar to those by
which humans are principally exposed in the general environment (for example,
intraperitoneal injection of DnOP to an unspecified strain of rats - Khanna et al., 1990).

Information is extremely limited on chronic toxicity or carcinogenicity of DnOP in
experimental animals. Pieckacz (1971) gave an incomplete account of a limited investigation
in which a single dose {175 mg/[kg (b.w.)·day)} of an unspecified isomer of dioctyl
phthalate was administered to an unspecified species and strain of animal for 12 months. The
reported effects were restricted to a decrease in body weight and increases in liver and kidney
weights and activities of serum enzymes (Pieckacz, 1971). In another study for which
additional documentation is not available, "numerous" liver nodules were reported in male
rats administered 1% DnOP {600 mg/[kg (b.w.)·day] in the diet for 65 weeks. The activity of
a number of lysosomal enzymes was also increased in these rats (Carter et al., 1989). A six-
fold increase has also been reported in the numbers of gamma-glutamyltransferase-positive
foci in the livers of rats administered a single dose of diethylnitrosamine and then exposed to
600 mg/kg (b.w.) DnOP for 10 weeks (DeAngelo et al., 1986).

There has been no convincing evidence of the genotoxicity of DnOP based on the
results of a small number of in vitro bioassays of mutagenicity or DNA repair in bacteria
(Florin et al., 1980; Kuarata, 1975; Seed, 1982; Yoshikawa et al., 1983; Zeiger et al., 1985).

Available data on the developmental toxicity of DnOP are limited to a study in
which exposure-related developmental effects were not observed following oral exposure
of pregnant mice to a single dose level [9780 mg/kg (b.w.)] (Hardin et al., 1987); an
incomplete account of a reduction in fetal weight in rats administered an unspecified



Di-n-Octyl Phthalate

9

isomer of dioctyl phthalate [340 and 1700 mg/kg (b.w.)] during pregnancy (Pieckacz, 1971);
and malformations in the offspring of rats exposed to an unspecified isomer of dioctyl
phthalate [489 and 9780 mg/kg (b.w.)] by a nonphysiological route of administration
[intraperitoneal (i.p.) injection] on selected days of pregnancy (Singh et al., 1972).

There was no evidence of treatment-related testicular damage or any effect on the
weight of the testes and accessory glands when 2800 mg/[kg (b.w.)·day] DnOP was
administered to two different strains of rats (Sprague-Dawley or Wistar) either by stomach tube
for 4 to 10 days or at 2% in the diet {approximately 1200 mg/[kg (b.w.)·day]} for up to 21 days
(Foster et al., 1980; Gray and Butterworth, 1980; Mann et al., 1985; Oishi and Hiraga, 1980).
The level of zinc, essential for the maintenance of normal testicular cell function, was depleted
in the testes of Wistar rats (Oishi and Hiraga, 1980) but not in Sprague-Dawley rats (Foster et
al., 1980). There was atrophy of the seminiferous tubules following intraperitoneal
administration to male rats of 100 mg/[kg (b.w.)·day], 5 days/week for 90 days, with damage
increasing in severity in the higher dose groups (Khanna et al., 1989).

In a relatively extensive study in which the reproductive toxicity of several phthalates
was investigated (Heindel et al., 1989; Morrissey et al., 1989), DnOP had no effect on fertility
or reproductive performance in Swiss albino CD-1 mice (20/sex/group) at doses up to 7500
mg/[kg (b.w.)·day] in the diet for 7 days before and then throughout a 98-day continuous
breeding period. There were no significant differences in the fertility and reproductive
performance of the parental generation compared to controls. Reproductive effects were also
examined in the high-dose group of offspring (second generation, F1) at maturity and mating.
There was a decrease in the weight of the seminal vesicles in the absence of any changes in the
weight of the testes, prostate, and epididymis, or effects on the sperm of the F1. There were no
significant differences in the fertility and reproductive performance of the parental generation
compared to controls, though the liver weight in both sexes and the kidney weights in females
were increased in the F1. The authors suggested that the maximal tolerated dose might not have
been reached because of the lack of observed body weight depression at the highest dose {5%
or 7500 mg/[kg (b.w.)·day]}; however, it should be noted that increases in organ weights were
observed at this dose. Effects (e.g., histopathological changes) other than those on reproductive
indices were not examined.

Investigation of the immunological effects of DnOP revealed tissue damage upon
histopathological examination of the thymus, spleen, adrenals, and lymph nodes of rats following
i.p. injection of 600 mg/[kg (b.w.)·day] for 45 to 90 days; there were also slight histopathological
changes in the spleen at the lower dose levels {100 and 300 mg/[kg (b.w.)·day]  (Dogra et al.,
1985). There was a dose-dependent modification of the immune response and host resistance to
endotoxin sensitivity and parasitic challenge in male albino rats administered 2500, 5000, or
10 000 mg/[kg (b.w.)·day] DnOP orally for five days (Dogra et al., 1987). Immune function was
impaired in 3-month-old Swiss albino mice, based on increased susceptibility to the lethal effects
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of viral or protozoal infection following oral administration of 650 or 2600 mg/[kg
(b.w.)·day] of di-n-octyl phthalate for 5 days (Dogra et al., 1989).

Data have not been identified on the neurological effects of DnOP in experimental
animals.

2.4.2 Humans

Data on effects in humans are restricted to a case report of irritation of the eye and
upper respiratory tract of workers exposed to phthalates (including dioctyl phthalate,
isomer unspecified) (Zdražil and Picha, 1965); poorly documented studies on neurological
and reproductive effects in small groups of workers exposed in the occupational
environment to phthalates including dioctyl phthalate (isomer unspecified) (Milkov et al.,
1973; Gilioli et al., 1978; Aldyreva et al., 1975); and poorly documented clinical studies of
skin irritation and sensitization in volunteers upon dermal contact with an unspecified
isomer of dioctyl phthalate (Harris, 1953; Mallette and von Haam, 1952).

2.4.3 Ecotoxicology

The information identified concerning the toxicity of DnOP was limited to a few
studies on aquatic organisms. In many studies, no adverse effects were found even at the
highest concentrations of DnOP tested. In other studies, adverse effects on aquatic
organisms were found only at nominal concentrations in the upper portion of the range of
water solubility reported for the substance.

Impairment of reproduction was the most sensitive endpoint identified on the
toxicity of DnOP in aquatic biota. McCarthy and Whitmore (1985) reported a 16-day
lowest-observed-effect-level (LOEL) [75% reduction in number of young produced per
adult: reported no-observed-effect-level (NOEL) = 320 ìg/L] of 1 mg DnOP/L for
Daphnia magna. The same authors also reported a 20-day LOEL of 10 mg DnOP/L for the
fathead minnow based on reduced hatching rate (McCarthy and Whitmore, 1985).

No information was identified on the adverse effects of DnOP on micro-organisms,
algae, benthic organisms, plants, amphibians, or reptiles.
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3.0 Assessment of "Toxic" Under CEPA

3.1 CEPA 11(a) Environment

There are no Canadian producers of DnOP. Approximately one tonne of this substance is
used annually in Canada. Di-n-octyl phthalate has been detected occasionally in industrial
effluents and in sewage sludges in Canada and less frequently in surface waters and sediments.
No data were identified on concentrations of DnOP in air, soil, or precipitation in Canada.

The lowest reported LOEL for dissolved DnOP on freshwater aquatic organisms was 1
mg/L (exposure for 16 days reduced the number of young per adult by 75% in Daphnia magna).
This effect level was divided by a net factor of 30 (10 to account for differences in sensitivity
between species and to extrapolate from laboratory to field conditions, and 3 because of the large
reduction in reproduction associated with the LOEL), resulting in an estimated effects threshold
of 33 ìg/L. The highest concentration of DnOP reported for Canadian surface waters (7 ìg/L) is
about five times less than this estimated effects threshold.

No data were identified to serve as a basis for comparison of an estimated effects level
with environmental levels in Canadian sediments, the only other medium in which DnOP has
been detected. Similarly, no information pertaining to adverse effects of DnOP on plants, birds,
or wild mammals has been identified in the literature. However, on the basis of its very limited
use in Canada, exposure of these organisms to DnOP is unlikely to result in harmful effects.

Therefore, based on available data, DnOP is not considered to be
entering the environment in a quantity or concentration or under conditions that
are having a harmful effect on the environment.

3.2 CEPA 11(b) Environment on Which Human Life Depends

There are no data available concerning the concentration of DnOP in the atmosphere in
Canada. However, based on its limited use in Canada and its rapid removal from the atmosphere
by photo-oxidation (half-life of less than 2 days), concentrations in the atmosphere are likely to
be small. Consequently, DnOP is not expected to contribute significantly to formation of ground-
level ozone, global warming, or depletion of stratospheric ozone.

Therefore, based on available data, DnOP is not considered to be entering
the environment in a quantity or concentration or under conditions that
constitute a danger to the environment upon which human life depends.
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3.3 CEPA 11(c) Human Life or Health

Available data are few and unreliable on concentrations of DnOP in environmental
media to which humans are exposed in Canada and elsewhere. Consequently, the available
information is inadequate for quantitative estimation of the exposure of the general
population in Canada to DnOP.

Available data on the toxicity of DnOP are also limited. Reports on effects in
humans are limited to a small number of poorly documented studies of small groups of
workers exposed in the occupational environment to other phthalates and unspecified
isomers of dioctyl phthalate.

Available data are inadequate to assess the carcinogenicity of DnOP in
experimental animals owing to incomplete documentation and examination of a limited
range of endpoints in identified studies (Carter et al., 1989; DeAngelo et al., 1986;
DeAngelo, 1992; Pieckacz, 1971). There has been no convincing evidence of the
genotoxicity of DnOP based on the results of a small number of investigations in in vitro
bioassays of mutagenicity or DNA repair in bacteria or mutagenicity of a mixture of dialkyl
phthalates in cultured mouse lymphoma cells.

Di-n-octyl phthalate has been classified, therefore, in Group V ("Inadequate Data
for Evaluation") of the classification scheme developed for use in the derivation of the
"Guidelines for Canadian Drinking Water Quality" (Health and Welfare Canada, 1989).
For compounds classified in Group V, a Tolerable Daily Intake (TDI) is derived on the
basis of division of a no- or lowest-observed-(adverse)-effect-level [NO(A)EL or
LO(A)EL] in animal species by an uncertainty factor.

Identified information on the subchronic toxicity of DnOP is restricted to an
incomplete report of a study in which male rats were exposed to two doses (and controls)
of DnOP in their diet for 11 weeks (DeAngelo et al., 1988) for which additional
documentation is not available (DeAngelo, 1992); an inadequately documented study in
which small groups of mice were exposed to an unspecified concentration of DnOP in air
for up to 16 weeks (Lawrence et al., 1975); and investigations of a limited range of effects
following exposure by routes not similar to those by which humans are principally exposed
in the general environment (intraperitoneal injection of DnOP to an unspecified strain of
rats - Khanna et al., 1990).

Though a well conducted and documented two generation reproduction study in
mice has been identified (Heindel et al., 1989; Morrissey et al., 1989), it was considered to
be inadequate to serve as a basis for the development of a TDI since effects (e.g.,
histopathological changes), other than those on reproductive indices, were not examined.
Similarly, a 90-day study has also been identified on the immunological effects of DnOP in
mice administered for 45 or 90 days by a route to which man is not exposed in the general
environment (i.p.) (Oishi, 1990); however, endpoints relevant to assessment of general
systemic toxicity were not examined.
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Available data are considered inadequate, therefore, to develop a tolerable daily
intake for DnOP. Consequently, it is not possible to evaluate whether current
concentrations of DnOP present in the environment constitute a danger in Canada to human
life or health.

Therefore, based on available data, there is insufficient information to
conclude whether DnOP is entering the environment in a quantity or
concentration or under conditions that constitute a danger to human life or health.

3.4 Conclusion

Based on these considerations, it has been concluded that DnOP is not
entering the environment in a quantity or concentration or under conditions that
are having a harmful effect on the environment or that constitute a danger to the
environment upon which human life depends. There are insufficient data to
determine whether DnOP is entering the environment in a quantity or
concentration or under conditions that constitute a danger to human life or health.
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4.0 Recommendations for Research and Evaluation

Acquisition of additional data in the following areas would permit a more complete
evaluation of the effects of DnOP on human health and environmental organisms in
Canada. At present, the priority for this work is considered to be low because DnOP is
currently used in Canada in very small quantities.

1. Monitoring of DnOP in all environmental media (i.e., air, food, drinking water) to
which Canadians are exposed and in surface water, air, sediment, and biota in the
proximity of industrial sources.

2. Chronic toxicity tests on selected benthic organisms, algae, and rodents.

3. A carcinogenicity bioassay for DnOP in two species of experimental animals.

4. Additional data on developmental toxicity, reproductive toxicity, and neurotoxicity
of DnOP in another species (e.g., rats).

Based on consideration of other priorities for assessment under the Act, it is
recommended that the results of a subchronic study on DnOP being conducted under
contract to Health Canada be assessed for the determination of whether DnOP is "toxic" as
defined under the Act.
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