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SIDS Initial Assessment Report

For
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Chemical Name: 1-hexene Chemical Name: 1-octene
CAS No.: 592-41-6 CAS No.: 111-66-0
Chemical Name: 1-decene Chemical Name: 1-dodecene
CAS No.: 872-05-9 CAS No.: 112-41-4

Chemical Name: 1-tetradecene
CAS No.: 1120-36-1

Sponsor Country: United States

National SIDS Contract Point in Sponsor Country: United States:
Dr. Oscar Hernandez
Environmental Protection Agency
OPPT/RAD (7403)
401 M Street, S.W.
Washington, DC 20460

Sponsor Country: Finland (for 1-decene)

National SIDS Contact Point in Sponsor Country:
Ms. Jaana Heiskanen
Finnish Environment Agency
Chemicals Division
P.O. Box 140
00251 Helsinki

HISTORY:

SIDS Dossier and Testing Plan were reviewed at the SIDS Review Meeting or in SIDS
Review Process on October 1993. The following SIDS Testing Plan was agreed:

No testing ()
Testing (x)

Combined reproductive/developmental on 1-hexene, combined repeat
dose/reproductive/developmental on 1-tetradecene and acute fish, daphnid and algae on 1-
tetradecene.

COMMENTS: The following comments were made at SIAM 6 and have been incorporated
in this version of the SIAR:
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1. The use of QSAR calculations for aquatic toxicity,
2. More quantitative assessment of effects; and
3. Provide more details for each endpoint.

The following comments were made at STAM 6, but were not incorporated into the SIAR
for the reasons provided:

1. Clarification of the aspiration hazard. The original SIAR stated that C4-C;4 alpha
olefins were an “animal aspiration hazard”. This statement was based on a reference
(Gerarde, 1963) in which rats were anesthetized to induce aspiration because rats
are not normally susceptible to such a hazard because they are obligatory nose-
breathers. Therefore, the statement has been removed from the SIAR.

2. More quantitative exposure assessments. In order to adhere to the re-focused SIAR
format, more quantitative exposure information was only added, if available, from
the United States experience and from Finland (for 1-decene only).

Date of Circulation: November 2000
(To all National SIDS Contact Points and the OECD Secretariat)
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SIDS INITIAL ASSESSMENT PROFILE
Alfa Olefin Category
CAS No. 592-41-6 111-66-0 872-05-9
Chemical Name 1-hexene 1-octene 1-decene
Structural Formula CH,=CH-(CH,);-CH; | CH,=CH-(CH,)s-CH; | CH,=CH-(CH,);-CH;
CAS No. 112-41-4 1120-36-1
Chemical Name 1-dodecene I=tetradecene
Structural Formula CH,=CH-(CH,)y-CH; | CH,=CH-(CH,),,-CH;
RECOMMENDATIONS

The chemicals are candidates for further work.

SUMMARY CONCLUSIONS OF THE SIAR
Category Definition

This profile includes an evaluation of SIDS-level testing data, using a category approach, with five
individual monoolefins (1-hexene, 1-octene, 1-decene, 1-dodecene, and 1-tetradecene). For the
purposes of the OECD SIDS Programme, the category was defined as olefins bearing a single medium-
length (C¢ — Cy4), even-numbered, unbranched aliphatic chain with no other functional groups.

Human Health

Based on screening level tests, all five alpha olefins have been tested and indicate low toxicity
concerns for acute oral, dermal and inhalation exposure. These materials are slightly irritating to the
skin and eyes of rabbits. In repeated dose studies, 1-hexene, 1-octene and 1-tetradecene have shown
comparable levels of low toxicity to female rats (alterations in body and organ weights and changes in
certain hematological values) at the higher doses tested (NOAELs of > 100 mg/kg oral or > 1000 ppm
inhalation) and male rat-specific kidney damage that is likely associated with the alpha,,-globulin
protein (LOAELs > 100 mg/kg oral only). Based on screening level testing, they appear not to be
neurotoxic (for 1-hexene and 1-tetradecene), produce no adverse effects on reproduction or fetal
development (1-hexene and 1-tetradecene), and are not genotoxic (all five of the alpha olefins). As a
result, all the above tested endpoints indicate a low hazard potential for human health.

Environment

The potential for exposure of aquatic organisms to C4-C;4 alpha olefins will be influenced by their
physicochemical properties. The predicted or measured water solubilities of these alpha olefins range
from 50 mg/L at 20°C for I1-hexene to 0.0004 mg/L at 25°C for 1-tetradecene, which suggests there is a
lower potential for exposure to the higher alpha olefins due to their low solubility. Their vapor
pressures range from 140 mmHg at 20°C for 1-hexene to 0.015 mmHg at 25°C for 1-tetradecene, which
suggests the lower alpha olefins will tend to partition to the air at a significant rate and not remain in
the other environmental compartments for longer periods of time.
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Several acute aquatic toxicity studies show that I-hexene and 1-octene have LC/EC50 values below
their respective water solubility values (1-hexene: 96 hour LC50 in rainbow trout of 5.6 mg/L and 1-
octene: 24 hour EC50 in daphnids of 3.2-10 mg/L). The daphnid value is from an experiment using
less than standard exposure conditions (24 hours versus 48 hours). Chronic aquatic toxicity may occur
for all of the alpha olefins except 1-tetradecene (predicted 30 day fish toxicity values range from 0.5 to
0.004 mg/L for 1-hexene and 1-dodecene, respectively. Algal toxicity studies were done with all five
category members, but the most valid data were with 1-hexene (96 hour EC50 of 22 mg/L). A better
understanding of whether these materials are released to water and at what quantities will determine the
need to perform chronic aquatic toxicity testing.

Biodegradation data confirm that the C4-C;4 alpha olefins degrades in soil and water. They are also
expected to degrade in the atmosphere at a rapid rate based on their atmospheric oxidation potentials.
Consideration of these degradation processes supports the assessment that these substances will
degrade relatively rapidly in the environment and not persist.

Exposure

C¢ — Cy4 Alpha-olefins are major industrial products, which are primarily used as intermediates in the
production of the other chemicals and polymers. Other emerging uses are as components of some
drilling fluids, and as potential replacements for certain hydrocarbon solvents. Occupational exposures
are most likely by the inhalation and dermal routes. Inhalation exposures from industrial manufacture
and commercial use are generally considered to be minimal (less than 1 ppm) under normal working
conditions. The lower alkenes are minor components of gasoline, or are produced incidentally in
combustion of gasoline and polymers, so their presence has been detected in urban air. Such levels
were reported to be in the ppb range with a maximum reported value of 0.1 ppm. These alkenes also
occur in natural products, although no quantitative values have been reported.

Non-occupational human exposure to alpha olefins is not expected since the compounds are used as
industrial intermediates. Atmospheric emissions of alpha olefins from manufacturing are expected to be
small and to result primarily from fugitive emission sources originating from compromised hardware
(i.e.. faulty seals prior to repair) used in production and storage. On-site waste treatment processes are
expected to remove these compounds from aqueous waste streams to the extent that they will not be
detectable in effluent discharge. Alpha Olefins will not persist in the environment because they can be
rapidly degraded through biotic and abiotic processes. Therefore, environmental exposure to the
environment is expected to be minimal.

Category Discussion/Conclusions

A category analysis was done for all the SIDS endpoints by examining available data to determine
whether the proposed test plan — to treat the five chemicals as a category — was satisfactory. Results
indicate that they were and so no further SIDS-level testing is necessary.

The data indicate an increasing or decreasing trend or pattern from the shortest category member (Cg)
to the longest category member (C;4) for various physicochemical properties and ecotoxicity (using a
mixture of experimental data and estimation techniques), whereas there appears to be no difference
across category members for biodegradation and health endpoints.

Melting point, vapor pressure, and water solubility decrease with increasing chain length while boiling
point and octano:water partition coefficients increase with increasing chain length. Measured and
predicted acute aquatic toxicity data indicate that 1-hexene, 1-octene, and 1-decene exhibit acute
effects to aquatic organisms at levels at or below their water solubility; whereas 1-dodecene and 1-
tetradecene are not likely to be acutely toxic, probably because they cannot achieve a high enough
water concentration to produce acute effects below their water solubility.  Predictions of chronic
aquatic toxicity suggest that 1-hexene may be less toxic than the rest of the category members and 1-
octene, l-decene, and 1-dodecene are expected to be similarly toxic (estimated values within
approximately one order of magnitude among them). The model used (ECOSAR) could not predict the
chronic aquatic toxicity of 1-tetradecene. There is no apparent difference regarding biodegradability;
available data on four/five category members indicate there are no significant differences among the
group. Data presented relative the health effect endpoints of the C¢ — C;4 alpha olefins indicate no
differences among the five category members for acute toxicity, repeat dose toxicity, genotoxicity and
reproductive/developmental toxicity.

Given the fact that not all category members were tested for each SIDS endpoint, this analysis shows
that where test data exist for more than one category member, it is reasonable to interpolate (and
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sometimes extrapolate) for the same endpoint(s) to untested category members. Thus, it is not
necessary to test each category member for all SIDS endpoints. It is concluded that using a category
approach to evaluate the SIDS-level endpoints for the five alpha-olefins identified above was
successful.

NATURE OF FURTHER WORK RECOMMENDED

Further work is recommended in the environmental area. There are no measured data available for
chronic toxicity to aquatic organisms, however, computer modelling suggests that 1-octene,1-decene
and 1-dodecene may be highly toxic (Chronic value<0.1 mg/L) under chronic exposure conditions.
Therefore it is recommended that further data be collected from member countries regarding actual
release data from manufacturing and processing facilities to the water compartment at local and
national levels. In the event that releases to the water compartment are occurring at levels anticipated
to pose a hazard to the aquatic environment, then consideration should be given to determining if
chronic aquatic (including sediment-dwelling organisms) toxicity testing would be appropriate.
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SIDS INITIAL ASSESSMENT REPORT

Due to the similarities of the C4-Ci4 alpha olefins, a category approach was utilized to
determine the OECD test plan for these compounds. The category is defined as olefins
bearing a single, medium length (Cs — C4), even-numbered, unbranched aliphatic chain
with no other functional groups. This SIAR presents testing of “pure substances” and also
“blends” of the chemicals as they are produced in their commercial form. For information
specific to trends of the category, please see Section 5 of the SIAR entitled, “Category
Conclusions”.

1. IDENTITY:

The (Cg¢- Ci4) alkenes are monoolefins. In general, they are colorless liquids that show
decreasing vapor pressure and water solubility with increasing alkyl chain length. The
characteristic feature of the alkene structure is the C=C double bond. The characteristic
reactions of an alkene are those that take place at the double bond, the most typical being
an electrophilic addition reaction. Table 1A and 1B presents the physical chemical
properties of the C4-C 4 alpha olefins considered as a category in this assessment.

TABLE 1A: IDENTITY: Cs to Ci4s ALPHA OLEFINS

Chemical CAS Synonym Structural Formula

Name Number

1-HEXENE 592-41-6 Hexene-n-1, Cg alpha olefin CH,=CH(CH,);-CH;
Hex-1-ene

1-OCTENE 111-66-0 Octene-n-1, Cg alpha olefin CH;(CH,)sCH=CH,
Oct-1-ene

1-DECENE 872-05-9 Decene-n-1, Decylene, Cg CH,=CH(CH,);CHj;
alpha olefin, Dec-1-ene

1-DODECENE 112-41-4 Dodecene-n-1, Dodecylene CH,=CH(CH;)9CH3;
C,, alpha olefin, Dodec-1-
ene

1- 1120-36-1 Tetradecene-n-1, CH,=CH(CH,),;CH;

TETRADECENE Tetradecylene
C4 alpha olefin, Alpha
Tetradecene, Tetradec-1-ene

TABLE 1B: IDENTITY: Cs to C;4s ALPHA OLEFINS

Chemical MP BP (°C) VP Viscosi | Log WS HLC K,
Name ‘o) ty K,w mg/L (atm
m’/mol
I-HEXENE -139.8 63.3 (ns) (140 mmHg at 0.35 339 (m) | 50 @ 0.412 (c) | 149(c)
(ns) 20°C) 186.5 hPa | c¢P/20°C 20C (c)
(ns)
1-OCTENE 21017 121 — 123 at | (15.2 mmHg) 0.492 35-46 |41@ 0.627 (¢) | 507(c)
(ns) 1 atm (ns) 20.3 hPa at 20°C cP/20°C (m) 25C (m)
(m)
1-DECENE 66 (ns) 172 (ns) (1.70 mmHg) 0.75 >8 (m) 0.115@ | 2.68 (c) 1,724
2.27 hPa at 20C ¢P/20°C 25C (m) (c)
(ns) 54-17
(c)
1-DODECENE 35 (m) 214 at 20°C | 1.6x10 mmHg at | 1.18 >8 (m) 0.113 4.25 (c) 5,864
at 101.3 kPa | 25C, 0.21 hPa ¢P/20°C (c) (c)
(ns) (ns) 6.1 (c)
1- -12 (ns) | 252 at!latm | 1.5x10° mmHg at | 4.4 7.08 (c) | 0.0004 8.48 (c) 19,950
TETRADECENE (ns) 25C, 0.02 hPa cP/20°C @ 25C (c)
(m) ()

Calculated (c) by EPIWIN, Measured (m) and Not specified (ns)
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2. GENERAL INFORMATION ON EXPOSURE
A. Production Volume
a. Manufacturing

The major commercial processes used in the production of linear olefins are the cracking of
petrochemical waxes, and oligomerization of ethylene using the Ziegler process, or a modern
modification of it (Demianiw, 1981). They may also be made as a byproduct from the liquefaction
of coal. In the past, linear olefins were produced by the chlorination-dechlorination of linear
alkanes; however, it is likely that this process is no longer used on a commercial basis. The
ethylene oligomerization process can produce better-defined mixtures limited to even-numbered
carbon chains, yet rich in terminal (alpha) olefins. Product distribution can be controlled by
adjusting the process parameters and by the choice of catalyst.

Current United States aggregate production ranges as of 1998 for all members of the
(C6-C14) alkenes are 100 — 500 million pounds (45,360 — 226,800 tonnes). When looking
at previous production ranges dated from 1986 there does appear to be an increase in
production for dodecene and tetradecene from 1-100 million pounds (453.6 tonnes —
45,360 tonnes) to 100-500 million pounds (45,360 — 226,800 tonnes). Only aggregate
production ranges are available in order to mask any confidential business information and
are based on production volumes reported in the USEPA IUR.

The production volume of 1-decene in Europe for 1999 is reported to be around
100,000 tons and the volume for the processing of 1-decene as an intermediate in the
production of other chemicals, in Europe for 1999, is estimated to be 160,000 tons.
(Nikunen and Heiskanen, 2000)

b. Inadvertent Production

Inadvertent production of individual components of the (Cs-Ci4) alkenes reportedly
occurs from the thermal destruction of some petroleum-based products. 1-Hexene, 1-
decene and 1-dodecene are not manufactured by the petroleum industry as discrete
products, but are present in naptha and light distillate intermediate refinery process
streams due to incidental production during catalytic cracking and pyrolysis.
Concentrations of these compounds in petroleum process streams and in finished products
range from less than 1 to 10% (volume basis) and 0 to 3.6% (volume basis), respectively.
Levels in aviation gasoline and diesel fuels have been estimated to be one-tenth those in
automotive gasoline. (CRCS Inc., 1985).

B. Uses and Functions

Linear alpha olefins are utilized as intermediates in the manufacture of a number of
products: oxo alcohols, alkyldimethylamines, surfactants (e.g., alpha olefin sulfonates),
plastics (e.g., high density and linear low density polyethylenes) and synthetic fatty acids,
lube oil additives, linear mercaptans, alkenylsuccinic anhydrides, epoxides, and leather
treating compounds (CMR, 1988; CRCS, 1985; Demianiw, 1981). As of this writing, the
use pattern has not appeared to change. Listed in Table 2 are the applications of the (Cq —
Ci,) alpha olefins along with alpha olefin mixtures as indicated by Ethyl (1984), Chevron
(1984) and CRCS (1985) with the exception of data obtained for tetradecene. Uses for
tetradecene were obtained from the dossier.
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TABLE 2: (Cg¢-Cy4) Alpha Olefin Uses

Individual BLENDS
Chemicals

Cg C34&5 Cm Clz C14 Co- C6' Cs- CS‘ Cll'
Primary Applications C, Cy Cy Cuo Ci

Comonomer in polyethylene

X X
0OXO alcohol intermediate X X
Synthetic fatty acid intermediate X X

Synthetic lubricant intermediate

Alkylbenzene feedstock

X
Epoxide intermediate X

D | | [ o ¢
o)
>
>
>

Amine, amine oxide, and mercaptan
intermediate

~

Metal working and gear oil additive

Dielectric Fluids® X?*

~

Processing as intermediate in production
of other chemicals*

Intermediate in the manufacture of alkyl X
succinic anhydrides, mercaptans, alkyl
silanes, polyol esters’

'(Dossier, tetradecene)

*(Baarschers, 1983)

*(Nikunen and Heiskanen, 2000)

*American Chemistry Council, comments from Spolana, 2000)
per Chevron Phillips Chemical Company

Some olefins are being investigated as replacements for hydrocarbon solvents of higher
volatility, and as components of inert drilling fluids for oil exploration and production (Chevron-
personal communication).

C. Sources of Release to the Environment
a. Production Releases

Chevron (1984) reported that atmospheric emissions of alpha olefins from manufacturing are
expected to be small. However, the EPA (1977) noted that olefins might be released to the
atmosphere in small quantities due to leaks in process equipment used during production of the
compounds. It is likely that the alpha olefins are released in aqueous effluents and atmospheric
emissions from manufacturing, use operations and from fuel processing and combustion. (CRCS,
1985)

b. Other Releases to the Environment:

(a)Releases from by-products other than industrial: 1-Hexene has been identified in the
gases produced during structural fires and in the field-burning of agricultural plastic (Lowery et al.,
1985 and Linak et al., 1989). The commercial liquefaction of coal by the solvent refining process
can produce hexene and other olefins, along with the desired hydrocarbon products (Wright et al.,
1984). 1-Hexene has been identified in the exhaust of roadway vehicles (Sigsby et al., 1987; Stump
and Dropkin, 1985).

Hexene and octene have been identified as products of combustion of polyethylene (Hodgkin et al.,
1982). 1-Hexene, 1-octene and 1-decene, have been identified in the emission of high-altitude jet
aircraft engines (Katzman and Libby, 1975).

1-Hexene was detected in the air of a high-volume gasoline service station, at concentrations of up
to 0.1 ppm (Kearney and Dunham, 1986). Cg Olefins (isomers unspecified) were reported to
comprise 1.8% of gasoline (ATSDR, 1993).
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(b) Natural Occurrence: API (1985) reported that 1-hexene, 1-decene and 1-dodecene
probably do not occur naturally in crude oils. Some specific isomers of the (Cs-C14) alkenes have
been identified as naturally occurring compounds.

1-Hexene was identified as a product of the microbial breakdown of the natural terpene b-carotene
(Hunt et al., 1980).

1-Octene has been identified as a major volatile constituent of irradiated fresh chicken (Hansen et
al., 1987).

1-Decene has been isolated from the leaves and rhizome of the plant Farfugium japonicum
(Kurihara and Suzuki, 1980). 1-Decene has been detected as the initial product in the microbial
degradation of n-decane (Iida and lizuka, 1970).

2.1 ENVIRONMENTAL EXPOSURE AND FATE

A. General Discussion: Information from production, use and physicochemical properties
(Described in section 2) suggests that C¢-C,4 alpha olefins (AOs) have the potential to partition to
various compartments of the environment. However, releases to the environment are likely to be
largely to the air, followed by surface waters, from manufacturing practices, combustion and natural
production. In the atmosphere, -OH radicals can rapidly degrade AOs. They have also been shown
to be biodegradable, which suggests they have a potential to be biodegraded in water, as well as soil
and sediment. As a result, potential for exposure to AOs in the environment should be low and they
are not expected to persist. An environmental exposure analysis for 1-decene in the aquatic and
terrestrial compartment has been performed by Finland and is located in Appendix A.

A summary of environmental fate data is found in Table 3. When measured data were not
available, computer models were utilized to estimate environmental fate and distribution.
Information on the computer models is provided in Appendix B of the SIAR. Model input values
along with results may be found in the individual chemical’s SIDS dossier.

B. Photodegradation: In the air, all the AOs are subject to atmospheric oxidation from
hydroxyl radical (-OH) attack. Their atmospheric oxidation rates can be determined (EPIWIN,
1999) based on structure. The AOs are calculated to have half-lives ranging between 3.3 to 9.3
hours, which suggests that once volatilized to the air, these chemicals will degrade rapidly (Table
3).

C. Waste Water Treatment Plant (WWTP): Although AOs may be found in effluent from
waste water treatment plants (WWTPs) receiving influent from AO manufacturing, use and fuel
processing operations, the primary mode of disposal of these chemicals is incineration or diversion
to other hydrocarbon uses (recycling). The overall removal rate of the AOs entering a WWTP with
secondary treatment is calculated (via EPIWIN modeling) to be >99% for the Cs — C;¢ molecules
and >90% for the C,-C;4 molecules. Because they have relatively high vapor pressures and/or high
Henry’s Law constants (Table 1B), volatilization can be a major contributing factor in the removal
of AOs from influent in WWTPs with aerated secondary treatment. Another route of AO loss from
a WWTP can result from sorption processes (see section D.c below). Sorption of the higher chain
AOs to solids may be a significant loss process as solids are separated during treatment and
removed for further disposal. AOs have also been shown to biodegrade at a significant rate (see E
below and Table 3). This suggests that the fraction of non-volatilized material remaining in a
WWTP is subject to biodegradation, which can further decrease AO concentrations in treatment
plant influent.
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D. Distribution in Air, Water and Soil

a. Distribution utilizing a fugacity level I model: A Level 1 fugacity model calculates

the distribution of a chemical under steady state, equilibrium conditions throughout a defined
generic environment. Level I calculations do not consider chemical degradation, advection, or
intermedia transport processes. The level I environment is a closed system, referred to as a “unit
world”, which contains six environmental compartments (i.e., air, water, soil, sediment, suspended
sediment, biota) with fixed volumes. A chemical’s distribution in the level I environment is based
only on selected physical parameters of the chemical being modeled. The results show the percent
distribution of a chemical among the six environmental compartments.

b. Distribution using a level I11 fugacity model. A Level 111 fugacity model calculates

the distribution of a chemical under steady state, non equilibrium conditions, can show the percent
distribution, and estimates of chemical concentrations in each of the six environmental
compartments cited in the level I discussion above. In comparison to a level I model, the level II1
calculations do consider degradation, advection, and intermedia transport processes. Results of the
level III fugacity analysis are sensitive to the relative amounts of the emissions data used in the
model calculations. Emissions rate data are needed for the air, water and soil compartments. If
emissions data are not available for a chemical, the model uses default emissions, which are 1000
kg/hr each into air, water, and soil. To represent actual emission rates from a production facility, a
ratio of 10:1:0 for air, water and soil was used (based on estimated ratios from the American
Chemisty Council, 2000). Percent distribution results using the emission values from the American
Chemistry Council are presented in Table 3. A comparison of the distribution data utilizing the
default values and the values provided by the American Chemistry Council are presented in
Appendix B.

Results of the modeling using the estimated emission assumptions from the American
Chemistry Council suggest that the water compartment is the primary environmental compartment
to which C6 and C8 AOs will partition. As the chain length increases beyond C8, sediment
becomes the primary compartment followed by the water and then air. The greater affinity of the
higher molecular weight AOs to partition to sediment is supported by their high Koc partition
coefficients.

This can be attributed to the AO having a high tendency to bind to particulate matter in the
water column thus binding more to soil and sediment. The high organic/carbon partition coefficient
(Koc) of this chemical class supports this type of partitioning. The longer the AOs are in chain
length, the less likely they are to partition to the atmosphere and water.

c. Sorption to soil and sediment: The potential of a chemical to sorb to soil and sediment
can be indicated by its Koc value. The lower the Koc value, the lower the tendency of a chemical
to sorb to the organic matter contained by the soil or sediment. Modeled Koc values for the AOs
are as follows: C¢=149, Cs=507, C;p=1,724, C,=5,864 and C;4=19,950. These data in conjunction
with the information referenced in Table 3 suggest that the C¢ to Cg AOs are expected to exhibit
low to moderate sorption, respectively, while the remaining olefins up to C;4 will demonstrate an
increasingly greater tendency to sorb to organic matter. These data also relate to the potential of
these chemicals to migrate through soil and sediment.

d. Migration to ground water: Swann et al. (1983) reported that a chemical with a Koc value
between 150 and 500 would move through the soil at a moderate rate. This rate slows between 500
and 2,000. Chemicals with Koc values between 2,000 and 5,000 can be considered to have
practically no mobility, and may be considered immobile at values greater than 5,000. The Koc
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data indicate that the lower chain AOs, C¢-Cg, show a potential to migrate through a soil horizon to
ground water at a moderate rate. As the carbon number increases, the potential for these chemicals
to migrate through soil decreases to the degree that a Cj4 olefin has only a negligible, if any,
potential for migration. These are general characterizations based on the Koc values for these
chemicals, which with increasing carbon number show that there is an increasing tendency to sorb
to organic matter (see c. above). As the sorptive potential increases for a chemical, it will tend to
remain bound to organic matter rather than dissolve into water and migrate with the percolating
water.

E. Abiotic and Biotic Degradation: Measured and modeled data (Table 3) suggest that the AOs
have the potential to biodegrade at a relatively rapid rate.

A number of studies have been reported with 1-hexene. Shell Research Limited, (1985) showed
that “Shop C6 Alpha Olefins” had an observed 22% of theoretical oxygen demand in 28 days in a
Closed Bottle test. The same report states that 1-hexene was not readily biodegradable in a modified
STURM test. MITI, (1992) used an Organization of Economic and Co-operative Development
(OECD) test guideline, which showed a range of biodegradation, from 67 to 98% in 28 days (as
BOD). The MITI study is considered more appropriate for use in this analysis because the Shell
studies appear to use a mixture (rather than pure 1-hexene; as was apparently used in the MITI
study) and also because hexene is volatile and the modified STURM test is not an appropriate
protocol for the volatile substances.

Similarly, there are a variety of biodegradation studies reported in the individual dossiers in
which mixtures were apparently used. For the purposes of this report, results with pure compounds
were considered more relevant. Biodegradation studies with 1-octene, 1-decene, and 1-tetradecene
showed degradation rates of 41-42% after 28 days (Adema and Bakker, 1985); 81% after 28 days
(Enichem Instituto G Donegani, 1995); and 45-65% (Turner, 1985), respectively. Thus, there is no
apparent difference regarding biodegradability; available data on four/five category members
indicate there are no significant differences among the group.

F.Volatilization: In general, volatilization of the AOs to the air could occur at relatively rapid
rates depending on environmental factors (i.e., surface type, temperature, wind velocity) and the
compartment from which volatilization is being considered (i.e., soil, water). The volatilization of
the lower chain AOs in comparison to the higher chain AOs will be more significant from soil,
while the volatilization of all the AOs under discussion could be significant from water. The latter
is true for the higher chain AOs as well, based on their Henry’s Law constants (HLC) (Table 1B).
As a HLC increases, there is a greater tendency of the chemical to volatilize from water. All of the
AOs have HLCs in a range that suggests they will volatilize from water at a rapid rate (Lyman,
1990).

Actual migration through a soil horizon will be influenced by several physical characteristics of
the environment and chemical. One chemical characteristic that can significantly impact the
relative amounts of these chemicals that will remain available to migrate through soil is volatility.
The Cs-Cyp olefins have a vapor pressure of greater than 1 mmHg, suggesting that they will tend to
volatize from surface soils at a relatively rapid rate. In comparison the C;,-Cy4 olefins have vapor
pressures less than 1 mmHg, suggesting that volatilization will have a lesser impact on their loss
from surface soils. As a result, the loss of the higher chain olefins from surface soils may be
influenced more by biodegradation (see section E. above) because they have a lower potential to
migrate and volatilize.
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TABLE 3: Environmental Fate and Transport of the C¢-C14 Alpha Olefins
WWTP | Distributio | Distributio | Migration to Sorption to Biodegradation Atmospheric | Volatilizatio Volatilization from
% n fugacity n fugacity groundwater soil and oxidation n from water soil
remova | level IIT* level I (EAB-IRER, sediment T T
1 97)
Hexene >99 Air =21 Air =100 Moderate to Low to moderate 67 — 98% after 28 days -OH = 4.2 hrs River = 0.9 hrs Moderate mobility
Water= 77 Water= <1 rapid; (EAB-IRER, (m) (MITI, 1991) O; =23 hrs Lake = 4 days Dry Soil: May exist
Soil= <1 Soil=<1 may be mitigated 1995) (EPIWIN, 99) (EPIWIN, 96) Moist Soil: Rapidly
Sediment= 2 Sediment=<1 by volatilization Volatilization is (Swann et al 1983; and
expected to be more EPIWIN, 1999)
rapid than
biodegradation (EAB-
IRER, 1996)
Octene >99 Air =15 Air =99.7 Moderate; may Moderate (EAB- 41-42% after 28 days -OH = 3.8 hrs River = 1 hrs Moderate mobility
Water= 61 Water= <1 be mitigated by IRER, 1997) (m)(Adema and Bakker, | O; =22 hrs Lake = 4 days Dry Soil: May exist
Soil= <1 Soil=<1 volatilization 1985) (EPIWIN, 99) (EPIWIN, 96) Moist Soil: Rapidly
Sediment= 23 Sediment=<1 Volatilization is (Swann et al 1983; and
expected to be more EPIWIN, 1999)
rapid than
biodegradation (EAB-
IRER, 1996)
Decene >99 Air=35 Air=99.2 Slow; may be Strong (EAB- 81% after 28 days (m) -OH = 3.6 hrs River = 1.2 hrs Low mobility
Water= 19 Water= <1 mitigated by IRER, 1997) (Enichem Institute G O3 =22.9 hrs Lake = 5 days Dry Soil: May exist
Soil= <1 Soil=<1 rapid Donegani, 1995) (EPIWIN, 99) (EPIWIN, 96) Moist Soil: Rapidly
Sediment= 76 Sediment=<1 volatilization Acrobic: days to weeks (Swann et al 1983);
Anaerobic: weeks to EPIWIN, 1999
months
Dodecene >90 Air =3 Air = 84.9 Negligible Strong (HSDB, -OH = 3.3 hrs River = 3.8 hrs Slight mobility
Water= 12 Water= <1 1996; EAB- Aerobic: weeks 03 =22.9 hrs Pond =17 Dry Soil: Slowly
Soil= <1 Soil=14.7 IRER, 1997) (EPIWIN, 99) months Moist Soil: Rapid
Sediment= 85 Sediment=<1 (HSDB, 96) (HSDB, 96; Swann et al.
1983 and EPIWIN, 1999)
It is expected that strong
sorption may attenuate this
process.
Tetradecen >90 Air =5 Air =94.9 Negligible Strong (HSDB, 48-64% after 28 days -OH = 9.3 hrs River = 4.1 hrs Immobile
e Water= 6 Water= <1 1996) (Turner, 1985) (m) O3 =23 hrs Pond = 7.3 Dry Soil: Will not volatize
Soil= <1 Soil=5 (HSDB, 96) months Moist Soil: Rapidly
Sediment= 89 Sediment=<1 Aerobic: weeks (HSDB, 96) (HSDB, 96; Swann etal.,
1983, EPIWIN, 1999) It is
expected that strong
sorption may attenuate this
process.

All values calculated via EPIWIN,99 unless otherwise noted except for fugacity modeling which utilized the EQC model.
(m) = measured value
*Based on the following emission rates: 10 kg/hr to air, 1 kg/hr to water, 0 kg/hr to soil.
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2.2 Human Exposure

A. Occupational Exposure: Occupational exposure to the (Cs-Ci4) alkenes is most likely
to occur through dermal contact and inhalation during the production, formulation, transportation,
or use of these compounds. No data on occupational exposure from the direct use of the (Cs-Ci4)
alkenes were located in the open literature.

Occupational exposure limits for (C¢-Ci4) alkenes have not been established by the
Occupational Safety and Health Administration (OSHA). The American Conference of
Governmental Industrial Hygienists (ACGIH) has recently proposed a change (from 30 ppm (103
mg/m3 ) to 50 ppm (172 mg/m3) in the threshold limit value (TLV) for 1-hexene (ACGIH, 2001).
Workplace exposure data on these compounds gathered by the National Institute of Occupational
Safety and Health (NIOSH) in the National Occupational Exposure Survey (NOES) are shown
below:

° 1-hexene: 7974 workers in 8 SIC code industries;
. 1-dodecene: 300 workers, including 4 females, in 1 SIC code industry

Shell reported that their internal standard for worker exposure to 1-hexene, 1-octene and
1-decene is 100 ppm TWA (344 mg/m’, 458 mg/m’, 572 mg/m’), respectively. Phillips detected an
8-hr TWA exposure level of 0.12 ppm (0.413 mg/m’) for 1-hexene in their plant based on a
monitoring survey involving 59 measurements. Chevron and Ethyl reported that closed systems are
used in the manufacture and use of alpha olefins. Chevron and Ethyl reported that exposure is
confined to reactor operators, maintenance personnel, and personnel involved in loading and
off-loading of tank trucks or cars. Exposure levels are anticipated to be below 1 ppm during normal
operating conditions.

The American Petroleum Institute reported that the intermediate refinery process streams
that contain (C¢-Ci4) alkenes are processed in closed systems, presenting minimal opportunity for
worker exposure at the refinery.

Occupational exposure to the (Cg¢-Ci4) alkenes can also occur from their presence in
work-related media. 1-Hexene was detected in the air of a high-volume gasoline service station, at
concentrations of up to 0.1 ppm (0.34 mg/m’) (Kearney and Dunham, 1986). Cs Olefins [isomers
unspecified] were reported to comprise 1.8% of gasoline [ATSDR, 1993]. The mean personal air
concentrations of 1-hexene arising from gasoline for workers in the petroleum industry were 0.019
mg/m’ (0.006 ppm) for outside operators, 0.088 mg/m® (0.03 ppm) for transport drivers, and 0.281
mg/m’ (0.08 ppm) for service attendants (Rappaport et al., 1987).

Hexenes, octenes, and decenes were detected in air samples taken from landfills in the
United Kingdom, including municipal, industrial, and liquid co-disposal sites (Young and Parker,
1984). Octene has been detected in air samples taken at a water treatment plant in Switzerland
[Hangartner, 1979].

B.Consumer Exposure: There are no reports of exposure from the use of alpha olefins in
consumer products. Non-occupational human exposure to alpha olefins is not expected since the
compounds are used as industrial intermediates (CRCS, 1985). According to Finland (2000)
consumer exposure may occur during the usage of self-service gasoline stations, which may lead to
indirect exposures of individuals living in close proximity to the self-service gasoline station.
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C. Indirect Exposure Via the Environment: General population exposure to (Ce- C2)
alkenes is probably limited to contact with low concentration of the compounds in ambient air and
finished petroleum products.

Exposure to the general population may occur during use of petrochemical products that
contain the linear olefins. Inhalation exposure to 1-hexene may occur for those who use
self-service gas stations (Kearney and Dunham, 1986).

Exposure of the general population to the (Cs-C14) alkenes may occur through the ingestion
of contaminated food. 1-Decene and 1-dodecene have been identified in walleye and trout taken
from the Great Lakes (Hesselberg and Seelye, 1982). Octene has been detected in oysters and
clams obtained from Lake Pontchartrain, LA (Ferrario et al., 1982).

D. Drinking Water Exposure: Exposure of the general population to (Ce-Ci4) alkenes
may occur by ingestion of drinking water (Lucas et al., 1984). 1-Hexene, 1-octene, 1-decene, and
1-dodecene have been identified in drinking water samples from the United Kingdom (Fielding et
al., 1981) but levels were not reported.
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3. HUMAN HEALTH

The exposure routes of concern for human health are considered to be dermal and inhalation. Data
presented in the SIAR are considered the key studies to describe the hazard of these compounds. All
other data may be found in each individual chemicals respective dossier. A summary of all data
presented in the SIAR may be found in Table 4.

3.1 Effects on Human Health

A. Acute Toxicity: By oral and dermal routes in rats and rabbits, respectively, the median
lethal dose values (LD50) are greater than 10 g/kg for all five AO compounds. By the inhalation
route in rats and mice results indicate that there does not appear to be a concern for acute toxicity
with all five of the AO compounds.

B. Irritation: Under semi-occluded conditions, C¢- Ci4 alpha olefins appear to be mildly
irritating to rabbit skin when tested as pure chemicals (range of mean primary irritation scores
[based on 0- 8.0] was 0.1 for 1-dodecene to1.8 for 1-octene); but appear to be slightly to severely
irritating when tested as blends or mixtures (primary irritation scores of 3.38 for NEODENE 8,
4.3-5.1 for Alpha Olefin PQ11 103, 4.67 for Gulftene 12, and 4.5 for NEODENE 14). The alpha-
olefins appear to be only slightly irritating to rabbit eyes, regardless of whether the test material
was pure or a mixture (range of mean Draize scores [based on 0 - 110] was 0.0 for 1-decene and
Alpha Olefin PQ11 103, 4.7 for NEODENE 8). The alpha olefins do not cause skin sensitization in
guinea pigs.

C. Repeated Dose Toxicity: In studies with animals, C¢- Cj4 alpha olefins have
demonstrated a low level of toxicity following repeated exposures using the oral, inhalation, and
dermal routes.

a. Oral studies:

1-hexene: Groups of 5 male and female rats were exposed to 1-hexene via gavage for 28 days at 10,
101, 1010 and 3365 mg/kg/day ( Dotti et al., 1994). The main effect exhibited was irritation of the
gastric mucosa at the two top dose levels (males and females) along with reduced body weights (at
the top two dose levels in males and the top dose only in females). Spleen weights were reduced at
the top dose of 3365 mg/kg/day in males, but there were no associated histological findings.
Pathological changes were restricted to gastric effects. The NOEL for the study was determined to
be 101 mg/kg/day.

Gingell et al (2000) conducted a combined reproductive/developmental toxicity study in rats with 1-
hexene (gavage at doses of 0, 100, 500 and 1000 mg/kg/day). The reproductive and developmental
toxicity results are discussed in Section 3.F. Male rats were dosed for 44 consecutive days and the
following kidney effects were observed: pitted kidneys (2/12 in 500 mg/kg/day group and 3/12 in
the 1000 mg/kg/day group); and the accumulation of eosinophilic hyaline droplets in the proximal
convulted tubules in all treated rats (incidence of 0/0, 7/12, 8/12 and 9/12 for the 0, 100, 500 and
1000 mg/kg/day). The extent of hyaline droplet formation also increased with dose. Although
there was no immunochemical verification, the author’s concluded that the formed droplets were
alpha2u-globulin.

1-octene: Four groups of 20 male and female rats were dosed via gavage with 1-octene for 90 days
at 0 (control), 5, 50, and 500 mg/kg/day. Changes were considered treatment-related occurred only
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in the high-dose group. They consisted of increased kidney weights (in both sexes),
histopathological renal changes (males only) and decreased plasma chloride (in both sexes),
increased plasma creatinine concentration (females only). These findings indicate a nephrotoxic
effect at 500 mg/kg/day. The author of the study concluded the NOEL to be between 50 and 500
mg/kg/day and probably only slightly less than 500 mg/kg/day. The author’s rationale was based
on only slight changes being observed at 500 mg/kg/day and no-treatment related effects being
observed at the next lower dose of 50 mg/kg/day. When compared to the control group there was
no significant difference in body weight, food intake, signs of toxicity or behavioral abnormalities,
which could be related to the test substance. Upon review of the study, it appears that the only
NOEL demonstrated from the data is 50 mg/kg/day. This conclusion is based on the limitations of
the doses utilized in the study design and treatment-related effects that were observed at 500
mg/kg/day.

1-tetradecene: Rats were orally dosed with 1-tetradecene (OECD modified 422) at concentrations
of 100, 500, and 1000 mg/kg/day. (The test protocol and reproductive/ developmental toxicity
results from this study are discussed in section 3.F. below). The neurotoxicity option in the test
protocol was followed and showed no effects in males or females at any dose level. It was
observed that hepatocyte cytoplasmic vacuolation occurred in both sexes at >500 mg/kg/day
(associated with an increase in liver weight), and pitted kidneys and accumulation of hyaline
droplets in the proximal convoluted tubules of the kidneys of males at all dose levels. The kidney
effects were interpreted to be a result of hydrocarbon nephropathy, which is specific to male rats.
The determined NOEL was 100 mg/kg/day (the effect was liver effects in non-pregnant satellite
females histologically examined). A NOEL for systemic toxicity to the males was not determined
due to the hydrocarbon nephropathy.

b. Inhalation:

I-hexene: A subchronic study of 1-hexene was conducted by inhalation, considered to be the most
relevant route for human repeated exposure (Gingell, 1999; on Shell, 1984). Rats were exposed to
0, 300, 1000, and 3000 ppm 1-hexene for 90 days (6 hrs/day, 5 days/week) and evaluated for
systemic toxicity. No mortalities and no treatment-related clinical signs of toxicity were seen. At
3000 ppm, females had significantly lower body weights. Slight but statistically significant clinical
pathological changes which may have been treatment-related included: elevated serum phosphorus
in males at 300, 1000, and 3000 ppm and in female rats at 1000 and 3000 ppm; lower serum lactate
dehydrogenase in female rats exposed to 1000 ppm, and in both male and female rats exposed to
3000 ppm; lower serum albumin in female rats exposed to 3000 ppm; elevated hematocrit and RBC
count in 3000 ppm males and in 1000 and 3000 ppm females; and lower mean corpuscular
hemoglobin and hemoglobin concentration in 1000 and 3000 ppm females. At 3000 ppm, males had
statistically higher relative and absolute testes weights; however, when the left testicle was
detunicated prior to weighing, there was no statistically significant increase in testis weight
compared with the controls. No treatment-related gross or histological lesions were noted in these
or other tissues. The NOAEL appeared to be 1000 ppm, based on changes in body weight and
questionable organ weight changes at 3000 ppm.

c. Dermal:

Two dermal studies were conducted, one with rats (2 week study with a C;,-C¢ blend) and one
with rabbits (28 day study with Cg). The rabbit study was a 28-day irritation study in which animals
were treated with 0.2 ml of the test substance 5 days/wk for four weeks (Ethyl Corporation, 1973).
Results showed “questionable hyperemia, exfoliation, and scab formation”. There was no
assessment for systemic effects and only one dose was used. In rats, repeated dermal application of
a C1,-Cy6 blend for two weeks at 0, 1, or 2 g/kg resulted in severe skin reactions and depresses body
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weights only at the highest dose tested (Gulf Life Sciences 1983). No other treatment related effects
were noted.

D. Genetic Toxicity: The C4-C4 alpha olefins are not considered to be genotoxic as a
result of a broad range of in vitro studies (bacterial reverse mutation; mitotic gene conversion in
yeast; mammalian cell gene mutation, chromosome aberration, and transformation; and
unscheduled DNA synthesis). Negative results were also seen in vivo in bone marrow micronucleus
tests in which mice were exposed via inhalation to 1000 - 25,000 ppm 1-hexene for 2 hrs/day for 2
days. Dermal application of a C;,-Ci¢ blend of alpha olefins to mice also failed to induce an
increase in micronucleated bone marrow erythrocytes.

E. Toxicodynamics, toxico-kinetics: Studies with Cq, Cg, Cjo, and C;, alpha olefins
indicate that metabolism occurs in hepatic endoplasmic reticulum via initial formation of a transient
epoxide which are further metabolized to the corresponding glycol or conjugated with glutathione.
The latter two metabolites are excreted in urine as mercapturic acids. (Watabe, 1968; Maynert,
1970; Oesch, 1973; Sipes, 1991).

1-Hexene was included in a study to determine the ability of 1-alkenes to form epoxides by
the presence of hemoglobin and DNA adduct formation in the blood of rats exposed via inhalation
(Eide et al., 1995). Results showed a decrease in hemoglobin and DNA adduct formation with an
increase in 1-alkene chain length (the study included C2-C8 alkenes).

F. Reproductive/Developmental Toxicity: Two separate studies are reported here: a
combined reproductive/developmental study with 1-hexene and a combined reproductive/
developmental study with tetradecene.

1-Hexene was orally administered via gavage to male and female rats in a combined
reproductive/developmental toxicity test (OECD 421) at the following doses: 0, 100, 500 and 1000
mg/kg/day in corn oil (Gingell et al., 2000 on EM Daniel, 1995). Male rats were treated for 28 days
prior to mating and for an additional 16 days (44 total days). Females were dosed for 14 days prior
to mating and during mating, gestation and lactation (41-55 days). There were no effects on the
following developmental toxicity parameters: number of litters, pup survival, pup viability, pup
weight, and sex ratio. There were no effects on the following reproductive parameters: precoital
intervals, gestation length, pregnancy rats, copulation and fertility indices. Absolute epididymal
weights for males were statistically lower in all treated groups compared to controls and the
epididymal/brain relative weights were also lower in all treated groups compared to controls
(although only the low dose group was statistically significant). The biological significance of the
decreased epididymal weights is uncertain because of no apparent histopathological effects in the
epididymis, no evidence of impared fertility in the treated males and there was a lack of a dose
response between treated groups. . Therefore, the NOAEL for reproductive/developmental toxicity
is 1000 mg/kg/day. The kidney effects observed in FO males have been described previously in
section 3.1.C.a.

1-tetradecene, administered orally, was evaluated for reproductive and developmental toxicity
in a combined repeat dose/reproductive/developmental toxicity screening test (OECD 422) in which
male rats were exposed for 28 days prior to mating, and through mating until euthanasia for a total
of 43-47 consecutive days of dosing; 12 females were dosed for 14 days prior to mating, during
mating, gestation and lactation through euthanasia at lactation day 4 (42-51 consecutive days). A
satellite group of eight females were assessed for neurotoxic and pathological analyses(see section
3.G.b). Dose levels were 0, 100, 500, and 1000 mg/kg/day. There was no evidence of impaired
reproductive capabilities in the FO generation, as measured by effects on copulation and fertility,
precoital intervals, gestation length, time to delivery or unusual nesting behavior. There was no
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evidence of developmental toxicity in the F1 generation, as measured by the number of live and
dead pups, number of litters with live offspring, mean litter size and male to female pup ratio, pup
survival and weights, and external observations. The NOEL for reproductive/developmental effects
was >1000 mg/kg/day.

G. Other:
a) Carcinogenicity: No carcinogenicity tests have been conducted on C4-Ci4 alpha olefins.
However, there are no structural alerts indicating a potential for carcinogenicity.

b) Neurotoxicity: Neurotoxicity was evaluated in three studies as part of other test
protocols already discussed above, two performed with hexene (Neodene 6) and the other with
tetradecene. Neurotoxicity was not observed in any of the studies. The studies utilizing 1-hexene
assessed neuromuscular coordination in rats, evaluated by rotorod, which indicated no effect by
administration orally for 28 days (3365 mg/kg/day) or via inhalation for 90 days (3000 ppm). 1-
tetradecene was tested in a combined repeat dose/reproductive/developmental toxicity screen,
which evaluated a satellite group of eight females motor activity, clinical pathology and functional
observational battery of rats. Results indicated that there were no test article-related differences that
would indicate neurotoxicity in rats treated orally at 1000 mg/kg/day.

¢) Observations in Humans: In a review, Cavender (1993) noted that 1-hexene, when
inhaled, at a concentration of 0.1 percent (1000 ppm), causes CNS depression with mucous
membrane irritation, vertigo, vomiting and cyanosis. When ingested it presents a moderate
aspiration hazard.

Chevron (1984) reported that prolonged or frequently repeated contact with (Cs — Ci2)
alkenes might cause the skin to become dry or cracked from the defatting action of the compounds.
Breathing of vapor of (Cs — Cj2) alkenes may cause CNS depression. Signs and symptoms of CNS
depression may include one or more of the following: headache, dizziness, and loss of appetite,
weakness and loss of coordination. Affected persons usually experience complete recovery when
removed from the exposure area.
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Table 4: Health Effects of the C6-C14 Alpha Olefins

Acute Toxicity Repeated Dose Mutagenicity In Vitro Mutagenicity | Repro/Dev
In Vivo
Hexene Oral: Rat LD50>5600 Rat, 90-day inhalation OECD 413; S. typhimurium, OECD 471 w/out repeat Mouse Bone Marrow Rat; OECD 421; doses at 0, 100,
mg/kg and >10,000 mg/kg NOEL= 1000 ppm' assay; Mouse Lymphoma, OECD 476, ; micronucleus; 500, and 1000. NOEL=>1000
Mammalian Cell gene mutation ; CHO, Mouse; OECD 474 mg/kg (reproductive tox, parental,
Inhalation: Rat LC50 (4hr) = | Rat, 28-day gavage OECD 407; OECD 473, Human lymphocytes- (inhln); Negative at adult female); NOEL =>1000mg.kg
32,000 ppm (nom) NOEL=101 mg/kg (gastric effects Metaphase Chromosome Analysis. All 0, 1000, 10000 and (reproductive tox, F1 generation);
[males and females] and reduced negative with and w/out activation— 25000 ppm NOEL=>1000 mg/kg (Pregnancy
body weights [males only]) litter;; NOEL=>1000 mg/kg (foetal
Rat; OECD 421; NOEL >100 mg/kg UDS-rat hepatocyte; OECD 482; data)
(general tox —male rat nephropathy); | Negative at 0.5 and 2 mg/ml; no
evaluation at 3.5 and 5.0 mg/mL due to
toxicity.
BALB/3T3 cells transformation-
Negative
Octene Oral: Rat LD50>10g/kg and | Rat, 90 day oral (gavage) dosing at S.typhimurium; Neodene 8,
>5 ml/kg 0,5,50 or 500 mg/kg/bw — NOEL = S.typhimurium; Octene and BALB/c-3T3
50 mg/kg/day increased kidney transformation: Negative with and w/out
Inhalation: Rat LC50 (4 hr) weights and decreased plasma activation
=8,050 ppm (nom) chloride in both sexes
Two CHO chromosome abberrations
Dermal: Rabbit LD50 >10 Rabbit 28-day dermal irritation tests; one was negative with and w/out
g/kg (24 hr) and 1.43 g/kg study at 0.2 ml, 5 days/week for 4 activation and the other had questionable
(24 hr) weeks. Questionable hyperemia, results with activation; (aberration rate
exfoliation, and scab formation. increased approx 2-fold over background,
but no dose response) and was negative
w/out activation.
Decene Oral: Rat LD50>10g/kg S.typhimurium; OECD 471; Negative with
and w/out activation
Inhalation: Rat LC50
>saturation conc for 1
and 4 hr exposure at
saturation of 9.3 and 8.7
mg/L
Dodecene Oral: Rat LD50>7.7 Rat 2-week dermal toxicity at 0, 1, S. typhimurium and E.coli; Blend® and Mouse Micronucleus

g/kg, >10 g/kg and
>10g/kg

Inhalation: Rat LC50 (4
hr) > 2.1 mg/l; (lhr)
>9.9 mg/L

or 2 g/kg C12-C16 blend. Severe
skin reactions and depressed body

weights at 2g/kg.

C12 and CHO/HGPRT; Blend’, Mitotic
Gene conversion Assay; S. cerevisiae;

Blend® and C12: All negative with and
w/out activation

CA; Rat liver; RL1 cells; C12, CA; Rat
liver, RL4 cells; Blend’, BALB/3T3
Mouse embryo; Blend® and UDS; Blend*:
All negative

Bone Marrow Test
(dermal); Blend; No
remarkable clinical
findings-negative at
dose of 5000 mg/kg
(only dose admin)
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Tetradecene

Oral: Rat LD50 17.3
g/kg and >10g/kg;
Mouse LD50= 21.3 g/kg

Inhalation: Rat LC50
(1hr) = 9900 mg/m®

Inhalation: Mouse LC50
=223 mg/L

Combined OECD 422; gavage
dosing at 0, 100, 500 or 1000
mg/kg/bw/day for up to 51 days.
NOAEL = 100 mg/kg/day liver
effects in non-pregnant female
satellite group and no NOEL for
males due to kidney effects

Rat 2-week dermal toxicity at 0, 1,
or 2 g/kg C12-C16 blend. Severe
skin reactions and depressed body
weights at 2g/kg.

S. typhimurium; Blend®, Mitotic
recombination; S. cervisiae; Blend®, Rat
Liver RL1 cells; Blend?®, and CHO cells;
Blend®: Negative with and w/out
activation

UDS; rat hepatocyte; Blend®, and
BALB/c-3T3; Blend®: Negative

Mouse Micronucleus
Assay (dermal);
Blend; Negative at
doses of 1000; 2500
and 5000 mg/kg for 2
days.

Rat; Modified OECD 422; gavage at
0.100,500 or 1000 mg/kg/bw/day
for up to 51 days; NOAEL
parental: 1000 mg/kg/bw/day;
NOAEL F1 Offspring; 1000
mg/kg/day

No developmental effects seen
through day 4 of lactation

"Neodene 6 = 90-100% hexene;

*Three test articles blended to produce final test article consisting of 90-100% hexene.

Blend not specified.
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4. Effects on the Environment

4.1 Aquatic Effects

Table 5A summarizes the acute aquatic toxicity data (both experimental and modeled)
and Table 5B presents the results of modeling the chronic toxicity of the alpha olefin category
members. The Daphnid and fish acute toxicity studies were conducted with relatively pure alpha
olefins except for the test material used in the 1-decene and 1-dodecene experiment, which was a
blend of olefins ranging in carbon number from C;o.Ci3. The results for a test material with a
mixture of olefins ranging from a Cg to a Cgare used to characterize the algal toxicity of 1-octene.
The algal studies for 1-hexene and 1-tetradecene were conducted using relatively pure chemicals.
In many cases, the concentrations tested were much greater than the water solubility of the test
substance.

No chronic toxicity data were found. Because of the limited amount of measured acute
data an aquatic toxicity computer model (ECOSAR) was used to estimate algal toxicity and acute
toxicity to Daphnids and fish to support the existing measured data. This model was also used to
estimate a chronic value for fish because of the lack of measured data. Information concerning the
basis for the computer models can be found in the Appendix B of the SIAR. Model input values
along with results may be found in each individual chemical’s respective SIDS dossier.

A. Acute Toxicity

a. I-Hexene: Toxicity data are available for an alga (Selenastrum capricornutum),
Daphnid (Daphnia magna), and two fish, rainbow trout (Salmo gairdneri) and zebra fish
(Brachiodanio rerio). Based on the toxicity values for 1-hexene from five tests, this
chemical can be characterized as moderately toxic to aquatic organisms (acute toxicity >1
mg/L and <100 mg/l; EPA, 1992). Rainbow trout demonstrated the greatest sensitivity to
this chemical in the five tests reported. The 96-hr LC50 value was 5.6 mg/L. In
comparison, the zebra fish, Daphnid and algal data suggest that these organisms are less
sensitive. However, it is questionable that the test systems used, other than the rainbow
trout, were able to maintain consistent concentrations throughout the duration of the test.
Therefore, it is likely that these data do not accurately characterize the acute toxicity of 1-
hexene to the organisms. For example, the acute toxicity to algae was reported in the
study as a 96-hour EC50 of 1000 mg/L based on cell counts. However, in reviewing the
study it was determined that five of the doses used in the study were above the water
solubility value for 1-hexene (~ 50 mg/L). As a result, it was determined that the actual
96 hour EC50 was 22 mg/L; the highest nominal concentration used below the water
solubility level with 50% of algae affected. Further evidence of 1-hexene aquatic toxicity
is provided by calculated data. Calculated endpoint values for a green alga, Daphnid, and
a fresh-and saltwater fish suggest that 1-hexene would exhibit a relatively narrow range of
toxicity between 1.3 to 3.6 mg/L. This is in general agreement with the measured rainbow
trout data.

b. 1-Octene: Toxicity data are available for an alga (Selanastrum capricornutum),
Daphnid (Daphnia magna), and zebra fish (Brachiodanio rerio). Measured toxicity studies
were conducted using pure octene in the daphnid and fish studies, and a blend mixture
containing alpha olefins C¢-Cg, Olefin 68 PQ11 for the algal study. Only 16% of the
mixture contained octene. The chemical tested was not completely soluble at all
concentrations tested and concentrations were expressed in terms of the amount initially
added. Based on the toxicity values for 1-octene from the Daphnid and fish tests, this
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chemical can be characterized as moderately toxic to aquatic organisms. Acute values for
the two organisms range from 3.2 to 10 mg/L. Although the data used to characterize
algal toxicity suggests a lower order of toxicity (96 hour EC50 of 200 mg/L based on cell
counts), the study may not have adequately maintained concentrations of test material
throughout the duration of the test. The calculated data cover a narrow range from 0.25 to
0.4 mg/L. Although the calculated data suggest that 1-octene may be more toxic to these
organisms than the test values actually indicate, there is no reason from the information
provided to consider the test data questionable.

c. I-Decene: Toxicity values for algae, invertebrates, and vertebrates are reported.
Measured toxicity studies were conducted using a blend mixture containing alpha olefins
Cio through C,3, Shop Olefin 103. The blend contained 30% of the C;o-C;; compounds.

Acute measured toxicity tests are reported for an alga (Selenastrum capricornutum),
Daphnids (Daphnia magna), and rainbow trout (Salmo gairdneri). The acute toxicity of
Cio - Cy; alpha olefins to the alga was determined in a 4-day growth test. The 96 -hr
EC50, based on cell counts was calculated to be 22 mg/L. The toxicity of the test material
to a Daphnid was determined in a static test. The 24 and 48-hr EC50 values were 720
mg/L and 480 mg/L, respectively. The estimated fish LC50 of >1000 mg/L may not
accurately characterize the toxicity of this alpha olefins because the effect concentrations
far exceed the water solubility (0.115 mg/L). In addition, the validity of these data is
questionable because the test vessels were not sealed and would have lost test material
from the test systems through volatilization.

Acute predicted toxicity for 1-decene to an alga was considered highly toxic (predicted
value <1 mg/L EPA, 1992). Only algal values could be predicted from the model because
of the high log P, value, a detailed explanation is located in Appendix B.

d. 1-Dodecene: Toxicity values for algae, invertebrates, and vertebrates were the
same ones reported above for 1-decene, which used a blend mixture containing alpha
olefins Cj¢ through Cy3. Only 11% of the mixture contained 1-dodecene. The chemical
tested was not completely soluble at all concentrations tested and concentrations were
expressed in terms of the amount initially added.

ECOSAR could not be utilized to predict aquatic toxicity for 1-dodecene because of its
high log P,y value (see Appendix B).

e. I-Tetradecene: Toxicity data are available for algae (Selenastrum capricornutum),
Daphnid (Daphnia magna) and fish, rainbow trout (Salmo gairdneri). Results of three
studies with these organisms showed that test media saturated with the test chemical at a
test material loading of 1000 mg/L did not produce toxic effects. The results were: algal
96-hr ELO = 1000 mg/L, based on biomass; Daphnid 48-hour ELO = 1000 mg/L; and trout
96-hour LLO = 1000 mg/L (EL = effect loading; LL= lethal loading; EL/LLO = no effects
or toxicity at the loading referenced). The test procedure used water accommodated
fractions (WAFs) of the test material. This type of test procedure evaluates the toxicity of
poorly water-soluble materials up to their maximum water solubility limit at the specified
test material loading. A WAF is prepared by mixing a test material (organic phase) with a
measured volume of aqueous test medium for a period of time sufficient for the test
material to reach saturation in the medium, then separating the aqueous phase from the
remaining organic phase and evaluating for toxicity. Based on the results from these tests,
this chemical can be characterized as not being sufficiently water soluble to cause toxicity
to algae or acute toxicity to Daphnids and fish.
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The ECOSAR model was unable to predict the acute toxicity of 1-tetradecene because of the
chemical’s low water solubility. (Please see Appendix B)

B. Chronic Aquatic Toxicity: Chronic toxicity data were not available for the Co-C4 Alpha
Olefins. The chronic data presented in this STAR were calculated using the ECOSAR model (see
Appendix B). Table 5B lists the chronic 30-day fish values for selected alpha olefins from 1-
hexene to 1-dodecene, as increasing in toxicity from 0.496 to 0.004 mg/L, respectively. ECOSAR
was not able to calculate the chronic toxicity of 1-tetradecene due to model limitations of chemicals
with higher Kow values.

C. Bioconcentration Factors (estimated): Based on ECOSAR and EPWIWIN model
predictions, l-hexene (81), octene (659), decene (488) and dodecene (313) indicate
moderate values while tetradecene’s (1586) is considered high. There appears to be a
small decrease in BCF potential from octene to dodecene. (EPIWIN, 1999 and Franke et
al, 1994)

4.2 Terrestrial Effects:

There were no terrestrial toxicity studies found for the alpha olefins.
Based on level III fugacity modeling, the estimated partitioning of the alpha olefins indicates these
chemicals have the potential to partition to the sediment and soil compartments if released to the
environment.
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Table 5A: Algae Toxicity and Invertebrate and Fish Acute Toxicity of the C6-C14 Alpha Olefins

Species Measured Duration Endpoints Comments
/ (mg/L)
Predicted
1-Hexene — All experimental values used 1-hexene >96%.
Algae
(Selenastrum Measured 96-hr ECO 22 Endpoint was biomass; no attempt to prevent
capricornutum) evaporation.
Green Algae Predicted 24-hr EC50 2.4
Invertebrate
(Daphnia_magna) Measured 48-hr EC50 30-60
(Daphnia magna) Measured 48-hr EC50 230 Static, test result is above water solubility; no attempt
to prevent evaporation
Daphnid Predicted 24-hr EC50 3.6
Vertebrates
Rainbow trout (Salmo Measured 48-96-hr LC50 | 5.6 Semi-static, minimal headspace to prevent losses
gairdneri) through evaporation
Zebra fish (Brachiodanio Measured 96-hr LC50 25-50 Semi-static, stirred 4 h before adding fish, glass beaker
rerio) covered with a watch glass; also tested in glass-
stoppered flask
Freshwater Fish Predicted 96-hr LC50 3
Saltwater Fish Predicted 96-hr LC50 1.3

1-Octene— All experimental values utilized octene >99% except for the algal test’

Algae

(Selenastrum Measured 48-hr EC50 200 Endpoint was biomass; no attempt to prevent

capricornutum) evaporation; reported value exceeds water solubility
limit

Green Algae Predicted 96-hr EC50 0.30

Invertebrate

(Daphnia magna) Measured 24 hr EC50 >3.2<10 Static, stirred 4 h before adding test animals, glass
beaker covered with a watch glass; also tested in
glass-stoppered flask

Daphnia Predicted 24-hr EC50 =0.40

Vertebrates

Zebra fish (Brachiodanio Measured 24-96-hr LC50 | 3.2 Static, stirred 4 h before adding fish, glass-stoppered

rerio) flask, open and closed, nominal with t-butanol as
carrier. Without t-butanol as a carrier, the 48-96 hr
LC50=4.8

Freshwater Fish Predicted 96-hr LC50 0.32

Saltwater Fish Predicted 96-hr LC50 0.25

1-Decene & 1-Dodecene— Test substance utilized was a blend.”

Algae

Selenastrum capricornutum Measured 96 hr EC50 22 Static, vessels not sealed, solution aerated.
Concentrations utilized in testing were greater than the
water solubility

Green Algae Predicted 96 hr EC50 0.037 For 1-decene only

Invertebrate

Daphnia magna Measured 24 hr EC50 720 Static, vessels not sealed, solution aerated
Concentrations utilized in testing were greater than the
water solubility

Daphnia magna Measured 48 hr EC50 480

Daphnid Predicted 48 hr EC50 0.048 For 1-decene only

Vertebrates

Rainbow trout (Salmo 96 hr LC50 = >1000 Semi-static, vessels not sealed, solution aerated

gairdneri) Concentrations utilized in testing were greater than the
water solubility

Predicted 96 hr LC50 0.035 For 1-decene only
1-Tetradecene — Test substance was 99% C14; WAFs’

Algae

Selenastrum capricornutum Measured 72-96 hr ELO 1000 Growth; static test

Invertebrates

Daphnid (Daphnia magna) Measured 24 hr ELO 1000 Immobility; semi-static test

Daphnid (Daphnia magna) Measured 48 hr ELO 1000 Immobility; semi-static test

Vertebrates

Rainbow trout (Salmo 96 hr LLO 1000 Mortality; semi-static test

gairdneri)

"Olefin 68 PQ11 (Cs = 48%, C7= 36% and Cs=16%)
Shop Olefin 103 = C10-C11=30%, C11-C12=31%, C12=11% and C13=21%

SWAF = Water Accommodated Fractions test procedure was used due to the low water solubility of the test material.
“Prediction is for 1-decene only.
ELO = effect loading based on the WAF testing procedure; no effect observed at the highest loading indicated
LLO = lethal loading based on the WAF testing procedure; no mortality observed at the highest loading indicated
All predicted values were obtained using Log K, values obtained from CLOGP

UNEP PUBLICATIONS

25



OECD SIDS

ALFA OLEFINS

Table 5B: Predicted Chronic Toxicity to Fish.

Chemical 30-Day Chronic Value (mg/L).
1-Hexene 0.496
1-Octene 0.06
1-Decene 0.008
1-Dodecene 0.004

1-Tetradecene

Model not utilized, please see Appendix B

All predicted values were obtained using Log K, values obtained from CLOGP
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5. Category Discussion:

The five alpha-olefins discussed in this STAR have been brought together as a category
for the purposes of the OECD SIDS Programme. Thus, this discussion will center on
whether the proposed test plan- to treat the five chemicals as a category — was
satisfactory.

Physiochemical Properties:

Table 1B clearly shows a distinct trend or pattern from the shortest AO (Cq) to the
longest AO (Cj4) for each of the properties listed. Melting point, vapor pressure, and
water solubility decreases with increasing chain length whereas, boiling point, log Koy,
Henry’s Law Constant, and the soil sorption coefficient all increase with increasing chain
length. Most of the listed values are measured (melting and boiling points, vapor pressure
and some log K,, and water solubility values). However, there is no need to acquire
measured log Koy (Ci4)or water solubility values(C,, and Cy4) for the category members
for which these data are missing. Due to the knowledge gained from the trend analysis for
both parameters, C4 would likely have a very high Log K, and very low water solubility
and the Cy, water solubility would also be quite low.

Environmental Fate and Transport:

A variety of measured and estimated data are presented in Table 3 that characterize the
environmental fate and transport of the five category members. Using appropriate input
values rather than the defaults, the fugacity Level III distribution model suggests
distribution to water will decrease with increasing chain length, distribution to sediment
will increase with increasing chain length and distribution to air will be similar for hexene
and octene (> 15%) and for decene, dodecene and tetradecene (< 5%). These results seem
reasonable given the physico/chemical properties mentioned above.

Movement of the alpha olefins through soil is affected by both the soil sorption
coefficient and volatility, and it is estimated that such movement will be moderate to rapid
for hexene, but will decrease with increasing chain length to negligible mobility for
tetradecene.

The available data on biodegradation (experiments performed with hexene, decene,
dodecene, and tetradecene) suggest that, qualitatively speaking, all are readily
biodegradable. From a category perspective there does not appear to be an easily defined
increasing or decreasing trend. The same is true for the atmospheric oxidation estimates —
all five category members appear equal.

In the final analysis, sufficient information is available on select members of the alpha
olefin category for all the major SIDS environmental fate/transport endpoints so that
further individual testing is not needed.

Human Health:

Data presented relative to the health toxicity endpoints of the Cq-Ci4 alpha olefins
indicate no differences among the five category members for acute toxicity, repeat dose
toxicity, genotoxicity, and reproductive/developmental toxicity. Importantly, there are
data available on all five category members for acute toxicity and genotoxicity SIDS
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endpoints. Repeat dose toxicity data are available for hexene, octene, and tetradecene and
reproductive/developmental toxicity data are available for hexene and tetradecene.

The repeat dose toxicity results suggest that octene (NOEL of 50 mg/kg for male rats)
appears to be more toxic than either hexene or tetradecene (both showing NOELs of 100
mg/kg for males). The octene data point suggests that any category pattern that might
exist (equal toxicity across all members) given the hexene and tetradecene data might not
exist for the middle members of the category. However, upon closer review of the octene
data, it is seen that the doses used in the repeated dose study were 5, 50 and 500 mg/kg.
Since the LOEL was 500 mg/kg, the “true” NOEL is anywhere from 50 to 500 mg/kg.
Therefore, given these data, it is believed that all members of the category are likely to
have equal general toxicity under repeated dose conditions. Finally, it should be noted
that in all cases, male rats were more sensitive than female rats. In the octene and
tetradecene repeated dose studies as well as in the hexene combined
reproductive/developmental toxicity study, histological lesions were observed in the
kidneys of male rats only. In most of the cases, there was documentation of accumulation
of hyaline droplets in the proximal convoluted tubules of the kidney, but there was no
verification whether the alpha,, — globulin protein was present. Nonetheless, the effect
was treatment-related, confined to males, and is consistent with the male-rat specific
kidney effect that does not appear to be relevant to humans.

Data are only available for C¢ and C,4 regarding reproductive and developmental toxicity.
As with the repeated dose data the results are relatively the same. Given the results of the
general toxicity data it appears that all members would also have equal toxicity values
across the category for reproductive and developmental toxicity. Therefore a consistent
pattern appears to be established for the alpha olefins and, for the purposes of the OECD
SIDS Programme, there is no need to conduct further SIDS-level health tests for repeat
dose, reproductive, or developmental toxicity with decene and dodecene.

Ecotoxicity:

The measured aquatic toxicity data (Table 5A) indicate that the Cg to Cy4 alpha olefins
are divided into two subgroups; the lower alpha olefins, Cs to C;o, that exhibit acute
effects at levels below their water solubility; and the higher olefins, C;4 and possibly Cj,,
that do not exhibit acute toxicity because they cannot achieve a concentration in water
sufficient to produce acute toxicity.

Qualitative results (placing either the measured or numeric estimate of the acute
toxicity value presented in Table 5A into qualitative concern categories per EPA, 1992) of
the acute predicted ecotoxicity values (Tables 6) indicate that Cg through C;¢ are similar
for algae, daphnids, and fish and C¢ and C;4 are in subcategories by themselves. Chronic
predicted toxicity values (Table 7) indicate that Cg through C,;, are similar in toxicity
while C;4 remains in a category by itself.
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TABLE 6: Acute Aquatic Toxicity of Alpha Olefins

Chemical Algae Daphnids Fish
Name
Measured Predicted Measured Predicted Measured | Predicte

d

I-hexene Low Moderate Moderate Moderate Moderate Moderate

1-octene Low High Moderate High Mod-Low High

1-decene Moderate High Low High Low High

1-dodecene Moderate High Low * Low *

1-tetradecene Low * Low * Low *

*Exceeds to K, cutoff value.
*unable to predict due to the chemicals low water solubility
High < 1 mg/L, Moderate >1<100 mg/L, Low >100 mg/L (EPA, 1992)

TABLE 7: Chronic Aquatic Toxicity of Alpha Olefins

Chemical Name Fish
1-hexene Moderate
1-octene High
1-decene High
1-dodecene High
1-tetradecene *

*unable to predict due to the chemicals low water solubility however, the hazard is assumed to be similar to that
of 1-dodecene based on general chemical properties and environmental fate data.
High <0.1, Moderate 0.1 — 10, Low > 10 mg/L (EPA, 1992)
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6. Conclusions and Recommendations
Conclusions:

Since Cs-Cy4 alpha-olefins are produced commercially in closed systems and are used
primarily as intermediates in the production of other chemicals, human exposure is expected to be
minimal. Distribution modeling suggests that any environmental releases would result in the
majority (>50%) of lower chain length alpha olefins (hexene and octene) partitioning to water and
the remaining, higher chain length alpha olefins (decene, dodecene, and tetradecene) partitioning to
soil/sediment.

The higher the carbon chain length is, the greater the tendency for the chemicals to bind to
particulate matter. With increasing Log K,, there is a decrease in persistence in the water.
However, with increase in the log Kow value, there is an increase in persistence in the soil/sediment
compartments (see Table 3). The biodegradation process of the alpha olefins varies from days to
weeks under aerobic conditions. Volatilization is predicted to occur rapidly because of the high
Henry’s Law constant and vapor pressure. Based on calculated octanol/water partition coefficients
and bioconcentration factors, tetradecene is the only category member that may have the potential
to bioaccumulate.

The C4-Ci4 alpha olefins indicate a low toxicity concern following acute oral,
dermal, and inhalation exposures. These compounds are slightly irritating to the skin (pure
materials only) and eyes (pure materials or mixtures) of rabbits. From a category
perspective, it is interesting that the alpha-olefin blends appear to be skin irritants, but not
eye irritants. There does not seem to be a noticeable difference in irritation by carbon
chain length. They do not cause sensitization in guinea pigs. Repeated oral dose studies
show that these alpha olefins target the male rat kidney; and 1-tetradecene produces slight
increases in hepatocytic cytoplasmic vacuolation and liver weights at high doses. The
kidney effects are likely related to alpha,, globulin caused hydrocarbon nephropathy,
which is not considered relevant to human health. Based on screening level studies it
appears that the C¢-Cj4 alpha olefins do not indicate signs of neurotoxicity; reproduction
or fetal development effects; or genotoxicity. Aspiration into the lung after oral ingestion
is a potential hazard; however, ingestion is not an expected route of human exposure.
Thus, adverse effects from occupational or non-occupational exposure to C¢-Ci4 alpha
olefins is expected to be minimal.

If alpha olefins enter the water compartment, measured acute aquatic toxicity data indicate a
low to moderate concern depending on the alpha olefin and the species of concern. Table 6
indicates that 1-hexene is moderately toxic to invertebrates and fish and low for algae; while the
reverse is true for decene and dodecene. Toxicity values for 1-octene are moderate for algae, low
for invertebrates and moderate-low for fish. 1-Decene and 1-dodecene toxicity values are
considered to be moderately toxic to algae. From a category perspective, a trend appears to be
present for the alpha olefins for daphnids and fish (decreasing toxicity with increasing chain length).
This does not appear to be true for algae. The ECOSAR predictions for acute toxicity were in
general agreement with the measured values (Table 6), although they did overestimate toxicity in
many cases.

1-Hexene and 1-octene have demonstrated moderate toxicity to aquatic organisms under
closed test systems. Under open conditions, which are considered to be more relevant to actual
environmental exposures, the Cs-Cj4 alpha olefins have indicated through testing values to be a low
concern for toxicity. Predicted acute and chronic data indicate that the alpha olefins toxicity
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increases with increasing chain length. However, the higher end chains are not likely to be
bioavailable to aquatic organisms because of the high vapor pressure and low water solubility.

Predicted chronic aquatic toxicity data indicate that 1-hexene may be moderately
toxic and all the other alpha olefins (except 1-tetradecene) may be highly toxic to fish.

Recommendations:

The category of alpha olefins should be considered a candidate for further work in the OECD
SIDS Program. Further work is recommended in the environmental area. There are no measured
data available for chronic toxicity to aquatic organisms; however, computer modeling suggests that
1-octene, 1-decene and 1-dodecene may be highly toxic (chronic value<0.1 mg/L) under chronic
exposure conditions. Therefore it is recommended that further data be collected from member
countries regarding actual release data from manufacturing and processing facilities to the water
compartment at local and national levels. In the event that releases to the water compartment are
occurring at levels anticipated to pose a hazard to the aquatic environment, then consideration
should be given to determining if chronic aquatic toxicity testing (including sediment-dwelling
organisms) would be appropriate.

The exposure potential to workers presented by these chemicals is low. The data on potential
human health effects indicate low hazard to exposed populations.
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APPENDIX A

Environmental exposure for 1-decene

Assessment of releases of 1-decene to the environment is based on modeling, as no
measured data is available. Emissions have been estimated from production and
processing of 1-decene.

Releases from production

There is no information in the SIAR for alpha olefins on the volume of releases from the production
of 1-decene. Therefore estimates from the EU Technical Guidance Document for risk assessment of
new and existing substances (TGD) will be used. There is no accurate data available on the total
production volume of 1-decene in Europe or in USA. 30 000 tons is taken as the capacity of
presumably typical manufacturing site. If the production operates 300 days per year then the daily
production rate is 100 tons. Based on the release tables in the EU Technical Guidance Document
(using industrial category: chemicals industry, chemicals used in synthesis) emission factors are:

to air: 0.1 %

to water: 0.3 %

to soil: 0.01 %.
These give 100 kg/day released to air, 300 kg/day to water and 10 kg/day to soil.

Releases from processing

1-Decene is used as an intermediate in the production of synthetic lubricants, synthetic fatty acids,
OXO alcohol etc. as mentioned in the SIAR for alpha olefins (see Table 2). Based on the
information received from the European processors of 1-decene, 50 000 tons is taken as the capacity
of a typical processing plant. If the processing operates 300 days per year then the daily processing
rate is 166.7 tons. As no release estimates have been presented in the SIAR for alpha olefins,
estimates from the EU Technical Guidance Document have been used. Emission factors are (using
industrial category: chemicals industry, chemicals used in synthesis) :

to air: 0.01 %

to water: 0.7 %

to soil: 0.01 %.
These give 17 kg/day released to air, 1167 kg/day to water and 17 kg/day to soil.

Predicted Environmental Concentrations (aquatic)

Production

It is assumed that the aqueous release of 300 kg/day goes to a sewage treatment plant
(STP) with a capacity of 2000 m’ /day, giving a concentration in the inflow of 150 mg/I.
1-decene can be regarded as readily biodegradable, but failing the 10-day window. The
tables in the Technical Guidance on removal percentages based on physico-chemical
properties (1-decene: log Kow = 5.7 and log H = 5.6) give a distribution of 62.6 % to
sludge , 30 % to air, 4 % degraded and 3.45 % to water. This gives a concentration in the
effluent of 5.17 mg/l. Assuming a default dilution factor of 10 gives the concentration in
the receiving waters as 0.517 mg/l = 517 pg/l.

Processing

It is assumed that the aqueous release of 1167 kg/day goes to a sewage treatment plant (STP) with a
capacity of 2000 m’ /day, giving a concentration in the inflow of 583.5 mg/l. The tables in the
Technical Guidance on removal percentages based on physico-chemical properties (1-decene: log
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Kow = 5.7 and log H = 5.6) give a distribution of 62.6 % to sludge , 30 % to air, 4 % degraded and
3.45 % to water. This gives a concentration in the effluent of 20.1 mg/l. Assuming a default dilution
factor of 10 gives the concentration in the receiving waters as 2.01 mg/l = 2010 pg/l.

Predicted Environmental Concentrations (atmosphere)

As no data on effects to plants or some other organism which are exposed via atmosphere are
available, no PNECs or PECs have been calculated.

Predicted Environmental Concentrations (soil)

In the calculation of 1-decene concentration in soil exposure from the application of sewage sludge
in agriculture and dry and wet deposition will be considered. In these calculations sludge
application rate of 0.5 kgdw/m?*/year is assumed. The concentration in soil will be high just after the
sludge application and will reduce in time due to removal processes (degradation, volatilization and
leaching). Therefore the concentration is averaged over 30 days after application of sludge. The
contribution to the overall impact from wet and dry deposition is based on the emission calculation
of a point source within 1000 m from that source. Atmospheric deposition is assumed to be a
continuous flux throughout the year. Calculations have been carried out with the EUSES-model.

Predicted concentration of 1-decene in agricultural soil will be 43.2 mg/kg (wet weight) from
production and 168 mg/kg (wet weight) from processing.
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APPENDIX B

Documentation for Models used in the Alpha Olefins STAR: EPIWIN Suite, ECOSAR
and EQC Fugacity Model

EPIWIN Suite

The EPI Suite is a combination package that includes the EPIWIN Program, the
SMILECAS Database, and ten separate estimation programs. The EPIWIN Program
(Estimations Programs Interface) is an interface that transfers a single SMILES notation to
ten separate structure estimation programs that require SMILES notations. The ten
programs (AOPWIN, BCFWIN, BIOWIN, ECOSAR, HENRYWIN, HYDROWIN,
KOWWIN, MPBPWIN, PCKOCWIN, and WSKOWWIN) are all standalone programs;
they do not require EPIWIN to run. Although these ten programs are not actually part of
EPIWIN itself, EPIWIN was designed specifically to execute them and capture their
output. The EPIWIN interface program is a convenience for users because it
automatically executes each program in succession without user interaction. In addition,
the interface program executes the WVOLWIN (Volatilization Rate from Water) and
STPWIN (Sewage Treatment Plant Fugacity Model) programs by transferring the
Molecular Weight, the Henry's Law Constant, log octanol-water partition coefficient and
various volatilization parameters to WVOLWIN and STPWIN. Any of the estimation
programs (with the exception of STPWRN and WVOLWIN) can be run by themselves.
The STPWIN program is a version of the Toronto Model originally developed by Donald
Mackay at the University of Toronto and estimates removability by volatilization,
adsorption to sludge and biodegradation. The WVOLWIN program is based upon the
methodology outlined in Chapter 15 of W.J. Lyman's book "Handbook of Chemical
Property Estimation Methods" (Lyman et al., 1990). Mackay's Level IIl fugacity model
has been added to the EPI Suite.

AOPWIN

The Atmospheric Oxidation Program (AOPWIN) estimates the rate constant for
the atmospheric, gas-phase reaction between photochemically produced hydroxyl radicals
and organic chemicals. It also estimates the rate constant for the gas-phase reaction
between ozone and olefinic/acetylenic compounds. The rate constants estimated by the
program are then used to calculate atmospheric half-lives for organic compounds based
upon average atmospheric concentrations of hydroxyl radicals and ozone.

The estimation methods used by the Atmospheric Oxidation Program are based
upon the structure-activity relationship (SAR) methods developed by Dr. Roger Atkinson
and co-workers (Atkinson, 1987, 1988; Atkinson and Carter, 1984; Kwok and Atkinson,
1995). A journal article describing the AOP Program has been published (Meylan and
Howard, 1993). In addition, some new fragment and reaction values have been derived
from new experimental data.

BCFWIN

The Bioconcentration Factor Program (BCFWIN) is a recent addition to the EPI
Suite of estimation programs. The methodology was developed under contract with the
U.S. EPA from a training set of 694 compounds with measured BCF values in fish
(Meylan et al., 1997, 1998). BCF is estimated from the octanol-water partition coefficient
(log P) and a series of structural correction factors. BCFWIN can estimate BCF for ionic
compounds.
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BIOWIN

The Biodegradation Probability Program (BIOWIN) estimates the probability for
the rapid aerobic biodegradation of an organic chemical in the presence of mixed
populations of environmental microorganisms. Estimates are based upon fragment
constants that were developed using multiple linear and non-linear regression analyses. A
discussion of the methodology used to derived the linear and non-linear fragment
constants is presented in a journal article by Howard et al., 1992. Experimental
biodegradation data for the multiple linear and non-linear regressions were obtained from
Syracuse Research Corporation's (SRC) data base of evaluated biodegradation data
(Howard et. al., 1987).

BIOWIN version 3 was updated to include expert judgement estimates for the
time required to achieve primary and ultimate biodegradation. Boethling et al., 1994 gives
a complete description of the methodology.

ECOSAR

The Ecological Structural Activity Relationship (ECOSAR) Class Program is a
computerized version of the ECOSAR analysis procedures as currently practiced by the
EPA Office of Pollution Prevention and Toxics (OPPT). It has been developed within the
regulatory constraints of the Toxic Substances Control Act (TSCA). It is a pragmatic
approach to SAR as opposed to a theoretical approach.

The structure-activity relationships (SARs) presented in this program are used to
predict the aquatic toxicity of chemicals based upon their similarity of structure to
chemicals for which the aquatic toxicity has been previously measured. Most SAR
calculations in the ECOSAR Class Program are based upon the octanol/water partition
coefficient (Kow). Various surfactant SAR calculations are based upon the average length
of carbon chains or the number of ethoxylate units.

EPA policy, set out in the_Federal Register (December 1, 1993, 58 FR 63506) is to use
this model where no or insufficient actual aquatic toxicity data exist upon which to base a
decision.

The ECOSAR program predicts the acute toxicity of a chemical to fish (both fresh and
saltwater), water fleas (daphnid), and green algae.
Some limitations apply when using the model for the alpha olefins. Because these
chemicals are categorized as neutral organic, the ability to predict the acute toxicity is
influenced by the log K,y (octanol/water partition coefficient) of the chemicals. For fish
(both fresh and saltwater) and daphnid, the cutoff for predicting acute toxicity is a log Koy
of five. For green algae, it is 6.4. The cutoff point for chronic toxicity is 8.0.

Since there are no measured data available in the literature for chronic aquatic toxicity or
persistency for the aforementioned chemicals, ECOSAR/EPIWIN was used to predict these
endpoints. The values of the parameters used in the models are presented below.
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Values used in ECOSAR for Predicting the Toxicity of Alpha Olefins

Chemical Log K., | M.W. | M. P. B.P. |V.P. H.L.C. K,. W. S
(EC) (EC) | (mm Hg) | (atm m*/mol) (mg/L)
1-hexene 3.39 84.16 | -139.7 63.4 184 0.412 149 50
1-octene 4.57 112.2 | -102 121 17.4 0.627 507 4.1
2
1-decene 5.70 140.2 | -66.3 170.5 | 1.67 2.68 1724 | 0.115
7
1-dodecene | 6.1 168.3 | -35.2 213.8 | 0.159 4.25 5864 | 0.113
3
1- 7.08 196.3 | -13 251 1.5x 107 | 8.48 19950 | 4x10™
tetradecene 8

FUGACITY LEVEL III

Level III fugacity model of Mackay (Mackay D., Paterson S., and Shiu W.Y.,
1992) determines the persistence of a chemical substance in the environment. The Level
IIT fugacity model is multi-media model that uses a chemical’s physical/chemical
properties and degradation rates in air, water, soil and sediment. The Level III fugacity
model has been validated in numerous studies Kuhne R. et al. 1997; Matoba Y. et al.
DATE; Suzuki N. et al. 1998). The fugacity model requires a series of physical/chemical
properties and environmental parameters as input. These are provided by SRC’s EPIWIN
suite of structure-based estimation programs [http://esc.syrres.com/~esc/estsoft.htm].
Physical properties are used directly by the fugacity model to determine the transport
between environmental compartments. These properties, and citations to the methodology
used for each property, are Henry’s Law constant (Meylan, W.M. and Howard, P.H.,
1991); wvapor pressure (Lyman, W.J., Reehl, W.F.and Rosenblatt, D.H., 1990), melting
point (Stein, S.E. and Brown, R.L., 1994; Reid, R.C., Prausnitz, J.M., and Poling, B.E.,
1987); water solubility (Meylan, W.M. and Howard, P.H. 1996); octanol/water partition
coefficient (Meylan, W.M. and Howard, P.H., 1996); and molecular weight.

The fugacity model also requires a half-life input for air, water, soil, and
sediment. Atmospheric half-lives are calculated by SRC’s electronic version of the
fugacity model using gas-phase hydroxyl radical and ozone reaction rate (Meylan, W.M.
and Howard. P.H. 1993) and the average atmospheric concentration of these oxidants
(Prinn, R.., et al, 1992); Atkinson, R. and Carter, 1984). Half-lives for water, soil, and
sediment are determined using the ultimate biodegradation expert survey module of the
BIOWIN estimation program (Boethling, R.S., et al, 1994).

EQC Model vs EPIWIN fugacity Model: The EQC model available from Trent
University (www.trentu.ca/envmodel) was utilized to generate the output for the Level I
and III fugacity models presented in this SIAR. Because Level I and Level III give
different results and inputs can be manipulated in running level III models, the following
model runs were made.

A. Level I = default emissions of (1,000 kg/hr)

B. Level III = EPIWIN default emissions of ( 1,000 kg/hr to air, water and soil
compartments)

C. Level III = EQC model inputs based on Exxon Estimates of release (10 kg/hr to air, 1
kg/hr to water, 0 kg/hr to soil)
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Results were as follows:

Environmental | A. Leve | B. Level III C. Level III using Exxon
Compartment 11 using default estimated releases, EQC
(%) emission model (%)
values in
EPIWIN (%)

HEXENE Air 100 8.5 21

Water <1 83.1 77

Soil <1 8.02 <1

Sediment <1 0.385 2
OCTENE

Air 99.7 5.52 15

Water <1 56.3 61

Soil <1 34 <1

Sediment <1 4.08 23
DECENE

Air 99.2 2.4 5

Water <1 30.4 19

Soil <1 45.1 <1

Sediment <1 22 76
DODECENE

Air 84.9 1.24 3

Water <1 19.6 12

Soil 14.7 53.4 <1

Sediment <1 25.8 85
TETRADECENE

Air 94.9 1 5

Water <1 14 6

Soil 5 50 <1

Sediment <1 35 89
HENRYWIN

The Henry's Law Constant program (HE