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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

SUMMARY

This study was performed to evaluate the acute toxicity of the water-accommodated
fractions (WAFs) of MRD-03-768 (Heavy Pyrolysis Fuel Oil), to the daphnid, Daphnia
magna in a 48-hour static test, conducted according to OECD guideline 202.

Individual treatments were prepared by adding the appropriate amount of test substance,
via stainless steel and glass syringes, to 4.0 L of vehicle/dilution water in glass aspirator
bottles (capacity 4.5 L) and stirring on magnetic stirplates using a 5% (of the static liquid
depth) vortex for 24 hours. After an additional hour without stirring the aqueous portions
(WAFs) were removed for testing. The following table defines the target loading rates,
actual loading rates and measured concentrations.

0.41 0.50 0.18
0.90 1.0 1.6
2.0 2.3 1.8
45 48 4.1
10 10 7.8

* Target loading rate as per protocol.
** Actual loading rate (weight) of test substance added to the vehicle/dilution water.
+ Concentration based on mean (Day 0 and termination) measured concentrations.

Four replicates per treatment were tested. Each replicate contained five daphnids.
Replicate chambers were 125 mL glass Erlenmeyer flasks containing approximately 140
mL of solution (no headspace) closed with ground glass stoppers. Water quality
(temperature, pH, and dissolved oxygen) measurements were recorded in each treatment
at the start of the test and in a composite of the replicates at termination (termination
includes complete immobilization in a treatment). Observations for immobilization and
abnormal behavior or appearance were performed at 24 and 48 hours + 1 hour after the
beginning of the test. '
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

SUMMARY (CONT'D)

Acute toxicity results are expressed as the Effect Loading / Effect Concentration 50
(EL/ECso); that is, the actual loading rate or measured concentration of test substance in
dilution medium which is calculated to result in 50% immobilization compared to the
control for the specified time of exposure. The maximum actual loading rate causing no
immobilization after 48-hours was 2.3 mg/L. The maximum measured concentration
causmg no immobilization after 48-hours was 1.8 mg/L. The minimum actual loading rate
causing 100% immobilization after 48-hours was 4.8 mg/L. The minimum measured
concentration causing 100% immobilization after 48-hours was 4.1 mg/L.

” 3.7 3.0
(3.3-4.2%) (2.7 - 3.4%)
48 3.3 2.7
(2.3 - 4.8*%) (1.8 - 4.1%%)

* 95% Confidence Interval
** 99% Confidence Interval

Control (0) 0 0

0.50(0.18) 0 0
1.0(1.6) 0 0
2.3(1.8) 0 0
4.8(4.1) 85 100
10 (7.8) 100 +

* Actual loading rate (weight) of test substance added to the vehicle/dilution water.
** Concentration based on mean (Day 0 and termination) measured concentrations.
T Complete immobilization occurred on Day 1.

No abnormal behavior or appearance was observed in the daphnids that were alive.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

INTRODUCTION
Objective

This study was conducted for the Sponsor to evaluate the acute toxicity of the water-
accommodated fractions (WAFs) of the test substance, to the daphnid, Daphnia
magna, in a 48-hour static test.

Sponsor

American Chemistry Council
1300 Wilson Blvd.
Arlington, Virginia 22209

Testing Facility

ExxonMobil Biomedical Sciences, Inc.
Laboratory Operations

1545 Route 22 East, P.O. Box 971
Annandale, New Jersey 08801-0971

Study Initiation Date
September 15, 2003
In-life Test Period
December 9, 2003 to December 11, 2003
Experimental Termination
December 16, 2003
Compliance

This test was conducted in compliance with OECD!' and USEPA’ Good Laboratory
Practice (GLP) standards with the exceptions listed on pages 12-14 and in
agreement with OECD?® Guideline 202 with the exceptions listed on pages 19.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL

Study No. 176842; MRD-03-768

MATERIALS and METHODS

Test Substance Identification

EMBSI Identification:
Industry Stream Name (acronym):

CAS Number:
68513-69-9
64741-62-4
69013-21-4
8002-05-9

Supplier:

Date Received:
Expiration Date:
Description:

MRD-03-768 .
Heavy Pyrolysis Fuel Oil

CAS Inventory Name:

Residues, petroleum, steam-cracked light
Clarified oils, petroleum, catalytic cracked
Fuel oil, pyrolysis

Petroleum

Dow Chemical Company
Freeport, TX

July 29, 2003

July 2008

Dark Amber liquid

Storage Conditions: The neat test substance was stored at room temperature.

Stream Derivation

In ethylene plants cracking liquid feedstocks, the cracking furnace effluent (after
heat recovery) is quenched by injection of recycled quench oil. This step results
in the condensation of higher boiling hydrocarbon compounds that are typically
separated from the rest of the furnace effluent as the bottoms of the oil quench
tower. Lights are stripped from the excess oils generated from this quench

system, resulting in the stream identified here as heavy pyrolysis fuel oil.

Sample Retention

A non-study specific sample of the neat test substance has been retained in the

testing facility archives.

Justification of Dosing Route

Potential environmental exposure is by the test substance in water.

Vehicle / Dilution Water

Reconstituted water® (Batch 137A). Dilution water was aerated prior to the

addition of the test substance. Ca/Mg ratio 1.2:1; Na/K ratio 12.5:1. See Appendix

A, page 27 for the vehicle/dilution water analysis.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

MATERIALS and METHODS (CONT'D)
Characterization of the Test Substance

The neat test substance was characterized and the stability determined by the testing
facility using the following analyses: UltraViolet/Visible and Infrared
Spectrophotometry, Gas Chromatography with Mass Selective Detection and
Density. The test substance was used in a number of studies at the testing facility.
Characterization of the test substance was performed at the testing facility prior to
its use in the first of these studies and after completion of the final study.
Documentation of characterization and stability assessment is maintained at the
testing facility (see Appendix B, page 28).

Documentation outlining the methods of synthesis, fabrication, and/or derivation of
the test substance has been provided by the sponsor and is maintained at the testing
facility. The test substance, as received, was considered the "pure" substance.

Analysis of Mixtures

Samples of each treatment WAF and the control were taken on Day 0 prior to the
start of the study and on a composite of the replicates at termination (termination
includes complete immobilization in replicate or treatment). The method of analysis
was gas chromatography with flame ionization detection (GC-FID). Samples were
analyzed using a Perkin Elmer Autosystem XL Gas Chromatograph. Analytical
standards were prepared and analyzed at concentrations bracketing the sample
concentrations. The methods and results of the analyses are included in Appendix
A starting on page 25. '

Test System
Daphnia magna Straus
Justification for Selection of Test System

Daphnia magna has been used in safety evaluatlons and is a common test species
for freshwater toxicity studies.

Supplier

Cultured at the test facility. Original culture supplied by Aquatic Biosystems, Inc.,
Fort Collins, Colorado. Starter culture received 11-Apr-02.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

MATERIALS and METHODS (CONT'D)
Husbandry and Acclimation

Eight daphnids are kept in 1-liter glass culture beakers with approximately 800 mL of
reconstituted water (study vehicle/dilution water). The culture chamber is maintained
at 20 + 1°C under a 16 hour light 8 hour dark photoperiod (10 - 20 foot/candles, 108 -
215 Lux). Day 0 cultures are started daily (at least five days per week) using eight
<24 hour old neonates from culture beakers between 12 and 18 days old, exhibiting
<20% adult mortality. Cultures are transferred to fresh reconstituted water on regular

intervals to ensure that <24 hour old neonates are available for studies and to start new
cultures.

Cultures of Daphnia magna are fed Pseudokirchneriella subcapitata (approximately
45 x 10° cells/mL) and 4.0 mL of a yeast / salmon starter / wheat grass (YTC)
mixture per 800 mL daily (five days per week at a minimum). YTC and algae were
supplied by Aquatic Biosystems, Inc., Fort Collins, Colorado.

Number and Sex

Number: 120
Sex: Not applicable

Age at Initiation of Exposure
<24 hours old, taken from 13-day old parents.
Test System Identification

Each replicate, containing five daphnids, was labeled to show study number, loading
rate, replicate and randomization number.

Selection

Organisms were randomly assigned to intermediate chambers using a computer-
generated randomization schedule, they were then transferred to their respective test
chambers. The test chambers were randomly positioned within the test area. A
printout of the randomization schedule is included in the raw data.

To ensure that quality organisms were used for the study, neonates from parents 13
days old (with =20% adult mortality) were selected. Neonates were selected from a

pool of organisms larger than that needed for the study. The pool of neonates had
<10% daily mortality on the experimental start day. The study director or his

designee determined organism suitability.
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Daphnia sp., ACCTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

Feed

MATERIALS and METHODS (CONT'D)

Daphnids were not fed during the study.

Contaminants

There are no known contaminants in the feed used in culturing the organisms or
the vehicle/dilution water believed to be at levels high enough to interfere with
this study. Contaminant analysis for the YTC is provided by the supplier. The
algae is not analyzed, it is prepared from UV-sterilized, deionized water and
reagent grade chemicals. It is believed to contain no contaminants at levels high
enough to affect the daphnids used for studies. The vehicle/dilution water is
prepared from UV-sterilized, deionized well water that is treated and distributed
throughout the testing facility via PVC and stainless steel pipes. The deionized
water is monitored for priority pollutants, un-ionized ammonia, total suspended
solids, and for bacterial properties by Accutest®, 2235 Route 130, Dayton, New
Jersey 08810. Contaminant analyses are not performed in a GLP compliant
manner. This is not believed to affect the results of the analyses. Documentation is
maintained at the testing facility.

Page 12 of 47




Dapinia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

EXPERIMENTAL PROCEDURE
Equilibrium Test

An equilibrium study was performed prior to testing to determine the most
appropriate mixing duration. Gas chromatography with flame ionization detection
(GC-FID) was used to detect the test substance. Two sets of individual WAFs at
approximately 1 mg/L and 10 mg/L, were prepared and sampled after approximately
24 and 48 hours. The solutions were stirred using a <10% (of the static liquid
depth) vortex. All mixing vessels were closed using foil covered rubber stoppers
during mixing. Three replicates were analyzed at each sampling interval. The
equilibrium phase did not extend beyond 48-hours due to a potential loss of volatile
components of the test substance in the mixing vessels and logistical constraints
associated with a semi-static renewal type test (to be used for the fish study). The
goal was to achieve equilibrium of the soluble components without compromising a
loss of the lighter components (it is the lighter components that usually contribute to
toxicity). The results indicate that a mixing duration of 24 hours was sufficient for
the soluble components of the test substance to achieve equilibrium. This phase of
the study was not subject to GLP standards. ‘

1 0.455(SD=0.013) | 0.435(SD=10.018)

10 6.79 (SD=0.15) 6.70 (SD = 0.049)

1 mg /L PQL (Practical Quantitation Limit) = 0.1 mg/L
10 mg /L PQL (Practical Quantitation Limit) = 0.7 mg/L
* Average of three replicates.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)
Range Finding Test

A 48-hour range finding test was performed to determine the loading rates of Heavy
Pyrolysis Fuel Oil (MRD-03-768) for the definitive Daphnia sp. Acute
Immobilization Test.

Water-accommodated fractions (WAFs) were prepared at nominal loading rates of
0.1 mg/L, 1 mg/L, 10 mg/L and 100 mg/L. The actual loading rates were
determined to be 0.11 mg/L, 1.0 mg/L, 9.8 mg/L and 98 mg/L. A control
treatment consisting only of the vehicle/dilution water also was prepared. WAFs
were prepared by adding the appropriate amount of test substance, via stainless
steel and glass syringes, to the vehicle/dilution water in glass aspirator bottles
(mixing vessels) containing Teflon® coated stir bars. The syringes were weighed
with and without test substance to determine the actual loading rates. The mixing
vessels were sealed with foil covered rubber stoppers and the treatments were
stirred using an 5% (of the static liquid depth) vortex at room temperature
(approximately 22°C) on magnetic stirplates for approximately 23.5 hours. As
stirring initiated and after stirring, all treatments appeared clear and colorless with
test substance evident on the surface. The mixtures were allowed to equilibrate to
test temperature for one hour without stirring before removing the aqueous portions
(WAFs) for testing.

Two replicates per treatment were tested. Each replicate contained five daphnids.
Replicate chambers were 125 mL glass Erlenmeyer flasks. containing
approximately 140 mL of solution (no headspace) closed with ground glass
stoppers. Water quality (temperature, pH, and dissolved oxygen) measurements
were recorded in each treatment at the start of the test and in a composite of the
replicates at termination (termination includes complete immobilization in a
treatment).  Observations for immobilization and abnormal behavior or
appearance were performed at 24 and 48 hours + 1 hour. This phase of the study
was not subject to GLP standards.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)

20.5-20.9
8.0-82 20.4-20.8
8.0-83 20.4-20.8
7.9-82 20.7-20.9
8.0- 8.3 20.6 - 20.9

* Complete immobilization occurred on Day 1.
No abnormal behavior or appearance was observed in the Daphnids that were alive.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)

Definitive Test Design

1 0 0 20
(Control) (5 per 4 replicates)

2 0.41 0.50 20

3 0.90 1.0 20

4| 2.0 2.3 20

5 4.5 4.8 20

6 10 10 20

* Target loading rate as per protocol.
** Actual loading rate (weight) of test substance added to the vehicle/dilution water.

Preparation and Administration of Test Substance

Individual treatments were prepared by adding the appropriate amount of test
substance to 4.0 L of laboratory vehicle/dilution water in glass aspirator bottles
(capacity 4.5 L). The test substance was added to the water in the aspirator bottles
using stainless steel and glass syringes. The syringes were weighed before and after
adding the test substance to determine the actual loading rate. The mixing vessels
were sealed with foil covered rubber stoppers. The mixtures were stirred using a 5%
(of the static liquid depth) vortex for 24 hours on magnetic stirplates with Teflon®
coated stirbars at room temperature (23.1-23.4°C). As stirring initiated and after
stirring, all treatments appeared clear/colorless with the test substance floating at
the surface. The mixtures were allowed to equilibrate to test temperature in a
waterbath at 20.2°C for 1 hour without stirring before removing the aqueous
portions (WAFs) for testing.

Four replicates were preparedb for each treatment by completely filling the test
chambers with the WAF (no headspace). Four replicates of the control were
prepared in the same manner using laboratory dilution water.

Test Chamber / Volume of Solution

The test chambers were 125 mL size glass Erlenmeyer flasks containing
approximately 140 mL of solution (no headspace). The test chambers were closed
with ground glass stoppers to minimize contamination, evaporation and/or
volatilization.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL -
Study No. 176842; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)
Exposure Duration
48 hours (+ 1 hour)
Exposure Conditions

Mean test temperature: 20.1°C (S.D. = 0.1), continuously monitored by computer in
the test area.

Diurnal light: approximately 16 hours light and 8 hours dark. Daylight intensity
ranged from approximately 100 to 113 lux during full daylight periods of the study.

An environmental conditions study was activated on the laboratory computer
system (MicroVAX 3100-20E running validated, customized acquisition
software) at the start of the study to provide a record of the continuous
measurements for temperature and lighting in the test area.

EXperimental Evaluation

Observations for immobilization of the daphnids were made on each replicate at 24
and 48 hours (£ 1 hour). Immobilization is defined as the lack of swimming ability
or movement within 15 seconds after gentle agitation of the test container. In
addition, observations for normal or abnormal daphnid behavior or appearance were
made.

Water quality measurements (pH, dissolved oxygen and temperature) were
performed on a sub-sample of the WAFs from each treatment and control on Day 0
and in a composite of the replicates from each treatment at termination (termination
includes complete immobilization in a treatment). No undissolved test substance
was observed in any of the test chambers. After completion of the study, the test
organisms were discarded and monitoring of the environmental conditions was
discontinued. ‘

Organism Loading During the Definitive Study
Approximately 28 mL of solution per daphnid.
Calculations

The 24-hour ELso and ECso values were determined using a Trimmed Spearman-
Karber Method”. A Binomial Method® was used to determine the 48-hour ELsp and
ECso values.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

RESULTS

Acute toxicity results are expressed as the Effect Loading / Effect Concentration 50
(EL/ECso); that is, the actual loading rate or measured concentration of test substance in
dilution medium which is calculated to result in 50% immobilization compared to the
control for the specified time of exposure. The maximum actual loading rate causing no
immobilization after 48-hours was 2.3 mg/L. The maximum measured concentration
causing no immobilization after 48-hours was 1.8 mg/L. The minimum actual loading rate
causing 100% immobilization after 48-hours was 4.8 mg/L. The minimum measured
concentration causing 100% immobilization after 48-hours was 4.1 mg/L. '

” 3.7 3.0
(3.3-4.2%) (2.7 - 3.4%)

18 33 2.7
(2.3 - 4.8%%) (1.8 - 4.1%%)

* 959%, Confidence Interval
** 99% Confidence Interval

' iy o
Control (0) 0 0
0.50 (0.18) 0 0
1.0(1.6) 0 0
23(1.8) 0 0
4.8(4.1) 85 100
10(7.8) 100 ¥

* Actual loading rate (weight) of test substance added to the vehicle/dilution water.

#* Concentration based on mean (Day 0 and termination) measured concentrations.
+ Complete immobilization occurred on Day 1.

No abnormal behavior or appearance was observed in the Daphnids that were alive.

Table 1 presents the in-life observation data for the replicates in each treatment. Table 2
presents the water quality values measured during the test. Figure 1 presents the loading
rate/concentration response curve at 24 and 48 hours. Appendix A presents the analytical
chemistry methods and results.

The test was considered acceptable as none of the control organisms were immobilized or
trapped at the surface and the dissolved oxygen levels remained above 60% of the air
saturation value at the temperature tested.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

CONCLUSION

After Daphnia magna were exposed to WAFs prepared from Heavy Pyrolysis Fuel Oil for
48-hours, the ELso was 3.3 mg/L and the ECso was 2.7 mg/L. '

GUIDELINE EXCEPTIONS

Due to the complex nature and relatively limited solubility of the test substance the
following exceptions to the guideline apply for this study:

The concentration of the test substance in solutions was not determined prior to use
as indicated in the guideline. The initial concentration of the test substance was not
maintained at 80% in the lowest loading rate throughout the test, 74% of the initial
concentration was maintained.

It was deemed more appropriate to prepare individual treatment solutions by adding
the test substance to dilution water and removing the WAF of each mixture for
testing than to prepare dilutions of a stock solution as indicated in the guideline.

PROTOCOL DEVIATIONS

No protocol deviations occurred for this study.
RECORDS

All appropriate materials, methods and experimental measurements required in the protocol
were recorded and documented in the raw data. Any changes, additions or revisions to the
protocol were approved by the Study Director and the Sponsor Representative. These
changes were documented in writing, and included the date, the signatures of the Study
Director and the Sponsor Representative and the justification for the change.

The protocol, final report, raw data, computer generated listings of raw data, supporting
documentation and a non-study specific sample of the neat test substance will be maintained
in the archives of the testing facility for 10 years, after which time the records will be
offered to the sponsor prior to disposal.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

APPENDIX A - ANALYTICAL METHODS and RESULTS

Heavy Pyrolysis Fuel Oil WAF samples (ca. 125 mL) were collected with no headspace in
amber glass bottles with Teflon® lined caps. Samples were refrigerated pending extraction
with hexane and analysis by gas chromatography with flame ionization detection (GC-FID).
Samples of WAFs prepared at each loading level were taken on Day 0 from the stirring
vessels and from the "old" WAFs of each treatment (composite of replicates) at termination.

Samples were allowed to come to room temperature prior to extraction. Depending on the
nominal sample concentration, approximately 25, 50 or 125 mL sample volumes were
transferred to glass extraction bottles and 4.0 or 5.0 mL of hexane was added as extraction
solvent. The exact amount of water extracted was determined by using tared extraction
bottles and re-weighing the bottles after the appropriate volume of sample was dispensed.

After the addition of hexane, the extraction bottles were crimp sealed with Teflon® faced
septum caps and extracted by hand for approximately one minute followed by 60 minutes
on a mechanical shaker. The contents were then allowed to settle for at least 30 minutes
before the hexane (upper) layer was transferred to small (ca. 4 mL) glass vials. An aliquot
was removed from the 4 mL vial to a GC aoutosampler vial for analysis. Hexane extracts
were stored in a freezer pending analysis.

Heavy Pyrolysis Fuel Oil standards in hexane and hexane extracts were analyzed on a
Perkin Elmer Autosystem XL Gas Chromatograph with a 15m x 0.53mm id Rtx-5 capillary
column with 1.5 pm film thickness (Restek) and 5 m Integra guard column. The carrier gas
was helium at 15 mL/min. The oven temperature was programmed from 55°C for 6 minutes
up to 250°C at 30°C/minute. Automated large volume injections of 30 pL were made in the
programmable split/splitless (PSS) mode. The FID temperature was 275°C and the detector
attenuation setting was -5. '

Heavy Pyrolysis Fuel Oil standards were analyzed at concentrations of 3.84, 12.8, and 64
pg/mL. The extraction method provided quantitative recoveries and was validated by
spiking Heavy Pyrolysis Fuel Oil in water at 0.961 pg/mL. Five replicate spikes were
extracted and the mean recovery (standard deviation) was 108% (6.7%).

Data were acquired and processed with Perkin Elmer Totalchrom Workstation software.
Heavy Pyrolysis Fuel Oil eluted as a complex mixture at approximate retention time of 8.5
minutes under the instrumental conditions employed.

The Practical Quantitation Limit (PQL) for water samples was approximately 0.12 pg/mL
taking into account the concentration of the lowest analyzed standard (3.84 pg/mL), the
maximum sample volume (approximately 125 mL) and the minimum extract solvent
volume (4.0 mL).
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL

Study No. 176842; MRD-03-768

APPENDIX A - ANALYTICAL METHODS and RESULTS (CONT'D)

TABLE A-1

Coritrol ND ND "ND
0.50 0212 0.156 0.18
1.0 1.70 1.530 1.6
2.3 1.89 1.77 1.8
48 4.29 3.870 4.1
10 7.94 7.75® 7.8

* Actual loading rate (weight) of test substance added to the vehicle/dilution water.

** Composite of replicates.
ND = Not Detected

@ Average of two values, sample re-extracted for confirmation (1.51 mg/L and 1.54 mg/L)

® Average of two values (3.90 mg/L - sampled Day 1, composite of replicates 3 and 4 due to

complete immobilization and 3.84 mg/L - from Day 2, composite of replicates 1 and 2)

® Sample taken on day 1 due to complete immobilization.

PQL (Practical Quantitation Limit) = 0.12 mg/L
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study Ne. 176842; MRD-03-768

APPENDIX A - ANALYTICAL METHODS and RESULTS (CONT'D)
DILUTION WATER (VEHICLE) ANALYSIS

The dilution water is prepared from UV-sterilized, deionized well water that is treated
and distributed throughout the testing facility via PVC and stainless-steel pipes. Batches
of 500 to 1000 L of this deionized water are then reconstituted in the laboratory to meet
aquatic toxicity testing needs, following Method 8010E of Standard Methods Jor the
Examination of Water and Wastewater, 18th edition.

The following water quality data is most representative of the dilution water used during the
in-life period of the study. Table A-2 presents analyses performed on the reconstituted
water (RW) on a batch basis. Water quality analyses (dissolved oxygen, pH, alkalinity,
hardness and specific conductance) are performed by environmental toxicology laboratory
personnel. Total Organic Carbon analysis is performed by the laboratory's environmental
chemistry and fate group. The quality of the feed water for the dilution water system is
monitored at least semi-annually for priority pollutants, un-ionized ammonia, total
suspended solids, and for bacterial properties. Results of semi-annual analyses are
maintained at the testing facility.

‘Table A-2
Results of Water Quality Analysis

Batch 137A | 9-Dec-03 90 134 380 8.1 8.0 20.2

Batch 137A 0.2983

* U.S. Environmental Protection Agency. 1979, Revised March 1983. Methods Jor Chemical Analysis of
Water and Wastes, EPA-600/4-79-020. Office of Research and Development, Cincinnati, OH. Method
310.1, Alkalinity (Titrimetric, pH 4.5).

*%  U.S. Environmental Protection Agency. 1979, Revised March 1983. Methods Jor Chemical Analysis of
Water and Wastes, EPA-600/4-79-020. Office of Research and Development, Cincinnati, OH. Method
130.2, Hardness (Titrimetric, EDTA).

T American Public Health Association, American Water Works Association and Water Environment

Federation. 1992. Standard Methods for the Examination of Water and Wastewater, 18" ed. American
Public Health Association, Washington, D.C. Method 3310C, Persulfate- Ultraviolet Oxidation Method.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

" APPENDIX B - TEST SUBSTANCE CHARACTERIZATION

The test substance was initially characterized on August 19 and 21, 2003. Analyses
included Ultraviolet-Visible (UV-VIS) spectroscopy and Fourier Transform Infrared (FT-
IR) spectroscopy, density and GC-MS analysis. Stability of the neat test substance was
confirmed by repeating these same analyses on February 5, 2004 after the completion of
this study.

UV-VIS spectra are presented in Figures B-1 and B-2 representing, the initial and final
spectrum at concentrations of 10 and 12 ppm, respectively. UV-VIS spectra were
acquired on a Hewlett-Packard 8453 diode array UV-VIS spectrophotometer usinga ! cm
quartz cell, a scan time of 0.5 seconds and resolution of 2 nm.

FT-IR spectra of the neat test substance are presented in Figures B-3 and B-4 representing
the initial and final spectra. FT-IR spectra were acquired on a Thermo Nicolet Avatar
360 FT-IR spectrometer with a KBr plate. The spectra were obtained with the following
settings: resolution of 4 cm'l, gain of 1 and scan number of 32.

The test substance was also characterized by GC-MS using a Varian Saturn 2000 GC-MS
system with a Varian 3800 gas chromatograph. For comparison of relative retention
times to a series of known hydrocarbons under the analytical conditions employed, Heavy
Pyrolysis Fuel Oil was analyzed against an ASTM D2887 calibration mixture. Figures B-3
and B-6 represent the initial and final GC-MS total ion chromatograms, respectively. The
test substance eluted as a complex mixture with numerous chromatographic components
detected between retention times 13 and 26 minutes. This corresponds to bracketing by
the standard hydrocarbons n-decane and n-octadecane under the analytical conditions
employed. The single most abundant component eluted at approximately 16.3 minutes.

The test substance's initial and final density was measured at 20°C using an Anton Paar
DMA 4500 Density/Specific gravity/Concentration meter. The initial density was
measured as 1.068 g/mL and the final density was 1.069 g/mL. The test substance was
observed to be a liquid under ambient laboratory conditions and immiscible in water,
methanol and hexane. All test substance solutions were prepared with methylene chloride
as the solvent.

Comparison of the initial and final analyses appeared to be substantially similar
indicating the neat test substance was stable over the duration of the study period.
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APPENDIX B - TEST SUBSTANCE CHARACTERIZATION (CONT'D)

UV-VIS SPECTRA
Figure B-1
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APPENDIX B - TEST SUBSTANCE CHARACTERIZATION (CONT'D)

FT-IR SPECTRA
Figure B-3
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APPENDIX B - TEST SUBSTANCE CHARACTERIZATION (CONT'D)
INITIAL TOTAL ION CHROMATOGRAM
Figure B-5
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APPENDIX B- TEST SUBSTANCE CHARACTERIZATION (CONT'D)

FINAL TOTAL ION CHROMATOGRAM

Figure B-6
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APPENDIX C - PROTOCOL

PROTOCOL
OLF-105.0-HPVI0-EMBSI

Study Title: Daphnia sp., Acute Immobilization Test on
Heavy Pyrolysis Fuel Off
EMBSI Stndy Number: 176842
Test Substance: MRD-03-768
Date: August 11, 2003
Room Naunber: LE-337/343
Prapused Key Dates:
Experimental Start . 15-0ct-03
Experirnental Termination 17-0c1-03
Draft Report Completion 14-Nov-03
Final Report Completion 27-Feb-04
Approved By:
AR /5 Se0l3
E. J. Febbo, M.S, Date
Study Director

ExxonMobil Biomedical Sciences, Inc.
1545 Route 22 East, P.O. Box 971
Annandale, New Jerscy 088010971

*J. Morap! Ph.D.
Sponsor Represeniaiive

Date

SARETY FIRST
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

APPENDIX C - PROTOCOL (CONT'D)

Daplnia sp., Acute Emmobitization Test on Heavy Pyrolysis Fael Of: PAGE?R
FI6542; MRD-E3.768

INTRODUCTION
Objective

This study will be conducted for the Sponsor to evaliate the svute loxicity of the water
accommodated fraciions (WAFs) of MRD-03.768 1o the daphnid, Daphnic magna. This
study will be performed a5 a 48-hour static test.

Sponsor
Asserican Chemistry Council
1300 Wilson Blvd,
Arfington, VA 22209
Testing Facility
ExxonMobil Biomedical Sciences, Inc.
Laboratory Operations
1545 Route 22 East, P.O. Box 971
Annandaie, New Jersey 08801-0971

Compliance

This test will be conducted in general agreement with the OBCD' guidelines, and will be
conducted in compliance with OECD” and USEPA” GLP standards.

Justification for Selection of Test Systemn

Dapimia magna has been used in safety evaluation and is a common test species for
freshwater toxicity studies.

Justification of Dosing Route

Potential environmental exposure is by the test substance in water.
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Daphnia sp., ACUTE IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176842; MRD-03-768

APPENDIX C - PROTOCOL (CONT'D)

Dapiisia sp., Acute Emmonbilizativg Test v Heavy Pyrobysis Fuel Dil: PAGE S
F76842: MRIM3-768

MATERIALS and METHODS
Test Substance Identification
EMBSI Code: MRD-03-768

Industry Stresm Name: Heavy Pyrolysis Fuel il

CAS Number CAS Invenrory Name

68513-69-9 Residues, petroleum, steam-cracked Hght
64741624 Clarified oils, petroleum, catalytic cracked
69013-21-4 Fuet oil, pyrolysis

8002-05-9 Petraleum

Storage Conditions: The neat test substance will be stored at roomn temperature.
Characterization of Test Substance

The neat test sabstance will be characterized as described in SOP A3.4.10 using the
following  analyses: * Ultra-violetVisible and Infrared  Spectrophofomerry and  Gas
Chromatography with Mass Selective Detcotion: density will alse be determined. The test
substance will be used in a numbcer of studies af the testing facility. Characterization of the
test substance will be performed at the testing facility. prior to its use in the first of these
studies.  Stability assessment will span the duration of all studies. The results of the
characterization. and stability assessment will be appended to the final report,
Characterization and stability documentation will be maintained at the testing facility.

Documentation outlining the methods of synthesis, fabrication, and/or derivation of the test
substance has been provided by the sponsor and is maintained at the testing facility. The test
substance, us received, will be considered the "pure” substance for dosing purposes,

Analysis of Mixtures

Samples will be taken from cach water-accommodated fraction (WAF) and control solution
on Day 0 and Day 2 (composite of replicates). If complete smmiobilization {s observed in any
treatment on Day 1, a sample will be tzken (composite of replicates if applicable). The
samples will be taken with no headspace. The method of apalysis will be automated static
headspace gas chromatography with flame ionization detection (HS GC-FID), Samples
will be analyzed using a Perkin-Elmer HS 40 Headspace Sampler connected to a Perkin
Elmer AutoSystem XL Gas Chromatograph with flame jonization detector, The gas
chromatograph will be equipped with a 30m x 0.53mm id DB-5 capillary column with
£.5um film thickness (or equivalent). Analytical standards will be prepared and analyzed at
concentrations bracketing the sample concentrations except in the case of those samples
below the method’s limit of quantification,
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APPENDIX C - PROTOCOL (CONT'D)

Daplrie sp., Acute Emmobilization Test on Beavy Pyrolysis Fusl Oik PAGE 4
176842 MRD-U3-768

MATERIALS und METHODS (CONTD)
Vehicle/Dilution Water

Reconstinted water': Vehicle/Dilution water will be aerated prior to use,
Test System

Daphnia magna Siras
Supplier

Cultured in the Environmental Toxicology Laboratory. Original culture supplied by Aquatic
Biosysterns, Inc., Fort Collins, CQ,

Husbandry and Acclimation

Eight daphnids are kept in I-Hter glass culture beakers with approximately 800 ml, of
reconstitated water (study vehicle/dilution water). The culture chamber is maintained at 20 =
1°C under 2 16 hour light 8 hoar dark photoperiod (10 - 20 foot/candles, 108 - 215 Lux), Day
0 cultares are started duily (at least five days por week) using cight <24 hour old nconates
from culinre beakers between 12 and 18 days old, exhibiting £20% xiult montality. Culteres
are transferred 1o fresh reconstituted water on regular intervals (o ensure that £24 howr old
neomates are available for studies and 10 start new cultures.

Cultares of Daphnia magna Strauss are fed Psendokirchaerielly subcapitate {spproximately
4.3 x 107 colls/miL) and 4.0 mL of a yeast / salmon startr / wheat geass (YTC) mixture per
800 ml. daily (five days per week at a minimun). YTC and algae were supplied by Aguatic
Biosystems, fre., Fort Cellins, CO.

Number and Sex
Number: 120 Sex: Not Applicable

Age at Initiation of Exposure
<24 hours; age of parents will be noted in the {inal report.

Test System Ideniification

Daphnids will not be individually identified. All test chambers will be labeled to show study
number, loading rate, replicate and randomization number,
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APPENDIX C - PROTOCOL (CONT'D)

Dapheia sp., Acate tmmobilization Tost on Heavy Pyrolysis Fuel O3 PAGE S
176842 MRILG3.768

MATERIALS and METHODS (CONT'D)

Selection

Organisms will be randomly assigned to intermediate chambers using a computer generated
randomization schedule and then transferred to their respective test chambers. The tost
chambers will be randomly positioned within the test area. A printomt of the randomization
schedule will be included in the raw data.

To ensure that quality organisms are used for the study, neonates from parents 12-18 days old
(with £20% adult mortality) will be sclected.  Neonates will be selected from a pool of
organisms larger than that needed for the study. The pool of nconates will bave $10% daily
mortality on the experimental start day. The study ditector or his designee determines
organism suitability.

Feed
Daphnids are not fed during the study.
Contaminants

There are no known contaminants in the feed used in culturing the organisms or the
vehivle/dilution water believed to be at levels high enough to interfere with this study.
Contaminant analysis for the YTC is provided by the supplier. The algae is not analyzed, it
is prepared from UV-sterilized, deionized water and reagent grade chemicals, Rt is believed
to contain 10 contaminants at levels high enough to affect the daphnids used for studies.
The vehicle/dilution water is prepared from UVesterilized, deionized well waier that is
treated and distributed throughout the testing facitity via PVC and stainless steel pipes. The
deionized witer is monitared for priority pothutanis, un-ionized ammionia, total suspended
solids, and for bacterial properties by Aceutest®, 2235 Route 130, Dayton, NI 08810,
Contaminant analyses are not performed in a GLP compliant manner, This is not believed 10
affect the results of the analyses. Contaminant analysis results are maintained ar the testing
facitity,
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APPENDIX C - PROTOCOL (CONT'D)

Daphnia sp., Acute Immmnbilivation TFest on Heavy Pyrolysis Fuel Oil: PAGE 6
F76R42; MRDAO2768

EXPERIMENTAL PROCEDURE
Equilibrinm Test

An equilibrium study will be- performed prior to testing to determine the most appropriate
mixing duration. Specific analytical (e.g. GC analysis) will be used to detect soluble
components of the substance. Individual WAFs at 1 mg/L and 10 mg/L will be prepared and
sampled after 24 and 48 hours of mixing. The vortex will be set at 10% of the static liquid
depth. All mixing vessels will be closed using foil covered stoppers during mixing. The
equilibrium phase will not extend beyond 48 hours due to a potential loss of volatile
components of the test substance in the mixing vessels and logistical constraints associated
with a semi-static renewal type test.  This phase of the study will not be subject to GLP

standards.
Range Finding Test

A 48-hour range finding test will be performed to determing definitive test loading rates.
WAFs at the following loading rates will be tested: 0.1 mg/L, 1 mg/L, 10-mg/L, 100 mg/L and
a control. The WAFs will be propared by adding the appropriate amount of test substance to
vehicle/dilution water in glags vessels. The vessels will be scaled with foil covered stoppers,
and will mix on magnetic stirplates with Teflon® coated stitbars for the appropriate time as
determined by eguilibrium testing (x1 hour). The vortex will be set at £10% of the static
liquid depth, The treatments will be allowed to settle for 1 hour (215 min.) after mixing.
Two replicates at sach loading rate will be prepared containing 5 organisms. The procedures
followed for the range finding study will be documented in the raw data. This phase of the
study will not be subject to GLP standards.

Definitive Test Design

.| LOADING RATE  NUMBER OF
sk s{mgll) s ORGANISMS:
I 0 20
{Contol) (5 per 4 replicates)
2 TBD 20
3 TBD 20
4 TBD 20
5 TBD 20
6 TBD 20

TBD = To Be Determined
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APPENDIX C - PROTOCOL (CONT'D)

Baphnia sp. Avste Tomobilization Test on Heavy Pyrolysis Fuel Oil: PAGE T
176842 MRD-03-768 ‘

EXPERIMENTAL PROCEDURE (CONT'D)
Preparation and Administraiion of Test Substusice

Individual WAFs will be prepared for cach loading rare by adding the appropriate amount of
the test substance 10 the vehicle/dilution water in glass aspirator bottles. The vessels wil] be
sealed with foil covered stoppers. The solutions will be mixed with Teflon® coated stirbars
on magnetic stirplates. The vortex will be set at <10% of the satic liquid depth. The
solutions will mix for the appropriate time a8 determined by equilibriur testing (21 hour) at
room temperature (22%42°C). At the end of mixing, the solwions wifl be allowad to settle for
1 hour (15 minutes). At the end of the settling period the solutions will be removed from the
mixing vessels through the outfet at the boitom of the vessels and placed into four replicate
chambers.

Test Chamber and Volume of Salution
The test chambers will be 125mL plass Brlenmeyer flasks containing ~140ml. of solution (no

headspace).  Each chamber will be closed with ground glass stoppers 1o minimize
contamination, evaporation and/or volatilization.

Exposure Duration
4S hours (1 hour)
Environmental Conditions

Range of accepiable test water tenperatnres: 207 1°C,
Diurnat light: 16 hours light: § hours dark.

An environmental condition study wili be activited on the iaboratory computer system
(MicroVAX 3100-20E running validated, customized acquisition software) at the start of
the study 10 provide a record of the continuous measurements for temperatare and lighting
in the test area,

Experimental Evaluation
Observations for immobilization will be performed and recorded at 24 and 48 hours (1 hour)
after the beginning of the test. Additional observations may be performed. Immobilization is
{he lack of swimming ability or moverment within 15 seconds after gentle agitation of the test
container. Any abnormal behavior or appearance will also be recorded,

Observations of test substance insolubility (surface slicks, precipitates, and adherence 10 the
test chamber) will be recorded daily at the time of organism observaions,

Organisms will be discarded al wermination. The monitoring of environmental conditions will
be discontinued after comypletion of the study,
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APPENDIX C - PROTOCOL (CONT'D)

Duphain sp., Acote Tmmobilization Test on Heavy Pyralysis Fucl Ol PAGES
176842 MBI03-768

EXPERIMENTAL PROCEDURE (CONT'D)
Discrete Measurements

Temperature, dissolved oxygen, and pH: measured in each wreatment and comrol at the start
of the test and in & composite of replicates at wermination (termination includes complete
immobilization in g yeatment).

Loading
At least 25 mb of test sohution will be provided for cach organism.
Test Accepméi[i(y

Tn the conerol, not more than 10% of the Daphmia should have been immobilized or trupped at
the surface of the water. Dissolved oxygen should be 260% of the air saturation value at the

temperatae tested.

Colenlations

Test results are used to derive the BC/ELse, defined as the congentration or loading rate of the
test substance cstimated to immobilize 50% of the test organisms within a specified period of
exposure, The statistical methed used to caleafate the EC/ELso values and their associated
95% confidence limits will be either & maximum liketihood analysis based on D. J, Finney,

1971%, a Trimmed Speasman-Karber Method®, a Binomial Method” or a graphical method”,
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APPENDIX C - PROTOCOL (CON T'D)

Daphnia sp., Acote Inunobilization Fest on Heavy Pyrolysis Fuel Qil: PAGE Y
176842 MRD-03.768

REPORT

After termination of the study, a final report that includes the following information will be
submitted:

Test substance:
»  physical nature, and where relevant, physiochemical properties
» identification dats

Test Daplmia:
«  scientific name, strain (if applicable), age, supplier, any pretreatment, breeding method
(inctuding source, ind and amount of food, feeding frequency)

Test conditions:
«  test procedure used, eguilibration test results
¢ vchicle/dilution: water source and  water quality characteristics (pH, hardness,
temperature, alkalinity)
«  CaMg ratio and NwK ratio in the dilution water
o Light quality, intensity and periodicity
dissolved oxygen concentration, and pH values and temperature of the test solutions at
study initiation and termination
methods of preparation of test solutions
loading rates/concentrations used
information on concentrations of the test substance in the test soletions
number of organisms in each test vessel
description of the test chambers, and volume of solution

LR NS R S

Results:

maximur loading rate/concentration causing oo umobilization

minisuam loading rate/concentration causing 100% immobilization

pescent of organisms that were dead per treatment

individual daily observaions, incinding daily and cummnlative inmnobilization, survival
and abnormal responses of the Daphnia

ELso «r BCsp with 95% confidence limit at cach abservation interval, if possible
statistical procedures followed

e graph of the loading rafe/concentration-response curve at the end of the test, if

applicable

« & & @

* »

Study Conduct:

compliance statement

quality assurance statement

protocol with amendments appended 1o the report

evidence that the quality criteria have been fulfilled

incidents in the course of the test which may have influenced the results

* 5 5 s
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APPENDIX C - PROTOCOL (CONT'D)

Braphria sp.. Acute Iomobilizntion Yest an Heavy Pyrolysis Fuet Ol PAGE 14
176842; MRDMI3.768

RECORDS

Al appropriate materials, methods and experimental measurenents regquired in this protocol will be
recorded and documented in the raw data. Any changes, additions or revisions of this protocel
must be approved by the Study Dircetor and the Sponsor Representative. These changes will be
documested in writing, including the date the justification for the change and the signatures of the
Srudy Director and Sponsor Representative.

The protocol, fimal report, raw data or computer generaied listings -of raw data. supporting
documentation, and a nof-study specific sampie of the neat test substance will be maintained in the
Archives of the testing lucility for 10 vears, after which Grme the records will be offered to the
sponsor prior to disposal.

QUALITY ASSURANCE

The Quality Assurance Unit of ExxonMobil Biomedical Sciences, Tne. will audit the protocol,
conduet study based phase inspection(s) and audit the draft final report (before sponsor review)
1o assure that they are in conformance with company SOPs and the appropriate guidelines and
Good Laboratory Practice Regulations.

GUIDELINE EXCEPTIONS
Due 1o the Fmited solubility of the test substance the following exceptions will apply for this study:
‘The concentration of the test substance in solutions will not be determined prior to use, Due
10 the limited solubility of the fest substance, it may not be possible for analytical analysis to

demonstrate that the initig] concentration of the test substance will be maintained at 80%
thronghout the test,

T is deemed more appropriste fo prepare individual trestment solutions by adding the test

substance to dilution water and reimoving the WAF of each mixture for testing than to prepare
ditutions of a stock solution,
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APPENDIX C - PROTOCOL (CONT'D)

Daphenia sp., Acate mmobilization Test un Heavy Pyrolysis Fuel Ot PAGE 11
176842 MRD-03-768
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Daphunia sp., Acute | bitization Test on Heavy Pyrolysis Fuel Qil: PAGE 12
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FROTOCOL CHANGE RECORD

Dapniu sp., ACUTE IMMOBILIZATION TBST on HEAVY PYROLYSIS FUEL OIL

This record must be approved by the Sponsor Representative and she Study
subsesguent to initial distibution. Upon completion, a copy of thix record mu:

protocol and the original subminted to the Archivist,

Stedy Number: 176842 Revision Number: }

Page 1.of' 1

Birector for alt protocol changes siade
5t be distributed w ol recipients of the

Dre: 2903

Pg. 6/ Definitive Test Design

Previous Stotement:

mow | el e
1 0 20
Contral) {3 per 4 replicates)
2 TBD W
3 TBD A
4 TBD 20
5 TBD 20
6 TBD | 20

TBE = To Be Deternined

Revised Statement;
GrROUP | “LOADING RATE ‘NUMBER OF
‘ S gL ORGANISMS
1 0 20
(Conteoly {5 per < replicates)
2 | 041 20
3 a.30 20
4 RAH P13
5 4.5 2
& i W

Justification: addition of definitive Joading rates

Reguired signatures:

L e f,g{&fgf S+ w7 p Al

¥

£ 1 Moran

Date E. ¥ Febbo

Sponsor Representative Swudy Divector
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Robust Summary
Invertebrate Acute Toxicity

Test Substance: Industry Stream Name (acronym): Heavy Pyrolysis Fuel Oil
CAS Number: CAS Inventory Name:
68513-69-9 Residues, petroleum, steam-cracked light
64741-62-4 Clarified oils, petroleum, catalytic cracked
69013-21-4 Fuel oil, pyrolysis
8002-05-9 Petroleum

In ethylene plants cracking liquid feedstocks, the cracking furnace
effluent (after heat recovery) is quenched by injection of recycled quench
oil. This step results in the condensation of higher boiling hydrocarbon
compounds that are typically separated from the rest of the furnace
effluent as the bottoms of the oil quench tower. Lights are stripped from
the excess oils generated from this quench system, resulting in the stream
identified here as heavy pyrolysis fuel oil.

Method/Guideline: OECD Guideline 202

Year (guideline): 1984

Type (test type): Daphnid Acute Toxicity Test

GLP (Y/N): Yes

Year (study performed): 2003

Species: Daphnia magna Straus

Analytical Monitoring: Yes

Exposure Period: 48 hours

Statistical Methed: The 24-hour ELso and ECso values were determined using a Trimmed

Spearman-Karber Method (Hamilton et al.,1977). A Binomial Method
(Stephan, 1977) was used to determine the 48-hour ELso and ECso values.

Hamilton, M., R. Russo, R. Thurston, 1977. Trimmed Spearman-Karber
Method for Estimating Median Lethal Concentrations in Toxicity
Bioassays. Environmental Science and Technology, Vol. 11, No. 7, p.714-
719. '

Stephan, C. E., Methods for Calculating an LCso, Aquatic Toxicology and
Hazard Evaluation, ASTM STP 634, F. L. Mayer and J. L. Hamelink, Eds.,
American Society for Testing and Materials, 1977, pp. 65-84.

Test Conditions: Individual Water Accommodated Fractions (WAF's) were prepared for
each treatment. The test substance was added to 4.0 L of reconstituted
water in glass aspirator bottles (capacity 4.5 L). The solutions were
mixed for 24 hours using a 5% vortex (of the static liquid depth). The
test solutions were removed through the outlet at the bottom of each
mixing vessel into four replicates of approximately 140 mL in 125 mL
Erlenmeyer flasks (no headspace). Five daphnids were added to each
replicate and the replicates were closed. The test was performed under
static conditions with no aeration.

e Note: Concentration
preparation, vessel type, volume,
replication, environmental
conditions, organisms supplier,
loading, deviations from
guideline or protocol.

Mean test temperature: 20.1°C (S.D. = 0.1), diurnal light: approximately 16
hours light and 8 hours dark with 100 to 113 Iux during full daylight
periods. Dissolved oxygen ranged from 8.0 to 8.6 mg/L. and pH ranged
from 7.8 to 8.1 during the study. Water hardness was 134 mg/L as CaCOs.
The Daphnids were cultured in-house. Age was <24 hours old from 13-
day old parents.

Due to the relatively complex nature and limited water solubility of the test J
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substance, the following exceptions to the guideline apply for this study:
The concentration of the test substance in solution was not determined prior
to use. The initial concentration of the test substance was not maintained at
80% in the lowest loading rate throughout the test, 74% of the initial
concentration was maintained. It was deered more appropriate to prepare
individual treatment solutions by adding the test substance to dilution water
and removing the WAF of each mixture for testing than to prepare dilutions
of a stock solution.

Results:
Units/Value:

Note: Analytical method, biological
observations, control survival.

Effect Loading (ELso) / Effect Concentration (ECso) Values (mg/L)

ELsp ECso
24 hours 3.7 (3.3-4.2%) 3.0 (2.7-3.4%)
48 hours 3.3(2.3-4.8%%) 2.7 (1.8-4.1%%)

* 95% Confidence Interval
** 99% Confidence Interval

The maximum actual loading rate causing no immobilization after 48-hours
was 2.3 mg/L. The minimum actual loading rate causing 100%
immobilization after 48 hours was 4.8 mg/L.

The maximum measured concentration causing no immobilization after 48-
hours was 1.8 mg/L. The minimum measured concentration causing 100%
immobilization after 48-hours was 4.1 mg/L.

The method of analysis was gas chromatography with flame ionization
detection (HS GC-FID).

Loading Measured
Rate Conc. % Immobilization
(mg/L) (mg/L) 24-hour 48-hour
Control 0 0 0
0.50 0.18 0 0
1.0 1.6 0 0
23 1.8 0 0
4.8 4.1 85 100
10 7.8 100 100
Conclusion: After Daphnia magna were exposed to WAFs prepared from Heavy
Pyrolysis Fuel Oil for 48-hours, the ELs, was 3.3 mg/L and the ECs, was
2.7 mg/L.
Reliability: 1-Reliable without restrictions.
Reference: ExxonMobil Biomedical Sciences, Inc. 2004. Daphnia sp., ACUTE

IMMOBILIZATION TEST on HEAVY PYROLYSIS FUEL OIL. Study #

176842

Olefins Panel, American Chemistry Council

Other (source):
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Management
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the raw daia.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Stady No. 176858; MRD-03-768

SUMMARY

This study was performed to evaluate the acute toxicity of the water-accommodated
fractions (WAFs) of MRD-03-768 (Heavy Pyrolysis Fuel Qil), to rainbow ftrout,
Oncorhynchus mykiss, in a 96-hour semi-static (renewal) test, conducted according to
OECD guideline 203.

Individual treatments were prepared by adding the appropriate amount of test substance,
via stainless steel and glass syringes, to 18 L of vehicle/dilution water in glass aspirator
bottles (capacity 22 L) and stirring on magnetic stirplates using a 3% (of the static liquid
depth) vortex for 24 hours. The mixtures were allowed to cool to test temperature in a
waterbath for one hour without stirring before removing the aqueous portions (WAFs) for
testing. WAFs were prepared daily, the day preceding each renewal. The following table
defines the target loading rates, actual loading rates and measured concentrations.

0.63 0.63 0.30
1.3 1.4 1.2
2.5 2.6 25
5.0 5.8 4.1

10 11 9.1

* Target loading rate as per protocol.

** Actual loading rate (weight) of test substance added to the vehicle/dilution
water. The values represent the mean of the individual WAFs prepared for
the renewals.

+ Concentration based on mean (new and old) measured concentrations.

Three replicates per treatment were tested. Each replicate contained four fish. Replicate
chambers were 4 L size glass aspirator bottles containing approximately 4.5 L of solution
(no headspace) closed with foil covered neoprene stoppers. Water quality (temperature,
pH, and dissolved oxygen) measurements were recorded per treatment for each new
solution prior to renewals and in a composite of the replicates after each renewal.
Observations for mortality and abnormal behavior or coloration were performed at 3, 6,
24, 48, 72 and 96 hours + 1 hour after the beginning of the test.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

SUMMARY (CONT'D)

Acute toxicity results are expressed as the Lethal Loading / Lethal Concentration 50
(LL/LCsp); that is, the actual loading rate or measured concentration of test substance in
dilution medium which is calculated to result in 50% mortality compared to the control for
the specified time of exposure. The maximum actual loading rate causing no mortality after
96-hours was 2.6 mg/L. The maximum measured concentration causing no mortality after
96-hours was 2.5 mg/L. The minimum actual loading rate causing 100% mortality after 96-
hours was 11 mg/L. The minimum measured concentration causing 100% mortality after

96-hours was 9.1 mg/L.

3 and 6 >11% >9.1%
75 5.8
24 (6.7-8.4) (5.2-6.4)
i 5.9 47
(4.8-73) (3.9-5.6)
56 44
72 and 96 (4.5-6.9) (3.7-5.3)

* Not a calculated value, no mortality was observed in the highest loading
rate/concentration at 3 hours, 42% mortality was observed in the highest loading
rate/concentration at 6 hours therefore the EL/ECso is greater than the highest

loading rate/concentration tested.
Values in parentheses are 95% confidence intervals.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study Ne. 176858; MRD-(3-768

SUMMARY (CONT'D)

00

0.63 (0.30)

14 (1.2) 4

2.6 (2.5)

5.8 (4.1)

0 2 | 100 _MT |+ +

11 (9.1)

* Actual loadmg rate (We1ght) of test substance added to the Vehlcle/dllutlon water The
values represent the mean of the individual WAFs prepared for the renewals.

#* Concentration based on mean (new and old) measured concentrations.

+ Indicates that 100% mortality occurred prior to the exposure period.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

INTRODUCTION
Objective

This study was conducted for the Sponsor to evaluate the acute toxicity of the water-
accommodated fractions (WAFs) of the test. substance, to rainbow trout,
Oncorhynchus mykiss, in a 96-hour semi-static (renewal) test.

Sponsor

American Chemistry Council
1300 Wilson Blvd.
Arlington, Virginia 22209

Testing Facility

ExxonMobil Biomedical Sciences, Inc.
Laboratory Operations

1545 Route 22 East, P.O. Box 971
Annandale, New Jersey 08801-0971

Study Initiation Date
September 15,2003
In-life Test Period
December 15, 2003 to December 19, 2003
Experimental Termination
December 24, 2003
Compliance

This test was conducted in compliance with OECD' and USEPA? Good Laboratory
Practice (GLP) standards with the exceptions listed on page 13-15 and in agreement
with OECD’ Guideline 203 with the exceptions listed on page 22.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL

Study No. 176858; MRD-03-768

MATERIALS and METHODS

Test Substance Identification

EMBSI Identification:
Industry Stream Name (acronym):

CAS Number:
68513-69-9
64741-62-4
69013-21-4
8002-05-9

Supplier:

Date Received:
Expiration Date:
Description:

MRD-03-768
Heavy Pyrolysis Fuel Oil

CAS Inventory Name:

Residues, petroleum, steam-cracked light
Clarified oils, petroleum, catalytic cracked
Fuel oil, pyrolysis

Petroleum

Dow Chemical Company
Freeport, TX

July 29, 2003

July 2008

Dark Amber liquid

Storage Conditions: The neat test substance was stored at room temperature.

Stream Derivation

In ethylene plants cracking liquid feedstocks, the cracking furnace effluent (after
heat recovery) is quenched by injection of recycled quench oil. This step results
in the condensation of higher boiling hydrocarbon compounds that are typically
separated from the rest of the furnace effluent as the bottoms of the oil quench
tower. Lights are stripped from the excess oils generated from this quench

system, resulting in the stream identified here as heavy pyrolysis fuel oil.

Sample Retention

A non-study specific sample of the neat test substance has been retained in the

testing facility archives.

Justification of Dosing Route

Potential environmental exposure is by the test substance in water.

Vehicle / Dilution Water

Reconstituted water’ (Batch 283). Dilution water was aerated prior to the addition

of the test substance. See Appendix A, page 34 for the vehicle/dilution water

analysis. :
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

MATERIALS and METHODS (CONT'D)
Characterization of the Test Substance

The neat test substance was characterized and the stability determined by the testing
facility using the following analyses: UltraViolet/Visible and Infrared
Spectrophotometry, Gas Chromatography with Mass Selective Detection and
Density. The test substance was used in a number of studies at the testing facility.
Characterization of the test substance was performed at the testing facility prior to
its use in the first of these studies and after completion of the final study.
Documentation of characterization and stability assessment is maintained at the
testing facility (see Appendix B, page 35).

Documentation outlining the methods of synthesis, fabrication, and/or derivation of
the test substance has been provided by the sponsor and is maintained at the testing
facility. The test substance, as received, was considered the "pure" substance.

Analysis of Mixtures

Samples were taken from each treatment WAF and control solution on Day 0 and
Day 3. Samples were also taken on Day 1 and Day 4 (composite of replicates) of
the "old" solutions. The samples were taken with no headspace. The method of
analysis was gas chromatography with flame ionization detection (GC-FID).
Samples were analyzed using a Perkin Elmer Autosystem XL Gas Chromatograph.

- Analytical standards were prepared and analyzed at concentrations bracketing the
sample concentrations. The methods and results of the analyses are included in
Appendix A starting on page 32.

Test System
Oncorhynchus mykiss (Rainbow trout)
Lot 481, Receipt date: 3-Dec-03
Justification for Selection of Test System

Oncorhynchus mykiss has been used in safety evaluations and is a common test
species for freshwater toxicity studies.

Supplier

Thomas Fish Company
Anderson, CA
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

MATERIALS and METHODS (CONT'D)

Husbandry and Acclimation

The rainbow trout were quarantined and observed for parasites and disease for 12
days prior to use in the test (in dilution water) at approximately 12.8°C. The water

‘was continuously aerated to provide a dissolved oxygen concentration of at least

80% of the air saturation value. No mortality was observed and the fish were not
treated for disease or parasites before use in this study. Fish were not treated for
disease or parasites before use in this study. Fish were held under static conditions
using biological and mechanical filtration, a 16-hour photoperiod, and were fed at
least five days per week with Finfish Starter (formerly referred to as Salmon
Starter).

Feed Supplier: Finfish Starter - Zeigler Bros., Inc., Gardners, PA

Number and Sex

Number: 72
Sex: Not applicable

Age at Initiation of Exposure

29 days post hatch

Test System Identification

Fish were not individually identified. Each replicate, containing four fish, was
labeled to show study number, loading rate, replicate and chamber number.

Selection

Feed

Organisms were randomly assigned to intermediate chambers and then transferred
to their respective test chambers using a computer-generated randomization
schedule. A printout of the randomization schedule is included in the raw data.

To ensure that quality organisms were used for the study, fish were selected from a
pool of organisms larger than that needed for the study. The study director or his
designee determined organism suitability.

Test fish were not fed at least 24 hours prior to, or during the study.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

MATERIALS and METHODS (CONT'D)
Contaminants

There are no known contaminants in the feed used for acclimation or the
vehicle/dilution water believed to be at levels high enough to interfere with this
study. The feed was analyzed for minerals and pesticide residues by New Jersey
Feed Lab Inc., 1686 Fifth Street, Trenton, NJ 08638. The vehicle/dilution water is
prepared from UV-sterilized, deionized well water that is treated and distributed
throughout the testing facility via PVC and stainless-steel pipes. The deionized
water is monitored for priority pollutants, un-ionized ammonia, total suspended
solids, and for bacterial properties by Accutest®, 2235 Route 130, Dayton, NJ
08810. Contaminant analyses are not performed in a GLP compliant manner. This
is not believed to affect the results of the analyses. Documentation is maintained at
the testing facility. :
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

EXPERIMENTAL PROCEDURE

Equilibrium Test

- An equilibrium study was performed prior to testing to determine the most
appropriate mixing duration. Gas chromatography with flame ionization detection
(GC-FID) was used to detect the test substance. Two sets of individual WAFs at
approximately 1 mg/L and 10 mg/L were prepared and sampled after approximately
24 and 48 hours. The solutions were stirred using a <10% (of the static liquid
depth) vortex. All mixing vessels were closed using foil covered rubber stoppers
during mixing. Three replicates were analyzed at each sampling interval. The
equilibrium phase did not extend beyond 48-hours due to a potential loss of volatile
components of the test substance in the mixing vessels and logistical constraints
associated with a semi-static renewal type test (to be used for the fish study). The
goal was to achieve equilibrium of the soluble components without compromising a
loss of the lighter components (it is the lighter components that usually contribute to
toxicity). The results indicate that a mixing duration of 24 hours was sufficient for
the soluble components of the test substance to achieve equilibrium. This phase of
the study was not subject to GLP standards.

1 0.455 (SD =0.013) 0.435 (SD=0.018)

10 6.79 (SD =0.15) 6.70 (SD = 0.049)

1 mg /L PQL (Practical Quantitation Limit) = 0.1 mg/L
10 mg /L PQL (Practical Quantitation Limit) = 0.7 mg/L
* Average of three replicates.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)
Rangefinding Test

A 48-hour semi static (renewal) range finding test was performed for the Sponsor
to determine the loading rates of Heavy Pyrolysis Fuel Oil (MRD-03-768) for the
definitive Fish, Acute Toxicity Test.

Water-accommodated fractions (WAFs) were prepared at nominal loading rates of
0.1 mg/L, 1 mg/L, 10 mg/L and 100 mg/L. The mean actual loading rates were
determined to be 0.08 mg/L, 1.0 mg/L, 10 mg/L and 98 mg/L. A control treatment
consisting only of the vehicle/dilution water also was prepared. WAFs were
prepared by adding the appropriate amount of test substance, via stainless steel
and glass syringes, to the vehicle/dilution water in glass aspirator bottles (mixing
vessels) containing Teflon® coated stir bars. The syringes were weighed with and
without test substance to determine the actual loading rates. The mixing vessels
were closed with foil covered neoprene stoppers and the treatments were stirred
using a 3% (of the static liquid depth) vortex at room temperature (approximately
22°C) on magnetic stirplates for 24 hours. As stirring initiated and after stirring,
all treatments appeared clear and colorless with test substance evident on the
surface. After stirring, a small amount of the test substance was also observed at
the bottom of the mixing vessel for the 100 mg/L treatment. The mixtures were
allowed to cool to test temperature in a waterbath for two hours without stirring
before removing the aqueous portions (WAFs) for testing. New WAFs were
~ prepared for the renewal.

One replicate per treatment was tested. Each replicate contained five fish.
Replicate chambers were 4 L size aspirator bottles containing approximately 4.5 L
of test solution (no headspace) closed with foil covered neoprene stoppers. A
piece of Nitex® screening was placed in the outlet at the bottom of the bottles to
prevent fish from becoming trapped in the narrow space. An approximately 90%
renewal of the test solution was performed at 24 hours. Water quality (temperature,
PpH, and dissolved oxygen) measurements were recorded daily on the new and old
solutions. The fish were observed for mortality and abnormal behavior or
coloration at 3, 24 and 48 hours * 1 hour. This phase of the study was not subject
to GLP standards.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)

Rangefinding Test (Cont'd)

* Indicates that 100% mortality occurred prior to the exposure period.
No abnormal behavior or coloration was observed in the fish that were alive.
+ All fish were lethargic and exhibited dark pigmentation.

L 3

12.5-13.8

69-79 6.5-8.9 12.5-13.8

6.9-17.7 6.5-8.8 12.5-13.9

7.0-7.8 7.5-8.8 12.8-13.8

t 9% 7.7-17.8* 8.8 - 8.9% 12.8 - 13.9*
* Day 0 values, complete mortality occurred within 3 hours of the experimental

start time.

The protocol indicated that "the loading level (g of fish per liter of solution) with
regards to oxygen depletion would be assessed during the range finder. A loading
between 0.2 - 0.6 g of fish per liter of solution was the target for the range finder".
The study resulted in a loading of 0.25 g of fish/L of solution. The dissolved
oxygen levels remained above 60% of the air-saturation value (approximately 6.2

mg/L).
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL

Study No.

176858; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)

Definitive Test Design

1 0 0 12
(Control) (4 per 3 replicates)

2 0.63 0.63 12

3 1.3 1.4 - 12

4 25 2.6 12

5 5.0 5.8 12

6 10 11 12

* Target loading rate as per protocol.
** Actual loading rate (weight) of test substance added to the vehicle/dilution water.

Preparation and Administration of Test Substance

Individual treatments were prepared by adding the appropriate amount of test
substance to 18.0 L of laboratory vehicle/dilution water in glass aspirator bottles
(capacity 22 L). The test substance was added to the water in the aspirator bottles
using stainless steel and glass syringes. The syringes were weighed with and
without the test substance to determine the actual loading rate. The mixing vessels
were closed with foil covered neoprene stoppers. The mixtures were stirred using a
3% (of the static liquid depth) vortex for 24 hours on magnetic stirplates with
Teflon® coated stirbars at room temperature (23.4°C, S.D. 0.2°C). As stirring
initiated and after stirring, all treatments appeared clear/colorless with the test
substance floating at the surface. The mixtures were allowed to cool to test
temperature in a waterbath at 11.5°C to 11.6°C for one hour without stirring before
removing the aqueous portions (WAFs) for testing. New WAFs were prepared
daily for the renewals.

Three replicates were prepared for each treatment by completely filling the test
chambers with the WAF (no headspace). Three replicates of the control were
prepared in the same manner using laboratory dilution water. Approximately 90%
of the test solution was rernewed on days 1, 2, and 3. Renewals were accomplished
by draining 4 L of old solution from each replicate and adding 4 L of fresh solution.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)
Test Chamber / Volume of Solution

The test chambers were 4 L size glass aspirator bottles containing approximately 4.5
L of solution (no headspace). The test chambers contained a small piece of Nitex®
screening in the outlet to prevent fish from being trapped in the small area. Test
chambers were closed with foil covered neoprene stoppers to minimize
contamination, evaporation and/or volatilization.

Exposure Duration
96 hours
Exposure Conditions

Mean test temperature: 13.6°C (S.D. = 0.1), continuously monitored by computer in
the test area. :

Diurnal light: approximately 16 hours light and 8 hours dark. The intensity during
full daylight hours was 644 to 653 lux.

An environmental conditions study was activated on the laboratory computer
system (MicroVAX 3100-20E running validated, customized acquisition
software) at the start of the study to provide a record of the continuous
measurements for temperature and lighting in the test area.

Experimental Evaluation

Each test and control chamber was observed for mortality of the fish at 3, 6, 24, 48,
72 and 96 hours (+ 1 hour). Fish were considered dead if touching the caudal
peduncle produces no reaction and/or no breathing movements were visible. During
observations, organisms were also examined for abnormal behavior or coloration
and any dead fish were removed. Feces was observed in the test chambers at each
observation interval. Any feces that was not removed while draining the test
chambers during renewals was siphoned out using a glass tube and pipette bulb.

Temperature, dissolved oxygen, and pH were measured in each "new" treatment and
the control on Day 0 and daily, prior to renewals, and on the "old" solutions
(composite of the replicates) daily. The dissolved oxygen levels remained above
60% of the air-saturation value (approximately 6.2 mg/L), throughout the test. No
undissolved test substance was observed in any of the test chambers.

After completion of the study, the monitoring of environmental conditions was
discontinued. All remaining fish were euthanized using a 2 g/L tricaine methane
sulphonate (MS 222) solution, prepared in laboratory dilution water. Control fish
were individually weighed and total lengths measured.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)
Weight & Length of Control Fish at Termination

Length and weight of the organisms used in the study are approximated from
measurements of the control organisms at the end of the study.

Mean Weight - 0.194 g (S.D. = 0.034)

Mean Total Length - 3.1 cm (S.D. = 0.2)
Organism Loading During the Definitive Study

Loading of fish was 0.172 grams per liter of solution.
Calculations

The 24 - 96 hour LLsy and LCso values were determined using a Trimmed
Spearman-Karber Method’.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Stady No. 176858; MRD-03-768

RESULTS

Acute toxicity results are expressed as the Lethal Loading / Lethal Concentration 50
(LL/LCso); that is, the actual loading rate or measured concentration of test substance in
dilution medium which is calculated to result in 50% mortality compared to the control for
the specified time of exposure. The maximum actual loading rate causing no mortality after
96-hours was 2.6 mg/L. The maximum measured concentration causing no mortality after
96-hours was 2.5 mg/L. The minimum actual loading rate causing 100% mortality after 96-
hours was 11 mg/L. The minimum measured concentration causing 100% mortality after
96-hours was 9.1 mg/L.

3and 6 >11% >0.1%
9y 75 5.8
(6.7-8.4) (5.2-6.4)
48 59 47
(4.8-7.3) (3.9-5.6)
5.6 4.4
72 and 96 (4.5-6.9) (3.7-5.3)

* Not a calculated value, no mortality was observed in the highest loading
rate/concentration at 3 hours, 42% mortality was observed in the highest loading
rate/concentration at 6 hours therefore the EL/ECso is greater than the highest
loading rate/concentration tested.

Values in parentheses are 95% confidence intervals.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

RESULTS (CONT'D)

0.63 (0.30)

14(1.2)

2.6(2.5)

5.8(4.1)

11 (9.1)

* Actual loading rate (weight) of test substance added to the vehicle/dilution water. The
values represent the mean of the individual WAFs prepared for the renewals.

** Concentration based on mean (new and old) measured concentrations.

T Indicates that 100% mortality occurred prior to the exposure period.

Table 1 presents the in-life observation data for the replicates in each treatment. Table 2
summarizes the water quality values measured during the test. Figures 1 and 2 present the
loading rate/concentration response curves at each observation interval. Appendix A
presents the analytical chemistry methods and results.

The test was considered acceptable as none of the control fish died or exhibited abnormal

behavior during the study and the dissolved oxygen levels remained above 60% of the air
saturation value at the temperature tested (approximately 6.2 mg/L).
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-7638

CONCLUSION

After Oncorhynchus mykiss were exposed to WAFs prepared from Heavy Pyrolysis Fuel
Oil for 96-hours, the LLso was 5.6 mg/L and the LCso was 4.4 mg/L.

GUIDELINE EXCEPTIONS

Due to the complex nature and relatively limited solubility of the test substance the
following exceptions to the guideline apply for this study:

The concentration of the test substance in solutions was not determined prior to use
as indicated in the guideline.

It was deemed more appropriate to prepare individual treatment solutions by adding
the test substance to dilution water and removing the WAF of each mixture for
testing than to prepare dilutions of a stock solution as indicated in the guideline.

PROTOCOL DEVIATION

The protocol required that the fish would be held at test temperature (13-15°C) for at least 7
days prior to use in the test The fish were held at 12.8°C for the 7 days prior to use in the
study. This deviation is not believed to have affected the outcome or integrity of the study.

RECORDS

All appropriate materials, methods and experimental measurements required in the protocol
were recorded and documented in the raw data. Any changes, additions or revisions to the
protocol were approved by the Study Director and the Sponsor Representative. These
changes were documented in writing, and include the date, the signatures of the Study
Director and the Sponsor Representative and the justification for the change.

The protocol, final report, raw data, computer generated listings of raw data, supporting
documentation and a non-study specific sample of the neat test substance will be maintained
in the archives of the testing facility for 10 years, after which time the records will be
offered to the sponsor prior to disposal.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

APPENDIX A - ANALYTICAL METHODS and RESULTS

Heavy Pyrolysis Fuel Oil WAF samples (ca. 125 mL) were collected with no headspace in
amber glass bottles with Teﬂon® lined caps. Samples were refrigerated pending extraction
with hexane and analysis by gas chromatography with flame ionization detection (GC-FID).
Samples of WAFs prepared at each loading level were taken on Day 0 and 3 from the
stirring vessels and from the "old" WAFs of each treatment (composite of replicates) on
Day 1 and 4.

Samples were allowed to come to room temperature prior to extraction. Depending on the
nominal sample concentration, approximately 25, 50 or 125 mL sample volumes were
transferred to glass extraction bottles and 4.0 or 5.0 mL of hexane was added as extraction
solvent. The exact amount of water extracted was determined by using tared extraction
bottles and re-weighing the bottles after the appropriate volume of sample was dispensed.

After the addition of hexane, the extraction bottles were crimp sealed with Teflon® faced
septum caps and extracted by hand for approximately one minute followed by 60 minutes
on a mechanical shaker. The contents were then allowed to settle for at least 30 minutes
before the hexane (upper) layer was transferred to small (ca. 4 mL) glass vials. An aliquot
was removed from the 4 mL vial to a GC aoutosampler vial for analysis. Hexane extracts
were stored in a freezer pending analysis.

Heavy Pyrolysis Fuel Oil standards in hexane and hexane extracts were analyzed on a
Perkin Elmer Autosystem XL Gas Chromatograph with a 15m x 0.53mm id Rtx-5 capillary
column with 1.5 pm film thickness (Restek) and a 5m Integra guard column. The carrier
gas was helium at 15 mL/min. The oven temperature was programmed from 55°C for 6
minutes up to 250°C at 30°C/minute. Automated large volume injections of 30 pL were
made in the programmable split/splitless (PSS) mode. The FID temperature was 275°C and
the detector attenuation setting was -5.

Heavy Pyrolysis Fuel Oil standards were analyzed at concentrations of 3.84, 12.8, and 64
pg/mL. The extraction method provided quantitative recoveries and was validated by
spiking Heavy Pyrolysis Fuel Oil in water at 0.961 pg/mL. Five replicate spikes were
extracted and the mean recovery (standard deviation) was 108% (6.7%).

Data were acquired and processed with Perkin Elmer Totalchrom Workstation software.
Heavy Pyrolysis Fuel Oil eluted as a complex mixture at approximate retention time of 8.5
minutes under the instrumental conditions employed.

The Practical Quantitation Limit (PQL) for water samples was approximately 0.12 pg/mL
taking into account the concentration of the lowest analyzed standard (3.84 pg/mL), the
maximum sample volume (approximately 125 mL) and the minimum extract solvent
volume (4.0 mL).
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

APPENDIX A - ANALYTICAL METHODS and RESULTS (CONT'D)

TABLE A-1

0 ND ND ND ND ND
0.63 0.511 0.445 0.134 0.127 0.30
1.4 1.04 0.872 1.44 1.28 1.2
2.6 2.86 2.48 2.50 2.21 2.5
5.8 4.67 4?‘1'25* 3.89 3.61 4.1
11 9.22 9.00 t t 9.1

¢ Actual loading rate (weight) of test substance added to the vehicle/dilution water. The
values represent the mean of the individual WAFs prepared for the renewals.

ND = Not Detected

* Composite of remaining replicates.

** Sampled from replicate 3 due to complete mortality, actually Day 2 "old" solutlon (value
used for average).

T No Sample, due to complete mortality.

PQL (Practical Quantitation Limit) = 0.12 mg/L
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

APPENDIX A - ANALYTICAL METHODS and RESULTS (CONT'D)
DILUTION WATER (VEHICLE) ANALYSIS

The dilution water is prepared from UV-sterilized, deionized well water that is treated
and distributed throughout the testing facility via PVC and stainless-steel pipes. Batches
of 500 to 1000 L of this deionized water are then reconstituted in the laboratory to meet
aquatic toxicity testing needs, following Method 8010E of Standard Methods for the
Examination of Water and Wastewater, 18th edition.

The following water quality data is most representative of the dilution water used during the
in-life period of the study. Table A-2 presents analyses performed on the reconstituted
water (RW) on a batch basis. Water quality analyses (dissolved oxygen, pH, alkalinity,
hardness and specific conductance) are performed by environmental toxicology laboratory
personnel. Total Organic Carbon analysis is performed by the laboratory's environmental
chemistry and fate group. The quality of the feed water for the dilution water system is
monitored at least semi-annually for priority pollutants, un-ionized ammonia, total
suspended solids, and for bacterial properties. Results of semi-annual analyses are
maintained at the testing facility.

Table A-2
Results of Water Quality Analysis

- Batch 283

* U.S. Environmental Protection Agency. 1979, Revised March 1983. Methods for Chemical Analysis of
Water and Wastes, EPA-600/4-79-020. Office of Research and Development, Cincinnati, OH. Method
310.1, Alkalinity (Titrimetric, pH 4.5).

#%  U.S. Environmental Protection Agency. 1979, Revised March 1983. Methods for Chemical Analysis of
Water and Wastes, EPA-600/4-79-020. Office of Research and Development, Cincinnati, OH. Method
130.2, Hardness (Titrimetric, EDTA). ‘

t American Public Health Association, American “Water Works Association and Water Environment

Federation. 1992. Standard Methods for the Examination of Water and Wastewater, 18" ed. American
Public Health Association, Washington, D.C. Method 5310C, Persulfate- Ultraviolet Oxidation Method.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

APPENDIX B - TEST SUBSTANCE CHARACTERIZATION

The test substance was initially characterized on August 19 and 21, 2003. Analyses
included Ultraviolet-Visible (UV-VIS) spectroscopy and Fourier Transform Infrared (FT-
IR) spectroscopy, density and GC-MS analysis. Stability of the neat test substance was
confirmed by repeating these same analyses on February 5, 2004 after the completion of
this study.

UV-VIS spectra are presented in Figures B-1 and B-2 representing, the initial and final
spectrum at concentrations of 10 and 12 ppm, respectively. UV-VIS spectra were
acquired on a Hewlett-Packard 8453 diode array UV-VIS spectrophotometer using.a 1 cm
quartz cell, a scan time of 0.5 seconds and resolution of 2 nm.

FT-IR spectra of the neat test substance are presented in Figures B-3 and B-4 representing
- the initial and final spectra. FT-IR spectra were acquired on a Thermo Nicolet Avatar
360 FT-IR spectrometer with a KBr plate. The spectra were obtained with the following
settings: resolution of 4 cm'l, gain of 1 and scan number of 32.

The test substance was also characterized by GC-MS using a Varian Saturn 2000 GC-MS
system with a Varian 3800 gas chromatograph. For comparison of relative retention
times to a series of known hydrocarbons under the analytical conditions employed, Heavy
Pyrolysis Fuel Oil was analyzed against an ASTM D2887 calibration mixture. Figures B-5
and B-6 represent the initial and final GC-MS total ion chromatograms, respectively. The
test substance eluted as a complex mixture with numerous chromatographic components
detected between retention times 13 and 26 minutes. This corresponds to bracketing by
the standard hydrocarbons n-decane and n-octadecane under the analytical conditions
employed. The single most abundant component eluted at approximately 16.3 minutes.

The test substance's initial and final density was measured at 20°C using an Anton Paar
DMA 4500 Density/Specific gravity/Concentration meter. The initial density was
measured as 1.068 g/mL and the final density was 1.069 g/mL. The test substance was
observed to be a liquid under ambient laboratory conditions and immiscible in water,
methanol and hexane. All test substance solutions were prepared with methylene chloride
as the solvent.

Comparison of the initial and final analyses appeared to be substantially similar
indicating the neat test substance was stable over the duration of the study period.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

APPENDIX B - TEST SUBSTANCE CHARACTERIZATION (CONT'D)

UV-VIS SPECTRA
Figure B-1
Initial
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-763

APPENDIX B - TEST SUBSTANCE CHARACTERIZATION (CONT'D)

FT-IR SPECTRA
Figure B-3
Initial
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

APPENDIX B - TEST SUBSTANCE CHARACTERIZATION (CONT'D)
INITIAL TOTAL ION CHROMATOGRAM
Figure B-5
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FISH, ACUTE TOXICITY TEST en HEAVY PYROLYSIS FUEL OIL

Study No. 176858; MRD-03-768

APPENDIX B- TEST SUBSTANCE CHARACTERIZATION (CON T'D)

ABEA PERCENT REPORT

Figure B-6
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL

Study Ne. 176858; MRD-03-768

APPENDIX C - PROTOCOL

Study Tide:

EMBSI Study Number:
Test Substance:

Dute:

Room Number:
Proposed Key Dates:

Experimentad Start

PROTOCOL

OLF-103.0-HPVIO-EMBSI

Fish, Acute Toxicity Test on
Heavy Pyrolysis Fuel Ol
176858

MRD-03-768

August 11, 2003

LE-337

20-0ct-03

Expearimental Termination

Draft Report Compietion‘..m.h....‘..“...‘..‘.A.........“.A....::'
Final Report Completion, .,

Approved By:

7 ) Al

. 24-0ct-03

21-Nov-03
S MarOd

E. J. Febbo, M.S.
Study Director

ExxonMobil Biomedical Sciences, Inc.
1345 Route 22 East, P.O. Box 971
Apnandale, New Jersey 08801-0971

Z

“E,4. Moran, B
ponsor Repfesentative

SAFETY FIRST
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-7638

APPENDIX C - PROTOCOL (CONT'D)

Fish, Acute Toxivity Test an Heavy Pyralysis Fod (il PAGE2
176858 MRD-03-768

INTRODUCTION
Objective

This study will be conducted for the Sponsor to evaluate the acute toxicity of the wuter
accommodated fractdons (WAFS) of MRD-03-768 to the rtinbow trout, Oncorlynchus mykiss
in 4 96-hour semi-static test.

Sponsor

American Chemistry Councl
1390 Wilson Blvd.
Ariingion, VA 22209
Festing Facility
ExxonMobil Biomedieal Sciences. Inc.
Laboratory Operations

1545 Route 22 Fast, P.O. Box 971
Annandale, New Jersey 08801-0971

Complinnce

This test will be conducted in geacral agreement with ORCD’ guidelines, and will be
performed in compliance with OECD? and USEPA® GLP standurds.

Justification for Selection of Test System

Oncorhynchus mykiss has been used in safety evaluation and is a commen test species for
freshwater toxicity studies,

Juastification of Dosing Route

Potential environmental exposure is by the tost substance in water.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

APPENDIX C - PROTOCOL (CONT'D)

¥ish, Acate Toxiity Test on Heovy Pyrodysis Fud O PAGE3
1768585 MRD-63-768

MATERIALS and METHODS
Test Substance Identification
EMBSI Code: MRD-03-768

Tndlustry Stream Name: Heavy Pyrolysis Fuel Oil

CAS Number CAS Inventory Name

68513-69-9 Residues, petroleum, steam-cracked light
64741624 Clarified oils. petrolenm, catalytic cracked
69013214 Fuel oil, pyrolysis

86G02-03-9 Perroleum

Storage Conditions: The neat test substance will be stored at room temporature,

Characterization of Test Bubstance

The neat fest substance will be characterized as described in SOP AJ4.10 wsing the
following analyses: Ultra-violey/Visible and  Infrared Specwophotometry  and  Gas
Cimomutography with Mass Selective Detection; density will also be determined. The test
substance will be used in a number of stodies at the testing facility. Characterization of the
test substance will be performed at the testing Facility prior to its use in-the first of these
sudies.  Stability assessment will span the duration of all studies, The results of the
characterization and  stability assessment will be appended to the final report.
Characterization and stability decumentation will be maintained at the testing facility.

Documentation outlining the methods of synthesis, fabrication, andfor derivation of the test
substance has been provided by the sponsor and is maintained at the testing facility. ‘The test
substance, as received, will be considered the "pure” substance for dosing purposes.

Analysis of Mixtures

Samples will be taken from cach sreatment WAF and control selution on Day 0 und Day 3.

Samples will also he taken on Day 1 and Day 4 {compositc of replicates) of the "old"
solutions. The samples will be taken with no headspace. The method of anulysis will be
automated static headspace gas chromatography with flame lonkzation detection (HS GC-
FID). Samples will be analyzed using a Perkin-Elmer 118 40 Headspace Samplor connected
to 2 Perkin Blmer AntoSystem XL Gas Clwomatograph with flame fonization detector, The
gas chromatograph will be equipped with a 30m x 0.53mm id DB-5 capillary column with
1 Sure film thickness (or equivalent). Amalytical standards will be propared and snadyzed at
concentrations bracketing the samplc concentrations except in the case of these sumples
below the mothods limit of guantification.
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-7638

APPENDIX C - PROTOCOL (CONT'D)

Fish, Acute Foxivity Test on Heavy Perolysis Poel Oik: S PAGE 4
176358 MRD-63-768

MATERIALS and METHODS (CONT'D)
VehiclefDitution Water
Reconstituted 'watar“’: Vehicle/dilution water will be acrated prior to use.
Test System
Oncorliynchus mykiss
Supplivr

The test orgunisms will be obtained from a commercial fish hachery, The supplier will be
docainented in the raw data and final seport.

Husbandry and Acclimation
Upon arvival from an outside supplier, fish will be quarsmined, observed for parasites and
disease for 2t least 12 days prior to use in the test, Fish will be bekl for at leist 7 days in
dilution water at test temperature (13-15°C), continnonsly aerated to maintain the dissolved
oxygen level al 280% of the saturation value, Fish will also be held undor 12 1o 16 hours of

Himination daily.  If needed, weatment for disease is administered as por laboratory
procedures, No fish will be used for testing for 2 minimuim of 14 days alier seatment,

Fish are held under swatic conditions using blological and mechanical filtration and me
typically fod at least five days per week with Finfish Starter ant/or Tetramin®,

Feed Supplier:  Finfish Starter - Zeigler Bros. Inc., Gardners, PA
Terramin® - That Fish Place, Lancaster, PA

Number and Sex
Number: 72 Sex: Not Applicable
Age at Initiation of Expesure
Juveniles of the same age; actuat age will be noted in the raw data and final report.

Test System Idestification

Organisms will not be individually identified, All test chambers will be labeled to show study
number, loading ate, replicate, and chamber sumber,
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

APPENDIX C - PROTOCOL (CONT'D)

Fish, Acute Toxicity Test on Heavy Pyrolysis Foed Qik: PAGES
176858; MRID-G3.768

MATERIALS and METHODS (CONT'D)

Selection

Organisms will be randomly assigned to test chambers using & computer generated
randomization schedule. A printout of the randomization schedule witl he incladed in the raw

duta,

"To cnsre that guality organisms are used for the study, fish will be selected from a pool of
organisrs larger than that feeded for the study. The study director of bis designec deteonings

organisim sulability.
Feed

Fish are not fed at least 24:howes prior to, or during the stady.

Conluminanls

“Thege are no known contaminants in the feed used for acclimation or the vehicle/dilution
water believed 10 be w levels high enough to interfore with this study. The feed will be
analyzed for migerals and pestivide residues by New Jersey Feed Lab Inc.. 1686 Fifth
Street, Trenton, NI 08638, The vehicle/dilution water is prepared from UV-sterilized,
deionized well water that is treated and distributed Groughowt the testing facility via PVC
sndd staintoss-steel pipes.  The detonized water is monitored for priority poliutants, un-
jonized ammonia, total suspended solids, and for bacterial propesties by Accutest®, 2235
Raute 130, Dayion, NJ 08810, Contaminant analyses are not porformed in a GLP compliant
manper. This is pot believed 1o affoet the results of the analyses, Contaminant analysis
results are maintained at the tesiing facility,
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176858; MRD-03-768

APPENDIX C - PROTOCOL (CONT'D)

Fish, Actte Faxicity "Tost on Heavy Pyrolysis Foel Ol PAGE &
176858; MRD-03-768

EXPERIMENTAL PROCEDURE
Equitibrivm Test

An equilibrinm study will be performed prior 1o testing to determine the most appropriate
mixing doration.  Specific anslytical (v.g, GC analysis) will be used 10 detect soluble
components of the substance. Individual WAFs at | nag/Loand 10 mg/L will be prepared and
sampled after 24 and 48 hows of mixing. The vortex will be set a1 SH% of the static liquid
depth. Al mixing vessels will be closed using foil covered stoppers during mixing. The
equilibriusn. phase will not exiend bevond 48 hours due 1o a potential loss of volatile
components of the test substance in the mixing vessels and logistical constraints assoviated
with a semi-static. renewal type test. ‘This phase of the study will not be subject t© GLP
standards.

Range Finding Test

A 48-hour range finding test- wil be performed to determine definitive test loading rafes,
WAFS wt the following loading rutes will be tested; 0.1 mg/L, { mp/L, 10 mg/L, 100 mg/l. and
a control, The WAFs will be prepared by adding the appropriate smount of ot substance to
dilntion water in gluss vessels. The vessels will be closed using foll covered stoppers, and
will mix on magaetic stirplates with Teflon® coated stirbars for the appropriste time as
determined by equilibrinm twsting (2] hour). The vortex will be set at £10% of the static

. liquid depth. The treatments will be aliowed to settle and chifl to test temperature for | o 2
hours afier mixing. The range finding test may be extended up to 96 hours if necessary, One
replicale at each loading rate will be prepared containing 5 fish.  An approximately 30% to
90% renewsl of the test solutions will be performed at 24 hours. New WAFs will be prepared
for the renewal. The procedures followed for the range finding study will be documented in
the raw data. This phase of the study will not be subjeet to GLP standards,

Definitive Test Design
o [ oo | et
i Y 12
{Control) (< per 3 replicates)
2 8D 12
3 TBD 12
4 TBD 12
5 TBD 12
6 TBD 12

TR = "Fo Be Deterivdned
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APPENDIX C - PROTOCOL (CONT'D)

Fish, Acute Toxicity Teston Heavy Pyvolysis Fuel O PAGE?
176888 MRD-H3-768

EXPERIMENTAL PROCEDURE (CONT'D}
Preparation and Administration of Test Substunce

Tndividual WAFs will be prepared for each loading rate by adding the appropriate amount of
the test substance o the vehicle/dilution water in gluss aspirator bottles. . The vessels will be
closed using foit covered stoppers. The solutions will be mixed with Teflon® coated stivbars
on magnetic stirplates.  The vortex will be set at 10% of the statlic liquid depth. The
solutiony will mix for the appropriate time us delermined by equilibrium testing (1 hour) st
room femperature- (22°2°C) A the end of mixing, the selutions will be allowed to soide
and cool for approximately 1 1o 2 hours in a waterbath. At the end of the setiling period the
sofutions will be removed from the mixing vessels through the outict at the bottom of the
vessels and placed into three replicate chambers.  An approximately 80% 10 99% reacwal of
the text solutions will be performed at approximately 24-hour intervals, New WAFs will be
prepared duily for the renewals.

Test Chamber and Volume of Solution

Test chambers will be 4 L size glass aspirator bottles containing no headspace. The aspirator
bottles will be closed usifig foil covered stoppers.

Exposare Duration
96 hours {& 1 bour}
Eavironmental Conditions

Acceptable tost water temperatures: 14°21°C. Diurnal Hight: 16 houss light : 8 hours dark.

Asn environmental condition study will be activated on the lsboratory computer system
{MicroVAX 3100-20F runming validated, customized acquisition software) at the start of
the study to provide a record of the continuous measurermeats for temperature and lighting
in the test area.

Experimentel Evaluation

Observations for mortality will be performed and rocorded a3, 6, 24, 48, 72 and 96 hours (21
hour) after the beginning of the tost.  Additional ebservations may be parformed, Pish are
considered dead if touching the caudal peduncle produces no resction andfor no breathing
movements are visible, During observations, organisms will also be examined for aboormal
behavior or coloration und any dead organisms will be removed.

Observations of test substance insolubility (surfuace slicks, precipitates, and adherence to the
test chamber) will be recorded daily at the time of organism observations. If feces are
abserved in the chambers, they will be removed on a daily basis,

After completion of the smudy, the monitoring of envionmental conditions will be
discominued. All remaining fish will be cuthanized using 4 2 @l tricaine methane
sulphonate (MS 2223 solution, prepared in luboratory Gilution water, Control fish will be
individually weighed and their total lengths measured.
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APPENDIX C - PROTOCOL (CONT'D)

Fish, Acute Toxicity Fest on Heavy Pyrobyxis Foel Oit: PAGES
TI6858; MRD-AMT68

EXPERIMENTAL PROCEDURE (CONT’D}
Diserete Measurements

Temperature, dissolved oxygen, and pHl: measured in each “new” troatmyent and the control
on Day 0 and daily, prioy to renewals.  Temperature, dissolved oxygen and pH will he
measured on the "old” solutions (composite of the replicates) daify. Dissolved oxygen levels
should remain above 609 of the air-saturation value, however, due 1o the nature of the test
substance the exposure chambers will contain very limited or no headspace. The study will
be desmed acceptable ¥ the levels drop bolow 60%. ux leng asthe control fish show no-signs
of stress (gasping, smfacing, davk color, cte.). The minimum acceptoble sir-saturation value
will be 50%.

Loading
Loading will not exceed 1.0g of fish per liter of solution.
Length £ Weigh! of Test System

Length and weight of the organisms used in a study is approximated from measerements of
the control organisms at ihe end of the study. Total length of the Tish will be measured. Totad
fength of the fish may be <4.0 em {the minimum recommended size). Smaller fish may be
usext 1o minimize the likelihood of dissolved oxygen depletion due 1o the nature of the test
substance.  Past experience with these types of substances have resulted in oxygen
depletion in weatment solutions, The loading rate (g of fish per liter of solution) with
regards 10 oxygen depletion wilt be assessed during the range finder. A loading between 0.2
- .6 g of lish per liter of solution will be the target for the range finder.

Test Aceeplubility

A test may not be acceptable if more than 10% of the control fish die or exhibit abnormal
behavior during the study. The dissolved oxygen level must not drop to a level causing sub-
fethad or lethal effects on the control fish; the minimum acceptable level will be 30% of the
air-saturation value.

Calonlations

Test results are used to derive the LC/LLso. {or other appropriate statistical value) defined as
the concentration and/or loading rate of the test substance estimated to kil 50% of the 1est
organisms within a specified period of exposure. The stalistical method used o calculate the
LCALs0 values and their associated 953% confidence limits will be either & maximum
tikelihood anatysis based on . 1 Finwey, 19717, a Trimmed Spearmun-Karber Method®, a
P . 7 . k4

Binomial Method' or a graphical method”.
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APPENDIX C - PROTOCOL (CONT'D)

Fish, Acate Toxicity Lest o Heavy Pyralysis Foel Ol PAGEY
1H838: MRD-13.768

REPORT

After tenmination of the study, a final report that includes the following information will be
submitted:

Test substance:
» physical nature, and where refevant, physiochemical properties
» identification data

Fest fishe
o scientific name, strain (i applicable), size, supplicr, any pretreatment, efe.

Test conditions:
o test procedure used, equilibration test resulis
» vehicleMdilution-water source, water quality characteristics (pH, bardness, temperature)
s dissolved oxygen concentration, pH values and temperature of the test solutions at 24-
hour intervals, lighting regime
mothods of preparation of test solutions
joading rates/concemtrations used
mformation on concentrations of the tost substance in the test solutions
number of fish in each test solution
deseription of the test chambers, and volume of solution

« & * 8 s

Results:

maxinum foading rate/concentration causing no mortality

aininum loading rate/concentration cansing 100% monality

percent of organisms that were dead por treatment

individual daily observations, inchuding daily and cumulative mortality, survival and

abnormal responses of the fish

LLs0 andfor LCse with 95% confiderice Himit at each observation intervad, if possible.

o statistical procedures followed

» graph of the Joading rate/concenmration-response curve at the end of the test, if
applicable

o mothods used and results obtained from chemical analysis

» " e

*

Study Conduct:

compliance statement

quality assurance statement

protocol with amendments appended to the report

evidence that the quality eriteria huve been fulfilled

incidents in the course of the test which may have influenced the results

¢« & 5 B 8
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APPENDIX C - PROTOCOL (CONT'D)

Figh, Avute Toxieity Test on Heavy Pyvolysis Pacl Ol PAGE 18
176858; MED-03-768

RECORDS

All appropriate materials, methods and experimental meussurements reguired in this protocol wilf be
recorded and documented in the raw duta.  Any changes, additions or revisions of this protocol
inust be approved by the Study Dircctor and the Sponsor Representative. These changes will be
documented in writing, inchuding the date, the justification for the change and the signatures of the
Study Director and Sponsor Ropresentative,

The protocol. final report, raw data or computer penerated fistings of raw data, supporting
documentation. and a non-sfudy specific sumple of the neat st substance will be maintained in the
Archives of the testing facility for 10 years, after which time the records will be offered 10 the
sponsor prior to disposal,

QUALITY ASSURANCE

The Quality Assurance Unit of ExxonMobil Biomedical Sciences. Tnc. will audit the protocol,
conduct study bascd phase inspection(s) and audit the draft final report (hefore sponsor review)
ta assure that they are in conformance with company SOPs and the appropriste guidelines and
Good Laboratery Practice Regulations.

GUIDELINE EXCEPTIONS

Due to the lintited solubility of the test substunce the following exceplions to the puidclines will
apply for this study: .

The concentration of the test substance in sohuions will not be determined prior to use. Due
1o the limited solubility of the test substance, it may not be possible for analyticat analysis 1o
dersonstrate that the initial concentration of the test substance will be maintained at 80%
throughout the test.

it is deemed more appropriate to prepare individual treatiment solutions by adiding the test
substance to dilution water and removing the WAF of each mixtwme for testing than to prepare
dilutions of 4 stock solution,

Contaminant analysis of the feed and water are not performed in a GLP compliant manaer,
This is not befieved 1o affect the tosults of the analysis,
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APPENDIX C - PROTOCOL (CONT'D)

Fish, Acote Toxicity Test on Beavy Pyralysis Fuel O PAGE &1
126858: MRD-€3-765
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FISH, ACUTE TOXICITY TEST on HEAVY PYROLYSIS FUEL OIL
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APPENDIX C - PROTOCOL (CONT'D)

PROTOCOL CHANGE RECORD Page 1 of 1
FISH, ACUTE TOXICTTY TEST on HEAVY PYROLYSIS FUEL OIL

“This record mud be approved by the Spunsor Reprosentarive sod the Stody Dircetor for 2l protocol changes made
subsequent to initial Jistibution, Upot completion, a cupy of this record must be distributed to il reciplents ol the
protocot and the original subminted to the Aschivist,

Study Numnber: 176858 Reviston Number: | Date: 11-Nov-03

Vg, 6/ Definitive Test Design

Previois Statement.

CROUP | TOADINGRATE | NUMBEROF
: (me/L) © TORGANISMS.
H i i2
{Congroly @ per 3 replicatos)
2 TBD 12
3 TBD 12
4 TBD 12
5 TBD 12
6 TBD 12

FRD = To Be Determined

Revived Stuttement:
GROUP LOADING RATE NUMBER OF
(mglL} ORGANISMS
i ¢ 12
Controly (4 per 3 replicates)
2 0,63 12
3 13 12
4 2.8 12
5 5 12
6 10 12

Justification: addition of definitive foading rates

Required signatares:

¢ Mooy {-24:0) 7 Al 4 Decds
%, J Maran Date K. 3. Febbd Date
Sponsor Representative Stady Directear
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Robust Summary
Fish, Acute Toxicity

Test Substance:

Industry Stream Name (acronym): Heavy Pyrolysis Fuel Oil

CAS Number: CAS Inventory Name:;

68513-69-9 Residues, petroleum, steam-cracked light
64741-62-4 Clarified oils, petroleum, catalytic cracked
69013-21-4 Fuel oil, pyrolysis

8002-05-9 Petroleum

In ethylene plants cracking liquid feedstocks, the cracking furnace effluent
(after heat recovery) is quenched by injection of recycled quench oil. This
step results in the condensation of higher boiling hydrocarbon compounds
that are typically separated from the rest of the furnace effluent as the
bottoms of the oil quench tower. Lights are stripped from the excess oils
generated from this quench system, resulting in the stream identified here
as heavy pyrolysis fuel oil.

Method/Guideline: OECD Guideline 203
Year (guideline): 1992

Type (test type): Fish Acute Toxicity Test
GLP (Y/N): Yes

Year (study performed): 2003

Species: Oncorhynchus mykiss
Analytical Monitoring: Yes
Exposure Period: 96 hours

Statistical Method:

The 24 - 96 hour LLso and LCso values were determined using a Trimmed
Spearman-Karber Method (Hamilton et al.,1977).

Hamilton, M., R. Russo, R. Thurston, 1977. Trimmed Spearman-Karber
Method for Estimating Median Lethal Concentrations in Toxicity Bioassays.
Environmental Science and Technology, Vol. 11, No. 7, p.714-719.

Test Conditions:

¢ Note: Concentration
preparation, vessel type,
volume, replication,
environmental conditions,
organisms supplier, loading,
deviations from guideline or
protocol.

Individual Water Accommodated Fractions (WAF's) were prepared for
each treatment. The test substance was added to 18 L of reconstituted
water in glass aspirator bottles (capacity 22 L). The solutions were mixed
for 24 hours using a 3% vortex (of the static liquid depth). The test
solutions were removed through the outlet at the bottom of each mixing
vessel into three replicates of approximately 4.5 L in 4 L size aspirator
bottles (no headspace). Four fish were added to each replicate and the
replicates were closed with foil covered neoprene stoppers. Daily
renewals were performed by removing ~90% of the test solution through
the outlet at the bottom of the aspirator bottle and refilling with fresh
solution. The fish were received from Thomas Fish Company, Anderson,
CA. The fish were not fed during the study. They were held for 12 days in
study dilution water prior to use and were 36 days old at the start of the
study. Fish mean weight = 0.194 g, mean total length = 3.1 cm, test
loading = 0.172 g of fish/L.
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Mean test temperature: 13.6°C (S.D. = 0.1), diurnal light: approximately 16
hours light and 8 hours dark with 644 to 653 Lux during full daylight periods.
Dissolved oxygen ranged from 6.7 to 8.5 mg/L and pH ranged from 6.5 to
8.0 during the study. Water hardness was 98 mg/L as CaCOs.

Due to the complex nature and limited water solubility of the test substance,
the following exceptions to the guideline apply for this study:

The concentration of the test substance in solution was not determined prior
to use. It was deemed more appropriate to prepare individual treatment
solutions by adding the test substance to dilution water and removing the
WATF of each mixture for testing than to prepare dilutions of a stock solution.

The protocol required that the fish would be held at test temperature (13-
15°C) for at least 7 days prior to use in the test The fish were held at 12.8°C
for the 7 days prior to use in the study. This deviation is not believed to have
affected the outcome or integrity of the study.

Results:
Units/Value:

Note: Analytical method, biological
observations, control survival.

The maximum actual loading rate causing no mortality after 96-hours was 2.6
mg/L. The maximum measured concentration causing no mortality after 96-
hours was 2.5 mg/L. The minimum actual loading rate causing 100%
mortality after 96-hours was 11 mg/L. The minimum measured
concentration causing 100% mortality after 96-hours was 9.1 mg/L. The
method of analysis was gas chromatography with flame ionization detection
(GC-FID).

Lethal Loading (LLso) / Lethal Concentration (LCso) Values (mg/L)

LLso LCso
3 & 6 hours >11%* >9.1*
24 hours 7.5 (6.7-8.4) 5.8(5.2-6.4)
48 hours 5.9 (4.8-7.3) 4.7 (3.9-5.6)
72 & 96 hours 5.6 (4.5-6.9) 4.4 (3.7-5.3)

* Not a calculated value, no mortality was observed in the highest loading
rate/concentration at 3 hours, 42% mortality was observed in the highest
loading rate/concentration at 6 hours therefore the EL/ECso is greater than the
highest loading rate/concentration tested.

Values in parentheses are 95% confidence intervals

Summary of In-Life observations - % Mortality
Loading Rate (mg/L) Control 0.63 14 26 58 11
Meas. Conc. (mg/L) 0 0.30 1.2 2.5 41 9.1

3 hours 0 0 0 0 0 0
6 hours 0 0 0 0 0 42
24 hours 0 0 0 0 8 100
48 hours 0 0 0 0 42 100
72 & 96 hours 0 0 0 0 58 100

Conclusion: After Oncorhynchus mykiss were exposed to WAFs prepared from Heavy
Pyrolysis Fuel Oil for 96-hours, the LLso was 5.6 mg/L and the L.Cso. was
4.4 mg/L.

Reliability: 1-Reliable without restrictions.

Reference: ExxonMobil Biomedical Sciences, Inc. 2004. FISH, ACUTE TOXICITY

TEST on HEAVY PYROLYSIS FUEL OIL. Study # 176858

Other (source):

Olefins Panel, American Chemistry Council
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

QUALITY ASSURANCE STATEMENT

STUDY NUMBER: 176867
TEST SUBSTANCE: MRD-03-768

STUDY SPONSOR:  American Chemistry Council

Listed below are the inspections performed by the Quality Assurance Unit of ExxonMobil
Biomedical Sciences, Inc., the date(s) of inspection, and the date(s) findings were reported
to the Study Director and Management.

Study Phase Date(s) of Reported to Reported to
Inspected Inspection Studv Director Management
Protocol 07 Aug 03 07 Aug 03 13,14 Aug 03
48-Hour Observations 10 Dec 03 10 Dec 03 1L15 Dec 03
Final Report 27-29 Apr 04 29 Apr 04 10,14 May 04
Second Review of 05 May 04 05 May 04 10,14 May 04
Final Report :

The final report accurately reflects the methods, procedures and observations documented in
the raw data.

loRf X

Date

W James Bdver, Ph.D.
Data Integrity & Quality Assurance / Archives
Section Head
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R. L. Rucker, Ph.D.
(Prior to December 9, 2003)

Data Integrity & Quality Assurance / Archives

Section Head: W. J. Bover, Ph.D.
Supervisor, Environmental Toxicology

& Compound Preparation: ' E. J. Febbo, M.S.
Supervisor, Environmental Chemistry: D.J. Letinski, M.S.
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

SUMMARY

This study was conducted for the Sponsor to evaluate the effects of the water-accommodated
fractions (WAFs) of MRD-03-768 (Heavy Pyrolysis Fuel Oil) on the growth of the alga,
Pseudokirchneriella subcapitata, in a 96-hour static test, conducted according to OECD
Guideline 201.

Individual treatments were prepared by adding the appropriate amount of test substance to 2.0 L
of algal nutrient media in glass aspirator bottles (capacity 2.3 L) and stirring on magnetic
stirplates using an approximately 7% (of the static liquid depth) vortex for 24.5 hours. After
approximately one hour without stirring, the aqueous portions (WAFs) were removed for testing.
The following table defines the target loading rates, actual loading rates and measured
concentrations.

0.18 0.20 0.07%
0.44 0.39 0.42
1.1 1.1 1.1
2.8 2.6 2.1
7.0 72 6.4

* Target loading rate as per protocol.

** Actual loading rate (weight) of test substance added to the vehicle/dilution water.
T Concentration based on mean (Day 0 and Day 4) measured concentrations.
I Based on Day 0 only, since the Day 4 sample was below detection limits.

Twelve replicate chambers were established for each treatment and the control. The test
chambers were completely filled (no headspace) with the appropriate WAF and were sealed with
ground glass stoppers. Each chamber contained two 14 mm glass spheres to facilitate mixing,.
Test chambers were placed on a shaker table and oscillated at 100 rpm to keep the algae in
suspension. The study was performed under continuous light conditions (approximately 8497
Lux) at approximately 24°C. The pH in the test solutions ranged from 7.4-7.6 at the beginning
of the test and from 7.5-8.7 at the end of the test. Three replicates from each loading rate were
sacrificed daily for cell density determinations.

Page 6 of 47



ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

SUMMARY (CONT'D)

Acute toxicity results are expressed as the Effect Loading / Effect Concentration 50 (EL/ECso);
that is, the loading rate or concentration of test substance in dilution medium which is calculated
to result in a 50% reduction in growth derived from either the average specific growth rate (r) or
the area under the growth curves (b) relative to the control for the specified time of exposure.
The No Observed Effect Loading Rate / No Observed Effect Concentration (NOELR/NOEC) is
the highest loading rate or concentration which does not exhibit a statistical difference from the
control.

7 23 2.0 1.5 1.3
(CNC) (CNC) (1.3-1.6) (1.2-1.4)

o6 2.1 1.8 14 13
(CNC) (CNC) (1.3-1.6) (1.2-1.4)

Values in parentheses () are 95% confidence intervals.
CNC = Could Not Calculate
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

INTRODUCTION
Objective

This study was conducted for the Sponsor to evaluate the effects of the water-
accommodated fractions (WAFs) of the test substance on the growth of the alga,
Pseudokirchneriella subcapitata, in a 96-hour static test.

Sponsor

American Chemistry Council
1300 Wilson Bivd.
Arlington, Virginia 22209

Testing Facility

ExxonMobil Biomedical Sciences, Inc.
Laboratory Operations

1545 Route 22 East, P.O. Box 971
Annandale, NJ 08801-0971

Study Initiation Date

September 15, 2003
In-life Test Period

December 8, 2003 to December 12, 2003
Experimental Termination Date

December 16, 2003

Compliance

This test was conducted in compliance with OECD' and USEPA? Good Laboratory
Practice (GLP) standards with the exceptions listed on page 11-13 and was performed in
~ agreement with OECD’ Guideline 201 with the exceptions listed on page 20.
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

MATERIALS and METHODS
Test Substance Identification
EMBSI Identification: MRD-03-768 .
Industry Stream Name (acronym):  Heavy Pyrolysis Fuel Oil
CAS Number: CAS Inventory Name:
68513-69-9 Residues, petroleum, steam-cracked light
64741-62-4 Clarified oils, petroleum, catalytic cracked
69013-21-4 Fuel oil, pyrolysis
8002-05-9 Petroleum
Supplier: Dow Chemical Company
Freeport, TX

Date Received: July 29,2003
Expiration Date: July 2008
Description: Dark Amber liquid

Storage Conditions: The neat test substance was stored at room temperafure.

Stream Derivation

In ethylene plants cracking liquid feedstocks, the cracking furnace effluent (after heat
recovery) is quenched by injection of recycled quench oil. This step results in the
condensation of higher boiling hydrocarbon compounds that are typically separated
from the rest of the furnace effluent as the bottoms of the oil quench tower. Lights are
stripped from the excess oils generated from this quench system, resulting in the
stream identified here as heavy pyrolysis fuel oil.

Sample Retention

A non-study specific sample of the neat test substance has been retained in the testing
facility archives.

Justification of Dosing Route

Potential environmental exposure is by the test substance in water.

Vehicle / Dilution Water

Algal Nutrient Media® - filtered through a sterile 0.45 pm filter (referenced as acceptable
medium in OECD 201 guideline), with 400 mg of NaHCOj per liter, added as a carbon
source in a no headspace environment. The algal medium meets the following limits of
essential constituents: P < 0.7 mg/L, N < 10 mg/L, chelators < 10 mmol/L and hardness
(Ca+Mg) < 0.6 mmol/L. See Table 1, page 22 for composition of the algal media. The
initial pH of the media was 7.9 - 8.0. The pH was adjusted to 7.4 - 7.6 prior to treatment
preparation using 1.0M HCl.
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

MATERIALS and METHODS (CONT'D)
Analysis of Mixtures

Samples of each treatment WAF and the control were taken on Day 0 prior to the
addition of algae and at termination (composite of replicates) with no headspace. The
samples were stored under refrigeration until analyzed. The method of analysis was gas
chromatography with flame ionization detection (GC-FID). Samples were analyzed
using a Perkin Elmer Autosystem XL Gas Chromatograph. Analytical standards were
prepared and analyzed at concentrations bracketing the sample concentrations. The
results of the analyses are included in Appendix A starting on page 25.

Characterization of the Test Substance

- The neat test substance was characterized and the stability determined by the testing
facility using the following analyses: UltraViolet/Visible and Infrared
Spectrophotometry, Gas Chromatography with Mass Selective Detection and Density.
The test substance was used in a number of studies at the testing facility.
Characterization of the test substance was performed at the testing facility prior to its use
in the first of these studies and after completion of the final study. Documentation of
characterization and stability assessment is maintained at the testing facility (see
Appendix B, page 27).

Documentation outlining the methods of synthesis, fabrication, and/or derivation of the
test substance has been provided by the sponsor and is maintained at the testing facility.
The test substance, as received, was considered the "pure" substance.

Test System
Pseudokirchneriella subcapitata (formerly Selenastrum capricornutum)
Culture date: December 3, 2003

Justification for Selection of Test System

Pseudokirchneriella subcapitata has been used in safety evaluations and is a common
test species for freshwater toxicity studies.

Supplier

Cultured at the Environmental Toxicology Laboratory of the testing facility. Initial strain
(#1648) provided by UTEX, The Culture Coliection of Algae MCDB, School of
Biological Sciences, The University of Texas at Austin, Austin, TX 78712. Lot # 20
(slant 20B) received by the laboratory on 13-Feb-01.
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

MATERIALS and METHODS (CONT'D)
Culture Methods

Algae are cultured and tested in approximately 300 mL of nutrient media (same as
vehicle/dilution water with the exception of additional NaHCOs) prepared with
deionized water and reagent grade chemicals. Cell counts are performed weekly to
ensure that the cells are in log phase of growth and to verify that the culture is axenic. A
new culture is started weekly using inoculum from the previous culture. Cultures of P.
subcapitata are held at 22 - 25°C under continuous illumination (8000 Lux £ 20%)
provided by cool-white fluorescent bulbs.

Number

Initial concentration of algae was approximately 1.0 x 10* cells/mL in each replicate
chamber.

Age at Initiation of Exposure
Algae were taken from 5-day old stock cultures in log phase of growth.
Test System Identification

Test organisms were not individually identified. All test chambers were labeled to show
study number, loading rate, replicate, observation day and chamber number.

Selection

Replicates 1 through 12 of each loading rate were inoculated with algae and were placed
on a shaker table for the duration of the study. Chamber positions were randomly
assigned using a computer generated randomization schedule.

Contaminants

There are no known contaminants in the nutrient medium believed to be at levels high
enough to interfere with this study. The nutrient medium is prepared from reagent
grade chemicals and UV-sterilized, deionized well water that is treated and distributed
throughout the testing facility via PVC and stainless-steel pipes. The feed water
supplying the deionized water system is analyzed periodically for priority pollutants,
un-ionized ammonia, total suspended solids, and for bacterial properties by Accutest®,
2235 Route 130, Dayton, NJ 08810. Contaminant analysis of the water was not
performed in a GLP compliant manner. This is not believed to affect the results of the
analysis. Documentation is maintained at the testing facility.
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

EXPERIMENTAL PROCEDURE
Equilibrium Test

An equilibrium study was performed prior to testing to determine the most appropriate
mixing duration. Gas chromatography with flame ionization detection (GC-FID) was
used to detect the test substance. Two sets of individual WAFs at approximately 1 mg/L
and 10 mg/L were prepared and sampled after approximately 24 and 48 hours. The
solutions were stirred using a <10% (Of the static 11qu1d depth) vortex. All mixing
vessels were closed using foil covered rubber stoppers during mixing. Three replicates
were analyzed at each sampling interval. The equilibrium phase did not extend beyond
48-hours due to a potential loss of volatile components of the test substance in the
mixing vessels and logistical constraints associated with a semi-static renewal type test
(to be used for the fish study). The goal was to achieve equilibrium of the soluble
components without compromising a loss of the lighter components (it is the lighter
components that usually contribute to toxicity). The results indicate that a mixing
duration of 24 hours was sufficient for the soluble components of the test substance to
achieve equilibrium. This phase of the study was not subject to GLP standards.

1 0.455 (SD = 0.013) 0.435 (SD = 0.018)

10 6.79 (SD=0.15) 6.70 (SD = 0.049)

1 mg /L PQL (Practical Quantitation Limit) = 0.1 mg/L
10 mg /L. PQL (Practical Quantitation Limit) = 0.7 mg/L
* Average of three replicates.

Range Finding Test

A 72-hour static range ﬁnding test was performed for the Sponsor to determine the
loading rates of Heavy Pyrolysis Fuel Oil (MRD-03-768) for the definitive Alga,
Growth Inhibition Test.

Water-accommodated fractions (WAFs) were prepared at nominal loading rates of 0.1
mg/L, 1 mg/L, 10 mg/L, and 100 mg/L. The actual loading rates were determined to be
0.11 mg/L, 1.1 mg/L, 10 mg/L, and 110 mg/L. A control treatment consisting only of
algal nutrient media and sodium bicarbonate (added as a carbon source in a no
headspace environment) also was prepared. WAFs were prepared by adding the
appropriate amount of test substance, via tuberculin syringes, to algal nutrient media
and sodium bicarbonate in glass aspirator bottles (mixing vessels) containing Teflon®
coated stir bars.
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)
Range Finding Test (Cont'd)

The syringes were weighed with and without test substance to determine the actual
loading rates. The mixing vessels were closed with foil covered rubber stoppers and
the treatments were stirred using a 7% (of the static liquid depth) vortex at room
temperature (approximately 21.6°C) on magnetic stirplates for approximately 24
hours. As stirring initiated and after stirring, all treatments appeared clear and
colorless with test substance evident on the surface. Test substance was also observed
on the bottom of the mixing vessel of the 110 mg/L treatment after stirring. The
WAFs were removed through the outlet at the bottom of the stirring vessels
approximately one hour after cessation of stirring.

Nine replicate test chambers were established for each loading rate and the control.
Test chambers consisted of autoclaved glass 125 mL Erlenmeyer flasks, conditioned
by rinsing with the appropriate WAF, containing two 14 mm glass spheres to facilitate
mixing. Approximately 140 mL of the aqueous portion of each treatment (WAF) was
transferred through the outlet at the bottom of the mixing vessels into the test
chambers. Each test chamber was filled (no headspace), inoculated with the algae
Pseudokirchneriella subcapitata (approximately 1.0 x 10* cells per mL), and then
sealed with ground glass stoppers. Test chambers were placed in an environmentally
controlled chamber, and continuously oscillated on a shaker table at 100 rpm to keep
the algae in suspension. The test was performed under continuous lighting conditions
of approximately 8249 Lux at a mean temperature of 23.7°C (sd=0.2). The pH of the
WAFs at the beginning of the test ranged from 7.8 to 7.9, and ranged from 7.8 to 9.0 at
-the end of the test. Each day, three test chambers from each treatment were sacrificed
for hemacytometer cell counts. The table below summarizes the % inhibition based on
rounded mean cell count values. This phase of the study was not subject to GLP
standards.

* 9% inhibition compared to the Control group
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

- EXPERIMENTAL PROCEDURE (CONT'D)
Definitive Test Design

5

1 0 0 1.0x 10°
(Control) (per 12 replicates)
2 0.18 0.20 1.0x 10*

3 0.4 0.39 1.0x 10
4 1.1 1.1 1.0x 10*

5 2.8 2.6 1.0x 10*

6 7.0 72 1.0x 10*

* Target loading rate as per protocol.
** Actual loading rate (weight) of test substance added to the vehicle/dilution water.

Preparation and Administration of Test Substance

Individual treatments were prepared for each loading rate by adding the appropriate
amount of test substance to 2.0 L of algal nutrient media and sodium bicarbonate (added
as a carbon source in a no headspace environment) in glass aspirator bottles (capacity
2.3 L). The test substance was added to the aspirator bottles using tuberculin syringes.
The syringes were weighed with and without the test substance to determine the actual
loading rate. The mixing vessels were closed with foil covered rubber stoppers. The
mixtures were stirred using an approximately 7% (of the static liquid depth) vortex for
24.5 hours on magnetic stirplates with Teflon™ coated stirbars at room temperature (23.0
- 23.3°C). As stirring initiated and after stirring, all treatments appeared clear/colorless
with the test substance floating at the surface. The WAFs equilibrated to test
temperature and were removed through the outlet at the bottom of the stirring vessels 1
hour and 15 minutes after cessation of stirring.

Twelve replicates were prepared for each treatment by filling the test chambers with the
appropriate WAF. Twelve replicates of the control were prepared in the same manner
using algal nutrient media and sodium bicarbonate.
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)
Test Chamber / Volume of Solution

Test chambers were 125 mL size autoclaved glass Erlenmeyer flasks sealed with ground
glass stoppers to prevent contamination, evaporation and/or volatilization, each
containing two 14 mm glass spheres to facilitate mixing. The chambers were filled with
approximately 140 mL of the appropriate WAF (no headspace). Test chambers were
conditioned with the test solutions prior to the test. The test chambers were placed on a
shaker table (100 rpm) to keep the algae in suspension.

Exposure Duration
96 hours (+ 1 hour)
Exposure Conditions

Mean test temperature: 24.2°C (sd = 0.5). The temperature of the test solutions at the
start of the study was 24.2 to 24.3°C and at termination was 23.4 to 23.6°C.

Continuous light: intensity was 8431 to 8595 Lux.

An environmental condition study was activated on the laboratory computer system
(MicroVAX 3100-20E running validated, customized acquisition software) at the start
of the study to provide a record of the continuous measurements for temperature and
lighting in the test area.

Oscillation Rate: 100 rpm (verified daily).
Experimental Evaluation

Cell density was determined for each test and control chamber using a hemacytometer
and microscope at 24, 48, 72 and 96 hours (+ 1 hour) after the beginning of the test. Cell
density determinations were performed on three replicates at each observation interval
and the replicates were then discarded. No undissolved test substance was observed in
the test chambers during the study. The pH of each treatment was measured on Day 0
and daily after cell density determinations (composite of the three replicates).
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)

Calculations

A,

To determine the test substance loading rate/concentration effect relationship two
approaches were used: the area under the growth curve and the growth rate slope.

The area under the growth curve of cell density vs time was approximated by the
following:

N -1,C +Nn,c —2No,c

N —Nye Nlc"'Nzc_ZNoc
=t PREES m—- Cxft, —t,]+...+—2 > xft, —t_] {13
where ¢ = loading rate or concentration
Ac = Area under the growth curve at test concentration ¢
Noe = nominal number of cells/mL at time zero and test concentration
c
Nhe = nominal number of cells/mL at time n and test concentration ¢

tn = time of n™ measurement after start of testing

The percent inhibition of the cell growth rate at each loading rate/concentration was
“calculated as:

I.= Ao ~Ac %100 {2}
AO
where c = ]oading rate or concentration
L = percent inhibition at loading rate/concentration ¢
Ao = area under the control growth curve
A = area under the growth curve at ¢, based on equation {1}

The growth rate slope at concentration ¢ was determined from the regression equation
of cell count on time:

In(N, ) = 0t +He Xt 3}
where Nie = measured number of cells/mL at concentration ¢ and time ¢
LS = intercept term (not used in further estimation)
Ko = growth rate slope at concentration ¢

In the report the percent inhibition is reported as . based on equation {2}.

The median effect concentration (ExCso) and confidence intervals for inhibition of
growth were determined by a probit regression calculation of the probit of the growth
inhibition (I. — eqn. 2) vs the log of the concentration and associated confidence
intervals based on the methods of Finneys. Calculations were based on the PROC
PROBIT procedure in SAS®.
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)
Calculations (Cont'd)

The NOEC for the ExCso was based on Duncan’s Multlple Range test’ and Dunnett’s
test’ determined from the GLM procedure of SAS® with percent inhibition (I - eqn. 2)
as the dependent variable and concentration (c) as the independent variable. The
Shapiro-Wilk test’ for normality was used to test if the assumption of normality of the
residuals was met; since the residuals were normally distributed the NOEC was based
on the estimated values.

In the report the growth rate slope at concentration c is reported as lc based on
equation {3}.

The median effect concentration (E:Cso) and confidence intervals for growth rate slope
were determined by a probit regression calculation of the probit of the growth rate
slope (K. — eqn. 3) vs the log of the concentration and associated confidence intervals
based on the methods of Fi mney Calculations were based on the PROC PROBIT
procedure in SAS®.

The NOEC for the E:Cso was based on Duncan’s Multlple Range test’ and Dunnett’s
test’ determined from the GLM procedure of SAS® with growth rate slope (K. — eqn. 3)
as the dependent Vanable and concentration (c) as the independent variable. The
Shapiro-Wilk test” for normality was used to test if the assumption of normality of the

- residuals was met; since the residuals were normally distributed the NOEC was based
on the estimated values.
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

RESULTS

. Acute toxicity results are expressed as the Effect Loading / Effect Concentration 50 (EL/ECso);
that is, the loading rate or concentration of test substance in dilution medium which is calculated
to result in a 50% reduction in growth derived from either the average specific growth rate (r) or
the area under the growth curves (b) relative to the control for the specified time of exposure.
The No Observed Effect Loading Rate / No Observed Effect Concentration (NOELR/NOEC) is
the highest loading rate or concentration which does not exhibit a statistical difference from the
control.

7 23 2.0 1.5 13
(CNC) (CNC) (1.3-1.6) (1.2-1.4)

o6 2.1 1.8 14 13
(CNC) (CNC) (1.3-1.6) (1.2-1.4)

Values in parentheses () are 95% confidence intervals.
CNC = Could Not Calculate

0.20 mg/L

0.39 mg/L
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

RESULTS (CONT'D)

The percent inhibition compared to the control is shown in the table below.

72 hours 96 hours 72 hours - 96 hours
-2.0 -1.7 2.1 -1.9
0 2.2 7.6 13
11 7.1 34 31
83 86 92 97
97 98 99 100

* Actual loading rate (weight) of test substance added to the vehicle/dilution water.
** Concentration based on mean (Day 0 and Day 4) measured concentrations.
Negative (-) value indicates a stimulatory effect.

Table 2 presents the cell cdncentrations per flask. Table 3 presents the mean ceH concentrations
per treatment during the test and pH. The growth curves are shown in Figure 1. Appendix A
presents the analytical methods and results.

The test was considered acceptable since cell density in the Control increased by a factor of 216
within three days.

CONCLUSIONS

After 72 and 96 hours of exposure to WAFs prepared from Heavy Pyrolysis Fuel Oil the
following conclusions were made:

Effects on growth rate (r) based upon actual loading rates:

72 hr ErL.50 = 2.3 mg/L
96 hr ErL50 = 2.1 mg/L

Effects on biomass (b) based upon actual loading rates:

72 hr EbL50 = 1.5 mg/L
96 hr EbL50 = 1.4 mg/L

Effects on growth rate (r) based upon measured concentrations:

72 hr ErC50 = 2.0 mg/L
96 hr ErC50 = 1.8 mg/L

Effects on biomass (b) based upon measured concentrations:
72 and 96 hr EbC50 = 1.3 mg/L
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768 ‘

GUIDELINE EXCEPTIONS

Due to the complex nature and relatively limited solubility of the test substance the following
exceptions to the guideline apply for this study:

The concentration of the test substance in solution was not determined prior to use. Test
substance analysis was performed on samples of the WAFs prior to the start of the test
and at termination. The initial concentration of the test substance was not maintained at
80% in the three lower loading rates throughout the test (this may be due to biological
activity or physical processes in the test chambers).

It was deemed more appropriate to prepare individual treatment solutions by adding the
test substance to dilution water and removing the WAF of each mixture for testing than
to prepare dilutions of a stock solution.

The test duration was 96 hours, instead of 72 hours. Both 72 and 96-hour endpoints
have been determined. The extended duration was at the sponsor's request.

PROTOCOL DEVIATIONS
No protocol deviations occurred for this study.
RECORDS

All appropriate materials, methods and experimental measurements required in the protocol
were recorded and documented in the raw data. Any changes, additions or revisions to the
protocol were approved by the Study Director and the Sponsor Representative. These changes
were documented in writing, and include the date, the signatures of the Study Director and the
Sponsor Representative, and the justification for the change.

The protocol, final report, raw data, computer generated listings of raw data, supporting
documentation and a non-study specific sample of the neat test substance will be maintained in
the archives of the testing facility for 10 years, after which time the records will be offered to the
sponsor prior to disposal.
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

TABLE 1

COMPOSITION OF ALGAL NUTRIENT MEDIUM

COMPQUND CONCENTRATION ELEMENT CONCENTRATION
(mg/L) (mg/L)

- NaNO; 25.500 N 4.200
MgCl>'6H,0 12.164 Mg 2.904
CaCly2H,0 4.410 Ca 1.202
MgSO4 TH,0 14.700 . S - 1ot
K>HPO4 1.044 P , 0.186
NaHCOs* 15.000 Na 11.001

K 0.469
C 2.143

~* An additional 400 mg of NaHCO3/L, added as a carbon source in a no headspace environment.

COMPOUND CONCENTRATION ELEMENT ~ CONCENTRATION
(mg/L) (mg/L)

H3BO; 185.520 B 32.460
MnCly4H,0 415.610 Mn ' 115.374

ZnCl, 3.271 Zn 1.570
CoClL6H,0 1.428 Co 0.354
CuCl2H,0 ' 0.012 Cu 0.004
Na;MoO42H,0 7.260 Mo 2878
FeCl3"6H,0 160.000 Fe 33.051
Na2EDTA2H,0 300.00
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

TABLE 2

CELL CONCENTRATIONS PER FLASK (cells/mL)

1 6.0 x 10* 4 1.5x10° 7 69x10° 10 1.9x10°

2 53x10" 5 7.0x 10* 8 7.5x% 10° 11 1.1x10°

3 49x10* 6 12x10° 9 7.2x10° 12 1.6x 10°

1 4.1x 10° 4 1.3x10° 7 70x10° 10 | 1.8x10°

2 5.1x10* 5 1.1x10° 8 72x10° 11 1.4x10°

3 5.1x10* 6 1.9x10° 9 6.6 x 10° 12 1.6 x 10°

1 5.1x10° 4 12x10° 7 6.8x10° 10 13x10°

2 3.4x10° 5 1.5x10° 8 65x10° 11 1.9x10°

3 43x10* 6 14x10° | 9 53x10° 12 | 1.8x10°

1 50x 10* 4 9.8x10* 7 42x10° 10 1.3x10°

2 3.8x 10 5 8.6 x 10* 8 4.1x10° 11 | 13x10°

3 48x10* 6 1.0x10° 9 47x10° 12 8.5x10°

1 3.3x 10* 4 23x10° 7 1.8x 10* 10 1.8x10*

2 2.0x10* 5 2.0x10° 8 3.1x10* 11 3.5x10*

3 3.9x 10* 6 14x10° 9 3.0x 10* 12 29x10*

1 5.0x 10° 4 75x10° 7 1.1x 10* 10 5.0x10°

1.5 x 10* 5 63x10° 8 14x10° 11 1.4 x10°

3 14x10° 6 1.0x10* 9 13x10* 12 1.8x10°

Rep. = Replicate
TABLE 3

MEAN CELL CONCENTRATIONS (cells/mL) and pH

. 1.0x10° | 76 | L1x10° | 77 || 7.9x10°

* Actual loading rate (weight) of test substance added to the vehicle/dilution water.
** Concentration based on mean (Day 0 and Day 4) measured concentrations.
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

APPENDIX A - ANALYTICAL METHODS and RESULTS

Heavy Pyrolysis Fuel Oil WAF samples (ca. 125 mL) were collected with no headspace in
amber glass bottles with Teflon® lined caps. Samples were refrigerated pending extraction
with hexane and analysis by gas chromatography with flame ionization detection (GC-FID).
Samples of WAFs prepared at each loading level were taken on Day 0 from the stirring
vessels and from the "old" WAFs of each treatment (composite of replicates) on Day 4 at
termination.

Samples were allowed to come to room temperature prior to extraction. Depending on the
nominal sample concentration, approximately 25, 50 or 125 mL sample volumes were
transferred to glass extraction bottles and 4.0 or 5.0 mL of hexane was added as extraction
solvent. The exact amount of water extracted was determined by using tared extraction
bottles and re-weighing the bottles after the appropriate volume of sample was dispensed.

After the addition of hexane, the extraction bottles were crimp sealed with Teflon® faced
septum caps and extracted by hand for approximately one minute followed by 60 minutes
on a mechanical shaker. The contents were then allowed to settle for at least 30 minutes
before the hexane (upper) layer was transferred to small (ca. 4 mL) glass vials. An aliquot
was removed from the 4 mL vial to a GC aoutosampler vial for analysis. Hexane extracts
were stored in a freezer pending analysis.

Heavy Pyrolysis Fuel Oil standards in hexane and hexane extracts were analyzed on a
Perkin Elmer Autosystem XL Gas Chromatograph with a 15m x 0.53mm id Rtx-5 capillary
column with 1.5 pm film thickness (Restek) and a 5m Integra guard column. The carrier
gas was helium at 15 mL/min. The oven temperature was programmed from 55°C for 6
minutes up to 250°C at 30°C/minute. Automated large volume injections of 30puL were
made in the programmable split/splitless (PSS) mode. The FID temperature was 275°C and
the detector attenuation setting was -5.

Heavy Pyrolysis Fuel Oil standards were analyzed at concentrations of 3.84, 12.8, and 64
- pg/mL. The extraction method provided quantitative recoveries and was validated by
spiking Heavy Pyrolysis Fuel Oil in water at 0.961 pg/mL. Five replicate spikes were
extracted and the mean recovery (standard deviation) was 108% (6.7%).

Data were acquired and processed with Perkin Elmer Totalchrom Workstation software.
Heavy Pyrolysis Fuel Oil eluted as a complex mixture at approximate retention time of 8.5
minutes under the instrumental conditions employed.

The Practical Quantitation Limit (PQL) for water samples was approximately 0.12 pug/mL
taking into account the concentration of the lowest analyzed standard (3.84 pg/mL), the
maximum sample volume (approximately 125 mL) and the minimum extract solvent
volume (4.0 mL).
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APPENDIX A - ANALYTICAL METHODS and RESULTS (CONT'D)

TABLE A-1

0 (Control) ND ND ND
0.20 0.0724 (below PQL) ND 0.07%*
0.39 0.486 0.348 0.42

1.1 1.18 0.931 1.1
2.6 2.29 1.87 2.1
72 6.87 592 6.4

* Actual loading rate (weight) of test substance added to the vehicle/dilution water.
ND = Not Detected

** Since the Day 4 sample was below detection limits, The Day 0 value was used for
statistical analysis.

PQL (Practical Quantitation Limit) = ~0.12 mg/L
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROL.YSIS FUEL OIL
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APPENDIX B - TEST SUBSTANCE CHARACTERIZATION

The test substance was initially characterized on August 19 and 21, 2003. Analyses
included Ultraviolet-Visible (UV-VIS) spectroscopy and Fourier Transform Infrared (FT-
IR) spectroscopy, density and GC-MS analysis. Stability of the neat test substance was
confirmed by repeating these same analyses on February 5, 2004 after the completion of
this study.

UV-VIS spectra are presented in Figures B-1 and B-2 representing, the initial and final
spectrum at concentrations of 10 and 12 ppm, respectively. UV-VIS spectra were
acquired on a Hewlett-Packard 8453 diode array UV-VIS spectrophotometer using a 1 cm
quartz cell, a scan time of 0.5 seconds and resolution of 2 nm.

FT-IR spectra of the neat test substance are presented in Figures B-3 and B-4 representing
the initial and final spectra. FT-IR spectra were acquired on a Thermo Nicolet Avatar
360 FT-IR spectrometer with a KBr plate. The spectra were obtained with the following
settings: resolution of 4 em™, gain of 1 and scan number of 32.

The test substance was also characterized by GC-MS using a Varian Saturn 2000 GC-MS
system with a Varian 3800 gas chromatograph. For comparison of relative retention
times to a series of known hydrocarbons under the analytical conditions employed, Heavy
Pyrolysis Fuel Oil was analyzed against an ASTM D2887 calibration mixture. Figures B-5
and B-6 represent the initial and final GC-MS total ion chromatograms, respectively. The
test substance eluted as a complex mixture with numerous chromatographic components
detected between retention times 13 and 26 minutes. This corresponds to bracketing by
the standard hydrocarbons n-decane and n-octadecane under the analytical conditions
employed. The single most abundant component eluted at approximately 16.3 minutes.

The test substance's initial and final density was measured at 20°C using an Anton Paar
DMA 4500 Density/Specific gravity/Concentration meter. The initial density was
measured as 1.068 g/mL and the final density was 1.069 g/mL. The test substance was
observed to be a liquid under ambient laboratory conditions and immiscible in water,
methanol and hexane. All test substance solutions were prepared with methylene chloride
as the solvent.

Comparison of the initial and final analyses appeared to be substantially similar
indicating the neat test substance was stable over the duration of the study period.
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APPENDIX B - TEST SUBSTANCE CHARACTERIZATION (CONT'D)

UV-VIS SPECTRA
Figure B-1
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APPENDIX B - TEST SUBSTANCE CHARACTERIZATION (CONT'D)

FT-IR SPECTRA
Figure B-3
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
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APPENDIX B - TEST SUBSTANCE CHARACTERIZATION (CONT'D)
INITIAL TOTAL ION CHROMATOGRAM
Figure B-5
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APPENDIX B- TEST SUBSTANCE CHARACTERIZATION (CONT'D)

FINAL TOTAL ION CHROMATOGRAM
Figure B-6
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APPENDIX C - PROTOCOL

PROTOCOL
OLF-105.0-HPV10-EMBSI

Study Titie: Alga, Growth Inhibition Test on
Heavy Pyrofysis Puel Oil

EMBST Study Number: 176867

Test Substance: MRD-03-768

Date: August 11, 2003

Room Number: LE-337/343

Proposed Key Dates:
Experimental Start 13-0ct-03
Experimental Termination 17-0ct-03
Draft Report Completion 14-Nov-03
Final Report Completion 21-¥Feb-04

Approved By:

?«' 72 //'% /5 Sepl3

E. J. Febbo, M.S.
Study Director

Date

ExxonMobil Biomedical Sciences, Inc.
1545 Route 22 Bast, PO, Box 971
Annandale, New Jersey 088010971

- Mera D,
Sponsor Representative

SAPETY FIRST
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ALGA, GROWTH INHIBITION TEST on HEAVY PYROLYSIS FUEL OIL
Study No. 176867; MRD-03-768

APPENDIX C - PROTOCOL (CONT'D)

Alga, Growth Inhibition Test on Hegvy Pyrolysis Fuct Oit: PAGES
176867; MRD.03-768

INTRODUCTION
Obfective

This study will be conducted for the Sponsor 1o evaluate the effects on growth of the water
accomynodated  fractions (WAFs) of MRD-03-768 to the alga, Psewdokirchnerielia
subcapitate in 2 96-hour static tesl.

Spousor

American Chemistry Council
1300 Wilson Blvd.
Arlington, VA 22209

Testing Facility
ExxonMobil Biomedical Sciences, Inc.
Laboratory Operations

1545 Route 22 Bust, P.O. Box 971
Annandale, New Jersey 08801-097)

Compliance

This test will be conducted in generul agreement with the OQECD' guidelines, and will be
conducted in compliance with OBCD” and USEPA® GLP standards.

Justification for Selection of Test System

Psewdokirchnericlla subcapitata (formerly Selenastrumt capricornutum) has been used in
safety cvaluations and is a commmon test species for freshwater toxicity studies,

Justification of Dosing Route

Potential environmental exposore is by the test substance in waler,
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APPENDIX C - PROTOCOL (CONT'D)

Algn, Growth Inbibition Test an Heavy Pyrolysis Fut Oilz PAGE 3
176867, MRD-3.268

MATERIALS and METHODS
Tost Substance Mentification
EMBSI Code: MRD-03-768

Industry Syeam Name: Heavy Pyrolysis Fuel Ol

CAS Number CAS Inventory Name

68513-69-9 Residues, petroleum, siam-cracked light
64741624 Clarified oils, petroleum, catalytic cracked
69013214 Fuel of, pyrolysis

8002-05-9 Petrojeum

Storage Conditions: The neat test substance will be stored at room temperature.

Characterization of Test Substance

The peat test substance will be characterized as described in SOP A3.4.10 using the
following analyses: Ultra-violet/Visible and Infrared Spectrophotometry md  Cias
Chromatographly with Mass Selective Detection; density will also be dotermined. The test
substance will be used in a number of studies at the testing facility, Characterization of the
{est substance will be performed at the testing faciity prior (o its use in the fiest of these
studics.  Stability assessment will span the duration of all studics. The results of the
characterization and  stability assessment will be appended to the fimal seport.
Characterization and stability docamentation will be maintained at the testing fucility.

Documentation outhining the methods of synthesis, fabrication, andfor derivation of the tost
substance has been provided by the sponsor and is maintained at the testing facility. The test
substanice, a8 received, will be considered the “pure” substance for dosing parposes.

Analysis of Mixtures

Samples will be aken from cach treatment WAF and control solution on Day 0 prior to the
addition of algae and at tenmination {composite of the remuining three replicates). The
samples will be taken with no beadspace. The method of analysis will be amtomated static
headspace gas chromatography with flame ionization detection (HS GC-FIDY.  Samples
will be analyzed using a Perkin-Elmer HS 40 Headspace Sumpler connected to a Perkin
Elmer AutoSystem XL Ges Chromatograph with flame jonization detector. The gas
chromatograph will be squipped with a 30m x 0.53mm id DB-S capillary colurmn with
1.5um fitm thickness (er equivalent). Analydoal standards will be prepared and analyzed ot
concentrations brackeling the sample concentrations except in the case of those samples
below the method's Himit of quamtification.
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APPENDIX C - PROTOCOL (CONT'D)

Algs, Growth Inhibition Test on Heavy Pyrolysis Fael (il PAGR 4
176867; MRD-03-768 .

MATERIALS and METHODS (CONT'D)
Vehicle/Dilution Water
Algal Nuttient Media® - filtered through a sterile 0.45um filter (referenced as acceptable
mediam in OBCD 201 guideline), with 400mg of NaHCOx per liter, added as a carbon source

in a no headspace environment. The adgal medium meets the following limits of cssential
constimuents: P 5 0.7 mg/L, N'< 10 mg/L, chelators £ 16 mmol/L and hardness (Ca + Mg) <

{6 mmol/lL.. :

Test System
Psendokirchweriella subcapiata (Formerly Selenastram capricormiiun)
Supplier
Colwred at the Environments! Toxicology Laborstory of the testing facility. Initial steain

(#1648} provided by UTEX, The Culture Collection of Algae MCDB, School of Biclogical
Sciences, The University of Texas at Austin, Austin, TX 78712

Culture Methods
Algae are caltured in approximately 300 mi. of nutrient media (same as vehicle/dilaion water
with the exception of additional NaHCOs) preparsd with deionized water and reagent grade
chemicals, Cell counts are performed weekly 1o ensure that the cells are in log phase of
growth and to verify that the culture is axenic. A new cubiwre is started weekly using
inoculum from the previows calture. Cuilowes of P. subcapitata arce held at 22 - 25°C under
continuous illumination (8000 Lux = 208) provided by cool-white Huorescent bulbs,

Namber

fnitiad concentration of algae will be ~1.0 x 10 cells per mil. in each replicate chamber.
Age Al Initiation of Exposure
Algae will be taken from stock cultures in log phase of growth (4-10 days).

Test System Identification

Al test chambers will be labeled to show stody number, Toading rate, replicate, observation
day and chamber number.

Selgction

Replicates 1 tirough 12 of each weatment will be inoculated with algae. Al test flasks will
then be placed on a shaker table for the duration of the study. Chamber positions on the
shaker 1able will be randomly assigned using « computer generated randomization schodule,

A printout of the randomization schedue will be inchuded in the raw data.
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APPENDIX C - PROTOCOL (CONT'D)

Adgs, Growth Intibition Test on Heavy Pyrolysis Foel Oil: PAGES
176867; MRD-03.768

MATERIALS and METBODS (CONT'I)

Comteminants

Therz are no known contaminsnts in the vehicle/dilution water (algal nutrient media)
believed o be at levels high enough 10 interfere with this stady, The media is prepared
from reagent grade chemicals and UV-sterilized, dejonized well water that is reated and
distributed throughout the testing facility via PVC and stuinless-steel pipes. The deionized
water is monitored for priority pollutants, an-ionized ammonia, total suspended solids, ang for
bacterial properties by Accutest®, 22335 Route 130, Dayion, NJ 08810, Contarminant
agatysis of the water is not perforined in a GEP compliant manner. This is not believed to
affect the results of the analysis, Contaminant analysis results are mmintained at the testing
facility,
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APPENDIX C - PROTOCOL (CONT'D)

Alga, Girowth nhibition Test on Heavy Pyrotysis Fuet Oit: PAGES
1THERT; MRD-03.768 :

EXPERIMENTAL PROCEDURE

Eguilibrium Test

An cquilibrivm study will be perfonmed prior o testing 10 deiermine the most appropriate
mixing duration. Specific analytical (eg. GC wnalysis) will be used to detect soluble
components of the substance. Individual WAFs at1 mg/L and 10 mg/L will be prepared and

sampled after 24 and 48 hours of mixing. The vortex will be set at 510% of the static lquid
(fcpxh All mixing vessels will be closed using foif covered stoppers during mixing, The
cquilibrium phase will not extend buyond 48 hours due to & potential loss of volatile
components of the test substance in the mixing vessels and logistical constraints associated
with a semi-static renewsd type test. This phase of the study will nof be subject to GLP

standards.

Range Finding Test

A 72-hour range finding test will be performed to determine the loading rates for the
definitive test. WAFs prepared at the following loading rates will be tested, 0.1 mgfL, 1.0
mg/l, 10 mg/l.. 100 mg/l. and a control of nufrient media. The WAPs will be prepared by
adding the appropriate amount of test substance to afgal nutrient media in glass vessels, The
vessels will be closed using foil covered rubbet/peoprene stoppers and will mix on magnetic
stirplates with Teflon® coated stirbars for the appropriate time as determined by equilibrium
testing (1 hour). The vortex will be set at $10% of the static liquid depth. The treatments
will be allowed to settle and equilibrate to test temperature for [ hour (x15 mins.) after
mixing. Test flasks will be conditioned by rinsing with the sppropriate solution. Nme
rephicates at cach foading will be prepared, Each fest fask will be inoculated with ~1.0 x 10°
cells per mi.. The procedures followed for the range finding study will be documented in the
raw dats. This phase of the study will not be subject o GLP standards.

Definitive Test Design
1 0 ~1ox 10*
{Conwrol) {per 12 replicates)
2 TBD ~10% 10*
3 TBD ~1.0x% 10°
4 TBD ~1.0x10°
5 TBD ~1.0% 10°
6 TBD ~1ox16°

TBD = To Be Determined
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APPENDIX C - PROTOCOL (CONT'D)

Algs, Growth Inhibition Test on Huavy Pyrolysis Foel O PAGE?
176857, MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)
Preparation and Adminisiration of Test Substance

Individual WAFs will be prepared for each loading rie by adding the appropriate amount of
the test substance to algal mutrient media in glass aspirtor bottles., The vessels will be closed
using foil covered rubber/neoprene stoppers. The solutions will be mixed with Feflong
coated stirbars on magnetic stisplates. The vortex will be set ar $10% of the swatic Hquid
depth, The solutions will mix for the appropriste time as desermined by equilibriam testing
(21 hour) at room temperature (22°32°C). At the cnd of mixing, the solutions will be allowed
to settie and equilibrate 0 test temperature for 1 hour (215 minues). At the end of the
seutding period the solutions will be removed from the mixing vesscls through the ontlet at the
bottor of the vessels. Test flasks will be conditioned by rinsing with the appropriate
selution. Twelve replicates’ ot cach loading will be prepared.  Fach test flask will be
inoculated with ~1.0 x 10" cells perml.

Test Chentber and Volume of Solution

Test chambers will be autoclaved glass 125ml, Erlenmeyer flasks sealed with ground glass
stoppers o provent comtamination, ovaporation andfor volatilization.  Each chamber wiil
contain ~140mL. of test solution (no headspace) and two 14mm glass spheres to facilitare
mixing.

Exposure Duration
96 hours &1 hour)
Envirgnmental Conditions

Range of aceeptable test temporatures: 23% 2°C,
Continvious light a1 8000 Lux = 20%.

Oscillation Rate: 100rpm = [0%.

Oscitlation rate and lighting will be verified duily.

An environmental condition study wiil be activated on the Iaboratory compuier system
{MicroVAX 3100-20E running validuted, customized acquisition software) at the start of
the study to provide a record of the continuous measurements for temperature and lighting
i the test aren.

Experimental Evaluation

Cell density is determined for ench test and control chamber using & hemacyiometer and
mictoscope at 24, 48, 72 and 96 hours {% 1 howr) after the beginning of the test. Cell density
determinations will be performed on three replicates at sach observation interval and the
seplicaies will then be discarded. Any test substance insolubility (surface sicks, procipitates,
and adherence to the test chamber) will be recorded at that time. The pH of sach treatment
will be measured on Day @ and daily after coll density determinations {composite of three
replicates). The pH is expected t© vary by more than one unit during the test due to the no
headspace environment of the study design.
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APPENDIX C - PROTOCOL (CONT'D)

Alga, Geowth Eshibition ‘Fest on Heavy Pyrolysis Fael Oil: PAGES
176867; MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)

Feost Acceplability

A test may not be acceptable it cell density in the Control does not inerease by a factor of 216
within three days,

Calowdations

Test results are used to derive Effect Loading/Concentration 50 (BL/ECs) values {or other
appropriate statistical valnes), defined as the loading rate or concentration of the test
substance in the vehicleidilution water which resalts in a 50% reduction in growth, s
determined by cither the area under the growth curve or the average specific growth rate
{refative to the Control) for the specified time of exposure. The specific growth rate for each
loading rate/concentration will be determined by caloutating the slope of the tegremon line of
the 1n {cel] density) versus time using the PROC REGRESSION procedurs from SAS”. The
arcas nnder the growth curves and average specific vmwth rate will be calculated in
sccordance with the formulas listed in the OECD gwdeime The method used to-caleulate
the 72 und 96-hour EUECso valves will be either the maximum likelihood analysis based on
D. I Fimsy, 1971%, the Inverse interpolation method of Snedecor and Cochran’, or other
appropriste snmsncal methods where appropriste.  The 72 and 96-hour No Observed Effect
Loading/Concentration (NOEL/NOECC) will be determined vsing the ANOVA procedure®
of SAS.
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APPENDIX C - PROTOCOL (CONT'D)

Alga, Growtly Inhibition Test on Beavy Perolysiy Fuet O PAGR Y
TI6867; MRDAG3-768

REPORY
Afler wrmingtion of the study, a final report that includes the following information will be
submitted:
Fest substance:

« physical nature, and where relevant, physiochermical propertics
»  ilentification data

“Fest aigae: origin, lub culture, strain, method of cultivation

Test conditions:

date of the start amd end of the test

test procedure used, equilibration test results

composition of the medium

temperature and pH values of the fest solutions at the stary and end of the test
miethods of preparation of wst solutions

loading raies/concentrations used

information on concentrations of the test substance in the test solutions

lght intensity and quality

description of the test chambers, volume of sohation

culturing spparstus

® % £ K 5 6 & » 2 ¢

w0
&
=2
7

cell density for cach flask ot each measuring point and method for measuring cell dessity
mean values of cell density

graphical presentation of the concentration effect relationship, growith curves

ECor BEL values and method of calculation

NOEC or NOEL.

ather observed effects

« & 8 2 ¢

Swdy Conduct:

compliates staterment

quality assurance statement

protacol with amendments appended to the report

evidence that the guality criteria have been fulfilled

incidents in the course of the test which may have influenced the results
deviations from experimental design

* 5 8 0 D
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APPENDIX C - PROTOCOL (CONT'D)

Alga, Growth Inhibition Test an Heavy Pyrolysis Fuel Ofl: PAGE 1t
F76867; MRD-03-76¥

RECORDS

All appropriste materials, methods and experimental measuremonts required in this protocol will be
recorded and documented in the raw date.  Any changes, additions or revisions of this protocol
must be approved by the Stady Director and the Sponsor Represemative. These changes wilt be
documented in writing, including the date, the justification for the change, and the signatures of the
Study Director and Sponsor Representative,

‘The protocol, final report, raw dats or computer generated fistings of ruw data, supporting
documentation, and # non-stedy specific sample of the neat test substance. will be maintained in the
Archives of the testing facility for 18 years, after which tdme the records will be offered tw the
sponsor prior to disposal,

QUALITY ASSURANCE

The Quality Assurance Unit of ExxonMobil Biomedical Sciences, Jnc. will audit the protocol,
conduct study based phase inspection(s) and uudit the draft final roport (before sponsor review)
1o assure that they are in conformance with company SOPs and the appropridie guidelines and
Good Laboratory Practice Regulations.

GUIDELINE EXCEPTIONS

Due to the complex nature of the test substance the following exceptions to the guideline will apply
for this study:

The congentration of the test substance Ji solutions will not be determined prior o nse. Due
to the limited solubility of the test substance, it may not be possible for analytical analysis to
demonstrate that the initial concentration of the test substance will be maintained & 80%
throughout the test.

1t iy deemed more appropriaie to prepare. individual treatment solutions by adding the test
substance to dilation water and removing the WAF of each mixtare for testing than to prepare
dilutions of a stock solution.

"The test duration will be 96 hours, instead of 72 hours. Both 72 and 96-hour endpoints will
be determined. The extended duration is at the sponsork request.
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APPENDIX C - PROTOCOL (CONT'D)

Alga, Grewth Inhibition Tost on Heavy Pyrolysis Foel Ok ’ PAGE 11
176567; MRD-03-768
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Robust Summary
Alga Toxicity

Test Substance:

Industry Stream Name (acronym): Heavy Pyrolysis Fuel Oil

CAS Number: CAS Inventory Name:

68513-69-9 Residues, petroleum, steam-cracked light
64741-62-4 Clarified oils, petroleum, catalytic cracked
69013-21-4 Fuel oil, pyrolysis

8002-05-9 Petroleum

In ethylene plants cracking liquid feedstocks, the cracking furnace effluent (after
heat recovery) is quenched by injection of recycled quench oil. This step results in
the condensation of higher boiling hydrocarbon compounds that are typically
separated from the rest of the furnace effluent as the bottoms of the oil quench
tower. Lights are stripped from the excess oils generated from this quench system,
resulting in the stream identified here as heavy pyrolysis fuel oil.

Method/Guideline: OECD Guideline 201
Year (guideline): 1984

Type (test type): Alga Toxicity Test
GLP (Y/N): Yes

Year (study performed): 2003

Species: Pseudokirchneriella subcapitata
Analytical Monitoring: Yes
Exposure Period: 96 hours

Statistical Method:

The EvCso, E:Cso and confidence intervals for inhibition of growth/growth rate slope
were determined by a probit regression calculation of the probit of the growth
inhibition/growth rate slope vs the log of the concentration and associated
confidence intervals based on the methods of D. J. Finney (Finney, 1971).
Calculations were based on the PROC PROBIT procedure of SAS (SAS, 2002). The
NOEC for the EyCsoand E,Cso was based on Multiple Range tests (Duncan, 1975)
and (Dunnett, 1964), determined from the GLM procedure of SAS (SAS, 2002).
The Shapiro-Wilk (Shapiro-Wilk, 1965) test for normality was used to test if the
assumption of normality of the residuals was met; since the residuals were normally
distributed the NOEC was based on the estimated values.

Finney, D.J. 1971. Probit Analysis, 3rd Edition, London: Cambridge University
Press.

SAS Version 8, SAS Institute, Inc., Cary, NC. 2002.

Duncan, D.B. 1975, “t-Tests and Intervals for Comparisons Suggested by the Data”,
Biometrics, 31, 339-359. ’
Dunnett, C. 1964, "New Tables for Multiple Comparisons With A Control",
Biometrics, Vol 20, No. 3, pg 482-491.

Shapiro, S.8. and Wilk, M.B. 1965,“n analysis of variance test for normality
(complete samples)” Biometrika, 52, pg 591-611.
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Test Conditions:

e Note: Concentration
preparation, vessel
type, volume,
replication,
environmental
conditions, organisms
supplier, loading,
deviations from
guideline or protocol.

Individual Water Accommodated Fractions (WAF's) were prepared for each
treatment. The test substance was added to 2.0 L of algal nutrient medium
augmented with sodium bicarbonate in glass aspirator bottles (capacity 2.3 L). The
solutions were mixed for 24.5 hours using an 7% vortex (of the static liquid depth).
The test solutions were removed through the outlet at the bottom of each mixing
vessel into 12 replicates of approximately 140 mL in 125 mL Erlenmeyer flasks (no
headspace) containing two 14 mm glass spheres to facilitate mixing. The test
chambers were inoculated with algae (1.0 x 10* cells/mL) and were sealed with
ground glass stoppers. Three replicates were sacrificed daily for cell density
determination. The test chambers were placed on a shaker table (100 rpm) to keep the
algae in suspension. The test was performed under static conditions with no
aeration. The algae was cultured in-house from 5 day old stock cultures in log
phase growth.

Mean test temperature: 24.2°C (sd = 0.5). Continuous light: intensity was 8431 to
8595 Lux. The pH ranged from 7.4 to 7.6 in the test solutions at test initiation and
ranged from 7.0 to 8.7 at test termination.

Due to the complex nature and limited water solubility of the test substance, the
following exceptions to the guideline apply for this study: The concentration of the
test substance in solution was not determined prior to use. Test substance analysis was
performed on samples of the WAFs at the start of the test (day 0) and at termination
(day 4). The initial concentration of the test substance was not maintained at 80% in
the three lower loading rates throughout the test (this may be due to biological activity
or physical processes in the test chambers). It was approptiate to prepare individual
treatment solutions by adding the test substance to dilution water and removing the
WAF of each mixture for testing than to prepare dilutions of a stock solution. The test
duration was 96 hours, instead of 72 hours. However, both 72 and 96-hour endpoints
were determined.

None of the above exceptions are believed to have affected the outcome, integrity, or
quality of the study.

Results:
Units/Value:

Note: Analytical method,
biolegical observations,
control survival.

Effects on growth rate (r) based upon actual loading rates:

72 hr ErL50 = 2.3 mg/L (CNC)
96 hr ErL50 = 2.1 mg/L (CNC)
72 and 96 hr NOELR = 0.39 mg/L.

Effects on biomass (b) based upon actual loading rates:

72 hr EL50 = 1.5 mg/L (1.3-1.6 mg/L)
96 hr EbL50 = 1.4 mg/L (1.3-1.6 mg/L)
72 hr NOELR = 0.20 mg/L
96 hr NOELR = 0.39 mg/L

Effects on growth rate (r) based upon measured concentrations:
72 hr ErC50 = 2.0 mg/L (CNC)

96 hr ErC50 = 1.8 mg/L (CNC)

72 and 96 hr NOEC = 0.42 mg/L

Effects on biomass (b) based upon measured concentrations:
72 and 96 hr EbC50 = 1.3 mg/L (1.2-1.4 mg/L)

72 hr NOEC = 0.07 mg/L

96 hr NOEC = 0.42 mg/L

Values in parentheses are 95% confidence intervals.
CNC = Could Not Calculate
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The analytical method used was static headspacé gas chromatography with flame
ionization detection. ~

Summary of In-Life observations - % Inhibition
Loading Rate* (mg/L) Control  0.20 0.39 1.1 26 72
Meas, Conc.t (mg/L) 0 0.07t 042 1.1 21 64
Based on Growth Rate

72 hours na 2.0 0 11 83 97
96 hours na- -1.7 -2.2 7.1 86 98
Based on Biomass

72 hours n/a -2.1 7.6 34 92 99
96 hours : na -1.9 1.3 31 97 100

* Actual loading rate (weight) of test substance added to the vehicle/dilution water.
 Concentration based on mean (Day 0 and Day 4) measured concentrations.

1 Based on Day 0 only, since the Day 4 sample was below detection limits.
Negative(-) value indicates a stimulatory effect.

Conclusions:

Effects on growth rate (r) based upon actual loading rates:

72 hr ErL50 = 2.3 mg/L
96 hr ErL50 = 2.1 mg/L

Effects on biomass (b) based upon actual loading rates:

72 hr EbL50 = 1.5 mg/L
96 hr EbL50 = 1.4 mg/L

Effects on growth rate (r) based upon measured concentrations:

72 hr ErC50 = 2.0 mg/L
96 hr ErC50 = 1.8 mg/L

Effects on biomass (b) based upon measured concentrations:
72 and 96 hr EbC50 = 1.3 mg/L

Reliability:

(1)-Reliable without restriction

Reference:

ExxonMobil Biomedical Sciences, Inc. 2004. ALGA, GROWTH INHIBITION
TEST on HEAVY PYROLYSIS FUEL OIL. Study # 176867.

Other (source):

Olefins Panel, American Chemistry Council
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QUALITY ASSURANCE STATEMENT

STUDY NUMBER:  176894A
TEST SUBSTANCE: MRD-03-768

STUDY SPONSOR:  American Chemistry Council

Listed below are the inspections performed by the Quality Assurance Unit of ExxonMobil
Biomedical Sciences, Inc., the date(s) of inspection, and the date(s) findings were reported
to the Smdy Director and Management.

Study Phase Drate(s) of Reported to Reported 10
Inspected Inspection Study Director Management
Protocol 15 Aug 03 15 Aug 03 20,21 Aug 03
TSS Determination 22,23 Sep U3 23 Bep 03 25,26 Sep U3
Final Report 04-06 Feb 04 06 Feb 04 11,13 May 04
Second Review of 10,11 May 04 11 May 04 07,15 Jun 04
Final Report

The final report accurately reflects the methods, procedures and chservations documented in
the raw data.

%ﬂ? g o 12 e

W, James Bover, PAD. Date
Data Integrity & Quality Assurance/Archives
Section Head
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SUMMARY

The biodegradability potential of the test substance and a positive control substance was
studied in aerobic, aqueous test systems. This study was performed in general agreement
with the procedure outlined in the OECD 301F° guideline. Biodegradability of the
substances was determined by measuring oxygen consumption in a test medium containing
trace nutrients and inoculated with activated sludge supernatant. The test substance, Heavy
Pyrolysis Fuel Oil, was evaluated at a mean concentration of 50 mg/L. The positive control
substance, sodium benzoate, was evaluated at a concentration of 51 mg/L.

The mean percent biodegradation of triplicate test systems of Heavy Pyrolysis Fuel Oil was
determined to be 29% over a 28 day testing period. The OECD guideline criteria for
classification of a chemical as readily biodegradable states: 1) percent biodegradation must
reach 60% within 28 days, and 2) the 60% degradation must be attained within 10 days of
exceeding 10% biodegradation. Heavy Pyrolysis Fuel Oil did not achieve 60%
biodegradation and therefore, based on the OECD guideline, can not be considered readily
biodegradable.

The OECD guideline validity requirement states that the difference of extremes of replicate
biodegradation values should be less than 20% on day 28 and the positive control should
achieve >60% of the theoretical oxygen demand (ThOD) by day 14. Further, the oxygen
uptake of the inoculum blank should not exceed 60 mg/L on day 28. Sodium benzoate
biodegraded to >60% by day 3 and the average of the cumulative oxygen consumed in the
blank systems was 21 mg/L. The difference of extremes for the test substance replicates
exceeded 20%. It is believed the greater difference was due to the poor solubility of the test
substance and the low biodegradation achieved. Based on the study data and the passing of
the validity requirements, with the exception of the difference of extremes, the test is
considered valid.

Daily percent biodegradation and mg oxygen uptake results for the test substance and
sodium benzoate are reported in Tables 1 and 2, respectively. The table below summarizes
day 28 data.

Test System Replicate # | % Biodegradation Mean (SD) Final pH
Sodium Benzoate 1 91.31 88.93 (2.21) 6.75

2 86.93 6.75

3 88.56 6.74
MRD-03-768 1 33.24 29.03 (5.75) 6.59

2 31.36 6.54

3 22.48 6.58
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

INTRODUCTION
Objective
This study was conducted for the sponsor in order to evaluate the potential of the
test substance to biodegrade in an aerobic, aqueous environment for use in
environmental hazard assessment. '
Sponsor
American Chemistry Council
1300 Wilson Boulevard
Arlington, VA 22209
Testing Facilities
ExxonMobil Biomedical Sciences, Inc.
Laboratory Operations

1545 Route 22 East, P.O.Box 971
Annandale, New Jersey 08801-0971

Quantitative Technologies Inc. (QTI) (Elemental Analysis Only)
P.O. Box 470
Salem Industrial Park, Bldg 5
Whitehouse, New Jersey 08888
Study Initiation Date
September 15, 2003
Experimental Start
September 23, 2003

Experimental Completion

October 22, 2003
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

INTRODUCTION (CONT'D)

Compliance

This study was performed in general agreement with the test method described in
OECD 301F with the exception of the inoculum preparation which was performed
in general agreement with ASTM D5864" guideline. Additional exceptions are
listed on pages 13 and 14.

The study was conducted in compliance with OECD' and USEPA’ Good
Laboratory Practice (GLP) standards with the exceptions outlined pages 9 and 10.

Justification for Selection of Test System

Selection of the aerobic aquatic biodegradation test is based upon the OECD 301F°
guideline. This test method is used to determine biodegradability by measuring
oxygen consumption in a test system consisting of an activated sludge supernatant,
test or positive control substance and a nutrient source. Further, activated studge has
historically been used to evaluate the persistence of chemicals in the environment.

Justification of Dosing Route

The test substance could possibly be found in aqueous solution in a wastewater
treatment facility.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OILL
STUDY # 176894A, MRD-03-768

MATERIALS AND METHODS

Test Substance Identification

EMBSI Identification: MRD-03-768
Industry Stream Name (acronym):  Heavy Pyrolysis Fuel Oil
CAS Number: CAS Inventory Name:
68513-69-9 Residues, petroleum, steam-cracked light
64741-62-4 Clarified oils, petroleum, catalytic cracked
69013-21-4 Fuel oil, pyrolysis
8002-05-9 ' Petroleum
Supplier: Dow Chemical Company
Freeport, TX
Date Received: July 29, 2003
Expiration Date: July 2008
Description: Dark Amber liquid

Storage Conditions: The neat test substance was stored at room temperature.

Stream Derivation

In ethylene plants cracking liquid feedstocks, the cracking furnace effluent (after
heat recovery) is quenched by injection of recycled quench oil. This step results in
the condensation of higher boiling hydrocarbon compounds that are typically
separated from the rest of the furnace effluent as the bottoms of the oil quench
tower. Lights are stripped from the excess oils generated from this quench system,
resulting in the stream identified here as heavy pyrolysis fuel oil.

Characterization of Test Substance

The neat test substance was characterized and the stability determined by the testing
facility using the following analysis: UltraViolet/Visible and Infrared
Spectrophotometry, Gas Chromatography with Mass Selective Detection and
Density. The test substance was used in a number of studies at the testing facility.
Characterization of the test substance was performed at the testing facility prior to
its use in the first of these studies and after completion of the final study.
Documentation of characterization and stability assessment is maintained at the
testing facility (see Appendix A).
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

MATERIALS AND METHODS (CONT'D)

Characterization of Test Substance (cont'd)

An aliquot of the test substance was sent to Quantitative Technologies Inc. (QTI) for
elemental analysis, specifically carbon, hydrogen, nitrogen and oxygen. Percent
carbon, hydrogen, nitrogen, and oxygen was determined using a Perkin-Elmer 2400
CHN Elemental Analyzer equipped with an oxygen accessory kit. For CHN the
analyzer used combustion to convert the sample elements to simple gases. Upon
entering the analyzer, the sample was combusted in a pure oxygen environment. The
product gases were separated under steady state conditions, and measured as a
function of thermal conductivity. For oxygen, pyrolysis was used to convert the
oxygen to carbon monoxide which was separated from the other pyrolozates under
steady state conditions and measured as a function of thermal conductivity. QTI is
not a GLP compliant facility and therefore may not have performed the analysis in a
GLP compliant manner. However, a standard (Canola Oil) was employed to
monitor the quality of the data. The values were within the standard limits.

Documentation outlining the methods of synthesis, fabrication, and/or derivation of

the test substance has been provided by the sponsor and is maintained at the testing
facility. The test substance, as received, was considered the "pure" substance.

Sample Retention
A sample of the neat test substance has been retained in the testing facility archives.
Positive Control Substance

Substance Identification: Sodium benzoate, 99% - Manufacturer: Aldrich Chemical
Company, Lot No 09519HA

Storage Conditions: The neat substance was stored at room temperature.
Characterization: The documentation of the stability, identity, purity, strength, and
composition or other characteristics, which appropriately identify the control

substance, was provided by the manufacturer. This documentation is identified as
the Certificate of Analysis which can be found in the raw data and Appendix B.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY-TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

MATERIALS AND METHODS (CONT'D)
Carrier

Glass distilled water (gdH,O) was used as the carrier. The glass distilled water is
prepared from UV sterilized deionized well water that is treated and distributed
throughout the testing facility via PVC and stainless steel pipes. The feed water for

~ the deionized water system is analyzed by Accutest®, 2235 Route 130, Dayton,
New Jersey 08810. Results of the water analyses are maintained at the testing
facility. There are no known contaminants in the water believed to be present at
levels that may interfere with this study. Contaminant analysis of the water was not
performed in a GLP compliant manner. This is not believed to have an adverse
effect on the study results.

Inoculum

Fresh activated sludge was used as the inoculum. The activated sludge was obtained
from the Clinton Sanitary Wastewater Treatment Plant, Annandale, New Jersey on
September 22, 2003. This treatment facility was selected because it deals
predominantly with domestic sewage as specified in the guideline. There were no
known contaminants in the fresh activated sludge believed to be present at levels
high enough to interfere with this study. A complete description of the inoculum
preparation is provided in Appendix D. :

.Solutions
Mineral salt solutions:

Phosphate buffer - pH 7.2 (VWR, Lot# 2224)
Ferric chloride - 0.025% (VWR, Lot# 2315)
Magnesium sulfate - 2.25% (VWR, Lot# 2343)
Calcium chloride - 2.75% (VWR, Lot# 2308)

There were no known contaminants in the solutions believed to be present at levels
that may interfere with the study. All solutions were refrigerated when not in use.

Test medium: The test medium was prepared one day before the test began. A total
of 20 liters of glass distilled water was collected in a carboy. The glass distilled
water in the carboy was then amended with mineral salt solutions and inoculum. A
complete description of the test medium preparation is provided in Appendix C.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

MATERIALS AND METHODS (CONT'D)
Solutions (cont'd)

Positive control substance stock solution: A stock solution of sodium benzoate at a
concentration of approximately 10,000 mg/L was prepared in glass distilled water.
An O.L Analytical Model 1010 Total Organic Carbon (TOC) Analyzer determined
the actual carbon content of the sodium benzoate stock solution. The instrument
employs a wet oxidation technique with a nondispersive infrared (NDIR) detector.
TOC results are contained in Appendix D. The stock solution was refrigerated
when not in use.

Test System
The test system was considered as any combination of the following in a flask:

Test Substance

Positive Control Substance
Mineral Salt Solutions
Activated Sludge Supernatant
Glass Distilled Water

All test containers used in this study were uniquely identified as to appropriate
composition, i.e., Blank -1, 2, 3; MRD-03-768 - 1, 2, 3, etc. All glassware was
washed with Chemsolve® and then rinsed with glass-distilled water to remove any
residual organic carbon. All glassware was inspected to ensure cleanliness. The
manometric cells were rinsed with two portions of acetone, filled with soapy water
and allowed to stand for a few hours. The cells were then rinsed with glass distilled
water followed by acetone then finally air dried.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

EXPERIMENTAL PROCEDURE

Procedure Summary

The test procedure evaluated the ready biodegradability of the test and positive
control substance by microorganisms in water. The consumption of oxygen was
determined by measuring the quantity of oxygen (produced electrolytically) required
to maintain constant gas volume in the respirometer flask, or from the change in
volume or pressure (or a combination of the two) in the apparatus. Evolved carbon
dioxide was absorbed in a solution of 10N sodium hydroxide (NaOH). The amount
of oxygen taken up by the microbial population during biodegradation of the test or
positive control substance (corrected for uptake by blank inoculum, run in parallel)
is expressed as a percentage of theoretical oxygen demand (ThOD). The ThOD
calculation is found in Appendix D. The test was performed in general agreement
with the OECD 301F° guideline with the following clarifications/exceptions:

Clarification

L.

The apparatus is an electrolytic respirometer, manufactured by Co-ordinated
Environmental Service (CES), Ltd. (Kent, England). The system is based on a
proven oxygen generating process coupled to a sensitive manometric cell. The
sample was placed in a sample flask, which was then sealed by a manometric
cell/CO, trap and immersed in a temperature stabilized water bath. For the duration
of the experiment, the sample was stirred by a magnetically coupled stirrer. As the
biodegradation process progressed, the microorganisms consumed O, converting it
to CO; during aerobic respiration. The CO, produced was absorbed by a solution of
10N NaOH in the CO, trap, which caused a net reduction in gas pressure within the
sample flask. This pressure reduction was detected by the manometric cell and
triggered the electrolytic process. The electrolytic process generated oxygen, which
restored the pressure in the sample flask. The magnitude and duration of the
electrolyzing current is proportional to the amount of oxygen supplied to the
microorganisms.
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READY BIODEGRADABILITY: OECD 361F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

EXPERIMENTAL PROCEDURE (CONT'D)

Clarification (Cont'd)

2.

The test and positive control substances were tested at concentrations of
approximately 50 mg/L. Sodium benzoate was administered to the respective test
systems as an aliquot of an aqueous stock solution. The test substance was
administered by direct addition on glass fiber filters. No aqueous stock solutions
were prepared for the test substance because of its poor solubility in water. Also no
concentration verification was performed since the test substance is poorly soluble
in water.

3. The blank, positive control, and test substance test systems were tested in triplicate.

4. Bias was minimized by preparing the test medium on a large volume basis. In
addition, the test medium was aerated for approximately 24 hours to improve
homogeneity and ensure random distribution of test organisms to all test systems.
The pH of the test medium was 7.25. The initial pH of individual systems was not
determined due to the poor solubility of the test substance in water.

5. Dissolved organic carbon (DOC) analysis was not performed due to the poor
solubility of the test substance.

6. The test was terminated after 28 days.

Exceptions

1. No toxicity or abiotic sterile control systems were tested.

2. Test medium was prepared on a large volume basis, aerated and aliquoted into each
test container, instead of preparation in the individual test systems.

3. The commercial phosphate buffer, used in preparation of the test medium, has a pH
value of 7.2 rather than 7.4. The phosphate buffer, purchased from VWR, has been
approved by the American Public Health Association (APHA) for use in the
Biological Oxygen Demand (BOD) analysis. The BOD buffer has the same
composition as the buffer stated in the OECD 301F° and ASTM 5864* guidelines.

4. The inoculum was mixed for 2 minutes in a blender at low speed, instead of

medium speed.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768 .

RESULTS AND DISCUSSION

Testing was conducted to assess the biodegradability potential of the test substance, Heavy
Pyrolysis Fuel Oil, in triplicate test systems at an mean concentration of 50 mg/L.. The
biodegradation of the positive control substance, sodium benzoate, was also measured in
triplicate test systems at an average concentration of 51 mg/L. Blank test systems, which did
not contain the test or positive control substance, were run concurrently in triplicate. This
study was conducted at a temperature range 22 + 1°C for twenty-eight days in general
agreement with the OECD 301F° guideline.

The percent biodegradation results and mg oxygen consumed for each test system are
reported in Tables 1 and 2, respectively. The oxygen consumed by the test systems was
corrected for oxygen consumption occurring in the blank test systems. The mean percent
biodegradation for Heavy Pyrolysis Fuel Oil was determined to be 29% over a 28 day test
period.

This test is considered valid since it met the OECD guideline validity requirements as
follows: 1) sodium benzoate biodegraded to >60% of the ThOD by day 3 and 2) the average
of the cumulative oxygen consumed in the blank systems was 21 mg/.. A graphical
illustration representing the mean percent biodegradation and the mg oxygen consumed by
the test systems is reported in Figures 1 and 2, respectively.

The inoculum was prepared using activated sludge from the Clinton Sanitary Wastewater
Treatment Plant, Annandale, New Jersey. The Easicult® TTC dip slide results indicated an
average bacterial population of 10° colony forming units (CFU)/mL. Biodegradation results
for the test and positive control substances were calculated as the net amount of oxygen
(mg) consumed by the test system multiplied by a constant. The net amount of oxygen was
calculated as the difference between the test system oxygen consumption (mg) and the
average oxygen (mg) consumed by the blanks. The amount of oxygen consumed was
recorded at each hourly interval for each test system using the CES aerobic respirometer.
The constant is defined as the inverse of the product of the ThOD and the mg of the test or
positive control substance added to that system multiplied by 100. The ThOD was
calculated based on the empirical formula of the appropriate substance. The actual amount
of substance added to each system is reported in Appendix A. The ThOD and methods
used to determine percent biodegradation are described in Appendix C. The mean percent
biodegradation and ThOD calculations were written in Microsoft® Excel 97 therefore,
some rounding differences may be noted. Although the Excel program reports rounded
values, internal rounding was not performed to calculate the final results.

CONCLUSION

The test substance, Heavy Pyrolysis Fuel Oil, achieved a mean percent biodegradation of
29% and cannot be considered readily biodegradable .
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

"RECORDS

All appropriate materials, methods and experimental measurements required by the
protocol have been recorded and documented in the raw data. Any changes, additions or
revisions to the protocol were approved by the Study Director and the Sponsor
Representative. These changes have been documented in writing, including the date, the
justification for the change and the signatures of the Study Director and Sponsor
Representative.

The protocol, final report, raw data or computer-generated listings of raw data, supporting
study documentation and a non-study specific sample of the test substance will be
maintained in the archives of the testing facility for 10 years, after which time the records
will be offered to the sponsor prior to disposal. '
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4. ASTM  D5864 Standard Test Method for Determining the Aerobic Aquatic
Biodegradation of Lubricants and their Components (1995)
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIRO

STUDY # 176854A, MRD-03-768

TABLE 1

PERCENT BIODEGRADATION RESULTS

METRY TEST on HEAVY PYROLYSIS FUEL OIL

DAY SODIUM BENZOATE | MRD-03-768
OF TEST |[Rep 1]Rep 2|Rep 3]Mean[SD  [|Rep 1 Rep 2{Rep 3|Mean |SD
B | ‘ ;

1 20.28/ 20.08| 10.63] 17.00] 5.51)f 0.00] 0.03] 0.00| 0.01] 0.02
2 59.88| 58.90/ 58.90 59.23] 0.57] 0.00] 0.00] 0.00] 0.00] 0.00
3 68.43| 67.19] 64.07| 66.56] 2.25]( 10.05] 9.91] 8.58] 9.51| 0.81
4 79.03| 77.28) 76.82| 77.71] 1.17]| 12.78] 12.40] 11.08] 12.09] 0.89]|
5 83.06] 81.70] 81.67] 82.14| 0.79)| 11.93] 11.42] 10.13] 11.16] 0.93]
6 84.75| 84.12) 83.90| 84.26] 0.44)10.83] 9.09] 8.86] 9.59] 1.08]
7 84.73) 81.98] 83.59) 83.43| 1.38| 9.98] 9.48] 8.83] 9.43] 0.58]
8 86.12] 82.98| 84.66| 84.59] 1.57] 11.07] 10.73| 9.92| 10.57] 0.59|
9 87.19] 84.42] 86.05| 85.89] 1.39}11.77| 11.84] 10.65] 11.42 0.67]
10 | 88.59] 85.37| 87.15| 87.04] 1.61)[13.15] 13.34] 11.93] 12.81] 0.77]
11 88.18) 84.52] 86.35| 86.35| 1.8315.29[ 15.98| 14.63] 15.30] 0.68)
12 88.33) 84.58) 86.50| 86.47| 1.88][ 19.42] 19.77| 19.35] 19.51] 0.23|
13 88.74| 85.12] 86.89] 86.92| 1.81) 24.71]24.47| 22.04] 23.74] 1.48|
14 189.24|85.51]| 87.19| 87.31| 1.87]/25.91] 25.21| 22.31( 24.48] 1.91]
15 190.12§ 86.00] 87.78] 87.97| 2.07)l 26.60] 25.83] 22.48| 24.97| 2.19|
16 190.41| 86.22| 87.97| 88.20] 2.10|{ 27.15| 26.20] 22.48] 25.28] 2.47
17 ___190.70) 86.46| 88.17| 88.44| 2.13|/27.70] 26.59] 22.48| 25.59] 2.75
18 191.02| 86.68] 88.36| 88.69] 2.19|| 28.26| 26.86| 22.48| 25.87| 3.02
19 191.31] 86.93] 88.56] 88.93] 2.21[28.67| 27.26| 22.48| 26.14] 3.24
20 [91.31) 86.93| 88.56| 88.93] 2.21ll 29 64 28.06] 22 48] 26.73] 3.76
21 91.31] 86.93] 88.56| 88.93| 2.21| 30.05] 28.33] 22.48] 26.95| 3.97
22 91.31/ 86.93| 88.56| 88.93] 2.21]{ 30.47] 28.75] 22.48] 27.23] 4.21
23 191.31| 86.93| 88.56] 88.93| 2.21| 30.88| 29.16| 22.48] 27.51| 4.44
24 191.31] 86.93| 88.56] 88.93] 2.21)31.02] 29.30] 22.48| 27.60| 4.52
25 191.31] 86.93] 88.56] 88.93 2.2ﬂ[§1.58 29.85] 22.48] 27.97| 4.83
26 | 91.31] 86.93| 88.56| 88.93| 2.21]/ 32.13] 30.26] 22.48] 28.29] 5.12
27 191.31] 86.93| 88.56| 88.93] 2.21|[32.82]30.95] 22.48| 28.75| 5.51
28 [91.31]86.93] 88.56] 88.93] 2.21|[33.24] 31.36] 22.48] 29.03| 5.75

Difference of extremes = ((Highest replicate value - Lowest Replicate Value)/ Mean of High and Low values)x100

MRD-03-768

Difference of extremes =

(3324 )-(22.48 )
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

TABLE 2

MG OXYGEN CONSUMED RESULTS

DAY BLANK i SODIUM BENZOATE f MRD-03-768
OF TEST |Rep 1|Rep 2}Rep 3|Mean SD Rep 1|Rep 2|Rep 3|Mean [SD Rep 1|Rep 2|Rep 3{Mean [SD

1 054l 0.42] 002] 0.33] 0.27]|17.66] 17.49] 9.41]14.85] 4.74f| 0.19{ 0.37] 0.00] 0.19] 0.19
2 0.83| 0.62] 0.35| 0.60] 0.24]|51.79] 50.96| 50.96] 51.24] 0.48|f 0.19] 0.37| 0.00{ 0.19] 0.19
3 169 1.46| 0.98| 1.38| 0.36]59.87] 58.81] 56.14] 58.27] 1.92] 16.51] 16.39| 14.47| 15.79 1.14
4 31| 2.92] 2.23| 2.79] 0.50|| 70.35| 68.85] 68.45| 69.22] 1.00] 22.03| 21.57| 19.70] 21.10} 1.23
5 5.54] 6.04| 4.62| 5.73| 1.00| 76.74] 75.57| 75.55] 75.95] 0.68] 23.70] 23.03| 21.20( 22.64] 1.29
6 12501 11.66] 8.62| 10.93] 2.05|| 83.38] 82.84] 82.65] 82.96] 0.38] 27.24| 24.70| 24.47} 25.47] 1.54
7 17.56| 16.24] 13.77] 15.76] 1.79|| 88.19] 85.84] 87.22| 87.08] 1.18]] 30.78| 30.11} 29.24| 30.04] 0.77
8 18.50] 17.10| 15.72] 17.01| 1.24]| 90.63] 87.94] 89.38] 89.32| 1.35[ 33.67| 33.26] 32.15| 33.03| 0.79
9 19.10] 17.93] 16.43] 17.82] 1.34)| 92.36] 89.98 91.38] 91.24] 1.20}[ 35.55| 35.76( 34.09} 35.13| 0.91
10 20.43| 18.78| 17.41| 18.87| 1.51]| 94.61] 91.86| 93.38 93.28] 1.38 38.67] 39.09| 37.09| 38.28} 1.0
11 51.03] 20.24] 18.51] 20.23] 1.71|| 95.61] 92.48] 94.05| 94.05] 1.57|| 43.25| 44.44| 42.57| 43.42| 0.9
12 55101 20.68| 19.01] 20.60| 1.55|| 96.11] 92.90| 94.55] 94.52] 1.61)[49.83| 50.54} 50.15| 50.17} 0.36
13 52.06| 20.89| 19.14] 20.76] 1.56|| 96.63| 93.53| 95.05] 95.07| 1.55) 57.98| 57.83| 54.42| 56.74| 2.01
14 55 56| 21.12| 19.14] 20.84] 1.58)| 97.13] 93.94] 95.38] 95.48| 1.60[] 59.85| 59.04} 54.92| 57.94| 2.64
15 52.26| 21.12| 19.14] 20.84] 1.58)| 97.88| 94.36] 95.88| 96.04| 1.77}) 60.89| 59.98| 55.17} 58.68| 3.07
16 52.56| 21.12| 19.14] 20.84] 1.58|| 98.13] 94.55| 96.04] 96.24| 1.80 61.73] 60.54| 55.17] 59.15| 3.49
17 55.56| 21.12| 19.14] 20.84| 1.58|| 98.38] 94.75| 96.21]| 96.45] 1.83( 62.56| 61.12| 55.17| 59.62| 3.92
18 22.26| 21.12| 19.14] 20.84| 1.58)|98.65] 94.94] 96.38] 96.66] 1.87| 63.39] 61.54| 55.17| 60.03| 4.31
19 55 56| 21.12| 19.14] 20.84| 1.58| 98.90] 95.15] 96.54| 96.86] 1.90/{ 64.02| 62.14] 55.17| 60.44| 4.66
20 52.96] 21.12| 19.14] 20.84| 1.58) 96.90] 95.15] 96.54] 96.86] 1.90|| 65.47) 63.35| 55.17) 61.33] 5.44
21 25 26| 21.12| 19.14] 20.84| 1.58|[98.90| 95.15| 96.54| 96.86 1.90|| 66.10| 63.77] 55.17} 61.68| 5.76
22 22.26| 21.12| 19.14] 20.84] 1.58|| 98.90] 95.15] 96.54] 96.86] 1.90}| 66.72 64.39| 55.17] 62.09| 6.1
23 52 56| 21.12| 19.14] 20.84| 1.58|| 98.90| 95.15| 96.54| 96.86] 1.90| 67.35| 65.02| 55.17| 62.51} 6.47
24 52.56| 21.12| 19.14] 20.84] 1.58|| 98.90] 95.15] 96.54 96.86] 1.90] 67.56] 65.22| 55.17| 62.65| 6.58
25 55.56| 21.12| 19.14| 20.84] 1.58|| 98.90] 95.15] 96.54| 96.86| 1.90] 68.39| 66.06| 55.17| 63.21] 7.06
26 52.26| 21.12| 19.14] 20.84] 1.58]| 98.90] 95.15] 96.54] 96.86] 1.90| 69.22| 66.68| 55.17] 63.69) 7.49
27 55.96] 21.12| 19.14] 20.84] 1.58) 98.90| 95.15| 96.54| 96.86] 1.90f 70.26| 67.72| 55.17| 64.38| 8.08
28 52.26] 21.12| 10.14] 20.84] 1.58]| 98.90] 95.15| 96.54 96.86] 1.90] 70.89] 68.35] 55.17] 64.80| 8.44
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768 :

FIGURE 1
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

FIGURE 2
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX A - TEST SUBSTANCE CHARACTERIZATION

The test substance was initially characterized on August 19 and 21, 2003. Analyses
included Ultraviolet-Visible (UV-VIS) spectroscopy and Fourier Transform Infrared (FT-
IR) spectroscopy, density and GC-MS analysis. Stability of the neat test substance was
confirmed by repeating these same analyses on February 5, 2004 after the completion of
this study.

UV-VIS spectra are presented in Figures A-1 and A-2 representing, the initial and final
spectrum at concentrations of 10 and 12 ppm, respectively. UV-VIS spectra were
acquired on a Hewlett-Packard 8453 diode array UV-VIS spectrophotometer using a 1 cm
quartz cell, a scan time of 0.5 seconds, and resolution of 2 nm.

FT-IR spectra of the neat test substance are presented in Figures A-3 and A-4
representing the initial and final spectra. FT-IR spectra were acquired on a Thermo
Nicolet Avatar 360 FT-IR spectrometer with a KBr plate. The spectra were obtained with
the following settings: resolution of 4 cm™, gain of 1, and scan number of 32.

The test substance was also characterized by GC-MS using a Varian Saturn 2000 GC-MS
system with a Varian 3800 gas chromatograph. For comparison of relative retention
times to a series of known hydrocarbons under the analytical conditions employed, Heavy
Pyrolysis Fuel Oil was analyzed against an ASTM D2887 calibration mixture. F igures A-
5 and A-6 represent the initial and final GC-MS total ion chromatograms, respectively.
The test substance eluted as a complex mixture with numerous chromatographic
components detected between retention times 13 and 26 minutes. This corresponds to
bracketing by the standard hydrocarbons n-decane and n-octadecane under the analytical
conditions employed. The single most abundant component eluted at approximately 16.3
minutes.

The test substance initial and final density was measured at 20°C using an Anton Paar
DMA 4500 Density/Specific gravity/Concentration meter. The initial density was
measured as 1.068 g/mL and the final density was 1.069 g/mL. The test substance was
observed to be a liquid under ambient laboratory conditions and immiscible in water,
methanol and hexane. All test substance solutions were prepared with methylene chloride
as the solvent.

Comparison of the initial and final analyses appeared to be substantially similar
indicating the neat test substance was stable over the duration of the study period.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX A - TEST SUBSTANCE CHARACTERIZATION (CONT'D)

UV-VIS SPECTRA
Figure A-1
Initial
Initial Characterization Heavy Pyrolysis Fuel Oil 10 ppm solution in methylene chloride
Analysis Date: 19 August 03
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768 -

APPENDIX A - TEST SUBSTANCE CHARACTERIZATION (CONT'D)

FT-IR SPECTRA
Figure A-3
Initial
Initial Characterization Heavy Pyrolysis Fuel Oil Analysis Date: 19 Aug 03
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL

STUDY # 176894A, MRD-03-768

INITIAL TOTAL ION CHROMATOGRAM

AREA PERCENT REPORT

Figure A-5
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APPENDIX A - TEST SUBSTANCE CHARACTERIZATION (CONT'D)

FINAL TOTAL ION CHROMATOGRAM
Figure A-6
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL

STUDY # 176894A, MRD-03-768

APPENDIX B - SODIUM BENZOATE CERTIFICATE OF AN ALYSIS

Product Name Sodium benzoate

Product Number 10,916-9
Product Brand ALDRICH
CAS Number 532-32-1
Molecular Formula C;Hs;NaO;
 Molecular Weight 144.10

TEST
APPEARANCE

INFRARED SPECTRUM

TITRATION

HIGH PRESSURE LIQUID
CHROMATOGRAPHY
QUALITY CONTROL
ACCEPTANCE DATE

e &
i Yy )
{ OB f/}' s 5
Choepc b
)/ * “?ﬁf-w' =2
,z’i,z J
i

Fonmie T Martin, Supervisor
Cuiality Control

SPECIFICATION
WHITE POWDER OR
CRYSTALS
CONFORMS TO
STRUCTURE AND
STANDARD.

98.5% - 101.5% (WITH
HCLO4)

98.5% (MINIMUM)
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768 :

APPENDIX C - MANOMETRIC RESPIROMETRY TEST PROCEDURE
Inoculum Preparation

Fresh activated sludge was obtained on day -1 of the test. Duplicate 10 mL aliquots
of the activated sludge were filtered through pre weighed Whatman 934-AH filter
pads in a Buchner funnel and vacuum flask set up. The filter pads were placed in an
aluminum pan and dried in an oven for sixty five minutes at 103°C. After cooling
the filters were reweighed and the mean total suspended solids concentration was
determined to be 3.32 g/L. The activated sludge was aerated with carbon dioxide
free air prepared by passing through an Ascarite II scrubber for four hours.” A 500
mL aliquot of the sludge was then homogenized in a blender for two minutes at low
speed. The homogenized sample was allowed to settle for forty minutes, after
which the supernatant was decanted (avoiding carry-over of sludge solids). An
aliquot of the supernatant was used to determine microbial activity. The microbial
activity was determined using an Easicult®-TTC dip slide, Lot No. 123901. The
agar stick was removed from the culturing tube and the agar dipped into the
supernatant aliquot. Excess supernatant was blotted off with a clean paper towel,
and the agar stick was then placed back into the culture tube. The whole unit was
placed into a dark environmental chamber for 48 hours at 20 + 1°C monitored by
Aquatic Toxicology Data Systems (ATDS). Based on comparison of the density of
colonies growing on the agar with the model density chart provided by the supplier,
the microbial activity was determined to be 10° CFU/mL. The remaining decanted
sludge supernatant was used for final preparation of the test medium on day -1 (see
test medium preparation).

Test Medium Preparation

Twenty liters of glass distilled water was collected in a carboy. A quantity of 460
mL of glass distilled water was removed from the carboy to obtain a final volume of
twenty liters after addition of the mineral salt solutions and activated sludge
supernatant. The following quantities of mineral salt solutions and inoculum were
added to the carboy:

1 mL of magnesium sulfate solution per liter of glass distilled water
1 mL of calcium chloride solution per liter of glass distilled water

10 mL of phosphate buffer solution per liter of glass distilled water

1 mL of ferric chloride solution per liter of glass distilled water

10 mL of activated sludge supernatant per liter of glass distilled water

The test medium was aerated with carbon dioxide free air for approximately 24 hours
before use.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX C - MANOMETRIC RESPIROMETRY TEST PROCEDURE
(CONT'D)

Preparation of the Test Systems

Test systems were prepared as follows:

Blank Rep 1 : 1.0
Rep 2 | 1.0
Rep 3 1.0
Sodium Rep 1 --- 5.0 1.0
Benzoate Rep 2 —- 5.0 1.0
Rep 3 — 5.0 , 1.0
MRD-03-768 Rep 1 49.7 — 1.0
Rep 2 50.0 - 1.0
Rep 3 50.4 —— 1.0

The test substance test systems were dosed by weighing onto a glass fiber filter which was
added into a test flask containing one liter of test medium. Each test system was sealed
immediately after addition of the test substance to minimize loss due to volatilization. The
sodium benzoate systems were dosed by adding 5.0 mL of 10237 mg/L stock solution to the
respective test systems. After assembly of the test systems, stirring was initiated, the
equipment was checked to ensure no leaks were present, and the oxygen uptake
‘measurements were begun. No further attention was required other than printing the
respirometer data and making daily checks during normal working hours to see that the
correct temperature (22 + 1°C) and adequate stirring were maintained. At the end of 28
days, the pH of the contents in each flask was measured using a Hanna ® pH checker.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX D - CALCULATIONS

Theoretical Oxygen Demand (ThOD)

The empirical formula and the theoretical oxygen demand (ThOD) of the test substance
were calculated from elemental analysis data (assuming 100 gram test substance). Sodium
benzoate ThOD was calculated using the empirical formula and was determined to be 1.67
mg Op/mg sodium benzoate. The ThOD calculation of the test and positive control
substance was based on Annex IV of OECD 301F° guideline.

Elemental Analysis performed by QT!
The test substance %N value will not be included in ThOD because it is less than 0.05% and will not affect the final ThOD value

MOLE = % ELEMENT (IN GRAMS)/ATOMIC WT OF ELEMENT)
AT. WT OF C = 12.011 G/MOLE
AT. WT OF H = 1.0079 G/MOLE
AT. WT OF O = 15.999 G/MOLE

MOL. WT. = (MOLE OF CARBON x AT. WT.)+(MOLE OF HYDROGEN x AT. WT.)+(MOLE OF OXYGEN x AT. WT.)

ThOD =16 x ((2xmole C) + (0.5 x mole H) - (mole 0 )) = mg O2/mg test substance
Molecular weight

Sodium Benzoate Concentration

The sodium benzoate stock solution concentration was determined to be 10237 mg sodium
benzoate/L by dividing the solution total organic carbon (TOC) content (5938 mg carbon
/L) by the percent carbon of sodium benzoate (58%). A 5 mL aliquot of the solution added
to each test system contained 51.2 mg of sodium benzoate. The pH of the stock solution
was 7.23. '
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX D - CALCULATIONS (CONT'D)

Percent biodegradation values were calculated by the respirometer software. The following
parameters for each system were entered into the software: the ThOD, and the mass of
positive control or test substance added. The software incorporates the hourly logged
oxygen uptake value along with the entered parameters into the following calculations to
derive the percent biodegradation.

1
ThOD x mg test substance in vessel

Constant = 100

9% Percent Biodegradation = (mg O, uptake by test substance - _)?mg O; uptake by blank) x constant

The mg of oxygen consumed by the blank represents the average oxygen consumption for
the triplicate test systems.

Page 30 of 47




READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX E - PROTOCOL

- PROTOCOL -
OLF-105.0-HPV10-EMBSI
Study Title: READY BIODEGRADABILITY: OECD 301F
Manometric Respirometry Test on Heavy Pyrolysis Fuel Ol
EMBSI Study Number: 176894A
Test Substance: MRD-03-768
Date: August 12, 2003
Room Number: LG361
Proposed Key Dates:
Experimental Start.... - PR N5 i <
Experimental Termination.... ... veevmveine wievrereses corvensrons soverores 24 Sep 03
Draft Report Completion....... e conrrvrres ceveeneeens coneommsens arveveesas 290ct 03
Final Report Completion ..... w.occeceee. woevvvcees veveins veeeers v, 28 Jan 04
Approved By:

obil Biomedical Sciences, Inc.
1545 Route 22 East, P.O. Box 971
Annandale, New Jersey 08801-0971

y 4
E. J Moran, PhIoZ" Dafe

Sponsor Representative

SAFETY FIRST
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX E - PROTOCOL (CONT'D)

READY BIODEGRADABILITY: MANOMETRIC RESPIROMETRY TEST ON HEAYY PYROLYSIS FUEL OIL
MRDO3768, STUDY NUNBER 17684

INTRODUCTION
CObjective

This study will be conducted for the Sponsor in order to evaluate the potential of the
test substance to biodegrade in an aerobic, agueous environment for wse in
environmental hazard assessment.

Sponsor

Arerican Chemistry Council
1300 Wilson Boulevard
Arlington, VA 22209

Testing Facilities

ExxonMobil Biomedical Sciences Inc.{ EMBSD
Laboratory Operations

1545 Route 22 East, P.O. Box 971

Annandale, New Jersey 08801-0971

Quantitative Technologies Inc. (QTD(Elemental Analysis Only)
P.O. Box 470 :

Salem Industrial Park, Bldg 5

Whitehouse, New Jersey 08888

Compliance

This study will be performed in general agreement with the test method described inthe
reference section of the protocol (Reference 1) with the exception of the inoculum
preparation which will be performed in general agreement with the inoculum
preparation section of Reference 2. Additional exceptions are listed on page 9.

The study will be conducted in compliance with the OECD and USEPA Good
Laboratory Practice (GLP) standards (References 3 and 4).

Justification for Selection of Test System

Selection of the acrobic aquatic biodegradation test is based upon the OECD Guideline
(Reference 1). The test method determines biodegradability by measuring oxygen
consumption in a test system consisting of an activated sludge supernatant, test
substance and a nutrient source. Further, activated sludge has historically been used to
evaluate the persistence of chemicals in the environment.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX E - PROTOCOL (CONT'D)

READY BIODEGRADABILITY: MANOMETRIC RESPIROMETRY TEST ON HEAVY PYROLYSIS FUEL OIL
MRD3.763, STUDY NUMBER 1765344

INTRODUCTION (CONT’D)

Justification of Dosing Route

The test substance could possibly be found in agueous sofution in a wastewsater
treatment facility,

Page 3 of 15
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX E - PROTOCOL (CONT'D)

READY BIODEGRADABILITY: MANOMEYRIC RESFIROMETRY TEST ON HEAVY PYROLYSIS FUEL OT.
MRI-E37768, STUDY NUMBER 1768344

MATERIALS AND METHODS
Test Substance Identification

EMBSIcode Sponsor’s Identification

MRD-03-768 Industry Stream Name: Heavy Pyrolysis Fuel Ol
CAS Number CAS Inventory Name
68513-69-9 Residues, petroleum, steam-cracked Light
64741-62-4 Clarified oils, petrolenm, catalytic cracked
69013-214 Fuel oil, pyrolysis
8002-05-9 Petroleum

Storage Conditions: The neat test substance will be stored at room temperature.

Characterization of Test Substance

The peat test substance will be characterized and the stability determined by the testing
facility as described in SOP A.3.4.10 using the following analysis: UltraViolet/Visible
and Infrared Spectrophotometry, Gas Chromatography with Mass Selective Detection
and Density. The test substance will be used in a number of studies at the testing facility.
Characterization of the test substance will be performed at the testing facility prior t jts
ase in the first of these studies. Stability assessment will span the duration of all studies.
Documentation of characterization and stability assessment will be maintained at the
testing facility and the results appended to the final report.

An aliquot of the test substance will be sent to Quantitative Technologies Inc. (QTI) for
clemental analysis, specifically carbon, hydrogen, nitrogen and oxygen. The Carbon,
Hydrogen, Nitrogen, and Oxygen will be determined using a Perkin-Elmer 2400 CHN
Elemental Analyzer equipped with an oxygen accessory kit. For CHN the analyzer will
use combustion to convert the sample elements to simple gases. Upon enteting the
analyzer, the sample will be combusted in a pure oxygen environment. The product
gases will be separated under steady state conditions, and measured as a function of
thermal conductivity. For oxygen, pyrolysis will be used to convert the oxygen to carbon
monoxide which will be separated from the other pyrolozates under steady state
conditions and measured as a function of thermal condactivity. This laboratory is not a
GLP compliant facility and therefore may not have performed the analysis in a GLP
compliant manner. However, a standard {Canocla Oil) will be employed to monitor the
quality of the data. If values are outside of the standard limits, the analysis will be

repeated. '

The methods of synthesis, fabrication, and/or derivation of the test substance bas been
provided by the sponsor and is maintained at the testing facility. The test substance, as
received, will be considered the “pure” substance.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768 :

APPENDIX E - PROTOCOL (CONT'D)

READY BIODEGRADABILITY: MANOMETRIC RESPIROMETRY TEST ON HEAYY PYROLYSIS FUEL OIL
MRD-03-768, STUDY NUMBER 1768944,

MATERIALS AND METHODS (CONT’D)

Positive Control Substance

Substance Identification: Sodium Benzoate
Manufacturer - Aldrich Chemical Company

Lot #09519HA

Storage Conditions: Neat substance will be stored at room temperature.

Documents which detail the stability, identity, solubility, strength, purity and
composition or other characteristics which appropriately identify the positive control
substance were provided by the manufacturer. The document is a cerificate of anatysis.
Copies of the document will be included in the raw data and final report. ‘

Carrier
Glass distilled water will be used as the carrier. The glass distilled water is prepared
from UV sterilized deionized well water that is treated and distributed throughout the
testing facility via PVC and stainless steel pipes. The feed water for the deionized water
. system is analyzed by Accutest®, 2235 Route 130, Dayton, New Jersey 08810. Results
of the water analyses are maintained at the testing facility. There are no known
contaminants in the water believed to be present at levels that may interfere with this

study. Contaminant analysis of the water is not performed in a GLP compliant manner.
This is not believed to have an adverse affect on the study results.

Inoculum

The inoculum will be fresh activated sludge obtained from the Clinton Sanitary
Wastewater Treatment Plant, Annandale, New Jersey. This source has been selected
since the treatment facility deals predominantly with domestic sewage: as specified in
the guideline. There are no known contaminants in the fresh activated sludge believed
to be present at levels that may interfere with this study. Fresh activated sludge will be
obtained on day -1 of the Manometric Respirometry Test. The total suspended solids
(TSS) concentration of the studge will be confirmed and adjusted, if necessary, prior to
use (3-5 g/L). A 10 mL aliquot of the mixed sludge will be filtered through a pre-
weighed Whatman 934-AH filter pad in a Buchner filter and vacuum flask set up. The
filter pad will be placed in an aluminum pan and dried in an oven set at 105°C + 5°C
for at least one hour. After cooling, the filter will be reweighed and the TSS
determined. This procedure will be performed in duplicate and the average value will

be reported.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX E - PROTOCOL (CONT'D)

READY BIODEGRADABILILY: MANOMETRIC RESPIROMETRY TEST ON HEAVY PYROLYSIS FUEL O%
MRD-03.763, STUDY NUMBER 1768944,

MATERIALS AND METHODS (CONT'D)

Inoculum (cont’d)

The sludge will be aerated for 4 hours with carbon dioxide free air prepared by passing
through an Ascarite II scrubber. An aliquot of 500 mL. of the mixed lignor will be
homogenized for 2 minutes in a blender at Jow speed. The homogenized sample will be
allowsd to settle for at least 30 minutes, after which the supernatant will be decanted
{avoiding carry-over of siudge solids). Settling time will be dictated by the clarity of
the supernatant. An aliquot of the supernatant will be used for final preparation of the
test medium (see test medium preparation). An aliquot of the remaining supernatant
will be used to determine microbial activity with an Easicult®-TTC dip slide. This will
be accomplished by removing the agar stick from the culturing tube, and dipping the
agar into the supernatant aliquot. Excess supernatant will be blotted off with a clean
paper towel, and the agar stick will then be placed back into the culture tube. The
whole unit will be placed into a dark Environmental Chamber for 48 hours at 20 + 1°C.
After 48 houts, the whole unit will be observed, and the density of the colonies growing
on the medinm will be compared to the model density chart provided by the supplier.

Solutions
Mineral Salt Solutions: Phosphate buffer pH 7.2
Ferric chloride (0.025%)
Magnesium sulfate (2.25%)
Calcium chloride (2.75%)

The manufactarer and lot number for each solution will be recorded in both the raw
data and the report. There are no known contaminants in the solutions believed to be
present at levels that may interfere with this study. All solutions will be refrigerated

when not in use.

Test Medium

The test medivm will be prepared at least one day before the test begins. One or two
carboys (glass or nalgene) will each be filled with sufficient volume of glass distilled
water depending on the volume required for the number of test systems being prepared.
The following additions of mineral salts will be made to each carboy:

1 mL of magnesium sulfate solution per liter of glass distifled water
1 mL of calcium chioride solution per liter of glass distilled water

10 mL of phosphate buffer solution per liter of glass distilied water
1 mL of ferric chioride solution per liter of glass distilled water
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894 A, MRD-03-768

APPENDIX E - PROTOCOL (CONT'D)

READY BIODEGRADABILITY: MANCMETRIC RESPEROMETRY TEST ON HEAVY FYROLYSIS FUEL OIL
MRD-93.768, STUDY NUMBER 1768944

MATERIALS AND METHODS (CONT'D)

Test Medium {cont’d)

Final preparation of the test medium is achieved on day -1 by adding 10 mL of the
activated sludge supernatant (see preparation as described in the inoculum section) per

liter of glass distilled water to each carboy.

_Sodium Benzoate Stock Solution: A stock solution of sodium be: ‘will be prepared
in glass distilled water. The stock solution will be refrigerated when not in use. Stock
- solution concentration will be confirmed by Total Organic Carbon (TOC) analysis as

per SOP G.2.8.28. The pH of the stock will be measured, and adjusted to 7.42 0.2 if

NECcessary.
Test System

The test system will be considered as any combination of the following in a test
container:

Test Substance

Positive Control Substance

Mineral Salt Solutions

Activated Sludge Supernatant

Glass Distilled Water

All test containers used in this study will be uniquely identified as to appropriate
composition, i.e., Blank - 1, 2, 3; Test Substance - 1, 2, 3; stc. More than one test
substance may be tested concurrently using the same set of blanks and positive control
substance test systems. All glassware will be washed with Chemsolve® glassware
cleaner, then rinsed with glass distilled H,O to remove any residual organic carbon
prior to use. The glassware will be inspected for cleanliness before use. The
manometric cells will be rinsed with two portions of acetone, then filled with soapy
water and allowed to stand for a few hours. The cells will then be rinsed with glass
distilled water and rinsed one more time with acetone then finally air dried.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX E - PROTOCOL (CONT'D)

READPY BIODEGRADABILITY: MANOMETRIC RESPIROMETRY TEST ON HEAVY PYROLYSIS FUEL OIL
MRD-03.768, STUDY NUMBER 1763%4A.

EXPERIMENTAL PROCEDURE

Procedure Summary

The test procedure evaluates the ready biodegradability of a test substance by
microorganisms in water, The consamption of oxygen is determined by measuting the
quantity of oxygen (produced electrolytically) required to maintain constant gas volume
in the respirometer flask, or from the change in volume or pressure (or a combination of
the two) in the apparatus. Evolved carbon dioxide is absorbed in a solution of
potassium hydroxide or another suitable absorbent. The amount of oxygen taken up by
the microbial population during biodegradation of the test substance (corrected for
uptake by blank inoculum, run in parallel) is expressed as a percentage of theoretical
oxygen demand (ThOD). ThOD will be calculated based on the chemical structure
supplied by the sponsor or ¢lemental analysis, performed by QT and using the
equation found in Reference 1. This test is performed in general agreement with the
guideline from Reference 1 with the following clarifications/exceptions:

Clarification

1. The apparatus is an electrolytic respirometer, manufactured by Co-ordinated
Environmental Service, Ltd. (Kent, England). The system is based on a proven
oxygen generating process coupled to a sensitive manometric cell. The sample is
placed in a sample flask, which is then sealed by a manometric cel/CO, trap and
immersed in a temperature stabilized water bath. For the duration of the
experiment, the sample is stired by a magnetically coupled stirrer. As the
biodegradation process progresses, the microorganisms convert Op to CO,. The
€O, is absorbed by the alkali CO, trap and causes a net reduction in gas pressure
within the sample flask. This pressure reduction is detected by the manometric ceil
and triggers the electrolytic process. This generates oxygen and restores the
pressure in the sample flask. The magnitade of the electrolyzing current and the
duration of the current is proportional to the amount of oxygen supplied 1o the

microorganisms.

9. The test and positive control substance will be tested at concentrations of
approximately 50 mg/L. Sodium Benzoate will be administered to the respective test
systems as an aliguot of an aqueous stock solution. The test substance will be
administered by direct addition in a manner that will minimize Joss due to
volatilization. An aqueous stock solution will not be prepared for the test substance
because of the low water solubility. Also no concentration verification will be

performed since the test substance is poorly soluble in water.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX E - PROTOCOL (CONT'D)

READY BIODEGRADABILITY: MANOMETRIC RESPIROMETRY TEST ON HEAVY PYROLYSIS FUEL OIL
MRD-03.768, STUDY NUMBER 1768944

EXPERIMENTAL PROCEDURE (CONT’D)

3. The blank, positive control and test substance test systems will be tested in
triplicate.

‘4. Preparing the test medium containing the microotganisms on a large volume basis
will miningze bias. In addition the test mediam will be aerated for 24 hours to
improve homogeneity and ensure random distribution of test organisms to al test
systems. The pH of the test medium will be determined and adjusted if it falis

outside the range of 7.4 + 0.2, The initial pH of individual systems will not be
determined due to the poor solubility of the test substance in water.

5. Dissolved organic catbon (DOC) analysis will not be performed due to the poor
solubility of the test substance.

6. The test duration (normally 28 days) may be shortened or extended based on the
biodegradation curve.

Exceptions
1. No abiotic sterile or toxicity control systems will be tested.

2. Test medium will be prepared on a large volume basis, aerated and aliquoted into
each test container, instead of preparation in the individual test systems.

3. The commercial phosphate buffer, used in preparation of the test medium, has a pH
value of 7.2 rather than 7.4. The phosphate buffer, purchased from VWR, has been
approved by the American Public Health Association (APHA) for use in the
Biological Oxygen Demand (BOD) analysis. The BOD buffer has the same
composition as the buffer stated in references 1 and 2. ,

4. The inoculum will be mixed for 2 minutes in a blender at low speed, instead of
medium speed.
Preparation of the Test Systems

The test systems will be assembled in accordance with manufacturer’s directions and
Iabeled as shown below. Test systems will be prepared as indicated in the table below
on day 0. The test substance will be weighed, added to the test flask and diluted with
test medium in a manner that will minimize loss due to volatilization.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
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APPENDIX E - PROTOCOL (CONT'D)

READY BIODEGRADABILITY: MANOMETRIC RESFIROMETRY TEST ONHEA VY PYROLYSIS FUEL OIL
MRDS3-768, STUDY NUMBER 176584 :

EXPERIMENTAL PROCEDURE (CONT’D)

Test System Test Substance Test
Aerobic Respirometer Concentration Medium
Blank - 1,2, 3 None | Add 1Titer of test medium

Sodium Benzoate - 1,2,3 | =50 mg via stock solution Add 1 liter of test medium
= 50 myg of test substance Add 1 liter of test medium

Test Substance -1, 2, 3

After addition of test medium and test or positive controi substance, the equipment will
be assembled. Stirring will be initiated, the equipment will be checked to ensure no
leaks are present, and oxygen uptake measurements will begin. No forther attention is
required other than printing the respirometer data and ensuring that adeguate stirring is
maintained during normal working hours. The water bath temperature of 22 x 1°C will
be monitorest by the Aquatic Toxicology Data System (ATDS) but manual temperature
measurements may also be recorded. At the end of incubation, normally 28 days, the
pH of the contents of the flasks will be measured.

CalGiilations

Percent biodegradation values are calculated by the respirometer software, using the
THOD, and the mass of test substance added. The ThOD will be calculated as specified
in Annex IV of OECD 301 F guideline (Reference 1). The software incorporates the
bourly logged oxygen uptake value along with the entered parametexs into the

following calculations to derive the percent bicdegradation.

i
ThOD x mg test substance in vessel

Constant = 100

Percent Biodegradation (%) = (mg O, uptake by test substance - mean mg O, uprake by blank} x constant

The mg of oxygen consumed by the blank represents the average oxygen consumption
for the triplicate blank systems. The mean and standard deviation of the percent
biodegradation for each test substance will be calculated in Microsoft® Excel 97. Due
to the calculation process of Microsoft® Excel 97 some rounding differences may be

noted.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768 ;

APPENDIX E - PROTOCOL (CONT'D)

READY BIODEGRADANILITY: MANOMETRIC RESPIROMETRY TEST ON HEAYY PYROL VSIS FUEL OIL
MRD403-768, STUDY NUMBER 1768544

EXPERIMENTAL PROCEDURE (CONT’D)

Validity of Results

The test shall be considered valid if the difference of extremes of replicate values
reported for the biodegradation of the test substance is less than 20% by day 28 and if
the reference substance reaches the pass level of 60% of the theoretical oxygen demand
by day 14. If either of these conditions is not met, the test should be repeated.

The oxygen uptake of the inoculum blank is normally 20-30 mg O./L and should not be
greater than 60 mg/L in 28 days. Values higher than 60 mg/L require critical
examination of the data and experimental technique. If the pH value is outside the
range of 6-8.5 and the oxygen consumption by the test substance is less than 60%, the
test should be repeated with a lower concentration of the test substance.

Classification of Ready Biodegradability

A test substance shall be classified as readily biodegradable if the percent
biodegradation reaches 60% within 28 days and the 60% degradation has been attained
within 10 days of exceeding 10% biodsgradation,
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX E - PROTOCOL (CONT'D)

READY BIODEGRADABILITY: MANOMETRIC RESPIROMETRY TEST ON HEAVY PYROLYSIS FUEL O1L
MRD-03-768, STUDY NUMBER 176804A

REPORTS
After termination of the study, a final report, which includes the following information, will be
submitted:

1. Signature of the study director, laboratory director and date.
2. Name of the study director and laboratory director.

3. Statements of results as mean percent of biodegradation for the test and positive
control substance.

4. Name and address of the testing facility and sponsor.

5. Identification of the test substance.

6. Positive control substance identification, ot number and manufacturer name.

7. The location of storage for neat test substance, raw data, and the final report.

8 Description of reagents and solutions.

9. Key study dates.

10. Inoculum information including location of source, bandling, method of
biomass determination, total suspended solids (TSS), and microbial
concentration { CFU/mlL).

11.  Objectives and procedures stated in the approved protocol including any
changes in the original protocol. A copy of the protocol and protocol
ammendments.

12.  Circumstances, if any, which may have affected the quality or integrity of the
data, '

13,  Description of methods nsed, inchuding test system description.
4. Amount of each test substance used and method of addition.
15.  Incubation temperature range.

16.  Description of calculations, summary and analysis of the data, and a graph of
the percent biodegradation of each test substance versus time.

17. Q. A. and Compliance Statements.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX E - PROTOCOL (CONT'D)

READY BIODEGRADABILITY: MANOMETRIC RESPIROMETRY TEST ON HEAVY PYROLYSIS FUEL OFL
MRDDII68, STUPY NUMBER 17689%4A

QUALITY ASSURANCE

The Quality Assurance Unit of ExxonMobil Biomedical Sciences, Inc. will audit the protocol,
condnct study hased phase inspection(s) and audit the draft final report (before sponsor review)
to assure that they are in conformance with the appropriate guidelines, company standard
operating procedures (SOPs), and Good Laboratory Practice regulations.

RECORDS

All appropriate materials, methods and experimental measurements required in this protocol
will be recorded and documented in the raw data. Any changes, additions or revisions of thig
protocal must be approved by the Study Director and the Sponsor Representative. These
changes will be documented in writing, including the date, the justification for the change
and the signatures of the Study Director and Sponsor Representative.

The protocol, final report, raw data or computer-generated listings of raw data, supporting
study documentation and a non-stady specific sample of the neat test substance will be

maintained in the archives of the testing facility for 10 years, after which time the records
will be offered to the sponsor prior to disposal. »
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX E - PROTOCOL (CONT'D)

KEADY BIODEGRADABILITY: MANOMETRIC RESPIROMETRY TEST ON HEAVY PYROLYSIS FUEL OIL
MRD-03-765, STUDY NUMBER 1768844

REFERENCES

1. Organization for Economic Cooperation and Development (OECD), Guidelines for the
Testing of Chemicals, Ready Biodegradability, 301F Manometric Respirometry Test
(1992).

2. American Society for Testing and Materials (ASTM) D5864 Standard Test Method for
Determining the Aerobic Aquatic Biodegradation of Lubricants and their Components
(1995)

3. Organization for Economic Cooperation and Development, Principles of Good
Laboratory Practice, C(97) 186/Final, 1997,

4. United States Environmental Protection Agency (USEPA) Toxic Substances Control
Act {TSCA), Good Laboratory Practice Standards, 40 CFR Part 792, 1989.
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READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HEAVY PYROLYSIS FUEL OIL
STUDY # 176894A, MRD-03-768

APPENDIX E - PROTOCOL (CON T'D)

READY BIODEGRADABILITY: MANOMETRIC RESPIROMETRY TEST ON HEAVY PYROLYSIS FUEL OF
MRD43-768, STUDY NUMBER 1768944 :

PERSONNEL

Study Director I L. Givens
Sponsor Representative . E. Moran
Primary Sudy Technician..........cccomnne.n. . B. A. Kelley
Section Head, Laboratory Operations.....cu o oeeovonesrssoss s - R. L. Rucker
Analytical Chemistry . . . D. J. Letinski
Compound Prep Staff
QA ... .. Staff
Contract AAMINISIFAON ....vuuivemsicmsecensssssesrassmssssssssnscessssosssssesersserssesssoses «.B. J. Foster
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Robust Summary
Biodegradation

Test Substance:

Industry Stream Name : Heavy Pyrolysis Fuel Oil

CAS Number CAS Inventory Name

68513-69-9 Residue, petroleum, steam-cracked light
64741-62-4 Clarified oils, petroleum, catalytic cracked
69013-21-4 Fuel oil, pyrolysis

8002-05-9 Petroleum

In ethylene plants cracking liquid feedstocks, the cracking furnace effluent
(after heat recovery) is quenched by inj ection of recycled quench oil. This
step results in the condensation of higher boiling hydrocarbon compounds
that are typically separated from the test of the furnace effluent as the
bottoms of the oil quench tower. Lights are stripped from the excess oils
generated from this quench system, resulting in the stream identified here
as heavy pyrolysis fuel oil.

Method/Guideline: OECD Guideline 301F

Year (guideline): 1992

Type (test type): Ready Biodegradability: Manometric Respirometry Test
GLP (Y/N): Yes

Year (study performed): 2003

Inoculum:

Domestic activated sludge

Exposure Period:

28 Days

Test Conditions:

e Note: Concentration preparation,
vessel type, replication, test
conditions.

Triplicate test systems were used to evaluate the biodegradability of the
test and positive control substances at mean concentrations of 50 mg/L

and 51 mg/L, respectively. Blank test systems, which did not contain the

test or positive control substance, were run concurrently in triplicate.

The total suspended solids (TSS) of the activated sludge was determined to
be 3.32 g/L. The inoculum was added ata 1% loading volume of studge
supernatant to test medium. The microbial count of the inoculum was 10°
CFU/mL. One liter of test medium, which was aerated for 24 hours with
carbon dioxide free air, was added to each one liter respirometer flask. The
test substance was administered by direct addition on glass fiber filters into
the test medium. The test system was sealed immediately after addition of
the test substance. An aliquot of the positive control stock solution was
added to the appropriate test flasks.
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®

Test Conditions (cont'd):

Note: Concentration preparation,
vessel type, replication, test conditions.

An unacclimated activated sludge inoculum was used in this study. The
inoculum was obtained from the Clinton Sanitary Wastewater Treatment
Plant, Annandale, NJ, USA. The treatment plant receives domestic sewage.

All test systems were placed on a Coordinated Environmental Services
(CES) automated respirometer which automatically recorded the oxygen
uptake in general agreement with the OECD guideline. The 28-day study
was conducted at a temperature range of 22 + 1°C °C,

Results:
Units/Value:

Note: Deviations from protocol or
guideline analytical method.

Biodegradation was based on oxygen consumption and the theoretical
oxygen demand of the test substance as calculated using results of an
elemental analysis of the test substance.

By day 14, >60% biodegradation of positive control was observed,
which meets the guideline requirement. No deviations from the protocol
occurred that affected the integrity of the study data.

The test substance biodegraded to 29% and cannot be considered readily
biodegradable.

% Degradation* Mean % Degradation
Sample (day 28) (day 28)
Test Substance 33,31,22 i 29
Na Benzoate 91,87, 89 89

* replicate data

Conclusion: Not readily biodegradable
Reliability: (1)-Reliable without restriction.
Reference: ExxonMobil Biomedical Sciences, Inc. 2003. Ready Biodegradability:

Manometric Respirometry test. Study # 176894A

Other (source): (FT - SO)

Olefins Panel, American Chemistry Council
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