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GLP COMPLIANCE STATEMENT 
 
I hereby accept responsibility for the validity of these data and declare that to the best of my knowledge 
the study contained herein was performed under my supervision in compliance with the OECD1 and 
USEPA2 Good Laboratory Practice (GLP) standards with exceptions noted below. 
 
The test substance elemental analysis may not have been performed in a GLP compliant manner, since 
Quantitative Technologies Inc. (QTI) is not a GLP compliant facility.  However, a standard, 
(Acetanilide), was employed to monitor the quality of the data. The values were within the standard 
limits.  QTI is a FDA and DEA-registered contract Analytical Research & Development Laboratory, 
operating in accordance with cGMP regulations. 
 
Contaminant analysis of the water was not performed in a GLP compliant manner.  Accutest® laboratory 
is accredited by the National Environmental Laboratory Accreditation Conference (NELAC).  The 
analyses are performed using standard US EPA methods. 
 
Both QTI and Accutest® have been audited by ExxonMobil Biomedical Sciences, Inc. using the 
ExxonMobil Quality Practices and Guidelines (QP & G v. 5.1).   
 
It is unknown if the positive control substance (sodium benzoate) identity and stability analysis was 
performed in a GLP compliant manner.  The substance is supplied by Sigma Aldrich, an internationally 
recognized chemical supply company. 
 
None of the above exceptions are believed to have an adverse effect on the study results. 
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 QUALITY ASSURANCE STATEMENT  
             
 
STUDY NUMBER: 0545979 
 
TEST SUBSTANCE: MRD-05-459  
 
STUDY SPONSOR: American Petroleum Institute 
             
 
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  Study Director  Management  
 
Protocol   10,11 Oct 05  11 Oct 05  13 Oct 05 
 
Protocol Revision 1  13 Dec 05  13 Dec 05  15,16 Dec 05 
 
Term pH   19 Jan 06  20 Jan 06  23,24 Jan 06 
 
Final Report   07,09,16 Mar 06, 22 Mar 06  20 Jun 06 
    17,22 Mar 06 
 
Second Review of  13,15 Jun 06  15 Jun 06  20 Jun 06 
Final Report 
 
Report Revision 1  22 Jan 08  22 Jan 08  23 Jan 08 
 
The final report accurately reflects the methods, procedures and observations documented in the raw 
data. 
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SUMMARY 
 

The biodegradability potential of the test substance, MRD-05-459 (High Naphthenic, Heavy, 
Straight-Run Naphtha), a positive control substance (sodium benzoate) and a toxicity control 
(combination of test substance and positive control) was studied in aerobic, aqueous test systems.  
This study was performed in general agreement with the procedure outlined in the OECD 301F3 
guideline. Biodegradability of the substance was determined by measuring oxygen consumption in a 
test medium containing trace nutrients and inoculated with activated sludge supernatant. The test 
substance, High Naphthenic, Heavy, Straight-Run Naphtha, was evaluated at a mean concentration of 
49.2 mg/L. The positive control substance, sodium benzoate, was evaluated at a concentration of 50.4 
mg/L.  The toxicity control was evaluated at mean concentration of 98.6 mg/L. 
 

The average percent biodegradation of triplicate test systems of High Naphthenic, Heavy, Straight-
Run Naphtha was determined to be 77% over a 28 day testing period at a temperature range of 22 ± 
2°C.  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. High Naphthenic, Heavy, Straight-Run Naphtha 
exceeded 10% biodegradation on Day 4 and attained 60% biodegradation on Day 12.  Based on test 
results, High Naphthenic, Heavy, Straight-Run Naphtha can be considered readily biodegradable. 
 

The guideline states that a test substance will be considered inhibitory if the toxicity test systems, 
containing both the test and positive control substance, reach less than 25% biodegradation by Day 
14. The toxicity control systems exceeded 25% by Day 2 therefore the test substance cannot be 
considered inhibitory at the test concentration. 
 

The OECD guideline validity requirement states that the difference of extreme values should be less 
than 20% by Day 28, the positive control should exceed 60% of the ThOD by Day 14, and the 
oxygen uptake of the blank on Day 28 should not exceed 60 mg/L.  Sodium benzoate exceeded 60% 
of the ThOD by Day 2 and the mean cumulative oxygen consumed in the blank systems on Day 28 
was 15.51 mg/L. The test substance difference of extremes was 3.8%. Therefore, based on the study 
data and the passing of other validity requirements, this test is considered valid.  
 

The table below summarizes Day 28 percent biodegradation results for the positive control, test 
substance and toxicity control.  
 

Test System Replicate # % Biodegradation Mean (SD) Final pH 

Sodium Benzoate 
1 
2 
3 

93.26 
98.61 
96.43 

96.10 (2.69) 
7.2 
7.2 
7.2 

MRD-05-459 
(High Naphthenic, 
Heavy, Straight-Run 
Naphtha) 

1 
2 
3 

75.20 
78.13 
77.81 

77.05 (1.61) 
6.9 
6.7 
6.7 

Toxicity Control 
1 
2 
3 

88.40 
84.30 
84.54 

85.75 (2.30) 
7. 1 
7.1 
7.1 
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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 Petroleum Institute 
1220 L Street, NW 
Washington, DC 20005-4070 

 
Testing Facility 
 
 ExxonMobil Biomedical Sciences, Inc. 
 Laboratory Operations 
 1545 Route 22 East, P.O.Box 971 
 Annandale, New Jersey 08801-0971 
 
Study Initiation Date 
 
 December 7, 2005 
 
Experimental Start 
 
 December 22, 2005 
 
Experimental Completion 
 
 January 19, 2006 
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INTRODUCTION (CONT'D) 
 
Compliance 
 
 The study was conducted in compliance with OECD1 and USEPA2 Good Laboratory 

Practice (GLP) standards with the exception outlined on pages 9 and 10.  
 
 This study was performed in general agreement with the OECD3 guideline with the 

exceptions listed on page 13. 
 
 
Justification for Selection of Test System 
 
 Selection of the aerobic aquatic biodegradation test is based upon the OECD 301F3 

guideline. This test method is used to determine ready 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 sludge 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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MATERIALS AND METHODS 
 
Test Substance Identification 
 
 EMBSI Identification:   MRD-05-459 
 Sponsor Identification:   High Naphthenic, Heavy, Straight-Run Naphtha* 
 Supplier:    EPL Archives, Inc. 
      Sterling, VA 
 Date Received:    September 30, 2005 
 Expiration Date:   September, 2010 
 Description:    Colorless liquid 
 

 Storage Condition: The neat test substance was stored at room temperature. 
 
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. Characterization of the test 
substance was performed at the testing facility prior to its use and after completion of this 
study. Documentation of characterization and stability assessment is maintained at the 
testing facility (see Appendix C). 

 

 Documentation outlining the methods of synthesis, fabrication, and/or derivation of the test 
substance are maintained by the sponsor. The test substance, as received, was considered the 
"pure" substance. 

 
Elemental Analysis (subcontracted) 
 
 Quantitative Technologies Inc. (QTI) (Elemental Analysis Only) 
 P.O. Box 470 
 Salem Industrial Park, Bldg 5 
 Whitehouse, New Jersey 08888 
 

 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 were 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.  This documentation can be found in the raw data and Appendix D. 

 
* An explanation of the Chemical Abstract Service (CAS) number designation for this test sample is provided in 

Appendix H. 

Revision 1: November 18, 2008 
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MATERIALS AND METHODS (CONT'D) 
 
Sample Retention 

 
A non-study specific 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 Condition: The neat substance was stored at room temperature.  
 
 Characterization:  The documentation of the stability, identity, solubility, purity, strength, 

and composition or other characteristics, which appropriately identify the positive control 
substance, was provided by the manufacturer.  This documentation is identified as the 
Certificate of Analysis sheet and can be found in the raw data and Appendix E. 

 
Carrier 
 

Glass distilled water (gdH2O) 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 have interfered with this study.  
 

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 December 21, 
2005.  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 have interfered with this 
study.  A complete description of the inoculum preparation is provided in Appendix A. 
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MATERIALS AND METHODS (CONT'D) 
 
Solutions 
 
 Mineral salt solutions: 
    Phosphate buffer - pH 7.2 (VWR, Lot# 5129)  
    Ferric chloride - 0.025% (VWR, Lot# 4180)  
    Magnesium sulfate - 2.25% (VWR, Lot# 4131) 
    Calcium chloride - 2.75% (VWR, Lot# 4180) 
 

There were no known contaminants in the solutions believed to be present at levels that may 
have interfered 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 A.  

 
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.I. 
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 B.  The stock solution was refrigerated when not in use. 

  
Test System 
 
 The test system was considered as one or any combination of the following in a flask (specific 

preparation in Appendix A): 
 
  Test or Positive Control Substance 
  Toxicity Control (combination of Test and Positive Control Substance) 
  Test Medium (containing the following): 
    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-05-459 - 1, 2, 3, etc.  All glassware was washed with Chem-Solv® 
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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EXPERIMENTAL PROCEDURE 
 
Procedure Summary 
 
 The test procedure evaluated the ready biodegradability of the test and positive control 

substance and a combination of the two (toxicity control) 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 B.  The test was performed in general agreement with the OECD 301F3 guideline 
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 was placed in a sample flask, which was 
then sealed by a manometric cell/CO2 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 O2 
converting it to CO2 during aerobic respiration.  The CO2 produced was absorbed by a 
solution of 10N NaOH in the CO2 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 are 
proportional to the amount of oxygen supplied to the microorganisms. 



READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HIGH NAPHTHENIC, HEAVY, 
STRAIGHT-RUN NAPHTHA  
STUDY # 0545979, MRD-05-459 
 

Page 13 of 70 

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 toxicity control (a combination of positive control and test 
substance) was tested at a concentration of approximately 99 mg/L.  The test substance was 
injected directly into the test flasks containing test medium with a syringe.  The weight 
difference of the syringe was recorded as the weight of test substance added to the flask.  
Each flask was sealed immediately after addition of the test substance to avoid loss due to 
volatilization. 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 positive control, test substance and toxicity control 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 7.3. 
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. 
 
Exceptions 
 
 1. No 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 the OECD 
301F3. 

 
4. The inoculum was mixed for 2 minutes in a blender at low speed, instead of medium speed.  
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RESULTS AND DISCUSSION 
 
Testing was conducted to assess the biodegradability potential of the test substance, High 
Naphthenic, Heavy, Straight-Run Naphtha, in triplicate test systems at an average concentration of 
49.2 mg/L.  The biodegradation of the positive control substance, sodium benzoate and a toxicity 
control (combination of test substance and positive control) were also measured in triplicate test 
systems at average concentrations of 50.4 mg/L and 98.6 mg/L, respectively. Blank test systems, 
which did not contain the test or positive control substance, were run concurrently in duplicate.  This 
study was conducted at a temperature range of 22 ± 2°C for twenty eight days in general agreement 
with the OECD 301F3 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 Day 28 mean percent biodegradation for High 
Naphthenic, Heavy, Straight-Run Naphtha was determined to be 77.05%.  
 
The guideline states that a test substance will be considered inhibitory if the toxicity test systems, 
containing both the test and positive control substance, reach less than 25% biodegradation by Day 
14. The toxicity control systems exceeded 25% by Day 2; therefore, the test substance cannot be 
considered inhibitory at the test concentration. 
 
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 2 and 2) the average of the cumulative 
oxygen consumed in the blank systems was 15.51 mg/L.  3) test substance difference of extremes 
was 3.8%.  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 105 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 B. The mean percent biodegradation 
and ThOD calculations were written in Microsoft Excel®. 
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CONCLUSION 

 
The mean percent biodegradation of triplicate test systems of High Naphthenic, Heavy, Straight-Run 
Naphtha was determined to be 77% over a 28 day testing period.  The test substance achieved 60% 
biodegradation within the 10 days of exceeding 10% biodegradation; therefore, the test substance 
can be considered readily biodegradable. 
 

PROTOCOL DEVIATIONS 
 

Temperature deviations were noted for the respirometer baths during the study.  Maximum 
deviations of approximately 1°C above the protocol required 22±1°C occurred, for approximately 
two days.  This is not believed to have had an impact on the integrity or results of the study. 
 

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 neat test substance sample 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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TABLE 1  
 

PERCENT BIODEGRADATION RESULTS 
 

Test
Day 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 29.99 32.77 31.60 31.45 1.40 0.34 0.50 0.37 0.40 0.09 11.98 6.00 11.53 9.84 3.33
2 60.90 65.41 61.07 62.46 2.56 0.57 1.11 0.82 0.83 0.27 25.31 25.03 25.58 25.31 0.28
3 73.46 78.19 74.28 75.31 2.53 8.02 9.18 9.42 8.87 0.75 29.43 29.12 29.66 29.40 0.27
4 80.42 84.97 80.57 81.99 2.58 16.10 17.11 16.62 16.61 0.51 35.00 34.31 34.97 34.76 0.39
5 83.98 89.14 84.11 85.74 2.94 21.84 23.04 22.42 22.43 0.60 38.65 38.40 38.64 38.56 0.14
6 86.40 91.50 86.92 88.27 2.81 26.58 28.15 27.38 27.37 0.79 43.23 43.18 43.21 43.21 0.03
7 89.62 94.62 90.66 91.63 2.64 33.36 35.74 34.68 34.59 1.19 47.46 47.55 47.24 47.42 0.16
8 95.31 100.44 98.09 97.95 2.57 43.64 43.75 44.13 43.84 0.26 50.82 50.47 50.44 50.58 0.21

11 102.73 108.58 103.05 104.79 3.29 58.18 61.23 59.03 59.48 1.57 61.26 57.28 61.46 60.00 2.36
12 102.51 108.11 103.08 104.57 3.08 63.12 67.44 65.58 65.38 2.17 64.97 61.19 65.82 63.99 2.46
13 101.80 107.15 102.62 103.86 2.88 67.65 69.86 69.07 68.86 1.12 69.74 64.43 69.02 67.73 2.88
14 101.11 106.19 104.08 103.79 2.55 72.54 71.62 71.32 71.83 0.64 74.36 67.88 74.36 72.20 3.74
15 98.62 103.20 101.87 101.23 2.36 72.98 72.25 71.46 72.23 0.76 76.38 69.06 76.69 74.04 4.32
16 96.74 101.59 100.50 99.61 2.54 73.17 73.31 71.57 72.68 0.97 77.64 70.47 77.71 75.27 4.16
17 95.23 100.33 99.49 98.35 2.73 72.83 73.65 71.57 72.68 1.05 78.75 71.87 78.06 76.23 3.79
18 94.45 100.29 98.96 97.90 3.06 72.73 73.95 71.84 72.84 1.06 80.20 73.37 78.49 77.35 3.55
19 94.11 100.01 97.83 97.32 2.98 72.60 74.30 72.16 73.02 1.13 81.17 74.54 79.06 78.26 3.39
20 94.13 99.48 97.30 96.97 2.69 72.77 74.96 72.94 73.56 1.22 82.16 75.49 79.76 79.14 3.38
21 93.40 98.75 96.57 96.24 2.69 72.76 75.39 73.56 73.90 1.35 82.92 76.06 80.32 79.77 3.46
22 93.26 98.61 96.43 96.10 2.69 73.02 76.21 74.54 74.59 1.60 83.78 76.80 81.06 80.55 3.52
23 93.26 98.61 96.43 96.10 2.69 73.24 77.54 75.55 75.44 2.15 84.44 77.77 81.94 81.38 3.37
24 93.26 98.61 96.43 96.10 2.69 73.57 77.83 76.39 75.93 2.17 85.23 79.62 82.74 82.53 2.81
25 93.26 98.61 96.43 96.10 2.69 73.89 78.13 76.91 76.31 2.18 85.97 81.71 83.26 83.65 2.16
26 93.26 98.61 96.43 96.10 2.69 73.89 78.13 77.09 76.37 2.21 86.72 82.84 83.52 84.36 2.07
27 93.26 98.61 96.43 96.10 2.69 74.11 78.13 77.26 76.50 2.12 87.65 83.40 83.86 84.97 2.33
28 93.26 98.61 96.43 96.10 2.69 75.20 78.13 77.81 77.05 1.61 88.40 84.30 84.54 85.75 2.30

The Day 9 and Day 10 data reports were not generated due to a computer malfunction.

The sodium benzoate biodegradation exceeded 100% between Day 9 (estimated) and Day 15; this was due to a lag in oxygen 
consumption by the Blank systems.  This is not believed to have had an impact on the results of the study.

Difference of extremes=   (98.61)-(93.26) x100 = 5.6%

Difference of extremes=   (78.13)-(75.20) x100 = 3.8%

Difference of extremes=   (88.40)-(84.30) x100 = 4.7%

Difference of extremes = ((highest replicate value - lowest replicate value) / mean of high and low values) x 100

Toxicity ControlMRD-05-459

(Toxicity Control) 86.35

SODIUM BENZOATE

(MRD-05-459) 76.67

(Sodium Benzoate) 95.94
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TABLE 2  
 

MG OXYGEN CONSUMED RESULTS  
 

Test
Day Rep 1 Rep 2* Rep 3 Mean SD Rep 1 Rep 2 Rep 3Mean SD

1 0.00 XXX 0.00 0.00 0.00 25.22 27.55 26.57 26.45 1.17
2 0.00 XXX 0.00 0.00 0.00 51.21 55.00 51.35 52.52 2.15
3 0.00 XXX 0.00 0.00 0.00 61.77 65.74 62.45 63.32 2.12
4 0.00 XXX 0.00 0.00 0.00 67.62 71.45 67.74 68.94 2.18
5 0.58 XXX 0.58 0.58 0.00 71.20 75.53 71.30 72.68 2.47
6 1.23 XXX 1.08 1.16 0.11 73.80 78.09 74.24 75.38 2.36
7 1.23 XXX 1.08 1.16 0.11 76.51 80.72 77.39 78.21 2.22
8 1.23 XXX 1.08 1.16 0.11 81.30 85.61 83.63 83.51 2.16
11 3.12 XXX 3.37 3.25 0.18 89.63 94.55 89.90 91.36 2.77
12 3.94 XXX 4.23 4.09 0.21 90.28 94.98 90.76 92.01 2.59
13 5.16 XXX 5.02 5.09 0.10 90.69 95.19 91.38 92.42 2.42
14 6.66 XXX 5.56 6.11 0.78 91.13 95.40 93.63 93.39 2.15
15 9.83 XXX 7.41 8.62 1.71 91.55 95.40 94.27 93.74 1.98
16 12.35 XXX 8.43 10.39 2.77 91.73 95.82 94.90 94.15 2.15
17 14.43 XXX 9.73 12.08 3.32 92.15 96.44 95.73 94.77 2.30
18 15.93 XXX 10.83 13.38 3.61 92.80 97.71 96.59 95.70 2.57
19 16.97 XXX 11.68 14.33 3.74 93.46 98.42 96.59 96.16 2.51
20 17.51 XXX 12.04 14.78 3.87 93.92 98.42 96.59 96.31 2.26
21 18.08 XXX 12.70 15.39 3.80 93.92 98.42 96.59 96.31 2.26
22 18.31 XXX 12.70 15.51 3.97 93.92 98.42 96.59 96.31 2.26
23 18.31 XXX 12.70 15.51 3.97 93.92 98.42 96.59 96.31 2.26
24 18.31 XXX 12.70 15.51 3.97 93.92 98.42 96.59 96.31 2.26
25 18.31 XXX 12.70 15.51 3.97 93.92 98.42 96.59 96.31 2.26
26 18.31 XXX 12.70 15.51 3.97 93.92 98.42 96.59 96.31 2.26
27 18.31 XXX 12.70 15.51 3.97 93.92 98.42 96.59 96.31 2.26
28 18.31 XXX 12.70 15.51 3.97 93.92 98.42 96.59 96.31 2.26

* Replicate 2 was not included in the study; following cell initialization excessive oxygen consumption
   was observed (>10 mg), this may have been due to a possible breach or respirometer malfunction.

BLANK SODIUM BENZOATE

 
 

Test
Day Rep 1 Rep 2 Rep 3 Mean SD Rep 1 Rep 2 Rep 3 Mean SD

1 0.58 0.83 0.62 0.68 0.13 28.22 13.95 27.22 23.13 7.97
2 0.96 1.85 1.37 1.39 0.45 59.60 58.23 60.37 59.40 1.08
3 13.60 15.37 15.70 14.89 1.13 69.31 67.74 69.99 69.01 1.15
4 27.28 28.66 27.72 27.89 0.70 82.43 79.82 82.53 81.59 1.54
5 37.59 39.15 37.96 38.23 0.82 91.61 89.92 91.75 91.09 1.02
6 46.21 48.29 46.81 47.10 1.07 102.96 101.61 103.13 102.57 0.83
7 57.69 61.00 58.98 59.22 1.67 112.91 111.79 112.64 112.45 0.58
8 75.12 74.41 74.74 74.76 0.36 120.85 118.58 120.18 119.87 1.17

11 101.86 105.77 101.69 103.11 2.31 147.52 136.51 148.27 144.10 6.58
12 111.06 116.99 113.43 113.83 2.98 157.08 146.44 159.39 154.30 6.91
13 119.74 122.06 120.26 120.69 1.22 169.33 154.98 167.97 164.09 7.92
14 129.05 126.03 125.03 126.70 2.09 181.22 164.04 181.59 175.62 10.03
15 132.30 129.59 127.78 129.89 2.27 188.51 169.29 189.59 182.46 11.42
16 134.40 133.13 129.74 132.42 2.41 193.24 174.35 193.78 187.12 11.07
17 135.51 135.38 131.43 134.11 2.32 197.53 179.28 196.28 191.03 10.19
18 136.63 137.20 133.18 135.67 2.18 202.25 184.07 198.59 194.97 9.62
19 137.36 138.74 134.65 136.92 2.08 205.48 187.74 200.90 198.04 9.21
20 138.11 140.28 136.40 138.26 1.94 208.27 190.40 203.00 200.56 9.18
21 138.69 141.61 138.05 139.45 1.90 210.67 192.34 204.92 202.64 9.37
22 139.26 143.11 139.80 140.72 2.08 212.81 194.17 206.79 204.59 9.51
23 139.63 145.34 141.49 142.15 2.91 214.35 196.42 208.87 206.55 9.19
24 140.19 145.82 142.88 142.96 2.82 216.23 200.73 210.75 209.24 7.86
25 140.74 146.32 143.76 143.61 2.79 217.98 205.61 211.98 211.86 6.19
26 140.74 146.32 144.05 143.70 2.81 219.72 208.23 212.58 213.51 5.80
27 141.11 146.32 144.34 143.92 2.63 221.91 209.54 213.39 214.95 6.33
28 142.94 146.32 145.25 144.84 1.73 223.68 211.62 215.00 216.77 6.22

The Day 9 and Day 10 data reports were not generated due to a computer malfunction.

Toxicity ControlMRD-05-459

 



READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HIGH NAPHTHENIC, HEAVY, 
STRAIGHT-RUN NAPHTHA  
STUDY # 0545979, MRD-05-459 
 

Page 18 of 70 

 
FIGURE 1 
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FIGURE 2 
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APPENDIX A - MANOMETRIC RESPIROMETRY TEST PROCEDURE 
 
Inoculum Preparation 
 
  Fresh activated sludge was obtained on Day -1 of the test from the Clinton Sanitary 

Wastewater Treatment Plant in Annandale, NJ. 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 one hour and twelve minutes at 101°C. After cooling, the filters were reweighed 
and the mean total suspended solids concentration was determined to be 3.5 g/L.  The sludge 
was homogenized in a blender for two minutes at low speed.  The homogenated sample was 
allowed to settle for one hour and fifteen 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 the Easicult®-TTC dip slides 
Lot No. 1793201. This was accomplished by removing the agar stick from the culturing 
tube, and dipping the agar 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 upright incubator for 48 hours at 20 ± 1°C monitored by 
the Watchdog V5 monitoring system.  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 105 CFU/mL. The remaining decanted sludge supernatant was 
used for final preparation of the test medium on Day -1. 

 
Test Medium Preparation 
 
  Twenty liters of glass distilled water were 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 24 hours before use.  
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APPENDIX A - MANOMETRIC RESPIROMETRY TEST PROCEDURE (CONT'D) 
 
Preparation of the Test Systems 
 
Test systems were prepared as follows: 
  

Test System 
1L Respirometer Flask 

Amount of Neat 
Test Substance 
MRD-05-459 
Added (mg) 

Amount of 
10069 mg/L 

Sodium Benzoate 
Stock Solution 
Added (mL) 

Test 
Medium 
(Liter) 

Blank Rep 1 
 Rep 2* 
 Rep 3 

--- 
--- 
--- 

 --- 
 --- 
 --- 

1.0 
1.0 
1.0 

Sodium  Rep 1 
Benzoate Rep 2 
 Rep 3 

--- 
--- 
--- 

 5.0  
 5.0  
 5.0  

1.0 
1.0 
1.0 

MRD-05-459 Rep 1 
(High Naphthenic, Heavy, Rep 2 
Straight-Run Naphtha) Rep 3 

48.9 
49.1 
49.7 

 --- 
 --- 
 --- 

1.0 
1.0 
1.0 

Toxicity Control Rep 1 
 Rep 2 
 Rep 3 

48.8 
47.4 
48.6 

 5.0  
 5.0  
 5.0 

1.0 
1.0 
1.0 

 * Replicate 2 of the Blank system was not used, excessive oxygen consumption was observed on 
Day 0, therefore, data collection was not initiated.  

 
The test substance test systems were dosed by weighing a syringe containing the test substance, 
injecting the test substance into a test flask containing one liter of test medium and reweighing the 
syringe. The weight difference is equal to the amount of test substance added to the test systems. 
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 10069 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 
initiated.  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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APPENDIX B - 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 O2/mg sodium 
benzoate. The ThOD calculation of the test and positive control substance was based on Annex IV 
of OECD 301F3 guideline. 
 

TEST SUBSTANCE % CARBON % HYDROGEN % OXYGEN % NITROGEN MOLE OF 
CARBON

MOLE OF 
HYDROGEN

MOLE OF 
OXYGEN

MOLE OF 
NITROGEN

MOLE OF 
SODIUM MOL. WT. ThOD

MRD-05-459 85.54 14.35 0.10 0.08 7.12 14.24 0.01 0.01 0.00 100.17 3.41
Sodium Benzoate 7.00 5.00 2.00 0.00 1.00 144.11 1.67
Sodium Benzoate & 
MRD-05-459 14.12 19.24 2.01 0.01 1.00 244.28 2.38

Elemental Analysis performed by QTI

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
AT. WT OF N = 14.007 G/MOLE

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

ThOD (mg O2/mg Test Substance) = [16 x ((2 x NO. OF CARBON) + ((0.5 x (NO. OF HYDROGEN) - (3 x NO. OF NITROGEN))) + (0.5 x SODIUM) - (NO. OF OXYGEN))]/MOL. WT. 

* Sodium Benzoate = C7H502Na

Molecular weight  = 144.11

THOD = 16 x [(2 x moles of  carbon) + (0.5 x moles of Hydrogen) + (0.5 x moles of  Na) - (moles of  Oxygen)]
Molecular weight

Sodium Benzoate THOD =     16 x [(2 x 7 ) + (0.5 x 5) + (0.5 x 1 ) - 2]  = 1.665394
144.11  

 

Sodium Benzoate Concentration 
 

The sodium benzoate stock solution concentration was determined to be 10069 mg sodium 
benzoate/L by dividing the solution total organic carbon (TOC) content (5840 mg carbon /L) by the 
percent carbon of sodium benzoate  (58%). A 5 mL aliquot of the solution added to each test system 
contained 50.35 mg of sodium benzoate. The pH of the stock solution was 7.3. 
 

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. 
 

vessel in  substancetest mg x ThOD
1 100 = Constant  

 
%Percent Biodegradation = (mg O  uptake by test substance -  X  mg O  uptake by blank)  x  constant2 2  

 
The mg of oxygen consumed by the blank represents the average oxygen consumption for the 
duplicate test systems. 
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APPENDIX C - TEST SUBSTANCE CHARACTERIZATION 
 

The test substance was initially characterized on December 14, 2005.  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 6, 2006 after the completion of this study.  
 
UV-VIS spectra are presented in Figures C-1 and C-2 representing, the initial and final spectrum 
at concentrations of 1096 and 1670 ppm with methanol, 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 C-3 and C-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-1, 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, High Naphthenic, Heavy 
Straight-Run Naphtha was analyzed against an ASTM D3710 calibration mixture. Figures C-5 
and C-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 4 and 20 minutes.  This corresponds to bracketing by the standard 
hydrocarbons n-heptane and n-decane under the analytical conditions employed.  The single 
most abundant component eluted at approximately 4.7 minutes. 
 
The test substance initial and final density were measured at 20°C using an Anton Paar DMA 
4500 Density/Specific gravity/Concentration meter. The initial density was measured as 0.7500 
g/mL and the final density was 0.7504 g/mL. The test substance was observed to be a liquid 
under ambient laboratory conditions and immiscible in water but miscible in methanol and 
hexane.   
 
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 C - TEST SUBSTANCE CHARACTERIZATION (CONT'D) 
 

UV-VIS SPECTRA 
Figure C-1 

Initial 
 Initial Characterization  High Naphthenic, Heavy Straight-Run Naphtha 
 1096 ppm solution in methanol 

 
Figure C-2 

Final 
 Final Characterization  High Naphthenic, Heavy Straight-Run Naphtha 
 1670 ppm solution in methanol 
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APPENDIX C - TEST SUBSTANCE CHARACTERIZATION (CONT'D) 
 

FT-IR SPECTRA 
Figure C-3 

Initial 
 

 Initial Characterization High Naphthenic, Heavy Straight-Run Naphtha  

 
Figure C-4 

Final 
 

 Final Characterization High Naphthenic, Heavy Straight-Run Naphtha 
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APPENDIX C - TEST SUBSTANCE CHARACTERIZATION (CONT'D) 
 

INITIAL TOTAL ION CHROMATOGRAM 
Figure C-5 
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APPENDIX C- TEST SUBSTANCE CHARACTERIZATION (CONT'D) 
 

FINAL TOTAL ION CHROMATOGRAM 
Figure C-6 
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APPENDIX D – TEST SUBSTANCE, ELEMENTAL ANALYSIS 
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APPENDIX E - SODIUM BENZOATE CERTIFICATE OF ANALYSIS 
 

 
 
Product Name Sodium benzoate 
Product Number 10,916-9 
Product Brand ALDRICH  
CAS Number 532-32-1 
Molecular Formula C H NaO2 7 5

Molecular Weight 144.10  
 
TEST SPECIFICATION LOT 09519HA RESULTS 

APPEARANCE WHITE POWDER OR 
CRYSTALS WHITE POWDER 

INFRARED SPECTRUM 
CONFORMS TO 
STRUCTURE AND 
STANDARD. 

CONFORMS TO 
STRUCTURE AND 
STANDARD 

TITRATION 98.5% - 101.5% (WITH 
HCLO4) 99.1% (WITH HCLO4) 

HIGH PRESSURE LIQUID 
CHROMATOGRAPHY 98.5% (MINIMUM) 99.5% 

QUALITY CONTROL 
ACCEPTANCE DATE  JULY 2002 
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APPENDIX F - PROTOCOL 
 

 



READY BIODEGRADABILITY: OECD 301F MANOMETRIC RESPIROMETRY TEST on HIGH NAPHTHENIC, HEAVY, 
STRAIGHT-RUN NAPHTHA  
STUDY # 0545979, MRD-05-459 
 

Page 31 of 70 

APPENDIX F - PROTOCOL (CONT'D) 
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APPENDIX F - PROTOCOL (CONT'D) 
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APPENDIX F - PROTOCOL (CONT'D) 
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APPENDIX F - PROTOCOL (CONT'D) 
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APPENDIX F - PROTOCOL (CONT'D) 
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Background 
 
The chemical analyses cited within this appendix was conducted to provide the American 
Petroleum Institute’s (API) Petroleum HPV Testing Group with a set of pre-test physical-
chemical data on a sample of high naphthenic naphtha (CAS Number 64741-78-2)*.  This 
gasoline blending stream was selected for specific tests described in the Gasoline Blending 
Streams Test Plan and submitted to the U.S. Environmental Protection Agency (EPA) as part of 
EPA’s High Production Volume (HPV) test program.  
 
The data are presented in chronological order in which the analyses were performed and includes 
the following: 

1. Detailed hydrocarbon analysis of the high naphthenic naphtha test sample performed by 
the refinery.  The analysis presents a component list of the molecular composition of the 
test sample.  The composition was additionally summarized by both hydrocarbon group 
type (e.g., aromatics, iso-paraffins, naphthenes, olefins, paraffins, oxygenates and 
unidentified components) and carbon number.  

2. Detailed hydrocarbon analyses of a sample from each of three drums received by the 
archival facility.  It was discovered by the archival facility that one drum was only 
partially filled.  Due to a concern for potential loss of volatile components in the drum 
headspace, a sample from each of the three drums was returned to the refinery for 
detailed hydrocarbon analyses.  Comparison of the proportions of hydrocarbon group 
type in each sample showed no appreciable differences in component proportions among 
the three drums. 

3. Physical-chemical analyses conducted by Intertek Caleb Brett (Deer Park, Texas).  This 
suite of 10 physical-chemical tests defined the pre-test characterization of the test sample. 
A sample was taken from one of the three drums and was considered to represent the 
entire lot of material.   

4. Analysis of Reid vapor pressure by Intertek Caleb Brett.  This was run as a check against 
the dry vapor pressure performed in Intertek Caleb Brett’s initial characterization.  
Results by both methods showed a relatively low vapor pressure that fell at the low end 
of each method’s limit of sensitivity. 

 
 
 
 
* An explanation of the Chemical Abstract Service (CAS) number designation for this test sample is provided in 

Appendix H. 
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The test material used in studies to characterize mammalian toxicity and biodegradation of 
hydrocarbons in the Naphthenic (cycloparaffin) blending streams category of the HPV Gasoline 
Blending Stream Test Plan is a high naphthenic naphtha containing approximately 30% 
naphthenes. Results of studies with this test material can be used for read-across purposes for all 
CAS numbers identifying high naphthenic gasoline blending streams containing 19 to 30% or 
more naphthenic components. 
 
This high naphthenic naphtha is derived from hydrogenation and hydrocracking process steps 
with removal of nitrogen and sulfur (sweetening) that convert low grade gas oils to higher 
quality components for direct blending of gasoline.  Due to the multiple steps in generating this 
test material, the supplying refinery identified the sample under the broad CAS #64741-41-9, 
with the Chemical Abstract name of Naphtha, petroleum, heavy straight run, a CAS number 
which encompasses the more process-specific designations sweet naphtha and heavy crackate.  
The refinery further indicated that the sample underwent the hydrocracking HUX process that 
also makes applicable the more narrowly defined designation heavy hydrocrackate.   Finally, the 
CAS #64741-78-2, with the Chemical Abstract name of Naphtha, petroleum, heavy 
hydrocracked can and has been used to identify this test material and is descriptive of the 
hydrocracking step employed. 
 
This test sample identified as CAS #64741-41-9 for chain of custody purposes was collected as a 
single lot from one refinery and was chemically characterized prior to shipping in 3 drums to the 
sample repository.  Contents of each drum were further analyzed to verify compositional 
uniformity between drums and distributed to the contract laboratories for testing.  CAS #64741-
41-9 and the name Naphtha, petroleum, heavy straight run will therefore be used officially to 
designate the test material. 
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APPENDIX I – REPORT REVISION 
 

The final report for Study 0545979 was revised at the request of the sponsor as follows: 
 

Page 1 – Document number 
PREVIOUS:  07TP 3 
REVISION:  08TP 11 
REASON FOR CHANGE:  New document number generated as result of report revision, original 
document number supplanted. 
 

Page 2 – TABLE OF CONTENTS 
REVISION:  Appendix H - Sample Characterization of High Naphthenic Naphtha: 
Chemical Abstract Number Designation…………………………………………………..69 
REASON FOR CHANGE:  Table of Contents updated with additional information supplied by 
sponsor. 
 

Page 4 – QUALITY ASSURANCE STATEMENT 
REVISION:  Report Revision 1 added. 
REASON FOR CHANGE:  QA statement updated to reflect review of revisions. 
 

Page 9 – Test Substance Identification 
PREVIOUS:  Sponsor Identification:  High Naphthenic, Heavy, Straight-Run Naphtha 
REVISION:  Sponsor Identification:  High Naphthenic, Heavy, Straight-Run Naphtha* 
* An explanation of the Chemical Abstract Service (CAS) number designation for this test sample is 

provided in Appendix H. 
REASON FOR CHANGE:  Footnote added, refers to additional information supplied by sponsor. 
 

Page 46 – APPENDIX G - PRE-TEST COMPOSITIONAL ANALYSES AND SAMPLE 
PHYSICAL─CHEMICAL CHARACTERIZATION DATA 
PREVIOUS:  The chemical analyses ….. high naphthenic naphtha (CAS Number 64741-78-2). 
REVISION:  The chemical analyses ……. high naphthenic naphtha (CAS Number 64741-78-
2)*. 
* An explanation of the Chemical Abstract Service (CAS) number designation for this test sample is 

provided in Appendix H. 
REASON FOR CHANGE:  Report updated with additional information supplied by sponsor. 
 

Page 69 – APPENDIX H – SAMPLE CHARACTERIZATION OF HIGH NAPHTHENIC 
NAPHTHA: CHEMICAL ABSTRACT NUMBER DESIGNATION 
REVISION:  Additional Appendix added. 
REASON FOR CHANGE:  Report updated with additional information supplied by sponsor. 
 

Page 70 – APPENDIX I – REPORT REVISION 
REVISION:  Additional Appendix added. 
REASON FOR CHANGE:  Report updated with details for report revision. 
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