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1.0 INTRODUCTION 
The American Petroleum Institute contracted ABC Laboratories, Inc. to perform a method 
development and GLP equilibration trials for water accommodated fraction (WAF) preparations 
of naphthenic acids (CAS# 1338-24-5) to be used in toxicity tests.  The purpose of the trials was 
to demonstrate the ability to prepare, maintain, and analyze a WAF of naphthenic acids and to 
determine the optimum mixing time to achieve the maximum dissolution of naphthenic acids in 
the different dilution media used in ecotoxicity tests.  

2.0 MATERIALS AND METHODS 

2.1 Equipment 

Balances – Sartorius, Model R300S, Mettler AG245 
Centrifuge – Beckman J2-21 
pH Meter – WTW  Model pH 330i 
Glassware – Class A volumetric 
Fourier Transform Infrared Spectroscope – Thermo Nicolet (see Section 2.6.4 for instrument 
details) 

2.2 Test and Reference Substances 

A sample of the test substance, naphthenic acids (CAS# 1338-24-5); EPL P/A #1203-000 
(collected from Drum #2), was received from EPL Archives, Inc. on January 20, 2009 and was 
stored at room temperature.  An expiration date of the sample was not provided. The sample was 
assigned ABC reference number TS-22856.  The Material Sample Safety Data Sheet (MSDS) 
described the test substance as an amber-colored liquid and stable under normal storage 
conditions. The MSDS and a profile of physical-chemical specifications of the test substance 
provided by the original supplier are given in Appendix A.  This material was used to prepare all 
test solutions, matrix spiking solutions, and analytical standards.  All solution preparations were 
based on total product. 

2.3 ABC Reagent Water 

Reagent water for this study was purified using a Milli-Q Water System (Millipore Corporation). 
ABC reagent water is produced by passing reverse-osmosis water through a series of 
deionization tanks, a laboratory water purification system consisting of carbon, de-
mineralization, and organic adsorption cartridges, and then through a 0.2-μm filter. 

2.4 Reagents   

Acetonitrile – Fisher HPLC/Residue/Pesticide grade 
Anhydrous Sodium Sulfate – Fisher USP grade 
Methylene Chloride – Fisher ACS grade 
Sulfuric Acid – Fisher Technical grade 
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2.5 Test Medium 

The test media were aged-blended freshwater and freshwater algal nutrient medium (FWAM) 
(1).  The aged-blended freshwater was prepared by blending naturally hard well water with well 
water that was demineralized by reverse osmosis. These waters were blended to yield a total 
hardness of approximately 130 to 160 mg CaCO3/L and biologically aged (held in a tank 
containing aquatic organisms). The water was then passed through a sediment filter, UV 
irradiated, and aerated prior to use.  The FWAM was prepared by the addition of appropriate 
reagent grade salts to autoclaved ABC reagent water.  After preparation, the medium was 
pH-adjusted to 7.5 ± 0.1 using 0.1 N NaOH and/or 0.1 N HCl and filtered through 0.45-μm 
Millipore® filters.  Characterization of a representative sample of the base water, i.e., ABC well 
water, used to prepare the dilution water can be found in Appendix B. 

2.6 Analytical Test Method 

Test solutions were analyzed for the concentration of naphthenic acid, using Fourier transform 
infrared spectroscopy (FTIR).  Analysis was accomplished based on a method developed at 
ABC Laboratories following Jivraj et al. (2).  Details of the sample preparation and method of 
analysis are described below.  

2.6.1 Preparation of Analytical Standard and Matrix Spiking Solutions 

A 5,080 mg/L test substance solution was prepared on March 19, 2009 by weighing 507.7 mg of 
naphthenic acid into a 100-mL volumetric flask and bringing the flask to volume with methylene 
chloride.  Dilutions of this solution were made in methylene chloride and used to prepare 
analytical standards. 

A 100 mg/mL test substance solution was prepared on April 13, 2009 by weighing 10,001.0 mg 
of naphthenic acid into a 100-mL volumetric flask and bringing the flask to volume with 
acetonitrile.  A dilution of this solution was prepared in acetonitrile and used as a spiking 
solution. 

2.7 Method Validations 

Test procedures followed the ABC test protocol entitled, “Validation of Test Solution 
Preparations and Analytical Methods for Use in the Determination of Naphthenic Acids in 
Various Media Used in Environmental Toxicity Studies,” with amendments (Appendix C).  
Validations of the analytical method were performed from May 22 to June 5, 2009. 

2.7.1 Method Validation in Freshwater 

Nine 1,000-mL separatory funnels were filled with 500 mL volumes of aged blended freshwater.  
Three low validation spike samples (0.500 mg/L) were fortified with 0.250 mL of a 1.00 mg 
naphthenic acid/mL stock solution.  Three high validation spike samples (100 mg/L) were 
fortified with 0.500 mL of a 100 mg naphthenic acid/mL stock solution.  Three replicates were 
prepared for the control and the reagent blank.  Samples were processed and analyzed following 
the methods described in Section 2.7.3.   
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2.7.2 Method Validation in Freshwater Algal Nutrient Medium 

Nine 500-mL Nalgene bottles were each filled with 500 mL volumes of FWAM. Three low 
validation spike samples (0.500 mg/L) were fortified with 0.250 mL of a 1.00 mg naphthenic 
acid/mL stock solution.  Three high validation spike samples (100 mg/L) were fortified with 
0.500 mL of a 100 mg naphthenic acid/mL stock solution.  Three replicates each were used as 
the control.  Each of these 9 samples were then split evenly and placed into 250-mL Nalgene 
bottles and centrifuged for approximately 10 minutes at 3,000 rpm.  Centrifugation was 
performed to check the solubility of naphthenic acid in FWAM.  Three reagent blanks were also 
prepared. 

Three non-centrifuged samples were prepared by filling 1,000-mL separatory funnels with 
500 mL volumes of FWAM.  Samples were fortified with 0.500 mL of a 
100 mg naphthenic acid/mL stock solution.   

Samples were processed and analyzed following the methods described in Section 2.7.3.   

2.7.3 Test Solution Analysis 

The supernatant resulting from the centrifugation described in Section 2.7.2 was then decanted 
into 1,000-mL separatory funnels.  For the aged-blended water samples, a 500-mL volume was 
placed directly into the separatory funnels. 

Each sample was acidified with concentrated sulfuric acid to a pH level of 2.5 ± 0.1.  A 100-mL 
volume of methylene chloride was added to each sample and the samples were shaken to mix.  
After approximately one minute of shaking, the sample phases were allowed to separate.  The 
methylene chloride (lower layer) was filtered through anhydrous sodium sulfate and collected in 
a 500-mL flat-bottomed flask.  The above methylene chloride steps were repeated one more 
time.  The methylene chloride extracts for each sample were combined in a single vessel.  The 
samples were then evaporated to dryness using a rotary evaporator.  In some cases, samples were 
quantitatively transferred to 15-mL culture tubes using two separate 5-mL aliquots of methylene 
chloride.  In these cases, the samples were evaporated to dryness under a gentle stream of 
nitrogen and then reconstituted with an appropriate volume of methylene chloride.  In other 
cases, samples were quantitatively transferred to an appropriate volume with methylene chloride 
without the culture tube evaporation step.  Dilutions were made using methylene chloride, if 
necessary, to produce an analyte concentration that was within the range of the standard curve.  
The samples were vialed and analyzed by FT-IR.  QC fortifications were prepared in a similar 
manner after control medium had been fortified with the test substance. 

2.7.4 Instrumentation Conditions 

Sample analysis was performed using a FTIR system equipped with the following analytical 
parameters: 
 
 Manufacturer:  Thermo Nicolet 
 Model:  Avatar 360 
 Software:  Omnic 32 
 IR Cell:  Thermo Scientific, KBr 1.0 mm sealed cell 
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 Cell Holder: Thermo Scientific 
 Dry Nitrogen Gas Used to Protect the IR Cell Between Runs:  Yes 
 Scan Times: 64 
 Scan Range:  4000-400 cm-1 

Scan Model:  Absorbance 
Resolution:  4 cm-1 
Wave Number of Interest:  1743 cm-1 

 Solvent Used for Background Collection:  Methylene chloride 

2.7.5 Calculation s 

Naphthenic acid concentrations were determined directly from the standard curve by the 
following equation: 
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The standard curve equation is of the form: y = mx + b 
 

  where:  
  y = peak response 
  m = slope of the standard curve 
  x = mg/L 
  b = y-intercept  
 

Example calculation for the 2 mg/L aged-blended freshwater WAF sample at 18 hours: 
 

Standard Curve:  y = 0.000158351x +0.006116121 
Sample Peak Response:  0.0800 
Concentration from standard curve: 466.582 mg/L  
 
Volume for Analysis:  2 mL 
Sample Volume:  500 mL 
 

The concentration of naphthenic acid in the sample was calculated by the following equation: 
 

( )( )
mg/L  1.90 

mL500
mL 2acid naphthenic mg 466.582

=  

 
Recovery was calculated as a percentage of the corresponding nominal concentration, as shown 
for the 2 mg/L WAF sample at 18 hours: 
 

95%   100  
acid/Lnaphthenic mg 2

acid/Lnaphthenic mg 1.90
=×  
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The minimum quantifiable limit (MQL) was determined from the following equation: 
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Lowest standard concentration: 75.0 µg/mL 
Analysis volume: 2 mL 
Sample volume: 500 mL 
therefore: 
 

MQL = mg/L 0.300  
mL) (500

mL) (2 mg/L)  (75.0
=  

2.8 Equilibration Trials for Water Accommodated Fractions (WAFs) 

Equilibration trials were performed in order to determine the optimal mixing times to achieve 
maximum dissolution of naphthenic acids in the aged-blended freshwater and FWAM.  
WAF solutions were prepared at loading rate concentrations of 2, 10, and 100 mg naphthenic 
acid/L by adding the appropriate amount of test substance to a volume of aged-blended 
freshwater or freshwater algal medium (FWAM) in a glass aspirator bottle containing a Teflon 
stir bar.  Each container was covered with Parafilm while being stirred. Control WAF solutions 
were prepared using only aged-blended freshwater or FWAM.  The WAF solutions were stirred 
at room temperature for 4, 18, 48, and 72 hours with the stirring adjusted to provide a vortex 
approximately 30 to 50% of the solution depth.  After the prescribed time of stirring, stirring was 
stopped and the mixture allowed to sit undisturbed for approximately one hour before initiating 
draining/siphoning of the WAF solution.  Solutions were drained from the outlet of the aspirator 
bottle into an appropriately sized glass container at each sample point.  The first approximately 
100 mL of solution from each preparation was allowed to drain into a waste container.   

 
A total of 3 WAFs (in each test medium) were prepared at the 2 mg/L loading rate, 4 at the 
10 mg/L loading rate, and 3 at the 100 mg/L loading rate.  For the three WAFs prepared at 
2 mg/L loading, one each was mixed for 4, 18, and 48 hours and sampled after a 1 hour settling 
period.  For the four WAFs prepared at 10 mg/L loading, one each was mixed for 4, 18, 48, and 
72 hours and again sampled after a 1 hour settling period.  For the three WAFs prepared at 
100 mg/L loading, one each was mixed for 18, 48, and 72 hours and sampled after a 1 hour 
settling period.   

2.9 Characterization and Stability of Naphthenic Acids WAFs by Analysis of Z-number 
and Carbon Number Distribution 

As part of the characterization of naphthenic acids in the WAF solutions, Dr. Phillip M. Fedorak 
(Department of Biological Sciences, University of Alberta, Edmonton, Alberta Canada) was 
retained by the Study Sponsor to perform Gas Chromatography-Mass Spectrometry (GC-MS) 
analysis of a representative WAF preparation.  ABC Laboratories prepared a WAF at a loading 
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rate of 10 mg naphthenic acids/L similar to that described in Section 2.7, and samples were 
shipped to the University of Alberta where the analyses took place.  The GC-MS technique 
allowed the discrimination of the naphthenic acids in the WAF into relative abundances of each 
ion corresponding to the general formula for naphthenic acids, CnH2n+zO2, where n is the carbon 
number and Z is zero or a negative even number defining the hydrogen deficiency due to 
cyclization.  For example, a Z-number of 0 represents a carboxylic acid having no rings, while a 
Z-number of 2 and 4 represents carboxylic acids having 1 and 2 naphthene rings, respectively.  
Although no analytical method exists whereby each individual naphthenic acid molecule is 
identified, the GC-MS method applied here results in a distribution of families of molecules 
having similar carbon numbers and Z-numbers.  

Of interest to the ecotoxicity studies, the characterization of the WAF solutions by GC-MS 
reveals the naphthenic acids relative abundances as described above.  As part of the validation 
study, the stability of the WAFs that would occur over a typical solution renewal cycle and 
shipping period anticipated to be used in the definitive study was investigated. Therefore, 
samples were analyzed over various time periods and shipped in either glass or plastic to assess 
whether the factor of time or type of sample container affected stability as evaluated by the 
carbon number and Z-number distributions.  A report of these analyses is provided in 
Appendix D.  

3.0 RESULTS AND DISCUSSION 

3.1 Method Validation Results 

3.1.1 Method Validation Results in Freshwater 

The analytical method for recovering naphthenic acid from aged-blended freshwater was 
validated prior to initiating the WAF equilibration trials.  Analysis of triplicate fortifications at a 
concentration of 0.500 mg naphthenic acid/L resulted in recoveries ranging from 120 to 128% of 
the nominal concentration (Table 1).  Analysis of triplicate fortifications at a concentration of 
100 mg naphthenic acid/L resulted in recoveries ranging from 102 to 105% of the nominal 
concentration (Table 1).  Representative chromatography from the FTIR analysis set of the 
method validation in aged-blended freshwater is found in Appendix E. 

3.1.2 Method Validation Results in Freshwater Algal Nutrient Medium 

The analytical method for recovering naphthenic acid was validated in non-centrifuged and 
centrifuged freshwater algal nutrient medium.  Analysis of triplicate centrifuged fortifications at 
a concentration of 0.500 mg naphthenic acid/L in FWAM resulted in recoveries ranging from 
116 to 120% of the nominal concentration (Table 2).  Analysis of triplicate centrifuged 
fortifications at a concentration of 100 mg naphthenic acid/L in FWAM resulted in recoveries 
ranging from 10 to 16% of the nominal concentration (Table 2).  Analysis of triplicate 
non-centrifuged fortifications at a concentration of 100 mg naphthenic acid/L in FWAM resulted 
in recoveries ranging from 103 to 109% of the nominal concentrations (Table 3).  The observed 
low recoveries when the 100-mg naphthenic acid/L samples were centrifuged was expected, as 
this demonstrated that the solubility of naphthenic acids had been exceeded at that level.  
Centrifugation segregated the insoluble test substance from the dissolved fraction, and without 
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centrifugation the total sample (including the insoluble fraction) was extracted.  Quantitative 
recoveries with the total sample showed that the volume of extraction solvent used in the method 
was sufficient to produce a quantitative extraction without interferences.  Thus the method was 
considered adequate to quantitatively extract dissolved naphthenic acids from WAF preparations. 
Inclusion of a centrifugation step in the analysis of WAF solutions was considered unnecessary.  

3.2 WAF Equilibration Trial Results 

3.2.1 WAF Freshwater Results 

The measured concentrations of naphthenic acid in the 2 and 10 mg/L WAF preparations in 
aged-blended freshwater after 4 hours of stirring were 1.96 and 8.76 mg/L, representing 98 and 
88% of the nominal concentrations, respectively.  Measured concentrations in the 2, 10, and 
100 mg/L WAF preparations after 18 hours of stirring were 1.90, 7.90, and 81.0 mg/L, 
representing 95, 79, and 81% of the nominal concentrations, respectively.  The measured 
concentrations of naphthenic acid in the 2, 10, and 100 mg/L WAF preparations after 48 hours of 
stirring were 1.54, 7.48, and 66.5 mg/L, representing 77, 75, and 67% of the nominal 
concentrations, respectively.  Measured concentrations in the 10 and 100 mg/L WAF 
preparations after 72 hours of stirring were 7.90 and 77.0 mg/L, representing 79 and 77% of the 
nominal concentrations, respectively.  Recoveries from QC fortification samples ranged from 82 
to 106%.  Results from the equilibration trials in freshwater are presented in Table 4.   

3.2.2 WAF Freshwater Algal Nutrient Medium Results 

The measured concentrations of naphthenic acid in the 2 and 10 mg/L WAF preparations in 
freshwater algal nutrient medium (FWAM) after 4 hours of stirring were 1.84 and 7.89 mg/L, 
representing 92 and 79% of the nominal concentrations, respectively.  Measured concentrations 
in the 2, 10, and 100 mg/L WAF preparations after 18 hours of stirring were 1.85, 8.61, and 
59.9 mg/L, representing 92, 86, and 60% of the nominal concentrations, respectively.  Measured 
concentrations in the 2, 10, and 100 mg/L WAF preparations after 48 hours of stirring were 1.77, 
8.37, and 53.3 mg/L, representing 88, 84, and 53% of the nominal concentrations, respectively.  
Measured concentrations in the 10 and 100 mg/L WAF preparations after 72 hours of stirring 
were 8.97 and 59.5 mg/L, representing 90 and 60% of the nominal concentrations, respectively.  
Recoveries from the QC fortification samples ranged from 83 to 102%.  Results from the 
equilibration trials in FWAM are presented in Table 5.   

Comparison of the results between the 100 mg/L WAF preparations in aged-blended freshwater 
and FWAM suggest a slightly different solubility naphthenic acids in the two media.  While the 
average naphthenic acid measured concentration was approximately 75 mg/L in age-blended 
freshwater, the average measured concentration in FWAM was 58 mg/L. 

3.2.3 WAF Characterization by GC-MS 

A summary of the report of the characterization by GC/MS for naphthenic acid C-number and 
Z-number profiles in a 10 mg/L WAF is given in Appendix D.  Naphthenic acid profiles were 
substantially similar in the WAF stored and shipped in either glass or plastic.  Additionally, the 
10 mg/L WAF maintained for 48-h under simulated testing conditions for a Daphnia magna 
acute test showed similar C-number and Z-number profiles.   
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4.0 CONCLUSIONS 

4.1 Method Development 

Quantitative analysis of naphthenic acids in algal nutrient medium was demonstrated at 
concentrations of 0.5 and 100 mg/L, while analysis of naphthenic acids in ABC aged blended 
freshwater was slightly outside the acceptable range (80 – 120%) at the low level. This was 
attributed to an inherent matrix contribution to the absorbance originating in the aged blended 
freshwater.  For this reason, the WAF equilibration trials were run at a low concentration of 
2 mg/L.  

4.2 WAF Equilibration Trial 

Results of the WAF equilibration trial showed that naphthenic acids achieve a relative rapid 
dissolution equilibrium at the three loading rates of 2, 10, and 100 mg/L.  Even at the shortest 
stirring time of 4 hours for the 2 and 10 mg/L loadings, concentrations in aged blended water 
appeared to have reached their equilibrium. This also appeared to be true for algal nutrient 
medium, but perhaps only at the 2 mg/L loading, as the dissolution equilibrium appeared to 
require a little more time at the 10 mg/L loading. Conversely, the slight rise in concentration 
between the 4 and 18 hour stirring may have been due to analytical variability.  For both water 
types at the 100 mg/L loading, the shortest stirring time of 18 hours appeared to be sufficient to 
bring dissolved naphthenic acids to equilibrium with their loading rate. For aquatic toxicity 
testing, 18 hours appears to be a sufficient stirring time for naphthenic acids to achieve 
dissolution equilibrium in the two types of aqueous test media.  

 
Analyses of the C-number and Z-number distribution profiles of naphthenic acids in a WAF 
solution were essentially similar whether stored in glass or plastic containers and maintained 
over a period of at least 48 hours.  It was concluded from these analyses that sample containers 
made of either glass or plastic container would be appropriate for collection, storage, and 
shipping.  From the analyses of the naphthenic acid profiles over time, it was concluded that 
WAFs of naphthenic acids are stable over a period of time expected to cover solution renewal 
cycles in aquatic toxicity testing, and shipping to the University of Alberta, Canada.   
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PROTOCOL DEVIATIONS 

Protocol Section: 10.3 – Analytical Method Validation 
 
The analytical method was not added to the protocol prior to the start of the equilibration trials. 
 
Reason:  Study director error. 
 
Effect on Study Integrity:  None.  The method is described in the raw data. 
 
Protocol Section: 10.3 – Analytical Method Validation 
 
The MDL and PQL were not determined. 
 
Reason:  Study director error. 
 
Effect on Study Integrity:  None.  Method limits are adequately defined by the MQL. 
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Table 1 Measured Concentrations of Naphthenic Acids During the Method Validation in 
Aged Blended Freshwater 

 

Sample 

Nominal 
Concentration 

(mg/L) 

Calculated 
Concentration 

(mg/L) 
Recovery 

(%) 
Blank1 0 <MQL NA 
Blank2 0 <MQL NA 
Blank3 0 <MQL NA 
Control s 0 <MQL NA 
Control t 0 <MQL NA 
Control u 0 <MQL NA 
Low spike s 0.500 0.638 128% 
Low spike t 0.500 0.630 126% 
Low spike u 0.500 0.600 120% 
High spike y 100 102 102% 
High spike z 100 102 102% 
High spike aa 100 105 105% 

 
MQL = 0.300 mg/L 
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Table 2 Measured Concentrations of Naphthenic Acids During the Method Validation in 
Freshwater Algal Nutrient Medium (Centrifuged) 

 

Sample ID 

Nominal 
Concentration  

(mg/L) 

Calculated 
Concentration 

(mg/L) 
Recovery 

(%) 
Blank1 0 <MQL NA 
Blank2 0 <MQL NA 
Blank3 0 <MQL NA 
Control p 0 <MQL NA 
Control q 0 <MQL NA 
Control r 0 <MQL NA 
Low spike p 0.500 0.580 116% 
Low spike q 0.500 0.580 116% 
Low spike r 0.500 0.600 120% 
High spike p 100 13.6 14% 
High spike q 100 10.1 10% 
High spike r 100 16.1 16% 

 
MQL = 0.300 mg/L 
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Table 3 Measured Concentrations of Naphthenic Acids During the Method Validation in 
Freshwater Algal Nutrient Medium (Non-Centrifuged) 

 

Sample 

Nominal 
Concentration  

(mg/L) 

Calculated 
Concentration 

(mg/L) 
Recovery 

(%) 
High spike v 100 103 103% 
High spike w 100 103 103% 
High spike x 100 109 109% 
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Table 4 Measured Concentrations of Naphthenic Acids During the WAF Equilibration 
Trials in Aged-Blended Freshwater 

 

Sample ID Sample 
Point 

Nominal 
Concentration 

(mg/L) 

Calculated 
Concentration 

(mg/L) 

Recovery 
(%) 

     
64403-86 2ppm WAF, 4h 4-hours 2 1.96 98% 
64403-87 10ppm WAF, 4h 4-hours 10 8.76 88% 

64403-88, spike 4-hours 2 2.12 106% 
64403-89 2ppm WAF, 18h 18-hours 2 1.90 95% 
64403-90 10ppm WAF, 18h 18-hours 10 7.90 79% 

64403-91, spike 18-hours 10 8.60 86% 
64403-108 100ppm WAF, 18h 18-hours 100 81.0 81% 

64403-109 Spike  18-hours 100 102 102% 
64403-92 2ppm WAF, 48h 48-hours 2 1.54 77% 

64403-93 10ppm WAF, 48h 48-hours 10 7.48 75% 
64403-94, spike 48-hours 2 1.90 95% 

64403-112 100ppm WAF, 48h 48-hours 100 66.5 67% 
64403-113 Spike  48-hours 100 88.1 88% 

64403-95 10ppm WAF, 72h 72-hours 10 7.90 79% 
64403-96, spike 72-hours 10 8.20 82% 

64403-116 100ppm WAF, 72h 72-hours 100 77.0 77% 
64403-117 Spike  72-hours 100 98.2 98% 
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Table 5 Measured Concentrations of Naphthenic Acids During the WAF Equilibration 
Trials in Freshwater Algal Nutrient Medium 

 

Sample ID Sample 
Point 

Nominal 
Concentration 

(mg/L) 

Calculated 
Concentration 

(mg/L) 

Recovery 
(%) 

     
64403-97 2ppm WAF, 4h 4-hours 2 1.84 92% 
64403-98 10ppm WAF, 4h 4-hours 10 7.89 79% 

64403-99, spike 4-hours 2 1.93 97% 
64403-100 2ppm WAF, 18h 18-hours 2 1.85 92% 
64403-101 10ppm WAF, 18h 18-hours 10 8.61 86% 

64403-102, spike 18-hours 10 8.94 89% 
64403-110 100ppm WAF, 18h 18-hours 100 59.9 60% 

64403-111 Spike  18-hours 100 102 102% 
64403-103 2ppm WAF, 48h 48-hours 2 1.77 88% 

64403-104 10ppm WAF, 48h 48-hours 10 8.37 84% 
64403-105, spike 48-hours 2 1.96 98% 

64403-114 100ppm WAF, 48h 48-hours 100 53.3 53% 
64403-115 Spike  48-hours 100 87.6 88% 

64403-106 10ppm WAF, 72h 72-hours 10 8.97 90% 
64403-107, spike 72-hours 10 8.29 83% 

64403-118 100ppm WAF, 72h 72-hours 100 59.5 60% 
64403-119 Spike  72-hours 100 99.7 100% 
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APPENDIX A – TEST SUBSTANCE PHYSICAL-CHEMICAL  
SPECIFICATIONS FROM SUPPLIER 
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APPENDIX B – DILUTION WATER CHARACTERIZATION 
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Chemical Characteristics of ABC Well Water Used by 
ABC Laboratories' Chemical Services Group 

 
August 2009 ABC Well Water Screen (non-GLP) 

Organophosphate 
(µg/L)  2009  

Historical 
Range  
1998-2009 1  Elements (mg/L)  2009  

Historical 
Range  
1998-2009 1 

Azinphos ethyl 
 

--- 
 

<1.05  Aluminum <0.0500 
 

<0.05004

Azinphos-methyl 
 

<0.200 
 

<0.2003  Antimony <0.0500 
 

<0.05004

Bolstar 
 

<0.200 
 

<0.2004  Arsenic <0.0250 
 

<0.0250-<0.050
Chloropyrifos 

 
<0.200 

 
<0.2004  Barium 0.0189 

 
0.01894

Coumaphos 
 

<0.400 
 

<0.4004  Beryllium <0.0010 
 

<0.00104

Demeton, Total 
 

<0.200 
 

<0.200-<1.0  Boron 0.400 
 

0.37-0.415 
Diazinon 

 
<0.200 

 
<0.200-<1.0  Cadmium <0.0020 

 
<0.0020-<0.0050

Dichlorvos 
 

<0.200 
 

<0.2004  Calcium2 76.3 
 

52-83.1 
Dimethoate 

 
<1.00 

 
<1.004  Chromium <0.0100 

 
<0.010 

Disulfoton 
 

<0.200 
 

<0.200-<1.0  Cobalt <0.0100 
 

<0.01004

EPN 
 

<0.200 
 

<0.2004  Copper <0.0100 
 

<0.010 
Ethion 

 
--- 

 
<1.05  Iron 0.020 

 
<0.0059-0.16 

Ethoprop 
 

<0.200 
 

<0.2004  Lead <0.0400 
 

<0.0065-0.0400 
Fensulfothion 

 
<1.00 

 
<1.004  Magnesium2 30.7 

 
27-33.1 

Fenthion 
 

<0.200 
 

<0.2004  Manganese <0.0050 
 

<0.00504

Malathion 
 

<0.200 
 

<0.200-<1.0  Molybdenum <0.0100 
 

<0.01004 
Merphos 

 
<0.200 

 
<0.2004  Mercury --- 

 
<0.000605

Mevinphos 
 

<1.00 
 

<1.004  Nickel <0.0100 
 

<0.0100-<0.020
Monocrotophos 

 
<1.00 

 
<1.004  Potassium2 7.51 

 
6.6-7.93 

Naled 
 

<2.00 
 

<2.004  Selenium <0.0500 
 

<0.050 
Parathion: 

 
--- 

 
<1.05  Silver <0.0100 

 
<0.010 

Parathion, ethyl 
 

<0.200 
 

<0.2003  Sodium2 29.0 
 

27-32.2 
Parathion, methyl 

 
<0.200 

 
<0.2003  Thallium <0.0500 

 
<0.05004

Phorate 
 

<0.200 
 

<0.2004  Tin <0.0200 
 

<0.02004

Ronnel 
 

<0.200 
 

<0.2004  Vanadium <0.0100 
 

<0.01004

Stirophos 
 

<0.200 
 

<0.2004  Zinc 0.0197 
 

0.0118-0.078 
Sulfotepp 

 
<0.200 

 
<0.2004  Chlorinated 

Hydrocarbons (μg/L)     TEPP <0.200 <0.2004 
Tokuthion 

 
<0.200 

 
<0.2004  4,4’-DDD <0.04 

 
<0.040 

Trichloronate 
 

<0.200 
 

<0.2004  4,4’-DDE <0.04 
 

<0.040 
 

 
 

 
  4,4’-DDT <0.04 

  <0.040 
   Aldrin <0.04 <0.040 
Polychlorinated 
Biphenyls (μg/L) 

 
 

 
 α-BHC <0.04 <0.040 

β-BHC <0.04 <0.040 
Aroclor 1016 

 
<1.00 

 
<1.00 Δ-BHC <0.04 <0.040 

Aroclor 1221 <1.00 <1.00 Dieldrin <0.04 <0.040 
Aroclor 1232 

 
<1.00 

 
<1.00  Endosulfan I <0.04 

 
<0.040 

Aroclor 1242 
 

<1.00 
 

<1.00  Endosulfan II <0.04 
 

<0.040 
Aroclor 1248 

 
<1.00 

 
<1.00  Endosulfan sulfate <0.04 

 
<0.040 

Aroclor 1254 
 

<1.00 
 

<1.00  Endrin <0.04 
 

<0.040 
Aroclor 1260 

 
<1.00 

 
<1.00  Endrin aldehyde <0.04 

 
<0.040 
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Chemical Characteristics of ABC Well Water Used by 
ABC Laboratories' Chemical Services Group (continued) 

 
August 2009 ABC Well Water Screen (non-GLP) 

Miscellaneous (mg/L)  2009  

Historical 
Range  
1998-2009 1  

Chlorinated 
Hydrocarbons (μg/L) 
(continued)  2 009  

Historical 
Range  
1998-2009 1 

Nitrite N 
 

<0.01 
 

<0.01-≤0.050  Endrin ketone <0.04 
 

<0.040 
Nitrate N 

 
0.328 

 
<0.11-0.328  γ-BHC <0.04 

  <0.040 
Total Phosphorus as P 

 
0.12 

 
<0.050-0.64  Heptachlor <0.04 

 
<0.040 

Chlorinated 
Herbicides (μg/L) 

 
 

 
  Heptachlor epoxide <0.04 

  <0.040 
Methoxychlor <0.04 <0.04-<0.095 

2,4,5-TP (Silvex) 
 

<0.200 
 

<0.200-<50  Toxaphene <0.50 
 

<0.50-<3.8 
2,4-D 

 
<0.200 

 
<0.200-<250  Chlordane <0.05 

 
<0.05-<0.48 

1 Data supporting these values are on file at ABC Laboratories.  Less than (<) values indicate recovery was below 
the greatest limit of detection during these analyses. 

2 Historical Range is from 2003. 
3 Historical Range is from 2008. 
4 Historical Range is from 2009. 
5 Historical Range does not include 2009. 

 
Note: ABC Well Water is the base water for ABC Reagent Water 
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APPENDIX C – PROTOCOL, AMENDMENTS, AND DEVIATION 
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APPENDIX D – CHARACTERIZATION OF NAPHTHENIC ACIDS IN WAF 
SOLUTIONS BY GC/MS 
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1.0 Stability  Evaluation of Naphthenic Acids in Water Accommodated Fractions 
 
1.1 WAF Equilibration and Sample Stability in Glass and Plastic Bottles 
 
Prior to the aquatic toxicity testing, stability of the naphthenic acid profiles in a WAF was 
assessed by measuring the profile at different time periods using two different sample 
containers.  This information was used to establish sample storage periods and type of sample 
containers used to ship future test samples. Therefore, the testing laboratory created a WAF at 
a loading rate of 10 mg/L.  After the designated stirring period, the WAF was sub-sampled into 
one container of glass and one of plastic.  Those samples were shipped to the U of A for GC-
MS analysis. A third sample was held for 48 h under testing conditions that would exist during a 
Daphnia magna acute test.  After the 48-h period, this sample was placed in a glass container 
and shipped to the U of A for analysis.  
 
1.1.1 Samples and Methods 
 
In May 2009, three naphthenic acids “water accommodated fraction” (WAF) samples were 
received in the Department of Biological Sciences at the U of A. Two of these samples were in 
glass bottles and one was in a plastic bottle. The samples were designated A, B, and C in our 
laboratory, and the verbatim text on each bottle label, is given below. The text in quotation 
marks was written by Analytical Bio-Chemistry Laboratories, Inc. 
 
U of A Sample A:  
“Naphthenic acids  WAF preparation 10 mg/L Nominal Loading Rate 
72 hour stir, 0 hour sample 500 mL 
Prepared: 8May09  Collected: 11May09  Expire: 8June09 
Store:  Room temp. in a glass bottle” 
 
U of A Sample B:   
“Naphthenic acids  WAF preparation 10 mg/L Nominal Loading Rate 
72 hour stir, 0 hour sample 500 mL 
Prepared: 8May09  Collected: 11May09  Expire: 8June09 
Store:  Room temp. in a plastic bottle” 
 
U of A Sample C:  
“Naphthenic acids  WAF preparation 10 mg/L Nominal Loading Rate 
72 hour stir, 48 hour samples 
Prepared: 8May09  WAF Collected: 11May09  Collected: 13May09  Expire: 13June09 
Store:  Room temp. in a glass bottle” 
 
A 10-mL subsample from each bottle was diluted to 1 L with distilled water and these were 
extracted individually as outlined by Merlin et al. (2007). Briefly, the diluted sample was acidified 
to pH 2 with concentrated HCl, and then 150 g NaCl was dissolved into the sample. The water 
sample was then extracted with three 60-mL portions of chloroform (HPLC grade). Free 
carboxylic acids were separated from lipids by extracting the chloroform phase with three 10-mL 
portions of an alkaline aqueous solution containing 4% sodium carbonate (pH 11.6). The free 
carboxylic (naphthenic) acids were recovered from the alkaline solution by acidifying with 
concentrated HCl to pH 2 and extracting three times with 10 mL of dichloromethane (DCM, 
HPLC grade). The combined DCM extracts were dried under nitrogen. 
 



 ABC Study No. 64403 
 

Page 54 of 64 
 

The residue was dissolved in 50 µL of DCM and the naphthenic acids were derivatized by 
adding 50 µL of Sigma MTBSTFA derivatizing agent (without 1% t-BDMCS, Young et al. in 
press) to each vial and heating at 60°C for 20 min.  
 
The derivatized samples were analyzed by GC-MS (Young et al. 2008) and the total ion current 
mass spectra were collected. The data obtained were put into a Microsoft Excel spreadsheet 
(Holowenko et al. 2002) to prepare a table of the relative abundances of each ion corresponding 
to the general formula for naphthenic acids, CnH2n+ZO2, where n is the carbon number and Z is 
zero or a negative even number defining the hydrogen deficiency due to cyclization.  The 
distributions of ions summarized in each table was used to prepare a three-dimensional plots of 
the ion abundances for each n and Z value. 
 
1.1.2 Results of Analyzing Water Accommodated Fractions 
 
The tables of relative abundances of each ion (expressed as percentages) are summarized in 
Table 1.1.1 to 1.1.3. The values of the percentages reported in these tables are rounded to the 
nearest 0.1. The three-dimensional plots are shown in Figures 1.1.1 to 1.1.3.  
 
Data from each analysis were compared to data from the other two sample analyses using the 
statistical method of Clemente et al. (2003). In this statistical method, the ion distributions from 
the GC-MS analysis are divided into three groups based on carbon numbers. These are: Group 
1 (C5 to C13), Group 2 (C14 to C21), and Group 3 (C22 to C33). The ions in Group 3 constitute the 
“C22+ cluster” defined by Holowenko et al. (2002) and are commonly found in the analyses of 
Alberta oil sands process-affected waters (Holowenko et al. 2002; Clemente et al. 2003; 
Bataineh et al. 2006). However, ions in the “C22+ cluster” are much less abundant in 
commercial naphthenic acids preparations (St. John et al. 1998; Clemente et al. 2003; 
Biryukova et al. 2007). The carbon numbers in Group 1 and Group 2 were assigned somewhat 
arbitrarily.  
 
For the group 1 naphthenic acids (C5 to C13), there were no statistically significant differences (P 
> 0.05) among the three samples. Similarly, for the group 2 naphthenic acids (C14 to C21), there 
were no statistically significant differences (P > 0.05) among the three samples. The three 
samples were essentially devoid of group 3 naphthenic acids (C22 to C33). 
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Table 1.1.1 

 
 

                          API sample A: NA 10mg/L, 0 h (glass bottle)

C number z number
0 2 4 6 8 10 12 % carbon no

5 1.2 0.0 0.0 0.0 0.0 0.0 0.0 1.2
6 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.5
7 1.0 1.1 0.0 0.0 0.0 0.0 0.0 2.1
8 0.6 0.5 0.0 0.0 0.0 0.0 0.0 1.1
9 2.5 0.5 0.0 0.0 0.0 0.0 0.0 3.0

10 1.0 0.9 0.8 0.0 0.0 0.0 0.0 2.7
11 0.8 3.4 3.8 0.0 0.0 0.0 0.0 8.0
12 4.1 6.3 8.6 1.0 0.0 0.0 0.0 19.9
13 1.2 6.4 9.1 1.6 0.0 0.0 0.0 18.3
14 2.0 4.2 6.6 1.6 0.4 0.0 0.0 14.9
15 0.8 2.0 3.1 1.2 0.3 0.0 0.0 7.4
16 6.0 1.0 1.5 0.7 0.2 0.1 0.0 9.4
17 0.5 0.3 0.6 0.4 0.1 0.1 0.0 2.0
18 3.1 0.7 0.4 0.3 0.1 0.2 0.1 4.8
19 0.3 0.0 0.1 0.1 0.0 0.1 0.3 0.8
20 0.1 0.1 0.1 0.0 0.0 0.2 0.1 0.6
21 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.3
22 0.1 0.5 0.0 0.0 0.0 0.2 0.1 0.9
23 0.1 0.0 0.0 0.0 0.0 0.1 0.2 0.5
24 0.1 0.0 0.0 0.0 0.0 0.2 0.3 0.6
25 0.1 0.0 0.1 0.0 0.0 0.1 0.1 0.4
26 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2
27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
28 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.2
29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

% by z No 26.1 28.0 34.7 6.9 1.2 1.7 1.3 100.0
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Table 1.1.2 

 

                          API sample B: NA 10mg/L 0 h (plastic bottle)

C number z number
0 2 4 6 8 10 12 % carbon no

5 1.3 0.0 0.0 0.0 0.0 0.0 0.0 1.3
6 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.6
7 1.1 1.0 0.0 0.0 0.0 0.0 0.0 2.1
8 0.8 0.6 0.0 0.0 0.0 0.0 0.0 1.3
9 2.7 0.5 0.0 0.0 0.0 0.0 0.0 3.1

10 0.8 0.9 0.7 0.0 0.0 0.0 0.0 2.5
11 0.7 3.4 3.5 0.0 0.0 0.0 0.0 7.6
12 3.4 6.2 8.4 1.0 0.0 0.0 0.0 19.0
13 1.2 6.6 9.0 1.6 0.0 0.0 0.0 18.4
14 1.9 4.5 7.6 1.7 0.5 0.0 0.0 16.1
15 0.8 2.0 3.2 1.5 0.3 0.0 0.0 7.9
16 5.5 1.0 1.5 0.7 0.3 0.1 0.0 8.9
17 0.7 0.3 0.5 0.3 0.1 0.1 0.0 2.1
18 2.8 0.6 0.3 0.2 0.1 0.3 0.1 4.4
19 0.5 0.1 0.0 0.1 0.1 0.1 0.3 1.0
20 0.1 0.1 0.1 0.1 0.0 0.2 0.3 0.9
21 0.2 0.0 0.0 0.0 0.1 0.1 0.1 0.4
22 0.1 0.4 0.0 0.0 0.1 0.1 0.1 0.7
23 0.0 0.0 0.0 0.1 0.0 0.1 0.1 0.3
24 0.1 0.0 0.1 0.0 0.0 0.1 0.1 0.5
25 0.0 0.0 0.3 0.0 0.0 0.1 0.1 0.6
26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1
29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
32 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1
33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

% by z No 25.1 28.3 35.4 7.3 1.6 1.2 1.1 100.0
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Table 1.1.3 

 

                          API sample C: NA 10mg/L, 48 h (glass bottle)

C number z number
0 2 4 6 8 10 12 % carbon no

5 1.3 0.0 0.0 0.0 0.0 0.0 0.0 1.3
6 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.5
7 1.0 0.9 0.0 0.0 0.0 0.0 0.0 2.0
8 0.8 0.4 0.0 0.0 0.0 0.0 0.0 1.2
9 1.5 0.3 0.0 0.0 0.0 0.0 0.0 1.8

10 0.4 0.5 0.4 0.0 0.0 0.0 0.0 1.3
11 0.4 2.5 2.8 0.0 0.0 0.0 0.0 5.7
12 2.6 6.0 8.3 1.0 0.0 0.0 0.0 17.8
13 1.2 7.7 10.3 1.8 0.0 0.0 0.0 20.9
14 1.6 5.9 9.5 2.2 0.6 0.0 0.0 19.8
15 0.8 3.0 4.6 1.7 0.4 0.0 0.0 10.5
16 3.4 1.3 2.2 1.0 0.3 0.1 0.0 8.4
17 0.7 0.4 0.8 0.5 0.1 0.1 0.0 2.6
18 1.6 0.6 0.3 0.2 0.1 0.2 0.1 3.1
19 0.3 0.0 0.1 0.1 0.0 0.0 0.1 0.7
20 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.6
21 0.1 0.0 0.0 0.0 0.3 0.0 0.0 0.5
22 0.0 0.3 0.0 0.0 0.2 0.0 0.0 0.5
23 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1
24 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.2
25 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.5
26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

% by z No 18.2 30.0 40.2 8.5 2.2 0.6 0.4 100.0
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Figure 1.1.1 Three-dimensional plot of naphthenic acids sample from 
Sample A in the glass bottle (Table 2.1.1). The sum of all bars equals 
100%. 
 
 

Figure 1.1.2 Three-dimensional plot of naphthenic acids sample from 
Sample B in plastic bottle (Table 2.1.2). The sum of all bars equals 100%. 
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Figure 1.1.3 Three-dimensional plot  of naphthenic acids sample 
from Sample C in glass bottle (Table 2.1.3). The sum of all bars equals 
100%. 

 
Overall, there were no statistically significant differences among the relative abundances of the 
ions in the three-dimensional plots from the three WAF samples that were analyzed. Thus, 
based on these qualitative analyses, there was no difference between shipping a sample in a 
plastic bottle or in a glass bottle. Similarly, there was no difference between the 0 h and the 48 h 
sample. 
 
1.2 Conclusions on the Stability of Naphthenic Acids in Water Accommodated 

Fractions 
 
Based on the results of the stability of the naphthenic acids profile when samples were stored 
and shipped in glass or plastic, either type of container was considered appropriate for use in 
collection and shipping test samples from the definitive aquatic toxicity tests.  Additionally, once 
the WAF is prepared for use in a toxicity test, it is anticipated that no change would be expected 
over the duration of a WAF renewal period, as defined by the naphthenic acids C-number and 
Z-number profiles.  
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