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SUMMARY 

(Continued) 
 

 
SUMMARY: 

 
Method verification samples containing nineteen polyaromatic hydrocarbons (PAHs) 
were fortified in freshwater.  Sam ples were  either further diluted in freshwater or 
analyzed directly against PAH external standards also prepared in freshwater.  Recovery 
samples and standards were analyzed by  reverse phase, gradient elution high 
performance liquid chrom atography with on-line sequential UV and fluorescence 
detection.  Ultraviolet detection at 220 nm was used to quantify  naphthalene, 
acenaphthylene, 1-methylnaphthalene, 2-methylnaphthalene, fluorene, acenaphthene, 
phenanthrene, chrysene and indeno(1,2,3-cd)py rene.  Fluorescence detection at an 
excitation wavelength of 340 nm and an emission wavelength of 425 nm was used to 
quantify anthracene, fluoranthene, pyrene, benz(a)anthracene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, benzo(g,h,i)perylene and 
dibenzo(a,e)pyrene.  Each analyte was quantified against external standards via linear 
regression analysis.  Recoveries of each of the PAH analy tes from  freshwater are 
presented in tables 2-20.  Linear regression analy ses of each of PAH analy tes are 
presented in figures 2-20. 
 
Water accommodated fractions (WAFs) were analyzed for the presence of PAHs after 
mixing for 24, 48, 72 and 96 hours.  No PAHs were detected in any WAF samples.  A 
blank and three quality  control (QC) sam ples were prepared and analyzed at each 
interval.  All QC samples were quantitative for the nineteen PAHs; see tables 21-39. 
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INTRODUCTION 

Analytical trials were conducted to verify  analytical m ethods for the determ ination of 

polyaromatic hy drocarbons (PAH) in water accom modated fraction (WAF) solutions m ade with 

petroleum coke and freshwater. The study was conducted by Wildlife International, Ltd. and identified as 

Project Number 472C-104.  The study was performed based on procedures in Residues: Guidance for 

Generating and Reporting Methods of Analysis in Support of Pre-registration Data Requirements for 

Annex II (Part A, Section 4) and Annex III (Part A, Section 5) of Directive 91/414 (1).  Petroleum coke 

was defined as the product form ed by subjecting th e heavy tar-like residue rem aining following oil 

refining to high temperatures and pressures.  It consists of primarily elemental carbon with considerably 

smaller amounts of hydrocarbons, sulfur and trace amounts of heavy metals.  The method was verified by 

fortifying freshwater with the test substance and recoveries were determined.  Limits of quantitation 

(LOQ) for the method also were established.  All raw data generated by Wildlife International, Ltd. and a 

copy of the final report are filed under Project Num ber 472C-104 in archives located on the Wildlife 

International, Ltd. site.  The protocol and amendments are presented in  Appendix 3 and personnel 

involved in the study are listed in Appendix 5. 
 

PURPOSE 

The objectives of this study were to; 1) verify  a High Perform ance Liquid Chrom atography 

(HPLC) method for determination of polycyclic aromatic hydrocarbons (PAH) in water accommodated 

fraction (WAF) solutions of petroleum  coke; 2) employ the method to determine the optimum WAF 

mixing time to achieve maximum leaching of PAHs from the test substance matrix into freshwater. 
 

EXPERIMENTAL DESIGN 

Wildlife International, Ltd. well water was fortified at three different concentrations and analyzed 

using HPLC methods developed by Wildlife International, Ltd.  Reagent and matrix blanks were analyzed 

concurrently to evaluate potential analy tical in terferences.  Calibration curves were prepared and 

analyzed with each series of matrix fortification samples.  
 

An equilibration trial was run for 96 hours to determine an appropriate mixing time for preparing 

WAF solutions of green petroleum  coke.  Com pounds of interest in WAF solutions were 20 PAHs.  

Analytical samples were taken approxim ately 24, 48, 72 and 96 hours after initiation of stirring and 

analyzed for PAHs.  Matrix blanks were analy zed concurrently  to evaluate potential analy tical 

interferences.  Calibration curves were prepared and analyzed with each series of m atrix fortification 

samples.  
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MATERIALS AND METHODS 

Test Substance 

The test substance was green petroleum coke (CAS Number 64741-79-3).  Petroleum coke was 

defined as the product formed by subjecting the heavy tar-like residue remaining following oil refining to 

high temperatures and pressures.  It consists of pr imarily elemental carbon with considerably smaller 

amounts of hydrocarbons, sulfur and trace amounts of heavy metals.  Analyses of selected components in 

petroleum coke are provided in Appendix 4.  The test substance was received from EPL on October 7, 

2003 and was assigned Wildlife International, Ltd. identification number 6485A.  The test substance 

appeared as black pellets and was identified as 2 mm Particle Size Petroleum Coke (aka Milled Pellets).  

The test substance was stored under ambient conditions.  An expiration date was not provided.   

 

The identity, strength, purity, composition and method of synthesis, fabrication and/or derivation 

of each batch of the test substance and the maintenance of these records was the responsibility  of the 

Sponsor. 

 

Reference Standards 

Purified PAH reference standard was made up of components received from three manufacturers. 

 The following standards were received from  Accu Standard Inc. and were stored under am bient 

conditions: 

 
 
 
Component 

Test 
Substance 
Number 

 
 

Lot/Batch 

 
CAS 

Number 

 
Date  

Received 

 
Expiration  

Date 

 
 

Description 
 

Benzo(a)pyrene 
Anthracene 
Benz(a)anthracene 
Acenaphthylene 
Acenaphthene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(1,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

6705 
6706 
6707 
6708 
6709 
6710 
6711 
6712 
6713 
6714 
6715 
6716 
6717 
6718 
6719 
6720 

052803MT-AC 
A33783 
19587 
011504MS-AC 
01915EQ 
020402AG-AC 
122 500MT-AC 
112603AG-AC 
13103 
13246 
19762 
19675 
19641 
167A-A 
090903AG-AC-1 
09617LR 

50-32-8 
120-12-7 
56-55-3 
208-96-8 
83-32-9 
205-99-2 
191-24-2 
207-08-9 
218-01-9 
53-70-3 
206-44-0 
86-73-7 
193-39-5 
91-20-3 
85-01-8 
129-00-0 

6/07/04 
6/07/04 
6/07/07 
6/07/04 
6/07/04 
6/07/04 
6/07/04 
6/08/04 
6/08/04 
6/08/04 
6/08/04 
6/08/04 
6/08/04 
6/08/04 
6/08/04 
6/08/04 

6/03/07 
6/03/07 
6/03/07 
6/03/07 
6/03/07 
6/03/07 
6/03/07 
6/03/07 
6/03/07 
6/03/07 
6/03/07 
6/03/07 
6/03/07 
6/03/07 
6/03/07 
6/03/07 

green powder 
white powder 

colorless plates 
yellow powder 
white crystal 
white flakes 

green powder 
yellow powder 
white powder 
green powder 
white powder 
white powder 
yellow powder 

white flakes 
white powder 
green crystal 
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The following standards were received from  Cambridge-Isotope Labs and was stored under 

ambient conditions: 
 
 
Component 

Test 
Substance 
Number 

 
 

Lot/Batch 

 
CAS 

Number 

 
Date 

Received 

 
Expiration  

Date 

 
 

Description 
 

Dibenzo(a,e)pyrene 
Perylene 

6518 
6493 

I1-7628 
20330PO 

192-65-4 
198-55-0 

10/22/03 
10/09/03 

Not given 
Not given 

Solids 
Cystalline solid 

 

The following standards were received from  Ch emService and were stored under am bient 

conditions: 

 
 
Component 

Test 
Substance 
Number 

 
Lot/Batch 
Number 

 
CAS 

Number 
 

 
Date 

Received 

 
Expiration  

Date 

 
 

Description 

2-Methylnaphthalene 
1-Methylnaphthalene 

6765 
6766 

310-43C 
325-31A 

91-57-6 
90-12-0 
 

8/03/04 
8/03/04 

9/01/08 
5/01/09 

Solid 
Liquid 

All certificates of analysis for the components are presented in Appendix 4. 
 

Reagents and Solvents 

All solvents used in the methods were of HPLC grade or equivalent.   
 
Freshwater 

The freshwater used to prepare the m ethod verification studies was obtained from  a well 

approximately 40 meters deep located on the Wildlif e International, Ltd. site.  The well water is 

characterized as m oderately-hard water.  The means and ranges of specific conductance, hardness, 

alkalinity and pH measurements of the well water during the four-week period immediately preceding the 

test are presented in Appendix 1. 
 

The well water was passed through a sand filter to remove particles greater than approximately 

25 µm, and pumped into a 37,800-L storage tank and aerated with spray nozzles.  Prior to use, the water 

was filtered (0.45 µm) again to remove microorganisms and particles.  The results of periodic analyses 

performed to measure the concentrations of selected organic and inorganic constituents in the well water 

are presented in Appendix 2. 
 
Stocks Preparation by HPLC Analysis 

For all compounds received from AccuStandard, with the exception of Benzo(g,h,i)pery lene, 

Benzo(k)fluoranthene and Fluoranthene, the mass received was quantitatively transferred to a 100-mL 

class A volumetric flask using methanol.  These primary stock solution concentrations were 0.1 mg/mL. 
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Benzo(g,h,i)perylene, Benzo(k)fluoranthene and Fl uoranthene were quantitatively  transferred to a 

200-mL class A volumetric flask using methanol.  These primary stock solution concentrations were 0.05 

mg/mL. 
 

A stock of Dibenzo(a.e)py rene (received from Cambridge Isotope Labs) was prepared by  

weighing 0.01000 g on an analy tical balance, transferred to a 100-m L class A volum etric flask and 

brought to volume using tetrahydrofuran.  This primary stock solution concentration was 0.1 mg/mL. 
 

Stocks of 2-m ethylnaphthylene and 1-m ethynaphthylene (received from  ChemService) were 

prepared by weighing 0.1004 g and 0.01003 g, respectively, on an analytical balance.  The test materials 

were transferred to  100-m L class A volum etric flasks and brought to volume using methanol. These 

primary stock solutions contained 1.00 mg/mL of the test material and were diluted in m ethanol to 

prepare 0.100 mg/mL secondary stock solutions.   
 

Aliquots (1 mL) of the 0.1 mg/mL primary stocks and 2 mL of the 0.05 mg/mL primary stocks, 

were added to a 100-mL class A volumetric flask and brought to volume with methanol to produce a 0.1 

mg/L combined stock solution.  The following shows the dilution schem e for the set of calibration 

standards prepared in freshwater:   

 
Stock 

Concentration 
mg/L 

 
 

Aliquot 
(µL) 

 
Final 

Volume 
(mL) 

 
Standard 

Concentration 
(µg/L) 

1.00 

1.00 

1.00 

1.00 

1.00 

50.0 

150 

250 

350 

500 

10.0 
10.0 
10.0 
10.0 
10.0 

5.00 

15.0 

25.0 

35.0 

50.0 
 

Analytical Method by HPLC 

The method used for the analysis of the method verification samples was based upon methodology 

developed by Wildlife International, Ltd.  The an alytical method consisted of diluting the sam ples in 

freshwater, as necessary , and analy zing by direct injection high performance liquid chromatography 

(HPLC) with either UV detection at 220 nm or fluorescence detection at 340 nm to 425 nm.  It was 

necessary to utilize two detection sy stems (UV and fluorescence) to m easure the PAH com pounds 
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because some compounds lacked sufficient fluorescence activity for detection.  The detectors used for the 

individual components are noted in the tabulated data.  
 

During evaluation of the instrument settings, the chromatographic retention times for perylene 

and dibenzo (a,e) pyrene overlapped such that no distinction of the two could be made.  The decision was 

made not to expend further effort to resolve these two m inor components in coke.  Therefore, only  

dibenzo (a,e) pyrene was reported. 
 

Concentrations of each PAH compound in the fortified samples were determined using an Agilent 

Model 1100 High Perform ance Liquid Chromatograph, equipped with either an Agilent Series 1100 

Variable Wavelength Detector or a Jasco Model FP-1520 Fluorescence Detector.  Chromatographic 

separations were achieved using a YMC Pack ODS-AM column (150 mm x 4.6 mm, 3 µm particle size).  

Instrumental parameters for the analysis of PAH components are summarized in Table 1 and a method 

flowchart is provided in Figure 1. 
 

Calibration Curve and Limit of Quantitation (LOQ) 

Calibration standards of the components, ranging in concentration from 5.00 to 50.0 µg/L, were 

analyzed with the freshwater verification sample set.  Linear regression equations were generated using 

the peak area responses versus the respective concentrations of the calibration standards.  Representative 

calibration curves are presented in Figures 2 through 20.  The concentrations of the components in the 

samples was determined by substituting the peak area responses of the samples into the applicable linear 

regression equation.  Representative chrom atograms of low and high-level calibration standards are 

presented in Figures 21 and 22, respectively. 
 

The method limit of quantitation (LOQ) for the method verification analysis of the components in 

freshwater was set at 5.00 µg/L, calculated as the product of the lowest calibration standard (5.00 µg/L) 

and the dilution factor of the matrix blank samples (1.00).   
 

Reagent and Matrix Blank Samples 

Concurrent with the series of m atrix fortification samples, two reagent blanks and two matrix 

blanks for  each component were analyzed to determine possible interferences.  No interferences were 

observed at or above the LOQ during the sam ple analyses (Tables 2 through 20).  A representative 

chromatogram of a reagent blank is presented in Figure 23.  A representative chromatogram of a matrix 

blank is presented in Figure 24. 



 
 

Wildlife International, Ltd. Project Number 472C-104 

 
- 19 - 

 

 

Freshwater Method Verification Samples 

Freshwater was fortified at 10.0, 40.0 and 100 µg/L using stock solutions containing PAH 

components in methanol.  Results are presented in Tables 21 through 39.  Representative chromatograms 

of low and high-level freshwater fortifications are presented in Figures 25 and 26, respectively. 
 

Example Calculations 

The analy tical result and percent recovery  for sample number 472C-104-VMAS-21 for 

1-Methylnaphthalene, nom inal concentration of 40.0 µg/L in freshwater, were calculated using the 

following equations: 
 

1-Methylnaphthalene (µg/L) in sample = 
Peak area - (Y-intercept)

Slope   X  Dilution factor  

 
Peak area = 96.84348 
Y-intercept = -0.2359 
Slope = 2.4290 
Dilution Factor = 1.00 
 

Concentration of 1-Methylnaphthalene (µg/L) in sample = 
96.84348 + 0.2359

2.4290    X 1.00 
 

Concentration of 1-Methylnaphthalene in sample (µg/L) = 39.97 
 

Percent of nominal concentration = 
39.97 (µg/L)
40.0 (µg/L)  X 100 

 
Percent of nominal concentration = 99.9% 
 

Preparation of Test Concentration for the WAF Trial 

Petroleum coke was mixed directly with dilution water (well water) on a weight:volume basis.  A 

WAF was prepared at a single high concentration of 1000 mg/L in two different size Pyrex® aspirator 

bottles with tubulation. For the first WAF, 12.0 grams of the test substance were transferred into 12,000 

ml of dilution water contained in a 13.2 L vessel.  For the second WAF, 4.00 grams of test substance were 

transferred into 4000 mLs of dilution water contained in a 4 L vessel.  Solutions were prepared by mixing 

the test solutions with Teflon®-coated stir bars to create a vortex depth of approximately 30% of the test 

solution height.  After m ixing, the WAFs were allo wed to settle for 30 minutes to one hour.  The test 

solutions were sampled following approximately 24, 48, 72 and 96 hours of mixing.  Samples of each test 

solution were taken from  m id-depth of the m ixing vessels using graduated pipettes. Sam ples were 
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centrifuged at 14,000 rpm  for approximately 5 minutes and submitted for HPLC analy sis (Tables 21 

through 39). 

 

Calibration Curve and Limit of Quantitation (LOQ) for the WAF Trial 

Calibration standards of the components, ranging in concentration from 5.00 to 50.0 µg/L, were 

analyzed with each sample set.  Linear regression equations were generated using the peak area responses 

versus the respective concentrations of the calibration standards.  The concentration of the components in 

the samples was determined by substituting the peak area responses of the samples into the applicable 

linear regression equation.  Representative chromatograms of low and high-level calibration standards are 

presented in Figures 50 and 51, respectively. 

 

The method limit of quantitation (LOQ) for the WAF trial was set at 5.00 µg/L, calculated as the 

product of the lowest calibration standard (5.00 µg/L) and the dilution factor of the matrix blank (1.00).  

Representative chromatograms of a matrix blank and matrix fortification are presented in Figures 27 and 

28, respectively.  A representative chromatogram of a test sample is presented in Figure 31. 

 

RESULTS OF WAF EQUILIBRATION TRIAL 

Water accommodated fractions (WAFs) were analyzed for the presence of the 19 polyaromatic 

hydrocarbons (PAHs) after mixing for 24, 48, 72 and 96 hours.  No PAHs were detected in any  WAF 

samples.  Representative chromatograms for a WAF sample are presented in Figures 50-54.  A blank and 

three quality control (QC) samples were prepared and analyzed at each interval.  The QC samples were 

quantitative for all 19 PAHs (Tables 21-39). 

 

CONCLUSIONS 

Freshwater validation samples containing components of PAH were prepared and analyzed by 

direct injection high performance liquid chromatography with either UV or fluorescence detection and 

fortified at nominal concentrations of 10.0, 40.0 and 100 µg/L.  Recoveries of Naphthalene in freshwater 

yielded mean percent recoveries of 100, 101 and 88.8%, respectively, with an overall mean recovery of 

96.4 ± 5.82% (RSD = 6.04%) (Table 2).  Recoveries of  Acenaphthylene in freshwater y ielded mean 

percent recoveries of 99.1, 99.8 and 96.4%, respectively, with an overall mean recovery of 98.5 ± 1.67% 

(RSD = 1.70% ) (Table 3).  Recoveries of 1-Methy lnaphthalene in freshwater y ielded mean percent 

recoveries of 100, 101 and 89.2%, respectively, with an overall mean recovery of 96.6 ± 5.62% (RSD = 
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5.82%) (Table 4).  Recoveries of 2-Methylnaphthalene in freshwater yielded mean percent recoveries of 

100, 100 and 86.6%, respectively, with an overall mean recovery of 95.6 ± 6.84% (RSD = 7.15%) (Table 

5).  Recoveries of Fluorene in freshwater y ielded mean percent recoveries of 98.0, 100 and 95.7%, 

respectively, with an overall mean recovery of 97.9 ± 2.04% (RSD = 2.08%) (Table 6).  Recoveries of 

Acenaphthene in freshwater yielded mean percent recoveries of 98.4, 99.6 and 93.0%, respectively, with 

an overall mean recovery of 97.0 ± 3.14% (RSD = 3.24%) (Table 7).  Recoveries of Phenanthrene in 

freshwater yielded mean percent recoveries of 98.8, 99.6 and 95.8%, respectively, with an overall mean 

recovery of 98.1 ± 1.96% (RSD = 2.00%) (Table 8).  Recoveries of Anthracene in freshwater y ielded 

mean percent recoveries of 99.1, 99.8 and 92.1%, respectively, with an overall mean recovery of 97.0 ± 

3.68% (RSD = 3.79%) (Table 9).  Recoveries of Fluoranthene in freshwater y ielded mean percent 

recoveries of 98.5, 98.7 and 92.4%, respectively, with an overall mean recovery of 96.6 ± 3.40% (RSD = 

3.52%) (Table 10).  Recoveries of Pyrene in freshwater yielded mean percent recoveries of 93.5, 95.6 and 

91.2%, respectively , with an overall m ean recovery  of 93.5 ± 2.39% (RSD = 2.55%) (Table 11).  

Recoveries of Chry sene in freshwater y ielded m ean percent recoveries of 94.6, 98.6 and 101%, 

respectively, with an overall mean recovery of 98.1 ± 2.94% (RSD = 3.00%) (Table 12).  Recoveries of 

Benz(a)anthracene in freshwater yielded mean percent recoveries of 94.5, 96.0 and 93.7%, respectively, 

with an overall m ean recovery  of 94.7 ± 2.04%  (RSD = 2.15% ) (Table 13).  Recoveries of 

Benzo(b)fluoranthene in freshwater y ielded m ean percent recoveries of 91.4, 96.0 and 95.5%, 

respectively, with an overall mean recovery of 94.3 ± 3.29% (RSD = 3.49%) (Table 14).  Recoveries of 

Benzo(k)fluoranthene in freshwater y ielded m ean percent recoveries of 92.7, 97.7 and 99.9%, 

respectively, with an overall mean recovery of 96.8 ± 3.34% (RSD = 3.45%) (Table 15).  Recoveries of 

Benzo(a)pyrene in freshwater y ielded mean percent recoveries of 91.9, 97.0 and 98.1% , respectively, 

with an overall m ean recovery  of 95.7 ± 3.14%  (RSD = 3.28% ) (Table 16).  Recoveries of 

Dibenz(a,h,)anthracene in freshwater y ielded m ean percent recoveries of 92.1, 97.3 and 100%, 

respectively, with an overall mean recovery of 96.5 ± 3.74% (RSD = 3.88%) (Table 17).  Recoveries of 

Indeno(1,2,3-cd)pyrene in freshwater y ielded m ean percent recoveries of 94.1, 97.6 and 98.6% , 

respectively, with an overall mean recovery of 96.8 ± 2.44% (RSD = 2.52%) (Table 18).  Recoveries of 

Benzo(g,h,i)perylene in freshwater y ielded m ean percent recoveries of 95.9, 96.3 and 97.1% , 

respectively, with an overall mean recovery of 96.4 ± 1.49% (RSD = 1.55%) (Table 19).  Recoveries of 

Dibenzo(a,e)pyrene in freshwater yielded mean percent recoveries of 93.3, 96.3 and 99.1%, respectively, 

with an overall mean recovery of 96.2 ± 2.95% (RSD = 3.07%) (Table 20). 
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Table 1 

 
Typical HPLC Operational Parameters 

 
INSTRUMENT: Agilent Model 1100 High Perform ance Liquid Chromatograph (HPLC) 

with a either an Agilent Series 1100 Variable Wavelength Detector or a 
Jasco Model FP-1520 Fluorescence Detector 
 

ANALYTICAL COLUMN: YMC-Pack ODS AM (150 mm x 4.6 mm, 3 µm particle size) 
 

STOP TIME: 35 minutes 
 

FLOW RATE: 1.00 mL/minute 
 

OVEN TEMPERATURE: 40°C 
 

MOBILE PHASE: 
 
 
GRADIENT: 

SOLVENT A:  0.1% H3PO4 
SOLVENT B:  CH3CN 
 
Time        Flow 
 (min)  %A  %B (m L/min) 
  0.01  40.0 60.0 1.000 
  1.00  40.0 60.0 1.000 
30.00    0.0  100.0 1.000 
30.10  40.0 60.0 1.000 
35.00  40.0 60.0 1.000 
 

INJECTION VOLUME: 100 µL 
 

 
APPROXIMATE  
RETENTION TIMES: 

 
Naphthalene = 6.7 min. 
Acenaphthylene = 7.7 min. 
1-Methylnaphthalene = 8.8 min. 
2-Methylnaphthalene = 9.1 min. 
Fluorene = 9.7 min. 
Acenaphthene = 9.9 min. 
Phenanthrene = 10.6 min. 
Anthracene = 11.3 min. 
Fluoranthene = 12.9 min. 
Pyrene = 13.7 min. 
 

 
Chrysene = 16.0 min. 
Benz(a)anthracene = 16.3 min. 
Benzo(b)fluoranthene = 19.0 min. 
Benzo(k)fluoranthene = 19.4 min. 
Benzo(a)pyrene = 20.1 min. 
Dibenz(a,h,)anthracene = 21.7 
min. 
Indeno(1,2,3-cd)pyrene = 23 min. 
Benzo(g,h,i)perylene = 23.2 min. 
Dibenzo(a,e)pyrene = 25 min. 

PRIMARY ANALYTICAL 
WAVELENGTHS 

 
UV = 220 nm;   Fluorescence = 340 nm to 425nm 
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Table 2 

 
Method Verification Recoveries of Naphthalene in Freshwater Analyzed by HPLC/UV 

 
Sample Concentration (µg/L) 

Number 
(472C-104-) 

 
Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

10.1 
10.0 
9.99 
10.0 
9.94 

 
40.0 
40.2 
40.3 
40.2 
40.0 

 
90.9 
92.9 
86.7 
87.5 
85.8 

101 
100 
99.9 
100 
99.4 

 
99.9 
101 
101 
101 
100 

 
90.9 
92.9 
86.7 
87.5 
85.8 

10.0 
 
 
 
 
 

40.1 
 
 
 
 
 

88.8 

Mean = 100 
Std. Dev. = 0.581 
RSD = 0.581% 

 
 
 

Mean = 101 
Std. Dev. = 0.576 
RSD = 0.570% 

 
 
 

Mean = 88.8 
Std. Dev. = 3.01 
RSD = 3.39% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

96.4 
5.82 

   6.04% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 3 

 
Method Verification Recoveries of Acenaphthylene in Freshwater Analyzed by HPLC/UV 

 
Sample Concentration (µg/L) 

Number 
(472C-104-) 

 
Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.96 
9.89 
9.88 
10.0 
9.84 

 
39.8 
40.0 
40.0 
40.0 
39.8 

 
96.2 
98.0 
96.0 
96.0 
95.7 

99.6 
98.9 
98.8 
100 
98.4 

 
99.5 
99.9 
100 
100 
99.6 

 
96.2 
98.0 
96.0 
96.0 
95.7 

9.92 
 
 
 
 
 

39.9 
 
 
 
 
 

96.4 

Mean = 99.1 
Std. Dev. = 0.647 
RSD = 0.652% 

 
 
 

Mean = 99.8 
Std. Dev. = 0.235 
RSD = 0.235% 

 
 
 

Mean = 96.4 
Std. Dev. = 0.923 
RSD = 0.957% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

98.5 
1.67 

   1.70% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 4 

 
Method Verification Recoveries of 1-Methylnaphthalene in Freshwater  

Analyzed by HPLC/UV 
 

Sample Concentration (µg/L) 
Number 

(472C-104-) 
 

Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

10.1 
10.0 
9.99 
10.1 
9.95 

 
40.0 
40.3 
40.2 
40.2 
39.9 

 
90.9 
93.9 
87.5 
87.7 
86.5 

101 
100 
99.9 
101 
99.5 

 
99.9 
101 
101 
101 
99.8 

 
90.9 
93.3 
87.5 
87.7 
86.5 

10.0 
 
 
 
 
 

40.1 
 
 
 
 
 

89.2 

Mean = 100 
Std. Dev. = 0.683 
RSD = 0.683% 

 
 
 

Mean = 101 
Std. Dev. = 0.631 
RSD = 0.625% 

 
 
 

Mean = 89.2 
Std. Dev. = 2.83 
RSD = 3.18% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

96.6 
5.62 

   5.82% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 5 

 
Method Verification Recoveries of 2-Methylnaphthalene in Freshwater  

Analyzed by HPLC/UV 
 

Sample Concentration (µg/L) 
Number 

(472C-104-) 
 

Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

10.1 
10.0 
9.97 
10.0 
9.90 

 
40.0 
40.3 
40.2 
40.3 
39.7 

 
88.8 
91.4 
84.6 
84.9 
83.4 

101 
100 
99.7 
100 
99.0 

 
100 
101 
101 
101 
99.3 

 
88.8 
91.4 
84.6 
84.9 
83.4 

9.99 
 
 
 
 
 

40.1 
 
 
 
 
 

86.6 

Mean = 100 
Std. Dev. = 0.720 
RSD = 0.720% 

 
 
 

Mean = 100 
Std. Dev. = 0.780 
RSD = 0.780% 

 
 
 

Mean = 86.6 
Std. Dev. = 3.35 
RSD = 3.87% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

95.6 
6.84 

   7.15% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 6 

 
Method Verification Recoveries of Fluorene in Freshwater Analyzed by HPLC/UV 

 
Sample Concentration (µg/L) 

Number 
(472C-104-) 

 
Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.74 
9.87 
9.81 
9.93 
9.63 

 
40.0 
40.2 
40.3 
40.1 
39.6 

 
95.3 
97.4 
95.8 
95.5 
94.8 

97.4 
98.7 
98.1 
99.3 
96.3 

 
99.9 
101 
101 
100 
99.0 

 
95.3 
97.4 
95.8 
95.5 
94.8 

9.80 
 
 
 
 
 

40.0 
 
 
 
 
 

95.7 

Mean = 98.0 
Std. Dev. = 1.17 
RSD = 1.19% 

 
 
 

Mean = 100 
Std. Dev. = 0.844 
RSD = 0.843% 

 
 
 

Mean = 95.7 
Std. Dev. = 0.986 

RSD = 1.03% 
 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

97.9 
2.04 

   2.08% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 7 

 
Method Verification Recoveries of Acenaphthene in Freshwater Analyzed by HPLC/UV 

 
Sample Concentration (µg/L) 

Number 
(472C-104-) 

 
Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.87 
9.76 
9.82 
9.96 
9.77 

 
39.8 
39.9 
39.9 
39.9 
39.5 

 
93.4 
95.6 
92.5 
91.8 
91.5 

98.7 
97.6 
98.2 
99.6 
97.7 

 
99.5 
99.8 
99.9 
99.8 
98.8 

 
93.4 
95.6 
92.5 
91.8 
91.5 

9.84 
 
 
 
 
 

3.98 
 
 
 
 
 

93.0 

Mean = 98.4 
Std. Dev. = 0.820 
RSD = 0.834% 

 
 
 

Mean = 99.6 
Std. Dev. = 0.451 
RSD = 0.452% 

 
 
 

Mean = 93.0 
Std. Dev. = 1.65 
RSD = 1.77% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

97.0 
3.14 

   3.24% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 8 

 
Method Verification Recoveries of Phenanthrene in Freshwater Analyzed by HPLC/UV 

 
Sample Concentration (µg/L) 

Number 
(472C-104-) 

 
Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.94 
9.84 
9.83 
9.95 
9.83 

 
40.0 
40.2 
40.2 
40.1 
39.3 

 
94.8 
97.4 
95.8 
95.8 
95.1 

99.4 
98.4 
98.3 
99.5 
98.3 

 
99.9 
100 
100 
100 
98.2 

 
94.8 
97.4 
95.8 
95.8 
95.1 

9.88 
 
 
 
 
 

40.0 
 
 
 
 
 

95.8 

Mean = 98.8 
Std. Dev. = 0.614 
RSD = 0.621% 

 
 
 

Mean = 99.6 
Std. Dev. = 0.795 
RSD = 0.798% 

 
 
 

Mean = 95.8 
Std. Dev. = 1.01 
RSD = 1.05% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

98.1 
1.96 

   2.00% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 9 

 
Method Verification Recoveries of Anthracene in Freshwater Analyzed by HPLC/UV 

 
Sample Concentration (µg/L) 

Number 
(472C-104-) 

 
Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.95 
9.90 
9.92 
9.95 
9.83 

 
39.8 
40.3 
40.2 
40.1 
39.0 

 
92.5 
93.0 
92.2 
91.7 
91.0 

99.5 
99.0 
99.2 
99.5 
98.3 

 
99.6 
101 
101 
100 
97.5 

 
92.5 
93.0 
92.2 
91.7 
91.0 

9.91 
 
 
 
 
 

39.9 
 
 
 
 
 

92.1 
 

Mean = 99.1 
Std. Dev. = 0.495 
RSD = 0.499% 

 
 
 

Mean = 99.8 
Std. Dev. = 1.44 
RSD = 1.44% 

 
 
 

Mean = 92.1 
Std. Dev. = 0.766 
RSD = 0.832% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

97.0 
3.68 

   3.79% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 10 

 
Method Verification Recoveries of Fluoranthene in Freshwater Analyzed by HPLC/UV 

 
Sample Concentration (µg/L) 

Number 
(472C-104-) 

 
Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

10.1 
9.73 
9.84 
9.76 
9.80 

 
39.4 
40.0 
40.1 
39.6 
38.6 

 
92.3 
95.5 
92.2 
92.1 
90.0 

101 
97.3 
98.4 
97.6 
98.0 

 
98.4 
100 
100 
98.9 
96.4 

 
92.3 
95.5 
92.2 
92.1 
90.0 

9.84 
 
 
 
 
 

39.5 
 
 
 
 
 

92.4 
 

Mean = 98.5 
Std. Dev. = 1.48 
RSD = 1.50% 

 
 
 

Mean = 98.7 
Std. Dev. = 1.48 
RSD = 1.50% 

 
 
 

Mean = 92.4 
Std. Dev. = 1.97 
RSD = 2.13% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

96.6 
3.40 

   3.52% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 11 

 
Method Verification Recoveries of Pyrene in Freshwater Analyzed by HPLC/UV 

 
Sample Concentration (µg/L) 

Number 
(472C-104-) 

 
Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.62 
9.22 
9.31 
9.30 
9.30 

 
38.0 
38.6 
39.0 
38.3 
37.4 

 
90.1 
94.1 
91.1 
91.5 
89.4 

96.2 
92.2 
93.1 
93.0 
93.0 

 
95.0 
96.5 
97.4 
95.8 
93.5 

 
90.1 
94.1 
91.1 
91.5 
89.4 

9.35 
 
 
 
 
 

38.3 
 
 
 
 
 

91.2 

Mean = 93.5 
Std. Dev. = 1.55 
RSD = 1.66% 

 
 
 

Mean = 95.6 
Std. Dev. = 1.49 
RSD = 1.56% 

 
 
 

Mean = 91.2 
Std. Dev. = 1.80 
RSD = 1.97% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

93.5 
2.39 

   2.55% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 12 

 
Method Verification Recoveries of Chrysene in Freshwater Analyzed by HPLC/UV 

 
Sample Concentration (µg/L) 

Number 
(472C-104-) 

 
Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.50 
9.31 
9.55 
9.33 
9.61 

 
39.7 
39.9 
39.5 
39.6 
38.5 

 
101 
102 
100 
101 
100 

95.0 
93.1 
95.5 
93.3 
96.1 

 
99.1 
99.7 
98.8 
99.0 
96.4 

 
101 
102 
100 
101 
100 

9.46 
 
 
 
 
 

39.4 
 
 
 
 
 

101 

Mean = 94.6 
Std. Dev. = 1.34 
RSD = 1.41% 

 
 
 

Mean = 98.6 
Std. Dev. = 1.27 
RSD = 1.29% 

 
 
 

Mean = 101 
Std. Dev. = 0.837 
RSD = 0.828% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

98.1 
2.94 

   3.00% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 13 

 
Method Verification Recoveries of Benz(a)anthracene in Freshwater  

Analyzed by HPLC with Fluorescence Detection 
 

Sample Concentration (µg/L) 
Number 

(472C-104-) 
 

Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.68 
9.37 
9.54 
9.21 
9.45 

 
38.1 
38.5 
38.9 
39.5 
37.0 

 
95.2 
94.5 
93.9 
94.1 
91.0 

96.8 
93.7 
95.4 
92.1 
94.5 

 
95.2 
96.2 
97.2 
98.8 
92.6 

 
95.2 
94.5 
93.9 
94.1 
91.0 

9.45 
 
 
 
 
 

38.4 
 
 
 
 
 

93.7 

Mean = 94.5 
Std. Dev. = 1.77 
RSD = 1.87% 

 
 
 

Mean = 96.0 
Std. Dev. = 2.32 
RSD = 2.42% 

 
 
 

Mean = 93.7 
Std. Dev. = 1.61 
RSD = 1.72% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

94.7 
2.04 

   2.15% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 14 

 
Method Verification Recoveries of Benzo(b)fluoranthene in Freshwater  

Analyzed by HPLC with Fluorescence Detection 
 

Sample Concentration (µg/L) 
Number 

(472C-104-) 
 

Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.29 
 9.03 
9.16 
8.92 
9.29 

 
38.4 
39.4 
39.2 
37.3 
37.7 

 
96.9 
100 
93.0 
96.8 
90.9 

92.9 
90.3 
91.6 
89.2 
92.9 

 
96.1 
98.5 
98.1 
93.2 
94.3 

 
96.9 
100 
93.0 
96.8 
90.9 

9.14 
 
 
 
 
 

38.4 
 
 
 
 
 

95.5 

Mean = 91.4 
Std. Dev. = 1.63 
RSD = 1.78% 

 
 
 

Mean = 96.0 
Std. Dev. = 2.31 
RSD = 2.41% 

 
 
 

Mean = 95.5 
Std. Dev. = 3.58 
RSD = 3.75% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

94.3 
3.29 

   3.49% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 



 
 

Wildlife International, Ltd. Project Number 472C-104 

 
- 37 - 

 

 

Table 15 

 
Method Verification Recoveries of Benzo(k)fluoranthene in Freshwater  

Analyzed by HPLC with Fluorescence Detection 
 

Sample Concentration (µg/L) 
Number 

(472C-104-) 
 

Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.31 
9.22 
9.41 
9.07 
9.33 

 
39.2 
39.5 
39.3 
39.3 
38.2 

 
100 
101 
99.7 
100 
98.8 

93.1 
92.2 
94.1 
90.7 
93.3 

 
98.0 
98.6 
98.4 
98.2 
95.5 

 
100 
101 
99.7 
100 
98.8 

9.27 
 
 
 
 
 

39.1 
 
 
 
 
 

99.9 

Mean = 92.7 
Std. Dev. = 1.30 
RSD = 1.40% 

 
 
 

Mean = 97.7 
Std. Dev. = 1.27 
RSD = 1.30% 

 
 
 

Mean = 99.9 
Std. Dev. = 0.787 
RSD = 0.788% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

96.8 
3.34 

   3.45% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
 



 
 

Wildlife International, Ltd. Project Number 472C-104 

 
- 38 - 

 

 

Table 16 

 
Method Verification Recoveries of Benzo(a)pyrene in Freshwater  

Analyzed by HPLC with Fluorescence Detection 
 

Sample Concentration (µg/L) 
Number 

(472C-104-) 
 

Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.36 
9.20 
9.35 
8.83 
9.23 

 
38.8 
39.2 
39.1 
38.8 
38.0 

 
98.5 
99.9 
97.6 
98.2 
96.4 

93.6 
92.0 
93.5 
88.3 
92.3 

 
96.9 
98.1 
97.9 
97.0 
94.9 

 
98.5 
99.9 
97.6 
98.2 
96.4 

9.19 
 
 
 
 
 

38.9 
 
 
 
 
 

98.1 

Mean = 91.9 
Std. Dev. = 2.15 
RSD = 2.34% 

 
 
 

Mean = 97.0 
Std. Dev. = 1.27 
RSD = 1.31% 

 
 
 

Mean = 98.1 
Std. Dev. = 1.28 
RSD = 1.30% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

95.7 
3.14 

   3.28% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 17 

 
Method Verification Recoveries of Dibenz(a,h)anthracene in Freshwater  

Analyzed by HPLC with Fluorescence Detection 
 

Sample Concentration (µg/L) 
Number 

(472C-104-) 
 

Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.33 
9.29 
9.38 
8.74 
9.33 

 
39.2 
39.1 
39.0 
39.3 
38.1 

 
100 
100 
101 
100 
98.9 

93.3 
92.9 
93.8 
87.4 
93.3 

 
97.9 
97.8 
97.5 
98.2 
95.2 

 
100 
100 
101 
100 
98.9 

9.21 
 
 
 
 
 

38.9 
 
 
 
 
 

100 

Mean = 92.1 
Std. Dev. = 2.67 
RSD = 2.90% 

 
 
 

Mean = 97.3 
Std. Dev. = 1.21 
RSD = 1.24% 

 
 
 

Mean = 100 
Std. Dev. = 0.743 
RSD = 0.743% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

96.5 
3.74 

   3.88% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 18 

 
Method Verification Recoveries of Indeno(1,2,3-cd)pyrene in Freshwater  

Analyzed by HPLC with Fluorescence Detection 
 

Sample Concentration (µg/L) 
Number 

(472C-104-) 
 

Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.45 
9.38 
9.56 
9.15 
9.53 

 
39.2 
39.7 
39.4 
38.4 
38.6 

 
99.0 
101 
97.2 
98.7 
97.0 

94.5 
93.8 
95.6 
91.5 
95.3 

 
98.0 
99.3 
98.4 
95.9 
96.4 

 
99.0 
101 
97.2 
98.7 
97.0 

9.41 
 
 
 
 
 

39.1 
 
 
 
 
 

98.6 

Mean = 94.1 
Std. Dev. = 1.63 
RSD = 1.74% 

 
 
 

Mean = 97.6 
Std. Dev. = 1.42 
RSD = 1.45% 

 
 
 

Mean = 98.6 
Std. Dev. = 1.62 
RSD = 1.64% 

 

    Mean = 
Std. Dev.= 

RSD = 
N = 

96.8 
2.44 

   2.52% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 19 

 
Method Verification Recoveries of Benzo(g,h,i)perylene in Freshwater  

Analyzed by HPLC with Fluorescence Detection 
 

Sample Concentration (µg/L) 
Number 

(472C-104-) 
 

Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.28 
9.63 
9.67 
9.55 
9.82 

 
38.5 
39.1 
38.5 
38.3 
38.3 

 
96.3 
98.5 
96.3 
98.8 
95.4 

92.8 
96.3 
96.7 
95.5 
98.2 

 
96.3 
97.7 
96.2 
95.8 
95.7 

 
96.3 
98.5 
96.3 
98.8 
95.4 

9.59 
 
 
 
 
 

38.5 
 
 
 
 
 

97.1 

Mean = 95.9 
Std. Dev. = 1.99 
RSD = 2.08% 

 
 
 

Mean = 96.3 
Std. Dev. = 0.802 
RSD = 0.833% 

 
 
 

Mean = 97.1 
Std. Dev. = 1.50 
RSD = 1.55% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

96.4 
1.49 

   1.55% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 20 

 
Method Verification Recoveries of Dibenzo(a,e)pyrene in Freshwater  

Analyzed by HPLC with Fluorescence Detection 
 

Sample Concentration (µg/L) 
Number 

(472C-104-) 
 

Type 

 
 

Fortified 
 

Measured1,2 

 
Percent 

Recovery2 

Mean 
Measured 

(µg/L) 

Mean % Recovery 
Std. Dev. 

(RSD) 
VREB-3 
VREB-4 

 

Reagent Blank 
Reagent Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAB-3 
VMAB-4 

 

Matrix Blank 
Matrix Blank 

 

 0.0 
0.0 

 

< LOQ 
< LOQ 

 

-- 
-- 
 

< LOQ 
 
 

-- 
 
 

VMAS-16 
VMAS-17 
VMAS-18 
VMAS-19 
VMAS-20 

 
VMAS-21 
VMAS-22 
VMAS-23 
VMAS-24 
VMAS-25 

 
VMAS-26 
VMAS-27 
VMAS-28 
VMAS-29 
VMAS-30 

Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 
Matrix Fortification 

 10.0 
10.0 
10.0 
10.0 
10.0 

 
40.0 
40.0 
40.0 
40.0 
40.0 

 
100 
100 
100 
100 
100 

9.26 
9.28 
9.55 
8.99 
9.55 

 
38.4 
39.5 
38.4 
37.6 
38.7 

 
99.7 
101 
98.0 
99.1 
97.6 

92.6 
92.8 
95.5 
89.9 
95.5 

 
96.0 
98.7 
96.0 
93.9 
96.8 

 
99.7 
101 
98.0 
99.1 
97.6 

9.33 
 
 
 
 
 

38.5 
 
 
 
 
 

99.1 

Mean = 93.3 
Std. Dev. = 2.34 
RSD = 2.51% 

 
 
 

Mean = 96.3 
Std. Dev. = 1.73 
RSD = 1.79% 

 
 
 

Mean = 99.1 
Std. Dev. = 1.36 
RSD = 1.38% 

 
 

    Mean = 
Std. Dev.= 

RSD = 
N = 

96.2 
2.95 

   3.07% 
15 

  

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the concentration of the lowest standard 
(5.00 µg/L) and the dilution factor of the matrix blanks (1.00). 

2 Results were generated using Excel 2000 in the full precision mode.  Manual calculations may differ slightly. 
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Table 21 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Naphthalene in Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC/UV 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

9.97 
10.0 
9.98 
10.2 

99.7 
100 
99.8 
102 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

40.1 
40.3 
40.2 
40.9 

100 
101 
100 
102 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

84.2 
93.3 
85.8 
94.9 

84.2 
93.3 
85.8 
94.9 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 22 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Acenaphthylene in Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC/UV 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.0 
10.0 
10.1 
10.1 

100 
100 
101 
101 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

40.1 
40.1 
39.9 
40.3 

100 
100 
99.8 
101 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

93.5 
97.2 
94.9 
97.1 

93.5 
97.2 
94.9 
97.1 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 23 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of 1-Methylnaphthalene in 

Samples  
Collected from a Water Accommodated Fraction (WAF)  

Equilibration Trial Analyzed by HPLC/UV 
 

Nominal 
Concentration 

(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.0 
10.1 
9.99 
10.2 

100 
101 
99.9 
102 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

40.1 
40.2 
40.2 
40.8 

100 
100 
100 
102 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

84.8 
93.4 
86.3 
94.2 

84.8 
93.4 
86.3 
94.2 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 24 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of 2-Methylnaphthalene in 

Samples  
Collected from a Water Accommodated Fraction (WAF)  

Equilibration Trial Analyzed by HPLC/UV 
 

Nominal 
Concentration 

(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

9.99 
10.0 
10.0 
10.2 

99.9 
100 
100 
102 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

40.2 
40.2 
40.3 
40.9 

100 
100 
101 
102 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

81.6 
91.8 
84.2 
93.1 

81.6 
91.8 
84.2 
93.1 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 25 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Fluorene in Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC/UV 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.1 
9.62 
9.97 
9.96 

101 
96.2 
99.7 
99.6 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

40.3 
39.8 
40.0 
40.2 

101 
99.4 
100 
101 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

93.7 
97.2 
94.8 
95.5 

93.7 
97.2 
94.8 
95.5 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 26 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Acenaphthene in Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC/UV 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

9.91 
10.0 
10.1 
10.1 

99.1 
100 
101 
101 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

40.0 
40.0 
40.0 
40.5 

100 
100 
100 
101 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

91.4 
96.7 
92.4 
96.0 

91.4 
96.7 
92.4 
96.0 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 27 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Phenanthrene in Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC/UV 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.1 
9.99 
10.2 
10.0 

101 
99.9 
102 
100 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

40.1 
39.7 
39.7 
40.1 

100 
99.3 
99.3 
100 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

95.1 
97.2 
92.2 
95.0 

95.1 
97.2 
92.2 
95.0 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 

 
 



 
 

Wildlife International, Ltd. Project Number 472C-104 

 
- 50 - 

 

 

Table 28 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Anthracene in Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC with Fluorescence Detection 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.1 
9.98 
10.1 
10.1 

101 
99.8 
101 
101 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

40.6 
39.9 
39.9 
40.2 

101 
99.6 
99.8 
101 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

94.2 
96.6 
90.3 
94.2 

94.2 
96.6 
90.3 
94.2 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 29 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Fluoranthene in Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC with Fluorescence Detection 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.3 

9.98 

10.2 

10.3 

103 
99.8 
102 
103 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

40.0 
39.1 
39.4 
40.0 

100 
97.6 
98.4 
99.9 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

93.3 
96.2 
82.1 
95.4 

93.3 
96.2 
82.1 
95.4 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 30 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Pyrene in Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC with Fluorescence Detection 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.2 
10.1 
9.92 
10.2 

102 
101 
99.2 
102 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

39.6 
39.5 
38.7 
39.6 

99.1 
98.8 
96.9 
99.1 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

91.6 
96.7 
80.0 
94.4 

91.6 
96.7 
80.0 
94.4 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 31 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Chrysene in Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC with Fluorescence Detection 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.2 
10.1 
10.2 
9.88 

 

102 
101 
102 
98.8 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

39.5 
39.0 
39.3 
39.9 

98.6 
97.5 
98.2 
99.7 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

100 
98.6 
95.8 
104 

100 
98.6 
95.8 
104 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 32 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Benz(a)anthracene in Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC with Fluorescence Detection 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.5 
10.1 
10.4 
10.2 

105 
101 
104 
102 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

39.1 
37.9 
38.2 
38.9 

97.7 
94.9 
95.5 
97.2 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

96.0 
95.3 
87.5 
98.2 

96.0 
95.3 
87.5 
98.2 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 33 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Benzo(b)fluoranthene in 

Samples  
Collected from a Water Accommodated Fraction (WAF) 

Equilibration Trial Analyzed by HPLC with Fluorescence Detection 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.5 
9.58 
10.3 
10.1 

 

105 
95.8 
103 
101 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

39.4 
37.3 
38.9 
38.5 

98.6 
93.3 
97.3 
96.3 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

93.6 
95.1 
85.2 
98.0 

93.6 
95.1 
85.2 
98.0 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 34 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Benzo(k)fluoranthene in 

Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC with Fluorescence Detection 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.1 
9.91 
10.2 
9.82 

101 
99.1 
102 
98.2 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

39.5 
38.7 
39.1 
39.4 

98.7 
96.8 
97.7 
98.5 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

99.6 
98.1 
95.8 
102 

99.6 
98.1 
95.8 
102 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 35 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Benzo(a)pyrene in Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC with Fluorescence Detection 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.3 
9.83 
10.3 
9.98 

103 
98.3 
103 
99.8 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

39.4 
38.6 
38.8 
39.2 

98.5 
96.5 
97.1 
98.0 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

98.2 
97.9 
93.3 
100 

98.2 
97.9 
93.3 
100 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 36 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Dibenz(a,h)anthracene in 

Samples  
Collected from a Water Accommodated Fraction (WAF)  

Equilibration Trial Analyzed by HPLC with Fluorescence Detection 
 

Nominal 
Concentration 

(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.1 
10.1 
10.3 
9.88 

101 
101 
103 
98.8 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

39.5 
39.0 
39.2 
39.4 

98.7 
97.5 
97.9 
98.6 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

99.8 
99.4 
97.9 
103 

99.8 
99.4 
97.9 
103 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 37 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Indeno(1,2,3-cd)pyrene in 

Samples  
Collected from a Water Accommodated Fraction (WAF)  

Equilibration Trial Analyzed by HPLC/UV 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.2 
9.67 
10.2 
10.0 

102 
96.7 
102 
100 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

39.5 
38.1 
39.2 
39.0 

98.7 
95.4 
98.0 
97.5 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

98.3 
97.2 
93.7 
100 

98.3 
97.2 
93.7 
100 

1000000  1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 38 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Benzo(g,h,i)perylene in 

Samples  
Collected from a Water Accommodated Fraction (WAF)  

Equilibration Trial Analyzed by HPLC with Fluorescence Detection 
 

Nominal 
Concentration 

(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.3 
9.95 
10.2 
10.2 

103 
99.5 
102 
102 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

39.3 
38.2 
38.9 
39.1 

98.2 
95.6 
97.2 
97.7 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

94.6 
96.2 
91.5 
98.9 

94.6 
96.2 
91.5 
98.9 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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Table 39 

 
Matrix Blanks, Matrix Fortifications and Measured Concentrations of Dibenzo(a,e)pyrene in Samples  

Collected from a Water Accommodated Fraction (WAF)  
Equilibration Trial Analyzed by HPLC with Fluorescence Detection 

 
Nominal 

Concentration 
(µg/L) 

Sample 
Identification 
(472C-104-) 

Sampling 
Interval 
(Hour) 

Measured 
Concentration 

(µg/L)1 

Percent 
of 

Nominal2 
0.0 MAB-1 

MAB-2 
MAB-3 
MAB-4 

 

24 
48 
72 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 

10.0 MAS-1 
MAS-4 
MAS-7 

MAS-10 
 

24 
48 
72 
96 

10.2 

9.72 

10.2 

9.94 

102 
97.2 
102 
99.4 

40.0 MAS-2 
MAS-5 
MAS-8 

MAS-11 
 

24 
48 
72 
96 

39.3 
38.4 
39.0 
39.3 

98.2 
95.9 
97.6 
98.3 

100 

 

 

MAS-3 
MAS-6 
MAS-9 

MAS-12 
 

24 
48 
72 
96 

98.5 
98.0 
94.6 
102 

98.5 
98.0 
94.6 
102 

1000000 1 (13.2-L bottle) 
2 (4-L bottle) 

3 (13.2-L bottle) 
4 (4-L bottle) 

5 (13.2-L bottle) 
6 (4-L bottle) 

7 (13.2-L bottle) 
8 (4-L bottle) 

24 
24 
48 
48 
72 
72 
96 
96 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1 The limit of quantitation (LOQ) was 5.00 µg/L, calculated as the product of the lowest standard 
concentration (5.00 µg/L) and the dilution factor of the matrix blank samples (1.00).  

2 Results were generated using Excel 2000 in full precision mode.  Manual calculations may differ 
slightly. 
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FLOWCHART FOR THE ANALYSIS OF WATER SOLUBLE PAH 
COMPONENTS OF PETROLEUM COKE IN FRESHWATER 

 
 
 

Prepare samples in freshwater using volumetric flasks, volumetric pipettes, gas tight syringes and 

culture tubes.  Freshwater served as the matrix blanks and bottled water  

served as the reagent blanks. 

 
↓ 

 

For the WAF trial, samples were centrifuged at 14,000 rpm for approximately 5 minutes. 
 
↓ 
 

Dilute samples, as necessary, with freshwater such that the final sample 
concentrations fall within the calibration standard range. 

 
↓ 

 
Transfer samples and standards to autosampler vials for analysis by either  

HPLC/UV or fluorescence detection. 
 
 

 
Figure 1.   Analytical method flowchart for the analysis of PAH components in freshwater by HPLC. 
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Figure 2. Calibration curve for Naphthalene analyzed by HPLC/UV. 
  Slope = 2.2220; Intercept = -0.3549;  R2 = 0.9995. 
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Figure 3. Calibration curve for Acenaphthylene analyzed by HPLC/UV. 
  Slope = 0.7908; Intercept = -0.2349;  R2 = 0.9994. 
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Figure 4. Calibration curve for 1-Methylnaphthalene analyzed by HPLC/UV. 
  Slope = 2.4290; Intercept = -0.2359;  R2 = 0.9990. 
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Figure 5. Calibration curve for 2-Methylnaphthalene analyzed by HPLC/UV. 
  Slope = 2.8463; Intercept = -0.4854;  R2 = 0.9977. 
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Figure 6. Calibration curve for Fluorene analyzed by HPLC/UV. 
  Slope = 0.3979; Intercept = -0.0264;  R2 = 0.9973. 
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Figure 7. Calibration curve for Acenaphthene analyzed by HPLC/UV. 
  Slope = 1.7666; Intercept = 3.3210;  R2 = 0.9986. 
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Figure 8. Calibration curve for Phenanthrene analyzed by HPLC/UV. 
  Slope = 0.6505; Intercept = -0.1268;  R2 = 0.9947. 
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Figure 9. Calibration curve for Anthracene analyzed by HPLC/UV. 
  Slope = 1226.1033; Intercept = -478.7707;  R2 = 0.9912. 
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Figure 10. Calibration curve for Fluoranthene analyzed by HPLC with fluorescence detection. 
  Slope = 1028.8562; Intercept = -619.9091;  R2 = 0.9940. 
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Figure 11. Calibration curve for Pyrene analyzed by HPLC with fluorescence detection. 
  Slope = 1903.6239; Intercept = -731.9500;  R2 = 0.9920. 
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Figure 12. Calibration curve for Chrysene analyzed by HPLC/UV. 
  Slope = 0.7935; Intercept = -0.9282;  R2 = 0.9997. 



 
 

Wildlife International, Ltd. Project Number 472C-104 

 
- 74 - 

 

 

 

0

10000

20000

30000

40000

50000

60000

70000

0.00 10.00 20.00 30.00 40.00 50.00 60.00
(ug/L)

Pe
ak

 a
re

a 
co

un
ts

 
 
Figure 13. Calibration curve for Benz(a)anthracene analyzed by HPLC with fluorescence 
detection. 
  Slope = 1250.4635; Intercept = -2198.3155;  R2 = 0.9968. 
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Figure 14. Calibration curve for Benzo(b)fluoranthene analyzed by HPLC with fluorescence 
detection. 
  Slope = 3060.8384; Intercept = -5672.1194;  R2 = 0.9871. 
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Figure 15. Calibration curve for Benzo(k)fluoroanthene analyzed by HPLC with fluorescence 
detection. 
  Slope = 5507.4417; Intercept = -7239.2283;  R2 = 0.9992. 
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Figure 16. Calibration curve for Benzo(a)pyrene analyzed by HPLC with fluorescence detection. 
  Slope = 5726.8197; Intercept = -9335.3924;  R2 = 0.9983. 
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Figure 17. Calibration curve for Dibenz(a,h)anthracene analyzed by HPLC with fluorescence 
detection. 
  Slope = 1643.6430; Intercept = -2368.5919;  R2 = 0.9991. 
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Figure 18. Calibration curve for Indeno(1,2,3-cd)pyrene analyzed by HPLC/UV. 
  Slope = 0.6221; Intercept = -1.3937;  R2 = 0.9954. 
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Figure 19. Calibration curve for Benzo(g,h,i)perylene analyzed by HPLC with fluorescence 
detection. 
  Slope = 2196.2936; Intercept = -3845.0455;  R2 = 0.9940. 
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Figure 20. Calibration curve for Dibenzo(a,e)pyrene analyzed by HPLC with fluorescence 
detection. 
  Slope = 2464.2422; Intercept = -5373.3490;  R2 = 0.9900. 
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Figure 21. Representative chromatograms of a low-level (5.00 µg/L) calibration standard analyzed by 

HPLC/UV and fluorescence detection. 
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Figure 22. Representative chromatograms of a high-level (50.0 µg/L) calibration standard analyzed by 

HPLC/UV and fluorescence detection. 
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Figure 23. Representative chromatogram of a reagent blank, 472C-104-VREB-3 analyzed by HPLC/UV 

and fluorescence detection. 
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Figure 24. Representative chrom atograms of a m atrix blank, 472C-104-VMAB-3, analy zed by  

HPLC/UV and fluorescence detection.   
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Figure 25. Representative chromatograms of a low-level m atrix fortification, 472C-104-VMAS-16 

(10.0 µg/L, nominal concentration) analyzed by HPLC/UV and fluorescence detection. 
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Figure 26. Representative chrom atograms of a high-level m atrix fortification, 472C-104-VMAS-26 

(100 µg/L, nominal concentration) analyzed by HPLC/UV and fluorescence detection. 
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Figure 27. Representative chrom atograms for the WAF trial of a low-level (5.00 µg/L) calibration 

standard analyzed by HPLC/UV and fluorescence detection. 
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Figure 28. Representative chromatograms for the WAF trial of a high-level (50.0 µg/L) calibration 

standard analyzed by HPLC/UV and fluorescence detection. 
. 
 



 
 

Wildlife International, Ltd. Project Number 472C-104 

 
- 90 - 

 

 

 
 

 

min5 10 15 20 25 30

mAu

5657.5

5660

5662.5

5665

5667.5

5670

5672.5

5675

 ADC1 A, Jasco FP-1520 @ 340 nm/425 nm (X:\413_LC13\1\DATA\PAH7\006-0601.D)

min5 10 15 20 25 30

mAU   

-0.8

-0.6

-0.4

-0.2

 VWD1 A, Wavelength=220 nm (X:\413_LC13\1\DATA\PAH7\006-0601.D)

 
 
Figure 29. Representative chromatograms for the WAF trial of a m atrix blank, 472C-104-MAB-1, 

analyzed by HPLC/UV and fluorescence detection.   
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Figure 30. Representative chromatograms for the WAF trial of a matrix fortification, 472C-104-MAS-1, 

nominal concentration 10.0 µg/L, analyzed by HPLC/UV and fluorescence detection.   
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Figure 31. Representative chrom atograms for the WAF trial of a 24 hour test sample, 472C-104-2 

(1000 mg/L, nominal concentration) analyzed by HPLC/UV and fluorescence detection. 
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Appendix 1 
 

Specific Conductance, Hardness, Alkalinity and pH of Well Water Measured 
During the 4-Week Period Immediately Preceding the Freshwater Verification Test 

 
 

 
 

 
Mean 

 
Range 

 
Specific Conductance 
      (µmhos/cm) 
 

 
321 (N = 4) 

 
320 – 325 

 
Hardness 
      (mg/L as CaC03) 
 

 
125 (N = 4) 

 
120 – 132 

 
Alkalinity 
      (mg/L as CaC03) 
 

 
179 (N = 4) 

 
178 - 180 

 
pH 

 
8.3 (N = 4) 

 
8.2 - 8.3 
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Appendix 2 
 

Analyses of Pesticides, Organics and Metals in Wildlife International, Ltd. Well Water1 

 
Pesticides and Organics 

Component 
Measured Concentration

(µg/L) Component 
Measured Concentration 

(µg/L) 
    

Aldrin < 0.0099 Heptachlor Epoxide < 0.0099 
Alpha BHC < 0.0099 Malathion < 2.0 
Beta BHC < 0.040 Merphos < 2.0 
Bolstar < 2.0 Methoxychlor < 0.099 
Chlordane < 0.50 Methyl Parathion < 2.0 
Coumaphos < 3.0 Mevinphos < 2.0 
Delta BHC < 0.0099 Mirex < 0.050 
Demeton-O < 2.0 Naled < 3.0 
Demeton-S < 2.0 o,p-DDD < 0.020 
Diazinon < 2.0 o,p-DDE < 0.020 
Dichlorvos < 2.0 o,p-DDT < 0.020 
Dieldrin < 0.020 p,p-DDD < 0.020 
Disulfoton < 2.0 p,p-DDE < 0.020 
Dursban (Chlorpyrifos) < 2.0 p,p-DDT < 0.025 
Endosulfan I < 0.0099 PCB-1016 < 0.50 
Endosulfan II < 0.042 PCB-1221 < 1.2 
Endosulfan Sulfate < 0.020 PCB-1232 < 0.89 
Endrin < 0.020 PCB-1242 < 0.50 
EPN < 4.0 PCB-1248 < 0.50 
Ethion < 2.0 PCB-1254 < 0.50 
Ethoprop < 2.0 PCB-1260 < 0.50 
Ethyl Parathion < 2.0 Phorate < 2.0 
Famphur < 2.0 Ronnel < 2.0 
Fensulfothion < 4.0 Stirophos < 2.0 
Fenthion < 2.0 Telodrin < 0.0099 
Gamma BHC – Lindane < 0.0099 Tokuthion < 2.0 
Guthion (Azinphos-methyl) < 4.0 Toxaphene < 0.99 
HCB < 0.099 Trichloronate < 2.0 
Heptachlor < 0.0099 Trithion < 2.0 

    
1Analyses performed by Lancaster Laboratories on samples collected on December 22, 2004. 
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Appendix 2 (Continued) 

 
Analyses of Pesticides, Organics and Metals in Wildlife International, Ltd. Well Water1 

 
Metals 

Component 
Measured Concentration 

(mg/L) Component 
Measured Concentration 

(mg/L) 
    
Aluminum < 0.200 Magnesium 12.7 
Antimony < 0.0200 Manganese < 0.0050 
Arsenic < 0.0100 Mercury  < 0.00020 
Barium < 0.0050 Nickel < 0.0100 
Beryllium < 0.0050 Nitrate Nitrogen < 0.50 
Bromide < 2.5 Nitrite Nitrogen < 0.50 
Cadmium < 0.0050 Potassium 6.64 
Calcium 31.1 Selenium < 0.0100 
Chloride 6.9 Silver < 0.0050 
Chromium < 0.0050 Sodium 19.7 
Cobalt < 0.0050 Sulfate 5.5 
Copper < 0.0100 Thallium < 0.0200 
Fluoride < 0.50 Vanadium < 0.0050 
Iron < 0.200 Zinc < 0.0200 
Lead < 0.0200   

 

1Analyses performed by Lancaster Laboratories on samples collected on December 22, 2004. 
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Appendix 3 
 

Protocol and Protocol Amendments 
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Appendix 4 
 

Test Article Selection 
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Chevron Metals Analyses 
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Appendix 5 
 

Personnel Involved in the Study 
 
 

 The following key Wildlife International, Ltd. personnel were involved in the conduct or management of 

this study: 
 
 

1. 
2. 
3.  
4. 
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Appendix 6 
 

Report Amendment 
 

1. Original Report: Title Page 
Amended Report: The amended report date was added.  The total number of 

pages was changed from 150 to 163   
Reason:   To indicate that the report was amended and note change in 

pagination.  
 
2. Original Report: Page 2 

Amended Report: The amended report date was added and new signatures and 
dates were added.   

Reason:   To show the amended report date and to provide new 
signatures and dates for the amended report.   

 
3.   Original Report:  Page 3 
   Amended Report:  The audit dates fo r the am ended report were added and a 

new signature and date were added. 
 Reason: To show the amended report audit dates and 

to provide a new signature and date for the 
amended report. 

 
4.   Original Report:   Page 4 
   Amended Report:  New signatures and dates were added. 
   Reason:  To provide new signatures and dates for the amended report. 
 
5.   Original Report:  Page 11 
   Amended Report:  The Table of Contents was updated to show the addition of 

the Test Article Selection section in Appendix 4, renumber 
all appendices from Appendix 4 through the end of the 
report and added the Report Am endment appendix 
(Appendix 6). 

   Reason:   The Sponsor requested that the Test Article Selection section 
be added to Appendix 4. 

 
6.   Original Report:  Page 114 
   Amended Report:  Test Article Selection was added to Appendix 4. 
 Reason: The Sponsor requested that the Test Article 

Selection section be added to Appendix 4. 

 

7. Original Report: Pages 114-150 
 Amended Report: The Test Article Selection section was 

added to Appendix 4, therefore all 
appendices thereafter were renumbered. 

 Reason: The Sponsor requested that the Test Article 
Selection section be added to Appendix 4. 
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