
 

analyzed each day of sample analysis or every 20 samples, whichever was greater; naphthalene 

was not detected above the reporting limit in any of the associated method blanks. Method 

accuracy was evaluated each day of sample analysis via a Laboratory Control Sample (LCS) of 

known concentration (Spectra Gas); the percent recovery of naphthalene in each LCS was within 

70-130% recovery. The off-site analyzing laboratory maintained relevant laboratory certification 

from the National Environmental Laboratory Accrediting Conference (NELAC) and the 

governing state accreditation body. 

2.2 PAH Sampling: EPA Method TO-13A  

PAH samples were collected on pre-cleaned and certified high volume cartridges filled with a 

combination of polyurethane foam and XAD-2 resin (PUF/XAD) in accordance with EPA 

Method TO-13A(U.S. EPA, 1999b). 

The high volume PUF/XAD sampler (see Figure 4) consists of a sample head inlet which 

contains the sampling media (see Figure 5), a high volume air blower which allows a large 

quantity of air to be drawn through the sampling media, and flow controllers and timers to 

quantify the sampling flow rates (generally around 6.4 standard cubic feet per minute (SCFM) or 

180 standard liters per minute (SLPM)) and sample volumes (approximately 110-120 m
3
 over 8-

10 hours).  Sample air passes through the sample head and then through the PUF/XAD cartridge, 

where the vapor phase fraction of the semi-volatile compounds are adsorbed on the sampling 

media and the aerosol phase fraction of the semi-volatile compounds are collected physically on 

the PUF/XAD sampling media as well as an inline quartz fiber filter. 

 

Figure 2. Photograph of EPA TO-15 sampling with stainless steel canister. 
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Figure 3. Detailed photograph of stainless steel canister, analog vacuum gauge, and flow 

controller. 

 

Prior to sample collection, each PUF/XAD sampler was calibrated using a calibration inlet 

according to TO-13A (U.S. EPA, 1999b) protocols.  At the completion of each sample day, the 

PUF/XAD cartridge sample was removed from the sample head, wrapped in aluminum foil, 

labeled, and placed in a cool container (on ice) for shipment to the laboratory for analysis. 

The PAH samples were then extracted using a soxhlet procedure, concentrated by evaporation, 

and the concentrated extract was analyzed by gas chromatography/mass spectrometry (GC/MS in 

Selected Ion Monitoring (SIM) mode) per the TO-13A method (U.S. EPA, 1999b) for an 18 PAH 

compound list. Field blanks (unused PUF/XAD cartridges which accompanied samples to/from 

the site) were submitted and analyzed with each daily set of 2-4 samples; naphthalene was not 

detected above the reporting limit in any of the field blank samples. Method accuracy was 

evaluated each day of sample analysis via a Laboratory Control Sample (LCS) of known 

concentration; the percent recovery of naphthalene in each LCS was within 70-130% recovery. 

The off-site analyzing laboratory maintained relevant laboratory certification from NELAC and 

the governing state accreditation body. 
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Figure 4. Photograph of EPA TO-13A high volume PUF/XAD sampler. 

 

 

Figure 5. Detailed photograph of high volume PUF/XAD sampling media cartridge. 
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3. RESULTS AND DISCUSSION 

From the co-located data collected between December 2006 and December 2007, a total of 

105 paired data points (where naphthalene was positively detected via both analytical methods) 

were evaluated in this study (Table 1). For each set of paired data, the relative percent difference 

(RPD) between the naphthalene concentration reported from EPA TO-15 and the naphthalene 

concentration reported from EPA TO-13A was calculated (see Equation 1), and the ratio of the 

EPA TO-15 concentration to the EPA TO-13A concentration was also calculated (i.e. EPA TO-15 

concentration divided by EPA TO-13A concentration). The standard deviation of the ratios was 

calculated, along with the upper and lower control limits (equal to ± three standard deviations).   

 

 

1x = first measurement 

2x = second measurement 

x bar = average of two measurements 

 

The average EPA TO-15: EPA TO-13A ratio for all 105 data points was 4.01, meaning that on 

average, the EPA TO-15 concentrations seen for naphthalene were 4.01x higher than the EPA 

TO-13A concentrations seen for naphthalene. Only nine out of the 105 ratios were less than one 

(meaning that the concentration of naphthalene seen from EPA TO-13A was greater than the 

concentration of naphthalene seen from EPA TO-15). The TO-15:TO13A ratios were subjected to 

a log-probability plot and due to the linear nature of the results (best fit line correlation coefficient 

of 0.992), the data were determined to be log-normally distributed. Figure 6 presents this log-

probability plot. A three sigma test for outliers was then conducted on the natural logarithm of the 

ratio data.  Of the 105 data points, there was only one outlier data point with a ratio less than 0.20 

(the lower control limit). Refer to Table 2 for a summary of relevant statistics and Figure 7 for a 

summary of all ratio data over time, along with the mean and upper/lower control limits (3-

sigma). 

Table 1. EPA TO-15 & TO-13A concentrations for 105 paired samples (* = Outliers) 

Date 

Sampled 

Concentration 

EPA TO-13A 

(µg/m
3
) 

Concentration 

EPA TO-15 

(µg/m
3
) 

RPD Ratio                      

EPA TO-15 : TO-13A 

 

11-Dec-06 0.28 1.40 133% 5.00   

11-Dec-06 1.24 1.60 25% 1.29   

11-Dec-06 0.10 0.89 159% 8.86   

12-Dec-06 1.73 2.20 24% 1.27   

12-Dec-06 0.07 0.68 163% 9.74   

12-Dec-06 0.15 0.70 129% 4.65   

13-Dec-06 1.33 2.10 45% 1.58   

( ) :  where          100  (RPD) DifferencePercent  Relative :1Equation 
21

x

xx −
=
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Date 

Sampled 

Concentration 

EPA TO-13A 

(µg/m
3
) 

Concentration 

EPA TO-15 

(µg/m
3
) 

RPD Ratio                      

EPA TO-15 : TO-13A 

13-Dec-06 0.67 0.98 38% 1.47 

13-Dec-06 0.67 0.98 38% 1.47 

14-Dec-06 0.23 1.30 140% 5.65 

14-Dec-06 0.90 2.50 94% 2.78 

14-Dec-06 0.11 0.84 154% 7.66 

15-Dec-06 1.89 3.20 51% 1.69 

15-Dec-06 0.12 0.78 146% 6.46 

19-Dec-06 0.46 0.36 23% 0.79 

27-Dec-06 0.14 0.94 148% 6.69 

4-Jan-07 0.98 1.90 64% 1.94 

4-Jan-07 0.15 0.56 115% 3.70 

9-Jan-07 1.17 2.70 79% 2.31 

9-Jan-07 0.16 0.54 109% 3.40 

18-Jan-07 2.24 3.10 32% 1.38 

18-Jan-07 0.82 1.20 38% 1.46 

18-Jan-07 0.17 0.48 95% 2.82 

24-Jan-07 0.12 0.33 93% 2.75 

24-Jan-07 0.06 0.34 140% 5.65 

24-Jan-07 0.07 0.37 136% 5.23 

31-Jan-07 1.32 2.60 65% 1.97 

31-Jan-07 0.07 0.42 143% 5.98 

22-Feb-07 1.67 4.00 82% 2.40 

22-Feb-07 0.57 1.80 104% 3.16 

22-Feb-07 2.07 14.00 148% 6.76 

1-Mar-07 1.12 2.50 76% 2.23 

1-Mar-07 0.12 1.30 166% 10.83 

1-Mar-07 0.09 0.73 156% 8.09 

7-Mar-07 2.24 3.20 35% 1.43 

7-Mar-07 0.11 0.47 124% 4.23 

7-Mar-07 0.19 0.78 122% 4.12 

13-Mar-07 0.70 2.20 103% 3.14 

13-Mar-07 0.29 1.40 131% 4.83 

13-Mar-07 2.26 1.03 75% 0.46 

21-Mar-07 1.98 1.40 34% 0.71 

29-Mar-07 1.35 1.30 4% 0.96 

29-Mar-07 0.78 4.40 140% 5.64 

29-Mar-07 0.04 0.59 175% 14.73 

4-Apr-07 0.81 2.60 105% 3.21 

4-Apr-07 0.37 2.40 147% 6.49 

4-Apr-07 0.06 0.87 174% 14.56 

10-Apr-07 11.27 14.00 22% 1.24 

10-Apr-07 0.24 0.55 79% 2.29 

19-Apr-07 0.60 1.30 74% 2.17 

19-Apr-07 3.13 1.40 76% 0.45 

19-Apr-07 0.09 0.70 154% 7.77 

26-Apr-07 0.99 2.20 76% 2.22 

26-Apr-07 0.06 1.40 184% 23.33 

26-Apr-07 0.10 0.59 142% 5.94 

1-May-07 1.05 1.50 35% 1.43 

1-May-07 7.75 3.90 66% 0.50 
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Date 

Sampled 

Concentration 

EPA TO-13A 

(µg/m
3
) 

Concentration 

EPA TO-15 

(µg/m
3
) 

RPD Ratio                      

EPA TO-15 : TO-13A 

1-May-07 0.11 0.88 155% 7.96 

7-May-07 0.55 1.40 87% 2.55 

7-May-07 0.08 0.68 158% 8.56 

7-May-07 0.14 0.88 145% 6.32 

15-May-07 1.79 7.30 121% 4.08 

15-May-07 0.14 0.87 145% 6.22 

15-May-07 0.07 0.82 168% 11.66 

23-May-07 0.12 0.64 137% 5.33 

23-May-07 0.52 1.20 79% 2.31 

23-May-07 0.24 0.92 117% 3.83 

23-May-07 3.30 0.27 170% 0.08 

30-May-07 0.06 0.24 121% 4.08 

30-May-07 0.05 0.25 134% 5.07 

30-May-07 0.06 0.52 158% 8.62 

7-Jun-07 0.06 0.43 151% 7.20 

7-Jun-07 0.07 0.26 115% 3.70 

14-Jun-07 0.05 0.21 123% 4.22 

27-Jun-07 0.33 0.67 68% 2.03 

5-Jul-07 0.14 0.42 100% 2.98 

11-Jul-07 0.17 0.30 56% 1.78 

11-Jul-07 0.14 0.56 119% 3.97 

17-Jul-07 0.09 0.30 108% 3.36 

17-Jul-07 0.36 0.52 36% 1.44 

26-Jul-07 0.27 0.73 92% 2.72 

2-Aug-07 0.50 0.95 62% 1.90 

2-Aug-07 0.06 0.29 132% 4.86 

7-Aug-07 0.09 0.23 88% 2.56 

7-Aug-07 0.21 0.63 100% 3.00 

7-Aug-07 0.07 0.25 113% 3.58 

15-Nov-07 0.17 0.25 36% 1.44 

15-Nov-07 0.05 0.20 121% 4.08 

15-Nov-07 0.07 0.43 144% 6.13 

20-Nov-07 0.23 0.31 30% 1.35 

20-Nov-07 0.26 0.22 19% 0.83 

29-Nov-07 0.30 2.30 154% 7.67 

29-Nov-07 1.70 2.60 42% 1.53 

29-Nov-07 0.10 0.41 122% 4.13 

3-Dec-07 0.37 0.80 74% 2.16 

3-Dec-07 0.32 0.41 24% 1.27 

11-Dec-07 0.61 0.68 11% 1.11 

11-Dec-07 1.28 2.60 68% 2.03 

11-Dec-07 2.18 0.91 82% 0.42 

19-Dec-07 1.09 2.00 59% 1.83 

19-Dec-07 0.24 0.32 30% 1.35 

19-Dec-07 0.10 0.23 79% 2.31 

27-Dec-07 1.69 2.30 31% 1.36 

27-Dec-07 2.74 4.50 49% 1.64 

27-Dec-07 0.28 0.29 5% 1.05 
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Table 2. Summary of Relevant Statistics 

Average Ratio (EPA TO-15 : EPA TO-13A), n=105 4.01 

Percent of Paired Samples where EPA TO-15 concentration >         
EPA TO-13A concentration, n=105 

91.4% 

Percent of Paired Samples where EPA TO-13A concentration >     
EPA TO-15 concentration, n=105 

8.6% 
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Figure 6. Log Probability Plot of Ratio Data (r
2
=0.992) 
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TO-15:TO-13A Ratio vs. Time 
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Figure 7. EPA TO-15 : EPA TO-13A ratio over time, showing upper and lower control limits 

 

In general, the EPA TO-15 and EPA TO-13A concentration trends paired well, such that when 

relative higher concentrations of naphthalene were seen in one method, relative higher 

concentrations were also seen in the other method. Refer to Figure 8 for a graph showing both sets 

of concentrations over time.  

Naphthalene: TO-15 & TO-13A Concentrations Over Time
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Figure 8. EPA TO-15 and EPA TO-13A concentrations over time, showing similar trend patterns 
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TO-15 vs. TO-13A Concentrations

y = 1.0045x + 0.6893

R2 = 0.4835
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Figure 9. EPA TO-15 vs.  EPA TO-13A concentrations, showing poor linearity 

When the concentration of naphthalene from EPA TO-15 was plotted against the concentration 

of naphthalene from EPA TO-13A, poor linearity (R
2
=0.4835) was observed, implying that there 

was no direct relationship between the two sets of data from the two different sampling/analytical 

methods (Figure 9).  

4. CONCLUSION 

Results from this study show that the EPA TO-15 sampling/analytical method (U.S. EPA, 

1999b) in general yields a higher concentration result for vapor phase naphthalene than EPA TO-

13A. Similar results from a MGP perimeter monitoring case study were presented at the 2006 

Natural Gas Technologies (GTI) Conference in Orlando, FL
 
(Krueger and Milner 2006). No 

discernable trends were noted related to sampling date (and therefore average ambient 

temperature), sampling location, or naphthalene concentration level.  

There are a few analytical facts that may contribute to the observed EPA TO-15 concentrations 
being higher than the observed EPA TO-13A concentrations. First, PUF and XAD-2 are both 

known to have marginal collection efficiency for vapor phase naphthalene. In addition, there is a 

potential for substantial losses of naphthalene (due to its tendency to sublimate and its relatively 

high vapor pressure as compared to other PAHs) during EPA TO-13A soxhlet extraction & 

evaporative concentration.  
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When designing a perimeter ambient air monitoring program (that includes naphthalene) for 

MGP remediation sites, it is important to keep in mind the sampling/analytical method 

characteristics listed in Table 3. Since each site is different (and may have different data quality 

objectives), each air monitoring program should weigh the pros and cons of all analytical methods 

(both field and laboratory based) available before developing a work plan.  

 

Table 3. Method comparison for EPA TO-15 and EPA TO-13A 

EPA TO-15  EPA TO-13A 

Reporting limits: 0.2-0.5 ug/m3 Reporting limits: 0.01-0.03 ug/m3 

Other VOC data available (BTX, etc.) No VOC data available 

No other PAH data available Other PAH data available 

No additional sampling equipment needed High volume air sampler needed 

No sample preservation needed Samples must be shipped cold to lab 
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