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FOREWORD 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 

API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANUFAC- 
TURERS, OR SUPPLIERS To WARN AND PROPERLY TRAIN AND EQUIP THEIR 
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY 
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER 
LOCAL, STATE, OR FEDERAL LAWS. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 

ITY FOR INFRINGEMENT OF LETTERS PATENT. 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 

Copyright O 1994 American Petroleum Institute 
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ABSTRACT 

This report presents the results of an interlaboratory study conducted by the American 

Petroleum Institute (API) to validate three methods for analyzing petroleum 

hydrocarbons in soil: diesel-range organics (DRO) for C,, to C,, hydrocarbons, 

gasoline-range organics (GRO) for C, to C,, hydrocarbons, and petroleum 

hydrocarbons (PHC) for C, to C,, hydrocarbons. Secondary goals of the study were 

to estimate interlaboratory practical quantification levels (PQLs) for the three methods; 

and to demonstrate that the GRO method with optional photoionization detection (PID) 

could be used to analyze for benzene, toluene, ethylbenzene, and total xylenes 

(BTEX) so that both BTEX and total hydrocarbons could be obtained from the same 

method and the same sample. 

Method performance was judged by accuracy, overall precision, and single analyst 

precision. Accuracy for DRO and PHC was 82434% while GRO accuracy was 70%. 

Overall precision, as relative standard deviation (RSD), averaged 27% for the three 

methods. Single analyst precision, as RSD, was about half of the overall precision 

(14%). Overall precision as RSD for BTEX analysis by GRO/PID were 27% for 

benzene, 19% for toluene, 44% for ethylbenzene, and 15% for total xylenes. Since 

accuracy and precision were found to be concentration-dependent, regression 

equations were developed to describe expected method performance at different 

concentrations. Practical quantification levels (PQLs) were estimated by two different 

methods. The range in PQLs was 12-20 mgkg for DRO, 17-130 mg/kg for GRO, and 

50-104 mg/kg for PHC. 

Acceptable method performance for the DRO, GRO, and PHC methods was 

demonstrated by this interlaboratory study. Performance in accuracy and precision 

was comparable to the results of other validation studies conducted by the U.S. 

Environmental Protection Agency (EPA). 
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EXECUTIVE SUMMARY 

This report presents the results of an interlaboratory study conducted by the American 

Petroleum Institute (API) for the purpose of validating three methods for the analysis 

of petroleum hydrocarbons in soil. These methods overcome many of the limitations 

of currently available methods and if validated, could be considered for use as 

consensus methods for petroleum hydrocarbons in soils. 

The three methods which were the subject of this interlaboratory study are: 

Diesel-Range Organics (DRO) for C,, to C,, hydrocarbons 
Gasoline-Range Organics (GRO) for c6 to C,, hydrocarbons 
Petroleum Hydrocarbons (PHC) for c6 to C,, hydrocarbons 

The GRO and DRO methods were developed by API, and the PHC method was 

developed by Shell Development Company. 

A secondary goal of the study was to estimate interlaboratory practical quantification 

levels (PQLs) for each method. A third goal was to demonstrate that the GRO 

method with optional photoionization detection (PID) could be used to analyze for 

benzene, toluene, ethylbenzene, and total xylenes (BTEX) so that both BTEX and total 

hydrocarbons could be obtained from the same method and the same sample. 

Results and conclusions from this study are: 

Acceptable method performance for the DRO, GRO, and PHC methods has 
been demonstrated by this interlaboratory study. Performance in accuracy 
and precision is comparable to the results of other validation studies 
conducted by the U.S. Environmental Protection Agency (EPA). 

Method performance was judged by accuracy, overall precision, and single 
analyst precision. With the exception of GRO accuracy, the performance 
among the three methods was essentially the same. Accuracy for DRO and 

ES- 1 
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PHC was 82-84% while GRO accuracy was 70%. Overall precision, as 
relative standard deviation (RSD), averaged 27% for the three methods. 
Single analyst precision, as RSD, was about half of the overall precision 
(1 4%). 

Since accuracy and precision were found to be concentration-dependent, 
regression equations were developed for all three methods to describe 
expected method performance at different concentrations. A reliable 
regression equation could not be developed for PHC single analyst precision, 
however, so the average precision .was used to describe method 
performance for this parameter. The PHC single analyst precision regression 
could be improved with data from future studies. 

- Precision as measured by average relative standard deviation (RSD) for 
benzene, toluene, ethylbenzene, and xylene isomers (BTEX) analyses by 
GRO/PID were 27% for benzene, 19% for toluene, 44% for ethylbenzene, 
and 15% for total xylenes. 

Some laboratories did not strictly follow method protocols. Alternative 
standards, detectors, and integration techniques were used by some 
laboratories. Recurrence of such deviations from method protocols can be 
minimized by emphasizing the requirements already specified in the methods 
and pointing out problems that result if they are not followed. 

Practical Quantification Levels (PQLs) were estimated by two different 
methods. The range in PQLs was 12-20 mg/kg for DRO, 17-130 mg/kg for 
GRO, and 50-104 mg/kg for PHC. 

False positive rates were 22% for GRO and 20% for PHC. The false positive 
rate for DRO was not calculated because all laboratories reported 
measurable DRO concentrations in DRO blank samples. The blank samples 
were either inadvertently spiked with diesel fuel or were low-level DRO 
samples mislabeled as blanks. 

False negatives were reported for low-concentration samples only. The false 
negative rate for DRO and GRO was 22% at concentrations of about 5 
mg/kg; the PHC false negative rate was 3% at concentrations of 50 to 100 
mg/kg. 

The average rejection rate for outliers was 25%, slightly higher than for 
similar interlaboratory studies conducted by EPA. 

ES-2 
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Section 1. 

INTRODUCTION 

BACKGROUND 

Since 1987, the American Petroleum Institute (API) has funded efforts to establish 

reliable analytical laboratory methods for the measurement of a wide range of 

petroleum hydrocarbons in soil. Currently available methods, although many are 

approved by the U.S. Environmental Protection Agency (EPA) and are in wide use by 

laboratories, are generally limited to certain analytes and/or are lacking in rigorous 

method performance data. For example, many total petroleum hydrocarbon (TPH) 

tests use Freon-I 13@, which is not effective in extracting heavy distillates. TPH tests 

also have low recoveries for volatile hydrocarbon components of gasoline. Results 

from analyte-specific methods, such as EPA’s SW-846 methods and 600 series, are 

difficult to correlate to particular petroleum products. 

As a consequence, API sought to develop improved methods for gasoline-range and 

diesel-range organics in soil. API conducted a literature search and symposium to 

identify an analytical procedure for gasoline-range organics, originally defined as 

hydrocarbons in the C,-C,, range, at environmental (ppb or ppm) concentrations. The 

selected method was to rely on existing technology and consider regulatory guidelines. 

The method selected was a capillary column gas chromatography/flame ionization 

detector (GC/FID) technique, with sample introduction by extraction in methanol 

followed by purge-and-trap. A single laboratory validation study was conducted, as 

well as an evaluation of sampling techniques. The initial draft of the GRO method, the 

results of the single laboratory validation study, and the evaluation of sampling 

techniques are presented in Enseco (1 991). 

The interlaboratory study presented in this report is a continuation of the GRO 

research reported in Enseco (1991). Since that study, two additional methods - a 

diesel-range organics (DRO) method to measure C10-C28 hydrocarbons, and a 

1-1 
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petroleum hydrocarbons (PHC) method to measure C,-C,, hydrocarbons - have been 

drafted and are also addressed by this interlaboratory validation study. The GRO and 

DRO methods were developed by API, and the PHC method was developed by Shell 

Development Company. 

RATIONALE FOR METHOD VALIDATION 

According to EPA (1988), validation consists of the selection of a cost-effective 

method capable of producing measurements of the type and quality desired for a 

particular application; and the verification that the selected method is technically sound 

and has been reduced to practice for practical purposes. General validation consists 

of testing, evaluating, and characterizing the method to the extent necessary to 

demonstrate that the method achieves a specified performance. General validation 

includes (EPA, 1988): 

Formal performance testing 

Peer review and comment 

Development of acceptance criteria 

Specification of QNQC requirements 

This report documents the results of multiple laboratory performance testing of the 

GRO/DRO/PHC methods on prepared soil samples, the modification of method 

protocols in response to subsequent peer review and comment, and the development 

of method acceptance criteria based on performance data. The resulting revised 

method protocols, including QNQC requirements, are provided in Appendix A. 

VALIDATION STUDY GOALS AND OBJECTIVES 

The primary goal of this study was to validate the GRO, DRO, and PHC methods with 

acceptable accuracy and precision. If validated, the methods could be considered for 

use as consensus methods for petroleum hydrocarbons in soils. A secondary goal of 

the study was to estimate interlaboratory practical quantification levels (PQLs). A third 

goal was to demonstrate that the GRO method with optional photoionization detection 

1-2 
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(PID) could be used to analyze for benzene, toluene, ethylbenzene, and total xylenes 

(BTEX) so that the analytical results for both BTEX and total volatile hydrocarbons 

could be obtained from the same method and the same sample. 

Detailed descriptions of these methods and the single laboratory validation results 

have been described previously (Walters et al., 1992; Parr et al., 1991; Enseco, 1991; 

Rhodes et al., 1991a,b). All three methods are based on determination by gas 

chromatography-flame ionization detection (GC/FID) and are derived from EPA SW- 

846 Methods 8000, 8015, and 8100, and The American Society of Testing and 

Materials (ASTM) Method D 3328-78. All three methods have extensive quality 

control requirements, including quality control (QC) check sample analyses, surrogate 

spikes, blank analyses, and calibration. Matrix spikes, duplicates, field blanks, and 

other related QC samples are recommended as necessary to meet specific project 

objectives. The primary goal of each method is to determine the total concentration of 

chromatographable material that responds to an FID within a given hydrocarbon 

range. Where possible, the methods allow for identification of various petroleum 

products. Extensive single laboratory validation data previously presented for each 

method indicate that the methods are suitable for environmental application within the 

limitations described in the methods. 

The February 1992 final drafts of the methods were sent to 15 participating 

laboratories. Copies of these methods, which have been revised to include the 

method performance data developed by this study, are included in Appendix A. 

General descriptions of the methods are as follows: 

Diesel-Range Organics - This method was designed to quantify 
distillate petroleum products such as diesel fuel, jet fuels and home 
heating oil. The sample is extracted with methylene chloride, then 
after a concentration step, the extract is analyzed by GC/FID. 
Sample results are based on the total chromatographic area 
between and including C,, and C,, alkanes. Calibration is based on 
a synthetic blend that contains ten even n-alkanes (n-C,, through n- 
C,,). However, an authentic standard such as diesel fuel or fuel oil 

1-3 
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may be used. Internal or external standard calibration may be 
used. 

Gasoline-Range Organics - This method is based on purge and 
trap GC/FID analysis of a methanol extract of the sample. A key 
element in the method is field preservation with methanol, which 
stabilizes organic components by solubilization and minimizes 
microbial degradation. Sample results are based on the total 
chromatographic area between and including C, and C,, alkanes, 
as compared to a synthetic blend of gasoline components or an 
authentic standard such as gasoline. The method contains an 
option to measure volatile aromatic components using a PID. 

boiling range than either the DRO or GRO methods, and 
complements them as a total petroleum hydrocarbon (TPH) 
technique. The method is based on micro-extraction with 
methylene chloride followed by GC/FID analysis. Results are 
based on the total chromatographic area between and including c, 
and C,, alkanes. Calibration using a gasoline and/or diesel 
standard is preferred over a synthetic multicomponent hydrocarbon 
standard. 

Petroleum Hydrocarbons - This method covers a wider hydrocarbon 

The PHC method can be used for the estimation of boiling point 
distribution and/or identification of the type of petroleum product 
present. This type of information is extremely useful in selection of 
remediation techniques and in risk assessment. 

1-4 
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Section 2 

STUDY DESIGN 

Procedures for use in conducting interlaboratory studies are thoroughly described in a 

number of reference documents (ASTM, 1986; Taylor, 1983; EPA, 1987; Youden and 

Steiner, 1975). These procedures typically involve the analysis of stable test materials 

by multiple laboratories. Generally, at least three concentrations are analyzed and a 

minimum of six valid data sets are required for each concentration. 

SAMPLE PREPARATION 
Soil samples for this interlaboratory validation study were prepared by Environmental 

Resource Associates. Each laboratory received eight prepared soil samples for each 

analytical method. Of the eight, one sample was a blind, unspiked blank and one was 

a blind, spiked sample near the practical quantification level (PQL) recommended in 
the method protocol. The other six samples were set up as three Youden pairs - low, 

medium, and high concentrations - to cover typical analytical ranges. A Youden pair 

consists of two samples with different, but similar, concentrations. Instead of 

duplicates, Youden pairs are used in performance tests to prevent any tendency on 
the laboratory’s pari to second-guess the analytical result. Youden pairs are also 

useful in identifying systematic errors in individual laboratories. 

Table 2-1 shows the prepared sample GRO, DRO, and PHC concentrations in 
milligrams per kilogram (mg/kg). The GRO, DRO, and PHC concentrations in Youden 

pairs were verified by GC/FID analysis following methanol extraction; at least three 

randomly selected ampules were obtained from each lot for verification analysis. 

Average recoveries for the Youden pairs were 98% for DRO, 81% for GRO, and 94% 

for PHC samples (see Appendix B for verification data). 

2- 1 
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Concentration 

Low 

Medium 

High 

Near-PQL 
Blank 

Table 2-1. Sample Concentrations 

Diesel Range Gasoline Range Petroleum 
Organics [mgkg] Organics [mgkg] Hydrocarbons [mgkg] 

19.3 18.5 93.6 
20.7 21.6 104 
77.1 55.4 374 
82.6 65.2 41 6 
193 111 748 
204 130 831 
4.99 5.02 50.4 

O O O 

GRO samples were spiked with an API reference gasoline (API 91-1) weathered to 

50% of its initial volume by evaporation under a constant stream of helium in a 60°C 
water bath. DRO samples were spiked with diesel fuel from a local gas station. PHC 
samples were spiked with a mixture of weathered API gasoline (50.4% by weight) and 
diesel fuel (49.6% by weight). 

Soil used to prepare the samples was topsoil that had been dried and sieved. 
Laboratories were instructed to use the entire, preweighed sample for analysis. Each 
ampule was coded (e.g., GRO-l), and the laboratories were not informed of the 
experimental design or the expected concentration range. 

PARTICI PATI NG LABORATORI ES 

APl’s intent was for participating laboratories to have prior experience in the GC 
analysis of soil samples containing petroleum hydrocarbons. At the “Analytical 
Methods for Petroleum Hydrocarbons Workshop,’ held in Colorado Springs, Colorado, 
in February 1992, API gave initial notice of its intent to conduct this study. API gave 
formal notice to interested laboratories in April 1992. API sent notices to the 

Association of California Testing Laboratories (ACT); the International Association of 
Environmental Testing Laboratories (IAETL); various state underground storage tank 
program managers; specific laboratories identified by APl’s Environmental Monitoring 
Workgroup; and other state, commercial, and API member company laboratories. API 
considered six as the minimum number of laboratories necessary for reliable statistical 

2-2 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBLX4577 74 m 0732270 0528484 L2T D 

Participating Laboratories 

California DeDament of Health Services 

analysis of the data. Laboratories were selected based on interest in participating in 
the study and on a statement from each indicating an ability to perform the methods. 

DRO PHC GRO GRO 
BTEX 

X X X 

In total, fifteen laboratories participated in the round robin, although not every 
laboratory analyzed all three groups of samples. Thirteen laboratories analyzed DRO 
samples, eleven analyzed GRO samples, and twelve analyzed PHC samples. In 
addition, following APl’s suggestion, six of the laboratories measured BTEX 
concentrations using the GRO method with the optional PID. 

Core Labs 

Enseco-Erco 

The participating laboratories are shown in Table 2-2. To protect confidentiality, each 
laboratory received an arbitrary number for data coding. These laboratory numbers, 
which appear in numerical order in tables throughout this report, do not follow the 
same order as the listing in Table 2-2. 

X X X 

X X X 

Table 2-2. Participating Laboratories 

Mid-Continent Testing 

Montgomery Laboratories 

Pacific Northwest Environmental Laboratories 

X X X 

X X 

X X X X 

Pennsylvania Department of Environmental Resources 

Resource Consultants. Inc. 

I I I 
Enseco-RMAL X X 

X X 

X X 

Shell Development Co, Westhollow Research Ctr. 

University of Iowa Hygienic Lab 

Wadsworth Alert Laboratories - Florida 

Wadsworth Alert Laboratories - Ohio 

Wisconsin State Laboratory of Hygiene 

Total 

X 

X X X 

X X X X 

X X X 

X X X 

13 12 11 6 
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Laboratories received copies of the methods, instructions for performing the study, and 

a form for data entry. The instructions and data entry format were comparable to 
those issued by EPA and ASTM for similar studies. 

DATA ANALYSIS 

Data analysis covers outliers, accuracy and precision, PQLs, and false 
positiveshegatives. Original data and data calculations are provided in Appendix C. 

Outliers 

The raw data and worksheets from the laboratories were initially reviewed by APl’s 

Environmental Monitoring Workgroup to determine obvious outliers. Laboratories were 

contacted to resolve errors in calculation and data transcription. These errors were 
corrected before statistical tests for outliers were performed. 

Two statistical methods were used to identify outliers in the data. Outliers identified by 
these methods were not considered in any of the method performance calculations 

(Le., in accuracy and precision, PQL, and false positivehegative determinations). The 

first method, Youden’s ranking test (ASTM, 1986; Youden and Steiner, 1975), was 

used to identify laboratories that had values that were consistently too high or too low. 

Youden’s test was done separately for each of the three data sets (DRO, GRO, and 

PHC) using only the low-, medium-, and high- concentration sample pairs; since these 

were the data that would be used to determine precision and accuracy. If Youden’s 

test identified a laboratory as an outlier, then that laboratory’s data were deleted from 

the data set. For example, Laboratory 7 values for the PHC samples were deleted 

because Youden’s test showed that they were too high compared with the PHC data 

from the other laboratories. 

The second method, Grubb’s outlier test (ASTM, 1986; ASTM, 1989; Taylor, 1990), 
was applied to the data remaining after Youden’s test. Grubb’s test checks for outliers 

within each sample. For example, in the PHC data set, Laboratory 3 reported a value 
of 220 mg/kg for the sample that had a prepared concentration of 93.6 mgkg. Since 
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220 mglkg exceeded the expected upper limit for this sample calculated by Grubb’s 

test (208 mg/kg), this value was deleted as an outlier. 

Accuracy and Precision 

Accuracy as recovery in mg/kg and overall interlaboratory precision were calculated 

following ASTM D 2777-86 (ASTM, 1986). For recovery percentage calculations, the 

prepared concentration was used as the true value. Single analyst intralaboratory 

precision was calculated using the Youden sample pairs with Youden’s technique 

(Youden and Steiner, 1975) of calculating precision without duplicates. Data pairs with 

missing values, outlier values, or values below the detection limit were not considered. 

Regression equations for accuracy and precision were developed using simple linear 

regression. 

P ract ical Quant if ¡cat ion Levels PQLs] 

There is no standard method for calculating PQLs. Of the many methods which have 

been used before, API selected two that would work within the study design; one 

developed by EPA and the other by Shell Development Company. EPA’s method is 

based on its definition introduced in the drinking water regulations: the PQL is the 

lowest value at which 80% of the laboratories can measure within f 40% of the true 

value (Le., the prepared concentration). For example, if the PQL under this definition 

is 100 mg/kg, at least 80% of the laboratory results must fall between 60 mg/kg and 

140 mg/kg. The second method was suggested by Shell Development Company in 

own of its own laboratory performance evaluation studies for volatile organics: the 

PQL is the lowest value at which at least 95% of the laboratories report a measurable 

value. 

False Positives and False Neqatives 

False positives occurred when laboratories reported measurable values for samples 

that were not spiked (Le., were blanks). Some of the laboratories reported blank 

concentrations which were below the PQL; however, only blank concentrations above 

2-5 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBL*4599 94 = 0732290 0528487 939 

the PQL were counted as false positives. False negatives occurred when laboratories 

reported nondetects for spiked samples. 

BTEX 

Because limited BTEX data restricted statistical analysis, only relative standard 

deviations for overall precision were calculated from the Youden pairs. The data from 

one laboratory were deleted as outliers because the values were = 100 times the data 

from the other five laboratories reporting BTEX. The blank and PQL samples were 

not included in the overall precision calculations. Also not included in the calculations 

were data reported below the detection or reporting limit. 
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Section 3. 

DISCUSSION 

OUTLIERS 
Outlier rejection rates were based on the total number of analyses for the low-, 
medium-, and high-concentration sample pairs, since these were the data that were 

used to determine method performance in precision and accuracy. 

Overall, 25% of the data for these three methods were rejected. The tables in 

Appendix C include all of the original laboratory values and those identified as outliers 

in the DRO, GRO, and PHC data sets. 

Rejection rates for individual methods were: 31% of the 78 DRO values, 25% of the 

60 GRO values, and 19% of the 72 PHC values. In the GRO data set, Laboratory 4 

was rejected outright before any outlier statistics were calculated, because its values 

were = 100 times the prepared concentrations. Possibly a calculation error was 
involved; the source of the error was never discovered. As this data set did not 

represent normal analytical deviations, it was not considered in calculation of the GRO 

outlier rejection rate. 

The rejection rates in this study are slightly higher than similar interlaboratory studies 

conducted by EPA. For example, in the 600 series methods for organics, the rejection 

rates were 15% for Method 624 (purgeables), 20% for Method 625 (baseheutrals, 

acids, and pesticides by purge and trap), 17% for Method 601 (purgeable halocarbons 
by purge and trap), and 20-23% for Method 604 (phenols) (EPA, 1984a-d). 

Some of the outlying values may have been caused by the failure of certain 
laboratories to strictly follow method protocols. Even though the requirements were 

clearly stated in the method protocols, some laboratories did not use the specified 
standards, detectors, and/or integration techniques. Laboratories were not deleted, 

however, unless the statistical tests identified them as outliers. 

3- 1 
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Since gasoline-range organics, diesel-range organics, and petroleum hydrocarbons as 
analytes are defined by the particular analytical method employed, deviations in the 

method will introduce a deviation in the true value of the analyte, ¡.e., a bias. In 

practice, the significance of these deviations depended on the particular method and 
calibration standard used. In general, the significance of the deviation depended on 
how well the calibration standard matched the sample. 

For example, a valley-to-valley integration using PID with gasoline calibration will have 

significant bias for GRO if unresolved hydrocarbons are present in the standard and 

are not in the sample. However, this approach can provide accurate quantification for 

gasoline, provided the calibration standard and unknown have the same hydrocarbon 

profile. The effect of calibration standard selection was most pronounced for the GRO 

samples and least for the DRO samples, due to compositional changes associated 

with weathering the gasoline standard. 

Because not all laboratories will realize the impacts certain method deviations will 

have on their analytical results, API decided to revise the DRO, GRO, and PHC 

methods to include a discussion of these impacts in order to minimize deviations that 

would give biased results. 

ACCURACY AND PRECISION 

The primary objective of this study was to verify that the DRO, GRO, and PHC 

methods can reliably produce adequate measurements. To meet this objective 

requires the determination, and subsequent evaluation, of method performance in 
terms of accuracy and precision. 

Determination of Method Performance 

After eliminating outliers, the remaining data were plotted to see if accuracy and 

precision were concentration-dependent. These plots are shown in Figures 3- 1 

through 3-3. With the exception of PHC single analyst precision, accuracy and 

precision are shown to vary linearly with concentration. 

3-2 
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Range for Accuracy, as Overall 
Method Equations Recovery Precision 

(mg/kg) x (mg/kg) s (mg/kg) 

Diesel Range Organics (DRO) 19.3-207 X=0.83C-1.20 S=0.23X-0.03 

P robabi I ity' [<<O. 1 Yo] [2%] 

Gasoline Range Organics (GRO) 18.5-130 X=0.66C+1.34 S=0.23X+0.39 

Probability* [<<O. 1 %] [2%] 

Petroleum Hydrocarbons (PHC) 93.6-831 X=0.81C+7.29 S=0.30X+0.4!5 

Probability' [<<0.1%] [<<O. 1 %] 

Regression equations were then calculated to describe method performance criteria. 
These regression equations are summarized in Table 3-1. 

Slngle Analyst 
Preclslon 

Sr (mgn<g) 

Sr=0.12X+2.01 

 TO] 

Sr=O. 13X-0.55 

[ 1 Yo] 

Sr=O.O7X+16.35 

[51%] 

Probability distribution from Rest  on the regression equation. Regression equations with 
probabilities of 5% or less would be considered reliable predicators of method performance. 

The reliability of these regression equations was tested by the F-test; the probabilities 
from the F-test are shown below each regression equation. The probability represents 

how often one might see such a relationship merely by chance. Therefore, if the 

probability is low, the relationship is unlikely to occur by chance and the regression 

equation is considered a reliable predictor of method performance. 

3-3 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBLn4599 94 W 0732290 0528491  3bT 

20 

15 

10 

5 -  

A 

I $ 
Y - 

- 

- 

2oo 1 Recovery(OR0) 

150 

1 O0 

50 

O 
O 50 100 150 200 250 

Made-tevalue, C (mgkg) 

45 

40 
c Overait Precision (ORO) 

30 35 I 
15 

10 

5 

/ 
25 - 
20 

15 // 
- 

A 
- 

10 / *  - 
e / ,  

5 I I 

O 50 100 150 200 
Recovery, X (men<@ 

25 I Single Analyst Precision (ORO) 

01 I I I 

O 50 1 O0 150 200 
Recovery, X (mwW 

Figure 3-1. DRO Recovery and Precision 
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Figure 3-2. GRO Recovery and Precision 
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Figure 3-3. PHC Recovery and Precision 
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Method Average Accuracy ("A) Average Single Analyst RSD* (??O) 

Diesel Range 82% 1 7% 
Organics (DRO) 

Organics (GRO) 

Hydrocarbons (PHC) 

Gasoline Range 70% 11% 

Petroleum 84% 13% 

There is no established cutoff on the probability level for deciding whether a 
regression equation can be used as a statement of method performance in an 
analytical method; however, 5% is a commonly used significance level in statistics 

tests. On this basis all of the regression equations for method performance shown in 
Table 3-1, with the exception of PHC single analyst precision, are considered "good 
fits" and are considered reliable predictors of method performance. 

Average Overall RSD' (YO) 

25% 

25% 

30% 

Average values for accuracy and precision for each of the three methods are shown in 
Table 3-2. These values can be used to describe overall method performance. In the 
case of PHC single analyst precision, the average value can be used in lieu of a 
regression equation to describe expected method performance. 

Table 3-2. Average Performance: Accuracy and Precision 

With the exception of GRO accuracy, the performance among these three methods 

was essentially the same. Accuracy for DRO and PHC was 82-84%, while GRO 

accuracy was 70%. Overall precision, as a relative standard deviation (RSD), 

averaged 27% for the three methods. Single analyst precision, as RSD, was about 

half of the overall precision (14%). 

Evaluation of Method Performance 

Method validation is a value judgement based on an evaluation of method 

performance in terms of precision and accuracy. One procedure for classifying the 

level of precision and accuracy of analytical methods has been specified by Taylor 
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C 
D 
E 

(Taylor, 1987), a recognized expert in statistics and method verification. Taylor's 

classification system for trace analysis methods is shown in Table 3-3. 

1 - 10% 90 - 99% Intermediate 

10 - 35% 65 - 90% Low 
>35% ~ 6 5 %  Semiquantitative 

Table 3-3. Classes of Trace Analysis Methods 

II Class I PrecisiÖ~RSD) I Accuracy ("h Recovery) I Nomenclature )I 

Based on this classification system, the performance of the DRO, GRO, and PHC 

methods would be in Class D, quantitative but with low precision/accuracy (compare 

Table 3-2 with Table 3-3). Since Taylor's system is a general approach to the entire 

field of analytical chemistry, this classification is in reference to the performance of all 

analytical methods and all sample matrices. Within this wide spectrum is included 

method performance in measuring concentrations in simple matrices, for which high 

precision and accuracy are relatively easy to attain. In contrast, because of the 

intrinsic complexity of the soil sample matrix, the high performance classifications of 

the Taylor system may be impossible to attain when attempting to measure trace 

(ppm) concentrations of target analytes in soil. 

An alternative classification procedure is to compare DRO, GRO, and PHC method 

performance with the performance of established EPA methods for analyzing 

concentrations in environmental matrices. Since there are no published performance 

data for EPAs soil analytical methods, it is not possible to make a direct comparison 

of method performance for the soil matrix. Performance data for the DRO, GRO, and 

PHC methods, however, are comparable to published performance data for EPAs 

"600 method series" for analysis of organics in water samples. For example, EPA's 

published data for the overall precision for benzene and toluene by Method 624 were 

21% and 18%, respectively, and the overall precision for naphthalene by Method 625 
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PQL PQL 
Method Stated in Method by 80%&40% Rule' 

(mdkg) (mg/kg) 

Diesel Range Organics (DRO) 4 20 

Gasoline Range Organics (GRO) 5 130 

Petroleum Hydrocarbons (PHC) 50-1 O0 104 

was 26% (EPA, 1984c,d; details of these calculations are provided in Appendix C). 

DRO, GRO, and PHC method precision is similar (see Table 3-2). 

PQL 
by 95% Rule** 

12 

17 

50 

(mdkg) 

Given these findings, API concludes that the GRO, DRO, and PHC methods provide 

acceptable levels of precision and accuracy for analysis of ppm concentrations of 

petroleum hydrocarbons in soils. 

PRACTICAL QUANTIFICATION LEVELS (PQLs) 

The protocol for each method gives recommended PQLs which a laboratory is 

expected to achieve if the protocol is properly followed. Protocol PQLs prior to the 

interlaboratory study are listed in the first column of Table 3-4. These PQLs are single 

laboratory estimates, and have been previously documented in Enseco (1991), 

Walters et al. (1992), and Rhodes et al. (1991 b). 

One of the purposes of this study was to determine if these PQLs are actually 

achieved in practice. To test PQLs, two methods were used: the 80% k 40% rule, 

and the 95% rule. The 80% f 40% rule, taken from an EPA discussion on drinking 

water analyses (52 Federal Register 25699), defines an achievable PQL as the 

minimum concentration at which 80% of the laboratories can measure within k 40% of 

the true value. The 95% rule (Stanko and Hewitt, 1990), suggests that an achievable 

PQL is the minimum concentration measurable by 95% of the laboratories. 
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Average 27Yo 19% 44% 

32 - 77% Range 16 - 37% 11 -50% 

The study results provided in Table 3-4 show that only the method PQL for PHC was 
achieved, and only by the 95% rule. The PQL for PHC by the 80% * 40% rule (104 
mg/kg) was a little higher than the upper limit given in the method (100 mg/kg). Study 
PQLs for GRO were 3 to 26 times the recommended method PQL of 5 mg/kg. Study 
PQLs for DRO were 3 to 5 times the recommended method PQL of 4 mg/kg. 

15% 

6 - 33% 

The method protocols in Appendix A have been revised to incorporate the 

interlaboratory PQL data shown in Table 3-4. 

FALSE POSITIVES AND FALSE NEGATIVES 

False positive rates were 22% for GRO and 20% for PHC. The false positive rate for 
DRO was not calculated because all laboratories reported measurable DRO 
concentrations in DRO blank samples. The blank samples were either inadvertently 

spiked with diesel fuel or were low-level DRO samples mislabeled as blanks. False 

negatives were reported for low-concentration samples only. The false negative rate 
for DRO and GRO was 22% at concentrations of about 5 mg/kg; the PHC false 
negative rate was 3% at concentrations of 50 to 100 mg/kg. 

BTEX BY GRO/PID 
Since only 6 laboratories reported the optional BTEX data by GRO/PID, there were 
not enough data to perform rigorous statistical analyses. Instead, relative standard 
deviation (RSD) for overall precision was used as a general indicator of method 

performance. Table 3-5 shows the average and range in RSDs for BTEX. Average 

RSDs were 27% for benzene, 19% for toluene, 44% for ethylbenzene, and 15% for 
total xylenes. 

Table 3-5. Relative Standard Deviation for BTEX by GRO/PID 
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piETH00 FOR DETERMINATION OF DIESEL RANGE ORGANICS 

1. SCOPE AND APPLICATION 

1.1 Analytes 

1.1.1 This method is designed to measure the concentration of 
diesel range organics in water and s o i l .  This corresponds to 
an alkane range o f  Cl, - C and a boiling point range between 
approximately 17OoC and 4YO0C. 

1.1.2 The method is designed to measure mid-range petroleum 
products such as diesel or fuel oil. Components greater than 
C present in products such as motor oils or lubricating 
017s are detectable under the conditions of the method. If, 
based on a review of the chromatogram, the presence o f  these 
product types i s  suspected, additional efforts may be 
performed including, but not 1 imited to, analysis of 
additional reference materials. These additional efforts are 
not contained within this method. 

1.2 Quantitation Limits 

1.2.1 Quantitation limits are based on 100 pg/mL of diesel in the 
extract and are 0.10 mg/L for waters and 4.0 mg/kg for soils. 
(Note: The word "diesel" corresponds to diesel f2 or fuel 
oil #2.) 

1.3 Dynamic Range 

1.3.1 Dilutions should be performed as necessary to put the 
chromatographic envelope within the linear range of the 
method. I n  general, the individual compound range is 1.0 
M / m L  to SO pg/mL in the final extract. This is 
approximately equivalent to 100 pg/mL to SO00 pg/mL of 
di ese1 . 

2. 

1.4 Exper i ence 

1.4.1 This method i s  based on a solvent extraction, Gas 
Chromatography (GC) procedure. This method should be used 
by, or under the supervision of, analysts experienced in the 
use of solvent extractions and gas chromatographs. The 
analysts should be skilled in the interpretation o f  gas 
chromatograms and their use as a quantitative tool. 

HETHOD SUMMARY 

2.1 One liter of water or 25 grams of soil i s  spiked with a surrogate 
compound and extracted with methylene chloride. The extract is dried 
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and concentrated t o  a volume o f  1.0 mL. The ext ract  i s  in jected 
i n t o  a cap i l l a ry  column gas chromatograph equipped w i th  a flame 
ion iza t ion  detector ( F I O ) .  Quant i ta t ion i s  performed by comparing 
the t o t a l  chromatographic area between n-C,, and n-C,,, including 
resolved and unresolved components, t o  the response o f  a ten- 
component cal  i bra t  i on standard. 

This method i s  based i n  par t  on USEPA Methods 8000 and 8100, SW-846, 
"Test Methods f o r  Evaluating Sol id  Waste," 3rd Edi t ion [i], Method 
OA-2 [2], and work by the EPA Total Petroleum Hydrocarbons Methods 
Committee [3].  

2 .2  

3. DEFINITIONS 

3.1 Diesel Range Organics (ORO): A l l  chromatographic peaks e lu t i ng  
between decane (n-C,,) and octacosane (n- ) . Quant i f i ca t ion  i s  based 
on d i r e c t  comparison o f  the area within & i s  range t o  the t o t a l  area 
o f  the ten components i n  the diesel  component standard. 

3.2 Diesel Component Standard: A ten-component blend o f  t yp ica l  d iesel  
compounds (Table 1). This standard serves as a ca l i b ra t i on  standard 
and a re tent ion time window def in ing mix f o r  d iesel  range organics. 
A commercial diesel o r  fue l  o i l  may be used as the ca l i b ra t i on  
s t  andard. 

3.3 Surrogate Control Sample: A reagent water o r  method blank sample 
spiked w i th  the surrogate compound used i n  the method. The surrogate 
recovery i s  used as a laboratory control .  See 7.4.2. 

3.4 Laboratory Control Sample: A reagent water o r  method blank sample 
spiked w i th  a commercial diesel #2 as a qua l i t y  control  check. The 
spike recovery i s  used as a laboratory control  and must be greater 
than 50%. See 7.4.5. 

3.5 Other terms are as defined i n  SW-846. 

4. INTERFERENCES 

4.1 Other organic compounds including animal and vegetable o i l  and 
grease, chlor inated hydrocarbons, phenols, and phthal ate esters are 
measurable under the conditions o f  t h i s  method. As defined i n  the 
method, the DRO resu l t s  include these compounds. Note: SW-846 [i] 
Method 3611 (Alumna Column Cleanup) may be used f o r  the separation o f  
sample ext racts  i n t o  a l iphat ic ,  aromatic, and polar  f ract ions.  
Deta i l s  o f  t h i s  cleanup are not included i n  t h i s  method. 

Method interferences are reduced by washing a l l  glassware w i th  hot 
soapy water and then r i ns ing  it wi th  tap water, methanol, and 
methylene chloride. Reagent blanks must be analyzed with each batch 
o r  f o r  every 20 samples t o  demonstrate tha t  the samples are f ree from 
method interferences. 

4.2 
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4.3 High p u r i t y  reagents such as Burdick and Jackson GC2 methylene 
ch lo r i de  o r  Baker c a p i l l a r y  grade methylene ch lo r i de  must be used t o  
min i mi ze i n  ter ference prob1 ems. 

4.4 Contamination by carryover can occur whenever high- level  and low- 
1 eve1 sampl es are sequent i a l  l y  analyzed. Whenever an unusual l y  
concentrated sample i s  encountered, i t  should be fol lowed by an 
analysis o f  a solvent blank t o  check f o r  cross-contamination. 

5. SAFETY ISSUES 

The t o x i c i t y  o r  carc inogenic i ty  o f  each reagent used i n  t h i s  method has no t  
been p rec i se l y  defined. However, each chemical compound should be t reated 
as a p o t e n t i a l  heal th  hazard. From t h i s  viewpoint, exposure t o  these 
chemicals must be reduced t o  the lowest possible l e v e l  by whatever means 
avai lab le.  l h e  laboratory  i s  responsible f o r  maintaining a current  
awareness f i l e  o f  Occupational Safety and Health Administrat ion (OSHA) 
regulat ions regarding the safe hand1 ing  o f  the chemicals spec i f i ed  i n  t h i s  
method. A reference f i l e  o f  mater ia l  safety  data sheets (MSDS) should a lso 
be made ava i l ab le  t o  a l l  personnel involved i n  the chemical analysis. 
Addi t ional  references t o  laboratory  safety  should be ava i l ab le  and should 
be i d e n t i f i e d  f o r  use by the analyst. 

6. APPARATUS 

6.1 G1 assware 

6.1.1 

6.1.2 

6.1.3 Separatory Funnel: 2000 mL w i t h  Tef lon stopcock. 

6.1.4 Continuous Liquid-Liquid Extractor:  Equipped w i t h  Tef lon o r  
glass connecting j o i n t s  and stopcocks r e q u i r i n g  no 
l u b r i c a t i o n  (Hershberg-Wolf Extractor,  Ace Glass Company, 
Vineland, New Jersey, P/N6841-10, o r  equivalent).  

6.1.5 Concentrator Tube, Kuderna-Danish: 10 mL graduated (Kontes 
K-570050-1025 o r  equivalent).  Ca l i b ra t i on  must be checked a t  
t h e  volumes employed i n  the t e s t .  Ground glass stopper i s  
used t o  prevent evaporation o f  ext racts .  

6.1.6 Evaporative Flask, Kuderna-Danish: 500 mL (Kontes 
K-570001-0500 o r  equivalent).  Attach t o  concentrator tube 
w i t h  springs. 

6.1.7 Snyder Column, Kuderna-Danish: Three b a l l  macro (Kontes 
K-503000-0121 o r  equivalent).  Rotary evaporation Set-up may 
al so be used a l  t e rna t  i v e l y .  

A l l  spec i f icat ions are suggested only. 

4 oz. amber glass, wide-mouth j a r s .  
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6.1.8 

6.1.9 Disposable Pipets: Pasteur. 

minutes or Soxhlet extract with methylene chloride. 

Vials: Amber glass, 10 to 15 mL capacity, with Teflon-lined 
screwcap. Two mL glass vials with Teflon-lined cap. 

6.2 Boiling Chips: Approximately 10/40 mesh. Heat to 4OO0C for 30 

6.3 Microsyringes: 1 yL, 5 yl, 10 yl, 25 yl, and 100 yl. 

6.4 Water Bath: Heated with concentric ring cover, capable o f  
temperature control ( t2'C).  The bath should be used in a hood. 

6.5 An analytical balance capable of accurately weighing 0.0001 g should 
be used for standards. A top-loading balance capable of weighing to 
the nearest 0.1 g should be used for sample analysis. 

6.6 Gas Chromatography 

6.6.1 Gas Chromatograph: Analytical system complete with gas and 
all required accessories, including a flame ionization 
detector, column supplies, gases, and syringes. A data 
system capable o f  determining peak areas using a forced 
baseline and baseline proSection is required. A data system 
capable of storing and reintegrating chromatographic data i s  
al so recommended. 

Note: A FID & be used for the measurement of hydrocarbons 
as described in this method. FIO response is essentially the 
same for all hydrocarbons; other detectors will not produce 
accurate results. 

6.6.2 Columns 

6.6.2.1 Column 1: 25 M x 0.25 mn Quadrex 007 5% methyl 
phenyl 0.5 micron film thickness. 

6.6.2.2 Alternate Column: 30 M x 0.53 mm ID Restek RTX-5, 
1.5 micron film thickness. 

6.6.2.3 Other columns may be used; capillary columns are 
required. See 9.2.2 for GC criteria. 

6.7 Sonication 

6.7.1 Ultrasonic Cell Disrupter: A horn-type sonicator equipped 
with a titanium tip should be used. A Heat Systems - 
Ultrasonics, Inc. Model W-385 (475 Watt) sonicator or 
equivalent (power wattage must be a minimum o f  375 with 
pulsing capability and No. 200 1/2" lapped Disrupter Horn) 
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p l u s  No. 207 3/4" Tapped Disrupter Horn, and No. 419 1/8" 
Standard tapered Microtip probe. 

6.7.2 A Sonabox is  recommended with the  above d i s r u p t e r  f o r  
decreasing sound (Heat Systems-Ultrasonics, Inc., Model 432 
13 o r  equivalent) .  

6.8 Soxhlet ex t r ac t ion  apparatus i s  described i n  Method 3540. [l] 

6.9 Nitrogen evaporator w i t h  high pu r i ty  nitrogen gas source. 

7. REAGENTS AND STANDARDS 

7 . 1  

7.2 

7.3 

7.4 

Reagent Water: 

Methylene Chloride, Hexane, Acetone: Pes t i c ide  grade o r  equivalent.  

Sodi um Sul f a t e :  (ACS) granular ,  anhydrous. Purify by heating a t  
4OO0C f o r  4 hours i n  a shallow t r ay .  

Stock Standard Solution: Prepare the following s tock standards.  
Unless noted, a l l  are prepared i n  the methylene ch lo r ide  l i s t e d  i n  
7.2 above. Standard preparation should follow guide1 ines  i n  Method 

Carbon f i l t e r e d  deionized water. 

8000. 

7.4.1 

7.4.2 

7.4.3 

7.4.4 

7.4.5 

Optional Stock Internal  Standard: 1000 pg/mL 5a-androstane. 

Recommended Surrogate Standard: 2000 pg/mL ortho-terphenyl 
(OTP). A working so lu t ion  is  made a t  20 pg/mL i n  acetone ( a  
water sol ubl e sol vent).  

Individual s tock so lu t ions  of C,, - C, even normal alkanes a t  
a level o f  a t  l e a s t  2000 pg/mL. For s o l u b i l i t y  reasons,  i t  
may be necessary t o  prepare s tock so lu t ions  of n-alkanes i n  
o t h e r  solvents  such as hexane o r  chloroform. Some of  the 
n-alkanes a r e  ava i l ab le  i n  so lu t ion  in chloroform from 
Supelco (Cat. X4-7103M and 4-7104M). 

Diesel Component Standard: C,, - C even normal alkane 
standard + OTP w i t h  each component ai8 50 pg/mL. Suggested 
c a l i b r a t i o n  running levels a r e  1, 5, 10, 20, and 50 pg/mL. 
See Table 1. Calibrat ion standards may be prepared u s i n g  a 
commercial d i e se l  o r  fuel o i l .  

Stock Laboratory Control Sample - 2500 pg/mL d i e s e l  82 or 
fuel o i l  t 2 .  A working so lu t ion  is made a t  500 yg/mL i n  
acetone (a water soluble  solvent) .  
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8. SAMPLE COLLECTION, PRESERVATION, CONTAINERS, AND HOLDING TIMES 

Water samples a re  collected i n  a one l i t e r  glass  container and acidif ied t o  
pH 2. The samples are  
stored a t  4 O C  from the time of  col lect ion u n t i l  extraction. Extraction must 
be performed on waters w i t h i n  seven days and s o i l s  w i t h  n 14 days. A l l  
analyses must take place w i t h i n  40 days. 

Soi l s  a re  collected i n  a core tube or  g lass  j a r .  

9. PROCEDURE 

9.1 Sample Preparation 

9. i. 1 Waters a re  extracted according t o  SU-846 Method 3510 
(Separatory Funnel Liquid-Liquid Extraction) o r  Method 3520 
Cont i nuous L i  au i d-Li aui d Extract i on 1. 

extracted using MethÒd 3550 (Sonicat 
(Soxhlet Extraction) may also be used. 

sóiì samples a re  
on). Method 3540 

9.1.2 Water Extraction - Separatory Funnel 

9.1.2.1 

9.1.2.2 

9.1.2.3 

9.1.2.4 

9.1.2.5 

Measure a 1-L portion of the 
t o  the 2-L separatory funnel. 

sample and t ransfer  
I f  the sample is i n  

a 1 l i t e r  o r  mal-ler bo t t le ,  mark the water 
meniscus on the side o f  the sample bo t t l e  for  
l a t e r  determination of the sample volume. I f  the 
sample is i n  a la rger  bo t t le ,  use a 1 l i t e r  
graduated cylinder. Pour the sample in to  a 2 
l i t e r  separatory funnel. For blanks and qual i ty  
control standards, pour 1 l i ter  of carbon f i l t e r e d  
water in to  the separatory funnel. 

Check and note the i n i t i a l  pH. 

Add 1 mL of ortho-terphenyl surrogate standard a t  
20 pg/mL. 

For every batch o r  20 samples extracted,  prepare 
duplicate laboratory control samples by adding 1 
mL of 500 Ng/mL diesel  12 (laboratory control 
standard) t o  each of two blank matrices. Daily o r  
f o r  every 20 samples, prepare a blank/surrogate 
control standard using 1 L of carbon-filtered 
water. 

For samples tha t  were mixed before extraction, add 
60 mL CH C1, t o  the sample bo t t l e  t o  rinse the 
inner wafls. Do NOT cap and shake the bot t le ,  
rinse the g lass  only; t ransfer  the solvent t o  the 
separatory funnel. Extract the sample by shaking 
i t  f o r  two minutes w i t h  frequent vent i la t ion.  
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9.1.2.6 Allow the layers t o  separate. I f  there i s  an 
emulsion, break i t .  I f  the emulsion cannot be 
broken (recovery of t80% of the methylene 
chloride, corrected fo r  water so lubi l i ty  of 
methylene chloride),  t ransfer  the sample, solvent, 
and emulsion into the extraction chamber of a 
continuous extractor and proceed as  described in 
9.1.3. 

9.1.2.7 Drain the bottom layer  (CH,Cl,) into a 250 mL 
beaker. 

9.1.2.8 Repeat the extraction twice more using a 60 mL 
aliquot of CH,Cl, each time. Collect the solvent 
i n  the same beaker described i n  9.1.2.7. Record 
the vol Ume recovered. 

9.1.2.9 P u t  a p lug  o f  glass  wool i n  a funnel and f i l l  
about 2/3 fu l l  w i t h  Na SO . Rinse the funnel and 
Na SO, w i t h  30-40 mL o+ Clfi2C12, discard. Pour the 
extract  through the Na,SO, into a 500 mL Kuderna- 
Danish (K-D) evaporative concentrator. Rinse the 
beaker then the Na SO w i t h  small amounts of CH,Cl,. 
Add these rinses f o  the K-D. 

9.1.2.10 Add a boiling chip t o  the K-D and attach a 3 ball 
Snyder t o  the top. Pre-wet the column by adding 
about 1 mL of CH2C1, t o  the top. 

NOTE: The concentration s tep is  c r i t i c a l ;  losses 
can occur i f  care is  not taken. 

9.1.2.11 Place the K-D i n  a heated water bath s e t  a t  95OC so 
t ha t  the receiver tube is  immersed i n  hot water 
and the en t i r e  lower rounded surface i s  bathed i n  
steam. A t  a proper r a t e  of d i s t i l l a t i o n ,  the 
ba l l s  of the column will actively chat ter ,  but the 
chambers will not flood. When the apparent volume 
reaches 5-10 mL, remove the K-D from the bath and 
allow i t  t o  cool completely. 

9.1.2.12 If the extract  i s  highly colored o r  a precipi ta te  
forms during concentration, the f inal  volume 
should be higher (5-10 mL). 

9.1.2.13 After the K-D has cooled, rinse the Snyder column 
and middle f lask w i t h  a small amount of CH Cl,. 
Transfer the extract  t o  a cal ibrated 1 3  mL 
centrifuge tube, rinsing with a small amount of 
CH,Cl,. Be sure t o  r inse a l l  of the ground glass 
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j o i n t s  w e l l ,  as compounds co l l ec t  on the ground 
glass .  

9.1.2.14 Careful ly concentrate the ext ract  t o  1.0 mL under 
a gent le stream o f  ni t rogen using the N-evap 
apparatus. I f  the ext ract  i s  h igh ly  colored, 
forms a prec ip i ta te,  o r  stops evaporating, the 
f i n a l  volume should be higher (5-10 mL). Transfer 
t o  a labeled 2 mL (or  12 mL) v i a l  w i th  Teflon- 
l i ned  cap, mark the meniscus. 

9.1.2.15 Record the prep information f o r  the ext ract ion and 
concentration steps. The sample ext ract  i s  ready 
f o r  analysis (See Section 9.2 through 9.6). 

Water Extract ion - Continuous L iqu id L iqu id Extract ion 

9.1.3.1 

9.1.3.2 

9.1.3.3 

9.1.3.4 

9.1.3.5 

9.1.3.6 

9.1.3.7 

Mount the continuous ext ractor  on appropriate 
racks. 

Put 250 mL CH C1, i n  a round bottom f lask,  add a 
few b o i l i n g  ckips. Add 300 mL o f  CH,Cl, t o  the 
ext ractor  f l  ask. 

When pouring w a t e r  i n t o  the extractor, minimize 
the disturbance o f  the solvent layer  and avoid 
ge t t ing  w a t e r  i n t o  e i t he r  sidearm by pouring the 
water down the back o f  the extractor.  

Check and note the pH. Prepare surrogate and 
laboratory control  standards as i n  9.1.2.3 and 
9.1.2.4. 

For samples i n  1 l i t e r  o r  smaller bot t les,  mark 
the meniscus on the side o f  the sample b o t t l e  and 
pour approximately 1 l i t e r  o f  the sample i n t o  the 
ext ractor  f lask.  Measure the exact volume by 
adding tap water t o  the b o t t l e  t o  the marked leve l  
and measuring the volume wi th  a graduated 
cyl inder.  For samples i n  bo t t les  la rger  than 1 
l i t e r ,  measure 1 l i t e r  o f  the sample i n  a 
graduated cy1 inder. Record the volume. 

Add enough carbon-f i l tered water t o  the extractor 
f lask t o  al low the solvent i n  the removable 
sidearm t o  j u s t  begin t o  d r i p  i n t o  the round 
bottom f lask.  Record the t o t a l  volume carbon- 
f i l t e r e d  water tha t  was added on the prep sheet. 

Remove the condenser from the rack and wipe the 
lower j o i n t  and l i p  w i th  a t issue soaked with 
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solvent. Place the condenser on the top of the 
extractor .  Turn  on the cool water supply and 
check the flow indicators.  

9.1.3.8 Turn  on the heating mantle. Record the s ta r t ing  
time on the prep sheet. Check a f t e r  15 minutes t o  
be sure tha t  the solvent in the round bottom f lask 
i s  boiling, tha t  solvent is dripping from the l i p  
on the condenser, and tha t  the volume of the 
solvent i n  the round bottom f lask  is  s t i l l  about 
240 mL. 

9.1.3.9 Check a l l  extractor j o in t s  fo r  leaks w i t h  a 
Kimwipe. Allow the extraction t o  proceed f o r  18- 
24 hours. 

9.1.3.10 Turn  off  the heating mantle and allow the 
apparatus t o  cool (30-60 minutes) with water 
flowing through the condenser. 

9.1.3.11 The solvent contained i n  the round bottom f lask  i s  
the extract .  Transfer the extract  t o  a 400 mL 
beaker, r insing w i t h  a small amount of CH,C1 . I f  
the volume of solvent i s  l e s s  than about 250 mL, 
record the solvent volume. 

9.1.3.12 Go t o  9.1.2.9 and proceed w i t h  the prep. 

9.1.4 Soil Preparation - Sonication 

9.1.4.1 Decant any water layer on a sediment sample. Mix 
the sample well t o  ensure a representative sample. 
Note any anomalies observed i n  the sample 
(presence of foreign materials, variable pa r t i c l e  
s ize ,  presence of o i l  o r  aqueous phases, e tc . ) .  

9.1.4.2 Weigh 25 g of the original sample in to  a 250 mL 
centrifuge bot t le .  Add 25 g of dried Na SO, and 
stir the mixture well w i t h  a s teel  spatufa. The 
sample should have a grainy texture;  i f  i t  forms a 
large clump, add more Na2S0, and note this. 

9.1.4.3 Add 100 mL of CH,Cl, t o  a l l  samples. 

9.1.4.4 Add 1 mL of 20 pg/mL ortho-terphenyl t o  a l l  
samples and standards. Mix the samples 
immediately. 

9.1.4.5 Add one mL of 500 pg/mL fuel o i l  R2 (laboratory 
control standard) t o  the dupl ica te  laboratory 
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control standards. These standards should contain 
25 g of Ottawa Sand. In addition, prepare a 
reagent bl ank/surrogate control standard 
containing 1 mL of 20 pg/mL ortho-terphenyl. 

9.1.4.6 Sonicate the samples for 1.5 minutes at an output 
setting of 10 with the 3/4 inch sonicator horn 1/2 
inch below the surface o f  the solvent. The 
sonicator should be in the 1 second pulse mode, 
with the duty cycle set at 50%. 

Decant and filter the extracts through Whatman No. 
41 filter paper using vacuum or pressure 
filtration into a rinsed 400 mL beaker. 
Alternately, the extracts may be centrifuged and 
decanted. 

9.1.4.7 

9.1.4.8 Repeat the extraction twice more using 100 mL 
aliquots o f  CH,Cl, each time. Collect these 
extracts in the same beaker described in 9.1.4.7. 

9.1.4.9 Record the total volume of the solvent that i s  
recovered. 

9.1.4.10 Go to 9.1.2.9 and proceed with the prep. 

9.1.5 Dilution Technique 

9.1.5.1 

9.1.5.2 

This is used for product or waste samples that are 
soluble in methylene chloride. 

Weigh 1 g of sample into a 10 mL volumetric flask. 
Dilute to 10 mL with methylene chloride. Store in 
a 12 mL vial. 

9.2 Gas Chromatography 

9.2.1 Condi ti ons (Recommended) : Set he1 i um col umn pressure to 20t. 
Set column temperature to 40' C for 2 minutes, then 12' C/min 
to 3 2 O O C  and hold for 15 min. (run time - 36 minutes). Set 
FIO Detector to 320'C and injector to 280'C. 

9.2.2 Performance Criteria: GC run conditions and columns must be 
chosen to meet the following criteria: 

9.2.2.1 Resolution from the solvent front of C,o. 

9.2.2.2 Area of C within 15% of area of C,. (Mass 
discriminaf\on check). 
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9.2.2.3 The column must be capable of separating typical 
diesel components from the surrogate and internal 
standards. In particular, there are potential 
prob1 ems with the resol ut ion of n-C,p/ortho- 
terphenyl and n-C2,/5a-androstane at varying 
relative concentrations. 

9.3 Calibration 

9.3.1 Calibrate the GC with an initial five point calibration using 
the diesel component standard (7 .4.4. ) .  Tabulate the area 
response of the ten components against mass injected. The 
ratio of the response to the amount injected, defined as the 
response factor (RF), can be calculated for the standard at 
each concentration. If the percent relative standard 
deviation (% RSD) is less than 25% over the working range, 
linearity through the origin can be assumed, and the 
continuing calibration response factor can be used in place 
of a cal i brat i on curve. 

Response Factor - Total area o f  10 diesel components x I.S. amount (ma/mLl 
Total Diesel standard amount (mg/mL) x I.S. area 

Note: I.$. - Internal Standard 
Alternately, external standard calibration may be used (see 
Method 8000). 

Note: It is recommended that area response from calibration 
standards be acquired in the same manner as samples (see 
9.5). 

The working response factor or calibration curve must be 
verified on each working day by the injection of a continuing 
calibration standard (CCS) (20 pg/mL mid-point). If the 
response for this standard varies from the predicted response 
by more than & 25%, a new calibration curve must be prepared. 

Percent Difference- ßl - R2 X 100 

9.3.2 

Ravg 

where: 
R1 = Average RF from the calibration curve 
R2 = Response Factor from CCS 
Ravg - (R1 + R2)/2 

9.4 Retention Time Window Definition 

9.4.1 Before establishing windows, be certain that the GC system i s  
within optimum operating conditions. Make three injections 
of the method standard throughout the course o f  a 72-hour 
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period. Serial  inject ions over l e s s  than a 72-hour period 
r e su l t  in retention time windows t h a t  are  too t i gh t .  

Calculate the standard deviation of the three absolute 
retention times f o r  the surrogate and/or internal standard. 

9.4.2.1 lhe retention time window f o r  individual peaks is 
defined as  p lus  o r  minus three times the standard 
deviation of the absolute retention time f o r  each 
component. 

In those cases where the standard deviation fo r  a 
par t icu lar  analyte is zero, the laboratory should 
use k0.05 min as  a retention time window. 

The laboratory must calculate  retention time windows for each 
standard on each GC column and whenever a new GC column is 
ins ta l led .  The data must be retained by the laboratory. 

Some additional information on hydrocarbon pattern 
interpretat ion is included i n  references 6, 7, 8, and 9. 

9.4.2.2 

Gas Chromatograph Analysis 

9.5.1 

9.5.2 

9.5.3 

9.5.4 

9.5.5 

Samples are analyzed by GC/FID. Suggested inject ion volumes 
a re  2 p1 us ing  the conditions established i n  9.2. 

For internal standard cal ibrat ion,  5~-androstane internal  
standard is spiked in to  each sample and standard a t  a 
concentration of 20 M/mL of sample extract .  20 pl of 50- 
androstane stock a t  1000 M / m L  may be spiked in to  the 1 mL 
f ina l  volume or  a corresponding amount may be added t o  an 
aliquot o f  the f inal  extract .  Note: Diesel range organic 
values >2000 M/mL may lead t o  measurement bias due t o  
coelution w i t h  the  internal standard. 

I f  i n i t i a l  cal ibrat ion (9.3.1) has been performed, ver i fy  the 
cal ibrat ion by analysis of a mid-point CCS (9.3.2). 

lhe midpoint standard must also be run  once every ten runs 
and a t  the end of each sequence. 

Calculate the percent difference of the response fac tor  from 
the mean response fac tor  as i n  9.3.2. If the response 
factors have a percent difference a 25%, the  instrument must 
be recal ibrated.  (9.3.1) 

Forward baseline project must be used t o  generate the area 
for DRO calculation. (Val ley-to-val 1 ey integration 
disregards the unresolvable area of the chromatogram, which 
may contribute s ign i f icant ly  t o  the DRO area.) Valley-to- 
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v a l l e y  i n teg ra t i on  must be used t o  generate areas f o r  the 
i n t e r n a l  standard and surrogate standard. See Figure 2 f o r  
an example o f  in tegrat ion.  

A methylene ch lo r i de  blank must be run i n  every sequence t o  
determine the area generated on normal base1 ine  bleed under 
the  condi t ions p r e v a i l i n g  i n  the 24-hour period. This area 
i s  generated by p ro jec t i ng  a hor izonta l  basel ine between the 
re ten t i on  times observed f o r  C,, and C This area i s  
subtracted f r o m  the DRO area generated i n  %%e same manner f o r  
the samples. 

Methylene ch lor ide blanks should a lso be run a f t e r  samples 
suspected o f  being h i g h l y  concentrated t o  prevent carryover. 

I f  the product concentrat ion exceeds the l i n e a r  range o f  the 
method i n  the f i n a l  extract ,  the e x t r a c t  must be d i l u t e d  and 
reanalyzed. The ind i v idua l  compound range i s  l.Opg/mL t o  50 
pg/mL i n  the f i n a l  ext ract .  This i s  approximately equivalent 
t o  100 pg/mL t o  5000 pg/mL of d iesel .  Due t o  p o t e n t i a l  
measurement bias, i n t e r n a l  standard c a l i b r a t i o n  should not  be 
used when DRO exceeds 2000 pg/mL i n  the  f i n a l  ext ract .  The 
sample should be d i l u t e d  o r  external  standard c a l i b r a t i o n  
should be used. 

9.5.6 

(Refer t o  reference 4 . )  

9.5.7 

9.6 Cal c u l  a t  ions 

9.6.1 I n te rna l  Standard Cal ibrat ion:  l h e  concentrat ion o f  Diesel 
Range Organics i n  the sample i s  determined by ca l cu la t i ng  the 
absolute weight o f  analyte chromatographed from a summation 
o f  peak response for  a l l  chromatographic peaks e l u t i n g  
between n-decane and n-octacosane, using the c a l i b r a t i o n  
curve o r  the response f a c t o r  determined i n  Section 9.3.2. 
Refer t o  Section 9.4 (Retention Time Window D e f i n i t i o n ) .  The 
concentrat ion o f  Diesel Range Organics i s  ca lcu lated as 
f o l  lows: 

Aqueous/Soil samples: 

Ax c i s  V t  
c s -  - x - x - X O  

As RF vs 

Yhere: 

Cs = Concentration o f  Diesel Range Organics (mg/L or 

Ax - Response f o r  the Diesel Range Organics i n  the sample, 
u n i t s  i n  area. 

m9/k9) 
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RF - Response Factor f r o m  cont inuing c a l i b r a t i o n  (see 
9.3.1). 

As = Response f o r  the i n t e r n a l  standard, u n i t s  same as f o r  
Ax. 

Cis - Concentration o f  In te rna l  Standard (mg/mL). 

V t  - Volume o f  F ina l  ex t rac t  (mL). 

D = D i l u t i o n  factor,  i f  d i l u t i o n  was performed on the 
I f  no d i l u t i o n  was made, sample p r i o r  t o  analysis. 

D - 1, dimensionless. 

Vs = Volume o f  sample extracted i n  L o r  kg. 

Method 8000). 
9.6.2 Al ternate ly ,  external  standard c a l i b r a t i o n  may be used (see 

10. QUALITY CONTROL 

10.1 The 1 aboratory must establ  i s h  the a b i l  i t y  t o  generate acceptable 
accuracy and precis ion.  This should include the analysis o f  QC check 
samples p lus the ca lcu la t ion  o f  average recovery and the standard 
dev ia t ion  o f  the recovery as ou t l ined  i n  Method 8000, Section 8.0. 

10.2 The laboratory  must, on an ongoing basis, demonstrate through the 
analysis of q u a l i t y  con t ro l  check standards t h a t  the operat ion o f  the 
measurement system i s  i n  contro l .  

10.3 After  successful c a l i b r a t i o n  (Section 9.3), analyze a Surrogate 
Control Sample. This standard i s  a lso the reagent blank sample and 
i s  analyzed w i t h  every ana ly t i ca l  batch o r  sequence. The surrogate 
recovery should be w i t h i n  establ ished l i m i t s  (Table 2) and the sample 
should not  have Diesel  Range Organics above the p r a c t i c a l  
quant i  t a t i o n  1 i m i  t. 

10.4 Every batch o r  20 samples, dupl icate laboratory  Control Samples must 
be analyzed. The accuracy and prec is ion  o f  the dupl icate standards 
must be w i t h i n  establ ished l i m i t s  (Table 2). 

10.5 Each laboratory  should generate cont ro l  l i m i t s  based on the average 
recovery +/- 3 standard deviat ions. 

10.6 I f  any o f  the  c r i t e r i a  i n  10.3 and 10.4 are not  met, the problem must 
be corrected before samples are analyzed. 

10.7 Calculate the surrogate standard recovery i n  each sample. I f  
recover ies are outside establ ished l i m i t s ,  v e r i f y  calculat ions,  
d i  1 u t  ions and standard so l  u t  ions. V e r i f y  instrument performance. 
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10.7.1 High recoveries may be due t o  a coeluting matrix 
interference;  examine the  sample chromatogram. 

10.7.2 Low recoveries may be due t o  the  sample matrix. 

10.8 Field blanks, dupl icates ,  and matrix spikes a r e  recommended f o r  
s p e c i f i c  sampling programs. Matrix spikes should use the spike 
1 eve1 s specif ied f o r  1 aboratory control samples. 

11. METHOD PERFORMANCE 

11.1 Single-lab method performance data  method i s  presented i n  Table 3. 
Chromatograms f o r  a normal alkane standard and commercial diesel  a r e  
i n  Figures 1 and 2. 

11.2 The method detect ion l i m i t  f o r  s o i l  calculated according t o  40 CFR, 
Par t  136, Appendix B was 1.6 mg/kg (external standard c a l i b r a t i o n ) .  
A recommended pract ical  quant i ta t ion limit is 4 mg/kg f o r  s o i l  and 
0.1 mg/L f o r  water. 

11.3 This method was t e s t e d  by 13 l abora tor ies  [lo]. Single operator 
precis ion,  overal l  precis ion,  and method accuracy were determined. 
These results a r e  summarized i n  Table 4. Linear regression equation 
t o  descr ibe these re la t ionships  i s  presented i n  Table 4. The results 
from this inter laboratory study were a l so  used t o  evaluate  the stated 
PQL. The results of this evaluation a r e  presented i n  Table 4. 
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TABLE 1 
DIESEL RANGE COMPONENT STANDARD 

CornDonent 

Decane 
Dodecane 
Te t radecane 
Hexadecane 
Octadecane 
E i  cosane 
Decosane 
Tetracosane 
Hexacosane 
Octacosane 

BidDoint  Concentration 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

TABLE 2 
ACCEPTANCE C R I T E R I A  FOR LCS AND SCS 

Relative 
laboratorv Control SamDle Water ma/C S o i l  ma/kq $6 Recoverv Difference 

Diesel Range Organics 0.5 20 60-120 20 

Surroaate C ontrol Standard 

ortho-Terphenyl 0.02 0 .8  50- 150 
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TABLE 3 

CALIBRATION BIAS 

True 
Concentration 
w/ka 

8 
8 

80 
80 

200 
200 

O 

b a s u r e d  Concentration. ma/ka (Percent Recovervl 

DRO Standard Fuel O i l  62 Standard 

Internal External Internal External 
S t  andard S t  andard Standard Standard 

8.83 (110) 8.10 (101) 9.78 (122) 8.03 (100) 
7.59 (95) 7.43 (93) 8.11 (101) 7.01 (88) 

54.1 (68) 63.9 (80) 64.5 (81) 63.4 (79) 
59.2 (74) 62.7 (78) 62.4 (78) 64.2 (80) 

139 (70) 166 (83) 
137 (68) 160 (80) 

112 (56) 160 (80) 
114 (57) 161 (80) 

0.87 0.82 0.95 0.83 

Note: Internal Standard results i n  low bias a t  high concentrations. DRO vs. 
Fuel Oil Standards a re  s t a t i s t i c a l l y  equivalent. 

PETROLEUM PRODUCT B I A S  

Amount Mea sured. malkq percent Recovery 

Amount Internal External Internal External 
B iked .  ma/kq Standard- Standard-  

Jet-A 1 O0 
JP-4 1 O0 
Diesel f 4  1 O0 
Motor Oi 1 1 O0 

76 68 76 68 
88 89 88 89 
32 41 32 41 
21 26 21 26 
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TABLE 3 
Continued 

MTRIX EFFECTS 

Amount Percent 
píeasured. ma/kq ßecoverv 

Amount Internal External Internal External 
a2LWLe $ D i  ked. ma/kq Standard Standard Standard  Standard 

Pedina Sand (1) 16.7 
(21 16.7 

13.2 6.3 
12.2 11.8 

79 
73 

38 
71 

Nomood Loam (ij 16.7 13.2 13.3 79 80 
(2) 16.7 12.3 13.6 74 81 

Houston Black Clay (1) 16.7 16.1 15.4 96 92 
(2) 16.7 17.1 16.6 102 99 

Note: The recovery i n  the clay i s  biased high. External standard recovery from 
Pedina Sand (1) is biased low. Recoveries i n  other matrices are comparable t o  
calibration results. 

TABLE 4 
INTERLABORATORY STUDY RESULTS FOR DRO 

Average Performance: Accuracy and Precision 

Average Average 
Average Single Analyst Overall 

Pccurac y Precision. R so precision. RSQ 

82% 17% 25% 

Regression Equation for Accuracy and Precision 

Accuracy as Overall Single Analyst 

19.3-207 X=0.83C-1.20 SIO. 23X-O. 03 Sr-0.12Xt2.01 

Method PQLs 

PQL by 
95% Rule (ma/ka2 

PQL Stated PQL by 
i n  Method (maika 80% t 40% Rule (ma/ka) 
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METHOD FOR DETERMINATION OF GASOLINE RANGE ORGANICS 

1. SCOPE AND APPLICATION 

1.1 This method is used to determine the concentration of gasoline range 
organics in water and soil. This corresponds to an alkane range of 
C - C,, and a boiling point range between approximately 6OoC and 
l$O°C Gasoline or other specific petroleum products may be 
ideniified by the use o f  pattern recognition techniques. 

The practical quantification limit (PQL) of this method for gasoline 
range organics is approximately 5 mg/kg for soils and 0.1 mg/L for 
water. 

1.2 

1.3 This method is based on a purge-and-trap, gas chromatography (GC) 
procedure. This method should be used by, or under the supervision 
of, analysts experienced in the use of purge-and-trap systems and gas 
chromatographs. The analysts should be skilled in the interpretation 
of gas chromatograms and their use as a quantitative tool. 

With the optional photoionization detector (PIO), this method can be 
extended for the specific determination of volatile aromatics (BTEX) 
as specified in EPA Method 8020. 

1.4 

2. SUMMARY OF METHOD 

2.1 This method provides gas chromatographic conditions for the detection 
of certain volatile petroleum fractions such as gasoline. Samples 
are analyzed uti1 izing purge-and-trap sample concentration. The gas 
chromatograph is temperature programmed to facil i tate separat ion of 
organic compounds. Detection is achieved by a flame ionization 
detector (FID) or FID with photoionization detector (PID) in series 
(photoionization detector first in the series). Quantification is 
based on FID detector response to a gasoline component standard or a 
commerci al gasol i ne. 

This method i s  suitable for the analysis of waters, soils, or wastes. 
Water samples can be analyzed directly for gasoline range organics by 
purge-and-trap extraction and gas chromatography. Soil or waste 
samples are dispersed in methanol to dissolve the volatile organic 
constituents. A portion of the methanolic solution is analyzed by 
purge-and-trap GC following the normal water method. 

2.3 Special field sampling techniques are recommended to minimize the 
loss of volatiles from soil by using conventional sampling and sample 
handling techniques. Collection of small volume soil core samples in 
methanol i s  considered to be the more reliable means o f  minimizing 
VOC losses from the samples when compared to placing soil in larger 
jars, which require later subsampling and which will be subject to 
the resultant volatile losses during handling. 

2.2 

See 8.2. 
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2.4 This method is based on USEPA SU-846 [i] Methods 5030, 8000, 8015, 
8020, a single laboratory method evaluation study conducted by the 
American Petroleum Institute [2], and work by the EPA Total Petroleum 
Hydrocarbons Methods Committee [3]. 

3. DEFINITIONS 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

Gasoline Range Organics (GRO): All chromatographic peaks eluting 
between 2-methyl pentane and 1,2,4-trimethyl benzene. Quant if i cat ion 
is based on a direct comparison of the area within this range to the 
total area of  the calibration standard within this range. 

Gasol i ne Component Standard : A ten-component blend o f  typical 
gasoline compounds (Table 4). This standard serves as a calibration 
standard and a retention time window-defining mix for gasoline range 
organics. It may also be used as the PID calibration standard for 
the optional determination o f  BTEX by Method 8020. A comercial 
gasoline may be used as the calibration standard for GRO. 

Gasoline Control Standard: A commercial gasoline used by the 
laboratory as a quality control check. 

Surrogate Control Sample: A reagent water or method blank sample 
spiked with the surrogate compounds used in the method. lhe 
surrogate recovery is used to evaluate method control. See 7.8. 

Laboratory Control Sample: A reagent water or method blank sample 
spiked with the gasoline control standard. The spike recovery is 
used to evaluate method control and must be greater than 50%. 

Pattern Recognition Standards: Various commercial gasol ines and 
other petroleum products used by the laboratory to identify petroleum 
products. 

Other terms are as defined in SW-846. 

See 7.2. 

4. IHTERFERENCES 

4.1 High levels of heavier petroleum products such as diesel fuel may 
contain some volatile components producing a response within the 
retention time range for gasoline. Other organic compounds, 
including chlorinated solvents, ketones, and ethers, are measurable. 
As defined in the method, the GRO results include these compounds. 

Samples can become contaminated by diffusion o f  volatile organics 
through the sample container septum during shipment and storage. A 
trip blank prepared from reagent water and carried through ramp1 ing 
and subsequent storage and handling can serve as a check on such 
contaminat i on. 

4.2 
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4.3 Contamination by carryover can occur whenever high-level and 
1 ow-1 eve1 samples are sequentially analyzed. To reduce carryover, 
the sample syringe and/or purging device must be rinsed between 
samples with reagent water or solvent. Whenever an unusually 
concentrated sample is encountered, it should be followed by an 
analysis of a solvent blank of reagent water to check for cross 
contamination. For volatile samples containing high concentrations 
of water-soluble materials, suspended sol ids, high boiling compounds 
or organohalides, it may be necessary to wash the syringe or purging 
device with a detergent solution, rinse with distilled water, and 
then dry in a 105OC oven between analyses. lhe trap and other parts 
of the system are also subject to contamination; therefore, frequent 
bake-out and purging of the entire system may be required. A 
screening step is recommended to protect analytical instrumentation. 

5. SAFETY ISSUES 

The toxicity or carcinogenicity of each reagent used in this method has not 
been precisely defined. However, each chemical compound should be treated 
as a potential health hazard. From this viewpoint, exposure to these 
chemicals must be reduced to the lowest possible level by whatever means 
available. lhe laboratory i s  responsible for maintaining a current 
awareness file of Occupational Safety and Health Administration (OSHA) 
regulations regarding the safe handling of the chemicals specified in this 
method. A reference file of material safety data sheets (MSDS) should also 
be made available to all personnel involved in the chemical analysis. 
Additional references to laboratory safety should be available and should 
be identified for use by the analyst. 

6,  APPARATUS AND MATERIALS 

6.1 Gas Chromatograph 

6.1.1 Gas Chromatograph: Analytical system complete with gas 
chromatograph suitable for purge-and-trap sample introduction 
and all required accessories, including detectors, column 
supplies, recorder, gases, and syringes. A data system 
capable of determining peak areas i s recommended. 

6.1.2 Columns: 

6.1.2.1 Column 1: 105 M x 0.53 nun I.D. Restek RTX 502.2 
0.3 micron film thickness, or equivalent. 

6.1.2.2 Other columns such as a 30 M x 0.53 nun DB-5 may be 
used; capillary columns are recommended to achieve 
necessary resolution. At a minimum, the column 
should resolve 2-methylpentane from the methanol 
solvent front in a 25 mg/kg LCS standard and 
should resolve ethylbenzene from m/p-xylene. Some 
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6.3 

6.4 

6.5 

6.6 

6.7 

6.8 

6.9 

6.10 
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columns may require subambient cooling t o  achieve 
these guide1 ines. 

6.1.3 Detector: Flame ionization (FID) or FID in series w i t h  a 
photoionization detector (PID). The optional PID is t o  be 
used for the measurement of volati le aromatics. 

Note: A FID be used for the measurement of hydrocarbons 
as described i n  this method. FID response is  essentially the 
same for a l l  hydrocarbons; other detectors will not produce 
accurate results. 

Syringes: 5 mL Luerlock glass hypodermic and a 5 mL gas-tight syringe 
w i t h  shutoff valve. 

6.2.1 For purging large sample volumes for low detection limit 
analysis of aqueous samples for petroleum products, 25 or 50 
mL syringes may be used. Subsequently, substitute the 
appropriate volume i n  the method wherever 5 mL is  stated when 
low detection limits are required. 

Volumetric Flask: 10 mL, 50 mL, 100 mL, 500 mL, and 1,000 mL w i t h  a 
ground-g1 ass stopper. 

Microsyringes: 1 p1, 5 p1, 10 pl, 25 pl, 100 p1, 250 pl, 500 pl, and 
1,000 p1. 

Syringe Valve: Two-way, w i t h  luer ends (three each), i f  applicable t o  
the purging device. 

Balance: Analytical, capable o f  accurately weighing t o  the nearest 
0.0001 g, and a top-loading balance capable of weighing t o  the 
nearest 0.1 9. 

Glass Scinti l lat ion Vials: 20 mL, w i t h  screw-caps/crimp caps and 
Teflon l iners  or glass culture tubes w i t h  a screw-cap and Teflon 
l iner ,  or equivalent. 

Spatula: Stainless Steel. 

Disposable Pipets: Pasteur. 

Purge-and-Trap Device: The purge-and-trap devi ce consists of three 
separate pieces of equipment: the sample purger, the trap, and the 
desorber. Several complete devices are commercially available. 

6.10.1 The recommended purging chamber is designed t o  accept 5 mL 
samples w i t h  a water column a t  least  3 cm deep. The gaseous 
headspace between the water column and the t r a p  must have a 
total  volume of less  t h a n  15 mL. The purge gas must pass 
through the water column as finely divided bubbles w i t h  a 
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diameter of less than 3 mm at the origin. The purge gas 
must be introduced no more than 5 mm from the base of the 
water column. The sample purger, used in EPA CW-846 
Method 5030, meets these design criteria. Alternate 
sample purge devices may be used provided equivalent 
performance is demonstrated. 

6.10.2 The trap must be at least 25 cm long and have an inside 
diameter of at least 0.105 in. Starting from the inlet, 
the trap must be packed with the following adsorbents: 
1/3 of 2,6-diphenylene oxide polymer, 1/3 of silica gel, 
and 1/3 of coconut charcoal. It is recommended that 1.0 
cm of methyl silicone-coated packing be inserted at the 
inlet to extend the life of the trap. Since only 
compounds boiling above 35°C are to be analyzed by this 
method, both the silica gel and charcoal can be 
eliminated and the polymer increased to fill the entire 
trap. Prior to initial use, the trap should be 
conditioned overnight at 180°C by backf lushing with an 
inert gas flow of at least 20 -/min. vent the trap 
effluent to the hood, not to the analytical column. 
Prior to daily use, the trap should be conditioned for 10 
min. at 180°C with backflushing. The trap may be vented 
to the analytical column during daily conditioning; 
however, the column must be run through the temperature 
program prior to analysis of samples. 

6.10.3 The desorber should be capable of rapidly heating the 
trap to 180°C for desorption. The polymer section of the 
trap should not be heated higher than 180"C, and the 
remaining sections should not exceed 220°C during bake-out 
mode. The desorber described in EPA SW-846 Method 5030 
meets these criteria. 

6.10.4 Another alternate trap uses 7.6 cm Carbopack B and 1.3 cm 
Carbosieve S-III (Supelco Cat# 2-0321R). This trap 
should be desorbed at 240°C and baked to 300°C. 

6.10.5 The purge-and-trap device may be assembled as a separate 
unit or may be coupled to a gas chromatograph. 

6.10.6 Trap Packing Materials 

6.10.6.1 2,6-Diphenylene Oxide Polymer: 60/80 mesh, 
chromatographic grade (Tenax GC or equivalent). 

6.10.6.2 Methyl Silicone Packing: OV-1 (3%) on 
chromosorb-W,60/80 mesh or equivalent. 

6.10.6.3 Silica Gel: 35/60 mesh, Davison, grade 15 or 
equivalent. 
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6.10.6.4 Coconut Charcoal : Prepare f rom Barnebey Cheney, 
CA-580-26 l o t  fM-2649, by crushing through 26 mesh 
screen. 

7. REAGENTS AND STANDARDS 

7.1 Reagent Water: Carbon-filtered water purged w i th  helium p r i o r  t o  
use. 

7.2 Gasoline Control and Cal ibrat ion Standards: One reference standard 
i s  A P I  PS-6 gasoline, a characterized gasoline used i n  petroleum 
research. (Major  components are l i s t e d  i n  Table 3.) Other gasolines 
o f  s im i la r  composition can be used i f  they are thoroughly evaluated 
by the laboratory. 

7.3 Gasoline Component Standard: The ten-component ca l i b ra t i on  standard 
tha t  also serves as the quant i f i ca t ion  range ( re tent ion t i m e  window 
def in ing mix) standard. The components and concentration o f  the 
lOOOOpg/mL stock so lut ion are i n  Table 4. The standard i s  prepared 
by the procedures i n  7.4 and 7.5. A commercial gasoline may be used 
as the ca l ib ra t ion  standard using s imi la r  procedures. 

7.4 Stock Standards: Prepare stock standards f o r  the gasoline and 
ind iv idua l  gasol ine component standards i n  methanol a t  approximately 
20 mg/mL. 

7.4.1 Place about 8 mL o f  methanol i n  a 10 mL tared ground-glass 
stoppered volumetric f lask.  Allow the f l ask  t o  stand, 
unstoppered, f o r  about 10 min. o r  u n t i l  a l l  alcohol-wetted 
surfaces have dried. Weigh the f l ask  t o  the nearest 0.1 mg. 

7.4.2 Using a 500 p1 syringe, imnediately add 200-300 p1 o f  
gasoline o r  gasoline component t o  the f lask;  then reweigh. 
The l i q u i d  must f a l l  d i r e c t l y  i n t o  the alcohol without 
contacting the neck o f  the f lask.  

Reweigh, d i l u t e  t o  volume, stopper, and then mix by inver t ing  
the f l a s k  three times. Calculate the concentration i n  micro 
grams per m i c r o l i t e r  (pg/pl) from the net gain i n  weight. 
When compound p u r i t y  i s  assayed t o  be 96% o r  greater, the 
weight may be used without correct ion t o  calculate the 
concentration o f  the stock standard. Commercially prepared 
stock standards may be used a t  any concentration i f  they are 
c e r t i f i e d  by the manufacturer o r  by an independent source. 

7.4.4 Transfer the stock standard so lut ion i n t o  a Teflon-sealed 
screw-cap/crimp cap bot t le .  Store, w i th  m in ima l  headspace, 
a t  -10°C t o  - 2 O O C  and protect  from l i g h t .  

Standards must be replaced a f t e r  6 months, o r  sooner i f  
comparison w i th  check standards indicates a problem. 

7.4.3 

7.4.5 
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7.5 Secondary D i l u t i on  Standards: Using stock standard solutions, prepare 
secondary d i l u t i o n  standards i n  methanol as needed. The gasoline 
component standard should be prepared a t  the concentrations shown i n  
Table 4. The secondary d i l u t i o n  standards should be prepared a t  
concentrations such that  the aqueous cal i b ra t i on  standards prepared 
i n  Section 7.6 w i l l  bracket the working range o f  the analy t ica l  
system. Secondary d i l u t i o n  standards should be stored w i th  minimal 
headspace f o r  vo la t i l es  and should be checked frequent ly f o r  signs o f  
degradation o r  evaporation, especial ly j u s t  p r i o r  t o  preparing 
ca l i b ra t i on  standards from them. 

7.6 Cal ibrat ion Standards: Cal ibrat ion standards a t  a minimum o f  three 
concentration leve ls  a r e  prepared i n  reagent water from the secondary 
d i l u t i o n  o f  the stock standards. One o f  the concentration leve ls  
should be a t  a concentration near the method detect ion l i m i t .  The 
remaining concentration leve ls  should correspond t o  the expected 
range o f  concentrations found i n  rea l  samples o r  should define the 
working range o f  the GC. See 9.3.2. 

7.7 In ternal  Standard: An in ternal  standard (1-chl oro-4-fl uorobenzene) 
i s  recommended f o r  602/8020 quant i f icat ion on the PID detector. Due 
t o  potent ia1 interferences, the in ternal  standard i s  not recommended 
f o r  F I D  quanti f i c a t  i on. 

Surrogate Control Standard (SCS): The analyst should monitor both the 
performance o f  the analy t ica l  system and the effectiveness o f  the 
method i n  dealing w i th  each sample m a t r i x  by spik ing each sample, 
standard, and reagent water blank w i th  one o r  two surrogate 
compounds: bromofl uorobenzene or  trifl uorotol uene. From stock 
standard solut ions prepared as i n  Section 7.4, prepare a surrogate 
sp ik ing so lut ion a t  50 p g / m L  o f  each surrogate i n  methanol. Add 5.0 
~1 o f  t h i s  surrogate spik ing so lut ion d i r e c t l y  i n t o  the 5 mL syringe 
w i th  every water sample and reference standard analyzed. Surrogate 
spike so lu t ion  i s  added t o  s o i l  samples during the ext ract ion step 
(see 9.5.1). 

7.9 Laboratory Control Sample (LCS) Standard: From the stock PS-6 
gasol ine standard or  other appropriate gasoline control  standards 
(Section 7.4), prepare a secondary d i l u t i o n  standard a t  500 pg/mL i n  
methanol. Addi t ion o f  the fo l lowing amounts y ie lds  the indicated 
concentrations: 

7.8 

0.005 mL added t o  5 mL water: 0.5 mg/L 
0.5 mL added t o  10 g s o i l  (methanol extraction): 25 mg/kg 

sol  vent s. 
7.10 Methanol: Pesticide qua l i t y  o r  equivalent. Store away from other 
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8. SAMPLE COLLECTION, PRESERVATION, CONTAINERS, AND HOLDING TIMES 

8.1 Aqueous samples should be col lected i n  t r i p l i c a t e  without ag i ta t ion 
and without headspace i n  contaminant-free glass 40 mL v i a l s  w i th  
Teflon-lined septa i n  the caps. The Teflon layer  must contact the 
sample. Sample v i a l s  should contain 200 pl- o f  50% HCL as a 
preservative f o r  aromatic analytes. Refrigerate samples a t  4 O C  a f t e r  
co l lect ion.  

8.2 Special f i e l d  sampling techniques are recommended f o r  s o i l  samples t o  
minimize the loss o f  vo la t i l es  during t r a n s i t  f r o m  the f i e l d  t o  
laboratory. Samples f o r  the methanol ext ract ion method should be 
co l lected i n  dupl icate tared 40 mL v i a l s  tha t  contain 10 mL methanol 
(includes 0.5 mL o f  surrogate so lut ion a t  50 Ag/mL). A reagent 
methanol blank should be prepared i n  the same manner as the  sample 
v ia ls .  S o i l  f o r  the v i a l s  can be col lected using a 10 mL p l a s t i c  
syringe w i th  the end s l i ced  o f f .  A su f f i c i en t  number o f  v i a l s  ( two 
are recommended) should be col lected t o  provide f o r  backup analyses 
i n  the event o f  breakage. A s o i l  volume o f  6-8 mL corresponds t o  
about 10 g. I n  addition, s o i l  may be col lected i n  a wide-mouth glass 
Jar  w i th  a Teflon-lined l i d  f o r  s o i l  sc reenina anal vs i  s and/or 
supporting tes ts  (e.g., X moisture). The s o i l  should be disturbed as 
l i t t l e  as possible and the containers f i l l e d  as f u l l  as possible. 
Refrigerate a l l  samples a t  4 O C  a f t e r  co l lect ion.  

8.3 Al ternat ive ly ,  the sampling techniques i n  SW-846 [i] may be used 
(samples co l lected i n  t h i s  manner may represent minimum values). 
According t o  SW-846, s o i l s  f o r  v o l a t i l e  organic analysis must be held 
a t  4 O C  and analyzed w i th in  14 days. 

For reference, an A P I  study [2] has indicated tha t  samples sampled 
(preserved) i n  methanol can be held f o r  up t o  28 days a t  4 O C  wi th  no 
apparent losses. Samples taken by conventional techniques are 
subject t o  v o l a t i l e  losses throughout t h e i r  storage period. These 
losses may exceed 90% a f t e r  28 days. Additional studies [4, 51 have 
demonstrated tha t  f i e l d  addi t ion o f  methanol y ie lds  more accurate 
resu l t s  than obtained from standard j a r  o r  v i a l  sampling techniques. 

8.4 

9. PROCEDURE 

9.1 V o l a t i l e  compounds are introduced i n t o  the gas chromatograph by 
purge-and-trap. Purge-and-trap may be used d i r e c t l y  on ground water  
samples. Soi ls  and so l ids should be analyzed by methanol extraction. 
It i s  h igh ly  recommended tha t  a l l  samples be screened p r i o r  t o  
analysis. This screening step may be analysis o f  a s o l i d  sample's 
methanol ext ract  (diluted), the headspace method (SW-846 Method 
3810), o r  the hexadecane ext ract ion and screening method (SW-846 
Method 3820). See Table 2. 
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9 . 2  

9.3 

Gas Chromatography Conditions (Recommended) 

9.2.1 Column 1: S e t  helium column pressure t o  2OX. S e t  column 
temperature t o  4OoC f o r  1 min, then S°C/min t o  100°C, then 
8'C/min t o  240'C and hold f o r  7.5 min. Conditions may be 
al tered t o  improve resolut ion o f  gasoline range organics. 

9.2.2 Other Columns: S e t  GC conditions t o  meet the c r i t e r i a  i n  
6.1.2.2. 

Cal i brat  ion 

9.3.1 

9.3.2 

Prepare f i n a l  solutions containing required concentrations o f  
ca l ib ra t ion  standards, including surrogate standards, 
d i r e c t l y  i n  the 5 mL glass syringe. Add the a l iquot  o f  
ca l ib ra t ion  solut ion d i r e c t l y  t o  the reagent w a t e r  i n  the 
glass syringe by inser t ing the needle through the syringe 
end. When discharging the contents o f  the microsyringe, be 
sure tha t  the end o f  the syringe needle i s  w e l l  beneath the 
surface o f  the reagent water.  Simi lar ly,  add 5.0 p1 o f  the 
surrogate standard solution. Attach the 2-way syringe valve 
t o  the syringe and then i n j e c t  the standard i n t o  the purge 
vessel through the two way valve. Proceed w i th  purge-and- 
t rap  analysis procedure. 

Run the gasoline component standard a t  a minimum o f  three 
concentration leve ls  above the detection l i m i t s  and covering 
the expected range o f  samples o r  the l i nea r  range of the 
instrument. The recommended cal i brat ion range (and 
corresponding method amounts are): 

GASOLINE COMPONENT STANDARD 

Nanograms Vater Soi 1 -MeOH extract  i on 
t o  Detector nia/L ma î ka 

250 (12.5 t o  37.5)f 0.05 
1000 (50 t o  150) 0.2 
2500 (125 t o  375) 0.5 

2.5 
10 
25 

* Nanograms per indiv idual  component i n  parentheses 

An addi t ional  low point  a t  0.01 mg/L (0.5 t o  1.5 pg/L f o r  
ind iv idual  aromatics) i s  recommended f o r  the optional P I D  
quant i f i c a t  ion. For the FID quant i f icat ion o f  a 
mu1 t i component product 1 i ke gasol ine, the 1 i near range i s  
re la ted t o  the areas o f  indiv idual  components. Indiv idual  
components i n  the method standard are three t o  f i v e  times the 
concentration o f  the same components i n  PS-6 gasoline. 
Therefore, considering the ca l ib ra t ion  curve, 0.5 mg/L o f  the 
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method standard is the high point on the curve; but gasoline 
at 2 mg/L (100 mg/kg in soil) is within the range of the 
cal i brat ion curve. 

9.3.3 External Standard Calibration 

9.3.3.1 For quantification utilizing the method standard 
response, prepare calibration standards at a 
minimum of three concentration levels by adding 
appropriate volumes of the stock standards and 
surrogate standards to a 5 mL glass syringe. One 
of the external standards should be at a 
concentration near the method detection limit. 
The other concentrations should correspond to the 
expected range of concentrations found in samples 
or should define the working range of the 
detector. Due to potential carry over, do not 
purge more than 10 pg of gasoline or total 
gasoline components in 5 mL of water (2 mg/L). 

9.3.3.2 Inject each calibration standard utilizing the 
purge-and-trap. Tabu1 ate area response for the 
ten components against mass injected. The results 
can be used t o  prepare a calibration curve for the 
detector. Alternatively, the ratio of the amount 
injected to the response, defined as the 
calibration factor (CF), can be calculated for 
each analyte at each standard concentration. If 
the percent relative standard deviation (96 RSD) of 
the calibration factor is less than 25% over the 
working range, linearity through the origin can be 
assumed; and the calibration factor from the 
midpoint continuing calibration standard can be 
used in place o f  a calibration curve. 

Cal ibration Factor - Standard Amount (ml Purged 
Total Area 

9.3.3.3 The working calibration curve or calibration 
factor must be verified on each working day by the 
injection of a midpoint continuing calibration 
standard. If the response for the method standard 
varies from the predicted response by more than 
25%, a new calibration curve must be prepared. 

Percent Difference - CF1 - CFZ x 100 
CF avg. 

where: 
CFl  = Average calibration from the 

cal i brat i on curve 
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CF2 = Calibration factor from the midpoint 

CFavg. = (CFl+CF2) /2 
continuing calibration 

9.4 Retention lime Window and Pattern Recognition 

9.4.1 Before establishing windows, be certain that the GC system is 
within optimum operating conditions. Make three injections 
of the gasoline component standard throughout the course of 
a 72-hour period. Serial injections over less than a 72-hour 
period result in retention time windows that are too tight. 

9.4.2 Calculate the standard deviation of the three absolute 
retention times for each method standard component. 

9.4.2.1 The retention time window for individual peaks is 
defined as plus or minus three times the standard 
deviation of the absolute retention time for each 
component. For mu1 tiresponse petroleum products, 
the analyst may use the retention time window but 
should primarily rely on pattern recognition. 

9.4.2.2 In those cases where the standard deviation for a 
particular analyte is zero, the laboratory should 
use 20.05 min as a retention time window. 

The laboratory must calculate retention time windows for each 
standard on each GC column and whenever a new GC column is 
installed. lhe data must be retained by the laboratory. 

9.4.4 lhe experience o f  the analyst weighs heavily in the 
interpretation of the chromatogram. References 6, 7, and 8 
contain some background information on hydrocarbon pattern 
recognition. Environmental samples may contain more than one 
type of product, and loss of light end components may 
indicate that the product has been in the subsurface a longer 
period of time. 

9.4.3 

9.4.4.1 Other organic compounds, including chlorinated 
solvents, ketones, and ethers, are measurable by 
this method and will be reported as gasoline range 
organics. lhe presence of interferences should be 
noted. Other analyses, such as GC/MS, may be used 
to identify interferences. 

9.4.4.2 Note: Although the retention time window 
definition (2-methylpentane to 1,2,4- 
trimethylbenzene) introduces a bias (55 to 75% for 
gasoline in Ottawa Sand), it improves precision 
and reduces interferences from petroleum products 
other than gasoline. 
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9.5 Gas Chromatograph Analysis 

9.5.1 Water Samples: Introduce v o l a t i l e  compounds i n t o  the gas 
chromatograph using the purge-and-trap method. Add 5.0 pl o f  
surrogate standard t o  the sample p r i o r  t o  purging. 

9.5.1.1 Adjust the purge gas f low r a t e  (nitrogen o r  
helium) t o  25-40 mL/min on the purge-and-trap 
devi ce. 

9.5.1.2 Remove the plunger from a 5 mL syringe and attach 
a closed syringe valve. Open the sample o r  
standard bo t t le ,  which has been allowed t o  come t o  
ambient temperature, and care fu l l y  pour the sample 
i n t o  the syringe plunger and compress the sample. 
Open the syringe valve and vent any residual a i r  
whi le adjust ing the sample volume t o  5.0 mL. This 
process destroys the v a l i d i t y  o f  the l i q u i d  sample 
f o r  fu ture analysis; therefore, i f  there i s  only 
one 40 m l  v ia l ,  the analyst should f i l l  a second 
syringe a t  t h i s  time t o  protect  against possible 
loss o f  sample i n teg r i t y .  This second sample i s  
maintained only u n t i l  the analyst has determined 
tha t  the f i r s t  sample has been analyzed properly. 
F i l l i n g  one 5 mL syringe would al low the use o f  
only one syringe. I f  a second analysis i s  needed 
f r o m  a syringe, i t  must be analyzed w i th in  24 
hours. Care must be taken t o  prevent a i r  f r o m  
leaking i n t o  the syringe. 

9.5.1.3 The fol lowing procedure i s  appropriate f o r  
d i l u t i n g  purgeable samples. All steps must be 
performed without delays u n t i l  the d i l u ted  sample 
i s  i n  a gas-tight syringe. 

D i lu t ions  may be made i n  volumetric f lasks (10 mL 
t o  100 mL). Select the volumetric f l ask  tha t  w i l l  
a l low f o r  the necessary d i l u t i on .  Intermediate 
d i l u t i ons  may be necessary f o r  h igh ly  concentrated 
samples. 

Calculate the approximate volume o f  reagent water 
t o  be added t o  the volumetric f l ask  selected and 
add s l i g h t l y  less than t h i s  volume o f  reagent 
water t o  the f lask.  

9.5.1.4 

9.5.1.5 

9.5.1.6 I n j e c t  the proper a l iquot  o f  samples from the 
syringe prepared i n  Section 9.5.1.2 i n t o  the 
f lask. Aliquots o f  less than 1 mL are not 
recommended. D i l u te  the sample t o  the mark w i th  
reagent water. Cap the flask, inver t ,  and shake 
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three times. Repeat the above procedure f o r  
addi t ional  d i  1 ut ions.  A l te rna t i ve l y ,  the 
d i l u t i o n s  can be made d i r e c t l y  i n  the glass 
syr inge t o  avoid f u r t h e r  l oss  o f  v o l a t i l e s .  

9.5.1.7 F i l l  a 5 mL syringe w i t h  d i l u t e d  sample as i n  
Section 9.5.1.2. 

9.5.1.8 Add 5.0 p 1  o f  surrogate sp ik ing so lu t i on  through 
the valve bore o f  t he  syringe; then close the 
va l  ve. 

9.5.1.9 Attach the  syringe-syringe valve assembly t o  
syringe valve on the  purging device. Open the  
syringe valves and i n j e c t  sample i n t o  the purging 
chamber. 

9.5.1.10 Close both valves and purge the sample f o r  12 min. 

9.5.1.11 A t  the conclusion o f  the purge time, a t tach the 
t r a p  t o  the  chromatograph, ad just  t he  device t o  
the  desorb mode, and begin the  gas chromatographic 
temperature program and GC data acquis i t ion.  
Concurrently, introduce the trapped mater ia ls  t o  
t he  gas chromatographic column by r a p i d l y  heat ing 
the t r a p  t o  180°C and backflushing the t r a p  w i t h  
i n e r t  gas between 20 and 60 mL/min f o r  4 minutes. 

9.5.1.12 While the t r a p  i s  desorbing i n t o  the gas 
chromatograph, empty the purging chamber. Wash 
the chamber w i t h  minimum o f  t w o  5 mL f lushes of 
reagent water (or  methanol fo l lowed by reagent 
water) t o  avoid carryover o f  po l  1 u tan t  compounds 
i n t o  subsequent analyses. 

9.5.1.13 A f t e r  desorbing the sample, recondi t ion the t r a p  
by re tu rn ing  the  purge-and-trap device t o  the 
purge mode. Wait 15 sec; then c lose the  syringe 
valve on the  purging device t o  begin gas f l ow  
through the trap. The t r a p  temperature should be 
maintained a t  180°C. Trap temperatures up t o  220°C 
may be employed; however, t he  higher temperature 
w i l l  shorten the  useful  l i f e  o f  t he  t rap.  Af ter  
approximately 7-35 min, t u r n  o f f  t he  t r a p  heater 
and open the syringe valve t o  stop the gas f l ow  
through the  t rap.  When cool, t he  t r a p  i s  ready 
for  t he  next sample. 

9.5.1.14 I f  the i n i t i a l  analysis o f  a sample o r  a d i l u t i o n  
o f  the sample has a concentrat ion o f  analytes 
t h a t  exceeds the i n i t i a l  c a l i b r a t i o n  range, the 
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sample must be reanalyzed at a higher dilution. 
When a sample is analyzed that has a saturated 
response from a compound, this analysis must be 
followed by a blank reagent water analysis. If 
the blank analysis is .not free of interferences, 
the system must be decontaminated. Sample 
analysis may not resume until a blank can be 
analyzed that is free of interferences. 

9.5.1.15 All dilutions should keep the response o f  the 
major constituents (previously saturated peaks) in 
the upper half of the linear range of the curve. 

9.5.2 Methanol Extraction for Soil/Sediment: Method is based on 
extracting the sediment/soil with methanol. The soil sample 
is either extracted or diluted depending on solubility in 
methanol. An aliquot o f  the extract i s  added to reagent 
water. This is purged at the temperatures indicated in Table 
1. A screening analysis is recommended (see 9.1). 
9.5.2.1 If available, obtain the field sample collected in 

methanol (Section 8.2). Weigh the sample vial to 
determine the actual weight. Shake for 2 min. 
Proceed to 9.5.2.4. If the methanol preserved 
field sample is not available, proceed to 9.5.2.2. 

The sample (for volatile organics) consists o f  the 
entire contents of the sample container. Do not 
discard any supernatant liquids. In order to 
obtain representative analytical results, gently 
mix the contents o f  the sample container with a 
narrow metal spatula. For sediment/soil and waste 
that are insoluble in methanol, weigh 10 g (wet 
weight) of sample into a tared 20 mL vial using a 
top-loading balance. Note and record the actual 
weight to 0.1 gram. For waste that i s  soluble in 
methanol, weigh 1 g (wet weight) into a tared 
scintillation vial or culture tube or a 10 mL 
volumetric flask. (If a vial or tube is used, it 
must be calibrated prior to use. Calibrate by 
pípeting 10.0 mL o f  methanol into the vial and 
marking the bottom of the meniscus. Discard this 
sol vent. ) 

Quickly add 9.5 mL of methanol; then add 0.5 mL of 
the surrogate spiking solution (50 yg/mL) to the 
vial. Cap and shake for 2 min. 

Note: Steps 9.5.2.2 and 9.5.2.3 must be performed 
rapidly and without interruption to avoid loss of 

9.5.2.2 

9.5.2.3 
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v o l a t i l e  organics. 
i n  a laboratory  f ree  f r o m  solvent fumes. 

These steps must be performed 

Allow sediment t o  se t t l e ,  cen t r i f uge  i f  necessary. 
Pipet approximately 1 mL o f  the ex t rac t  t o  a GC 
v i a l  f o r  storage, using a disposable p ipet .  The 
remainder may be disposed. I f  not  analyzed 
immediately, these ext racts  must be stored a t  4 O C  

i n  the dark. 

The GC system should be set  up as i n  Section 6. 
This should be performed p r i o r  t o  the add i t i on  o f  
the methanol ex t rac t  t o  reagent water. 

Table 2 can be used t o  determine the volume o f  
methanol ex t rac t  t o  add t o  5 mL o f  reagent water 
f o r  analysis. I f  a screening procedure was 
followed, use the estimated concentrat ion t o  
determine the appropriate volume. The maximum 
volume o f  methanol i s  100 gl. A l l  d i l u t i o n s  must 
keep the response o f  the major const i tuents  
(previously saturated peaks) i n  the upper h a l f  o f  
the l i n e a r  range o f  the curve. 

Remove the plunger from a 5.0 mL Luerlock-type 
syringe equipped w i t h  a syringe valve and f i l l  
u n t i l  overf lowing w i t h  reagent water. Replace the 
plunger and compress the water t o  vent trapped 
a i r .  Adjust t he  volume t o  4.9 mL. P u l l  the 
plunger t o  5.0 mL t o  al low volume f o r  the add i t i on  
o f  the sample ex t rac t  and o f  surrogate standard. 
Add the  volume o f  methanol ex t rac t  determined from 
screening and a volume o f  methanol solvent t o  
t o t a l  100 pl (excluding methanol i n  standards). 

Attach syringe valve assembly t o  syringe valve on 
the  purging device. Open the syr inge valves and 
i n j e c t  the sample i n t o  the  purging chamber. 

Proceed w i t h  the analysis as i n  9.5.1.10-9.5.1.15. 
Analyze a l l  reagent blanks on the same instrument 
as t h a t  used f o r  the samples. The reagent blank 
should contain 100 p1 o f  the  methanol used t o  
e x t r a c t  the samples. 

9.5.3 Samples are analyzed i n  a set  re fe r red  t o  as an analysis 
sequence. l h e  sequence begins w i t h  instrument c a l i b r a t i o n  
fo l lowed by sample ex t rac ts  interspersed w i t h  cont inuing 
c a l i b r a t i o n  standards. The sequence ends when the  set  o f  
samples has been i n j e c t e d  o r  when q u a l i t a t i v e  and/or 
q u a n t i t a t i v e  QC c r i t e r i a  are exceeded. 
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9.5.4 If the responses exceed the linear range o f  the system, use 
a smaller amount of sample. 

9.5.5 The calibration factor for each analyte to be quantitated 
must not exceed f 25% when compared to the initial standard 
of the analysis sequence. When this criteria is exceeded, 
inspect the GC system to determine the cause and perform 
whatever maintenance is necessary prior to recal ibration and 
proceeding with sample analysis. All samples that were 
injected following the sample exceeding QC criteria must be 
reanalyzed. 

9.6 Calculations 

9.6.1 External Standard Calibration: The concentration o f  gasoline 
range organics in the sample is determined by calculating the 
absolute weight of analyte purged from a summation o f  peak 
response for al 1 chromatographic peaks eluting between 
2-methylpentane and 1,2,4-trimethylbenzene using the 
calibration curve or the calibration factor determined in 
Section 9.3.3. Refer to Section 9.4 (Retention Time Window 
and Pattern Recognition). The concentration of gasoline 
range organics is calculated as follows: 

Aaueous samlet: 

Ax 
CS (mg/L) = - 

vs 
x CF x D 

Where: Cs = Concentration of gasoline range organics 

Ax = Response for the gasoline range organics in 
the sample, units I n  area. 

CF = Calibration factor from continuing 
calibration, units = mg/area 

D = Dilution factor, if dilution was performed on 
the sample prior to analysis. If no dilution 
was made, D = 1, dimensionless. 

Vs = Volume of sample purged, L. 

Non-aaueous SamDi es (methanol extra ction 1 : 

Ax Vt 

U vi 
x - x C F x D  cs (mg/kg) - - 
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Where: 

V t  = Volume of t o t a l  e x t r a c t  (pi) (use 10000 p1 o r  a f a c t o r  
of this  when d i l u t i o n s  a r e  made). 

Vi = Volume of e x t r a c t  added f o r  purging (pi) 

U = Weight of sample extracted,  kg. lhe wet weight is 
used. 

Ax, CF, and D have the  same d e f i n i t i o n  a s  f o r  aqueous 
sampl es. 

10, QUALITY CONTROL 

10.1 The laboratory must, on an ongoing bas i s ,  demonstrate through the 
ana lys i s  of q u a l i t y  control check standards t h a t  the operation o f  the 
measurement system i s  i n  control .  This should include the ana lys i s  
of QC check samples p lus  the ca l cu la t ion  of average recovery and the 
standard deviat ion of  the recovery a s  out l ined i n  Method 8000, 
Section 8.0. 

10.2 After successful c a l i b r a t i o n  (Section 9.3), analyze a surrogate  
control sample. T h i s  standard is a l s o  the reagent blank sample and 
is  analyzed w i t h  every ana ly t i ca l  batch o r  sequence. The surrogate  
recovery should be w i t h i n  e s t ab l i shed  limits (Table 5)  and the sample 
should not have gasol ine range organics above the p rac t i ca l  
quan t i f i ca t ion  1 imi t. 

10.3 Every batch o r  20 samples, dup l i ca t e  Laboratory Control Samples must 
be analyzed. The accuracy and precis ion of the dup l i ca t e  standards 
must be w i t h i n  e s t ab l i shed  limits (Table 5) .  

10.4 If any of the c r i t e r i a  i n  10.2 and 10.3 a r e  not met, the problem must 
be corrected before samples are analyzed. 

10.5 Calculate  the surrogate  standard recovery i n  each sample. If 
recoveries  are outs ide establ ished limits, v e r i f y  ca l cu la t ions ,  
d i  1 u t  ions,  and standard sol u t  ions. Verify instrument performance. 

10.5.1 High recoveries  may be due t o  a coelut ing matrix 
in t e r f e rence  ; exami ne the sampl e chromatogram. 

10.5.2 Low recoveries  may be due t o  the sample matrix. 

10.5.3 Low recoveries  may be due t o  a poor purge (clogged purge 
tube).  If this is suspected, reanalyze the sample while 
observing the purge tube. 

10.6 Field blanks, dup l i ca t e s ,  and matrix spikes  a r e  recommended f o r  
s p e c i f i c  sampl ing programs. 
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11. METHOD PERFORMANCE 

11.1 Single-lab method performance data for the methanol extraction method 
in Ottawa Sand and other soil types is presented below. 
Chromatograms for the method standard and PS-6 gasoline are in 
Figures 6 and 7. 

11.2 Results for PS-6 spikes (methanol extraction purge-and-trap) 

Soike 
Ottawa Sand 
Ottawa Sand 
Houston Black Clay 
Houston Black Clay 
Norwood Loam 
Norwood Loam 

PS-6 Spike Amount Percent 
malka Recoverv 

50 
500 

50 
50 
50 
50 

70 
78 
68 
66 
60 
57 

11.3 The method detection limit calculated according to 40 CFR, Part 136, 
Appendix B was 0.5 mg/kg gasoline for the methanol extraction of 
soils. The recommended practical quantification limit (PQL) is 5 
mg/kg for soil and 0.1 mg/L for water. 

11.4 This method was tested by 11 laboratories. [lo] Single operator 
precision, overall precision, and method accuracy were determined. 
These results are summarized in Table 6. Linear regression equation 
to describe these relationships is presented in Table 6. The results 
from this interlaboratory study were also used to evaluate the stated 
PQL. The results of this evaluation are presented in Table 6. 
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TABLE 1 
PURGE-AND-TRAP OPERATING PARAMETERS 

Anal vs i  s Mpthod 
8020 

Purge gas Nitrogen o r  
Hel i um 

Purge gas flow r a t e  (mL/min) 40 

12.0 & 0.1 Purge t i m e  (min) 

Purge temperature Ambient 

Desorb temperature (OC) 180 

Backflush iner t  gas f l o w  (mL/min) 20-60 

Desorb t i m e  4 

TABLE 2 
QUANTITY OF METHANOL EXTRACT REQUIRED FOR ANALYSIS OF 

SOI  LS/SED IHENTS 

Approxi mate 
Concentration. GRO 

Volume o f  
bethanol Ex t rac  ta 

100 pl 
50 u1 
10 ;u1 

1 0 0 ~ 1  o f  1/50 d i lu t ionb 

Calculate appropriate d i l u t i o n  fac to r  f o r  concentrations exceeding t h i s  table. 
' The volume o f  methanol added t o  5 mL o f  water being purged should be kept 

constant. Therefore, add t o  the 5 mL syringe whatever volume o f  methanol is  
necessary t o  maintain a volume o f  100 jd added t o  the syringe. 

D i l u t e  an a l iquot  o f  the methanol ext ract  and then take 1 0 0 y l  f o r  analysis. 
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TABLE 3 
MAJOR COMPONENTS OF A P I  PS-6 GASOLINE 

C omu o und 

2-Met hyl butane 
m-Xyl ene 
2,2,4-Trimethyl pentane 
To1 uene 
2-Methyl pentane 
n-But ane 
1,2,4-Trirnethyl benzene 
n- Pent ane 
2,3,4-Trimethyl pentane 
2 3,3-Trimet hyl pentane 
3-Methyl pentane 
o-Xyl ene 
Ethyl benzene 
Benzene 
p-Xyl ene 
2,3-Dimethyl butane 
n-Hexane 
1-Methyl , 3-ethyl benzene 
1-Methyl , 4-ethylbenzene 
3-Methyl hexane 

Reference [9] 

~~ 

percent Weiaht 

8.72 
5.66 
5.22 
4.73 
3.93 
3.83 
3.26 
3.11 
2.99 
2.85 
2.36 
2.27 ~~ 

2.00 
1.94 
1.72 
1.66 
1.58 
1.54 
1.54 
1.30 

TABLE 4 
GASOLINE COMPONENT STANDARD AND CONCENTRATIONS 

2-Me 
2 , 2 ¶  
HeDt 
Benz 
To1 u 
Ethy 
rp-u 
P-XY 
o-xy 
1,2, 

t 
4 
a 

e 
1 
1 
1 
1 
4 

e 

ComDonent 

;hyl pentane 
i-Tri me thy1 pentane 
me 
!ne 
me 
benzene 
ene 
ene 
ene 
i-Tr imethyl benzene 

Concentrat i on. UQ / mL 

1500 
1500 
500 
500 

1500 
500 

1000 
1000 
1000 m 

10000 ug/mL Total 
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TABLE 5 
ACCEPTANCE CRITERIA FOR LABORATORY QUALITY CONTROL CHECKS 

Analyte Spike Concentration Control L i m i t s  

Re1 a t  i ve 
Laboratory Control SamDle Water ma& S o i l  m/kq q6Recoverv %Dif ference 

Gasol i n e  Range Organics 0.5 25 50- 100 20 

Surroaate Co n t r o l  SamDle 

T r i f l  uorotoluene 0.05 2.5 50- 150 

TABLE 6 
INTERLABORATORY STUDY RESULTS FOR GRO 

Average Performance: Accuracy and Prec is ion 

Aver age Average 
Average Single Analyst Overal l  
Accuracv p r e c i  s i  on. RSQ !kdAaum 

70% 11% 25% 

Regression Equation f o r  Accuracy and Prec is ion 

Accuracy as Overal l  S ing le Analyst 
ßanae f o r  Eauation ßecoverv X p r e c i s i o n  S Prec is ion Sr 

18.5-130 X=O. 66C+l. 34 S-O. 23X+O .39 Sr-O. 13X-O. 55 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Method PQLs 

in M ma/kal 35% Rule (ma/kaL 
PQL Stated PQL by 
ethod (ma/ka\ 80% + 40% Rule 

5 130 17 

PQL by 
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METHOD FOR CH ARACTERI ZATION OF PETROLEUM HYDROCARBONS IN SOIL 

1. SCOPE AND APPLICATION 

1.1 Analytes 

1.1.1 

1.1.2 

1.1.3 

This method is designed to measure the concentration o f  
gasol i ne and di ese1 range petroleum hydrocarbons in soi 1 . 
This corresponds to an alkane range o f  C, - C and a boiling 
point range between approximately 7OoC and 46t°C. 

As a method option, selected components (e.g., benzene, 
toluene, ethyl benzene, xylenes, n-al kanes, naphthalene) may 
be measured and reported individually. 

As a method option, approximate boiling point distribution 
similar to those obtained from simulated distillation or true 
boiling point types of analysis can be obtained. Refer to 
Table 1. Typically, a detailed boiling point distribution is 
needed only for the gasoline range to assist in the selection 
o f  suitable remediation technology (e.g., soil venting). 

Refer to 9.3.4. 

1.2 Dynamic Range 

1.2.1 The linear range of the method is approximately equivalent to 
50 mg/kg to 10000 mg/kg of petroleum hydrocarbons in soil. 

1.3 Experience 

1.3.1 This method is based on a solvent extraction, gas 
chromatography (GC) procedure. This method should be used 
by, or under the supervision o f ,  analysts experienced in the 
use of solvent extractions and gas chromatography. The 
analysts should be skilled in the interpretation o f  capillary 
gas chromatograms and their use as a quantitative tool. 

1.4 Limitations 

1.4.1 The practical quantitation level o f  this method is SO-100 
mg/kg. This level is compatible with clean-up standards for 
many states. [i] If data quality objectives require lower 
detection levels, alternate methods should be used. See 
Figure 1. 

The method is designed to measure petroleum products such as 
gasoline and díesel or fuel oil. Components greater than C 
present in products such as motor oils or lubricating oil? 
may be detectable under the conditions of the method. 
However, due to elevated column phase bleed and solubility 
limitations, the quantitation o f  hydrocarbons >Ca by this 

1.4.2 
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method i s  no t  recommended. Performance o f  t h i s  method f o r  
products other than gasoline, d iesel  o r  f u e l  o i l  must be 
demonstrated. 

1.4.3 The method contains opt ions regarding choices o f  c a l i b r a t i o n  
standards. While these opt ions produce s i m i l a r  resu l t s ,  the 
laboratory  and data user must be aware o f  the s ign i f i cance  o f  
these choices. Refer t o  9.3. 

1.4.4 For c e r t a i n  data q u a l i t y  object ives,  a l t e r n a t i v e  ex t rac t i on  
solvents may be necessary. The labo ra to ry  should s a t i s f y  the 
c r i t e r i a  i n  Section 10 i f  a l t e r n a t i v e  solvents are used. The 
laboratory  and data user must r e a l i z e  t h a t  a l t e r n a t i v e  
solvents may not  produce equivalent r e s u l t s  t o  those obtained 
w i t h  t h i s  method. Some a l te rna te  solvents are: 

A. Methanol ( f o r  s o i l s )  - i s  somewhat l ess  e f f i c i e n t  than 
methylene ch lo r i de  f o r  e x t r a c t i o n  o f  d iese l  range 
mater ia l .  However, methanol s o i l  ex t rac ts  can be f u r t h e r  
analyzed by purge-and-trap f o r  the vo la t i l e /gaso l  i n e  
range. 

B. Tetradecane ( f o r  s o i l s )  - al lows est imat ion o f  the 
b o i l i n g  p o i n t  range from C, t o  C,2. This may be used f o r  
a f resh  gasol ine s p i l l  o r  where in format ion i s  needed 
below C,. [Z] 

2. HETHOD SUMMARY 

2.1 Ten grams o f  s o i l  are extracted w i t h  10 mL methylene ch lo r i de  o r  
a l t e r n a t e  solvents. One t o  f i v e  p1 o f  e x t r a c t  i s  i n j e c t e d  i n t o  a 
c a p i l l a r y  column gas chromatograph equipped w i t h  a flame i o n i z a t i o n  
detector  (FID). Q u a n t i t a t i o n  i s  performed by comparing the  t o t a l  
chromatographic area a f t e r  t he  solvent peak up t o  n-C, w i t h  
c a l  i b r a t  i o n  standards. 

2.2 This  method i s  based i n  p a r t  on USEPA Methods 8000, 8015, and 8100, 
SN-846, "Test Methods f o r  Evaluat ing S o l i d  Waste", 3 rd  E d i t i o n  [3], 
and work by Rhodes, e t  a l .  [2, 41 I t  i s  s i m i l a r  t o  Washington 
State 's WTPH-HCID (51. 

3. DEFINITIONS 

3.1 Petroleum Hydrocarbons (PHC) : A l  1 chromatographic peaks e l  u t i  ng 
between the  solvent f r o n t  and octacosane (n-C ). Q u a n t i t a t i o n  i s  
based on d i r e c t  comparison o f  t he  t o t a l  area w i # i n  t h i s  range t o  the 
t o t a l  area ( w i t h i n  the  same range) o f  c a l i b r a t i o n  standards used t o  
generate a c a l i b r a t i o n  curve o r  average response fac to r .  

3.2 Laboratory Control Sample: A method blank sample spiked w i t h  
commercial gasol ine and d iese l  X2 as a q u a l i t y  con t ro l  check. The 
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spike recovery i s  used as a laboratory  contro l  and must be between 
70-130%. See 7.3.6. 

3.3  Other terms are as defined i n  SU-846. 

4. INTERFERENCES 

4.1 Other organic compounds inc lud ing vegetable and animal o i l s  and 
greases, organic acids, ch lor inated hydrocarbons, phenols, and 
phthalate esters  are measurable under the condi t ions o f  t h i s  method. 
As def ined i n  the method, the PHC r e s u l t s  include these compounds. 
However, cha rac te r i s t i c  fuel pa t te rn  w i l l  be a l tered.  

4.2 Method interferences are essen t ia l l y  e l iminated by the use o f  
disposable glassware. Reagent blanks must be analyzed w i t h  each 
batch o r  f o r  every 20 samples t o  demonstrate t h a t  the samples are 
f r e e  from contamination. 

4.3 High p u r i t y  reagents such as Burdick and Jackson GC' methylene 
ch lo r i de  o r  Baker c a p i l l a r y  grade methylene ch lo r i de  should be used 
t o  minimize contamination problems. 

4.4 Contamination by carryover can occur whenever high- level  and low- 
1 eve1 samples are sequent i a l  l y  analyzed. Whenever an unusual l y  
concentrated sample i s  encountered, i t  should be fol lowed by an 
analysis o f  a solvent blanks t o  check f o r  cross-contamination. 

5. SAFETY ISSUES 

l h e  t o x i c i t y  o r  carc inogenic i ty  o f  each reagent used i n  t h i s  method has not  
been p rec i se l y  defined. However, each chemical compound should be t reated 
as a p o t e n t i a l  heal th  hazard. From t h i s  viewpoint, exposure t o  these 
chemicals must be reduced t o  the lowest possible l e v e l  by whatever means 
avai lab le.  l h e  laboratory  i s  responsible f o r  maintaining a current  
awareness f i l e  o f  Occupational Safety and Health Administrat ion (OSHA) 
regulat ions regarding the safe handling o f  the chemicals spec i f i ed  i n  t h i s  
method. A reference f i l e  o f  mater ia l  safety  data sheets (MSDS) should a lso 
be made ava i l ab le  t o  a l l  personnel involved i n  the chemical analysis. 
Addi t ional  references t o  laboratory  safety  should be avai lab le and should 
be i d e n t i f i e d  f o r  use by the  analyst. 

6. APPARATUS 

6.1 G1 assware 

6.1.1 

6.1.2 

6.1.3 

A l l  spec i f i ca t i ons  are suggested only. 

4 oz. amber glass wide-mouth j a r s .  

V ia l s  - 40 mL glass v i a l s  w i t h  Tef lon- l ined screwcaps. 
autosampl e r  v i  a l  s. 

GC 
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6.1.4 Disposable Pipets: Pasteur. 

Microsyringes: 5 pl, 10 pl, 25 #l, and 100 pl. 

An analy t ica l  balance capable o f  accurately weighing 0.0001 g should 
be used f o r  preparation o f  standards. A top-loading balance capable 
o f  weighing t o  the nearest 0.1 g should be used f o r  obtaining sample 
weights. 

6.2 

6.3 

6.4 Vortex Mixer 

6.5 Ultrasonic Bath 

6.6 Gas Chromatography 

6.6.1 Gas Chromatograph: Analyt ical  system complete w i th  gas and 
a l l  required accessories including a flame ion izat ion 
detector, column supplies, gases, and syringes. A data 
system capable o f  determining peak areas using a forced 
baseline and baseline pro ject ion i s  required. A data system 
capable o f  s tor ing and re in tegrat ing chromatographic data i s  
a l  so required. 

Note: A FIO be used f o r  the measurement o f  hydrocarbons 
as described i n  t h i s  method. F ID response i s  essent ia l ly  the 
same f o r  a l l  hydrocarbons; other detectors w i l l  not produce 
accurate resul ts .  

6.6.2 Columns 

6.6.2.1 Column 1: 25 M x 0.25 mn Quadrex MS-007, 1.0 
micron f i l m  thickness. 

6.6.2.2 Other columns may be used; bo i l i ng  po in t  cap i l l a ry  
columns are recommended. See 9.2.2 f o r  GC 
performance c r i t e r i a .  

7. REAGENTS AND STANDARDS 

7.1 Methylene chloride, methanol, tetradecane: Pesticide grade o r  
equivalent. 

7.2 Sodium S u l f a t e  (ACS): Granular, anhydrous. Purify by heating a t  
4OO0C f o r  4 hours i n  a shallow tray.  

7.3 Stock Standard Solution: Prepare the fol lowing stock standards. 
Unless noted, a l l  are prepared i n  the methylene chlor ide l i s t e d  i n  
7.1 above. Standard preparation should fo l low guidelines i n  Method 
8000. 
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7.3.1 

7.3.2 

7.3.3 

7.3.4 

7.3.5 

7.3.6 

Calibration Standards: Prepared using gasollne and diesel #2 
in a 1:l ratio in the extraction solvent. If only the 
gasoline range or diesel range are of interest, the 
calibration standards should be prepared with either gasoline 
or diesel. Typical working concentration ranges are 50 to 
10000 pg/mL. Calibration standards may be prepared from a 
blend of selected hydrocarbons (as in 7.3.5). See 9.3. 

Optional Boiling Point Distribution Reference Standard: A 
solution containing approximately 200 ppm each of n-al kanes 
(n-hexane through octacosane) can be used for determination 
of retention times corresponding to the different boiling 
point fractions. Table 1 lists the boiling points of the 
n-alkanes and retention times for reference (using GC 
conditions in 9.2.1). Actual retention times must be 
determined by the laboratory. 

Optional Stock Internal Standard: 1000 pg/mL Sa-androstane. 

Opt ional Surrogate Standard: 2000 pg/mL ortho-terphenyl 
(OTP). A working solution is made at 20 pg/mL. 

Gasoline and Diesel Component Standard: A blend of typical 
gasoline and diesel compounds may be used as a calibration 
standard. Suggested running levels (total PHC) are 50, loo., 
400, 2500, and 10000 pg/mL. See Table 3. Other components 
may be used as shown in Figure 2. 

Stock Laboratory Control Standard: 10000 pg/mL gasoline and 
diesel #2 (prepared from a different source than the 
calibration standard in 7.3.1). 

7.3.6.1 A working solution of the stock laboratory control 
standard is made at 5000 pg/mL in CH,CL,. 

8. 

9. 

SAMPLE COLLECTION, PRESERVATION, CONTAINERS, AND HOLDING TIMES 
Soils are collected in wide-mouth glass jars with minimal head space. The 
samples are stored at 4OC from the time o f  collection until extraction. 
Extraction and analysis should be performed on soils within 14 days. 
Depending on analytes of interest and data quality objectives, other 
holding times may be applicable. 

PROCEDURE 

9.1 Soil samples are extracted by using either a mixer/shaker technique 
or by a sonic bath technique. 
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9 .1 .1  Soil Extraction 

9 .1 .1 .1  Weigh 10 g of sample in a 40 mL vial with Teflon 
cap. Add 5 g of sodium sulfate and 10 mL of 
methylene chloride. The sample should be free 
flowing prior to addition of methylene chloride; 
if necessary, add additional sodium sulfate in 1 g 
increments until the sample is free flowing. 

9.1 .1 .1 .1  For laboratory control samples and 
matrix spikes, add 1 mL of 5000 pg/mL 
(in CH CL,) LCS solution (see 7 . 3 . 6 . 1 ) .  
Use lb g of Ottawa sand or other 
standard soil for lab control sample. 
Reduce solvent addition to 9 mL. 

9.1 .1 .1 .2  Prepare a reagent blank sample daily or 
for each batch of 20 samples. 

9 .1 .1 .2  Extract for 1 minute using a vortex mixer and 
shake with a horizontal or wrist-action shaker for 
1-4 hours. Alternatively, the vials can be placed 
in a sonic bath for 5 minutes, shaken well, and 
returned to the sonic bath for 5 more minutes. 

9.1 .1 .3  Samples can be centrifuged if necessary, and the 
extract then transferred to autosampler vials or 
storage vials with teflon caps. Extracts should 
be stored at 4OC. 

9.2 Gas Chromatography 

9 .2 .1  Conditions (Recommended): Set helium column pressure to 158. 
Nitrogen make up gas at 30 mL/min is necessary to enhance 
sensitivity. Set column temperature to 4OoC for 4 minutes, 
then 10°C/minute to 28OoC and hold for 15 minutes (run time 
= 37 minutes). Set FID to 35OoC and injector to 325OC. A 
30:l split injection is recomnended. A splitless injection 
may be used for the diesel range; however, splitless 
injection is generally not effective for the gasoline range 
due to peak broadening. Other columns, conditions, and 
injection techniques may be used if criteria in Section 9 .2 .2  
can be achieved. 

9 .2 .2  Performance Criteria: GC run conditions and columns should 
be chosen to produce chromatograms similar to Figures 2-5. 
Response factors relative to n-heptane should be similar to 
Table 2. 

9 .2 .3  If optional surrogate and internal standards are used, the 
column must be capable of separating these standards from 
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t y p i c a l  d iesel  components. I f  using i n t e r n a l  standards, 
elevated l e v e l s  o f  hydrocarbons may in te r fe re  w i t h  the 
i n t e r n a l  standard and b ias the resu l t s .  

9.3 Ca l ib ra t i on  

9.3.1 The method takes advantage o f  the f a c t  t h a t  the response o f  
the flame i o n i z a t i o n  detector i s  essen t ia l l y  the same f o r  a l l  
hydrocarbons (on a weight basis) and based p r i m a r i l y  on 
e f f e c t i v e  carbon number as shown i n  Table 2. Only methyl 
t e r t -bu ty l  ether (MTBE) i s  s i g n i f i c a n t l y  d i f f e r e n t .  S imi lar  
data are avai lab le f o r  other hydrocarbons. [6] It i s  
therefore no t  essent ia l  t h a t  c a l i b r a t i o n  be performed using 
mater ia l  s i m i l a r  t o  the mater ia l  i n  the samples. For 
example, any gasoline, d iesel ,  synthet ic  mixture, o r  s ing le  
hydrocarbon can be used f o r  c a l  i b r a t  i o n  and ca l  cu l  a t  i on o f  
TPH i n  samples w i t h  any type o f  petroleum hydrocarbon 
contamination. This i s  essen t ia l l y  t rue.  However, because 
products such as gasol ine o r  d iesel  are composed o f  more than 
300 ind i v idua l  components, a t  low concentrat ion o f  t o t a l  
product, many o f  the i nd i v idua l  components are simply too 
small t o  be detected and cannot con t r i bu te  t o  the t o t a l  
s ignal  detected and thus l i n e a r i t y  f a l l s  o f f .  Conversely, 
when synthet ic  standards are used, t y p i c a l l y  no more than 10- 
20 components are used and thus the TPH i s  d i s t r i b u t e d  among 
a few peaks t h a t  can be a l l  detected f o r  a l l  concentrat ions 
o f  t he  standards above the  s tated p r a c t i c a l  quan t i t a t i on  
l i m i t s .  The use o f  synthet ic  standards plwavf r e s u l t s  i n  
underestimation o f  the TPH present i n  the samples. 

I n  addi t ion,  by using ex t rac t i on  solvents t h a t  are i n  the 
gasol ine range (tc,), a po r t i on  o f  gasol ine range mater ia l  
cannot be measured, thus adding an addi t ional  b ias t o  the 
method. This b ias can be somewhat corrected by using 
gasol ine standards f o r  c a l i b r a t i o n  o f  samples containing 
gasol i ne range materi  a l  s. 

Cal ibrate the GC w i t h  an i n i t i a l  f i ve -po in t  c a l i b r a t i o n  using 
the  c a l i b r a t i o n  standards (7.3.1) from 50 t o  10,000 pg/mL. 
A quadrat ic c a l i b r a t i o n  fit i s  recommended f o r  the 
c a l c u l a t i o n  o f  sample resu l t s .  A l te rna t i ve l y ,  the r a t i o  o f  
t h e  response t o  the amount in jected, def ined as the response 
f a c t o r  (RF), can be ca lcu lated f o r  the standard a t  each 
concentrat ion. I f  the percent r e l a t i v e  standard dev iat ion (% 
RSD) i s  l e s s  than 25% over the working range, the average 
response f a c t o r  can be used i n  place o f  a c a l i b r a t i o n  curve. 

Response Factor - Total  area o f  c a l i b r a t i o n  standard 

9.3.2 

Tota l  d iesel  standard amount (mg/mL) 
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Note: It is recomnended that area response from calibration 
standards be acquired in the same manner as samples (see 
9.5). 

9.3.3 The working response factor or calibration curve must be 
verified on each working day by the injection of a low point 
and mid-point continuing calibration standard (CCS). If the 
concentration or response for these standards varies from the 
standard value or predicted response by more than 2 25%, a 
new calibration curve must be prepared. It is advisable to 
check instrument performance and reanalyze the CCS prior to 
analyzing a new calibration curve. 

* 

Percent Difference= ßl - U X 100 
Ravg 

where: R1 = Standard value or average RF 
R2 = Calculated value or RF from CCS 
Ravg = (R1 + R2)/2 

9.3.4 Calibration of Selected Target Analytes: Selected components 
(vol at i 1 e aromatics and n-al kanes) can be measured 
individual ly if desi red. Assuming an equivalent response 
factor, the calibration curve or response factor developed 
above can be used for target analytes. 

9.4 Product Type Identification 

9.4.1 Chromatographic peaks with characteristic fuel fingerprints 
eluting between the solvent front and C,, indicate the 
presence of gasoline range compounds. Peaks between C,, and 
C,, indicate the presence of diesel range compounds. 
Patterns that do not resemble either product should be noted. 

Product type can be determined by visual inspection of the 
chromatograms. The "fingerprints" of gasoline, diesel, and 
mixtures of these two petroleum hydrocarbon ranges are shown 
in Figures 3-6. The chromatogram can become more complicated 
if crude oil, jet range material, or other refined products 
are also present. However, it may still be possible to 
determine that the contamination is due to some sort of fuel 
oil. Industrial solvents can interfere in the analysis; 
however, the chromatographic fingerprints would be noticeably 
different. The best approach to maximize the probability of 
a correct identification is to analyze reference fuels, from 
the sample location, along with the sample. These reference 
fuels can be used as calibration standards. 

9.4.2 

9.4.3 As with any gas chromatographic procedure using non-selective 
flame ionization detection, interferences are possible from 
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with other soil contaminants 
of other sources. Potentially, any compound with similar 
boiling point and polarity as the hydrocarbons of gasoline- 
to-diesel range may have retention times within the range of 
interest and may result in over estimation of the TPH 
concentration. For example, volatile industrial solvents, 
cleaners, and naturally occurring compounds not of petroleum 
origin may interface with this analysis. It is often 
possible to assess the presence of solvents and cleaners 
since the characteristic fingerprint of gasoline, kerosene, 
diesel, and heavier materials is altered. 

9.4.4 Decisions must be made by the analyst in determination of 
cutoff points for quantitation of different product ranges 
when contamination is caused by a combination of sources. 
For example, if soils are contaminated with gasoline range 
and diesel range materials, there is an area of overlap where 
certain components are common to both types of petroleum 
fractions. A compromise cutoff for mixtures of gasoline with 
diesel fuel range material i s  &. There is no appropriate 
cutoff for a mixture of jet fuel or kerosene and diesel fuel 
since there is a great deal of overlap. Crude oil 
contamination also contains a wide range of materials. In 
cases where mixed products are present, it is perhaps best 
not to quantitate how much is due to what type of product but 
to simply quanti tate total hydrocarbons. 

In order to minimize quantitation problems due to column 
bleed, the method is best suited for analysis of materials 
up to diesel range. Heavier materials can be detected with 
a qualitative identification of product mix but not 
quantitated effectively. 

9.4.5 Some additional information on hydrocarbon pattern 
interpretation is included in references 7, 8, 9, and 10. 

9.5 Gas Chromatographic Analysis 

9.5.1 Samples are analyzed by GC/FID. Suggested injection volumes 
are 1 to 5 pl using the conditions established in 9.2. 

9.5.2 For optional internal standard calibration, Sa-androstane 
internal standard i s  spiked into each sample and standard at 
a concentration of 20 pg/mL o f  sample extract. 20 pl of 5a- 
androstane stock at 1000 M / m L  may be spiked into a 1 mL 
final volume or a corresponding amount may be added to an 
aliquot of the final extract. Note: PHC values > 2000 pg/mL 
(in the solvent extract) may lead to measurement bias due to 
coelution with the internal standard. 
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9.5.3 After  i n i t i a l  c a l i b r a t i o n  (9.3.2) has been performed, ve r i fy  
the c a l i b r a t i o n  by ana lys i s  of a low point  and medium point 
CCS a t  t he  s t a r t  of  a new ana ly t i ca l  sequence using the 
c r i t e r i a  i n  9.3.3. 

The low point  standard must a l s o  be r u n  once every ten runs 
and a t  the end of each sequence. 

9.5.4 For samples t h a t  contain unresolved hydrocarbons (elevated 
basel ine), basel ine project ion must be used t o  generate  the  
area f o r  PHC ca lcu la t ion .  The GC condi t ions used f o r  this 
method produce minimal column bleed up t o  Cz8, so basel ine 
sub t r ac t ion  of column bleed should not be necessary. 

9.5.5 Al te rna t ive ly ,  i f  peak r e so lu t ion  is  adequate, valley-to- 
va l l ey  in t eg ra t ion  may be used t o  generate  peak areas .  The 
ana lys t  should avoid discarding chromatographic area r e l a t e d  
t o  unresol ved hydrocarbons. 

If the product concentration exceeds the l i n e a r  range of the 
method i n  the f i n a l  e x t r a c t ,  t h e  e x t r a c t  must be d i l u t e d  and 
reanalyzed. The 1 inea r  range t e s t e d  is  approximately 
equivalent  t o  50 pg/mL t o  10000 pg/mL of  petroleum 
hydrocarbons i n  the e x t r a c t .  L inea r i ty  beyond this range 
must be v e r i f i e d .  

9.5.6 

9.6 Calculat ions 

9.6.1 External Standard Cal i b r a t  i on: The concentrat  ion of  
petroleum hydrocarbons i n  the sample is  determined by 
c a l c u l a t i n g  the absolute  weight of  ana ly t e  chromatographed 
from a summation of peak response f o r  a l l  chromatographic 
peaks e l u t i n g  between the solvent  f r o n t  and n-Czs, using the 
quadra t i c  c a l i b r a t i o n  curve o r  the response f a c t o r  
determined i n  paragraph 9.3.2. Refer t o  Sect ions 9.4 and 
9.5. The concentration of  petroleum hydrocarbons is  
ca l cu la t ed  as follows: 

So i l  samples: 

cs - C c X f i X D X  1ma 
Ms 1000 pg  

-Where: 

cs = Concentration of  petroleum hydrocarbons (mg/kg) . 
cc = Concentration from c a l i b r a t i o n  curve i n  pg/mL. 

(If  average RF i s  used f o r  ca l cu la t ions ,  this 
val ue is  area response/average RF) . 
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V t  = Volume o f  f i n a l  ex t rac t  ( m l ) .  

D =  D i l u t i o n  factor ,  i f  d i l u t i o n  was performed on the 
sample p r i o r  t o  analysis. I f  no d i l u t i o n  was 
made, D = 1, dimensionless. 

Mass o f  sample extracted i n  kg. MS = 

A l te rna t i ve l y ,  i n t e r n a l  standard c a l i b r a t i o n  may be used (see 
Method 8000). 

l h e  peak areas may be d iv ided a t  C,, (see 9.4) and reported 
as gasol ine PHC and d iesel  PHC. Patterns t h a t  do not 
resemble e i t h e r  product should be noted. 

9.6.2 

9.6.3 

9.7 Calcu lat ion o f  Approximate B o i l i n g  Point  D is t r i bu t i on :  l h e  
approximate b o i l i n g  p o i n t  d i s t r i b u t i o n  i s  ca lcu lated by normal izat ion 
o f  sums o f  peak areas o f  por t ions o f  the chromatograms e l u t i n g  
between preselected re ten t i on  times as ind icated i n  Table 1. Actual 
r e t e n t i o n  times must be v e r i f i e d  i n  the laboratory.  These re ten t i on  
t imes correspond t o  known b o i l i n g  points  selected as references. l h e  
chromatographic column used i n  t h i s  method i s  e s s e n t i a l l y  a b o i l i n g  
p o i n t  non-polar column and compound separation i s  achieved by b o i l i n g  
p o i n t  dif ferences. A homologous ser ies o f  n-alkanes i s  used as 
approximate b o i l i n g  p o i n t  references. l h e  cumulative b o i l i n g  po in t  
d i s t r i b u t i o n  i s  g raph ica l l y  displayed by p l o t t i n g  the cumulative area 
percents versus b o i l i n g  po in ts  o f  t he  n-alkanes. l h e  p l o t s  are 
s i m i l a r  t o  those obtained from simulated d i s t i l l a t i o n  o r  t r u e  b o i l i n g  
p o i n t  gas chromatographic analyses. Figure 7 includes several 
approximate b o i l i n g  p o i n t  d i s t r i b u t i o n  p lo t s .  

10. QUALITY CONTROL 

10.1 l h e  laboratory  must es tab l i sh  the a b i l i t y  t o  generate acceptable 
accuracy and prec is ion.  This should include the analysis o f  QC check 
samples p lus the ca l cu la t i on  o f  average recovery and the standard 
dev ia t i on  o f  t he  recovery as ou t l i ned  i n  Method 8000, Section 8.0. 

10.2 l h e  laboratory  must, on an ongoing basis, demonstrate through the 
analys is  o f  q u a l i t y  con t ro l  check standards t h a t  the operat ion o f  the 
measurement system i s  i n  contro l .  

10.3 A f t e r  successful c a l i b r a t i o n  (Section 9.3), analyze a reagent blank 
sample w i t h  every ana ly t i ca l  batch o r  sequence. l h e  sample should 
n o t  have petroleum hydrocarbons above the p r a c t i c a l  quanti  t a t i o n  
l i m i t .  

10.4 Every batch o r  20 samples, dup l i ca te  Laboratory Control Samples must 
be analyzed. l h e  accuracy and p rec i s ion  o f  t he  dupl icate standards 
must be w i t h i n  recommended l i m i t s  (Table 4) o r  laboratory  contro l  
l i m i t s  (10.5). 
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l i m i t s  based on the average 

10.6 I f  any o f  the c r i t e r i a  i n  10.3 and 10.4 are not met, the problem must 
be corrected before samples are analyzed. 

10.7 F i e l d  blanks, dupl icates, and matr ix  spikes are recomnended f o r  
s p e c i f i c  sampling programs. Mat r ix  spikes should use the spike 
l e v e l s  speci f ied f o r  laboratory  contro l  samples. 

11. METHOD PERFORMANCE 

11.1 Single-lab method performance data f o r  t h i s  method i s  presented 
below. Chromatograms f o r  synthet ic  standards, gasoline, and d iesel  
are i n  Figures 2-6. 

11.2 The average recovery o f  various s o i l s  spiked w i t h  gasoline, d iesel ,  
and mixtures was 87% w i t h  a r e l a t i v e  standard dev ia t ion  o f  896 [3]. 
Results are i n  Table 5. 

1 1.3 This method was tested by 12 laborator ies (111. Single operator 
precis ion,  overa l l  precis ion,  and method accuracy were determined. 
These r e s u l t s  are summarized i n  Table 6. Linear regression equation 
t o  describe these re la t ionsh ips  i s  a lso presented i n  Table 6. The 
r e s u l t s  from t h i s  in te r labora tory  study were a lso used t o  evaluate 
the  s tated PQL. The r e s u l t s  o f  t h i s  evaluat ion are presented i n  
Table 6. 

12. REFERENCES 

1. 

2. 

3. 

4. 

5. 

Bel l ,  C.E., "State-by-State Summary o f  Cleanup Standards: A Review o f  
the New Wave o f  State-Level Rules," Soi ls ,  Nov-Dec 1991. 

Rhodes, I leana A.L., Ramon Z. Olvera, and John A. Leon, Chapter 21 i n  
"Determination o f  Gasol i n e  Range Total  Petroleum Hydrocarbons (TPH) 
and Approximate B o i l i n g  Point  D i s t r i b u t i o n  i n  So i l  by Gas 
Chromatography, " jivdrocarbon Cont aminated S o i l s  , Volume I, P.T. 
Kostecki, E.J. Calabrese, Editors, Lewis Publishers, 1991. 

USEPA "SW-846 Test Methods f o r  Evaluating S o l i d  Waste," 3 rd  Edi t ion,  
Methods 8000, 8015, and 8100. 

Rhodes, I.A.L., R.Z. Olvera, J.A. Leon, and E.M. Hinojosa, 
"Determination o f  Tota l  Petroleum Hydrocarbons by C a p i l l a r y  Gas 
Chromatography,' presented a t  the 14th Annual Ana ly t i ca l  Symposium, 
U.S. EPA O f f i c e  o f  Water, I n d u s t r i a l  Technology Divis ion,  May, 1991. 

State o f  Washington Department of Ecology, "Total Petroleum 
Hydrocarbons Ana ly t i ca l  Method UTPH-HCID," Appendix L o f  "Guidance f o r  
Remediation o f  Releases from Underground Storage Tanks." 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBL*4599 94  0732290 0528568 968 

REVISION: 2 
DATE: 8/18/93 
PAGE: 13 o f  26 

6. Tong, H.Y. and F.W. Karasek, "Flame Ion i za t i on  Detector Response 
Factors f o r  Compounds Classes i n  Q u a n t i t a t i v e  Analysis o f  Complex 
Organic Mixtures," Analy t ica l  Chemistry, s, pp. 2124-2128, 1984. 

7. Fi tzgera ld,  John, "Onsite Analy t ica l  Screening o f  Gasoline 
Contaminated Media Using a Jar  Headspace Procedure, " Petroleum 
Contaminated So i l s ,  Vol. 2, 1989. 

8. Senn, R.B., and M.S. Johnson, " In te rp re ta t i on  o f  Gas Chromatographic 
Data i n  Subsurface Hydrocarbon Invest igat ions,  " Ground Water 
Monitor ina Review, 1987. 

Hughes, B.M., D.E. McKenzie, C.K. Trang, L.S.R. Minor, "Examples of 
t he  Use o f  an Advanced Mass Spectrometric Data Processing Environment 
f o r  the Determination o f  Sources o f  Wastes," presented a t  5 th Annual 
Waste Test ing and Q u a l i t y  Assurance Symposium, J u l y  24-28, 1989. 

10. ASTM "Standard Methods f o r  Comparison o f  Waterborne Petroleum O i l s  by 
Gas Chromatography," pp. 3328-78. 

11. " I n t e r 1  aboratory Study o f  Three Methods f o r  Petroleum Hydrocarbons i n  
S o i l  ," American Petroleum I n s t i t u t e  Publication, August 1993. 

9. 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



API PUBL+4579 74 m 0732290 0528569 8 T 4  

REV IS ION: 2 

PAGE: 14 o f  26 
DATE: a / i a m  

TABLE 1 

Retention times and boiling points of n-al kanes for determination of boiling 
point distribution of gasoline to diesel range hydrocarbons in soil using 
designated instrumental parameters. Actual retention times must be verified. 

BP Retent ion A l  kane 
OC Time (min) Marker 

GASOLI NE 
RANGE 

36 
69 
98 

126 
151 
174 
196 
216 
236 
253 
270 
287 
302 
316 
329 
343 
402 

2.15 
4.09 
6.85 
9.55 

11.93 
14.03 
15.92 
17.65 
19.26 
20.76 
22.18 
23.51 
24.77 
25.98 
27.11 
28.20 
35.99 

n-C5 
n-C6 
n-C7 
n-C8 
n-C9 
n-C 10 
n-C11 
n-C12 
n-C13 
n-C14 
n-C15 
n-C 16 
n-C 17 
n-C18 
n-C 19 
n-C20 
n-C25 
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TABLE 2 

RELATIVE RESPONSE FACTORS OF SELECTED GASOLINE RANGE COMPONENTS USING GC-FID. 
(NORMALIZED WITH RESPECT TO n-HEPTANE) 

Methyl t e r t - b u t y l  e ther  
n-Butane 
Isopentane 
2-Methyl butene-1 
n-Pent ane 
Cycl opentane 
2-Methyl pentane 
n-Hexane 
Methyl cyclopentane 
2 , 4-Di methyl pen tane 
Benzene 
Cyclohexane 
Cycl ohexene 
2-Methyl hexane 
3-Methyl hexane 
trans-1 ,3-Dímethyl cyc l  opentane 
trans-l,2-Dimethylcyclopentane 
3-Ethyl pentane 
2,2,4-Tri methyl pentane 
n-Heptane 
Methyl cyclohexane 
Ethy l  cyclopentane 
2,4-Dimethyl hexane 
2,3,4-Trimethyl pentane 
To1 uene 
2-Methyl heptane 
3-Methyl heptane 
trans-1 ,3- 6 cis-l,4-Dimethyl cyc l  ohexane 
n-Oc t ane 
n-Propyl cyc l  opentane 
Ethyl benzene 
la-Xyl ene 
p-Xyl ene 
o-Xyl ene + 3-Methyl octane 
n-Nonane 
Isopropyl  benzene 
2,6-Dimethyloctane + n-Propylbenzene 
1-Methyl -4-ethyl benzene 
1,3,5-Trimethyl benzene 
I-Met hyl-2-ethyl  benzene 
4-Methyl nonane 
trans-Butyl  benzene + 1,2,4-Trimethyl benzene 
n-Decane + 1,2,3-Trimethyl benzene 
Indan 
1,2,3,5-Trimethyl benzene 
Naphthalene 
n-Dodecane 
AVERAGE RESPONSE FACTOR 

0.70 
1 .o0 
1 .o0 
0.96 
1 .o0 
0.96 
1 .o0 
1 .o0 
0.97 
1.00 
0.92 
0.99 
0.98 
1 .o0 
1 .o0 
1 .o0 
1 .o0 
1 .o0 
1 .o0 
1 .o0 

1 .o0 
1 .o0 
0.93 
1 .o0 
1.00 
0.99 
1 .o0 
0.99 
0.96 
0.96 
0.96 

1 .o0 

0.98 

0.98 
0.98 

0.98 

0.98 

0.98 
0.98 
0.98 

0.98 

1 .o0 
0.99 

1 .o0 
0.99 
0.96 
1 .o0 
0.98 
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TABLE 3 

DIESEL RANGE COMPONENT STANDARD 

Comonent 

Decane 
Dodecane 
Te t radec an e 
Hexadecane 
Octadecane 
Eicosane 
Decosane 
Tet racosane 

MidDoint Concentration 

25 
25 
25 
25 
25 
25 
25 
2 5  
200 pg/rnL Total 

GASOLINE COMPONENT STANDARD 

Comonent 

2-Methyl pentane 
2,2,4-Trimethyl pentane 
Heptane 
Benzene 
To1 uene 
Et hy 1 benzene 
ar-Xyl ene 
p-Xyl ene 
o-Xyl ene 
1,2,4-Trimethyl benzene 

MidDoint Concentration 

30 
30 
10 
10 
30 
10 
20 
20 
20 
2 
200 p g / m L  Total 
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TABLE 4 

ACCEPTANCE CRITERIA FOR LCS AND SCS 

Laboratorv Control SamDle 

Petroleum Hydrocarbons 

5 Recoverv 

70-130 

Re1 a t  i ve 
% D i f f e r e n c e  

20 
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TABLE 6 
INTERLABORATORY STUDY RESULTS FOR PHC 

Average Performance: Accuracy and Precision 

Average Aver age 
Average Sing1 e Analyst Overall 
Accuracv Preci  s i  on. RSP Precision.  RSD 

84% 13% 30% 

Regression Equation for  Accuracy and Precision 

Accuracy as Overall Single Analyst 
Rame f o r  Eauation pecoverv X precis ion 5 Precision Sr 

(w/kg)  ( W k g 1  (mg/ kg 1 (mg / kg 1 
93.6-83 1 X-0.81Ct7.29 S=O. 30X+O. 45 Sr=0.07X+16.35 

Method PQLs 

80% + 40% Rule (ma/kal 
PQL by 

35% Rule (ma/kQ\ 
PQL Stated PQL 

i n  Method (ma/kgL 

50-100 104 50 
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APPENDIX B 

VERIFICATION OF PREPARED CONCENTRATIONS 
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XJMENWL 
W E  ASSOCLATES 

u*o W S W L  STREET 
WAM. COLORADO -2 
303 431-MW 
1600.ERA-0122 
FAX X3 421-0159 

June 26,1992 

Roger Clafí 
American Petroleum Xnstitute 
1220 L Street, N.W. 
Washington, DC 20003 

Dear Roger, 

The Interleboraiory Study of MI hSethods for Petroleum 
Hyàrocarlron sampler were shipped to the fifteen laboratories on 
June 1F, 1992. The letter rent with the samples is attacheci We 
requested that the laboratories complete the analyses and r e p m  
all data within six weeks. The certified values and vedication data 
for the twentyofour samples are rummarbed in the attached table. 

The analytical verirication of the standards was completed by ER% 
The method used consisted of a methanol extrsction followed by 
GC/FID. .4ccuracy and precision were calculated by cornparingothe 
tesulu obtained with the gasoline and diesel stocks used to spike 
the s tud)  standards. Overall the recoveries for the PHC and DRO 
samples were quite good. "he GRO sample recoveries were 
slightly lower than the DRO and PHC samples. For all three 
standard fypes, precision was less than 8.5% relative rtandard 
deviation. The higher %RSD's are from the lower level samples, 
where the analytical method is less precise. .U results fit well 
within the Class C guidelines presented in the work plan. 

The raw materials used for the three methods were a weathered 
API gasoline (Lot EPL 470 91-01} and a no. 2 diesel fuel from a local 
gas station (EU Lot 091691). The API gasoline was weathered by 
volume to 50% under a constant stream of helium in a 6BC water 
bath. The PHC 6tock consisted of a mivture of 50.4% gasoline and 
49.6% diesel (tv/w). 

Thank you for the opportunity to work with .O1 on this project. If 
you have any questions, please feel free to call. 

Senior CGemist 
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Interlaboratory Study of API Methods of Petroleum 
Hydrocarbons - CertiGed Values 

Sample 
Number 

GRO-I 
GRO-2 
GRO-3 
GRO-4 
GRO-5 
GRO-6 
GRO.7 
GRO-8 

PHC- 1 
PHC-2 
PHC-3 
PHC-4 
PHC-5 
PHC-6 
PHC-i 
PHC-8 

DRO. I 
DRO-2 
DRO.3' 
DRO-4' 
DRO-5 
DRC-ô 
DRO-7 
DRO.8 

Certified 
Val u e 
ImelKn) 

3.02 
55.4 

130 
21.6 

Blank 
65.2 
18.5 

111 

'i48 
104 

4 16 
374 
83 1 
Blank 

93.6 

77.1 
Blank 
207 
193 

50.4 

19.3 

82.6 
20.7 

4.o9 

Average 
Result 
i d K &  

.. 
39.1 

17.2 

57.4 
15.8 
86.8 

107 

.. 

765 
96.8 .. 

384 
339 
830 .. 
78.8 

76.8 .. 
21 1 
170 
18.8 

84.9 
20.6 

.. 

Std 
Dev. 
ImnlKd 

1.4 
6.4 
0.Ï2 

0.66 
1.3 
3.1 

23 
5.2 

15 
21 
34 

3.1 

1.2 

7.8 
4.3 
2.2 

0.Ï6 
o. 'i9 

Ave. 

6) U Rec. 

70.6 
82.3 
78.6 

88.0 
85.4 
78.2 

102 
93.1 

92.3 
90.6 
99.9 

84.2. 

99.6 

102 
88.1 
97.4 

103 
99.5 

Au data generaíed from three randomly selecled vials within the 
lot. 

I. Data generated with six data points. Two samples taken from 
each of three viais. 
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APPENDIX C 

DATA AND CALCULATIONS 
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Summary of Laboratory Results 
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Summary of Laboratory Results 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

Diesel Range Organics (DAO) 

r 

Sample ID DRO-1 DRO-2 DRO-3 DRO-4 DRO-5 DRO-6 DRO-7 DRO-8 
( m g W  

Made-to Values 77.1 blank 207 193 19.3 4.99 82.6 20.7 

Interlaboratory Results, 

Laboratory ID 
API-O1 
API-02 
API-03 
API-04 
API-05 
API-07 
API-08 
AP1-09 
API-10 
API-13 
API-14 
API-15 
APL1 6 
APL1 7 
API-18 

68.6 

61 
85 
48 
69 
47 
52 

79.1 
89.7 
49.4 

62 
16 

29 

- 

- 

5.88 

3 
22 
6 

9.8 
6 

1.4 
6.07 
13.1 
7.99 
18.6 
0.4 

<4 

- 

- 

151 

180 
200 
190 
200 
130 
130 
21 3 
236 
132 
220 
40 

65 

- 

- 

111 

170 
234 
160 
180 
110 
180 
187 
188 
116 
193 
39 

70 

- 

- 

18.7 

12 
26 
13 
26 
18 

5.9 
26.3 
23.8 

18 
8.6 
3.9 

8.5 

- 

- 

10.3 

7.6 
19 
5 

13 
9 

17 
13 

13.8 
9.88 
ND 
1.4 

<4 

- 

- 

70.9 

69 
54 
55 
78 
58 
69 

87.6 
77.7 
58.3 
64.4 

16 

30 

- 

- 

18.6 

22 
20 
13 
28 
18 
17 

28.8 
30.2 
19.9 
9.2 
3.8 

7.4 

- 

- 

- No data submitted 
ND Reponed as nondetect 

Appendix C 
Diesel Range Organics (DRO) 
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Summary of Laboratory Results 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

Gasoline Range Organics (GRO) 

Sample ID GRO-1 GRO-2 GRO-3 GRO-4 GRO-5 GRO-6 GRO-7 GRO-8 
(mg/k0) 

Made-to Values 5.02 55.4 130 21.6 blank 65.2 18.5 111 

Interlaboratory Results 

Laboratory ID 
API-O1 
API-02 
API-03 
API-O4 
API-05 
API-07 
API-08 
APL09 
API-1 O 
API-13 
API-14 
API-15 
API-16 
APL1 7 
API-18 

- 
2.8 

$3198 
13 
2 

19 
10.3 
3.2 

3.04 
ND 
3.7 

- 

- - 
<lo 

- 
34 

t6562 
47 
43 
35 

104 
29.3 
32.2 
33.9 
44.8 

- 

- - 
31 

- - 
85 14 

SB t5242 
120 36 
84 16 
64 15 

285 413 
82.9 12.5 

82 15 
84.7 14.4 
176 23.1 

- - 

- - - - 
94 11 

- 
<DL 

SB 
6 
2 

10 
4.91 
ND 

0.42 
ND 
NO 

- 

- 
L 

<lo 

- 
38 

t8696 
42 
56 
41 

134 
38.4 
41 3 
483 
61.8 

- 

- - 
33 

- - 
10 82 

t4050 t7368 
23 100 
16 41 
15 66 

29.8 209 
11.2 65 

12 70.7 
10.1 71.3 
22.8 126 

- - 

- - - - 
4 0  66 

t Data deleted before any analysis, including outlier statistics 
SB Sample broken - No data submined 
ND Reporled as nondetect 
DL Detection limit 

Appendix C 
Gasoline Range Organics (GRO) 
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Summary of Laboratory Results 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

BTEX-Benzene (G ROIP ID) 

GRO-1 GRO-2 GRO-3 GRO-4 GRO-5 GRO-6 GRO-7 GRO-8 
Concentration Level PQL MED HI LO blank MED LO HI 

< .  

Laboratory ID 
API-O1 - 
API-02 ~ 0 . 2  
API-03 - 
API-04 15' 
API-05 - 
API-07 0.05~ 
API-08 - 
API-09 - 
API-1 O - 
APL13 0.0218J 
API-14 - 
API-15 ND 
API-16 - 
API-17 - 
API-18 0.18 

- 
c0.2 

25.6' 

0.09 

- 
- 
- 
- 

0.164 

0.124 
- 

0.12 

- 
0.24 - 
- 

0.17 - 
- 

0.431 

0.378 
- 

- 
0.39 

- - 
<0.2 <0.2 

23.1' - 
0.12 0 . 0 5 ~  

- - 
- - 
- - 
- - 

0.0984 0.0037J 

0.06 ND 
- - 

- - 
<0.1 co.1 

- - 
<0.2 c0.2 

34.4' 19.4' 

0.14 0.06 

- - 
- - 

- 
0.257 0.0766 

0.191 0.057 
- - 
- - - - 

0.11 co.1 

- 
0.26 

36.4' 

0.05u 

- 
- 
- - - 

0.406 

0.338 
- 
- - 

0.36 

Average 0.1245 0.3218 0.0928 0.1745 0.0645 0.341 Ave 
RCD% 24% 35% 33% 37% î6% î8% 27% 

- No data submitted 
' Assumed outlier 

Note: Any outlier. ND (nondeteci), less-than value, or value qualified with a 'Ja or 'u' were not 
included in average and RSD. 

Appendix C 
BTEX (GRO) 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



A P I  PUBL*4599 94 0732290 O528590 304 

Summary of Laboratory Results 
Interlaboratory Study of API Meihods for Petroleum Hydrocarbons 

BTEX-Toluene (GROIPID) 

GRO-1 GRO-2 GRO-3 GRO-4 GRO-5 GRO-6 GRO-7 GRO-8 
Concentration Level POL ME0 HI LO blank ME0 LO HI 

Laboratory ID 
API-O1 
API-02 
API-03 
API-04 
API-05 
API-07 
API-08 
API-09 
API-10 
APL1 3 
APL1 4 
API-15 
API-16 
API-17 
APL1 8 

Average 
RSD% 

- 
0.24 

68' 

0.37 

- 
- 
- - - 

0.348 

0.196 
- 
- - 

0.38 

- 
3.6 

330' 

2.7 

- 
- 
- - - 

3.58 

2.85 
- 
- - 

3.3 

3.206 
13% 

- 
7.7 - - - 
5.5 - - - 

0.84 

7.57 
- 
- - 

8.3 

7.582 
17% 

- - 
1.4 e0.2 

286' L 

1.5 0.09 

- - 
- c 

- - 
- - 
1.0 0.01 89J 

1.37 nd 
- - 
- L - - 
1.5 c0.1 

1.514 
11% 

- 
3.6 

460' 

3.6 

- 
- 
- - - 

4.65 

4.05 
- 
- - 

3.8 

3.94 
11% 

- 
1 

264' 

1.2 

- 
- 
- - - 

1.37 

1.16 
- 
- - 

0.96 

1.138 
14% 

- 
7.2 

542' 

0.0 

- 
- 
- - - 

8.32 

6.48 
- 
- - 

7.6 

6.00 Ave 
50% 19% 

- No data submitted 
Assumed outlier 

Note: Any outlier, ND (nondetecl), less-than value, or value qualified with a *$ or 'u' were not 
included in average and RSD. 
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A P I  PUBLb4599 9 4  = 0732290 0528591  240 

Summary of Laboratory Results 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

BTEX-Eth ylbenzene (G ROIP I D) 

GRO-1 GRO-2 GRO-3 GRO-4 GRO-5 GRO-6 GRO-7 GRO-8 
Concentration Level POL MED HI LO blank MED LO HI 

Laboratory ID 
API-O1 
APL02 
API-03 
API-04 
API-05 
API-07 
API-08 
API-09 
API-1 O 
API-13 
API-14 
API-15 
AP1-16 
API-17 
API-18 

Average 
RSD% 

- 
c0.2 

62' 

0.19 

- 
- 
- 
- - 

0.231 

0.298 
- 
- - 

0.25 

27475 
41 % 

- 
5.1 
- - 
- 

4.1 - - - 
6.02 

10.8 
- 
- - 

5.8 

6.364 
41 % 

1.18 0.0044.i 

1.8 nd 
- - 
- - - - 
1 co.1 

1.1 68 
32% 

- 
2.3 

488' 

2.6 

- 
- 
- - - 

3.1 

5.38 
- 
- - 

2 9  

3.256 
38% 

- 
0.66 

226' 

0.79 

- 
- 
- - - 

0.881 

1.43 
- 
- - 

0.72 

0.8962 
35% 

- 
4 .ô 

568' 

2 

- 
- 
- - - 

5.74 

8.25 
- 
- - 

0.13 

4.144 Ave 
77% 44% 

- No data submitted 
Assumed outlier 

Note: Any outlier, ND (nondetecî), less-than value, or value qualified with a "J" or *u" were not 
included in average and RSD. 
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Summary of Laboratory Results 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

BTEX-Total Xylenes (GROIPID) 

GRO-1 GRO-2 GRO-3 GRO4 GRO-5 GRO-6 GRO-7 GRO-8 
Concentration Level PQL MED HI LO blank MED LO HI 

Laboratory ID 
API-O1 - 
API-02 0.57 
API-03 - 
API-04 1.. '122' 
API-05 - 
API-07 0.69 
AP1-08 - 
API-09 - 
API-1 O - 
API-13 0.71 
API-14 - 
API-15 0.542 
API-16 - 
API-17 - 
API-18 0.66 

- 
7.2 

600' 

6.4 

- 
- 
- - 

7.73 

7.1 
- 
- 

9.7 

- 
18.5 

17.09 
- 
- - 
18 

- 
8.2 

760' 

9.2 

- 
- 
- 
- 

9.52 

8.58 
- 
- - 

9.2 2.2 

- 
17 

872' 

6.8 

- 
- 
- - - 

17.7 

14.89 
- 
- - 
20 

Average 7.626 16.918 3.224 8.94 2.492 15.278 Ave 
RSD% 16% 13% 8% 6% 14% 33% 15% 

- No data submitted 
' Assumed outlier 

Note: Any outlier, ND (nondetecl), less-than value, or value qualified with a "J' or -U. were not 
inciuded in average and RSD. 
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Summary of Laboratory Results 
Interlabralory Study of API Melhods for Petroleum Hydrocarbons 

Petroleum Hydrocarbons (PHC) 

Sample ID PHC-1 PHC-2 PHC-3 PHC-4 PHC-5 PHC-6 PHC-7 PHC-8 
(WW 

Made-to Values 748 104 50.4 416 374 831 blank 93.6 

Interlaboratory Results 

Laboratory ID 
API-O1 
API-02 
API-03 
API-04 
API-05 
API-07 
API-08 
API-09 
API-1 O 
API-13 
API-14 
API-15 
API-16 
API-17 
API-18 

660 
1500 
370 
387 
51 O 

1500 
900 
41 O 
846 

477 

550 
732 

- 
- 

- 

104 
1 o9 
82 

80.5 
150 
170 
110 
64 

112 

54.2 

53 
102 

- 
- 

- 

54.8 
52 
15 
50 
65 

230 
46 
30 
58 

11.9 

15 
39 

- 
- 

- 

52 1 
474 
280 
245 
370 

1200 
430 
260 
422 

238 

240 
354 

- 
- 

- 

345 
335 
4.40 
205 
230 
690 
430 
220 
349 

21 2 

240 
371 

- 
- 

- 

739 
995 
550 
414 
590 

1 O00 
990 
51 o 
839 

533 

790 
744 

- 
- 

- 

5.13 
60 

110 
NO 
c50 

50 
e40 
NO 
4 0  

NO 

NO 

- 
- 

98.8 
<DL 
220 
86 

120 
95 

52 
98.1 

54.4 

59 

a9 

- 
- 

c25. ô3 - - 

- No data submitted 
ND Reported as nondetect 
DL Detection limit 
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Youden Laboratory Ranking Test 
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A P I  PUBL*4599 9 4  = 0732290 0528595 996 

Laboratory ID Total 

Youden Laboratory Ranking Test 
Interlaboratory Study of API Methods for Pelroleurn Hydrocarbons 

Diesel Range Organics (DRO) 

Allowable 
Range: 16-68 

Sample ID DRO-1 DRO-2 DRO-3 DRO-4 DRO-5 DRO-6 DRO-7 DRO-8 
(msn(g) 

Made-to Values 77.1 blank 207 193 19.3 4.99 82.6 20.7 

Rank Sums 91 91 91 91 91 91 

Appendix C 
Diesel Range Organics (DRO) 
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Youden Laboratory Ranklng Test 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

Gasoline Range Organics (GRO) 

Sample ID GRO-1 GRO-2 GRO-3 G R O 4  GRO-5 GRO-6 GRO-7 GRO-8 
(mekg) 

Made-to Values 5.02 55.4 130 21.6 blank 652 18.5 111 

Laboratoty Rank 
Rank 1 is assigned to the highest value. rank 2 lo tho noxl highest, etc. 

Laboratory ID 
API-O1 
API-02 
API-03 
API-04 
API-05 
API-07 
API-OB 
API-09 
API-10 
API-13 
API-14 
API-15 
API-16 
API-17 
API-18 

Rank Sums 

- 
6 

t 
2 
4 
5 
1 

10 
8 
7 
3 

- 

- - 
9 

55 

- 
5 

t 
3 
7 

10 
1 
8 
9 
6 
2 

- 

- 
4 

55 

- 
8 

t 
2 
4 

5 6  
1 
9 

5.5 
7 
3 

- 

- - 
10 

55 

- 
9 

t 
5 
3 
7 

.1 
8 
6 
4 
2 

- 

- - 
10 

55 

- 
9 

t 
2 
4 
5 
1 
7 
6 
8 
3 

- 

- - 
10 

55 

L 

4 
c 

t 
3 

10 
7.5 

1 
9 
6 
5 
2 - 
L 

7.5 

55 

-- 
41 okay -- 
t t  

17 okay 
32 okay 
40 okay 

51 okay 
40.5 okay 

37 okay 
15 okay 

6 outlier 

c- -- 
50.5 okay 

t Data deleted before any analysis, including outlier statistics - No data submitted 
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A P I  PUBL*4599 9 4  = 0732290 0528597 769 

Youden Laboratory Ranking Test 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

Petroleum Hydrocarbons (PHC) 

Sample ID PHC-1 PHC-2 PHC-3 PHC-4 PHC-5 PHC-6 PHC-7 PHC-8 
( m g W  

Made-to Values 748 104 50.4 416 374 831 blank 93.6 

Laboratoty Rank 
Rank I is assigned lo rhe highesr vabe, rank 2 lo the next largest, etc. 

Laboratory ID 
API-O1 6 6 2 6 7 3 30 okay 
API-02 1.5 5 3 7 2 12 30.5 okay 
API-03 12 8 0 2 9 1 40 okay 
API-04 11 9 10 12 12 7 61 okay 
API-05 8 2 6 9 8 2 35 okay 
API-07 1.5 1 1 1 1 5 10.5 outlier 
API-08 3 4 4 3 3 6 23 okay 
API-09 10 10 9 10 11 11 61 okay 
API-10 4 3 5 5 4 4 25 okay 

API-14 9 11 12 11 10 10 63 okay 

API-16 7 12 11 8 5 9 52okay 
API-17 5 7 7 4 6 8 37okay 

- .. - - - - -- API-I3 

- - - - - - -- API-15 

- - - - - - -- API-18 

Rank Sums 78 78 78 70 78 78 

- No data submitted 

. AppendixC 
Petroleum Hydrocarbons (PHC) 
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Grubbs Outlier Test 
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A P I  PUBLm4599 9 4  = 0732290 0528599 531 H 

Grubbs Outlier Test 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

Diesel Range Organics (DRO) 

Sample ID DRO-i DRO-2 DRO-3 DRO-4 DRO-5 DRO-6 DRO-7 DRO-8 
( m g W  

Made-to Values 77.1 blank 207 193 19.3 4.99. 82.6 20.7 

Gmbbs tesf pedomed on laborafories remaining aller Youden rank test. 
V k a y  means the laboratory result was within the lower and upper limits; -outlier means 
the result was outside the limits. 

Laboratory ID 
API-O1 
API-02 
API-03 
API-04 
API-05 
AP1-07 
API-08 
API-09 
API-1 O 
API-13 
API-14 
API-15 
API-16 
API-17 
API-18 

Grubbs Statistics 

Average 
Standard Deviation 

I-value 
Upper Limit 
Lower Limit 

n 

okay 

okay 
okay 
okay 
O b Y  
okay 
O b Y  

okay 
okay 

- 

t 

- 
9 

9 
60.22 
12.62 
2.21 5 
88.1 7 
32.27 

okay 

okay 
okay 
okay 
okay 
okay 
okay 

- 

9 

9 

okay 
okay 

- 

9 
170.3 
35.01 
2.21 5 
247.9 
92.79 

okay 

okay 
okay 
okay 
d a y  
okay 
okay 

- 

okay 
okay 

- 

9 
161.6 
42.25 
2.21 5 
255.1 
67.97 

okay 

okay 
okay 
okay 
okay 
okay 
okay 

okay 
okay 

- 

- 

9 
16.24 
7.04 

2.21 5 
31.84 
0.65 

okay 

d a y  
&Y 
okay 
okay 
okay 
*ay 

d a y  
okay 

- 

. 
- 

9 
64.07 
8.24 

2.21 5 
82.32 
45.81 

d a y  

d a y  
Okay 
okay 
&Y 
Okay 
-Y 

- 

okay 
okay 

L . 
9 

18.41 
5.3 1 

i.215 
30.1 8 
6.64 

- No data submitted 
Outlier identified by Youden rank test 

Appendix C 
Diesel Range Organics (DRO) 
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Gnibbs Outlier Test 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

Gasoline Range Organics (GRO) 

Sample ID GRO-1 GRO-2 GRO-3 GRO-4 GRO-5 GRO-6 GRO-7 GRO-8 
(mg/kg) 

Made-to Values 5.02 55.4 130 21.6 blank 65.2 18.5 111 

GNMS test petformed on laboratones remaining after Youden rank test. 
Vkay' means the laboretoy result was within the lower and upper limas; goutl¡ef m a n s  
the resuil was outside tfie l imk 

Laboratory ID - - - - - API-O1 
API-02 okay okay okay okay okay 
API-03 
API-04 t t t t t 
API-05 okay okay outlier okay okay 
API-07 okay okay okay okay okay 
API-O8 okay okay okay okay okay 

API-10 okay okay okay . okay okay 
API-13 okay okay okay okay okay 
API-14 okay okay okay okay okay 
API-15 okay outlier okay okay &Y 

API-18 okay okay okay okay eDL 

- - - - - 

API-09 e 

- - - - - API-16 
API-17 - - - - - 

okay 

- 
okay 

Gnibbs Statistics 
n 9 9 9 9 8 9 

Average 36.689 96.956 17.444 44.422 15.013 76.444 
Standard Deviation 6.49 33.08 *. 7.73 9.26 5.32 24.25 

1-value 2.215 2.215 2.215 2.215 2126 2215 
Upper Limit 51.1 170.2 34.6 64.9 26.3 130.2 
Lower Limit 22.31 23.68 0.33 23.91 3.70 22.72 

t Data deleted before any analysis, including outlier statistics 

Outlier identified by Youden rank test 
- No data submitîed 

DL Detection limit 
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Grubbs Outlier Test 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

Petroleum Hydrocarbons (PHC) 

Sample ID PHC-1 PHC-2 PHC-3 PHC-4 PHC-5 PHC-6 PHC-7 PHC-8 
(mflg)  

Made-to Values 748 104 50.4 416 374 831. blank 93.6 

Gtubbs test pedomed on laboratories remaining ailer Youden rank test. 
Vkaf means the laboratory result was within fhe lower and upper limils; 'oullief means 
the result was Òutside fhe limits. 

Laboratory ID 
API-O1 
API-02 
API-03 
API-04 
API-05 
API-07 
API-08 
API-09 
APL1 O 
API-13 
API-14 
API-15 
API-16 
API-17 
API-18 

Grubbs Statistics 

Average 
Standard Deviation 

1-value 
Upper Limit 
Lower Limit 

n 

okay 
okay 
okay 
d a y  
okay 

d a y  
okay 
okay 

okay 

okay 
okay 

- 
- 

- 

11 

okay 
okay 
okay 
okay 
okay 

okay 
okay 
okay 

okay 

okay 
okay 

- 
- 

- 

11 
667.45 92.791 348.55 
330.39 29.29 102.60 
2.355 2.355 2.355 

1445.5 161.8 590.2 
-110.62 23.81 106.93 

okay 
okay 
okay 
okay 
okay 

okay 
okay 
okay 

okay 

okay 
okay 

- 
- 

- 

11 
307 

88.50 
2.355 
51 5.4 
98.58 

okay 
okay 
okay 
okay 
okay 

d a y  
okay 
okay 

okay 

okay 
okay 

. 

- 
- 

- 

11 
699.45 
195.55 
2.355 

11 60.0 
238.94 

okay 
CDL 

outlier 
okay 
okay 

okay 
okay 
okay 

okay 

okay 
d a y  

. 

- 
- 
- 

10 
96.03 
48.67 

2.29 
207.5 

-15.42 

- No data submitted 
DL Detection Limit 

Outlier identified by Youden rank test 
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Recovery end Interlaboratory (Overall) Precision 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

Diesel Range Organics (DRO) 

Sample ID DRO-I DRO-2 DRO-3 DRO-4 DRO-5 DRO-6 DRO-7 DRO-8 
( m 9 W  

Made-to Values 77.1 blank 207 193 19.3 4.99 82.6 20.7 

Recovery is calculated is the analyücal value divided by the mad.slo value times 100%. 

Laboratory ID 

API-02 
API-O1 

API-03 
API-04 
API-05 
API-07 
API-OB 
AP1-09 
API-1 O 
API-13 
API-14 
API-15 
API-16 
API-17 
API-1 8 

Average (%) 
Ave Conc (mgkg) 

Stdev (mgkg) 
YoRSD 

89 

79 
110 
62 
89 
61 
67 

- 

64 
80 

- 

78 
60.2 
12.6 
21% 

Regression-Acairacy 
DRO-1 
DRO-3 

DRO-5 
DAO-7 

DRO-O 

DAO-8 

Regression-Ckerall Precision 
DRû-1 
DRO-3 
DRO-4 
DR0-5 
DRO-7 
DRO-8 

(XI 
73 58 

87 88 
97 121 
92 83 
97 93 
63 57 
63 93 

- - 

. 
64 60 

106 100 . 
- - 

82 84 
170.3 161.6 
35.0 42.2 
21% 26?4 

C X 
77.î 60.2 
207 170.3 
193 161.6 

19.3 16.2 
826 64.1 
20.7 10.4 

X S 
60.2 12.6 

170.3 35.0 
161.6 42.2 
16.2 7.0 
64.1 8.2 
18.4 5.3 

97 

62 
135 
67 

135 
93 
31 

- 

93 
45 

- 

84 
16.2 
7.0 

4% 

86 

84 
65 
67 
94 
70 
84 

- 

. . 
71 
78 . 
- 

78 
64.1 
8.2 

1% 

90 

106 
97 
63 

135 
87 
82 

- 

96 
44 . 
- . 

Ave 
89 82 

5.3 
18.4 

29% 25% 
Sbpe 0.8305 -1.205 Intercept 

SEn 0.0154 1.9248 SEb 
R 0.9986 2.8291 SEy 
F 2906.5 I d f  

SCreg 232W 32.015 SSresii 

Eqn: X-mX+b 
XIo.83C+-1.20 p10.000001 

Sbpe 0.2254 4.03 Intercept 
SEn 0.0324 3.3287 SEù 

R 0.9238 4.9405 SEy 
F 48.503 4 6  

SSrq 1183.9 97.635 SSresid 

Eqn: S-mX+b 
S10.23X+-0.03 p-0.002 

- No data submitted 
Outlier identified by Yauden rank test 

Appendix C 
Diesel Range Organics (DRO) 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



API PUBL*:4599 94  m 0732290 0528604 729 m 

Recovery and Interlaboretory (Overall) Precision 
Interlaboratory Study of API Methods lor Petroleum Hydrocarbons 

Gasoline Range ûfgania (GRO) 

Sample ID ORO-1 GRO-2 GRO-3 GRO-4 GRO-5 GRO-6 GRO-7 GROI 

(W) 
Made-to Values 5.02 55.4 130 21.6 blank 65.2 18.5 111 

Laboratory ID 
API-O1 
API.02 
APIi03 
API-04 
API-O5 
API-O7 
API-08 
API-09 
API-10 
APE13 
API-14 
API-15 
API-16 
APL17 
API-18 

- 
61 - 
t 

85 
78 
63 

53 
58 
61 
81 - - 
56 

66 
36.7 
6.5 

18% 
Regression- Accuracy 

ORO-2 
GRO.3 
ORO4 
G R 0 4  
ORO-7 
ORO8 

Regression-Overall Precision 
ORO-2 
GR03 
GRO-4 
GR04 
GRO-7 
GTP0-B 

- 
65 

t 
92 
65 
49 

64 
63 
65 

- 

. 
0. - - 

72 

67 
87.1 
15.7 
18% 

c/.) - 
65 

t 

74 
# 

58 
69 
67 

107 

- 
.. 

- - 
51 . 

70 
15.1 
3.6 

24% 
C X 

55.4 36.7 
130 07.1 
21.6 15.1 
65.2 4 .4  
18.5 15.0 
111 76.4 

X S 
s . 7  6.5 
87.1 15.1 
15.1 3.6 
44.4 9.3 
15.0 5.3 
76.4 24.3 

- 
56 

t 
64 
86 
63 

59 
63 
74 
95 

- 

- - 
51 

68 
44.4 
9.3 

21 % 

- 
54 

t 
124 
86 
81 

61 
65 
55 

1 23 

- 

. 

- - 
<DL 

81 
15.0 
5.3 
35% 

- 
74 

t 
90 
37 
59 

59 
64 
64 

114 

- 

- - 
58 

Ave 
69 70 

76.4 
24.3 
32% 25% 

Slops 0.664 1.3413 Intercept 
SEn 0.0126 0.9949 SEb * 

R 0.9906 1.2894 SEy 
F 2772.6 4dl 

SSreg 4609.8 6.6506 SSrodd 

Eqn: X=mC+b 
x-o.66c+1.34 po .m*o t  

Slope 0.2266 0.3931 Intercept 
SEn 0.062 3.3201 SEb 

r2 0.7695 4.2133 SEy 
F 13.354 4df 

SSrog 237.07 7 l . W  SSresid 

Eqn: S-mX+b 
S-O.MX+0.39 p-0.022 

t Data deleted before any analysis, including ouilier rîalislics - No dala submitted 
Outtior Identilied by Youden rank tesí 

** Outlier Identified by Gnibbs lest 
DL Detediun UmH 

Appendix c 
Gasoline Range Organics (GRO) 
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Recovery and Interlaboratory (Overall) Precislon 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

Petroleum Hydrocarbons (PHC) 

Sample ID PHC-1 PHC-2 PHC-3 PHCJ PHC-5 PHC-6 PHC-7 PHC-8 
(msnts) 

Made-to Values 748 104 50.4 416 374 831 blank 93.6 

Laboratory ID 
API-O1 
API-02 

API-04 
API-05 
APL07 
API-08 
API-09 
API-1 O 
API-13 
API-14 
API-15 
APL1 6 
APL1 7 
API-18 

AP1-03 

88 100 
** 105 

49 79 
52 77 
68 144 

120 106 
55 62 

113 108 

64 52 

74 51 
98 9s 

- - 
- - 
- - 

Average% 78 89 
Ave Cow (mgkg) 584.2 92.8 

Stdev ( m g )  191.2 29.3 
XRSD 33% 32% 

Regression- Accuracy 
PHC-1 

PHC4 
PHC-2 

PHC-5 
PHC-6 
PHC-8 

Regression-Overall Precision 
PHC-1 
PHC-2 
PHC-4 

PHCG 
PHC-8 

PHC-5 

C 
748 
104 
41 6 
374 
831 
93.6 

X 
5842 
92.8 

348.5 
307.0 
699.5 
82.3 

(W 
125 
114 
67 
59 
89 

103 
63 

1 o1 

57 

58 
85 

. 

- 

84 
348.5 
102.6 
29% 

X 
584.2 
92.8 

348.5 
307.0 
699.5 
82.3 

S 
191.2 
29.3 

102.6 
88.5 

195.5 
23.0 

92 89 
90 120 

118 66 
55 50 
61 71 

115 119 
59 61 
93 101 

57 64 

64 95 
99 90 

- - 
- - 
- - 
82 84 

307.0 699.5 
88.5 195.5 
29% 28% 

Slope 0.8067 
SEn 0.025 

C? 0.9962 
F 1037.2 

SSreg 315413 

106 
<DL 

92 
128 

95 
56 

1 o5 

58 

63 
89 

.. 

- 
- 
- 

Ave 
88 84 

82.3 
23.0 
28% 30% 

7.2909 intercept 
12.865 SEb 
17.439 SEy 

4df  
121 6.4 SSresid 

Eqn: X-mG+b 
X-0.81 C+7.29 ~0.000006 

Slope 0.2968 0.4524 Intercept 
SEn 0.0194 0.1468 SEb 

r2 0.9833 10.898 SEy 
F 234.83 4df 

SSreg 27890 475.07 SSnsid 

Eqn: S-mX+b 
S-0.30~+0.45 p-0.00011 

- No data submitted 
DL Detection Limit 

Outlier identified by Youden rank test 
** Outlier identified by Grubbs test 

Appendix C 
Petroleum Hydrocarbons (PHC) 
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Intralaboratory (Single Analyst) Prectsion 
Interlaboratory Study of API Melhods for Petroleum Hydrocarbons 

Diesel Range Organics (DRO) 

Sample ID DRO-1 DRO-2 DRO-3 DRO-4 DRO-5 DRO-6 DRO-7 DRO-8 
(mgncg) 

Made-to Values 77.1 blank 207 193 19.3 4.99. 82.6 20.7 

Laôoraiory ID 
API-O1 
API-O2 
API-03 
API-04 
API-05 
API-07 
API-O8 
API-09 
API-10 
API-13 
APL1 4 
API-15 
API-16 
APL17 
API-18 

Difi erence in SamDle Pairs 
Low Conc 

S5LS8 
0.1 

-1 o 
6 
O 

-2 
O 

-1 1.1 

- 

-1.9 
-0.6 

- 
O 

M e d  Conc 
S18S7 

-2.3 

-8 
31 
-7 
-9 

-1 1 
-1 7 

- 

-8.9 
-2.4 

- 
O 

Hi COG 
s3w4 

40 

10 
-34 
30 
20 
20 

-50 

- 

O 

16 
27 

- 
Average D -2.167 -3.844 8 . m a  

Sr 3.7495 9.754 21.429 
Average Com 17.328 62.1 44 165.94 Av0 

%RSD 21.639 15.696 12.914 16.749 

Regression X Sr Slope 0.1178 2.0056 Intercept 
Low 17.328 3.7495 SEn 0.005 0.5106 SEb 

Hi 165.94 21.429 F 562.58 1 df 
M e d  62.144 9.754 R 0.9982 0.5356SEy 

SSreg 161.36 0.2868 SSresid 

Eqn: Sr-mX+b 
sr=O.12X+2.01 p0.027 

- No data submitted 
Outlier identified by Youden rank test 

Appendix C 
Diesel Range Organics (DRO) 
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Intralaboratory (Single Analyst) Precision 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

Gasoline Range Organics (GRO) 

Sample ID GRO-1 GRO-2 GRû-3 GRO-4 GRO-5 GRO-6 GRO-7 GRO-8 
(mento) 

Made-to Values 5.02 55.4 130 21.6 blank 65.2- 18.5 111 

Laboratory ID 
API-O1 
API-02 
API-03 
API-04 
API-05 
API-07 
API-08 
API-09 
API-10 
API-13 
API-14 
API-15 
APL1 6 
API-17 
API-18 

Difference in Sample Pairs 
Low Conc Med Conc Hi Conc 

S48S7 

4 

t 

O 
O 

1.3 
3 

4 3  
0.3 

- 
- 
.. 
t 

- - 
9 L  

Average D 1 .a429 
Sr 1.3384 

Average Conc 15.069 
%RSD 8.8822 

Regression X 
Low 15.1 
Med 40.6 

Hi 81.8 

S a s 6  

-4 
- 
- 
t 
5 

-1 3 
a 

S38s8 

3 

t 
20 
43 
-2 

- 
- 

o 

-9.1 17.9 
-9.1 11.3 

-1 4.4 13.4 
-1 7 o. 

- - 
-2 28 

-7.733 16.825 
4.8331 10.032 
40.556 81.76 Ave 
11.917 12.27 11.023 

Sr Slope 0.13 9.55 Intercept 
13 SEn 0.0029 0.1564 SEb 
4.8 R 0.9995 0.1393 SEy 

10.0 F 1970.1 l d f  
SSreg 38.255 0.0194 SSresid 

Eqn: Sr=mX+b 
Sr=O.13X+-O.55 ~ 0 . 0 1 4  

t Data deleted before any analysis. including outlier statistics - No data submitted 
Outlier identified by Youden rank test 

** Outlier identified by Grubbs test 
DL Detection limit 

Appendix C 
Gasoline Range Organics (GRO) 
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Intralaboratory (Slngle Analyst) Preclslon 
Interlaboratory Study of API Methods for Petroleum Hydrocarbons 

Petroleum Hydrocarbons (PHC) 

Sample ID PHC-1 PHC-2 PHC-3 PHC-4 PHCd PHC-6 PHC-7 PHCS 
(mgW 

Made-to Values 748 104 50.4 416 374 831 blank 93.6 

Laboratory ID 
API-O1 
API-02 
API-03 
API-04 
API-05 
API-07 
API-08 
API-09 
APL1 O 
API-13 
API-14 
API-15 
API-16 
API-17 
API-18 

Difference in Sample Pairs -~ 

Low Conc 
S28S8 

5.2 
cDL 

-5.5 
30 

21 
12 

13.9 

-0.2 

-6 
19 

.. 
. 

. 

. 

. 
Average D 9.93 

Sr 8.819 
Average Conc 87.52 

%RSD 10.077 

Regression X 
Low 87.5 
Med 327.8 

Hi 641.8 

Med Com 
S48S5 

1 76 
139 

40 
140 

O 
40 
73 

-1 60 

. 

. 

Hi Conc 
S1 BS6 

-79 

-180 
-27 
-80 

-90 
-100 

7 

.. 

. 

. 
26 -56 

O -240 
-1 7 -12 

. . 
. 

41.55 -8570 
65.576 53.414 
327.8 641.0 Average 

20.007 8.3221 12.802 

Sr Slope 0.0745 16.354 Intercept 
8.8 SEn 0.0775 32.488 SEb 

65.6 R 0.4801 30.47 SEy 
53.4 F 0.9236 1 df 

SSreg 857.52 928.45 SSresid 

Eqn: Sr-mX+b 
Sr-0.07x+l6.35 p-0.513 

- No data submitted 
DL Detection Umit 

Outlier identified by Youden rank test 
Outlier identified by Grubs test 

Appendix C 
Petroleum Hydrocarbons (PHC) 
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F-tests on Regression Equations From EPA 600 Serles Analytical Methods 
Reference Source for Data: Table 7, EPA Method Study 29, 
Method 624-Purgeables, EPA-600i4-84-054. 

Benzene: Method 624, Distilled Water 
Accuracy 

1/c ' x/c 
0.09259 1 .O7407 
0.08333 1.125 
0.00877 1 .O4386 
0.00833 1 .O0083 
0.00208 0.91 042 
0.00231 0.80347 

Overall Precision 
1/x ~ SIX 

0.08621 0.1 3793 
0.07407 0.16296 
0.0084 0.32017 

0.00833 0.16903 
0.00229 0.24439 
0.00288 0.25266 

Ave 21 % 

Single Analyst Precision 
1 /x Sr/X 

0.07968 0.1 1952 
0.00836 0.27269 
0.00255 0.22727 

Ave 21 % 

Slope 2.0069 0.9269 intercept 
SEn 0.9398 0.048 SEb 

r2 0.5328 0.09 SEy 
F 4.5608 4 df 

SSreg 0.037 0.0324 SSresid 

Eqn: X/C=m+b/C 
X=0.93C+2.01 pæ0.0996 

Slope -1 291 0.2537 intercept 
SEn 0.6184 0.0289 SEb 

r2 0.5215 0.0537 SEy 
F 4.3586 4 df 

SSreg 0.0126 0.0115 SSresid 

Eqn: SIX=rn+bB( 
S=0.25X+-1.29 p=0.1051 

Slope -1.7138 0.2582 Intercept 
SEn 0.6462 0.0299 SEb 
R 0.8755 0.0393 SEy 
F 7.0328 1 df 

SSreg 0.0108 0.0015 SSresid 

Eqn: Sr/X=m+b/X 
Sr-O.26X+-l.71 p-0.230 

Appendix C 
F-tests on €PA Regression Equations 
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F-tests on Regression Equations From EPA 600 Series Analytical Methods 
Reference Source for Data: Table 7, €PA Method Study 29, 
Method 624-Purgeables, EPA-600f4-84-054. 

Toluene: Method 624. Distilled Water 
Accuracy 

1/c ' wc 
0.07407 1 .lo37 
0.06667 1.1 2667 
0.00704 1 .O7676 
0.00667 1 .O5067 
0.00167 0.86117 
0.00185 0.96352 

Overall Precision 
l / X  - s/x 

0.0671 1 0.1 1409 
0.05917 0.10059 
0.00654 0.2034 
0.00635 0.19289 
0.00194 0.3085 
0.00192 0.13781 

Ave 18% 

Single Analyst Precision 
1/X SrlX 

0.06289 0.1 1321 
0.00644 0.0818 
0.00193 0.21234 

Ave 14% 

Slope 2.0265 0.9771 Intercept 
SEn 1.056 0.0432 CEb 
R 0.4794 0.0809 SEy 
F 3.6828 4 df 

SSreg 0.0241 0.0262 SSresid 

Eqn: XIC=m+WC 
X-0.98C+2.03 pæ0.1274 

Slope -1.745 0.21 78 Intercept 
SEn 0.9034 0.0332 SEb 

r2 0.4826 0.0618 SEy 
F 3.7312 4 df 

SSreg 0.0143 0.0153 SSresld 

Eqn: SIX=m+brX 
S=O.22X+-1.74 ~0.1256 

Skpe -0.7019 0.1525 Intercept 
SEn 1.8789 0.0686 SEb 

R 0.1225 0.0903 SEy 
F 0.1396 ldl  

SSreg 0.0011 0.0081 SSresid 

Eqn: Sr/X=m+b/X 
Sr-0.15X+-O.70 ~ 0 . 7 7 2  

Appendix C 
F-lests on EPA Regression Equations 
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F-tests on Regression Equatlons From EPA 600 Serles Analytlcal Methods 
Reference Source for Data: Table 8, EPA Method Study 30, Method 
625-BaceiNeutrals, Acids and Pesticides, EPA-60014-84-053. 

Naphthalene: Method 625, Distilled Wafer 
Accuracy 

1 IC NC 
0.1 6667 1 .O8333 
0.14286 0.91429 
0.00952 0.74667 
0.01 O 6 4  0.87553 
0.001 59 0.76397 
0.00143 0.70714 

Overall Precision 
1lX SIX 

0.1 5385 0.21 538 
0.15625 0.17188 
0.01276 0.46046 
0.01215 0.1932 
0.00208 0.32516 
0.00202 0.2202 

Ave 26% 

Single Analyst Precision 
1 /x Sr/X 

0.15504 0.13953 
0.01 245 0.229 
0.00205 0.18089 

Ave 18% 

Slope 1 S869 0.7605 Intercept 
SEn 0.4314 0.0387 SEb 
R 0.7719 0.0746 SEy 
F 13.535 4 df 

SSreg 0.0754 0.0223 SSresid 

Eqn: WC=m+b/C 
X-0.76C+1.59 p-0.0212 

Slope 9.695 0.3037 Intercept 
SEn 0.6272 0.0563 SEb 

R 0.2349 0.1072SEy 
F 1.2279 4 df 

SSreg 0.0141 0.046 SSresid 

Eqn: SB(=m+b/X 
Sæ0.30X+-0.69 pæ0.3299 

Slope -0.4238 0.2071 Intercept 
SEn 0.3077 0.0276 SEb 
R 0.6548 0.0372 SEy 
F 1.8967 1 df 

SSreg 0.0026 0.0014 SSresid 

Eqn: Sr/X-m+biX 
Sr=O.21X+-O.42 ~ 0 . 4 0 0  

Appendix C 
F-tests on EPA Regression Equations 
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