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‘I 
Stratepu for Todnyt 

Enfnmnrnental Parinenhip 

One of the most significant long-term trends affecting the future vitality of the petroleum industry is the 
public’s concerns about the environment. Recognizing this trend, API member companies have developed 
a positive, forward-looking strategy called STEP: Strategies for Today’s Environmental Partnership. This 
program aims to address public concerns by improving our industry’s environmental, health and safety 
performance; documenting performance improvements; and communicating them to the public. The 
foundation of STEP is the API Environmental Mission and Guiding Environmental Principles. 

API ENVIRONMENTAL MISSION AND GUIDING ENVIRONMENTAL PRINCIPLES 

The members of the American Petroleum Institute are dedicated to continuous efforts to improve the 
compatibility of our operations with the environment while economically developing energy resources and 
supplying high quality products and services to consumers. The members recognize the importance of 
efficiently meeting society’s needs and our responsibility to work with the public, the government, and 
others to develop and to use natural resources in an environmentally sound manner while protecting the 
health and safety of our employees and the public. To meet these responsibilities, API members pledge 
to manage our businesses according to these principles: 

To recognize and to respond to community concerns about our raw materials, products and 
operations. 

To operate our plants and facilities, and to handle our raw materials and products in a manner 
that protects the environment, and the safety and health of our employees and the public. 

To make safety, health and environmental considerations a priority in our planning, and our 
development of new products and processes. 

To advise promptly, appropriate officials, employees, customers and the public of information 
on significant industry-related safety, health and environmental hazards, and to recommend 
protective measures. 

To counsel customers, transporters and others in the safe use, transportation and disposal of 
our raw materials, products and waste materials. 

To economically develop and produce natural resources and to conserve those resources by 
using energy efficiently. 

To extend knowledge by conducting or supporting research on the safety, health and 
environmental effects of our raw materials, products, processes and waste materials. 

To commit to reduce overall emission and waste generation. 

To work with others to resolve problems created by handling and disposal of hazardous 
substances from our operations. 

To participate with government and others in creating responsible laws, regulations and 
standards to safeguard the community, workplace and environment. 

To promote these principles and practices by sharing experiences and offering assistance to 
others who produce, handle, use, transport or dispose of similar raw materials, petroleum 
products and wastes. 
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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- 

ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 

ITY FOR INFRINGEMENT OF LETTERS PAmNT. 

FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 

THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 

Copyright Q 1995 American Petroleum Institute 
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ABSTRACT 

The effluent limitation guidelines being promulgated by the United States 
Environmental Protection Agency (EPA) for the offshore oil and gas industry include 
the prohibition of the discharge of diesel oil in drilling muds and drill cuttings from 
offshore oil and gas platforms. Analytical test procedures have been developed by the 
EPA to allow monitoring for diesel oil in drilling fluids whenever necessary to ensure 
compliance with the regulation. In the development of these analytical techniques, the 
EPA and the Technology/Diesel Analysis Work Group of the American Petroleum 
Institute (API) conducted studies to evaluate various extraction and analytical 
measurement techniques for reliable determination of diesel, mineral, and crude oils in 
drilling muds. The resulting Method 1662 (SoxhleüDean-Stark Extraction and 
Gravimetry for Total Extractable Material in Drilling Mud), Method 1654A (HPLC/UV for 
Polynuclear Aromatic Hydrocarbons Content of Oil), and Method 1663 (GC/FID for 
differentiation of Diesel and Crude Oil). 

This report describes the methods and presents the results of the interlaboratory 
validation study of the methods. The large volume of raw data of this interlaboratory 
study, which includes calibration documentation, chromatograms, and EPA report 
forms are not included in this report, but are available in retrievable record from the 
American Petroleum Institute, Washington, D.C. 
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EXECUTIVE SUMMARY 

This report presents the results of the interlaboratory validation study of EPA Methods 
1662, 1654A, and 1663, which was conducted with participation from the U.S. 
Environmental Protection Agency (EPA) and the American Petroleum Institute (API). 
The report discusses the development work conducted by EPA and API which resulted 
in these EPA methods, the interlaboratory validation study, and the method revisions 
required as a result of the validation study. Although this report shows that the 
methods developed were not perfect in their initial application, it is believed that the 
minor modifications to the methods as discussed later in this report will result in the 
reliable determination of diesel oil in drilling mud. 

DEVELOPMENT OF EPA METHODS l662,1654A, AND 1663 
EPA Methods 1662, 1654A, and 1663 are analytical test procedures, which have been 
issued by the EPA, to allow monitoring for diesel oil in drilling fluids whenever 
necessary to ensure regulatory compliance to the EPA Effluent Limitation Guidelines 
for the Offshore Oil and Gas Industry. The regulation includes a ban on the discharge 
of diesel oil in drilling muds and drill cuttings. 

The methods were developed from work conducted by the EPA and the API 
Technology/Diesel Analysis Work Group. Various extraction methods were evaluated, 
and analytical measurement techniques were tested for the measurement of diesel oil. 
Because of the potential presence of mineral oil and/or crude oil in drilling muds, the 
analysis requires diesel oil to be distinguished from mineral oil and crude oil. Since no 
single analytical technique was found adequate, this method development effort has 
resulted in a tiered analysis approach for determining diesel oil in drilling muds using 
Methods 1662, 1654A, and 1663. With this approach, the analytical method required 
is guided by the results and decision criteria at each tier in the procedure. 

Method 1662 for Total Extractable Material in Drilling Mud uses a SoxhleVDean-Stark 
(SDS) extractor to remove oil from the drilling mud for weighing and further analysis. 
Method 1654A for Polynuclear Aromatic Hydrocarbons (PAH) Content of Oil measures 
the PAH content of the extracted oil by high performance liquid chromatography with 

ES-1 
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ultraviolet detection (HPLCNV). If the PAH content is less than 0.35 weight percent, 
the oil is mineral oil. If the PAH content is equal to or greater than 0.35 weight 
percent, the oil is diesel oil or crude oil. Method 1663 for Differentiation of Diesel and 
Crude Oil uses gas chromatography with flame ionization detection (GC-FID) to 
measure the presence and distribution of hydrocarbons in the extracted oil. The 
presence of n-alkanes in the C,-C,, range indicates the presence of diesel or crude 
oil. The oil is crude oil if the C,&, n-alkane content is greater than 1.2 percent of 
the total C,-C,, n-alkane content. 

THE INTERLABORATORY STUDY OF THE METHODS 
The interlaboratory study included six analytical laboratories. An additional laboratory 
prepared and shipped the round-robin samples to the participants. A 
seawater/lignosulfonate drilling fluid was used to prepare hot-rolled drilling mud 
samples, which were spiked with either mineral oil, diesel oil, or crude oil. Mud 
samples containing each type of oil were received by the participants for analysis. 
The EPA Sample Control Center for this study was DynCorp-Viar. 

RESULTS AND CONCLUSIONS 
All the participants in this interlaboratory study were able to carry out the analytical 
test procedures, once certain procedural problems, discussed in detail in this report, 
were addressed and corrected through the EPA Sample Control Center. 

The initial precision and recovery QA acceptance criteria for each method were met by 
all laboratory participants. However, the analytical results for the oil spiked drilling 
mud samples showed measureable interlaboratory variabilities. 

The mean and range of recovery values for extractables by Method 1662 was 70 (1 8 - 
153) percent for the mineral oil spiked mud, 83 (29 - 200) percent for the diesel oil 
spiked mud, and 66 (24 - 82) percent for the crude oil spiked mud. 

Four of six laboratories correctly identified the oil in the mineral oil spiked mud to be 
mineral oil on the basis of PAH content by Method 1654A. Of the two laboratories 
which reported the higher PAH contents, one of these reported 0.38 percent, which is 

ES-2 
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essentially at the criteria concentration (0.35 percent) of the method. The diesel oil 
spiked mud samples showed higher PAH contents than mineral oil spiked mud 
samples in every case. The mean interlaboratory value was 3.4 percent PAH for the 
diesel oil spiked samples. Five of the six laboratories reported PAH in oil values 
greater than 0.35 percent for diesel oil spiked samples. These laboratories would thus 
have correctly identified the oil in this mud as diesel oil (or crude oil). The sixth 
laboratory reported a value of 0.32 percent PAH, which is also essentially at the 0.35 
percent criteria concentration of the method. 

Four laboratories reported greater than 1.2 percent weight C,,-C,, n-alkane 
concentrations by Method 1663 for the crude oil spiked samples. In these four of six 
cases, Method 1663 would have differentiated diesel oil and crude oil. Two of the six 
laboratories, however, would not have differentiated diesel oil and crude oil. In these 
two cases, the analytical data obtained may have been due to excess dilutions of the 
sample and/or insuff icient instrument sensitivity settings. All laboratories reported less 
than 1.2 percent values for the mineral oil and diesel oil spiked samples. Low 
recovery of extractables by Method 1662 did not correlate with or result in low PAH 
recovery by Method 1654A, or low C,,-C,, percent n-alkanes by Method 1663. 

Editorial corrections, laboratory procedure instructions, and method detection limit 
clarifications, as discussed in this report, need to be made in the methods revisions. 
EPA Sample Control Center has reported that methods corrections will be 
incorporated in the revised version of these EPA methods. 

ES-3 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



Section 1 
INTRODUCTION 

Diesel oil in drilling fluids (muds) and drill cuttings cannot be discharged from offshore 
oil and gas platforms. The diesel oil prohibition is part of the effluent limitation 
guidelines for the offshore oil and gas industry being promulgated by the U.S. 
Environmental Protection Agency (EPA) [58 FR 12454-125121. In support of the final 
rule, EPA has issued a compendium of analytical methods for the determination of 
diesel, mineral, and crude oils in offshore oil and gas industry discharges (EPA, 1992). 
The analytical test procedures were developed to allow monitoring for diesel oil in 
drilling fluids whenever necessary to ensure compliance with the regulation. 

Initially, Method 1651 (Retort, Gravimetry, and GC-FID) was developed for diesel 
monitoring and proposed as part of the 40 CFR Part 435 rule [56 FR 10664-1 071 51. 
This method uses a retort apparatus to thermally extract oil from drilling mud. The oil 
in the extract is weighed and then further analyzed by gas chromatography with flame 
ionization detection (GC-FID). Diesel oil identification is done by comparing the 
pattern of GC peaks in the oil with the pattern produced by a diesel oil reference. 

The American Petroleum Institute (API) and its member companies criticized Method 
1651 because the method is not definitive for diesel, since it can show potential 
interferences from mineral oil and crude oil. Mineral oil is an allowed lubricity additive 
for drilling fluids, which may be discharged in drilling muds as long as the discharge 
passes the sheen test and toxicity limits are met. Crude oil arising from the oil 
bearing formation can have hydrocarbons which interfere in the same boiling range 
used in Method 1651 to identify diesel hydrocarbons. Other objections to Method 
1651 were that the retort apparatus used in the method is not sufficiently reproducible 
to serve as an analytical extraction technique, and the device can produce analytical 
artifacts with some types of muds. 

For a number of years, EPA and API have been investigating methods for 
determination of diesel oil in drilling muds and drill cuttings. What initially appeared to 
be a simple problem of selecting the appropriate method for the determination of 
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"diesel oil" turned out to be a very formidable problem that involved developing 
multiple methods in order to distinguish diesel oil from mineral oil and crude oil. 

The problem of distinguishing differences between oils comes about because of the 
great variety of diesel, mineral, and crude oils. In many instances, these oils contain 
common components in overlapping concentrations making a simple absolute test for 
diesel oil virtually impossible. Techniques such as ultraviolet (UV) spectrometry and 
gas chromatography combined with mass spectrometry (GUMS) were tested initially 
in attempts to determine the qualitative differences between oils. Unfortunately, the 
concentrations of the specific components measured by these techniques are either so 
similar that differences cannot be distinguished (ems. mineral and diesel oil by UV 
spectroscopy) or the components are so low and highly variable in concentration that 
reliable measurements cannot be made (e.g., the PAH by GC/MS). 

After working on this problem for several years, and with the cooperation of many 
members of the API Technology/Diesel Analysis Work Group, the API and the EPA 
were able to characterize diesel, mineral, and crude oils from multiple sources in the 
industry. The distribution and total amounts of the UV absorbing components of the 
oils were characterized by High Performance Liquid Chromatography with Ultraviolet 
Detection (HPLWUV), and the distribution and concentrations of the components 
detectable by flame ionization detection were characterized by GC/FID. A study of 
these distributions finally yielded differences between the various oil types which could 
be determined by using the hierarchy of tiered tests employed in the interlaboratory 
study presented in this report. 

In developing the tiered analytical procedure for diesel oil in drilling muds, the EPA 
and the API Technology/Diesel Analysis Work Group conducted studies to evaluate 
various alternative extraction and analytical measurement techniques for diesel, 
mineral, and crude oils in drilling muds (Raia, 1992; Benjamin, 1992; Weintritt, 1989). 
This work has resulted in Method 1662 (SoxhleVDean-Stark Extraction and Gravimetry 
for Total Extractable Material in Drilling Mud), Method 1654A (HPLC/UV for 
Polynuclear Aromatic Hydrocarbons Content of Oil), and Method 1663 (GC/FID for 
differentiation of Diesel and Crude Oil). 
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The member companies of the API Technology/Diesel Analysis Work Group and 
individuals working under the auspices of API and the EPA are to be commended for 
their perseverance in resolution of the technical challenges presented by what started 
out as a task seeking a simple means to reliably measure diesel oil. Although this 
report shows that the methods developed were not perfect in their initial application in 
this interlaboratory study, it is believed that the minor modifications to the methods as 
discussed in this report will result in the reliable determination of diesel oil in drilling 
mud. 

This report will discuss these methods and the results of the interlaboratory validation 
study of the methods, which has been conducted by EPA and the API. 
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Section 2 
METHOD DEVELOPMENT AND DISCUSSION 

DRILLING MUD DISCHARGE MONITORING FOR OIL AND TOXICITY 
The discharge of drilling muds from offshore platforms requires environmental 
compliance monitoring for oil and toxicity. Regulatory requirements are: 

no free oil can be present, as measured by the static sheen 
test (the visual sheen test is allowed in EPA Region Vi); 

a toxicity limitation in the suspended particulate phase of the mud to 
mysids as measured by the 96-h LC50 >= 30,000 ppm; 

no diesel can be present as documented by the well inventory record, 
and 

verified by confirmatory analytical testing when required. 
For confirmatory analysis of diesel, EPA Methods 1662, 1654A, and 1663 are used in 
a tiered analysis approach as discussed below. 

DEVELOPMENT OF EPA METHODS l662,1654A, AND 1663 
In the development of Methods 1662, 1654A, and 1663, work conducted by EPA and 
the API Technology/Diesel Analysis Work Group was aimed at obtaining a good 
alternative extraction procedure to the retort, and a measurement finish that would 
allow diesel to be distinguished from mineral oil and crude oil. 

The extraction techniques evaluated in addition to the retort were: 
Soxhlet/Dean-Stark (SDS); 
sonication with acetone/methylene chloride (1 :1 VN); and 
supercritical fluid extraction (SFE) with carbon dioxide. 

Laboratory prepared hot-rolled muds were spiked at two concentration levels of diesel. 
One level was at 0.2% and the other at 2.0%. Similarly, other mud samples were 
spiked with mineral oil and with crude. Based on the recovery data from these 
extraction studies, SDS was selected as the best extraction procedure for diesel in 
drilling muds [Raia, 19921. SFE gave lower recoveries for diesel than did the other 
techniques tested in this study. This may have been due in part to problems caused 
from the relatively high water contents of drilling muds. 
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N 
Mean 
S.D. 
Mean + 2SD 

In the analytical measurement of diesel in drilling muds, definitive techniques are 
required that allow diesel to be distinguished from interferences caused by the 
potential presence of mineral oil and/or crude oil. Diesel oil is known to generally 
contain higher concentrations of polynuclear aromatic hydrocarbons (PAHs) than does 
mineral oil. Further, the alkane hydrocarbons in diesel are generally in the boiling 
range of C,o-C24, while in crude oils, the alkane hydrocarbons generally range lower 
than C,, and extend beyond CZ4. These distinguishing characteristics, PAH content 
and alkane boiling range, were the basis of selecting High Performance Liquid 
Chromatography with Ultraviolet Detection (HPLC/UV) for measuring PAHs, and 
GC-FID for determining n-alkane boiling point profiles. 

Extractables in PAH in C,,-C,, in Diesel Oilsb 
Drilling Mudsa Mineral Oilsb % Wt. 

mg/kg % wt. 
14 9 10 

1267.0 0.1 590 0.45 
748.0 0.0935 0.39 
2764.0 0.3459 1.22 

A study was then made to quantify the PAH contents and n-alkane distributions in 
diesel, mineral, and crude oils (Benjamin, 1992). Retort results for drilling muds from 
offshore drilling sites were surveyed to determine levels of total extractable material in 
drilling muds (Weintritt, 1989). The results are summarized in Table 1. These data 
provided PAH concentration levels that could be used to distinguish diesel oil from 
mineral oil, and n-alkane distributions that could be used to differentiate diesel oil from 
crude oil. The survey also provided an indication of background concentration levels 
of extractable material in drilling muds to which diesel had never been added. This 
information provided the basis for how the tiered analysis approach is employed, using 
PAH content and n-alkane distributions, to determine diesel oil in drilling muds. 

a (Weintritt, 1989) 
(Benjamin, 1992) 
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Method 1654A 
Determine PAH content of 1 .O-mL portion by HPLCWV 

If PAH content c0.35 wt %, oil is mineral oil 
tf PAH content ~0 .35  wt %, oil may be diesel or crude oil 

i 

DIFFERENTIATION OF DIESEL, MINERAL, AND CRUDE OILS 
BY EPA METHODS 1662, 1654A, AND 1663 
The tiered analysis approach employing EPA Methods 1662, 1654A, and 1663 to 
determine the presence of diesel oil in drilling muds is shown in Figure 1. With this 
approach, the analytical method required is guided by the results and decision criteria 
at each tier in the procedure. 

Method 1662 
SDS extraction 

Rotovap to approx imately 1 mL 
Adjust volume to 5.0 mL with acetonitrile 

Evaporate 4.0 mL to dryness with nitrogen blowdown 
Determine total oil in 4.0-mL portion by gravimetry 

Method 1663 
Determine n-alkane pattern of 1 .GmL portion by GCFID 

If 4 0  n-alkanes present in Cg-C24 range Q S/N ~ 3 ,  no diesel 

If n-alkanes present in Cg430 range & C25-C30 n-alkanes ~ 1 . 2  
Yo of total Cg430 n-alkanes, oil is crude oil 

Figure 1. Tiered Analysis by Methods 1662, 1654A, and 1663 (EPA, 1992) 
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Method 1662 uses a SoxhleVDean-Stark (SDS) extractor to remove oil from the drilling 
mud. The total oil in the extract can be measured by weighing a measured portion of 
the extract. The other portion of the extract is used in Methods 1654A and 1663. 

The PAH content of the extracted oil is measured as phenanthrene by HPLC/UV in 
Method 1654A. If the PAH content is less than 0.35 weight percent, the oil is mineral 
oil. If the PAH content is equal to or greater than 0.35 weight percent, the oil is diesel 
oil or crude oil. 

Method 1663 uses GC-FID to measure the presence and distribution of hydrocarbons 
in the extracted oil. The presence of n-alkanes in the C,-C,, range indicates the 
presence of diesel or crude oil. If less than 10 n-alkanes are present in the C,-C, 
range (at a signal-to-noise ratio of 3 or greater for each n-alkane), diesel oil is not 
present. If 10 or more n-alkanes are present in the C,-C,, range, the percentage of n 
alkanes in the C,,-C,, range are used to determine if the oil is crude oil. The oil is 
crude oil if the C,,-C3, n-alkane content is greater than 1.2 percent of the total C9-C30 
n-alkane content. 
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EPA Method 1662 1654A 1663 
Extractable Oil PAH in Oil C*,-C,o 

% Wt. % wt. % wt. 

Section 3 
INTERLABORATORY STUDY OF METHODS 1662, 1654A, AND 1663 

1663 
Diesel 
mgiML 

The interlaboratory round-robin test of methods 1662, 1654A, and 1663, has been 
conducted by EPA and the API Technology/Diesel Analysis Work Group. DyneCorp 
Viar (Alexandria, Virginia) served as sample control center for the study. 

Sam~le ID 

I NTERLABORATORY TEST DESIGN 
The interlaboratory test design included six analytical laboratories; three were EPA 
contract laboratories, and three were API contract laboratories. One additional 
laboratory, Weintritt Consulting Services (Lafayette, Louisiana), prepared and 
distributed the drilling mud samples for testing. 

Number of Sam~les 

The three EPA contract laboratories were Analytical Technologies, Inc. (Fort Collins, 
Colorado), Commonwealth Technology, Inc. (Lexington, Kentucky), and Pacific 
Analytical, Inc. (Carlsbad, California). The three API contract laboratories were Core 
Laboratories (Houston, Texas), Southern Petroleum Laboratories (Scott, Louisiana), 
and MI Drilling Fluids Co. (Houston, Texas). These laboratories were respectively 
designated as A, B, C, D, E, and F for this interlaboratory study. 

IPR a 

Blank (1662) 
Blank (1 654A) 

or (1 663) 

4x 4x 4x 4x 
1x 1x 1x 1x 
1x 1x 1x 1x 

OPR 
Mud + Diesel 
Mud + Mineral 
Mud + Crude 

I 

1x 1x 1x 1x 
2x 2x 2x 2x 
2x 2x 2x 2x 
2x 2x 2x 2x 

a IPR is Initial Precision & Recovery 
OPR is Ongoing Precision & Recovery 
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The interlaboratory study plan is shown in Table 2. The laboratory participants 
received three drilling mud samples. One sample was spiked with diesel oil, another 
with mineral oil, and the other with crude oil. The laboratories were instructed to 
report initial and ongoing precision and recovery quality assurance (QA) results for 
each method as specified. Each of the mud samples was analyzed in duplicate. 
Chromatograms and calibration data were submitted with the reported test results. 

PREPARATION OF DRILLING MUD SAMPLES 
The drilling mud samples were prepared and spiked with oils as described in Appendix 
A in the letter of February 26, 1993 from Weintritt Consulting Services to Mr. Dan 
Caudle, Conoco, Inc. Thirty barrels of a 12 Ib/gal seawaterAignosulfonate drilling fluid 
was prepared and tested according to API recommended practices. The prepared 
drilling fluid was used to prepare hot-rolled drilling mud samples containing 0.3 
percent volume of oil. Eight samples (one pint each) were prepared to contain mineral 
oil (Conoco LVT 200); eight samples (one pint each) contained diesel oil, and another 
eight samples (one pint each) contained crude oil (Conoco, Lafayette). One sample of 
the drilling mud contained no added oil. A recommended procedure was provided to 
each laboratory for sampling the spiked drilling muds from the containers. The labs 
receiving the samples were not informed of the oil concentrations or type of oils 
present. The sample numbers and corresponding laboratory assignments are given in 
Appendix A. 

INITIAL PRECISION AND RECOVERY QA RESULTS 
The initial precision and recovery results are summarized in Tables 3 through 6. All 
participating laboratories were able to meet the initial precision and recovery QA 
acceptance criteria for the methods (Table 5). Laboratory E reported that losses of 
analyte in Method 1654A occurred in the procedure where the sample extracts are 
concentrated to eliminate chromatographic interference caused by the toluene solvent. 

The ongoing precision and recovery QA criteria were met by all participating 
laboratories, except for laboratory E, which did not report this data with their results. 
Laboratory F showed 11 1 percent recovery for Method 1663, which has an 
acceptance criteria specification of 78-1 1 O percent. 

10 
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A P I  P U B L * 4 6 1 1  95 O732290 0545395 159 = 

LABORATORY I A I B C I D I E I F 

Table 4. Initial precision & recovery results (Method 1662 - % Wt.) 
11 LABORATORY I A I B I C I D I E I F 

SPIKE 
MEAN 
S.D. 

0.25 0.20 0.25 0.25 0.25 0.25 
0.22 0.1 5 0.20 0.18 0.16 0.24 
0.02 0.02 0.02 0.04 0.02 0.01 

Found 

1) Found I 99. I 90. I 96. 93. 89. 

9. 13. I 1 o. 22. 12. I 4. 

11 
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M + Mineral 
M + Diesel 
M + Crude 

RESULTS FOR OIL SPIKED DRILLING MUD SAMPLES 
The interlaboratory results for the oil spiked drilling mud samples are summarized in 
Tables 7 through 10 and Figures 2 through 4. The results summary provided by the 
sample control center (DynCorp Viar) is given in Appendix B. The results given in 
Table 7 are mean values and show measureable interlaboratory variabilities. Tables 
8, 9, and 10 show duplicate results for spiked drilling muds according to Methods 
1662, 1654A, and 1663, respectively. 

0.1 8 0.26 0.05 0.03 0.09 0.10 
0.14 0.17 0.34 0.05 0.07 0.08 
0.14 0.13 0.14 0.04 0.12 0.10 

Table 7. Results for spiked drilling mud samples (Methods 1662, 1654A, and 1663) 
LABORATORY I A I B I C 1 D 1 E I F II 

M + Minerai 0.18 2.65 
M + Diesel 2.70 3.80 
M + Crude 1.16 5.40 

II 
~~ 

% Wt. Extract. 

0.12 0.38 0.07 0.21 
0.32 2.74 7.1 3 3.68 
0.23 1.78 0.15 1.53 

M + Mineral <1 .o <1 .o 4.2 <1 .o 
M + Diesel <1 .o <1 .o 4.2 0.6 
M + Crude 1.53 <1 .o 4.2 7.5 

0.09 <1 .o 
0.24 <1 .o 
7.10 6.1 

Method 1662 
The percent weight extractables data by Method 1662 (Table 7) should be comparable 
to the nominal spike concentration of 0.17 percent weight oil which was added to each 
mud (0.3 percent volume of oil in the 12 Ib/gal mud preparation). 

The percent recovery of extractable oil obtained by Method 1662 is shown graphically 
for each laboratory in Figure 2. The mean and range of recovery values for each mud 
was 70 (18 - 153) percent for the mineral oil spiked mud, 83 (29 - 200) percent for the 
diesel oil spiked mud, and 66 (24 - 82) percent for the crude oil spiked mud. Several 
of the laboratories showed relatively low recovery results. Laboratory C however 
showed too high recovery (200 percent) for the diesel spiked mud. Some participants 
commented that they experienced problems with the SoxhleVDean-Stark extractor frit 
being clogged with mud particles. This caused slow percolation of toluene through the 
sample and long extraction times. 

12 
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o.12 0.1 2 I A 0.16 0.1 9 0.13 0.15 0.15 I B  0.24 0.27 0.17 0.17 0.14 

The acceptance criteria given in Method 1662 for matrix spike recovery is 35 - 59 
percent. If this same level of recovery acceptance were applied to the spiked mud 
samples results, the acceptance criteria would be met for each sample by laboratories 
A, B, E, and F. Laboratories C and D would not meet the acceptance criteria. 
Laboratory A results were close to the true nominal oil values. This laboratory has 
had prior experience with the procedures of the method, since it had performed 
analyses in the development phases of the methods. 

C 
D 
E 
F 

Table 8. Duplicate Results of spiked drilling muds (Method 1662) 
Method 1662 (% Wt. Extractable Material in Drilling Mud) I 

0.02 0.09 0.36 0.33 0.06 0.23 
0.03 0.03 0.04 0.05 0.04 0.04 
0.10 0.08 0.06 0.08 0.12 0.1 1 
0.09 0.1 1 0.08 0.09 0.1 1 0.1 1 

0.07 0.08 

II Run # I 1 I 2 I 1 I 2 I 1 I II 
II (RPD Acceptance = 34%) 11 LABORATORY 

% RECOVERY (Method Acceotance - 35-158%) 

LJu I 

A B C D E F 
LABORATORY 

= Mlneral Splked Mud Diesel Splked Mud Crude Splked Mud 

Figure 2. Recovery Results Method 1662 
Percent Extractable Oil in Spiked Mud 

(Oil Added at 0.3% Volume) 

13 
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Method 1654A 
The results for PAH in oil by Method 1654A are given in Table 7 and shown 
graphically in Figure 3. The decision criteria used in the tiered analysis procedure 
(Figure 1) specifies that oil extracted from the drilling mud by Method 1662 is mineral 
oil, if the PAH content in the oil by Method 1654A is less than 0.35 percent weight. 
Otherwise, the extracted oil may be diesel or crude oil. 

The mineral oil spiked muds showed less than 0.35 percent PAH by four of six 
laboratories. Two laboratories, B and D, reported PAH contents of 2.65 percent and 
0.38 percent, respectively. Four of the six laboratories would thus have clearly and 
correctly identified the oil in this mud to be mineral oil. Laboratories B and D would 
have false positively identified the oil as diesel oil or crude oil. Duplicate PAH values 
by Laboratory D for the mineral oil spiked mud were 0.20 and 0.56 percent, which 
were outside the precision criteria of the method. Repeat analyses of this sample 
should thus have been performed. In an environmental monitoring situation, false 
positives for diesel oil would likely be further scrutinized with repeat analyses for 
verif ¡cat ion. 

The diesel oil spiked mud samples showed higher PAH contents than mineral oil 
spiked mud samples in every case. The mean interlaboratory value was 3.3 percent 
PAH for the diesel oil spiked samples. Five of six laboratories reported PAH in oil 
values greater than 0.35 percent for diesel spiked samples. Laboratory C reported 
0.32 percent, a value which was essentially at the criteria concentration of the 
method. These laboratories thus would have correctly identified the oil in this mud to 
be diesel oil (or crude oil). 

For the crude oil spiked muds, four of the six laboratories reported greater than 0.35 
percent PAH in oil values. In these cases, the crude oil would be correctly identified 
as "not mineral oil," and Method 1663 would then be used to determine that the oil is 
not diesel oil. Laboratories C and E reported 0.23 percent PAH and 0.15 percent 
PAH, respectively for these mud samples. These two laboratories would thus have 
incorrectly identified the crude oil in this mud sample as mineral oil, but no error in 
diesel oil identification would have been made. 

14 
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Run # 

An important observation is that low recovery of extractables by Method 1662 did not 
correlate with or result in low PAH recovery by Method 1654A. That is, PAH contents 
greater than the 0.35 percent decision criteria were correctly found for diesel spiked 
muds, even when low recoveries for extractables in these muds were obtained by 
Method 1662. 

M + Mineral M + Diesel M + Crude 
1 1 2 1 I 2 1 I 2 

A 
B 
C 
D 

0.20 0.17 2.85 2.54 1 .o9 1.24 
2.9 2.4 3.9 3.7 4.9 5.8 
0.03 0.22 0.36 0.29 0.35 0.1 1 
0.20 0.56 2.86 2.61 1.78 1.77 

E 0.07 
F 0.25 

u 
W 
E 
I 
G 
H 
T 

P 
A 
H 

0.07 7.71 6.55 0.12 0.18 1 
0.17 5.26 3.10 1.36 1.34 

Criteria: Oil is Mineral Oil if PAH <0.36YWt. 
Oil may be Diesel or Crude Oil i f  PAH ~0.369CWt. 

7.13 8 

36% 

A B C D E F 
LABORATORY 

Mineral Splked Mud 

Crude Spiked Mud 

Diesel Spiked Mud 

Figure 3. PAH in Oil by Method 1654A 
(“h Wt. PAH in Oil Extracted from Mud) 

(Oil Added at 0.3% Volume) 

15 
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Method 1663 
Results by GC-FID with Method 1663 are given in Table 7 and shown graphically in 
Figure 4. All laboratories reported less than 1.2 percent weight C25-C30 n-alkane 
concentrations for the mineral oil and diesel oil spiked samples. The 1.2 percent 
concentration level for C,,-C,, n-alkanes is the decision criteria used in the tiered 
analysis procedure to differentiate diesel oil and crude oil (Figure 1.). The 
interlaboratory mean value and range for laboratories A, D, E, and F was 5.6 (1.5 - 
6.1) percent C25-C30 n-alkanes for the crude oil spiked samples. Laboratories B and C 
reported less than 1.2 percent n-alkanes for these samples. 

Run # 

Again, an important observation is that low recovery of extractables by Method 1662 
did not correlate with or result in low C25-C30 percent n-alkanes by Method 1663. That 
is, c2&30 n-alkanes concentrations greater than the 1.2 percent decision criteria were 
correctly found for crude oil spiked muds, even when low recoveries for extractables in 
these muds were obtained by Method 1662. 

M + Mineral M + Diesel M + Crude 
1 2 1 I 2 1 2 

A 
B 

<1 .o0 e1 .o0 <1 .o0 <1 .o0 1.57 1.51 
<1 .o0 <1 .o0 <1 .o0 <1 .o0 <1 .o0 <1 .o0 

<1.20 
6.50 

C <I .20 4.20 4 . 2 0  <1.20 4.20 I D .  <1 .o0 <1 .o0 0.60 0.60 8.50 
E 
F 

Duplicates Results 
Duplicate values data and QA acceptance criteria for the spiked drilling mud samples 
are given for each method in Tables 7 through IO, respectively. Precision of 
duplicates data was in the acceptable range for most analyses. Results which were 
outside duplicate precision criteria were as follows: laboratory C data (by Method 1662 
and Method 1654A) for the mineral oil and crude oil spiked muds; laboratory D 

<I .o0 <1 .o0 <I .o0 <1 .o0 6.80 7.30 
<1 .o0 <1 .o0 <1 .o0 <1 .o0 3.70 3.70 

11.0 

16 
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A B C D E F 
LABORATORY 

Mineral Spiked Mud Diesel Spiked Mud 

Crude Spiked Mud 

Figure 4. C,,-C,, in Oil by Method 1663 
(“h nC,,-nC&,-C, n-Alkanes) 

1.2% 

data (by Method 1654A) for the mineral oil spiked mud, and crude oil spiked mud (by 
Method 1663); laboratory F data (by Method 1654A) for the diesel oil spiked mud, and 
crude oil spiked mud (by Method 1663). 

COMMENTS OFFERED BY STUDY PARTICIPANTS 
Narrative comments concerning the methods were reported by the laboratory 
participants with their results. These comments are given in Appendix C. During the 
course of the study some laboratory problems were encountered with the methods 
procedures, as written, which required method modifications and correction. Solvent 
incompatibilities among Methods 1662, 1654A, and 1663, required a more thorough 
solvent exchange procedure with acetonitrile to assure that large amounts of toluene 
do not interfere in the measurement of PAHs. A solvent change from hexane to 
methylene chloride was required so that standards are miscible in acetonitrile in 

17 
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Method 1663. A memorandum of March 4, 1993 (also given in Appendix C.) was 
issued by the EPA Sample Control Center (DynCorp-Viar) to all study participants 
addressing the technical issues requiring correction, so that the interlaboratory study 
could be completed. Errata sheets for Method 1662, 1654A, and 1663 were included 
in the memorandum. The EPA Sample Control Center reported in the memorandum 
that the corrections will be incorporated into an updated version of these EPA 
methods. 

Another procedure issue raised by some of the study participants concerned the slow 
percolation of toluene through the sample in the Soxhlet/Dean-Stark extraction of 
Method 1662. In this case, the method may be improved by clarifying the written 
procedure to instruct that the mixture of mud sample and quartz sand is to be placed 
on top of 50 gram of quartz sand in a cellulose thimble for the extraction. 

Editorial corrections in Method 1654A include changing a reference in Equation 3 from 
"Section 11 5.5 of Method 1662" to "Section 10.5.5 of Method 1662." Table 1 of 
Method 1654A requires units corrections from "mg/ml" to "ug/ml" for PAH in diesel oil, 
and a label clarification concerning "Diesel oil in Mud Extract" or "PAH in Mud Extract." 
The detection limit of 0.76 percent weight shown in the Table is not appropriate for the 
0.35 percent weight decision criteria used in the tiered analysis procedure. The 1/5 
factor in Equation 3 should be changed to 1/4. 

18 
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Section 4 
CONCLUSIONS AND RECOMMENDATIONS 

The following conclusions and recommendations are made from this interlaboratory 
study of EPA Methods 1662, 1654A, and 1663: 

All the laboratory participants in this study were able to carry out the 
analytical test procedures, once the procedural problems, which were 
discussed in the above Section and Appendix C of this report, were 
addressed, corrected, and communicated by the EPA Sample Control Center 
to the laboratory participants. 

All laboratory participants were able to meet the initial precision and recovery 
QA acceptance criteria for the methods. Laboratory E reported that losses 
of analyte occurred in the procedure where the sample extracts are 
concentrated to eliminate chromatographic interference caused by the 
toluene solvent. 

The analytical results for the oil spiked drilling mud samples showed 
measurable interlaboratory variabilities. 

The mean and range of recovery values by Method 1662 for each mud was 
70 (18 - 153) percent for the mineral oil spiked mud, 83 (29 - 200) percent 
for the diesel oil spiked mud, and 66 (24 - 82) percent for the crude oil 
spiked mud. 

The mineral oil spiked muds showed less than 0.35 percent PAH by Method 
1654A by all laboratories except B and D, which reported 2.65 and 0.38 
percent, respectively. Four of the six laboratories would thus have correctly 
identified the oil in this mud to be mineral oil. The duplicate PAH values by 
Laboratory D for this mud sample were 0.20 and 0.56 percent, which were 
outside the precision criteria of the method. Repeat analyses of this sample 
should thus have been performed. 

The diesel oil spiked mud samples showed higher PAH contents than 
mineral oil spiked mud samples in every case. The mean interlaboratory 
value was 3.3 percent PAH for the diesel oil spiked samples. Five of six 
laboratories reported PAH in oil values greater than 0.35 percent for diesel 
oil spiked samples. These laboratories would thus have correctly identified 
the oil in this mud as diesel oil (or crude oil). A value of 0.32 percent, which 
is essentially at the criteria concentration of the method, was reported by the 
sixth laboratory. 

Four of six laboratories reported greater than 1.2 percent weight C,,-C,, 
n-alkane concentrations by Method 1663 for the crude oil spiked samples. 
The interlaboratory mean value and range for laboratories A, D, E, F was 5.6 
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(1.5 - 6.1) percent. Laboratories B and C would not have differentiated 
diesel oil and crude oil by Method 1663. All laboratories reported less than 
1.2 percent values for the mineral oil and diesel oil spiked samples. 

Low recovery of extractables by Method 1662 did not correlate with or result 
in low PAH recovery by Method 1654A, or low C,,-C,, percent n-alkanes by 
Method 1663. That is, PAH contents greater than the 0.35 percent decision 
criteria were correctly found for diesel spiked muds, even when low 
recoveries for extractables in these muds were obtained by Method 1662. 
Likewise, C,,-C,, n-alkanes concentrations greater than the 1.2 percent 
decision criteria were correctly found for crude oil spiked muds, even when 
low recoveries for extractables in these muds were obtained by Method 
1662. 

Additional editorial corrections, laboratory procedure instructions, and method 
detection limit clarifications, as discussed in the above Section and Appendix 
C of this report, need to be made in the methods revisions. 

EPA Sample Control Center has reported that method corrections will be 
incorporated into an updated version of these EPA methods. 
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WEINTRITT 
CONSULTING SERVICES 

February 26, 1993 

m. Dan Caudle 
conoco, fnc. 
P.O.BOX 2197 
Houston, TX 77252 

subject: 

Dear Dan: 

As per letters of 12/15/92 and 02/02/93 from wb. Alexis Steen, 
American Petroleum Institute, thirty barrels of a 12 lb/gal 
seawater/ lignosulfonate drilling fluid was prepared and tested 
according to API recommended practices. 

composition: 

Report on the preparation and composition of drilling 
muds for validation of Methods 1662, 16541, and 1663. 

Seawater 288.2 cc 
Bentonite 40 9 
Spersene 6 9  
Drispac Reg 1 9  
Caustic Soda 1-2 g 
Barite 130 9 
Rev Düst 40 9 

The prepared drilling fluid was used to prepare hot-rolled 
drilling mud samples in the minimum quantities and containing the 
oils at the concentrations listed below: 

Oil Added 
1 x 1 pt No added oil O 
8 x 1 pt Hineral Oil (Conoco LVT 200) 0.2 - 0.3 percent 
8 x 1 pt Diesel Oil 0.2 - 0.3 percent 
8 x 1 pt Crude Oil (Conoco, Lafayette) 0.2 - 0.3 percent 

The individual mud samples were contained in glass SOO mZ bottles 
w/Teflon lined lids and refrigerated from the time of hot- 
rolling. The samples were then packaged with blue ice in styro- 
foam containers within boxes and shipped Priority Overnight via 
Federal Express to the laboratories designated by API and EPA. 
Six sets of samples were shipped to the testing laboratories and 
t w o  sets kept as backup. (It was originally intended that eight 

305 GUIDRY RD. - U F A Y E T ï E .  U 70503-5603 P. O. BOX 50162 UFA-. U 70593-0162 

TELEPHONE OR FAX: 318/9/981-1571 
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February 26, 1993 
Dr. Dan Caudle 

Page 2 

sets of samples be tested: however, EPA Sample control Center 
designated only three labs in addition to the three selected by 
API.) 
standard was sent with each set of samples. The sample numbers 
given each sample were those designated by Sample Control Center. 
The samples were shipped February 17, 1993, and, according to 
Sample Control, received in good condition. 

To laboratories performing analyses ve recommend the folloving 
procedure : 

As requested by Sample Control Center, a 1 mL diesel 

1. 

2. 

Warm the sample up to room temperature. 

Drop in a bar magnet and place the drilling fluid 
sample on a magnetic ctirrer. 
generate a vortex but not enough to trap air. 
for 5 minutes. 

3. While m t l e  on the magnetic stirrer, 
withdraw the volume requiraû for the test with a 
disposable syringe. 

Bulletin 

Apply enough power to 
Stir 

4. Proceed with the protocol as instructed in EPA 

Mud properties at time 0.3 volume I: hydrocarbon contaminant was 
mixed into each eight sample lot was as follows: 

bcnsity, lb/gal 12.0 
Plastic Viscosity, cp 50 

Gel Strength, lb/100 it* 5 / 2  
Yield Point, lb/100 ft' 32 

PH 10.5 

The concentration of oil added was kept in the high range of the 
suggested 0.2 - 0.3 percent in order to get a more accurate 
reading on the 50 ail retort. 

A consistent mixing and sampling routine was used to assure that 
each lot of samples was of uniform composition. 

Ten (10) barrels (350 ml ea) containing 0.3 vol Z oil was 
continuously stirred in a Nalgene beaker with a slow speed 
stirrer (to minimize air entrapment, partitioning of immiscible 
liquids or settling of barite). 
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February 26, 1993 
Dr. Dan Caudle 

Page 3 

A number of 100 ml aliquott was removed from the beaker while the 
drilling mud was continuously stirred and evenly distributed in 
the eight ( 8 )  sample bottles. This was repeattd Until about 300 
ml of homogeneous sample vas collected in each container. 
A 50 ml retort w i t h  the receiver calibrated to 0.1 ml was used 
before and after the samples were transferred to bottles prior to 
shipment to verify consistericy in mud composition and o i l  
content. Results were as follow: 

VOLUME 8 OIL 
From Single -- 

0.0 - 
0 . 3  0.3 
0.3 0.3 
0 . 3  0.3 

Blank 
No. 2 Diesel O i l  
conoco LVT 200 
hude  Oil 

Sincerely, I 1 

Donald J. Weintritt 
President 

cc: Xs. Alexis Steen, API 
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SAMPLE NUMBER AND LABORATORY ASSIGNMENTS 
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Sample Number and Corresponding Laboratory Assignments for the Offshore Oil 
and Gas Methods 1662,1654A, and 1663 Validation Study-Episode 4461 

Sample number range: 23697-23721 

Lab Name - Blank M ¡ne ral Diesel Crude 

Core 23697 23698 23706 23714 

Southern Petr. 23699 23707 2371 5 

MI Drilling 23700 23708 2371 6 

Analytical Tech. 23701 23709 2371 7 

Commonwealth 23702 2371 O 23718 

Pacific 23703 2371 1 2371 9 

No Lab* 23704 23712 23720 

No Lab* 23705 23713 23721 
These aliquots with no laboratory assignments will serve as back up samples. 

* 
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EPA ANALYTICAL SERVICES REQUEST FORM 
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US. EWRONMENTAL PROIECIION AGENCY 
W Sample Conml -tu 
P. O. BOX 1407 * 
P h m e  70/557-5010 - FIS/5573OrK) 

VA 223U 
SAS Number 1214 
Epbode ô4ó1 

A. EPA Qieot: HQ 

E. Projea Oficer or Drrignite: BU Tcluud 

C. Telephone Nuinbu. 202/360.5131 

?he god dthic stadyis ta obtain tunits f o r d  three rimpia bvm i t  i a s t  three or four 
hbomtoria. ï k r d o r r ,  It is iiitidprted t h t  thm or four bid lorr d thme a m p l e  dll k ic*.rdtd. 

Anrchrnent 1 conhias the homogmintiw p d u m  for tbc mud rinipies. Atlichinen( 2 provides 
the puicnl insbudion for and #der of the umd wœlps .  Drift Methods l a ,  1% and 168 
are Indudcd In Appendix B of the itticbed SOW, 

NOTE: WCH OF THE THREE SAMPIES MUST BE ANALYZED IN DUPLICATE. 

NOTE: Lborrtoricr who h m  not complcrcd Drift Method 1662. Drift Method 16544 or h f t  Method 
1665 iiulpis for E4D during the puî mast ~tirIictorily .nilm four (4) IPR umpk prior tn 

. ' Ihe dah for these IPR inil- must bemal to SCC at m) 684.0610 upon 
complctiori. IPR dit. S h i l l  .&O k mbmlutd with îhe d8tr 

Purpose of 8aaJysi.s (spcdy rvhethcr CWA (Guideline dcvclopmeat, renew or NPDES cornpliana 
monitoring), Superfund (enforament or rcmtdlll adon), RCRA, eic.): CWA Oíbhom Oil 8nd Cis 
industry Study. 

Ibac IPR n m p i a  arc oon-blliable. 

3. 

1 
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4. Estimated drie(5) of colIcaion: Samples haw ilrcady been collected and uill be shipped to the hboratury 
opon award. 

E s t h i c d  date(s) and method of shipment: Snmplcr r l l l  k sent via overnight air. A Saturday delivcv i s  
poslble for this Episode, tboniory prroancl must be av8ihble to rcceivc %:urdry deliveries. 

Numkr of days UUlyriS and data required after Lbontoy m i p i  of wrnplcs: 30 dry d.tj turnaround from 
receipt or k t  sample i t  Lob. l a b  must adhere lo inaly2ial holding lima u sotcd in the methods. 

*ai protacol required (ana& capy if 0th tiun a protoail currently d in this program): 

o 

o 

5. 

6. 

7. 

Roadure C o r  Homogenbrüoa d Muds (Att.chmcnt 1) 

Figure 19ifïerentttion of D i # l  Minail ,  sod C h d e  Oil by SDS Enirction. HPlÆ/W, and 
G€/FID mshg Methods 1661, iWA, and 1663, rctpccrivdy (rut.chmuit 2) 

Dnít Mabod 1662-1otmI Extriclnble Material in Drilling Mud by SDS Extraction and Grivimetq o 
(&-dix B of& .trished SOW) 

o 

o 

h í t  Method 1WA-PAH Conlent of Oil by HPLC/üV (Appendix B or the attached SOW) 

hft Mabod ~663-Dlffumtttioo d Diesel and Criide Oil by GC/FID (Appendix B or the atbehcd 
sow) 

8. S p w 1  tcchninl innruaiaor (iú outside protocol rtquirtmuur. specify ampound namcs. CAS numbers, 
&&don ümi i  ar): 

o Au. SAMPLES MUST BE PREPARED USING THE HOMOGENIZATION PROCEDURE FOR 
MUDS, WHICH Is PROVIDED As ATTACHMEPIT 1. 

SAMPLES MUsf BE ANALYZED F O U W W G  THE TIERED ORDER AND IN!TRUmONS 
PRESENTED IN ATTACHMENf Z 

o 

o WCH OF THE SAMPLES MUST BE ANALYZED M DUPLICATE. THE LAR MUST REPORT A 
SEPARATE VALUE FOR EACH OF ' i í iE DüPLICkTE ANALYSES FOR EACH OF THE 
METHODS. 

9. w d  results qiiired (id kmm, specify format for data rhettr, Q A / K  reports, Chiin-of-UinOdy 
documcoutio4 etc). If na completed, formt of rrsultr will k leh to program diwruion: 

kbont& must submit dah on tlie Rcportiug Forms indoded la tbe iniehed SOW. 

Lboratoria must submit summriv dita In clectrooic Cormit in a D k  or ASCII teri format SCC 
will provide a diskette with the approprhir lomat to tbc lmbontory upon mrd. 

Lbontofy  must report a rparpte rolue for crch ofthe dupliate analyses for och o1 the methods. 

A namlve  that d&üs any ppbkarr witb or dnirtions from the d e m i a d  metbods and reports 
problems assodated with the uu1ysi.s of spsdfic n m p l u .  Ibc ~ m l n  should also provide 
comments on the method(s) pedomana on W o u r  iiulyta and matrices. In the cwnt of a failure 
ola prtticukr sample the iumtive should oiler -00s and/or ruommendntions. 

A lisî of samples d v c d  w. those analyzed, and 8 mn chronology. 

Summary re- of i l l  sample rind QA/QC a ~ l p e s .  

I 

a) 

b) 

c) 

2 
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lo. 

11. 

l2. 

u. 

14. 

d) 

e) 

Otbcr (use idditional she& or attach supplementary inlormalion, IS needed): 

Name of umpiing/shipping amtact: 

Phone: 

D.tlRquirunenrr 

Raw data - cbromrtognms, quintitation rrpom. strip charc~. etc. 

Ihm rummay data p a d u y  and one mw &i. pK(L.cL h u  p i i c k i p ~  mus1 k paginated. 

Precision Dcsircd 
Parameter Dti& Limit (+ /- or Concentration) 

Per dmd sctbods and Item 8 8bOR 

N o k  Tbe cikoltioar pdonned by the hbonmy io -tial umpic dati must k able to k 
rrprodud by 8 3rd paw from the data package 

QCRquircmcors 

I b c  following minimum QC requirunents am to be met far the w i p e s  of the prnmeterr listed in Item 7 
(in 8ddiüon to any QC d a a i k d  ia the methods- for &e analysis or M.Wx Spikes): 

umplrs shill k aimetcd and cociontnted with acû hatch of 
umplcr. A batch is comprised t i l  ~nmpicr s t a d  t h e  the cidriclion mad ninœntmtion process 
at the same Umc, to a maximum or ten saæpk. QA/QC limits .r+ stated In the methods. 

mm r e q u i d  for A U  r iniplu QA/QC Urnits u e  Itid ia the methods. 

Method Bl ink ut rrquiird al  8 f r q u c i y  ofone per teu samples. "be hboritory L rrpuimd to use 
8 rderrncr mit& for this inrilyrk 'Ilc QA/QC limits am stmted Ln thc methods. NOTE A 
METHOD BLANK MUST BE RUN Wmi THE IPR SAMPLES. 

3 
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Homogenization of Drilling Muds 
u( October 1992 Draít 

1. Scope and Application: This procedure is for homogenizat¡on of drilling mud 
samples received b the laboratory. During shipment and storage, drilling mud 
samples may strati&. ïhese samples must therefore be homogenized before an 
aliquot is taken for analysis. 

Receipt of Drilling Mud Samples: Mud samples may be received in pint jars, 
cosmetic jars, mayonnaise jars, Mason 'an, or other forms of sample containers. 

samples are brought to room temperature before homogenization. 

2. 

Mud samples are to be refrigerated unt' d the time of the analysis. At that time, the 

3. Apparatus: 

3.1 

3 2  

Sterling Multi-products Model 93 Multi-mixer or Hamilton Beach Model 936- 
2 (or equivalent), operable to ZOO0 rpm, with disk mixing blade. 

Variac or equivalent for controlling the speed of the mixer. 

4. Homogenization 

4.1 Bring the sample to room temperature. 

4 2  Shake the bonle for 1 - 2 minutes to mix the layers. 

4.3 Remove the lid and, using a spoon or spatula, scrape all mud from the 
underside of the lid and add to the sample container. 

4.4 If there is insufficient room in the sample container to operate the 
homogenizer without the mud overflowing the container, proceed as follows: 

4.4.1 Using a spoon, spatula, or by pouring, remove a sufficient amount (but 
no more than half) of the sample from the sample container to allow 
homogenization of the remaining sample. Place the portion removed 
in a jar iarge enough to allow homogenization of the entire sample. 

Homogenize the portion remaining in the original sample container 
per steps 4 5  - 4.6. 

Transfer the remaining sample from the onginai container to the 
larger container, scraping the sides with the spoon or spatula to 
transfer all of the mud to the larger container. 

4.42 

4.43 

4.4.4 Homogenize the total sample in the iarger container per steps 4 5  - 
4.6. 

4 5  

4.6 

4.7 

h e n  the mixing blade into the mud to a depth approximately one inch from 
the bottom. 

Slowly increase the speed until ZOO0 rpm is reached. Mix for approximately 
five minutes at Zoo0 rpm. Turn mixer off and remove from the mud. 

Immediately remove the aliquot required for testing. 

1 
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. e a  * *  
* e *  a 8 @ . # 1  # ' .  . # .  # METHOD 1662 : ; : , , , , I I  ,.. . a *  t r  ... 

SDS EXTRACTION 

ROTOVAP TO APPROX 1 inL 

ADJUST VOLUME TO 5.0 mrL WITH ACETONITRILE 

SPLIT 1 . 0  mL FOR H P L C / W  & GCFID 

EVAPORATE 4 . 0  mL TO DRYNESS WITH NITROGEN BLX)WDOWN 

DETERMINE TOTAL O I L  I N  4 . 0  mL PORTION BY GRAVIMETRY 

METHOD 1654A 

DETERMINE PAH CONTENT O f  1.0 mL PORTION BY H P L C / W  

IF PAH CONTENT c0.35 WT a #  OIL IS MINERAL OIL 

I F  PAH CONTENT >0.35 WT 8 ,  OIL MAY BE DIESEL OR CRUDE 

WETEOD 1663 

DETERMINE N-ALKANE PATTERN OF 1.0 mL PORTION BY GC/FID 

I F  <10 N-ALXANES PRESENT I N  C9 - C24 RANGE @ S/N > 5 ,  NO D I E S E L  

I F  N-ALKANES PRESENT I N  C9 - C30 RANGE & C 2 5  - C 3 0  N-ALKANES 

>1 .2  OF TOTAL C9 - C30 N - m ,  OIL IS CRUDE O I L  

Figure 1 - Differentiation of Diesel, Mineral, and C r u d e  Oil by SDS 
Extraction, HPLC/W, and GC/FID Using Methods 1662, 1 6 5 4 A ,  and 1663, 
Respectively 
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API LAB SELECTION MEMORANDUM 
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Amcricin Petroleum Institute 
1220 L Street. Northwest - 

Alexis E. Stnn, M.S. 
6morEnrCwmrOlS&rdU 
@oz) - 
December 15. 1992 

Earíene Broussard 
Weintritt Consulting Services 
305 Guidry Road 
Lafayette, LA 70503-5603 

Dear Ms. Broussard: 

API has three laboraîories that will be participating in the EPA interlaboratory validation study Of 
Methods 1662, 1 =A, and 1663 on drilling muds containing oils. The addresses and contact 
names for the three laboratories a n  below: 

1. Lawrence Scott 
CORE Laboratories, Inc. 
8210 Mosley Road 
Houston,TX 77075 
71 3943-9776 

2. Ronald Benjamin 
Southern Petroleum Laboratory 
500 Ambassador Caffery Parkway 
scottu 70583-8544 
31 8-984-2374 

3. Marc Churan 
M-I Drilling Fluids Company 
5950 NoRh Course Drive 
Houston, TX 77072 
713-561 -1507 

EPA will be selecting up to fwe partiapating laboratories for a total of eipht organizations to which 
drilling mud samples will be shipped. EPAs contractor, VIAR, is coordinating the EPA laboratory 
selections. You will be contacted soon by Ms. Came BuswelWIAR (703519-1385) regarding the 
status of the validation study logisticc. 

An oqmt oppomimty mpbyor 
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Letter to Eartene Broussard 2 December 15, 1992 

As we discussed last week, VIAR hopes to have the EPA laboratories selected by 11 December 
(at the earliest). Ms. Buswell indicated that VIAR is also designing a new data reporting form 
which will include laboratory ONQC information. Please provide me a copy of any Weintritt 
correspondence with VIAR, and contact me should there be any qUeStiOM. 

Happy Holidays. 

Sincereiy, 

Alexis Steen 

U: 
J. ShawlAPI 
J. Ray/Shell 
J. RaWShell 
D. CaudleConoco 
C. BuswelWlAA 
Diesel Oil in Drilling Muds Round-Robin Contract File 
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EPA INTERLABORATORY STUDY REQUEST MEMORANDUM 
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Hr ban Caudle 
Conoco Inc 
Po BOX 2197 
Houston TX 77252 

Dear Hr Cauâle 

EPA requests the amsistance of the Offshore operators 
Conrniittee (OOC) of t h e  a e r i u n  Petrolmum Institute (mi) in 
the preparation and distribution of drilling mud ramplas ind 
in prwiding industry laboratoriem or loboratoriar under 
contract t o  A P ~  or i t s  member companies f o r  an Inter- 
laboratory study for validation o2 &PA Method0 1662, 1654A, 

Drilling mad Sunpime 

Please prepare hot-rolled dril l ing mud eamplcs in the niinimum 
quantities and containing the oils at the concentrations 
listed in the table below: 

and 1663. 

O 
puantitv - 
1 x 1 pt No added oil 
8 x 1 pt Mineral oit 0.2 - 0.3 percent 
8 X 1 p t  D i m S d  oil 0.2 - 0 . 3  prrcent 
8 x 1 pt Crude oil 0.2 - 0.3 percant 

The exact concentration in tñe 0.2 - 0.3 p8rc.ntranqa ii to 
be selected by the OOC and kept confidential until the study 
is completed. The individual mud ramplmo should be contained 
in glass 500 inL bottles with Teflon lined liàs and should be 
refrigerated from +he time of rolling. Care ihould be taken 
to assure t h a t  the canpleo are ao uniforin a# popribls. 
bottles should be ready for  shipment by N o w m b e r  1, 1992. 

The 
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L8boratori es 

Please make a minimum of three laboratories available fo r  the  
inter-laboratory study. EPA esthates that each laboratory 
will need to make a rain- o f  10 andlytical runs, four for 
an initial precision md recovery (Ia) rtudy to damonstrate 
proficiency w i t h  the methods, and a duplicate pair of 
analytical nans for oach of three mud .amples. EPA estimates 
the cost of the analytical run8 at $600.00. 
Quality control (Qc) II~IYE may bo necessary but ara includod 
in E;PA's 8stimate. 

Additional 

O.tails of the intu-laboratory study will become available 
near the rnd of October, 1992. 

I f  you havo questions concernhag this request, pleame C a l l  me 
at 202-z60-7334. 

Sincerely 

W A Telliard, Chiaf 
Analytical Xethodo Staff 
Engfniering &na Antilysis Divilion (wH-sz~~) 
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RE SU LTS SUM MARY BY DY NCORP-VI AR 
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RESULTS FOR EPISODE 4461 - INTERLABORATORY STUDY OF METHODS 1662,1654a, AND i a 3  

ANALYTiCAL TECHNOLOGIES, INC. 

Method 1662 Method 1663 
Extractable Method 1654A 96 c25430 

23701 43 0.16 96wt 0.20 96wt 
(m.i=m 

ND 

23701D 44 0.19 %wt 0.17 96wt ND 

23709 44 0.13 I w t  2.85 96wt ND 
(&=a 
2370933 44 0.15 kwt 2.54 kwt ND 

23717 43 0.15 %wt 1.09 96wt 1.57 
( d e )  

237171) 43 0.12 +wt 1.24 %wt 1.51 

Bknk e 0.1 Zwt < 0.01 %wt* ND 

m e  laboramy did not repon a detaction limit. The detection iimit reported is the Method 1654A 
MDL. 

ND = Not detated. 
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RESULTS FOR EPISODE 4461 - INTERLABORATORY STUDY OF METHODS 1662,1654a, AND 1663 

COMMONWEALTB TECHNOLOGIES, INC. 

Method 1662 Method 1663 
Exazcpble Method 1654A % C2!j-C30 

%SQlids M W  S 

23702 96 0.24 bwt 2.9 bwt ND 
( m i n d )  
23702D 78 0.27 kwt 2.4 %wt ND 

23710 98 0.17 %wt 3.9 I w t  
(dicfcl) 

ND 

23710D 86 0.17 %wt 3.7 I w t  ND 

23718 95 0.14 'Xwt 4.9 bwt ND 
(Cnide) 

23710D 98 0.12 %wt 5.8 bwt ND 

Blank < 0.1 %wtB < 0.01 %wt* ND 

T h e  laboxatory did not report detection bits. The limits reported arc those ihat arc listed in the 
rtspecfivc methods. 

ND I: Not detected. 
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RESULTS FOR EPISODE 4461 - INTERLABORATORY STUDY OF METHODS 1662,16541, AND 1663 

PACPIC ANALYTICAL, iNC. 

Method 1662 Method 1663 
Exuactable Method 1 W A  % C25-C30 

PAW W e n t  S 

U703 47 0.021 %wt. 0.03 %wt 
( m i n d )  

ND 

23703D 0.087 %wt8 0.22 %wt ND 

2371 1 46 0.36 %wt 0.36 %wt ND 
(&=o 
2371 1D 0.33 %kwt 0.29 %wt ND 

23719 43 0.064 %wt. 0.35 %wt 
( d e )  

23719D 0.23 %wt 0.11 %wt 

ND 

ND 

Blank < 0.01 9bwt.L < 0.01 %wt ND 

*Values reported arc below the Method 1662 MDL of O. 1 %wt. 

* 7 h i s  laboratory reported detection limit is dinerent from the Method 1662 method duection 
limit of 0.1 96wt. 

ND = Not detected. 
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RESULT'S FOR EPISODE 4061 - IhTERLABOFUTORY STUDY OF METHODS 1662,1654a, AND 1663 

CORE LABORATORIES, TEXAS 

Muhod 1662 Method 1663 
Extractable Mcthod 1654A W C25-C30 

96 Solids P m t  n - m s  

23697 
(field b h k )  

23697D 

23698 
( m i n d )  

23698D 

23706 
( d i a l )  

237063) 

23714 
( a d e l  

23714D 

Blank 

67.1 

66.8 

68.5 

67 

66.1 

66.5 

65.2 

65.9 

100 

0.016 %wt* 

0.017 %wt* 

0.027 %wt* 

0.029 %wt= 

0.M %wtr 

0.054 %wt= 

0.039 %wt* 

0.043 %wt* 

< 0.1 %wr+ 

0.63 %wt 

0.60 %wt 

0.20 %wt 

0.56 %w 

2.86 %wi 

2.61 %wt 

1.78 (kwi 

1.17 %wt 

c 0.01 %wt 

ND 

ND 

ND 

ND 

0.6 

0.6 

8.5 

6.5 

ND 

*Values nponed are below the Method 1662 MDL of 0.1 %wt. 

*%e laboratory did not report a detection limit. The limit reported is tht Method 1662 MDL. 

ND = Not detected. 
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RESULTS FOR -ODE 4461 - INTERLABORATORY STUDY OF METHODS 1662,1654a, AND 1663 

Method 1662 Method 1663 
Extractable Method 1654A % C25-C30 

% Solids h4atg.d PAH ci- S 

23699 53.3 0.0975 Awl* 0.070 Awt 
(minaal) 

O. 13 

23699D 48.5 0.0763 %wtD 0.070 %wt 0.05 

23707 55.6 0.0616 kwt* 7.71 Awt 
(di&) 

2 3 7 m  51.1 0.0825 %wt* 6.55 Awî 

0.27 

0.22 

23715 45.7 0.118 kwt 0.125 %wt 6.8 
(crude) 

23715D 42.8 0.111 Awt 0.184 Awt 7.3 

*VIIua reported arc below the Method 1662 MDL of 0.1 Awt. 
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RESULTS FOR EPISODE 4461 - INTERLABORATORY STUDY OF METHODS 1662,1654a, AND 1663 

Mi DRILLING FLUIDS CO. 

Method 1662 Method 1663 
EXUlcPble Method 1654A 96 C25-C30 

i Solids 

23700 
( m i n d )  

23700D 

23708 
(diesel) 

23708D 

23708D 

23716 
( d e )  

237160 

23716D 

50.7 0.094 %wt* 

51.2 0.107 %wt 

49.1 0.076 %wt* 

49.6 0.089 %wt* 

48.2 0.069 %wt* 

49.9 0.108 %wt 

49.8 0.107 %wt 

47.9 0.076 Zwt 

0.249 Awt 

0.169 %wt 

5.262 %wt 

3.096 Zwt 

2.677 %wt 

1.358 %wt 

1.341 %wt 

1.904 %wt 

ND 

ND 

ND 

ND 
ND 

3.71 

11.0 

3.70 

*Values reported arc M o w  the Method 1662 MDL of 0.1 %wt. 

ND - Not detected. 
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APPENDIX C 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

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



NARRATIVE COMMENTS BY LAB PARTICIPANTS 
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SAS 1214 Narrative Comments 

METHOD 1 6 6 2  

No problems were encountered. Results were calculated using 
Equation 5 in Method 1662. Since 1 ml of the extract was removed 
for HPLC and CC analysis, the results were multiplied by 1 . 2 5 .  

MET2irOD 1654A 

Blanks showed responses in the PAH retention time window. The 
responses were relatively low compared to the responses observed 
for the samples. The blank responses were subtracted from the 
sample responses when calculating the results. 

The following equation was used to calculate results (the equation 
ir not the same as Equation 3 in Method 1654A)  : 

8 PAH in oil = 0.1 [Ve+Cp/Wr]  

where: V e  - volume of extract evaporated in Method 1662  (ml). 
For these samples V e  - 4 .  

Cp = Concentration of PAH oeasured (ug/ml) 

Wr = weight of oil in concentration tube from Uethod 
1 6 6 2  (mg). 

Calculations are rhovn on the raw data peak integration reports for 
each sample. 

Sample 2 3 7 1 7  contained a significant concentration of 
unresolved constituents which made quantitation of PAH difficult. 
The unresolved constirJents caused the  signal to be elevated at the 
end of the analysis (signal did n o t  return to oriqinal baseline). 
Since %e signal did ?iot return the ü t i g i r i a i  bereline, intejiraticz 
of the T M  responses was not clteri:; defined. 
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METHOD 1663 

Calculation of the percent C25-C30 n-alkanes were performed 
using Equation 3. 

The intrrnal standard solution used in the analysis of these 
samples was different +han the  solution dercribed in S.C. 6.2.1.3. 
The internal standard solution contained 200 ug/ml of 1,3,5- 
trichlorobrnzrne dissolved in acetonitrile. 

An additional standard was includedin the  analytical sequence 
(idcntif ied as a diesel range organic standard) which contained the  
following n-alkanes: C-10,12,14,16,18,20,22,24,26,28. The 
%tandard was used t o  clearly define retention time windows for the 
n-alkanes. 

Sample 23717 was analyzed at two levels of dilution (undiluted 
and l:lO).Thc 1:lO dilution results gave responses uell &bow the 
detection limit for n-alkanes up to C-25. The undiluted extract 
results revealed C-26 and C-27 peaks which were not detectable in 
the 1:lO dilution. The undiluted extract results were ured for 
calculations. 
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February 25.1993 

FROM: Shih-Ling Chang 2- 

1. We believe that then is an error inthe guMwy of TCB needed forme amysis. Wo .grua 
*at tte mccritration of normal hydmutm mcommended (Tabla 1 in me mmod and 
summary taMe below) but not tiuî af the Intemai Standard. 7he spiW@Msa injector i~ not 
ais issue s i m  two se& of chemicals trid hitroduced sim-. If cm k highetrüun 
wr gcpsctation, the other one should ta proportionriiy so, OO. 

I I 1 I CTI Propasal 10.200 ngpL 1oOnglCrL " 1  I 

(sas) 2%- 
FU: (a 278- 

LABORATORY DIVISION 
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iaboratoty Narrative Form 

PA-SAS NO. 
Episode No. 
Sample No. 

CTi Sample No. 

Date 

haivst 

Conectiva Action Taken: 

C-6 
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PACIFIC ANALYTICAL, INC. 
6349 PASEO DEL LAGO 

CFIRLSBAD, CALIFORNIA 92009 

"3RATiVE FOR SAS 1214 

Samples; 23703 - 23711 23719 
23703 dup 23711 dup 2Z719 duc 

i. AI1 comments in narrative f o r  IPR samples apply and are 
not restated in this narrative. IPR narrative i, attached. 

2. Samples consisted of a suspension of so:ids and oil in 
water. Tbe samples were tan colored and grain sire was very  
fine s i m i l a r  to clay. Droplets of what appeared to be oil 
were visibie in the viscous mud. 

3. Samples were extracted using method 166Z. The 
mec-anicri neans of homogeni:ing the samples was used as 
specified rn the method. The duplicate analysis of sample 
23711 indicated that the homogrnization produced two similar 
samples. The large RPD values of the measurements for 
samoles 23703 and 23719 indicated that the Croplets of oii 
were not dispersed evenly by the mixing an8 stirring of 
the%e %amoles. I P R  and OPR values were within 
specifications for these samples. 

4 .  T w o  Class S weights, 10 mG ano 100 mt, were used to 
check the calibration of the Mettler FIE160 balance used to 
make the measurements f o r  Method 1662. This balance is 
accurate to 0.1 mG. 

S. The results for Method 1665 indicated that two similar 
sample extracts were produced f o r  sample 23711 by Method 
1662. The large RPD value and visual inspection of the 
chromatograms obtained from the GCiFID analysis of the 
extracts indicate that the oil content of the duplicate 
aliquoto for 23705 and 25719 were quite different. IPR and 
OPR values were within specifications f o r  these samples. 

6. The results fo r  Method 1654a resulted in good RPD values 
f o r  all samples. Sample 23711 contained PAH8 above 100 
uGiGram. Samples 23703 and 25719 contained only .light 
traces of PAH's. Detection limits were stated for  oil but 
not for mud. FI detection limit of 100 uG/Crarn was used for 
reporting. IPR and OPR values were within specif ications 
f o r  these samples. 

7. Calculations for a11 samples a n d  methods were based on a 
25 gram sample. The samples contained 50 to 60 percent 
moisture. The methods addressed calculations based on oil 
and not a rail or sludge. Values reported are extract 
concentration times the final extract volume (including 

000001 
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A P I  P U B L * q b L L  95 W O732290 0 5 4 5 4 4 2  A T 5  

s p l i t s )  d i v i d e d  b y  the wet sample s ize.  ?he repor ted  X 
Sol ids  i s  f rom one measurement made on each sample. 

8. Mathoa 1663 is n o t  s p e c i f i c  aoout r e p o r t i n g  
concent ra t ions  f o r  d iese l  so a l l  samples were quan t i t a ted  i n  
the  same w a y  as t he  IPRs and O P R s .  

9. Nethod 1663, sample 25703 was quant i ta ted ,  f o r  
comparison purposes, as d iese l  even though there  were only 7 
peaks i n  t ze  c10 .. c t 4  range. 

10. Method 1663 day showed severa l  very smal l  peaks i n  the 
c25 .. cS0 range which w e r e  considered i n s u f f i c i e n t  evidence 
o f  crude oil. Expanded chromatograms o f  t ke  r e l a t e d  areas 
are inc luaed.  

11. Method 1663: Note t h a t  t h e  method does no u rov ide  a 
procedure fo r  i d e n t i f y i n g  the peaks i n  the c25 .. c30 range 
as they a r e  n o t  i n  any standards or  check samolec. 

12. Method 1663: The method is n o t  c lear  on CeteCtlOn l i m i t  
f o r  c25 .. c30 n-alkanes. CI va lue  of l.Z% was used. 

13. l h e  da te  of a c q u i s i t i o n  l i s t e d  on the r a w  da ta  i s  in t h e  
B r i t i s h  format o f  Day/Month/Year. 

14. The d i s k e t t e  s p e c i f i e d  i n  the  SAS request to be supp l ied  
by SCC f e r  r e p o r t i n g  the e l e c t r o n i c  data has n o t  been 
received. 

Submit tad  Sy : Date: z@//&73 
C.S.Parsons, Operations Manager 

000002 
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p4t!f IC A K A L r T I E A L .   t. 

METHCDS 16Wa. 1662; and 1665. 

1. Initial Precsion and Recovery !I?D. rom;;tr were performed 
using diese: abtained at a local service staxzit.. ? r . ~ s  is No. 2 
diesel. CI standard of diesel sent ß y  SC= was >-=ken Ln route. 1 
replacement has been ceceived and will :e usec ~ C F  calibrationfor 
the samples associated with SAS 1214. 

2. RrthQd i 5 0 2  was used for Sample ext-action. The balance used 
f o r  tt\e gravitametri= determination was a Y e t t l e r  dElbCi. The 
balance ca:ibration is verified using :C gram ~ E C  20 gram class S 
weights. Trie  balanir wieghs t o  an ac=ïraCy c* 0.3031mG. T h e  
requested weights of IOmC and 1 0 0 m t  a r e  being rcqui-zd to use on 
the samples for  SQS 1214. 

3. Ilethod 1565 uas ?cr*otmed uiir.g a iPä88S ;as :~romatograoh 
equiped with a flame photometric de-ector and a capillary 
splitispli?!eis injector. The analysis was Dsrformed with an 
initial splitless injection of 0.5 minu:es. The linearity of the 
internal standard a? 5000 ppm was verified b y  a~alyzing lower 
concentrations. l h e  internal standard was mace up into 
acetonitrile to spike into the sample extract obtained from the 
Method 1662 extraction. 

4. Method ?654a was performed u6in9 an Elder 9cCG tertiar:# pump. 
a Spectra ?iysics autcsampler equiped with a 20 UL loop, a 
Timberline column heater, and an nCS model 75Oili UV-VIS  detector 
with a 254nm filter. The columns used were two 150 x 4.6 mm C l 8  
columns with 300 Angstrom support and a gaurd column. 

5. A feu problems were noted with Method 1654a wtien rwtracts 
come from Method 1662. The S O l v m t  used in method 1662 is 
tolumnm. The solvent exchange to acetonitrile l r a ~ c s  varying 
amounts o f  toluene in the extract. This shows up in the UV trace 
at 254nm as a large peakabout i minute before naphthalene elutes. 
This peak i s  not a problem with pure diesel samples but will pose 
a problem when trying to integrate the total area of more 
volatile oils. Integration was performed by projecting th r  
baseline forward under the PAH hump. This resulted in slightly 
high values in the recovery determined for diesel. lhe reported 
average r p c i v e r y  is 109Xof the true value. The method limits are 
87 to 107 percent. The reported precision is 1 %. The method 
limit is 10 ï.. 

Submitted b y  : -- Date: 
C.S.  Parsons, Operations Manager 
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CORE LABORATORIES -- -e 
!!IRIA -- CORE LABORATORIES 

w e  
Aprii S, 1993 

Dyncorp Viar Inc. Sample Control Center 
P. O. Box 1407 
Alexandria, Virginia 22313 

Attn: William A Telliard 

Project: Diesc1,Mineral and Crude Oil 

e Narra- 

EPA Samples: 23697, 23698, 23706, 23714 

v 
The analytical procedure was modified as spcified in the errata 
sheet to eliminate solvent incompatibility between Methods 1662, 
1654A and 1663. The diesel sample used for the standard, spikes, 
OPR and IPR samples was supplied along with the samples. - 
The analysis was performed as descrhd in the m e t h o d  and errata 
sheet however some uncertainty m s  encountered in. the reporting 
requirements. The confusion rri8es from the fact that several 
different quantities are aleulated and It is unclear which 
parameters were being requested. 

PAH content of the Oil (calculated from phenanthrene response 
factor and oil recovery.) 

Diesel content of the sample (calculated from diesel response 
factor and sample weight.) 
Both quantities were reported. 

Some problem was also encountered when performing the analysis of 
method blanks sinco a small amount of oil was recovered ( less than 
the acceptable amount) and some W response was also noted (more 
than the instrument blank). This led to calculated values for the 
PAH content of oil greater than 0.5 8 and in the range of two of 
the samples. 

These quantities are: 

c-1 o 
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A P I  PUBL*4bLL 95 0732290 0545445 504 = 

CORE LABORATORIES 

- 
The column specified in the method vas installed in a chromatograph 
however it vas not possible to achieve the retention times 
specified in table 3. (A requirement under the note in section 7.1) 
The chromatographic conditions were set as specified in the method 
with the exception that it vas found to be necessary to go to a 
final oven temperature of 275 deg. C.  in order to elute the C25- 
CIO hydrocarbons. The resulting resolution was considered 
sufficient for the analysis and the analysis procaedad using 
slightly different retention times for the components. 
Quantitation of the diesel amounts were performed ruing the 
internal standard at the concentration specified in .the m e t h o d ,  
however the C25 - C30 peaks amounts in the samples were too close 
the the detection limit to perfom the ratio calculation on the 
original injections. The split rate was lowered on the GC and the 
samples reanalyzed. This resulted in an over-ruige condition on 
the internal standard (not needed for the ratio calculation) but 
it did allow for easy integration o f  the N-paraffin peak. in the 
C25-C30 range if present. 

Technology Manager 

c-Il 
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*** CASE NARRATIVE *** 

SPL LAB ID NO. X0305103 
X03 05104 
X03 0510 5 

EPA U D  EPISODE NO. 4 4 6 1  

Data reported in thi8 study were generated with the following 
mathod modifications: 

1. Hethod 1 6 6 2  - a waterbath controllad at 95 C was u8ed in 
conjunction with a nitrogen blowdown to evaporate the sample 
rutracts to dryness. This resulted in los8 of 8nalyte but 
preci8ion and recovery maasurement8 ret method 8peciti.d 
acceptance criteria. A rotary evaporator was not used i n  the 
procedure. 

1.1. The diesel o i l  UbCd for QC samples was Laboratory Stock. 

2. Method 1654A - Concentration of the sample axtract to 
eliminate interferences CaU8.d bytoluenm in the QC urd sample 
extract8 contributed to significant losses of 8naylta and 
therefore low recovery of d h 8 d  in the QC 8mpleS. 

3. Hathod 1663 - Calculations of percent CtS-C30 hydrocarbon8 
used the C10 - CIO range in normalizing +he rO8Ult8. The effect 
on final results i. unknown but 8UmpeCt.d to ba minimal. 

SPL, Incorporated 

Project Manager 
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TO: CanieBuswell 

FROM: Marc Churan 

DATE: June 24.lQ93 

SUBJECT: Diesel, Mineral, and 
uudecmhRs6aige 

COWTO Alexis E. Steen 
Joe Raia y 
Art L e u t e m  
Roger Bleier 

The resub generated by M-l Drilling Fiuids for samples 23700, 237ûû and 23716 using 
Method 1662, Method 16544 and Method 1663 are summarized in Table I. The required 
documentation, induding HPLC and GC chromatograms. are endosed with this report 
Following the table of results is a narrative and comments sheet. 

I apologize for the time it took to get th¡ completed and for any inconvenience it may have 
caused. 

Regards, 

Marc Chum 
Manager, analytical SeMces 
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NARRATIVE A ND COMMENQ 

MEIîiOD le Total ExûacWk Material in Dri(Iing Mud by SDS Exbacîiwi and GranmeDy 

This lab has only two complete Soxhlet/Dean-Stark Extractors and was limited to running 
only two extraction at any given time. 

Initial extractions using 50 grams of sand in a 25 gram sample (Section 10.1 2) appeared 
to prevent complete extraction with only a small amount of toluene flowing through the 
sample after several hours of extraction. Most of the toluene was flowing over the top of the 
nCiimble. The wet sampie was plugging the frit of the extraction thimble and &er  24 hours 
of extraction the sample still contained water. By adding an adänonal40 grams of sand to 
the sample before extraction the toluene was flowing through the sample and most of the 
water appeared to have been dm'lied into the collection receiver. The sample after 
extraction was mostly wet with toluene but the solids were ávly weil cemented together 
which may have prevented complete extraction. 

In section 102.25 of Method 1662 should the toluene in the Deakstark receiver be included 
in the extract? 

The rotary evaporator was operated si approximately W C  (Section 10.3.1.1). Sevetal 
samples were lost due to the sample evaporating during the concenm!¡on step. 7?w the 
required for concentration prevented complete monitoring of the evaporaton. 

Several anaiyses were done on each sample in an efbrt to get repfwuaõle rmuik. The 
reported resufts are for those analyses that produced similar values. 

The diesel oil sample received with the samples was used for all spike recovery anaiyses. 

METHOD1654A. P A H ~ o f û i i û y W i C W  

lhe only problem was the presence of residual toluene in some samples and the sohrent 
mcompaübiïi which was addressed in the Errata Sheet. 7he diesel di and crude oil 
extracts were not completely soluble in acetonitrile and methylene chloride was required for 
solubilrty . 

Recovery performance in Table 1 is confusing. Should the recovery be the amount of PAH 
in diesel or the amount of diesel oil spiked? Also should the unlts in Table 1 for PAH in 
diesel on be mg/mL or p@mL? 

MOHOD 1663: DInerentiation of Diesel and Crude Oil by GCmD 

h i s  lab used a mass spectrometry detector instead of an FID detector. Our GC/MS was 
already equipped with the proper column for the analysis and it was more convenient to use 
our current set up. The recommended temperature programs specified in the method 

C-14 
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produced very similar retention times as those in Table 3. 

Some samples showed peaks m the C25 to C30 range where as the duplicate analysis did 
not This appears to be due to the sample size (amount of oil in the extract) being to low 
for the smaller peaks to be detected. 

Some chromatogram (samples 23700 and 23708) showed C9 to C12 peaks where as 
duplicate analyses showed no peaks before C l 2  This would indicate the loss of lighter 
hydrocarbons during concentration steps. 

Section 142 in Method 1663 is confusing. To determine the amount of diesel OU should the 
response factor be that in Section 7.2.22 or Section 7237 Also should Equation 4 read 
.Concentration of dl in sample" or 'Concentration of diesel oll in sample"? It is not dear 
which should be reported. Should the concentration of diesel On be reported if there are 
less than ten n-alkane peaks present m the C9 to C24 range? 

COMhENTS: 

Rus test method k to be used to distinguish between diesel, minera!, and arde OU. it does 
not eddress the possibni of the synhtic fluids now being used by M-I Drilling Fluids 
(NOVASOL) and Baroid (Petrehe). 

C-15 
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A P I  P U B L * 4 6 1 1  95 0732290 0545450  971 

DYNCORP-VIAR TECHNICAL ISSUES MEMORANDUM 

C-17 
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US. ENVIRbNMEMA!. PROTECllON AGENCY 
ENGINEERING AND ANALYSE DIVJSICN @' SAMPLE CONTROL CENTER 

MEMORANDUM 

DATE: Mitch(, 1993 

lm 

FROM: Curie Burwdl u3 

SüBJECk Tcchnicrlissua 

All Ilbontoria involved in tbe Methods 1662, I W A ,  Ud 1663 Imcrlrboritory 
Sody 

Lktd M o w  is 8 summuy of the Iaboruory problem d h u e s  thrt haw beea prewnted P 
drte during the coume of th4 study, dong wich the appropriate corrective action proendura. Ao 
CCrpI &sa ir rnrched thu rddrcsses most of thee issues. Ibw correuionr will M m u l l y  be 
incorporitcd into an upbud vasion of Le usociatd mahods. Plme implaneat that cornions 
i l l l W l W y .  

If you have d m d y  raolvd thme L u a  witb your own Iabomry spaific procedure thu ir 
different €rom the corrective procsdunr c i t d  Mow,  pleue contact me at (703) 519-13ûS. I will 
nead to b o w  the specific6 of the procdure to damine  if it b rc#puble. 

If my other problems or techniai utus uc eacoun!ered, plute inform mc 8s soon as 
posible LO I un ensure that a resolution h obtained and thu JI other iabontorirr h l v d  are 
aotifid. Your coopemion 4 #rculy rppreciuad. 

1) I had irnngd for the umplas OD s a d  dong a diad oil d u d  with h e  rhipmem of 
umpla. By the time the umplor urivd 81 the Irbomria. however, some of die 
Iiboraorics had rlrudy amxd and uulyzed the IPRs ruing heir own d i d  oil W a r d .  
Ruber tbin requin the Irbomria to runaiyze the IPRs or rscrlibntc, thy have the option 
of coomioUing u, use the Irbontoy standard or hey an nrn over widi the d i a d  standard 
that w senl with the rrmpla. In either case, they nesd to use eitba the labormy nrndud 
or tbc umpler'r wndrrd and rcirUin eonsincnt thmughctut die &y. Labmria should 
note in the rumtive which uladud  thy usai. 

Table 2 of Mahod 1654A ir misleading beause It [irrt d i d  oil Wiói the hm polynuclur 2) 

- _ .  
Resolution: See the m u  sheet under Method 1654A. Table 2. 

OPERATED BY ûynCop*Vior. h c  
P.O. BOX 1407 ALEXANDRIA, VIRGINIA U313 (703) 5 7 - x w )  FAX (703) W-O610 
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A P I  PUBL*4bLL  95 0732270 0545452 7 4 4  

2 

3) In Mafiod 1662. umpia are utnetal in toluene, conwmcrd, Ud brought op in 
rcaoniuiie. An aliquot of this umpie is split off rad usad for Merbod 1 6 5 4  rad 1663 
uldyw. 

e-20 
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A P I  PUBL*4bLL 95 0 7 3 2 2 9 0  0545453 680 

S 

Rcsidurl toluene nmriar ia die Method 1662 sample exVICt after h is Iuirfcrrad to 
rcaoniuile. Thir m y  W e r e  with the Method 1 W A  HPLC UV rnrlytk if the tolume 
peak ovdrps wità any peaks within the retention time window tht is muturd .  

Raolution: For pncticd purposes, h is wt possible to remove ail of the toluate, but oie 
maux of raidual toluene m y  be diminishd by following the procedures ia the errata sh&t 
bf Mahod 1662. 

NQZE: The deuronic 'dJivarble requirement has bœn MiVd. kboraoriœ only od to 
s e d  la I brtdtopy vaion of b e  drp. 

6) 

7) 

CE: AlaisSteal,API 
Dml CPidlt, baoco 
BU1 Tdliud, EPA 
baie Rusbock karrbicc 

c-2 1 
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A P I  PUBL*4bLL 95 0732290  0545454  517 I 

ERRATA SHEEI 

Ihis ernza shem modifies Mcthod 1662 to diminue the solvent incompaibiiity between Muhods 
1662, l W A ,  rad 1663 by adding I more thorough solvent exchange procedure to mure that luge 
m o u m  of toluene do wt interfere in tbe determination of polynuclear m r m t j c  hydrocuboprs (PU) 
in Mcrbod 1WA.  If Method 1662 is usal as a Sund done mahod to duermine the urtranrble 
materid amtea of mud, this emta &ea is not necesury. 

m e  Section 10.4.2 to the fdlowing: 

10.4.2- to be w d  Method 1 W A  and Method 1663: Remove 1.00 mL with I 
volumetric pipem, place in I clan, u l i b n t d  K-D ConCtMltor aibe. Ud orehaage to 
acetonitrile per Section 10.6. 

Add S d o n  10.6. and Seaions 10.6.1 - 10.6.6 u fotlows: 

10.6 Exchange at rcaanitrile 

10.6.1 FOIIOW n C p ~  10.5.1 - 10.5.3. 

10.6.2 Evrponte to near dryness (find volume rppmximrteiy 50 uï) 

10.6.3 M á  100 IL of mahyleae chloride rad 400 uL of acetonitrile to rdiwolve the oll. 

10.6.4 Rtmove witb I Pastau pipettc and place in I 2 - 3 mL unkr vid dibrosd to 1.00 m i .  

10.65 Urhg 8 syringe uid t d 1  portiorU of 8cctoaitrile, rinse the b i d e  ruincc of the K-D 

10.6.6Sul and ttan in the dark u -200 to -1P C. Adjust the fiad volume to 1.00 mL 

amccnmr aibe and quantitativeiy masfer to the vid. 

h m e d i i y  prior to uuiysis. 

c-22 
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A P I  PUBL*4bLL 95 0 7 3 2 2 7 0  0545455 453 

lk!mu.a 
mis e m u  rhea modifia Method 1643 to eliminate the solvent incompatibility baween Mcthods 
1óó2, I W A ,  red 1663 by changing the solvent in which standards are made from haaae to 
mebylene chionde, so that the uududs ut miscible in acetonitrile. If Method 1643 u usal I a 
srand done mabod to daennine the presence of diesel or crude oil in the absence of Mahob L W A ,  
mi anti shea is  not necusary. 

Change Seaion 6.1 to the following: 

6.1 Methylene chloride: ACS @e or equivalent. 

mange Section 6.2.1 and Sections 6.2.1.1 - 6.2.1.3 to the following: 

6.2.1 Stock solutions: Repare in methylene chloride hr injection into the GC. obravc the 
safq precautions in Seaion 4. 

6.2.1.1 Diesei oil (62.5 rnglrnL): If QC extracts from Method 1 6 8  ue to be mai, 
use the oil that was spiked to produce that extracts. Weigh 6.25 g of d i d  oil 
to three significant figures in 1 1oO-mL ground-glus stopperd volumetric fi& 
rad till to !be mark with methylene chloride. Aita tbe oil is complady 
disolved, mufer the solution to 8 1SO-mi boale with P"FE4imed ap. 

6.2.1.2 Normrl hydroarboasdeane (Ct3, hudecaae (C~C), rad temosme (Cu): 
Dissolve an rpproprirtt mount of referma matarid in 8 suhblc mlvsm. For 
armpie, weigh 10.0 mg of decane in 8 10-mL volumeuic fi& rnd nII to the 
mark with methylene chloride. Ahcr the deane is  complady dirrolwd, 
uIILsfc1 the solution to I 1S-mL vid with PTFE-lind ap. 

6.2.1.3 Iatcrnrl sandard: Dissolve 1.0 8 of 1,3$aichio&eazeue W, Kodak No. 
1801 or equivaicm) ia 100 m i  methylac chloride. Altp the X E  ir 
complady dissolved, auufa the solution to I LSõ-mL b a i e  wirh P'IFE-îiued 
cap. Irbcl with the concentntion and date. Mark Che level of the maisaas on 
the boale to detect solvent loss. 

Cùauge Section 6.2.3 to tbc following: 

6.2.3 Recision and recovery rtudud: Dilute the stock solution of d i d  oü (Section 6.2.1.1) 
to produce 8 CoIIccIIpUioll of 1.U m g l a  in methylene chloride. Ibis s u n d d  is  used 
ibr initiri precision ud rscovcy (IPR, Saaion 8.2) rnd ongoing precision Ud recovery 
(Om Seaion 12.5). 

Change Section 10.3.1 to the following: 

10.3.1 Weigh 100 mg into 8 IO-mL volumetric flask Ud dilute to the mark with methylene 
chloride to produce 8 concentmion of 10 mg/mL. Stopper Ud mix thoroughly. 

Change Section 10.3.2 to the following: 

10.3.2 Using 8 d i b n t d  1.0-uL volumetric pipcac, withdraw 1.0-d. of the solution created 
in Section 10.3.1 rad place in 8 1O-mL volummic buk. ?hen withdraw an additional 
0.25 mL of the solution and add h to tbe 10-mL volumetric flask (for I total of 1.25 
mi). Fill to the m u k  with methylene chloride to produce 8 concentrm 'on of 1.25 
m g / d  (1250 uglmi). This solution will be acu, but not above. the limit of ihe 
crlibntion range rnd will mtch the concenartion of the QC samples from Mahod 1662 
(assuming 100% recovery). 

C-23 
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A P I  P U B L * 4 6 1 1  35 0732230  0.545456 39T 

ERRATA SKEET 

ltkmlum 
This emta disa modifia Mahod 16SA to diminue the solvent incompatibility b e e n  Metbods 
1662, l W A ,  rad 1643. If Mahod 1654A i s  used as I s w d  done method to determine the PAH 
content of OU thp is soluble in acetonitrile, this emu &cet is not necessary. 

Qingc Ssaion 6.2.1 to the following: 

6.2.1 Stock solutions: Repare in methylene chloride or methanol and dilute In acaoxi&ilc for 
injection iato die HPLC. ' Observe the safety prca~~tions in Sœtion 4. 

w e  Section 6.2.1.1 to the following ancl add Sections 6.2.1.1.1 and 6.2.1.1.2: 

6.2.1.1 Diesel oil soiutions 

6.2.1.1.1 Stock solution in methylene chloride (62.5 mg/&): If QC atncts  
ftom Method 1642 arc to be testd, use the oil thu was tpW in 
thit method. Weigh 6.23 g of diesel oil into a 1WmL p n d -  
glrss-stoppcrd volumetric flask Ud fiil to the mut with mcrtiylcnt 
chloride. 

6.2.1.1.2 D i d  oil dibraion soiution (LU mglmï): After drc oil in the 
rtock solution (Section 6.2.1.1.1) i s  complaely dissolva& tcmoyc 
1.00 mi rnd pircc ina u) mL volumefric tlulr. Diiuce rn the Mft 
with acetonitrile. Mi rboroughiy and tnnsftr to a clean 1 S m i  
boale WEth PTFE-Iílmd up. 

Change Seaion 6.2.3 to the following: 

6.23 Precision iad rec~very rundrud: 'Ibe diad oil alibntioa solution (Seaion 6.2.1.1.2) 
k usd for initirl precision and recovery (IPR; Section 8.2) ad ongoing p i t i o n  rad 
recovery (OPR; Saaion 12.6). 

orpgt Section 7.6.2 to the following: 

7.6.2 Daerminc ' the afibntioa hetor for d i d  oil by dividing h e  integrad arm (Sedon 
7.6.:) by b e  diesel oil mnccmntiOn (Seaion 6.2.1.1.2). 

Chap S&n 10.3.1 to the following: 

10.3.1 Weigh 100 mg into a l&mL volumetric Auk Ud dilute to the mult with methylene 
chloride to produce a concuiwtion of 10 mg/mL. Stopper rad mix thoroughly. 

Change Table 2 to the following: 

Table 2: Draw a horLomp1 line between IDdcno (1,2,3-d) pyrene and Diesel oil. 

Add a double asterisk to Diesel oil in this table (Diesel oil**) 

Add I foomott at the bottom of the table IS follows: 
Diesei oil ir crlibratd separately using a single point calibration (Section 7.6). 

C-24 
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American 1220 L Street, Northwest 
Petroleum Washington, D.C. 20005 
Institute Order No. 841 -461 1 O 
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