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FOREWORD

The Fourteenth Annual EPA Conference on Analysis of
Pollutants in the Environment was a resounding success. The
Conference was attended by over 300 scientists from
industry, environmental laboratories, and state, local, and

federal government agencies. The Conference provided the
attendees with the opportunity to discuss the latest
developments in analytical methodologies for the

determination of pollutants in the environment.

These proceedings document 24 technical and policy
presentations on subjects ranging from advanced sample
preparation and data reduction techniques for GC/MS analysis
to EPA's efforts towards analytical methods integration and
the implementation of good automated laboratory practices.

We would 1like to thank Jan Sears of ERCE for
coordinating the conference, Harry McCarty of Viar for his
assistance in arranging the technical program and all the
others who helped make the Fourteenth Annual Conference a
success. We are looking forward to your attendance at the
Fifteenth Annual EPA Conference in May of 1992.

W. A. Telliard
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PROCEEDINGS
MR. TELLIARD: Good morning.
Welcome to the 14th Annual Norfolk Analytical Meeting. I’'d like
to welcome you. My name is Bill Telliard. I am with EPA and I
am here to help you.

For those people who are new to the meeting, there are
some rules that we abide by. There is no physical abuse to your
neighbor; oral is always acceptable. In so doing, we’d like to
have you during the proceedings, if you have questions of the
speakers, come to the microphones that are around the room and
state your name and your organization and ask your question. If
for some reason you don’'t do that, these two women over here will
physically abuse you.

The agenda is kind of a full one and we’re going to try
to stay on time for a change, which means that at the breaks when
you go out and get your strawberry and coffee, if you would
kindly get your tushes back in here so that we can keep the
papers moving...

I'll have some more announcements later on, but I’'d
like to get the show on the road.

Our first speaker this morning is Tudor Davies.

Dr. Davies has been with the agency for about 20 years,
unable to find gainful employment. Tudor has, in another life,
been in charge of the Marine and Oceans Program prior to coming
over the Office of Water just about a month ago or three weeks.
So, he is going to give you an insight into some of the things
that the Office of Water is going to be looking at and talk a

little bit about the reorganization that has just occurred in the
Office of Water.
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DR. DAVIES: You'’re a large audience,
and you sort of disappear off into the distance, so I'm a little
bit intimidated--by the size of the audience as well as by looking
at the program, which I saw last night....

Bill is a little irreverent in most things that he does,
so I was bracing myself for his introduction--which turned out to
not be too bad.

I was thinking last night about what I was going to say
today....Yesterday I came from a meeting with sewage authorities,
with a different sort of orientation--but at least I knew what they
wanted me to talk about. Last night, I was wondering about Bill
Telliard’s motives for asking me to come here, and I thought about
the worst things first: having looked at the program and knowing
ny analytical chemistry is 20 years behind me or more, I started to
think perhaps Bill was out to intimidate me by the science here, to
show me how much I didn’t know. But then after awhile I ascribed
a better motive to him, because he knows that in the Office of
Science and Technology, which is where we both reside now, we do a
lot of regulatory decision-making. He understands some of the
leaps of faith we have to make, safety factors that we impose, and
I began to think that what he was trying to show me was that--at
least 1in the analytical chemistry area--the words, precision,
improved quality, etc., all of these have meaning...and that we are
at least moving progressively to improve the science, in order to
reduce the minimum detection levels and even to automate the
analytical methods and make them cheaper. I think Bill’s motive
today was to tell me that, at least in this area, we have good
science and very capable people. I hope that was the message that
he’s giving me today.

I'’ve been on the Jjob in the Office of Science and
Technology for a couple of weeks, and I’m going through a whole
series of briefings on what goes on. And so I think the most
appropriate thing to talk about today is to tell you a little bit
about what we do--about why we reorganized and what we reorganized
in the Office of Water at EPA. That’s the thing that’s on my mind
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at the moment and I can be a little coherent about that.

What I’d also like to do is perhaps to tell you some of
the things that we’re doing in the Office of Science and Technology
that are relevant to you and discuss some of those issues that
might be of interest to you.

EPA has an administrator who’s been on board two years,
and he is looking for a change of agenda within the Agency. He
sees that we’ve had success--particularly in the Office of Water
over the last 20 years--in applying a technology-based approach to
water-pollution control, and we’ve done this very much through
command-and-control type operations. And what he’s looking for--
and I have some sympathy with this--is that we should be moving
beyond command-and-control and dealing with issues such as cross-
media pollution. Realizing that many programs have now been
delegated from EPA to the states, many programs have been delegated
from the states to the cities, and most pre-treatment and toxic
reduction programs are done by the cities managing industrial
input, we are looking at pollution prevention as much as control,
and we should be taking advantage of any innovation that’s out
there. So we should be looking at some degree of flexibility in
our systems.

Further, the administrator talks about taking advantage
of the best science that we have in decision-making. 1In trying to
move beyond command-and-control, trying to think ecologically as
much as in the past we’ve focussed on human health, we have to
start talking about geographic targeting, about focussing on
specific environmental areas that are susceptible to management and
control, and perhaps move beyond the basic command-and-control
programs and do some new and innovative things. In that light, we
reorganized the Office of Water.

[First slide. The Office of Water used to be seven
offices. We’ve now focussed into four areas. (1) We have an
Office of Waste Water Enforcement and Compliance that takes the old
Enforcement, Permitting, and Municipal Control Office and "gloms"
them all together so that the result is a spectrum that they like
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to say "runs from white hat to black hat." (The old office
director of that area said that perhaps the motto for that office
should be, "I want to go out and crush someone.") (2) Then we have
the Office of Science and Technology, which we’ll talk about in a
couple of minutes. (3) We put together some of the programs
developed over that last couple of years on wetlands, the coastal
area, storm water management, and things of that sort into the
Office of Wetlands, Oceans, and Watersheds. That office will have
a watershed function in the future. (4) Finally, we’ve put the
drinking water program together with the ground water program.

We have three major statutes that we work with in the
Office of Water. (1) We have the Clean Water Act, a major statute
which is currently being reviewed for reauthorization on the Hill,
and there’s a great deal of activity within the Agency working with
the Hill on the reauthorization. (2) We have the Safe Drinking
Water Act. You probably saw that we were in the press yesterday on
the lead rule and lead activities in the Agency, particularly for
drinking water. (3) And then, finally, we have the "ocean dumping
act," the Marine Protection, Research, and Sanctuaries Act, which
has been very much narrowed over the last couple of years as we’ve
gone away from permitting the dumping of industrial waste and
sewage sludge into the ocean, so that now the only thing that we
permit to be disposed of into the ocean is dredged material. We’ll
talk about sediments and some other issues in a moment.

[Second slide.] Again, the Office of Science and
Technology...we’ve divided into three major groups. The first of
those groups is the one that you are probably most familiar with,
having had to suffer through with Telliard for the last 14 years:
the Engineering and Analysis Division, which largely carries the
responsibility for the Effluent Guidelines Program. This is the
program that develops technology-based guidelines for specific
categories of industry and is very much involved with your
analytical program in terms of defining effluent, looking at the
technologies available for managing effluent, and particularly,

looking at the economics of that management and the significance of



regulating those industries.

EAD has perhaps more statutory and judicial deadlines
than I like to think about. 1In fact, I think the whole office has
about one judicial deadline per person to go around, which means
that sets your agenda pretty closely.

One of the things I’d like to reflect on as we talk about
the Effluent Guidelines Program is that what Bill Reilly has talked
about is perhaps a "kinder and gentler" EPA--and that we’re going
to start moving away from command-and-control somewhat. In talking
to EMSL yesterday, I kept on emphasizing that we were looking to
flexibility and change...and the guy behind me on the program stood
up and started to talk about all the things that we had done in
enforcement, how we had fined this city $3 million and hit this
industry for something else...and someone in the audience stood up
and said, "You know, you have a very mixed message that you’re
giving here. On the one hand, you’re talking about flexibility,
and on the other hand, the Agency still has this command-and-
control mentality."

I think we have a real problem with communicating in the
Agency, and there’s a little story I want to tell you, because I
think we all have problems with communicating. I think you have a
problem in dealing with biologists and regulators in terms of
conveying chemistry to them and the depth and understanding of your
techniques.

We often talk and hear very different things. 1I’d like
to tell you a story that emphasizes that. It’s a little bit off
the point, but it adds a little light relief to the proceedings,
and there is no religious connotation to this story at all. In
fact, it was told by my minister about three or four weeks ago, and
I thought it was very appropriate to the subject of communication.

In the Middle Ages, there was a Pope in Rome who was
very, very flexible in terms of his beliefs, and the rest of the
clergy in Rome was very, very conservative and wanted to get the
Jews out of Rome. And the clergy pushed on this Pope, and they
said, "You know, you’ve got to get them out."
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And the Pope said, "Well, let’s do it this way. We’ll
have a single combat between the Jews and the Catholics here to
decide who will leave, and I will be part of the single combat, I
will be the Catholic’s champion, and they can choose their
champion. To make the contest difficult, it will be a debate--and
because I have such an enormous reputation as a debater, we’ll do
it in mime."

The Jewish community was very upset about this, but of
course this was their chance to stay in Rome. And so they asked
the most distinguished Rabbis if they would debate the Pope, and
the Rabbis didn’t want to do it. It eventually came down to a guy
low in the structure who was a bit of the clown. He had to take on
the Pope.

On the day of the debate, the Pope showed up in all of
his finery with the clergy. And the little Jewish guy showed up,
and he wasn’t very well dressed, he looked sort of out of place
among these people.

The Pope began in mime...I hope you can see me. He sort
of took his arm...and just made a broad stroke, 1like this...and
that was the opening shot of the debate.

His opponent looked at him for a while and did that...put
his finger out and sort of shoved it down toward the ground, like
that.

The Pope thought for a while and he made the next
step...he moved three fingers toward his opponent, like that.

And his opponent stopped and thought about it and he just
showed him one finger back, like that.

And then the Pope thought for a little while longer and
then turned aside and pulled out the bread and the wine and showed
it to his opponent. And his opponent looked at him for a while and
took an apple out of his pocket and bit into the apple.

And the Pope said, "Oh, that’s fantastic!" He said, "You
have won, you can stay in Rome."

And so everybody left and all of the Cardinals, etc.,
said to the Pope, "Well, what happened? Interpret the debate for



us."

So the Pope said, "Well, I started off by saying, ’God
made the heaven and the earth.’ He came back and he did that,
which meant to me that He also made man on the earth. And then I
said, ’‘The Trinity,’ and he again came back to me and said, ’He
made man in his image.’ And then I took out the sacrament and
showed it to him, and he turned back to me and showed me the apple
and he said, ‘Man is human. He was tempted.’ You know, that was
wonderful. He had countered everything I said, so the Jews can
stay."

So there was enormous celebration 1in the Jewish
community, as you’d expect, and finally they got their champion
aside and said, "Well, what happened?"

So he said, "Well, this is the way the debate went. He
did this, which meant to me, ‘All of you get out of town by
nightfall.’ And I said back to him, ’‘Not one of us is leaving.’
Then he countered again and he said, ’‘You have three hours to get
out of town.’ And again I said, ‘Not one of us is leaving.’ So he
said I had convinced him at that point. And so what we did then
was he took out his lunch and I took out my lunch and we sat down
and had lunch."

Think about how many conversations you’ve had that sort
of worked like that.

Anyway, let me tell you a little bit about the rest of
the office and the great difficulty we have in communicating some
of the decisions that we make on regulatory matters.

We decided, when we put this office together, that we
would try to pull some of the scientific people out of some of the
other offices within Water, to try to consolidate and get a
critical mass of scientific issues and people that we were dealing
with. We thought that we would do that by having a risk assessment
group outside of the Effluent Guidelines Program, the risk
assessment group that you see in the middle there, and a risk
management group.

The risk assessment group is charged with developing
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health criteria for both drinking water and surface water
regulation. If you’ll look at that group, you’ll see that we first
analyze surface water (which we do very well) and then worry about
the effect of the contaminants we find in the surface water on
human health and the environment. Most of the work that we do in
that area is based on translation from animal studies and aquatic
toxicity studies that we do--so our ability to precisely measure
chemicals in water and other media is really not matched by the
science we have in looking at human and ecological risk assessment.
We 1impose many safety factors, and we’re often translating
information from things like rat studies, trying to understand the
impact of toxicity and perhaps cancer on human beings. So think
about that as you consider the human health criteria that we’ve
developed.

Often, one of the things that we’re concerned about when
we’'re setting drinking water standards is the reproducibility of
the analysis method for water--and you’re very helpful to us there.
But again, there are those uncertainties in the risk assessment
part of the program.

When we come to the ecologic criteria, we’re interested
in water quality. And we have a set of toxicity measurements and
bio-concentration measurements that we make, particularly on a
various file of animals, to come up with risk levels that are then
incorporated into standards to protect the safety of surface water.

One of the areas that we’re getting into is sediment
criteria. When we look around the country, we see many, many areas
in which the historical discharges, and perhaps the current
discharges, are contaminating surface sediments. And that
contamination doesn’t stay in one place but recycles into the water
column. There is exchange between the sediment medium and the
biota so that we have a great deal of concern, particularly for
those persistent toxic chemicals which bio-accumulate in humans.
I’11 talk in a moment about the Great Lakes, which is the site
perhaps the furthest along in determining where those areas of

sediment contamination are and in trying to deal with strategies to



remediate the problemn.

The other part of the risk assessment area is the sewage
sludge program. We have proposed a multi-media regulation for
sewage sludge. It deals with placement of the material in certain
environments, incineration of sludge, land filling, land spreading,
etc. I think we’ve broken some new ground there 1in risk
assessment. I know that Bill was very involved with the sewage
sludge studies in terms of characterizing the toxicants in sewage
sludge around the country...and we’ve had to work with many, many
people across the Agency and deal with multiple statutes, as well
as the Clean Water Act, in developing this regulation for sewage
sludge, which will be proposed (we hope) next year. It will have
multiple monitoring and assessment requirements what I’m sure some
of you will be involved with. So we’re dealing with human health
in considering water, drinking water, and sewage sludge, on the
assessment side.

On the risk management side, we’re dealing with setting
standards, particularly for surface water. We have a proposal that
will be coming out shortly that will require all states to have
standards for the materials that we’ve developed criteria for, and
we see a further proposal coming out of the Great Lakes area, a
proposal which is supported by all of the Great Lakes states, to
set further, more specific water quality standards to protect the
Great Lakes environment. The Great Lakes states are perhaps at the
cutting edge in developing new techniques in that area. Those of
you that are interested in development and implementation of water
quality standards should watch the Great Lakes program to see what
they are doing.

We are trying to develop standards for surface water,
we’re trying to develop standards for ecosystems, and we're
developing standards for things like wetlands and sediments.

It’s particularly interesting, I think, that we’re
developing standards and criteria for sediments, an area where we
have a difficult medium to deal with and a whole series of

different purposes at work.
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We’re looking, one, at preventing the toxic material from
getting out into the environment in a concentration that can cause
sediment contamination, and so we need criteria for our control
programs for sources, particularly point sources. We have so much
contamination out in the environment in Superfund sites and in
contaminated sediments that we need criteria that will allow us to
define the clean-up level. That’s another purpose.

Then we have the problem of dealing with material that we
want to move for navigation, material that is in the navigation
channels and is contaminated: the dredge material program. 1In
this program, we’re trying to deal with sediments as a total
medium. We’re trying to deal with the whole toxicity, the whole
potential bio-accumulation of toxics from those sediments, so we
have a series of methods. And there is some controversy within the
Agency about the methods that we use.

For non-polar organic chemicals, we’re coming out with a
predictive method for sediment criteria that’s dependent upon
partition coefficients and upon the organic carbon content of the
sediment. We would look at these parameters and then determine
concentrations for the particular chemicals. We’re also looking at
developing sediment criteria using a calculation based upon acid
volatile sulfides within the sediment.

There’s another group that says that what we should be
doing is biological effects testing on those sediments, to see
whether there is in fact a direct effect on benthic animals and,
further, whether there is the possibility of any bio-concentration
into the environment from those sediments...and they say that
should be the regulatory framework.

Then there are a whole range of intermediate positions.
We are concerned about whether this medium is binding chemicals, so
that the direct chemical analysis doesn’t reflect the biological
availability of the chemicals.

This is an interesting debate, and we’re having a great
deal of interaction with the scientific community on this subject.

It will be an interesting regulatory issue to follow, and I’m sure
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that you will be called upon to develop very specific methods in
this area.

Associated with the sediment issue is an issue related
to fish advisories. Most of the contaminated sediments contain
these bio-cumulative persistent chemicals. The thing that we’re
particularly concerned about is that these chemicals bio-accumulate
and get into the fish and shellfish, and then we’re called upon to
issue fish advisories to the states to protect human health. There
isn’t a good procedure out there at the moment. There are FDA
measures for interstate transfer of shellfish that are not very
good, and there are methods that EPA has used that are again not
very good.

We’ve recently had a symposium where the American
Fisheries Society and the federal agencies got together with the
states. Now we have a strategy that’s working to develop better
risk assessment and to look at fish consumption rates, and that’s
a critical component of any risk assessment. There is debate over
whether subsistence fishermen eat a great deal more fish than
people who are Jjust recreational fishermen and what the normal
population eats. Finally, we have to decide what level of
protection to establish in setting a fish advisory.

We do not have a consistent methodology for looking at
fish. Some people look at whole fish and some look at the edible
portion, and the risk assessment varies accordingly. We also need
a good standardized QA/QC program for sampling and analyzing fish
tissue. We need to have a clearing house, so that all the states
are dealing with these risk issues in a compatible way.

And then we come back to communication....We need a good
risk communication strategy so that we don’t frighten people, but
we protect public health.

One of the final things that we’re doing in this new
office is trying to develop better load allocation methodologies.
We can measure it. We can perhaps understand the environmental
effects and the human health effects of chemicals in the

environment. But what we have to do is develop a regulatory scheme
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that allocates loads to specific sources, which in the future may
include non-point as well as point sources. However, in most of
the country, we are still doing dilution calculations, which is a
pretty unsophisticated way to deal with controlling the release of
contaminants into the environment. So that’s an area that I think
our office will focus upon.

I think that at this point I’1l1 draw your attention
finally to the Great Lakes, where we’ll be dealing with these
issues in a much more pro-active way. The Great Lakes community,
along with Canada, is very concerned about the quality of the
environment. We’ve had much success in dealing with nutrient
issues. Bob Booth and I were talking over coffee this morning
about activities that we’d had going on the Great Lakes 20 years
ago during the International Field Year, and now we’re back again
to a very high focus on the Great Lakes. The eutrophication
problems are largely solved, but the toxics problems in the
environment are certainly not. We have significant inputs from the
atmosphere. We have contamination in sediments and we have the
normal land-based sources.

We have to develop a better standard methodology. We
have to build sediment remediation methods that are economically
acceptable, and those remediation methods are very slow in coning.
But focus on the Great Lakes--1I think that’s where we’ll be making
a lot of new progress. And that, I think, is consistent with
Reilly’s intention of trying to work with local communities, work
with the states, trying to develop political will for environmental
control, and focusing on a dgeographic area that people can
associate with. It’s sort of difficult for the public to talk
about technology-based standards for industry and for
municipalities. I think people are more interested in their water
body and protecting that in any way they can.

So we’re going to think multi-media. Hopefully, we’'re
going to use better science. I hope we can count on you to help
with that, and I think we’re going to try to be a kinder, gentler
EPA, if that’s possible. Thank you.
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QUESTION AND ANSWER SESSION
MR. TELLIARD: Are there any
questions for Tudor? Silence.
In the back of the room during the break you’ll find an
organization chart for the Office of Water and a phone listing so

you can call your favorite Office of Water person.
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MR. TELLIARD: Our next session is
going to deal with hydrocarbon analysis and our first speaker is
from Shell.

Tleana Rhodes and I met two children ago, she said, I
had nothing to do with that. At that time we were looking into
trying to measure some brines out of oil wells for laughs and she
in her other job was to keep George Stanko in line. She’s been
fairly successful in that.

Ileana, do you want to come up?
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DETERMINATION OF TOTAL PETROLEUM HYDROCARBONS
BY CAPILLARY GAS CHROMATOGRAPHY

Gasoline to Diesel Range Total Petroleum Hydrocarbons (TPH) and
Approximate Boiling Point Distribution

I. A. L. Rhodes, R. Z. Olvera, J. A. Leon and E. M. Hinojosa

SHELL DEVELOPMENT COMPANY
HOUSTON, TEXAS

ABSTRACT

Assessment and remediation of soil contamination by petroleum products
requires the identification of the type and extent of contamination.
There are several analytical procedures that are used to obtain this kind
of information. The term "total petroleum hydrocarbons" (TPH) is used to
describe extent of contamination but the actual value determined is
method dependent and, thus, must be defined by the method used. All
procedures have limitations and care must be exercised in interpretation
of data. None of the methods available provide information on boiling
point distribution of the contaminants and limited information on product
type.

A procedure was developed for the determination of product type, gasoline
to diesel range TPH, and its boiling point distribution in soil. This
procedure involves extraction of the soil followed by analysis of the
extract using gas chromatography with flame ionization detection.
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DETERMINATION OF TOTAL PETROLEUM HYDROCARBONS
BY CAPILLARY GAS CHROMATOGRAPHY

Gasoline to Diesel Range Total Petroleum Hydrocarbons (TPH) and
Approximate Boiling Point Distribution

[leana A. L. Rhodes, Ramon Z. Olvera,
John A. Leon and Emiliano M. Hinojosa

Shell Development Company
Environmental Analysis Department
Westhollow Research Center
Houston, Texas

INTRODUCTION

Assessment and remediation of soil contamination by petroleum products
requires the identification of the type and the extent of contamination.
There are several analytical procedures that are used to obtain this kind
of information. The term "total petroleum hydrocarbons" (TPH) is used to
describe the extent of contamination but the actual value determined is
method dependent and thus must be defined by the method used. One of the
most commonly used procedures is modified EPA Method 418.1 which is an
indicator method that prov1des information on Freon extractable petroleum
hydrocarbons measured using infrared spectrophotometry®. Other methods
are based on extraction of the soil followed by gas chromatographic
analysis of the soil extract using direct injection, headspace or purge
and trap ana]yses with determination of selected components or sums of
components®™®. A1l of these procedures have different advantages and
limitations,thus care must be exercised in interpretation of data.

Most of the chromatographic procedures require two types of analysis.
Volatiles (ie. gasoline range) are determined by extraction of the
samples followed by analysis of the extract using purge and trap
techniques. Semivolatiles (heavier than gasoline range) are determined
using a different extraction procedure followed by concentration of the
extract and then analysis of the concentrate using a direct injection
approach. These methods are necessary for determination of low levels of
TPH contamination (<100 ppm). However, it is often not necessary to
determine TPH concentrations below 100 ppm. C]eanup standards in about
half the states are at 100 ppm TPH and above®. Results from several
analyses must be combined to obtain limited 1nf0rmation on product type.
The concentration steps are time consuming and are often not necessary
since the concentrate may need to be diluted for analysis.

The method described in this paper was developed to meet the following
requirements: 1) identify the type of contamination (gasoline range,
diesel range, mixtures, crudes, etc.), 2) quantitate TPH from gasoline to
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diesel range, 3) quantitate selected target analytes, and 4) determine
approximate boiling point distribution of the material present in the
soil to assist in selection of appropriate remediation technology. It was
also desirable to develop a method with minimal sampie handling and simple
calibration/instrumentation techniques.

None of the methods currently available can provide information that
satisfies all of the stated goals. EPA Method 418.1 cannot provide
information on the type of hydrocarbon contamination, light bo111ng paint
components are easily lost during sample handling and calibration is only
accurate if samples contains about 30% aromatics!. Headspace procedures
are very sensitive but are biased towards the 11ght ends. To fulfill the
stated requirements, a method was developed using methylene chloride or
methanol for extraction of the soil followed by analysis of the extracts
using gas chromatography with flame ionization detection (GC/FID). These
solvents were chosen because they are relatively low b01]1ng, and are
commonly used in EPA methods and other proposed methods’

The extracts are analyzed using capillary gas chromatography. Separation
is done using a high resolution fused silica capillary column with bonded
methyl silicone phase. This is a non-polar stationary phase in which
separation essentially takes place by differences in boiling points of
the components in a mixture. The areas under all peaks that elute after
the extraction solvent are summed for both samples and calibration
standards. Calibration solutions can be prepared of either gasoline or
diesel range TPH in the same solvent as the extraction solvent.
Alternatively, calibration can be done with a mixture of selected
gasoline and/or diesel components. Individual target analytes such as
benzene, toluene, and xylenes (BTX) can be identified and quantitated if
desired.

This method takes advantage of the fact that the flame ionization
detector response is essentially the same for all hydrocarbons as
indicated in Table 1 where the response factors of an abbreviated list of
hydrocarbons present in all commercial gasolines are tabulated and
normalized with respect to n-heptane. Only methyl-t-butyl ether (MTBE) is
significant]y different. For heavier material, similar data is available
in the 11terature (C14-C32 alkanes and Cl10-C22 polycyclic aromatic
hydrocarbons)’.

Approximate boiling point distribution is obtained by normalization of
the cumulative areas of peaks between retention times of elution of
compounds of known boiling points. The normal hydrocarbon of a homologous
series has the highest boiling point for its carbon number and thus
elutes last. The approximate boiling point distribution plots provide
information on weathering of the material.

The method described in this paper has been applied for gasoline to
diesel range (gasoline range only, diesel range only as well as mixtures)
TPH concentrations from 50 to 10,000 ppm. Soil moisture (<10%) does not
appear to have a significant effect on extraction efficiency. For samples
with relatively high moisture, it is recommended that the sample be mixed
with sodium sulfate prior to extraction if methylene chloride is used for
extraction. Drilling muds fall in this category.
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EXPERIMENTAL PROCEDURE

Sample preparation

The method involves weighing 10-20 g of sample in a vial with a Teflon
lined cap. Sodium sulfate may be added for samples with moisture levels
above 10%. The extraction solvent, 10-20 mL of methylene chloride or
methanol, is added to the vial. Solvent purity is essential (99+*
purity). A series of extraction steps involve mixing for 1 minute using a
vortex mixer and shaking with a horizontal shaker or a wrist action
shaker for at Tleast 1-4 hours. The samples can be centrifuged if
necessary. The extracts can then be directly transferred to autosampler
vials and analyzed by gas chromatography using the parameters listed in
Table 2. Typical chromatograms are shown in Figures 1-4. Figure 5 shows
the chromatogram of a synthetic standard of selected gasoline to diesel
range components.

Preparation of Standards

Calibration standards - Standards are prepared using gasoline and/or
diesel of any grade or source or a blend of selected hydrocarbons in the
concentration range expected in the sample. These standards are prepared
by weighing the required amount of gasoline and/or diesel or of selected
hydrocarbons and diluting by volume with the extraction solvent. Typical
concentration ranges are 50 to 10,000 pug/mL. Calibration curves or
average response factors can be used. It is desirable to have standards
in a similar concentration range as the samples. Typical calibration
plots using a regular gasoline, diesel, 1:1 gasoline/diesel and a
synthetic standard of selected gasoline/diesel range components are shown

in Fiqure 6-9.

Boiling point distribution reference standard - A solution
containing approximately 200 ppm each of n-hexane through eicosane and
pentacosane is used for determination of the retention times
corresponding to the different boiling point fractions. Table 3 Tists the
boiling points of each of these n-alkanes and the retention times
observed when the instrumental parameters specified in Table 2 are used.
The boiling point distribution can be used to assess whether or not a
site is amenable to soil venting. For that reason, detailed boiling point
distribution is usually done only for the gasoline range (up to C12) and
only a few markers are used for heavier materials. The heavy materials
are usually described by the carbon number range rather than by boiling
point range.

Instrumental procedure

The instrumental parameters used for the analysis of the soil extracts
and standards are listed in Table 2. Any data system capable of grouping
and summing selected peak areas can be used. A VG Multichrom data system
was used throughout this study for collection of data and computation of
results.
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The method, as described in Table 2, is limited to determination of
hydrocarbons up to “C25. This cutoff was chosen for several practical
reasons. Column phase bleed at oven temperatures above 280°C results in a
rise in baseline. This rise in baseline makes integration of unresolved
peaks (such as in diesel range material) quite difficult and blank
baseline subtraction is often necessary. This added computation is not
always appropriate primarily due to changes in the electronic zero at the
beginning of each run. A final temperature of 280°C minimizes baseline
rise while still allowing elution of components up to and over C(25.
Another reason for selecting a cutoff of C25 is that alkanes above (25
are not sufficiently soluble in methylene chloride or methanol and thus
would not be effectively extracted from the soil. Carbon disulfide can be
used to extract heavier hydrocarbons.

Determination of TPH

The areas of all peaks detected that elute after the extraction solvent
peak and up to the retention time where pentacosane elutes are summed.
The report includes both total area sums of all peaks detected up to and
including pentacosane and area sums of peaks eluting between the n-alkane
markers for both standards and samples. The total area sums are used for
determination of the gasoline to diesel range TPH in samples. The
information on area sums between selected markers is used to generate an
approximate boiling point distribution plot for a normalized sample.

Calibration can be done using gasoline and/or diesel or synthetic
mixtures of selected gasoline to diesel components. The total area sum
for samples to be quantitated must be within the calibration range.

It is often desirable to determine what portion of the TPH present in
samples is due to gasoline range and what portion is due to a heavier
product such as diesel range material. Both of these products overlap to
some extent. A recommended cutoff is Cl10. Generally, gasoline is 5-15%
above Cl10 and diesel can be 720% below Cl10. This is obviously a
compromise.

Calculation of Approximate Boiling Point Distribution

The approximate boiling point distribution is calculated by
normalization of sums of peak areas of portions of the chromatograms
eluting between preselected retention times as indicated in Table 3.
These retention times correspond to known boiling points selected as
references. The chromatographic column used in this method is essentially
a boiling point non-polar column and compound separation is achieved by
boiling point differences. A homologous series of n-alkanes is used as
approximate boiling point references. The cumulative boiling point
distribution 1is graphically displayed by plotting the cumulative area
percents versus boiling points of the n-alkanes. The plots are similar to
those obtained from simulated distillation or true boiling point gas
chromatographic analyses. Figure 10 includes several approximate boiling
point distribution plots.
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RESULTS AND DISCUSSION

A single analysis can be used to determine product type, TPH, target
analytes and approximate boiling point distribution.

Product Type Identification

Product type can simply be determined by visual inspection of the
chromatograms. The "fingerprints" of gasoline, diesel and mixtures of
these two petroleum hydrocarbons ranges are shown in Figures 1-4. The
chromatogram can get more complicated if crude oil, jet range material or
other refined products are also present. Nevertheless, it may still be
possible to determine that the contamination is due to some sort of fuel
0il. Industrial solvents can interfere in the analysis, however, the
chromatographic fingerprints would be noticeably different.

Determination of TPH

Preliminary experiments indicated that methanol 1is somewhat less
efficient in extraction of diesel range material than methylene chloride.
Thus all subsequent spiking experiments were done using methylene
chloride as extraction solvent.

The method was tested by spiking known amounts of regular gasoline,
diesel o0il and mixtures of gasoline and diesel o0il in soil. Typical
chromatograms are shown in Figures 1-3. As previously stated and shown in
Table 1, the method takes advantage of the fact that the response of
flame ionization detector is essentially the same for all hydocarbons (on
a weight basis) and based primarily on effective carbon number. It is
therefore not essential that calibration be performed using material
similar to the material in the samples. For example, any gasoline,
diesel, synthetic mixture or single hydrocarbon can be used for
calibration and calculation of TPH in samples with any type of petroieum
hydrocarbon contamination. This 1is essentially true. However, because
products such as gasoline or diesel are composed of more than 300
individual components, at low concentration of total product, many of the
individual components are simply too small to be detected and cannot
contribute to the total signal detected and thus linearity falls off.
Conversely, when synthetic standards are used, typically no more than
10-20 components are used and thus the TPH is distributed among a few
peaks which can be all detected for all concentrations of the standards
above the stated practical quantitation 1imits. The use of synthetic
standards always results in underestimation of the TPH present in the
samples.

In addition, by using extraction solvents that are in the gasoline range
(<C6) a portion of gasoline range material cannot be measured, thus
adding an additional bijas to the method. This bias can be somewhat
corrected by using gasoline standards for calibration of samples
containing gasoline range materials.
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Figures 6-9 show the calibration plots using different types of
materials. These calibrations were used to quantitate results tabulated
in in Table 4 which summarizes the results obtained for the soil spiking
studies. Soils were spiked with gasoline, gasoline plus diesel mixtures
and diesel range materials. Quantitation was done using calibration
standards of gasoline range only, gasoline plus diesel range only, diesel
range only and synthetic standards. The extracts were analyzed each using
two different instruments. Evaluation of the results compiled in Table 4
indicates that it is acceptable to use any type of standard. The overall
accuracy average is “90% and the overall accuracy average percent Timits
are 70 - 110%. As expected, the least accurate results for the lower
concentrations were obtained when synthetic mixtures were used for
calibration where the slope is the highest.

Determination of Selected Tarqget Analytes

Selected components are indicated in Figures 1-4 and can be measured
individually if desired. The most practical approach is to simply use the
same calibration as that used for total TPH using the area of the target
analyte in a given sample. In this study, target analytes were not
determined since spiked sampies were used.

Approximate Boiling Point Distribution

Approximate boiling point distribution similar to those obtained from
simulated distillation or true boiling point types of analysis can be
obtained using this procedure which uses the retention times of n-alkanes
as markers for determination of boiling point distribution of the
contamination. Fiqure 10 shows the cumulative boiling point distribution
of super and regular grades fresh gasolines. The approximate boiling
point distributions of regular gasoline, diesel and a mixture of gasoline
and diesel spiked onto soils are also included. This type of information
can be wused to determine not only product type(s) but also to
characterize the state of the material, such as severity of weathering
and relative concentrations of mixed range materials. A soil sample from
a service station was analyzed using this method and the boiling point
distribution of the contamination is also included in Figure 10. It is
evident that the source of contamination in this soil is gasoline range
material but it is extremely weathered since there are essentially no
components that boil below 125°C.

Typically, a detailed boiling point distribution is needed only for the
gasoline range so as to obtain information in assisting selection of
suitable remediation technology (for exampie, soil venting). The driving
force for development of this method was the generation of boiling point
distribution information to assist in determination of what service
stations with soil contaminations can be remediated effectively using
soil venting. Beyond the gasoline range (above C12), it is not as
important to detail the boiling range of the material but it is more
practical to simply define the carbon number range to categorize the type
of material (for example, jet, diesel, motor oil, etc.)
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The method described in this paper only allows the characterization of
material beyond C6 since any material Tighter that C6 is obscured by the
extraction solvent (methylene chloride or methanol). As much as 25% of a
fresh gasoline can be below (6. When a sampie is known to contain only
gasoline range material, an alternate method is recommended to properly
characterize the approximate boiling point distribution of gasoline range
contamination. This alternate method invoives extraction of the soil with
tetradecane (elutes beyond the gasoline range) which allows the
estimation of boiling point distribution from C1 to C12°.

METHOD LIMITATIONS

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

Decisions must be made by the analyst in determination of cutoff points
for quantitation of different product ranges when contamination is caused
by a combination of sources. For example, if soils are contaminated with
gasoline range and diesel range materials, there is an area of overlap
where certain components are common to both types of petroleum fractions.
A compromise cutoff for mixtures of gasoline with diesel fuel range
material is Cl0. There is no appropriate cutoff for a mixture of jet fuel
or kerosene and diesel fuel since there is a great deal of overlap. Crude
oil contamination also contains a wide range of materials. In cases where
mixed products are present, it is perhaps best not to quantitate how much
is due to what type of product but to simply quantitate TPH.

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

SUMMARY AND RECOMMENDATIONS

A high resolution gas chromatographic method was developed for the
determination of gasoline to diesel range total petroleum hydrocarbons
which involves extraction of the soil with methylene chloride or
methanol. The method can be used for obtaining information on the boiling
point distribution of the contamination and, if so required, on
individual components of interest. The method has been applied to the
analyses of spiked soil samples, soils from service stations and
marketing distribution terminals, and drilling muds.
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A limitation of the method is that the practical quantitation limit is
50-100 ppm. However, these levels are compatible with cieanup standards
for many states®. A practical approach to the determination of TPH and
characterization of the material present is to follow the procedure
described in this paper and outlined in Figure 11 where a flow chart is
outlined and the decisions are based on data quality objectives. The
approach proposed involves extraction and analysis of soil samples for
characterization of TPH as described here. If TPH is above 50-100 ppm
(ie. if peaks are detected with appropriate fingerprints), then
information on product type, TPH, selected target analytes and
approximate boiling point distribution can be obtained from a single
simple extraction and analysis. If no peaks are detected, and if
information is needed below 50-100 ppm TPH, then the samples can be
analyzed using other more sensitive methods.
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QUESTION AND ANSWER SESSION
MR. CALLAMORE: My name is Martin

Callamore, City of Tacoma. We have done some extraction work
doing TPHs in sewage sludge and what we found is that the FID has
a big humpogram that makes quantification very difficult. Wwe’ll
get the classic distribution of your diesel, but it’s riding on
top of a very large hump that will vary. Apparently, the
extraction is taking out some things other than TPH also.

Doing the silica gel cleanup to remove the carboxylic
acids hasn’t really helped.

MS. RHODES: I can’t hear you very
well...sorry.

MR. TELLIARD: That’s better.

MR. CALLAMORE: Okay, sewage

sludge TPHs...cleaning up with silica gel to remove the
carboxylic acids doesn’t seem to remove all the biogenic material
so we have a real severe problem with interference in the
chromatogram trying to determine TPH. The traditional, normal
hydrocarbon distribution rides on top of a very large hump which
makes quantification very difficult. I was wondering if you had
ever run into that sort of thing before.

MS. RHODES: I couldn’t hear your
whole question. I don’t know if this is working or not.

I couldn’t hear your whole question, but essentially
what you’ve got is you’ve got all of that biological material to
deal with as well and, I don’t know, you might try some GPC-type
techniques to try to clean it up a little bit better. We usually
don’t deal with that kind of material, but I know what you’re
doing because we have experienced that in some other cases...not
for TPH measurements. You have to go through a whole lot of
cleaning to get rid of the bio mass. Sorry.

MR. PRONGER: Greg Pronger,
National Environmental Testing. Have you experimented with any
solvents that would move your solvent front out in front of the

pattern of gasolines such as maybe carbon disulfide or any of those?
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MS. RHODES: I tried carbon
disulfide. I work with carbon disulfide quite a bit and carbon
disulfide gives you a peak right on the same spot where methylene
chloride does. Carbon disulfide, however, is a better solvent
for heavier hydrocarbons. For example, one of the other reasons
why I stopped at C25 is because you can’t dissolve C30 in
methylene chloride. CS,will work just as well, but it also would

interfere in the front end of the chromatogram.

MR. PRONGER: Are you saying it’s
got an interferent? 1Is it the grade of carbon disulfide or it...
MS. RHODES: No, it gives you

response right on the spot. The FID will respond to CS,when it’s
in a solvent amount right on the same spot with methylene
chloride within a few...like a half a minute or so. It will come
out on the same spot. But it’s a good solvent as well; it can be
used. It just stinks so much.

MR. PRONGER: There are some
disadvantages of the solvent.

MR. TELLIARD: Thank you.



TABLE 1: RELATIVE RESPONSE FACTORS OF SELECTED
GASOLINE RANGE COMPONENTS USING GC-FID.

(NORMALIZED WITH RESPECT TO n-HEPTANE)

Methyl-t-butyl ether 0.70
n-Butane 1.00
i-Pentane 1.00
2-Methylbutene-1 0.96
n-Pentane 1.00
Cyclopentane 0.96
2-Methyipentane 1.00
n-Hexane 1.00
Methylcyclopentane 0.97
2,4-Dimethyipentane 1.00
Benzene 0.92
Cyclohexane 0.99
Cyclohexene 0.98
2~-Methylhexane 1.00
3-Methylhexane 1.00
t-1,3-Dimethylcyciopentane 1.00
t-1,2-Dimethyicyclopentane 1.00
3-~-Ethylpentane 1.00
2,2,4-Trimethylpentane 1.00
n-Heptane 1.00
Methylcyclohexane 0.98
Ethylcyclopentane 0.98
2,4-Dimethylhexane 1.00
2,3,4-Trimethylpentane 1.00
Toluene 0.93
2-Methylheptane 1.00
3-Methylheptane 1.00
t-1,3- & c¢-1,4-Dimethylcyclohexane 0.99
n-Octane 1.00
n-Propylcyclopentane 0.99
Ethylbenzene 0.96
m-Xylene 0.96
p-Xylene 0.96
o-Xylene + 3-Methyloctane 0.98
n~-Nonane 1.00
i-Propylbenzene 0.98
2,6-Dimethyloctane + n-Propylbenzene 0.98
1~Methyi-4-ethylbenzene 0.98
1,3,56-Trimethylbenzene 0.98
1-Methyl-2-ethylbenzene 0.98
4 -Methylnonane 1.00
t-Butyibenzene + 1,2,4-Trimethylben, 0.99
n-Decane + 1,2,3-Trimethylbenzene 0.98
Indan 1.00
1,2,3,5-Trimethylbenzene 0.99
Naphthalene 0.96
n-Dodecane 1.00
AVERAGE RESPONSE FACTOR 0.98
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TABLE 2: INSTRUMENTAL PARAMETERS

Gas Chromatograph: Hewlett-Packard 5880 or 5890

Column: Quadrex MS-007, fused silica
capillary column 25 m X 0.25 mm
ID, 1.0 pym film thickness methyl

silicon
Carrier gas: Helium, 15 Psig.
Make-up gas: Nitrogen, 30 ml/min.
Split Ratio: 30:1 (minimum)
Sample size: 1-5 L
Injector: 325°C
Detector: Flame ionization, 350°C
Column_program: 40°C hold for 4 min, program at

10°C/min to 280°C.
Hold for 15 min at 280°C.

Data System: VG Multichrom
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TABLE 3:

RETENTION TIMES AND BOILING POINTS OF n-ALKANES
FOR DETERMINATION OF BOILING POINT DISTRIBUTION
OF GASOLINE TO DIESEL RANGE TPH IN SOIL USING
DESIGNATED INSTRUMENTAL PARAMETERS

BP Retention Alkane
°C Time (min) Marker
T 36 2.15 n-C5
69 4.09 h-C6 |
98 6.85 n-C7 |
SASOLINE 126 9.55 n-C8 |
RANGE 151 11.93 n-C9
174 14.03 n-C10
196 15.92 n-C11
\\\?16 17.65 n-C12
236 19.26 n-C13
253 20.76 n-C14
270 22.18 n-C15 .
287 23.51 n-C16;
302 24.77 n-C17
316 25.98 n—c18§
329 27.11 n-C19 |
1 343 28.20 n-C20

1402 35.99 n-GC25
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WHAT IS "TPH"?

THE TERM "TOTAL PETROLEUM HYDROCARBONS” IS
USED TO DESCRIBE THE EXTENT OF CONTAMINATION
IN WATER, SOIL AND WASTE. HOWEVER, THE ACTUAL
VALUE DETERMINED IS METHOD DEPENDENT AND THUS
IT MUST BE DEFINED BY THE METHOD USED

WHAT ELSE CAN BE MEASURED AS "TPH"?

ANY OTHER ORGANIC COMPOUND (CLEANING FLUIDS,
SOLVENTS, POLAR COMPOUNDS, ETC)

WHAT IS NOT "TPH"?

IT IS NOT TOTAL SINCE HEAVY HYDROCARBONS ARE
NOT ALWAYS EXTRACTED, VOLATILES CAN BE LOST

SOME METHODS NEGLECT AROMATICS

SUMS OF ONLY SELECTED COMPONENTS IN SOME

_CASES
I

PROBLEM

WIDE ARRAY OF METHODS THAT PROVIDE DATA
OF VARYING AND QUESTIONABLE UTILITY
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WHAT ARE THE METHODS AVAILABLE FOR
TPH DETERMINATION

1-MOST METHODS INVOLVE SOME SORT OF
EXTRACTION PROCEDURE FOLLOWED BY
ANALYSIS USING:

e GRAVIMETRY
e INFRARED SPECTROPHOTOMETRY

e GAS CHROMATOGRAPHY MEASURING
-SELECTED COMPONENTS DETERMINATION
OR
-SUMS OF ALL COMPONENTS IN A GIVEN RANGE

2-HEADSPACE ANALYSIS USING GAS CHROMATOGRAPHY
(WITH AND WITHOUT EXTRACTION OF THE SAMPLE)
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TOTAL PETROLEUM HYDROCARBONS (TPH)
SOLVENT EXTRACTION/GAS CHROMATOGRAPHIC METHODS

e SAMPLE IS EXTRACTED WITH A SOLVENT

e EXTRACT IS INTRODUCED INTO A GAS CHROMATOGRAPH
EITHER BY DIRECT INJECTION OR BY PURGE AND TRAP
TECHNIQUES (THE LATTER IS ONLY APPLICABLE FOR
GASOLINE RANGE ORGANICS)

e THE CHROMATOGRAPHIC COLUMN SEPARATES
COMPONENTS IN THE SAMPLE

e THE COMPONENTS ARE DETECTED PRIMARILY BY A
FLAME IONIZATION DETECTOR WHICH RESPONDS TO
ALL CARBON-HYDROGEN CONTAINING COMPOUNDS
(THERE ARE OTHER DETECTORS THAT CAN BE USED,
SUCH AS PHOTOIONIZATION DETECTORS AND MASS
SPECTROMETERS, HOWEVER INCOMPLETE INFORMATION
IS USUALLY PROVIDED)

e TOTAL AREA OF CHROMATOGRAM IS INTEGRATED AND
QUANTIFIED BY COMPARISON WITH STANDARDS
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TPH USING GAS CHROMATOGRAPHY

GAS CHROMATOGRAPHIC METHODS CURRENTLY USED
INVOLVE:

« DETERMINATION OF GASOLINE RANGE MATERIAL

-Extraction
-Purge and Trap or Headspace Analysis

e DETERMINATION OF HEAVIER THAN GASOLINE RANGE
MATERIAL

-Extraction
-Concentration
- Analysis of concentrated extract

ADVANTAGES

e DETECTION LIMITS IN THE LOW PPMs

e SIMILAR TO EPA METHODS / BASED ON EPA METHODS
DISADVANTAGES

TWO METHODS ARE REQUIRED

INTENSIVE SAMPLE PREPARATION

SCREENING NECESSARY

LIMITED/SEGMENTED INFORMATION ON PRODUCT TYPE

WHAT ARE SIGNIFICANT TPH CONCENTRATIONS??7?
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INSTRUMENTAL PARAMETERS

Gas Chromatograph: Hewlett-Packard 5880 or 5890

Column: Quadrex MS-007, fused silica
capillary column 25 m X 0.25 mm
ID, 1.0 um film thickness methyl

silicon
Carrier gas: Helium, 15 Psig.
Make-up gas: Nitrogen, 30 mli/min.
Split Ratio: 30:1 (minimum)
Sample size: 1-5 pL
Injector: 325°C
Detector: Flame ionization, 350°C
Column program: 40°C hold for 4 min, program at

10°C/min to 280°C.
Hold for 15 min at 280°C.

Data System: VG Multichrom
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RETENTION TIMES AND BOILING POINTS OF n-ALKANES
FOR DETERMINATION OF BOILING POINT DISTRIBUTION
OF GASOLINE TO DIESEL RANGE TPH IN SOIL USING
DESIGNATED INSTRUMENTAL PARAMETERS

( —
P Retention Alkane
| °C Time (min) Marker
//%’36 2.15 n-C5

| ? 69 4.09 n-cé |

| 98 6.85 n-Cc7 |

SASOLINE 126 9.55 n-C8 f
RANGE 151 11.93 n-C9
;174 14.03 n-C10

196 15.92 n-C11|

216 17.65 n-C12

236 19.26 n-C13

253 20.76 n-C14 |

270 22.18 n-C15 |

287 23.51 n-C16 |

302 24.77 n-C17 |

316 25.98 n-C18

329 27.11 n-C19

343 28.20 n-G20

402 35.99 n-C25 |

P —J
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! ALTERNATE GASOLINE RANGE METHOD I
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GASOLINE RANGE TPH

0

Extraction of soil samples with methylene chloride
or methanol results in inability to determine most
gasoline components below C6. As much as 25% of
gasoline is in this range.

To assess properly gasoline range TPH as well as to
estimate boiling point distribution of contaminants
in soil, an alternate method was developed.

| THE METHOD USES n-TETRADECANE (BEYOND
| GASOLINE RANGE) FOR EXTRACTION FOLLOWED
BY ANALYSIS OF EXTRACT USING GC-FID :
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TETRADECANE EXTRACTION METHOD
RECOVERY STUDIES. SAND AND
SANDY LOAM (+) SPIKED WITH GASOLINE

SPIKED ADDED FOUND TPH
TPH WATER TPH RECOVERY
ug/g % ug/g %
50 0 51 102
50 0 48 96
50 10 52 103
50 10 51 102
100 0 101 101
100 0 98 98
100 10 95 95
100 10 92 92

500 0 470 94

500 0 460 92

500 10 370 74

500 10 340 68

1000 0 880 88

1000 0 880 88

1000 10 950 95

1000 10 950 95

1020 0 1000 98

1020 10 990 97

*1000 0 940 94
+1000 0 950 95 ;
*1000 10 900 90
*1000 10 870 87
12000 0 11600 97
12000 10 105600 95

- AVERAGE RECOVERY: 93t8%
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SUMMARY

= DEVELOPED SOIL EXTRACTION PROCEDURES FOLLOW
BY GC-FID ANALYSIS THAT PROVIDES INFORMATION ON

PRODUCT TYPE FINGERPRINT

INDIVIDUAL TARGET COMPON