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1.0 INTRODUCTION

The Chemistry Branch of the Coast Guard R&D Center has devoted a major
portion of its effort since 1973 on the development of an oil identification
system designed to identify the sources of oil spills.

In October 1974 a report was issued entitled "0Oil Spill Identification
System'" (CG-D-41-75; NTIS Accession Number AD A003803) which has achieved wide
circulation. The present report is the accumulation of several years work and
includes updated versions of six of the original procedures, plus five new

ones and a safety section.




2.0 PHILOSOPHY (FOR APPLICATION OF THE METHOD)

The basic Coast Guard identification system for anmalysis of oil spills
consists of four methods: thin-layer chromatography, fluorescence spectro-
photometry, infrared spectrophotometry and gas chromatography. The remaining
analytical techniques included are either for use as backup methods in extremely
difficult cases or for different purposes entirely, as in the field classifica-
tion of oils.

The reason for the use of multi-method approach, as has been stated many
times, is that no single method has been established which is unequivocal in
all cases. Any one of the four methods might be adequate in a given case, but
each may be sensitive to certain interferences from impurities picked up by
the slick. For example, infrared is insensitive to minor fluorescent impurities
though sensitive to carbonyl compounds; fluorescence is sensitive to fluorescent
compounds and impurities and totally insensitive to many hydrocarbons and
carbonyl compounds; gas chromatography requires deasphalting which may give
some analytical problems depending on the nature of the impurity, e.g.,
triglycerides might interfere; TLC may be affected by the substrate from which
the sample is extracted.

For a given spill case, any one of the methods might be definitive.
Usually, if it is not, the analyst is aware of it because of the anomalous or
unusual results which indicate the presence of a contaminant. However, the
analyst is much more confident if two analyses agree. If four analyses are
conducted and all agree, the evidence is overwhelming that the correct spill
source has been identified.

Analysts become dismayed when results of two or more methods disagree as
to the source of an oil spill. Fortunately, in most of these cases, the
reason for disagreement is apparent from the results, i.e., the experienced
analyst can detect interferences in one or more of the methods. He can either
discount the affected method or attempt to remove the interfering substances
without altering the oil composition. This has been done using column chro-
matographic techniques or saponification followed by analysis of the
unsaponifiable portion.

In still other cases when the analytical methods disagree, the circum-
stantial evidence of the case may explain an erroneous result, or reinforce a
positive result.

Inevitably, there will be cases in which two suspects are nearly identical
or the results of different techniques disagree for no discernible reason.
These cases may require other experiments or backup analyses. If these
additional efforts fail to resolve the issue, the conclusion must be that the
source is indeterminate. Our objective is as much not to accuse the wrong
party of spilling oil as it is to accuse the spiller.

The fact that an oil sample from a suspect is the closest in a spill set
does not automatically make it the spill source. The analyst must use criteria
to insure a maximum degree of match, compatible with the extent of weathering
before he can assign a match.

= T - . ==y




3.0 APPLICATION

The methods described herein have been applied to over 130 spill cases at
the Coast Guard R&D Center. Virtually no two spill cases are alike and certain
technique variat’ons were required, usually in sample preparation.

The most frequently encountered problem was that of insufficient sample
from either the spill or occasionally from a source. The result is that
microtechniques were developed for the methods. All of these are reported
here, except a recently developed micro infrared technique.

The field of oil identification is a fast-moving field with new developments
constantly being evolved. This "final" report is by no means the ''last word"
on the analytical chemistry of oils - rather it is the state of the art as we
have developed it to date. The methods give good results. If they are later
improved significantly, they will be reported separately; it is unlikely that
another single report will be issued which embraces all methods.

Appendices A and B on sampling and transmittal were developed under the
Field 0il Identification Project (Task Manager J. Richard Jslamec) and are
included here for completeness of the overall "0Oil Identification System."

Since Appendix A was written, we have been testing and evaluating a very
promising new material (Lipo-pore screen). It is likely that it will provide
the sampling method of choice in the future, at which time a separate report
will be issued describing the material and its use.

Lipo~pore is a screen which is hydrophobic and oleophilic, and thus, will
pass oil without any water going through. The screen can be configured in
various ways to different devices. The simplest is a hollow cylinder attached
to the top of a deep-drawn steel cup which collects the oil. Collection
efficiencies are good enough to collect adequate amounts of sample for analysis
from a slick within three minutes. Our analyses indicate that oil samples are
neither contaminated nor altered by this collection method, and no water is
found in the samples.

Lipo~pore screen was attached to larger sampling devices which are heli-
copter deployable. This larger device was used successfully to collect the
viscous ARGO MERCHANGE oil slick samples in December 1976. Seas were running
10-20 feet with winds to 50 knots. The heavy No. 6 fuel had the consistency
of grease after hitting the frigid water. The samples were remarkably free of
water - so much so that salt windows for infrared analysis were unaffected by
the oil as it came out of the sampler!

Appendix C, on weathering of oils, is new and describes a method used for
outdoor weathering of oils. Other accelerated weathering techniques are being
developed on a similar scale to simulate weathering with actual spill cases.

Appendix D is a considerably revised gas chromatographic procedure from
that of October 1974 and is the basis for a method currently under consideration
by ASTM. Significant differences include: a linearizer for the flame photo-
metric detector, automatic capsule injection system (which permits unattended
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round-the-clock operation), simultaneous FID/FPD detection from the split
effluent of a single capillary (or packed) coulmn with either OV-101 or Dexsil
300 as a liquid phase; a quantitative measure of peak area differences to
support visual interpretation.

Appendix E on fluorescence has been updated to include, among other
things, the use of corrected spectra, lower concentrations (especially for
heavier oils), improved cleaning procedures, specific excitation wavelengths
besides 254 nm, and more extensive interpretation procedures to account for
weathering.

Appendix F is new and describes low temperature luminescence which
includes both fluorescence and phosphorescence as observed from a solid matrix
of methylcyclohexane at 77°K. Sharper spectral structure and additional peaks
are observed than with room temperature fluorescence to yield more total
information.

Appendix G is a revised infrared method with elimination of the multiple
internal reflectance technique and considerable revision of the interpretation
of spectra.

Appendix H, the infrared field manual, is new since October 1974. It was
developed for field use in COTP's with the Perkin-Elmer 727B infrared instrument.
It is a detailed step-by-step instruction of all aspects of infrared oil
identification.

Appendix I is a new method for classification of spilled oils using a
single-beam infrared instrument. It was developed for field use and specifically
to distinguish seeps from non-seeps in the Santa Barbara, California, area.

Appendix J is a thin-layer chromatographic method which uses a commercial
developing trough for greater reproducibility than the October 1974 procedure.

Appendix K describes a high pressure liquid chromatographic separation of
the polar fractions extractable from oil samples.

Since the development of the technique described in Appendix K, a signifi-
cantly new method has been developed to monitor the effluent and possibly
identify the components from their fluorescence spectra. For this technique,
two detectors are used: UV absorption at 254 nm followed by fluorescence
emission (excitation at 270 nm) using an optical multichannel analyzer (OMA)
to obtain real-time spectra. OMA readings are taken continuously. In the
future, spectra will be recorded for one second (30 scans), and then transferred
in real time to a dedicated data processor, normalized, derivatized, and
displayed on a Vidicon tube. The system can be used for both emission and
absorption spectra. Ultimate development will include microprocessor control
of all the liquid chromatograph functions which will have the capability of
selecting the optimum excitation wavelength based on the absorption/excitation
curves. Complete details of this technique will be published elsewhere.

Appendix L addresses the safety aspects peculiar to those methods described
in this report.
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APPENDIX A
OIL SAMPLING PROCEDURES

I. General 0il Sampling Guidelines

A. General. The procedures contained within this instruction
are designed to assist the pollution investigative team in obtaining
0il spill samples which may be used as evidence in the determination
of the source responsible for the oil spill. Although this instruction
does not contain a specific sampling procedure for every spill situation
that may occur; by following these general guidelines, the investigative
team can collect legally valid samples that will assist the responsible
operational unit, the field and/or central laboratory in determining
the source responsible for the oil spill.

B. Number of Spill and Source Samples Required. It is essential
that all possible sources at the site of an oil spill be sampled in
order to determine the responsible source. The Coast Guard-developed
methods for "fingerprinting' the source of spilled oil are very sensitive
and can detect and fingerprint the differences in the same oil stored in
different cargo holds of a vessel, different storage tanks within a
facility, different bilges aboard a vessel, etc. It is, therefore,
necessary that all possible sources of oil be sampled if the finger-
printing techniques currently in use by the Coast Guard can be effectively
employed. Furthermore, if the correct source sample is not obtained at
the time of the oil spill investigation, it may be impossible to obtain
the sample at a later date and will render the analysis of the spill
samples useless with respect to determining the source responsible for
the oil spill.

It is advisable that three samples of the spilled oil be collected
when possible. These three samples should be from the areas where the oil
accumulation within the slick is the heaviest, and sampling points should
be as far apart as possible. In instances where the oil has washed ashore,
samples should be collected from areas of heaviest accumulation. In
addition, one sample of water, beach material, or other substrate, dependent
on the location of the spilled oil at the time of sampling, which is free of
the fresh spill, should be ccllected to determine if the fingerprint of the
spilled oil could have been affected by background oil contaminat ion.

In instances where more than one source is in the immediate area
of the spill, and suspected of having the same type of spilled oil, samples
should be collected from tﬁé§e sources to show convincingly that only one
source was responsible for thé\gil spill.

C. Amount of 0il. In general\the investigator should collect as
much oil as possible from the spill te and suspected sources. For a
complete fingerprinting analysis by foux analytical techniques a minimum
volume of 1 milliliter (0.03 oz .) is reqMred. Where the volume or
amount of spilled or source product is substantial, the sample collection
container should not be filled more than 2/3 full. Procedures for using
the preferredl Teflon sampling method are presed}gp in Section III.

\

TA new sumpl{ng material (Lipo-pore) has outstanding properties for
oil collection and is expected to replace Teflon strips for this purpose.
A-1
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D. Sample Identification. It is critically important that all samples
be accurately identified. Figure 2 shows the 0il Sample Identification and
Custody Tag. Detailed instructions for filling it out are given in Appendix
B on 0il Sample Handling and Transmittal Procedures. This form CG-XXXX should
be completed by the pollution investigators at the time of sample collection.
It is important that the name of the persons taking and witnessing the actual
collection of the sample, the date and time of sample collection, as well as
the specific location from where the sample was collected, such as tank number,
etc., be entered on Form CG-XXXX. Record all pertinent information in a
Sample Collection Log Book.

E. Sample Custody. This aspect in sample collection is covered in
detail in Appendix B. Form CG-XXXX, when filled out in accordance with
the instructions given in Appendix B, will be the basis for the establishment
of a chain of custody. It is very important that a complete record be main-
tained of sample custody if these samples are eventually used as legal
evidence to determine the source responsible for the spill.

F. Sample Contamination. The investigating team should take
precautions to prevent the possibility of sample contamination. Sampling
equipment should be cleaned and stored in a clean condition as soon as
possible after completion of sampling. Disposable gloves should be used
as specified in this instruction. Sealed sampling jars and card packs
should be opened only when they are needed. Adherence to the procedures
given in this instruction will minimize the possibility of sample
contamination.

G. Types of Samples. O0il samples obtained at the spill site and
from suspected sources may be of many different types. The various
types of samples which may be collected, along with some brief notes
on their collection, are described below.

(1) .Neat 0i1 - oil taken from fuel tanks, storage tanks,
sounding tubes, etc., in which the collected sample is nearly 100 percent
oil. Do not fill sample collection jar more than 2/3 full.

(2) 0il and Water - samples drawn from outfalls, overboard
discharges, scooped from the water surface, etc. Do not fill more than
2/3 full.

(3) 01l and Sand - Obtain sample of sand with the heaviest
accumulation of oil.
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(4) 01l and Sawdust - Obtain sample with the heaviest
accumulation of oil.

(5) 0il and other absorbent material, e.g. cat litter, etc. -
obtain sample with the heaviest accumulation of oil.

(6) O0il-coated vegetation (aquatic or land) - do not attempt
to scrape the oil from the vegetation, but place the heaviest coated
portions of the vegetation into the sample jar.

(7) 0Oil-coated Teflon strips as obtained from the Teflon 0il
Sampling System.

(8) Scrapings from pilingg}\fif walls, etc., obtained with a
wooden spatula.

(9) Other oil soaked or saturated material - do not attempt to
remove the oil from the material, but place the oil saturated material
in the sampling jar.

It is essential that the sampling jars supplied with this system
be used at all times. These jars are numbered serially and are part of
the chain of custody procedures necessary to insure the identity of the
collected sample. If a numbered jar is not available, any clean, unused
jar with a 1id may be used. Line the lid with aluminum foil if available. At
no time should the investigator attempt to transfer the sample collected in a
non-standard container to the standard containers supplied in the Teflon (il
Sampling Kit. In the event that the non-standard sampling jar is used. extra
care must be given to sample identification and custodv procedures.

IT. Description of the Teflon 0il Sampling Systems

A. Background. Several prototype sampling devices based on different
designs have been subjected to laboratory and operational evaluations. The
final outcome of these efforts is the Teflon 0il Sampling System, illustrated
in Figure 1.

B. General Description. The Teflon 0il Sampling System provides
sampling equipment, sample jars, custody tags and other items necessary
for sampling oil. The main sampling medium is Teflon. Teflon was
selected over other materials which absorb or adsorb oil because it
does not impart any contamination to the collected oil, and will not
affect the oil fingerprint as obtained by any of the analytical methods
currently in use to establish the identity of the responsible spill source.
Additionally, when Teflon is used,essentially waterfree oil is collected,
thus minimizing the effect of sample alteration through physical, chemical
and biological alterations on storage through prolonged contact between
small volumes of oil and large volumes of water.
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C. The Sampling System. The Teflon Oil Sampling System consists of
two carrying cases and an extension handle. Contained within these
carrying cases are mailers and sample jar seals for use when samples
are being shipped to a laboratory for analysis.

(1) The primary case will be adequate for sampling in approximately
75 percent of all sampling situations. The primary case contains:

(a) Sample jars with tags (CG-XXXX)

(b) Teflon card packs

(¢) Disposable gloves

(d) Wooden spatulas

(e) Tweezers

(f) Sample collection log book

(g) Fiber reinforced tape

(h) Forms CG-3639 and CG-3639A (Water Pollution Violation Report
and Water Pollution Incident Report Workbook)

(i) Camera and film (to be provided by unit)

(j) Instructions

(k) Other forms, instructions, etc.

(1) Pens, markers, scissors, etc.

(2) The secondary case will be required in the remaining 25 percent
of sampling incidents. The extension handle may be required. The secondary
case contains:

(a) Disposable sampling head

(b) Sounding tube samplers with string
(c) Sample jars with tags (CG-XXXX)
(d) Teflon card packs

(e) Trash bags

(f) Paper towels

(g) Cleaning equipment and fluid

(h) Miscellanecus

D. Equipment Description and Notes

(1) 01l Sample Jars - Wide mouth, clear glass jars with a 6 oz.
capacity will be used to store oil samples. Each jar will be supplied
with a metal 1id, a Teflon 1lid liner and a copy of Form CG-XXXX. Each
jar, 1i1id and Form CG-XXXX will bear a serial number as described below.

(2) Form CG-XXXX and Serial Numbers - Form CG-XXXX will be as
shown in Figure 2. Detailed instructions for the use of this form can be
found in Appendix B. The serial numbers used for sample identification
and accountability will be a two~digit number followed by a hyphen and
a five-digit number. The first two digits are a Coast Guard Unit Identifier
Code (UIC). The five-digit number is a serial number with each unit having
its own series.
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(3) Teflon Card Packs - Each pack contains four 2" x 3" clean
Teflon cards.

(4) Disposable Gloves - Disposable plastic gloves are provided
to reduce the chances of sample contamination. These gloves are to be
used once and discarded.

(5) Wooden Spatulas - The wooden spatulas are merely wooden
tongue depressors. They are used to scrape oil from solid surfaces. They
are to be discarded after use.

(6) Tweezers - The tweezers are used to hold the Teflon card(s)
when the sample can be taken within arm's reach. They must be cleaned
after use if they have come in contact with oil.

(7) Tape - One-inch wide fiber reinforced tape is used to seal
the lids of the jars to prevent leakage. The tape also is used to secure
the tag to the jar.

(é?‘«@}sposable Sampling Head - The sampling head is a wooden
strip approximately 18" x 1 1/4" x 1/4" with 8 paper clips stapled to it.
e
(9) Extension Handle. The extension handle is an aluminum
handie 10 feet in length with a clamp at one end to hold the sampling

head. The handle, together with the sampling head, is called the ''rake."

(10) Scunding Tube Sampler - The sounding tube sampler is shaped
somewhat like a mushroom anchor with a cup to hold oil. See Figure 3.

(11) Cleaning Equipment and Fluid - Use only the cleaning fluid
supplied with the system. The cleaning equipment includes a brush and paper

towels.

ITTI. Preparation and Use of the Teflon 0il Sampling System

A. General. The following procedures are based on the use of the
Teflon Oil Sampling System and are mandatory when using the kit. Cleanliness,
obtaining a sufficient sample, sample identification and establishment of a
chain of custody are the primary considerations.

B. Equipment Check. Prior to departing the office or station, inspect
the sampling kit to insure that it is clean and that all needed components
are in the cases. In the event that the case or its contents are dirty,
follow the cleaning procedures outlined in paragraph K below. Discard any
disposables which are contaminated. Also check serial numbers to insure
that numbers on sample jars and tags correspond.

C. Procedural Outline. The following is a general outline of procedures
to be followed in sampling:
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(1) Arrive on scene

(2) Examine the situation

(3) Determine the location(s) and method(s) for sampling
(4) Prepare needed equipment

(5) Take samples

(6) Complete log and sample tags

(7) Clean up and secure

More complete explanations of the above will be found in the
following paragraphs.

D. Examine the Situation. After arriving at the sampling site, examine
the situation to select a suitable staging area(s), select sampling locations,
identify areas of spill to be sampled, identify probable sources, etc. Staging
areas should be clean and convenient to the sampling site. Field sampling
sites should be easily reached and should contain high concentrations of the
0oil to be sampled. Sampling sites on board vessels, tank farms, etc., will
not be as difficult to select as field sites. Potential sources for sampling
would include any vessels, barges, pipelines, tank farms, petro-chemical
plants and sewage outfalls in the area.

E. Locations and Methods for Sampling. The methods for sampling will
depend on the location and condition of the oil to be sampled. 0il to be
sampled will be in one of the forms listed in Section I-G. The following
methods will handle almost any type of sample which must be taken.

(1) Sampling with the jar. When there is a thick oil slick on
the water or when the sample can be collected from a falling stream of
liquid containing a large volume of o0il, the jar alone will suffice
to take the sample. For an oil slick on water simply scoop with the
jar. For a falling stream of liquid hold the jar in the stream. Do
not fill the jar more than 2/3 full. Replace the 1id and 1id liner and
wipe the jar clean with paper towels.

NOTE: When collecting the sample, if a large volume of water has been
collected, invert sample bottle and open cap slightly to allow excess

water to flow out. Repeated sampling using only the bottle may now be
attempted to increase the volume or amount of collected oil using this
technique.

(2) Sampling with Teflon and tweezers. When there is a thin
oil slick on water within arm's reach, a sample can be obtained by dipping
the Teflon cards slowly through the slick. Hold the cards with the tweezers.
Dip them as many times as necessary to obtain a sufficient sample. Place
the cards in the jar and replace the lid and liner. Keep the outside of
the jar as clean as possible.
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(3) Sampling with Teflon strips and rake. The use of Teflon and
the rake is essentially the same as Teflon and tweezers. The rake is
an extension device for use when the o0il slick is not within arm's reach.
Four to eight Teflon cards can be used with the rake. Discard the
sampling head and clean the handle after use.

(4) Sampling with the spatula. Where oil has covered pilings,
sea walls, etc., a sample may be obtained by scraping off oil with the
wooden spatula. The oil can be scraped off the spatula onto the inside
edge of the jar. In sampling oil on creosote-treated wooden piling, it is
important that a sample of the creosote, uncontaminated by the oil spill,
be taken and placed in a second sampling jar.

(5) Sounding tube sampler. Tie a length of clean string to the
sampler and drop it into the tube to be sampled. Pull it up and pour
the oil collected in the cup into a sample' jar. Repeat this procedure
until the bottom of the jar is covered. After use, clean the sampler and
discard the string.

(6) Sampling from a boat. In cases where a sample is to be
collected from a slick on open water, the use of the small boat is an
esser:itial part of the overall sampling procedure. When a slick is sighted
and it is determined that a sample will be taken, it is important that the
boat operator approach the slick staying to the downwind side of the slick.
Generally, the thickest portion of the slick will be at the head of the
slick, which is downwind, whereas the thin region of the slick will be
at the tail of the slick or upwind. The boat operator should approach
the head of the slick and select that region containing the greatest
accumulation of oil before sampling. Samples must be taken as far from
the boat's exhaust as possible. If conditions permit, the boat operator
should attempt to build up headway, cut his engine and coast into the
sampling area.

F. Preparation of Equipment. After determining the method to be
employed, select a suitable spot to lay out the equipment. A clean
elevated surface such as a table or car hood is preferred to help keep
everything clean. Lay out the equipment needed so that it can be reached
without going back into the case while sampling. After all equipment is
laid out and assembled, put on gloves and open a sample jar and any Teflon
packs which will be used. Only one jar and the Teflon which will be used
immediately should be opened. Jars and Teflon should be handled only with
clean gloves at the start of each sampling attempt.

G. Taking the Samples. The samples should be obtained with the method
chosen for the situation. The sample, with Teflon cards used, is to be
placed into a sample jar and the 1id with 1id liner replaced. Care must be
taken to prevent oil from getting on the outside of the jar. 1In particularly
messy situations it may be necessary to change gloves before handling the
jars. Attempt to keep one glove clean or have an assistant wearing gloves.
Wipe the jar clean if necessary.
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H. Sample Log and Form CG-XXXX. The importance of properly completing
the sample collection log and Form CG-XXXX cannot be over stressed. Follow
the procedures of COMDTINST 5922.X2. Seal the 1lid to the jar with fiber
reinforced tape to prevent loosening of the 1id. Attach the tag to the
jar with the tape.

I. Securing. After all samples are taken and recorded, police any
trash. Clean any equipment which requires cleaning following procedures
contained in paragraph K. Return all items to their proper cases.

J. Handling of Samples. The fewer people who handle the sample or
become<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>