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This is a c o m p l e t e  update of the report entitled “Oil Spill Identification

~ ‘~sten of October l97-~+ (CG—D—4l—75 , ADA003803)

lo  Ab , . .ec ’

.\ r epor t  e n t i t l e d  “Oi l  S p i l l  I d e n t i f i c a t i o n  SysteuP was issued in October  1974
d e t a i l i n g  a l l  aspec ts  of sp i l l  i d e n t i f i c a t i o n  as conducted by the R~ DC C hem i s t ry
B r a n c h .  S ix  of  ~ f i r s t  genera t ion” methods  have been revised to i n c o r p o r a te  the
:~t es t  t e chn i ques developed by t he  R&DC . These inc lude samp l ing , samp le h a n d l i n g

and t r a n s m i t t a l , gas c h r o m a t ogr a p hy ,  f l .~~~rescence  and i n f r a r e d  spec tr op h o t o m e t r v ,
and t h i n — l a y e r  c h r o m a t o g r a p h y .  These m e t h o d s  are d e t a i l e d  as they  w i l l  he used h~’
t he ( o;i~ t Guard o p e r a t i o n a l  lahora  t or~’ .

In a d d i t i o n , b a c k — u p  t e c h n i q u e s  of low t e m p e r a t u r e  l u m i ne s c e n c e  and h i g h
pressure  l i q u i d  c h r o ma t o gr a p hy are i n c l u d e d . An i n f r a r e d  f i e l d  manua l and an
i n f r a r e d  f i e l d  c la s s i  f i c a t  ion manua l a re  i n c l u d e d , a l o ng  w i t h  a t e c h n i que f or
s i m u l a t e d  w e a t h e r i n g  ~‘f i i  I s  and sect ion on s a f e ty  p r e c au t i o n s .  -
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Oil fingerprinting, samp ling, classificz t ion , Document is available to the U.S.
tr ansm ittal , weathering, gas chromatogr~ phy,
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1 .0 INTRODUCTION

The C h e m i s t ry  Hranc h of t h e  Coast Guard R&D Center  has devoted a m a l o r
p o r t i o n  of i t s  e f f o r t  s ince 197~ on the  development  of an oil i d e n t i f i c a t i o n
sy s t e m  de s igned  to i d e n t i f y  the  sources of oil sp i l l s .

In fictoher I97~ a report was issued entitled “Oil Spill Identification
System ” (CG—D— 41—7 5 ; NTIS Accession Number AD A003803) which has achieved wide
circulation. The present report is the accumulation of several years work and
i n c l u d e s  updated versions of six of “~e original pr oced ures , p lus f ive new
ones and a safety section. !

1

-
- - - - ~~~~~~~~~~~~~~~~ J



2 .0 PHILOSOPHY (FOR A i ’ l ’ L I  f A T  I ~N OF THE METHOD)

The basic Coast  Cuard  i d e i i t i f  i c a t  ion  syStem for a n a l y s i s  o f o i l  s p i l l s
consistS of f o u r  m e t h o d s :  t l i  in—l a yer chromatography, fluor escence spec t r o—
p h otomet r y, in f r a r ed spect r op h o t o m e t r y  and gas c h r o m a t o g r a p h y .  The r e m a i n i n g
ana l y t i c a l  t e c h n i q u e s  i n c l u d e d  ire either tor use as backup methods in e x t r e m e l y
difficult cases or for differ ent purp -~ es 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 sing le method has hcen established which is unequivocal i.n
all cases. Any one of the f o u r  m e t h o d s  mi g ht  be adequate in i given case , but
each may he sensitive to cert ain it. t or fer t nces from impurities picked up by
the sli- k. For example , infrared is insensitive to minor fluorescent impurities
thougn sensitive to cirbon yl compounds; f luorescence is sensitive to fluorescent
compounds and impurities and to tall y insensitive to many hydrocarbons and
carbonyl compounds; gas chromatograp hy require s deasp halting which may give
some analytical problems depending on the nature of the impurity, e.g.,
trig lycerides mi ght interf ere ; TLC may he affected by the substrate from which
the sample is extracted .

For a given spill case , any one of the methods might he 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
ana lyst is much more confident if two analyses agree. If four analyses are
conducted and all agree , the evidence is overwhelm ing that the correct sp ill
source has been identi tied.

Analysts become dismayed when results of two or more nethods disagree as
to the source of an oil sp ill. Fortunately , in most of these ~-ases , the
reason for disagreement is ipparent f rom the results , i.e. , the experienced
analyst can dete t inter ferences in one or more it the methods. He can either
discount the af fected method or attempt to remove the interfering substances
without altering the oil composition. This has been done using column chro—
m itographic techniques or saponific ation tol lowed by anal ysis of the
unsaponifiab le 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.

Inevitabl y , there will be cases in which two suspects are nearly identical
or the results of different techniques disagree for no discernible reason .
rhese cases may require other experiments or backup analyses. if these
additional efforts fail to resolve the issue , the conclusion mus t be that the
source is indeterminate. Our objective is as much not to accuse the wrong
par t v 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.

2



1 .0 AP PLI CA ILfiN

F F i e  m e t h o d s  d e s c r i b e d  herein have been app l  led to o v e r  130 sp i l l  cases at

t h e  Coast gu ar d  R&D C e n t e r .  V i r t u a l l y  no two sp i l l  cases I r e  a l i k e  and c e r t a i n
t ec h n i q u e  v a r i a t ons were  r e q u i r e d , u s u a l l y  in  sample prepar ation.

The most tr t ~~uentlv enLountered problem was that of insufficient samp le

~rom e i t h e r  t he  s p i l l  or o c c a s i o n a l l y  f r o m  a source .  The result is that
m i c r o t e - h n i ques  were developed for the methods. All of these are reported
crc , except a recentl y developed micro infrared t eclini que .

The iield of oil identification is a flst—m ovin2 field with new developm ents
constantl y 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
h ive developed it to date. The methods give good results. If they are later
improved signi ficant ly , they will be reported separately; it is unlikel y th at
another single report will be issued which embraces all methods.

Appendices A and B on samp ling and transmittal were developed under the
Field Oil Identification Project (Task Manager J. Richard J-’-2amec) and are
included here for comp leteness of the overall “Oil Identification System .”

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

lipo—pore is a screen which is hydrop hobic and oleop hilic , and thus , w i l l
pass oil without any water going throug h. The screen can be confi gured 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
et ficien cies are good enough to collect adequate amounts of samp le for anal ys is
f rom a slick within three minutes. Our analyses indicate that oil samp les ire
neither contaminated nor altered by this collection method , and no water is
found in the samples.

Li po—pore screen was attached to larger sampling devices which are heli-
copt er deployable. This larger device was used successfull y to collect the
viscous ARGO MERCHANGE oil slick samp les in December 1976. Seas were running
10—20 feet with winds to 50 knots. The heavy No. 6 fue l had the consistenc y
of grease after hitting the frigid water. The samp les were rema rkab l y free of
water — so much so that salt windows for infrared analysis were unaffect ed by
ti n oil as it came out of the sampler!

Appe ndix C, on weathering of oils , is new and describes a method used for
outdoor weathering of oils. Other accelerated weathering techniques ire being
developed on a similar scale to simulate weathering with actua l spill cases .

Appendix D is a considerabl y revised gas chromatographic procedure from
th~it of October l~ 74 and is the basis for a method currently under consideration
by ASTh. Significant differences include: a linearizer for the flame photo-
metric detector , automatic capsule injection system (which permits unattended 3



round—the—clock operation), simultaneous FID/FPD detection from the split
e f f l u e n t  of a sing le cap i l l a ry  (or packed ) coulmn w i t h  e i the r  OV— l Ol  or D e x s i l
300 as a liquid phase; a quantitative measure of peak area differences to
support visua l interpretation.

Appendix F on fluorescence has been updated to include , among other
things , the use of corrected spectra , 1ot~er concentrations (especially b r
heavier oils), improved cleaning procedures , specific excitation wavelengths
besides 2 5 4  nm , and more extensive interpretation procedures to account for
weathering .

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

Appendix C is a revised infrared method with elimination of the multi ple
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—b y—step instruction of all aspects of infrared oil
identification.

A ppendix I is a new method for classification of sp illed oils using a
single—beam infrared instrument. It was developed for field use and specificall y
to distinguish seeps from non—seeps in the Santa Barbara , Cal if orn ia , 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 hig h pressure liquid chromatograp h ic 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 possibl y
identify the components from their fluorescence spectra. For this techni que ,
two detectors are used : UV absorption at 254 nm followed by fluorescence
emission (excitation at 270 run) using an optical multichanne l 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 transferre f
in real time to a dedicated data processor , normalized , der iva tized , and
d isplayed on a Vidicon tube . The system can be used for both emission and
absorption spectra . Ultimate development will include microprocessor contro l
of all the liquid chromatograph func t ions 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.

4



A P P E N D I X  A

OIL SAMPLING PROCEDURES

I. General Oil Samp l ing Guidelines

A . General. The procedures contained within this instruction
are desi gned to assist the  po l lu t ion  inves t igat ive team in ob ta ining
oil sp ill samples which may be used as evidence in the de term ina tion
of the source responsible for the oil spill . Although this instruction
does not contain a sp~~.ific sampling procedure for every ‘,pill 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 a’~d/or central laboratory in determin ing
the source responsible for the oil spill.

B. Number of Spill and Source Samples Required. It is essential
tha t all possible sources at the site of an oil sp ill be samp led in
order to determine the responsible source . The Coast Guard—developed
methods for “fingerprinting ” the source of sp illed o il are very sens it ive
and can detect and fingerprint the differences in the same oil stored in
differen t cargo holds of a vessel , differen t 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
emp loyed . Furthermore , if the correc t source sample is not ob tained a t
the time of the oil spill investigation , it may be imposs ible 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 collec ted
when possible. These three samples should be from the areas where the oil
accumulation within the slick is the heaviest , and sampling poin ts  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 witer , beach material , or other subs tra te, dependen t
on the location of the spilled oil at the time of sampling, which is free of
the fresh spill , shou ld be ccllec ted to determine if the f i nge rp r int  of the
spLiled oil could have been affected by background oil contamination .

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 , samp les
should be collec ted from th’~~e sources to show conv incingly that only one
source was responsible for  th~s~~il spi l l .

C. Amoun t of Oil. In gener~IN~he investigator should collect as
much oil as possible from the spill ‘h4.~ e and suspected sources. For a
complete f i n g e r p r i n t i n g  analysis by fou~~ analytical techniques a minimum
volume of 1 m i l l i l i t e r  (0.03 oz . ) i s  reqN,~ ed .  Wher e  t h e  vo lume  or
amount of spilled or source product is subs’t~a~n t i al , the sample collection
container should not be filled more than 2/ 3  f’tt~l. Procedures fo r  using
the preferred ’ T e f l o n  s a m p l i n g  method  are presen~t’ed In S e c t i o n  I I I .

1A new samp l i n g  m a t e r i a l  (LIpo—pore) has outstanding properties for

oil coll e cti on and is expected to replace Teflon strips for t h i s  purpose .
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D. Samp~~~~l d e n t i f i c a ti o n . It  is c r i t i c a l l y  i m p o r t a n t  t h a t  a l l  s a m p le s
he i curately iden t it ied . Figure 2 shows the  Oil Samp le Identification and
custody Tag. Detailed instructions for filling it out are given in Appendix
B on Oi l  Sample Hand l ing and T r a n s m i t t a l  P rocedures .  Th i s  forrn  CG—XXXX should
he completed by the pollution investigators at  the t i m e  of sample collection .
I t  is i m p o r t a n t  t h a t  the name of the  persons t a k i n g  and w i tne s s ing  the ac tua l
c o l l e c t i o n  of t he  samp le , the  da te  and t ime of sample c o l l e c t i o n , as wel l  as
the  s p e c i f i c  l o c a t i o n  f rom where the samp le was co llec ted , such as tank number ,
et c. , he en te red  on Form CC—XXX X . Record a l l  p e r t i n e n t  i n f o r m a t i o n  in a
Sample  C o l l e c t i o n  Log Book .

E. S~~~p 1e Custody .  This  aspect in samp le co l l ec t i on  is covered in
d e t a i l  in Appendix B. Form CG—~~ XX , when filled out in accordance  w i t h
the instruct ions given in Appendix B , will be the basis for the establishment
of a chain of custody. It is very important tha t 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 af ter 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 .

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

(1) Neat OH — oil taken from fuel tanks , storage tanks,
sounding tubes , etc. , In which the collected sample is nearly 100 percent
oil. Do not fill sample collec tion jar more than 2/3 full.

(2) 011 and Water — samples drawn from out falls , overboard
d ischarges , scooped from the wa ter surface , etc. Do not fill more than
2 / 3  f u l l .

(3) Oil and Sand — Obtain sample of sand wi th  the heaviest
accumulat ion of o i l .
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(4)  Oil and Sawdust — Obta in  sample w i t h  the h e a v ie s t
accumula t ion  of o i l .

(5)  Oi l  and other absorbent material , e.g. cat litter , etc. —

ob ta in  samp le w i t h  t he  heaviest  a c c u m u l a t i o n  of o i l .

(6)  O i l — c o a t e d  v e g e t a t i o n  (aquat ic or land ) — do not a t t e m p t
to  scrape the  oi l  f rom t h e  v e g e t a t i o n , but  p lace th e  h e a v i e s t  coated
portions of the vegetation into the sample jar .

(7) Oil—coated Teflon stri ps as obtained from the Teflon Oil
Sampling System.

(8) Scrapings from pi1ings ,~~sea walls , etc. , obtained with a
wooden spa tu la .

(9) Other oil soaked or saturated material — do not attemp t to
remove the  oil f rom the  mater ia l , but  p lace the  o i l  s a tu r a t ed  m a t e r i a l
in the sampl ing jar.

It  is essential  that  the sampling j a r s  supp l ied w i t h  t h i s  sys t em
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 lid may be used . Line the lid wi~ h aluminum toil if available. At
no t ime shouid the investi gator attempt to transfer the sample colLe~~ ed in a
non—standard container to the standard containers supp l ied in thc T~-t Ion I ii
~arnpling Kit. In the event that the non—standar d sampling jar is used , extra
care must he given to sample identificati on and ustodv r r o c t d o r e s .

II. Descript ion of the Teflon Oil Sampling Systems

A. Background. Several prototype sampling devices based on d itte ren t
des igns have been subjected to laboratory and operational evaluations. The
final outcome of these efforts is the Teflon Oil Samp l ing System , illustrated
in Figure 1.

B. General Description. The Teflon Oil  Samp l ing  System provides
sampling equi pment~ sample jars , custody tags and other items necessary
fo r  sampling oil . The main sampl ing medium is Te f lon . T e f l o n  was
selected over o ther  materials which absorb or adsorb oil because it
does not impart any contaminat ion  to the collected oil , and w i l l  not
a f f e c t  the oil f ingerpr int as obtained by any of the a n a l y t i c a l  methods
cu r ren t ly in use to es tabl ish  the iden t i t y  of the responsible sp i l l  source .
Addit ionally, when Teflon is used,essentially waterfree oil is co l l ec t ed ,
thus minimizing the effect of sample alteration through phys ical , chemical
and b iological  a l t e r a t i o n s  on storage throug h prolonged contac t between
small volumes of oil and large volumes of water.
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C. The Sampling System. The Teflon Oil Sampling System consis ts  of
two carrying cases and an extension handle. Contained within these

carrying cases are mailers and sample jar seals for use when samp les
are being shipped to a laboratory for analysis.

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

(a) Sample jars with tags (CG—XXXX )
(b) Teflon card packs
(c) Disposable gloves
(d)  Wooden spatulas
(e) Tweezers
( f )  Sample collection log book
(g) Fiber reinforced tape
(h) Forms CG—3639 and CG— 3639A (Water Po l lu t ion  Violation Report

and Water  Pol lu t ion  Incident  Repor t  Workbook)
( i )  Camera and f i lm (to be provided by u n i t )
( j )  Ins t ruc t ions
(k) Other forms , ins t ruc t ions, e t c .
(1) Pens , markers , scissors , e t c .

(2) The secondary case will be required in the remaining 25 percent
of sampling inc iden ts .  The extension handle may be required . The secondary
case con tains :

(a) Disposable sampling head
(b) Sounding tube samplers with string
(c) Sample ja rs  with tags (CG—XXXX )
(d) Teflon card packs
(e) Trash bags
( f )  Paper towels
(g) Cleaning equipmen t and f lu id
(h) Miscellaneous

D. Ecj uipment Description and Notes

(1) Oil Sample Jars — Wide mouth, clear glass jars with a 6 oz.
capaci ty  wi l l  be used to store oil samples. Each j a r  will be supp lied
wi th  a metal lid , a Teflon lid liner and a copy of Form CG—XXXX . Each
jar , lid 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—d igit number. The first two digits are a Coast Guard Unit Identifier
Code ( U I C ) .  The f i ve—dig it number is a serial number wi th  each uni t  having
i t s  own se r i€ s .
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(I) Teflon Card Packs — Each pack contains four 2” x 3” clean
Teflon cards.

(4) Disposable ( luves — Disposable plastic gloves are provided
to reduce the chances 01 samp le contamination . These gloves are to be
used once and discarded .

(5) Wooden Spatulas — The wooden spatulas are merel y wooden
tongue  depresso r s .  They are used to scrape oil f rom solid s u r f a c e s .  They
are to  be d i sca rded  a l t e r  use .

(6) Tweezers — The tweezers are used to hold the Teflon card(s)
when the samp le 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.

(8Y --~~fsposable Sampling Head — The sampling head is a wooden
strip approxiniat~ J.y 18” x 1 1/4” x 1/4” with 8 paper clips stap led to it.

(9) Extension Fiiiidle. The extension handle is an aluminum
handle 10 feet In length with a clamp at one end to hold the sampling
head . The hand le, together with the sampling head , is called the “rake .”

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

(11) Cleaning Equi pment and Fluid — Use only the cleaning fluid
supp lied with the system . The cleaning equipment includes a brush and paper
towels.

III. Preparation and Use of the Teflon Oil 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 ,
ob taining a suffic ient sample , sample idi ntification and establishment of a
chain of custody are the primary considerations.

B. Equipment Check. Prior to departing the office or station , inspect
the samp ling 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:



(1) Arr ive  on scene

(2 )  Examine the s i t u a t i o n

(3) Determine the location(s) and method(s) for sampling

(4) Prepare needed equi pment

(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
fol lowing paragraphs .

D. Examine the Situation. After arriving at the sampling site , examine
the situation to select a suitable staging area (s), select samp ling locations ,
identify areas of spill to be sampled , ident ify probable sources , etc. Staging
areas should be clean and convenient to the sampling site. Field sampli ng
sites should be eas ily reached and should con tain high concentrat ions of the
oil to he 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, pipel ines , tank farms , petro—chemical
plants and sewage outfalls in the area .

E. Locat ions and Methods for Sampling. The methods for  sampling will
depend on the location and condition of the oil to be sampled . Oil to be
sampled will be in one of the forms listed in Section I—C . 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 oil , the jar alone will suffice
to take the sample. For an oil slick on water simp ly 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 lid and lid liner and
wipe the jar clean with paper towels.

NOTE: When collecting the sample , if a large volume of water has been
collected , inver t sample bottle and open cap slightly to allow excess
water to flow out. Repeated sampling using only the bott le may now be
attempted to Increase the volume or amount of collec ted 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 ob tained 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
t h e  rake is e s sen t i a l ly the  same as Tef lon  and tweeze r s .  The rake i s
an extens ion device for  use when the  oil s l i ck  Is not w i t h i n  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 p ilings ,
sea walls , etc., a samp le may be obtained by scra p ing 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
impc r t a n t  t h a t  a samp~ c ot the cre ) h o t t  u n c on t a m i n a t e d  by the  o i l  sp i l l
be taken and placed in a second sampling jar.

(5) Sounding tube sampler. Tie a length of clean string to the
samp ler and drop it into the tube  to be samp led . Pull  i t  up and pour
the  oil co l lec ted  in the  cup in to  a samp le ja r . Repeat t h i s  procedure
u n t i l  the b o t t o m  of the  j a r  is covered . A f t e r  use , clean the  sampler  and
discard t h e  - t r i : ~-

(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 boa t is an
esset;tial part of the overall sampling proced ure . 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 , wh ich is downw ind , whereas the thin region of the slick will be
at the ta i l  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
t he 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
emp loyed , select a suitable spot to lay out the equipment . A clean
elevated surfac e such as a table or car hood is pref erred 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
immed iately should be opened . Jars and Teflon should be handled only with
clean gloves at the start of each sampling attempt .

C. 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 lid with lid liner replaced . Care must be
taken to preven t oil from getting on the outside of the jar. In 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. Sam~~~ Log and Form CG—XXXX. The importance of properly completing
the samp le collec tion log and Form CG—XXXX cannot be over stressed . Follow
the procedures of COMDTINST 5922.X2. Seal the lid to the jar with fiber
reinforced tape to prevent loosening of the lid . Attach the tag to the
jar with the tape .

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

J. Hand1in~ of Samples. The fewer people who handle the sample or
become involved in the chain of custod y the easier it will be to keep proper
track of the sample . The investigator should return all samples to the
Capta in of the Port or the Marine Safety Office as soon as possible. The
appropriate authority will establish procedures for handling samples in
each office. In transit or storage , samples should be pro tec ted from
breakage or high heat. Handling of samples is covered more fully in
. \ ; pendix B.

K. Cleaning Procedures. These procedures are to be followed when
cleaning any item of the sampling system is necessary.

(1) Wipe excess oil off the item with a disposable paper towel
and discard the towel .

(2) Spray cleaning agent on the areas covered with oil . Scrub
sprayed areas vigorously wi th small nylon brush. Re—spray areas with
cleaning agent and allow the cleaning solvent to remain in contact with
the oil covered areas for 15 minutes.

(3) Af ter 15 minutes , pressure rinse the sprayed areas with wa ter
and wipe dry with a disposable paper towel . Pressure rinse the cleaning
brush . Use hot water if it is available.

(4) Repeat cleaning procedure if visible traces of oil are evident.
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/XXXX \~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (rev .)

FORM CG-XXXX
OIL SAMPLE IDENTIFICATION I HEREBY CERTIFY THAT I RECEIVED

AND CUSTODY TAG THIS SAMPLE AND DISPOSED OF IT
AS NOTED BELOW

SERIAL NUMBER

R E C E I V E D  FROM

TIME AND DATE TAKEN

TIME & DATE RECEIVED

SOURCE OF SAMPLE

DISPOSITION OF SAMPLE

PRESERVATIVE h F  NONE , SO STATE )

___________________________________ 
SIGNATURE

SIGNATURE OF COLLECTOR

SIGNATURE OF WITNESS)E S) I HEREBY CERTIFY THAT I RECEIVED
THIS SAMPLE AND DISPOSED OF IT
AS NOTED BELOW

CHAIN OF CUSTODY RECORD RECEIVED FROM

I HEREBY CERTIFY THAT I RECEIVED TIME AND DATE RE CEIVED
THIS SAMPLE AND DISPOSED OF IT
AS NOTED BELOW _____________________________

DISPOSITION OF SAMPLE

RECIEVED FROM

SIGNATURE
TIME & DATE RE CEIVED

DISPOSITION OF SAMPLE REMARKS

SI GN A T U R E

CONTINUED ON REV ERSE

FIGURE 2 - FORM CG-XXXX , OIL SAMPLE IDENTIFICATION AND CUSTODY TAG
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o i l - -\‘‘Pl F A’~P i I \ i  A N P  T~~\N ~-~’ ’ l T T A L  P RO CE D 1’RF S

PA IN OF CUSTODY I NF~~~ AT iON

A. Ad n i~~s IhI I j t v  o t  A , i l v s e s  as !Tviden i t

To he Inissible as e v i d e n c e , samp les  t j l ~~ n mu s t  h~ p ro :’)
c ’n cl u s i vt ’lv to hi i n  In ipt ’r op ri a t e person ’s pos session u n t i l  the
a n a l  v ’,i~~ result ing there from h ave been m t  r ’ibi ed as u ’V  ldt ’nce . T h i s
r u - ; u i r u ~~ t h a t  r i g i d  ‘n t  r o l s  he m a i n t a i n e d  to  e s t a h i  i s P  a c h a i n  of
c u st ’dv I c r  t h e  s am p l e s  t r o n  t h e  t m i ’  of m i t  i-i l s e rp i  i n g  u n t i l
ult m i t  d i sposition of t h e  p a r t  i c u l a r  c a s t ’

B .  P o s s ess i o n  or C u s t o dy

A s a m p l e  may he c o ns  id er ’ ) in a p e r s o n ’ s “ p o s s e s s i o n” or “ c u s t o d y ”
it:

1. It is in i t uial phv s j ot 1 possi’ss i o n  of an appropr late person —

either the individual who ci ii ’ ted i t  or  one to  whom it has  been pr  per l v
transferred;

2. It is in an r i - i  where  i t  can he k e p t  u n d e r  s u r v e i l l a n c e  by an
jutn or i zed p e r s o n ;  or

3. It is under lo ck and key where it cannot he tampered with.

C. S~~’r~~ e o f _Sanp les

~~t mp l c s  m u s t  he k e p t  in  such a m a n n e r  t h a t  t h ey  c a n n o t  be a l t e r e d
either delib eratel y or  accident a ll y .

An ’. i n d i c a t i o n  t h a t  a sam p l e has bee n su b j e c t e d to  ta m pe r i n g  or
p h y s i c a l  a l t e r a t i o n  c ou l d  d i s q u a l i f y i t  as e v i d e n c e  for possible l ega l
a c t i o n . T h i r - t r e , t h e  i n s t r u c t i o n s  g i v e n  h e r e i n  must  he f o l l o w e d  s t r i c t l y .

I I .  F IELD T O G  ROOK

A . A f i  id log  hook w i l l  he used fo r  r e c o r d i n g  f i e l d  o b s e r v a t i o n s
t e r t a i n i n g  t o  t h e  c o l l e c t i o n , h a n d l i n g  and t r a n s m i t t a l  of o i l  samp les .

B .  F i t - i d  observations t o  be recorded i n  the  f i e l d  l og  hook shou ld
i n c l u d e :

1. B r ! * t  de scription of t h e  o i l  sp i l l  and of t h e  sources sam p I e d ,
inc l udin g la te , I n  i t  ion , e x t e n t  a n d/ o r  a diagram , if relevant.

2.  .‘. i ’a t h e r  and w a t e r  su r f a c e  c o n d i t i o n s , Including wind speed
and d i r e c t i o n , s u r f a c e  w a t e r  and a i r  t e m p e r a t u r e s .
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3. Locat Ions w i t h i n  the  spill where samples were collected :
showing these c o l l e c t i o n  s i t e s  on the diagram of the spill site.

4. DescrIption and locations of suspect sources; specific
l o c a t i o n s  aboard vessels  where  samp les were located , e . g .  b i lge , fue l
tank , i-argo t a n k , et c.

5 . ‘.otes on the  ph ys ica l  c h a r a c t e r i s t i c s  of samples , such as
color . a~ ’r , apparent viscosity, etc.

b . )b serva t ions  of dead f i s h  or b irds  in the sp i l l  area .

7. ~otat [on of all sample serial numbers used .

C. Log book en t r i e s  should be made b y the i n v e s t i g a t i v e  team
leader and wi tnessed  by a member of the team . Both individuals should
si gn the  log book e n t ry  upon complet ion of the f i e l d  i nves t ig a t i o n .

I I I .  SAMPLE IDENTIFICATION AND CUSTODY IN ‘FIlE FIELD

A. General. An effective Oil Spill Sampling System requires that a
uniform procedure for sample identification and chain of custody be
established . The system has been designed to facilitate and insure
tha t p rope r  samp le i d e n t i f i c a t i o n  ari d chain  of cus tod y p r o c e d u r e s  can
be n a in t a i n i ’d .

B. Descriptions of Equipment and Forms

1. Sample Jars — W i d e — m o u t h , c lear  glass j a r s  w i t h  a 6 o z .
capacit y wi ll be used to col lec t  and s tore o i l  samp les .  These jars
w ill he supp lied w i t h  screw—on lids and Teflon lid liners. The ) a r s
and l id s w i l l  be serialized as explained in Sec t ion Ill—C .

2. Sample Identification and Custody Tag, Form CG—XXXX — ih e  sample
i d e n t i f i c a t ion and cus tody tag is shown in Figure 1. D e t a i l e d
instructions for filling Out this form are contained in Section IIl—D ,1..

3. Samp le Jar Seal , Form CG—YYYY — The sample jar seal is shown in
Fi gure 2 .  The use of the j a r  seal is l imi ted  to ins tances  when samp les
ire to be shipped to a laboratory f or anal ysis by mail or common carrier.
I n s t r u c t i o n s  f o r  t h e i r  use are presented  in t e r t i o n  V.

4. Sample Transmittal Form, Form C G— Z Z Z Z  — The sample t r ansmi t t a l
form is shown in FIgure 3. Its use is also limited to shipment
of samples to a labora tory  fo r  analysis b y ma il or common c a r r i e r .
Sect ion V has In s t r u c t ions for i t s  use.

5. Othe r  Sampling Equipment — o ther items in the Tef lon oil sampling
system are explained in Appendix A.

C. Numbering of Samples. Each u n i t  included in the Tef lon  oil
sampling system has been issued a two—di git u n i t  i d e n t i f i c a t i o n  code (U i C ) .
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Each samp ]e  ja r , l id , and tug  has been marked with a unit identification
code followed by a h yp hen and a five—d igit serial number. The jar , lid
and tag w i t h  the same number must be used together. Numbers must never
be mixed .

D. Samp le ld ,’nt iflc ,tt ion. Form CC—XXXX has been designed to insure
proper sample identification . It is important that the date and t ime of
sample collection as well aa the location and/or source from which the
sample was collected be identified on this form . The signatures of the
persons collecting the sample and witnessing the collection and filling
out of this form are mandatory. The sample serial number will be used to
cross reference sample identification , chain of custody, and laboratory
reports , after the sample has been collected in accordance with
Appendix A. The person who has collected the sample ~~!~~~

com lete

the identification portion of the tag and record all pertinent information
in the field sampling log. The information required is exp lained below :

1. Sample Number . Ser ial numbers fo r  j ars and lids w ill have
been entered at the factory. Check to see that the number engraved on the
jar and lid are identical . Do not mix the numbers on jars and lids.

2. Date Taken. Self explanatory .

3. Time Taken . Self e:-~planatory .

4. Source of Sample. Be specific , e.g. b il ge sample from a
particular bilge or tank of a particular vessel; spill sample taken
from water 50 feet from end of Bayonne Terminal Pier , Upper New York
Harbor , etc.

5 & 6. Sample Collector/Witness (es). Comp lete legible signature
plus rank and title of person collect ing sample and person witnessing
the collection .

7. Remarks . Specify unusual characteristics that may require
special laboratory handling , e.g. nauseous odor , flammability, etc.

A copy of Form CG—XXXX with proper entries is shown in Figure 4.

E. Custody Information. Form CG—XXXX has spaces to record three
transfers of sample custody. The number of people in the chain should
be kept to a min imum and each custodian must appear in the sequential locatien
on the tag . Form CG—XXXXA (Figure 5) Is to be used when additional custody
transfer blanks are required . If used , Form CG—XXXXA should be aff ixed
to the jar in the same manner as the original tag . Several scenarios for
custody transfer situations which can be expected to occur have been
prepared and are presented below. Examples of custody flow charts and
filled out CG—XXXX ’s are included .

1. Situation — Investigator returns sample to COTP with its own
Lab facilities (Figure 6).
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2 .  S i t u a t i o n  - Investigator returns sample to COTP and sends it
to a lab facility via mail or common carrier (Figure 7).

3. SItuation — Investigator returns sample to COTP and turns
sample over to an intermediat e custodian who turns samp le over to COTP
lab technician for analysis (Figure ~).

Some comb inations of the above three examp les will cover mos t
situations encountered . Maintenance of the chain of custody in the lab
and beyond is covered in Section IV .

F. Aff ixing Tag. Form CC-XXXX is similar to a shipp ing tag with a
strin g tie attached at the grommet. To attach the tag to the jar , tie
the str ing ti ghtly just below the lid , around the jar . Place a single
wrap of tape over the string and around the jar. Overlap the ends of
the tape (a minimum of one inch). This will place the gromme t end of
the tag under the tape as well.

IV . CUSTODY IN FIELD U N I T  OFFICE (COTP) OR lAB

A. Security . Samples which are held in a COTP office or a lab must
be maintained in a secure space with the chain of custody intact. All
samples should be in the custody of one responsible individual who should
properl y store the samples and insure that only he has access to them .
In a COTP with a lab , the sample custod ian will probabl y be the lab
technician . In other offices the custodian will probably be the MEP
Off icer. In either case the custodian should maintain a log showing
the samples he has received and their ultimate disposition . This
custodian must also appear on the chain of custody tag.

B. Storage of Samp les. Samples should be kept in a cool , dark , dry
place under lock and key when no actually being worked with. A metal
cab inet or locker in an air conditioned room is an adequate location r rovided
the room , the locker or both can be locked and access limited . Ideally, a l l

~arnples should be stored in a locked refri~ erator at a temperature of 35—/ OF.
jnlv the  c u s t o d ian  can have access to the samples without requiring additional
entries on the custody tag.

V. SHIPMENT OF SAMPLES

4 A. Sealing Sample. Before the sample leaves the actual possess ion
of the samp ler , the sampler must place a seal on the sample con tainer
(Figure 2). This seal must be so placed on
the sample container that nothing can be added to or taken from the
sample without blocking any of the Information on the tag. In order
to prevent the removal of the seal and its rep L-’-ement by someone else ,
the seal must have the following written on it:

1. The date the sample was sealed . This should be the same
date that the samp le was collected .

2. The source of the samp le.

3. The number assigned to the sample. This number is on the
bottle , bot tle cap , and chain of custody tag.
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. the signature (legible) of the samp le r.

B. I reparation of Shipment

Prior to packag ing the sample bottles for shipment , Inaure
that the lids are tig htly secured and taped . Place each samp le l ottie
into a pol yethylene bag, twisting and sealing the bag opening with tape
or twist tie. Place two sample jars in a mailing tube , using the foam
circular cut—out s at the bottom and top of each tube and between each
sample .  s e t - FiGure 9. I f  a n o t h e r  s h i p p i n g  c o n t a i n e r  is used , p 1~i (e s t i f i  ic i~. n t

ic k i o~, r~i t er ia I beneath • above , and a r o u n d  each samp he jar t o  p r e ve n t  toe
p o s s i b i l i t y  of samp le breakage whi le  these sample j a r s  are being shipped .
Record l i s t  of a l l  samp le numbers  be ing  shipped in the  f i e l d  log book.

C.  Shi pment of Oil Sam p les

1. Mall Shipment

a. All t ypes of pe t roleum samples may he air mailed , w ith the

~x c ep t i o n o f hi ghly volatile products with flash points below 100°F. It tL .e
flash point of the sample is between 20°F and 100 °F, itrmay be sent by
land mail. If the flash po int of the sample is less than 20°F, then it
must be sent by common carrier . Shipment by common carrier is discussed
in P below .

b. ~e fo re  the tubes  a r e  m a i l e d , the  f o l l o w i n g  st epa
must be taken .

(1) Insure that the bottle caps are tightly sealed .

(2 )  Tape the  cap to the b o t t l e  w i t h  two wraps of
reinforced tape .

(3) Seal the bottle. (Steps 1, 2 and 3 must be done
by the sampler; see Section C.)

(4) At the post office , complete the chain of custod y
tag which is alread y attached to the bottle.

(5) Place jars in mailing tube in plastic bag with
foam i n se r t s  in p lace and seal the mailing tubes with tape.

(6) Since the chain of custod y tags on the bottle are
inside a sealed tube , it will be necessary to prepare a Sample Trans-
mittal Form (Fi gure 3) .  In the  case of common c a r r i e r  sh ipment , the G o v e r n m en t  Bill
if  Lad ing  ( G B L )  is used for  t h i s  p u r p o s e .  In e i t h e r  case , the r e s u l t  I ’~ a r i~~ce

of paper which lists for the addressee the information he will need to
determine  what is to be done with the package , without open ing the
mailing tube  and examining the sample tags . All of the en t r ies  wi l l

$ be entered on th is  form , the ori ginal and one copy wi l l  he a t tached to
the ou t s ide  of the package , one copy wi l l  be retained at the  COTP ( in
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the  case f i l e )  and t h e  t h i rd  copy will  be air  mailed (under separate
cover)  to the  lab  wh ich  is to be the reci p i e n t  of the  samples. The
addressee w i l l  r e t u r n  £he or i ginal once he receives the samp les (see
Figure 7).

c .  N o t e  in the f i e l d  log book those  sample b o t t l e s
submitted for maili ng. Take this book to the post office for the mail
c l e r k ’ s use In p r e p a r i n g  the reg istered ma i l  document .

d .  Send th~~ sample shipment “REGISTERED AIR MAIL SPECIAL
D E L I V E R Y , R E C E I P T  REQUESTED ” if i t s  f l a s h  point  is 100° F or g rea t e r .
Send I t  REG ISTERED SPEC IAL DELIVERY , RECEIPT REQUESTED” if i t s  f l a s h
p o i n t  Is ) e t w ~a n  20°1 and 100° F) . A f f x the sende r ’ s cop y of t te nail receipt to
t h e  page i n  the  log book which l i s t s  the  sample ’s number .  Also a t t a c h
the r e c e i p t  s iGn e d  by  the  addressee when it is re turned to you b y the
Postal  S e r v i c e .

P. Shipment by Common Carrier

a. Highl y volatile products (those with flash points below
20° F) should  be shipped via a common car r ier  such as Railway Express
or Un i t ed  Parcel  Service.  A red warning label (Form S— 23)  must be
affixed to each of four (4) sides of the shipping container.

b. Record the  sample numbers and the name of the laboratory
receiving the samples in the field log book.

c. Prepare a GBL insuring that, the information describing
the samp les appears on it. All of the items found on the sample Trans-
mittal Form must also appear on the GBL . Again , this allows the addressee
to determine what Is to be done with the samples without opening the package
to look at the sample tags . Similarly, the orig inal and one copy ar e
at tached to the outside of the package , while one copy is stapled to the
appropr ia te  page in the log book and a th i rd  copy is air  mailed (under
separate cover) to the addressee to inform him that the sample is coming .
The copy which accompanies the original will be returned by the addressee ,
a f t e r  he receives the  samp les (see Fi gure 5) .

d. Take the samples to the common carrier ’s office ari d obtain
-i signed copy of the GBL (as a receipt)  and see tha t  it is at tached to
the log hook as discussed in the previous paragraph.

E. Documentation for Shipment

All in format ion , c e r t i f i e d  mai l  receip t s , copies of GBL ’ s , ~hou1d
be entered into the f i e ld  log book. Forward under separate cover all
pe r t inen t  in fo rmat ion  on samples being forwarded indicat ing operational
u n i t ’s case number , serial numbers of samples collected under that  case
number , and manner In which samples were forwarded to the laboratory
for analysis .
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~~~~~~~~~~~~~~~~~~~~~~~~~~~ X X X \~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (Iv.)

FORM CG-XXXX
OIL SAMPLE IDENTIFICATION I HEREBY CERTIFY THAT I RECEIVED

AND CUSTODY TAG THIS SAMPLE AND DISPOSED OF IT
AS NOTED BELOW

SERIAL NUMBER

REC E IVED FROM

TIME AND DATE TAKEN

TIME & DATE RECEIVED

SOURCE OF SAMPLE

DISPOSITION OF SAMPLE

PRESERVAT IVE IF NONE . SO STATE )

___________________________________ 
SIGNATURE

SIGNATURE OF COLLECTOR

SIGNATURE OF WITNE SSIES) I HEREBY CERTIFY THAT I RECEIVED
THIS SAMPLE AND DISPOSED OF IT
AS NOTED BELOW

CHAIN OF CUSTODY RECORD REC E IVED FROM

I HEREBY CERTIFY THAT I RECEIVED TIME AND DATE RECEIVED
THIS SAMPLE AND DISPOSED OF IT
AS NOTED BELOW _____________________________

DISPOSITION OF SAMPLE

RECIEVED FROM

SIGNATURE
TIME & DATE RECEIVED

DISPOSITION OF SAMPLE REMARK S

SIGNATURE

CONTINUEO ON REVER SE

FIGURE 1. Ft)RI1 CG-XX.XX , OIL SAMPLE I I ) ENT I FICAT ION AND CUSTODY TAG .
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OIL SAMPLE TRANSMITTAL FORM

To

From

SAMPLE NO. SOURCE ANALYSIS REQUIRED

TQ BE COMPLETED BY DISPATCHING PERSONNEL

Prepared by 
_____________________________________ 

Date 
____________________ 

Time

Field Notebook (Number & Page( ___________________ Method of Shipment 
________________

TO BE COMPLETED BY RECEIVING LABORATORY

Receiv ed by 
_________________________________ 

Date 
- 

T ime 
_______________

( Signature)

Originating Unit Prepare in quadrupl icate. The original and one copy wi ll accompany sample shipment.
Air mail one copy to the addressee (under separate cover). Third copy will be retained by COTP in the case file.

Receiving Unit After receiving samples, return the original , by mail , to COTP . Retain copy for lab files.

h-~~~( H I  1. FORM (:l — /. ’/.Z Z , UI I. SAMPEF; TRANSMI Fl A! FORM

-
~~~~~~~~~~~~~~~



tXXXX~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (rev )

FORM CG-XXXX
OIL SAMPLE IDENTIFICATION I HEREBY CERTIFY THAT I RECEIVED

AND CUSTODY TAG THIS SAMPLE AND DISPOSED OF IT
AS NOTED BELOW

SERIAL NUMBER

O,—~~ OOF RECEIVED FROM

TIME AND DATE TAKEN

F24c 23 ~)&~) ?6 TIME & DATE RECEIVED

SOU CE OF SA.MP E
S~ ~~~~~~~~ uD-~~~ C~~~ C

DISPOSITION OF SAMPLE

PRESERVATIVE ( IF NONE SO STATE )

___________________________________ 
SIGNATURE

SIG U~~~~~~~~OLLECTOR

•
SiGfg.A~~) OF WIT )ESI • 

I HEREBY CERTIFY THAT I RECEIVED
THIS SAMPLE AND DISPOSED OF IT

,I~ .mØ~~~~9ØL4~5~~~~~ ~~~3 AS NOTEDBE LOW

CHAIN OF CUSTODY RECORD RECEIVED FR OM

I HEREBY CERTIFY THAT I RECEIVED TIME AND DATE RECEIVED
THIS SAMPLE AND DISPOSED OF IT
AS NOTED BELOW _____________________________

DISPOSITION OF SAMPLE

RECIEVE D FROM

SIGNATURE
TIME & DATE R E C E I V E D

DISPOSITION OF SAMPLE REMARK S

SIGNATURE

CONTINUED ON REVERSE

FIGURE 4. FORM CG—XXXX COMPLETED TO SHOW PROPER SAMPLE IDENT iFI CA TION .
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Form ((-XXXXX OIL SAMPLE I D E N T I F I C A T I O N  AND CUSTODY TAG CONTINUATION

I n s t r u c t  ions  ( o r  use:

1. This  f o r m  i s  to he used on1~’ in c on j u n c t i o n  w i t h  Form CG—XXXX and
o n ly  when  Form CG—XXX X has all it s custod y transfer blocks filled in.

2. T h i s  fo rm should be a t t a c h e d  t o  the samp l e jar or to the Form CG—XXXX ,:
and MUST he kep t  w i t h  the  samp le  ~ar ~it  a l l  t i m e s .

/

Samp le  .Jar s e ri a l  Number 
_____

I hereby c e r t i f y  t h a t  I r e c e i v e d  t h i s  sample and disposed of i t  as y~oted
be low .

R e c e i v e d  f r o m  T ime and d a t e  received

D i s p o s i t i o n  of samp le Signature

I he reby  c e r t i f y t h a t  I rece ived t h i s  samp le and disposed of I t  as noted
bel ow.

R et  ‘ived f r o m  Time and d a t e  r ece ived

U sp o s i r i on  of samp le Si g n a t u r e  
- __________________

—

I hereby certif y tha t I received this sample and disposed of it as noted
below.

/ Received from Time and d a t e  received

D i s p o s i t i o n  of samp l e  Si gnature

.-

>

>

F I g u re  5. 011. SAMPLE I DENTIFICATION AND CUSTODY TAG CONTINUATION .
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/

r\ / ~~~~~~~~~

-

~~~~~~~~~~
\

/ CG-XXXX (r ev. )CG X X X  X

FORM CG XXXX
I H E R E B Y  CERTIFY THAT I RECEIVEDOIL SAMPLE IDENTIFICATION
THIS SAMPLE AND DISPOSED OF ITAND CUSTODY TAG
AS NOTED BELOW

SERIAL NUMBE R

0/— O~~~ / RECEIVED FROM

TIME AND DATE TAK EN

~z4c 2 3 .)Q&) 76 TIME & DATE RECEIVED

SOU~~~~ OF SAMP~~ _________________________________50”. ~~~Fc*~~~-~~~~~~ C
_____ 

DISPOSITION OF SAMPLE,~6oA1 T~ern4w~~~u~~~PRE SERVATIVE (IF NONE SO STATE )

__________________________________ 
SIGNATURE

/ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I H E R E B Y CERTIFY THAT I RECE I VED
THIS SAMPLE AND DISPOSED OF IT~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~ AS NOTED BE LOW

CHAIN OF CUSTODY RECORD RECEIVED FROM

I HEREBY CERTIFY THAT I RECEIVED TIME AND DATE RECEIVE D
THIS SAMPLE AND DISPOSED OF IT
AS NOTED BELOW _____________________________

DISPOSITION OF SAMPLE
RECIEVED FROM

“C~~ Q.$. Z (/~C4~ SIGNATURE
TIME & DATE RECEIVED

/ Z3~ )VAI 7~ R E M A R K SDISPOSIT ION OF SAMPLE

AM4LY~I

CONTIN U ED ON R E V E R S E

FIGURE 6. FORM CG— XXXX COMPLETED FOR S I T U A T I O N  WH F .N SAMPLE TAKE R RETURN S
TO COTP AND TURN S SAMPLE OVER TO THE LAB TECHNICIAN FOR ANALYSIS .
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/

/

/

/~~~~~~~~~~\

\
\
\

\ /

/

/

/

/~~~~~~~~~ \\

\CG X X X X C G - X X X X  (r ev. )

FORM C G - X X X X
OIL SAMPLE IDENTIFICATION I HEREBY CERTIFY THAT I RECEIVED

AND CUSTODY TAG THIS SAMPLE AND DISPOSED OF IT
AS NOTED BELOW

S E RIAL  NUMBER

oi—ec~Oi RECEIVED FROM

TIME AND DATE TAKEN

124$ 23 ~J VAJ 7t~, TIME & DATE RECEIVED

~.
o
~~~~~~Lè~JD -~~~~~~~~~ c _ _ _ _ _ _ _ _ _ _ _ _ _ _

E~&OM ~~E~~MfUSL JRJ~~t~~ SJ DISPOSI TION OF SAMPLE

P R E S E R V A T I V E  ( IF NONE . SOS ATE )

SIGNATURE

:F ~~~~~~~~ L E C TO R

•&~1~E~~~ Q~f 2 Us~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
I HEREBY CERTIFY THAT I RECEIVED
THIS SAMPLE AND DISPOSED OF IT

~ie ~~IM~~~~t-~~ I I~~~I9 3 AS NOTED BE LOW

CHAIN OF CUSTODY RECORD RECEIVED FROM

I HEREBY CERTIFY THAT I RECEIVED TIME AND DATE RECEIVED
THIS SAMPLE AND DISPOSED OF IT
AS NOTE D BELOW _____________________________

DISPOSITION OF SAMPLE
RECIEVED FROM ¼ SIGNATURE
TIME & DATE RECEIVED

I24~ 23 JUWE 7~DISPOSITION OF SAMPLE REMARKS

SDJT lb ,*~au YO~~~~
~~~~~~~~ 9vACYSJ S
~~~~~~~~~~~~~

CONTINUED ON REVERSE

F I G U R E  7 .  FORM CG—XXXX COMPLETED FOR SiTUATION WHEN SAMPLE TAKER RETURN S
TO COT!’ .~IThOI ’T LAB AN!) SENDS SAMPLE TO ANOTHER UNIT WITH LAB F A C I L I T I E S .
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C G - X X X X CG -XXX X ( rev.)

FORM CG X X X X
OIL SAMPLE IDENTIFICATION I HEREBY CERTIFY THAT I RECEIVED

AND CUSTODY TAG THIS SAMPLE AND DISPOSED OF IT
AS NOTED BELOW

SERIAL NUMBE R -

RE

TIME AND DATE TAKEN äLI~.L~~14~~., é3~ U8C&
1245 23 ~~~ 76 

TIME & DATE RECEIVED

SOU E OF SAMPLE Oq30 24 1 rc1~1, 76
~~ F7 OFF 6L~~ DISPOSITION OF SAMPLE

P R E S E R V A T I V E  ( I F  NONE . SO STATE )

_ ~~~~~~~TUR4~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~ L EC TO R

Ag. C~E QM.2 t’sc&-
I H E R E B Y  C E R T I F Y  THAT I R E C E I V E DSI 

‘ .1 t-E 1~44~•. 
THIS SAMPLE AND DISPOSED OF IT

fi ~~ oo~~~~4~5Kl ~~~~ AS NOTED BELOW

CHAIN OF CUSTODY RECORD RECEIVED FROM

I HEREBY CERTIFY THAT I RECEIVED TIME AND DATE RECEIVED
THIS SAMPLE AND DISPOSED OF IT
AS NOTED BE LOW ___________________________

DISPOSITION OF SAMPLE
FROM

~~~~~ q~,. u~~e SIGNATURE
TIME & DATE RECEIVED

I6oo 23 JUAJ 76
R E M A R K SDISPOSITION OF SAMPLE

y’/~~SMffW, iS. U5C&
CONTINUED ON REVERSE

FIGURE 8. FORM CG— XXXX COMPLETED FOR SITUATION WHEN SAMPLE TAKER RETURNS
TO COTP AND TURNS SAMPLE OVER TO AN INTERMEI)IATE CUSTODIAN WHO LATER

TURN S THE SAMPLE OVER TO THE LAB TECHNICIAN .
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API ’END I X C

S ! M V I . A T E D  W E AT 1I E R IN ( .  OF O I L S

I . I NTRt )l)I T I (N AND BA C K (; RO UND

l Iie id enti t ic ;It ion ot the sources of oil sp illed in the marine
environment requires an e x ten s i v e  knowledge  of t h e  effects of

w e a t h e r i ng ” on t h e  oil. Oil exposed to the natural elements undergoes
co m p o n e n t  changes  caused by solution , evaporation , oxidation , biodegrada-
L ion , etc. lo he v a l i d , an analytical techni que must either be relatively
insensitive to weathering , or it must be able to “recognize ” the source
of an oil even after weathering.

N u m e r o u o  s v st  ems have bceu devised  to s i t n u l a t e  natura l weathering
nd i t. loris . Ilo si have varied f r o m  e l a b o r a te  indoor  sys tems , such

.is those dcvi  loped by EPA 1 (having r e ev e  I ing sea water , simulated
w i nd , and simulated sunlight), to simple wading pools2’3 and a
sy st e m which ont in es  tin o i l  in the  a c t u a l m a r i n e  e n v i r o n m e n t . 4

A l ter trying numerous weathering containers (e.g. crystallizing dishes
and h a t t e r v  j a r s ) ,  the  R&D C e n t e r  deve loped  a t rough  which  c i r c u l a t e s
~ k I  ~ ~ r t h rennph it ~ six compil r t m e n t s  . F i v e  1) 1 the  comp ar  t men t s
c n t , i i n d i i  ~~~r k n n t  o i l s which Ire e x p os ed  to natural weathering;
the si x t h  c ”n p a r t m e n t  C o n t a i n s  sea w at e r  used as a c o n t r o l .  A
screen is p~ Jced above the troIn ~4 II t o  b re ak  t h e  f o r c e  of r a i n d r o p s
and bus avoid  c o n t a m i n a t i o n  ~~n n s & d  by s p l a s h i n g  oil  i n t o
.id~ oin in c c om pi r toi n i ts.

II . ShOPI .

A s u i t a b l e  w e a t h e r i n g  t rough  has been designed in which  al l  types of
oi l ca n he a r t  it icia lly weathered under conditions approximating “natural”
conditions. An adjunct to the trough ‘is a weather s t a t i o n  which is equipped
to take t h e  requisite data during a given weathering period . Weathering
in the  t r o u g h  can be pe r fo rmed  at  a l l  t imes of the  year except  when ice
forms on top ot the flowing salt water.

I I I .  SW~1ARY OF METHOD

Oil samples ire placed in the t rough compartments and are sub—samp led
at p rede te rmined  i n t e r v a l s  ( d a i l y  i n  4 day s tudies and 3 day i n t e rva l s  in
two week studies). The corresponding weather data are recorded and t h e
oil samp les are sent to the various analytical groups for study.

IV . APPLICAT ION

The following procedure has been applied to a wide variety of oil types
(See fable 1 for list of oil samples weathered.)

Several oils were weathered In rep l icate (e.g. studies 1— 3 , 5 and 7
Table I). Continued weathering studies with replications at various seasons
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v i i i  reflect those changes due to external weathering conditions.

V . APPARATUS AND MATERIALS

The apparatus consists of:

(1) A weathering trough as shown in Figures 2 and 3

(2) Cleaning materials : CRC Chemical spray, Sp ic and Span ,
brushes , sponges , hot water spray

(3) Teflon sampling strips (2” x 3”)

(4) Glass jars (8 oz.) with Teflon—lined caps

(5) Weather station , including :

(a) Pyroheliometer

(b) Anemometer

(c) Atmosp heric data recorder (temperature , relative humidity
and barometric pressure)

(d) Rain gauge

VI. DETAILED PROCEDURE:

A. Oil weathering

1 . The trough is thoroughly cleaned as follows :

(a)  Dr ain
(b) Wet with hot water
(c)  Spray w i t h  CRC chemical spray
(d) Brush wall s down with Spic and Span
(e) Repeat st eps b—d twice more
( f )  W ipe down
(g) Rinse with fresh hot water

2. Turn on sea water pump .

3. Fill the trough with fresh sea water. CautiDn : The inlet
hose should be at the same level as the overflow . If not , a power failure
will cau~~ siphoning of water and oil from trough .

4. Place 25 ml samples of oil into Compartments 1—5 , taking
precau t ions necessary to avoid having the oils flow under the compartmen t
dividers. The sixth compartment is kept clear as a control to note whether
any cross—contaminat ion is o c c u r r i n g .
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~~. Place screen 5” above the surface to break nip rain droplets.

6. Weather the prescribed interva l ( 1 day f o r  4 day study, 3 days
b r  2 wet k study).

7. Sample a lter the proper interva l by inserting perforated 2” x 1 ”
let Ion st rips through the surface ot the oil slick , allowing the oil to

~he re to t 1k s t r i p s o r t  I c t . The strips are placed in a glass jar (8 oz.)
i t  h i I t . l e n — l i n e d  c . i i ~~.

~~. Sample ti l e control water everytim e the oil is sampled .

All samp les are carefully label led.

10. The s irpl es are stored in refrigerators at 40—42°F until they
re .iiialv. ’~ d.

B. ~ & i t  her hat a

( oncurrent i.’ w ith our weathered oil studies we record atmospheric
data . Temperature , pressure , wind speed and direction , humidity,
p recipitation , solar insolation , and cloud cover were monitored. A sample
envi ~~or im en t a l  d a t a  shee t  is shown in Figure  1 which indicated the general
c o n d i t i o n s  a n i r i n g  e ach  w e a t h e r i n g  per iod .

V I I .  RE~-d.ITS AND DISCUSSION

The weathering troug h developed at the CG R&D Center has proved to be
excellent to r i t s  i n t e n d e d  purpose. It permits weathering of adequate
amounts ot oil for laborator-v~ analysis under conditions closely approximating
those on open water. The trou~~~~ s relativel y easy to clean and has held
up for almost two years without ar~~~~aintenance other than annual repainting .
However , two problems have been encou~~~~ ed : the growth of algae tends to
p l u g  the  t i l t e r  and screen in warm weathe’~~..,,hard rainstorms cause splashing
of o i l  f r o m  one c o m p a r t m e n t  to a nei ghbor ing~~~~~~~r tm e n t .

The first problem can be managed by frequent �~
‘3~~ ng and b a c k f l ushing

t h e  intake hose with hot water (usually between weather g studies) — weekly
d u r i n g  t h e  summer.

Placement of a screen over t he  t rough  cor rec ted  the  rain—causè&~sp 1ashing
problems . It did~ however diminish the incident radiation (measured~ l~~
Langleys (g cal/cm~) by about 25%. This was compensated by placing a simfiii.~
screen a l i k e  d i s t a n c e  ( 5 ” )  over the  p y r o h el i o m e t e r .

Weather conditions vary during the day and from day to day . Noticeable
differences in weathering are expected at different t imes of year , and
between sunny and overcast periods. We .i rbi tr r i l v  chose L use h o u r l y
average temperatures and the total radiation flux over the  period of weathering.

Weather data measurements are rather precise. Weathering changes in oils
are dependent on so many factors that correlations with data measurements
art relatively crude. Therefore , we so’~ght to simplify the task of obtaining
solar radiation by develop ing a method for estimating dail y so lar rad iation
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r a t h e r  t han  labor ious  manua l i n t e g r a t i o n  of p y r o h e l i o m e t e r  da t a .  The i n t e n t
was to her iv , intensit y tabl e s re I a ted to iloud cover based on I at. I ode , t he
d e c l i n a t i o n  of t he  sun , t h e  seasona l v a r i a n c e  of t he  solar cans t an t
( i v e I a ~~e i n t e n s i t y  of t h e  sun above the atmosphere), scattering, absorption
and d i t  fraction characteristics of the atmosp here , degrees of preci pitation ,
and localized albedo (traction of reflected radiation). Average sunlight
i i i t e n s i t v  t a b l e s  have been generated  fo r  the Groton , CT area pertinent to
su m m e r t i m e  c o n d i t i o n s .  Tables pertaining to local wintertime conditions

ir e being developed . These tables will permit a reasonable estimate of the
dail y radiation . Furthermore , when comp le ted , th is method of estimating
radiation can be transferred to any latitude and longitude. In conjuhZlion
w i t h local weather data , this method could be used to compute sunlight
i n ten s i ty  d u r i n g  an o i l  s p i l l  and thus enhance the accuracy of oil source
ident ification .

Table T I shows the average sunlight intensity in the Gtoton area during
t h e  summer m o n t h s . The data presented show inten sity throug hout the days
having a 90—100% cloud cover. (Other tables have been developed for bright
sunlight and varying degrees of cloud cover). These data are presented as
a function of the amount of rainfall and the period of the day . The daylight
boors are arhitraril y divided into 16 parts. The first and las t  periods
(I  and 16) i e  t he  beginning and end of the day , resp., the m i d d l e  (h e r i o d s
8 and 9) shoi.~s the  most intense r ad ia t ion  as expected t o r  noon t ime .

Total radiation for a weathering study is the sum of radiation for all
dayli ght periods. For example , a 24 hour weathering study with 90% cloud
cover and 0 .20”  r a i n f a l l  has an es t imated  to ta l  radia t ion corresponding to
the  sun of i l l  16 per iods of the day , i . e . , twice the  sum of the 0 .20”
c o l u m n  in Table  I I .  I f  t he re  were 90% cloud cover for  ha l f  the w e a t h e r i n g
t ime  and no c loud cover fo r  the  remainder , i t  would be necessary  to use a
second table for that portion of the time with 0% cloud cover.

V I I I  CONCLU S IONS

The R&D Center ’s oil weathering procedure satisfactorily simulates natural
w e a t h e r i n g .  I t  p rovides  the necessary samples fo r  s t u d y i n g  the  e f f e c t s  of
w e a t h e r i n g  on the  a n a l y t i c a l  methods  of “oi l  f i n g e r p r i n t i n g ” .

The method  was so success fu l  tha t  a second t r o u g h  has been cons t ruc ted
wh ich will permit weathering seven additional samples.

A new method has been developed for estimating dail y solar radiation from
e s t i m a t e d  cloud cover , r a i n f a l l  and t abu la ted  rad ia t ion  values.  The techni que
could be extrapolated to geographical areas where oil spills occur.
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TABLE I .  OIL SAI~II~LE S WEATH E RED.

3tu d y 1, 2 , 3 .  ~~i r ch  L , 1~~7~ — ~r~rch  22 , 1 ~T”4

Gulf 0~0 Fuel C i i  #2
Gulf 020 Low Cost r~~hr icat ir~r OilConoco 020 Mot.~ r Cii
Shell 015 M3r ine  L u h r i c a t i n ~ Cii
Shell  01~ I n d u s t r i ~~1 L ; ~~r i c a t i n ~ Oil

Stud y ! ‘~~rch 2 5 ,  1~~~L — ~hrrh 2’~, 1~74
G et t y  002 Fuel Oil
Oulf 0’~ F e 1  Oil i/c
‘Jn ion .004 Fu el  C i i  #4
Conr ~co 0l~ Fuel C U  #2
Atla n t i c  R i c h f i o l d  o16 Fuel C i i  ~1

Study 5. A pr i l 1, l~~ ’1~ — A p r i l  ~, H74

Exxon 006 ~~rine D .iesel  F u n i
Exxon 024 Fuel Oil #2
Exxon 064 Diesel Fuel Oil ~2
Amoco 035 Fuel Cii ~2
Atlantic ~ichfield 022 Fu e l  C i l

S tudy 6. A pril ~‘ , 1~ T4 — A jril ~~, 
lu — o +

Gu l f  034 Fuel Oil  #6
Chevron 00’ F u r l  Oil ~~
Sunoco 000 Bunker  C Fu el  (i i
Exxon 017 ~‘uei Oil #5Shell 013 ~Yi r i n e  L u h r i c~ t thg Oil

Study 7. Apr i l  15 , l~ 74 — April 10 , l~ 74

Exxon 006 ~ -rine Diesel Fuel
Exxon 02i~ Fn.~pl Oil /2
Atlantic Rjchfiold C16 Fuel Oil /1
Exxon 064 Di e s l  F u e l  Oil #2
Amoco 035 Fur l  Oil :J2

(continued)
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TABLE I (cont inued)

~~;j~ 
.
~• A r r i l  . 3 , L ’ 0 i , — st r i l 0, 1~ ’?4

1n i e p ~. n i e r :t .  01 Fucl  Ci]  #6
: x x c n  ~~~ Fu el Ci i  1/6
Thno~~o TV ’ F 11 Cii /6

C ~
‘ F~~’l C i i  .1/1)
S Fuel  O i l  ~6

S t u T ~v ~~ . ‘
~~ly 20 , 1Q74 — Mu y 24 , 1074

Atl~ntjc Rich .’ °ld 0 16 Fue l  Cii :/1
Amoco 0 3 5  F u e l  Oil 1/2
‘r. i on 02 + Fue l  Cii :4

Exxon 0 17 F tc] Oil  / 5
Ge~ ty ~ 2 F ~~1 Cii :16

.~~. ii y ~0 . . 1, 1. ~~~~~~ — J u n e  ~.4 ,

Ch~’ : r  C ’Ll ~uel 11 :/4
V i f  Y~~ e~~ C~~

- .~ i Ci i  4
::xxor . Y’ - 

~i i  i i  4 14

:.x x~~n 0111 F 1 ii 2

Otu.lv 11. u~~u t  3 , 1~ ~~. — A~~~ ~~T. ~ 2, 1 
Y~ 4

; x °r ~ J~~’ 1 J ..
:~~~~~O ) ‘  ~. ~
-t TT~~ ’ O  1. F~ . .

01. 1 : 14 F i . Ci. ~
.~ X X n n  14 F ~ 

. Oh 2.

~ ~iy 114 . Au ~~~:~ . 1 4 , 1 .74 — D pt~~~b . r 12, 1. 74

~~~~~~~ 01 .i ~~ur  I Li~ r i c i~ in ,~ Oi l
A — .ic o 0~ ~ ~r i n ’  L ub r i c at in g  Oil
Gu l f  1’  ~r i  H y :r au iic  Oil
,~~~o.”o ).V’ T .r’ iru Jet, Fu°l
7~ x u r i : Am oco 00~ desel L uL r i c a t in g  O i l

~fl:j A t i  rt.~~c ~ ich f i el i  013 Diesel  Fuel Cii 1/2

~ J y 13 • F r i r ~iry 3, 1075 — Fehru a~~r 7 , 1075

~.xx on ~ ‘ 7i ‘lie :~, u~t Crude
G a l ’  0 ‘ r . i d d ] e  : i ~~~ Crud ’
Conoco ) L 2  A 1 i n k . ~n C r : i e
Gu lf  011 !~~n e y u r ~ ~n ( r u ~ie
~xx or 03 Von l:in Crude
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TABLF : I I .  AVERAGE S1 Ni.IGH 1 INTENSITY WITH 90—100% CLOUD COVER, GROTON , CT ,
SUMMER W J 1 H  ME!)IUM eVE R CAS I AND LI(;HT (0—0.10”), MEDIUM (0 .10—0.30” )

AND HEAVY (0.  30”) RA iN.

I N T E N S I T Y  (UNGLEY K )  

~~~~~~~~ 

___- ________________

0.00 0.05 0. 10 0.15 0 .20  0 .25  0.30

~~~~~~~~~~~~~~~~~~~ .~~~~~~~~~— --~~~~~~~~~~~~~ -~~~~~~~~~ _____  ____ ______  ____________  ____

10.5 9.8 8.9 7.6 6.1 5.0 3.1

7 , 10 9 . 2  8 .6 7 .8  6 .6  5 .4  4 . 3  2 . 7

6,11 M.2 7.6 6.9 5.8 4.8 3.7 2.4

5,12 7.4 6.8 6.2 5.2 4.3 3.2 2.2

4 , 13 6 .7  6 . 2  5 .7  4 .8  3.9 2 .8  2 .0

3,14 6.3 S.8 5.3 4.5 3.6 2.i 1.8

2 ,15 6.1 5.6 5.1 4.3 3.4 2.3 1.7

1 ,16 6.0 5.5 5.0 4.2 3.3 2.2 1.6

t
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~ ~~ i_~ 
~~~~~~~~~~~~~~~~~~~~~ ,O,’

Cinitrol 0 , t ’ r

Ovnrflow (.o T :~~p, r

Dici h~ir 1e F l : .

F od Vii:w F r In Out let Siif,

Overf low Compartmen t

_ _~~~~~~~~~~ Control Water

Thermo meter

It i t i ke HOSe

__________ 
I 

~~~~~~~ Pomp

End View From I i t ik Side

DIMENSIONS MATERIALS OF CONSTRUCTION

Length 6 Ft Exterior Marine Plywood 1 5  In
Width t : T ; i  2 Ft Interior F iheiqlassed Wi th

I l ,n t tu ij i l  1 Ft .  9 Yds Of Glass Cloth 44 In Wide
Depth (over a l l )  2 Ft And 1 Gal Of Pol yester Resin

(div iders) 9 In. With Hardener .
Entire Trough Painted With White
Oil Resistant Moriopoxy Paint

! 1  (~1JRI ~ 2 . 1 . } A I l l I J ~ I N( ; iROtIGH .
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OI L  K l ’ I L L  l 1) L N 1L F I C A T I O N  BY GAS CIIROMATOGRAPRY

1 .0 SLit)’ !

1 . I l i e  recoumiended gas chromatograp hic analys is pr ov ides a
nt ans to ‘fingerprint ” oil samples. Chromatograms of an oil spill
samp l e and p o t e n t i al sou r ces are compared to identif y a poss ible
source of the spill.

2 .0 SU~tMARY OF METHOD

2 .1 Using gas chromatographic separation and quantitative
detection of eluted components , the  anal yst  obta ins  a chemical
fingerprint for an oil sample . The detection is accomplished with
use of two different detectors simultaneously: detection by f lame
ionization (FID) measures all organic components , and flame photometric
detection (YPD) measures the presence of sulfur—containing components.
The detector responses are recorded by a strip—char t recorder to give
a visual representation (chromatogram ) and are simultaneousl y analyzed
by a dedicated data processing system which provides an analysis report
of measured peak areas , retention t imes , relative retention times and
other useful information .

2 .2 The comparison of chromatograms allows the analyst to determine
the similarities and differences between oil samples. With these comparison s
and further knowledge of the source of the samples and any other information ,
the analyst is a b l e  to determine the source of a sp ill.

3.0 APPLICATIONS

3.1 This  method is app licable for any pet:oleum or non—petroleum
oi l  w i t h  components  having b o i l i n g  points  over 287° C ( r e f e r e n c e  po in t :
n—hex adecane). Light and heavy distillate oils , bunkers , lubricating
oils and crude oils can be fingerprinted using this technique . Oils
consis t ing  onl y of low boiling components (boiling point below
n—hexadecane) such as gasoline canno t be compared using this method
althoug h o t her  gas chromatograp hic techniques can be used fo r  gasol ine ;
see ‘K M D3328-74aT .

3.2 ThIs method may be applied to samples that are neat (unaltered),
t h i n  f i lms  co l lec ted  from a water  s u r f a c e , samp les scraped f rom a solid
subs t ra te  (e .g .  sand or vermiculi te)  and emulsif ied oi l .  Samp les
contaminated by spill con trol ch emicals , by Improper sample conta iners
(plastic) or collected in an improper manner may give incorrect results.

4.0 APPARA TU S AND MATERIALS

4.1 instrument

The inst ruments recotiunended for  use are the Perkin—El mer
Models 900 , 910 or 3920 gas cb romatographs wi th  f lame ion iza t ion  and
flame photometr ic  detecto rs and dual a m p l i f i e r s .  The de tec to r s  are
in te r faced  to a Perk in—Elmer  PEP— i Data Processor. Other  equivalent
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instruments could be used in place of these . The instrument used should

have a pressure regulator (0—15 pslg) for carrier pas flow control ,

detector gas flow controls , a 394 rim bandpass filter for the flame

photometric detector , a temperature—progratmnable oven capable of opera—

ring in the range of 75—250°C , a heated—block injection zone , a f l o w
controller with appropriate p ip ing for carrier pas ma ke—up flow , an

e t t l u i nt sp litte r  c a p a b l e  of i 1 :2 sp l i t  r a ti o , a dual—pen strip— hart

recorder hay inc a 0— I mi 1 1 i v o l  t u l l — s c a l e  do 1) i t  ion range , an O Ut p u t
filt e r and ,in e l e c t r o n i c  l i n e a r i z i n g  c i r c u i t  f o r  the  f l a m e  p h o t o m e t r i c  d e t e c t o r .

.2 
~~~~~~~ 

Inject ion System

The Perkin—Elmer 05—4 1 and AS—4 l sampling accessory systems
provide a means to introduce aluminum—encapsulated samples into the
chromat ograp h in a r ep roduc ib l e  manner (manually and automatically,
respectively). The encapsula ted—samp le injector system will not
in t roduce  the  ghost peaks due to septum bleed encountered with normal
septum i n j e c t o r  systems and is the  onl y automated system which would
not require the injection of large volumes of solvent into the column
that could affect the column performance.

4.3 Column

~.3.l .\ 0. i ) )  mm x 16 m (0.O2in .x 50 ft .) support—coated

~p e n — t u h u I i r  ( SLOT ) c o l u m n  w i t h  l i V — l 0 l  s t i t i . i n a r v  p hase is used .
( T Ft  iS  CO l t i rn n is  on lv ava ii able c ortmierc ía liv I ron P erk  i n — E l m e r  C o r p .
i t  t h i s  t i m e . )

..3.2 A similar SCOT column employing Dexsil 300 stationar’!
phase is also u sed . This I i q ii id phase does not give the separation
of pr i s t i f l e  and p hvt ani which is informative , hut it does allow

pt ri  t ion u p  tn, 350°F : and t h i re f o r t  p r o v i d e s  add i t  iona 1 j o t  orma t ion
b r  hi gher — b o i l i n g  o i l s . The D ex s i l  100 p hase is used on ly  f o r
h e a vy  oils.

4 .4 Accessories

Ins t rumen t accessories include two foot—switch assemblies to
s t a r t  the  d e t e c t o r  interfaces and oven programming (not necessary with
use of AS— 4l i n j e c t o r  s y s t e m ) ,  c e n t r i f u g e  capable  of 1000 RCF , SGE Model
O . S B  m i c r o— s y r i n g e  ( 0 — 0 . 5  9 1) ,  Hamilton syr inge cleaner  and two—stage  gas
r e g u l a t o r s  appropr i a t e  fo r  the  types  of gas cy l inders tha t  are used .

4 .5 Expendab le Ma te r i a l s

Expendable m a t e r i a l s  include 50 ml glass c e n t r i f u g e  tubes ,
50 ml g lass !.r lenmeyer f l a sks , Pas teur  p i p e t t e s , anh ydrous magnesium
s u l f a t e , pentane  ( c h r o m a t o q u al i t y ) ,  glass f u n n e l s  and Schleicher and
Schuell  ~o. 576 f i l t e r  paper (or e q u i v a l e n t ) .  Gases used include helium
(hi gh p u r i t y  g rade ) ,  n i t r o g e n  ( p r e p u ri f i e d  grade) ,  a i r  (zero grade) and
hydrogen ( p r e p u r i f i e d  grade) and should be in Matheson size lA cy l inders
(or e q u i v a l e n t , approximatel y 200 cubic f e e t ) .  Hydrogen and air may
also be supp l i ed  b y l abora tory  genera tors .  Gas f i l t e r — a b s o r be n t  traps
should be ins ta l led  on all gas l ines to the chromatograph as close to
the in strument  as is possible .
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5 .0 A NAl YTICAl .  PR OCEDURES

s . i

The column is the most importan t part of the chromatograp hic

sy s t e m  because it is where the separation of the oil components takes

p lace ;  the s e p a r a t i o n  of the  o i l  components in a specific and repeatable
manner is t he  basis for this technique. New column s are not  immedia te l y
r ead y fo r  use and must  be condi t ioned  pr io r  to use . The i m p o r t a n c e  of
proper conditio ning cannot be overemphasized as this initial step can

he significant in the column performance. A recommended conditioning
procedure is outlined below ; conditioning times are minimum t imes
i t  a given temperature and may be as long as 16 hours in overnig ht

operation .

a. Connect the head of the column to the inlet fitting in

th e oven , but do not connect the effluent end of the column .

b. Adjust tlse carrier gas pressure regulator to 2 psig
and allow the column to purge itself of entrapped air for several
minutes.

c. Set the initial oven temperature at 75°C. Raise the oven
temperature at 1°/mm to 175°C and hold at final temperature for 6 hours.

d. Raise the oven temperature at 0.5°/mm to 225°C f o r  OV— 1Ol
(300° C t o r  Dexsil ) and hold for 10 hours.

e. Raise the  oven temperature  at 0 .5°/mir i  to 250° C f o r  OV—l Ol
( 15° C f o r  D e x s i l )  and h o l d  f o r  10 h ou r s .

f .  Raise the oven temperature  at 0.5°/mm to 275 ° C f o r  O V — l O l
(350 °C t o r  0& :•~- i i )  and hold fo r  16 m i n u t e s .

g.  Recycle  the  ins t rument  to an i n i t i a l  t empera tu re  of 75° C.
In jec t  0 . 2  ~. 1 of a l ight fuel oil and temperature program the oven at

8 ° / m m  to 2 50 ° C f o r  i i v — l O l  and h o l d  f o r  32 m i n u t e s .  R e p e a t  t h i s  s tep
r u e  t ime . ( F u r  1) i x s i i  p rogram to 325 ° C and hold for 16 minutes.)

h . Adjust the carrier gas pressure control and give a 2 ml/min
gas flow at 250°C (approximately 2.1 psig).

I. Re VLIk , the instrument to 75° C.  Con nec t  the c o l u m n  to
the & t t  l e n t  fittin g in the oven. Temperature program the instrumen t
i t  ~° / m i n to  250° C and ho ld  f o r  12 m i n u t e s .  ( P r og r im it 80/tnin to31 5° C and hold for 32 minut es fo r Dexsil column.) If the recorder
should -li v spur inus peaks , an unstabl e basel m e  or i column bleed ini x  ess t 10% of r e c or d er  fui l i—s c- i le deflectio n (range l OOx , at tontiationI x ) , t hen t 1w r ond it ion ing  sequence  s h o u l d  he repe :i ted .

j .  A lig h t fuel  oil hav ing a m i x t u r e  of compounds tha t  wil l
give 20—80 % f u l l — s c a l e  recorder  d e f l e c t io n  b y bo th  de t ect o ri~ i s  u s e f u l
for monitoring the performance of the chromatographic system and is
used as a standard r e f e r e n c e  oil . The s tandard oil should be preserved
in a manner which will minimize alterations; store the oil in a sealed
con tainer tha t is kept out )f d i r e c t  sunl ight and p r e f e r a b l y  in a
refrigerator. The column should be able to resolve the isoprenoid
compounds p r i s t ane  and ph y t a n e  f rom n—heptadecane  and n—oc ~~adecane
respec t ive ly ;  the  p r i s t a n e  should be resolved to the ex t en t  of 80%
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and t h e  p l i v t Iui i  to 1(10 ( Th t  i ) i x s i  I olii nn w i l l  not resolve pr  i s t a i u t
and phvrane . ) A 11 h r a r v  of c h r o m a t o g r am s  f o r  a s t a n d a r d  o i l , run
, iv e r  a p e ri o d  ‘~ t i m e , on the same (u l umn i s  v a l u a b l e  i n  a s s e s s i ng
chan ces  i n  t h e  c o l u m n  and chrom;itcgraph tc svs tern performance.
Rep licate samp les of this oil should he rim at intermittent periods and
compared to themselves and to previous chromatograms . Inconsistencies
should he noted anti evaluated for reduced performance; see Sec t ion 6.4.4
for specific steps to l it taken in evaluating these changes.

k . A ml x t u r  of n — a l  kanes  ~i — hex n d i ca n t  , n — o c t  :idi m u ’  and
n— ei cosiui ~ ) .‘‘ re- l ut i on  m i x t u r e ’’ , i s  m o d  t o  p r o v i d e  m quma nt i t i t  ivi
m~ uolr i t  th u’  co lumn per lorm in i i . i’ t r to rmi d 0 a rout  i l l i ’  b a s i s , t h e

chr nr t ug r ap h - r  is able to asce r t a i n  whether the system is nperat ing
within u p t u i t  ic ;it ions. Detai l s concerning the use 1 the r e s uiliu t ion
m i x  t i r e  . 1  r i in sic t ion  h . 5.

5.2 Chromato~ rap~

Operation and features of the chromatograph and data processor
i re given in tile manufacturer ’s instructions . Once the chromatograp h ha s

1 een placed in operation it is recommended tha t the power be left on
except for repairs and long periods of non—use (greater than one week).
i t  is recommended that the oven be left on overnight so that therma l
changes of the instrument and column are minimized .

5.2.1 Operating parameters are listed in Table 1. It is
v i t a l l y i m p o r t a n t  t h a t  gas f lows to the  de t ec to r s  be o p t i m i z e d . This
o p t i m i z a t i o n  is accomplished b y in t roduc ing  an o rgan ic  s u l f u r — c o n t a i n i n g
compound , namely , th iophene , in to  the  make—up c a r r i e r  gas.  A device called
a ‘

~~ irr ic r g I s  i i ,nd i t  i o ner ’’ i~ i n o t a l l i d  f o r  t h i s  pu rp o se  and at room
t e m p e r i t i u r i  u r o v i d i s m n ;iduq u ;ite amount ot t h e  t u s t  compound  to op t  i m i z e
the performance ot b o t h  d e t e ct o r s .  () p t i m i z e  the gas f l o w s  by f i r s t
ad ~i i s t i n g  t h e  air Ilo w with a hvdro geui p r e s s u r e  s i t t i n g  of  40 psig, th eti
opt i m l xi ’  the hvd r og i n I low . The r e c o r d e r  pen de l  l e c t  ion  s h o u l d  no t
he o f f  seal i on range I UOx with a max imum a t  t enu a  t ion (if 32x for either
d u t & ’ c  t u ’ r .  (The r i d j ’ i s t e d  f l o w s  w i  11 not he t h e  same as recommended
by t hi’ manu I mc t u rer I or packed co I umn o p e r a  t ion

5 . 3  Data  Processor

The data processor ms an in tegra l  par t  of t h i s  system and is
u s e f u l  to the  ana lys t  fo r  checking system performance and fo r  sample
m a t c h i n g .

5 .3 . 1  The Sequent ia l  Sampl ing Program is reco~~ ended for  use
w i t h  the data processor.  This program Is necessary for  use wi th  the
AS—4 l I nj e c t i o n  system and can also be used w i t h  the manual  injec t ion
system ; i t  has the  advantage of rapidl y r e s e t t i n g  the i n i t i a l i z i ng
cond i t i ons  and a f f i x i n g  a name to the pr in ted—out  data  anal ysis w i t h o u t
having to use the  tele type terminal  to i n i t i a t e  each chromatographic  run .

5 .3 . 2  P r in t i ng  of re la t ive  re t en t ion  t imes  in the analysis
report  can be performed b y the  data processor and is useful  in the
comparison of da t a ;  de ta i l s  fo r  computation of these values are in the
manufac tu re r ’s ins t ruc t ion manual .
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5.3.3 Automatic peak t i l e  d e l e t i o n  is necess ;mr ~ a f t e r  t h e  ~~
analysis report is printed out , when operating the system with a AS—4 1

i n j e c t o r  over long pe r iods  of unattended operation , otherwise the computer

memory will be exceeded . Details f o r  t h i s  st ep  arc in t h e  m a n u f a c t u r e r ’s
instruction manual.

5.3. -. The threshold i t t  ings (or t hu dat a pr essor i r e  n o t
det ermined as r&’ - otnmendi’d by 1 lie ma nut  m i t  t i r e r  be c a u s e  t i e -  s i l t  w e r e
pr ogram W i S  l i t  specifi c all y d e s ( u u e - u (  h r  o i l  i n i l v s i s .  An -i r a t h r e s h o l d

i f  1 000 and b m ~~~l jot’ t hi r sh ,ld of 10 (1 a r -  used ; t h e se  v a l u e s w i l l  ignore
m a n y  sma ll peaks , hut w i l l  ml l o w  t h e  m o st  re p e a t a b l e  a r m  integrations
t i i  h~ ;iu h i eyed

5 . 3 . 5 he sot t w i r e  all ow ’ t ur ced I s m ~~e p i n t s  to he cles i g n m t e d .
These sliu t ild 5 -  d i s t r i b u t e d  t h r u i g hu u m t  t h e  r eg ions  of u s e f u l  i n f o r m a t i o n :
Cl h — C I I  f o r  u i \ — l O 1  1 1 ) 1  inns , C l  h — C I M  for Dexsi 1 (((1) c o l u m n s

5. 4 Sample Preparation

Samples are deasp lialted prior to analysis to prolong the usefulness
of the column . Use the following procedure:

5 . 4 . 1  In a 50 ml c e n t r i f u g e  tube , d issolve 1 ml of the oil
sampl e in 40 ml of pentane . Add approximatel y 1 g of anhydr ous magnesi um
sulfate to time solution and mix well; the magnesium sulfate removes any
water present in the sample. Allow the sample to sit for 30 minutes.

5.4.2 Centrifuge the sample at 1000 RCF for 20 minutes; both
tii ~ magliesium sulfate and the insoluble asphaltenes will be precipitated
on the bottom of the tube.

5.4.3 J) r -int the supernatant liquid throug h a funnel, with
f i l t e r  paper, in t o  a 50 ml Erlenmeyt’r flask. Strip the pentane from the
sample b y pass ing  a s t ream of d ry  n i t r o g e n  gas over the top of the sample.
The stripp ing procedure also removes many of the oil components with boiling
points helow n—pentad ec;ine . Alternatively , the ’ s~i~-u rnatant liquid
can be det anted or care fully withdrawn with a pi pet for subsequent
r emoval  of pent ;mne . T h i s  e l  imin a t i the de ’hi vdr at ion st iu with
ma gnec iiim sulfate and is sui t a b l e  i f  t h e  t h ’; i sp h a l t e d  samp les are  not
to he a n a l  vze d  by i n f r a r e d  spec t rec opy

5 . 4 . 4  Load 0 .2  (ml  o f s amp le in to an a l u m i num samp le c a p s u l e
with a syr inge and seal the capsule. This sample volume is sufficient for
mos t oils havi ng low concentrations of sulfur . Oils having very little or
no sulf ur componen ts give chr oma togr ams wh ic h may be usef ul for  comparison
in distinguishing those oils from similar ones with more sulfur present.

5.4.5 Occasionall y the analyst will be presented with a sample
con tain er hav ing less than 1 m l of oil ava ilabl e for  the de asp hal ting
procedure . In such instances the sample can be transferred directly to
the sample capsule. When only minute amounts are present , the sample
should be dissolved in pentane in the sample container . An aliquot of
the pentane solution is transferred to a sample capsule; the aliquo t
size for a good chromatogram will be dependent on the concentration of
the pentane solution . Evaporate the pentane before sealing the capsule .
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5. 5 Sample Ana ly~ is

5.5.1 Adjust gas flows to the specifi ed v :mlimt ’~ (Tu m ble 1),

zero the amplifiers and Ignite the detectors; the manu facturer ’s

instruction manual describes ii ~ steps nc u ssar y  to p r e p a r e  t h e
ins t rument  f o r  samp le a n a l y s i s .

5 . 5 . 2  The f i r s t  c l mr om a t o g r mp h i c  run each (lay should  be a
blank injection . Program the oven temperature to  :50°C at  1 6 ° / m m  a nd
hold at that temperature for at least lh minutes. Observe the detector
response on the stri p chart recorder; this signal is referred to as
column bleed . At amp lifier settings of range lOOx and attenuation
Mx, the signal should level off at no greater than 5% full—scale pen
d e f l e c t i o n . I f  t he  d e t e c t o r  response is less than 5%, r e cy c l e  t he
ins t rumen t  to 75° C. If t he  d e t e c t o r  response is greater than 5%,
then maintain the oven at 250° C untIl the response becomes satisfactory.
Should the response continue unsatisfactoril y, i t may be an indication
that the coh~mn is no longer useful and needs to be replaced . The
purpose of this first run is to check the column for contamination
and to observe the column bleed at the maximum oven temperature.

5.5.3 The second chromatograp hic analysis each day should
he the rise 1 ut jon mix t u n  . Per form the anal vs is by  t hu e s tand i rd
procedure used for oil samples and compare tim e results to previous
runs of the standard oil in the manner described in Section h . The
purpose of this step is to insure that the (,hromatograp hic system is
functioning properly before beginning the d,ay ’s work .

5.5.4 Initialize the data processor interfaces as outlined in
the manufacturer ’s instruction manual . Set the chromatograph operating
parameters as listed in Table 1. ~I i k i sure that t h i t  c u l t  samp ler is in
th e PEP ope rum t j u n  mode.

5.5.5 The chromatograph is now ready for samp le analysis.
Inject the sample. Start the oven programming, detector interfaces ,
and str ip—chart recorder. The hold—time at the final oven temperature
will be dependent upon the composition of each oil; maintain the final
oven temperature until all of the components have eluted from the oil
and the detector response is the same as that of the blank run . A
final hold—time setting of 32 minutes is sufficient for most lig ht—t o—
medium distillate oils and some crude oils; a setting of 64 minutes is
necessary for most heavy oils and some crude oils.

5.5.6 Recycle the Instrument to the initial settings when all
components have been eluted . The chromatograph will turn on a “ready ”
light when it can accept another sample. Repeat the analysis steps for
other samp les.

5.5.7 When the data processor has comp le ted col l ec ti ng and
anal yzing detector responses, it will prin t out an analysis report at
the teletype ; simultaneously, I t can also prov ide the same in forma t ion
on punched paper tape . After reporting the analysis information , the
da ta can be ei ther stored as a da ta f ile or erased from the memory
circ uits. Eventually the data processor memory capacity will be
consumed if all data files are stored and the analys t mus t era se f i les
from memory to provide more available space . The manufacturer ’s instruc-
tion manual explains how to select file storage and deletion commands, and
how to check on the amount of available space in the memory circuits.
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TABl E I .  STANDARD OPERATING CONDITIONS.

- Li quid Phase
OV-l0l IJexsiI 300

C o l u m n  length , m (ft) 16 (50’) 16 (50’)
Column 1.0. , nun (in ) 0.50 (0.02”) 0.50 (0.02”)
In it Ia 1 C l  umn tempe r a t u r e , °C 75 75
Initi a l Hold 0 0
Fina l Co l umn t e m p e r a t u r e  250 325
Fina l Hold 32 (lig ht—medium 32

disti llates)
64 (heavy oils , some crude)

Oven programmin g rate , C°/ mi n 8 8
Carrier gas flow rate*, mI/m m 2 2
Carnie gas make—up fl ow rate , m I/mm 30 30
Injection port temperature , °C 250 250
h e t € ’ c t o r  manifold temperature , °C 275 350
Amp lifier range , F I D , FPD lOOx , lOOx lOOx , lOOx
Amp l i f i e r  attenuator , FID , FPD 8x , 4x 8x , 4x
Detector gas flows**, ml /min

Hydrogen: FID , FPD 35 , 134 35 , 134
-\jr: FID , FPD 667 , 91 667 , 91

O u t p u t filter Medium Medium

*re -Isured at 2 50°C
**; l p p r oxj m a t e  f l o w  r a t e , d e t e c t o r  r esponse m u s t  be o p t i m i z e d

I
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5 .8 I n s t r u m e n t  shut—down w i l l  no~~v i l l y  c o n s i s t  o h  ; h u i m t t i n g
‘ h f  time detector l a m e s , c l o s i n g  the  v a l ve s  on t h e  gas yl i n d e r , and
bleeding of I time hydrogen and a i r p r & ssu m r e  S . Th e ’ oven sim on id  I c ’  I e f t
on a t  7 5° C w i t h  norma l c a r r i e r  f l o w  and the  make—up c a r r i e r  gas . m u u  be
s toppe d .  For ex tended  sh u u t d o ~ n p e r i o d s  ( I n  excess of t h r e e  d a y s )  t Im e
oven should hu e  s hu t  o f f , hu t  time power switch left in tim e “on ” p o s i t i o n .
Vu lu s s there Is a need to shut a l l  power of I ( such  ums making repa  ir s  to
the  c l ur o m a t o g r ap h )  , t he  power to t lit d a t a  processor  and il l interfaces
should a lway s  be l e f t  on .

6 .0  1 ~i lE RPRET A T I u )~ OF DATA

6.1 P r i n c i p le of F i n g e r p r i n t i ng

Petroleum is a mixture of thousands of different molecules.
This comp lexity is due to the process of formatior of the oil; different
starting materials and different temperature and pressure conditions during
this process result in a varied mixture of oil components. Differences in
the composition of oils can be very dramatic. Refined oils are “cuts ”
of crude oils and can be differentiated from their source oil because
their composition is different. When two oils are mixed together they
have a new c o m p o s i t i o n . This  v a r i a b i l i t y  in composi t ion g ives each oil
:i uni queness which a c c o u n t s  fo r  i t s  c h a r a c t e r i s t i c  f i n g e r p r i n t . The
analyst compares the fingerprints of oils to match those oils with
identical co m p o s i t i u s

6.2 Chromato~ ram Characteristics

6 .2 . 1  TIme chromatograms have several  f e a t u r e s  w h i c h  t~~ . na l yst
utilizes for t h e  comparison of samples in much the same way um s the criminologist
examines a human fingerprint to determine unique characteristics. Samp le
ciur om at ~rams ire shown in Fi gu res  1 and 2 for t he  two c lumn ty p e s .  The
significant point t o  n o t e  is  that p r i s t ine  and phvt ane art n e t  r e s o l v e d  by

l ie  I ) exs  i 1 300 co lumn  and r e su m it In l mr C e r—than—nor m a I C 17 ; ‘u , d  C l 8  peaks .

he . 2 . 2 k - t e n t  i i i  Ti me

From a given gas chromatograp hic column with a given
• carrier gas flow rate and a g iven oven temperature program rate , an oil

component takes a fixed period of t ime from the start of the analysis
until it is eluted from t ime column and measured by t iit detectors. This
period of t int Is called the retention time and is s p e c i f i c  f o r  each
component. Since precise injection anti chromatograp h—start synchronization
is difficult , retention t imes may vary slightl y. However , relative retentioz~
t imes (retention times relative to the elution t ime of a specifi c component)
compensate for this and make t he  direct comparison of retention times easier.
if components of two chromatograms have the same relative retention t imes ,

-r then they may he presumed to be t he same components.

6.2.3 De t e c t o r  Response

Time response of the detectors is a q u a n t i t a t i v e  measure
of the eluted component. Because of variations in sample size encountered
In the loading of the sample capsules , the detector response for components
with the same relative retention time cannot be directl y compared . To
compensate for this samp le size variability , peaks are generally compared
in pairs ; time ratio of two peaks in one sample are compared to the ratio
of the same two peaks in a second sample (peak ratloing).
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be . 2 .4 R e s o lv ~~~~~ o~ pan en t s

Ti m e c l u r o m a t o g r a m  w i l l  show a broad hump w i t h  peaks a long
ht t op  (su e F i - u i  F e s  I and 2)  t lut se peaks are dim e to t hue presence of

~m u m p u u u u u - u 1 t s  oh  u4 p e ’c il Ic m u u l e c u l u r  s t r u u u - t u r u  an d  i n  s u f f L ~ i e u ~t q u a n t i  t v t h ; i t  t H e -

c romatograp h is able to separate them from all other components. The
separated peaks are termed “resolved” components. There are a number of
resolved components  which are usually present in oils and may appear
as large peaks; these are normal alkanes anti are identified in Figure 1
w i t h  the  p r e f i x  “n ’ and a number correspond ing to the number of carbon
atoms in the molecule (n—hexadecane is shown as nC16). Isoprenoid
hydrocarbons are often present and the  most cormionly observed are
pristane and phytane ; the locations of these components are shown in
Figure 1.

6.2.5 Unresolved Components

Those components which are not resolved as peaks , but
appear as part of the “hump ” are termed the unresolved envelope . This
part of the chromatogram reflects the general distribution of non—resolvable
oil components as to boiling points (time scale) and amounts (response scale).

6.3 Visual Comparison

6 .3 . 1  Visual  comparison of chromatograms is a rap id and established
method to note similarities and differences in samp les. Over lay ing of
chromatograms for comparison is often difficult due to variations in samp lo
s ize  in t he  load ing of  sample capsu les .  However , v isual  m a t c h i n g  of two
chromatograms set one above the  o ther  is usuall y satisfactory. Time
f o l l o w i n g  sequence should be fol lowed :

a. Set two cimromatogramns on a flat surface so that one is
above the other and the starting point of each chromatogram and each retention
t ime location are verticall y ali gned . In this configuration , the components
with identical retention t ime values will be exactly above and below each
o t h e r .

b. Observe the  shape of the  unresolved envelopes and the
relative size of time resolved peaks for components wit h retention times
greater t han and equa l to n—hexadecane (nC 16, approximate retention time
of 16 mInutes). In many cases there will be significant differences apparent
at this point and the two samples can be assumed to he different. Components
w i t h  r e t e n t i o n  t i m e s  less  t h a n  n—h exade cane  canno t  be used  for comparison
purposes  because t h e y  are sub f tc t  to a l te r a t  iu ’ u due to w e a t h e r i n g  and sample
p r e p a r a t i o n .

c. Observe’ the r e l a t i v e  pe ak h e I g h t s  l e er  t h e  same componen t s
in t ue two samples. Begin w i t h  t i e  l a r g e r  peaks  w i t h  r ” t en t ion t imes  great t’r
than or equal  to n—h ex adec an e . Vi sua l I y r a t  to t h e  lie ! vi i t  s I er  two peaks and
compare t h i s  r a t i o  to the  r a t i o  of ‘he  s ine peaks In t h e  o t h e r samp l e .  I t
these r a t  los are ’ c l i f f  e r e n t  , t imet ’i t i m e ’  oil s arm c assu mm c d I o Ice ul i f  f e  r en
I f  t ime r a t  los are  s i m i l a r , t hen cont  in u e  t t i e ’  c e np i r I son w i t  6 u l i e  sm.e I l e t
peaks.
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i t h i’ u ‘ w i t c h  ~~e ‘ t l i e  - 5 -  i1i~ ’ I c  - j u t e r i  I i I m e  - e~~ I i i , e e l  I t i t e n

I - , t jOn erich li , iu icl i i rig ~l5  , i u l , l  I t i~ e r i , e  I l i i i u e r m . e t  io n  t o  - c u p ;  I - r u - . r u t  I Ii.

e , .c’i l e i  I se ll • t l i e  - I  I i i  lv. I c e l l  ‘P1 1c m r e ’  t lie ’ sp ! I I s c r i p  Ic - w I t Ii - i ~
- h ‘ t a r i d

cc t h u  C ~ u u s p e  t s ’ u i r ’ e - r-i I - u I . r u t  i I c - i t  i on  of i s ; e i  I I s O i l

‘ t i m  n t  I t m t  1 ’ ’ ( ‘ru 1 , u r I u - ‘ ui

h . -,  . I t u t ’ c 1~’ m l ie ’ c r u l e  u s  i t  i on e e l  t we e cc i 1 s , t i l e  - u r i c ‘1 uJi t t m c m i  I
i t ~ u I I be t o  d i s i ngu  I sh d i t e r e u c es in  c ompe c s  i t  1 e n .  V i P U i  I - - r i p e r  I Se ll

ot t - u .  ‘c , m e - .~ d i l l  i e -u l t  w i t h  s i m M ir  o i l s  , en ut  a q c l u m n t  i t i t  i v ’ - , c u u i ; e , e r i s , e r u
I I  , i r i s i s t  t h e  , m n a l v s t  i n  m a r c h i n g  ‘ 1 samp les . The q u z a r m t  m t - c t  m ; e - , , r n ; , e r j s u e r )

m e t  : 1 I c - ’  I c -  p e m k  i t e . I S  0 ?  r , s o lv e d  c eu m p o n e n t s  me ’ , e ’ u u r  c c i  by ( h u e -  l i i i
T V .  V o m I t  i t - m t  l y e -  c cm ; u i r i s o n  i s  m i s o  u s e f u l f o r  s . m m ; c  I . - ’  0

v e t -  ~: f.r~~u u t  c u n ; u c c s i t  i i i  by p r ’ v i d i n g  a q i m ; m n t i t e t i v e  r e a l  t i rma t ion e e l

w h i t  is  o b s e r v e d v i s u a l l y .

cu , , . 2  ( c elllpe ’f l t ’ t ) t  s t r ’ m  t w o  s~imp It ’s c r c ’  c o n s i d e r e d  t o  he t h . s ent ’
i t  t h e i r  r e l a t i v e  r e t e n t  i o n  L i m e ’ s  i r e ’  t he  same . The p r e c i s i o n  t u r  r e ’ I a t  l y e ’

P e t e  n t  i - s i  t ir’ e - r ’ i i t c - h i u i g  i s  t 0.05 m i n u t e f o r  peaks b et w e e n  n — h u e ’ x a d e u ane
( n u  and n — p e ’ n t . m ‘ s i n e  ( f l ( 1 2 u ,) r e ’ l u i t iv e  to  th~ r e t e n t i o n  t i m e ’  o f  n—h e x u ,Ic - ’ in,’ .
The ’ ~ , m t - m  p r - c sse r 1- e n  ( ‘ C -  pr ’cgrummm ed t o  i n e l u d . ’ r e l a t i v e  r e L e n t  ion t i m e  v a l u e ’ s
is  pa r t  i t s  u n , i l v s i - , r e ’ p u c r t  (se e F i g u re 1); the manm m fa - t mi r c’ r ’s in s t r i m i t i o n

mam m a l p r o v i d e - s  d e t a i l s  is  t u e  t ime ’ n e c e s s a ry  p rocedure ’s  t e e  i n c l u d e  t h i s  is
‘ a r t  o t  t hi , - , m n u e l \ - s i r i  re p o r t .

-e . I P c i  k i r e - - u  r i  ( j , e 5  n t i s  t he ccimp .m red r a t h e r  t h an  d tree  t p e m  k
m r e ’ , i - , h e ,  au~~ i v u e r i , e t  ions in  samp le siz e’ . The r m t  to  of peak areas I c r

we ’ cu emp o n en  t i mm the’ s im e ’ samp I c ’ i s  c onipui  red to the rat in of the s en u e ’  two
cc crr lionc u i t (is i d t i l t  it it’d h~ re I at i Vt ’ r e t  en t i o n  t imes ) in a seco n d samp l e .

c -  p r ’ e i s i o t u  o h  th e ’  r a t  m e d  v a l u e s  is  dependen t  ofl t he’ m a g n i t u d e  of the  p e ak
r e m  a nd t h e  - .e l ec t ion  ot  a r e fe r e n c e  peak  f i r  r a t  ios. O n l y  peak  areas

h i v i n g  r ici ui tu i de s ~ r e et e r  t h a n  0 . 2  proc e’ssc r a r e a  u n i t s , w i t h  an amp l i f i e r
s e t  t i u c of range l OOx , c an he used (the’ at t e n u ;e  en setting has no effect
in  t n~ - m e , i  s u i r ~’me’ n t  c f  pea k a r e a s  by t h e  d a t u m  p ro ce ’s sccr  ) peak , i r e ’ues  w i t h
s m e l l e r  mag n i t u d e ’ s  w i l l  ,n t r o d u c e  i n c r e a s e d  e r r o r  in  t h e  p re ci sion of the
H ek er ~ - . m r i  t i c ’ s  . The pre r is ion c i f  t h e  r a t !  iced vul I ut ’s is  d e p e n d e n t  on the
- e ; u m r . i t  i o n  ~- t  c o m p o n e n t s .  The ana l y s t  s h o u l d  st r u t  i n i z e ’  t h e  c h ro m a to g r am s
m a  r e t  ul l v  t o  I i rid e m .e j e e r  n orma l i l  kan e  peak  i n  t h&~ range of n — h e x a d e c a n e
(ru e 1 , )  end ui — p e li t cc - ue san t’ (n i ( r ,) t h a t  i s  p r e sen t  in  i l l  of t h e  samp les and
t h u e  t I s ‘ cm ; l e t  e l v  r ese c i  ved f ru in  a 11 other eeimp000n t 5 ; look at tht~ base o f
t h e -  c e~ end t m d  one with a base ’ w h i c h  do ’s n e i L  h ive s m a l l  s h o u l d e r s  or
;‘ .- - i k ’ ~ p r e s e n t .  The p e m k  t h a t  i s  s e l e c t e d  w i l l  he t h e  one w h i c h  is used
i s  t c -  i - e l  1 u lu ‘ - p e a k .  R a t i o  t h e ’  n - a l kan e  peaks . n—hexad ecarme through

n— p c - n t i i i l s ;mne ~, u i S  w e - I l  i s  pr i st a n e  ,m nd p h y t u e n e ’ , to  t ime r e f e r e n c e  p e a k .
R i  t i s  c c .m l i e I !  in t l i i  s mue nn e  r w i l l  have  a rc ’ I a t  i ye s t a n d a r d  d.’v in t ion  of
± r~~c l e e r  F ID end ± h ’ t or  FPI ) ana l vs  i s  f o r  r e p l i c at e  r u n s  of the same’ o i l .

- ‘ h~~ e~ c The c r i t e r i a  f o r  c o m p a r i n g  peak e r e m  r a t  ios t h a t  are
c c i ru pu  t ed i n  t i m e ’  m~inn & ’ r t o m  t l i n e d  in  sec t ion 6. 4.  3 . i s is  f e e l  I eews

e .  C a l c u l a t e  t h e  d i f f e r e n c e  i n  p ercen t be tween t h e  r a t io s
if t l it ’  s e i ne ’ r i e s i  k s f c  c r  each potent In I sp i 11 n - i l ium re ’ e’ t O each sp 11 1 samp l e . ;

m u e l c r j l a t e ’  the d i f f e r e n c e  b et w e e n  i l l  s p i l l  samp le ’s .
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lu. s c uk . u l e  r e t  i c c - u  ; i t e -  c o I l s  u d c ’ r e ’ c I  t i m e -  sa l l e ’  i t

r u e  c f~~I l e t  i n  ‘ c c li i t  lu te ’ l v  ril e n i c er - t li en I tY (1ev Fl I)) ic r I 2~. (by FPO)

c .  \ve ’r,I ’ t h e r e  l c t ’ r u t  d i  I t  ‘ r e - r i ses he i r  i l l  p e c k  , e r e ’ ; e

m t  j 0 t ’ ’iP~ ’ i r I se m iS r W e ’ ci I s  i r e ’  , c u ru s i~ i c i i  t l i e ’  sa m e  i I t h e ’  - n ie ; i r i  d i  I I e ’  r e u u i e

c u e  w i t  b u n  I i ) ’ end l~~’ c~ r F l 1  md Fl’l )  . i n i l v s e s  r e ’ p u u t  i v e l .

d . T h e  u i - i  I vs  t can  now i ic I m d c ’  I lie me;em i d I I I  c - r e ’ f l e e ’  ar id

i r i l v i h u m e I , l i  I t ’  t c - n c . ’” b u e ~~t 5 t t ~fl e l k  i I e . l r -  e e l  ‘-si mp l e’s m r  p a r t  c u b  t lie

. e r i m l v s i s  u port. IIuui ~~, , en u n h i a ~ ed , q i m m u u t  i t , m t  i - : c - r e ’ i - ; u e r t ’ can s u i p p e i r t  t h e

v i - i 1 ‘ ‘rrp - i t  I se en r i - - u I t  s

cc , -, . : c u i t  inc  r e ’pl i r a t e  ma lyses  of  a s t a n d a r d  o i l  and subsequen t
- ss ,m I d l  ; l u r u  I t a t  i v e  c omp a r i s o n s  a r e  u s e f u l  f o r  e v a l u a t i n g  t h e  c h r o mat o —

p - i~’ s ’.’ s t  c u r  p e ’r f o r r r ~i u u c  e. Lh u c  c’ e v e r y  two weeks , or whenever  the  sys tem
;u t r t o r r i m n u c e  is s u m s pc~’ct , t i m e  s t anda rd  o i l  should be run  in t r i p l i c a t e .  The
r e t  t n t  ion t imes  f o r  t i m e  n—hexadecane relative retention time standard are
c u e ’ ~~t ’ c l  to  see i t  t ime  peak is eluting within the time frame entered in the

~V e t a  p r o c e s s o r  u- r e - t h o u ; i f  no t , i t  is an i n d i c a t i o n  tha t the cu ~r r i e r  gas
t 1 c ~ r a t e  h a s  ch a n g e d  ,jr t h a t  t he  c o l u m n  per formance  may have deteriorated .

~ r i ,  u- e l - i t i’.’e r e t e n t i o n  t imes of e lu ted  components should be checked b o t h
v i s u a l l y  and w i t h  the  da ta  a n a ly s i s  r e p o r t s .  ‘rhe peak area r a t i o s  should
He’ c, u rur p a r e ’ul  in t h e  same manner as samples are normally compared ,as descr ibed
in V ec t  ion  6 . 4 . 3 ;  the  computed r e s u l t s  should be w i t h i n  the specified limits;

e ” . I a t io n s  f r o m  p rev ious  va lues  are i n d i c a t i o n s  t h a t  some factor(s) in
t he  c h r om a t o g r a p h ic  sys tem has changed . A change in peak area r a t i o s
be tween  r e p l i c a t e  sets  could be an indication of reduced column performance
or a change in carrier flow rate. A change in relative retention t imes is
an indication of reduced column performance or a change in carrier flow rate.
Reduced column performance should he apparent in a visual comparison of the
separation of n—heptadecane and pristane and of n—octadecane and phytane;
the degree of separation of these components will diminish with column
degradation . The comparison of anal yses of replicates is i m p o r t a n t  for
evaluating the repeatability of the system at a given t ime ; increased
variability between runs is an indication of increased column bleed , dirty
detectors , electrical power fluctua t ions or a failure of time chromatographic
svs t c m .  Bake’ mit t r u e  c o l u m n  a t  250°c tier M V —  101 ic r  3 2 5 ° C for
l u - : ~ -, i l  300 and  i n j e - t  - e - ,’ e - r a l  1 H i  v o l u i m c s c - b  F r eon ;  r e ’p e ’ e t  t h e  rep l i c a t e
r u n s  u t  t h e ’  ;t a n d a r d  c c i i  -end chec k t he ’ c o r ru p u i r  Sou l s  . eg ;m i n .  I t  t hi m ’
v a r i , m t i c c n s  - c r c ’  s t i l l  no t  s a t j s t u e c t c u r v , t h e n  c l e a n  t h e  d e t e ’ c t e c r s  arid
r e ; c e ’ e t  m o t h er  s e t  c u t  r ep l i c a t e  runs  and a n a ly s e ’s  c f  the ’ s t , i n d u u r d  c e l l .
I t  the’ pe r t c u r r u u . e n c -e jr-u not ‘- i , et j sf n e - t e r r y , r e ’1 )  l a c e the c o l u m n . S h o u l d  t ime ’

c - r I  - -r mue nc e ’  of the ’ svs t  em st  i l l  ric h i m p r o v e , then get  t he  m a r m m m  I mc t u r c ’r  ‘
S

- ‘ - r v i c e  r ep r e ’ -e ’ n t n m t  ive to  c - h e c k  t im e ’ t h r o r n a t o g r a p h i c  sy s t e m .

6 .4 .  W e a t h e r i ng  E f f e c t s

A sp i l led  oil is a l tered  by several  f a c t o r s :  evapora t ion ,
dissolution , photochemnical oxidation , and microbial degradation . Of these
factors , only the first two will have an effect in altering the composition
of most oils collected within 48 hours of spillage . Fortunately, the
composi t ional changes tha t are normall y encountered will be restricted to
components with retention t imes less than n—pentadecane . The sample
preparat ion procedure can also alter the composition of oil samp le

1)—li



All sample comparisons nire restricted to components with retention times

~zre ’i t e r than , or equal to , that of n—hexadecane; this effectively avoids
di lte ’re net ’s due to weathering and sample preparation.

6.  5 ld e r t  cu r m a t i c e  of  c h r o m a t e i g r a p h ic  sys tem

I c  pert c u r n n i n c e ’ o l  t V ~ ’ t ’ h r u c n a t e u i t r u p h i c  sv s t e ’m  w i l l  c h a n g e  w i t h
t is .m cu e l i r u r r u  ‘ s p e r l  - r u - u . m n i - e ’ d eg r ad e s  and as re- s i dues  buildu p i n  t h e
in ~~c -~- t ’ r .  The ; - e r : o r m n i n u ’e ’ of the system is quantitativel y monitored ,
by t h e  u i s c -  of a r e -solution m i n - r t u r e . t o  d e t e r m i n e  w h e t h e r  the  sy s t e m
is per form m tr ~ ’ i d c q c m e t  c l v .

ic . 5 . l  The re s o l u t i o n  m i x t u r e  i s  p r e p a r e d  by a d d i n g  100 p 1 of
t ’ , i ch  n u r m u i l  ,el k ,uuic use d (n—hexadecane , ‘ n—cictadecane and n—euicosane) to
o 5 ml  ‘1 l u e ” ~in ~ in  i 10 ml v o l m e m e t r i c f l a s k .  The s o l u t i o n  is  b r o u g h t
to 10 m l v e e h c i u l e ’ w i t h  H i l t  i o n a l  hexane .  G e n t l e  w a r n i n g  of the solutes
u n i v be ne’ce ’sccarv t e i  c a r r y  o u t  t h e i r  t r a n s f e r .

6 . 5 . 2  Inst re mr ’u m ’n tnl l conditions for analysis are exactly the
sa ne ms f u er oil samp les . A 0.2 jul injector volume of the resolution
n n i x t  I r e -  is u ised and w i l l  g ive  40—60% full—scale FTP response with an
- m u - r p l i f i e r  s t - t t l n u ’ . ot SOOx , a p p r o x i m a t i n g  t h e  c o n c e n t r a t i o n  f o u n d  in
uuu ,mn v oi l s .

h . 5 . 3  R e ’ s o l m i t i o n ( R )  of the C 1 6 — C 1 8  and C 18— C2 0 p a i r s  is determined .
The ’ I H l o w i n g  mc’ :us u i r - ruue ’ nt s i r e ’  r e q u i r e d :

B = 
‘ t l _ 2

W h i l  + Wh:

= time in minutes between peaks I and 2

= w i d t h  of peak at half—hei ght in minutes

h .5. 4 The’ r-uuc ’ ,esr,irement u t  Wh is not p r e c i s e  a t  normal  r e t -order
H ear t  speeds .  Op e r a t e  t h e  recorder  at a chart  speed of 100 mm/mm .
Th e d a t a  p r c- c - e s s u r  ca n  easily he used to d e t e r m i n e  t h e  Wh va lue . Measure
t h e  peak he i ght  (H), retention t ime (by PEP), peak area(A (by PEP), and
Wh for the’ re sol u tion m ix. Determine the correction factor (CF) to compute
the’ value using the following fo r mu la :

CF = x

A f t e r  t he  c o r r e c t  han f a c t o r  is d e t e r m i n e d , the  r e s o l u t i o n  of two peaks  can
be determined , m t  n o r m a l  r e c o r d e r  c h a r t  speeds using peak height measurements
and PEP output. The formula for calculating the resolution is:

= A t l — 2  
-f~i. 

+ 
~~\ CF

¼e
u h l  H2)
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6.5.5 The resolution for a well performing system using the OV—lOl
SCOT column will give values of 12.5 for the 16—18 pair and 10.5 for the
18—20 pair. (Values have not yet been determined for the Dexsil 300 column ,
hut should both he approximately 12.5). Columns should he replaced ,
injectors cleaned and/or all instrumental conditions checked if resolution
values are 75% or less of the values for a well performing system.
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T } I P I - 5:-{ c’LDS 100 100

9 Nø 2 Fe 8UN 1 4-5-76

TIME AI1EA RRT RF C NAM E
17.18 .5720 .959, 1.0000, 3.7205. I
17.32 .5457 .967, 1.0000, 3.5496,. 1
17.53 .18 43 .979, 1.0000, 1.1988. 7
17.74 .1 438 .991, 1.0000. .9682,
37.90 1 .83 49 1.000, 1.0000. 11.8040, C!6
18.40 .3642 1.027. 1.0000, 2 . 3 6 9 0,  1
1 8.69 .8516 1.044, 1.0000. 5.5388,
18 . 9 0  . 4 04 5  1.055,  1.0000,  2 . 6 312 ,  I
1 9.02 .0665 1.062, 1.0000, .4326,
1 9.16 .0956 1.070, 1.0000, .6218.
IQ .2 9  .0 Q 6 2  1 . 0 7 7 ,  1.0000,  .6258,
1 9.47 1.3440 1.087, 1.0000, 8.7416. ! C17
1 9.60 1.03’&6 1.094, 1.0000. 7.0548 . ?RISTAN E
39 .8 4 .1776 3.108, 1.0000 . 1~~ l552, I
20.18 .6532 1.127, 1.0000, Li.2488. 1
20.43 .4828 1.141 . 1.0000, 3.1400. 1
70.73 .2541 1 .158, 1.0000, 1.6530,
20.96 1. 0866 1.170, 1.0000, 7.0672 . 7 C15
21.15 . 5 9 1 7  1 .181 , 1.0000, 3.8488, 1 PHYTAN E
21.38 .0196 1.194, 1.0000. .1276. 1
21.60 .2122 1.206. 1.0000. 1.3806.
21.88 .2759 1.222, 1.0000, 1.7946.
22.00 .2023 1.229, 1.0000, 1.3160,
22.16 .0451 1.237, 1.0000. .2934. 1
22.40 1.0952 1.253. 1.0000, 7.1232 . C 19
22.63 .0936 1.264, 1.0000. .6090.
22.88 .0214 1.278, 1.0000, .1392, 1
23.01 .0335 1.285, 1.0000. .2160. 1
23.09 .0482 1.289. 1.0000, .3134 . 1
23.32 .0474 1.302, 1.0000. .3086.
23.47 .1377 1 . 3 1 1 .  1 .0000.  .8956.
23.66 .0892 1.321. 1.0000. .5804,
23.91 .6563 1.335, 1.0000. 4.2684. 1 C20
24.57 .1386 1.372. 1.0000. .9018.
24.99 .0771 1.396, 1.0000. .5016.
25.17 .0520 1.406, 1.0000. .3382,
2 5 . 2 9  . 1 0 43  1 . 4 1 2 ,  1.0000.  .6756,  1
25.68 .4665 1.434. 1.0000. 3.0342. 7 C2 1
25.97 .1180 1.450, 1.0000, .7676, I
26.45 .0775 1.477, 1.0000. .5040.
27.85 .297 4 1.555 , 1.0000, 1.9348, ! C22
28.86 .0403 1.612 , 1.0000. .2622. 1
30.62 .1254 1.710, 1.0000. .6160. 7
34.18 .0506 1.909, 1.0000, .3294,

FIGURE 3. TYPICAL DATA PROCESSOR ANALYSIS REPORT .
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APPENDIX F

011. S P I L L  IDENTTFCAT J flN BY FI ,U OR F SCENCE SPE CTROSCOPY

I .

1.1 The recommended fluorescence method pr ov ides a means of
fingerprinting oil by spectral characteristics and thereby matching
a waterborne crude or refined petroleum oil sample to a suspect source
oil sample.

1.2 This method can be applied to any neat oil , waterborne oil ,
or sample of oil—soaked material whether the sample is weathered
(environmentally or artificially) or unweathered.

2. Summary of Method

2.1 The neat , weathered or unweathered , petroleum crude or
re f i ned oi l  sample is prepared for  f l uorescenc e analysi s by d i luti ng
a known weight of oil in a low—actinic glass volumetric flask to
volume using spectroqualitv cyclohexane as the solvent. It is recom-
mended that the initial oil concentration be 100 ppm b y wei ght.
This is an acceptable working concentration at 254 nm (nanometers)
excitation for all light distillate fuel oils , ligh t cr udes , and
luh r i c i it i n g  oils. For heavy crude oils , cut or residual number four ,
five and six fuel oils , the concentration should he adjusted to 20 ppm
by weight through a serial dilution .

The pr epared sample is then transferred to a 1 cm square
fluorescence—free quartz cell using a disposable Pasteur pipe t. The
fluorescence emission monochromator is then manually scanned over the
emission spectrum of the oil at a fixed excitation wavelength of 254
nm to locate the major fluorescence emission response . The major
fluorescence peak is then adjusted to 95+2% of full—scale by ad justing
instrument amplifier gain settings . The solution is then replaced
with a fresh solution of the same sample (see NOTE 1) and the
fluorescence emission spectrum of the oil is recorded from 280 ntn to
500 nm . A typical fluorescence emission spectrum is shown in Figure 1.

NOTE 1: The solution Is rep laced with a fresh solution to prevent
the possibility of errors in the recorded spectrum of the oil through
photodecomposit ion of the samp le by prolonged exposure of the sample
to high intensity ultraviolet light.

2.2 Tden tification of the waterborne oil sample is made by direc t
comparison of the sample ’s spec t rum w it h the spec t ra from suspec ted
source samples over the spectral range from 280 nm to 500 nm. In
many ins tances  the  emission spec t rum , wi th  e x c i t a t i o n  at 254 nm , is
adeq uate to match an oil .  In other instances , more informa t ion is
required for verification . This can be obtained by runn in g emission

E— 1
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spec t ra n n s l n c  o t h e r  e x c i t a t i o n  w a v e l e n u ’ t h s , e . g . , 290 , 270 a n d/ o r
a r .  Solv ent b l a n k s  s h o u l d  h~’ run  w i t h  the -curi e g a i n  s et  t ings .

A l t e r n a t i v e ly , ex c i t a t i o n  sp e c t r a  of t~ i t ’  so l u i t  ions can he t u n e d  as
“ f i n g e r p r i n t s ” d e t e c t i n g  at wavelengths corresponding to prominent
peaks from the eriss ion  s p e c t r u m  e x c i t e d  a t  2 54 n m .  I f  d e s i r e d , t he se
excitation spectra can be umse ’d t o  select farther appropriate excitation
wavelengths for add itional emiss ion scans. In the case of cut or residual
f u e l  o i l s  and heavy crudes , both the excitation and emission monochromators
can he scanned sinuiltaneouslv (s’~mchronous scanning technique ) with an offset
of 2 5 mm between the  two monochromato r s  t o  record the fluorescence fingerprint
of t h e  o i l .  ! t  i s  recommended t h a t  in  p e r f o r m i n g  a simultaneous
scan t h a t  the  e x c i t a t i o n  monochror ra t o r  he set at 250 mm , and the
emiss ion  mon och roma t o r  he set at  2 7 5  nn and t h a t  t he  scan be run to
-i f i n a l  r e a d i n g  of 500 nm and 525  nm on the  e x c i t a t i o n  and e rdss ion
rnonochrornators respectively .

NI1TE 2: If another excitation wavelength is used , it should
he remembered t h a t  the  Raman ~;h i f t  in cyclohexane is 2880 cm ’1. If
it is desired to eliminate the Raman peak f rom the  spectrum to avoid
confusion with the fluorescence , the recorded emission spectrum should
he scanned from an emission wavelength which is approximatel y 30 nm
longer in wavelength than the excitation wavelength. (At an excitation
wavelength of 254 mm the Ramnan peak is at 274 mm whereas with an excitation
wavelength of 290 n m i t  is at 316 nm , e t c . ) .  Additionally, the emission
spectral reg ion used as the fingerprint should be a min imum of 220 mm in
length.

NOTE 3: In the verification of sample identification it is important
tha t t he  s igna l s  be normalized to 95+2~i of the recorder scale in all
cases.  The normalization to 95+2~” of scale was chosen to allow maximum
display of spectral features to assist in rapid comparative identification
of oil spectra.

NOTE 4: In the recording of all spectra for a given set of samples ,
it is important that the excitation and emission slit widths be kept
constant. This will eliminate the probability of spectral changes ,
for  a given oil , which would result from slit—width variations.

3. nlgnificance

3.1 This method provides a means for the rapid identification of
wate rborne petroleum oil samples and other oil samp les which may he
obtained from beaches , boats , debr i s , etc. This method is also app l i cab le

• to weathered and unweathered neat oil samples.

3.2 The unknown-u oil is identified through the comparison of the
fl uorescence spectrum of the oil with the spectra (obtained at similar
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cxc it - i t Ion w a v e  l e n g t h  and s 1 it set t ings ) o I known S ispc’ c ted s o u r c e  samj ~ I t o .

-\ s ilo. ta nt  . 11 i~~~t i a t  w e a n  t l i ~ erit ire spectrum of the  unknown and t h a t  of
l i t - SO -p eel ~-d so u r c t  s . imp l t -  indicate s a p o s s i b l e  common source .

i t  Pnde  r ct  r t a i n con d i t io n s whe r e t l ie  w a t t rh o r ne  o i l  samn p 1 e i t s

un d e- r .~~ia -~t uI ~ -ta nt id environmental ~cathering (se-iere weather conditions
m d  o r t xpo-~i1re for per  iods in ex t - en s  of 24 h o u r s )  , a lack at parallel in n

-t~~~ t - i i  c e r t a i n  s p e c t r a l  r eg ions  w i l l  e x i s t .  When c o m p a r i n g  t h e  I I ulo resce nce
f i n~’ cr ; - r  m s  t a weathered and n o n — w e a t h e r e d  n e t r o l e um o i l  s a m p l e , t h e
1 luore - s c e n t e e nve ltt i ’e of the  sp i l  led o i l  w i l l  he n a r r o w e r  than that of the
t u n w & m t h e r e d  oil. ftc li ghter f u e l  o i l s  sii -w v a r i a t i o n  in the  r e l a t i v e
i n t e n s i t ie s  ci major and/or minor peaks as great as k 1O)~ ( i n  lnten ~ it v )
r e l a t i v e  t o  t he  m a j o r  peak f o r  p ro longed  or severe  e n v i r o n m e n t a l  w e a t h e r i n g
( F i g u r e  2 ) .  A d d i t i o n a l l y , the amount of s p e c t r a l  s t r u c t u r e  ofl the  f i n a l
dowus lope 01 t h e  f l u o r e s c e n c e  envelope increases  w i t h  p r o l o n g e d  w e a t h e r i n g .
In  ia- c i s c  of  h t a y v  f u e l  and crude o i ls  the  s t r u c t u r e  on the initial s l o pe
ot  th e- 1 i i i  resct nct cav e  lope i nc reases , w iuc reas t h e  downward s lope tends  to
show a decrease in both s t r u c t u r e  and i n t e n s i t y  ( F i g u r e s  3 and -i) - In 1st- s
of irolon-ced and s e v e i e  w e a t h e r i n g ,  a r t i f i c i a l  w e a t h e r i n g  01 sou rc e  samp les

~ i l l  p r o b a b l y  he f l e e  c s sa r y  to  p e r m i t  compar i son  of  sp i l l  and s o u r ce  samples.
Tle ~ oi l shou ld  be p laced in a t h i n  f i l m  on w a t e r  in a beaker  f o r  a t  l eas t
e i g h t  hou rs i n  s u n l i o h t , and the  s p e c t r a  of the w e a t h e r e d  o i l  s a m p l e s  examined
to P s e r v e -  t h e  t r e n d  ir- oc t  ral  changes  r e s u l t i n g  f r o m  w e a t h e r i n g .

-
~~~. App~ r at u s

-~ .1 F l u o r e s c e n c e  sp e t r o p h o t o m n e t e r  (or  s p e c t r o f i u i o r c - r e - m  e r )  — in

i n s t r um e n t  recorcio g in  t h e  s p e c t r a l  range of 220 to at l e a s t  600 nm
f o r  bo th  c - x c i t a t i o n  and e m i s s i o n  responses  and capab le  of m e e t i n g  t h e
s p e c i f i c a t io n s  stated in Table I .

-. .2  F x c l t a t - i o n  sotin -e — i 150 w a t t  xenon lamp .

/. .3  F l u o r e s c e n c e  c e l l  — standard cells , made from fluorescence --
free fused silica with a path length of 10 mm and a heig ht of 45 mm .

4~~, R~~~~-d~~- — s t rip  chart or X—Y recorder. A wavelength marker
cap abi lity is desirable hut not m a n d a t o ry . R e c o r d e r  r e s n o n~~e , l ess

han one second fo r  f u l l — s c a l e .

4 . 5  cel l  F i l l i n g  Device  — disposable Pasteur pi pet having a
ml r a p a c i t y .

4 . 6  ‘.‘olumetrjc Flasks — l ow—act  In i c  g i a n s , s t o p per e d  vo l u m e t r i c
4 l a s k s  (50 and 100 m l ) .

4 . 7  ~ ie r o — n 1 p o t  — m i c r o — p ip e t  h a v i n g  a 10—50 r’~i c ro l it e r  c a p u c ltv

E—3
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4 .8 A n a l y t i c a l  b a l an c e  — anal y t i c a l  balance having a pr ec ision of
e-~)~~~ mg.

5 . Cali br at i o n  of Sn e e tr oj T h ot o m e t er

5 . 1  The np t e -tr ophotometer ( i . e . ,  t he  emiss ion  and excitation
rionochromators) is adjusted and calibrated using a low pressure
r e r c u r v  lamp i cr  s i m i l a r  l ine s o u r c e ) .  R e f e r  I c c  AS F’~ E — 2 7 5  f o r
t h e  approved c a l i b r a t i o n  method .

h . R~~~g~nts and_materials

6.1 Purity of reagents — spectroquality grade reagents should
he - used in all instances unless othe rwise stated . It is intended
that all r e a g e n t s  shall conform to the specifications of the Coaunlttee
on A n a l y t i c - i l Reagen t s  of the American (tie ’ni cal Society , where such
s p e c i f i c a t i o n s  are ava ilable .

6.2 Cvclohexane — S p e c t r o q u a li tv  grade  Mitheson Coleman/Bell (MCII
;X 2 2 8 5 ) ,  or i t s  e q u i v a l e n t  shou ld be used . Cyclohexane is d ispensed
t ti r o uig hi cit t h e  procedure  from a 500 ml T e f l o n  wash b o t t l e . To check  on t h e
suitabilit y of the solvent , the fluorescence from the solvent blanks should
be checked periodically since different lots have been found to vary in
content of fluorescent impurities.

6.3 A l u m i n u m  wei ghin ’ pans - 57 mm diameter , 1S mm deep.

6.4 Teflon stri ps — I” X 3” pieces , 0.010” thickness .

7. t ) e f i ni t l o n s o t  (o1l ected Sa~ples

7.1 Neat all samp les — neat oil samples are defined as samp les
which cont~~in only oil (no water), i.e., these are generally samples
collected from suspected sources. A spill sample may be considered
t~o be a neat oil sample If there exists no visible sign of water and
the sample does not appear to be ennilsifled .

7 . 2  Oil on w a t e r  — oil on water samples are defined -is samples
containing a visible layer of oil on water. This oil layer may
or may not be emulsified .

7.3 Sample of oil on foam , sand , debr is , etc. - samples  *~~ t-

defined as those which have no visible amount of oil present , but
contain oil—soaked material from which no samp le of oil can easily be
removed .

8. Preparation of Neat Oil Samples

E—4

- ‘



S I  Rem ove and we i gh out 0.0078+0.0001 gin of oil onto a clean
c i  in m u m  w e l c h  i n g  pan u s i n g  a m i c r o — p  i p e t .  Trans f e r  weighed oil
s imple into a c l e a n  100 ml l ow— actin ic glass volumetric flask by creasing
the alumin ium pan and washing the oil directly into the volumetric

ask u s i n g  s p e c t r o q u a l  ity cy c l o h e x a r i e d i spensed  f r o m  a T e f l o n  wash
b o t t l e - . D i l u t e  the  s o l u t i o n  cu p to  vo lum e ( 100 m l )  and shake vigorously
s e v e r u l  tines and a l l o w  the  p repa red  s o l u t i o n  to  s t a n d  for 30 minutes
p r i o r  to  p e r f o r m i n g  the a n a l y s i s  to Insure that all oil dissolves . This
sa i n t  ion is 100 pto” : d i l u t e  s e r i a l l y  to p repare  20 ppm oil so lu t ion .

I t  is p r e f e r a b l e  t h a t  the  p repa red  s o l u t i o n s  be used t h e
s - m n . -  da~’ . ~e c  n ot use so l u t i o n s  t h a t  ha v e be en s t andi n g f or p e r iods i n
eXc ess of s i x  hours  un less  t h e y  have been r e f r i g e r a t e d .  In no case
should sal (I t  j a r t s  more  t h a n  2 d ay s  old he used.

- Pr~ p~~ra t ion of 01 1 on Water S s

~ .l Sample s  c o n t a i n i n g  o n l y  a t h i n  f i l m  of oi l  on water may
he concentrated in the following manner. Dip or pass a Teflon strip
th r iugh t h e  o i l  l ay e r , then  al low the oil  to drip into a clean aluminum
w~- ic h in g pan . C o n t i n u e  t h i s  process u n t i l  enough oil  ha s been rec overed
to use the  m i c r o — p ipet , then  c o n t i n u e  as stated in 8.1.

9.2 Friulsif led samples should be prepared in the following manner.
P l a c e a p p r o x i m a t e l y  25 cc of the emulsified oil in a 50 cc centrifuge
tub e- . Centrifuge this material at a r e l a t i v e  c e n t r i f u g a l  f o r c e

rpm = 265 I r c f / d  (See ASTM Method 01796— 98)

r c f  = r e l a t i ve  c e n t r i f u g a l  f o r c e

d = diameter of swing

~ 1 000 i n / n m 2 f or  ten minutes . Prepare the sample as described in 8.1 or
e ]  depending on the vo l ume of oil recovered.

10. Pre2aratlon_of Oil—Soaked Samples

10.1 Place a portion of the oil—soaked material in the center
(If a clean aluminum weighing pan . Fold the sides of the aluminum
we l ghinw n u n  o’er the material and then squeeze out the oil into a
clean aluminum pan . (auu tinu e squeezing the fabricated tube until
enough oil has been collected to use the micro—pipet and then continue
;us stated in 8.1.

10.2 In the e v e n t  t h a t  enoug h o i l  cannot be obtained by the
p r o c e d u r e  st - iNt l in 10.1 , it I s  recommended tha t  a pentane e x t ra c t i o n
procedure (refer to  Appendix I), Section 5.4) he used to prepare the
sample. Once the sanpie has been prepared , continue as stated in
8.1.

S



NOTE 7 :  In the  e v e n t  t h at  this proce dure is u sed (I . e • , t h e
pentane extraction), it Is important t h a t  all samp les contained in
this set be prepared In a simila r manner to prevent t h e  possibility
of spectral errors being introtluced by t h e  use of different samp le
preparation techniques.

11 . Clean I n~~~~ asswa rt

11.1 A l l  g l a s s w a r e -  u sed In t h i s  p rocedure  should he cleaned in
the following manner. Vol umetric flasks and cells should he first
rinsed repeatedly (three times e ach) with spectroqualitv acetone and
then with spectroquality cvclohexane. Prior to the use of glassware
and cells throughout this procedure , they should be rinsed again with
spectroqua litv cvclohexane .

1.2 ~ I i e - i i  w~~~k i ng w i t h  h e a v y  a i l s , a c l e a n i n g  p r o c e d u r e  u s i n g
o r g a n i c  solvents n e v  n o t  he su t  C i r i e n t .  Heavy o i l s  b u i l d  u p  i n - - i d i e
on ce l l s  w h i c h  s lv e u i t  c l e a n i n g  w i l l  n.’t remove . I f  t h e  s o l v e n t  b l i n k
s h ow s  s i o n u t  1 m i t t  i m p u i r i t  c c , i r e  s i d u a l f i l m on t i l e  c t - I l , ra t h e r t h i n
in i r c p u r e  s o l v e n t , m ay  Is the c-Ri sc Soak t i l e  c c l  l s  i n  conc Ln t r ted

n i t r i c  a c i d  i c r  1 1 -  h o u r .  Observe p r op e r s a f e t y  p r e c i c u t  ions by using

i i c t c i f l t t -  c - v .  and  h i n t p r t -  t o n .  F lnr tv c o n t e n t s  and  r i n s e  t h  c e l l s
r e c t a t c d l v  w i t h  d is t i l l  c d  water.

12. Record i~&~~he F luorescence  Emiss ion  Spec t rum

12.1 Fill a clean fluorescen ce cell with the oil solution
using the Pasteur pipet. G e n t l y  wi pe the outside of the cell with
lens paper , removing any fingerprints or oil smears and place the
cell in the sample compartment.

12 .2 °et the slit width of the excitation monochromator at
a maximum setting of 34 nun5 if necessary, for intensity. (Presently
a 10 nun slit is used with a 28,800 lines/inch grating.)

NOTE 8: Commercial instruments have a wide v a r i a t i o n  in available
excitation slit settings , some being fixed and others adjustable . In
general , a maximum excitation slit width setting of 34 mm and a minimum
s e t t i n g  of 5 nn shou ld  be used (10 nm is most commonly used).

12.3 Set the emission slit width to a maximum of 2 .5 nun and a
minimum of 1 nun.

NOTE 9: Do not change either the excitation or emission slit
width settings during the analys is of a given se t of samp les .

12.4 Manually scam over the fluorescence emission range from 280
nm to 500 nm and determine the wavelength of the major fluorescence
response . Adjust the major response to 95+27 of the recorder full—
scale using amplifier gain controls.

12.5 Remove the samp le cell , discard the solu tion and place a
fresh solution of the sample in the cell. Rep lace the cell in the
sample compartment.

12.6 Set the emission monochromator at 280 nun and scan the
emission spec t rum f r om 280 to 500 mu at an emission monochroma tor
scan speed of pr efe rab l y 25 or 30 nm per m inute (not to exceed 60 nun

i-:- 6



c , r i  n u t e  ~h I cii — c i v  he r e q u l  r e ’c! on some o l d e r in s t  r nune nt s ) and a
d i r t  sc - e e l  ( i f  e s t  rin chart re corde r is nu ~~e d )  no t t o  , x - e e e !  60 r im

- e r  m i n u t e -

1 3 .  rnt. r sr e tat l cn ot ~~e c tr - i

1 3 .  1 The spec t rnu r - c t the unknown samp hi is  compared - i  - an
- ‘ - c - n ay w i t h  the spectr a o f  t h e  suspec t samples . I f  two s i c - c t  ru

s n u h c t m n t i a l ] v  ma tch (i.e. • tIc two s pe c t r a  - i r e  exact ye-n a ’s t i c  w i t h i n
t h e  e r r o r  m d  l C ; i t e ~ c 1 In  I i 3) , the c a m p ]  as  may he s~urn i -it’d to have originat ed

a c om m o n  s o u rce .  \ !d i t  tona l d a t a  f r o m  f u r t h e r  i ndepend e nt  anal yses

• IR , CC , T ! ( )  a r t - n e ce s s ;ur v  to  confirm this inference.

1 3 . 2  App roxi’”atelv f i v e  f e a t u r e s  are t o  he no t ed  when c o m p a r i n g
t h e  o i l  s p e c t r a : 1) gene ra l  shape , 2)  number  of peaks , 3) w a v e - l e n g t h s
c o r r e s p o n d i n g  to  the p e a k s .  3)  r - i t i o s  of t h e  peak i n t e n s i t i e s , 5) c o n t o u r
of tht- upward /downward sloping sides of the curve . The a m c ]  at ions of

t h e s e  f e a t u r e s  -in ric  sp e c t r a  w i l l  become a p p a r e n t  w i t h  p r a c t i c e .

13 .3  W e a t h e r i n g  n -m v cause changes  in the fluorescenc e emission
s i g n a t u r e  of an o i l .  These- ch an g e s and the m a g n i t u d e  of these changes
are dependen t  on the o i l  invo l ved . The se- changes are discussed in
S e c t i o n  3 .2 , ~o t e  5

13 . 3 ~s discussed in ~ e c t1on  3 . 2 , Note 5 , changes w i l l  occur  in t h e
f l u o r e s c e n c e  f i n g e r p r i n t  due to  n a t u r a l  w e a t h e r i n g  p roces se s .  The
macn i tude  of t h e s e  c h a ng e s  is d e p e n d e n t  on the  c r i t e r i a  c i t e d  in
~ect  ion 3 .2 , ‘ o te  5. In general a positive match of a weathered oil ’s

f l u o r e sc ence t in g e r p r i n t  t i  that of a non—weathered oil ’s fingerprint
r e q u i r e s  t ha t  the two spectra are w i t h i n  +4% of each other*over the
s p e c t r a l  range of 2 80— 500 nrc . ‘s discussed in Section 3.2 , ‘ote 5,
the p r o b a b l e  alterat ions In these fingerprints as a result of weathering
processes ‘rust he considered , I.e ., a change on the short wavelength
S l i t  of the fluorescent envelope m u s t  he accompanied by a chan ge
on the  long wavelength side of the fluorescent envelope .

13 .5 Further verification of the match utilizin g this
f l u o r e s c ence t e c h n i q u e  may he- made at a 20 opun c o n c e n t r a t i o n  level
fo r  those s p ec t r a  w h i c h  appear s i m i l a r .  1 1 0  r e c o r d i n g s  of these s p e c t r a

• - i r e -  o b t a i n e d  by following the procedure given in se ct i on  12. A d d i t i o n a l ly ,
the- e x c i t a t i o n  s p e c t r a  of these  solutions at the 21) ppm l evel max’ be
obtained for further confirmation of the spectral matching of two oils
applying the above procedures on matching. Refer to Section 14 on

- 
procedure for recording the excitation spectrum .

14. Recording the Excitat ion Spectrum

14.1 Place the cell containing the 20 ppm solution in the sample
compartment.

*Iru intensity relative to the major peak .

E— 7
-1-

o



13 .2 ~ e t  the emission monochromator at the wavelength of a major
f l  unr e scence  response as observed when excited at the  254 nun wavelength.

1 3 . 1  S e t  t he  e m i s s i o n  mo n o c h r o m a t o r  at  a s l i t  w i d t h  of 10 m m .

l - ~ .3 ~~~~~~ the excitat ion m on o c h ro m a to r  at a slit width not greater
t h a n  2 . S nun or I ass t lean 1 nun.

13 .5 Ma n cu~u l 1 v  scan over the excitation spectrum from 220 nun to
tb. - wavelength setting of the emission monochromator to determine the
w - i v c - l e - n g t h  t h a t  has a major response. Adjust the major response to
9cn + )7 of re or d e r  full—scale using amplifier gain controls.

i - ’c .6 Remove the sample cell , discard the solution and refill the
ce l l  w i t h  a f r e s h  s o l u t i o n  of the same sample. Replace the cell in a
s i m p l e  c o m p a rt m e n t .

14.7 Set the excitation monochrotnator at 220 nun and scan the
excitation spectrum from 220 nun to the wavelength setting of the emission
monochromator using an excitation monochromator scan speed of
25 cr 30 nun per minute (not to exceed 60 rim per minute) arid a chart speed
(if strip chart recorder is used) not to exceed 60 mm per minute.

14.8 Interpret spectra as discussed in Section 13.

I
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1 -‘d~ l i - ~ I . si ’i - ;c I i I CAT I ( IN S FOR Fl UORESCENCE sP;- ;rTi-~ 
)ldhin)FOMETF;Rs

Wavelength Reproducibility

Excitation monochromator Better than +2 nm
Emission monochromator Better than +2 mm

Gra t ings

Exc itation monochromator Minimum of 600 lines per mm
blazed at 300 mm

Emission monochromator Minimum of 600 lines per mm
blazed at 300 rum or 500 nm

Photomultiplier Tube

I T i t her  S—20 ( e . g . ,  H amamatsu R 4 4 6 — U R  or S—5 )  or S— 5 (RCA 1P28
or H amamatsu  R 106)  response

Resolut ion

E x c i t a t i o n  monochromator 2 . 5  nm or b e t t e r
Emission monochromator 2.5 nun or better

NOTE 11: Commercial instrumentation is not uniform in design .
The d i f ferences in available sl its , gratings and photomultiplier
tube selections will produce variation s in the recorded fluorescence
spectra. Therefore , the compar ison of spec tra can only be made for
spec tra recorded on a par t icular instrument and cannot be compared
from instrument to instrument with the possible exception of spectrally
corrected spectrofluorometers .
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A P P I - T N P I  X F

O I L  I Pi - :N F I F I ( T - \ T l  ~~ BY LOW T EMP E RA TURE LUM I NEbCEN C JT

1 .0 SCOPE

1.1 Luminesc e nce is t he  emiss ion  of absorbed r a d i a t  Ion as li ght ,
e ither as fluore sc e-n i t - or phosphorescence. Most fluorescence occurs at
longer vavelengths t han the longest wavelength of absorption . Its time
dcliv is approximatel y on the order of lO

_8 seconds .  Phosp horescence ,
which is from a d i f f e r e n t  type  of exc i ted state than  fluorescence is at
longer wavelengths than fluor- sc -ence; i t s  t ime de lay  is within the range
of l0’~ — 10 seconds. Low temperature luminescence  is conduc ted  in a r i g i d
matrix at temperatures below ambient , usually liquid nitrogen temperature
(77° K). The- low temperature luminescence oil analysis procedure provides
emission and/or exi -itati on spectra which are used to match spilled petroleum
oil to a suspected source.

1.2 The procedure can he used to fingerprint any neat (unweathered)
oil. It can fingerprint weathered oil found in or upon the water or any
other type of substrate for weathering periods of one or two days for
lig ht oils or up to one week for heavy oils.

1.3 By slowly cool ing the dilute oil solution (in methylcyclohexane)
to  form a clear r i g i d material (crvstallographicall y classified as a “glass”)
at 77°K , emission intensity increases , much sharper spectral structure
is obtained and phosphorescence , not seen at room temperature , as well
as fluorescence is observed , yielding additional information (Figures 1
and 2 ) .

2 . 0  THEORY

For organic molecules , lig ht is absorbed in the ultraviolet
and/or visible region of the electromagnetic spectrum resulting in
transitions from the lowest (ground) electronic state to various
excited electronic states.

An excited molecule may return to the ground state by radiating
ligh t , or by radiationless transitions (aided by molecular collisions)
wh ich dissipate the energy as heat. If all the absorbed ligh t is
re—emitted as fluorescence , the efficiency is 100%. (Some molecules
do not fluoresce at all because of the high efficiency of the internal
rad latlonlec’ ; processes.)

F l u o e ’ cc - ence is the emission corresponding to the transition of
an electron from the lowest excited electronic state , into which apnreciable
~hsorption occurs , to various vibrat ional levels of the ground electronic
state. Fluorescence is usuall y not observed from higher excited states
corresponding to shorter wavelength absorption bands due to the efficiency of
rachiationles s transitions from higher excited states to the lowest excited
state. Most fluorescence emission occurs at longer wavelengths than the
lon~’est wave length absorption hand.

F— I
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A molecule in an excited state can also undergo another kind of
radiationless t ransition , i .e., crossing to another type of excited state
it lower energy . Li ght may also be emitted from this state , civing rise
t o  phosphorescence emission . Sin ce- this state Is lower in ene-r~ v than the
type of excited state associate- cl with fluorescence the phosphorescence will
occur  a t  longer  wave l  en ct  hs t h a n  t h e  c o r r e s p o n d i n g  f l u t e  r e - s c e n c e .  At room
t e m p e r a t u r e , p h o s p h o res c e nc e  is u s u a l ly  quenched by competing radiationless
t r a n s i t i o n s .  As a r e s u l t , p h o s nh or e s c e nce  i s  ucuallv me a sured  onl y a t  low
temperatures in a r ig id m at r i x .

A rigid mat r i x  r e d u c e s  rad fat loni ess t ransitions li c e to molecular
collisions and low ten p er— iture reduces the diffusion of impurit ies ,
€- spec ia llv  oxygen , which quench the luminescence. There-fore , the
e f f i c i e n c i e s  of both fluorescence and phosphorescence genera1l~ increase
it 1ev temperatures.

The ri~~ldity of the matrix is also important in increasing spectral
sharpness since fewer sites are availab l e- to the solute molecules
and interaction with the matrix is reduced . Methylcvclohexane is
recommended for low temperature luminescence analysis because it
freezes to a clear organic “glass ’ rather than a “snow” and therefore
greater spectral reproducibilit y is o b t a i n e d .  So lven t  p u r i t y  is
also more important at low temperature because of the hi gher sensitivity
in d e t e c t i n g  i m p u r i t i e s , w h i c h  night not he observed at room temperature .

3.0  t~ -~MARY OF METHOD

3.1 The oil sample is prepared for anal ysis by diluting a known
weight of oil in a l ow— ertinic class vo l umetric flask to volume using
spectroquality methy h yclohexane as the solvent, It is recommended
that the initial oil c-o nc - e-n trat ion be 10 ppm by weight. The prepared
sample is then transferred to a clean fluorescence—free quartz sample
tube using a Pasteur p ipet . The sample tube is then placed in its
holder and immersed In liquid nitrogen contained within a fluorescence—

• free quartz r)ewar which Is set In the low t emperature -ittac hm ent
of the fluorescence spectrophotometer. The excitation wavelength
is then set at 25-~ nanome t e-rs (nun) and the emission monochromator
is manually scanned over t h e  s p e c t r a l  r ange  of Interest to locate
the major emission response. The major peak is then ;id~ etsted to
92 + 27 of f u l l  sca le  w i t h  the inst r i m e - n t  t a m  s e t t i n g s . The s o l u t i o n
is then rep laced with a fre-sh solut i on of the same sample (see Note
1) and the luminesc ence- emission Spe c t rum of the- oil is recorded
from 280 nun to 700 on.

3.2 Identifi eti on of the oil sample Is made by direct comparison
of the spectra of the spill sample (s) with the spectra from suspect
source  samples over the spectra l range fr”r’- 280 mm to 700 mm. If
i t  is not possible to ascertain a match on the basis of the emission
spectra excited at 254 nun , other emission spectra can be obtained

F— 2



- ; s in ~ d i f t e - r e n t  e x c i t a t i o n  w a v e l e n g t h s  ( e . g .  290 or 330 mm) to aid
i n  t h e  i d en t  if i e a t  ion .

3.3 f- xc itat ion spectra can ;el so be o b t a i n e d  for additional

f i i ;~z e - r p r i n t  i n f o r m a t i o n .  To o b t a i n  t h e  e x c i ta t i o n  s p e c t r u m , s e l ec t
he wave length of a major pc-ak with sharp spectra I s t r u c t u r e  f r o m

t h e  s p e c t r u m  o b t a i n e d  in  3 .1  ( e x c i t a t i o n  a t  254 nun). Set the emission
m o n e ) ch r o m a t o r  - i t  t h i s  selected wavelength and manually sc-an the excitation
-‘; c n o c h r o m a t o r  f r or i  220  nun to the emission detection wavelength to locate
the m ajor excitation response. The major peak Is then adjusted to 92 ± 27
ot full scale and the spectrum is recorded.

‘~i)7l- 1: There is a possibility of introducing errors into the
e r d e d  spectrum of an oil through photodecomposition of the sample

by prolonged exposure to high intensity ultraviolet light. This
i s p r eve n ted  by replacing the solution in the sample chamber with
a f r e s h  s o l u t i o n  between spectral analyses .

NOTF 2: A check on the reproducibility of the spectra ob ta ined
should he made at least once during each spill case. This is effected
by repeating the spectral scan on the same piece of chart paper with
a fresh aliquot of the solution . If good reproducibility (within
* 2 ’ C of full scale at peaks — see Figure 3) is not achieved , the
probable cause is too rapid a freezing rate (see Section 9.4).

‘d)Tf- 3: Solvent blanks must be run to ensure that impurities ,
i t p r e s e n t , are not causing a distortion of the true spectra of the
c e i l s .  Also , any scatter or background fluorescence which m ay he
p r o s e -nt due to the Dewar and/or sample tube can be accounted for

~v exar— inin g spectra of solvent blanks . A blank should be run for
c - -ee h wavelength used and for each change in slit width effected .

In addition to the scattering from the Dewar and sample tube ,
e scattering pea k characteristic of the solven t (Raman peak) may
cc- observed in the solvent blank ; for methylcyclohexane the Raman
pe2’- lies 2870 cm~~ to the red (towards longer wavelengths) of the

‘ -x  i t a t i o n  wavelength . This peak must not be confused with the fluores—
t f l c e spectrum of the oil and should be considered part of the solvent

blank and subtracted out before interpreting the spectra .

c j  ~~~T l-~ 4: The Importance of keeping the excitation and emission
s li t widths c onstant when recording all spectra for an oil spill
,ts&’ cannot he overemphasized. Variations in slit width for a given

oil will probably cause changes in the observed spectra .

-~ .0 A P P L I C A T I O N S

-~ .1 This procedure is applicable to all petroleum oil types
Including weathered o i l s  f rom real  world s p i l l s .  The high discrim—
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m ating ability has been demonstrated by differentiation of natural
seeps fre er clc ’s clv similar production oils originating within the
same g e o g r a p h i c a l  a r e a .

5.0 A P PA R A TT’S AND ~1ATERIAL S

5.1 F luorescence  spectrophotometer (spectrofluorometer) —

an instrument recording in the spectra1 range of at least 220 to
7°0 nm for bot1c excitat ion and emission responses. To date the majority
of  t he  d a t a  c o m n i l e d  have been obtained with a double monochromator
instrument , the Baird—Atomic Fluorispec SF—lOU . Other double nionochromator
instruments as well as suitable single monochromator instruments
capable of meeting the specifications stated in Table 1 could be
used.

NOTE 5: Double monochroinator spectrofluoroneters are especially
desirable since they reduce scattered lig ht. Single monochromator
ins t ruments  may require the use of narrow bandpass interference and/or
cut—off filters. Even with these , a single monochromator instrument
may s t i l l  e x h i b i t  cons iderable  scatter.

It is important in the sample preparation not to use fluorescent
s o l ven t s  or those con t a in ing  fluorescent impurities or any chlorinated
so lvent  wh i ch mi ght quench the oil fluorescence. Also , avoid detergents ,
oil c lean ing  agents  and de—eir’uisifiers which are often fluorescent.

5 . 2  E x c i t a t i o n  source — a 150—watt xenon arc lamp has been f o u n d
s a t i s f a c t o r y .

5 . 3  ~iecorder  — an X—Y recorder  compa t ib l e  w i t h  t he  i n s t r u m e n t a t i o n
u s e d .

5 . 4 Low T emp e r a t u r e  Attachment — necessary for execution of
I - -v t e mpe rature luminescence measurements. Must be compatible with
i n s t r - --a - n t i t i o n  used . Also permits phosphorescence meas uremen ts

-~~~.-n  coup led  w I t h  a r o t a t i n g — sh u t t e r  (chopper)  assembly or us ing
i p e t i - - o c 

~~ oh t s- - ii r -

- 
- 

. - ‘* er tru e1 -
~ar’p1e Tubes — to ho ld  l i qu id  nitrogen and sample
h.- - “ n p a t i h l e  with the low temperature attachment.

.-~~sr - m e 4 .r-’r ’l . - ‘ c d . - - ;  ~- u c t  he constructed of high quality fluores— 
~~

‘ -
. In  ~t ich a -— i n n e r as t o  m i n i m i z e  l i g h t  s ca t t e r ing .

- .-~~ •~ i -‘n-’- . r 1.-mi lv c v i i i  - ih l  e c o n t a i n e r  fo r
- - - -- - .‘ , I ~~~~- I t i l t  r - y e - t i . A t e n — l i t e r  Dewar

- - - C ~ • - - - . ‘ -  i . ’n ! s i ’ . In term s of h a n d l i n g
- - c ~~i n i i ’ c— - + ~ ‘ s work .

.ve ‘ - r  i - i  too 1 i ’ .’ . -  a c o n t a i ner
- - - C ,  ~~~~~~~~~ ‘ . w ar  in ~~~~ i n — c ! r i”i, -n t



There fo re , an i n t e r m e d i a t e— s i z e  ( 0 . 5  — 1.0 l i t e r )  Dewar to he utilized for
l i q u i d  n i t r o g e n  transfer between the storage and sample Dewars is
need ed .

5. 8 Anal ytical balance — An a n a ly t i c a l  b a l a n c e  h a v i n g  a p rec i s ion
c f  ± 0.01 mg .

5.9 “icro—pipet — a micro—p ipet to transfer oil from container to
ba lance ;  c a p a c i ty  10—50 p 1 .

5.10 Expendables — expendables include spectroouality methyl—
cvc lohexane , r eco rde r  c h a r t  paper , m i c r o — p i p e t  t i p s , w e i g h i n g  pans ,
l o w — a c t i n i c  g l a s s— -~toppered  v o l u m e t r i c  f l a s k s , l i q u i d  n i t r o g e n , Pas teur
pipets and bulbs , plastic funnels for li quid N2 , glass  f u n n e l s  f o r
sample  and so lvent  t r a n s f e r , P y rex  g l a s s  wool , e x t r a  recorder  pens
and Tef lon  s t r i p s .

h .O D E F I N I T T O N c  OF COLLECTFD ~ V l ~1 F ’ ~

6 .1 ‘ e - a t  o i l  s a m p l e s  — N e - a t  o i l  samp les  are those c o l l e c t e d
fr- rr suspec t  sources  w h i c h  c o n t a i n  oi l  o n ly ,  or co l l ec t ed  samples
c o n t a i n i ng  a v i s i b l e  l a y e r  o~ o i l  on w a t er  or o t h e r  s u b s t r a t e  (where
t h e  o i l  may he en c l l v  re-moved wi t h o e c t  r e m o v i n g  e t h e r  m a t e r i a l  such
as water , sand , d i r t . etc.).

6.2 Fn u ls if it- l oil s ;emp ]e-- ~ — O i l — w a t e r  emulsions which must he
e x t r a c t e d  u s i n g  m e - t h - ’ l c v c l n h e x a n e .

6 . 3  O Il—soaked m a t e r i a l  — S a m p l e s  p r e s e n t  on sand , v o t ’& - t a t i o n ,
d i r t , water , etc ., w h i c h  are not  e a s i ly  r e m o v a b l e  and w i l l  r e qu i r e
an e x t r a ct i o n  p r o c e d ur e - .

7 . 0 PREPARAT I ON OF ‘FAT OIL c
~~A~~C 1 d I l 2 ~

7.1 Remove cel l from sample container using a mi cro—pip e t and
weigh out 0 .00070 + 0.00003 gm c c n t o  a c - l e an  a l u m i n u m  w e i gh i n g  pan .
Wash t he  o i l  d i r e c t l y  I n t o  a 100 ml l c -w —a cti n ie glass volumetric
flask with spectroqua litv methylcyclohexane dispensed from a clean
beaker, Dilute the solution t o  volume with spectroquality methy l cy c lohexane
and shake well to mix.

Nm F-; 6: I-Then washing the oil into the flask from the weig h ing
pan use a funne l so that none of the sample is accidentally spilled .
Hien rinse down the funnel into the flask.

~~f lTl~ 7: It is important to dispense the meth ylcyc lohexane from
a beaker or a glass wash bottle. Teflon wash bottles were found to
contaminate the solvent and affect the low temperature blank .
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7 . 2  Oi l  samp les p resen t  on s u b s t r a te  which  can easil y be removed
should he transferred t o  a we i g h i n g  pan with a nicro—pipet. Samp les
c o n t a i n i n g  a thin film of oil on water may he concentrated in the
f o l l o w i n g  m a n n e r :  Pass t h e  T e f l o n  s t r i p  t h r o u g h  the  oil l aye r  and
then  a l l o w  the ’ o i l  to d r i p o f f  of th e ’ s t r i p and o n t o  a c lean  a l u m i n u m
we ig h ing pan .  C o n t i n u e  t h i s  p r o c e s s  until enough oi l  has been recovered
to p r e p a r e  a s o l u t i o n  as s t a t e d  in 6 .1 .

5 .0  PREPARATION OF SAMPLE FROM OI L—SOAKE I )  M A T E R I A L

8 . 1  P l a c e  a p o r t i o n  of t he  o i l — s o a k e d  m a t e r i a l  in t h e  c en t e r
of a clean a l u m i n u m  w eig h i n g  par t . Fo ld  t h e  s i d e s  of t he  a l u m i n u m
wei g h i ng pan over the  m a t e r i a l  -cod t h e n  squeeze -  ou t  the  o i l  i n t o

i c l e a n  we i gh ing  pan .  C o n t i n u e  s q u e e z i n g  until enough oil has been
co l l e c t e d  to use the  m i c r c e — p i pet and then  prepare  a s o l u t i o n  as s t a t e d
in h . l.

5.2 If the procedure stated in 8.1 does not yield enough oil ,
c solvent extraction should he attempted . This is effected by shaking

o i l — s o a k e d  m a t e r i . u l  w i t h  sp e - c t r o q u a l i t v  meth y l c y c l o h e x a n e  in a clean
s toppered  s e p a ra to rv  f u n n e l  u n t i l  the  o i l  is removed f r o m  the  m a t e r i a l .
The s o l v e n t  can t h e n  be s t r i p p e d  f r o m  the samp l e- by passing a stream
of d ry  n i t r d c-n  over t he  sample. Once the solven t has been removed ,

o n tj nue as s t a t e d  in Ic . I.

N o r k  ~ : Ensure t h a t  a l l  samp les  in a s p i l l  set h a ve been prepared
in e x dC t  Iv  t h e  same f l i n t i e r (p r e - t c r ab  Iv i t  the- same t ime ) to p reven t
spo t ra l  t -r r c c r - , f r -ni be i n g  i n t r o d u c e - c l .

~~ . 0 I i .AN I N I ;  : l A 5 5 ~~-\RL

9 . 1 V e c l u m e - t r i c  1 esks and ot li e - r g lassware-  used in  t h i s  procedure
should  h -  r i n s e d  f i v e -  t i m e s  w i t h  s p e c t ro q u a l i t y  meth \’lcyclohexane .
Sample tub e-s ~,h c c c l d  he r i n s e - c l  three t lut es w i t h  spe c t roqua l i t y  m e t h y l—

y e l c c h e-x i;i e foIl- 9e- c I by t h r -  • - r i n s i n gs  wi  t im t he  samp le solut ion next
t e e  be a n a l y z e d .  ~h e n  wc ’r ~~ I i~~ w i t h  h e a vy  o i l s , a c- l e a n ing p r o c e d u r e
i t t ,  ~~ig e r g i n  ~ o iv e n t  s m ay  I c c !  he s t i f f  Lc ic-n t . Soak t h e  t ubes  in  c O n —

( -n t r a t e - d  n i t r i c -  o id l e t  o n e -  h o u r .  E m p t y  c o n t e n t s  and r i n s e  the  tubes
re ;ce c t ed l y with d i s t i l l e d  w ater. Observe proper safety precautions by
using ad equate- c-y e - - m d  hand p r o t e - e t i o n .  The samp le Dewar should be r insed
w i t h spe - c - t r c q e i a l i t v  m e t h v l c v c - l c e h e x a n e -  a t  - m v  t i m e  when i t  appears to be

4 ri co .- ~~s e r v .  The Dewar s h o u l d  t hen  be d r i ed  w i t h  dry  n i t r o g e n  gas or , if
t h i s  I~ not a v a i l a b l e , he a l l owed  to a i r  d r y .  - -

9 . 2  When w o r k i n g  w i t h  he iv v  o i l s , ~c c l e an ing  p rocedure  u s i n g
o r g a n i c  s o l v e n t s  may not he suf I ici en t . In tha t case , soak the  ce l l s
in c o n c e n t r a t e d  n i t r i c  ac- id f o r  one h o u r .  E m p t y  the c o n t e n t s  and
r i n s e -  t i - . - c e l l s  r ep e a t e d ly  w i t h  d i s t i l l e d  w a t e r .

NOTE 9: Wh en a se-cond sample of the  same s o l u t i o n  is to he
ana l yzed , i t  is  o n l y  nec e-ssary  to r inse  out  the  samp le tube  w i t h
the s o l u t i o n  i t s e l f .

10.0 RECORDING THE LUMINESCENCE EMISSION SPECTRUM

10.1 Fill the transfer Dewar with liquid nitrogen from the
storage Dewar , p a s s i n g  i t  through a p l a s t i c  f u n n el  f i l l e d  w i t h  Pyrex
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c i a  ss~~~ o ci (to remove i cc c rv st  a I s )  . Then f I 11 t h e  sample  Dewa r
~ r c e ’c t h e  t r a n s f e r  Dewar once aga in  f i l t e r i n g  i t  t h r o ug h g lass woo l .
-\vold sp illing li quid nitrogen on the  i n s t r u m e n t  to  p r o t e c t  i t  f r o m
pocs i h l e -  d a m a g e -

10 .2 Set the slit vj d t h  of the  e x c i t a t i o n  monochromator  at
t h e  n a r r ow e s t  width p o s s i b l e  w h i c h  w i l l  a l l o w  f o r  a good s igna l  response
(nre- fe r c f l v  c - o r r e - s p o n d i n g  to  a b a n d w i d t h  o1 6 n m ) .  Set the  emiss ion
slit width narrower than the excitation slit width (preferably corres—
p c en d in g  to  a bandwidth of 4 nm) . These s e t t i n g s  should  he o p t i m i z e d

~c’r the spili , rather than suspect sample , since the spill sampl.e
may l u m m n e s c e  rr~ore weakly due to wea the r ing  changes .

‘OTF 10: Wider s l i t s  may he used , if necessary ; however , i t
is i m p o r t a n t  t h a t  b l anks  be run since impur i t i e s  are more apt  to a f f e c t
the emis s ion  s p e c t r a  a t  low temperature with wider slits.

‘ OTF 11: h i r i n g  t h e  a n a l y s i s  of a given set of samples it is
imPerative that neither excitation nor emission slit widths be changed.

10 .3 Fill a clean sample tube with the oil solution using a
clean i’asteur pin et . Gently wipe the outside of the sample tube

~ i t h  l e n s  n a p e -  r t e ’ r emove any f i n g e r p r i n t s  or oi l  smears .

10 .4  The s a m p l e  t u h e  containing the oil samp le should he placed
i n t o  t h e  h o l d e r  (u s u a l ly  the Dewar cap) and slowly lowered into the

t~~~;ir. !cw&- r it at such a rate as to cause minimal boiling of the liquid
n i t  r a n .  The f r e e z i n g  p rocess  shou ld  t a k e  between thirt y and forty—
f j ’ ~ - s e c o n d s .

J 10 .5  O p en t h e -  s h u t t e r  to the photo m ultipl ier tube and manually
scan o-e- r t h ~- l um i n e s c e n c e  c -m i s s i o n  t i c  d e t e r m in e  the major luminescence
~- .-~~n~~n s c - . Ad ~i~st t h~- g a i n  c e nt r e e l s  t o  make t h e  m a j o r  e m i s s i o n  response
~2 ‘ ~e f  t h e  r e - c o r d e r  f u l l  s c a l e .  e~ iways make sure , by comparin g, w i t h
sol e-nt blanks , t h a t  t h e  ne ak m a x i m i z e d  is an ccii luminescence peak and
n o t  a s a t  te- r cr  h inrmn p e a k .

10. 6 ‘c -m o ve-  t h e  s amp l e  t i t he , d i s c a r d  the  s o l u t i o n  and p lace  a
- . f r e s h  s o l u t i o n  of the same sample in the tube. Replace any evaporated

l i q u i d  n i t r og e n  in the sample Dewar , if necessary, and then put the
S c i r ’ f l l e -  t u b e  hack i n t o  t h e  Dewar as d e s c r i b ed  in 10.4.

10.7 hc- t t he  e m i s s i o n  monochror tator  at the  sho r t e s t  w a v e l e n g t h
w h i c h  t he  s c a t t e r  w i l l  a l l o w  ( i . e . ,  when t he  pen r e t u r n s  on sca le ) .
Scan the  emiss ion  s p e c t r u m  to 700 mm at  an emission monochromator
scan speed not t o  exceed 60 n m/ m i n u t e .  Before  or d u r i n g  the scan i t
may he necessary to insert an ultraviolet—t ransmitting clear filter
with a cut—off which will not pass the exciting light. This Is to
prevent  e x c i t i n g  l i g h t , e . g . ,  254 nut which appears in the second order  at
twice the excitation wavelength (508 nut), from distorting the oil
f l u o r esc e n c e .  For the Baird—Atomic instrument , at 254 nm excitation , the
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Corning 0—Th fi l t e r  Is suitable. For other instruments and excitation
wave l en gt h s , t he  ab s o r p t i on  s p e c t r u m  of the  c u t — o f f  filter must he
known and compared wi th the- solvent blank w i t h  and w i t h o u t  the filter
in pl ace. The fluoresc ence snectrum of the oil must also he run without
t h e  c u t — o f f  f i l t e r  i n  o lace  to  d e t e r m i n e  t h a t  t h e r e  is no distortion
at the short wavelen gth end of the spectrum .

11 .0 1 ~ T l - : i - t P S E T T~~~; THE VM I S~~ION SPE CTRA

11 .1 The spectrum of the spill sample is compared as an overlay
with the spectra of Lhe suspect samples. Two samples may be considered
to  have o r i g i n a t e d  f r o m  a common source if their spectra match to
w i t h i n  + 4 ’~ of f u l l  sca le  over the spectral range from 300 to 600
nm with the exception of some weathered oils (see 11.3). Heavy oils
( \ce . 4 Fuel  oil and heavier) do not weather appreciabl y: up to one week
the- v can he ma tched  w i t h i n  + 4%.  L igh t  o i l s  (No . 2 Fuel  o i l , d i e s e l s , e t c . )
change m a t e r i a l l y on w e a t h e r i n g .  After two days the matching criteria
must  he a l t e r e d  to + ( 2 ;  a f t e r  one week to ± 10%.

11.2 h-Then comparing oil spectra there are several features
to  he checked : (1) general  shape , (2)  number of peaks , (3)  wa v e l e n g t h s

c f  peak occurrence , (4)  peak i n t e n s i t y  r a t i o s , (5)  con tour  of the
upward  and downward s lopes  of the  curve . C o n f i d e n c e  in correlating
these features between spectra will he o b t ain e d  w i t h  experience.

11.3 Weathering may cause changes in the luminescence emission
si gnature of an oil. The changes  and the magnitude of these changes
vary  w i t h  d i f f e r e n t  o i l s .  To date , limited weathering data have
bee-n ac c um u l a t e d  b y the low temperature luminescence procedure .
t w o  examples of weatherin g changes are shown in Figures 4 and 5 for
two  d i f f e r e n t  t y p e s  of  c r u d e  oils weathered under natural environmental
conditions for periods of two days and one week. For li ght oils

~e-ather -d longer t han two days and for heavy oils weathered longer
th i n ‘ne week , It may he iIe(-essary to weather suspect samples artificially.
(Artificial weathering rce-thods are still under e ’eve-lopmc ’nt . One method is
to nlac.e an oil in a thin film on water in a beaker for a least 8 hours in
s u n l i g h t  and t ue -n t o  examine the spectrum of this oil to observe the trend in
spectral changes r e - s u i t i n g  from weathering.).

12 .0 R E C O R D I N G  THE EXCTTA F ION SPECTRU M

12.1  Place t h e -  s a m p l e  tube  c o n t a i n i n g  the oil solution in the
sample l)ewar .

12.2 Set the emission monochromator at the wavelength of a
major  luminesc e -nee  peak as observed f rom the  emission spec t rum
obtained when e-x eiting at 254 mm.

1 2 . 3  In genera l , reverse the s l i t  wid th  fo r  the  exc i t a t ion
and euti~ sion monochromators from the way they were set for the emission
spectra .

12 .4 Manually scan over the excitation spectral range to determine
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the ma jo r  response locat ion . A d j u s t  the gain to make the major  exc i t a t ion
response 92 + 2% of the recorder full scale.

12.5 Remove the sample tube , discard the solution and place
a fresh solution of the saute sample in the tube. Replace any los t
liquid nitrogen in the sample Dewar , if ne cessary , and then put the
samp le tube back into  the Dewar.

12.6 Set the excitation monochromator at 220 nut. Scan the
excitation spectrum from 220 nm to the wavelength setting of the
emission monochromator at a scan speed not to exceed 60 nm/minute.

12.7  Repeat , as s ta ted  in 12.5 and 12.6 one or more t imes as necessary
f o r  r e p r o d u c i b i l i t y  check.

12.8 Interpret spectra as discussed in Section 11.

12.9 Repeat from beginning (12.1), if necessary , to record
excitation spectra detecting at other major luminescence emission
peaks.

TABLE I
Specifications for Suitable Spectrofluorometers

Wavelength Reproducibility

E x c i t a t i o n  monorhromator  Be t t e r  than + 2 nm
Emission monochromator Better than ± 2 nm

Gr at ings

Excitation monochromator Minimum of 600 lines per mm
blazed at 300 mm

Emission monochromator Minimum of 600 lines per mm
blazed at 450—500 nm

Photoriult iplier Tube

E i t h e r  S — i D  ( e . g . ,  Hamamatsu R l3 6)  or
S—20 (Hamamatsu R818) response

Resolu t ion

E x c i t a t i o n  monochromator  Be t t e r  than 2 nm
Emission monochromator  Bet te r  than 2 nm

NOTE 12: As previously s ta ted , most of the  data accumulated to da te
were generated on the  Bai rd—Atomic  Fluorispec SF—100 which is uncorrec ted .
(By uncorrected , we mean tha t  the source—monochromat or combination
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(hoes not g i v e  u n i f o r m  e x c i t a t i o n  l i g h t  i n t e n s i ty  as a f u n c t i o n  of w a v e l e n g t h
and t h a t  t he  m o n o c h r o m a t o r — d e t e c t i e r  comb m a t  ion is not  f l a t  in  s p e c t r a l  response .
e r h i s  mea ns t h a t  p e a k — r a t i o s  f o r  e ’ m i s S I O O  (or e x c i t a t i o n )  s p e c t r a
are nc ’t t h e  true rat ics . ) (ol’ine re í a !  I n s t r u men t a t  ion  is no t  n f l  form

in des ign . D i f f e r e n c e s  In a v a i l a b l e  s l i t s , g r a t i ng s  and p h o t o m u l t i p l i e r
tube  s e l e c t ion s  w i l l  p roduc e  v a r i a t i o n s  in  t he  l u m i n e s c e n c e  s p e c t r a .
T h e r e f o r e , t h e  c n m p a r f s l o n  of s p e c t ra  can o n l y  he made f o r  spec t r a
ren- c ’rded on the same i n s t r u m e n t , w i t h the possible exception of spectrall y

~-orcec ted spectrofluoror ieters which may allow for comparison of sp e c t r ; e
rim on d i  e f e r e n t  i n s t r um e n t s .  h e r e  i re  severa l  s p e c t r a l l y cc cr r e e ted
sp e c t r o f i i i o r c ’m e - t e r s  now a v a i l a b l e .  Un l e s s  s o l u t i o n s  are s u f f i c i e n t ly
d i t c i t e  ( i . e . ,  l e s s  t h i n  0 .05 O . D .  at  the e x c i t a t i o n  w a v e l e n g t h ) ,  eve n
sp e c t ra r i n  on a ~ n e c t r d  l v  c o r r e c t e d  spec t  ro f I  u o r o m et e r  may not  he
t r u l y  -~e r r e - c t e - c ! .  ‘lc e c n ec t  r i  m ay  he- d i s t c c r t e d  ch i c  t o  g e o m e t r i c  e f f e - e t - -
i r i s  u p  from the a”sc ’rnt ion of  ~- t ~~- i t  i n g  l i g h t  or t h e  r € - a h s c c r p t  i on
ot e ’ ~~I t t e c l  l i g h t  c e f l m e e n l y  c e l l e d  i n n e r — l i  l t c - r e f t e c t a .  This is  a l i m i t a t i o n
on l y  i f  s p e c t r a  r i p  en  d~ I t  c-rent m i l - a - - -~ of cc err e -t e d s p e c t r e e f i u e e r c e m e - t e - r s

i re b e i n g  ec m n . e r c - c l. . hc’re c i r ce -n t r a t e d  sHu t  ions  w i l l  e lso he sub lent to

spec:  r e ]  l i st -r i ions du e- t o ~c c l l i t e — - ; c - l u t e  i n t e r a c t i o n s  such  as e x c i t e d
c! jme-r t e r ~” i t j c f l  w h i c h  l i - i c !  t I c  cart lii i q u e n c h i n g  of  t he  e m i s s i o n  and
p - s sj h l e l c se e~ st r u c t u r e . ‘rh - c 1 i c c l c  c of  10 ppm was i eompreeritse
c ,~ t W t - t ~ fl ‘-‘inimf ~~in~ ge “le t r !  : i r r d  que n c h i n g  e ffe c t s  and m a x i m i z i n g  s i g n a l —

- — n - i - ~ e - . (• \  c r-n - c o r r a l  ion c t  t w e i l t ’  p j c m  m e - ’ i I ~~ c e  c u5e~- I , i t i n e r t o  n i n n r - ’ i~~ c-

t he -  t t e - C ~ . 0 i c -  s e I n e - c t  bI.c n~~, - - r  to p er m it d i r e c t c crtcp i r isc e i\ w i t  recoIn
c - m t - c - r e t ar e -  ~‘e- - e s n r , - m . c t  s .

I 1 .0 - . -~- F F T Y l ’ R ! (A I T J ~~’d~

1 1 . 1  L i q u i d  n i t  r cgen  (‘
~~~) 

( l e e - i l i n g  p c e i n u t  = 7 7 . 1 K  c r  — l ~ l 5 . 7 ’( )

i s  n e ’ n — t l - i m ’ - - . e ” l e  e nd i ’nl  1 5 1 . ! c cw e . . e .r , I i q u i l  N-~ m u s t  he h a n d l e d  
c r .  h o t  h e c  ~~~~~~ o~ I’s r v  l c -~~ I c - m I c e - r e t  ‘ i r e - and l ee i c l S - ~ 0

- e - - -n t m e d  -~‘ e  e -  -
- - p r e - s - 4 e r r c  1r r i i  I d u p .  due t c c  t h e  ev i nc c r ’i t in c ‘- - , ,

c id .- -~d t e l i  c - x p i o s i o n .  \ls o . if st re ’! lin e cev e re - c i c r  P c ’ c e r l V  c c e v e r e d

i t  w i l l  n~ - t c e~~ 1- V - n i c k  up ;~
- - i c r  - i i ’ -  r aS - - e , it i t w ii 1 a I s ic  he sl owl v

-n. ’,.r r , . f I c c  l i c r i l e ~ dr  (bo i l  i n g  t e e - i r n i = S c ’K )  w h i c  be i s  i c - i  t i v e ,
in 1 w h i c h  In t i r ni m;i --’ ~~~ “cc - . - n r i  h e - c !  w i t h  o xy g e n  ( b o i l  ing p o i n t  =

t ‘~~ c~~~~~L t O  - i  ‘-r V d c ; e ; ~~- l r c l c c , l a m i > t ’ c r e - .

13.2 Sa fe-tv i s o , -, should l ee- w e-rn when t e e t e r i n g  l i q u i d  n i t r o i ’ e - n
t c d  re- ’ e f l t ~‘&-ttfng it In c O t ’ S e v e s i n  the- eve -n t  t h a t  I t  l c c c h l e l e - s  up

s c id c l e-n

13.3  Neve r h a n d l e  l i q u i d  N c ; i r - l e s s l y .  ~ few drops  of l i q u i d
N2 on the skin will evaporate l e e - t o r e -  d o i n g  any harm , hu t  i f  any becomes
e n t r a p p e d  between y our  h and and glove or voter foot and shoe it might
cause painful frostbite. When transferring large amounts of liquid
N2 , use of asbestos gloves is recommended .

13.4 Always  s tore  l i q u i d  n i t r o g e n  loosel y stoppered so t h a t
the positive pressure of the N2 boil—off will prevent the format ion
of liquid air.

13.5 Glass Dewars are commonly used ( t r ans f e r  and sample Dewars)
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t c cr - c e n t . i i n i t i . sniill q u l ~i n t  I t  los  c c !  I i q ield m i t r e- c - n i .  t - l n , - e-  th e -v ir-

t \ n ~ c l I i t e d !  and civ i r - p l o d . -  y j , e I c - n t  l v  i t  c t r e -~ ep e - c l , s l e e t  i c - n  l u g  t i e .

i n t e r  small p i e c e— , t h e -v  sh o u l d  l-~- w r e l e l e e c I  ( e x c ep t  t - - r  1 t  i i i  S o r t - i -  i S )

w i t h  st r e e n e ’ t a pe ( p r e t c - t i h l v  ~- l c - t  h P i e - s i ’ : . ) I c c - h e r , -  i s . - .

I 3 .~ ’ ‘.e ve - r s t e e r . -  c r c - S  i l - i S s  er 
~~~~ 

; c - w i n -  In r e - i s  whei --
e ie ~I i icr ” e~ es is  is, - c l  . He I I i c m  d i  I - — - c c - S  h i r o ’ c e ’ l  t he ,  ‘i i t  c r  I ii ~ i t i c i  i c c . , .  b c ,

, - s t  r e v s  t h e - y e  i i ”

1 1 . 7 11 i t  i s  T i e ~ e s  s i r —- ‘ l i s p s.- - I II q u Id  N in c - - r

c . i ni i n !  h~ r ci  r v  - i e r  • c r t  h~ I I quid ~c • s i c  ~ I v c ‘ u t  eu t I .  - t I me ’ r
e r r  t h e - - r c e ’ n r n c ! .  ‘-- - ‘- c r  p -cr  f t i n t o  st - e ~-s , i i~ j ~~~y - ‘  c t i c

in! c t  i c pipes.

1 1 . ~ Xe -ri - - ~ I - p ¶ , ,
~ c c~ c - , ~h I I j q 1 01 r -- - cc l i e  - e I t Ii

• - r ~ - - r  ‘ . It is t - ’ - t - c - r  i~ I - e t b - ct ‘ he- • -i r r .-- ~~~~ e -X ~ r e S I  c c J  -n - i  • fl - i i t  tog
in i - n  — i n n , - C r .

1 1 . • V c -n - o n  I i”’c~S i l q e ’  . r ’i ’ s I t u  i _ f i l e t — p  1 1 I j~ih’ . I c -  ~~~~ i t - l i !

en -.- ci r - I — .- ’ i c -
~ - c l i  r e -  - t lv  i t  t c - I ir ” g  - 1 . -i - e -- - i - - c I re ‘ - - yes

- c i i  c i  I’ c ~ ei 11 . .~~h ~~ ii - in • - . ‘cc i ‘1 1 - ~ 
, - • I --- ~~

- t - t h .  -
p r O .  c -  c e~~ c -  only . 1 . ’ I l - i c ! ’ . ‘0 

- - - ‘ - . 1 1  I e n  p l~~ ,c c i ~ , ‘ i ~ . ’ I
in the c I S O  i~~,c d I.i ~~, I v  . -\ V S  W P , u  ~~i t. - ’y gi ess. -- - c m l  ‘i.~avy , i ~ - - -

c~~ i - i i i !l 1n~ 1 cr’ ;’s — i . - .  1 1 . 1 1 ) .

1 1 .10 C i n c -  S ! d c d i i l ( l  ~ .- ‘ c~ c r  whom h .in ctl 1m g P c  t 1 e v i c v  I . c

er e -; c ’ t ! i e y  ; c ~ I ’  Ii ~ejr S c c i ’ , - l i t  ~~, -  0 4 ,  - t  ‘ 0 c~~~ 
e c t i n . 

~~~~~~~~~~ 
- - - i t  i t

w i t ’ t h . -  -.~~~j n -  c ’  icy  c e n t  e vi’ t t l- . - •- - .- s . Irr Ua t 1 - - u i - i v  ‘ ct - u t  I’ v thu. -
sol - c - n i t  i -  lii. - d l  r e - c  ‘ lv ‘n t l ie - ~k f ’  - -~- , ~~j e l m )  n - c -  C e , , - !  I c ~ ed v isee l-
- - l i- n  r In s1’~,- .- 1 e s s w - e r c -  e r  !r ~~flst . r r t n u t -  i ’ l l  s c 1 e ~ I n . , i n  e - . ‘ t(~ m l n h u r i i .
- -~~t - c s - e r c -  I . t ! e I c v c  l c ! l c - v i t i e  . e r  ‘ ( i c - p  c r ,’ in i( S O l v e - o r  . M i t h y i c  v- I i .
i t  s.-l c 

~~~~ r . - I i~~ i - ~ v f l i c T l t - S I C , 1 it  - i l l  u r g e n t -i , j , . t l I  S M i l i c e i l c i  I c . -

- - in  l c - -~ w i t h c r c

1 3 . 1 1  - - i ’ c t  v ~‘ l  i s s c - s  —c h c c e j l d  be worn i t  i i  I ‘ i - - c , -  — wh I I. w i-I kline ’
in the 1 ih c , r c i t c c r v .  h i s  w e e - i c !  prevent e ” e  I i~~~i - i i  ‘ V , L I T P i c c  Ii- -- -’
sol -~- c-nr i n !  or  l i q u i d  n i t  r - - .- . . I t  I s  t-~~~~.- - I c l i v  I mp ort .int ‘ .e we I I
— e t e t - -- g l . c s s o s  wh it e- h andlin g -i ‘ c c li i’ 1 in t , is I t  i s  t inde r  , - t r , - ” c ,  I v
h i g h  pr i -s~- - c r e -  an d m.cv  .—x plcect.- violently. In t i e , -  1 1 . - I d , c h u t e - i n  5t T i c S l

~ i rrr p s sh o u l d  h. l e f t  t o  - c q e c i l  I t  led servic e ope rit e e l .
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A P P E N D I X  C

( c i i  1 p i l l  I d e - n t  i t  i c ; i t i o n  Fe y I n f r a r e d  S pec t r o sc o p v

1. Sc - 2 c- . The re - c - e cn nrme nded inf r ;i re-d sped nc - s c -op i n procedure provides
a nrc - i n s  c c !  “fi nr e e rpr in t m c ” p e t  r c c l e - t i n n c i  F sp i l l s .  This proc edure
c e ’ f li - i i S t S  of ~n c t c -h i n g  the tnt rareci Sp O c t rrd c ic ;e r e c t e rist ics of a sp i l l e d
o i l  s a m p l e -  w i t h  a suspt-o - t e d  sot i  m e -

2 .  r u m  c m  o f  ~te t her d

2~~ 1 The in i t  i a i  ste -p is to  ase -ert am t he  e x i t  t e c h n i q u e  r e q u i r e d
t- ’ r e c o r d  t h e  i n f r a r o c i  spc - c t  r u r - r  of an o i l  s i nc e :  ( a )  t h e  t e c h n i q u e  is
dic tated I c y  t he  p h v s i c e l  s t a t e  of t h e  samp l e- ; (b )  s p e c t r a  to he m a t c h e d
m u s t  Cc€  ce - i c - r a t ed  by  t h e  s ent -  t e c h n i q u e .  The t e c h n i q u e  i n v o l v e - i - i  t h e
ch oice-  0!  c e l l , c e - i l  w i n d o w  m a t e r i a l , s a m p l e  t h i c k n e s s , e t c .

2 . 2  T r a n s m i s s i o n  s p e c t r a  i re  c h t a i n e d  i n  l i q u i d  c e l l s .  The- l i q u i d
c- e l  1 not  o n ly  has the  a d v a n t a g e  of  c on f i  f l i n g  t h e  v o l a t i l e  cc cnte c c n enl ts,
t hus  p r e v e n t  Ing  - v r e p c e r . e t  i n  d u r i n g  t h e  scan , h u t  a l so  i n su r e - s  a u n i f o r m
c c l i  t h i c k n e - s s .  The —i c- - - l  is c a n n o t  he used f o r  samples  c c c n t i i n i n g  w a t e r
(u n l ess s- i I ‘‘e-r hr ’rn I I c -  w i n d o w s  are used) , he avy , v i s c o u s  o i l s  or  f o r
sna i l  q u a n t i t i e s  of o i l s  ( l e s s  than  100 ~ l ) .  The heavy viscous oil can be
an a l v z e - d  as a “ -c c s - - r i r ” in a sealed d e m o u n t ab l e  l i q u i d  c e l l .

3 . - 1 ’ i ’ i  i c i t  I O n S .

3. 1 The i n !  r d r e - - I  Spec t rein 01 au-t v p c~~t r o l e u m  or n o n — p e t r o 1 e -ic r ~ o i l
p r ov  ides a b u n d an t  in!  cr nia t ic - n is t o  i t s  mc l i i  lrt r compos i t  i on .  E l c c w e v c r

p r i m - c r y  .- e p p l i c c i t  ion c c f  the i n f r a r e d  i d - -n t  i t icat ion m e t h o d  is t o
nea t c Fe a sp i l  l e e !  o i l  samp l e -  t o  i sampl  n f r o m  a p o t e n t i a l  s o u r c e .

3 . 2  ~Y !e i -n  an c c i i  sje i l l  has been on t h e  w a t c - r  f o r  e x t e n d e d  per  jods , or
if tI le- s p i l l  is -i ve r-; l i g h t  p e tr c l eum distillate , losses due t i  e v a p o r a t i o n,
d i s s o l u t i o n  and ‘H I - i t ion alt e r the spectrum s u t f i c i e n t l v  t o  make  m a t c h i n g
d i f  I i c u l t  . I n  s -u c h  - i se - s , u- fr , - p otential s carc e - o i l s  can be art i f i c i a l l v
wc - c e t l e e r c - -~ Fe y p l a i n -  a p o r t  l e n  cc! t h e  s u s pec t  o i l  samp l e- on w a t e r  in  a b e a k e r .
The s - i n p l c -  t h i -  ~ n c s  ~ l i c e t i l d  n e t  e xc c - e -c l  0 . 5  mm i f  r e -a s - e n a b l e  w e a t h e r i n g  is  to
occu r.  T I r e -  w a t , r  s i c - n i l d  f c c  n a t u r a l  or s v n t ! c e - t  ic se- i water i f  t h e  s p i l l
c c c  c u r r e d  i n  t c c c r ir m e -  . - u i v  i r o m e n t  . The ( c i i  i s  sanp b c c .l a t  v a r i o u s  t ime i n t e r v a l s
and a n a l v , e - d  t e e  5 . - c  it ti n ’ e~~ t en t  c d t  i t s  w e a t h e r i n g  is c e ’ t ’ q o e r r i h l e  to  t h a t  ot  t h e
s p i l l .

I re - I n f r a r e d n e t  hod may he  ap p l  ied to  s m t t - 1 ) c l e S  that i re  r e t - t t  ( u n d i l u t e - )
- i i  • u - h  in  f i 1 ins c c l  o i l  on wat e r , 01 1 c I t  ed on sand or u t  i c - p  so l  i I S , or I cc i i

e m u l s i f i e d  in w a t e r .

3•
c
, T a b l e  I s t i n m - i ; e r i i e s  t h e  method a n t i  I t s -  are p l h-  e n i o n --c .
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TABLE I
INF r ~AR En F I N C E R p R J N T T N ( ;  OF O ILS

Type: Transmission *

Purpose: Rapid screening (‘-~ini — ce Il )
Identification (liquid cell)

App lications: Smaller samples (10 ~l) in Mini—cells
Larger samples in macro cells (100 ul)
For neat oils of all types

Cell Types: 1. Silver bromide (AgBr) TM ini—ce lls.

~~~. Sealed or demountahie cells , 0.05 mm
with potassium bromide (V.Br) windows ;
AgBr windows for samples containing
sm all amounts of water.

Sample Types: 1. ‘
~o . 1 , No. 2 fuel oils , lubricants and
lig ht crudes can be analyzed in sealed
cells.

2. “o. 4 and No. 5 fuel oils should he
analyzed In sealed demountahie cells.

1. Residual oils O~
To. 6 fuel oil , Bunker

C, asphalt) are analyzed as smears in
a demountahie cell.

4. Lighter oils extracted from solid sub-
strates (adsorbent mater ial , sand , etc.)
are ana l yzed in demountable cells.

* A multiple internal reflectance (MIR) technique is
described in “Oil Spill Identification System”
Repor t No. CG—D—41—7 5 (Acc. No. Afl A003803) October 1Q74.

G-2

-4
—- — —-- -— - - -

~ - -, —_~r--



~~~
•

. I Instrument. The has ft inst  rument used is t h e  P e r k i n — [ l m e r  4 67
I n f r a r e d  Sp e ct  r T hot omet  o r .  The P— 1 A 6 7  is equipped w i t h  an in ter  l o c k
between t he  c h a r t  p ;i n o r  d r i v e  and t h e  d i f f r a c t  ion  grat  ing, insur ing
w a v e n un her  r e p r o d u c  ft i i i  t v f r o m  s c a n  to  s c a n .  Ot her  e q u i v a l e n t  mr~e rc  i ;i I
inst rur~pnt s could he ‘i d.  t h e  inst rument used s h o u l d  have a minimum
wavenunber r e s o l u t i o n  ot  I .~~

- cn 1 at 101)0 cm ’ and 3.0 cr’ 1 at  3000 cm~~
and i minimum wavenunher a c c u ra cy  of b e t t e r  than +4 cm 1 f rom 4000 to
201)0 and b e t t e r  than -2 cm~~ f r o m  2000 to 251) cm~~ . The instrument
should a I so have a pho tore t r i c ; lc c uracv of +1 ~‘

2 C e l l s ,  Winde~-s and ( T r v s t a l s .

.2 .1 Cells. Sealed , sealed demountable , ‘~ini—c eLLs.

~i .2.2 Windows. KBr , AgBr (particularl y for Mini—cells).

-4 .3 Accessories. ~\ reference beam attenuator for the infrared
spectroph otoneter. Auxiliar y equi pment includes a window polishing kit , a
centrifuge , vartex m ixer , hot plate , and a light—box for viewing spectra.

-~.4 Expe nda~~le Mater ia ls. Expendables Include the spectroqu alitv solvents
necessary for sample treatment and for cleaning cells (cvclohexane , methylene
chloride , pent ane , hexane), acetone for rinsing glassware , anhydrous magnesium
s u l fa t e  for drying samples , chart naper , pipets , and calibrated 2.5 ml
c e n t r i fuge tu bes .

S . Ana lv  t ica l  Pr & lures .

— 5.1 Sj e t r rh t o n e t e r .

5 .1 .1 :,trrr up the instrum:at for at least 21) minutes.

5.1 .2 balance the instrument electronics and set gain according to
the nanuf i t iro r ’ s manua l

‘ :c ~p 1 . c~~t -c i~ the  calibration dail y by scanning a 0.05 mm polystyrene
film. Observe whether the test spectra are within the limits of the instrument
specifi cations. This calibration check should he performed before every oil sp ill
set and the curve retained , with curves from the spill and suspects , as part
of the as.• record .

~MTI 2. The instrument should be kept in a humidit y—controlled
room (~~30 relative humidit y to protect the Csl window on the detector) and
left with the power p lug in continually with the power switch turned off .
This p e rm it -~ the built-in humidity—controlling heater to function.
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5.2 T r a ns m i ss i on  Spe ct r a .

5.2.1 P l a c e  sample in a liquid ce ll (see 5.5) and insert the (el i
into the intrared beam .

5.2.2 ~~t t  optical density (0.!).) to an absorhance reading of O.02A
(93~ T) at 1975 cm 1

NO TF 3. The absorhance is set at a fixed value so that the resultant
spectra can be compared from a common baseline.

5.2.3 Scan the spectrum from 4000—250 cm~~ .

5.3 Preparation of Samp le.

NOTE 4. The primar y objective in sample preparation is the remova l
of water t o  prot ect the samp le ce l l s  and get a “clean ” spectrum of the oil.
If at all possible , the use of solvent should he avoided . It is sometimes
necessary to use solvent in order to break refractory emulsions , or to extract
the oil from solid substrates. It must he remembered that for valid comparisons
of spectra , both oils being compared must have been prepared the same way , i.e.,
if one is deasphalted with pentane , the other must he a Iso .

5.3.1 Water separation from medium to light oils can he achieved
as follows :

5.3.1.1 Centrifuge to separate the oil/water layers.

5 .3.1 .2 Withdraw the lower water layer with a Pasteur p ipet.

5.3.1.3 Repeat steps 5.3 .1.1 and 5.3.1.2 until no visible
traces of water remain in the centrifuge tube .

5.3. 1.4 Before final centrifuging, p lace a small amount
(approximately 0.1 g) of dry ing agent (‘lgSO 4) into the bottom of the centrifuge
tube and mix thoroughly with the Vortex mixer. This will insure comp lete removal
of water.

~~~~ 5. Heavier oils may be prepared this way by using an elevated
temperature (water bath up to 70°C, if necessary) .

5.3.2 To remove water from very heavy oils , use the following procedure
wh ich will remove the asphaltene fraction as well as the water (See NOTE 4).

5.3.2.1 Dissolve approximatel y 1 gram (if available) of the o il
sample in 15 m l of chromatoquality pentane or hexane.

5.3.2.2 Allow to sit 30 minutes , then add 1 g MgSO4.
Centrif.uge at 2500 rpm (R.C.F. 1000) for 20 minutes to remove the precipitated
asphaltenes and MgSO4

C- 4
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5. 3 . 2 .  3 Decan t  t h e  supernatant liquid into a 50 ml
Erlenmever f i i ~ k.

5 . 3 . 2 .~ Wa sh the residue In the cen t r i f uge  tube w i t h
2 ml o~ solvent (pentane or hexane) and combine the washings with water—
t ree supernatant li quid.

5. 3 .2 .5 l:v;ip rat e t h e  solvent from the sample by bleeding hig h
par i tv dry nitr ogen over the surface for 1—3 hours (evaporat ion t imes are dependent
on the oil viscosit y—increasing with viscosity) .

5. 3 .  3 For oil samnle s present as thin films on water , extract the film
t rom the surf ace by p la c i nc  a layer  of chromatoquali tv  hexane (4 —5 mm on the
surface); stir and w i t h d r aw  w i t h  a Pasteur p ipe t .  Repeat , if necessary ,
to remove all the oil. Then evaperate the solvent as in 5.3.2.5.

5.4 Cell l oading Procedure (lipiid Cells ) . Li quid cells (sealed or sealed
demountable cells) are generall y used with potassium bromide (KBr) windows and
a 0.05 mm Teflon spacer.

NOTE 6. If the samp le is suspected of being wet , use AgBr windows which
will resist reaction with water.

NOTE 7. For light oils (low viscosity) such as No. 2 fuel oil , diesels ,
etc., the sealed cell should be used. It reduces evaporation losses and
eliminates path iength as a variable. DO NOT use a sealed cell if there is
ANY chance that the samp le is wet:

5.4.1 F ill the cell , tilted at 45 degrees , from the bottom port using
a Pasteur p ipet.

NOTE M . Use care to avoid forming bubbles in that portion of the window
which will be In the infrared beam .

5.4.2 Stopper the cell with Teflon p lugs , t i l ~ ing care to  i vo id  t l  tbe r
air bubbles or undue pressure . Insert the bottom olug f i r s t  u—~iIw a t w i s t  ing
motion . Gently Insert the top plug .

NOTE 9. If an oil is too viscous to flow in a l i n I l i l  C e ll , a transmi s sion
spectrum still can he obtained. A large dron of the oil is p i  4d on the enter
of a KBr window . Another KBr window is p laced over this with a 0.05 mr Tetl on
spacer forming a uniform oil smear.

5.5 Cell Loading Procedure (Wilks Mini—Cell). The Mini- ce ll consist s ot two
silver bromide (AgBr) windows with a 0.025 mm cavit y pressed into the AgBr. The
advantage of using this cell lies In the small amoun t of sample required for an
analysis and the ease of cleaning the ce ll. The windows are Inexpensive enough
to discard when they become scratched or darkened due to exposure to ultraviolet
l ight.

(;—s
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5.5.1 Place a drop of oil samp le into the cavit y of one AgCl window.

5.5.2 Place the flat side of t h e  second window over the sample and care-
f u l l y press together to obtain a 0.025 mm pathlength.

5.5.3 Slide the windows around on each other , with one edge up, to work
out all air hubbies.

5.5.4 Gently lay t he windows in the Tef lon holder and screw in the
retaining ring .

5.6 Cell and Crystal Cleaning Procedures. For forensic won’, cell windows
and crystals must be thoroug hl y cleaned . Complete removal of residual
hy drocarbon materials is monitored by examining the infrared absorption in the
3000—2900 cm — ’ region. ~‘ c lean ce l l  w i l l  show no absorpt ion in this region.

5.~~.l For sealed demountable cells: dismantle cells completel y and
thoroughl y rinse each component. The windows should he rinsed with cyclohexane ;
the rest of the cell (spacers , end p lates , parts and plugs) w i t h  methvlene
chloride. Reassemble and test for absorption in the 3000—2900 cm~~ region .

5J- . 2 S to re  cells and window components in a des i cca to r .

5.7 Care of Cell Windows.

5.7.1 Potassium Bromide (KBr). Keep potassium bromide windows
in a desiccator when not in use , since moisture will fog them . If they become
scratched , grind them on fine emery paper (3M ~O1)). For deem scratches ,
first use a coarser grade emery paper (3M 220A), then polish the windows on
an optical lap using cerium oxide or Barnslte. (Detailed instructions are
given by the manufacturers of the comr ,erclallv available window polishing
kits.)

5.7.2 Silver Bromide (AgBr) . A gBr windows are very soft and must
be handled carefully to avoid scratching . Keep out of contact with metal.
Als o , protect them from light as much as possible , since they darken on
exposure to ultraviolet  l ight. These l imitations require occasional rep lacment
of t hese windows . The rep lacement frequency is governed by the spectral
basel ine changes due to these factors.

6. Interpretat ion of Spectra.

6.1 Ult imately , oil Identification Is based on a comparison of the spill
spectrum with those of the various potential sources as outlined in Section
6.3. When the results are to be used for forensic purposes , then
comparisons must be made on spectra obtained by using the same samp le
prepara tion , the same instrument with the same instrumental settings , the
same cel l , the same windows and the same spacer.

C— 6
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h .2  Over lay Net hod.

h.2 .  I The overlay m ethod cons is ts  of  i v isua l conr), lr i~~~n of the
~p ect rum of .i spi l l  w i t h  that of  a potent  [al source using ~i i i p h t — h o x .
Th i s  co r p l r  i son is accornpl  ished by inst insuring that the spectra have

compara ble base l ines  at 197 5 cm~~~, i . e . ,  that t hey were a r b i t r a r i ly  set at
an abs rhance ( ILD.)  of 0. 02 (95 ~ T) . Next , the ahsor hance at 1377 cm~~ is
examined to ob ta in  quali t ia t ive assurance that the samp les were analyzed at
the same thickness. The cu rve is then scanned for overa l l  s im i l a r i t i es  in
shape from 4000—650 cm 1 . Between 1300—900 cm ’, t he basel ine wi l l  tend to
move dow nward (to higher opt ica l  densi ty) ,  hut w i th  l i t t l e  re la t i ve  c hange of
the peaks in that range. Examination of the 1770— 1685 cm~~ region wi ll reveal
the extent of weat hering — par t icu lar ly  in the 1708 cm~~ region where ca rhonv ls
from o xj d a t i ve  weather ing first anpear. Finally , the “oi l  fiii gerp rint ” region
(900—650 cm ’ ) is scrutinized for similarities . If slight var ia t io ns do occur
in t ’iis region , the peaks are examined for possible weathering influences. The
sequential steps are outlined below .

NOTI’ 10. Before making a detai led comparison , ma ke sure there are no
in te r fe rences  from residua l foreign mater ia ls :

(a) For water in the sp i l l  samp le , check in the 3400 cm~~ region.

(h) For residual NgS04 from the drying procedure , check the 610 crT1 region
for  a small , sharp peak , and look for influences at 1075 and 1175 cm 1

(c) For residual pentane , if the sample has been deasphalted , look for 1 small
pair of twin peaks at 910 and 920 cm~~~. There would be a corresnonding increase
in the peak at 722 cm~~~.

6.2.2 gxamine the Intensit y of the 1377 cm~~ peak since it is a good
indicator 01 the thickness of the cell. An absorhance value of between 0.85 and
1 .0 at 1377 rm~~ gives the optimum fingerpri nt spectrum . If the two spectra
being compared have virtuall y the same absonhance at 1377 cm~~ , then the
identification of matching oil spectra becomes considerabl y easier.

6.2.3 If the spectra are of the same thickness of oil sample , compare
the overall shape of the e9ire curves. If obvious differences appear in the
region between 2000-650 cm , then th? non—matching spectrum of the suspect
oil Is disregard ed. If similarit ies do exist , proceed t o  the next step .

6.2.4 Examine the 1685 , 1708 and 1770 cm~~ regions for indications of
weathering. Here , many weathered oils display well—defined carhonvl peaks ,
particularl y at 1708 cn~~~. Even if the peaks are present in the carbonvi
region In  the spilled oil hut not in the suspect oil , con tinue to the next step.

NOTE 11. Unweat he red lubrican t oi ls may show a strong sharp band
near 1708 cm~~ due to a v i scos i t y—mod i f y i ng  addit ive which diminishes w i t h
Increased weathering. [n li ke  the additive peak near 1708 cm~~ , the peak due
to weathering increases slowl y and Is br oad.

L
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h .5 .5 Nex t examine the peak st r ic t ir~ s at 1 304, 11 65 and 1032 cm~~~.
These peaks generall y remain constant with weathering except for a general
shift o~ hasel m e  (between 1300 and 900 cm~~ ) in the direct ion of higher
absorhance. If they are unlike , disregard the suspect.

6 .2 . 6  The next area scrut in ized is the critical “oil fingerprint ”
region which presents the unique character of an oil. When the spilled
oil is the same as the suspect oil , the peak shapes , amplitudes and locations
parallel each o ther .  These ove r l ay  spect ra  are designated as a match. For
detailed examination of this region , lay one curve over the other in such a
way that the curve traces coincide at 875 cm~~ prior to a peak—b y—peak
comparison.

6.2.7 If an oil has been altered by weathering, the analyst must
take such effects into consideration . If the effects are moderate , the analyst
can account for then’ as outlined below . If the effects are severe , the best
procedure is to weather artificiall y a sample of the suspect to about the
same degree as the spill. In the shorter t ime frames — under one week — the
weathering changes are qualitatively well known . The lighter oils weather
faster during this period ; the heavier oils progressively more slowly. The
following describes the significant weathering effects for different oil
classes:

— Fuel oils No . I and No. 2 disp lay losses in hand structure a t  849,
820 , 810 , 790 , 782 , 766 and 700 wavenumbers (cm~~ ).  There are
apparent increases at 871 , 8 32 and 722 cm ’.

— Lubricant oils have additives which lose structure at 1708, 1355 and
1010 cn~~~. The 1235 cm~~ addi tive peak , however , remains stable even
with weathering and Is an excellent fingerprint for lube oils. The
722 cm~~ hand is very strong in luhes and diminishes slightl y with
weathering. It is another excellent clue for the classification of
lube oils. (Some No. 2 or diesel oils weather to leave a residue with
a large 722 cm~~ hand and strongly resemble luhes).

— Diesel oils show losses similar to the No. 1 and No. 2 fuel oils.

- No. 4 fuel oils show a decrease in the ratio of 744/722 cm 1 peaks.
There Is an apparen t increase at 722 cm~~ with apparent decreases at
700, 744, 766, 782, 790 and 810 cni -1 .

— No. 5 and No. 6 fuel oils show minima l weathering effects — with slow
devel opment of the carbony l peak at 1708 cm~~’ and an apparent increase
at 722 cm~~ .

— Crudes weather differently depending on the nature of the crude. Light
crudes will weather like light fuel oils; heavy crudes like heavy
fuel oils.

(;— 8 
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6.3  Samp le Spectra.

6. 3.1 Figure 1 shows the infrared spectrun of a No. 2 Hid o i l  to
illustrate the general spectral characteristics of an oil analyzed by infrar e r~
t ransmission t hrough KBr windows. This part icular i l lus t ra t ion is a ctu all’.

a superposit ion of three independent spec t ra  which graphically show how
reproduc ible rep l i c a t e s  are — even w i th  a sealed demountable ce l l  — if pr r*-r
techniques are used . The “oi l fingerprint” reg ion between 900—650 cm~~ can
be seen to have a large amount of f ine detail which is cha rac te r i s t i c  fur a
light oil.

6 . 3 . 2 Figures 2— 5 show spectra from 2000—600 cm’
~~ for four oi ls

weathered ove r four days. The origina l spectra were color—coded . They
are included here to show the general ef fec ts  on baselines between 1300
and 900 ctn~~ arid relative changes of individua l peaks in the “fingerprint ”
region . The figures are , respect ive ly: No. 2 , No. 4, No. 6 fuel oi ls ,
and a Louisiana crude wi th  curves at 0 , 1, 2 , 3 and 4 days outdoor
weathering.
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I - I NTROI)t N :r I ON

1n t ra red S~~ec t re s i -oj~v

A l l  mole cules ire m id , up of items held t c i t  her by c F i i i i i c i 1  bonds. These
- c t  l ike spr ings between i tem ; , le aving the a toms  roe to v i b r a t e . Each
1i t I eren t me I ecu I i h;is it s o~ci si t i i  j~~

; 
~ Id t 

~~
i -  t he  r hv i t s own s~ t

springs , and the resultin g motion ol t i items within t i e  mo1 ’~ u i  w i l l  F e
di t ferent for very kind ot mol ecule. I cli bond t v p t  w i t h i n  the mol ecule
has i t s  own c ha r a c t i r i s t  ic v i b r i t  j u i l I ri qu -nc v.

Iii fr; red spec t roscopv is fundan,-n t a l iv  a measurement of  the ih sorp t ion -

in rared rad ia t ion a t f req uenc i s corresponding t the v i  bra t  i ‘ni l  f req u -nc i es
Nt tile molecular  spec i es present in an o i l  sample .  Tb is pluinomenon (an lu
measured bec ;i ;ist molecul es hs ’rh rad Hit ion i t  frequenc [es com e iding with
the  molecu lar v ibra t iNns - i s  Ionp as net h inge in ele c tri c di po le  mi mi - nt
occurs. Thus , it i he-un ot m l  r ir e d radia ti on passes through an oil samp le
w hich has m o l e c u l e -  v i b ri t  ing at the same frequency IS the beam ut  rad ia t  I - n ,
the molecu les W i l l  iiisorb some ( i t  that r ad i a t  ion with a resultant dec re u se in
beam energy. The -ihsorpt ion of &n& rg-~ is a funct ion of the corn ,- nt  rat ion of
the molecul es and the th i ckness  of t h e  molecules as we l l  as t h e  nature of the
molecule s themselves. However , i f  the v ibrat ional  frequency of the samp le and
Infrared radiation do not match , the radiation will pass through undiminished.

The ano int i t  1nercv tr ansmitted (or absorbed) is measured with a spectr ephot omet er
w hich passes in m t  r i ro d beam through the oil samp le arid scans the in f rared
por t ion ot the e l e c t r n i C r u t i c  spectrum from 2 . 5 — 5 0  microns in wavelength
(4000—200 wav e numbers in -m 1 ) and detects the beam with a thermopi li . IThen

wavelength is reached at w h i c h  energy is absorbed , the spec trop hotom eter d e f l e c t s
a pen and rec o rd~ an h -uirpt ion peak on a char t .

The chart  record inc is referred to  as an in f rared spect rum . For oil ident i f icat  ion ,
the spectra of oils an compared it all wave numbers — w i t h  par t icu lar a t t en t i on
to the 900—650 cm~~ region whi ch is re fe r red  to as the “oi l fingerprint” region.
Pea ks In th is  region are c h a r a c te r i s t i c  of a given oi l  and are used to identif y
a spil l source by match ing  the spect  rum of the sp il I to that of the source.

How an Infrared Spectrop hotometer Works

In an infrared spec trophotometer , the source of radiation , usua l ly  a
ceramic cylinder , is heated electrically to incandescence (about
1200°C). The glowing source emits radiation over a wide range of
wavelengths . Only those wavelengths corresponding to the range of
4000—200 wavenumbers (cm 1) are of interest in that reg ion of the
e lectromagnetic spectrum which is called the “ m id—infrared ” region .

Radiation from the glowing source is divided into a sample beam (which
contains t he sample to be analyzed ) and a reference beam . After the beam
has passed throug h the sample , a d i f f rac t i on  grating is used to disperse
t he Infrared beam into :adlation at d i f fe rent  frequencies. Then the
grat ing is rotated to scan over the frequency range so that dif ferent
frequency components of t he dispersed radiation are directed through a
s lit onto the infrared detector (thermocouple ).
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The intensities of the samp le and reference beams remain equal so long

~is the sample does not absorb any 
transmitted radiation . At a point

where the frequencies of the sample beam match the natural frequency of
vibration of the molecule , energy will he absorbed , and the two beams
will no longer be at the same intensity. The detector on the infrared
instrument sees this difference in energy between the two beams and
generates a signal proportional to the energy difference which , in turn ,
causes an optical attenuator to enter the reference beam and exactly
compensate for the energy absorbed from the sample beam by the sample.
The final position of the optical attenuator is thus directly related
to the energy absorbed by the sample. By linking the recorder pen to
the optical attenuator (either electronically or by dir ect mechanical
linkage), the spectrum of the sample is recorded as absorhance versus

f r e q uency .

Interpreting Spectra

For oil identification , the spectra of oils are compared at all wave—
numbers with particular attentiun to the 900—650 cm 1- region which is
referred to as the “oil fingerprint region .” Peaks in this reg ion are
characteristic of a given oil and are used along with others to identity
a spill source by matchi ng the spectrum o1 the spill to that of the
S~ ) tire e.
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2 .  SI:t ’h\RY OF ~IETHOD

The recoimnended field infrared spectroscopic procedure provides a means
ot  “t ingerprinting ” petroleum oil spills. This procedure consists of
matching the infrared spectral characteristics of a sp illed oil sample

~ Lth i susp ec ted  source.

2-\ . INFRARED PROCEDURES — SCREENING AND ANALYTICAL

The two  te chniques used in the field infrared method are : The SCREENING
PRO( l:nt RL which uses a Mini—cell (silver bromide windows), and the non—
screening ANAl YTICAL PROCED!JRE which uses a demountable sealed liquid
ct ll (potassium bromide windows).

Tie initial step is to ascertain whether the preliminary screenin g techni que
is necessary for oils in a given spill set. If a large number of oils (8 or
more) are to be analyzed , or if water is present in any of the samples , then
the SCREENING PROCEDURE is dictated .

The two infrared procedure s p rov ide transmission spec tra . The SCREENING
PROCEDURE which uses the water—insoluble AgBr windows in the Mini—cell
allows the analyst to test for the presence of water while also offering
i rapid device for screening out those oils that do not resemble the oil
spill. The more reproducible ANALYTICAL PROCEDURE which emp loys the
dernountable sealed cell and potassium bromide windows (KEr) offers the
advantage of confining an oil ’s volatile components thus preventing
evaporation and insuring a uniform oil thickness during the scan . When
th e SCREENING PROCEDURE verifies that all water (Table 1, F igur e 7)
has been removed then the ANALYTICAL PROCEDURE can be used with confidence.

28.  APPLIcATIO NS

The infrared spectrum of any petroleum or non—petroleum oil provides
ab undant information as to its molecular composition . However , the
primary app l ication of the infrared identification method , to satisfy
current Coast Guard requirements , is to match a sp illed oil sample to
a sample from a potential source.

When an o il spill has been on the wa ter for ex tended periods , or if the
spill is a very light petroleum distillate , losses due to evaporation ,
dissolution and oxidation alter the spectrum sufficiently to make matching
d ifficult. This process of alteration is termed “weathering”. In such
cases , the oi ls f r o m  a suspec t shi p or fueling fac ility can be ar ti ficially
w ea thered by p lacing a portion of the suspect oil sample on water in a
beaker and sampling the oil at various t ime intervals.

The “ Infrared Method for Oil Spill Identif ication ” may be applied to samples
that are neat (unaltered ) oil , films of oil on water , oil coated on sand or
ot her solids , or to oil emulsified in water.

2C. APPARATUS AND MATERIALS

Instruments . The instrument used is the Perkin—Elmer 727B Infrared Spectro —
photometer .  Re fer to the instrument instruction manual for information which
Inc ludes: operation , ma intenance , installation , t heory, spec ifications
and troubleshooting.
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Appara tus

Cent rif uge , Vor tex mixer , l igh t box , ho t p late , Barnsite , silicon
carbide paper

Ce lls — Demountable sealed liquid , Mini—cell
Windows — Potassium bromide (KBr), silver bromide (AgBr)
Accessor ies — Attenuator
Fume Hood — To provide adequate ventilation to handle solvents.
Waste solvent container.
Teflon wash bot tles for solvents — properly label led

Expendab le Materials

Expendables include anhydrous magnes ium sulfa te for dry ing oil samp les ,
;;o lvents necessary for cleaning cells and polishing windows (reagent grade
dic hioro tn ethane , cyc lohexane , to luene , acetone , met hanol), centr ifuge
tu bes , p ipet , c hart paper.

I
1’ 

.

‘
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3. INFRARED ANALYTIC AL PROCEI)URES

A.  Preparation of Oi l Samples

Sample preparation is the key to an accurate and reliable analysis. Extreme
care must be exercised in the handling of oil samples , and in the use and
cleaning of all th e equi pmen t involved in the analysis. The following
section refers to the procedures to be used in (1) preparing various
type s of oi l s fo r  analysis, (2) cell loading procedures , (3) care of cell
w indows , and (4) cleaning of cells and all glassware used in samp le
preparation and analysis.

3A1 . NEA T OIL SA~1PLES

Neat oil samples are those which are unaltered . They are free of foreign
matter such as water , sand , dirt , debr is, etc.

When neat oil samples arr ive at the Coast Gu.ard operational field unit for
analysis proceed with the following instructions:

a. Exercise care in the removal of jar and bottle caps to prevent introducing
contamination .

b. Carefully draw off a samp le of about 2 ml of oil with a Pasteur p ipet.
This measurement can he made in a 2.5 ml centrifuge tube.

c. Place withdrawn oil into a clean sample vial with Teflon liner .

d. Mark vial with the identical sample number that appears on the oil
colle ction jar or bottle.

e. Scan all neat oils as instructed under ANALYTICAL PROCEDURE, using a
demountable sealed liquid cell. This is described in Section 3B5. (If
water is suspect in oils that appear to be neat then scan oils first with
the SCREENING PROCEDURE, Section 3B4, before proceeding with the ANALYTICAL
PROCEDURE. If water is evident in the screen ing spec trum then proceed as
instructed under WATER REMOVAL PROCEDURE, Section 3A5 .

3A2 . SAMPLES WITH THIN OIL LAYERS

For samples of oil on water where the slick is too thin to be sampled by
us ing a Pasteur p ipet , str ips of Teflon can be used . Since oil adheres
to Te flon more readil y t han water does , collect the oil by dragging a
Teflon strip on the surface of the water in the sample bottle and then
allow the oil to drip off the strip onto a clean aluminum pan or into a
clean ja r .  Con tinue un t il enough oil , preferably not less than 1 ml,
is collected . With water present in the oil , proceed as follows :

a. Proceed as instructed under WATER REMOVAL PROCEDURE described in
Section 3A5.

b. Proceed as instructed under SCREENING PROCEDURE, Wilks Mini— cell ,
described in Sec t ion 1134 .

c.  Proceed as instructed under ANALYTICAL PROCEDURE, d etnountable sealed
l iqu id cell , described in Section 3B5.
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OIL AND WATER SAMPLES

For samp les o f  oil that are amp le hut contain water , follow the three
procedura l step s l i s ted under Section 3A2a , b and c.

3A3. SAMPLES OF OIL ON SAND, DIRT, DEBRIS, ETC.

Oil can he removed for analysis from oil—soaked material such as sand ,
dirt , sawdust , vermiculite , grass , glass wool , etc., by the following method :

a. Place several grams of the oil—soaked material , into a centrifuge
tube that is labelled with the identification number on the oil collection
j a r .

h. Cover material with distilled water.

c. Stir contents with a spatu la  to enable the O ti  to f ree i t se l f  from the
mater ia l. Most o i ls  w i l l  r is e  to the surface of the water.

d. A l low to stand for a few minutes to enable remaining oil to surface.

e. Stir contents again if some oil appears to remain adhering to the
m a t e r i a l .  (Continue the stirring and settling procedure until about 2 ml
ot ‘ ii Is free. )

~~. I f heavy dark oils refuse t o  separate easi ly from the foreign materials ,
pl.u e the centrituge tube in warm bath water (temperature kept constant
it h-~.(YC). With heavy crudes and residual oils , tempe ratures as high as

hO- 70 ° C ~av be necessar y . A l l o w  oil material mixture to stand for 1/2 hour
in the warr~ bat h .

g. S t i r  the warmed m ix tu re  repea ted l y  to enable the oil to rise to the
surface.

h. Remove the surface oil in the centrifuge tube with a Pasteur pipet and
place this oil in a clean centrifuge tube.

i. Proceed with Instruct ions under WATER REMOVAL PROCEDURE described in
Section 3A5.

j. Proceed as instructed under SCREENING PROCEDURE Wi lks Mini—cell , described
in  Section 3B4.

k. Pro eed as instructed under ANALYTICAL PROCEDURE, demountable sealed
liquid cell , described In Section 385.

NOTE: The techniques of floating the oil off of debris offers the advantage
of avoiding contamination by organic solvents. However , in some intrac table
cases it may be necessary to extract with pentane , dry wi th MgSO4 , centrifuge ,
withdraw the pentane layer and evaporate under nitrogen. The disadvantages
are : (1) some asphaltec.es may not dissolve and thus alter the spectrum
obtained ; (2) some residual pen tane may alter the spectrum . The residual
pentane can be readil y observed in the 910 and 920 cm~~ region (See Figure 15)
to monitor its removal. For details of deasphal t ing , see App endix D (Gas
Chromatography).
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~V’ . WATER RE~lOVAl . PROCEDURE

Tc’ remove water from oil—water mixtures proceed with t h e  t o l l o w i n g  instructions:

a. rs i r i c  a P as t e u r  pipet (5 3/4”), withdraw a sample of the oil—water mixture
f rom the s u r f a c e  of the oil collec t ion jar (about 2 ml , and not less than 1 ml).
This amount will fill about 3/4 of the p ipet. Avoid drawing water from the
bot tom Liver

h . Place the oil mixture into a disposable centrifuge tube labelled with
the identical number tha t is on the oil collection jar.

c .  Place thi s tube into a beaker of warm water (temperature kept a t  3 5—
-+O °C for 10 minutes. For very heavy oils it may be necessary to warm oils
in a bath to ih eui t 60°C. Avoid such high heat on light m~
semi—heavy cii types (Nos. 1, 2, 4, 5, l ight crudes and b i t s )  is the light
components in t hese oils would be lost . (Exercise caut ion whe n using heat
with oils to prevent i gnition.)

d .  Remove water from the base of the centrifuge tube with a Pasteur p ipet.
When a small amoun t of water is present in the tube u s e a d is p o sa b l e  syringe
w ith needle (18 gauge).

Place the remaining oil in centrifuge for 15 minut e ’ s i t  250() rpm

(R.C.F. 1000). Place some of the warm bath water in the centrifuge

recept acles thus extending the warm environment wh i ie pr ’tec ting the tubes

from breaking. Always balance centrifuge with a tube o t  equa l we igh t

opp osite to  that being centrifug ed .

Remove water from oil with syringe or pipet and add about 150 mg ot

magn e sium sulfate (MgSO 4~ . This is approximatel y 0.5 m l in a 2.5 m l

ce n t r i f uge  tube.

g. Mix well on Vortex mixer and centrifuge samp le for 1~ minutes at 2500

r .p .m .

NOTE : Some heavy oils such as No. 6 and Bunker C ’s and also highly emulsified
o ils may requi re a longer length of time in mixing and in centrifuging. For
examp le , “ heavy weathered oils may require up to two hours of centrifuging
whi le lig ht oi ls may require onl y 10 minutes. ” .

h. Screen o il samp le for water. Follow instructions under SCREENING PROCEDURE
in Section 3B4.

NOTE: Exercise care when removing oil from the centrifu ge tube in order to
avo id disturbing MgSO 4 with the pipet .  Also , avoid contact with the bottom
layer of the centrifuge tube and the side walls where so me M8SO4 may be
adher ing.

I. Check s ?ectru m for entrained water which can be seen at 3450 — 3333 wave—
numbers cm 1 and 1640 cm 1. (For an example of water in an oil spectrum
see Figure 7.) See Table 1.

iAhmadj ian , M . ,  C. I). Baer , P. F. Lynch , C. W . Bro wn , ‘1Exper iinenta l Conditions
for Matching Laboratory and Marine Weathering of Petroleum by Infrared
Spectroscopy, ” 1975 Pittsburgh Conference on Analytical Chemistry and
App lied Sp ectroscopy, Cleveland , Ohio .
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j. If water remains in spectrum remove the lower water layer , add 50—100 mg
more of MgSO 4 , mix on the Vortex mixer and recentrifuge for a longer length
of t ime depending upon the type of oil. Follow the same procedure as
described above after the addition of MgSO4 (g— i).

NOTE: Avoid ex cess MgSO4 as it can interfere with an oil spectrum . See
Figu re 4 f or MgSO4 spectrum , and Table 1 for peak assignments. The
610 cm~~ peak is diagnostic for residual MgSO4. Since the 727B cuts off
at 600 cm~~ , the curve must he examined very carefully at 610 cm~~ to
discern the presence o f MgSO4 .
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3A6. cELL LOAD iNG PROCEDURES

a . WILKS MINI—CELL. This cell , used spec if i cally in the SCREENING
PROCEDURE, consists of a threaded , two—p iece Delrin bod y ,  “0” r ing and
two silver bromide (AgBr) windows . The AgBr windows each contain a 0.025 mm
circular cavity. The rim of the window is flat and the circumference is
beveled to ensure a proper seal . (See Figure 1 for illustration.)

The advantage of using this cell lies in the small amount of sample req ui red
fo r  anal ysis and the ease of cleaning the cell. The windows are inexpensive
enough to discard when they become scratched or darkened due to exposure
to ultrav iolet light.

To assemble and fill cell with oil proceed as follows:

(1) Place the body of the Mini—cell (the portion containing
internal thread ) with the open end facing upward .

(2) Install the “0” ring into the bottom of the cell body.

(3) Place a drop of oil sample into the 0.025 nun . cavity of
one AgBr window .

(4) Slide the flat side of the second window over the sample
and caref ull y press together to form a tight seal.

(5) Slide the windows around on each other , with one edge up,
to work out all air bubbles or press outer ed ges firmly.

(6) Gently lay the windows in the Delrln holder and screw in
the barrel por tion (externally threaded) of the cell until
it fits securely. App ly consistent pressure to barrel for
each oi l app lication .

(7) Recheck windows for uniform oil film and for bubbles. Reapply
oil if bubbles cannot be removed .

(8) Proceed as instructed under SCREENING PROCEDURE.
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b. DEMOUNTABLE SEALED LIQUID CELL. This cell , used specifically in the
ANALYTICAL PROCEDURE, employs potassium bromide windows (KBr ) and a 0.05 mm
Teflon spacer. To use this cell proceed as follows :

(1) Cell Assembly. Assemble the cell as shown in Figure 2.

(2) Lay the back p late on a f lat  surface with the studs up and
place the window guide over the studs.

(3) Insert the rubber gasket into the cavity of the window
guide , with an undrilled KBr window next.

(4) Place the 0.05 mm Teflon spacer on the window and cover the
spacer with a drilled window .

(5) Place the lead gasket over the drilled window so that the
filling holes in the lead gasket and in the drilled window
are aligned .

(6) Install the top plate assembly and fas ten it sec urely with
the quick—acting nuts.

(7) Tighten the quick—acting nuts evenly in criss—cross pattern ;
turn each nut down a small amount , then proceed to the next
and cont inue in this fashion until all the nuts are tight
enough to prevent leakage from the cell .

(8) Do not overtighten the nuts or tighten them unevenly, as the
w indows may crack.

(9) Proceed as instructed under ANALYTICAL PROCEDURE, Section 3B5 .

c. PROCEDURE FOR OILS THAT WILL FLOW IN A LIQUID CELL

(1) Fill the cell , t ilted at 45 degrees , from the bottom port
us ing a Pasteur p ipet or syr inge wit h a Luer—Lock tip .

(2) When the cell appears filled with oil , place some oil in
the top port.

(3) Stopper the cell with Teflon plugs , taking care to avoid
either air bubbles or undue pressure. (If bubbles do occur ,
gentl y force bubbles throug h b y app lying pressure on bottom
Teflon Plug or pull bubbles throug h with a disposable syringe.)
Insert the bottom plug f i r s t  using a twisting motio n . Gentl y
insert the top plug.

(4) Proceed as instructed under ANALYTICAL PROCEDURE, Section 3B5.

d . PROCEDURE FOR HEAVY OILS THAT WILL NOT FLOW IN A LIQUID CELL. This
procedure is described as a “smear technique. ”

(1) Place a large drop of the oil , using a spatula or applicator
stick , in the center of the KBr window that holds the 0.05 mm
Tef ion spacer.
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(2) Place another KJ3 r window over the oil and press to form a
u n i f o r m  oil smear.

( 3 )  Assemble remaining cell parts. See Fi gure 2 .

(4) Follow previous instructions fo’ stoppering cell with Teflon
p lugs (Section 3Aôc(3)).

(5) Proceed as instructed under ANALYTICAL PROCEDURE, Section 3B5.

3A 7 .  CARE OF CELL WI :POWS

- i .  POTASSIUM BROMIDE (KJIr)

The cure and handling of the EBr windows used with the demountable sealed
cell is critical to the quality of infrared analysis. Window fogging, caused

~‘.ainl y by etching of the window surfaces by water vapor or moisture in the
samp le , nay result in a sloping baseline or in excessive reduction of the
ene rgy transmitted by the cell. Sample residues occluded on window surfaces
may absorb energy in a way which will seriously hinder the interpretation
of other spectra or reduce the accuracy of quantitative analyses. These

~it fL cul t le s can be overcome by keeping the windows clean and dry, and by
polishing them . When a K.Br crystal window surface has become scratched ,
:o l low the polishing procedure described below . If , however , t he window
is ne rt ly fogged , omit grinding on sandpaper and proceed with the final
polishing operation :

Polish ing Potassium Bromide Windows — Place a sheet of 3M 600 gr it sandpaper
on a flat surface. Grind the window surface by mov ing it back and forth ,
in a straight line , over the sandpaper until any surface imperfections ,
such as scratches or insoluble sample residues , d isappear . Apply an even
pressure while grinding in order to maintain a flat surface . If the windows
are badly scratched , use a coarser silicon carbide paper , such as 400 gri t ,
for the first grinding. Follow with a second grind ing using 600 gr it paper
and a notion perpendicular to that of the first grinding . Continue with the
600 grit paper until the scratches from the coarse paper are no longer visible.

After grinding, hold onl y the ends of the window (in order to prevent fogg ing
from finger moisture) and polish the window surface as follows : Sprinkle
a little polishing compound (Barnsite) over a two—inch diameter circle on
a lap cloth and moisten the compound with several drops of a 10 percent water—
methanol solution saturated with KBr. Polish the window surface by rubbing it over
t h e compound with a circular motion . After about 10 seconds of polishing, wipe it
o f t  t h~’ window quickl y using a dry , clean portion of a polishing cloth. Repeat the
above polish ing and wip ing procedure for about 3 minutes. inspect the window
surface to see whether additional polishing is required . The surface should
be clear and free from scratches. If a mottled surface “orange—peel” effect
is evident , it is unacceptable and should be removed . If no further polishing
i s needed , grind and pol ish the other side of the window . Rinse windows
with cyclohexane to remove any re~ ldual Barnsite on the window surfaces and
in the drilled holes. Re—examine the holes in the drilled window to be certain
they are free of Barnsite as this compound could contaminate the oil sample.

NOTE : Keep potassium bromide windows in a desiccator when not in use since
atmosp heric moisture will fog them .
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h. SI l VER BROMIDE (A~j t r) RI PLACEMENT PRO CEDURE

A ebi windows i re  very sot oid must he handled careful ly to avo hi scratching.
-\iso , pr otect them from light is much as possible , since t hey dar ken on
~\ posn r& ’ to t i l t  r i v io l e t  l ig h t .  These l im i ta t ions  require occasional  rep la c e—
~nen t  -~~ t h e  wind ows. The re p l icement frequency is governed by the spec t ra l
has e l m e  cI.anges due t o  thc~ e factors.

To determin e the necessity for Ag Br window replacement use the following
procedu re

(1’) Set Mini—cell sample holder and Mini—cell (blank windows)
in the samp le beam of the instrument.

(2) Measure the percent transmission at 4000 wavenumbers cm—l and
record in a notebook. New , non—degraded windows register about
43 percent transmission .

(3) After windows have been used 10—15 t imes , recheck percen t
transmission at 4000 cm—I. Degraded , darkened , unac cep table
windows will register about 33 percent transmission . These
windows are to he discarded.

NOTE: Store AgBr windows in the dark and avoid direct contact with metal.

3A8. CLEANING

IR CELLS

All parts of the demountable sealed cell and Mini-cell must be thoroughly
cleaned with a solvent. Cyclohexane may be used for the lighter oils ,
dichioromethane , or toluene , is used for semi—heavy and heavy oils.
(Cvclohexane causes less fogging than dichloromethane.) (Always clean ports
- f  demountab le sealed cel l  and dri l l ed holes of the KBr windows wi th
dich ioromethane to prevent contaminat ion.) Exerc ise caution w i t h  use of
dirhioromethane . It is toxic and should he used with a fume hood .
Avoid skin contact.

a. PROCEDURE FOR MONITORING CONTAMINATION ON KBr and AgBR WINDOWS

(1) Reassemble clean cells. See Figures 1 and 2.

(2) Follow instructions under ANALYTICAL PROCEDURE S and SCREENING
PROCEDURES (Sections 3B4 and 5) for instrument adjustment only.

(3) Scan clean windows to 2800 cm ’.

(4) A clean cell will show no absorption in the 3000—2900 cm~~
reg ion .

( 5) If abs orh ance peaks do appe a r , rec lean windows .
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b. GLASSWARE (2.5 ml centrifuge tubes , beakers)

(1) Remove as much oil as possible with solvent (cyclohexane).

(2) Wash equipment with Sparkleen (Fisher Scientific Co.) and
Jansolv—60 (Sunshine Chemical Corp.).

(3) Rinse equi pment f irst with tap water.

(4) Rinse finall y w ith acetone .

NOTE :1 When cells and glassware have been cleaned , store these items in
a clean drawer that has been lined with clean disposable towels.

NOTE:2 All the waste organic solvent that is used in the cleaning procedure
is to be poured into a Teflon liquid waste bottle that is marked specifically
for waste organic solvent . Caution : Never pour inorganic materials into
the organic waste bottle. Transfer contents of Teflon liquid organic waste
bottle to the organic liquid waste storage can daily after all cleaning
operations have been completed .
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3B. OPERATING PROCEDURFS FOR THE PERKIN-ELMER INFRARED SPECTROPHOTOMETER
MODEL 727B

1. Read Perkin—Elmer 727B Instruction Manual for a complete description
of instrument parts with photos, maintenance , operation , specificat ions
and troubleshooting .

2. DAILY INSTRUMENTAL WARMU P AND OPERATING PROCEDURE. Proceed as follows:

a. Power Push Button Switch (front panel) — Press to provide power to the
instrument (indicator glows). Wait 10 minutes for instrument warmup.

b. Insert pen in pen holder .

c. Chart Alignment — Make certain the chart paper is installed correctly
by aligning the 2000 cm ’ mark on the paper with the correspond ing mark
on the chart paper carriage. (Make certain the bottom of the chart paper
is flush against the lip on the bottom of the carriage.)

d. Auto—Set Mode Selector Switch (front panel) — Set the Mode Selector
Switch to the Resolution position . Do not use Survey (Fast Scan) position
for Oil Identification or when calibrating the instrument.

e. Gain Auto—Chek~~
1 Control (slotted knob adjustment at top left of

instrument):

(1) With the pen raised , scan off , manually move the paper carriage
to 1975 cm 1- . Use the 100% control to set the pen at 90%
transmission .

(2) Press the Gain Auto_ChekTM knob . The pen should move downscale
10 ~ 17 (from 90% to 79—81% transmission). If the pen moves
downscale by more than 11% T, the Gain is set too low. Adjust
the Gain (clockwise rotation) until the pen displacement from
the starting level , 90% in this case , is 10 ± 1%. If the pen
moves downscale by less than 9%, the Gain is set too high.
Adjust the Gain (counterclockwise rotation) until the pen moves
downscale by 10 1%T.

NOTE: With a sample in the beam , the method of setting the Gain is almost
identical to the method without a sample. The one exception is that the
downscale pen movement is measured from the starting ordinate (%T)
level when a sample is present.

f. Balance Control (screwdriver adjustment , hole on recorder base). Set
f daily and whenever Gain control is reset:

(1) With scan off , set the paper carriage at 1975 ± 20 cm 1.
Adjust the Gain.

(2) Partially block the sample beam to bring the pen to about
50% transmission .

(3) QuIckly block the sample and reference beams simultaneously.
The pen should remain at a constant transmission setting or
drift slowly upscale (not more than 2 1/2% in 10 seconds).
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( 4)  I f  th ere is a large upscale drift or ~~~ 
downscale drift ,

adjust t h e Balance control with a screwdriver.

(5) Recheck the Gain .

g. Uith the i00 : control — Set the pen to 100% transmission with neither
beam b locked .

h. Manua lly move the paper carriage to 4000 cm 1.

i .  Scan Switch (front panel) — Press the Scan button to initiate the scan ;
the Scan button li ghts when the instrument is scanning . If the scan is to
he stopped before reaching the low wavenumber limit , press the Scan button .
At the end of the scan , the pen lifts automatically from the chart paper ,
and the Scan lig ht goes off.

NOTF 1: The P—F 72711 instrument should be calibrated dail y and whenever an oil
spill set is to he analyzed . If a spill set is to he analyzeei after initiating
the Daily Instrumental Warmup and Opera t ing Procedure, complete instruction
3B2h of that procedure and then continue immed iately to instruct ion 3B3d in
Procedure for Calibrating the P—E Infrared Spectrophotometer 727B.

Turn the scan off before moving the paper ca rriage manually.

NO TE 3: The ze ro ad~~ stment should be tested once a week; the pen should
re st at zero transmission on the chart when there is no radiation in the
sample beam. if the pen does not rest at zero , make the zero adjustmen t as
descr ibed in Sec t ion 4E of the instrument instruction manual .

H- 15



3113. PROCEDURE FOR CALIBRAT ING TUE P—E INFRARED SPECTROPHOTOMETER 727B

This calibration procedure is used is  i test to determine that the 72711
instrument is performing within the manufacturer s specifications. Before
initiating the calibration procedure , first ensure that the Daily Instrumental
Warmup and Operatin~~j rocedure has been comp leted .

a . Set the ~~~i in as follows:

(1) W ith ~he j~~n raised and scan off , manually move the paper
carriage to 1975 cur’. Use the 100% control to set the pen
i t  907 transmission .

(2) Press the Gain Auto_ChekTht knob . The pen should move downscale
10 + 1 ’ : (t 79— 8 17 t ra nsmiss ion) .  If the pen moves downscale
l’v more than 11% T, the Gain is set too low . Adjust the Gain
(clockwise rotation) until the pen displacement from the
starting level , 90% in this case, is 10 1%. If the pen
moves downscale by less than 9% T, the Gain is set too high.
Adjust the Gain (counterclockwise rotation) until the pen
moves downscale by 10 1% T. (Gain may be adjusted whether
the knob is pressed in or not.)

b. Set the pen to 1OO~’< transmission with neither beam blocked .

c. Manually move the paper carriage to 4000 cm~~ .

d. Place .05 mm polystyrene film in sample beam (see Figure 16). The pen
will fall to between 80—857 transmission .

e. Press scan button to initiate scan .

Compare the pol ystyrene spectrum with the one illustrated in Figure 16.
The following baiids in the spectrum should appear at the frequencies indicated
and should not deviate from the designa ted f r equency by more than the tolerance
indic ated .

Band No. Frequency Tolerance

1 2851 ‘ 8 cur1
2 1601
3 907 ~~4 cnr1

g. If t h e  polystyrene t es t  spectrum is not within the tolerances indicated
or does not have the same general contour and appearance as Figure 16. then
refer to Section 4C of “The Perkin—E lmer Instruction Manual Model 727B. ”

NOTE : Avoid touching polystyrene film surface. Be consistent in the positioning
of the film in the sample beam. For example , mark the cardboard edge of the
film “face side up” and always p lac e it in sample beam in that position .

H— 16
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P 3B4 . S C R E E N I N G PROCEDUR E

This procedure uses the Wilks Mini—cell and AgBr windows with a 0.025 nun
cell cavit y . To screen oil samples proceed as follows :

a. Fill the Mini—cell with oil as instructed under Cell Loading Procedure
in Section 3A6a .

h. Set Mini—cell sample holder and Mini—cell , containing oil sample, in the
samp le beam of the instrument. (Verify that sample holder is totally down
in the sample beam slot.)

c. Set attenuator in the reference beam.

d. Set the Mode Selector Switch to the “Resolution ” position .

e. Manually move the paper ~:arr iage to 1975 ~ 20 cur
1.

f . Adjust the attenuator to set the pen at 0.05 absorbance units (90%
transmission)

g. Press the Gain Auto_ChekTM knob . The pen should move downscale 15 ±
1% (from 90~ t 74—76’ transmission) . If the pen moves downscale by more
than 167 T, the Gain is set too low. Adjust the Gain (clockwise rotation)
until the pen displacement from the starting level , 90% in this case, is
15 t 17. If the pen moves downscale by less than 147 T, the Ga in is set
too high. Adjust the Cain (counterclockwise rotation) until the pen moves
downsca le by 15 • 1% T. (Gain may be adjusted whether the knob is pressed
in or not.)

h. Manually move the paper carriage to 4000 cur1.

I. Press the Scan button to initiate the scan .

N°FF: Before mov ing paper car r iage manually ve r i fy  that Sca n hutton is
turned off.

j .  See Tabl e 1 for Spurious Bands in Spectrum . See Figure 7 for
spectrum of water in oil. If t he sample has already been t rea ted  w i t h MgSO 4
look for the telltale 610 cm ’ peak and changes In absorbance at 1075 and
1175 cm~~ (See Figure 4).

NOTE : Sometimes water in the oil is not well resolved in the Mini—cell. Be
alert to the 3300—3400 cm~~ area when analyzing a “dry ” samp le in the
demountable sealed cell.

H—l7
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3B5 . ANALYTICAL PROCEDURE

This procedure uses a demountable sealed liquid cell with KBr windows and
0.05 mm Teflon spacer.

a. Assemble the cell (Figure 2) and fill with oil as instructed under
Cell Load ing Procedures, demountable sealed liquid cell , Section 3Abb.

b. Set the Mode Selector Switch to the “Resolut Ion ” posit ion . Pia & ~i
sample in sample beam of the instrument .

c.  Manually move the paper carriage to 1975 20 cur’.

d. Set the recorder pen at 0.02 absorbance units ( Q5 ~ 1) ‘.~- i t h  th e 100 -

Manually move the paper carriage to 650 cur1 to determine if the pen Is
on scale (slightly above 0.0 absorbance , 100% 1). If the pen is on scale
proceed to the next step . (If the pen is not on scale at 650 cuH set the
pen at 0.02 absorbance units at this wavelength and proceed to the next step.)

3e. Manually re turn the paper carriage to 1975 20 cm~~~.

f. Press the Gain Auto_ChekTh knob. The pen should move downscale 10
1%. If the pen moves downscale by more than 11% T, the Gain Is set too
low . Adjust the Gain (clockwise rotation ) until the pen displacement from
t he start ing level is 10 ~ 1%. If the pen moves dowmsca le by less tha n 9% T,
the Gain is set too high. Adjust the Gain (counterclockwise rotation ) until
the pen moves downscale by 10 ± 1% T. (Gain may be adjusted whether the knob
is pressed in or not.)

g. Manually move the carriage to 4000 cur’.

h. Press the Scan button to initiate the scan .

I. After the instrument has completed scanning, inspect the cell to see
whether any bubbles have developed that would invalidate the scan . If nor ,
proceed as instructed under Interpretation of Spectra , Section 3C.

H— 18
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It . ‘
~~F.RI’RFl AT ION OF SPF (’TRA

Fit  i : ’ i t , I v , t i l  i d ,nt it ic a t  ion is based on a comparis on of the s p i l l  spectrum
w i t h  t h o s e  0 th, va r i . ’us po t e n t  lal so u r c e s .  Wh en th e ret-w it s ire to he used

r rens i c pit r ‘ S , Cong t r i sons must be made ‘n s pee t r i oh to i nod by using
Ft - c i t ’ s s inp e ;‘ repa r.i t i ‘n • t he same inst rumen t , and t hi’ same in st rtiment

~t t t ittc’ ~ . Sp e ctr a l int e rpret it ion is i& -co rnplished q i t i l  Nat ivelv by a visual
v,-r I iv m~- t hs l .  Tab 1 e 2 lists the useful pea ks in pet r ’  li- urn ident if ) cit ion .

I . 0V 1 0 A 1  ~‘! T} l0fl

~I~ - ~1 yt- r j , \ - ’~,-th1od con sists of a visual comp arison ‘1 the spectrum of  a sp i l l
v ith that ot a p t  ent ial source using a light—box. This comparison is a c c o m —
rl ished b’’ insur i n g  fi rst that the spectra have comparabl e hasel ines at
I0~ 5 cm ’ m d  ahsor hance i t  l 3 7 5

1
cm~~ ; then examining for simil a r it i~ s

in - vt - r o l l  shape from 4000—650 cm ; closer stud y of the l77 0— l 6M~ urn
r e C  ion; and examina t ion ~ t areas where the his el m e  is k-iown to ~ii i ft down
(1350 cm — ’ — qOO cnH) to greater intens it ies with weathering. The “fingerprint ”
rug jon (~~00—h ~0 crnH) is then exam ined for s m i  larit ies. If slight v o ri i t ions
do occur in this region , these peaks are examined for possible weathering
j
~~~t iLonces . The sequential steps are outlined below .

a. Lx arn in t- the intensit y of the 1375 cm~~ peak since it is a good indicator

~~t oil thickness in the cell. An absorhance value of between 0.85 and
1.0 a t  1375 crn~~ deliv ers the optimum fingerprint spectrum . It the two
spe- :tra heing corrpi red have virtually the same ahsorhance at 1375 cm~~ ,
then the id e ntif i c a tion of notching oil spectra becomes considerabl y easier.

‘~~ith eri ng does  affect the 1375 cm~~ to some degree , hut it is s t i l l  useful
is a guide to thickness.

b. If the sp,- ct ra are 0 t he  same thickne ss of  o il samp le , compare the
(- -:~-r a1l s h i p , of t he  entire curves. If the spec t ra  are d i f f e r e n t  in s p e c t r a l
shape (ru il’o- ) , then th~ non—matching spectruri of the suspect oi l samp le
i~ disr e gm rd -d. It s i m i l a r i t i e s  do exist , proceed to the next step.

u. Exam ine the 1700—1710 region for the generation of a peak which indicates
weathering. Here , many weathered oils disp lay a well—d efined carbonyl peak
(Figure 8). Small amounts of carbonyl peak formation are indicative of weathering,
but in some types 0 1  oils (e.g. heavy oils — See Figure 9) this carbonyl
formation does not result in any impor tant changes in the fingerprint region.
Even if a peak is present in the carbony l region in the spilled oil but not
in the suspect oil , con tinue to the next step .

NOTE : Unwea thered lubrican t oils may show a strong sharp band at
1710 cur’ (see Figur e 11 ) due to a viscosity—modifying additive which
diminishes with increased weathering. Unl ike the additive peak at
1710 cur’, the peak due to weathering increases slowly and is more
br oad. Compare Figures 8 and 11 which demonstrate these difference .

d. Nex t examine the peak intensities between 1350—900 cm ’. In this reg ion
a shift down to greater peak intensities is observed with weathering.

e. The next area scrutinized is the critical “fingerprint ” reg ion (900—650
cm 1) which presents the uni que character of an oil. When the spilled oil
is the same as the suspect oil , the peak shapes , amplitudes and locat ions
overlay each other. Replicates of the same oil , carefully analyzed , will
not vary more than the pen l ine—width. These overlay spectra are desi gnated

i - ,  a ‘‘ def m l  t t -  m i t c h ’’ (DM)
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f. If an oil has been al tered by weathering, the analyst must taice such effects
into consideration . Weathering alters certain portions of a spectrum ; the degrees
and locations of the changes are known for various oil types. When these chanN -t
are taken into consider ation , certain differences from a precise overlay become
allowable when matchin g a w ithered to an unweathered oil. The allowable
differences are q u a l i t a t l v i l v  indicated in paragraph (g) below . The qualitative
peak ratios of all other peaks must remain constant .

~~. r~-~ curves  : (1) d it for i ng in the carbony I re~~ion (1 708 cn~~1 ) ; (2) showing
- i general lower ing  o t  h,i~~el inc f rom 1300— 900 cm w i t h  no marked peak r a t i o
ch ing&-s or changes in p t i ~~s in t he - 900— 700 cm~~ region whic h can he
i t t r i hut oh I,- 1 w e l t  h~- r m ng , a ri u s  igna ted as a ‘‘probab le match’’ (PM)

hi . I t t he  changes ar t - excess  ive and the re is any doubt in the ana lys t  ‘ s
mind whether the oi is match or not , the desi gnation is “indeterminat e ” (1).

1 .  ~hen the o i l s  Ire c l e a r ly  d i f fe r e n t , w i t h larger d i f f e rences , peak reversa ls ,
ab sence ot some peaks present in other curve , e t c . ,  then the designat ion
is ‘‘ no n—matc h’’ (ND)

j .  Most oil sp ills are located within 48 hours during which weatherirg changes
can be significant in li ght oils such as No. 2’s, some No. 4’s and light crudes.
In heavy oils , however , such as some No. 5’s, No. ó’s, Bunkers and heavy crudes ,
weat hering e f f e c t s  may be negligible. The following describes significant
weathering e f fects on different classes of oil.

——F uel oils No. 1 and No. 2 disp lay losses at 870 , 850, 835, 820, t~l0 , 765 ,
725 , 700 wavenumbers (cur l).

— —Additives in lubricant oils lose structure at 1710 , 1355 , and 1010 cur’.
The 1235 cur’ add i t i ve  p -ak , however , remains stable even with vcsthering
.ind is an exce l l en t  f i n m~t rprint for lube oils. The 725 cur1 bard is very
strong In lubes and diminishes slightly wi th weathering. It is another
excellent clue to the classification ot lube oils.

-—D iesel oils show losses similar to the No. 1 and No. 2 fuel oils .

--No . 4 fue l oils show ratio intensity changes between the 745 and 725 cur ’
peaks.

--Weat hering e f f e c t s  on No. 5 and No. 6 oils are less than in lighte r oils.

-—Crudes weather dif ferent ly.  Light crudes will weather like light fuel
oils; heavy crudes like heavy fuel oils. Light crudes display significant
losses at 765, 745, 695 and 675 (curl).
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1( 2 .  SPECTRA~~ F O I L ,  SOLVENTS AND MA c ,NES IIIM S1’LFATE

t .  Figure -1 s hiow~ a No . 4 fuel oil with varying a m o u n t s of ri’s Idual

~t gSO~ is might hi obta ined . Absor pt  ion at 610 ~‘m
1 Is indicative 0

t races of M gSt)~~.

h. Figures 5 and 6 show curves of the same No . 2 fue l  o I I to  di m - o c t  rot  t-

the greater  resolut ion and increase d spectral information h t i i n e d
f rom a demounta hie sea led cel l  when compared to a M i n i- c i l l.

c. Figure 7 shows spectra of a wet and dry No. 4 fuel oil.

d. Figures 8 and 9 show spectra of No. 2 and No . 6 fuel  o i l s  r i-s pe t iv e lv ,
unweathered and weathered four days.

e. Figure 10 is a spectrum of a crude oi l .

f. Figure 11 is a spectrum of a lubricating oil.

g. Figure 12 is a spectrum of dichloromethane .

h. Figure 13 is a spectrum of cyclohexane.

i. Figure 14 is a spectrum of pentane.

j .  Figure 15 is a spectrum of a No. 4 fuel oil showin~ the effects of
residual pentane . Note the doublet at 910 and 920 cm 1 .

k. Figure 16 is a polystyrene spectrum used for calibration .

H—2l
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TABLE I. SPURIOUS BANDS IN INFRAREI) SPECTRA.

Compound Frequency (cm~~ ) Attributable to

1120 3710 Entrained liquid water
3450—3333 in samples (see Figure 7)

1640

1120 2000—l450S Atmosp heric water vapor.
Sharp strong bands in this
reg ion

MgSO4 1175 Residual magnesium sulfate

1075 (dry ing agent) in sample
1013S (see Figure 4 )
690—700
6 ic~

CO2 2350 Atmospheric carbon dioxide
667

CH 2C12 1425S Residual dichioromethane
1275 (see Figure 12)
1265

900S
700—7 60

C5H12 9~0 Resid ual pen tane (see Figures 14
9 0  and l5)

CC14 795 Residual carbon tetrachloride
780

C6H12 1258S Residual cyclohexane
905S (see Figure 13)
863S

Code: S sharp

H- 22
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TA BL E I I . USEF U l , PEAK S IN PETR OLE IJN I D E N T I F I C A T I O N .

I’ , - ,- - - Pt t I Z , - t  \~~~ r i - i  - -
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II 5 5 — l  ~~ 
i P r o d -r n n I - - l i - I n

I S

5171)

1 (132 11 - .-, 1030 h u t  f n x j d , n  r , - t  h r

- ‘5 - i

- i - ’ i f s

i_ i , MY

‘ 7 1  M u ,  i i i )  
~10 Ar -m t i -  CM

8 3 5

~It) - _ M _ i 3 1110 A r - m. i t i c  CM (2 ,dj H w i g )

- i -  ‘lii
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r a p i d l y  w i t h  we athe r i ng )

Highl y Volat i l e Fraction
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TABI.E I II . Mo DE SELECT O R SWITCH SETT iNGS , SCAN
I I  ~‘l[~ , AN D SI . 1  T I’Ro (;RAM s I-’OR VARIOUS OBJECTIV ES.

Mode Scan slit
Oh~~e c t j v e  

_____ 
Sw i t c h Pos ition Time *(nin) P~~~~iam

~ IIr vey  Spectrum —

Fast Scan SURVEY 2 2 / 3  Wide

Analyt ical
Pro c t -d o  re —

I)emountab le
Sea led Cell RI OLL 7 T I ON 8 r row

ScreoninE Procedure —

M i n i - C e l l  RESOLUTION 8 Nar row

Single Bean Water
Vapor Spectrum for

Frequency Calihration * CALIBRATE 8 Narrow

*Rlo ck  the sample Deam .
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FIGURE 2. D E MOU NTA B LE SEALED CELL.
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I - h f - I D I l , \~-~~ 1F - l ( ~ \ r I o N  O[ 0II , S BY -~l N l : I . I - I - - - -RI - A’ l
I NF’RA REI) SPECTRDSCOI’Y

• I)  I ‘ I ~~i~~~~~I- [ I Tl~~~~N

1 .1 Sc ~ it i

~Ih~-- r Ii r rc - -_ie - - I  thi s pro~~-ct w— i s t o  dev elop - i  simple m e t  I t - I

~~~ - : oc -  in the  :ie ld  to  c l , s s i f v  o i l s  using an i n - x pe n s i v -  s i n ~~l€’—be irn

m l  r~ired —~~~t t r -nhot -:-~ - t or.

.2 .\j j~i L i t t o n

The pr :t~ s~ d inplir it ion was to c l a s s i t v  o i l  sp i l l s  r i pid lv
so ‘ h;it the  pr- A 4 - r  ro t e nti il so u r c es  cou ld  he samp led . It was t o  c 1~i s s i t v
oils is t o  w h e t h & - r  t h e \ -  were  crudes , lobes or fuel  o i l s  ( N t . 2 , Nc- .
., N- - . 5. N- - . ~ -r Bunker C~

2 .0 5- ‘-PtARY OF ‘M- ~}I fI)

2 .  1 Th e neat . w e i t l ie r e d  or unweathered , pet ro leur  c r - I - i’ oc ri f i l e d
m u  s imple is i rs t  p l iced in e i t h e r  a sea led demountahi ’-  c i- l I  w i t h
s l i c e r  h r n r i d e  (A g B r )  w i n d o w s  and  a 0. 1 mm fr-fin n sprim - i- r or in W ilks
‘ :~~i— - e 1 l  ~ 1sc ’ wi t h AgB r w i n d ow s  and a 0.1 mm p ath length. It the sam p le
is ~n -cn t o - - - n t I i n  w i t e r , additional sample preparat ion sN-p- -- an- requ i red .

2 .2 Ftc - - ccl i is p 1 iced in the s ing 1 c—be a m inf r i r e d  anal ~-z~-r ( M iran
I, M - --J~’1 

y~~ 4 9 )  and the t n t  r i red  s pect r f z r - l  on t he t r i t i  sm i t t inc ’ s - a le
is scanned t ron 2 . 5  to  14. 5 , . Then , the spectrum is scanned front 8

1 - -  11 -
~ on the (0—1 (

~.M.) or lx linear absorhance scale and f r t t - l  11
t o l- . .5 on the (l—1 fl.D.) or lOx line ar absorhance sc~ih- . At terwards ,
5 : - e c t r a  mi re analyzed h~’ exa mining ma jo r  s p e c t r a l  f ea tures  or by using
t rl e o-.-erlav met hod (see  Sect ion 5) t c l a s s  I f v  the o i l  as to t vpe

3 .0 PR IN I lPI I- 5

i.i Method

The infrared ah sitrp tio~ spectrum of a petroleum oil is the
J the m ihsc - rp t  io ns of m I l l  the infrared act lye vibrations of mill

the c o mponent mole cules in this highly complex mixture . All vibrations
i r e  i n f r a r e d — a c t i v e  if they result In a change In electric dipole moment
(dis~~l - i - enent t t f ele ctri c charge) with in the molec ule. For hvdro m -arhons ,
t~~~i s  a - I i nc -  the asy mmetr ic  v i b ra t i ons  which include bending, s t re tc h ing
and twi st ing m t t  i itns of the molecule as ii whole or of indiv idua l bonds.
When t he f requenc i es  In t h e  l ight f rom the inf rared source co inc i ile
w i th the vibrational frequencies of the molecu les , energy Is absorbed —

re su lting In an absorption maximum , or peak , In  the spectrum .

1—1



i c r  t i  Hi n. - 1*’  111.IV 1, - f o und t - - have ma 111 1 . -~ r- n i t  i - or main lv a i i phat ft
c ham m~ t.-r , -4 -hi -m i- - o111, - r  p i - i k s  w i l l  he hound to m. -pr i-s e tl t t i t e s t r l - t - - hf itlg

c-I 1 ~-i rt 1 -  ul i’ I 00 oh bond such mis (-a rbtItII\ - l (C I I ) , or  li vdr -- xvl (Oil).
fl.-~ .- t i * r - • h. nt  r i r &- d sp t -m -tr ilm give- c us i good h ind u - on t - c r 1 1
C - - s i t  ion n t  ‘ he  o i l  lnt - lu d lilg *tmp I*n (’nts sui -h is i i ipha t Ii hvd r e i r b n -ns —

not r. - i ,l i lv se - mi h v - - tiier methods , e . g . ,  f l t i n n r - o , - n .-  —1 :-i- c t f n ~~ .pv.

~ in- c - il is -Itt 1 m l - - n- -p 1 cx mixture , I nd i vi  du i  I c- -np 1I. -~ l 1 ~ 0 ’ I Ic  1 ) 11
ir e n- - I - . i - m i l l  dete rm ined . Fite i n f r- i rc t Sp i- c I rur’ p e r r m l t - 4  c l a s s i t  U’ i t  i t n

-~~~~ tii. c - f l  b .- .ili sC 4 - l it ferent classes of Is hmi ’.e di h n - m . -nt chat i t e r is t Ic
irt r i - ’  i h - — o n r m t i c n  0 - it t e r n s .

m t  i- c-red opt-ct ro omi - p v is not m i good met h- il I s t - i - h - - in c
t ri -  e r l t i r f i r l  l i on  o t  t he  o i l , r c - p €  i - i h l y  it t h e  c r - n Hir mi n. itm t - I f - s o r t  -

r- :l ,r cV in r .-g ion of g. -nera l hv d r - c i r h o n  i lnso rpt  ion. C e r t a i n  sm - I:-
c - - nt it t - i : m i t i  t p -mik 5 such is pentane , used in deasp b m i  1 t i ng  - - r ext rmi ct i - r i

procedur e— I , rAII V 1~.- pr t- st- nt and mmiv distort the und erlying lo t r ir e d i - I : : . -  l ope -

w i t h - u t  b e in g n- - I I c e i h i .- except to an t- ,:t-erien eed operator. J h i * - r - - t - - r , ’ ,
it is -~m l i s m ih 1t t n  c - v t - i d  adding solvents to the oil unle ss i h - I m I u t , ’lv
ni -c , s s l r . - . Th is  is  a l s o  tIle reason for  evaporm i t ing o f f  mi l l  organ Ic
solv ents in, - ! ore I ill ing the t i - I l .  A l so , man’.- inorganic compounds sucb t
- i s  r - mi ini.-— jut- - sti l tat . - , used in samp le p r e p a r a t i o n, absorb in t h e i n t r :i r ’ d
and mmiv c - i l ls , - - - n t  ar r m i InI t ion peaks of which t hi -  tp~~- ra tor must he c-war t- .
i - i n c - I  lv , itir - - s p i l er i c  m ihso rp t  ion peaks may be not iced and changes in
I I.  spe ctral f t c - s n - I  inc may he caused by scratching and darkening ti f the
cell windows , t - s p e c i c - l l v  silver bromide (AgBr). The latter effects
rr’mi -~

- he - fI.- ~ed by running an e mp t y  cell baseline .

3.2  Instrument.

i~i gun- I shows a schemat ic diagram of the instrument . The
source i s i  resi st iv el-c —bt eated nichrome wire . A c i r c u l a r  va r iab le  i n te r f e r e n c e
filter is ufled f i t  romb inat ion with mi slit to  select a single narrow
wmi v e l n’ng th hand t rem the source rad iat ion.  The s e l e c t e d  wave leng th
hmindp ;iss is v - i r  ied over the range 1~ 5— 14.5 m Icrons (in th ree  s t e p s )
by r o t - it jrtg t b -  filter.

A pvr ne lect r ic lithium tantalate detector is exposed to chopped
radiation which has passed throug h the sample cell and the resulting
signal is sensed as an alterr .ating voltage across a large—value , parallel
r*’— is to r. This detector is used because of Its ruggedness and rap id
response. It is nut degraded by normal exposure to  the atmosphere but
must be protected from strong drafts when in use. The basic signal—
to—noise r.-itio of the instrument is determined by the “Johnson noise”
in the parallel resistor due to the random therma l motion of electric
charges and ho the int , -n sitv of radlat Ion falling on the detector.

The instrument settings of the ‘liran I model 5649 for oil
classification m ire shown In Table I.

1—2
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.t) 1)1 [Fi S h N I C S  B I~i b \  S INCI F AN T) l)Ol ’BLE—Il i- ~A’’ INFRARED SPtT ’l !~A1. METHOD

In : -dorn m t  rmi r€- d sp - c t r i h t f -t ~rni t rv , doubl e beam inst rut -tents m ire
i- — n d  m i l  most cxc Ins i v.’ lv . Conseq mien t I v , not  everyone is fart i I j ar  w i t h
the d is t I n c  t i ens he t w& -n s ing 1 e and douF. Ic—b eam spi-c t ropho t i -met or s
The r m l ( - n r  d i s t i n c t i v e  le It L l r € ’ s oh the s ing le—beam instrument are out l ined
he I - -v .

For t he s in g l i - — b ,- it-- m e t  hoc!

4 . 1 Th.- inst r t l r - i - I l t  r , -no l ut inn is lower. This Is a disadvantage
in th at some m t  or rim it ion is lost , hut the important fea tu res  of the
in! rmi red sp -ct r i  mire st i I I - .hservm ib It- .

4. 2 The spec t rm i l bmis t’ lint ’ w i l l  be sloping r a t h e r  than flat as
t - r  the double—beam instrument. Also , interference s due to atmosp heric
absorbances of  CO ( - + . 2 5 -.4 and H 0 (2.7 .4 mao occur.

4 .3 The gain is set with re fe rence to a pol ystyrene standard.
(For the double—beam spectrophotometer , the gain is ad j usted at a fixed
wave length with t he  filled cell in place.) When using the single—beam
instrument , it is important always to use the same Teflon spacer (for
the sealed demou nt ahlt- c-e li) and/or the same Mini—cell windows , so that
the relative absorhances can he compared directl y , since snail differences
in - - ci 1 thickness are not compensated by the calibr ation procedure.
This method has the advantage that relative ab r :orhance diff erences ;

~m. cr t t’
oils will he m aintained. Therefore , relative API gravities (“weights ’)
of oils can he compared by observing the ahsor hanct -s at ce r ta in  wavelengths
(e . g .,  7.5 4.

4.3 The ‘tiran instrument has a linear absorhani -e capah ili ’ ,’ , ii

addition to t h e line ar transmittanc e which is available in most douh t~-—
beam Instruments. The Mi ran has two mIhI-iorbance rminges (0—I and 1—2
Opt teal i)ens itv ).

4.5 The Miran abscissa is linear in microns rather than wavenumbers
as are most doub le beam Instrum ents. The Miran abscissa is divided
into th ree  segments because of the filter wheel construction (see Fi gure
I and Section 6.1).

5.0 INTERPRETATION

A spectra l librar y o h  67 oIls was chosen as being representative
of all the main fuel oil types as well mis of crude and lubricating oils ,
based on - i  larger libr a r y of 300 infrared oil spectra run on a double—
beam infrm ired m p .- ctr op hotometer . Transmittance t emplates were produced
for each type t n t  1)1 1 tt vi ’r the spectra l range from 2.5 to 14.5 p . Such
transm ltt m ln (- (- t emp l a t e s  for N- n . 2 and No . 6 fuel oils are shown in Figure 2.

I — i
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The c - il— i m a y  he c l i — m t-i i t ied  I — I  to type be ,-x i r rj n in g  the ma in sp€ ’ct rm i l
- - te .It ur , -s (nt~i c - n - p a r i n g  w i t h  T c - b l e  II ) . ) s t ’tul w i v c l i i ig t h i s  (in microns)

Inc lo de s . • - 2 , - , . 5 . . . 10.-i , 1 1 . -~ mind mis i ng in ih si n r hminc ,-
scale ot  1 2 .  (5 , l 2 . ~~~, 1 i .O~ and I ~~~~ F i omi re I in d ii it . -s sin , - of

these w iv e l , - rti -t hi s t o m  .i t , - n t t l i t ,- c - I No . 3 tot-I oi ls.

The  u t  i l i t v  c- I t ! e - 1 .2 peak is t h i t  it can dis t i n g u i s h  ltt h ~-s

(lubric a t inc - - il s ) f r -:’: n- - n — l th e s sin i .’ it is w - t k  mind gener a lly not
- ‘n ,e r’-i fn l e in lube’— . T- - J i s t i i g i i s h  l ih t e s and ort ldes from fuel oils
t i l e  ra t i o  ot  the 12. 15 p i- m~ t i n  l I t , -  l 3 . 8 m  fln il ~ i i  u— m ed . It Is ‘0.5
1- - r  tmfl I - - u s  arid p0 . 5 : - -r -r u d , - s c-nd l ube-s .  ( In  d e t e r m i n i n g  the rat  ic- s
h e r  t h e s e  p, - c- k~~, bc -s i - l ines - o r , -  d r v n  I r -- - r p t  i - - n  m in imu m t t  a b s - t r t t t  i - n
m i n im - i :- -  by t I e  s t a nd ; i r  I \~- I ’ ’  method  ( E i h~t — i n 7 )  . ~iom,- lubes show an n d d i t i ’ ; & -

pea k m i t 5 .~~5

Inspi  - - t i on o f  he 7. 5 c-he - tre Ince mini nu n wi 1 1 gi n’ t the re I at i ye

abs m -r h inc ,’ - - I  the n i  I y fl ich is r i c hl y p r i t p m n r t  ioned to t h e  d t - n s i t v  ( - - r
A } ’~ c r -i - :itv) t n t  t ( .  o i l .  r h i s  ~~~ illmm s tr at, -d for h i d  oils in F i - gt i rm-

F ic h  nil temp l a te  r e p r t - - - - I n - r l t s  t Im , -  s p r e a d  o f  datm i for  il l o i l s  of
i i i  t ‘ -‘ne r~ t l It ii h r - r- - - w li ichi  was c-ni  Iv z t ’d  . rat) Ic Ill stimi- m i r I zes the

in! o rniat ion -c l - - i - m m  in F ic t :  ri 4, 1 i s  t inc the range of transmittance at
7.5 or each t i c - - I  o i l  t t r r ’ r n  I at,- . Figure 5 shows  t he v~ir i a t  ion of t r a n s m i t t a n c e
as a f u n c t i o n  of  API g r I vi t v  for indi v idual crude oils.

The c l a s s i t  i c i t  ion scheme in di om i t e d bit-r e was developed fo r  neat
minweathered o i l s .  The following cctmp ar is ions for ml medium w e i g ht  (N i .
-i fuel) oil unwem it he-red and vt-mi t hered 3 dc-vs on i t o  t ransmi t tance scale
(Figure 6) and the ib s-- rh ance s - c - l i ’s (Figure 7) show t hat classification
s h n u l d  s t i l l  ~ n p c - s sih li- -- i ft .- r - i r t- m is rim i l n le period of weathering. Note ’
in Figure e t l t t -  m i p n c a r i n - - e  o h  .i - c - r h - - n v l  pom ik  mi t  5 .~ p t i i i t~ t i n  - -x icl; it ion
mind the chance in m i h s - r h i n c e  - i t  7 . 5 which corresponds to a change

nr t I e  dens i t  v o f  the o I with w i - c - I  her log. Ft gu r- - 8 shows an abse r s i nce
s c a l e  in a N- - . 1 f o i l o i l  w i - i t  h i -red for n e a r ly  24 hours in i ri-a l w t - r l d
sp il I cc - s i ’ . M m-rn - ex tens  U t -  w e - i t he r  ing s t u d i o —  w e r e  beyond the sco ne

t he- p r - - j . - - t .

F r  clas s if i c a t  i - -n , it was found sufficient to make all comparisons
ho examining nc-in spec tral t e atur t- s or using spectral overlays. Peaks
could be ratim 4-’d quanti t ati vt - lv by drawing slanted baselines from absorhance
minimum to ahsorbance minimum . For single—he -am s p e c t r a l  which have
a s loping baseline to s t a r t  w i t h , the quantitative results are not too precise.

S ince the Miran i l l s  c t t t . d  photc . rn&’ t n c  acc o r - icv  (± 0. 57 )  and since
good over lays ( b e t t e r  than i~ 1) cou ld he o b ta i n e d  using the precaut ions
descr ibed  in t h i s  pr- -c e dure , the i~r incipal  sources of error are in weat hering
and/or base l ine  de te rm ina t i ons  (if peak rati os mire to he used).

6 .0 AP PA RAT II~ ANt ) MATERIALS

6. 1 Instrument

The basic  instrument is the ~l 1 k s  M i ran I In f ra red Ana lyzer .
: 1 . ~1iran I is i s ing l e—he a rt -  v a r i a b l e  i- Irc t i l ,ir  h i  lt e r  instrument w i t h

- i  nU-hr nm,- wi re  source and i s o l i d — s t a t e  det &‘  t or. ‘fbi,’ inst  rumental
sett ings are 1 i -mted In Table I . The linear ih-m or h .m i nc i- scales are required

- -  - - r t - t , ’ rv,- -.ut f ic lent detmi  11 f o r  I dent 1f f  - m i t  I inn in the fingerprint region
t r - - m  8 — 1 4 .5 ~~ . The ins t rument  is used with m v  com pat ib le  s t r i p — c h a r t
r rde r w i t h  t i mi.- n-s p.tn s.- I si’ -u-~d f u l l semi Ic and I vo l t  Input



- c v  - - - I ‘ - : m l :  ~~.i I e m t  i - m c i d  i r ib r.i red ~- p i - e t  r op hmt t i n - i - i  o r  (s  i r t ~- I e - -

- m : i ’  1. , nid w i t  h S mm 1- it  j n h t .  I em - - ,- ! r Ic am i u rmI cv  ar id 1 , t ; i m  l o t ion mit 1 . - t i

~ i - , .- c-u it I- , - t i - - I  t bi m ’ , t - - d  i f m e a t  i cnn s t c’ t ii j i m  
~

- r t ’  d i i i .  -

- 2 C- - I l  e nd

o l ,m l  ~l. o t i i m t i hle  r~~1 I w i t h  0.1 rn T e f l o n  s i t m i c e r  and Ag Br v inc U-ve

- r ~ il ks M ini— cell w i t h  flat cover AgBr window ,-ind 0.1 it-rn cell depth AgBr
1! ( i t :  - c - i h l i -  m i - i l  w i t h  A i’Cl win dows mind 0 .1 im ::m c - - I l  t l i i m ~~~rt --os .

- - ~ - \ox i I i my p it m p m . - t n t

mit) i i -  tuned ( f i -r I I n - i d  work) , b i ot p l mi t t -  o m m  i n -  p1 - p r - r a m  i c - t m ,

- . -‘ -c - mm ~l h 1  n- l i t  or i c -I s

:.p’ uc t - l , - s  i nc lud i - : m I - c t  i t - . ~~ic- l i t v  solvents n - - i - t ea 

i _ _ c - : , m m ,  t m ~, m: t (ten t molt -) trt cb for c i i - i r jnt: ct u s  ((ol it -r ie .nd hi -:- ,ri,-

s i l c I m  a r t -  r , - c m - m - m - - i - n ihe d  t i n r  f l i- i d  us ,- because  of their r.-l nt i ve - l v  I - v

‘ o:- . , c : t v )  , ir : l i v d r c n us  r m i c r u - s j c l : m m  s u l fa t e  for d ry ing  sm imp l t - t - , s t i n i i , r d

~- i- l y s t v r i - n e -  f i l m , c h a r t  paper , t - x t r , i  recor der pins , P ; i s t n t i r

r i  - t i . n i c r , — : - i :  o l e , i-ll t r i b  0(1 t u b e s , t i n ~~i te- or equiv alent t i ssu e -s
m c  i t - : : —  i - t o t  ( : o -r ~~s i I i c o n t -  t r , - i t e d ) .

7.  P ~P~ ( ~flh (( P I ( i i-: C b j t ( i\ l h

7 , 1 I n: r r , -ci A : I’ - -- , - r .i : F .- c o r d - r

~, -li - r to i i .  j i m - - i  i t i m - i - n t  manual for jnforr ::;it ion tin t -p ( - r mi t ion ,
t : :m - ,om t e , - n - c  i f jr- oh i - I t t -  c- ri d t r  ouhI ,-shoot ing .

7. 1 .1  lUrn i -mm i t t  rt i : .-nt mind re c o r d e r  and w arm up fo r  15 minut  k - n .

7. . Ze ro  tbu t -  m l  r i p -c hart r & - c o r d t - r

7. 1 . 3 1 n t _ i -  r t a ~~t anda rd 0. 05 rim po 1’~- ~ t ore-ne f i I in in t lit- S3iliji I€ ~
po s i t  ion .

7 . l .~ let l-h ,iI,- b x 1 - mlrision — l x  (1.-v gai m e - I t  lug)

F uri c t i - - n  - mw it - — 100 ~ T

‘ l i m e  C - r o - t c - n t  — 0 . 2 5  sec . ( Se t t  ing 1)

S ii t k i d  t h — 0. 5 mr: .

F h it  • r k’i m i - t - l  — 3.34 microns

‘-5



1 . 1 . 5 A d t t i ~~t 1- a i n  to ri-a d 0.90 tr am i m n i m s i o n  it 1.34 m i c r o n s .

7 .  l . ~ - Cl - - i -  u m I  I t  i re1 r - c c i v , -  I u n .

-
~ - : t  1 :  Pl o - . u I  i t  w h i r l  t h e -  Inst r u t - i - n t  ii; n i t  in u~~ - to prev ent

d, - m , - ~~: - i  -~~- r l ~~ id .

2 :  1 , - c r ’  t u l  not to  alter the ~- a i n  . m d j u r m t m c n t  a f t e r  it has
i- - : .  ~~. : a m ~~~i m t t  t m -  1 - o l \ o t v r i - r l e  s t c - n i i i r d .

h - I T 1 : I s t r u l i v , t he . - . t ( - r n a l d - t i - c t c . r / p r e a r n p l if  h r  unit is ii-- , t- i-s 1 m r  - u r  rid i t t 1  to t h e  mc -x i r r mt im s ig r r ; i I ; l i i iw , -v i - r , if h i t .

uni ’  i n S  I - ’  i i~ m n  - - I ,  - r I  t m  u ;ov .-relv j a r r e d , it  m iv  I.e nec , -u m :m m i r v Ic

c - Ii a I i ym - :  ‘ - I :  • - -  I -mt - m i i i  d i -  t i -c l  or mini t arid r e - c u  - s i t  ion I - - r
mm. - .  - I r’mu~’m 5 1 - : m , l  —

7 . 1 . 7  -~t i t t  omi t - i -  - i  w- i- ’ - k run m. I pi- i t  rum of t ic - -  1 - t - i v - m  tn - ma -

- In: i o  I~~~. v c - r . - l i - : c t t bi ic - i i t r , i i  y of tb, jn stn i ii ’t i- n t . (See Figure 9)

7. 1 - ’- Am 1. c-st cimo -e a iI,iv r u n  in . - r m ~ u t y  c o il blank  t o  r( c - -~~k it)-
- I • • - - a ! - - - - - ( I .  ~~‘ .i - u-air pt ii no ( j i l t ’  t it w i t  - m- v mi r (2  . 7 ii) or c - m m rhon
o II- - - m O .  ( -

~ 
. 5 I . At  t t m -  - mu - t itt- i - , i P m - o k  I or pm i- e i hi t~ i i im.1l 1’ , S in spec t ra I

( - - . 1  i ra  ii :’ t o  t i  r c - t m i n 1 t  Or d~.U
- r t l n 1~ i f  l i c e  r i - l I  windc ,ws . ( St e Se c t  j on 7 . 6 ) .

7 . ,  5 ~:- i -  A n d - r u - c i t -

7 . 2 . 1  Plc - c ,- t h e  t o p - i t -  h o l d.- i  , i m t d  t i - I l  in ibm-  samp le posit  ion .

7. 2. I n r c  - 1  i t  t ~ t 0. 50 1mm

7 .2 .t S i t t bii t i l i m  r w -}ui-,-I at 2 . 5  m ic rons .  Check tha t  f u n c t i o n
- w i  c t m is - n t  at 1 C)01 T u i - mi I i . .

7. 2. -~ t m t y t~- n-  sc ui c i i i or on Mi rmi n c-m d char t  d r ive on recorder
cit t h e -  - c- m n - i m i . S i - c m pam ; t ~~i .  5 m i c r o n s .  Ma rk be g inning and end (II t a u t

-n I I i i  - i I m i t  ~uo p i-  r c - m ini  i mid U: m i t  e t Iii wa vi- 1 cngt h va lot-s t o wli i ch t U- n:c- rk
i on e- - p c-rid f o r  i- Co 1 : , - n t  of t ij i-  s can .  Cc - c- h  me ’ ( ’m: m i- nt is l inear in m ic l i - m t s .

C l u e , -  c i t  c-nd d i u i - r c t - ig i - th e t~c an and char t

7 . 2 . 5  P1 rp m - f m m n c t  ion s w i t c h  to 1 , 1 in i -mu r ;m h s t t r b , m , n i i e em nile
( 0 — i P .1) .) .  S i t  l i i i -  f i l t e r  whee l at 8.0 m icr o n s .  Open t m i  it to  0 .50 mm.

7. :- i- I rp ;.pi- u- mean ar id cha r t  d r i v i - . At ap p r o x i r m u t e l v  1 1 fllNI~i0it -

1 t 1 ,  ( 1 i  w i l l  t c -  ni f si - a i m - . At th in  po in t , c hange s c a l e  expansion to  lOx
( r u ~~ h i 1 - i l l  - i - i t  d ig) ,  t h i s  i -or r i ’ i 1.i-nds t o  ( 1 — 2  (1 .1).) I in i -mi r  ab-~or hance s c . u I t - .
5i -

~~iii I i i - m m  11 t o  1 - v i n r i d  J /4 . 5  m m  tons. (:Io’m i- -ml i t  , d i  fm t ’ n~
n mig (  scan and cha r t;

m m - I  - m r S i c -  I i. i -: - .  r me i on t o 1 x (low gnu in) miii ch mungi ’ r.iip’i SW i t  ch t o  1 00~ T

1—6

____  - -—- - — — - - — - - - -  - - - - - -  - - -  -~~~~~~~~ -



/ . 3  } r i m - r a t  ion of 5 m p h

3 . 1  P i pet 1 nt-I of o i l  s im pl e in to a c entrif u ge t u h m .

7 .  ‘~.2  C n - r - .mu v u -  . ir :v  v is i b l e  w r i t e r  w i t h  a mn ic ro p i po t .

7.3. F l u  e t (c,- i u - n t r  it i t s - i -  t ube in 60° C v-mi t or bath for
m m l i - n . (For I mit i r c i - d i  at c - vi ‘-c on it v  o i l s , use 35° C; for li ght oils ,

- I m ’ - m uc , , t  • m h i s  n t . - p . )

/ . 3 . -. Am i d  0 .5  ~- r c m - -  t i  m i c c ( m v d r  otis I-ti-SO 4 (magnesium sulfate) . 1-ti x .

1 . 3 . 5  Ic - r e  c u - m c i  r i t u p - .- t u i l e -  i n to  h cd d - r  in ci-n tr i fu t’ o a ft i -r

b i I l I m c ~ 1 c m - L b  r - r t  I~ ’ w - i t h  v- - it , - : .  C u - n t r i l i r g i -  at 2500 rpm ( r u - l a t i v e
c- -n i r~~f u 1-a1 f o r c i -  = 1000) f o r  15 m i n u te - s .  For many v i s u c u m i s  o i l s , it
— _ • v  Ii.- n u - c i - s s a r v  i i -  m i - p u  it  t h in  u - m m . - : :  a f t e r  removing w a t e r  with p i pet or
Ira t -  mm t r fmm 1 e m i - n  a ii - r m l - u  r t ~m :- ’ - j i it r- v m c l .

7.3 . f I i k u- 1 n I  i - f t i l l  t rein t1 €- s u r f ace  of th i c- .-n i rifu c :t -
w i t  Ii -- c I - n r c  ;n i ; - .-t and p l a c e -  in a c i ran v i a ]

7 . 3 . 7  ~- 1ici- n running ir c r n c - r u -u cc p - c t  ra , nt-c-kr u - - l i nt - that t here

o r -  in ihO (2.7 ci or t i m l f m i t e  ( 5 ( p ~~
1) ( 8 . 5 -9 3 u) pc-aks.

7.  -~ F i l l  i m - ~ t h e  t i - f l

7 ! , 1 - ‘ - - c l oil 1) n i- m u m : c m i l - l i -  ( i - I  1

7. 4 . I . I Au - m s u- ni l - 1 1- c i i  mm c - e l  I w i t  h 0. 1 rnrm: T i - f l  on p i t i -  r
(a l- .,,n,’s u i -  c - i  l e t  f o r  st - c t  ra  which  w i l l  he compared since’ n 1u; uc &-r
t b m c ~~m e - c t - n - s  mcm v y , i r v  liv I 1 (P). Ti pIt t u r m  nuts unifor ml y w i t h  a c r i e s — c r o s s
: - i - n u i - t l i i

7 .4.1.2 F i l l  the ccli , tilted at 45 degrees , from the

hot N- n: pe n t  us I r i g a l  as t i - o r  i-~ 
j c- ’t  or cv r i opt- w i t h  a Luer—i-ock t i p .

- :: : - 
- i  - - I i -  t o  ave hi Ii - I ml mig biihb I u - c in that por t  i (In of the ’ w indow

ii i ~ in in o i m i ]  hi i - . r c .

7 .4.1. 1 l ;t~~-~-~~.-r the c u l l  w i t h  T ef l on  p lugs. Insert
ti c- ( - c - i  t i - r n  p lo t ’ s  f i r s t  on  m l- a t w i s t  m t  met inn. Gent ly inse r t  t h e  top

p- I - m~~. 
‘ c C : If  t b -  ‘ - I  I is t o o  ~- i - coos t o  11 ow in a I iqu id c u l l , smear

- -  dr u p of o i l in th u  i - c - t i t e r  o f  t h u  A g P1r ~- . i r idc.w- h i - f t - r e -  n i cm c - , - r c m l i l  ing th e - c e l l .

7 .4 . 2  W i lku l - t i n j — ( i - l l

7 . 4 . 2 .  1 h i m r m i i m t  le th i - cell and p l me c - base and gas ket
i-ri a c Ii - i i i  I r :mw i 1 i - .

1—7
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/ - -. . 2 . I i  m t e i - i c e  f r  - p o t  i - i  1 i - - I e I mi t  i n  t he 0. 1 r: rn

v m i t  t 1: , A i r  v - i  f - - v

7 . . 2 . S 1 ow’ I v i - - v  - r I 1 u t - i - -
~

- n - t v- 1 1 c c - i - v  t i nt  i - t t m ,  - - -  nj I i -

7 . -~ - 2 . -, Ir i s c t u~~ 
t 1 1 c - - w i  r - iv I o P oh P h u -  ~ , it ~a - - - - - mtt

ci. - cml lie w : ri _ f - vt , r u ml n n - p - c u t  / - -~ . 2 . 2 t c: i n p ml i i i  
~

- - - r i i i  p i t  0

-~ . 2. ’. 1:1st r t  hi- v c m i - i i  -~ c 1:110 t h e -  1- a u t d  p l c - r u- i - m i t

t hr - i 2 n d  i i t m O  i ~v i  vi tj  i W : . 5 cr - v 1 l i t - i l  I t t - u t (u u- r , a l - ,~~c nr : m j p ht - - m u  i re -

rn - I 1 i t :  a ti m: i : c~ r --  m— : , r l : : .

7 .  1 . :: . t- 1 r : -
~ c - n - - t i~ m - ( i  - -, p - in - - r 1-uh f - 1 cc

7. . — . 7 T b ,- ~
- I I ~ s 1-1 m m - — i i l  I It ; m i-c .- t ol u- u - - t i c -u - i a I I v t or

( m id u c c n  1. ~~n - n m  • it c i v  not in t t  l o i n  c m i  Iv ri - p r i - u l uc i l - l e  f u r  the i- n. - e r l n iv
m c  c i  1 u r  c u i l s  us i ng  t he  s i c c ( - l u - - i - i - - i rn s t , - c t r i u c i i i o t i - c i - t e r .  In t h i s

c u - , e i t h e r  i ~c u1i- i l  1 , - c u t  unt ,hl - c c - I l  or thu H IC D i s p o s a b l u -  C t - i l  u ; luc i u lm l

t e  U-

3 t -I1 ( d i t  i n c  I II Cl ~ c i n ) ( u f l  k i r u i m v  )
0.1 0. 11 01 mmc mc . ~m . n t h i I u - r m , t I c . )  T h is  c c l  I lu - c u-- m u - l u ?  (cu r f i e l d  v- i - rk rind

mis a I m i ~’ 1 m l v  r e n - r i s i u c i h i e -  ; - c - t h i  i . - n i t ! h  w h i c h  itm i c - t u c i r t l i n t  I or t h i s  app i ic c -—
j i m : ; Pm w , -nc r . It ,un cmlv  t ie i i -  i d  i -r i oi 1cm w i  i t >  n o  la t  i ve l v  l i v  v isrm-e i t v

I n c e i s e  t n t  u f l f t i r i m i t v  in I i l l i m c ( . It i , r t  hi t i t m u - u f  - - n - v u - r m u l t dimes liv rin s ing
-
~ i t  n o  I tn - r .  • 

- d d r - ~ i r c  0, ii V 1 Ii v- i ~t nil r i icr o i u t i i  t lie c e I I

7. 1. 3 . 1  F i l l  t e l l  us ing  a s v r i r u ( . -  w i t h  ci l i t e r - - l i c k

ip (ii v—vi scosr t v e I i s  c i t i  l v )  . P1 up - , or cr li m p  c u-l 1 s hut

7. 4 . 3 . 2  CI m u - u k. th at thu-re a re  no bubbles in opt 1 cc - I 1 c m i t h .

7 . 5  C u - l I  c-nd Winm do w C l u - ; i r u i n ~~ Pro c e d u r e s

For forensic wor k , ce lls and c u - I l  w i ndow s  must be t t i o r c t u p m t i l v

c lm- m irie -d . Ct -: - p he- t e r u-nmm oval c-f ru-s idu a l b ,v d r tiu c - r i - i -n c i s mon d or - -il hr
look ing f i r  a I ivdro i m.rb i in c u - a k in the -  3 . 5  id n orm re l - io n .  I • ~ Fi p u i r u  10
or a c omnp~ r i st-ri of ci ’ an ,urm d d i r t n i n - I  1 s

7. 5 . 1 Turn i-ru t lie - fan in i i i-  port ,iii I c -  I urine hi-ed . I-l i ke -  sure
1:- nit l ee - u -m ’ J a r s t  i osu- t a r r ie d  f u rme s o u t s i d e  t h e -  buildin g.

7 . 5 .2  lieu - sp e ctri ~ouai l i v  t i c  x m i t u e -  for e ’ lu - ;mn i n p  c e l l s  used fo r
iii~ and im u - d i o n  vita m c ’ i t v  oil s . Is e e ;u-c tro qu al ity tol mie n e for cic-aning
u - i l l s  u- - u- i l  for v u - r n.- l i ic’ h ,  v i c c - c n i- m l t v  o i l s  s i iu - h i as natura l  u - m e - i - p s .  NOTE:
‘ - I t t ’  o t I c  o l v u - t i t c  ar e v e m y  I 1 i : - m - ; i i i i u - , ui I c , - r n. n i  e m i f i - t y  proc-ant ions.
Do mci - I - - 1 . -  i - n  ci- .- u i j i i - l i  (i c - i t t - n ini t I c - -  v i t  i t m i t y .  Avoid gi’tt ing solvents
- r i  s k i n .  i c e -  p l c - - i - c -  i c r  fi . nt -e ps t i  , i vi - id i i n n t m i c t  . Avoid h i r i - u t h i n g

so It.- , - e t  n. ; -  r 1-v v- i n n !- imi ~
- w i t  Iii mi Imood
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• 5 . hc - m’- , ru t l e -  ~i I  I ( c m - p l c -  t u-I v . T l i c -  rout -  hI n. r in so i - a u  

i n - r u t  v - c d: - - t n - c t  >- i t c t m i i i i t v  s u t l v e - n t  . Ho l d  w -indo w ’ s c-nh by the-  i-i l

P e t  cl v I e  s c - 1 n - - m r t Imi ,m hi d ir .  D i s p o s e  of  w m u s t u -  s o l v u - n t  i n : c m - : c - d i a t i - l v

c ml u-, ’ e - t v  c - i n ,  I t  v - 1: :~i -tn - tm ,nT - d ry  c- ni d c -m m F i i m : t n i p u - s .  Ki cu -- c- P h -  cell

c - : c d t i - s r  t o n i l — s c - i  pt u -m t  in 1 .5 0 r i - I -

7. s- P- .rc c~! (- -1 I L in- l i -v-

C i d e r  P r i - : :m j d e -  ( - \ i - h r )  and si lver ch lo r ide  (Ag CI) v-indows arc

~- o t t  , c r i u  ~•t mts t be-  h;~nd I e - d  - c - r i - f t i I  lv to prc-n.- i -nt  s c ra t c h i n g .  It is impor tant
o p - r e - i (-Ct t h i n -  fr i-m m - , I ight nun much as p o s s i b l e , since th e y d a rken on

~ m . poc - i i r e  t o t i l t  ravi o le t  l i ght . Check spec t ra of etnpt v cell f re-qu cn t iv

i i’  - - - u - if t I m e -  c p u - i  t r;u l h_ _ u se - I m e ’  had c-hanged e nou gh (> 5~( Tr.-in r,rtuisslon

c - n 7.5 c - I i i -  v-~ r r u n t  re -p l m u c e -n i i u - n t  of w indows .  S i iv u - r  b romide (c - nd
c i c l o r i . i t - ) N ic t s with ce rt a in base me tals (such as .i l umin urmn , z inc , 

cer mind iron) especiall y at higher t e-m p e- r~it tires and in t i l e

; - r - c - e n i  ( o f l m I S t i i i i .  A lthough no reaction has bu en o hs e rvn - d  v - i t ! >

i t c i n i u - S S  st - u - I  and /e r  I c - a d , as a p recau t ion , do icot l i - c - v u -  t ie- i- i- Il
- - c d ;-n  il c i m c o e d ;tc r  i c-d s  of  t ice- . Di c r c - r u t ii- i- i - I  I , ml rv v i r u d u - v - e

- - - d -.-m : ~~:- m h- in cm: Ic c c : -  p i p e r  hi- I  o r e -  st or I
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TABLE I

INSTR 1JI-IENT SETTINGS ,
M I R A N SPECTRA O I L  C L A S S I F I C A T I O N

- ‘- ‘P  c ~ i TANT 0 .25 sec

l W I I c I H 0.50  mm

5 ( A I  F KX PANSI ON lOx = 1—2 O~ D. (Above 11 microns in absorbance mode)

lx = % T or 0—i 0 .D .

F G A l l ~ 90% ~a 3.34 microns (0.05 rim> pol ystyrene)

( O I L  (STEP A) Sca led  Demountahle , AgBr , 0.1 mm -

(STEP B) RIIC Disposable , AgBr , 0.1 mm

or ~ i 1! --.s Min i ce ll A gBr , 0.1 mm

A~15I.Y SIS By both t ransmiss ion  and absorbance modes

1-10 
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TABLE I I

• IMI’ORTANT WAVE LF:NG } IS I SED F’OR DISCRI MINATION

SPECTRAL WAVF: LEN GTH OI L  TYPE
FEATUR E (ti ) FUEL O I L  

- 

CRIJD E LUBE

A bS MAX 6.2 1 Weak to \Tery weak
medium to ahsent

Function of the Weight ~f the
Oil (API Grav i ty ’I

A PS M I N  7 . 5  I~’ea k for No. 1 Fuel Oil to Strong for
No. 6 Fuel Oil

ABS MAY. 9 . 7

ABS MJn.~ 11. 4 
_________

i PAK R A T I O  12 . 3 5 / 13 . 8 5  ~O . 5 <- 0 . 5 <0.5

— 1-.11

___________________  - ___________________________  - - - - - -‘~~~‘ 
— —  - -- - - - - - .~~~-.



TABLE III

OIL CLASSIF1CAT 1~
N READINGS AT 7 .5  ~i

FUEL OIL TYPE 7 .5  ~ 
INTENSITY RANGE (% T)

I

1 
20.2 — 21.1

2 
18.4 — 19.9 (16 .4)

4 13. 7 — 16.3

5 10.1 — 13.1

6 
5. 6 —  8.7

1—12
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COMPARISON OF F U E L  OILS

1290 CM 1 1 380 CM 1

FO 1

20 -
- 

- :- - 
- - - -

- - -: - - 
- 

- :: -
- -

: . . * F 0 2 : .  ‘- - - 
-

F (I ~- Wllh//Ill//////I/lli/fff ~~ ./

5 —

0
80p 75p

WAVELENGTH (MICRONS)

FIGURE 4 .  TRANSMI l ANd -: TEMP LATES FOR FUEL OIL CLASSES
IN 7.0—8 .1) MICRON REGION .
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WAVENUMBERS
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FIGURE 7. ABSOIthANCE SPECTRA OF A NO. 4 FUEL OIL ,
UNWEATIIERE!) AND WEATHERED (3 I)AYS).
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APPENI) I X J

OIL Sb I LI. I D1-~Nt  I l - I PAl  1 (N BY 1011 N — I  AY [ R CHROMATOGRAPHY

1.0 S- o1 e

I. I The recommended 1LC ( t h i n — l a y e r  c h rorna t ogr aph ic ) procedure
pro\- I ding a Tm- -Ins ot idi-nt i fy ing 1 wc i t e rborne petroleum oi l  w i th  a
-~uspt:ct source by v isua l c o m p a r i s o n  ci t h i n — l a y e r  chromatograms under
ul t ray  io I ci l ight

1 .2 Ibis procedure can be app lied to neat oil samp les and to
wat e - rho rno  oil  samp les w h i c h  have been weathe red (environmentally or
ir t i t  ici;u I Iv )  or per iods of t ime . However , af ter  about four days ,

matching becomes di i ti c u l t , part icu 1a r ly  for lighter o ils. If samp les
are on solid substrates , the degree ni confidence in the results falls
marke d ly .

2 . 0  Summary of Me t ho d

2.1 Known a liquots of m e t h a n o l — e x t r a c t s  from the oil samples are
spotted on th i n—l over , g lass—suppor ted , chromatograp hic p lates coated
w i t h  silica gel and developed with a methyl alL - ohol/hexane solution .
The m i i i  development t ime is 45 minut es . Visual interpretation of the
dried chromatograms is made under ultraviolet light .

3.0 ~pp 1icat  ions

3.1 The TI_ C procedure provides a means b r  the rapid identifica-
tion of wat&- rburne petroleum oil samples.

3.2 This method is app licable to all neat unweathered oil samples.

I. I This method is also applicable to weathered (environmentally
or irti l iciall y ) oil samp les which have undergone weathering effects for
periods of le s s  than about four (4) days.

3.4 The sp illed oil is identified by the visual comparison of its
thin—layer chromatogram with the thin—la yer chromatograms of source
samp les (selected because of their possible relationship to the spill).
A match between two thin—layer chromatograms indicates that they are
t rom a common source. A match Is defined as two separations on the same
plate which are indistinguishable to the eve as to fluorescence color
and location of the separated spots.

3.5 Extensive testing of this technique has demonstrated that it
is very sensitive to impurities. Extraction of oils from solid sub-
strates I requentl y extra(-ts s u f f i c i e n t  extraneous material as to make
matching Impossible. This method is therefore NOT recommended for oil
samples furnished on solid substrates. However , certain instances
require th e analysis of samples on solid substrates . Table I indicates
r - ’asons for negat ive corre lations which may be obtained .

J — 1



0 A parat

4.1 Th in— lo er - h r o r - it uc : t . i p l i ic  p l a t e s , A bsorh o—c i J — , — S G , or
lent , si lic i gel p r t - — c o a t e d  20 x 20 c -rn p lass  p l ates , a re to  be used
throughout this procedure .  these p la t  c - c  arc used direct lv as they come
from the manufacturers without ativ pr o—treatment , i . e . ,  heat a c t i v a t i o n .

1. 2 Deve loping Chamber (F igiire I , Camag \‘ario — K— S  Chamber) and
the tol low ing accessories:

a. Chamber body , comp lete
b. Solvent troug hs , g lass (2)
c. Clamp ing si-r ings for solvent wick ( 2 )

d . So lven t  t roug h , g la s s , w i tli S subdivisions
C~ nd it ion  i ng  t ~~- i ’ ~ , g lass , s i t  ii S subdivis ions
Pond it ioning t r i - ,  g lass , w j i l l  1( 1 subdivisions

p. Conditioning t ray , g lass , w i t h  s qu a rc -  subdiv is ions
h. sandwich slide
i. Flat  s l ide
j .  Solvent  wi k-s , packag es ci 51)

4 . 1 Spott ing Guide — con sisting of p lateholder , Camcig template ,
scraper and scorer pen (Fi gure 2 ) .

[ltr aviolet li ght box w i t h  s l i c r t  (2 - . urn)  and long (366 nm)
wa-:t -len gt hcs pro’.- j~l~-d (~ . p .  , Ci t rav io  let Produc ts , Inc. , Model C — 5 )

—~.5 Vertex Mix er (S/P flcliixe or equivalent).

5.0 Rea&ent.—c and Materials

5 .1  G lac ia l  A c e t i c  Ac id  — Ri -igent grade.

5 .2  Meth y l Alcohol — ~- pc-c: tr oe ca l ity Matheson Coleman/Bell (MX—475),
or its equivalent.

5.3 Calcium Sulfate — Reagent grade , anhydrous , indicating
Drier i te  (pe l le t  f o rm) ,  or its equivalent.

5 . 4  Hexane — Sp ectroq ii ality Matheson Coleman / Bel l  (HX— ~~(O) or its
equiva lent.

6 . 1) Pre p~-i ration of SamLie

6.1 Place a one—gram sample (cipproximat -ly I ml ci the neat oil)
into a 15 ml centrifuge tube using a Pasteur pipet .

NOTE 1: In those few instances when it Is imperative to
ana lyze an o i l—coated  debris samp le ( i . e . ,  none oth er available), an o i l
sample can be obtained in the following manner: fill a 15 ml centrifuge
tube to 1/3 of its capacity with the oil—soaked material. Add an equal

J— 2 
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o f  d i s t i l  led w at e r ;  then centrit ugo ti ll s mixture for I ivo r n i nu t es
- i t  sl 1)00 g~~:. !‘lie oil vi 11 t b a t  it  the top of the w a t e r  I av e r  who ic it
is acc e ssib le . This p r o c e d u r e -  is inc luded s ince it is some t im , -s n. - ,- — s i r-
to i c c i l v - ,- s im yle s rom so l i d  subs t ra tes .  T his , l O w e - v t - i , as p oi nt e d  out

- boy,- is nut recormnendod

N ’ f t 2 :  I t univ a thin coating of oil is present on t he -  W a t e r ,
is not jus- ~ l b  ~

- t o  obt  a in ~ut f ic  lent sample w i t h a Pasteur pipct  . In
his  c isc , IC use Te f lon  s t r i ps  is re-commended . ) i p tin - lower h a l f

of 1 hand—held strip into the sample jar , passing throug h the oil  slick.
l uic ,-~ l v  r ,-~~ - -~-~- t l~c stri p and allow tile oil ad1 n-ring to it to  dri p into a

t e s t  t u b e . ~e-pe -at th is  ope rat ion until approximately one ml of oil has
been re - mt V t - c l

e .2  Add one grani ut anhvdrous calcium sulfate to the c)il sample
c-~ T l t i l l e d  in the 15 ml centr i fuge tube. (The anhydrous calcium su l fa te
r’ - mc ’ c-s c i i ’.- ~ at ~ -r entrapped within the oil sample.) Shake the test tube
00 t Ile \ r t e x  ~ i xt r  for  1 minute.

NOTE 3:  If the oil sample is of a very v iscous , heavy consis—
it -n v , carry ‘ut th is mix ing in a hot water  bath. This will allow the
ca l c i um S u l f i t e - g ranules to circulate through the oil thoroughl y when
m i x i n g  in order  to insure complete desiccation of the oil samp le.

~~. 3 An equal volume of ac id i f ied  methy alcohol (O . 4Z g lacia l
i ut ic a~- i d /methy l  alcohol , by volume ) is added to the mixture in 6.2.

l i e -  - - :bi:ieci mixture is shaken on the Vortex mixer for one minute until
the oil is well emulsified and then centrifu ged at 1000 RCF for five

1 : 1 - c

~~~. -. He ~tthano l phase is then removed with a Pasteur p ipet , and
r et - ci ned in c 1 dram capped glass vial .

7 .0 Care arid_ Cleanin~~~~~~~ p~ j~~at us

7 . 1  I n e v i ta b l y ,  some silica gel from the TLC p lates will become
dislodged and accumulate on the surface of the developing uni t .  This

~-in be re - mov i l; by r ising w i t h  d i s t i l l ed  w a t e r .  An organic solvent such
as moth -- i alcohol should he used on a soft tissue or cloth to remove
residual traces of oil prior to reuse.

7.2 l i e  paper wick must always be renewoP ii ter each development
to ‘reve- nt ross—cont imin at ion from one pl ate ’ to the next.

8.0 Genera I Procedure

8. 1 - ; - o t  t ing tile- sam ples

8.1.1 Pl i c e  a thin—layer plate into t h e spotting guide holder
(Figure 2 ) .

_ _ _  
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8. 1 .2 i c i n g  tile- scraper , remove ci 1 cm wide St rip of powder
from three edges; f rom both s i des  of the glass pl ate , and top.

8. I . I With the (;imcI(~ temp late locked into the pair of holes (In
t he sides of t he  p l a t e  ho lder  rican - s t  the bot tom , gent l y mark the plaN-
(just enough to ,~ - t - )  w i t h  the scorer pen at every point where a recess in
the saw—t oo t 1c t - ~l spot ter occurs.

5.1.4 Turn the spotting guide - nine l degrees and lock it into
place in the outermost hole-s of the top and bottom rows of the holder on
the left side . Score - the plate verticall y using the scorer pen.

~l .l.5 Re-peat Step 8.1.4 on the ri ght side of the plate.

8.1.6 Re move the plate from the-- plate holder and gently t a p  on
t in- bent-h top t o  remove the loosened adsorbent into a waste- basket. A v o i d
h reath~~~~ dust.

8 . 1 . 7  Spot five mui -ro u ters (4 i d )  of the methanol extr a cts
from 6. ‘c along the lower edge of the TLC pla te.  The e x t r a c t s  are- rc- ’ ic cve- d
and spotted on the p late using disposable 5 p1 cap illary blood p ipe ts ,
delivering each extract to the plate- where i t  was marked in 8 . 1 .3 .

N l )l[ 4: After spotting the p late as in 8 . 1 . 7 , check the
spot intensities in the ultraviolet light box. It the f luorescence inten-
sity of cmv spotted samp les is decreased (dull in appearance , hard to se t ),
place another 5 p1 of that samp le extract in the orig inal spot .  Re—i-heck
under ultr aviolet light. All sample- spots should be roughl y equal in
fluorescence intensity. Most , if not all , samples disp laying decrea sed
fluores ’ - ence wi l l  be spill samples. (The loss of fluorescence intensity
is primaril y -ctt rih -i ted to oxidative weathering processes.)

8.2 Pv c l op ing the p late (Figure 3)

8.2.1 Ih e  clamp ing wings (1) are- opened by lever (not shown).
The solvent trough is lowered by pulling knob (3). The chamber is exactly
leveled by means of adjustable feet and referring to spirit level (4).

8 . 2 . 2  Lid ( 5 )  of the solve-nt rough is opened. A solvent wick
with the clamping spring is plac e d into the dry solvent t rough. The wick
is creased to a shapt- before inserting (Figure 4).

M .2.3 The conditioning tray (Figure le) is inserted into the
developing chamber in such a way that the troughs are paral l e l  to the sol-
vent trough.

8.2./4 Enough 10% co t- t ic ac ld -’rnethanol solution is added to the
solvent t rough to saturate the paper wick comp letel y .

J- 4
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-P .2.5 The’ TLC p l i t e - is p l a c e d , l iv e r fac ing downward , on the
c hambe r so that t u e  edge of the- p b IN- p a r a l l e l to and nearest the samp le
spo ts  is touc hing the base o f  the chamber. Note  that the solvent t rough

li - I  mus t he open and the sandw ich slide in p lace , al l the way down toward
the- so 1 vent t rough.

5.2.6 The- clamp ing wings (1) are closed and tightened by lever ,
and thi~ l O  a - c-tic acid/methanol—soaked wick is brough t into contact with
ito- absorbent lov e-n by pushing knob (3)  inward. (Note- the wick  should
make- conta ct wit h the adsorbent near the samp le spots.) Allow the solve-nt
i travel (in the adsorb ent until the sample spots are  covered (about 5 mm ).
I ‘‘we -r w ick.

5.2.7 Release the clamp ing wings and slide the plate away from
the troug h until the solvent troug h is fully exposed. ~ .B. DO 1101 l I F T
PLATE FROM CHAMBER.

8.2.5 Remove the solvent troug h and wick assembl y containin g
l0~ acetic acid/methano l and re-place with a c lean dry solvent trough and
wick assembly.

8.2.9 Replace the solvent troug h cover and slide the TLC p late-
forward all the w11 1’ to the troug h cover .

8.2.10 Open the trough lid. The developing solvent (4  methanol !
Ii ~-xccii , -) is poured into the solvent trough. The solvent trough lid is then
c losed and knol) ~l) is pushed , st~~rt ing development o f  t h e - chronatogram .
The solvent should migrat - u n i torml v .

NoTl-: 5: If the— solvent front does not mi grate uniform ir- ,
th is may be due to m v  one ‘ f  t he- following : ( i )  the chamber may not he
l e vel; (b) t lie clamp ing wing sea Is rn- tv not he- a i r t h .  Ibis may , in turn ,
he - due to imprope r cleaning o f  the- sandwich slide , or scoring of TLC plate
edges . I’ the solvent front is s l i r it e d , but strai ght , the p la te  can
used ; if it is concave , or convex , repeat entire- separation with new plate

‘ -a retull y observing all precautions.

8.2.11 After development has proc-ceded for 45 minutes , lower
the solvent trough , open clamping wing s , and lift off the TLC plate. After
the plate has air—dried for about one minut e- , examine under tV light.

8.2.12 If cursory examination of the plate under UV li ght m d i—
ate-S ve-r v poor resolution (likely due to presence of crude oil), it is

necessar y  to pre —condi t ion the~ pl ate- w i t h  solvent vapor (Step 8.2.13) and
repeat steps 8.1 .1 through 8.2.11.

8.2.11 Solvent pre -— conditi oning is effected by proceeding f r om
8 . 1 .  1 thro u g h 8 . 2 . 5 .  In 8.2.6 omit the paper wick. Instead , t ill the
solvent trough half fu l l  of 10~ -Icet i ’ - ac-id/methano l solution and allow
the vapor to condition the- pl i t e for 5 minutes. Proceed then to 8.2.7.

— S
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q .O V isua_ j ~~~ !E~~ tat ion

9.1 Visual interpretation is carried out by examining the TLC p la te
under short (254 nm) and long (d66 am) wavelength ultraviolet li ght , as
well as under both simultaneously . Occ isionally an apparent match under
one wavelength wi l l be a non—match under the other.  Therefore , it may he
necessary to switch back and forth se-voral t imes in order to make a final
judgment as to the correct match — using the criteria discussed below.

9 .2  Observe the colors of the separated bands under ultraviolet
l i ght. The colored sequence of bands must be identical for two oils to
be considered a match.

; NOTE f’: Exceptions to this rule are light distillates ,
i.e., refiners- cuts f rom gasoline and kerosene throug h (and including) No.
2 fue l oils. These a- l ight—colored oils which are highly susceptible to
weathering processes. ~s a result , fluorescence shifts to shorter wave-
lengths for certain bands resi~lt in color change . The only susceptible
bands are lime—green which change to lig ht blue . As little as four hours ’
exposure to bright sunli ght (in the case of a No. 2 fuel oil) can effect
this color shift. This color shift also applies to blended fuel oils (dark—
colored oils which contain green bands); however , these oils are not as
quickly affected as the li ghter oils since t e y  contain an asphaltene frac-
tion which acts as a li ght shield to slow the color shift reaction. Any
unweathered suspects not possessing green hands may immediatel y be eliminated
as potential matches for a sp ill samp l e wh ich doe s po ssess green band ( s) ;
however , if the spill sample disp lays no green bands , then potential sources
which contain green bands cannot be dismissed as non—matching sources.

9.3 Observe the relative distances of the ~iands from the orig in.
These distances must be visuall y identical , spot for spot , for ~ suspect/
spill match (all bands must correspond). Figure 5 shows some representative
c h rs m i to g r a ~nc of different crudes and refinery products using the American

~e - t r J e c ,  I ns t i t u t e  Oil Standards (from left to right: No. 2 fuel oil ,

~‘u~~- , c crude , Bunker “ ( ‘
, and Louisiana crude). In Figure 6, a spill sample

(.~ ) i— . r-: - i r e  to t ~ y t -  (1 , 3 ,4,5,6) oils taken from different locations from
• ‘ a - .- t i nke r .  Ii spills and samples 3 , 4, and 5 are identical. Figure
-~~ .~~ ~~-e i t - - ,uI s  - ‘:  . - con d  sp i l l  ccisc in which samples 2 and 3 from
• 1 i  ar e - c n d i  - , Lrr ~~’ c 1  - able ~ rom s u s p e c t  4 .

-\ I c rresp onding bands must f luoresce the same
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NOTE 8: Incomplete drying of a sample prior to extrac-
tion will result in a non—uniform diminution of fluorescence intensity
over the entire TLC plate. If the bands are poorly resolved (streaked)
an~ weak in iLctensitv, redrv the sample and repeat the analysis.

9 . 5  After taking into account all factors listed in 9.2 through 9.4
(color , relative distance and intensity), under all three UV exposures
(short wavelength , long wavelength , and combined), designate a match or
non—match for each separation on the same p late as the spill sample .

9.6 Aft er UV light examination , iod ine staining may be used , if
necessary , to provide additional information or support the judgment made
from IV examination. It is used only with lubricating oils or mixtures ,
such as bil ge oils , which contain non—fluorescing additives. Visualiza-
tion of these non—fluoresciag additives may be the key to the source of
the spill. Figure 8 shows the iodine—stained plate of a spill case. The
spill (1) is identical to suspect (2 ) .  All suspects (2—8) represent bilge
oils from d i f ferent  tugboats.

9.7 Chromatograms can be recorded by photographing the developed
plate. A Polaroid Model 195 Land camera is used with the following lens
and fii~~ers placed in the order cited (all connected by Series Seven !~5
mm adapters):

+3 close—up lens
:3 yellow filter

CC4OY f i l ter
Hood

The same l ight box can be used for both visual inspection !
i n te rp re ta t i on  and IJV photograp hy. This is accomp lished by mounting a
bracket with an extension arm to swing the camera into place after visual
examination of t he plates. Af ter  the camera is in place , t he shutter
speed is Set on “B” ; the f—stop at 8 and a cable release is installed.
Polacolor 2 , Type 108 film is used. One photograph per plate per wave-
length is sufficient; shot as follows :

WAVELENGTHS 
- -

254 nm 366 nm 254+366 nm

Exposure- Time (minutes) 4.5 2.5 1.5

All  photograp hs are developed for 1.5 minute-s.

It is important that the bottom of the developed plate (the edge
w i t h the original spo ts )  alway s be nearest the u l t rav io le t  li ght source
being used. This means that the plate must be rotated 180° w hen taking a
long wavelength after a short wavelen gth p late or the reverse. When using
both li ghts simultaneousl y, the bottom of the plate is nearest the short
wavelength li ght.
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10.0 Field Versus Laboratory Method

10.1 In the research laboratory environment , t he TLC system can be
used for more soph istica ted analyses , such as: grad ing gasolines , addi-
tive detection in lubes , classif ica tions of oils , etc.

J— 8
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TABLE I 

- -

EFFECT OF SUBSTRATE ON TLC MATCHING OF SAMPLE FROM TEN

SIMU LATED SPILL CASES

SPILL SAMPLES NO. OF POSSiBLE NO. OF MATCHES CAUSES
MATCHES MISSED

Oil on 9 1 Inability to dis—
saltwater tinguish two crudes

from same oi l field

Oil on sand 9 4 Oil—contaminated
sand

Oil on sawdust 4 4 Compound s extracted
from sawdust sub-
strate

Oi l on 4 1 Polar compounds and
vegetation lipids extracted

from vegetation

Oi l on dir t  1 0

Mixture of 2 3 3 Lost identity (i.e.,
oils (suspect Oil A + Oil B = Oil C ,

not A +  B)

_ _ _ _ _ _ _  a
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a .  C h a m b e r  b o d y ,  c o m p l e t e
b . Solv e- nt t ro u g h s , glass (2)
c. C l a m p i n g  springs fo solvent wick (2)
d . Solv e -nt t rough , glass , with 5 su b d i v i s i o n s
e. C o n d i t i o n i n g  tray, glass , with 5 subdivisions
f. C o n d i t i o n i n g  tray, glass , w i t h  10 s u b d i v i s i o n s
g. C o n d i t i o n i n g  tray, g lass , with square su b d i v i s i o n s
h . Sandwich slide
i. Flat s l i d e
j. Solvent wicks , packa ges of 50

Figure 1. Apparatus.
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Figure 2. Spotting guide.

j— 11



4~~ir~ -
~~~~~~
, ., —

~~~~~~~~~~~~~

d —

- --—— 4

FIgure 3. Developing TLC p la tes  in the
Camag Var io—KS—Ch a mb e r.
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APPENDIX K

OIL SPILL Il)ENTIFICATION BY HIGH I~RESSURE LIQUID CHROMATOGRAPHY

1.0 SCOPE

1.1 The following High Pr essure Liqu id Chroma togr aphic procedure
was developed as an adjunct to those methods in the “Oil Sp ill
Iden ifica t ion Sys tem ” (CG—D—4l—75). This technique is useful in
those oil spill cases when other analytical methods do not concur with
each other. High pressure liquid chromatography provides not only a
“f ingerpr in t ” bu t a roug h estimate of the time an oil has been on the
water.

2 .0 SUMMARY OF METHOD

2.1 The liquid chromatographic me thod as app lied to oil spill
identification utilizes a methanolic extract of the oil injected onto
a reverse phase li quid chroma tographic column and developed wi th a
water/me thanol gradient (from 50% to 100% methanol). The components of
the oil extract are separated on the chrotnatographic columns and detected
in the e f f l uen t as they pas s thr ough dual pho tome tr ic cells moni tored
at 254 nm and 210 nm. The resulting chromatograms are then used to
screen suspect sources and then to match a suspect to the spill.

3.0 APPLICATION

This method is app licable to all types of oils and is useful with
spill samples which have not been weathered more than about four days .

4 . 0  APPARATUS

1. Perkin—Elm er Model 1220 liquid chromatograp h equi pped with two
3000 psi piston pumps with an air ba th col umn oven and grad ien t
elution capability.

2. Waters Associates 11—6—K injection system .

3. Perkin—Elmer Model 250 Ultraviolet Adsorption Detector

4 . Colema n Model 55 UV—VIs Digital Spec t rop hotometer

5. 2 Wa ter Associates uBondapack Cl8 ODS columns

6. 2 Perkin—Elmer Model 56 strip chart recorders (or a dual
recorder)

7. 5 .il si de—port Auto Samp ler Syr inge , Prec ision Samp ling Cor p.

8. Corn ing Model PC—35 hot plate

K—i
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9. Millipo r t  Vacuum — pressure pump #XX60000000

10. International Equipment Centrifuge Model FU~—S

11. Lab—Line Pyr o —Magnestir , Model 1266

12. Milli pore A ll—Glass Filter A pparatus , 47 cmi #XX 15 047 00

13. Scientific Products Deluxe Vortex Mixer

5.0 MATERIAL S AND REAGENTS

1. Glacial Acetic Acid — Reagent grade

2. Methyl Alcohol — Spectroquality Matheson Coleman/Bell (MX—475)

3. Calc ium Sulfate — Reagent grade anhydrous

‘ . Dis t illed water , LIV cut off  190 mm or less

5. Filters , Millipore 47 nm~, 0.22 u

6.0 PREPARATIi)~ OF SAMPLE

6.1 Place a ore gram sample (approximately 1 ml of the neat oil)
into a 15 mi centrifuge tube using a Pasteur p ipe t.

NOTE 1: In those few instances when it is imperative to analyze
oil—coated debris sample (i.e. none other available), an oil sample can
be analyzed in the following manner: fill a 15 ml centrifuge tube to
1/3 of its capacity with the oil—soaked material . Add an equal volume
of distilled water, then centrifuge this mixture for five minutes at

~ 1000 RCF. The oil will float to the top of the water layer where it
H is accessible. (This procedure is included since it is sometimes

necessary to use samples on solid substrates. This , however , as
pointed out above , is not recommended.)

:~oTE 2: If a samp le of oil is present as a thin slick on the water it is
not possib le to obtain suff ic ient samp le wi th a Pasteur pipet. In this
case, the use of Teflon strips is recommended . Dip the lower half of a
hand—held strip into the sample jar , passing through the oil slick.
Quickl y remove the st r ip  and a llow the oil adhering to it to drip into
a test tube. Repeat this operation until approximatel y 1 ml o f oil has
been remov ed .

6 . 2  Add one gram of anhydrous calcium sulfate to the oil sample
con tained in the 15 ml centrifuge tube . (The anhydrous calcium sulfate
removes any water entrapped wit hin the oil samp le . )  Shake the test
tube on the Vortex mixer for 1 minute.

12
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NOTE 3: If the oil samp le is of a very viscous , heavy consistency ,
carry out extraction in a hot water bath. This will allow the calcium
sulfate granules to circulate through the oil thoroughly when mixing
in order to insure comp lete desiccation of the oil sample.

6.3 An equal volume of acidified methyl alcohol (0.4% glac ial

~icetic ac id/meth yl alcohol , by volume) is added to the mixture in E~.2.
The combined mixture is shaken on the Vortex Mixer for one minute until
the oil is well emulsified and then centrifuged at 1000 RCF for five
minutes.

6.~e The methanol phase is then removed with a Pasteur pipet , and
retained in a 1 dram capped glass vial .

6.5 Place the sample vial from 6.4 into a 60°C water bath on a
Lab-Line Pyro—magnestir hot plate. Suspend a Pasteur pipet with the
tip abou t 0.5 cm above the methanol phase.

6.6 Connect the Pasteur pipet to a vacuum source and apply
suction . Evaporate until oil droplets appear in the glass vial.

6.7 Replace cap and centrifuge at 1000 RCF for 10 minutes.
The sample should now be crystal clear with oil droplets at the
bottom of t he  vial . If not , repeat this step. Insure that the
samp le vial is properly labelled .

7.0 SOLVENT PREPARATION

This procedure is used separately for both water and methanol.

7.1 Vacuum filter 1 1. so l vent using a Mil lipore all—glass
filtration apparatus with a 0.22 .~ filter in place.

7.2 Place the  filtered solvent in a 2 L volumetri e flask. Install
a ground glass vacuum adaptor with ground glass stopper on the flask.

7.3 Place this flask on the Lab—Line Pyro-~~ gnestir hot plate at
60°C (ambien t temperature for methanol) and apply a vacuum (15 in. Hg
for H20, less for methanol to avoid boiling). Adjust the magnetic

e stirrer until swirling bubbles appear in the solvent . Allow this
degassing to proceed until bubble formation ceases (about 30 minutes
for water).

7.6 Remove the flask from the degassing apparatus and immediately
fill the solvent pump reservoirs on the chromatograph. Avoid
unnecessary agitation of the solvent while filling .

7.5 Store the unused portion of the solvent in a 2 L flask with
an air— tight ground glass stopper in place.
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8.0 GENERAL PROCEDURE

8.1 Columns

Two columns (0.64 x 30 cm) connected in series and packed with
Waters Associates ~BondapakTh cl8. They are connected with reducing
end fittings containing a S nmi stainless steel frit. Column effluent
is transferred to the detectors via 0.015” ID stainless—steel tubing .
NOTE: Any commerciall y available micro C18 reverse phase packing may
be used if it provides comparable efficiency (i.e., approx ima tely
3,000 theoretical plates per foot).

8.2 Detectors

A Perkin—Elmer Model 250 Ultraviolet Absorption Detector
monitoring effluent at 254 nm is used as the primary (first) detector
(nearest the end of the column); the sample cell is connected to
the column, with the reference cell cleaned and sealed off containing
room air as a blank. The shortest possible length of 0.015” I.D. stainless
steel tubing is used to connec t the above detector to the Coleman
spectrophotometer , set at 210 mm. Both detectors are operated in the
absorption mode. The photometric cell should have a minimum flushing
efficiency of 2.5 volumes (as described in the manufacturer ’s
instruction manual).

8.3 Column In stallation

When installing new columns in the instrument it is important
to pre—r inse each column separately to remove any particulate matter
on the column . The particulate matter can settle out on the detector ’s
flow cell windows . This will make it difficult , if not impossible ,
to zero the detectors.

8.3.1 Install the inlet end of the first column to the solvent
inlet fitting in the oven .

8.3.2 Set the solvent delivery at 50% methanol in water and
start the pumps at a flow rate of 1.5 mI/minute. Allow the solvent to
flow through the column into a waste container for 15 minutes. Check
to make sure that the solvent effluent is crystal clear before proceeding
to the next step .

8.3.3 Connect the second column in series with the first
using a column coupling adaptor . Make sure that the inlet of the second
column is connected to the outlet of the first. Repeat step 8.3.2.

8.3.4 Connect the outlet side of the second column to the
solvent outlet in the oven . Turn on detectors and chart recorders and
wait until the detectors stabilize. The chart recording will indicate
many sharp peaks. These are caused by air bubbles passing through
the detectors. The detectors are stable when the chart recorders
show a straight line. The stabilization time will vary with the
amount of air trapped in the system .

K-4
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s.4 Calibration of Detectors and Recorders

8.4.1 Pet-kin—Elmer Model 250 — Set attenuator to 10, O.D.
to “S’ position , with the detector knob in Calibrate position . Using
chart recorder zero adjust , set pen deflection at 0. Set O.D. to
‘“i ” (the meter reading should be 50) . Adjust pen deflection using
“calibrate adjust ” un detector to 30% full scale on strip chart.
Set detector to “operate ,”and reset O.D. to 0.02. Recorder pen
should be zero; if not , use coarse and fine zero adjusts , on
detector.

2.4.2 Coleman LC 55

Set detector in absorbance mode. Set spectrophotometer
to 0.00 digital display using coarse and fine adjusts. Set pen deflection
to zero using chart recorder zero adjust knob .

8.5 Column Conditioning

The f ollowing proced ure is used no t onl y for  brand new
col umns , but is also necessary for the first run of the day .

Turn oven to “on ” and set the temperature to 60°C. Set chromato—
graph into linear gradient mode. Set “hold/run” switch to “hold ” position
when 50 is shown on the digital display. Set time to 10 x 10 minutes.
Set “hold/run” swi tch to “run. ” Set flow rate at 1.5 ml/rnln (the pressure
should be 2 ,000 psi ± 100 psi). Allow gradient to run to completion
(99 on d igital display , f in ish ligh t on) , and allow chr oma tograp h to
con t inue pump ing for  exac t ly 20 minutes more (with 100% methanol).

8.5.1 The following procedure is used for repetitive sample
injec tions on the same day af ter f i r s t condi t ioning the column s as
outlined above in 8.5.

Set t ime to I x 10 minutes. Place chromatograp h in
“retrace ” mode , and push “start ” button . Allow digital display to
run backwards from 99 to 50, then reset “run—hold ” switch to “hold ,”

I
I retrace—gradient switch to “gradient ,” and t ime to 10 x 10 minutes. Allow

column equilibrat ion for exactl y 20 minutes before introducing a
sample.

8.6 Sample Int rod uc t ion

Fill syringe with 4 ~il of a sample prepared in 6.7 (do not
draw up air or oil droplets). Set U—6K “load/injection” lever to “load .”
Set plug retaining lever to “open” position . Remove sample plug and
place in hole in “load/injector ” lever. Insert syringe as far as
possible into the sample loading port. Inject sample, remove syringe ,
and replace plug . Set “plug retaining ” lever to “closed ” position .
Set “load/injector ” lever to “inject ” and set “hold— run ” sw itc h (on
ch roinatograph) to “run .”

K- S
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NOTE ~: A m p l i t i r attenuation must not be changed on either detector
at any t ime between 25 and 40 minutes , since these reg ions of the
chromatograms are for data reduc tion in matching oils. The maximum
pen deflection , however , must be less than 90% within this region.

9 .0  ~A:’A r~EDCCTro: :

9 .1 The 254 rim absorption chromatogram is used primarily as a
screening technique to e l iminate  unlikely suspects.  For all oils
a doublet peak elutes at t 3 4  minu tes .  Figure 1 demonstrates the
liquid chromatograms of 2 #6 fuel oils from the same feedstock; the
peak—height reversal of the 34 minute doublet is apparent.

9.2 Peak heights of the 34—minute doublet are measured in mm
w i t h  a ru l e r  f rom basel ine  cons t ruc ted  as shown in Figure 1.

9 . 3  The neig hts are ratloed by div iding the f irst peak he igh t
by the second .

9.4 Any suspec t sample whose calculated 254 run ratio is not
within 6. of the r a t i o  for the spill can be eliminated as a potential
spill source.

9.5 All potential sources not eliminated by the above ra tio
technique must be considered further by means of the 210 am chromatograms .
Only those peaks eluting between 25 and 40 minutes , which possess both
positive and negative slopes , with a minimum peak heigh t of 5 mm are to
be considered . Figure 2 indicates these peaks and the constructed
ba sel ine~~.

NOTF ~: Th& data points defined above must be common to both spill and
suspec t .

9.6 Peak heights are measured as in 9.2.

9.7 The peak heights are used to generate a series of intra—
chromatographic peak height ratios for each chromatogram not eliminated
in 9.4. This series is an ordered sequence of ratios generated by
ratioing the first peak to the second , second to third , third to
fourth , etc. (i.e., n n+l n+2 . . . ) .  Table 1 lists the serial ratios

n+l n+2 n+3
genera ted from the chroinatograms in Figure 2.

NUlL 6: Since qualitative differences between spill and suspect
chromatograms in the 25 to 40 minute region of the 210 run chromato—
gram occur frequentl y, the spill sample must be made the standard
for comparison . Only corresponding peaks common to both spill and
suspect are used for comparing oils. Extraneous peaks existing in
the 25—40 minute elution range of the suspects are ignored in
calculating the series of ratios for that suspect if no such
peak(s) exist in the spill chromatogram , since both weathering

K- 6
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and possible contaminat ion could account for  these discrepancies.
C o n s e q u e n t ly , zero valu es are not  included in the  series of ra t ios
fo r  any suspect o i l .

9.8 The serial ratios are compared statisticall y for matching
purposes.  This method compares any two chroinatograms and assigns a
numerical degree of “match” between any sp i l l /suspect  p a i r .  This
procedure involves the fol lowing :

(1) Computation of the standard error of the standard
devia t ion  of the serial ra t ios  (collectively considered for  each oil ,
i.e., Table l).

(2)  Computat ion of the correlation c o e f f i c i e n t  between t h e
individual ratios of the two oils.

(3) Comparison of the standard errors of the standard
dev iations for any two ratio series.

9.8.1 For any chromatograin , X , the  standard e r ro r  o t  t t ~
-r a ndard dt~viar i U n  CS )  of the  r a t1c  ceriec f r  X 1~ d p fj n . t by  t ~ . . c U  .1 )~~n -

S
S~~1

where the standard deviation(S) is def ined by

S — ~~~~~~~~~~~ (~~~57

n—i

where x represents the individual ratios for the series of chromatogra~n X,
and n is the number of ratios (x’s) in the series.

9 . 8 . 2  Repeat 9 . 8 .1  for  chromatogram Y

9.8.3 For any two chromatograms , X and Y , the correlation
coefficient (r) is defined by the equation

ri . xy 
— :x~y

, ‘kx ~~~~ ( :x ) f lT~~~7~~~(::y)2i

where n — the n~rTher of ratios in the chromatogram

9. M .4 The correlation coefficient (rxy) and the standard errors
of the standard leviat ions for chromatograms X and ‘1 are now used to test
the hypothesis ‘hat the serial ratios of X and Y are not significantly
different. This comparison (SD) is defined by the following equation:

I ~ --.---~~~~~~~~-



S0 = ‘
~~~X

2 + SQy~ — 2r Xy SQX 5QY

9~ 8.5 Repeat steps 9.4 thru 9.8.4 for all suspects.

9.9 Interpretation of the Numerical Value of SD

9.9.1 The value of SD is a sta tistical measure of the
d ifferences between two oils. The larger the 5D ’ the grea ter the
differences . Duplicates of three d if f eren t o ils gave SD val ues of
0.1~ O.0l. Weathering of a spilled sample generates a larger SD val ue
when it is compared to the unweathered source.

9.9.2 To quantitate the effects of weathering on SD values ,

~,etween a spill and source , seven simula ted sp ill tests were cond ucted
wi th samples weathered up to 96 hours . Thirty-three SD values wer e
calculated . Ten values of matching oils had SD < 0.2 1.  Two known
ma tches lay between 0.22—0.26 as did two known mismatches . The values
in this region were designated as inconclusive . All other mismatches
had values exceed ing 0.26. Therefore, based on these initial emp iri cal
results:

a. SD < 0.22 is defined as a match.

b. SD > 0.26 is defined as a mismatch .

c. 0.22 < SD > 0.26 is defined as inconclusive .

10.0 EXPOSURE TIME IN HOURS

10.1 Based on a linear correlation between 5D and exposure time to
weathering for  9 out of 11 oils  tested , an equa t ion can be wr itt en f or
an approx imate exposure time in hours :

(S~ — 0.1) l0~t (exp) — 1.25

K—8
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T A B L E  I

R A T I O  S E R I E S  FOR T H E  TWO C H R O M A T O G R A M S  S H O W N  IN F I G U R E  2

CHROMATOGRAM X CHROMATOGRAM Y
RATIO (sp ill) RATIO (suspectj

1 .13  1 .39
2 . 5 7  2 . 5 7

. 0 7  . 0 7

.09 1.01
2 . 9 4  2 . 8 8

. 9 3  .87

. 7 6  . 7 5
1 . 0 7  1 . 0 7
3.31 3.39

. 8 3  . 8 4
1.16 .94

S
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AI ’PENDIX L
~A E l - l i  i~ O i L  S P I L L  I D E N T I F I C A T I ON

S , i ! e t v  is  in i n t e g r a l  part of any o p e r a t i o n .  I ’ l t i m a t e l v , t h e
i n d i v i d u a l  w e r k e r  is  r e sp on s ih i e  f o r  h i s  own s a f e ty , an d f or t h ose
,ir u n d  h i ~~. T h i s  r e q u i r e s  t h a t  he he i n f o r m e d  of t h e  h a z a r d s  l ik e l y
to ~e e n cou n t er e d  i n  h i s  work  - m d  be ab le  to cope w i t h  t hem .

This appendix is not an all—purpose chemical safety manual. Rather ,
it addres’-es s .Ifetv .~~pe’cts peculiar to the preceding appendices which
present s~- : r I l  anal ytical techniques for oil sp ill identifica ti on.

It is assumed that there i s  an o p e r a t i v e  s a f e t y  manua l at  the
laborator y , or facilit y , where these methods are being used , and that
the laboratory personnel have been i n s t r u c t e d  in general  s a f e t y  procedures
r e g a r d i n g  the p h y sic a l handling of m a t e r i a l s , p recau t ions  aga ins t  e l e c t r i c
shock , basic element s of f i r s t  aid , e t c .

It is further assumed that the laboratory is properl y de signed
with appropriate equipment such as: explosion—proof refrigerators; fume
hood with separately contr olled exhaust and makeup vents; safe gas
cylinder storage area; approved solvent storage cabinets , expl osion—
;r~ or exhuast fans on the hood ; eyewash s t a t i o n  and s a f e t y  shower;  f i r e
ex t  i n g u i s h t r~~.

S m o k i n g  is p rohibited In laboratory areas. Eating and drinking is
li kewis e pr o h ib it e d , except for areas so designated .

I I .  PERSONA! .  P R O T E C T I V E  E Q P I P~1EN T

A. Safety Classes. All personnel working In laboratory areas

~~ 1st  wea r eye p r~~t e c t i o n .  For t h i s  purpose , approved  s a f e t y  glasses are
usuall y adequate; special cases migh t require face shields.

Use of safety glasses is absolutely essential when handling
solvents or liquid nitorgen. At the discretion of the laboratory
sune rvls vr , certain work areas , or oper atio ns may he desi gna t ed as
exceptions. For example , wh ile an electronic instrument is in operation ,
it na’.’ not he necessary to wear the glasses.

In practice , it Is better for the laboratory personnel to acquire
the habit of wearing the glasses at all t imes In the laboratory. However ,
t o  i n s u r e  comp l i a n c e  In p a r t i c u l a r  areas — such as the hoods , or when
handli ng solvents over the sinks , etc. — i t  is b e n e f i c i a l  to differentiate
c l e a r l y  the  “a b s o l u t e  mus t ” s i t u a t i o n s  f rom o t h e r  less c r i t i c a l  ones In
the  l a b o r a t o r y .
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B. ( l v e ~ . ( l o ~’es ar e  p a r t  i c u l a r l v  important w h e n  h a n d l i n g
la r g e  ~‘o l urnes ol  s o l v t ’ n t ~~ , or  i t  an i n d i v i d u a l has  p a r t  i c u l a r l ’ ,’ -, en ’-, i t i ’ .’ o
hands .  R u b b e r , r so I ve n t — r e s  is t an  t gloves sh o u l d  he w~;ed

C.  S a f e t y  B o t t l e  Carriers. Bottle carriers should be used when
t r a n s p o r t i n g  g l a s s  bottles containing hazardous chemicals. This includes
a c i d s  ( g l a c i a l  a e t i c  a c i d )  as w e l l  as flammable solvents and is p a r t i c u l a r l y
i r r p o r t a n t  f o r  t h e  5 lb (3L )  b o t t l e s  ( t h e s e  a r e  not  to be t r a n s p o r t  e l  by
h o l d i n g  t h e  neck of t h e  b o t t l e ) .

I I I .  SOLVENTS

A.  Uand l~~~~ . The h a n d l i n g  of s o lv e n t s  shou ld  he done c a r e fu l l y  with
respect for their potential fire and health hazards. In oil identific ation ,
.i number  o f  so l v e n t s  are  used to prepare solutions for analysis , or for
cleaning sanp ie cells and equipment. Table 1 l i s t s  the  i n d i v i d u a l  s o l v e n t s
and the  append ices  in w h i c h  t h e y  a p p e a r .

Two g e n e r a l  r u l e s  shou ld  be f o l l o w e d  wheneve r  p o s s i b l e :
(1)  work in a fume hood when r i n s i n g  g lassware  or t r a n s f e r r i n g  s o l u t i o n s :
( 2 )  avo id  c o n t a c t  w i t h  t he  eyes and any unnecessa ry  c o n t a c t  w i t h  t h e  s k i n .
P a r t  i cu l a r lv  bad in t h i s  regard  is t o l u e n e  w h i c h  i s  a p r i m a r y  sk in
i r r i t a n t  and absorbed d i r e c t ly  through the  s k i n .  A v o i d  b r e a t h i n g  s o l v e n t
vapor s  by m a i n t a i n i n g  a d e q u a t e  v e n t i l a t i o n  in  t he  room when w o r k i n g  w i t h
s o l v e n t s .

B. S torage.  Keep a min imum suppl y of so lven t s  on hand in t h e  l a b o rat o r y
work space .  Do not  s t o r e  so lven ts  on shelves , it  eye l eve l  in t he  work
area. Bulk storage should be in an approved storagm’ —~ abinet In a well
ventilated area .

C. Disposal. In the laboratory, small quantities ot  w a s t e  s o l v e n t
should be p l a c e d  in an approved solvent container. This container max’
be plastic or metal — preferabl y wide—mouthed — with a flame arrestor.
Do not dispose of inorganic acids In the  same container: (See 5E., p. 4.)

IThen the small container is filled , it should he emptied
into a suitable drum. The filled drum , In turn , is to have its contents
disposed of by a q u a l i f i e d  ou t s ide  c o n t r a c t o r .

IV. COMPRESSED CASES

The compressed gases used for oil Identification are , except for
hydrogen , not chemicall y hazardous. Helium and nitrogen are inert .
Compressed air used for the hydrogen flames in the chromatograph can
be obtained by means of a compressor — eliminatin g the need for a high
pressure cylinder. Likewise , a hydrogen generator can also be substituted
for a cylinder (with Its attendant problems). A carbon dioxide c\’!Inder
may he used tor sub—ambient cooling In gas ch r om at og r an h v , or f o r  mak ing
dry Ice for cooling purposes.
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The p r i m a r y  gases them ’~e lves  ( h e l i u m  and n i t r o g e n )  are innocuous , but
t h e  ma in  haza rd  p o t e n t i a l  is from t he  h i gh p r e s s u r e  under  w h i c h  these  gases
a re  k e p t .  To handle cylinders s,ifelv , they m u s t  be s to red  and t r a n s p o r t e d
with shi pping caps on. The~- should he moved in  t he  l a b o r a t o r y  onl y b y
means of app roved  whee led  c a r t s  t o  w h i c h  t h e  c~~l i n d e r  is secured  s a f e l y .

The c y l i n d e r s  mus t  he k e p t  iw o ’ ,’ from hea t , and a lways  secu red  in  an
u p r i g h t  position by c l a m p i n g  to  a fir m s u p p o r t .  The ap p r o p r i o r e  r e d u c i n g
v a l v e  must  he used ( w i t h o u t  a d a p t o r s )  for each t y p e  of gas .  Nev er
l u b r i c a t e  or  t a m p e r  w i t h  a cvi  inde r  va l ve — a l w a y s  send them to the  s u p p l i e r
b r  r e p a i r  i t  n e c e s sary .

V.  MI SCELLANEOUS

A few special precautions are noted below which app ly to particular
methods.

A. Xenon Lamps. Xenon lamps are used as li gh t  sources in f l u o re cence
and low temperature luminescence (Appendices E and F) and the following
p r e c a u t i o n s  shou ld  be s t r i c t ly observed:

1. Xenon lamps  gene ra t e  ozone w h i c h  is an i r r i t a n t  and wh ich  is
a l s o  t o x i c  on c h r o n i c  exposure . I t  is t h e r e f o r e  impera t ive  that  ozone
be exhaus t ed  f r o m  the  room when o p e r a t i n g  in a c o n f i n e d  a r e a .  This  is
a c c o m p l i s h e d  by means of a small  f a n  and duc t  l o c a t e d  over t h e  lamp
h o u s i n g  l e ad ing  to t h e  o u t s i d e .

2. Xenon l amps emi t  u l t r a v i o l e t — r i c h  l i g h t .  V n d e r  no c i r ( ’ I l m s t N o I & - t s

should anyone look directly at the operating lamp since d-i rcigt ’ t o  t h e  e ve s
could r e su l t .

3. When i t  is necessary  to change a l amp , A L WA Y~ w e a r  ‘,,~~~.- ! y

g lasses and heavy g loves when h a n d l i n g  t h e  lamp . T ime l imps  a r o  u n d e r
e x t r e m e l y h i g h  p r e s s u r e  and may exp lode I f  dropped or tw i ste d . To change
a xenon l amp , remove the  new one f rom i t s  p r o t e c t i v e  ca se  o n ly  w l . t - : i  reid~’
t o  I n s t a l l  It  — then  im n m e d i a t e l v  p lace  t h e  o ld  l amp hack  i n t o  t i t ’  c i s c .

B.  Li quid  N i t r o g e n .  L i q u i d  n i t r o g e n  is a n o n — f l a m m a h l e , ~c n - t o xIC
m a t e r i a l  w i t h  a b o i l i n g  po in t  of 7 7 . 3 ° K (— 1 9 5 . 7 ° C ) .  Because of I t s
ve ry  low t emp e r a t u r e , l i q u i d  n i t r o g e n  mus t  be handled w itI e x t r e m e  ~a r ’ .
A n o t h e r  h a z a r d  is t h e  ex t reme pressure  b u i l d u p  due to  e v a p o r a t i o n  i f
l i q u i d  n i t r o g e n  is kep t  In a c o n f i n e d  space.

Also , I f  s to red  uncovered  or p o or l~ ’ covered  i t
w i l l  s l o w l y ’  be c o n v e r t e d  (by condensa t i on )  to l i q u i d  air (h .p . 85°K ) wh i ch
i s  r e a c t i v e . T h i s , in t u r n , may become slowl y e n r i c h e d  In li qu id  oxyg en
(b .p .  90 .2° K) to form a very hazardous oxidizing mixture . Therefore , always
store liquid nitrogen .In a loosely stoppered container , ~~o that the pressure
of nitrogen gas can he released while maintaining a positive pressure to
prevent admission of atmospheric air or water vapor to he condensed (Ice
c r y s t a l s  f r o m  t h e  w a t e r  vapor serve as nucleation centers for hubbies which
would  cause l i g h t  s c a t t e r  In  low t empera tu re  lu m i n e s c e n c e ) .
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(‘,l ,m’ -is fle’wars m r ’ o m m o m i l v  used is cont  m i n e r s  f o r
s m a l l  q u an t  it It’s of l i q u i d  nit ro gen. Tbev i n ’  , ‘v m c m i , m t . ’ d  and im p l o d e
violent lv if struck or dropped — ‘That tt’ r i rmg t i m e  g l a s s  i n t o  m .in v sma l I
s h a r d s .  The Dewar ~h~ m i I d  there to re he w r an p e d  ( e x t  ep t  t i  o p t  i ‘a 1 s u r f a c e s)
w ith S t  r o n m z  r a r ~’ (prt ’tc rahl v cloth adhes i v , ’ )  iwt ‘ri’ ms , . ‘~u a r t z  or g lass
Dewa r~ s h o m i  I d  he k e p t  a way  f ron h e l u  in wh iou  can  d i  t fuse through them and

d t ’ s t r o v  t h e  v a c u u m .

I f  i t  Is neces sa ry  to  d i spose  of l i q u i d  n i t r o g e n
in order  t o  c l e a n  an d / o r  d ry  a Dewar , pour  the  l i q u i d  n i t r o g e n  slow ly
o n t o  t h e  f l o o r  or t h e  g round . Never  pour  i t  i n to  s i n k s , as i t  could
c r a c k  t h e  s i n k  a n d / o r  t h e  d r a i n  p i p e s .

Liquid nitrogen should never be handled carelessly.
A few drops on the skin w i l l  evapo ra t e  b e f o r e  do ing  permanent damage . However ,
if any become s e n t r a p p e d  between a hand and g love , or foot  and shoe , i t  can
c a u s e  pai nful frostbite. When transferring large amounts of liquid nitrogen ,
use asbes tos g l o v e s .

C. S i l i c a  Ccl Dus t .  When t h i n — l a y e r  c h r o m a t o g r a p h ic  (TLC) p la tes
o re sc raped , (A p p e n d i x  1) p r e c a u t i o n s  should  he taken to avoid having
the silica gel d u s t  become a i r b o r n e  and b r e a t h e d  i n t o  the  lungs . Avoidance
ot  u n n e c e s s a ry  j a r r i n g  and g e n t l e  h a n d l i n g  of t he  p l a t e s , p a r t i c u l a r l y
during scraping and disposal of the loosened silica powder will keep
a i r bor n e  d u s t  to  a m i n i m u m .

D. L i q u i d  Chromatograph  Solvent .  The l i q u i d  ch ron at og raph i c  column
e f f l u e n t  (Appendix K) contains methanol. The column effluent can be emptied
d i r e c t l y ’  i n t o  a s i n k  d r a i n  w i t h  a c o n t i n ua l s i m u l t a n e o u s  f l u s h i n g  w i t h  water
in o rde r  to avoid c o n t a m i n a t i n g  the l a b o r a t o r y  atmosp here . The vessels
used to  f l u s h  t he  w a t e r  pump w i t h  me thano l  and to ca t ch  i nj e c t o r  loop f low
should be emptied Into a w a st e  solvent  container and rinsed with water after
con tact with methanol.

E. Acids. Acids have I r r i t a t i n g  fumes , are co r ros ive  and should be
handled with care. Safety glasses and rubber gloves shou ld be worn when
h a n d l i n g  them. Accidental spills on the skin should be flushed immediately
with copious amounts of water. When diluting, a lways add the ac id to
water not the reverse.

The ac ids  used in o i l  i d e n t i f i c a t i o n  are a c e t i c  acid
and n i t r i c  a c i d .  They are used in d i f f e r e n t  procedures , but  it should
be noted here that they are not compatible and should never be placed in
the same w a s t e  c o n t a i n e r .

1. A c e t i c  a c i d .  The a c e t i c  ac id  is used as an extractant for
chromatograp h ic methods and is diluted during use. It Is safe to pour
i n t o  a s i n k  and f l u s h  w i t h  w a t e r .

2 . N i t r i c  A c i d .  N i c t r i c  a c i d  is hazardous because of its
o x i d i z i n g  and n i t r a t i n g  p r o p e r t i e s  In addItion to Its acidit y . It
s h o u l d  be kep t  away f r o m  o r g a n i c  m a t e r i a l s  and m e t a l s .  S tore  the
waste acid in glass bottles and have a contractor dispose of accumulated
w a s t e .  S m a l l  amounts ( 10 m l )  can be d i lu ted  (a l w a y s  add acid to water)
and poured down the sink with copious flushing. This acid should only be
handled in the hood .
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TABLE I

SAFETY PRECAUTIONS REQUIRE !)

PERTINET RELATIVE
SECTION SUBJECT APPENDIX TOXICITY*

I I I  SOLVENTS
Cyc lohexane  E I
M e t hy l cy c l o h e x a n e  F 1

~Iethy lene c h l o r i d e  D ,G ,H 2
Toluene D , I 2
Me thano l  J , K 1
Hexane G , H ,J ,K 1

IV CO~~~RES SED GASES
H e l i u m  I)
N i t r o g e n  D ,E , F

V MISCELLANEOUS
A. Xenon Lamps E ,F
B. Liquid  N i t r o g e n  F
C. S i l i ca  Gel Dust J
D. L i q u i d  Chromatograp h Solvent K
E.  Ac ids

Ace t i c  J ,K 2
N i L r i c  E , P 2

*Toxj c i tie s
1. Exposure  causes i r r i t a t i o n; only  minor r e s idua l  injury if

u n t r e a t e d .
2. Cont inued  or in tense  exposure can cause temporary  i n c ap a c i t a t i o n ;

possible residual injury unless promptly treated .
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