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f~ A field infrared method has been developed to distinguish oil due to natural
seep.i gt’ In t he  Santa Barbara (California) Channel region from closely simi li r
oils deriv ed from spills at  offshore drilling p latfor ms or from shi p p i n g
accident s . Di t ferences between seep and non—seep oils have  been found t o

pe r s i s t  in w~’ . i t h r i n g  studies carried out in outdoor tanks f o r  one week. T hi s
method involves simple infrared instrumentation and a minimum of samp le
pr~-p.I r a t io n . It permits rapid on—site anal ysis without special t r a i n i n g .  The
major differences between seep and non—seep oils appear in the comparison
between t he 13.8  ~~ and  13. 5 ~J peaks (for both weathered and unweathered oils)
and I t i  the c i r h n v l  r , ’~~ i ’I1 . l t  5.85 !J (for unweathered oil s only) .
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1.0 INTRODUCTION

1.1 Scope. The purpose  of t h i s  p r o j e c t  was to deve lop  a r e l a t i v e l y
simp le field method to d i s t i n g u i s h  be tween  n a t u r a l  seeps and production
oils (or other sp ill sources) in the Santa Barbara , California area.
It has also proved useful to classif y oils by type , and displayed potential
for matching a spilled sample to a suspect source.

1 .2 App lication. The method can be applied to any neat oil ,
w a t e r h o r n e  o i l  or o i l — s o a k e d  material (following extraction , if necessary) .

1.3 I n f r a r e d  Method App l i ed  to Oil Analysis. The infrared absorption
s p e c t r u m  of a p e t r o l e u m  oi l  is the sum of the ahsorptions of all the
infrared active vibrations of all the component molecules in this highly
complex mixture. All vibrations are infrared—active if they result in a
change in electric di pole moment (displacement of electric charge) within
t he  m o l e c u l e .  For hy droca rbons , t h i s  means the asymmetric vibrations.
V ibrations include bending, stretching and twisting motions of the molecule
as a w h o l e  or of i n d i v i d u a l  bonds .  C e rt a i n  peaks may he found  to have
m a i n l y  a r o m a t i c  or m a i n l y ali phatic character , whereas other peaks will he
found  to r ep re sen t  th e  s t r e t c h i n g  of a p a r t i c u l a r  t ype  of bond such as
carbony l  (C=O) , or h ydroxy l (OH) . T h e r e f o r e , the  i n f r a r e d  spec t rum g ives
us a good handle on the overall composition of the oil including components
such as aliphatic s , and the presence of certain contaminants if present in
large enough concentration. Since oil is such a comp lex m i x ture , individual
components of the oil are generall y not determined .

Infrared spectroscopy is not a good method for stud ying trace
contamination of the oil , especially if the contaminant absorbs in a
reg ion of general hydrocarbon absorption. Certain solvent contaminant
peaks such as pentane , used in deasphalt ing or extraction procedures ,
may be pre sent and may distort the underl ying infrared envelope without

• being noticeable except to an experienced operator . Therefore , it is
adv isable to avoid adding solvents to the oil unless necessary . This is
al so the reason for evaporating off all organic solvents before filling

• the (-eli. Also , many inorganic compounds such as magnesium sulfate , used
in sample preparation , also absorb in the infrared and may cause contamination
peaks of wh ich the operator must be aware, Finally , atmospheric absorption
peaks may be noticed and changes in the spectral baseline may be caused
by sc ratch ing and darken ing of the cell window s, especial l y silver bromide
(A gBr). The la tter effects may he checked by running an empty cell base—
line.

1
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-~ D e s e r i ,,~~t i i i  of I n s t r u m e n t .  Figure 1 shows a s c h e m a t i c  d i a g r a m  of
t h e  s i n ~’ l e — h e irn i i i ’ ~~t r l l m e n t  w h i c h  i s  used fo r  t h e  f i e l d  me thod  b e c au s e  i t s
r u g g ed ne~ s , I ’ ~~— ‘st  an d  c i s c  of o p e r a t i o n  o u t w e i g h e d  t h e  i n s t r u m e n t a l
s h o r t corn ; flk’~~ o v e r  .i d o t l h l e — h e a m  s p & ’i t r o p h o t o m e t e r , f o r  t h i s  f i e l d  app l  i c ; I t i o n .
The s& ’ur e i s  i res ist ivel y—he ated nichrome wire. A circular variable
i n t e r f e r i ni e f i N i - ~ is used in combination with a slit to select a single
n i r r o v  y i v t ’ l  e n g t l i  h a n d  f r o m  the  sou rce  r a d i a t i o n .  The s e l e c t e d  wav e!  c n g t h
h an d p a ss  is  v a r i e d  over  t he  range  2 . 5 — 1 4 .5 m i c r o n s  ( i n  t h r e e  s t e p s )  b y
r , ’t l t ing t h e  f i l t e r .

A pyroelectric lithium tantalate d e t e c t o r is  exposed ~~~~‘ chopped
radiati on w h i c h  has passed th rough  t h e  sample  c e l l  and t he  r e s u l t i n g  s i g n a l
is sensed as an a l t e r n a t i n g  v o l t a g e  across  a l a r g e — v a l u e , p a r a l l e l  r e s i s t o r .
T h i s  d e t e c t o r  is used because  of i t s  ruggedness  and r a p i d  r e sponse .  I t
is not  degraded  b y n o r m a l  exposure  to the  a tmosphe re  h u t  mus t  he p r o t e c t e d
f rom s t r o n g  d r a f t s  when in use .  The bas i c  s i g n a l — t o — n o i s e  r a t i o  of t h e
i n s t r u m e n t  is d e t e r m i n e d  by the  “Johnson noise” in  the  p a r a l l e l  r e s i s t l l r
due to t h e  random t h e r m a l  m o t i o n  of e l e c t r i c  charges  and by t he  i n t e n s i t y
of r a d i a t i o n  f a l l i n g  on the  d e t e c t o r .

The s p e c i f i c a t i o n s  of t he  M i r a n  I model  5649 are shown in T ab l e  1.

1. 1 Differences Between Sing le and Double—Beam I n f r a r e d  S p e c t r a l  Method

In modern i n f r a r e d  sp e c t r o p h o t o m et r v , d o u b l e — b e a n  i n s t r u m e n t s  a re
used a lm os t exc l usi vel y. Consequen tly, not everyone is f a m i l i a r  w i t h
t h e  d i s t i n c t i o n s  be tween  s i n g le and d o u b l e — b e a m  s p e c t r o p h o t o m e t e r s .
The major distinctive features of the single—beam instrument are  o u t l i n e d
below .

For t he  s i n g l e — b e a m  m e t h o d :

1 .5 .1  The i n s t r u m e n t  r e s o l u t i o n  is lower. This is a disadvantage
In t h a t  some i n f o r m a t i o n  is lo s t , b u t  the important f e a t u r e s  of the  i n f r a r e d
s p e c t r a  are s t i l l  o b s e r v a b l e .

1.5.2 The spectral baseline will be sloping rather than flat as
f o r  t he  d o u b l e — b e a m  instrument. Also , interferences due to  atmosp her i c
ahsorhances of CO~ (4.25 ii) and 1120 (2.7 ~

) may occur.

1.5.3 The gain Is Set with reference to a polystyrene standard .
(For the double—beam spectrophotometer , t h e  gain Is adjusted at a fixed
w a v e l e n g t h  w i t h  t he  f i l l e d  ce l l  in p l a c e . )  When u s i n g  the  single—beam
I n s t r u m e n t , I t  is i m p o r t a n t a lways  to use the  same Teflon spacer (for
t h e  s e al e d  de~i ou n t a b 1e  c e l l )  a n d/ o r  t h e  same M i n i — c e l l  w i n d o w s , so t h a t
the rela t ive absorhances can be compared d i r e c t l y ,  s i n c e  s m a l l  d i f f e r e n c e s
in cell thickness are not compensated by the calibration procedure. This

—— .—‘— — — - --—— —— — - ——- -J



method  has t h e  a d v a n t a g e  t h a t  r e l a t i v e  absorbance  d i f f e r e n c e s  among
o i l s  w i l l  he m a i n t a i n e d . T h e r e f o r e , r e l a t i v e  API g r a v i t i e s  (“w e i g h t s ”)
of oils can he compared by observing the absorhances at certain wavelengths
(e.g., 7 .5  I i ) .

1.5.4 The Miran instrument has a linear absorhance capability, in
addition to  the linear transmittance which is available in most  d o u b l e —
beam instruments. The Miran has two absorbance ranges (0-1 and 1—2 Optical
Dens i t v ) .

1.5.5 The Miran abscissa is linear in microns r a t h e r  than wavenumbers
as are most double—beam instruments. The Miran abscissa is divided into
three segments because of the filter wheel construction .

2.0 SUMMARY OF METHOD

2.1 The neat , wea thered or unweathered , petroleum crude or refined
oil sample is first p laced in either a sealed demountable cell with silver
bromide (AgBr) windows and a 0.1 mm Teflon spacer or in a Wilks Mini—cell
also with AgBr windows and a 0.1 mm pathlength. If the sample is known
to contain water , additional sample preparation steps will be required.

The cell is then p laced in the inf rared analyzer and the infr ared
spectrum on the transmittance scale is scanned from 2.5 to 14.5 p . Then ,
the spectrum is scanned from 8 to 11 p on the (0—1 0.D.) or lx linear
absorbance scale and from 11 to 14.5 p on the (1—2 0.D.) or lOx linear
absorbance scale. Afterwards , spectra are analyzed by examining major
spectral features or by using the overlay method . (See Section 3.)

3.0 INTERPRETATION

Discrimination between a natural seep and a production oil (crude)
from the same geographical area (Santa Barbara , California) involves
examination of two areas of the spectrum . The first region examined
(5 .85  ii) indicates the presence or absence of a carbonyl peak. If no
carbony l peak exis ts , the oil is an unweathered production oil. If
a carbonyl peak is presen t , the oil Is either a natu ral seep or a weathered
production oil. After approximatel y two days of weathering, the distinction

— based on the carbonyl peak is lost. In this case , discrimination must he
made by examining the 13.5 p/13.8 ii peak ratio. This ratio is larger for
more aromatic oils such as natural seeps . Natural seeps , although they
lose some a roma t i c  components n weather ing,  remain more a roma t i c  than
the production oils even after prolonged weathering. Discrimination
between natural seep and closely similar (brown zone) production oils
has been found poss ib l e  fo r  up to  one week of w e a t h e r i n g .

Natural seep oil samples were collected from the surface of the
water , underwater and from the beaches. The non—seep oils were obtained
from prod uction wells in the same geographical areas as the seepage and
from several different well depths corresponding to different geological
zones. Samples examined in th e present study included 41 production oils ,
15 seep oils and 13 beach tar samples. Of the seep oils , 13 were f rom



surta ce o i l  s l i c k s  and two were underwater samp les taken dir ec t ; from t h e
seep s , one fr om Coal . l i l  P o i n t  and t h e other from nearby isla V i  st a .  S ince
ma:i v o l  :he r e p o r t e d  seeps  ar e  only i n t e r m i t t e n t l y a c t i v e , we were  unab l e
t o  Co i I c  t as i i a n v  d i I er en  t seep s o u r c e s  as we h ìad  o r i g i n a l l y  p l a n n e d  . A
samp le of t h e  Co a l  1) 1 1 P o in t  n a t u r a l  seep co I I e c t ed  u n d e r w a t e r  d i r e c t l y
I ron the  seep was se l ee  ted as a compar i son  w i t h  the  p r o d u c t  ion o i l s  because
i t  w as t h e  l a r g e s t  and least weathered samp le.

F i ;~~ire 2 shows Miran s p e c t r a  run on the  t r ansmi t t ance  scale in the
s p e c t r a l  reg io n f rom 8 to 4 . 5  p .  This figure compares three unweathercd
productian oils from the Dos Cuadras f i e l d  (labeled purple , brown and
green )  w i t h  a Coal Oil Poin t  n a t u r a l  seep col lec ted  u n d e r w a t e r .  The
carbony l  pea k can be observed in the natural seep at 5.85 p . At 7.5 p ,
t he re  a rc  d i f f e r e n c e s  in the i n f r a r e d  absorbance which  co r respond  a p p r o x i —
matclv to the d e n s i t y  or A . P . I .  gravity of the oil studied.

For n a t u r a l  seep d i s c r i m i n a t i o n  f r o m  p r o d u c t i o n  oils a n d / o r  s p i l l e d
oi l ;-; , a l l  compar isons  should initially be made b y examining main s p e c t r al
f e a t u r e s  or u s i n g  s p e c t r a l  over lays , s ince  the spec t ra l  d i s t i n c t i o n s  are
usual ly  unambiguous . Standard spectra of known seeps and production oils
(especiall y brown and green zone Dos C u a d r a s )  should  he kept  on hand f o r
compar i s on , and samples of known oi ls  as s t anda rds  should be kept  on hand t e
run s p e c t r a  f o r  comparison at the same t ime as the  unknown s a m p l e .  I t  is
poss ib le  to r a t i o  peaks, quantitativel y, b y d r awing  s lan ted  b a s e l i ne s  f r o m
absorbance minimum to absorbance minimum. (Unfortunatel y ,  this baseline
approach has uncertainties , although i t  is used b y an ASTM method.) Since
the Miran has good photometric accuracy, ± 0.5 percent , and since good
over lays  ( b e t t e r  than  1% 1’) could be o bt a i n e d  u s i n g  t h e  p r e c au t i on s  d e s c r i b e d
in th i s  discussion , the pr inc i pal sources of error are  in w e a t h e r i n~; a n d /o r
baseline determination (if peak ratios are to be u s e d ) .

F i gu re  3 shows the same oils as in Figure  2 on , i h s er h ~i n c  scales ‘‘ I
the Mi ran , 0— 1 O .D.  f o r  the reg ion  f r o m  11 p to 8 p and [— 2  0 . 1) . I c r  the
region f r o m  14.5 p to 11 p. The 13.5 p / I 3 . 8  p peak r a t i o  is a reug ht
indication of the relative aromatic/aliphatic content of t h e  & ‘ i l  and t i c
n a t u r a l  seep has the most  a r o m a t i c  c h a r a c t e r .

W e a t h e r i n g  is an impor t an t  par t  of the prob lem of di stingui -,hu ing
between  seeps and non—seeps  s ince  o f t e n  the  o i l s  do not  wash ashore  u n t i l
t h e y  a re  extensively weathered. Fi gures 4 and 5 show w e a t h e r i n g  c o m par i s o n s
for a brown zone produc t ion  oil (Dos C ua d r , i s )  unweath ered  and w e a t h e r e d
th ree  days on the  t r a n s m i t t a n c e  and absorbance scales , r e s p e c t i ve l y .
Fi gure  6 shows a s imi la r  w e a t h e r i n g  comparison for a n a t u r a l  seep s a m p l e
( I s la  V i st a )  on the  absorbance  s c a les .  These o i ls  were  w e a t h e r e d  in  ou t s  id e
t r oughs  w i t h  c i r c u l a t i n g  sea w a t e r  and a water temperature of 20 °C.

4 . 0  APPARATUS AND M A T E R I A L S

4.1 Instrument

The basi c instrument i s  t h e  W i  Ik s  M i r a n  I In !  r a r e d  A n a l v z t i
which Is described in 1.4. The l inear  absorbance  s c al e s  are r e q u i  red in the
I ingerprint region from 8—14.5 p t o  ob t a in  s u i t  i c i e nt  sp e ct  ral detai I b r

identi fication . T h e  inst rument i used w 1 t h i  t i i v  compatibl e strip—chart

r e ( o r d e  r w i t h  t i m e  r e s p o ns e  I st t ond or I u l  1— s e t h e  d e f l e c t  ion and 1 v o l t
In p u t .

A
______________________________________________________________ ~~~~~~0~



\nv  o t h e r  equivalent couuiue rcial infrared spcct rop hot ou ster (sing le—
or d o u b l e — b e a m )  w i t h  s i m i l a r  p h o t o m e t r i c  accuracy and resoluti on a t  I t i s t
as h i g h cou ld  be used ¶~ j t h  m i n o r  m o d i f i c a t i o n s  to  t h i  is p r  c d u r c

4 . 2  Cel ls  and Windows

Sealed  d e m o u n ta h l e  c e l l  w i t h  0 .1  mm t e f l o n  spacer  and Aghi r windows
or Wilks minicell with flat cover AgBr window and 0.1 mm ce l l  d e p t h  AgBr
window or RI1C disposable cell with AgCI windows and 0.1 mm cell thickness.

~ .3 Auxiliar y Equipment

P o r t a b l e  hood ( f o r  f i e l d  work) , hot  p late for sample rt par;I tion ,
l i g h t  box .

4..~ Cx p e n d a h l e  Ma te r i a l s

Expendab le s  inc lude : sp e c t r o q u a l i tv  s o l v e n t s  ndI  essarv for
sample t ’e at m e n t  ( p e n t a n e )  and fo r  c l e a n i n g  c e l l s  ( t o l t i e n t :  and h i exane
which are recommended for  f i e l d  use because of t h e i r  relatively low
toxicity), anhydrous magnesium sulfate for drying samp les , standard
0.05 tint pol ystyrene film , c h a r t  paper , e x t r a  r eco rde r  pens , Pasteur
pipets , micropipets , centrifuge tubes , Kimwipe or equivalent tissues
and lens paper (non—silicone treated).

5 .0  SPECTROSCOPIC PROCEDURES

5.1 Inf rared Analyzer and Recorder

R e f e r  to the  i n s t r u m e n t  manua l  f o r  i n f o r m a t i o n  on o p e r a t i o n ,
maintenance , specifications and troubleshooting.

5.1.1 Turn on i n s t r u m e n t  and r e c o r d e r  and warm up f o r  15 m m ~~s.

5 . 1 . 2  Zero t h e  s t r i p — c h a r t  r e c o r d e r .

• 5 . 1 .3  Inse r t  a s t a n d a r d  0.05 mm pol y s t y r e n e  f i I ~;; in t h e  samp le
position.

5.1.4 Set Scale Expansion —l x (low gain setting)

Function switch — 100 % T

Time Constant — 0.25 sec . (Setting 1)

Sli t Width — 0.5 mm

Filter Wheel — 3.34 microns



1 .5  Ad lu s t  g a i n  to  read  0 . 9 0  t r an sn i i s s  i on  i t  1. 3~ m i c r o n s .

5 . 1 . 6  C l o s e  s l i t  and remove f i l m .

NOIC I: Close s l it when the instrument is not in use to p r e v e nt
detect or ove r l o a d .

NO TF 2 :  Be c a r e f u l  not  to a l t e r  the  gain a d j u s t m e n t  a f t e r  i t  has
been se t  ag . ins t  the polystyrene standard.

~P )ll 3: U s u a l l y , t he  e x t e r n a l  d e t e c t o r/p r e a m p l i f i e r  u n i t  is locked
a p o s i t i o n  co r re spond ing  to the  maximum si g n a l ;  however , if the

u n i t  has been packed , moved or severely j a r r e d , fl ru~~y be necessary  to
check t h e  a l i g n m e n t  of t h e  e x t e r n a l  d e t e c t o r  unit and reposition for
u s i x i n i u l u  s i g n a l .

5 . 1 . 7  At l eas t  on ce  a week run a spectrum of the  pol y s t y r e n e
f i l m  t o  check  t h e  w a v e l e n g t h  accuracy  of the  i n s t r u m e n t . (See F i g u r e  7 . )

5 . 1. 8  At least  once a day run an empty  cell b l ank  to check the
d e g re e  ‘1 atmosp heric absorption due to water  vapor (2.7 p )  or carbon
dio xide (4 .2 5  i i) .  A t the same t ime , check for possible changes in spectral
b a s e l i n e  du e  to  s c r a t c h i n g  or da rken ing  of the  ce l l  windows . (See Sec t ion  5.6) .

5 . 2  ~- a m p le Anal y s i s

5 . 2 . 1  P lace  t h e  samp le h o l d e r  and c e l l  in the  samp le p o s i t i o n .

5 . 2 . 2  Open s l i t  to  0.50 mm.

5.2.3 Set the filter wheel at 2,5 microns . Check tha t function
s w i t c h  is set  at 100% T sca le .

5 . 2 . 4  Engage scan motor  on ~I i r a n  and cha r t  d r ive  on r eco rde r
a t  t h e  same t ime . Scan pas t  14 .5  m i c r o n s .  Mark  beg i n n i n g  and end of scan
on t h e  cha r t  paper  and i n d i c a t e  the  wave leng th  va lues  to w h i c h  t he  marks
l o r r e s p on d  fo r  each segment  of the  scan . Each segment is l i n e a r  in m i c r o n s .
C l o s e  s l i t  and d i sengage  the  scan and c h a r t .

5 . 2 . 5  Change  f u n c t i o n  s w i t c h  to 1, l inea r ah s o r h a nce  sca le
( 1 ) — I 0 . D . ) .  Set t he  f i l t e r  wheel  at 8.0 microns. Open slit to 0.50 mm.

5 . 2 .6  Engage scan and cha r t  d r i v e .  At approximate ly I I  m i c r o n s
the pen will go off scale. At this point , change scale expansion to lOx
( h i g h gain setting), this corresponds to (1—2 0.D.) linear absorhance scale.
Scan from 11 to beyond 14.5 microns. Close slit , dis engage scan and chart;
return scale expansion to lx (low gain) and change range switch to lI )tL~ T
scale.
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~ .3 P r e p a r a t i o n  of Samp le

5 . 3 . 1  P i p e t  2 ml of oil samp le into a centrifuge tube.

5 . 3 .2  Remove any visible water with a micropipet .

5 . 3 . 3  P l a c e  t he  c e n t r i f u g e  tube In 60° C w a t e r  bath for
10 minutes. (For intermediate viscosity oils , use 35°C; f o r  l i g ht  o i l s ,
eliminate this step.)

5 . 3 . 4  Add 0 .5  gram of anh ydrous  MgSO 4 (magnes ium sulfate). ‘lix.

5 .3 .5  Immerse c e n t r i f u g e  tube i n to  holder  in c e n t r i f u g e  a f t e r
filling holder partly with water. Centrifuge at 2500 rpm (relative
centrifugal force = 1000) for 15 minutes. For many viscous oils , it
may be necessary  to repeat  this  step after removing water with p ipet or
to centrifuge for a longer time interval.

5 . 3 . 6  Take 1 ml of oil  f rom the  s u r f a c e  of the centrifuge
tube w i t h  a clean pipet and place in a clean vial.

5.3.7 When running infrared spectra , make sure that there
are no H 2 0 ( 2 . 7  p) or sulfate (So4—2) (8.5—9.3 ) i)  peaks .

5 .4  F i l l i ng  the  Cell

5 . 4 . 1  Sealed Demountable  Ce l l

5 .4 .1 .1  Assemble clean cell  w i t h  0.1 mm T e f l o n  s p a cer
(always use same spacer for  spec t ra  which w i l l  he compared s ince  spacer
th icknesses  may vary by ± 10%) . T igh ten  nu t s  u n i f o r m l y w i t h  a c r i s s— c r o s s
sequence.

5 . 4 . 1 . 2  F i l l  t he  cel l , t i l t e d  at 45 degrees , f r o m  the
bo t tom port us ing  a Pas t eu r  p ipe t  or sy r inge  w i t h  a Luer— Loc k  t i p .
NOTE : Use care to avoid f o r m i n g  bubbles  in t h a t  p o r t i o n  of the  window
which is in i n f r a r e d  beam.

5 . 4 . 1. 3  Stopper  the  ce l l  w i t h  T e f l o n  p lugs . I n s e r t
the bottom plugs first using a twisting motion . Gently insert the top
plug.  NOTE : If the  oil is too viscous to f low in a l i q u i d  ce l l , smear
a drop of oil in the center of the AgBr window before assembling the I - e l i .

5.4.2 Wilks Mini—Cell

5 .4.2.1 Dismantle the ce l l  and p lace base and gasket
on a clean Kimwipe.



5.4 .2.2 I’ipet one drop of oi l samp le into t h e  I ) . I mit;
c a v i ty  of  th e  Ag Rc window .

5 . 3 .2. 3 Slow l y lower flat co v e r  w i n d o w  o n t o  tin sa;; p he.

5. 4.2.4 Inspect the window for b ub b l e s , i f  p r~~~~ o t
cle an the windows and r epea t  5 . 4 . 2 . 2  u s ing  a l a r g e r  d r o p  of o i l .

5. 4 . 2 . 5  I n s e r t  t he  windows i n to  t he  hu~~c and p i e  ~ o u t  - r
t h r e a d e d  b a r re l  over windows . Screw the  c e l l  t o g e t h e r , a l ~~:ivs  t ig hi t eii in g

c e l l  in a uniform manner.

5 . 4 . 2 . 6  Inspec t  window again  for bubbles.

5. 4 . 2 . 7  The l -? i lks  M i n i — c e l l  is u s e f u l  e sp e c i a ll y  f r
field usc; however , it may not be s u f f i c i e n t ly r e p r o d u c i b le  fo r  t h e  ov~ r 1 ay
; ; 1 t t l I ’d for  s i m i l a r  o i l s  u s i n g  the  sing le—beam s p e c t r o p h o t o m e t e r .  In t h i s
case , eith er a sea l ed demountable cell or t he  R I I C  D i s p o s ab l e  C e l l  shou ld
he u se d

5 . 4 . 3  R l l C  D i sposab l e  Cell  (Beckman )  (A g CI W i n d o w s ) .
( . 1  ‘ 0.002 mm p a t h l e n g t h . )  This  ce l l  is u s e f u l  f o r  f i e l d  work  and
has a highly rep roducible path length which is important for th is app l ica—
tion ; H ~- e v e r , i t  can onl y he used on o i l s  w i t h  relativel y low viscosit y

de n i S e  o f  d i f f i c u l t y  in f i l l i n g .  I t  can he used several  t imes by r i n s i n g
with solvent and drying by blowing air throug h the cell.

5 .4 . 3 . 1  F i l l  ce l l  u s i n g  a s y r i n g e  w i t h  a Luer—Lock
t i p  (i ’w — v i s osity oils onl y ) .  P lug  or c r imp  ce l l  shut .

5. 4 .3 . 2  Check t h a t  t h er e  are no b u b b l e s  in o p t i c a l  p a t h .

~ c ±~ ~~~~ ow C l e a n i n g  P r o c e d u res

For ft ’rcns I c  work , ce l l s  and ce l l  windows mus t  be t h o r o u g h l y
c l e a n - i .  Comp l e t e  removal  of r e s i d u a l  h ydrocarh or~ is  moni tored by
l o o k i n g f or  a h y dr ocarbon  peak in t h e  3.5 micron ;- ‘g ion . Sec F i gu re  8
for a ~~~irison of clean and dirty cells.

5.5 . 1 turn on t lie fan in the portable fume hood . M ake  sure
t h a t t b .  ~- x b j a t i s  t hose carried fumes out side the building.

5.5.2 Use s p v ct r o q u al it v  hexane f o r  c l e a n i n g  c e l l s  u s t s )  f o r
low and med ium viscosity o i l s .  Use s pe c t r o q u al i t y  t o l u e n e  f o r  c l e a n i n g
c e l l s  i s . d  b r  v e r y  b i g h t  v i s c o s i t y  o i l s  such as natura l seeps. N~) T E :
S i n c e  ‘ b i t ’se  s o l v e n t s  a r e  very  f l a m m a b l e , observe s a f e t y  p r e c a u t i o n s .
Do i i ’ ; smoke or use open f l a m e s  in  the vicinity. Avoid g e t t i n g  s o l v e n t s
Ofl skin. I s .’ gi ves  ~ r forceps to avoid contact. Avoid breathing
sal vent v i p  ‘r by working w i t h i n  hood .

8.
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5.5.3 l)ismantle cell completely. Thoroughl y rinse ea c h
component with spectroqua litv solvent. Hold windows onl y by the edges.
( ; a t c h  w a s t e  so lven t  in a beaker . Dispose  of w a s t e  s o l v e n t  i r m n e d i a t e l y
in s a f e t y  can . l e t  windows air—dry on clean Kimwipes. Reassemble r o l l
and t e s t  fo r  abso rp t ion  in 3.5 g region .

5.6  Care of Cell Windows

Silver Bromide (AgBr) and silver chloride (AgCl) windows are
s o f t  and mus t  be handled  c a r e f u l l y to prevent  s c r a t c h i n g .  I t  is i m p o r t a n t
to p r o t e c t  them f rom light  as much as possible , since they  darken on
exposure to u l t r a v i o l e t  l igh t .  Check spec t ra  of empty  cell  f r e q u e n t l y
t o see if the spectral baseline had changed enough (> 5% Transmiss ion
at 7 . 5  ii) to war ran t  replacement  of windows . Silver bromide (and
c h l o r i d e )  reac t s  w i t h  cer ta in  base meta l s  (such as a luminum , zinc ,
brass , copper and i ron) especial ly  at higher  t empera tu res  and in the
presence of m o i s t u r e .  Al though no reac t ion  has been observed with
s ta inless  steel and/ or  lead , as a p recau t ion , do not leave the ce l l
assembled for  prolonged periods of t ime . Disman t l e  cell , dry w indows
and wrap them in lens paper before storing.

6.0 CONCLUSIONS AND SUMMARY

A preliminary survey of instrumental methods (not described here)
indicated tha t the Miran (single—beam ) infrared spectrophotometer was
the simplest and most economical means to distin guish natural seeps from
similar production oils in the Santa Barbara , California region . This
method involves simple , low—cost infrared instrumentation and requires a
minimum of sample preparation . It permits rapid on—site analyses without
extensive training .

A survey of production oils from the Santa Barbara off-shore drilling
platforms indicated that the brown zone (Dos Cuadras) oil was the most
similar to the natural seeps in infrared spectra (and chemical composition).
Therefore , this brown zone oil was selected as the most suitable for a
test of the experimental method .

— The major differences between seep and non—seep oils appear in the
comparison between the 13.8 hi and 13.5 ~i peaks (for both weathered and
unweathered oils) and in the carbony l reg ion at 5.85 i-’ (for unweathered
oil only). The 13.5 uI 13.8 ii peak ratio gives a rough indication of the
relative aromatic/a liphatic content of the oil and the natura l seeps have
the most aromatic character of all oils tested . Differences between seep
and non—seep oils based on this peak ratio have been found to persist in
weathering studies for at least one week.

P 
_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 1. SI~EC I FICAT I ONS OF VAR iABLE
FiLTER MIS/uN 1 (MODEL 5649).

WAVELENGTH RANGE 2.5 TO ll4~Sp IN 3 STEP S

RESOLUTION (SLIT 0,5) O.O5p 
~

O,25p al 11~

NOISE LEVEL S/N = 1O~, NO CELL, 1 MM SLIT

1 SEC TC AT 3.5 p (23°C)

DRIFT ~ 1%/2’4 HRS (~1% NOISE )

PHOTOMETRIC ACCURACY >0.5%
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