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THE APPLICATION OF PERDEUTERATED 
POLYCYCLIC AROMATIC HYDROCARBONS 
(PAH) AS INTERNAL STANDARDS FOR THE 
LIQUID CHROMATOGRAPHIC DETERMIN- 

ATION OF PAH IN A PETROLEUM CRUDE OIL 
AND OTHER COMPLEX MIXTURES 

W. F. Kline, S. A. Wise, and W. E. May 
Organic A naly tical Research Division 

Center for Analytical Chemistry 
National Bureau of Standards 
Gaith ersburg, Maryland 2 0899 

ABSTRACT 

A s e q u e n t i a l  l i q u i d  chromatographic ( L C )  p rocedure  f o r  t h e  
de t e rmina t ion  of p o l y c y c l i c  aromatic hydrocarbons (PAH) i n  a 
petroleum crude  o i l  and o t h e r  complex mix tu res  is d e s c r i b e d .  The 
procedure  i n c l u d e s  normal-phase LC on an  aminos i l ane  column t o  
isolate  f r a c t i o n s  c o n t a i n i n g  i somer i c  PAH and reversed-phase  LC 
on a polymeric c18  column t o  s e p a r a t e  t h e  i n d i v i d u a l  PAH isomers. 
Appropr ia te  pe rdeu te ra t ed  PAH are added t o  t h e  sample so  t h a t  
each i somer i c  f r a c t i o n  w i l l  c o n t a i n  one i n t e r n a l  s t a n d a r d .  The 
pe rdeu te ra t ed  PAH are e x c e l l e n t  i n t e r n a l  s t a n d a r d s  for  t h i s  
s e q u e n t i a l  LC procedure .  Pe rdeu te ra t ed  PAH have normal-phase and 
reversed-phase  LC r e t e n t i o n  characterist ics similar t o  t h o s e  of 
the pa ren t  PAH. I n  t h e  normal-phase LC s e p a r a t i o n ,  t h e  
pe rdeu te ra t ed  PAH e l u t e  i n  t h e  same f r a c t i o n  as t h e  p a r e n t  PAH. 
I n  t h e  reversed-phase  LC s e p a r a t i o n ,  t h e  p e r d e u t e r a t e d  PAH e l u t e  
f irst  and are g e n e r a l l y  r e s o l v e d  from t h e  p a r e n t  PAH. The 
opt imized  s p e c t r o f l u o r o m e t r i c  d e t e c t i o n  of  each  PAH a n a l y t e  is 
accomplished by programming a p p r o p r i a t e  se ts  of e x c i t a t i o n  and 
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224 KLINE, WISE, AND MAY 

emission wavelengths to correspond with the elution time of each 
analyte on the polymeric c18 column. The analytical results 
obtained from this procedure for the analysis of a shale oil 
sample [Standard Reference Material (SRM) 15801 and a petroleum 
crude oil (SRM 1582) are compared to values obtained by gas 
chromatography - mass spectrometry. 

INTRODUCTION 

During the past several years our laboratory has been 

involved in the development of liquid chromatographic (LC) 
methods for the determination of individual polycyclic aromatic 
hydrocarbons ( P A H )  in a variety of complex matrices (1-5). The 
complexity of P A H  mixtures in environmental samples and o i l  
matrices has resulted in the development of a sequential LC 
procedure. This procedure consists of a normal-phase isolation 
of fractions containing isomeric P A H  on an aminosilane column 
followed by the reversed-phase separation of individual P A H  

isomers on a polymeric octadecylsilane (c18) column. 
Normal-phase LC on the aminosilane phase provides a 

separation of P A H  based on the number of aromatic carbons in the 

molecule, i.e., P A H  isomers elute together. Alkyl substitution 
on a PAH has little effect on the normal-phase LC retention, 
i.e., fluoranthene and pyrene (16 aromatic carbon atoms) and 
their alkylated homologues have similar retention characteristics 

(1,6). 
polymeric C18 stationary phase generally provides sufficient 
selectivity for the separation of P A H  isomers including 
alkyl-substituted isomers ( 7 ) .  

In contrast to normal-phase LC, reversed-phase LC on a 

Most reversed-phase c18 separations are performed on 
monomeric C18 phases; however, polymeric c18 phases have been 
shown to have greater selectivity for the separation of isomeric 
P A H  when compared to monomeric c18 phases ( 6 , 7 ) .  

in chromatographic retention and selectivity for P A H  on various 
C18 columns are a result of the utilization of different silica 

The differences 
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PAH IN CRUDE OIL AND OTHER MIXTURES 225 

s u b s t r a t e s  as s u p p o r t s  and a v a r i e t y  of r e a g e n t s  and c o n d i t i o n s  

t o  produce t h e  c18 bonded phase.  

s u b s t r a t e  s u r f a c e  area, pore s i z e ,  bonded phase carbon c o n t e n t ,  

F a c t o r s  such as  s i l i c a  

and c18 s u r f a c e  coverage have been found t o  a f fec t  t h e  

s e l e c t i v i t y  of  PAH s e p a r a t i o n s  ( 8 , 9 ) .  Two s p e c i f i c  examples 

which demonst ra te  the s u p e r i o r  r e s o l v i n g  c a p a b i l i t y  of t h e  

polymer ic  c18 phase f o r  i somer i c  PAH are: t h e  s e p a r a t i o n  of  

benz[a]anthracene and chrysene  and t h e  s e p a r a t i o n  of pe ry lene  

benzoCklf luoranthene .  

adequa te ly  r e s o l v e  t h e s e  i somer i c  p a i r s  wh i l e  t h e  polymer ic  C 

phase can  e a s i l y  produce b a s e l i n e  s e p a r a t i o n  of each  (4,5,6). 

The monomeric c18  phase  f a i l s  t o  

Add i t iona l  s e l e c t i v i t y  is ob ta ined  i n  t h e  s e q u e n t i a l  LC 

procedure  described i n  t h i s  paper by employing f l u o r e s c e n c e  

and 

8 

d e t e c t i o n  wi th  e x c i t a t i o n  and emiss ion  wavelengths opt imized  for 

t h e  a n a l y t e  of i n t e r e s t .  Th i s  g e n e r a l  p rocedure  h a s  been used 

f o r  t h e  q u a n t i f i c a t i o n  of s e l e c t e d  PAH i n  a number of m a t r i c e s  

i n c l u d i n g  a s h a l e  o i l  [S tandard  Reference  Material (SRM) 15801, 

( 2 )  a number of v i r g i n  and r e c y c l e d  o i l s  ( 3 1 ,  and a c o a l  l i q u i d  

( 1 0 ) .  

I n  t h i s  paper we r e p o r t  a m o d i f i c a t i o n  of  t h e  LC procedure  

employed i n  t h i s  l a b o r a t o r y  p r e v i o u s l y ,  t o  i n c l u d e  t h e  u s e  of 

p e r d e u t e r a t e d  PAH as i n t e r n a l  s t a n d a r d s .  Th i s  procedure  was used 

f o r  t h e  de t e rmina t ion  of selected PAH i n  a petroleum c rude  o i l  

sample a s  p a r t  of t h e  a n a l y t i c a l  p rocess  f o r  c e r t i f y i n g  t h i s  

material as SRM 1582. The r e s u l t s  o b t a i n e d  from t h e  a n a l y s i s  of 

t h i s  c rude  o i l  by t h i s  LC procedure  a r e  p re sen ted  and compared t o  

r e s u l t s  ob ta ined  from g a s  chromatography-mass spec t romet ry  

(GC-MS). Resu l t s  are a l s o  r e p o r t e d  for t h e  a n a l y s i s  of SRM 1580, 

t tOrganics i n  Sha le  O i l q q .  

EXPERIMENTAL SECTION" 

Petroleum c rude  o i l  samples of approximate ly  1.0 g s i z e  were 
a c c u r a t e l y  weighted i n t o  tared 25 mL f lasks.  Appropr i a t e  amounts 
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22 6 KLINE, WISE, AND MAY 

of the perdeuterated in te rna l  standards phenanthrene-dlo, 
fluoranthene-dl0, benzCalanthracene-dl2, and perylene-dl2, (Merck 
& Co., Rahway, N J )  were then  added t o  each sample along w i t h  -10 

mL of hexane. The f l a sks  and t h e i r  contents  were then sonicated 
f o r  30 minutes. Following sonicat ion a known a l iquot  (-100 111) 

of each sample so lu t ion  was in jec ted  onto a semi-preparative 

aminosilane column and eluted wi th  a mobile phase composed of 3% 
methylene chlor ide in  hexane. Four isomeric PAH f r ac t ions  
containing PAH w i t h  1 4 ,  16,  18 and 20 aromatic carbon atoms 
respect ively were col lected from the  aminosilane column. The 

f r ac t ion  co l lec t ion  was based on re ten t ion  volumes, which were 

determined by in jec t ing  standard solut ions.  The co l lec ted  
f r ac t ions  were concentrated under nitrogen and the  solvent  
exchanged t o  a c e t o n i t r i l e  pr ior  t o  ana lys i s  on a reversed-phase 

polymeric c18 column (Vydac 201 TP 511111, The Separations Group, 
Hesperia, C A I .  

The PAH analytes  present i n  each sample f r ac t ion  were eluted 

from the polymeric C18 reversed-phase column w i t h  a mobile phase 
composed of a c e t o n i t r i l e  and water. A solvent gradient o r  an 

optimal i soc ra t i c  composition of the mobile phase component was 
used a s  necessary t o  perform an adequate separat ion of t he  
various isomers. The PAH analytes  were then detected 

spectrofluorometrically using a detector  capable of wavelength 
programming. (Model LS-4, Perkin E l m e r  Corp., Norwalk, C T ) .  

RESULTS AND DISCUSSION 

The advantages of sequent ia l  LC w i t h  s e l ec t ive  detect ion f o r  
the quant i f icat ion of individual PAH i n  sha le  o i l  have been 
described previously by Hertz e t  a l .  (2 )  and May e t  a l .  ( 4 ) .  

Three d i f f e ren t  modes of quant i f ica t ion  f o r  the ana lys i s  of the 
shale  o i l  material  were described by May e t  a l .  ( 4 1 ,  t .e . ,  
external  s tandard,  in te rna l  standard and standard addi t ion.  Each 
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PAH IN CRUDE OIL AND OTHER MIXTURES 227 

mode of q u a n t i f i c a t i o n  h a s  l i m i t a t i o n s .  I n  t h e  e x t e r n a l  s t a n d a r d  

method t h e  a n a l y s t  assumes t h a t  a l l  o p e r a t i o n s  such  as 

e x t r a c t i o n s ,  sample t r a n s f e r s ,  d i l u t i o n s ,  and c o n c e n t r a t i o n s  are 
q u a n t i t a t i v e .  Unfo r tuna te ly ,  t h e  de t e rmina t ion  of o r g a n i c  

compomds i n  complex sample m a t r i c e s  is d i f f i c u l t ;  e x t r a c t i o n  is 
o f t e n  incomple te ,  v o l a t i l e  compounds may be l o s t  d u r i n g  

c o n c e n t r a t i o n ,  and o t h e r  unde tec t ed  e r r o r s  may be in t roduced  

d u r i n g  sample handl ing .  The method of s t a n d a r d  a d d i t i o n ,  t h e  

most r i g o r o u s  and p o t e n t i a l l y  t h e  most a c c u r a t e  of t h e  t h r e e  

methods, is time consuming because  s e v e r a l  samples must be 

processed  t o  provide  one measurement. The s t a n d a r d  a d d i t i o n  

procedure  invo lves  s p i k i n g  va ry ing  amounts of t h e  a n a l y t e  i n t o  

s e v e r a l  subsamples and p l o t t i n g  a r e sponse  curve  from which t h e  

c o n c e n t r a t i o n  of an  unspiked subsample can  be i n t e r p o l a t e d .  

Q u a n t i f i c a t i o n  by t h e  i n t e r n a l  s t anda rd  method r e q u i r e s  the  

s e l e c t i o n  of an  a p p r o p r i a t e  compound t o  a c t  as t h e  i n t e r n a l  

s t a n d a r d .  The i n t e r n a l  s t anda rd  must mimic t h e  behavior  of t h e  

a n a l y t e  throughout  t h e  a n a l y t i c a l  p rocedure  bu t  can  not  be 

n a t u r a l l y  p r e s e n t  o r  c o e l u t e  wi th  o t h e r  i n t e r f e r i n g  s p e c i e s  i n  

t h e  sample. The s e l e c t i o n  of a s u i t a b l e  i n t e r n a l  s t a n d a r d  is 
e s p e c i a l l y  d i f f i c u l t  when ana lyz ing  complex mix tu res  by h i g h l y  

s p e c i f i c  a n a l y t i c a l  p rocedures .  If a s u i t a b l e  i n t e r n a l  s t a n d a r d  

is  a v a i l a b l e ,  t h i s  method of  q u a n t i f i c a t i o n  has the  advantage  of 

compensating f o r  l o s s e s  a s s o c i a t e d  wi th  sample hand l ing  wi thou t  

the time consuming e f f o r t  of t h e  s t a n d a r d  a d d i t i o n  method. 

There are s e v e r a l  r e a s o n s  why t h e  p e r d e u t e r a t e d  PAH are 
e x c e l l e n t  i n t e r n a l  s t a n d a r d s  f o r  t h e  q u a n t i f i c a t i o n  of  PAH i n  

complex samples by t h e  s e q u e n t i a l  LC procedure .  P e r d e u t e r a t e d  

PAH have normal-phase and reversed-phase  LC r e t e n t i o n  . 
c h a r a c t e r i s t i c s  similar t o  t h o s e  of t h e  p a r e n t  PAH and t h u s  w i l l  

f o l low t h e  P A H  of i n t e r e s t  th roughout  t h e  h i g h l y  s e l e c t i v e  

a n a l y t i c a l  procedure.  The LC r e t e n t i o n  c h a r a c t e r i s t i c s  of a 

number of PAH and pe rdue te ra t ed  PAH are summarized i n  Table  1 .  I n  
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228 KLME, WISE, AND MAY 

TABLE 1 

Liquid Chromatographic Retention of  Polycycl ic  
Aromatic Hydrocarbonsa 

Number of NH2 Column Polymeric c18 
Aromatic (Log Retention Column (Log 

C ornp ound Carbons Index 1 Retention Index 

Phenanthrene 
Phenant hr ene-d 1 0 
Fluoranthene 
Fluor anthene-d 1 0 
Pyrene 
Pyrene-dlo 
BenzCalanthracene 
BenzCaIanthracene-d 
Chr ysene 
Chrysene-dl2 
Per y l  ene 
Perylene-dl2 
Benzo [a] pyr  ene 
Benzo [a lpyrene-dl2 

1 4  
1 4  
16 
16 
16 
16 
18 
18 
18 
18 
20 
20 
20 
20 

3.00 
3.03 
3.51 
3;55 
3;37 
3.44 
4.00 
4;05 
4.01 
4; 06 
4.61 
4.67 
4.38 
4.49 

3.00 
2.91 
3.37 
3.31 
3.48 
3.40 
4.00 
3.91 
4.10 
4.03 
4.33 
4;27 
4.68 
4;61 

aRetention reported a s  logarithm of the r e t e n t i o n  index, 
see ref. 6 and 7. 

the  normal-phase LC f r a c t i o n a t i o n ,  the  perdeuterated analogues 
e l u t e  i n  the  same f r a c t i o n  as the parent  PAH s i n c e  they have t h e  

same number of aromatic carbon atoms. I n  the reversed-phase LC 

s epa ra t ion ,  t he  perdeuterated PAH e l u t e  f irst  and a r e  gene ra l ly  
completely resolved from the  parent  PAH (see Table 1 ) .  

I n  t h i s  work fou r  perdeuterated PAH were u t i l i z e d  i n  t h e  

quan t i f i ca t ion  of s i x  PAH ana ly t e s  present  i n  t h e  petroleum crude 
o i l .  The compounds phenanthrene-dlo, f luoranthene-dl0,  
benzCalanthracene-dl2, and perylene-dl2, r ep resen t ing  aromatic 
carbon numbers 1 4 ,  16, 18 ,  and 20 r e s p e c t i v e l y ,  were added t o  
each sample p r i o r  t o  the normal-phase LC f r a c t i o n a t i o n  so t h a t  
each f r a c t i o n  would contain one i n t e r n a l  s tandard.  
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PAH IN CRUDE OIL AND OTHER MIXTURES 229 

The degree  of sample f r a c t i o n a t i o n  r e q u i r e d  t o  i n s u r e  

s u f f i c i e n t  sample c leanup is a f u n c t i o n  of  the  sample complexi ty .  

The ve ry  complex s h a l e  and pe t ro leum o i l s  d i s c u s s e d  i n  t h i s  paper 

are b e s t  s e p a r a t e d  i n t o  f r a c t i o n s  which c o n t a i n  t h e  PAH of on ly  

one aromatic carbon atom number. Cur ren t  work  i n  ou r  l a b o r a t o r y  

h a s  shown t h a t  an  adequate  c l eanup  is o b t a i n e d  f o r  samples  of 

d iesel  s o o t  when t h e s e  samples are d iv ided  i n t o  j u s t  two 

f r a c t i o n s :  one c o n t a i n i n g  14-16 a romat i c  carbon PAH and t h e  o t h e r  

c o n t a i n i n g  18-22 a romat i c  carbon PAH. The p e r d e u t e r a t e d  i n t e r n a l  

s t a n d a r d s  used f o r  t h e s e  f r a c t i o n s  a r e  f luo ran thene -d l0  and 

pery lene-d l2  r e s p e c t i v e l y .  I n  a d d i t i o n ,  May and Wise ( 5 )  have 

r e c e n t l y  r e p o r t e d  t h e  use  of  pery lene-d l2  as an  i n t e r n a l  s t a n d a r d  

for t h e  q u a n t i f i c a t i o n  of 12 PAH i n  a s i n g l e  f f t o t a l f f  PAH f r a c t i o n  

from an  a i r  p a r t i c u l a t e  sample. 

The s e q u e n t i a l  LC procedure  wi th  p e r d e u t e r a t e d  PAH as 
i n t e r n a l  s t a n d a r d s  was f irst  e v a l u a t e d  by ana lyz ing  a shale  o i l  

sample (SRM 1580) ,  which has  c e r t i f e d  v a l u e s  for t h e  concen- 

t r a t i o n  of s e v e r a l  PAH. The chromatograms shown i n  F i g u r e  1 are 

from a s i n g l e  reversed-phase  LC a n a l y s i s  of a s h a l e  o i l  

f l u o r a n t h e n e  f r a c t i o n  (16 a romat i c  ca rbons ) .  The two 

chromatograms i l l u s t r a t e  t h e  r e s u l t s  from t h e  two d e t e c t o r s  used 

on - l ine ;  an u l t r a v i o l e t  (UV) f i x e d  wavelength (254 nm) d e t e c t o r  

and a f l u o r e s c e n c e  d e t e c t o r .  F luoranthene-d l0 ,  used  as t h e  

i n t e r n a l  s t anda rd  i n  t h i s  f r a c t i o n ,  was comple te ly  r e s o l v e d  from 

its p a r e n t  PAH f l u o r a n t h e n e .  A comparison of  t h e  two 

chromatograms i n  F igu re  1 r e v e a l s  t h e  enhanced s e l e c t i v i t y  

o b t a i n e d  from t h e  f l u o r e s c e n c e  d e t e c t o r .  The a b i l i t y  t o  program 

changes i n  t h e  e x c i t a t i o n  and emiss ion  wavelengths allowed t h e  

s e l e c t i v e  moni tor ing  of f luo ran thene -d lo ,  f l u o r a n t h e n e ,  and 

pyrene du r ing  a s i n g l e  chromatographic a n a l y s i s .  One set of  

e x c i t a t i o n  and emiss ion  wavelengths (A11 was used f o r  t h e  

d e t e c t i o n  of  f luo ran thene -d l0  and f l u o r a n t h e n e ,  and a second set  

(A21 f o r  t h e  d e t e c t i o n  of  pyrene. The l a r g e ,  l a t e  e l u t i n g  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
4
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



230 

Fluoranthene 
1 

Fluoranthened10 ' ' 

KLINE , WISE, AND MAY 

7 i. 

i SHALE OIL - SRM 1580 

Pyrene 

i 
n 

L 

FIGURE 1 The reversed-phase LC a n a l y s i s  of t h e  f luo ran thene  
f r a c t i o n  (16 aromatic  carbon atoms) from a shale 
o i l  sample (SRM 15801. 

Mobile Phase: 
isocratic u n t i l  f l uo ran thene  e l u t e d ,  then g r a d i e n t  
t o  100 percent  a c e t o n i t r i l e  i n  5 minutes. 

45 percent  a c e t o n i t r i l e  i n  water 
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TABLE 2 

The Q u a n t i f i c a t i o n  of PAH i n  S h a l e  O i l  (SRM 1580) 
by Three D i f f e r e n t  Methods 

Concen t r a t ion  (pg /g )a  - - - - - - - 
P e r d e u t e r a t e d b  Ex te rna l  S t anda rd  

I n t e r n a l  S t anda rd  S tandardC Addi ti ond 

- _ _ _ _ _ _  

Compound ( L C )  ( L C )  ( GC-MS 

F luoranthene  51 f 2 53 f 2 55 k 5 
Pyrene 97 f 6 107 f 8 101 f 5 
BenzoCaIpyrene 26 f 1 23 f 1 20 f 1 
Pe ry lene  2.5 f 0.2 3.9 k 0.6e 2.8 ? 0.5 

aUnce r t a in ty  is t h e  s t anda rd  d e v i a t i o n  o f  a s i n g l e  measurement. 
sample p r e p a r a t i o n  w i i t h  t r i p l i c a t e  a n a l y s i s .  

CNine sample p r e p a r a t i o n s  wi th  t r i p l i c a t e  a n a l y s i s .  
dS ix  sample p r e p a r a t i o n s  w i t h  t r i p l i c a t e  a n a l y s i s .  
eTh i s  va lue  c o n t a i n s  a c o n t r i b u t i o n  from benzo[k] f luoranthene  

which co-e lu ted  wi th  pe ry lene  under t h e  c o n d i t i o n s  used. 

envelope  shown i n  both chromatograms o f  F igu re  1 is t h e  r e s u l t  of 

t h e  e l u t i o n  of a l k y l a t e d  s p e c i e s  wi th  16 a romat i c  carbon atoms. 
I n  Table  2 t h e  r e s u l t s  o b t a i n e d  from t h e  a n a l y s i s  of s h a l e  

o i l  f o r  t h e  de t e rmina t ion  of f o u r  PAH by t h i s  procedure  are 
compared t o  v a l u e s  ob ta ined  from two d i f f e r e n t  methods. The two 
o t h e r  p rocedures ,  LC u s i n g  e x t e r n a l  s t a n d a r d s  and GC-MS u s i n g  

s t a n d a r d  a d d i t i o n ,  were t h e  basis  for t h e  o r i g i n a l  c e r t i f i c a t i o n  

of t h i s  material as a S tanda rd  Reference Material. The t h r e e  

procedures  produced s t a t i s t i c a l l y  similar va lues  for  f l u o r a n t h e n e  

and pyrene  wi th  approximate ly  i d e n t i c a l  p r e c i s i o n .  The v a l u e  

o b t a i n e d  f o r  benzo[a]pyrene (BaP) by the modi f ied  procedure  was 
somewhat h ighe r  t h a n  t h e  v a l u e s  ob ta ined  from t h e  o t h e r  

t echn iques .  A comparison of  t h e  v a l u e s  o b t a i n e d  from t h e  

d i f f e r e n t  p rocedures  f o r  pe ry lene  p o i n t  o u t  a n  i n t e r e s t i n g  

problem concern ing  t h e  LC s e p a r a t i o n  of  i somer i c  PAH. A 
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TABLE 3 

KLINE, WISE, AND MAY 

A n a l y t i c a l  Parameters  

Number of F luo rescence  
Analy te  I n t e r n a l  Aromatic Wavelengths Used 
Compound Standard  Carbons E x c i t a t i o n  Emission 

Phenanthr ene  Phenanthrene-dlo 14 250 360 
Fluoranthene  F luoranthene-d lo  16  285 450 
Pyrene F luoranthene-d lo  16 335 385 
Ben2 [a I a n t  h r  a c  ene Ben z [a I 1 8  285 3 85 

Ben zo [ a Ipyr e n e  Per y l  ene-d 1 2 20 295 405a 
Pery lene  Pery lene-d l2  20 405 440 

405 500 

anthracene-d l2  

aPery lene-d l2  monitored a t  Ex 405; Em 500 
Benzo[a]pyrene monitored a t  Ex 295; Em 405 

monomeric C18 reversed-phase  column was used i n  t he  o r i g i n a l  
c e r t i f i c a t i o n  work ( 4 )  and consequen t ly  d i d  n o t  resolve p e r y l e n e  

from benzo[k l f luoranthene  (BkF). The BkF responded under the  

f luo rescence  c o n d i t i o n s  used f o r  p e r y l e n e ,  therefore, t h e  

e x t e r n a l  s t anda rd  LC va lue  f o r  p e r y l e n e  was higher than  the  va lue  
gene ra t ed  by GC-MS. I n  t h i s  work, a polymer ic  c18  reversed-phase  
column was used which provided s u p e r i o r  r e s o l u t i o n  of pe ry lene  
and BkF;  t h u s ,  t he  pe ry lene  va lue  o b t a i n e d  was comparable t o  t h e  

va lue  ob ta ined  by t h e  CC-MS technique .  
The a n a l y t i c a l  parameters  for the  a n a l y s i s  of t he  PAH i n  t h e  

petroleum crude  o i l  are summarized i n  Table 3. The r e s u l t s  of 

these LC a n a l y s e s  are shown i n  Tab le  4. 
i n  F igu res  2 and 3 i l l u s t r a t e  the  reversed-phase  LC a n a l y s i s  of 
two of the petroleum crude  o i l  f r a c t i o n s ,  i .e.,  phenanthrene  
f r a c t i o n  ( 1 4  a romat i c  ca rbons )  and the p e r y l e n e  f r a c t i o n  (20 

a romat i c  ca rbons )  r e s p e c t i v e l y .  I n  t h e  20 a r o m a t i c  carbon 
f r a c t i o n  fo l lowing  the  e l u t i o n  of pery lene-d l2  and p e r y l e n e ,  a 

The chromatograms shown 
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Petroleum Crude Oil 
SRM 1582 

Fluorescence 

Ex. 250 (nm) 
Em. 360 (nm) 

UV (254 nm) 

I, 
0 10 20 30 40 

Minutes 

FIGURE 2 The reversed-phase  LC a n a l y s i s  of t h e  phenanthrene  
f r a c t i o n  (14 a r o m a t i c  carbon atoms) from a 
pe t ro leum c rude  o i l  sample (SRM 1582) .  

Mobile  Phase: 45 p e r c e n t  a c e t o n i t r i l e  i n  water 
i s o c r a t i c  u n t i l  phenanthrene  e l u t e d ,  t h e n  g r a d i e n t  
t o  100 p e r c e n t  a c e t o n i t r i l e  i n  5 minu tes .  
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Petroleum Crude Oil 

Perylene d12 
4 

Perylene 
4 Fluorescence 

Ex. 405 
” Em. 500 

Ex. 295 
’2 Em. 405 

Benzo [ a ]  Pyrene 

1 
I 

0 10 20 

Minutes 

FIGURE 3 The reversed-phase LC analysis of the perylene 
fraction (20 aromatic carbon atoms) from a 
petroleum crude oil sample (SRM 1582). 

Mobile Phase: 70 percent acetonitrile in water 
until Benzo[a]pyrene eluted, then gradient to 100 
percent acetonitrile in 5 minutes. 
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TABLE 4 

Summary of  R e s u l t s  Obtained from t h e  Ana lys i s  of 
Petroleum Crude O i l  (SRM 1582) f o r  S e l e c t e d  PAH 

- - -  Concen t ra t ion  (pg /g )a  - - - 
Compound S e q u e n t i a l  L C ~  GC-MSC 

Phenan t h r e n e  103 f 2 
Pe ry lene  33 f 1 
Pyrene 6.6 k 0.5 
Benz[ a I an th racene  3.0 f 0.3 
F luoranthene  2.4 f 0.2 
Benzo [ a Ipyrene  1.3 f 0.1 

100 f 7 
30 f 2 

7.6 k 0.5 
2.8 k 0.2 
2.6 f 0.2 

0.95 f 0.05e 
1.1 f 0.2d 

aUnce r t a in ty  is  one s t anda rd  d e v i a t i o n  of t h e  mean. 
bDup l i ca t e  LC a n a l y s e s  of 5 samples.  
CDupl i ca t e  GC-MS a n a l y s e s  of 10 samples. 
dDetermined by conven t iona l  e l e c t r o n  impact mass spec t romet ry .  
eDetermined by n e g a t i v e  i o n  chemical i o n i z a t i o n  mass 

spec t romet ry .  

programmed wavelength change was made t o  op t imize  t h e  d e t e c t i o n  

of BaP. The optimum wavelengths f o r  t h e  maximum s e n s i t i v i t y  t o  

pe ry lene  and pery lene-d l2  a r e  e x c i t a t i o n  405 nm and emiss ion  440 

nm. However, when measuring BaP ( -1  ppm) i n  t h e  same 

chromatographic a n a l y s i s  i t  was necessa ry  t o  moni tor  t h e  pe ry lene  

(-30 ppm) and pery lene-d l2  s i g n a l s  a t  e x c i t a t i o n  405 nm and 

emiss ion  500 nm i n  o r d e r  t o  a t t e n u a t e  t h e i r  f l u o r e s c e n c e  r e sponse  

(see Table  3 ) .  I n  Table  4 t h e  r e s u l t s  ob ta ined  from t h e  a n a l y s i s  

of t h e  petroleum c rude  o i l  by LC and GC-MS are compared ( 1 1 ) .  The 

d a t a  from t h e s e  two t echn iques  were g e n e r a l l y  i n  r e a s o n a b l e  

agreement.  Two GC-MS v a l u e s  are  shown f o r  BaP. The v a l u e  

1 . 1  pg/g was ob ta ined  by conven t iona l  e l e c t r o n  impact mass 

spec t romet ry  wh i l e  t h e  v a l a e  o f  0.95 pg/g was gene ra t ed  us ing  

n e g a t i v e  ion  chemical i o n i z a t i o n  mass spec t romet ry .  
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236 KLINE , WISE, AND MAY 

This LC procedure using perdeuterated PAH as tnternal 
standards provides a viable alternative to the tedious and often 
laborious tasks of external standard or standard addition 
procedures. The method has been validated by use of an existing 
SRM (1580) and the quantitative results obtained in the 
certification of a petroleum crude oil as SRM 1582 compare 
favorably to valxes generated by GC-MS. 
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