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QUALITY ASSURANCE OF PETROL BY HPLC 

VIVEK R DHOLE~* AND G. K. GHOSAL~ 
'Regional Forensic Science Laboratory 

State of Maharashtra, Ganeshkhind 

2Petro-Chem Techrwbgy Department 
Laxminurqan Institute of Technology (LIT) 

Amravati Roacl, Napur (M.S.), India 

f ine  - 411 007, India 

A B S T R A C T  

A s imp le  and r a p i d  reverse  phase HPLC method has been 
developed f o r  t h e  determinat ion o f  adul terat ion i n  p e t r o l  
(gasoline) w i t h  Kerosene. Methanolic solut ions o f  pe t ro l ,  Kerosene 
and t h e i r  syn the t ic  admixtures were analysed on HPLC using C 
ODS column and Aceton i t r i le  : Water ( 8 : 2 )  as  mob i le  phase, 
the  f l ow  r a t e  o f  1 m l / m i n  and UV-absorption detect ion a t  2 8 5  nm. 
The UV detec tor  a t  2 8 5  nm g ives  s p e c i f i c i t y  t o  detection, since 
the  a l k y l  naphthalenes predominant ly present i n  kerosene have 
strong, charac ter is t i c  absorpt ion around 2 8 5  nm. The  ampl i tudes 
o f  t h e  peaks corresponding to  these naphthalenes (C-10 - C-12) 
increased w i t h  the  added quantum o f  kerosene I inear ly.  Average 
values w i t h  f SD o f  intrachromatographic ra t i os  generated f o r  t h e  
peak he igh ts  o f  t h e  naphthalenes E(C-10 t o  C-12) d i v i d e d  by 
peak he igh t  o f  solvent methanol were tabulated. These ra t i os  
cou ld  b e  used t o  get a l inear  cu rve  i f  evaluated g r a p h i c a l l y  
against corresponding (P:K) composit ion f o r  determining extent o f  
adul terat ion w i t h  kerosene, even down to  a leve l  o f  5 %  v l v  i n  
suspected p e t r o l  samples. 
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INTRODUCTION 

DHOLE AND GHOSAL 

Kerosene being a r e a d i l y  avai lable,  spec ia l l y  subsidised 

domestic cooking fuel  has a subs tan t ia l l y  lower  p r i c e  than t h e  

commonly used automobile fuel, p e t r o l  (motor gasoline) i n  Indian- 

sub-continent and many o the r  countries. The la rge  p r i c e  

dif ference, between those o f  p e t r o l  and kerosene, has induced an 

expensive economic offence o f  t he  pe t ro l  adu l te ra t ion  w i t h  

kerosene. Moreover, use o f  such adu l te ra ted  p e t r o l  not on l y  

reduces t h e  performance b u t  it also causes serious damage t o  t h e  

automobile engines. Hence e a r l y  detect ion and est imat ion o f  

kerosene i n  adu l te ra ted  p e t r o l  samples i s  h i g h l y  important f o r  

t h e  law enforcement agencies and also f o r  ensuring t h e  q u a l i t y  

and performance o f  t h e  fuel  (pe t ro l )  be fore  using n t h e  motor 

vehic les.  F o r  t h i s  purpose t h e  suspected pe t ro l  samples are  

often re fe r red  to  t h e  Forensic Science Laborator ies and also t o  

the  q u a l i t y  contro1,testing labora tor ies  o f  t he  petroleum o i l  

companies/ref i neries. 

Number o f  pub l i ca t ions  have dea l t  w i t h  t h e  q u a l i t y  

assuranceldetection o f  adu l te ra t ion  in  pe t ro l / d iese l  by using 

var ious  physico-chemical and ana ly t i ca l  instrumental methods such 

as, d i s t i l l a t i o n  ranges (1 -3) ,  f l ash  po in t  (4). octane number 

( 1 , 2 ) ,  spec i f i c  g r a v i t y  ( 5 ) ,  an i l ine  po in t  ( 5 ) ,  th in - layer -  

chromatography (TLC)  (6-9),gas-chromatography (CC) (10-12) ,  UV 

-spectrophotometry ( 1 3 ) ,  semimicro-chromatography ( 1 4 ) ,  
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QUALITY ASSURANCE OF PETROL 2477 

critical-micelle-concentration (CMC) (15), rapid-phase-t i t rat ion- 

procedure (161,  and high-performance-size exclusion 

chromatography (17 )  w i t h  va ry ing  degree o f  success. 

To supplement detect ion o f  adul terat ion i n  p e t r o l  w i t h  

kerosene usual ly done by us by monitoring, d i s t i l l a t i o n  ranges 

(1-31, spec i f i c  g r a v i t y  (51, an i l i ne  p o i n t  (51, TLC (6-9) and 

gas-chromatography amongst t h e  o the r  parameters, t h e  u t i  I i ty  o f  

reverse-phase HPLC w i t h  a UV absorpt ion detector has been 

presented here. 

EXPERIMENTAL 

Materials :- 

Number o f  authent ic lstandard pe t ro l  samples (n=lO), 

belonging t o  d i f f e ren t  petroleum companies, viz., Esso, Hindustan 

Petroleum, Indian O i l  Corporat ion ( IOC)  and Bharat  Petroleum 

etc. and number o f  kerosene samples (n=lO) were procured f rom 

d i f f e ren t  sources f rom t h e  market. HPLC grade solvents 

acetoni t r i le,  methanol and water and AR grade (spec t ra  pure)  

naphthalene (I), 2-methyl naphthalene ( 1 1 )  and 2,C-dimethyl 

naphthalene ( 1 1 1 )  and standard Borosi I pipettes,  vo lumet r ic  f l asks  

were used. 

Equipment :- 

The  HPLC system consisted o f  “Theromo-separation-products18 

( f o rmer l y  “Spectra phys i cs ” )  company HPLC Unit, RP-C-18 column 
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2478 DHOLE AND GHOSAL 

(Lichrospher-100-RP-18, 5 p m ,  250 mm length x 4 mm ID), 

va r iab le  wave-length UV absorpt ion detector f i t t e d  w i t h  Datajet 

CH-1 integrator.  

Chromatographic condi t ions : - 
Mobi le  phase o f  i socra t ic  solvent system, compris ing of 

Aceton i t r i le  : Water (8:2) was used. A f l ow  ra te  o f  1 ml/min.  a t  

ambient temperature ( 3OoC) was maintained throughout t h e  

experiment. Detection wavelength was chosen a t  285 nm on t h e  UV 

absorpt ion detector. Integrator condi t ions were k e p t  at, 

Attenuation = 4, Chart-speed = 1 cmlmin, Thresho ld  = 1, 

Peakwidth = 0.04. 

Standardslsample prepara t ion  : - 
Number o f  authent ic lstandard p e t r o l  (P) and kerosene (K)  

samples (n=10 each) p rocured as descr ibed above were u t i  i sed  

to  p repare  ten d i f f e ren t  sets o f  syn the t ic  admixtures i n  t h e  

range o f  (P),  (9P + 1K). (8P + 2K) (7P + 3K), (6P + 4K), 

(5P + 5K), (4P + 6K) and (K) separately. Exac t l y  1% v l v  

solut ions o f  a l l  these syn the t ic  admixtures were separately 

p repared  w i t h  h e l p  o f  su i tab le  standard vo lumet r ic  f l asks  and 

p i p e t t s  by using methanol as a solvent. Exac t l y  1% v l v  

methanolic solut ion o f  suspected p e t r o l  sample if any f rom case 

w o r k  was also prepared. 
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QUALITY ASSURANCE OF PETROL 2479 

1 0  y g l m l  o f  naphthalene (I) and 20 P g l m l  each o f  2-methyl 

naphthalene ( 1 1 )  and 2,6 - d ime thy l  naphthalene ( 1 1 1 )  were 

separately p repared  as reference markers  i n  methanol. 

Method :- 

Exac t l y  10 yl each o f  t h e  1% v l v  methanolic solut ions o f  

f resh  pe t ro l ,  kerosene and t h e i r  syn the t ic  (P  + K )  admixtures, 

reference markers  o f  naphthalenes ( I ) ,  ( 1 1 )  and (111) and 

suspected p e t r o l  sample, i f  any, p repared  as desc r ibed  above, 

were separately in jected on HPLC un i t  employing t h e  

"Chromatographic conditions", as descr ibed above. 

RESULTS AND DISCUSSION 

Typ ica l  I y charac ter is t i c  patterns o f  chromatograms were 

observed f o r  pe t ro l ,  kerosene and t h e i r  syn the t ic  admixtures. 

The representa t ive  chromatograms f o r  (PI,  (9P + lK)... t o  (4P + 

6K) and (K) are  shown i n  FIGURES 1 to  8 respec t ive ly .  Peaks o f  

t he  standard reference markers  o f  naphthalene ( I ) ,  2-methyl- 

naphthalene ( 1 1 )  and 2, 6-dimethyl-naphthalene ( 1 1 1 )  were 

iden t i f i ed  a t  Retention Times (RT) 4.9, 6.2 and 8.0 f 0.1 min., 

respec t i ve l y  and solvent methanol (M) showed a~ small  peak a t  RT 

= 1.8 ? 0.1 min. i n  these chromatograms (FIGURES 1 to  8). 

Pe t ro l  (gasol ine) samples c h i e f l y  consist o f  hydrocarbons 

o f  para f f in ic ,  cyc lopara f f in ic  and aromatic series. Higher bo i l i ng  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2480 DHOLE AND GHOSAL 

FIGURE - 1 *  : HPLC FIGURE - 2" HPLC 
Chromatogram o f  Pe t ro l  (1% chromatogram of syn the t i c  
v / v  i n  methanol) .  admix tu re  o f  9 Pet ro l  + 1 

Kerosene ( 1 %  V / V  i n  
methanol). 

FIGURE - 3* : HPLC 
chromatogram o f  syn the t i c  
admix tu re  o f  8 p e t r o l  + 2 
kerosene (1% v l v  i n  
methanol).  

FIGURE - 4" : HPLC 
chromatogram o f  syn the t ic  
admix tu re  o f  7 Pe t ro l  + 3 
Kerosene (1% v l v  in  
methanol) . 

* FIGURES 1 t o  8 : Quant i ty  o f  in jec t ion  = 10 yl each. 
Symbols (M) (1)(11) and (111) marked i n  the  
chromatograms represent the  peaks f o r  Methanol, 
Naphthalene, 2-Methyl-naphthalene and 2,6 - Dimethy l  
naphthalene respec t i ve l y .  Chromatographic condi t ions a re  
desc r ibed  i n  t h e  tex t .  
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QUALITY ASSURANCE OF PETROL 2481 

FIGURE - 5" : HPLC FIGURE - 6 *  : HPLC 
chromatogram of synthet ic Chromatogram o f  synthet ic 
admix ture  o f  6 Pe t ro l  + 4 admixture of  5 Pet ro l  + 5 
Kerosene ( 1 %  v l v  in methanol). Kerosene ( 1 %  v l v  i n  methanol) .  

FIGURE - 7" : HPLC FIGURE - 8* : HPLC 
chromatogram of synthet ic chromatogram o f  kerosene ( 1 %  
admix ture  of 4 Pet ro l  + 6 v / v  methanol). 
Kerosene ( 1 %  v l v  i n  methanol). 
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2482 DHOLE AND GHOSAL 

petroleum produc ts  l i k e  kerosene o r  d iese l  a lso comprise o f  

s i m i l a r  classes o f  hydrocarbons though w i t h  more complex 

molecules and h ighe r  carbon numbers o f  m ixed  nature (6-9, 

13,181. Aromatics present i n  f r e s h  (unevaporated) p e t r o l  a re  

predominant ly mononuclear ( a l k y l  benzenes) w i t h  r e l a t i v e l y  low 

concentrations o f  d inuclear aromat ics ( a l k y l  naphthalenes) (13, 

19-22). I n  contrast  kerosenes are  r i c h e r  i n  dinuclear aromatics 

( a l k y l  naphthalenes) (13.22) w i t h  substant ia l  p ropor t ions  o f  

mononuclear aromatics, d ipheny ls  and traces o f  h i g h l y  condensed 

aromatics {13,18).  Thus the  concentration o f  to ta l  

naphtha lenes la lky l  naphthalenes would b e  i n v a r i a b l y  h i g h  i n  

kerosene and diesel  than i n  f r e s h  (unevaporated) pe t ro l .  

The above concept was exper imenta l l y  conf i rmed by TLC 

resu l ts  i n  our  e a r l i e r  work  (6-91, and f u r t h e r  by HPLC resu l ts  

i n  the  present work, wherein t h e  peak he igh ts lampl i tudes  o f  t he  

naphthalenes ( I ) ,  ( 1 1 )  and ( 1 1 1 )  show an increasing t rend  i n  t h e  

chromatograms o f  t he  (P : K )  synthe t ic  admixtures as t h e  

percentage o f  kerosene goes on increasing f rom (P), (9P + 1K) 

... to  (4P + 6K) and ( K )  (FIGURES 1 t o  8). 

Cr i te r i on  f o r  t h e  selection o f  wavelength :- 

Among t h e  petroleum hydrocarbons absorpt ion o f  rad ia t ions  

i n  t h e  u l t r a v i o l e t  region i s  ma in ly  due to  aromatics. Alkyl 

naphthalenes cou ld  b e  measured by t h e i r  absorpt ions a t  225 * 5 
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QUALITY ASSURANCE OF PETROL 2483 

nm (23-26), 275 nm (22-24) 285 (13,22-24, 27,28) and 319 nm 

(13,24). However, pe t ro l  (gasol ine) general ly shows h i g h  

absorpt ion upto 275 nm (due to  predominance o f  a l k y l  benzenes) 

and therea f te r  shows a r a p i d  taper ing o f f  (13),  since t h e  

abso rp t i v i t i es  ( l og  E values) a t  285 nm o f  mononuclear aromatics, 

i.e., a l k y l  benzenes (C-8 to  C-12) a re  less than 1.0 (29) .  

However, t h e  abso rp t i v i t i es  ( l og  E) are  more than 2.5 f o r  

d ipheny ls  (C-12 and C-13) and a r e  more than 3.5 f o r  

naphthalenes (C-10 to  C-13) a t  285 nm (29) .  Hence UV-absorption 

measurements a t  285 nm would be  most useful f o r  t h e  

determinat ion o f  total  naphthalenes f rom kerosene in  pe t ro l .  The 

c r i t e r i o n  f o r  select ion o f  wavelength f o r  UV detect ion i n  t h e  

present HPLC work  i s  based on t h e  concept discussed above. I n  

fac t  absorpt ion a t  285 nm i s  t h e  basis o f  ASTM method D-1840 

f o r  t h e  determination o f  t o ta l  naphthalenes i n  j e t  fuels (27) .  

Normal UV-Spectrophotometric method f o r  t h e  detect ion o f  

naphthalenes a t  285 nm has been presented by o the r  workers  also 

(13) .  However, it was f u r t h e r  es tab l i shed by o ther  workers  tha t  

t h e  d i rec t ,  normal UV-spectrophotometric detect ion o f  

naphthalenes a t  285 nm i s  inapp l icab le  i n  petroleum (gasoline) 

sample because o f  t h e  serious interference f rom monoaromatics 

(28).  But t h e  HPLC technique because o f  i t s  power fu l  

chromatographic separation fac i  l i t y  i f  coupled w i t h  cha rac te r i s t i c  

UV detect ion a t  285 nm as suggested i n  t h e  present work  cou ld  

b e  used as a be t te r  a l te rna t ive  approach than t h e  ASTM (27 )  and 

o the r  d i r e c t  UV-spectrophotometric method (13)  f o r  determining 
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2484 DHOLE AND GHOSAL 

to ta l  naphthalenes i n  petroleum produc ts  w i thout  interference f rom 

a l k y l  benzenes etc. 

Intra-chromatographic ra t i os  : - 
A close look a t  t he  chromatograms f o r  syn the t ic  admixtures 

from (P ) ,  ( 9 P  + 1 K )  ... to  ( 4 P  + 6 K )  and ( K )  (FIGURES 1 t o  8 )  

revea ls  an increasing t rend  o f  peak heights, as descr ibed above, 

espec ia l l y  f o r  t h e  peaks corresponding to  naphthalenes (I), ( 1 1 )  

and (111) a t  RT = 4.9,  6 .2 and 8.0 f 0.1 min. respec t ive ly .  

However, t h e  peak he igh t  f o r  solvent methanol (M)  a t  RT = 1.8 

f 0.1 min. i s  almost t h e  same i n  a l l  these chromatograms 

(FIGURES 1 to  8)  since the  quan t i t y  o f  in jec t ion  i s  exac t l y  same, 

i.e., 10 ul  each f o r  a l l  t h e  ( P  : K )  synthe t ic  admixtures. It 

was also observed tha t  t h e  peak he igh t  f o r  solvent methanol i s  

d i r e c t l y  p ropor t iona l  t o  t h e  quant i t y  o f  inject ion. Apar t  f rom 

charac ter is t i c  chromatographic pa t te rn  recogni t ion f o r  d i f f e ren t  

( P : K )  composit ions (FIGURES 1 t o  8 )  i t  was f u r t h e r  at tempted t o  

determine intrachromatographic peak he igh t  r a t i o s  in  t h e  

fol lowing manner, i.e., Z((I) + (11) + (111)) d i v i d e d  by (MI.  

F o r  f ind ing  out these rat ios,  peak he igh ts  were u t i l i s e d  ra the r  

than peak areas due to  t h e  incomplete separation o f  bands i n  the  

1 5  min. e lut ion range, u t i l i s i n g  optimum chromatographic 

conditions. Average values w i t h  f SD o f  these peak he igh t  ra t i os  

f o r  var ious  ( P : K )  synthe t ic  admixtures d e r i v e d  f rom ten 

d i f f e ren t  sets a re  shown i n  TABLE 1. 
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QUALITY ASSURANCE OF PETROL 2485 

TABLE 1 :- 

Average ( X )  w i t h  f SD values ( n  = 10) o f  t h e  
intrachromatographic ra t i os  o f  t h e  peak heights f o r  

((Naphthalene ( I )  + 2 methyl-naphthalene ( 1 1 )  + 2,6-Dimethyl- 
naphthalene ( 1 1 1 ) )  + Methanol (MI, i den t i f i ed  i n  t h e  HPLC 
chromatograms o f  var ious  (P:K) syn the t ic  admixtures. 

S r .  (P : K)  Average w i t h  + SD* values 
No. Composition o f  peak he igh t  rat ios.  % cv.@ 

( ( l )+ ( l l )+ ( l l l ) )  i (M) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Pe t ro l  (P)  1.2632 f 0.0551 

(9P + 1K) 2.5790 f 0.0665 

(8P + 2K) 3.7894 f 0.0731 

(7P + 3K) 5.2631 f 0.0818 

(6P + 4K) 6.6316 f 0.0867 

(5P + 5K) 7.8947 f 0.0848 

(4P + 6K) 9.1578 f 0.0918 

Kerosene ( K )  14.1052 f 0.0935 

4.362 

2.578 

1 .929 

1.554 

1.307 

1 .074 

1.002 

0.663 

* SD = Standard Deviat ion @ C.V. = Coeff ic ient  o f  Variat ion. 

Since % C.V. i s  less than even 5% f o r  a l l  t h e  (P  : K )  

compositions, t he  resu l ts  f rom t h e  present HPLC work  (TABLE-1 1 

i nd ica te  good prec is ion  o f  assay. The average values o f  t he  peak 

he igh t  ra t i os  f rom TABLE -1 i f  p l o t t e d  against corresponding 

( P  : K)  composition, i.e., (P I ,  (9P + 1K) ... to  (4P + 6K) and 

(K )  etc. g i v e  a s t ra igh t  l i ne  cu rve  wh ich  cou ld  b e  u t i l i s e d  f o r  

determining the  percentage o f  kerosene i n  t h e  suspected p e t r o l  
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2486 DHOLE AND GHOSAL, 

sample by f ind ing  out t he  peak he igh t  r a t i o  f rom i t s  HPLC 

chromatogram and then w i t h  t h e  h e l p  o f  s t ra igh t  l i n e  cu rve  graph 

d e r i v e d  f rom TABLE-1 as descr ibed above one can eas i l y  f i n d  

out t h e  extent o f  adul terat ion in  t h e  suspected pe t ro l  sample. 

Thus t h e  proposed HPLC methodlapproach cou ld  b e  

rou t ine ly  used as a simple, rap id ,  sens i t i ve  (even down t o  a 

leve l  o f  5% v / v )  and r e l i a b l e  complementary method f o r  t h e  

determination o f  adul terat ion i n  pe t ro l  w i t h  kerosene i n  Forensic 

Science Laborator ies.  It cou ld  also b e  used by the  q u a l i t y  

control  / tes t ing  labora tor ies  o f  t h e  petroleum re f i ne r ies  and 

petrochemical I (PAH) etc. indus t r ies  i n  day-to-day work.  
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