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APPLICABILITY OF AN HPLC SYSTEM IN 
THE ANALYSIS OF BIODEGRADED 

CRUDE OIL COMPONENTS 

M. M. ASSADI AND R P. MATHUR 
Centre of Environment 

Civil Engineering Dejmrbnent 
University of Roorkee, Roorkee 

ABSTRACT 

High performance liquid chromatography has been used for the separation 

of biodegraded crude blend in to  fractions using back flushing procedure. The stationary 

phase was Energy analysis (3.9mm x 30cm) N H 2  column and the detection mode 

was UV absorptiometry. The method was compared w i th  the l iquid chromatography 

method. 

INTRODUCTION 

The importance of hydrocarbon degrading microbial communities of oil polluted 

marine environment i s  well established (Atlas, 1975; Vanderlinden, 1978; Fedorak 

and Westlake, 1981; Floodgate 1984). Class separation of biodegraded crude oil 

was studied through liquid chromatographic technique (Jobson et.al., 1972; Atlas, 

1975; Teschner and Wehner, 1985; and Rotani et.al., 1986). Subsequently the 

fractions were subjected t o  mass spectrometry, gas chromatography, and HPLC 

analysis by many researchers (Fedorak and Westlake, 1981; Teschner and Wehner, 

1985; Rotani et.al., 1986; Alisebutu, 1988). 
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3624 ASSADI AND MATHUR 

Enough background in fo rma t ion  of alumina sil ica co lumn Chromatography is 

ava i l ab le  in l i t e r a tu re  especial ly  in p rocedures  developed by Snyder (1979). Cur ren t  

techniques of Liquid ch romatography  (LC) P rov ide  t h e  bas i s  fo r  t h e  deve lopmen t  of 

class ana lyses  of t h e  f r a c t i o n s  of c r u d e  oil to  d e t e r m i n e  t h e  biodegradabi l i ty  a n d  

t o  establ ish p re fe ren t i a l  deg rada t ion  f r a c t i o n s  of c r u d e  blend. 

EXPERIMENTAL 

A c rude  blend f r o m  Mathura  r e f ine ry  (a m i x t u r e  of Arab mix; I ranian mix 

and  Kuwait  mix) w a s  used as a substrate .  Two  spec ie s  of bac te r i a  , Cur tobac te r ium 

a n d  En te robac te r  sakazaki  isolated f r o m  t h e  e f f l u e n t s  of Ma thura  r e f ine ry  w e r e  

used as t y p e  specimens.  Prel iminary s tud ie s  es tabl ished the i r  versat i l i ty  in degrading 

oil. The s tud ie s  w e r e  c a r r i e d  out  i n  syn the t i c  sea w a t e r  (Fedorak a n d  Westlake,  

1981) with inputs  of ni t rogen a n d  phosphorus. Each  expe r imen ta l  p ro toco l  con ta ined  

100 m l  sea w a t e r  0.6% c r u d e  oil blend, 200 b a c t e r i a l  s eed  alongwith con t ro l s  i n  

Erlenmeyer  f l a k s  in a p r o t r a c t e d  t i m e  domain  of 30 days.  Inoculated a n d  con t ro l  

f l a sks  w e r e  r emoved  at d i f f e ren t  t i m e  in t e rva l s  i.e. 0, 2, 4, 6 ,  8, 10, 20 a n d  30th 

days  for  de t a i l ed  analyses .  

EXTRACTION PROCEDURE 

The c o n t e n t s  of f lasks  wi th  bac te r i a l  incculum a f t e r  a de f ined  per iod w e r e  

careful ly  t r ans fe r r ed  i n t o  a s t e r i l i zed  sepa ra t ing  funnel.  Crude  oil w a s  e x t r a c t e d  

t h r i c e  with,  10 ml of pe t ro l eum e t h e r  Benzene m i x t u r e  (1:3 v/V). The oil solvent  

mix tu re  w a s  t r ans fe r r ed  to  a s ter i l ized weighed g l a s s  beaker .  The solvent  w a s  

evapora t ed  for 24 h r s  a t  25OC under  a s t r e a m  of n i t rogen  (Atlas ,  1975). 

Separat ion p rocedures  as def ined by Jobson  a n d  Westlake,  1972; Atlas ,  1975; 

and  Bhosle, 1981; w e r e  followed fo r  l iquid ch romatography .  

HIGH PRESSURE LIQUID CHROMATOGRAPHY 

The H P L C  sys t em util ised w a s  : 
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D e t e c t o r  : UV absorbance  d e t e c t o r  (Water  Assoc ia t e s  Milford,  MA) mode l  481 at 

254 nm, 0.5 AUFS. 

Pump : Solvent del ivery sys t em model  501 wi th  a 10 ul f i x e d  loop injector .  

S t a t iona ry  phase  : 

Backf lu sh 

Valve con t ro l l e r  : 

Sol v e n t s  

Flow r a t e  

Air and  ni t rogen : 

P a w s  3.9mm x 30cm especial ly  packed w i t h  a n  a m i n o  pro-  

pyls i lane chemica l ly  bonded to  10 u ful ly  p o r w s  s i l ica  par t ic les .  

Six po r t  valve wi th  1/16" f i l l ing f o r  back  f lushing (Wate r  

Associates  Milford,  MA). 

Valve con t ro l l e r  modu le  a n d  p n e u m a t i c  swi t ch  which t r a n s l a t e  

a switch c losu re  signal f r o m  t h e  model  740 d a t a  modu le  i n t o  

a pneumat i c  signal t o  m o v e  t h e  six p o r t  valve.  

Lichosorb hexane.  

1.6 ml/min gradual ly  inc reased  t o  2 ml/min a f t e r  8 m i n u t e s  

of injection. 

Air a t  35 psi a n d  ni t rogen ( C C  quality).  

The a spha l t ene  componen t  f r o m  t h e  residual  oil (RO) w a s  r e m o v e d  by dissolving 

RO in hexane  and  f i l t e r ing  i t  through a mil l ipore Syringe f i l t e r  (0.5 d. The f i l t e r  

w a s  dr ied a n d  a spha l t ene  de t e rmined  g rav ime t r i ca l ly .  The f i l t r a t e  w a s  resolved 

through L C  & HPLC. 

RESULTS AND DISCUSSIONS 

Separa t ion  of alkanes,  a r o m a t i c s ,  a n d  polar compounds  usually depends  on 

t h e  s t a t iona ry  phase.  L C  on sil ica a lumina  g e l  w i th  a polar solvent  such as n- 

hexane  g ives  good separat ion.  Sepa ra t ion  of c o m p o n e n t s  w a s  ach ieved  on H P L C  

a n d  s a t u r a t e d  compounds  w e r e  e l u t e d  in l e s s  t h a n  4.2 min., w h e r e a s  a r o m a t i c s  

to& 6.2. The polars  took 14.35 min. t o  e lu t ion  which included 10 m i n  back flushing 

(Fig. 11). The c o m p a r a t i v e  resul ts ,  signifying sepa ra t ion  through L C  a n d  H P L C  

of c r u d e  blend a r e  p re sen ted  in Table  I. 
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Table I - Crude Oil Composition 

LC HPLC 

Saturate 

Aromatic 

Polars 

Asphal tenes 

40.03% 

14.20% 

25.55% 

16.6% 

43.36% 

12.84% 

26.37% 

16.6% 

Total Recovery 96.38% 99.1 7% 

Degradation of each of these fractions by microbes is reflected i n  gradual reduc- 

tion of various components of crude oil. Fig. 11 presents comparison of results 

of LC and HPLC. The compounds that seems to be more resistant to  microbial 

degradation are polar and asphaltene. The bar diagrams reveal that even on the 

30th day of incubation there is appreciable decrease of total crude oil though the 

reduction was of the order of 57.13% by Curtabacterium spp. and 52.84%, by E- 
sakazaki. The saturate and aromatic profiles Fig. l show significant decrease 

whereas. Polars they show a different behaviour are more resistant to  E. sakazaki 

than curtobacterium. spp. In E. sakazaki there is an increase i n  the polars which 

is evidenced by the results both LC and HPLC of the order of 18.65 and 12.65%. 

This could only be due to  an unexplained biotransformation of residual components. 

This is i n  agreement with the observations of Rotani et al. 1984. 

The resolution of biodegraded crude blend carried in  HPLC was possible in 

20 minutes, where as LC needs one day. Further the recovery is higher i n  HPLC 

and the solvent used is much smaller. These observations each the findings of 

Suatoni et al. 1975; Bollet and Escalier 1981; and Grizzle and Sablotny, 1986. 
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FIG. I HPLC CHROMATOGRAMS 
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FIG. II HPLC AND LC ANALYSIS OF DEGRADED CRUDE OIL 
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