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B I T U M E N  ATTACK BY MICROORGANISMS 

OR. R I C H A R D  N. TRAXLEK 
A S S O C I A T E  PROFESSOR 

DEPARTMENT OF MICROBIOLOGY 
U N I V E R S I T Y  OF SOUTHWESTERN L O U I S I A N A  

LAFAYETTE,  LOU I S  I A N A  

I T  IS GENERALLY RECOGNIZED TODAY THAT A V A R I E T Y  O F  B I T U M I N O U S  

M A T E R I A L S  ARE S U B J E C T  TO ATTACK BY MICROORGANISMS (1,2,3). 

EARLY REPORTS FROM OUR LABORATORY CONFIRM THE FACT THAT ASPHALTS 

ARE DEGRADED BY A V A R I E T Y  O F  B A C T E R I A  (4,s). THE PURPOSE OF 

T H I S  PAPER IS TO SUMMARIZE THE EXTENT OF OUR RESEARCH I N T O  THE 

ATTACK OF B I T U M I N O U S  M A T E R I A L S  BY MICKOORGANISMS. MOST O F  OUR 

S T U D I E S  DEAL W I T H  B I T U R I N O U S  M A T E R I A L S  OF PETROLEUM O R I G I N  AND 

WILL EMPHASIZE:  (A) THE NATURE OF THE ORGANISMS A T T A C K I N G  

BITUMEr4S ( B )  THE NATURE OF Tt iE  M I C R O B I A L  A C T I O N  ON B I T U M E N  AND 

( C )  THE A S P H A L T I C  C O N S T I T U E N T S  U T I L I Z E D  BY B A C T E R I A .  

ASPHALT U T I L I Z I N G  ORGANISMS 

A T Y P I C A L  P A V I N G  A S P H A L T  (135 PENETRATION)  DESIGNATED AS I ' l A "  

WAS USED FOR ENRICHMENT CULTURE I S O L A T I O N  OF B A C T E R I A  CAPABLE 

OF U T I L I Z I N G  B I T U M E N .  THE ORGANISMS O B T A I N E D  WERE SHOWN TO BE 

MEMBERS OF THE GENERA Pseudomonas, Achromobacter,  Micrococcus,  
r l a v o b a c t e r i u m ,  B a c i l l u s ,  Corynebac ter ium AND Alcaligenes. 
LATER I T  WAS SHOWN THAT CERTAI IJ  ORGANISMS I N  THE GENERA 

P!ycobacterium AND i l oca rd ia  GREW WELL ON ASPHALT SUBSTRATES. 

THESE RESULTS DEMONSTRATE THE D I V E R S I T Y  OF MICROORGANISMS CAPABLE 

OF U T I L I Z I N G  A B I T U M E N  OF T H I S  i\IATURE. 

A S O I L  B U R I A L  T E S T  WAS D E V I S E D  U S I N G  A V A R I E T Y  OF BITUMENS 

COATED ON B I R C H  TONGUE BLADES AND EXPOSED I N  S O I L  UNDER NATURAL 

CONDITIONS.  ONE S E T  OF BLADES WAS B U R I E D  I N  A S O I L  W I T H  A 

H I G H  MOISTURE CONTENT ( 1 6 % )  AND A D U P L I C A T E  SET I N  A S I M I L A R  

S O I L  BUT UNDER LOW M O I S T U R E  ( 6 . 4 % )  C O N D I T I O N S .  A C T I O N  WAS 

SCORED B Y  DETERMINING T ~ E  JEIGHT LOSS OF THE BITUM~N COAT FROM 
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THE TONGUE BLADES A T  V A R Y I N G  T I M E  INTERVALS.  THE RESULT O F  

ONE S E R I E S  OF EXPERIMENTS IS SHOWN I N  F IG .  1. 
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- F I G .  l : - - E F F E C T  OF S O I L  B U R I A L  ON WEIGHT LOSS OF B I T U M E N  
COATED TONGUE BLADES. 

B ITUMEN "A" IS MOST S U S C E P T I B L E  TO WEIGHT LOSS I N  M O I S T  SOIL ,  

FOLLOWED I N  ORDER BY BITUMENS "C," "F," AND "E," B I T U M E N  "FT" 

WAS REPORTED TO BE TREATED W I T H  A B A C T E R I C I D A L  M A T E R I A L  AND 

DOES NOT SHOW A WEIGHT LOSS EVEN AFTER 2 8  WEEKS OF EXPOSURE I N  
M O I S T  S O I L .  I N  DRY SOIL APPARENTLY A L L  OF THE BITUMENS EXCEPT 

trArl ARE R E S I S T A N T  TO WEIGHT LOSS. I T  WOULD APPEAR THAT MOISTURE 

L E V E L  I S  I N D E E D  C R I T I C A L  (6) AS P O I N T E D  OUT BY H A R R I S .  ALSO, 

I T  IS OBVIOUS THAT THE BITUIJlENS D I F F E R  I N  T H E I R  S U S C E P T I B I L I T Y  

TO S O I L  EFFECTS. 
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THE D I F F E R E N C E  I N  S U S C E P T I B I L I T Y  OF B I T U M E N  TO B A C T E R I A L  

A C T I O N  IS FURTHER SUPPORTED BY LABORATORY EXPERIMENTS (5). 
I T  WAS DEMONSTRATED THAT Bacillus 1 1 - 2 A  I S O L A T E D  BY ENRICH-  

MENT CULTURE WOULD R E A D I L Y  ATTACK ASPHALT 6A, AND U T I L I Z E  

BITUMENS "A" AND "E" TO A LESSER EXTENT, BUT WAS UNABLE TO 

U T I  L I Z E  ASPHALT "G." A L L  OF THESE M A T E R I A L S  WERE DEMON- 

STRATED TO SERVE AS A GROWTH SUaSTRATE FOR A rlavobacterium. 
T H I S  IS FURTrlER E V I D E N C E  FOR THE S P E C I F I C I T Y  OF A C T I O N  OF A '  

BACTERIUM ON D I F F E R E N T  BITUMENS.  SOME OF THE C H A R A C T E R I S T I C S  

OF THESE M A T E R I A L S  ARE PKESENTED I N  T A B L E  I ,  FROM WHICH I T  

IS SEEIJ THAT THESE M A T E R I A L S  VARY I N  T H E I R  P H Y S I C A L  NATURE. 

I T  IS L O G I C A L  TO CONCLUDE THAT THE M I C R O B I A L  ATTACK ON 

BITUMENS IS S P E C I F I C .  THE S P E C I F I C I T Y  I S  D E T E R M I N E D  NOT 

QNLY BY THE NATURE O F  THE BACTERIUM BUT ALSO BY THE C H E M I C A L  

COMPOSITION OF THE B I T U M E N .  

TABLE I 

PROPERTIES OF B I T U M E N S  USED I N  S O I L  B U R I A L  TESTS 

4ND 'GROWTH STUD1 ES. 

B ITUMEN 

6 A  

A 

E 

G 

C 

F 

FT 

SOFTEN1 NG 
P O I N T  

OF 

111 

1 9 5  

1 6 7  

1 6  1 

2 1 4  

1 7 0  

1 7 3  

/ 

SPEC1 F I C  
G R A V I T Y  

7 7 O F  

0 . 9 8 5  

1 . 0 1 5  

1 . 1 7 5  

1 . 2 6 9  

1 . 0 6  

1.195 
1 , 2 2 6  

PENETRATION 
7 7 O F / l O O F / S  SEC 

MM/ 10 

1 3 3  

48 

0 

0 '  

3 
0 

0 
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NATURE OF A C T I O N  

THE RATE OF B I T U M E N  D E T E R I O R A T I O N  UNDER NATURAL C O N D I T I O N S  

CAN VARY TO A LARGE EXTENT DEPENDING UPON THE I 4 A T E R I A L  AND 

THE C O N D I T I O N S  OF EXPOSURE. I T  IS NOT THE PURPOSE OF T H I S  

PAPER TO DWELL UPON THE C O N D I T I O N S  OF EXPOSURE, THE WEIGHT 

LOSS EXPERIMENTS SHOWN I N  F I G .  1 M I G H T  BE CONSIDERED AN I N D E X  

OF S U S C E P T I B I L I T Y  TO THE M I C R O B I A L  POPULATIONS I N  THE S O I L .  

I T  IS DOUBTFUL I F  THE WEIGHT LOSS I I J  THESE EXPERIMENTS IS DUE 

E N T I R E L Y  TO M I C R O B I A L  ACTION,  NATURAL WEATHERING EFFECTS 

PLUS S O I L  ABSORPTION COULD ALSO BE I t JVOLVED I N  T H I S  WEIGHT 

LOSS. HOWEVER, I T  IS L I K E L Y  THAT M I C k O B I A L  A C T I O N  ACCOUNTS 

FOR THE MAJOR P O R T I O N  OF THE LOSS. E A R L I E R  REPORTS <4,5) 
C I T E  DEGRADATIVE A C T I V I T Y  OF A NUMBEk OF PURE CULTURES ON A 

S I N G L E  ASPHALT UNDER LABORATORY CONDITIONS.  I N  THESE E X P E R I -  

MENTS THE RATE OF BREAKDOWN 4 A 5  RAPID, 3 %  TO 2 5 %  DEGRADATION 

OCCURRING W I T H I r J  ONE WEEK OF EXPOSURE UNDER OPTIi1UM C O N D I T I O N S  

OF TEMPERATURE, pH AND AERATION.  THERE I S  A VAST D I F F E R E N C E  

BETWEEt4 THE LABORATORY C O N D I T I O N S  AND THE S O I L  B U R I A L  TEST, 

I N  THAT EXTREMELY T H I N  F I L M S  OF ASPHALT WERE USED I N  THESE 

LABORATORY EXPERIMENTS AND R E L A T I V E L Y  T H I C K  F I L M S  I N  THE S O I L  

B U R I A L  EXPERIMENTS. I T  IS APPARENT FROM EARLY EXPERIMENTS 

THAT THE B A C T E R I A L  ATTACK IS ONLY A T  THE SURFACE OF THE BITUMEN. 

d I T H  THE T H I N  F I L M  MOST OF THE BITUMEN IS EXPOSED AS A SURFACE 

AND THEREFORE A V A I L A B L E  TO THE ORGAtdISM. I N  THE S O I L  B U R I A L  

TESTS AND I N - U S E  THE B I T U M E N  IS A P P L I E D  AS A R E L A T I V E L Y  T H I C K  

F I L M ;  THEREFORE, ONLY A SMALL OVER-ALL PORTION OF THE BITUMEPJ 

IS EXPOSED TO M I C R O B I A L  ACTION.  

THE T H I N  F I L M  PROVIDES V I S U A L  E V I D E N C E  FOR THE M I C R O F I A L  ACTION. 

F I G .  2 SHOWS A FLASK ON THE L E F T  CONTAIF.rIt.1G A FILI4 OF ASPHALT 

1 A  INOCULATED W I T H  Mycobacterium ranae  AND ON THE R I G H T  AN 

I D E N T I C A L  FLASK WITHOUT THE TEST ORGANISI4. AFTER I N C U B A T I O N  
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A' F I G  2 * - - E F F E C T  OF Mycobacterium ranae 0 N . A S P H A L T  
1 A  F I L M ,  TEST t L A S K  ON LEFT.  CONTROL FLASK 
ON RIGHT, INCUBATION 3 o o c  F ~ R  1 MONTH, 

AT 3OoC FOR 1 MONTH THE F I L M  I N  THE TEST FLASK HAS BROf. N AND k 
SETTLED TO THE BOTTOM, WHEREAS- THE CONTROL FILM I S  UNCHANGED. 

EVEN MORE S I G N I F I C A N T  IS THE APPEARANCE OF ASPHALT SAMPLES 

FROM EACH FLASK (FIG. 3). THE T E S T  ASPHALT IS DULL, ROUGH, 

CRUMBLY AND HAS LOST I T S  USUAL RHEOLOGICAL CHARACTERISTICS,  

WHEREAS THE SAMPLE FROM THE CONTROL FLASK IS NOT CHANGED I N  

I T S  CHARACTER1 S T I  CS, 

HARRIS E T  AL. ( 7 )  PERFORMED A SERIES OF EXPERIMENTS TO DETER- 

M I N E  THE EFFECT OF VARIOUS B A C T E R I A  ON P A V I N G  ASPHALTS. THEY 

USED SOFTENING POINT,  D U C T I B I L I T Y  AND P E N E T R A T I O N  MEASURE- 

MENTS TO DETERMINE THE A C T I O N  OF THE ORGANISMS AND CONCLUDED 

THAT E I T H E R  A SOFTENING OR HARDENING O F  THE ASPHALTS OCCURRED, 

DEPENDING ON THE NATURE OF THE B A C T E R I A  PRESENT. I N  ORDER TO 
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, .. 

- F I G .  3:--ASPHALT SAMPLES COLLECTED FROM 
CULTURE FLASKS. TEST F L A S K  ON LEFT, 
CONTROL F L A S K  ON RIGHT,  

ACCURATELY ASSESS THE E F F E C T  OF THE ORGANISMS WE MUST TTEMPT 

TO EXPOSE THE MAJOR P O R T I O N  OF THE ASPHALT TO M I C R O B I A L  ACTION. 

AN EMULSION SYSTEM WAS 'USED AND THE ASPHALTS EXPOSED TO 

Mvcobacteriurn ranae AND Nocardia coe l iaca  A T  3OoC FOR 4 MONTHS. 

THE ASPHALTS WERE RECOVERED AND E X A M I N E D  FOR CHANGES I N  V I S -  

COSITY.  S T E R I L E  CONTROLS WERE TREATED I N  THE SAME MANNER AS 

THE TEST FLASKS AND USED TO DETERMINE R E L A T I V E  V I S C O S I T Y  OF 

ASPHALT DEGRADED BY THE MICROORGANISMS, T A B L E  I 1  SHOWS THAT ' 

THE NET EFFECT OF THESE TWO ORGANISMS NAS TO INCREASE THE 

V I S C O S I T Y  OF THE THREE ASPHALTS TESTED. I T  I S  S I G N I F I C A N T  

THAT THE THREE ASPHALTS I N V E S T I G A T E D  VARY CONSIDERABLY I N  T H E I R  

S U S C E P T I B I L I T Y  TO M I C R O B I A L  A C T I O N  (AS E V I D E N C E D  BY THE V I S -  

COSITY DATA). I T  I S  L O G I C A L  TO ASSUME THAT T H I S  E F F E C T  I S  
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T A B L E  11 

R E L A T I V E  V I S C O S I T Y  OF ASPHALTS AFTER M I C R O B I A L  

ACT I ON. 
~ ~~ ~ ~~ 

RE L A  T I  V E  V I  SCOS I TY;: 

1.1. ranae N. coeliaca -- - ASPHALT 

1 A  2.0 1.4 

3 A  3.3 3.8 
6 A  - 6.8 

V I S C O S I T Y  DEGRADED ASPHALT 
VISCoSITY = V I S C O S I T Y  CONTROL ASPHALT 

CONTROL ASPHALTS NOT EXPOSED TO M I C R O B I A L  ACTION.  

V I S C O S I T Y  CALCULATED A T  5 X 1 0 - 2  SEC-1 RATE OF 

SHEAR WERE APPROXIMATELY 500,000 P O I S E S  A T  25OC. 

T I E D  I N  WITH THE A C T I O N  OF THE ORGANISMS ON SOME ASPHALT COM- 

(I 

i 

I 

PONENT THAT I S  S U S C E P T I B L E  TO M I C R O B I A L  A C T I O N  AND I S  ALSO 

RELATED TO THE RHEOLOGICAL C H A R A C T E R I S T I C S  OF THESE ASPHALTS. 

THE R E L A T I O N  BETWEEN ASPHALT C O M P O S I T I O N  AND HARDENING IS NOT 

WELL D E F I N E D  BUT SOME I N F O R M A T I O N  I S  NOW A V A I L A B L E  (8). CON- 

S I D E R A B L E  E V I D E N C E  HAS ACCUNULATED OVER THE YEARS WHICH SHOWS 

THAT ASPHALTS HARDEN W I T H  A G I N G  AND WHEN SUBJECTED TO HEAT, 

OXYGEN, OK A C T I N I C  L I G H T .  T H I S  HARDENING REDUCES THE ADHESIVE-  

PJESS AI\(D THEREFORE THE I N - S E R V I C E  D U R A B I L I T Y  OF THE M A T E K I A L .  

THESE HARDENING EFFECTS CAN TO A LARGE EXTENT BE DUE TO O X I -  

DAT I OF4 OF C E R T A I N  ASPHALT COMPONENTS. THE E F F E C T  OF M I C R O B I A L  

ACTIO14 Ot.1 THE ASPHALT WOULD BE EXPECTED TO I N V O L V E  P R I M A R I L Y  

O X I D A T I O t 4  OF THOSE ASPHALT COMPONENTS U T I L I Z E D  FOR GROWTH BY 

Tr lE t4ICKOORGANISbl. 
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GKOWTH OF TEST ORGANISMS 3 N  ASPHALT AND ASPHALT FRACTIO l rS .  

ASSAY 
M A T E R I A L  Ps. 1 9 6 A a  5. ranae g. c o e l i a c a  - 
ASPHALT 1A - + + 
ASPHALTENES 1 A  - + + 
ACETONE ELUATE 1 A  - + + 
BASE M A T E R I A L  1A + + 

ASPHALT 3A - + + 
ASPHALTENES 3 A  - + + 
ACETONE ELUATE 3A + - 
BASE M A T E h I A L  3A + + 

- 

ASPHALT 6A - + + 
ACETONE ELUATE 6 k  - + - 
BASE M A T E R I A L  6 A  + + 

::NOT TESTED 

TABLE 111 SUMMARIZES SOME PRELI :1I I IAhY DATA FKOFl S T U D I E S  I N  OUR 

LABORATORY Oi.( THOSE FRACTIONS FROM Tr iRSE'  ASPr lALTS U T I L I  ZED FOR 

GROWTH BY SELECTED FI ICROOKGANIS~~S.  Pseudomonas 196Aa U T I L I Z E S  

ONLY THE EASE M A T E R I A L  FRO:t THE THREE ASPdALTS AND WILL NOT 

GROW ON THE UNFRACTIGIJATED ASPHALT.  Pycobac te r iun  ranae, 
WHICH WAS SHOWN TO D R A S T I C A L L Y  I,IOUIFY THE ASPHALT ( V I S C O S I T Y  

STUDIES), IS ABLE TO U T I L I Z E  A L L  FRACTIONS N H I C H  HAVE BEEF4 

STUDIED. Nocardia c o e l i a c a ,  WHICr l  ALSO HAS A D R A S T I C  EFFECT 

ON V ISCOSITY,  WILL U T I L I Z E  A L L  FRACTIONS TESTED EXCEPT Tr iE 

ACETOIIE ELUATE. THE BASE M A T E R I A L  r lA5  A CONSIDERABLE A L I -  

P H A T I C  HYDROCARBON C O I ~ T E I ~ T ,  A S  d I L L  BE P O I N T E D  OUT LATER. 

: iocardia  c o e l i a c a  I S  KNOJI'I TO GKd.4 ON M d l Y  OF Tt iE n -ALKANES;  

TrlEREFOKE I T  WILL L I K E L Y  U T I L I Z E  THE BASE M A T E R I A L .  
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I I N  ORDER TO S I M P L I F Y  THE APPROACH TO T H I S  PROBLEM THE ASPHALTS 

WERE F R A C T I O N A T E D  I N T O  NARROW FRACTIONS OF SOMEWHAT S I M I L A R  

COMPOUNDS, THE ASPHALTENES (PENTANE I N S O L U B L E )  WERE SEPARATED 

FROM THE PETROLENES (PENTANE SOLUBLE) BY TREATMENT W I T H  

N-PENTANE. THE PENTANE SOLUBLE PETROLENES WERE EXTRACTED W I T H  1 
$1 

S U L F U R I C  A C I D  FOLLOWED BY CHROMATOGRAPHIC F R A C T I O N A T I O N  ON A 

F L O R I S I L  COLUMN. THE n-PENTANE E L U A T E  FROM THE F L O R I S I L  

COLUMN (BASE M A T E R I A L )  WAS FURTHER F R A C T I O N A T E D  BY THERMAL ,/ 
D I F F U S I O N  TO P R O V I D E  NARROW F R A C T I O N A T I O N  O F  THE LOWER MOLEC- 

ULAR WEIGHT AND L E S S  POLAR PORTIONS OF THE ASPHALTS. ACETONE 

dAS USED TO FURTHER S T R I P  T d E  F L O R I S I L  COLUMN AND REPRESENTS 

THE ACETONE E L U A T E  ( T A B L E  1 1 1 ) .  

f 

,I 
TdE BASE M A T E R I A L  AND 10 THERMAL D I F F U S I O N  F R A C T I O N S  HAVE 

R E C E I V E D  THE MOST E X T E N S I V E  STUDY TO DATE. I N F R A R E D  SPECTRO- 

PHOTOMETRIC A N A L Y S I S  AND : 4 I C R O B I A L  

PERFORMED O N  Tr lESE FRACTIONS.  

F I G S ,  4. 5 AND 6 SHOW THE INFRARED 

AND 10 THERMAL D I F F U S I O N  FRACTIONS 

ASPHALTS S T U D I E D  ( lA ,  3 A  AND 6A). 

THAT F R A C T I O N  1 IS FROM THE BOTTOM 

GROWTH S T U D I E S  HAVE BEEN 

2J 

SPECTRA OF THE BASE M A T E R I A L  

FROM EACH OF THE THREE I 

I T  SHOULD B E  P O I N T E D  OUT 

OF THE COLUMN AND F R A C T I O N  I 
! 

1 0  FROM THE TOP. A L L  BAND P O S I T I O N S  ARE REPORTED I N  RECIPROCAL 

CENTIMETERS (CM'l) AP4D EXPRESSED AS PEAK H E I G H T S  R E L A T I V E  TO 

THOSE I N T E N S I T I E S  OF F R A C T I O N  1. THE FRACTIONS FROM ASPHALT 1 A  

HAVE CONSIDERABLY MORE A L I P H A T I C  CHARACTER THAN THOSE FROM THE 

OTHER TWO ASPHALTS.  THERE IS CONSIDERABLE A R O M A T I C I T Y  PRESENT 

It4 THE I A  AND 3 A  A S P H A L T  FRACTIONS.  I T  IS APPARENT EXCEPT FOR 

F R A C T I O N  1 0  OF ASPHALT l A ,  3 A  AND 6 A  WHICH ARE PREDOMINATELY 

ALII'HATIC A L L  THESE FRACTIONS ARE A M I X T U R E  OF A L I P H A T I C  AND 

AROMATI C COMPOUNDS. L 
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1.3.5 S U B S T I T U T E D  B E N Z E N E S  

n 
U 

A R O M A T I C  CZC S T R E T C H  
-J 

4 F O U R  OR M O R E  M E T H Y L E N E  G R O U P S  
I 

3 M 1  2 3 4  5 6 7 8  9 1 0  
F R A C T I O N S  

FIG.  5:-- \. 
c 
I 

I iJFRARED SPECT2A OF 
i3ASE t4ATERIAL  AND 
THERMAL D I F F U S I O N  
FRACTIONS FROM 
ASPHALT 3A. 

6 96 

s 
u 1725 

1600 

718 

F I G .  4:-- 
I IdFKARED SPECTKA 
OF BASE I 4 A T E K I A L  
AND THERMAL 
DI FFUS 1 ON F K A C T I  01\15 
FROi4 ASPHALT 1A. 

1.3,s S U B S T I T U T E D  B E N Z E N E S  

1,2.3,4 S U B S T I T U T E D  B E N Z E N E S  

A R O M A T I C  C=c STRETCH 1 

I 
1 M 1  2 3 4 5 6 ' 7  8 9 1 0  

F R A C T I O N S  
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718 

1,3 ,5  S U B S T I T U T E D  B E N Z E N E S  -1 1 

FOUR OR M O R E  M E T H Y L E N E  G R O U P S  

c 
I 

U 
s 

1725 1.1,3,4 S U B S T I T U T E D  B E N Z E N E S  F = 4 =  
A R O M A T I C  C z C  S T R E T C H  1600 

F I G .  6 : - - I N F R A R E D  SPECTRA OF BASE M A T E R I A L  AND THERMAL 
D I F F U S I O N  FRACTIONS FROM ASPHALT 6A .  

EACH FKACTION WAS ASSAYED FOR GROWTH SUPPORTING A C T I V I T Y  WITH 

M y c o b a c t e r i u m  ranae AND P s e u d o m o n a s  1 9 6 A a .  TABLE I V  SHOWS 

THE MAXIMUM T U R B I D I T Y  DEVELOPING ON EACH FRACTION I N  THE 

P s e u d o m o n a s  1 9 6 A a  ASSAYS.  P s e u d o m o n a s  WILL GROW ONLY ON THE 

TOP FRACTIONS WHICH ARE DEMONSTRATED TO BE A L I P H A T I C  I N  NATURE. 

THE INFRARED DATA, HOWEVER, DEMONSTRATES THE PRESENCE OF 

A L I P H A T I C  M A T E R I A L S  I N  A L L  THERMAL D I F F U S I O N  FRACTIONS. 

THE HYDROCARBON S P E C I F I C I T Y  DATA (TABLE V) DEMONSTRATES THAT 

P s e u d o m o n a s  1 9 6 A a  I S  L I M I T E D  TO THE U T I L I Z A T I O N  OF n-ALKANES 

(C-6  TO C-22 ) )  ALKENES (C-8, C-10, C - 1 2  AND C-14) AS WELL AS 

C E R T A I N  OF THE F A T T Y  A C I D S ,  T H I S  ORGANISM WAS INCAPABLE OF 
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TABLE I V  

GR0I;ITi-i OF Pseudomonas 196Aa Ot l  THERMAL D I F F U S I O N  FRACTIONS.  

F R A C T I O N  
SOURCE B M " 1 2 3 4 5 6 7 8  9 1 0  

MAX 1 FiUM TURB I O  I TY 

ASPHALT 1 A  6 4  0 0 0 0 0 0 0 0 2 5  1 1 6  

ASPHALT 3 A  3 5  0 0 0 0 0 0 0 0 5 8  1 7 5  

ASPHALT 6 A  3 2  0 0 0 0 0 0 0 0 0 1 2 2  

RESULTS I N  K L E T T  U N I T S  AFTER 7 2  HKS. I N C U B A T I O N  AT 32OC. 

::BASE M A T E R I A L  

TABLE V 

SUBSTRATE S P E C I F I C I T Y  OF Pseudomonas 1 9 6 A a .  

n-ALKANES 

LEXANE 
LEPTANE 
OCTANE 
NONANE 
DECANE 
DODE CAI4 E 
T R I  DECANE 
TE TRADECANE 
HEXADECANE 
OCTADECANE 
E I COSANE 
DO COS At.( E 

ALKENES 

1-HEPTENE 
1-OCTENE 
1-DECENE 
1-DODECENE 
1 -TETRADECENE 
1-HEXADECENE 

1 7 5  
1 9 5  
2 0 0  
2 2 9  
2 0 0  
2 2 0  
2 3 0  
2 6 0  
2 6 0  
2 0 0  
2 5 0  
2 2 0  

0 
2 1 0  
1 7 8  
1 2 0  
3 0 0  

0 

FATTY A C I D S  

L E  XANO I C 
L E P T A N O I C  
OC TAN0 I C 
NONANO I C 
DECANOIC 
DODECANOIC 

TETRADECANOIC 
HEXADECANOIC 
OCTADECANOIC 

BEHEN I C 

- 

- 
AROMAT I C 

BENZENE 
ETHYLaENZENE 
PROPY LBENZENE 
TRIMETHYLBENZENE 
PENTAMETHYLBENZENE 
HEXAMETHYLBENZENE 
XYLENES (O,M,P) 
TOLUENE 

7 5  
1 0 5  
1 1 5  
1 0 0  

9 5  
1 8 3  

1 8 0  
190 
2 6 0  

0 
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GROWTH ON ANY OF THE AROMATIC fiYDROCARBONS TESTED. THE DE- 

CREASED GROWTH RESPONSE OF P s e u d o n o n a s  1Y6Aa ON THE BASE MATE- 

R I A L S  FROM THE Tr lKEE ASPHALTS AND FKACTIUiv  9 FROM ASPHALTS 1 A  

AND 3A, AS WELL AS THE COMPLETE ABSENCE OF GROWTH ON FRACTIOI I  9 

O F  ASPHALT 6A, IS D I F F I C U L T  TO UIJDEKSTUND I F  THE ORGANISM IS 
CAPABLE OF U T I L I Z I N G  THE ALKANE SHOWN BY INFRARED ANALYSES TO 

BE PRESENT I N  THESE M A T E K I A L S  ( F I G S ,  4, 5 AND 6). I T  IS AP- 

PARENT THAT THE R A T I O  U F  AROMATIC i 4 A T E K I A L  T U  A L I P H A T I C  MATE- 

R I A L  IS GREATER I N  THOSE FKACTIOIJS NOT SUPPORTING THE GROWTH 

O F  P s e u d o m o n a s  196Aa TrlAN THE F E d  FKACTIOEIS l4HICi-i DO SUPPOKT 

GROWTH OF T H I S  ORGANISM. I T  WOULD APPEAR, TrlEkEFORE, THAT 

P s e u d o m o n a s  196Aa CAN U T I L I Z E  THE n-ALKANES (OR ALKANE DERIV-  

A T I V E S )  PRESENT I N  THE ASPHALT FRACTIONS, BUT THE ORGANISM IS 
I N H I B I T E D  I N  THE PRESEPiCE O F  S U 6 S T I T U T E O  BEEIZENE COMPOUNDS. 

THE RESULTS O F  THE EXPERIMEFIT SHOWh I N  TABLE V I  CONFIRM THE 

I h H I B I T I O N  OF n - A L K A N E  O X I D A T I O N  O Y  P s e u d o m o n a s  196Aa I N  THE 

PRESENCE OF AROMATIC dYDROCARBONS. Tr lE GREATER TrlE ARONATICITY 

O F  THE COMPOUND, THE GREATER THE I N H I B I T I O N  OF n-OCTANE U T I L I -  

Z A T I O N ,  BENZENE WAS SHOWII TO YE THE NOST I N H I B I T O R Y  COMPOUND 

FOLLOWED BY TOLUENE, PROPYLBEP4ZENE A h 0  F I N A L L Y  TRIMETHYLBENZENE, 

WHICH IS NOT I N H I B I T O R Y .  TRIPlETHYLBEtJZElIE APPARENTLY IS U T I L I Z E G  

I N  THE PRESENCE U F  n-OCTAtJt, BUT NOT ALONE. Ti-IIS EFFECT HAS 

NOT BEEN FULLY I t J V E S T I G A T E D  AT T H I S  TI r4E BUT MAY REPRESENT A 

CO-OXIDATION E F F E C T  < 3 ) .  

THE GROWTH RESPOEISE PATTERN OF I lycoDacter iun ranae ON THE 

THERMAL D I F F U S I O N  FRACTIONS ( T A B L E  V I  I )  IS COMPLETELY D I F F E k E N T  

FROM THE P s e u d o m o n a s  PATTERN. T H I S  ORGANISM IS CAPABLE OF 

GROWTH ON A L L  OF Tr lE ASPt lALT  6A FkACTIOIJS, AND MOST OF THE 3A 

AND 1 A  F K A C T I  ONS. I T !IOULO APPEAR THAT i f y c o b a c t e r i u m  ranae 

IS I IOT AS S E L E C T I V E  AS P s e u d o m o n a s  136Aa It4 THE t t A T E R I A L S  THAT 

I T  CAN U T I L I Z E .  
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T A B L E  V I  

EFFECT OF AROMATIC HYDROCARBONS ON n-OCTANE U T I L I -  

Z A T I O N  BY Pseudomonas 196Aa.  

AKOMAT I C 

HYDROCARBON 

T U R B I D I T Y  I N  K L E T T  U N I T S  

1 8  HRS. 2 0  HRS. 

CONTROL 

0.2% BENZENE 

1.0% BENZENE 

0.2% TOLUENE 

0.2% PROPYLBENZENE 

1.0% PROPYLBENZENE 

2.0% PROPYLBENZENE 

1.0% TOLUENE 

0.2% TRIMETHYLBENZENE 

1 .O% TRIMETHYLBENZENE 

2.0% TRIMETHY LBENZENE 

5 5  

40 

0 

1 1 5  

110 

5 

0 

0 

1 8 0  

1 1 5  

9 0  

1 1 5  

6 0  

0 

1 6 0  

1 7 0  

1 5  

0 

0 

2 0 0  

1 4 0  

1 1 5  

2 %  n-OCTANE I N  A L L  FLASKS 

T A B L E  V I 1  

GRONTH OF llycobacterium r a n a e  ON THERMAL D I F F U S I O N  FRACTIONS. 

MAXIMUM T U R B I D I T Y  
FRACTION 
SOURCE 5 M " l 2 3 4 5 6 7 8  9 1 0  

ASPHALT 1 A  7 0  0 0 1 8  9 5  9 7  1 3 6  1 5 4  1 1 7  3 3  0 

ASPHALT 3 A  1 8 2  5 8  8 2  8 5  1 3 1  1 6 4  1 8 5  2 0 3  4 9  0 0 

ASPHALT 6 A  2 0 2  26 48 1 4 3  6 8  8 7  7 2  1 5 5  1 2 8  5 2  2 0 0  

RESULTS I r J  KLETT UNITS AFTER 7 2  H R S .  INCUBATION A T  3 2 0 ~ .  

::BASE M A T E R I A L  
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E X A I 4 I N A T I O N  OF THE S P E C I F I C I T Y  DATA O F  T H I S  ORGANISM FOR PURE 

HYDROCARBONS ( T A B L E  V I I I )  I N D I C A T E S  I T  I S  NOT ONLY A B L E  TO 

U T I L I Z E  n -ALKANES (C-12  TO C-22 )  BUT ALSO SOME ALKENES, FATTY 

A C I D S  AND A L L  OF T H E  AROMATIC HYDROCARBON TESTED EXCEPT BENZENE. 

~ 

T A B L E  V I 1 1  

SUBSTRATE SPEC1 F I  C I  TY OF M y c o b a c t e r i u m  r a n a e ,  

n -ALKANES 

HEPTANE 
0 C TAN E 
DECANE 
DODECANE 
TRIDECANE 
TETRADECANE 
HEXADECANE 
OCTADECANE 
E I COSANE 
DOC 0 SANE 

ALKENES 

1-DODECENE 
1-TETRADECENE 
1 -HE X A DE C E N  E 
1-OCTADECENE 
1 -N 0 N ADE C E N E 

0 
0 
0 

5 5  
6 0  
6 0  
6 0  
60 

1 2 5  
7 5  

0 
40 
8 5  
7 5  
7 5  

FATTY AC I DS 

HEPTANOI  C 
OCTANOIC 
DECANOIC 
DODECANOIC 

TETRADECANOI C 
HEXADECANOIC 
OCTADECANOIC 

BEHEN I C 

- 

- 
AROMATIC 

BENZENE 
ETHYLBENZENE 
PROPYLBENZENE 
TRIMETHYLBENZENE 
XYLENES <O,M,P) 
TOLUENE 

5 
5 
5 

8 0  

1 2 5  
6 5  

170 

40 

0 
9 5  
5 8  

1 1 2  
1 2 6 - 1 6 3  

99 

I T  IS CONCLUDED FROM T H I S  DATA THAT M y c o b a c t e r i u m  ranae I S  

U T I L I Z I N G  BOTH AROMATIC AND A L I P H A T I C  HYDROCARBONS PRESENT I N  

THE THERMAL D I F F U S I O N  FRACTIONS FROM THESE ASPHALTS, WHEREAS 

P s e u d o m o n a s  1 9 6 A a  I S  ABLE TO GROW ON ONLY THE n -ALKANES PRESENT 

I N  THE FRACTIONS. A FURTHER P O I N T  IS THAT P s e u d o m o n a s  196Aa 

IS NOT ABLE TO U T I L I Z E  THE n -ALKANE THAT ARE KNOWN TO BE PRESENT 

( I N F R A R E D  DATA) WHEN THE CONCENTRATION OF AROMATIC HYDROCARBON 

I S  H IGH.  T H I S  I N  TURN WOULD ACCOUNT FOR THE A B I L I T Y  OF 
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Mycobacterium r a n a e  TO GEGRADE THE UNFKACTIONATED ASPHALT, 

WHEREAS Pseudomonas 196Aa IS UNABLE TO MODIFY THE THREE 

ASPHALTS. T H I S  DATA NOULD FURTHEk  I N D I C A T E  THAT Mycobacterium 
ranae M O D I F I E S  THE AROMATIC HYDROCARBON PRESENT I N  THE ASPHALTS, 

W I T H  BUT M I I I O R  A C T I O N  O N  THE SATURATED HYDROCARBONS. 
- 

SUMMARY 

N E  HAVE DEMONSTRATED THAT T; iE OKGAPIISMS CAPABLE OF ATTACKIIJG 

d ITUMENS ARE D I V E k S E  A14L DO TdOT F A L L  I r l T O  A S P t C I F I C  TAXO- 

NOMIC GROUP. THE I l I C k O B I A L  ACTIO14 OF BITUMEI.IS SHOTIS A S P E C I -  

F I C I T Y  THAT I I JVOLVES BOT4 T d E  MICROORGANISM AND THE BITUI4INOUS 

SUBSTRATE. S O I L  B U R I A L  TESTS DEbIOI4STKATE THE I l O I S T U R E  REQUIKE-  

ME>.IT FOR M I C R O S I A L  A C T I O N  AS ,qELL AS DIFFERENCES I N  THE SUSCEP- 

T I B I L I T Y  OF BITUMIl.1OUS 3'4ATEkIULS. 

114 A L I M I T E D  S E R I E S  OF EXPEKIPENTS I T  NAS FOUND THAT THE NET 

EFFECT OF M I C R O B I A L  ACTICIt4 014 THREE ASPHALTS WAS AN INCREASE 

I N  THE V I S C O S I T Y  OF THE ASPr iALTS.  I T  I S  THEORIZED THAT THE 

INCREASE I f 4  V I S C O S I T Y  IS DUE TO T d E  OXIDATIO1.I OF CERTAIN '  ASPHALT 

COMPOUNDS d H I C H  ARE ALSO IE4PPOKTAbIT 114 D E T E R M I I I I N G  THE Rr lEOLOGI-  

C A L  C H A R A C T E R I S T I C S  OF T d E  ASPHALTS. 

P R E L I M I N A R Y  S T U D I E S  ON THE COI4POiJEiJTS OF ASPHALTS U T I L I Z E D  BY 

MICROORGA;JIS1lS 1:JDICATE THAT BOTH THE AROt4ATIC AND SATURATED 

HYDROCAKBONS ARE U T I L I Z E D  i3Y :!ycobacterium ranae. T H I S  ORGANISM 

CAUSED A D R A S T I C  MODIFfCAT1OI.I OF THE V I S C O S I T Y  OF THREE ASPHALTS. 

I T  WOULD APPEAR THAT T r l I S  M O D I F I C A T I O N  I i J  RHEOLOGICAL CHARACTER- 

I S T I C S  IS CAUSEI, BY O X I D A T I O N  OF AROMATIC AND SATURATED r(YDR0- 

CARBONS I N  THE PETROLEIIE (PENTANE SOLUSLE M A T E R I A L )  FRACT1Ot.I 

O F  THESE ASPHALTS. FUKTHER S T U L I C S  AkE TO BE CONDUCTED ON THE 

ASPHALTEt4ES AND OTHEK FRACTIONS FKOt'l THESE THREE ASPHALTS, 
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