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Polycycl ic  aromatic hydrocarbons (PAHs) are a group of 
highly l i p o p h i l i c  chemicals that are genera l ly  formed 
during combustion, pyro lys i s  and pyrosynthesis  of orga- 
nic matter  and are present ubiqui tously  in the urban 
environment as po l lu t an t s  in very small quan t i t i e s  
(IARC Monograph, 1983, 1984 and 1985). In i n d u s t r i a l i -  
sed count r i es ,  po l lu t ion  by PAHs are pr imar i ly  assoc ia -  
ted with the processing,  combustion and disposal  of 
f o s s i l  fuels (Bartha & Bossert ,  1984). PAHs have also 
been found in p r e - i n d u s t r i a l  sediments (LaFlame & 
Hires,1978) and are believed to be incomplete combus- 
t ion products from spontaneous f i r e s  involving grass 
lands and f o r e s t s ,  and some may be biogenic in or ig in  
(Blumer, 1976). The more highly condensed PAH show 
considerable pe r s i s t ence  in the environment; the ra tes  
and mechanism of the i r  recycl ing are only p a r t i a l l y  
understood (Gibson & Subramanian,1984). There is l i t t l e  
information about the fa te  of PAH in the soi l  environ- 
ment and v i r t u a l l y  nothing is known about mechanisms of 
i t s  biodegradation.  

Of the many options ava i l ab l e  for the remediation of 
waste s i t e s ,  the use of microorganisms to degrade orga- 
nic chemicals o f f e r s  many advantages in terms of speed, 
e f f i c i e n c y  and cost (Lee & Ward, 1985). Bioremediation 
may involve the a b i l i t y  of the in s i tu  microorganisms 
to u t i l i s e  the waste or the app l i ca t ion  of microorga- 
nisms acclimated to degrade p a r t i c u l a r  wastes or combi- 
nations of wastes. Bioremediation has been used with 
success to t r e a t  so i l s  contaminated by hydrocarbon 
products (Dibble & Bartha, 1979; Bossert et a l . ,  1984). 
In th is  study, the indigenous contaminated soi l  popula- 
tions were e f f e c t i v e  in removing the hydrocarbons and 
re turning the so i l  to p roduc t iv i t y .  

The ob jec t ive  of the present study was to determine the 
a c t i v i t y  of indigenous microbial  (fungi and b a c t e r i a )  
population of hazardous waste s i t e ,  the i r  degree of 
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adapta t ion ,  i t s  a b i l i t y  to degrade toxic PAHs, and to 
study the p o t e n t i a l s  of d i f f e r e n t  indigenous microbes 
to degrade the following se lec ted  PAHs from the pol lu-  
ted soi l  environment. PAHs se lec ted  for the study were 
1.Anthracene(An), 2.Phenanthrene(Ph), 3.Crysene(Cry), 
4.Pyrene(Pyr) and 5. Flouranthene(F]) .  

MATERIALS AND 

All PAH compounds and 1-phenyldecane were purchased 
from Aldrich Chemical Co. with a pur i ty  of 98%. In 
order to ensure uniform d i s t r i b u t i o n  of the hydrocar- 
bons in so i l  (Collected near the banks of the Musi 
r ive r  which contains automobile, i ndus t r i a l  and munici- 
pal sewage waste) ,  25 mg of each PAH and 0.3 ml of ]- 
phenyl decane were ground with 5g acid washed sand. 
This mixture was thoroughly mixed with 30g fresh sandy 
loam soi l  (Bartha & Bordeleau, 1969) equal to 25g by 
dry wt. Repl ica te  samples were prepared for each PAH 
and ind iv idua l ly  placed in 100 ml glass  beakers.  N i t r -  
ogen and phosphorus were adjusted in the samples to an 
optimal C:N:P r a t i o  (Dibble & Bartha, 1979) by adding a 
NH4NO3/K2HPO 4 f e r t i l i z a t i o n  solut ion  to provide 
340 n moIes of N and 26 n moles of P per sample. 

All samples were moistened to 50% of the so i l  water 
holding capaci ty  and the beakers covered with thin 
polyethylene f i lm to minimize evaporat ion.  Samples were 
incubated maintained at 27•176 for a period of 15 mo. 
During incubation the beakers were opened for a period 
of 24 h. ae ra t ion  in 3 day i n t e rva l s  and evaporated 
water was replenished as needed to maintain condit ions 
favourable for biodegradat ion.  Control samples for 
determining a b i o t i c  PAHs losses were prepared in an 
iden t ica l  manner but contained 1% HgCl 2 on dry soi l  
bas i s .  

After 5 mo. of incubation a second app l i ca t ion  of 0.3ml 
of 1-phenyldecane was made to ensure the continued 
a v a i l a b i l i t y  of growth subs t ra t e  for PAHs biodegrada- 
t ion.  On day 0 and each subsequent sampling point (5, 
10 and 15 mo.) dupl ica te  samples for each PAHs were 
analysed for res idues .  After a i r  drying of samples at 
room temperature, they were exhaust ively  ex t rac ted  by 
using dichloromethane in a soxhlet apparatus .  The 
ex t r ac t s  were concentrated under pressure at 40~ and 
care was taken to protec t  the ex t r ac t s  from prolonged 
exposure to l i gh t .  

Analysis for res idual  PAHs was performed by gas chromo- 
tography with flame ioniza t ion  de tec t ion  (Hewlett 
Packard 5710 A), using 183x0.31 cm s t a i n l e s s  s tee l  
column packed with 5% Dexsil on chromosorb W.(Applied 
Science, Inc ) Carr ier  gas (N 2) flow 40 ml/min. Column 
temperature for each PAH maintained (Anthracene-230~ 
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Phenanthrene-220~ Cyrsene-280~ Pyrene-250~ and 
Fluoranthene-280~ The detec tor  temperature was 380~ 
for a l l  PAHs, for ppm recovery (0.5 ul sample, a t t en -  
tuat ion lx16). 

Soil mic ro f lo ra  (Fungi and Bacter ia)  were i so la ted  
(0,5,10 and 15 mo), from the study samples, at d i f f e -  
rent time in t e rva l s  during 15 mo incubation period. 
Colony forming uni ts  (cfu) of soi l  mic rof lo ra  were 
estimated by Waksmans s e r i a l  d i lu t ion  p la te  method 
(Waksman, 1922)  and so i l  p la te  method was used as a 
complementary method for the es t imat ion of soi l  micro- 
f lo ra  (Warcup, 1957). Potato Sucrose Agar as well as 
CZapek (Dox) Agar medium used for fungi and Ericksons 
Agar medium (Clacium N i t r a t e - 0 . 3 g ,  Clacium sulphate-  
0.8g, Magnesium sulphate-0 .7g,  Potassium sulphate-  
0.025g K2HPO 4- 0.005g, NaHCO3-0 Ig, glucose-0.01g, 
yeast ext rac t -0 .0059g,  d i s t i l l e d  wafer 1000ml and pH=7) 
employed for the i s o l a t i o n  of b a c t e r i a .  Three r e p l i -  
cates were maintained in each case. Fungi and bac t e r i a  
which were dominant during the study were i d e n t i f i e d  
down to species leve l .  

RESULTS AND DISCUSSION 

The table-1 gives the d e t a i l s  of b i o t i c  and a b i o t i c  
losses of PAH in soi l  during 15 mo. incubation period. 
Anthracene and pyrene degradation enhanced as the 
incubation period increases and crysene degradation is 
almost n i l .For  the purpose of discussion biodegradation 
assessed in these s tudies  was measured as the loss of 
parent PAH in the s o i l .  This may include incorporat ion 
into the soi l  humus, as well as m i n e r a l i s a t i o n  to CO~. 
The table-2  summarises that cfu of fungi and bac t e r l a  
were increased as incubation period increases .  The 
dominant bac t e r i a  during the study were Pseudomonas 
spp, Agrobacterium spp and the species of Baci l lus  
s u b t i l i s ,  whereas fungi dominated by Aspergi l lus  
niger ,  A. f lavus ,  Penic i l l ium tordum, Fusarium 
oxysporum, Sclerotium r o l f s i i ,  Trichoderma v i r ide  and 
Trichoderma harzianum. In a previous p e s t i c i d a l  
treatment study (Mahmood et al 1989), Baci l lus  
s u b t i l i s ,  Sclerotium r o l f s i i  and Trichoderma harzianum 
were not reported.  This may a t t r i b u t e  to the PAH 
presence and other physico-chemical environment of the 
s o i l s .  Phenanthrene and anthracene were pr imar i ly  los t  
by microbial  degradative processes ,  though subs t an t i a l  
a b o i t i c  losses contr ibuted to the i r  disappearance.  
Phenanthrene was biodegraded f a s t e r  than anthracene. 
Although the angular ring arrangement of phenanthrene 
is considered thermodynamically more s tab le  than the 
l inear  arrangement of anthracene (Blumer, 1976). The so 
ca l led  "bay region" due to angular arrangement might 
have favoured enzyme a t t ack  on PAH (Gibbson and Subra- 
manian, 1984). The water s o l u b i l i t y  of phenanthrene 
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Table 1. ppm recovery of PAHs from so i l .  

S. Name Rt. Formu- Conc -a Time in months 
No.of lae of Mo] entr-  

PAH (min )  PAIl wt. ation 0 5 10 15 b AL 

I. An 2.0 C14HI0 178 1000 986 721 430 92 552 

2. Ph 2.5 C14HI0 178 1000 992 602 234 nd 751 

3. Cry 5.4 C18H12 228 1000 973 1020 774 723 855 

4. Pyr  3.1 C16H10 202 1000 998 583 152 62 805 

5. FI  1.7 C16H10 202 1000 961 684 nd 155 936 

The recovery values are average of duplicate samples. 
AL (abiot ic  losses) samples were analysed af te r  15 mo. 
nd - not detected, a - actual concentrations of PAH 
before incubation, b - concentrations of PAH at the end 
of incubation. An-Anthracene, Ph-Phenanthrene, Cry- 
Crysene, Pyr-Pyrene, FI-Fluoranthene, Rt-Retention 
time. 

(1600 gL - I )  as compared to anthracene (75 gL - I )  might 
have been contributed for the faster  biodegradation of 
phenanthrene. Here cfu of Sclerotium r o l f s i i  and Tri-  
choderma harzianum were increased dramatically from 5 
mo. onwards. On 15 mo. phenanthrene was not detected, 
might be due to the trace level or p o s s i b i l i t i e s  of 
experimental er ror .  In the case of Pyrene Bacillus 
s u b t i l i s  might be dominating the degradation process, 
because it  was abundantly available during the process. 

Anthracene and Fluoranthene degradation was dominated 
by Agrobacterium spp. Pseudomonas spp, Aspergillus 
terrus ,  A. flavus and Penicil l ium tordum. Crysene degr- 
adation was not detected and the microbial numbers of 
fungi as well as bacteria  were pa ra l l e l .  No individual 
microbe was dominated during the incubation period of 
Crysene. Our present findings and the resul ts  of Bos- 
sert  and Bartha (1986) more or less confirm each other. 
In conclusion the biodegradation of PAH in the selected 
soil was due to PAH degrader present in the bacter ia l  
as well as fungal communities. No other general rule 
was applicable to al l  PAHs selected for the study. 

In b r i e f ,  hazardous waste contaminated soi ls  possess 
act ive population of soil micro-organisms, which in 
this pa r t i cu la r  study are more abundant and more act ive 
than adjacent non-contaminated so i l .  Abundance and 
a c t i v i t y  of microbial populations varies considerably 
from s i te  to s i t e ,  and may be related to differences of 
nutr ient  s tatus or the presence of inhibi tory  chemi- 
cals .  I t  is proposed that PAH i t s e l f  as well as other 
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'Fable 2. Microbial cfu in thousand/g dry so i l  of PAHs 
during incubation period. 

S.No. PAH in Soil Time in months 
0 5 10 15 

1. A n t h r a c e n e  1680 2100 3500 5400 
(59) (120) (135) (110) 

2. Phenanthrene 2100 2190 2080 2100 
(80)  (90)  (140) (160) 

3. Crysene 1800 1900 1750 1800 
(72)  (82)  (92) (80) 

4. Pyrene 3200 3950 4200 5190 
(77) (80) (93) (120) 

5. Fluoranthene 2500 3000 2700 2600 
(90) (130) (150) (180) 

Values which are not in parentheses are b a c t e r i a l  cfu 
and fungal cfu are in parentheses.  

contaminants at the s i t e  may be exer t ing  inh ib i to ry  
e f f e c t s  on microbes with PAH degrading c a p a b i l i t i e s .  
The observed heterogenei ty  wil l  have to be taken into 
considera t ion in implementing bioremediation of conta- 
minated s o i l s .  
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