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Abstract

A study was undertaken to find methods for enhancing rates of hydrocarbon
biodegradation in gasoline-contaminated soil by ex-situ bioremediation. Garden
soil was treated with gasoline-spilled soil from a gasoline station and different
combinations of amendments were prepared using mixed bacterial consortium,
poultry litter, coir pith and rhamnolipid biosurfactant produced by Pseudomonas
aeruginosa. Bacterial growth, hydrocarbon degradation and growth parameters
of Phaseolus aureus RoxB (including seed germination, chlorophyll content,
shoot and root length) were measured for a period of 90 days. Approximately
78% of the hydrocarbons were effectively degraded within 60 days in soil
samples amended with all additives. Maximum germination rate, shoot length,
root length and chlorophyll content in Phaseolus aureus were each recorded after
60 days. Further incubation to 90 days did not cause significant improvements.
Statistical analysis using Analysis of Variance and Duncan’s Multiple Range test
revealed that the level of amendments, incubation time and combination of
amendments significantly influenced bacterial growth, hydrocarbon degradation,
seed germination and chlorophyll content (1% probability level). All tested
additives, including rhamnolipid biosurfactant, had significant positive effects on
the bioremediation of gasoline-contaminated soils.

Keywords: bioremediation, gasoline spilled soil, amendments, mixed bacterial
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1 Introduction

Contamination with petroleum hydrocarbons has caused critical environmental
and health defects and increasing attention has been paid to developing and
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implementing innovative technology for cleaning up such contamination [1].
During accidental spills, action can be taken to remove, recover or remediate the
contaminant immediately, whereas in gasoline stations, the spills due to leakage
may be minor but are continuous and prolonged. Because of its persistence, the
potential for contamination of groundwater is high. Bioremediation methods are
currently receiving favourable publicity as they offer environmentally friendly
treatment technologies for the remediation of hydrocarbons [2].

The aim of amendments is to improve the fertility status of such soils and to
enhance the rate of oil degradation, thus minimising the potential for
contamination of groundwater and improving crop production [3]. The addition
of organic waste material such as poultry litter and coir pith to the soil facilitates
aeration and increases the water holding capacity of the soil, thus enhancing
bioremediation [3,4]. This study was designed to test the use of mixed
consortium (MC), poultry litter (PL), coir pith (CP) and biosurfactant (BS) on
gasoline spilled soil (GS) and study the bioremediation potential by observing
bacterial growth, oil degradation and growth parameters of green gram
(Phaseolus aureus RoxB).

2 Methods

2.1 Sample preparation

The Red soil [5] and gasoline contaminated soil samples collected from 10
different gasoline stations were mixed thoroughly and used for the preparation of
amendments. Crude oil degrading mixed bacterial consortium containing five
strains (Micrococcus sp. GS2-22, Bacillus sp. DS6-86, Corynebacterium sp.
GS5-66, Flavobacterium sp. DS5-73, Pseudomonas sp. DS10-129) previously
isolated on a hydrocarbon-containing medium [5] were added to 200 ml of
nutrient broth and kept in a shaker for 24 h at room temperature. The members of
the mixed consortium were selected by their efficiency of crude oil degradation
[5]. For the preparation of amendments, the poultry litter was collected from a
Poultry farm; air-dried and sieved (to less than 0.5mm). Composted coir pith
used in this study was available locally for soil conditioning. Rhamnolipid
biosurfactant was produced by Pseudomonas sp. DS10-129 [6,7].

2.2 Amendments

The experiment was set up as a factorial design consisting five treatments and a
control: 1) RS (Control); 2) RS+GS; 3) RS+GS+MC; 4) RS+GS+MC+PL; 5)
RS+GS+MC+PL+CP; 6) RS+GS+MC+PL+CP+BS, five time periods (1, 15, 30,
60 & 90 days) and three replicates per treatment or time period (Table 1).

Triplicate sets of amendments were prepared to enumerate total heterotrophic
bacterial counts, percentage of oil degradation and ability to support growth of
green gram (seed germination, root and shoot length and chlorophyll content) at
each time interval and the mean values computed. Statistical analysis was carried
out using Analysis of Variance (ANOVA). Means of the various treatments were
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tested for level of significance at 1% and 5% probability by Duncan’s multiple
range test (DMRT) [8].

Table 1: Preparation of various amendments of soil.
Constituents *
S. No. Amendment RS TGS ITMc | pL TP 1 BS
1. RS 100
2. RS+GS 100 | 10
3. RS+GS+MC 100 | 10 1
4. RS+GS+MC+PL 100 | 10 1 1
5. RS+GS+MC+PL+CP 100 | 10 1 1 1
6. RS+GS+MC+PL+CP+BS | 100 | 10 1 1 1 1

RS — Red soil, GS — Gasoline spilled soil, MC — Mixed consortium,
PL — Poultry litter, CP — Coir pith and BS — Biosurfactant solution
* Units for RS, GS, PL, CP are in grams and for MC and BS in ml

2.3 Enumeration of bacteria

Total heterotrophic bacteria (THB) were enumerated in all the treatments by
using pour plate technique on plate count agar (Oxoid, UK), which also allowed
the growth of all the members of the added MC [9].

2.4 Hydrocarbon estimation

Total hydrocarbon contents were determined spectrophotometrically [10] and gas
chromatography with flame ionization detector was used to determine the
undegraded n-alkane [11].

2.5 Growth of green gram Phaseolus aureus (RoxB)

The experimental soil samples were set up in 250 ml plastic pots; 10 green gram
seeds were placed into each pot at 2 cm depth and all pots were watered
regularly. The treated seeds were allowed to germinate and germination
percentage was assessed on the Sth day of experiment. At the 10th day of the
plantation, the shoot length and root length were measured, mean length
calculated and the chlorophyll content estimated colorimetrically as described by
Sadasivam & Manickam [12].

3 Results and discussion

On the 60" day, the bacterial population was highest in
RS+GS+MC+PL+CP+BS amended soil indicating the role of the additives in the
enhancement of the bacterial population. The untreated red and gasoline spilled
soil mixture showed no significant increase in the bacterial populations between
day one to day 90 at 1% probability level. Increasing numbers with time in all
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the other treatments indicated incremental improvements in soil nutrient
availability in soils treated with PL + CP = BS (Figure 1). Our results are similar
to the findings of Gian & Jianmei [13] for gasoline-contaminated soil amended
with poultry litter.

The hydrocarbon degradation reached a maximum of 78% when all
supplements were added to the contaminated soil indicating a recalcitrant
hydrocarbon content of 22%. With the addition of each amendment the
maximum hydrocarbon degradation increased from approximately 2.0% to
77.3%. Based on our results it appears that addition of biosurfactant to soils
contaminated with gasoline was highly effective in increasing hydrocarbon
degradation.
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Figure 1: A. Bacterial growth and B. Total Hydrocarbon degradation for each
amendment during treatment.

The addition of the mixed consortium increased the number of hydrocarbon
degrading bacteria and showed a proportionate increase in the amount of
hydrocarbon degraded. This observation is in general agreement with the earlier
reports regarding the use of bioaugmentation, which is best employed in
situations of very high (as here) or very low levels of contamination [14].
Furthermore, the soil treated with the mixed consortium only, degraded
substantially less hydrocarbon than when the soils contained all the other
additives. The organic amendments supplied might also have increased the
bacterial population (indigenous and seeded), which so further enhanced the
degradation of hydrocarbons. Furthermore the surfactant applied might have
played a role in emulsifying the hydrocarbon, which may then have been more
readily available for degradation by the bacterial population.

Coastal Environment V, incorporating Oil Spill Studies, C. A. Brebbia, J. M. Saval Perez
& L. Garcia Andion (Editors) © 2004 WIT Press, www.witpress.com, ISBN 1-85312-710-8



Coastal Environment V, incorporating Oil Spill Studies 405

S[9A9] A1qeqoad 946 J0 941 Je JUBOYIUTIS JOU - SU TOAd] AN[Iqeqold o4 1. JUBOYIUTIS 44
‘[oas) Anpiqeqord 46 e JueoyIuSIS 4
‘[9AS] JuBOYTUSIS - TS “@OUIRJI(T dANR[NWN))- (1)) “JOLIT piepuel§ - S

#» 800 ¥00 SU +9°0 CE€0 SU 80 I[¥0 s« 608 €IV * OF'E OL'T %% 0961 0°001 axvxp
#x 900 €00 % SYO €T0 % SO0 6T0 s#x CTLS TOC % YPCT PTI #x 9°8El 8TOL axyv
#x €00 CO0 Ssu 970 €I'0 Su €0 9I'0 Ssu 0€€ 891 sx OF'1 IL0 sx €008 €8°0F axod
#x €000 TO0 % 8CO0 V¥I0 #x €0 8I'0 % T9E P81 wx VST 8L0 % L9L8 ELVY VXD
#x  C00 100 % 0C0 OI'0 =#x CTO0 €10 #x 95T O0€1 s 601 SS0 % 6619 €9°1¢€ (@) sheq
wx €00 T00 #x 8I'0 600 %% TO II'0 sx €€T O6I'T sx 660 050 sx 6595 L88T (Vv)iuowpuowy
#x  SI'0 800 % 110 900 #x I'0 LOO #x LVIT SLO #x €90 TEO0 % 6L°SE 9T8I :o_abﬁocﬁ%ov
1S dd 49§ 1S dd 49§ IS dO  dS IS dd  dS IS dO dS IS dD 4SS wegH[eHoned
K (uo) (u) (%) (%) uongpesfiop (314,01 %)
o 3uaf 100y qISus[ J00YS  UOIBUIILIIS POog u0qIed0IpAH BLIOJORY Iojowered
(1IN
1891, oSuey] ordnnpy s, ueoun( £q payndurod sjusULaI) INO UTYHIM PJSI) s1ojaweIed JUSISIIIP ST} I0J [AS] 90UBOIFIUSIS A LAY

Coastal Environment V, incorporating Oil Spill Studies, C. A. Brebbia, J. M. Saval Perez
& L. Garcia Andion (Editors) © 2004 WIT Press, www.witpress.com, ISBN 1-85312-710-8

&



406 Coastal Environment V, incorporating Oil Spill Studies

The plant growth study showed that germination efficiency of the Phaseolus
aureus RoxB seeds in the uncontaminated soil RS was generally above 90% (in
all but one treatment). The percentage of seed germination ranged from 20 to 90%
in the amendments (data not shown). The effect of oil degradation and possible
release of toxic metabolites during degradation may also have lead to the reduction
of the growth rate. The addition of MC to the gasoline-contaminated soil did not
result in any significant recovery in the shoot length (1% probability level)
probably due to the presence of some residual toxic metabolites. Successive
further amendments (PL, CP, BS) resulted in an increase in the shoot length with
time to values similar or slightly higher than the controls. Root length and
chlorophyll content also exhibited similar trends when compared to the shoot
length responses, a confirmation of the positive effect of the amendments.
Statistical analysis of results (Table 2) revealed that all measured parameters were
highly influenced by single factors (concentration (C), amendments (A), number
of days (D) treated), two factor combinations (C x A, A x D or C x D) and the
three-factor combination (C x A x D) all at 1% probability level.

In general, hydrocarbon contamination reduced both seed germination and
plant growth rate. Hydrocarbons may coat plant roots influencing water and
nutrient absorption [15]. Hydrocarbon molecules can penetrate into plant tissues
and damage the cell membranes causing leakage of cell contents and block
intercellular spaces to reduce metabolite transport and respiration rates [16].

However, the severity of the effects of hydrocarbons on plant growth varies
with the constituents, amount of the hydrocarbons and with the plant species
involved. In this experiment the improvement of the plant growth for green gram
with amendments suggests that it could survive or perform better than barley in
hydrocarbon-contaminated soils [17]. This is significant for reclamation of
hydrocarbon-contaminated soils since such leguminous species of plant would
also fix nitrogen and so helps to establish a mantle of vegetation rapidly.

Acknowledgement

KSM Rahman wishes to thank the European Regional Development Fund, Peter
Berg Foundation for Scientific Research and University of Teesside for the
financial support for this presentation.

References

[1T  Yeung, P.Y., Johnson R.L. & Xu, J.G., Biodegradation of petroleum
hydrocarbons in soil as affected by heating and forced aeration. Journal of
Environmental Quality, 26, pp. 1511-1516, 1997.

[2] Desai, J.D. & Banat, .M., Microbial production of surfactants and their
commercial potential. Microbiology and Molecularbiology Reviews, 61,
pp. 47-64, 1997.

[3] Amadi, A., A double control approach to assessing the effect of
remediation of pre-planting oil pollution on maize growth. Delta
Agricultural Journal of Nigeria, 1, pp. 1-6, 1992.

Coastal Environment V, incorporating Oil Spill Studies, C. A. Brebbia, J. M. Saval Perez
& L. Garcia Andion (Editors) © 2004 WIT Press, www.witpress.com, ISBN 1-85312-710-8



(4]

(3]

(8]

(9]

(10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

Coastal Environment V, incorporating Oil Spill Studies 407

Jobson, A.M., Mclaughlin, M., Cook, F.D. & Westlake, D.W.S., Effects
of amendment on microbial utilization of oil applied to soil. Applied
Microbiology, 27, pp. 166-171, 1974.

Rahman, K.S.M., Rahman, T.J., Lakshmanaperumalsamy, P. & Banat,
IM., Towards efficient crude oil degradation by mixed bacterial
consortium. Bioresource Technology 85, pp. 257-261, 2002a

Rahman, K.S.M., Rahman, T.J., McClean, S., Marchan, R. & Banat, .M.,
Rhamnolipid biosurfactants production by strains of Pseudomonas
aeruginosa using low cost raw materials. Biotechnology Progress 18, pp.
1277-1281, 2002b.

Rahman, K.S.M., Rahman, T.J., Lakshmanaperumalsamy, P., Marchant,
R. & Banat, I.M., Emulsification potential of bacterial isolates with a
range of hydrocarbon substrates. Acta Biotechnologica 23, pp. 335-345,
2003a.

Rahman, K.S.M., Rahman, T.J., Lakshmanaperumalsamy, P. & Banat,
.M., Occurrence of crude oil degrading bacteria in gasoline and diesel
station soils. Journal of Basic Microbiology, 42, pp. 286-293, 2002c.
Rahman, K.S.M., Banat, I.M., Thahira, J., Thayumanavan, T. &
Lakshmanaperumalsamy, P., Bioremediation of gasoline contaminated
soil by bacterial consortium amended with poultry litter, coir-pith and
rhamnolipid biosurfactant. Bioresource Technology 81, pp. 25-32, 2002d.
Rahman, K.S.M., Rahman, T.J., Kourkoutas, Y., Petsas, I., Marchant, R.
& Banat, I.M., Enhanced bioremediation of n-alkanes in petroleum sludge
using bacterial consortium amended with rhamnolipid and micronutrients.
Bioresource Technology 90, pp. 159-168, 2003b.

Sadasivam, S. & Manickam, A. (eds.) Biochemical methods, New Age
International Publishers, New Delhi, 1996.

Gomez, K.A. & Gomez, A. A., (eds.). Statistical procedure for agricul-
tural research. John Wiley and Sons Publications: New York, 1984.

Gian, G. & Jianmei, T., Bioremediation of gasoline contaminated soil
using poultry litter. Journal of Environmental Science Health, 31, pp.
2395-2407, 1996.

Huessmann, M.H., Guidelines for land treating petroleum hydrocarbon
soils. Journal of Soil Contamination, 3, pp. 299-318, 1994.

Kuhn, W., Gambino, R., Al-Awadhi, N., Balba, M.T. & Dragun, J.,
Growth of tomato plants in soil contaminated with Kuwait crude oil.
Journal of Soil Conaminationt. 7, pp. 801-806, 1998.

Xu, J.G. & Johnson, R. L., Root growth, microbial activity and
phosphatase activity in oil-contaminated, remediated and uncontaminated
soils planted to barley and field pea. Plant and Soil, 173, pp. 3-10, 1995.
Baker, J.M. The effects of oil on plants. Enviromental Pollution, 1, pp.
27-44, 1970.

Coastal Environment V, incorporating Oil Spill Studies, C. A. Brebbia, J. M. Saval Perez
& L. Garcia Andion (Editors) © 2004 WIT Press, www.witpress.com, ISBN 1-85312-710-8





