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Extended Abstract

Background and Objectives

Petroleum and its derivatives serve as the primary energy source for industrial and domestic use today. However, soil
contamination by crude oil and its refined products represents one of the most hazardous forms of environmental
pollution. Bioremediation has emerged as an effective strategy for eliminating petroleum hydrocarbons from
contaminated soils. Among bioremediation approaches, the application of beneficial free-living bacteria and plant
growth-promoting rhizobacteria (PGPR) associated with the rhizosphere has gained significant attention for their
bioremediation potential. Substantial experimental evidence supports the efficacy of these microbial agents in
reducing both contaminant concentrations and ecotoxicity in polluted soils through bioremediation processes. Three
principal bioremediation strategies have demonstrated effectiveness in petroleum hydrocarbon removal: 1- Intrinsic
bioremediation - relying on natural biodegradation by indigenous microorganisms without human intervention; 2-
Biostimulation - enhancing microbial activity through fertilizer addition, organic amendments, surfactants, and
optimization of aeration and moisture conditions; 3- Bioaugmentation - introducing specialized hydrocarbon-
degrading microorganisms into the soil microbiome while providing optimal growth conditions and nutrient
supplementation.

Methodology

In the present study, a petroleum-contaminated soil was collected from evaporation ponds at Tabriz refinery,
East Azerbaijan province, Iran to evaluate different bioremediation methods for hydrocarbon degradation.
Following collection, hydrocarbon-degrading bacteria were isolated from the contaminated soils. Three
bioremediation approaches were tested: (1) intrinsic bioremediation (control, with no amendments), (2)
biostimulation (including aeration, NPK fertilization, organic amendments [cow manure, chicken manure,
compost], and Tween 80 surfactant addition), and (3) bioaugmentation (using either individual inoculations of
five crude oil-degrading bacterial strains or their consortium). The experiment was conducted in 2 kg pots over
a four-month period. Upon completion, we measured: (1) total petroleum hydrocarbons (TPH), (2) soil enzyme
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activities (dehydrogenase, urease, phosphatase, catalase), and (3) biological indicators (BR: basal respiration
and SIR: substrate-induced respiration).

Results

Among all treatments, the use of Tween 80, cow manure, Nutrient Broth (NB) without bacteria, and NPK fertilizers
resulted in hydrocarbon degradation rates of 89.0%, 86.3%, 57.6%, and 67.4%, respectively, representing the highest
degradation efficiencies in the soil. Among the bioaugmentation treatments, Arthrobacter sp. COD 2-3 and the
bacterial consortium showed the highest TPH degradation rates, at 69.7% and 63.3%, respectively. The activity of
dehydrogenase and urease enzymes increased in all treatments at the beginning of the experiment but declined after 2
and 4 months, respectively. Initially, dehydrogenase activity was highest in the bioremediation treatments
involving Pseudochrobactrum sp. COD 1-4, Stenotrophomonas sp. COD 1-1, the bacterial consortium, and chicken
manure, while Tween 80 exhibited the lowest activity. Urease activity was highest in NB, watering, chicken manure,
and the consortium treatments, but lowest in the compost treatment and the Arthrobacter sp. COD 2-3 inoculation.
Catalase enzyme activity increased significantly 2-3 days after treatment in the NB, Tween 80, and consortium
treatments compared to other treatments. However, over time, activity in these three treatments declined, whereas in
other bioremediation treatments and the contaminated control soil, it increased gradually, indicating sustained
microbial viability and petroleum-degrading activity. The activity of acidic and alkaline phosphatase enzymes
remained relatively unchanged throughout the experiment. Basal respiration (BR) and substrate-induced respiration
(SIR) increased initially in all treatments but decreased significantly after four months. At baseline, the bacterial
consortium, compost, and cow manure treatments exhibited the highest basal respiration rates, followed by microbial
inoculations and chicken manure. Tween 80, aerated soil, and the contaminated control had the lowest basal
respiration. Finally, the percentage of TPH degradation showed positive correlations with soil basal respiration,
substrate-induced respiration, and dehydrogenase activity.

Conclusion

Finally, the treatments for remediation of oil-contaminated soil were introduced, including the addition of cow dung,
NPK fertilizer, and a bacterial consortium as the most effective bioremediation method. Adding animal manure
improved the soil's physical and chemical properties such as enhancing soil structure and facilitated oxygen transport,
providing energy for microorganisms and thereby boosting microbial activity. Dehydrogenase, an intracellular
enzyme, is directly linked to the activity of the soil's microbial population. An increase in this enzyme's activity at the
beginning of the experiment in oil-contaminated soil indicated heightened microbial degradation activity. However,
the subsequent decline in enzyme activity by the end of the experiment was likely due to the prolonged test duration
and the microbes entering the death phase. In general, it is recommended to use shorter sampling intervals and testing
periods for all enzyme activities to better monitor changes over time. This approach would help clarify the trends in
enzyme activity throughout the experiment.
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alS g5 a3l Gal callad Gl GialeyT Jsbs 5o Gle)y @2 Ly wiidls Wajlas sl 4 cand g oSedn
ul..lu < ol 84 9 u...':-i‘_).a‘ ‘:)LAJ i X L' @J_\L bd\gﬂ Sl aals 9 @YQQ.‘.“.:_, 6LAJLA:\: LECTRg| RV A K)

() dsun) wola g T cullad 5 (S8 saiSaiiald sl sSan o se 0 3
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W ,lows (Urease enzyme activity) (Catalase enzyme activity)
(Treatments) (MgNH,-N g* 2hh) (ml 0.2 N KMnO,4 20 min')
TO Tz TA TO T2 T4
COD 1-1 Inoculation 238.31+3.92  160.76 +10.01 12547 +6.75 0.75 + 0.05 0.85+0.05  0.95+0.15
COD 1-4 Inoculation 233.14 + 3.55 174.73 +5.99 161.75 + 7.41 0.45 + 0.05 0.75+0.05  0.80+0.00
COD 2-1 Inoculation 228.00 + 2.82 222.83+3.85 146.00 + 8.34 0.35+0.15 0.50 + 0.1 1.10 + 0.20
COD 2-3 Inoculation 149.60 + 8.74 105.66 + 0.00 83.60 + 6.31 0.40+0.1 0.80+0.00  1.05+0.05
COD 5-6 Inoculation 189.11 £5.54 155.49 + 0.00 146.78 + 9.12 0.30+0.1 0.40+0.10  0.40 £0.20
Consortium 259.21 +9.79 165.25 + 5.46 96.68 + 8.03 2.50+0.2 0.95+0.05  0.70 +0.00
Nutrient Broth 403.84 +1.76 378.28+7.58  31.31+14.86 3.20+0.3 1.95+0.15° 1.50%0.10
Chicken manure 271.06 + 2.05 89.28 + 6.37 93.98 + 4.74 0.55 + 0.05 0.40+0.00 0.25+0.05
Cow manure 237.78 +8.91 95.115 + 5.54 64.05 + 10.85 0.45 + 0.05 0.65+0.05 1.20+0.10
1.65 +

Compost 145.19 + 8.38 114.95 + 9.30 138.4 + 0.88 0.45 + 0.05 1.25 + 0.05 0.15%
NPK 411.09+0.26%  407.25+0.36%  405.34 + 0.89° 0.45 + 0.05 0.45+0.05  0.50+0.00
Tween 80 404.37 £ 0.15 399.52 + 0.96 390.69 + 4.41 3.65 + 0.35? 1.45+0.05  1.00 +0.10
Irrigated treatment 281.70 + 13.07 91.06 + 6.49 63.31+7.35 0.35 +0.05 0.75+0.05  1.35+0.15
Aerated treatment 235.29 + 6.93 216.51+2.46  119.64 + 10.02 0.45 + 0.05 0.75+0.05  1.05+0.05
Contaminated soil control 259.97 + 3.02 265.75 + 1.75 269.65 + 0.65 0.50 + 0.00 0.65+0.05  1.00+0.00
Non-contaminated soil 14.20 + 0.20 ; 11.36 £ 0.05 0.35+ 0.05 - 0.70 + 0.05
control

LSD (5%) 235.5 225.2 2275 1.98 0.9 0.83
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COD 1-1 Inoculation 2.44 +0.01 0.91+0.192 9.75+0.21 2.44 +0.02
COD 1-4 Inoculation 2.01 +£0.66 0.76 £ 0.04 11.30 £ 0.04 2.30+0.02
COD 2-1 Inoculation 2.33+0.09 0.71+£0.04 12.05 +0.32 2.46 +0.06
COD 2-3 Inoculation 241 +0.10 0.31+0.10 9.75+0.08 3.35+0.11
COD 5-6 Inoculation 2.57 +0.03 0.66 = 0.00 11.90 £ 0.02 2.34 +0.02
Consortium 3.13 +0.16° 0.49+0.16 10.05 + 0.04 3.05+0.02
Nutrient Broth 0.43+0.16 0.42 £0.15 8.48 +0.13 2.00 +0.02
Chicken manure 2.39+0.24 0.58 £ 0.07 12.44 £0.19 2.75+0.02
Cow manure 2.65+0.19 0.58 £ 0.07 13.45 £ 0.002 3.35+0.02
Compost 2.69 +0.45 0.64 £0.16 11.24+£0.21 4.24 +0.042
NPK 1.09+£0.19 0.87 £ 0.06 11.26 £0.15 2.51+0.00
Tween 80 0.09 £0.03 0.42 £0.06 7.74 +0.02 0.95 +0.02
Irrigated treatment 1.17 £0.03 0.64 £0.01 12.35 £ 0.02 2.49 +0.02
Aerated treatment 0.15+0.00 0.31+0.01 6.05 +0.02 2.51+0.00
Contaminated soil control 0.15+0.00 0.30 £0.00 0.61 +0.04 1.8 £0.00
Non-contaminated soil control 0.30 +0.00 0.45 +0.00 1.24 £0.00 2.25+0.00
LSD (5%) 1.71 0.43 2.88 1.64
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