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ABSTRACT

Oil spills are a major menace to the environment because they severely damage the surrounding ecosystems. Persian
Gulf in this century, Situating in the middle east, having more than 65 percent of world’s oil and gas resources, having
huge biodiversity and existing rich resources of pearls and shells have made this location unique and valuable. Oil and
gas field wastewater or produced water is a significant waste stream in the oil and gas industries. In this study, the
performance of sequencing batch reactor (SBR) and sequencing batch reactor process treating produced wastewater
were investigated and compared. The SBR was operated in different hydraulic residence time (HRT) of 8, 20 and 44 h.
Operation results showed that for a HRT of 20 h, the combined process effluent chemical oxygen demand (COD, oll
removal efficiencies were 90.9 and 91.5 %, respectively .In this study, sequencing batch reactor(SBR) was used to treat
synthetic and real produced water crude-oil-degrading Sphingomonas paucimobilis bacteria was isolated from oil-
contaminated sites in the Persian Gulf and the Caspian Sea. Based on a high growth rate on crude oil and on hydrocarbon
degradation ability. The combination of a SBR inoculated with a consortium of isolated halophilic microorganisms and a
membrane filtration is an efficient, reliable, and compact process for organic matter produced water treatment without prior
dilution.
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INTRODUCTION

States have the right to exploit their own natural resources but this right dose not preclude to recognize the responsibility
for damages to the environment of other States. States have right to use and Exploration and Extraction their oil resources
[1].Petroleum hydrocarbons are the most common environmental pollutants, and oil spills pose a great hazard to terrestrial
and marine ecosystems. Oil pollution may arise either accidentally or operationally whenever oil is produced, transported,
stored, processed or used at sea or on land. Oil spills are a major menace to the environment because they severely
damage the surrounding ecosystems[2]. The Persian Gulf is a marine environment that was pollutedwith crude oil during
the 1991 Gulf war. The pollution impact of this episode has been evaluated in several studies, all of which indicated that
crude oil accumulated and remained for long time in the coastal areas[3]. The oil pollution problem is particularly acute in
oil-producing areas such as the Persian Gulf, where approximately 60% of the arine-transported oil in the world is
produced. The Caspian Sea is another important marine environment in Iran, although the level of oil contamination of the
Caspian Sea is lower than that of the Persian Gulf, but in recent years, the level of oil pollution of the Caspian Sea has
increased [4]. The growth of microorganisms on hydrocarbons presents particular problems because hydrocarbons are
immiscible in water. Many bacteria are able to emulsify hydrocarbons in solution by producing surface active agents such
as biosurfactants that increase the adhesion of cells to the substrate. Biosurfactants reduce the surface tension by
accumulating at the interface of immiscible fluids, increasing the surface area of insoluble compounds, which

leads to increased bioavailability and subsequent biodegradation of the hydrocarbons [5]. Due to increasing volume of this
waste all over the world in the current decade, the fate and effect of discharging produced water on environment has
recently become a significant issue of environmental concern [6]. On the other hand, fresh water scarcity and sustainable
water supply is a serious problem all over the world because of population growth and the expansion of industrial
activities. This problem is a major concern in arid areas. Therefore, there is a growing impetus for sanitary and industrial
wastewaters recycle and reuse [7].

The aims of the present work were to study bacterial strains isolated from oil-polluted sites in the Persian Gulf and the
Caspian Sea. We evaluated the abilities of these strains to produce bioflocculating and to biodegrade crude oil.

Materials and Methods
Experimental setup

This study using Sequencing Batch Reactor. Aeration, agitation, pH and dissolved oxygen (DO) were controlled by the
fermenter microprocessor system. Air was supplied by an air compressor. The DO concentration adjusted to 3 mg I-1. DO
and pH of the medium were monitored by the relevant probes. The agitation speed was fixed at 300 rpm. The mixed liquor
was kept at a constant temperature through a shell and tube heat exchanger. Wastewater was fed to the bioreactor by
using a peristaltic pump (Model Watson-101U/R, Marlow). The mixed liquor in the bioreactor was pressurized by a
centrifugal pump and introduced to a crossflow membrane module (Micro 240, PClI membrane systems, UK).

Wastewater composition
The wastewater sample contained crude-oil and Sphingomonas paucimobilis bacteria.

Ten polyethylene containers of real produced water were collected from a Iran oilfield. The samples were then stored at
4°C. All samples were thawed before feeding. Produced water characteristics of each container were analyzed in
triplicate.

Sampling

For the isolation of crude-oil-degrading bacteria, sediment and sea water samples were collected from marine
environments in Iran. Three collection stations were located in the Persian Gulf. Sediments samples were taken from 1 to
12 cm below the surface using a sterile knife. Seawater samples were collected from a depth of 15 cm in sterile 100-ml
bottles and transported on ice to the laboratory.

Growth and crude-oil removal assay

Sphingomonas paucimobilis Bacterial isolates were grown at 30 °C for 1 week on rotator shaker (180 rpm) . The growth of
the isolates was routinely assessed indirectly by measuring the turbidity (OD600 nm) using a UV-visible
spectrophotometer (Shimadzu UV-160, Japan). The crude oil removal assay was carried out by dissolving the residual
crude-oil in the medium in dichloromethane (DCM) and reading the optical density of the oil extract against a blank at a
wavelength of 420 nm [8].

Start-up of the System

The fermenter was filled with the real produced water that was inoculated with the isolated microorganisms (
Sphingomonas paucimobilis) and was operated batchwise with aeration and mixing for several days to obtain a MLVSS
concentration of 1000 mg I-1 to start with. Operation mode was 12, 24 and 48 h cycle. At 24 h mode the cycle consisted of
three stages: 1 h of feeding time, 21 h of reacting time and 3 h of decanting time. In the last stage, 2.5 | permeate was
withdrawn from the bioreactor.
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Analytical methods

The COD of the samples ,MLSS, and MLVSS were determined according to the standard methods [9]. Also, in order to
study the effect of trapped oil on MLSS and MLVSS measurement, samples were washed with methylene chloride to
remove oil and then MLSS and MLVSS of the washed samples were analyzed. It was called “washed MLSS and MLVSS”.

Results and Discussion

Characteristics of the synthetic produced water crude oil hydrocarbons can be divided into four classes: the saturates, the
aromatics, the asphaltenes (phenols, fatty acids, ketones, esters, and porphyrins), and the resins [10]. Hydrocarbons
cannot be dissolved in water; therefore, most of the oil constituents are dispersed in produced water [11] chromatogram of
the raw synthetic produced water (1 mL oil/L). Alkanes were the most abundant compounds in the synthetic produced
water.

MLSS, MLVSS, and oil concentration

The MLSS concentration increased from 1560 to 7950 mg/L during 75 days (Fig. 1). MLVSS/MLSS ratio varied between
0.45 and 0.66 during the study. This typically low ratio may be due to the trapped oil between the microorganisms’ flocs
[12]. This conclusion may be confirmed by the observed increasing trend of trapped oil concentration in the sludge. As
shown in the figure, the oil concentration in the MSBR sludge increased from 571 mg/L to 6005 mg/L. The washed
MLVSS/MLSS ratio of 0.65—-0.76 suggests that the accumulation of inorganic compounds of the synthetic produced water
did not occur. Also, it may be concluded that most of the washed MLVSS were microorganisms.
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Fig .1 Variations of MLSS and oil concentration in the SBR.
Influence of HRT on the removal of COD

The bioreactor was filled with the dye wastewater that was inoculated with the isolated Sphingomonas paucimobilis
and was operated batch wise with aeration and mixing for 50 days at the first run. MLSS concentration of 5,000 mg/L and
Influent COD concentration of 1,000 mg/L were obtained and effect of cycle time on COD reduction was observed for
three (3) cycles of 12, 24 and 48 h duration. Figure 2 shows the effluent quality of the SBR in terms of COD. The COD
varied from cycle time with a relatively large value range of between 92 and 210 mg/L. However, the remaining average of
the treated COD was lower than 100 mg/L at the highest cycle of 44 h. At cycle of 20 h the average COD concentrations
was 120 mg/L (88%) while at the highest cycle of 44 h, average COD was 98 mg/L (90.2%). The results show a lower
COD value in the treated effluent of higher reduction values was obtained with increasing of cycle. On the other hand,
COD reduction is at its lowest in 12h cycle. Ji et al. (2007) studied performance of SBR system for treating heavy oil-
produced water. In their research 71-80% COD was removed from initial low COD concentration of 390 + 124 mg /L. The
effluent COD of the SBR at cycle of 44 h was lower than the SBR system. [13] studied the application of membrane-
coupled sequencing batch reactor for oilfield produced water. Their results showed a 90-92% reduction in COD at cycle of
44 h.

The results showed that higher HRT affected oil concentration in the MSBR. During cycle time of 24 and 12 h, increased
accumulation of crude oil was observed up to 2110 mg/L. This trend was severe at cycle time of 12 h. At the lowest HRT,
the
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Conclusions

A lab-scale cross flow sequencing batch reactor inoculated with isolated microorganisms was used effectively for oilfield
produced water treatment. It was found that the isolated microorganisms played an important role in the biodegradation of
the pollutants. It was thus feasible to treat the produced water using the SBR and the product quality met the requirements
for discharge and reuse. Effect of cycle time on COD reduction was observed for three different SBR cycle (12, 24 and 48
h duration). Although the produced water is a complex mixture of different contaminations, but, by using suitable and
effective technologies it can be treated for various reclamation and reuse alternative options.
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