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Abstract

This work has evaluated the efficiency of modified sand filters filled with biomass for the removal of
chemical and physical contaminants from produced water. Also, this study aimed at designing,
constructing, and evaluating a cost-effective modified sand filter was undertaken. The sand filter was
modified with the addition of biomass (Sawdust SD), where the biomass formed the largest part of
the filter media, which comprised of four layers. Cylindrical filters were constructed with PVC pipes
10.16 cm? in diameter and 70 cm in length, with inner layers composed of sand, gravel, and biomass.
The filters were fed with produced water (PW) contaminated, which was brought from the Messla
field. The filtered water was collected in a graduated glass cylinder, after which the samples were
taken for analysis. Results indicated the removal of up to 5.25 % total suspended solids, 20%
turbidity, 65% apparent color, 68.67% total organic matter, 2.2% total dissolved salt, and
conductivity.
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Introduction

Oil and natural gas are fundamental to modern civilization, driving energy production, transportation, and
manufacturing. However, their extraction generates substantial amounts of produced water (PW), a
byproduct that poses significant environmental challenges. Produced water, often considered one of the
largest waste streams in the oil and gas industry, has an average oil-to-water production ratio of 1:3, making
its management critical [1- 2].

Produced water contains a complex mixture of contaminants, including hydrocarbons, heavy metals, salts,
solids, and dissolved gases. Dispersed oil droplets, ranging in size from less than 10 microns to over 100
microns, are common [3]. Dissolved salts include cations such as Na*, Ca?*, and Ba?*, as well as anions like
CI” and SO,*7, in addition to heavy metals such as cadmium, lead, and mercury [4]. The environmental
hazards associated with untreated produced water (PW) are complex and varied. The high salinity levels can
negatively impact soil fertility and the quality of groundwater, while nitrogen compounds lead to the
degradation of aquatic ecosystems. Additionally, the higher temperatures of PW relative to atmospheric
water can impose thermal stress on aquatic life. Furthermore, the mineral content of PW, along with its
ability to create sludge deposits, intensifies the risks faced by both land and water environments [5]. It may
also contain trace amounts of chemical additives, such as demulsifiers and corrosion inhibitors, used during
extraction processes [6]. Suspended solids, including scale, corrosion byproducts, and bacteria, as well as
dissolved gases like CO,, O,, and H,S, further contribute to the complexity of PW [7-4]. The variability of PW
composition depends on geological formations, reservoir lifespan, and extraction techniques [8]. If untreated,
these contaminants can lead to soil degradation, water pollution, and ecosystem disruption, posing risks to
agriculture, aquatic life, and human health [9-10].

Effective treatment technologies are essential to mitigate these impacts, enabling the reuse or safe disposal
of PW. This study develops and evaluates a cost-effective modified sand filter incorporating biomass
(sawdust) as a filtration medium to enhance the removal of physical and chemical contaminants, offering a
sustainable solution for produced water treatment [11]. In this study, a modified sand filter incorporating
biomass (sawdust) as a primary filter medium was designed, constructed, and evaluated for its efficiency in
treating produced water. The primary objective was to assess the filter’s ability to remove physical and
chemical contaminants, providing a cost-effective and environmentally sustainable treatment solution.
Hydrocyclones are mechanical devices designed to separate materials of different densities using centrifugal
force. These are commonly employed in process industries, including PW treatment, to remove solids, sand,
and oil from liquid streams. The design includes a cylindrical top section and a conical base, where the angle
of the conical section critically impacts performance and separation efficiency [12-13].

Thermal technologies rely on heat to separate water from dissolved salts and contaminants. These processes
are particularly suitable for regions with abundant and inexpensive energy resources, despite their higher
energy demand compared to membrane-based systems [14]. Sand filters are widely used for the removal of
metals and suspended solids in PW. Proper pretreatment of water and integration with other methods can
enhance their efficiency, achieving up to 90% removal of contaminants [15-9]. The electrochemical method
separates cations and anions using charged membranes positioned between two electrodes. Electrodialysis
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(ED) is effective for PW reclamation with relatively low total dissolved solids (TDS) levels [16-17]. Adsorption
processes utilize materials such as organoclay, zeolites, chitosan, and activated carbon to capture
contaminants. Factors influencing adsorption efficiency include pH, temperature, salinity, and contaminant
concentrations [18-19]. The volume and concentration of contaminants in Oil Field Produced Water (OFPW)
vary throughout the lifespan of a reservoir. This variability requires comprehensive physicochemical analysis
to effectively oversee field operations, assess the effectiveness of treatment processes, and reduce potential
risks to public health and the environment [5-20]. Coagulation and flocculation effectively remove suspended
oils, particles, and colloids, while advanced oxidation processes (AOPs), such as chemical oxidation,
electrochemical oxidation, Fenton reaction, ozone treatment, and Photocatalytic oxidation, degrade organic
pollutants, achieving significant reductions in biochemical oxygen demand (BOD) and chemical oxygen
demand (COD) [21-22].

Methods

Study area and sample collection

Produced water samples were collected in January 2024 from the Messla oil field, operated by the Arabian
Gulf Oil Company (AGOCO). The Messla field is located in the Al Wahat Area, Libya, and has been a
significant oil producer since 1988 [23]. Approximately 50 liters of PW were collected and transported in
plastic containers. The sample was collected from the same well. After that, the samples were promptly
delivered to the engineering laboratories at Tobruk University to minimize changes in their physical and
chemical properties (Figure 1).

Figure 1. The produced water collected and stoed in plastic containers

Modified sand filter design
This research investigated options to modify the SF such that it can be used to improve the quality of
contaminated water. The design process involved two main steps:

o Development of several design options, field testing of designs, and selection of one design for further
testing.

e Optimization of selected design based on theoretical calculations and laboratory testing.

o This first stage of the design process involved theorizing design modifications that could improve the
capability of the modified sand filter to operate under high contaminated raw water levels. The design
options were then tested in a lot of areas, and the results were assessed to identify which design
modifications achieved the greatest improvement in water quality. Tests were carried out in two
phases:

e The modified filter operated as a control filter to give baseline performance data to enable comparison
of produced water pre- and post-modification.

e Testing of modified filter and performance evaluation.

It was also desirable that the Modified Sand Filter (MSF) be entirely constructed of materials that are
commonly and locally available. Regarding the good results obtained by [24]. The modified sand filter (MSF)
was designed using a cylindrical PVC pipe with a length of 70 cm and a diameter of 10.16 cm. The filter
medium consisted of six distinct layers, including fine sand (0.125 — 0.5 mm), fine gravel (1 — 2 mm), biomass
(sawdust) (10 —12 mm), coarse gravel (2-4 mm), and drain gravel (8 — 9.5 mm). Sawdust biomass was
collected from local carpentry workshops, washed with tap water, dried, and sterilized in an oven at 78°C
before being sieved to the desired particle size (Figure 2).
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Preparation of biomass

The sawdust SD was collected from a local carpentry workshop at the industrial area in Tobruk City, as
shown in figure 3.

Figure 3: The sawdust.

The sawdust was firstly washed with tap water to remove dust, fungus and other foreign materials and sun
dried for a full day. The sawdust was oven-dried at 78 ° C for two hours to completely remove any water still
present. Then dried sawdust is pounded using mortar and pestle and sieved using a sieve shaker model 160
to different sizes, we selected only one size (10 - 12 mm), the selected sizes was wash well with distilled
water after that dried in electric oven at 78°C to completely remove any water still present for two hours [25],
this is the only treatment was carried out for the adsorbent (i.e., sawdust), as shown in Figure 4.
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Figure 4. The sawdust size (10 - 12 mm ).

Experimental setup

The experimental system included a 6-liter water tank connected to the MSF (Figure 5). This tank contains
a valve that controls the amount of water flowing and also calculates the flow rate and prevents the filter
from being flooded. After opening the valve to the required flow rate (48 liters/hour), during this time, the
water begins to flow through the layers of the modified sand filter (MSF). The time for the water to pass
through the modified sand filter (MSF) is calculated as 6 minutes. The amount of water absorbed is also
calculated by calculating the amount of water flowing through the modified sand filter (MSF) at the end of
the experiment and the amount of water in the tank.

—

. et oM, R .
Figure 5. The Modified Sand Filter (MSF) with biomass of Sawdust (SD).
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Finally, the water is collected in a graduated cylinder. After that, the filtered water is stored in sterile bottles
to conduct the required tests on it, as shown in figure 6.

. & Y

F o »

- (v:-{. g::'- g 5 = 2t : 2 ’_’-T\
Figure 6. The produced water before and after treatment by MSF (SD)
The removal ratio represents the efficiency of the treatment process in removing the pollutant from the
produced water, such as to study the efficiency and ability to remove and calculate the pH, Conductivity,
Total dissolved salt TDS, Turbidity, Total suspended solid TSS, and Total organic matter. The removal
percentages were calculated using the following equation [26]:

The percentage of reductionR (%) = [TOT;OT'(] x 100

Where:

%R....... represents the percentage of reduction (%),
To......... represents the initial value before filtration and
Troeenenen. represents the final value after filtration.

Result and discussion

pH values of produced water

The results of this study demonstrate the effectiveness of the modified sand filter (MSF) filled with biomass
(sawdust) in treating produced water by improving various quality parameters. The pH of the untreated
produced water was measured at 5.6, reflecting an acidic environment. After treatment with the MSF, the
pH increased to 6.4, approaching a neutral value (Figure 7). This adjustment indicates a reduction in acidity,
which can be attributed to the interactions between contaminants and the filter media, including the
biomass's buffering capabilities. This shift toward a more neutral pH enhances the suitability of the treated
water for various applications, such as reuse or safe discharge.
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Figure 7. The pH of the produced water before and after filtration.
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Total suspended solids TSS and turbidity reduction

The MSF also demonstrated a significant ability to reduce total suspended solids (TSS). The TSS value of
the raw produced water, initially at 6.3%, decreased to 5.25% following treatment, representing a reduction
rate of 16.67% (Figure 8). This improvement highlights the efficiency of the filter layers in physically trapping
suspended particulate matter, thereby improving water clarity. Similarly, turbidity was reduced from 10
NTU to 8 NTU, achieving a 20% reduction (Figure 9). Furthermore, the MSF removed approximately 65% of
the apparent color from the water. These results suggest that the physical properties and adsorptive capacity
of the biomass play a critical role in enhancing water clarity and reducing visible contaminants.
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Figure 8. The TSS of the produced water before and after filtration
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Figure 9. The turbidity of the produced water before and after filtration,

Total dissolved salt, TDS reductions, and conductivity

The filter’s impact on dissolved contaminants, however, was more limited. Total dissolved solids (TDS) in the
produced water decreased from 137,800 ppm to 134,800 ppm, corresponding to a modest reduction of 2.2%
(Figure 10). Similarly, the conductivity of the water was reduced by 2.2%, from 206,597 pnS/cm to 202,099
pS/cm (Figure 11). These results highlight the MSF’s limited effectiveness in addressing dissolved ionic
species, suggesting the need for complementary treatment methods, such as advanced oxidation processes
or reverse osmosis, to achieve significant reductions in dissolved salts.
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Figure 10. TDS of the produced water before and after filtration
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Figure 11. Conductivity of the produced water before and after filtration.

Total organic matter reductions

The removal of total organic matter (TOM) was notably effective, with concentrations decreasing from 1.995
g/100 ml to 0.625 g/ 100 ml, representing a reduction rate of 68.67% (Figure 12). This significant decrease
underscores the strong adsorptive properties of sawdust biomass, which effectively captures organic
contaminants. The high reduction rates of organic and suspended solids reflect the MSF's potential as a
cost-effective solution for improving produced water quality.
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Figure 12. The TOM of the produced water before and after filtration.
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Overall, the MSF proved highly effective in reducing physical and organic contaminants, although its
performance in addressing dissolved solids was limited. While the treated water meets many quality
parameters for reuse or safe disposal, the integration of additional treatment technologies could further
enhance its effectiveness, particularly in reducing dissolved salts and improving overall water quality. These
findings emphasize the potential of the MSF as an environmentally friendly and economical approach to
produced water treatment.

CONCLUSION

This study demonstrated the efficiency of a modified sand filter (MSF) incorporating biomass (sawdust) for
treating produced water. The MSF effectively reduced key contaminants, achieving a 16.67% reduction in
TSS, 20% in turbidity, 65% in apparent color, and 68.67% in TOM. Additionally, it improved the pH of
produced water from 5.6 to 6.4, making it more suitable for reuse or safe discharge. While the MSF showed
limited performance in reducing dissolved salts (2.2% reduction in TDS and conductivity), its strong filtration
and adsorption capabilities for physical and organic pollutants make it a cost-effective and environmentally
friendly solution. Future integration with advanced technologies could address these limitations, enhancing
its overall efficiency. In summary, the MSF offers a practical and sustainable approach to produced water
treatment, with significant potential for broader application in environmental management within the oil
and gas industry.
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