
Asian Journal of Basic and Applied Sciences                                                                             Vol. 4, No. 1, 2017 

                                                                                                                                                                ISSN 2313-7797 

Multidisciplinary Journals   

www.multidisciplinaryjournals.com  1 

GREEN SYNTHESIS AND CHARACTERIZATION OF IRON OXIDE 

MICROPARTICLES USING SUGARCANE (SACCHARUM 

OFFICINARUM) BAGASSE AS CAPPING AND REDUCING AGENT AND 

ITS APPLICATION AS NOVEL BIOSAND FILTER FOR INDUSTRIAL 

WASTEWATER TREATMENT 
 

Tricia Anne Marie M. Escordial, John Christian V. Entrata, Russell N. Gorre 

and Sharon S. Villagracia 
 

Negros Occidental High School, Bacolod City, PHILIPPINES 
 

ABSTRACT 

Wastewater is a major environmental concern of the modern time.  One way to solve this 

problem is through filtration using microtechnology. In this study, iron oxide microparticles were 

synthesized using sugarcane bagasse as bioreducing and capping agent and utilized as biosand 

filter composite. Physical and chemical properties of the sample confirmed the presence of Iron 

oxide revealing the following results: greyish red, solid in powder form, insoluble in water, 

insoluble in alcohol and non-flammable. This was confirmed further by UV visible spectrometer 

and Auger Electron Spectroscopy (AES) with absorption peak at 260 nm. The particles were also 

irregular in shape and varied in size with an average diameter of 1.64 µm as revealed by Field 

Emission Scanning Electron Microscopy (FESEM). The biosand composite with iron oxide 

microparticles significantly reduced the pH, turbidity, Total Suspended Solids, Total Coliform, 

Thermotolerant Fecal Coliform and Dissolved Oxygen of the wastewater after the filtration 

process and were able to pass the accepted range set for Class C water. 

 

Keywords: Sugarcane bagasse; iron oxide microparticels; wastewater. 

 

INTRODUCTION 
 

One of the world's most precious resources is clean water. With the rapid increase in population 

and reduce in the quality of Philippine waters, the discharge of domestic and industrial 

wastewater and agricultural runoff has caused extensive pollution of the receiving water bodies 

(Ahmad and Mahmoud, 2010). A study by the Japan International Cooperation Agency (JICA) 

conducted in 2010 states that around 700 industrial establishments in the Philippines produce 

about 273,000 tons of wastewater annually (Greenpeace Southeast Asia, 2010). To address this 

problem, wastewater treatment plants follow four stages for the wastewater treatment process 

(Ahmad and Mahmoud, 2012), However, this method is high cost and requires tedious work. 

 

Over the past few decades, microparticles of noble metals such as iron oxide are being used in 

wastewater treatment (Ammar, 2010) because they exhibited significantly distinct physical, 

chemical and biological properties from their bulk counterparts. Microparticles are very fine 

powders, liquids or solids with particle size within the range of 1-500 μm (Carter et. al, 2008). In 

the process of synthesizing iron oxide microparticles, chemical reduction method is mainly used 

which involves toxic chemicals which may pose potential environmental and biological risks 
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use toxic chemicals in the synthesis protocols. Biosynthesis approaches include biological, and 

irradiation method which have advantages over conventional methods involving chemical agents 

associated with environmental toxicity (Iravani, 2014). This motivated the researchers to use 

sugarcane bagasse (Saccharum officinarum), one of the major waste materials of sugar milling in 

the island of Negros, as capping and reducing agent in producing iron oxide microparticles. It is 

said that plants rich in antioxidants terminate chain reactions by removing free radical 

intermediates, and inhibit other oxidation reactions often used as reducing and capping agents. 

Sugarcane bagasse, which is a residue obtained after crushing sugarcane to obtain its juice, 

contains antioxidants including phenolic compounds and anthocyanin, making it a potential 

reducing and capping agent (Manohar et. al, 2011). 

 

This study was conducted to synthesize iron oxide microparticles using sugarcane  bagasse 

extracts as capping and reducing agent; to confirm the presence of iron oxide microparticles 

using the UV-Visible (UV-Vis) Spectroscope, Field Emission Scanning Electron Microscope 

(FESEM) and Auger Electron Spectroscope (AES); to evaluate the physical and chemical 

characteristics of iron oxide microparticles in terms its color, morphology, odor, texture, 

solubility, pH, flammability and particle size; to determine the chemical oxygen demand (COD), 

dissolved oxygen (DO) total suspended solids (TSS), total coliform (TC) and thermotolerant 

fecal coliform (TFC), pH and turbidity of the wastewater before and after being filtered by 

biosand composite with sugarcane bagasse-synthesized iron oxide microparticles; to determine if 

there is a significant difference on the COD, DO, TSS, TC, TFC, pH and turbidity of the 

wastewater after being filtered with biosand composite with sugarcane bagasse-synthesized iron 

oxide microparticles and sand only (control group).  

 

The result of this study could be an innovation to the traditional application of sand filters as 

point-of-use water treatment system. Sand filters have been used for several years already to 

remove pathogens and suspended solids from water (Stauber, 2008) but through the addition of 

iron oxide microparticles, industrial wastewater treatment could be improved. 

 

MATERIALS AND METHOD 

Research Design 

 

This study used the descriptive research method in determining the physical and chemical 

characteristics of iron oxide microparticles synthesized from the Ferric chloride solution and 

sugarcane bagasse extracts as capping and reducing agent. On the other hand, experimental 

research method was used to compare the COD, DO, TSS, TC, TFC, pH and turbidity of the 

industrial wastewater sample produced from filtration using biosand composite with sugarcane 

bagasse-synthesized iron oxide microparticles (Set-up A) and sand only (Set-up B). Specifically, 

the pretest-posttest control group design was used in this study. The quality of the wastewater 

sample in terms of the aforementioned parameters was tested before and after the application of 

the filters from both set-ups.  
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Location and Duration of the Study  

 

The production and characterization of iron oxide microparticles and its application as biosand 

filter were conducted at the Negros Prawn Producers Diagnostic and Analytical Laboratory, an 

ISO/IEC accredited Laboratory in Bacolod City. On the other hand, the confirmation of the 

presence of the iron oxide microparticles and the evaluation of its particle size, surface 

morphology and chemical composition were done at the Industrial Technology Development 

Institute (ITDI), DOST Compound, Taguig, Metro Manila.  

 

Materials and Equipment 

 

The materials used in the study were as follows: 6 kg of Ferric chloride (FeCl3), 5 kg sugarcane 

bagasse, 500g sand, 3L distilled water, sugarcane bagasse, 500 mL ethanol, nitric acid, and 

beaker, triple beam balance, pipettes , sieve, aerator, test tubes and test tube rack. The following 

equipment were used: microwave oven, centrifuge, pH meter, turbidimeter, AES, FESEM and 

UV-Vis Spectroscope. 

 

General Procedure 

 

A. Preparation of the Sugarcane Bagasse Extracts 

The sugarcane bagasse was obtained from the First Farmers Holding Incorporation, Talisay, 

Negros Occidental. Approximately 50 grams of bagasse was boiled in 100 mL of distilled water 

for 10 minutes. The suspension was cooled and filtered.  

 

B. Synthesis of Iron Oxide Microparticles 

The synthesis of iron oxide microparticles was based on the centrifuge protocol provided by Sun 

(2004) with some modifications. Eight milliLiters (8 mL) of sugarcane bagasse extract was 

added to 40 mL of ferric chloride solution. The reaction mixture was centrifuged at 300 rpm for 

30 minutes. The supernatant was discarded and the particles were washed with distilled water 

and dried for the evaporation of aqueous phase in an oven. The resulting solution was cooled at 

room temperature and the attained black product was isolated and washed with ethanol and dried 

in a vacuum oven at 105 °C for 5 hours and was kept in a stoppered bottle for further use. 

C. Physical and Chemical Characterization of the Iron Oxide Microparticles 

The particle size, chemical composition, surface morphology and image of the iron oxide 

microparticles were analyzed using UV-Vis Spectroscope, FESEM (Dual Beam Helios NanoLab 

600i at 2.0 kV and beam current of 43 pA) and Auger Electron Spectrometer (JAMP 9500F Field 

Emission Auger microprobe with  Accelerating Voltage of 5kV and Beam Current of  4nA). The 

pH, color, odor, solubility to water and solubility to alcohol of the iron oxide microparticles were 

also observed and recorded.  

 

D. Preparation of Biosand Composite with iron oxide Microparticles 

Filter media was packed with local quarry sands ranging between 0.85mm and 2.36mm. Before 

it was used in column and coating, the 400 g sand was soaked in 8% nitric acid solution 

overnight, rinsed with distilled water to pH 7.0 and dried at 105°C. The iron oxide microparticles 

were introduced to 100g sand in a conical flask and were manually shaken for 15 minutes. 
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Two set-ups with 3 replicates were prepared for a total of 6 experimental units. The set-ups were 

as follows: Set-up A: 100 g Sand coated with 175 mg iron oxide microparticles; Set-up B: 100 g 

Sand Only  (Control Group).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

 

E. Collection of Industrial Wastewater Samples 

Water sampling was done at 3:00 pm. Twelve Liters (12) of influent (untreated) industrial 

wastewater sample were collected at the point of discharge of the wastewater from a local fast 

food chain in Bacolod City. The temperature of the wastewater was recorded before the sampling 

took place. The lab-cleaned sample container was dipped into the water and filled from the 

bottom until full (half-filling the bottle leaves more room for oxygen which will promote 

degradation of the sample). When the bubbles stop rising to the surface, the container was 

covered immediately with screw cup to prevent the sample from contacting the air. 

 

F. Pre-Test Water Analysis 
For the pre-treatment test, parameters such COD, DO, TSS, TC, TFC, pH and turbidity were 

immediately measured after the wastewater samples were collected using the approved standard 

methods of analysis prescribed by the Department of Environment and Natural Resources 

(DENR) in accordance with “Revised Effluent Regulation of 1990”.  

 

H. Application of Iron oxide Microparticles as Biosand Filter  

The filter that was used in this study was made of plastic tubes with 2 cm internal diameters, 

14 cm height, and 9 cm medium bed depth. The plastic tube in set-up A contained 100 grams of 

biosand composite with iron oxide microparticles while the set-up B contained 100 grams of 

sand only (control group). Three hundred (300) mL of wastewater sample was filtered in each 

replicate in both set-ups. The samples were obtained from the bottom of the plastic tubes through 

filtration. 

 

I. Post-test and Analysis 

The same procedure employed during the pre-testing was considered for the determination of the 

final parameter values of the wastewater after it was filtered using the sand only (control group) 

and biosand composite with iron oxide microparticles. 

 

J. Proper Disposal 

After the course of the study, the working area was cleaned and sanitized with disinfectant to 

avoid contamination of treatments. The equipment used in the study was cleaned thoroughly. On 

the other hand, the chemicals and other substances used in the study were disposed properly 

under the guidance of the laboratory chemist. 

 

K. Statistical Tool Analysis 

The data of the study were recorded and analyzed using the Statistical Tool for Agricultural 

Research (STAR). Mean was used to describe the data as computed based on three trials for the 

wastewater quality parameters. Standard deviation was used to find out how far the values are 

from the mean. T-test for two independent means at 0.05 α was used to determine if there was a 

significant difference between the quality of the wastewater filtered using the two set-ups. 
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Table 1. Physical and Chemical Characteristics of Iron Oxide Microparticles 

 

 

 

 

 

 

 

 

 

 

 

Physical and chemical properties of the sample confirmed the presence of Iron oxide revealing 

the following results: greyish red, solid in powder form, insoluble in water, insoluble in alcohol 

and non-flammable with a pH of 9.10 These results were in agreement with that of Carter (2015) 

thus, iron oxide microparticles were successfully produced using sugarcane bagasse as capping 

and reducing agent.  

 

 

 

 

 

 

 

 

 

 

Figure 1. Uv-Visible Spectroscopy of the iron oxide Microparticles 

 

The presence of iron oxide microparticles synthesized from ferric chloride using sugarcane 

bagasse extract as reducing and capping agent was further validated by UV-Vis spectroscopy. 

Figure 1, showed the absorption peak at 260 nm. According to Nehru (2015), absorption peak at 

260 nm is due to the absorption and scattering of light by iron oxide microparticles. Furthermore, 

Nehru stated that microparticles have optical properties that are very sensitive on size, shape, 

agglomeration, and concentration changes.  

 

 

 

 

 

 

 

 



Asian Journal of Basic and Applied Sciences                                                                             Vol. 4, No. 1, 2017 

                                                                                                                                                                ISSN 2313-7797 

Multidisciplinary Journals   

www.multidisciplinaryjournals.com  6 

Table 2. Particle Size of iron oxide Microparticles using Field Emission Scanning Electron 

Microscopy (FESEM) 

 

 

 

 

 

 

 

 

 

 

As illustrated in Table 2 and Figure 2, FESEM showed that the particles were aggregated 

as irregular sphere shape with rough surfaces and varied in size with an average diameter of 1.64 

µm.  

 

 

 

 

 

 

 

 

 

 

 

 

Moreover, the morphology of the microparticles mostly appeared to be spongy and porous. 

Therefore, this study effectively produced iron oxide microparticles using sugarcane bagasse as 

reducing and capping agent. According to Carter, et al. (2008) microparticles are very fine 

powders, liquids or solids with particle size within the range of 1-500 μm. The average particle 

size of the iron oxide produced in this study was able to meet this criterion.  

 

 

  

  

 

 

 

 

 

Figure 3. Auger Electron Spectroscopy (AES) Differentiated Spectra of iron oxide 

Microparticles 

 

 

 

Figure 2. SEM images of the Iron oxide sample taken 

at intercalated sample taken at (a) 2000x and               

(b) 10 000x  

a b 
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Table 3. Quantitative Analysis of iron oxide Samples 

 

 

 

 

 

 

 

 

AES showed that the samples contained iron, carbon, oxygen and silicon, as illustrated in 

Figure 3. Moreover, Table 3 showed that the iron oxide samples contained the following 

elements, carbon with relative concentration of 48.9%, oxygen at 29%, silicon at 17% and iron at 

5%. The reduction reaction took place when sugarcane bagasse extract was added to ferric 

chloride solution. Similar to the mechanism of other plant extract, a possible reaction in the 

formation of iron oxide microparticles is when Ferric chloride (FeCl3.6H2O) and sugarcane 

bagasse extract was involved in the reaction of aqueous phase medium.  

 

AES also revealed in Figure 4 that the actual sample had the same spectrum with iron oxide 

confirming the samples to be iron oxide. 

 

 

   

   

 

 

 

 

   

 

 

 

Table 4. Pre-test and Post-test Results of the pH of the Industrial Wastewater Sample 

 

 

 

 

 

 

 

 

 

 

 

Table 4 showed that the wastewater sample in set-up A had a greater decrease in the pH 

level with 7.12 mean post-test value and had a 1.21 difference compared to its pre-test value 

which was 8.33. On the other hand, the wastewater sample in Set-up B also reduced to 8.28 

Figure 4. The Spectra of the Iron, Ferrous oxide, Iron 
oxide and actual sample using AES 
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which had a 0.05 difference from the pre-test value. Moreover, the pH levels of the wastewater 

sample filtered with biosand composite with iron oxide microparticles and sand alone were still 

within the acceptable range (6-9) based on the effluent standard set forth by the DENR 

Administrative Order (2008) for Class C (Inland Water; Old or Existing Industry). The result 

implies that the wastewater sample is not yet detrimental for the survival of freshwater fish and 

bottom dwelling invertebrates when disposed to the different bodies of water.  

 

T-test for Two Independent Means showed that there is no significant difference on the mean pH 

values of the two set-ups. (t-value=-3.67, p-value=0.0914). 

 

Table 5. Pre-test and Post-test Results of the Turbidity of the Industrial Wastewater Sample 

 

 

 

 

 

 

 

 

 

 

 

Table 5 shows that the turbidity level of the wastewater sample filtered in set-up A 

drastically changed as compared to its pre-test value. The turbidity of the wastewater decreased 

by 59% when filtered using the sand while it decreased by 90% when filtered using the biosand 

composite with iron oxide microparticles. Interestingly, the turbidity value of the wastewater 

after being filtered by the biosand composite with iron oxide microparticles reached the 

acceptable value of the effluent standard for Class C which is 15 NTU (DENR Administrative 

Order, 2008).  

 

T-test for Two Independent Means showed that 100 g of biosand composite with iron oxide 

microparticles significantly reduced the turbidity of the wastewater when compared to sand only 

(t-value= -12.64, p-value=0.0002). 

 

Table 6. Pre-test and Post-test Results of the chemical oxygen demand (COD) of the Industrial 

Wastewater Sample 
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The chemical oxygen demand (COD) expresses the total oxygen demand, including the 

oxidation of all organic matter and reduced inorganic compounds such as ammonium. As shown 

in Table 6, even though there was a decrease in the percentage of the COD of the wastewater 

sample filtered in both set-ups, both of them were not able to reach the acceptable range (25-50) 

required by the effluent standard of DENR Administrative Order (2008) for Class C. However, 

T-test for Two Independent Means shows that 100 g of biosand composite with iron oxide 

microparticles significantly reduced the COD of the wastewater sample when compared to 100g 

of sand only (t-value= -4.02, p-value= 0.0158).  

 

Table7. Pre-test and Post-test Results of the total suspended solids (TSS) of the Industrial 

Wastewater Sample 

 

 

 

 

 

 

 

 

 

 

 

The Total suspended solid (TSS) is used to measure the combined content of 

all inorganic and organic substances contained in a liquid in molecular, ionized or micro-granular 

(colloidal sol) suspended form. According to Greenpeace Southeast asia, Water Quality Status 

Report (2007), the higher the TSS value, the lower is the ability of the water to support aquatic 

life due to reduced light penetration affecting photosynthesis in aquatic plants, clogging of fish 

gills which affect respiratory processes, increased absorption of heat that results in higher water 

temperatures, among others. Table 7 shows that the TSS of the wastewater sample filtered in set-

up A drastically changed as compared to the pre-test TSS value of the wastewater sample. In 

addition, the TSS of the wastewater decreased by 88% when filtered using the sand while it 

reduced by 98% when filtered using the biosand composite with iron oxide microparticles. 

Interestingly, the TSS of the wastewater sample filtered with biosand composite with iron oxide 

microparticles and sand alone reach the acceptable range which is 90 ppm and below the effluent 

standard (DENR Administrative Order (2008) for Class C.  

 

T-test for Two Independent Means shows that 100 g of biosand composite with iron oxide 

microparticles significantly reduced the TSS of the wastewater sample when compared to 100g 

of sand only (t=-9.25, p-value=0.0008). 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Inorganic
http://en.wikipedia.org/wiki/Organic_compound
http://en.wikipedia.org/wiki/Sol_(colloid)
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sample 

 

 

 

 

 

 

 

 

 

 

Dissolved oxygen (DO) is used to measure the amount of oxygen dissolved in the water. 

The principal application of DO in the study of water quality for different bodies of water, 

bacteria in water consumes oxygen as organic matter decays. Table 8 shows that the DO of the 

wastewater sample filtered in set-up A drastically increased as compared to the pre-test DO value 

of the wastewater sample. Moreover, the dissolved oxygen of the wastewater increased by 226% 

when filtered using the sand only while it increased by 588% when filtered using the biosand 

composite with iron oxide microparticles. Interestingly, the DO levels of the wastewater sample 

filtered with biosand composite with iron oxide microparticles and sand alone has reached the 

acceptable range which is 5mg/L and above for the effluent standard (DENR Administrative 

Order, 2008) for Class C. 

 

T-test for Two Independent Means showed that 100 g of biosand composite with iron oxide 

microparticles significantly increased the DO of the wastewater sample when compared to 100g 

of sand only (t= 5.29, p-value=0.0061).  

 

Table 9. Pre-test and Post-test Results of the Total Coliform of the Industrial Wastewater Sample 

 

 

 

 

 

 

 

 

 

 

 

Table 9 shows that the total coliform of all the water samples in both set ups decreased 

after being filtered with biosand composite with iron oxide microparticles (set-up A) and sand 

alone (set-up B). It was found out that wastewater sample in set-up A had a greater decrease in 

the total coliform with 620 MPN/100 ml mean post-test value and had a 3050 MPN/100 mL 

difference compared to the pre-test value which is 3670 MPN/100 mL. On the other hand, the 

wastewater sample in Set-up B also decreased to 1966.67 MPN/100 mL which had a 1703.33 

MPN/100 mL difference only from the pre-test value. Moreover, the total coliform count of the 
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wastewater sample filtered with biosand composite with iron oxide microparticles and sand alone 

reached the acceptable value of the effluent standard for Class C which is 5000MPN/100 mL 

(DENR Administrative Order, 2008).  The result indicated that the wastewater sample was not 

yet detrimental for the survival of freshwater fish and bottom dwelling invertebrates when 

disposed to the different bodies of water.  

 

T-test for Two Independent Means showed 100 g of biosand composite with iron oxide 

microparticles significantly reduced the TC of the wastewater sample when compared to 100g of 

sand only (t= -5.56, p-value=0.0051).  

 

Table 10. Pre-test and Post-test Results of thermotolerant fecal coliform (TFC) of the Industrial 

Wastewater Sample 

 

 

 

 

 

 

 

 

 

 

 

Table 10 shows that the thermotolerant   fecal coliform (TFC) of all the water sample in 

both set ups decreased after being filtered with biosand composite with iron oxide microparticles 

(set-up A) and sand alone (set-up B). In addition, the wastewater sample in set-up A had a 

greater decrease in the thermotolerant fecal coliform (TFC) with 523.33 MPN/100 mL mean 

post-test value and has a 2366.67MPN/100 mL difference compared to the pre-test value which 

was 2890 MPN/100 ml. On the other hand, the wastewater sample in Set-up B also decreased to 

1600MPN/100 mL which had a 1290 MPN/100 mL difference only from the pre-test value. 

Moreover, the thermotolerant   fecal coliform of the wastewater sample filtered with biosand 

composite with iron oxide microparticles and sand alone reached the acceptable value of the 

effluent standard for Class C (Inland Water; Old or Existing Industry) which is 5000MPN/100 

mL (DENR Administrative Order, 2008).  The result indicated that the wastewater sample was 

not yet detrimental to the survival of freshwater fish and bottom dwelling invertebrates when 

disposed to the different bodies of water.  

 

T-test for Two Independent Means showed that the 100 g of biosand composite with iron oxide 

microparticles significantly reduced the TFC of the wastewater sample when compared to 100g 

of sand only (t =-4.23, p-value=0.0134).  

 

DISCUSSION 

 

As confirmed by the UV-Vis, FESEM and AES iron oxide microparticles were successfully 

produced in this study using sugarcane bagasse as capping and reducing agent. Reducing agent, 

which is used in the synthesis of metal microstructures, is the chemical compound which 
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performs reduction reaction. It transforms the metal ions into elemental metal, which then grows 

into a particle. The capping agent, on the other hand, prevents that particle from growing beyond 

the micrometric size of interest. The sugarcane-synthesized iron oxide microparticles were then 

used as biosand composite due to their unique properties, such as extremely small size, high 

surface-area-to-volume ratio, surface modifiability, excellent magnetic properties, low toxicity, 

chemical inertness and great biocompatibility (Xu et al, 2012; Nehru, 2015).  

 

It was also found out in this study that the biosand composite with sugarcane bagasse-

synthesized iron oxide microparticles significantly reduced the COD, turbidity and TSS of the 

wastewater sample as compared to sand alone. Shen et al. (2009) explained that the surface 

charges of iron oxide microparticles are arranged so that atoms in the surface have high reaction 

capacity and this increase reaction between the microparticles and adsorbents, thus allowing the 

organic pollutants to adsorb on its surface leads to the reduction of the turbidity and TSS of the 

wastewater which is also associated with the reduction of COD.  Hu et al. (2011) also pointed 

out that similar to heavy metal adsorption, the adsorption of organic pollutants by iron oxide 

microparticles took place via surface exchange reactions until the surface functional sites are 

fully occupied, and thereafter pollutants could diffuse into adsorbent for further interactions with 

functional groups. The TC and the TFC were also significantly reduced using the biosand 

composite with sugarcane bagasse-synthesized iron oxide microparticles. Similar results were 

obtained from the study of Mukherjee and De (2015) wherein the iron oxide microparticle-

impregnated ultrafiltration mixed matrix membrane was able to inhibit the growth of Escherichia 

coli. Thukkaram et al. (2014) also confirmed in their study that there was a significant reduction 

in biofilm growth of Stapylococcus aureus, Pseudomonas aeruginosa and E. coli due to the 

influence of iron-oxide microparticles on biofilms formed on polymer brush coated biomaterial 

surfaces. The antibacterial activity of iron-oxide microparticles could be due to the oxidative 

stress generated by the reactive oxygen species (ROS). ROS includes superoxide radicals, 

hydroxyl radicals, hydrogen peroxide, and singlet oxygen, which may cause chemical damage to 

proteins and DNA in bacteria (Lee et al., 2008).  Moreover, electrostatic interactions between 

microparticles and bacterial cell membranes or cell membrane proteins can result in physical 

damage, which ultimately leads to bacterial cell death (Ishida et al., 1998). Other studies 

demonstrated that the small size of microparticles could contribute to their antibacterial effects 

(Mahmoudi et al., 2011).  

 

CONCLUSIONS  

 

Based on the results of the study, it is concluded that sugarcane bagasse can be used as capping 

and reducing agent in the production of iron oxide microparticles. Moreover, the biosand 

composite with iron oxide microparticles has the ability to decrease the pH, turbidity, chemical 

oxygen demand (COD), total suspended solids (TSS)  the total coliform and thermotolerant fecal 

coliform (TFC) and increase the dissolved oxygen (DO) of the wastewater sample. All of the 

post-test values of the parameters except for the COD of the wastewater sample filtered in set-up 

A was also able to pass the accepted range set by the DENR for Class C water.  Therefore, the 

result is a promising route towards the development of a novel filter for industrial wastewater 

treatment. 

 

 

http://pubs.rsc.org/en/results?searchtext=Author%3AMunmun%20Mukherjee
http://pubs.rsc.org/en/results?searchtext=Author%3ASirshendu%20De
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RECOMMENDATIONS 

 

To further improve the study, the  following are recommended: to add more parameters such as 

Biological Oxygen Demand (BOD) and Total Dissolve Solids (TDS) and heavy metal 

adsorption; add more set-ups with varying amounts of iron oxide microparticles to establish the 

relationship between the amount of iron oxide microparticles and the water quality parameters; 

to make a specific product which contains biosand composite with iron oxide microparticles; and 

to provide other sources of industrial wastewater such as those produced in Sugarcane Mills.  

 

REFERENCES 

 

M. Mahmoudi, S. Sant, B.Wang, S. Laurent, and T. Sen, “Superparamagnetic iron oxide 

Nanoparticles (SPIONs): development, surface modification and applications in chemotherapy,” 

Advanced Drug Delivery Reviews 63 1-2 (2011): 24–46. Accessed October 28, 2016 doi: 

10.1016/j.addr.2010.05.006. 

 

M. P. Manohar, M. A. Harish Nayaka, Mahadevaiah, ‘Studies on phenolic content and 

polyphenol oxidase activity of sugarcane varieties with reference to sugar processing,” Panela 

Monitor Knowledge Shop 16 4 (2011): 385-391. Accessed May 15, 2016 from 

http://www.panelamonitor.org/documents/1057/studies-phenolic-content-and-polyphenol-

oxidase-ac/.  

 

Reda Ammar, “Synthesis and Application of Iron oxide Nanoparticles,” Arabian Journal of 

Chemistry 3 3 (2010): 135-140. Accessed May 15,2016 

http://www.sciencedirect.com/science/article/pii/S1878535210000377. 

 

Shamim Ahmad and Tariq A. Mahmoud,“Wastewater from a sugar refining industry,” Water Res 

16 3 (2010): 345–355. Accessed May 15, 2016, http://dx.doi.org/10.1016/0043-1354(82)90195-

6. 

 

Shouheng Sun , Hao Zeng , David B. Robinson , Simone Raoux , Philip M. Rice , Shan X. Wang 

and Guanxiong Li, “Monodisperse MFe2O4 (M = Fe, Co, Mn) Nanoparticles,” Journal of the 

American Chemical Society 126 1 (2004): 273-279. Accessed May 15, 2016 

DOI: 10.1021/ja0380852 

 

S. Iravani, H. Korbekandi, S.V. Mirmohammadi, and B. Zolfaghari, “Synthesis of silver 

Nanoparticles: chemical, physical and biological methods,” Research in Pharmaceutical 

Sciences 9 6 (2014): 385-406.  Accessed May 16, 2015 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4326978/.   

 

“DENR Administrative Order No. 35 Series of 1990,” WEPA, Accessed October 28,2016 

http://www.wepa-db.net/policies/law/philippines/dao35_1990.htm 

 

“Liquid Waste (Sewage/Wastewater) Treatment,” E-school Today, accessed May 15, 2016 

http://eschooltoday.com/pollution/water-pollution/sewage-treatment-process-for-kids.html. 

 



Asian Journal of Basic and Applied Sciences                                                                             Vol. 4, No. 1, 2017 

                                                                                                                                                                ISSN 2313-7797 

Multidisciplinary Journals   

www.multidisciplinaryjournals.com  14 

“Physical Properties of Iron Oxide Nanoparticles,” The University of Maine, Honors College 

accessed October 28, 2016 http://digitalcommons.library.umaine.edu/honors/210?utm_ 

source=digitalcommons.library.umaine.edu%2Fhonors%2F210&utm_medium=PDF&utm_camp

aign=PDFCoverPages 

 

“The state of water resources in the Philippines,” Greenpeace Southeast Asia, accessed 

September 6, 2016 http://www.greenpeace.org/seasia/ph/Global/seasia/report. 

 

de Medina, Leo, Handbook of Water Analysis (Belgium: Ghent, 2000), 40-50. 

 



Asian Journal of Basic and Applied Sciences                                                                             Vol. 4, No. 1, 2017 

                                                                                                                                                                ISSN 2313-7797 

 

Multidisciplinary Journals   

www.multidisciplinaryjournals.com  15 

APPENDICES 

T-test for Two Independent Means on the Wastewater Quality Parameters of the Industrial 

Wastewater Samples 

Table 11. T-test For Independent Means of the pH of the Industrial Wastewater sample 

Variable Treatment N Mean SD 

pH_posttest Set-up A 3 7.01 0.5981 

pH_posttest Set-up B (Control) 3 8.29 0.0954 

pH_posttest 
Diff(Set-up A-Set-

up B (Control) 
 -1.28 0.4283 

Two Independent Sample t-Test, h0: mean diff = 0 

Variable Method Variances DF T Value 

pH_posttest Satterthwaite Unequal 2.10 -3.67 

*2013 further analyzed using Statistical Tool for Agricultural Research (STAR) 

Table 12. T-test for Two Independent Means on the Turbidity of the Industrial Wastewater 

 Sample 

 

Variable Treatment N Mean SD 

Turbidity Set-Up A 3 7.96 2.27 

Turbidity Set-Up B 3 32.87 2.55 

Turbidity Diff (Set-up A-Set-upB)  -24.91 2.41 

Two Independent Sample t-Test, h0: mean diff = 0 

 

Variable Method Variances Df t Value 

Turbidty Pooled Equal 4 -12.64 

*2013 Further analyzed using Statistical Tool for Agricultural Research (STAR) 
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Table 13. Table 9. T-test for Two Independent Means on the chemical oxygen demand (COD) of 

the Industrial Wastewater Sample 

 

Variable Treatment N Mean SD 

COD_posttest Set-Up A 3 99.70 32.63 

COD_posttest Set-u B 3 227.83 44.49 

COD_posttest 
Diff(Set-up A-

Set-upB) 
 -216.58 39.02 

Two Independent Sample t-Test, h0: mean diff = 0 

 

Variable Methood* Variances DF T Value 

COD posttest Pooled Equal 4 -4.02 

 

Table 14. Pre-test and Post-test Results of the total suspended solids (TSS) of the Industrial 

Wastewater Sample 

 

Variable Treatment N Mean SD 

TSS_posttest Set-up A 3 4.33 2.52 

TSS_posttest Set-up B 3 42.33 6.66 

TSS_posttest 

Diff(set-up A-

Set-upB) 

 -38.00 5.03 

Two Independent Sample t-Test, h0: mean diff = 0 

Variable Method Variances DF T Vaue 

TSS_posttest Pooled Equal 4 -9.25 
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Table 15. T-test for Two Independent Means on the dissolved oxygen (DO) of the Industrial 

Wastewater Sample 

 

Variable Treatment N Mean SD 

DO_posttest Set-up A 3 6.20 0.7000 

DO_posttest 
Set-up B 

(Control) 
3 2.93 0.8083 

DO_posttest 

Diff(Set-up A-

Set-up B 

(Control) 

 3.27 0.7561 

Two Independent Sample t-Test, h0: mean diff = 0 

Variable Method Variances DF T Value 

DO_posttest Pooled Equal 4.00 5.29 

 

Table 16. T-test for Two Independent Means on the Total Coliform (TC) of the Industrial 

Wastewater sample 

 

Variable Treatment N Mean SD 

TC_posttest Set-up A 3 600.00 350.43 

TC_posttest Set-up B 3 1966.67 230.94 

TC_posttest Diff(Set-up A- Set-up B)  1346.67 296.76 

Two Independent Sample t-Test, h0: mean diff = 0 

Variable Method Variances DF T value 

TC_posttest Pooled Equal 4 -5.56 
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Table 16. . T-test for Two Independent Means on the thermotolerant   fecal coliform (TFC) of the 

Industrial Wastewater Sample 

 

Variablle Treatment N Mean SD 

TFC_posttest Set-up A 3 523.33 405.26 

TFC_posttest Set-up B 3 1600.00 173.21 

TFC_posttest 

Diff (Set-up A-

Set-upB) 

 1076.67 311.64 

Two Independent Sample t-Test, h0: mean diff = 0 

Variable Method Variances DF T Vaue 

TFC_posttest Pooled Equal 4 -4.23 
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Physical and Chemical Properties of Iron Oxide Microparticles  
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Official Results for UV-Visible Spectroscopy of the Iron Oxide Microparticles 
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Report of Analysis for Field Emission Scanning Electron Microscopy (FESEM) 

and SEM Images of the Iron Oxide Microparticles 



Asian Journal of Basic and Applied Sciences                                                                             Vol. 4, No. 1, 2017 

                                                                                                                                                                ISSN 2313-7797 

 

Multidisciplinary Journals   

www.multidisciplinaryjournals.com  22 

Particle Size of Iron Oxide Microparticles 
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Official Results of Auger Electron Spectroscopy (AES) 

  



Asian Journal of Basic and Applied Sciences                                                                             Vol. 4, No. 1, 2017 

                                                                                                                                                                ISSN 2313-7797 

 

Multidisciplinary Journals   

www.multidisciplinaryjournals.com  25 

SEM Images of Iron Oxide Samples 
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AES Differentiated Spectra of Iron Oxide Samples 
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Quantitative Analysis of Iron oxide Samples 

  



Asian Journal of Basic and Applied Sciences                                                                             Vol. 4, No. 1, 2017 

                                                                                                                                                                ISSN 2313-7797 

 

Multidisciplinary Journals   

www.multidisciplinaryjournals.com  28 

Chemical State Analysis of Iron Oxide Samples 
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Pre-test Results of the Wastewater Samples for Chemical Oxygen Demand, Dissolved 

Oxygen, pH, Turbidity, Total Coliform, Thermotolerant Fecal Coliform 

 and Total Suspended Solids 
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Appendix L 

Official Results for the pH of the Wastewater treated with Set up A (BioSand Composite 

with iron oxide Microparticles ) and with Set up B (Sand Only) 
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 Official Results for the Chemical Oxygen Demand (COD) of the Wastewater treated with 

Set up A (BioSand Composite with iron oxide Nanoparticles ) 

Official Results for the Chemical Oxygen Demand (COD) of the Wastewater treated with 

Set up B (Sand Only) 
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Official Results for the Dissolved Oxygen (DO) of the Wastewater treated with Set up A 

(BioSand Composite with iron oxide Nanoparticles) and with Set up B (Sand Only) 
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Official Results for the Total Suspended Solids (TSS )and pH  of the Wastewater treated 

and with Set up B (Sand Only) 
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TSS of the Wastewater After It was Filtered in Set-up A (Sand with Iron Oxide 

Microparticles) 
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Official Results for the Thermotolerant Fecal and Coliform of the Wastewater treated with 

Set up A (Sand with Iron Oxide Nanoparticles) 
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Official Results for the Total Fecal and Coliform of the Wastewater treated with Set up B  

(Sand Only) 
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Turbidity of the Wastewater after It was Filtered with Set-up A (Sand with Iron Oxide 

Microparticles) and Set-up B (Sand Only 
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Communication Letter for STI-WNU 
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Technical Service Request Form for DOST Taguig, ITDI 
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Certifications from Negros Prawn Producers Laboratory 
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Communication Letter for First Farmers Holding Corporation 
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Official Receipts from Negros Prawn Producers Laboratory 
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Official Receipt from DOST Taguig- ADMATEL, ITDI 
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Figure 18. Boiling of 

50 grams bagasse in 

100 mL distilled 

water for 10 minutes 

Figure 17. 50 grams  

of bagasse 

Figure 16. 

Measuring 50 

grams of bagasse 

Figure 15.Sugarcane 

Bagasse collected 

from the First 

Farmers Holding 

Corporation 

  

Figure 21. The 

bagasse extract 

Figure 20. 
Filtering the 

mixture using a 

cloth 

Figure 19. After the 

50 g of bagasse was 

boiled 

  

Figure 22. The 

residue 

Figure 23. Putting 

sugarcane bagasse 

extract in each test 

tube 

  

Figure 12. The 

Negros Prawn 

Laboratory 

Figure 13. First 

Farmers Holding 

Corporation 

Figure 14. 

Department of 

Science and 

Technology- ITDI 
(Photo Credits: Pinoy 

Technoguide) 
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Figure 24. Adding 

40 ml of ferric 

chloride solution into 

the test tube 

 

Figure 25. Using the 

pipette for  

measuring the ferric 

chloride solution into 

the centrifuge tube 

Figure 26. 

Preparing the 

centrifuge tubes to 

be placed in the 

centrifuge 

Figure 27. Placing 

the centrifuge tubes 

into the centrifuge 

    

 

Figure 28.After 

15 minutes of 

centrifugation, the 

supernatant was 

discarded 

Figure 29. The 

attained black 

product 

Figure 30. The 

black product 

washed with ethanol 

Figure 31. The 

black product after 

washing with 

ethanol 

  

Figure 32. 

Transferring the 

black product into 

the evaporating dish 

Figure 33. Placing 

the evaporating dish 

in the oven  

Figure 34. The oven 

at 105 degrees 

Celsius 

Figure 35. The 

evaporating dish 

inside the oven 

for 5 hours 
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Figure 36. The 

black product 

after 5 hours 

Figure 37. Putting 

the final black 

product inside the 

vial  

 

   

Figure 39. Sand 

passing through a 

sieve  

Figure 40. Sieve 

with holes 

between 0.85 and 

2.36 mm 

Figure 41. 

Preparing the 8% 

Nitric acid 

solution 

Figure 42. Sand 

soaked in an 8% 

Nitric acid 

solution 

 

 

Figure 43. 

Checking the pH 

Figure 45. Drying 

the sand in the 

oven 

 

Figure 44. Rinsing 

the sand soaked 

with distilled 

water 

 

Figure 46. The oven 

at 104 degrees 

Celsius 

Figure 38.The Sand 

with Iron oxide 

microparticles filter 

and the sand filter 

Figure 47. 

Evaluating the pH 

level of the Iron 

oxide 

Microparticles 
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Figure 48. 

Evaluating the Iron 

oxide 

Microparticles’ 

Solubility to water 

Figure 49. 

Evaluating the Iron 

oxide 

Microparticles’ 

Solubility to ethanol. 

Figure 50. Evaluating 

the flammability of 

Iron oxide 

Microparticles. 

 

  

Figure 51. Filtration of 

the wastewater samples 

using the biosand 

composite with iron 

oxide microparticles 

Figure 52. The 

wastewater samples 

after being filtered 

using the biosand 

composite with iron 

oxide microparticles 

 

Figure 53. The 

wastewater samples 

after being filtered 

using sand only. 

 

 

Figure 51. The 

wastewater samples 

being filtered using the 

biosand composite with 

iron oxide microparticles 

 

Figure 54. Testing the 

pH of the wastewater 

 

 

Figure 55. Testing the 

turbidity of the 

wastewater 

 

 

Figure 56. Testing the 

COD of the wastewater 

 

 

Figure 57. Testing the 

DO of the wastewater 

 

 

Figure 58. Testing the  

TSS of the wastewater 

 

 

Figure 58. Testing the  

TFC of the wastewater 

 

 


