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or preparation of nano-composite (iron oxide nanoparticles 
coated by TiO2) sol-gel method was used. The difference 
between iron oxide nanoparticles and iron oxide nanoparticles 

coated by TiO2, which had an antibacterial effect and ability to 
remove heavy metals was discussed. The nano-sized particles of 
prepared metal nanoparticles were about 55-65 nm for the two types. 
Different characterization instruments such as X-ray diffraction 
(XRD) analysis; scanning electron microscopy (SEM), FT-IR, 
particle size analyzer and VSM were used to know the magnetic 
properties of prepared nano-composites. The antibacterial effect of 
two types of nano-composite were investigated against pathogenic 
bacteria, which illustrated that nanoparticles had moderate 
antibacterial activity against both gram-positive and gram negative 
pathogenic bacterial strains, maintains pharmaceutical and 
biomedical industries application. High reduction percent of 
antibacterial activity was shown after 30 min by 150 µg/ml of 
nanoparticles prepared. Also, the elevated inhibition percent was 
obtained due to removal of aluminum and iron ions from poisoned 
water and decreasing effect of COD and BOD concentrations with 
reducing total nitrogen percent. 

Keywords: magnetic nanoparticles, iron oxide coated by TiO2 nanoparticles, 
                   antibacterial activities, co-precipitation, E. coli 

Synthesize nano-sized inorganic and organic particles made a 
breakthrough in various applications in industry, medicine, therapeutics, 
synthetic textiles, water treatment and food wrapping products (Feynman, 
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1991). Small size and high surface to volume ratio of nanoparticles increase 
their interaction with the bacteria that leading to a large antibacterial 
activities. Metal nanoparticles with antibacterial activity had merged with 
coated on to surfaces can offer great applications (Gutierrez et al., 2010). 
The composites prepared using metal nanoparticles and polymers can find 
better utilization due to the enhanced antimicrobial activity. The role of iron 
oxide with titanium nanoparticles had potential antimicrobials and the 
possible mechanism of their inhibitory actions. Metal nanoparticles have far 
reaching industrial and medical application, due to their unique 
physicochemical and biological properties. The nano-composites synthesize 
with polymers can be of best use, because of enhanced antibacterial activity 
(Woo et al., 2004 and Laurent et al., 2008). Metal nanoparticles have far 
reaching industrial and medical applications, due to their exclusive physico- 
chemical and biological properties. Although the influence of the extended 
exposure to nanoparticles on human health and environment is not yet fully 
known, which leads to the need for thorough studies before their large-scale 
production and application in various fields (Kolar et al., 2001; El Saesser 
and Howard, 2010 and Chorianopoulos et al., 2011). Antibacterial agents 
had a concern worldwide of microbial treatment from various sources to 
solve this problem (Gajjar et al., 2009). Iron oxide nanoparticles with 
composites gave a synthesizing technology for new antibacterial agents and 
also, reducing bio-film development (Fujishima and Honda, 1972). The 
surface area of the nanoparticles attached with bacteria accounts for its 
antibacterial activity. Metal nanoparticles can affect the biological behavior 
on organ, tissue, cellular, sub-cellular, and protein levels. The size of the 
nanoparticles is small and these can easily access the skin, lungs, and brain 
and cause adverse effects (Fujishima et al., 1992; Wei et al., 1994 and Pham 
et al., 1995). Metal nanoparticles are promising as antibacterial and 
therapeutic agents due to their biological and physiochemical properties. 
Synthesis of iron oxide nanoparticles with different metal oxides had been 
greatly elevating, because of its large technological and biomedical 
applications (Asharani et al., 2008). Iron oxide nanoparticles have smart 
properties that had a multivalent oxidation states, which made them of great 
interest, also their super paramagnetic and high electro-static attraction with 
large magnetic susceptibility (Shaw et al., 2008 and Schrand et al., 2010). 
Interaction between iron oxide nanoparticles with air, water and soil in the 
environment might be several changes in a surface characteristic that made 
changes of particle charge and other surface properties (Mahdavi et al., 
2007). In the recent times, nanotechnology has brought the nanosized 
inorganic and organic particles, which are finding increasing applications as 
amendments in industrial, medicine and therapeutics, synthetic textiles and 
food packaging products (Ireland et al., 1993). Ranging of nanoparticles 
usually in dimension from 1-100 nanometers (nm) have properties unique 
from their bulk equivalent. Decreasing in the dimensions of the materials to 
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the atomic level, changes their properties. Moreover, as the biological 
processes also occur at the nanoscale and due to their amenability to 
biological functionalization, the nanoparticles are finding important 
applications in the field of medicine (Matsunaga et al., 1998). Currently, the 
metallic nanoparticles are thoroughly being explored and extensively 
investigated as potential antimicrobials. The antimicrobial activity of the 
nanoparticles is known to be a function of the surface area in contact with 
the microorganisms. The small size and the high surface to volume ratio, i.e. 
large surface area of the nanoparticles enhance their interaction with the 
microbes to carry out a broad range of probable antimicrobial activities. 
Metal nanoparticles with antimicrobial activity, when embedded and 
coatedon to surfaces can find immense applications in water treatment 
(Matsungaet al., 2005). This study aim to synthesize iron-oxide 
nanoparticles coated by titanium dioxide using sol-gel method and 
characterization different instruments, and also aimed to evaluate the 
reduction percent of prepared nanoparticles in removal of heavy metals from 
polluted water. This study is concentrated on the various synthetic routes of 
iron nanoparticles and their antimicrobial activity dependant on various 
factors; like shape of the particles surfactants, used plant mediated 
biosynthesis of nanoparticles have been of recent interest for the researchers 
to exploit the wasted or recycled biomass for the synthetic application (Xiao 
et al., 2011, Laurent et al., 2011and Mahmoudi et al., 2011) and 
microorganisms (Kievit and Zhang et al.,2011 and Montferrand et al., 2013) 
the ultimate effect of the nano-sized material is to be employed in fabrication 
of antimicrobial patch. In the present study, an attempt has been made to 
synthesized iron-oxide nanoparticles in sol-gel method and characterizes it 
by particle size analyzer (PD), X-ray diffraction (XRD), and scanning 
electron microscope (SEM) along with the evaluation of their antibacterial 
activity of gram-positive and gram-negative bacteria. Iron oxide 
nanoparticles have been of great interest, not only for fundamental properties 
caused by their multivalent oxidation states, but also for their super 
paramagnetic, high force, low Curie temperature and high magnetic 
susceptibility. 

MATERIALS AND METHODS 

1. Collection of Five Samples of Al Tard-Bilraha Drain Ismailia, Egypt 
Wastewater for Different Location 

Ferric chloride hexahydrate (FeCl3.6H2O), ferrous chloride 
tetrahydrate (FeCl2.4H2O) and ammonium hydroxide (NH4OH) were 
purchased from Merck. All acids used were of the highest purity available 
were obtained from Merck.TiO2 was obtained from titanium (IV) 
isopropoxide (TTIP) and dissolved in absolute ethanol and distilled water 
was added to the solution. 
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2. Preparation of Iron Nano-composite with Coated TiO2 

2.1. Sol–gel method 
Sol–gel method is generally used to coat titanium dioxide on a 

magnetic core, followed by a heat treatment process to transform the initial 
amorphous phase into a photo-catalytic crystal structure (normally anatase). 
It typically involves the hydrolysis of one titanium alkyloxide precursor (like 
titanium isopropoxide in the presence of magnetic particles. This procedure 
is favorable for producing particles with excellent chemical homogeneity, 
high purity and more uniform phase distributions in multi-component 
systems. Sol gel processing route is a wet chemical process for the synthesis 
of colloidal dispersion of inorganic and organic inorganic hybrid materials. 
The synthesis of metal oxides by sol-gel synthesis has proven extremely 
versatile since it allows the formation of a large variety of metal oxides at 
relatively low temperatures via the processing of metal salt or metal alkoxide 
precursors. The structure and composition of nano-oxides formed by sol-gel 
method depend on the preparation condition, the nature of the precursors, the 
ion source and pH. The Sol-gel synthesis of iron oxide particles was carried 
out from condensed ferric hydroxide gels, obtained from FeCl3 solutions in 
NaOH. After aging the gel at 100°C, mono-disperse pseudo-cubic α-
Fe2O3particles were obtained (Sugimoto and Sakata 1992 and Sugimoto et 
al., 1993). The reaction proceeded through a two-step phase transformation 
from precipitated Fe(OH)3 gel to a fibrous β-FeOOH and finally to α-Fe2O3. 
The magnetic nanoparticles (MNPs) were prepared according to Hong et al. 
(2006) and Indira and Lakshmi (2010). Briefly, FeCl2.4H2O and FeCl3.6H2O 
(molar ratio of Fe3+/Fe2+=2/1) were mixed with corresponding volume of 
TTIP, then isopropanol was added in beaker with vigorous stirring at 500 
rpm at 80oC. 
2.2. Characterization of iron oxide nano-composite 

XRD pattern of iron oxide nano-composite obtained using a X-ray 
diffractometer Schimadzu model: A PAN analytical X-rays diffraction 
equipment model Expert PRO with secondary mono-chromator, Curadiation 
(λ=1.54A0) at 50k.v. 40 M.A and scanning speed 0.02o /sec. The micrographs 
of prepared particles were obtained using a Scanning Electron Microscope 
using SEM Model Quanta 250 FEG (Field Emission Gun). 
 
3. Examination of Iron Nano-composite Efficiency 

Batch adsorption studies were performed by mixing MNPs with 50 
ml of the synthesized wastewater in a flask. For pH adjustment, standard 0.1 
M HCl and 0.1 M NaOH solutions were used. The solution mixture of MNPs 
was put with wastewater solution in sonicator for different times. After 
adsorption reached equilibrium, the adsorbent was conveniently separated 
via an external magnetic field and the solution was collected for metal 
concentration measurements. MNPs were washed thoroughly with deionized 
water to neutrality. The concentrations of metal ions were measured by a 
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plasma-atomic emission spectrometer (ICP-AMS, Optima 3000XL, 
PerkinElmer) in accordance with the Standard Method. In order to obtain 
reproducible experimental results, the adsorption experiments were carried 
out at least three times. 

4. Microbiological Experimentation 
4.1. Detection of microbial water pollution 

The total viable bacterial counts (TVBCs) at 22°C and 37°C were 
determined using the spread-plate method (APHA, 1995). The number of 
total and faecal coliforms was determined by the most probable number 
(MPN) method. The positive tubes were streaked on the Eosin Methylene 
Blue (EMB) agar plates. Microscopic examination was carried out to ensure 
gram-negative, non-spore forming rods. 
4.2. Detection of MIC from two prepared nanoparticles (150-500 µg/ml) 
against different pathogenic gram-positive and gram-negative bacteria 
by using Inhibition Zone Test 

The antimicrobial activity of different concentrations of prepared 
iron oxide nano-composites (150 to 500 µg/ml) was investigated against four 
pathogenic bacterial strains representing gram-positive and gram-negative 
bacteria, namely, Escherichia coli, Klebsiella pneumonia, Bacillus subtilis 
and Staphylococcus aureus. The antimicrobial susceptibility test was done 
by Kirby-Bauer Disk Susceptibility Test and measuring Inhibition Zones 
(Bauer et al., 1966). MacConky agar, MacConky broth and nutrient agar 
were used as the growth media. All media were prepared according to the 
manufacturer's instructions. Cheesbrough method was followed to prepare 
filter paper disks of 6 mm diameter saturated with the two different 
nanoparticles concentrations (Cheesbrough, 2000). An inoculum of each 
bacterial isolate was prepared from the prepared bacterial suspension. In 
brief, sterile distilled water was used to emulsify 3–4 colonies of the isolates 
and the turbidity was adjusted to 1.5×108 CFU/ml (corresponding to 0.5 
McFarland standards, which were prepared by the method of Koneman et al. 
(1997). A sterile cotton swab was immersed into the standardized bacterial 
suspension then inoculated on the agar plates evenly. The plates were dried 
for 2–5 min. Afterwards, all disks were placed on the plates and pressed 
gently to ensure adequate contact with agar. A distance of 12 mm at least 
was preserved from the edges of the plates to avoid overlapping of inhibition 
zones. An oxacillin disk (15 g) was used as a positive control. The plates 
were incubated at 37°C for 2–5 days. Afterwards the plates were inspected 
and the diameter of the zone of inhibition was measured. 
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RESULTS AND DISCUSSION 

1. Characterization of the Iron Nano-composite with TiO2 

1.1. X-ray diffraction analysis (XRD) 
Fig. (1) shows the sharp peaks of Fe3O4 and Fe2O3 nanoparticles that 

have well crystallized structure. Fig. (2) shows peaks corresponding to the 
diffractions of TiO2 anatase, hematite, and magnetite spinal structure. The 
positions and relative intensities of the reflection peak of Fe3O4 and Fe2O3 

MNPs agree with the XRD diffraction peaks of standard Fe2O3 samples 
(Mahdavi et al., 2007). 
 

Mineral name Chemicalformula Semi-quant (%) 
Hematite Fe2O3 60 

Maghemite γ-Fe2O3 15 
Magnetite Fe3O4 25 

 
 

 
Fig. (1). X-ray diffraction of iron oxide nanoparticles. 

Mineral name Chemical formula Semi-quant (%) 
Hematite Fe2O3 45 
Titanium Oxide TiO2 25 
Magnetite Fe3O4 30 
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Fig. (2). X-ray diffraction of iron oxide nano-composite with TiO2. 
 
1.2. Scanning electron micrograph (SEM) 

SEM images in fig. (3) show surface area of iron oxide nanoparticles 
and nano-composite with TiO2, which consider as cubic and spherical shape 
of hematite nanoparticles merged with TiO2 in bending structure. The SEM 
photos show the effect of iron oxide to form nano-pellets with different 
shapes and the spherical pellet of iron oxide with nano-sized. However, fig. 
(4) illustrates the effect of TiO2 with iron oxide formed as a core pellet to 
form a new nano-composite. This nano-composite has new chemical and 
biochemical features and high surface area with small diameter. 

 
Fig. (3). Scanning electron microscope of iron oxide nanoparticles. 
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Fig. (4). Scanning electron microscope of iron nano-composite with TiO2. 

1.3. Particle size determination of iron oxide nano-composite 
The reduction percent (removal efficiency) depends mainly on the 

size of nanoparticles formed and the nature of core and coated materials to 
form nano-composite, which had large surface area had ability to remove 
heavy metals or any contaminant in polluted water. The mean particle size 
of iron oxide nano-composite with TiO2 showed that the iron oxide nano- 
composite is nearly spherical and crystalline in shape. The nanoparticles 
intensity weighting was 92.60 nm, volume weighting was 33.40 nm and 
number weighting was 15.50 nm. The mean diameter of nano-composite 
material ranges around 47.16 nm (Fig. 5). 

 

 
Fig. (5). Particle size analyzer of iron oxide nanoparticles. 

 
1.4. Vibrating sample magnetometer of iron oxide nano-composite 
 The magnetization curves were measured at room temperature for 
iron oxide nanoparticles and iron oxide coated TiO2-anatase (Fig. 6). 
Magnetization showed no hysteresis, suggesting that produced magnetic 
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particles are superparamagnetic (Pradhan et al., 2006). When the magnetic 
component size of the particles is smaller than critical size; these particles 
had super paramagnetism properties (Guo et al., 2010). The high saturation 
magnetization of pure Fe3O4 indicated the good crystal structure. Fig. (7) 
shows that the saturation magnetization values of TiO2 coated iron oxide 
was smaller than the value for the crude magnetite nanoparticles. Therefore, 
the saturation magnetization was reduced after coating of TiO2 onto the 
surface of iron oxide nanoparticles. The presence of diamagnetic shell on 
iron oxide nanoparticles causes this effect. The super paramagnetic 
behaviors showed in two figures indicating that magnetite and hematite 
nanoparticles were merged in the composite particles. 

 
Fig. (6). Magnetization curve iron oxide nanoparticles. 

 

 
Fig. (7). Magnetization curve iron oxide nano-compositeTiO2. 

 
2. Chemical Analysis of Wastewater Samples 

Represented data in table (1) show that, the mean value of pH of 
wastewater for collected samples was about 7.74 and this value is in normal 
range of standard level for good water. Also, average range of dissolved 
oxygen (DO) was 3.16 mg/l. This value of DO considered as a moderate 
value for microbial contamination in water. The mean values of five 
collected samples of total nitrogen (TN) in wastewater were around 42.63 
mg/l. This value had a slightly rise related to Egyptian standard 
specification of water quality. However, the total phosphorous (TP) of all 
collected samples was ranged in normal Egyptian standard specification for 
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wastewater. The mean value of water salinity (Total Dissolved Substances) 
was 4598 mg/l. The high salinity of water was due to the effect of leaching 
and dissolution of salty soil in this area. 
 
Table (1). Chemical analysis of Al Tard-Bilraha Drain Ismailia before 

treatment. 
No. pH TP 

(mg/l) 
TN 

(mg/l) 
DO 

(mg/l) 
TDS 

(mg/l) 
1 7.54 1.25 52.01 2.50 4200 
2 8.01 1.82 41.12 3.47 4258 
3 7.63 1.42 40.10 2.91 4500 
4 7.28 1.89 42.78 3.50 4920 
5 8.25 2.01 37.18 3.46 5112 

TDS: total dissolved salts, DO: dissolved oxygen, TN: total nitrogen, TP: total 
phosphorus 
 

Table (2) illustrates that the mean value of total suspended solids 
was 25.80 mg/l. The chemical oxygen demand (COD) was considered as 
organic pollutants with some inorganic pollutants. The mean value of 
chemical oxygen demand of polluted water was 26.99 mg/l. The mean value 
of biochemical oxygen demand (BOD) was 16.24 mg/l. Extensive 
observation of the COD and BOD levels on the same wastewater has shown 
that the COD to BOD ratio of a particular wastewater will remain constant 
over time. 
 
Table (2). Chemical analysis of Al Tard-Bilraha Drain Ismailia before 

treatment. 
No. TSS 

(mg/l) 
COD 
(mg/l) 

BOD5 
(mg/l) 

COD/BOD 
ratio 

1 22 25.22 15.78 37.43 
2 24 27.74 19.76 28.76 
3 19 31.54 16.41 47.97 
4 29 29.11 17.28 40.63 
5 35 21.36 12.01 43.77 

TSS: total suspended solids, COD: chemical oxygen demand, BOD: biochemical 
oxygen demand 
 

The heavy metals concentrations (Table 3) in collected polluted 
water were in standard level range as global standards specification and 
Egyptian standards, except iron and aluminum ions. Water treatment 
occurred to remove iron and aluminum by prepared iron oxide nanoparticles 
and nano-composite of iron oxide coated by TiO2. 
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Table (3). Heavy (toxic) metals of Al Tard-Bilraha Drain Ismailia before 
                 treatment. 

No. 
Heavy metals conc. (mg/l) 

 
Al 

 
Cd 

 
Co 

 
Cr 

 
Cu 

 
Fe 

 
Mn 

 
Mo 

 
Ni 

 
Pb 

 
V 

 
Zn 

1 1.540 ND ND 0.098 0.020 1.345 0.254 0.025 0.011 0.098 0.741 0.010 
2 4.295 ND ND 0.168 ND 1.421 0.120 0.011 0.012 0.045 0.802 ND 
3 0.987 ND ND 0.01 ND 0.752 0.048 0.014 ND 0.027 0.01 0.008 
4 1.211 ND ND 0.101 ND 2.321 0.201 0.014 0.008 0.035 0.020 0.010 
5 1.020 ND ND 0.145 ND 4.158 0.197 0.045 0.017 0.078 0.025 ND 

 
2.1. Effect of iron oxide nano-composite after treatment 
 Table (4) shows the effect of iron oxide nanoparticles and iron oxide 
with TiO2nano-composite in reducing chemical oxygen demand 
concentrations. The mean value of reduction percent of chemical oxygen 
demand was 33.29%. Nano-composite had the ability to reduce the organic 
matters pollutants. The mean value of reduction percent of BOD was 76.61%. 
Biochemical oxygen demand could be affected by the iron nano- composite. 
This was indication the high removal efficiency of nano- composite asanti-
bactericidal. 

 
Table (4). Chemical Analysis of Al Tard-Bilraha Drain Ismailia after 

treatment. 
No. COD 

(mg/l) 
before 

COD 
(mg/l) 
after 

Reduction 
(%) 

BOD5 
(mg/l) 
before 

 

BOD5 
(mg/l) 
after 

 
 

Reduction 
(%) 

1 25.22 17.78 29.50 15.78 2.45 84.47 
2 27.74 16.45 40.69 19.76 4.27 78.39 
3 31.54 20.01 36.55 16.41 3.97 75.81 
4 29.11 19.62 32.60 17.28 4.64 73.15 
5 21.36 15.57 27.10 12.01 3.45 71.27 

TSS: total suspended solids, COD: chemical oxygen demand, BOD: biochemical 
oxygen demand 
Optimal condition: 0.15 mg/ml (nanoparticles conc.) at 25oC and PH 7 for 15 min 
(El-Sayed and Abdulhady, 2015) 
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Fig. (8). Relation between COD removal and reduction percent. 

Fig. (9). Relation between BOD removal and reduction percent. 
 
2.2. Removal of total nitrogen by iron nano-composite 
Reduction percent ranged from 68.22% (sample 3) to 78.35% (sample 1) 
(Table 5 and Fig. 10). High removal efficiency of iron nano-composite on 
reducing nitrogen compounds in wastewater samples was shown. The 
nitrogen atoms nitro-compound was adsorbed on iron oxide nanoparticles 
cross chemical electro-static binding with oxygen atom of hydroxyl group. 
 
Table (5). Chemical analysis of Al Tard-Bilraha Drain after treatment. 
 

No. TN (mg/l) 
before 

TN (mg/l) 
after 

Reduction 
(%) 

1 52.01 11.26 78.35 
2 41.12 10.98 73.29 
3 40.10 12.74 68.22 
4 42.78 13.09 69.40 
5 37.18 09.14 75.41 

Optimal condition: 0.15 mg/ml (nanoparticles conc.) at25oC and PH 7 for 15 min 
(El-Sayed and Abdulhady, 2015). 
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Fig. (10). Relation between TN removal and reduction percent. 
 
2.3. Removal of iron and aluminum metals by iron nano-composite 

Table (6) and Fig. (11 and 12) discuss the reduction percent of 
removal iron and manganese ions from wastewater. Data explained the high 
value of iron reduction percent from 83.17 to 95.66% and for manganese 
reduction percent from 74.26% (in sample 1) to 90.90% (in sample 4). 
 
Table (6). Heavy (toxic) metals of Al Tard-Bilraha Drain Ismailia after 

treatment. 

No. 
Iron 

(mg/l) 
before 

Iron 
(mg/l) 
after 

Reduction 
(%) 

Aluminum 
(mg/l) 
before 

Aluminum 
(mg/l) 
after 

Reduction 
(%) 

1 1.345 0.15 88.84 1.540 0.425 72.40 
2 1.421 0.32 77.48 4.295 1.254 70.80 
3 0.752 0.28 62.76 0.987 0.356 63.93 
4 2.321 0.41 82.33 1.211 0.478 60.52 
5 4.158 0.39 90.62 1.020 0.347 65.98 
6 1.345 0.27 79.92 1.540 0.490 68.18 
Optimal condition: 0.15 mg/ml (nanoparticles conc.) at 25oC and PH 7 for 15 min 
(El-Sayed and Abdulhady, 2015). 
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Fig (11). Relation between iron removal and reduction percent. 
 
 

 
Fig (12). Relation between aluminum removal and reduction percent. 
 
3. Effect of Iron Nano-Composite on Bacteriological Contamination 
           The total number of bacteria in most samples recorded 300 cfu/ml. 
The bacteriological analyses involved total viable bacterial counts (TVBCs) 
and total coliforms. The results of the total number of bacteria are shown in 
Table (7). The most probable number of faecal indicators total coliforms 
(TC) is also shown in table (7). MPN of TC 1100/100 ml recorded the upper 
limits for microbial pollution. The highest bacterial indicators were recorded 
at Al Tard-Bilraha Drain Ismailia. This might be explained by the effect of 
domestic and agricultural wastes discharge from the urbanized surrounding 
area (Bateganya et al., 2015). 
 

 
 
 
 



REMOVAL OF SOME HEAVY METALS AND POLLUTED  ..........  
 

Egyptian J. Desert Res., 68, No. 1, 15-36 (2018) 
 

29 

Table (7). Microbial analysis of Al Tard-Bilraha Drain Ismailia before 
treatment. 

No. Total fecal coil 
form count/ 
CFU/100 ml 

 

Total 
microbial 

count 
CFU/ml 

E. coli K. pneumonia 
 

B. subtilis 
 

S.aureus 
 

1 1100 ˃30
0 

+ve +ve -ve -ve 

2 1100 240 +ve -ve +ve -ve 
3 1100 300 +ve +ve +ve +ve 
4 1100 280 +ve -ve -ve +ve 
5 1100 260 +ve -ve -ve -ve 

 

3.1. Detection on minimum inhibitory concentration (MIC) for iron 
oxide nanoparticles 

 Several primary tests were tested the efficiency of iron oxide 
nanoparticles and iron oxide coated by TiO2nano-composite. The 
experiments discussed the effect of different concentrations of iron oxide 
nano-composite against gram-positive and gram-negative pathogenic 
bacteria (Table 8 and 9). The iron oxide nano-composite concentrations were 
in the range of 150 to 500 µg/ml. This article had discussed optimization 
condition of definite quantity of iron oxide nano-composite required to get 
on highly efficient antibacterial action (Koneman et al., 1997; Cheesbrough, 
2000 and Mahdavi et al., 2013). 
 
Table (8). Antimicrobial activity of different concentration of iron oxide 

nanoparticles. 
Nanoparticles 

conc. 
 

E. coli 
 

K. pneumonia 
 

B. subtilis 
 

S. aureus 
(µg/ml)     

500 2.1 2.5 2.0 2.7 
450 1.8 2.4 1.5 1.6 
400 1.7 2.0 1.4 1.4 
350 1.5 1.9 0.9 0.9 
300 1.4 1.7 0.7 0.5 
250 1.3 1.3 0.4 0.2 
200 1.0 1.1 0.3 0.1 
175 0.8 0.7 0.2 0.0 
150 0.7 0.5 0.0 0.0 
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Table (9). Antimicrobial activity of different concentration of iron oxide 
coated by TiO2nano-composite. 

Nanoparticles 
conc. 

E. coli K. pneumonia B. subtilis S. aureus 

(µg/ml)     

500 4.9 2.5 3.2 2.5 
450 4.3 2.3 2.7 2.5 
400 3.8 1.7 2.4 2.4 
350 3.4 1.5 2.1 2.2 
300 3.2 1.4 1.4 2.0 
250 2.3 1.2 1.2 1.9 
200 1.4 1.0 1.1 1.8 
175 1.1 0.7 0.9 1.7 
150 0.0 0.6 0.8 1.6 

 
3.2. Effect of prepared nanoparticles (150 µg/ml) elements on microbial 
water pollution of Al Tard-Bilraha Drain Ismailia at different time 
intervals 

The best reaction time needed to remove microbial  pollution from 
Al Tard-Bilraha Drain Ismailia, using iron oxide nano-composite as a 
removal anti-bacterial in water samples at concentration of 150 µg/ ml, then 
determination of microbial pollution were estimated after 5,10,15, 20, 25  
and 30 min. Total coli-forms counts decreased with increasing time till 30 
min, which recorded 100% reduction (Table 10 & 11 and Fig. 13 &14). 
 
Table (10). Effect of prepared iron oxide nanoparticles (150 µg/ ml) element 

on microbial water pollution of Al Tard-Bilraha Drain Ismailia 
at different time interval.  

 

Time 
(min) 

Total Coli form 
before treatments 

Total Coli form 
after treatments 

Reduction 
(%) 

5 1100 420 61.80 
10 1100 250 77.27 
15 1100 150 86.36 
20 1100 65 94.08 
25 1100 9 99.18 
30 1100 0 100.00 
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Fig. (13). Relation between inhibition time and reduction percent of   
                prepared iron oxide nanoparticles. 
 
Table (11). Effect of iron oxide coated by TiO2nano-composite (150 µg/ ml) 

element on microbial water pollution of Al Tard-Bilraha Drain 
Ismailia at different time interval. 

Time 
(min) 

Total Coli form 
before treatments 

Total Coli form 
after treatments 

Reduction 
(%) 

5 1100 220 80.00 
10 1100 140 87.30 
15 1100 95 91.30 
20 1100 35 96.81 
25 1100 8 99.30 
30 1100 0 100.00 

 

 
Fig. (14). Relation between inhibition time and reduction percent of iron  

oxide coated by TiO2nano-composite. 
 

CONCLUSION 
The main research target of this article was heavy (toxic) metals 

removal  and  investigated  the  antibacterial  activities  of  iron  oxide 
nanoparticles and iron oxide nano-composite with TiO2. Screening of 
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different microbes in polluted water to identify the microbial species, and 
mixed with definite concentration of iron oxide nanoparticles and iron oxide 
nano-composite with TiO2 individual, at different reaction time, to get on the 
best reduction percent at lowest time period. Reduction percent was affected 
by magnetic properties of iron oxide nanoparticles and iron oxide nano- 
composite with TiO2. The highest removal efficiency (reduction percent) of 
iron and aluminum from wastewater by prepared iron oxide nanoparticles 
and iron oxide nano-composite with TiO2 were 90.62 and 72.40%, 
respectively. The anti- bacterial activity showed the high reduction percent 
after 30 min by 150 µg/ml of prepared iron nanoparticles. The highest value 
of reduction percent was achieved for removal iron and aluminum ions from 
polluted water, and also moderate effect on decreasing chemical and 
biochemical oxygen demand concentration with decreasing percent of total 
nitrogen concentration. 
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 دیدحلا بكارتم مادختسإب ةیریتكبلا تاثولملاو ةلیقثلا رصانعلا ضعب ةلازإ
 درطلا فرصم هایم ةجلاعم :ةلاح ةسارد - ھتاقتشمو يونانلا يسیطانغملا

رصم - ةیلیعامسإلا - ةحارلاب  

٢ يسرم ىنمو  *١ يداھلا دبع بلطملا دبعرسای  
ءایمیكویجوردیھلا مسق ،هایملا ةیلحتو ةجلاعملا ةدحو ١ 
يضارألا ةبوصخو ایجولویبوركیم مسق ٢ 

 دیساكأ تانویأ نم ةیونانلا داوملا ضعبریضحت ایجولونكت نم ةدافتسإلا ىلإ ثحبلا فدھی
 يسیطانغملا ریثأتلا تاذ ةیونانلا مویناتیتلا دیساكأ تانویأب ةمعطملا اھتاقتشمو تیتامیھلاو تیتینجاملا
 كلذكو ماسلا موینمولألاو دیدحلا رصنعك ،ةیوضع ریغلا تاثولملا ضعب ةلازإ ىلع ةردقلا اھل يتلاو
 لامش( ةقطنمب ةحارلاب درطلا فرصمل طلتخملا فرصلا ةایم يف ةیبوركیملا تاثولملا ضعب ةلازإ
 ةیئایمیكلا تاریغتلا ضعب ثادحتسإ ثحبلا لوانتیو  .)مازعرداش ،دیعسروب بونج/ةیلیعامسإلا
 لصفلا ةءافك ةدایز نم مظعی امم ،ةیسیطانغملا صاوخلا تاذ تابكرملا كلتریضحت ةقیرطل
 لثمت يتلاو ةیبوركیملا تاثولملا ىلع ةوالع ،ةفلتخملا اھعاونأب تاثولملل يئایمیكلاو يئایزیفلا
 دحأك يرلا يف اھمادختسإةداعإو طلتخملا فرصلا ةایم ةجلاعمو ةیقنت تایلمع يف ربكألا يدحتلا
 ثحبلا ضرعتسیو .رصمل يئاملا رقفلا نم دحلل لئادبلا ضعب ریفوت يف ةحاتملاو ةماھلا لئاسولا
 داوملا ةعیبط ىلع فرعتلل اًیئایمیك ةرضحملا ةیونانلا داوملا صاوخ ىلع فرعتلا قرط اًضیأ
 ةرضحملا تائیزجلل يولعلا حطسلا ةحاسمةروصو ةرضحملا تائیزجلا مجح ثیح نم ةیونانلا
 ةرضحملا ةیونانلا تائیزجلل ةفلتخملا ماجحألا عیزوت كلذكو ،)ينورتكلإلابوكسوركیملا زاھج(
 فالغلا ىلع ةرضحملا ةیونانلا دیدحلا تائیزج ىلع ةمعطملاو ةدیدجلا ةیفیظولا ةیئایمیكلا عیماجملاو
 ةعیبط ىلع ةرثؤملا لماوعلا ةسارد مت اًضیأو .)ءارمحلا تحت ھعشألا زاھج( تانویألا كلتل يجراخلا
 .زازتھإلا نمزو ةرارحلا ةجردو ينیجوردیھلا مقرلا ریثأت ةسارد لثم ةرضحملا ةیونانلا تائیزجلا

 هایم نم موینمولألاو دیدحلا يرصنع ةلازإ لدعم عافترإ ةیلمعملا جئاتنلا ترھظأ دقو
 دیسكأ تائیزجب ةمعطملا دیدحلا تائیزجو ةیونانلا دیدحلا تائیزج مادختسإب طلتخملا فرصلا
 لیلحتلا جئاتن ترھظأ دقو .)يلاوتلا ىلع ،٪٤.٧٢و٦٢.٩٠ةبسنب اًیلمعمرضحملا يونانلا مویناتیتلا
 دیسكأ تانویأب معطملاو يسیطانغملا يونانلا دیدحلا دیسكأ تانویأب ةجلاعملا هایملل يجولویرتكبلا
 ١٥٠ زیكرتبو ةقیقد ٣٠ لعافت نمز دعب يبوركیملا ثولتلا ةلازإیف ةزاتمم تارشؤم مویناتیتلا
 هایم ةجلاعم ةیناكمإ ىلإ صلخن ثحبلا ةیاھن يفو .ةرضحملا ونانلا تائیزج نم لم /مارجوركیم
 تاثولملا ةلازإیف ةریبك لصف ةءافكو رغصلا ةیھانتم ةیونان تابكرم جاتنإ لالخ نم فرصلا
.اًیلاح ىحصلا فرصلا ةجلاعم تاطحمب ةنراقملاب اًدج ةریغص ةیداصتقإ ةفلكتو ةفلتخملا اھعاونأب
  
 

 


