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Abstract: 
     This study investigated the applicability of iron oxide (Fe2O3) nanoparticles for 

the removal of cadmium metal from sewage water by using batch scale experiments. 

The iron oxide nanoparticles of 27.7nm were synthesized using a biological method 

and characterized by Atomic Force Microscope (AFM).  The Box-Wilson design 

was used to conduct experiments with three parameters such as pH (2-6), time of 

adsorption (6-120min) and adsorbent dosage (5-25mg/L). The best conditions 

occurred at pH: 5.5; contact time: 95.8 min; and iron oxide nanoparticle dosage: 

20.77 mg/L for maximum cadmium removal of (96.9%). 
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 دقائق أكديد الحديد النانوية والتطبيق في إزالة المعادن الثقيمة من مياه الصرف الصحي استخدام
 

 محمود باسل محمود ،دنيا فلاح حدن*
 العراق ،بغداد ،جامعة بغداد ،كمية العمهم ،قدم عمهم الحياة

 
 الخلاصة

من مياه  كادميهمعنصر ال لإزالة النانهيةاكديد الحديد  دقائقبحثت هذه الدراسة في امكانية تطبيق      
بقطر  النانهية دقائقتم تصنيع ال .(Batch experiment) النمط الدفعيالصرف الصحي باستخدام تجارب 

. مجهر القهة الذرية زة وتم تحديد صفاتها باستخدام جهاالحديد باستخدام طريقة بيهلهجي لأكديدنانهمتر  27.7
-4) الاس الهيدروجيني قيم مع ثلاثة عهامل كمدخلات مثل(  (Box-Wilsonالتجارب وفقا لمتصميماجريت 

(. وافيد ان الظروف المثمى ممغم/لتر 25-5) تركيز الدقائق النانهيةو  دقيقة( 120-6) التلامسزمن (, 6
الازالة في هذه  كانتو دقيقة  95.8زمن  و ممغم/لتر 20.77تركيزمع  قيمة الاس الهيدروجيني 5.5لتكهن 

 .%96.9الظروف 
Introduction 

     Water is a vital source to sustain life, and a satisfactory must be of adequate, safe and accessible, 

and available to all population [1 . Approximately, 20% of the world’s population lacks safe drinking 
water, including developing countries, which discharge an estimated 95% of their untreated urban 

sewage directly into surface waters, Iraq is one of nine countries in the Middle East that has 

insufficient fresh water [2]. Sewage water generated from hospitals usually contains human wastes and 

fluids, pathogens, pharmaceuticals, substances with genotoxic properties, chemical substances and 

heavy metals such as cadmium, lead and Zinc [3].  Some of these pollutants are frequently discharged 

through sewage plants after having undergone little degradation [4]. 
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     To become the heavy metal contamination, one of the most severe environmental problems, and  

various methods during the past decades have been extensively studied for heavy metal removal from 

sewage water, such as electro chemical techniques, chemical precipitation, ion exchange, membrane 

filtration, and adsorption [5]. 

     In the absence of efficient methods of physical, chemical or high cost treatment of wastewater, it 

would be necessary to find other methods through the use of biological efficient systems, such as 

remove pollutants from the environment via nanoparticles [6]. In the fields of water treatment 

Nanomaterials may provide solutions to technological and environmental problems [7]. Among 

various metal nanoparticles, iron oxide nanoparticles have widely explored during the past decades 

because of their new chemical and physical properties, and their potential applications in separation 

and treatment of wastewater by removing heavy metals from water by adsorption process [8]. In 

theory, the adsorption process can offer flexibility in design and operation and in numerous cases will 

produce high-quality treated sewage. In addition, as the adsorption is sometimes reversible and 

adsorbent can be regenerated by suitable desorption process, many types of adsorbents have found 

application in the removal of heavy metals, including carbon nanotubes [9,10], activated carbon 

[11,12], metal oxides [13], polymeric adsorbents [14] and bioadsorbents [15]. Adsorption operation 

can be batch, semi-batch and continuous. Batch processes are generally conducted when small 

amounts of pollutants are to be treated [16]. 

The aim of this study is to use  iron oxide nanoparticles for removal of cadmium from sewage water 

by using Box-Wilson design with three parameters such as of pH, contact time and Fe2O3 dose. 

Materials and Methods: 

Samples Collection: 

     Glass container used to collect a sample of sewage water from station represents Medical City 

hospital discharge into the river. 

Determination of Various Environmental Parameters: 

     The sample of water is used to examine the physical and chemical parameters,  including 

(Temperature, pH, Dissolved Oxygen (DO), Biological Oxygen Demand (BOD5), Electrical 

conductivity (EC) and Total hardness (T.H) ) [17].  

Isolation of Bacteria: 

     For the isolation of E.coli bacteria were collected from sewage water of Baghdad Medical City. 

Isolation of bacteria was carried from the (Serial Dilution Method). Then taken from 10
-3

, 10
-5

 and 10
-8

 

dilution 1 ml of diluted sample and the sample was spread on plat (EMB media) to isolate the bacteria 

E. coli. The plate was incubating overnight in the incubator at 37  [18]. 

Identification of E.coli bacteria: 
     The bacteria isolates were identified to the level of species using the traditional morphological and 

biochemical tests, according to the methods [19]. The identification of E.coli isolate was confirmed by 

vitek-2 system. 

Production of Bacterial Biomass: 
     The bacterial strain E.coli were cultured in NB medium to produce the biomass for biosynthesis. 

The culture flask was agitated at 200 rpm by incubated on an orbital shaker at 37⁰C. Harvested of 

growth the biomass after 24hrs by centrifuged at 10,000 rpm for 10 minutes [20]. 

Synthesis of Iron Oxide Nanoparticles by Biological Method: 
     Mixed 10 ml of supernatant bacteria E.coli were added to the reaction flasks, which contained 5 ml 

of 10-
3
 M (1%, v/v) of FeCl2, the incubation conditions were at pH 5, 37˚C for 24h, control flasks 

contained the supernatant without FeCl2, were incubated at the same conditions. The iron oxide 

nanoparticle was collected for 5 min twice by centrifugation at 10,000 rpm for purified, and for further 

characterization [20, 21].  

Characterization of Fe2O3 NPs: 
The surface morphology and diameter of the iron oxide NPs were visualized by Atomic Force 

Microscope (AFM) present in central laboratory of Chemical Department, Baghdad University and 

Scanning Electron Microscopy (SEM) available in the laboratories of environmental research center of 

the ministry of science and technology. 

Experimental Design: 

     Box – Wilson composite rotatable design is a common type of statistical experiments, especially 

applicable in optimization analysis. In this design, a special series of tests are defined. The 
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experimental results of these tests then serve a function to represent the relationship between the 

variable and the response, Response Surface Methodology (RSM) is a collection of mathematical and 

statistical techniques useful for analyzing problems where several independent variables influence 

dependent variable or response, and the goal is to optimize this response. For example, it is required to 

find the effect of pH values (X1), contact time (X2) and Fe2O3 dose (X3) that maximize the yield of a 

treatment process [22]. 

Batch Experiments:  
     ―Single-dose‖ batch adsorption experiments with nanoparticle aggregates were conducted using 

different Concentration of iron oxide NPs (5, 9.23, 15, 20.77 and 25 mg/L) [23], add into 20ml of 

sewage water in 100ml glass vials. The adsorption on iron oxide  investigated  the effects of pH values 

on the cadmium metal adsorption was first studied at pH values from 4-6 [24]. With different contact 

time from 6-120min and 25±5  [25]. This parameter was done according to Box-Wilson design. 

separated the nanoparticle aggregates from the suspension by filtration through a 0.2 μm nylon 

membrane filter [23]. Atomic Absorption Spectrophotometer, (AAS) was used to measure the 

concentration of the Cd, the uptake of cd  calculated by the following expression [26]: 

𝑹𝒆𝒎𝒐𝒗𝒂𝒍 𝑬𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 𝑹E % =  
       

  
    % 

Where:   C0 = the initial metal concentration (mg/L).  

               Cr = the final concentration (mg/L) 

Results and Discussion: 

Determination of Various Environmental Parameters: 

     The water temperature, pH, E.C, Salinity and T.H in this study were varied, the highest mean value 

was recorded in July and November, while the lowest mean value was recorded in April. The DO and 

BOD the lowest mean value was recorded in July and November, while the highest mean value was 

recorded in April.  

     Most of the results for physical and chemical finding there were the Seasonal changes played an 

important role in affecting the values of all studied. There were physical, chemical variables. The 

statistical analysis showed that there was a significant difference at probability level (P< 0.05) 

between data of water during the months as shown in Table-1. 

 

Table 1- Mean (First Line), Standard Error (Second Line) for physical and chemical characteristics at 

study months 2017/2018. 

NO Parameters 
Mean ± SE 

LSD value 
November April July 

1 Temperature    22 ± 1.69 19 ± 1.07 28 ± 2.62 4.844 * 

2 pH (mg/L) 8.4 ± 0.49 6.7 ± 0.33 8.9 ± 0.52 1.092 * 

3 EC (μs/cm) 1597 ± 96.25 585 ± 41.84 673 ± 48.63 327.53 * 

4 Salinity% 1.0 ± 0.02 0.3 ± 0.05 0.4 ± 0.05 0.442 * 

5 DO mg/L 2.4 ± 0.04 6.4 ± 0.11 3.2 ± 0.06 2.179 * 

6 BOD mg/L 1.0 ± 0.02 2.0 ± 0.03 1.4 ± 0.02 0.883 * 

7 TH mg/L 450 ± 28.87 240 ± 36.92 362 ± 31.07 128.64 * 

Means having with the different letters in same row differed significantly * (P<0.05). 

PH: Hydrogen Ion 

EC: Electrical Conductivity  

DO: Dissolve Oxygen  

BOD: Biological Oxygen Demand  

TH: Total Hardness   

 Synthesis of Fe2O3 NPs: 

The synthesis of Fe2O3 NPs by supernatant cultures is indicated by a change in color of the reaction 

mixture from yellow to brown within 24h of inoculation as shown in Figure-1.  

The change in color of the solution is due to the excitation of surface Plasmon vibrations in the 

Fe2O3NPs, which is the characteristic property of the nanoparticles [27]. 
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Figure 1- biosynthesized of iron oxide nanoparticles (A) Control flask. (B) Reaction mixture after 

biosynthesis of NPs. 

 

Characterization of Iron Oxide Nanoparticles by E.coli: 

Atomic Force Microscopy (AFM) analysis: 
     The results obtained from Atomic Force Microscopy showed that the biosynthesized iron oxide 

nanoparticles were almost spherical in shape with an average diameter of finding equal to 27.7 nm 

(Figure-2).  

 

                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2- AFM of Fe2O3NPs at 37  and pH 5 (Avg. Diameter: 27.7 nm) 

 

Scanning Electron Microscopy (SEM):  

     After being characterized by AFM analyses; the biosynthesized iron oxide nanoparticles were 

examined by the SEM to detect the morphology and the result confirmed the formation of iron oxide 

nanoparticles. It is observed that the biosynthesised Fe2O3 nanoparticles were roughly semi spherical 

and smooth spherical in shape (Figure-3).  

     The previous studies have come to agree with results of the current study [28] approved that the 

obtain Fe2O3NPs synthesis by Streptomyces are spherical in shape with a smooth surface 
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. 

Figure 3- Biosynthesized of iron oxide nanoparticle by E.coli under SEM with a spherical shape. 

Red arrow (rough semi-spherical). Green arrow (smooth spherical). 

 

Removal efficiency of (Cd) by Iron Oxide Nanoparticle from Sewage Water: 

     It is clear from Table-2 that when the pH value increase, the binding sites are starting to make 

different available functional groups for binding of metal [29], and increased the removal of Cd metal 

with the increase in the adsorbent dosage. This is to be expected because for a fixed initial solute 

concentration, increase in total adsorption doses provide adsorption sites or a greater surface area and 

increase the adsorption potential or iron oxide nanoparticle. Several researchers have reported similar 

results [30, 31]. However, after the dosage of 20.77 mg/L of iron oxide nanoparticle it is observed 

there was no change in percentage removal of heavy metals. It may be at higher dosage the 

overlapping of active sites. So, resulting due to the conglomeration of exchanger particles there was 

not any appreciable increase in the effective surface area [32]. Percentage removal of cd was increased 

with time. This might be due to the fact that the increased removal rate due to increased time allowed 

the particles to reach equilibrium state [33].  

The current study is correlated with another study [16] that report the higher adsorption capacity was 

(95%) occurred at pH 5 of cadmium after 120min by A.lebbeck seed. 

Table-2 shows the significant differences between the ability of adsorbent materials for sufficient 

removing of Cd metal ions from the sewage water depending on the heavy metals types and complete 

saturation of Cd binding sites on iron oxide at probability level (P < 0.05).  

 

Table 2- The ability of adsorption for (Cd) metal by iron oxide nanoparticle at different pH value, 

contact time and dose concentration of NPs. 

Exp. 

No. 

 

Real Variables 

Concentration of (Cd) after 

treatment 

pH value 
Contact time 

(min.) 

Concentration of       

NPs (mg/L) 

Concentration of 

Cd  (0.46ppm) 
R.E ± SE (%) 

1 4.4 30 9.23 0.054 88.0 ± 3.62 

2 5.5 30 9.23 0.051 88.9 ± 2.95 

3 4.4 95.8 9.23 0.029 93.6 ± 3.81 

4 4.4 30 20.77 0.13 71.0 ± 3.06 

5 5.5 95.8 9.23 0.022 95.0 ± 2.77 

6 5.5 30 20.77 0.05 89.0 ± 3.04 

7 4.4 95.8 20.77 0.021 95.4 ± 2.37 

8 5.5 95.8 20.77 0.014 96.9 ± 2.14 

9 4 63 15 0.04 91.3 ± 3.68 
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10 6 63 15 0.020 95.6 ± 2.36 

11 5 6 15 0.13 71.7 ± 3.52 

12 5 120 15 0.022 95.0 ± 2.77 

13 5 63 5 0.057 87.6 ± 3.82 

14 5 63 25 0.3 34.7 ± 1.79 

15 5 63 15 0.029 93.6 ± 3.54 

LSD 

value 
-- -- -- -- 10.036 * 

 

Means having with the different letters in the same column differed significantly 

* (P<0.05). 

 

Conclusion 
     The biosynthesized iron oxide nanoparticles by E.coli have a significant ability to remove cadmium 

from sewage water by use Box - Wilson design.  

The experimental results showed, percentage Cd removal in permeate increased with the further 

increased in pH from value, also increased with time and concentrations. 

The best conditions for maximum Cd removal (96.9%) were obtained at pH: 5.5; contact time: 95.8 

min and Fe2O3 dosage: 20.7 mg/L.  
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