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INTRODUCTION 

 

 Nowadays groundwater plays an essential role in the generation of clean drinking water supply. In simple words even 

countries which has fresh surface water resources, only the neighboring areas can use fresh water, whereas the other regions still 

have to depend on the groundwater. Groundwater has advantages and drawbacks, soil layers partially filter groundwater, so it is 

most comfortable in treatment and so little microorganisms can live there, on the other hand, groundwater wash the soil, so it has 

many dissolved salts (UNESCO, 2004). 

 Iron and manganese are among the first five elements found abundantly in the earth's crust. Iron is the fourth element and 

manganese are the second element. (Silver 1993; WHO 1996), 

 People complain the strange taste and brown color which looks like muddy water, so it is aesthetically unacceptable. The 

mechanical troubles for softeners, heaters or boilers can occur and softening or heating efficiency will be decreased due to the 

precipitation of iron and manganese (Takerlekopoulou and Vayenas, 2006). Moreover, iron deposits cause clogging of well 

screens and pipes. WHO has approved the treatment of water if concentrations of iron and manganese are higher than 0.3mg/L 

and 0.1 mg/L. 

 Several techniques have been used for removal of Iron & Manganese from ground and surface water that include Oxidation 

by aeration or by oxidizing agents, alkalinization, ion exchange, membrane processes, biological filtration or using adsorption 

method (Barloková D &Ilavský J, 2010). 

 The high cost of some material used in the removal of Iron and manganese like activated carbon had led many researchers to 

look for more economical, efficient and practical adsorbent materials (Sotelo et al., 2002). 

 The availability of agricultural residues and other natural waste materials, in addition to the desire to dispose of it make them 

good sources of cheap raw adsorbent materials. Materials containing carbons such as fly ash (BasavaRao and Ram Mohan Rao, 

2006), Bituminous coal, straw, coconut shell, wood, tire.etc are some new adsorbents. Rice husk contains about 20% silica, so it 
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Most of Egyptian villages depend on the ground water as a main potable water source. Iron and manganese in 
groundwater make farmers lose their trust in the quality of water in general, because of its appearance which looks 
like a muddy water. It was needed to find a local, cheap, common and easy to build filter. This study was carried out 
in two phases, to evaluate the effect of natural waste materials and agricultural residues on removing Iron and 
manganese from groundwater. In first phase, Rice husk, Rice straw and pottery were used as filter medias. Rates of 
filtration were ranged from 185 to 690 m3/m2/d. It was found that; using of rice husk, rice straw and Pottery at rate 
185 m3/m2/d reduced Iron concentration from 1.5 mg/L to zero, zero and 0.05 mg/L respectively, and also reduced 
manganese concentration from 2 mg/L to zero, 0.05 and 0.11 mg/L respectively. After 6 filtration hours the iron 
removal efficiency reduced by 8%, 10% and 13.3% for Rice husk, Rice straw and pottery respectively. Also after 1 
filtration at  690 m3/m2/d the iron removal efficiency reduced by 12.6%, 12.2% and 15.6% for Rice husk, Rice 
straw and pottery respectively. So, during the second phase, a gradual increase in iron and manganese 
concentrations was done to assess the filtration efficacy under high loads and to predict the filter saturation time. 
The experiments also studied the effect of filter media on turbidity and total dissolved salts. 
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has been nominated as a good adsorbent for many metals (Chuah et al., 2005). Also, rice straw is mainly composed of cellulose 

about (35%), hemicellulose about (25%) and lignin about (12%) (Binod et al., 2010). 

 Many attempts were done, to convert rice straw and rice husk to animal feed, rice straw seem to add a little bit benefits to 

animal feed but rice straw not preferred because of its induced irritation for the digestive tract. Most of the rice straw is burned in 

open fields, which causes severe air pollution.  

 The annual production of rice husk all over the world is 50 to 100 million ton. So, the amounts of rice husk available are so 

far in excess of any local uses and have posed disposal problems. Dry rice husk contains about 80% organic matter and about 15 

% mineral ash. The mineral ash is 94.5–96.34% SiO2. (Daifullah et al., 2003) 

 K.K. Wong et al. studied the effect of pH, temperature and other parameters on the removal of heavy metals from wastewater 

by rice husk. They reported that the treated rice husk with tartaric acid had a high efficacy on removal of lead and copper from 

wastewater. 

 The objective of the present investigation is to study the performance of pressure filter which contains rice husk, rice straw or 

pottery individually to adsorb (Mn+2) and (Fe+3) from groundwater and to study the effect of different process conditions on the 

filtration.  

 

MATERIALS AND METHOD 

 

 This study was carried out in Qaha Water Treatment Plant- Qalubia governorate, Egypt, which uses oxidation method to 

remove iron and manganese from groundwater. The filter consists of a stainless steel circular cylinder with an inside diameter of 

20 cm and a height of 30 cm. The used media were placed in the filter individually through the top opening. Inlet and outlet valves 

were provided with very fine screen to prevent media from escaping as shown in Fig. (1) and Fig. (2). 

 

 
Fig.1: A schematic illustration of the pilot 

 

 
Fig.2: a photographic picture of the pilot 

 

1.1 Properties of filter media: 

1.1.2 Rice husk 

 Common physiochemical properties of Rice husk are shown in table (1) (BhavnaMistry, 2016). The percentage of the 

contents depends on rice type, soil and climatic conditions. Rice husk contains a large amount of hydrocarbons as cellulose and 

lignin. 
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Table 1: Typical analysis of rice husk. 

Properties Rice husk 

Bulk density (kg/m3) 60-160 

Hardness (Mohr’s scale) 5-6 

Ash. % 22-29 

Carbon. % 35-40 

Hydrogen. % 4-5 

Oxygen. % 30-36 

Nitrogen. % 0.23-0.32 

Sulphur. % 0.04-0.08 

Moisture. 8-9 

 

1.1.2 Rice straw 

 Rice straw was obtained locally from the rice field. The used rice straw was washed several times and allowed to dry, then 

was shredded into small slides. 

 

1.1.3 Pottery 

 Pottery was screened using two sieves, 30x30 mm and 40x40 mm. Broken and flatted ceramics were removed, total surface 

area of one piece was about 38.48 cm2, the total volume of one piece was approximately 15.45 cm3. 

 

1.2 Groundwater 

 The pilot received groundwater from Qaha WTP well, located in Egypt, for about ten months from November to August. 

Several laboratory tests have been performed to characterize the physical properties of the groundwater used in the study. Table 

(2) shows a summary of the features of groundwater through the study period. 

 

Table 2: Properties of raw groundwater through the study period. 

Properties Range 

Iron concentration mg/L 1.5-2 

Manganese concentration mg/L 1.5-2 

Total dissolved salts (TDS) mg/L 550-600 

Turbidity NTU 3-5 

Conductivity mS/cm 1100-1200 

Ph 7-8 

 

1.3 Synthetic solutions 

 Raw groundwater was received in small tank, and then the desired quantities of Iron and manganese were added to get 

required high concentrations 4,8,12 and 16 mg/L.  The source of ferrous Iron and Manganese were ferrous sulfate heptahydrate 

(FeSO4.7H2O) and Manganese sulfate monohydrate (MnSO4.H2O) respectively. 

 

1.4 Pilot Startup and Operation 

 Two runs were achieved to investigate the ability of natural, cheap and safe materials to remove iron and manganese from 

groundwater. First, the run was conducted to study the effect of different filter media and flow rates on the removal process. Rice 

husk, rice straw and pottery were installed and testes under four filtration rates 185, 370,460 and 690 m3/m2/d. In the second run, 

best filer media that has been chosen in the first run was used with 690 m3/m2/d flow rate under four concentrations of Iron and 

Manganese 4,8,12 and 16 mg/L to investigate the saturation time of each media under different concentrations. Table 3 represents 

the experimental runs of the study. 

 

Table 3: Experimental runs of the study 

Run Media 
Discharge 

(m3/m2/d) 

Duration 

(hr) 

Iron 

Concen.  (mg/L) 

Manganese 

Concen.  (mg/L) 

1 
Rice Straw, Rice 

Husk, Pottery 

185 6 1.5 2 

370 6 1.5 2 

460 6 1.5 2 

690 6 1.5 2 

2 Rice Husk 

690 6 4 4 

690 6 8 8 

690 6 12 12 

690 6 16 16 
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 The samples were not allowed to settle to simulate the actual case in the well. Atomic absorption spectroscopy and 

spectrophotometric techniques were used for measuring Iron and manganese concentrations. Also, the pH, turbidity, TDS and 

conductivity were measured at the site laboratory directly. 

 

RESULTS AND DISCUSSION 

 

2.1 Effect of the different flows on the removal of Iron & Manganese by rice husk filter.  

 Rice husk is one of the most common agricultural wastes in Egypt. Despite intensive research for reuse, it is still a major 

burden on the environment as a result of farmers' habit of getting rid of it by burning. 

 To evaluate the performance of the rice husk filter, four different flows were used for six hours and one sample was taken 

every hour. The four flows are 185, 370.460 and 690 m3/m2/d, and the results of iron removal after the first hour were 100%, 

96%, 91.3% and 87.3%, respectively. The same flows were applied to evaluate Mn removal and the results were 100%, 96%, 91% 

and 96% respectively. Fig. 3 shows these results. 

 

 
Fig.3: Effect of different flows on iron & manganese removal percentage by rice husk filter. 

 

2.2 Effect of the different flows on the removal of Iron & Manganese by rice straw filter.  

 To highlight the performance of rice straw in the adsorption of contaminants in groundwater, the same four flows were 

applied. The Fe removal ratios were 100%, 96%, 91.3% and 87.3%, respectively, and the Mn removal ratios were 97.5%, 93.5%, 

91% and 86% respectively (Badr et al, 2016). Fig.4 shows these results. 

 

 
Fig.4: Effect of different flows on iron & manganese removal percentage by rice straw filter. 

 

2.3 Effect of the different flows on the removal of Iron & Manganese by pottery filter. 

 Pottery consumption is increasing in the Third World countries in general and especially in Egypt villages where it is 

commonly used in food and beverage utensils, thus, pottery is cheap, available and common trash in Egypt. In this experiment, the 

crushed pottery was used as a filtering medium. The same four flows were applied, and the results of iron removal after the first 

hour were 96.7%, 92.6%, 88% and 84.6%, respectively, and the Mn removal ratios were 94.5%, 90.5%, 88% and 83% 

respectively. Fig.5 shows these results. 
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Fig.5: Effect of different flows on iron & manganese removal percentage by pottery filter. 

 

 By comparing the results of Fe &Mn removal shown in fig.(3), fig.(4) and fig.(5), at the first hour the rice husk and the rice 

straw showed almost the same percentage of the removal, while the pottery showed less removal efficiency. But after 6 filtration 

hours the rice husk showed the best percentage of removal 92% followed by rice straw 90% then followed by pottery 86.7%, for 

the flow of 185 m
3
/m

2
/d. Also, the results show a decrease in the efficiency of iron & manganese removal over time as the flow 

increases. This indicates the importance of the contact period. The contact time is needed to allow ions to fill the voids on the 

surface of the adsorbent medium. 

 

 
Fig.6: Effect of different filter media on iron & Manganese removal percentage. 

 

 The charts in fig.6 show the removal efficiency overtime for the first flow rate 185 m3/m2/d.The findings appear a decrease 

in the efficiency of iron & Manganese removal over time. This can be explained by the decrease of the active voids on the surface 

of the adsorbent material over time. The rice husk shows the best removal efficiency more than the rice straw and pottery this 

because of its high content of carbon ions, about 47.28% of the total weight (SethiTrupti& Paul K K, 2014). 

 

2.4 Effect of filter media used on turbidity 

 Fig.7. Illustrate the effect of different filter media on turbidity. It was noticed that all filter medias reduced the turbidity and 

reached standard value which equals to1 Ntu (WHO Guidelines 2017). The pottery had a big effect on decreasing turbidity. 
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Fig.7: Effect of different flows and filter media on effluent turbidity. 

 

2.5 Effect of Different Concentrations of Iron and Manganese on Rice Husk Adsorption 

 

 
 

 
Fig.8: Effect of different iron concentration on removal percentage by rice husk filter media at R.o.f 690 m3/m2/d. 

 

 To predict the saturation time of the rice husk which appeared as the best filter media, different iron and manganese 

concentrations were added at highest filtration rate 690 m3/m2/d. Time of saturation was predicted by applying best fit curve 

between time and removal percentages to reach the time of zero removal percentage.  Best fitting for curves was achieved by 

Excel function by “Least Squares Fitting function” to find a best-fitting curve for a given set of points, depending on minimizing 

the squared error .Fig.8 Illustrate the effect of increasing iron and manganese concentration on rice husk adsorption. Table (4) 

illustrates the initial concentrations of iron and manganese, and the saturation time predicted in each case. 
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Table 4: Saturation time of rice husk with Iron and manganese 

Inlet Iron or manganese concentration(Mg/l) Iron Saturationtime(hr) Manganese Saturation time(hr) 

1.5, 2 52 52 

4 40 37 

6 34 33 

8 30 29 

12 26 25 

16 17 16 

 

CONCLUSIONS 

 

 This study achieved success to find local, cheap, frequent and available materials as filter media. Moreover, rice husk and rice 

straw that was used in filtration still can be used as animal food or may be mixed to be at the allowable safe limit to the animals. 

 The present study shows that rice husk, rice straw and pottery are effective adsorbents for the removal of Fe (III) and Mn (П) 

from groundwater. The findings show that operational parameters such as rate of filtrations, contact time and initial concentrations 

of contaminants, have a great effect on the adsorption efficiency. The amount of Fe (III) and Mn (П) adsorbed increased with the 

decrease of rate of filtration because of increase of contact time. Rice husk is the best filter media in removing iron and 

manganese from groundwater, but it needs a very good wash and rinses before use else it will increase the concentration of 

dissolved salts. Pottery is the lowest filter media in decreasing turbidity. This method saves all chemicals used in oxidation of iron 

& manganese. The rice husk filter media saturation time decreased with the increase of initial contaminant. 
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