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 الملخص العربي
اىٍَآ اىج٘فٍت حشنو ٍصذس ٌٍٖ ىيٍَآ ، ٗىنِ فً بعض الأٍامِ ٌ٘جذ بٖا بعض اىعْاصش ٍثو اىَْجٍْض بخشمٍض             

حيل اىٍَآ ىخصبخ صاىذت ىيششب  ىخْقٍتأمبش ٍِ اىَغَ٘ح بٔ فً ٍ٘اصفاث ٍٍآ اىششب ٗحصبخ دٍْزاك ْٕاك ضشٗسة 

آ لإصاىت ٍشمباث اىَْجٍْض ٗىنِ اىقيٍو ٍْٖا اىزي إخٌ ٗىلاعخخذاً اىَْضىً. مثش اىبذث اىعيًَ فً عَيٍت حششٍخ اىٍَ

باعخخذاً ٗعط حششٍخ غٍش اى٘عط اىخقيٍذي )اىشٍاه ٗفذٌ الأّثشاعٍج( . ٕزا اىبذث ٌذسط اعخخذاً خشص اىفً٘ م٘عط 

اىعائٌ . ٌخٍَض ىٍَآ اىج٘فٍت ، ٗدٍث أُ مثافخٔ اقو ٍِ مثافت اىٍَآ ىزا حغَى ٍششذاث اى٘عط لإصاىت اىَْجٍْض ٍِ احششٍذً 

ٍِ اىٍَآ  %1خشص اىفً٘ م٘عط حششٍذً بذٌو عِ اى٘عط اىخقيٍذي ماىشٍو بأّٔ ٌذخاج إىى مٍَت ٍٍآ غغٍو اقو )حقشٌباً 

 اىَششذت( ٗلا ٌذخاج إىى ٍضخاث خاصت ىيغغٍو دٍث أُ ٕزٓ عَيٍت حخٌ فً ّفظ احجآ اىجاربٍت بعنظ اىَششذاث اىخقيٍذٌت.

لإجشاء عَئٍ اىبذث ٗدساعت جاٍعت اىَْص٘سة  –بَعَو اىْٖذعت اىصذٍت بنيٍت اىْٖذعت يً حٌ حصٌٍَ ٗإعذاد جٖاص ٍعَ

ٍجٌ / ىخش  4.50إىى  0.50حٌ اعخخذاً ٍٍآ ٍصْعت بٖا حشمٍضاث اىَْجٍْض ٍِ  .إٍناٍّت اعخخذاً خشص اىفً٘ م٘عط حششٍذً

ٍخش /  5إىى  3حخشاٗح ٍِ شٍخ بغشعاث ٗحٌ أمغذحٖا باعخخذاً ٍٕب٘ مي٘سٌذ اىص٘دًٌ٘ ثٌ إٍشاسٕا عيى عَ٘د اىخش

ّغبت أصاىٔ ٍخ٘عط .ٗقذ حبٍِ أُ اعخخذاً خشص اىفً٘ م٘عط حششٍذً ىيٍَآ اىج٘فٍت ّظاً ّاجخ  ّغبٍا دٍث ٗصيج اىغاعت

 %.76.16ٗأصاىٔ اىعناسة اىْاحجت عِ اىَْجٍْض إىى  %85.48اىَْجٍْض إىى  
 

Abstract  
          Ground water is considered an important source of drinking water but in many cases it 

contains manganese with concentration higher than the standards limits. Therefore 

purification of ground water is necessary to be adopt to drinking water standards. The 

scientific research is increased in filtration processes  but a little of them has been changed the 

conventional media as sand and anthracite to other filtration media. This research studies 

using polystyrene bead as a filtration media to remove manganese from ground water. Since 

the density of this media less than water density that is called floating media filters. This 

media has some advantages over conventional media in many things as it wants a little 

quantity of washing water (around 1%) of filter product, doesn't need separate washing pumps 

that because the washing process is in the same direction of gravity. 

         The experimental work was designed and run in the laboratory of Sanitary Engineering, 

Faculty of engineering – Mansoura University to study the possibility of using polystyrene 

beads as filtering media to remove manganese from ground water. Synthetic water was used 

having manganese concentration from 0.50 to 4.50 mg/l and was oxidized by sodium 

hypochlorite and then passed it through filtration column with velocities ranged from 3.0 to 

5.0 m/hr. 

         The conducted study cleared that the using of expanded polystyrene beads as filtering 

media to remove manganese from ground water was successful. The average removing 

manganese percentage was 85.48% and turbidity removal with 76.16%. 
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Introduction  
     The main objective of water 

purification is the production of safe and 

appealing water for human consumption 

with respect to capital and operating cost. 

In Egypt, ground water is one of the main 

resources of drinking water. Ground water 

may have many impurities of different 

salts such as iron and manganese with 

concentrations that can cause some 

problems. Manganese causes brownish-

black stains on laundry, porcelain, dishes, 

utensils, glassware, sinks, fixtures and 

concrete. Manganese also causes turbidity 

of water. Manganese and turbidity in 

drinking water should not exceed 0.4 mg/l, 

1.0 NTU respectively according to 

Egyptian standard. 

        There are many methods of removing 

iron and manganese from ground water 

such as: 

Ion exchange: It should be considered 

only for the removal of small quantities of 

iron and manganese because the presence 

of higher concentrations of iron and 

manganese will cause rapid fouling as well 

as rapid clogging of the used resin [1, 10]. 

Lime softening: Lime softening is highly 

effective in removing iron and manganese; 

the high pH achieved insured essentially 

complete precipitation of any iron and 

manganese in the raw water [1, 10]. 

Removal by aeration followed by 

filtration: In this method oxidation can be 

accomplished with dissolved oxygen, 

added by either natural or artificial 

aeration. This method is suitable for iron 

removal only because manganese is more 

difficult to oxidize by aeration unless the 

pH is raised to about 9.5[1,10]. 

Removal by chemical oxidation followed 

by filtration: The basic process of this 

method is the oxidation of iron (II) and 

manganese (II) by chemical oxidants such 

as molecular oxygen, potassium 

permanganate, or chlorine dioxide, and 

then subsequent removal by precipitation 

and/ or filtration.  

 

Filtration is considered the final polishing 

process in water purification train. In 

practice, there are many types of filters 

which can be classified according to kind 

of media, direction of flow, rate of 

filtration and driving force. In recent time, 

expanded polystyrene beads are used as 

filtering media and its filters are named 

floating media filters.   

 Floating media filters differ from the 

conventional sand filters in many ways. 

First, because of the density of the 

synthetic filter-media (expanded 

polystyrene beads) is 0.015-0.10 gm/cm
3
, a 

retaining grate is placed at the top of the 

filter in order to maintain the media inside 

the filter in submerged state. Secondly, by 

increasing the diameter of the 

grains(beads) its density decreased and 

vice versa, so under the action of 

Archimedes floating force, the grains of 

filter media are sorted downward for size, 

with the grain of large size at the top of the 

filter and grain of the small size at the 

bottom. So, the direction of downward 

filtration simply coincides with the 

direction of a uniform decrease in pore size 

through the filter depth. Thirdly, floating 

media filters are washed with down-flow 

water, therefore the media -expands 

downward and the gravitational force 

direction of the deposited solids coincides 

with the direction of wash water, so that 

the required volume of wash water is less 

than that for sand filters [2,3, 4]. Floating 

media filters are also claimed to have high 

retention capacity with low head loss 

development compared to the conventional 

sand filters [5]. 

       This research aims at the 

determination of the efficiency of the 

expanded polystyrene beads media filter to 

remove manganese from raw water by 

using chemical oxidations. 

Material and methods 

a) Pilot plant  
          To conduct the experimental work of 

this study, the pilot plant was installed in 

the laboratory of sanitary engineering in 

the faculty of engineering in El-Mansoura 
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University. The experimental pilot plant as 

shown in figure (1) consisted of the 

following main parts: Feeding tanks, 

constant head tank, filtration column with 

diameter of 135 mm, piezometric tubes for 

measuring head losses through the filter 

media and valves with different diameters. 

b) Filter media 
         The filter media used in this study 

was the expanded polystyrene beads (1.60-

2.00 mm) with depth about 1.00m. This 

was the smallest available beads size in 

Egyptian market. The density of this type 

is  33.77 kg/m
3
. 

 c) Synthetic water 

         Synthetic water was prepared in the 

laboratory using tap water and manganese 

sulfate (MnSO4) and sodium hypochlorite 

(NaOCl) was used for oxidation. Filtration 

process was run  through up flow direction. 

d) Instruments and measurements: 

Atomic Absorption Spectrometry: was 

used to measure the concentration of 

manganese in ( mg/l). Its model was 

Varian (fast sequential atomic absorption 

spectrometer) (AA240FS).  

Nephelometric turbidimeter was used to 

measure the water turbidity, in 

nephelomitric turbidity unit (NTU). Its 

model was Orebro HELLIGE (TB200IR). 

e) Comparison criteria (ks) and (X) 

factors 

       Two comparison criteria were used to 

evaluate and comparing the filter runs. The 

first criterion was the theoretical depth 

index (Ks). This criteria was assumed to be 

direct proportion to depth of filtering 

media and inversely proportion to the 

average raw water turbidity, filtration rate 

and length of filter run. The theoretical 

depth index criterion can be expressed by 

the following form [6]: 

Ks=     ϕ . D / R . t . CO                 

Where:  

ϕ = constant of the proportionality  

D = Media depth, m  

R = Rate of filtration, m/hr  

t = Run length, hr  

Co = Average turbidity of raw water, NTU 

The constant of the proportionality ϕ 

depends upon the technological 

characteristics of the filter such as the type 

and size of the filtering media, the number 

of layers, the direction of the filtration 

process . . . act. When making comparison 

between a set of runs conducted in the 

same filter, this constant can be neglected 

and the value of the theoretical depth index 

criterion can be calculated by using the 

following expression: 

Ks=         D / R . t . CO  ……………      (1) 

         From this expression it is clear that as 

the value of the theoretical depth index 

(Ks) decreased, the depth of the filtering 

media was more utilized and a higher 

quantity of turbidity can be removed. So, 

the lower theoretical depth index (Ks) 

value, means that a better combination of 

the variables appeared in expression(1) 

have been already realized. 

        The second criterion was the filter 

capacity (X), NTU - cubic meter of 

turbidity removed per meter of head loss 

[7, 8]. The filter capacity can be calculated 

by the following expression:- 

X= ( Co - Ce ) . R . a . t / h………      …(2) 

Where: 

Co = Average turbidity of influent water, 

NTU 

 Ce = Average turbidity of filtrate water, 

NTU 

R = Rate of filtration, m/hr  

a = filter area, m
2 

t = run length, hr 

h = head loss due to solid accumulation, m 

       From expression (2), it's clear that the 

increasing X value means the increasing of 

filter productivity. 

          The design of the pilot plant allowed 

the measuring of the monitored variables 

such as concentrations manganese, 

turbidity, head loss, total dissolved solids, 

conductivity and pH  
 

Results and discussion 
The process of removal manganese ions 

includes two stages. First stage was 

oxidation of manganese sulfate and convert 

manganese ions from soluble form (Mn
+2

) 
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to insoluble form (Mn
+4

). Second stage 

was filtration through up flow direction. 

Two independent variable parameters 

(flow rate & inlet manganese 

concentration) have been studied.  The 

flow rate was in the range 3 - 5 m/hr, inlet 

manganese concentration was 0.5-4.5 

mg/L. The experiments were planned in 24 

runs classified in three groups as shown in 

tables (1, 2, 3) 

 

A. Group (1)  

In group No. ( 1) ten runs were conducted 

with flow rate of 3.0 m/hr  and influent 

manganese concentrations  from 0.5 mg/l 

to 4.50 mg/l as shown in table (1). 

B. Group (2)  

In group (2) six runs were conducted with 

flow rate of 4.00 m/hr. and influent 

manganese concentrations  from 0.75 mg/l 

to 4.50 mg/l as shown in table (2). 

C. group no (3) 
In group (3) eight runs were conducted 

with flow rate of 5.00 m/hr. and influent 

manganese concentrations  from 0.50 mg/l 

to 4.50 mg/l as shown in table (3). 

Results show that, at rate of filtration 3.0 

m/hr and influent Mn
++

 concentration 0.50 

– 4.50 mg/l the effluent concentration was 

in range 0.12 to 0.34 mg/l with removal 

efficiency 66.6 to 95.56%. Similarly, at 

rate of filtration 4 & 5 m/hr the Mn
++

 

effluent concentration was in range 0.13 to 

0.40 mg/l with removal efficiency 70.0 to 

92.2%.  

The Mn
++

 effluent concentration in all runs 

was acceptable according to Egyptian 

standard. But for turbidity the issue was 

different where at rate of filtration 3.0 m/hr 

the influent turbidity was in range 6.0 to 

83.4 NTU and effluent turbidity was in 

range 1.43 to 4.40 NTU with removal 

efficiency 69.23 to 94.72%. Similarly, at 

rate of filtration 4 & 5 m/hr the effluent 

turbidity was in range 1.85 to 9.50 NTU 

with removal efficiency 56.0 to 93.83%. In 

all runs, the turbidity was not acceptable 

with respect  to Egyptian standard. The 

failure of filter to produce filtrate with 

turbidity less than 1.0 NTU may be due to 

the size of media was relatively big and/or 

the absence of coagulant addition.   

It can be also observed that there was a 

direct correlation between inlet manganese 

and turbidity as shown in Fig. (2), and 

efficiency of manganese and turbidity 

removal as shown in Fig. (3). 

From tables 1-3 it was observed that at 

highest efficiency of manganese and 

turbidity removal the (Ks) value was the 

lowest one and (X) factor was the  highest 

value. 

Figure (4) show a comparison between the 

average values of Ks and X factors at 

different rate of filtration, from which it 

was clear that when the effluent 

concentration of Mn
++

 was acceptable, in 

the runs with higher filtration rate, the 

media was more utilized, higher quantity 

of Mn
++

  was removed and the filter 

productivity was increased. 
 

Conclusions and 

recommendations 
According to the laboratory studies, the 

following conclusions and 

recommendations could be drowning. 

1. The expanded polystyrene beads of 

grain size 1.6- 2.0 mm with filtration rate 

up to 5.0 m/hr succeed to reduce the 

oxidized Mn++ of concentration 0.5 – 4.5 

mg/l to be less than or equal 0.40 mg/l and 

fail to reduce the turbidity below than 1.0 

NTU. 

2. More research work with smaller 

beads grain size and/or by using coagulant 

before filtration is needed to produce water 

with turbidity agree with the standards of 

drinking water. 
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Table (1) Results of runs of group No. (1) That conducted at R.O.F =3.0 m/hr. 

 

 

 

X  factor Ks factor       Removal efficiency % Head 

loss 

∆H, cm 

Run 

length 

(hr.) 

Turbidity, NTU Mn
++

 mg/l No. 

of 

run turbidity Mn
++

 turbidity Mn
++

 Turbidity Mn
++

 outlet Inlet 
outlet 

 
inlet 

36.07 2.08 5.20 83.30 82.12 76.00 6 8 1.43 8.00 0.12 0.50 1 

27.25 2.01 4.27 55.55 69.23 66.60 8.5 8 3.00 9.75 0.25 0.75 2 

11.58 2.11 4.88 50.10 75.83 87.30 11 7 1.44 9.85 0.13 0.95 3 

14.00 1.58 4.30 39.68 72.00 75.00 17 7 3.07 11.00 0.3 1.20 4 

13.12 2.34 4.62 27.77 72.20 77.30 17 8 2.50 9.00 0.34 1.50 5 

25.50 3.10 2.29 19.37 90.03 92.66 22 8 1.80 18.20 0.15 2.15 6 

61.30 3.25 0.74 13.88 93.16 91.66 29 8 3.80 55.60 0.25 3.00 7 

61.36 3.32 0.70 13.00 92.85 93.43 30 8 3.66 59.50 0.21 3.20 8 

62.17 3.39 0.56 10.40 94.33 95.55 38 8 4.20 74.10 0.18 4.00 9 

62.32 3.39 0.49 9.25 94.72 95.56 43 8 4.40 83.40 0.2 4.50 10 
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Table (2) Results of runs of group No. (2) That conducted at R.O.F =4.0 m/hr. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (3) Results of runs of group No. (3 that conducted at R.O.F =5.0 m/hr. 

 

X  factor Ks factor x 10
-3

 Removal efficiency % 
Head 

loss 

∆H, cm 

Run 

length 

(hr) 

Turbidity, NTU Mn
++

 mg/L 
No. 

of 

run turbidity Mn
++

 turbidity Mn
++

 Turbidity Mn
++

 outlet Inlet outlet Inlet 

91.50 7.14 3.12 50 56.00 70.00 2.8 8 3.50 8.00 0.14 0.50 1 

42.261 6.80 5.71 38.1 71.40 77.00 4.2 7 1.43 9.12 0.17 0.75 2 

34.21 3.50 2.85 28.5 76.60 80.00 11.2 7 2.30 10.00 0.20 1.00 3 

47.27 8.20 1.78 12.5 71.40 87.00 12.1 8 4.00 14.00 0.26 2.00 4 

112.1 5.2 0.74 16 81.85 82.40 14.1 5 9.50 54.00 0.43 2.50 5 

185.5 10.6 0.43 8.3 83.60 90.00 15.2 8 9.50 58.00 0.30 3.00 6 

272.3 13.9 0.34 7.14 87.20 92.20 13.2 8 9.25 72.00 0.26 3.50 7 

157 9.20 0.32 5.55 88.50 90.80 25.2 8 8.90 78.10 0.40 4.50 8 

X  factor Ks factor x 10
-3

 Removal efficiency % Head 

loss 

∆H, cm 

Run 

length 

(hr) 

Turbidity, NTU Mn
++

 mg/L No. 

of 

run turbidity Mn
++

 turbidity Mn
++

 turbidity Mn
++

 outlet Inlet outlet Inlet 

9.54 2.33 7.68 47.6 79.56 83.30 10.7 7 2.10 4.65 0.13 0.75 1 

24.09 2.28 2.92 31.10 84.83 85.20 17.2 7 1.85 12.20 0.17 1.15 2 

12.27 5.00 2.88 17.90 74.19 88.00 30 7 3.20 12.40 0.24 2.00 3 

13.78 2.46 1.92 11.90 79.56 88.30 43 7 2.65 18.60 0.35 3.00 4 

45.8 2.41 0.48 8.92 93.21 90.00 60 7 5.00 73.70 0.35 4.00 5 

45.91 2.43 0.43 7.93 93.83 91.11 67.5 7 5.60 83.00 0.40 4.50 6 
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Fig.(1) Experimental Pilot Plant Components and Arrangemen

 

Fig. (2) The correlation between inlet turbidity and Mn
++
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Fig. (3) Comparison between the average values of Ks and X factors at different rates of 

filtration
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