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ABSTRACT:  
River and tap waters usually contain natural chemical and biological species known as impurities, whose 

composition changes from one location to another. Our investigation focuses on characterizing and removing 

water impurities using a column containing a mixture of powder and granular activated carbon impregnated with 

potassium permanganate to enhance the adsorption performance and to give it sterilization power. Four samples 

were subjected to different chemical and biological analysis. Two samples from Euphrates River, the first from a 

location near the city of Ramadi (RR0) and the second from a location near the town of Fallujah (FR0), where 

the river stream flows from Ramadi to Fallujah. Two other samples from tap water supplied by the municipality 

of Ramadi (RT0) and the municipality of Fallujah (FT0). The four water samples were allowed to pass once and 

twice through an activated carbon column (5 cm thickness), pre-treated with 0.1 w/w potassium permanganate 

solution. The samples were analyzed for various parameters such as pH, total dissolved solids TDS, chloride, 

phosphate, dissolved oxygen DO, electrical conductivity EC, turbidity, and bacterial existence. The analysis data 

indicates that the samples are not suitable to be used as drinking water due to the existence of high quantities of 

impurities. The treatment with activated carbon has some effects on the removal of chemical impurities and 

removes the bacteria found in one sample. 
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INTRODUCTION:  
Water is known to be the elixir of life as it represents the 

medium for the origin of organisms. The purity of water 

for human health has become an urgent and important 

issue, especially in recent years, where the levels of 

waters have fallen around the world. When water 

becomes contaminated, it becomes a serious threat to 

human life, so water purification has become essential 

for the continuation of life1. Water used for daily human 

consumption must be free of chemicals and organisms 

that have a dangerous role to play in various diseases, 

which causes damage to public health2. It was found that 

pollution of water around the world has reached a 

dangerous stage and the water quality is degrading3.  
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The chemical and physical properties of water depend on 

several variables such as location, dissolved minerals, 

depth of water pool, temperature, penetration of light, 

precipitations, pH and other variables4-6. Water contains 

natural organic matter which have a negative impact on 

the process of water treatment. The presence of such 

species causes some problems to the water and affect the 

odor, color and taste as well as inducing microbial 

growth7. The levels of natural organic matters in water 

sources increase significantly from year to year8,9. Water 

also contains dissolved minerals and salts as a result of 

the presence of water sources in areas containing these 

minerals and salts as well as the passage of this water in 

areas containing these elements. These minerals and salts 

are known as total dissolved solids TDS, which are a 

measure of the total content of inorganic and organic 

species found in water. The main ions are usually 

potassium, sodium, calcium, magnesium, chloride, 

carbonate, bicarbonate, nitrate, and sulfate10. Water with 

low TDS is considered to be insipid while with TDS 

more than 2000mg/L is considered to be unpalatable1. 

The low-level content of minerals in water is unsuitable 
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for human body health. The manufactured water is really 

demineralized water free from the necessary elements of 

the human body. A study conducted on the lack of 

minerals in drinking water revealed that there are some 

risks can be associated with the long term consumption 

of this type of water. These risks include kidney, 

gastrointestinal and bone density problems in addition to 

cardiovascular diseases10. In general, water containing 

minerals less than 300mg/L is defined as excellent, 300-

600 good, 600-900 fair, 900-1200 poor and more than 

1200mg/L unacceptable10. Water that is classified as 

drinking water is divided into two types; pure water and 

safe water. Pure water should be free from alien objects 

while safe may contain some contaminants that are not 

harmful to humans11. Water pollution has led scientists 

to find efficient and inexpensive ways to purify water, 

from these methods is the purification of water by 

treatment with activated carbon, as this method is 

considered effective and important for removing 

impurities, colors, odor and other biological species12,13. 

The huge pore sizes of activated carbon, high surface 

area and chemical stability make it an important 

adsorbent for many species and have a wide range of 

applications14-16. In order to improve the process of 

adsorption of impurities on the surface of activated 

carbon, studies have shown that impregnation with 

oxidizing materials such as potassium permanganate 

enhances its adsorption properties17-19. Potassium 

permanganate is one of the important antiseptic and 

oxidizing agents, which has the ability to destroy 

bacteria and work as antiparasites. It is often used in 

water treatment20,21. A study of different water resources 

at the global level was conducted by many groups of 

researchers22. Research study concerns the biological and 

chemical fetchers of polluted water have been discussed 

in detail23. A study on the removal of Cu2+ ions from 

water using activated carbon modified by different 

concentrations of potassium permanganate showed that 

the adsorption process can be influenced by 

concentration and time, and no influence was observed 

for temperature24. The assessment of pH and total 

dissolved substances in the water samples purified as 

drinking water showed that the bottled water they 

examined is suitable for human consumption. The TDS 

they found was less than 100mg/L25. It was shown that 

the activated carbon modified with potassium 

permanganate is able to remove natural organic matters 

via the formation of complexes between the functional 

groups of its surface with the organic matters26. Several 

studies on the adsorption of different species from 

aqueous solutions using activated carbon have been 

carried out27-29. Other materials similar to activated 

carbon also used for such adsorption processes30-32. The 

object of the present research is to assess the 

performance of a mixture of powder and granular 

activated carbon modified by potassium permanganate 

on removing chemical and biological impurities from 

river and tap water.  
 

MATERIALS AND METHODS: 
Water Samples Collection and Apparatuses: 

The collection of samples for testing was done with the 

utmost care because the sample should be representative 

of the water. The water samples used in this study were 

collected from the middle of the Euphrates River stream. 

One from a location near the city of Ramadi (RR0) and 

the other near the town of Fallujah (FR0). The tap water 

samples were taken from the water pipes supplied by the 

municipality of the city of Ramadi (RT0) and the 

municipality of the town of Fallujah (FT0). Both water 

samples (river and tap water) were collected in 2 liters 

nonreactive polypropylene plastic bottles. The bottles 

were cleaned with deionized water and sterilized before 

use. All samples were collected on 21st March 2019. All 

chemicals used in this work were of analytical grade 

obtained from Sigma-Aldrich. The pH was measured 

using a Philips (PW-9409) digital pH meter, the TDS 

was measured using TDS Smart Combined Meter 801, 

the quantities of chloride ion was calculated using the 

Mohr method, the quantities of phosphate ion was 

calculated at 882 nm using UV/Vis Spectrophotometer 

CE 7200, the DO was measured using HANNAHI9146-

04, the electrical conductivity was measured using 

HANNA H12300, the turbidity was measured using 

HACH 2100N. Chemical and biological analysis was 

carried out in the Analytical Chemistry Laboratory and 

Biology Laboratory/College of Pharmacy.  

 

Modification of Activated Carbon: 

The activated carbon used in this research is in powder 

and granular forms, and was modified by immersing 

each form separately in a 1% w/w potassium 

permanganate solution under neutral conditions. 10g of 

activated carbon were placed in a conical flask 

containing 100ml of 1% w/w potassium permanganate 

solution. The mixture was placed on a magnetic stirrer 

for 5 hours, after which the activated carbon was 

separated by filtrating through Whatman filter paper. 

The product was washed several times with distilled 

water until no color for the filtrate was observed, then 

dried in a furnace at 105˚C to constant weight in order to 

remove water and impregnation solution content. 

 

Experiment Design: 

The filtration process was carried out using a filtration 

column composed of a layer of glass wool at the bottom 

of the column and above it a layer of powder activated 

carbon 2cm thickness and granular activated carbon 3 

cm thickness, covered with filter paper. The four raw 

water samples RR0, FR0, RT0, FT0 were allowed to 

pass on the purification column once and were labeled 

RR1, FR1, RT1, FT1 respectively, and twice and were 
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labeled RR2, FR2, RT2. FT2 respectively. The 

purification experiment was carried out by passing 50ml 

of each water sample through the purification column, 

which was replaced by a new one for each set of the four 

samples for the purpose of exposing samples to the same 

conditions. The test was done at room temperature 25oC.  

 

RESULTS AND DISCUSSION: 
The population of the world is increasing continuously 

and this increases the demand for water. The task of 

obtaining pure water is now one of the most important 

tasks that must be done by specialists. On the other hand, 

the water that is supplied to the house hold should be 

safe and free of any pollutants, whether chemical or 

biological. The parameters of the four main samples 

analyzed and the samples taken from them are 

summarized in (Tables 1, 2, 3, and 4) 

 

pH Measurement: 

The pH is a measure of how acidic or basic water is. 

Low pH water dissolves metals and other substances 

while high pH water causes a bitter tasteand decreases 

the chlorine disinfect action. The pH value of water is 

closely related to the presence of organic matter. High 

quantities of these substances lead to a reduction in pH 

because the degradation of organic matter leads to the 

formation of carbon dioxide. The acceptable range for 

the pH of water given in the WHO recommendations is 

between 6.5-8.5. The pH values of all the samples used 

in this research are around 7 and are well within the 

range. No significant effect of activated carbon on pH 

values was observed since the values were within the 

neutral range.  

 

TDS Measurement: 

Total dissolved solids or TDS is a measure of all solids 

dissolved in the water and can be calculated after 

evaporating a known quantity of water. TDS usually 

include carbonate, bicarbonate, chloride, fluoride, 

sulfate, phosphate, nitrate, calcium, magnesium, sodium, 

and potassium. If other ion is present it will contribute to 

the total dissolved solid materials. Some other species 

may exist in water and contribute to the total, such as 

herbicides and humic acids. The obtained results for 

TDS in our research for all four raw samples RR0, FR0, 

RT0 and FT0 were above 700mg/L indicating that the 

water quality is fair according to the international 

standard. It is worth noting that the TDS values of the 

river water samples RR0 and RF0 are not different from 

those of the tap water samples RT0 and FT0, indicating 

that there is no treatment has been done on this water 

before it reaches the households. According to our 

investigation, the removal of minerals by the activated 

carbon modified by treatment with potassium 

permanganate was not significant, this is probably due to 

the short time of contact between water and activated 

carbon. The TDS values for RR0 and FR0 were 724 and 

728mg/L respectively, reduced to 604 and 612mg/L for 

RR1 and RF1 respectively (removal efficiency about 

17%). When the RR1 and RF1 samples were allowed to 

pass on the activated carbon column for another run to 

obtain RR2 and FR2 samples, the amount of TDS 

retained on the surface was also low, the values were 

578 and 560mg/L for RR2 and FR2 respectively (total 

removal efficiency about 20%). The same discussion can 

be applied for RT and FT samples. 

 

Chloride Measurement: 

Chloride ion exists in water with sodium ion as NaCl and 

both elements are important to body life. Na+ acts as 

major extracellular cation while Cl- acts as an 

extracellular anion. They act together to maintain acid-

base balance and they regulate the osmotic pressure of 

bodily fluids. The accepted percentage of chloride in 

drinking water is supposed to be around 10mg/L and 

when this ratio exceeds 250mg/L the water taste 

becomes salty. The chloride quantities in the samples 

range from 17 to 33mg/L appear reasonable relative to 

the ratio of total TDS. The measurements showed that 

the content of chloride in the river and tap water samples 

of Fallujah town are twice that of the city of Ramadi, 

possibly due to the passage of water in areas near 

Fallujah, containing high quantities of this salts. A high 

concentration of chloride may indicate pollution due to 

organic waste. The activity of activated carbon to 

remove this salt is insignificant as shown in the tables. 

 

Phosphate Measurement: 

Phosphates are known to be nontoxic to people or 

animals if present at a moderate level, high levels cause 

digestive problems. It is one of the essential nutrients 

necessary for the nutrition and growth of living 

organisms in the water. The natural level of phosphate 

ions is usually between 0.005 to 0.05mg/L. Sometimes 

phosphates are added to the water to act as anticorrosive 

materials for the water pipes. In general, phosphates are 

existed as the thermodynamically stable orthophosphate 

and as the unstable polyphosphates which eventually 

convert to orthophosphate. The phosphates content of the 

samples is about 0.08 which seems acceptable for this 

type of water. This number didn’t change clearly after 

passing samples on the purification column.  

 

DO Measurement: 

DO represents dissolved oxygen in water or it is the free, 

non-compound oxygen. The bonded oxygen of water is a 

part of the compound and it does not count toward DO 

level of water. It is an important factor in water quality 

due to its influence on the presence of organisms. The 

oxygen may be dissolved through diffusion from the 

surrounding environment (air or as a plant byproduct). A 

high DO level in water is preferable because it gives 
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drinking water good test. The DO levels in water vary 

from one type to another depending on water 

temperature, season, depth of water and some other 

factors. At high temperature and high salt level water has 

less dissolved oxygen. Animals and plant use DO for 

respiration. In industry, water with low levels of DO is 

preferable because high DO levels speed up corrosion in 

the water pipes. DO levels can range from less than 1 

mg/L to more than 20mg/L. Healthy water should 

generally have DO content of about 6.5-8 mg/L. The DO 

content in the samples is well within range. This content 

near Ramadi city seems a little more than that near 

Fallujah town. No significant change was noticed for the 

DO values in the purified samples.  
 

EC Measurement: 

Electrical conductivity EC of water is defined as the 

ability of water to conduct an electric current. Salts or 

other chemicals that exist in water can break down into 

positively and negatively charged ions. These free ions 

in the water have the ability to conduct electricity. The 

electrical conductivity of the water depends on the 

concentration and quality of the ions found in the water 

as well as depends on the temperature. The results 

obtained for EC appear to be consistent with those 

representing TDS since the EC expresses the amount of 

salts exist in the sample. The highest values found in 

μS/cm for the raw samples became less after passing the 

samples through the purification column.  
 

Turbidity Measurement: 

Turbidity is the relative clarity of a liquid and for water, 

it is a measure of the light transmitting properties, or it is 

the amount of light that is scattered by material in the 

water. The greater the amount of scattered light, the 

greater the amount of materials present in the water and 

the higher the turbidity. Turbidity is caused by 

suspended materials in water, such as finely divided 

organic and inorganic materials, clay and other species. 

Usually, the turbidity is expressed as nephelometric 

turbidity units (NTU). Increased turbidity is usually 

accompanied by an increase in pathogen numbers, 

including cysts or oocyst. The turbidity of drinking water 

is supposed to go beyond 5 NTU, and should ideally be 

below 1 NTU. The present investigation showed that the 

turbidity values for the raw samples of the Euphrates 

River taken near the city of Ramadi and the town of 

Fallujah and the turbidity values of the tap water samples 

from the municipalities of both cities are not very 

different, again indicating that there is no clear treatment 

for the river water before it reaches the households. The 

turbidity values for RR0 and FR0 were 1.9 and 1.5 NUT 

respectively, and for RT0 and FT0 were 1.2 and 1.9 

NUT respectively. After passing the samples through the 

purification column for two runs the values stabilized at 

0.8 NUT indicating that the value is within the 

acceptable range. 

Bacterial Analysis: 

One of the most urgent consideration in assessing 

drinking water is bacterial quality. Bacteria and viruses 

are organisms causing disease and can be found in 

treated and untreated water. Coliforms are a type of 

bacteria naturally occurring in the environment and can 

be used as indicators for other harmful bacteria. E. coli 

and fecal coliform are bacteria caused by the 

contaminating of water by human or animal wastes. All 

these bacteria can be eliminated through treatment of 

water by chlorine UV light, chloramine and ozone. The 

water samples taken for testing were fresh and less than 

24 hours old. The parameters for bacterial testing reveal 

that the RT0 sample was the only sample of the four 

main samples contained bacteria. The sample was 

analyzed for total viable counts (TVC, s), total coliforms 

(TC) and fecal coliforms (FC) using the most probable 

number33 and the conventional methods34. Each analysis 

was repeated three times and the results showed the 

mean total viable counts was 95.7/10ml, the most 

probable number (MPN, s) of total coliforms was 820/10 

ml and the most probable number (MPN, s) of fecal 

coliforms was 386.7/10ml. The bacterial content of the 

RTO sample appears to be low and it has been the result 

of passage of water in the transport pipes that are already 

contaminated with bacteria. The passage of the sample 

through the purification column removes all the bacterial 

existence.  
 

Table 1: The analytical values of the RR samples  

Parameters/Samples RRO RRI RR2 

pH 7.2 7.5 7.4 

TDS mg/L 724 604 578 

Chloride mg/L 18 17 17 

Phosphate mg/L 0.088 0.08 0.073 

DO mg/L 7.03 6.89 5.89 

ECµS/cm 1060 880 824 

Turbidity NUT 1.9 1.2 0.8 

Bacterial Existence  0 0 0 

 

Table 2: The analytical values of the FR samples  

Parameters/Samples  FRO FRI FR2 

pH 7.3 7.5 7.5 

TDS mg/L 728 612 560 

Chloride mg/L 29 25 22 

Phosphate mg/L 0.08 0.075 0.082 

DO mg/L 5.02 5.75 5.66 

EC μS/cm 1055 879 830 

Turbidity NUT 1.5 1.1 0.8 

Bacterial Existence  0 0 0 

 

Table 3: The analytical values of the RT samples  

Parameters/Samples  RTO RT1 RT2 

pH 7.7 7.8 7.6 

TDS mg/L 705 620 575 

Chloride mg/L 18 17 17 

Phosphate mg/L 0.081 0.08 0.078 

DO mg/L 6.06 6.54 6.87 

EC μS/cm 1014 896 822 

Turbidity NUT 1.2 0.9 0.8 

Bacterial Existence  + 0 0 

+=TVC (95.7/10 ml), TC (820/10 ml), FC (386.7/10 ml) 
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Table 4: The analytical values of the FT samples  

Parameters/Samples  FTO FT1 FT2 

pH 7.3 7.4 7.4 

TDS mg/L 710 625 560 

Chloride mg/L 33 29 27 

Phosphate mg/L 0.081 0.089 0.08 

DO mg/L 5.68 6.99 6.78 

EC μS/cm 1080 890 811 

Turbidity NUT 1.9 1.6 0.8 

Bacterial Existence  0 0 0 

 

CONCLUSION: 
Four water samples were subjected to characterization 

and purification experiments. Two samples from 

Euphrates River and another two samples from tap 

water. The purification experiments were conducted 

using a column containing a mixture of powder and 

granular activated carbon impregnated with potassium 

permanganate to enhance the adsorption performance 

and to give it sterilization power. The samples were 

analyzed for various parameters such as pH, TDS, 

chloride, phosphates, DO, EC, turbidity, and bacterial 

existence. The analytical data indicate that the samples 

are not suitable to be used as drinking water due to the 

existence of impurities. The treatment with activated 

carbon has a little effect on enhancing water properties.  
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