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 Natural Organic Material (NOM) is a heterogeneous mixture of organic materials in 

water resulted from decomposition of plants, animals  and so on as they enter into the 
water. Among natural organic materials existing in natural waters, humic substances, 

which are usually in form of solution, have a great share and besides giving color, taste 

and odor to water, they interfere with oxidation and elimination of heavy metals such as 
arsenic, iron, and magnesium. In addition, organic materials are performs of 

disinfection By-products that are known as toxic or carcinogen agents. Coagulation 

procedure is the most conventional system of water treatment for elimination of 
turbidity in Iran. Wherever NOM is considered as the main contaminator, treatment 

procedure should be optimized for elimination of NOM. Besides, nanofiltration is 

considered as an efficient procedure in elimination of natural organic materials. Kardeh 
dam water, as one of the drinking water sources of Mashhad city, is used as drinking 

water after conventional treatment taking place. By performing water analysis, about 5 
mg/l natural organic materials in discharged water of treatment plant is observed, which 

is much higher than global drinking water standard limitations. In this research, 

optimum conditions for elimination of NOM from Kardeh dam drinking water using 
nanofiltration is investigated, and the results are compared and evaluated with those of 

advanced coagulation procedure that was already performed by the same researcher. 

Analyses are performed in laboratory scale. Eventually, the results showed that 
nanofiltration procedure has higher efficiency than advanced coagulation method in 

elimination of NOM and is significant in bringing the values closer to US 

Environmental Protection Agency and World Health Organization. 
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INTRODUCTION 

 

Surface waters often contain a great amount of organic materials and minerals resulted from river bed 

washout, substance solution, as well as decomposition of leaves, algae, and other microorganisms in waterways. 

In addition, sewage discharges and entrance of different dangerous contaminators into surface waters, such as 

agricultural organic trace materials, decreases conventional methods of water treatment used to provide healthy 

drinking water (Rashidi and fazeli, 2001). 

Organic material existence in water resources has always been problematic for water treatment plants. The 

most cited reasons include the role of these substances in transformation and concentration of different 

contaminators, providing grounds for creation and growth of microbes in supply systems and finally their roles 

as performing agents for formation of dangerous By-products after chlorination (Torabian and GhadimKhani, 

2007). 

In general, two principal methods are used in water treatment: 

o Conventional method: pre-treatment operations, adding chemicals, coagulation and flocculation, 

sedimentation, aeration, filtration and disinfection 

o New methods of water treatment (Rashidi and Fazeli, 2001). 

Conventional method of water treatment, which is used for decreasing water turbidity in Iran, is based on 

coagulation method, hence lacking appropriate efficiency in decreasing organic materials. Therefore, where 

turbidity is not much high, coagulation procedure can be optimized for NOM elimination. 
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Among new water filtration methods, nanofiltration procedure is considered as an efficient method of water 

treatment. 

Kardeh Dam, 40 Km away from Mashhad, is considered as one of the drinking water resources of the city 

and its suburbs. Water of the dam is delivered to the residents after conventional treatment for elimination of 

turbidity and disease bearing factors done by the water treatment plant located in Kardeh region. 

 

 
 

Fig. 1: Mashhad City and Kardeh Dam location 

 

By water analysis, the amount of organic material in water discharged from water treatment plant was 

measured about 5 mg/l, which is higher than global drinking water standards. In this research, nanofiltration 

procedures and advanced coagulation proceeds in elimination of NOM from Kardeh dam is compared and 

evaluated. In advanced coagulation procedure, analysis is performed in laboratory scale using jar test apparatus 

by different dosages of two coagulant including alum and ferric chloride in different pH of water. Nanofiltration 

is done using nanofilter membrane and different operational pressures. 

 

History of researches about eliminating total organic carbon: 

History of eliminating total organic carbon from water using membrane procedure: 

Orecki et al. (2004) in a research about evaluation of surface water purification by nanofiltration method 

found that 93.5% of humic acids can be removed by NF membrane, and 85.5% in turbidity of surface water is 

also decreased by this method (Orecki, et al., 2004). 

Siddiqui et al. (2000) in a research about controlling natural organic materials in surface waters found that 

by using twisted thin-film NF membrane with MWCO equal to 300 dalton, more than 80 percent of natural 

organic materials could be removed. These researchers reported 84 to 98 percent of elimination range and 90 

percent of elimination in average (Siddiqui, et al., 2000). 

Schafer et al., described elimination or repulsion mechanism of organic materials by nanofilter membrane 

as filtration or size repulsion, in 1998, 2000, and 2004. They used three membrane types, TFC-ULP, TFS-SR, 

TFC-S with MWCO of 180 Daltons and orifice diameter less than 0.6 nanometer. The above mentioned 

membranes were able to remove dextran 88.3, 97.2 and 94.6 percent, respectively (Schafer, et al., 1998, 2000, 

2004). 

 

History of eliminating total organic carbon from water using advanced coagulation procedure: 

Studies done by Singer, Siemens and Bob Cock about coagulation, provided important information 

regarding the potentiality of this procedure to eliminate trihalometanes. It was shown that alum in dosage 100 

milligram per liter, in pH range between 5 and 5.5 is effective in elimination of 65 percent of trihalometanes 

(Kawamura, 2000). 

Based on studies done by Shorney and Randtke in 1994, regarding coagulation and its effect on removing 

TOC by different coagulant, it was shown that ferric sulfate is more effective in eliminating TOC than alum 

(Shorney, et al., 1998). 

Based on studies done by Freese, Nozaic et al., through 2000 and 2001 in South Africa, it was shown that 

by advanced coagulation method, the potential of producing trihalometanes is reduced by more than 50 percent, 

and organic carbon and color is reduced by 40 to 70 percent. Ferric chloride concentration required to eliminate 

natural organic materials 1.5 to 7 times more than concentration that is required for elimination of turbidity, 

which is dependent to type and concentration of NOM as well. Based on comparison between mineral coagulant 
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and organic polymers, a better elimination of organic materials by mineral coagulant is proved (Freese, et al., 

2001). 

 

MATERIALS AND METHODS 

 

At first, outlet water from treatment plant of Kardeh dam (outlet from primary sedimentation pools) is 

investigated and analyzed. Water analysis was performed to measure TOC three times in summer (because TOC 

is probably higher in summer than other seasons).  Qualitative characteristics of Kardeh river water is shown in 

Table (1). In all samplings, outlet water of water treatment plant was simultaneously analyzed to determine their 

efficiency in eliminating TOC. Results of the analysis showed a high concentration of TOC, about 5 mg/l. It is 

worth mentioning that treatment procedure had slight effect on reducing TOC of inlet water. Therefore, 

optimization of filtration procedure of water flowing to treatment plant, regarding further decrease TOC is a 

necessity. 

 
Table 1: Analysis of outlet water from primary sedimentation pools 
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The procedure and evaluation of advanced coagulation in elimination of natural organic materials from 

drinking water of mentioned dam is studied in another literature of the current researcher, hence, only the 

necessary results will be mentioned (Rezvani, 2013).  

 

Sampling: 

In this part of the study, the level of natural organic materials elimination using nanofiltration procedure is 

discussed. This study is done using pilot research method. 

In this study, after arrangements with Water and Wastewater Company, Khorasan Razavi branch, raw water 

required for the examination is taken from drinking water treatment plant of Kardeh dam, after secondary 

sedimentation pools and after filtration stage.  

 

Required equipment: 

 

All the tools and equipment used for examinations are listed in Table 2: 

 
Table 2: Tools and equipment used for examinations 

Equipment Characteristics 

Membrane: Nanofilter 
FILMTEC- NF90- 4040 
Nominal Active Surface Area: 7.6 m2 

Permeate Flow Rate: 7.6 m3/d 

retseTnobraCcinagrO 

DRB200 ( HACH Company) 
Version− 28.02− 2000

Micro− N/C− TOC
 

Thermometer Digital Thermometer 

pH meter HACH  Digital  pH  Meter 

EC meter HACH  Digital  EC  Meter 

 

Pilot: 

For filtration of raw water, NF90-4040 membrane made by Film Tech Company is used. The pilot consists 

of a nanofilter membrane. Two cartridge filter placed in series is used for pre-filtration process. These cartridges 

were used to eliminate suspended solids in water in order to prevent damage to membranes. First cartridge is 
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made of fibers (5 microns cartridge) and second cartridge is made of active carbon. In order to provide required 

pressure for water to pass through cartridges, a low-pressure centrifuge pump is used. This pump could provide 

a minimum pressure of 1.5 bars for water to pass through the cartridges. 

The other parts of the cartridge are as follows: 

o Raw water tank with 500 liter capacity: To provide raw water inlet for the pilot 

o Two pipes: Used for permeated water outlet and concentrated flowing out of membrane 

o Pressure control valve, to regulate favorite operational pressure: This valve regulates operational 

pressure of the membrane by adjusting the rate of concentrated outlet flow 

o Three pressure gauges: To measure water pressure before flowing into cartridge filters, after flowing 

out of cartridge filters and operational pressure, respectively. 

o Two discharge gauge: Used to measure raw water and permeated water discharge rate, respectively 

After running pilot, raw water would flow through cartridges and then membranes by pressure provided by 

the pumps responsible to provide pressure. The cartridges placed in series are responsible for eliminating 

suspended particles to prevent any possible damage and tear off the membrane, and in fact act as pre-treatment 

mechanism. Inlet raw water flow rate according to the operating pressure of the water flow is divided between 

permeated water flow and concentrated flow. Flow rate control is achieved by a valve place in front of pilot. 

Figure 2 illustrates a schematic of pilot. 

 

 
 

Fig. 2: Schematic of Nanofiltration Pilot 

 

1. Raw water   2. Inlet pump 3. Cartridge filters 4.Feeding pump: 

5. Nanofilter 6.Permeated water 7. Concentrated water: 

Method: 

First, physicochemical properties of raw water are examined as already mentioned. Then, considering 

limited capacity of the pilot tank, to provide required volume of water for experiment, it was filled multiple 

times. Since raw water TOC reaches its highest in summer, the experiment is performed in this season. It is 

worth mentioning that nanofiltration and advanced coagulation procedures are performed on similar water 

samples. 

The purpose of the experiment in this part is to determine the effect of nanofiltration on elimination of 

organic materials in water treatment. To do this process, raw water samples are flowed through nanofilter in 

different operational pressures. The TOC and EC of permeated water is measured and the results were compared 

with raw water. It is worth mentioning that the temperature of water in EC testing was about 25 degree 

centigrade.  

To measure TOC of the samples, after experiment was completed, samples were taken to testing facility to 

be measured for TOC. EC measurement was done in pilot site. It is worth mentioning that EC test was 

performed to verify the validity of membrane. Each experiment was repeated for three times, and in each 

experiment, although the amount of total organic carbon level in outlet reached a steady level after 30 minutes, 

yet each experiment continued for 90 minutes to make sure the validity of the results. Finally, the average of 

these experiments that repeated for three times is given as the final result. 

 

RESULTS AND DISCUSSION 

 

The results of this experiment under 4 bars operational pressure is given in Figure (3). As it can be seen, 

after about 30 minutes, the amount of total organic carbon in permeated water is fixed at 0.1 milligram per liter. 

Since the maximum allowed pollution for TOC is announced 2 milligram per liter by US Environmental 

Protection Agency, here this standard is met. 
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Electrical conductivity 

(Micro siemens per centimetre) 

Hardness 

(mg/l as CaCO3) 

TOC 

(mg/l) 

Turbidity 

(Ftu) 
pH Temperature 

450 186 5.1 2.7 7.5 25 

 

Fig. 3: Physicochemical properties of raw water 

 

In next experiment, raw water sample is processed for nanofiltration under pressure of 8 bars. In this 

experiment also, all samples had total organic carbon of less than 2 milligram per liter, which shows successful 

action of nanofilter. Likewise, in this experiment the total amount of organic carbon in permeated water was 

fixed at about 0.3 mg/l. considering doubling of operational pressure, a reverse result was observed in 

elimination of total organic carbon. Since membrane were new, total discharge of the membrane was similar and 

equal to about 14 liter per minute in both operational pressures, which based on regulated pressure in each try, 

discharge flow rate of permeated and concentrated water was different in each case. By increasing operational 

pressure from 4 bars to 8 bars, discharged rate of permeated water increased from 5 liter per minute to 7 liter per 

minute. 

 

 
 

Fig. 3: Nanofiltration procedure in operational pressure of 4 bars for elimination of total organic carbon from 

raw water 

 

 
Fig. 4: Nanofiltration procedure in operational pressure of 8 bars for elimination of total organic carbon from 

raw water 
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To ensure proper action of nanofilter, EC of raw and permeated water in each operational pressure is 

measured, and in both operational pressures, discharging water from nanofilter (permeated water) showed little 

variation, which is an indication of suitable performance of nanofilter. It is worth mentioning that by increasing 

operational pressure, EC of permeated water increased from 32 (micro siemens per centimeter) to 117 (micro 

siemens per centimeter). 

In advanced coagulation procedure, first the effect of two coagulant agents including alum and ferric 

chloride on initial pH of water is evaluated. Optimized pH range for these two coagulants was determined as 6 

to 6.5 and 4.5 to 5, respectively. Then the pH in experiment was considered as a fixed value (optimum pH) and 

TOC elimination rate was measured under different coagulant dosage. As it can be seen, by increasing alum and 

ferric chloride to 80 milligram per liter and 75 milligram per liter, respectively, residual TOC in water reaches 

below 2 milligram per liter, which is in accordance with US Environmental Protection Agency and World 

Health Organization standards. 

 

 
 

Fig. 5: Residual TOC concentration in each replication with different concentrations of alum and optimum pH 

 

 
 

Fig. 6: Residual TOC concentration in each replication with different concentrations of ferric chloride and 

optimum pH 

 

Conclusion: 

Measuring TOC concentration in discharging water of Kardeh dam water treatment plant indicated low 

performance of conventional treatment procedure in elimination of TOC from input raw water. The reason is to 

optimize treatment procedure for turbidity parameter. Considering high concentrations of trihalometanes and 

haloacetic acids agents, optimization of conventional water treatment procedure or using new water treatment 
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procedures (nanofiltration) in order to eliminate TOC within EPA and WHO standard ranges is something 

necessary. 

Nanofiltration alone can reduce total organic carbon in water to lower than 2 milligram per liter. 

Organic material efficiency using nanofiltration is very high, and there is no need to use coagulation 

procedure or other means of pre-treatment, however, using pre-treatment methods can have effective role in 

preventing fouling of membrane. 

The results of this research indicates the suitable performance of alum and ferric chloride coagulant in 

elimination of TOC from drinking water of Kardeh dam of Mashhad. Since adding alum or ferric chloride 

decreases water pH and brings it out of optimum active range of these two coagulants, therefore there is no need 

to correct pH in order to eliminate TOC and to keep optimum action of these two coagulants. 

Despite of suitable performance of nanofiltration procedure in elimination of organic carbon, because of the 

following reasons: 

o Existing water treatment plant equipped with conventional treatment procedures 

o High costs of investment and operation for water treatment plants equipped with nanofiltration 

procedure 

o Lack of suitable method for discharging sewage of nanofiltration procedure, considering evaluations 

done in region 

o High amount of water loss in nanofiltration procedure compared to conventional methods of water 

treatment. 

The best option to reduce the amount of total organic carbon content in dinking water of Kardeh dam of 

Mashhad is process optimization of conventional treatment, or in other words the coagulation process is 

developed. 
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