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Abstract. The aim of presented research was to optimize the treatment process of the Prut River water. In order to 
realize the proposed goal, there were studied the following factors which can improve the process of coagulation: 
(i) the infl uence of stirring speed during coagulation and (ii) the infl uence of the concentration of the coagulant 
solution added in the process of coagulation. The optimal conditions of coagulation were established using the 
Jar-test method. Application of the recommended procedure contribute to the reduction of the coagulant dose, the 
contact time, the aluminum concentration in water and the expenses for water treatment. 
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Introduction
Natural water is a heterogeneous medium due to the presence of particulate materials and micro-bubbles of gas. 

The particulate materials of natural waters are distinguished by their size. The particles with sizes of less than 10μ have a 
sedimentation velocity less than 0.01 cm/s, and are evenly distributed throughout the water horizon [1]. With decreasing 
of particle size, the time required for settling has increased. Due to very small dimensions, the only way to separate the 
particles is their agglomeration into bigger ones that settles easier. Rejecting electrostatic forces prevent the particles to 
reach each other, and the suspension is stable [2].

For removal of fi ne-dispersed and colloidal impurities, the methods of coagulation and fl occulation are often 
applied. Coagulation is based on the interaction of colloid and fi ne-dispersed particles with aggregates formed upon 
adding of coagulants. This method was fi rst used at the beginning of XX century [1]. Coagulation can be used both on 
treatment of drinking water [3-7] and on the purifi cation of waste water [8-10].

The role of coagulation is to overcome the factors that contribute to the stability of the given system. It is 
achieved using the suitable chemical substance, typically aluminum or iron salts, so-called coagulants. The coagulation 
process takes place in two distinct steps. The fi rst step is the adding of coagulant; as a result, the destabilization of colloidal 
suspension occurs and the fl ocs are formed. During second step, the formation of agglomerates, large agglomerates, 
takes place, which can easily be separated by gravitational sedimentation [2].

The most widely used coagulant is the aluminum sulphate, which has been used for water treatment [2] applied in 
a number of countries since the early 1900 [11]. It, usually, is obtained by reaction of bauxite with sulphuric acid [2, 12].

Coagulation is the main reaction stage for the removal of natural organic matter and other contaminants in water 
treatment processes. The choice of a coagulant has a major infl uence on the performance of the coagulation process 
[13]. The aluminum sulphate is used at the purifi cation of water with high turbidity. This coagulant is characterized by 
relatively low cost, good solubility, no special requirements for the use of dry and dissolved product. It was demonstrated 
the high effi cacy at the removal of humic substances, using the aluminum sulphate [14]. Its application ensures the 
satisfactory effect in the pollutants removal without adding any additive agents [6].

The benefi cial effects of the use of aluminum as a coagulant in water treatment are recognized. However, 
according to the World Health Organization [15], the excess of aluminum is a risk factor for the development or 
acceleration of Alzheimer’s disease. The contribution of drinking-water to the total oral exposure to aluminum is usually 
about 5% of the total intake. Taking this into account, a practicable level is derived, based on optimization of the 
coagulation process in drinking-water plants, to minimize aluminum levels in water at fi nal stage. Several approaches 
are available for minimizing residual aluminum concentrations in treated water. These include (i) use of optimum pH 
in the coagulation process, avoiding excessive aluminum dosage, (ii) good mixing at the point of application of the 
coagulant, (iii) optimum paddle speeds for fl occulation and (iv) effi cient fi ltration of the aluminum fl ocs. 

The goal of this paper was to perform the coagulation tests, establishing the infl uence of different factors in the 
laboratory conditions and at the Water Treatment Plant, Municipal Company “Apa-Canal”, town Ungheni (Republic of 
Moldova).

Experimental 
The effi ciency of the coagulation process depends on raw water quality, the coagulant used and operational 

factors, including mixing conditions, coagulation dose and pH. The required coagulant dose and pH can be determined 
by using small-scale batch coagulation tests, often termed Jar-test (tests with the volume of water of the order of 1 L 
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and above) [15]. Jar test is a pilot-scale test of the treatment chemicals used in a particular water plant. It simulates 
the coagulation/fl occulation process in a water treatment plant and helps operators determine if they are using the right 
amount of treatment chemicals, and, thus, improves the plant’s performance [16].

Increasing doses of coagulant are applied to raw water samples that are stirred and allowed to settle. The 
optimum dose is selected as that which achieves adequate removal of turbidity; the optimum pH can be selected in a 
similar manner. These tests have to be conducted at a suffi cient frequency to keep pace with changes in raw water quality 
and hence coagulant demand [15].

In our research, the optimal conditions of coagulation were established using the Jar-test method [16,17]. During 
experiment there was used the modelled water (MW, tap water with turbidity modifi ed with aquatic sediments) and the 
natural water from the Prut River (town Ungheni). The coagulation process was studied using the raw water with turbidity 
between 33-109 nephelometric turbidity units (NTU). As coagulant, the aluminum sulphate (Al2(SO4)3·18H2O) was used, 
the working solutions being of 1, 10 and 25%. The different coagulant doses were studied, i.e. from 3.7 to 35 mg/L.

In the sample of raw water (800mL) the required amount of coagulant has been added slowly [18]. Then the 
sample was subjected to rapid mixing (500 rpm) for 2 minutes, followed by a slow mixing (120 rpm) for 20 minutes. 
After mixing the samples have been left for sedimentation. At the end of the settling period, the supernatant is withdrawn 
for analyses. During the Jar-testing the dynamics of turbidity and value of pH have been determined (Table 1).

Table 1
Monitored parameters during tests of coagulation.

Analyzed 
parameter

Raw water Water after 20 minutes 
of settling

Water after 40 minutes 
of settling

Water after 60 minutes
of settling

pH + + + +
Turbidity + + + +

The turbidity has been determined in accordance with standard GOST 3351-74 [19]. The turbidity removal 
(RT, %), which expresses the effi ciency of the process, was calculated using the following Eq.(1) [20]:

%100
iT

TiT
TR 


 ,                                                                                                                                                        (1)

where: Ti – initial turbidity, NTU; 
T – residual turbidity, NTU.

In order to optimize the process of coagulation there were studied the following factors: (i) the infl uence of 
mixing speed and (ii) the infl uence of the concentration of coagulant added in the process of coagulation. 

This paper presents a study regarding the water treatment with aluminum sulphate, aiming to obtain drinking 
water with turbidity values lees than 5 NTU, according the existing criteria. The existing drinking water criteria for 
studied parameters are presented in Table 2.

Table 2
The limit values of studied parameters according to different criteria for drinking water.

Parameter Directive 98/83/EC
(European Union) [21]

Law 458/2002
(Romania) [22]

Order 934/2007
(Republic of Moldova) [23]

pH 6.5-9.5 6.5-9.5 6.5-9.5
Turbidity ≤1 NTU ≤5 NTU ≤5 NTU

Results and discussion
The main stages applied in the potabilization technologies of natural waters

The water quality from surface sources (rivers, lakes) often does not correspond to the drinking water criteria, 
because of the high turbidity, the high content bacteria or dangerous dissolved substances. In order to be consumed, the 
natural water would be processed, so as to meet the existing criteria for drinking water.

The role of treatment plant is to “correct” the raw water quality to achieve user requirements [24]. The main 
stages applied in the potabilization technologies of natural waters are presented in Figure 1 and include the following:

- pre-oxidation is the permanent process that should ensure the optimal operation of subsequent processes, 
removing the organic matter presented in water, the analyzed parameters being the biochemical oxygen demand;

- the process of water clearness consisting of coagulation and fl occulation processes - in order to obtain a 
performance at this stage the choice of coagulant is essential, the analyzed parameters being turbidity and pH value;

- decantation for retain the coagulated suspensions (fl ocs);
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- fi ltration for fi nishing of the clearness process;
- water conditioning which consists of oxidation with ozone, followed by adsorption on granular activated 

carbon in order to remove the toxic chemical compounds;
- water disinfection for the total removal of viruses, bacteria and other micro-organisms from the water.
For the coagulation of particulate materials, the aluminum sulphate is the most commonly used, which 

by hydrolysis and the formation of oligomers with complex structures into a wide range with high loads (from 
[Al2(OH)2(H2O)8]

4+ to [Al28(OH)70(H2O)28]
14+) facilitates the aggregation and sedimentation of particulate materials from 

water [25].

PRE-OXIDANTION COAGULATION DECANTATION

Oxidizing agent Coagulant

POST-OXIDATION FILTRATION (ACTIVE 
CARBON) DISINFECTION 

Oxidizing agent Disinfectant  

Figure 1. The main steps of potabilization technologies applied for natural waters [24].

Jar-testing performed on MW
The turbidity removal during the coagulation process depends on the colloids type, temperature, the pH value 

and chemical composition of the water, the type and dosage of coagulant, and the contact time provided for the formation 
of agglomerates [26].

Numerous Jar-tests were carried out in order to establish a practical understanding of the coagulation 
performance for this application. Initially, the coagulation process was studied on MW with turbidity between 33 and 
40 NTU (Figures 2 and 3). 

Experiments were carried out to determine the optimum dose of aluminum sulphate. During Jar-testing it was 
founded that during rapid mixing (Figure 2) the coagulation process was less effi cient in comparison with the results 
obtained in conditions of the regular mixing (Figure 3). It was also established that in the conditions of the regular 
mixing at doses of coagulant in the range from 3.7 to 9.8 mg/L the turbidity of water falls below 5 NTU.
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Turbidity, NTU

dose of coagulant, mg/L

P=0,9
Figure 2. Residual turbidity for MW

as function of coagulant dose, in 
conditions of rapid mixing

(coagulant concentration of 1%).
P – probability level.
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Figure 3. Residual turbidity for MW
as function of coagulant dose, in 

conditions of regular mixing
(coagulant concentration of 1%).

MAC - maximal admissible 
concentration.

The concentration of the coagulant solution is an important factor in the coagulation process [18]. In this paper 
there has been studied the effectiveness of different dosages of the coagulant during the coagulation process in MW, 
being used the aluminum sulphate solution at various concentrations (10 and 25%) (Figures 4 and 5). The highest values 
of turbidity removal (83-93%) were obtained using more concentrated solution of the coagulant (25%).
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Figure 4. Residual turbidity for MW as 
function of coagulant dose (coagulant 

concentration of 10%) for different settling 
time (20, 40, and 60 minutes).

During the coagulation process, at the adding of coagulant the pH value of water has decreased [18]. Depending 
on the dose of coagulant (Figure 6), the pH value in water has decreased up to 7.5, which framing in limits of the 
accepted standards (Experimental, Table 2).
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Figure 5. Residual turbidity for MW as 
function of coagulant dose (coagulant 

concentration of 25%) for different settling 
time (20, 40, and 60 minutes).
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Figure 6. The variation of pH 
value in MW as function of added 

coagulant dose.

Jar-testing performed on natural water
The role of the coagulant agent depends on many factors including speciation of the hydrolysis products, 

quantity and reactivity of complexing ligands, and the rate of mass transfer between these components. The pH value 
of raw water is an important factor in determining the physical and chemical properties of the water as well as the 
hydrolyzates or the stability of coagulants. The effi ciency of the pH is relative with the molecular structure of coagulants. 
The aluminum sulphate would generate various hydrolyzates such as [Al2(OH)2]

4+, [Al3(OH)4]
5+, Al(OH)3, and Al(OH)4

- 
corresponding to different pH values of water. Those different hydrolyzates would exert a different effect on colloidal 
particles so that the mechanism and effi ciency of the coagulation would be changed. When the solution pH is lower than 
6, the positive hydrolyzates such as [Al2(OH)2]

4+ and [Al3(OH)4]
5+ could easily neutralize the colloidal particles with 

negative charges and further destabilize the colloids. Those positive hydrolyzates also generated the physical and/or 
chemical adsorption of the destabilized colloids [13].

In order to establish the optimal conditions of coagulation, the tests of coagulation on the raw water of the 
Prut River at the Water Treatment Plant of Municipal Water Company, Ungheni were carried out. As a coagulant the 
aluminum sulphate is used at Water Treatment Plant. The turbidity of natural water during the research period was in the 
range 50-109 NTU. The dose of coagulant was varied from 3.7 to 35 mg/L.

During of coagulation tests conducted on raw water at doses of coagulant in the range 3.7 – 9.8 mg/L, the 
turbidity have been decreased below value of 5 NTU (Figures 7-9).

Studying the effi ciency of different doses of coagulant in coagulation process, the coagulant concentrations of 
10 and 25% have been used (Figures 8 and 9). During the coagulation tests, the maximal values of the turbidity removal 
(89-98%) were obtained using more concentrated solution of coagulant (25%).
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Figure 7. Residual turbidity for raw 
water, as function of coagulant dose 

(coagulant concentration of 1%).
P – probability level.

MAC - maximal admissible 
concentration.
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Figure 8. Residual turbidity for raw 
water as function of coagulant dose 
(coagulant concentration of 10%)

for different settling time
(20, 40, and 60 minutes).
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Figure 9. Residual turbidity for raw 
water as function of coagulant dose 
(coagulant concentration of 25%)

for different settling time
(20, 40, and 60 minutes).
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During the Jar-testing, the pH value of raw water decreased (Figures 10 and 11). Depending of the coagulant 
dose, the pH value have been decreased until 7.2; value that didn’t exceed the established standards (Table 2).
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Figure 10. The variation of pH value 
in raw water, as function of added 

coagulant dose.
MAC - maximal admissible 

concentration.
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Figure 11. The variation of pH value 
in raw water, as function of added 

coagulant dose
(1 - 4.9 mg/L, 2 – 9.8 mg/L).
MAC - maximal admissible 

concentration.

Conclusions
Based on laboratory studies at the Water Treatment Plant, Municipal Enterprise, Ungheni, it was established 

that in conditions of regular mixing (rapid stirring for 2 minutes, followed by slow stirring for 20 minutes) the optimal 
dose of coagulant could be reduced to approximately 10 mg/L, being registered the decreasing of the turbidity value less 
than 5 NTU. The residual pH value is framing in limits of the accepted standards.

It was established that the use of concentrated solutions of the coagulant improves the coagulation process, the 
optimum concentration of aluminum sulphate being of 25%.

Application of the recommended procedure contribute to the reduction of the coagulant dose, the contact time, 
the aluminum concentration in water and the expenses for water treatment.
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