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Abstract: It has been revealed the organic matter association with hardness salts in natural water samples by increasing the 

concentration of hardness salts and determining permanganate oxidation value before and after salt settling. In these waters, 

after the association of about 34% of organic matters with salts, a further increase in salt concentration doesn’t lead to an 

essential rise in the portion of organic matter association. 
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1. Introduction 

As it’s known, permanganate oxidation (PO) value is an 

integral indicator of organic matter content in non-heavily 

polluted natural waters [1]. It mainly characterizes organic 

matter content in water and partly describes the content of 

mineral salts which are able to be oxidized by potassium 

permanganate. In case of high content of mineral salts, for 

instance Fe
2+

 > 0.2 mg/l, Mn
2+ 

> 0.5 mg/l and so forth, their 

impact on PO degree should be taken into consideration, 

which means it’s necessary to determine their content in 

water samples in advance and recalculate PO value. For 

separating the impact of salts on PO value, in the previous 

investigation, an experiment was conducted to reveal the 

integral portion of salts in PO value by determining PO value 

before and after the settling of salts in water samples [2, 3]. 

In the experiment, the water quality was successfully 

assessed due to the low hardness and comparatively low PO 

degree of the water samples. Nevertheless, in some further 

experiments in waters with the high content of hardness salts, 

high PO values (caused by salts) determined by this method 

forced us to more punctiliously and purposefully investigate 

a possible relationship between hardness salts and organic 

matters in waters. It’s necessary to mention that a question 

regarding how organic matters in water are associated with 

hardness salts hasn’t been completely studied. At the same 

time, most of metals (firstly di- and trivalent) form dissolved 

organic complexes with humic and fulvic acids [4-9]. 

For partially clarifying the aformentioned question, a 

possible relationship between hardness salts and organic 

matters in waters was investigated by artificially raising the 

hardness of natural water samples and determining PO value 

before and after the settling of salts. 

2. Method 

2.1. Sample Collection 

Table 1. Location of the investigated observation sites in the aquatic systems. 

No Sampling site location 

1 Hrazdan river source 

2 Lake Akhpara 

3 Hrazdan river site located in the upstream from Bjni village 

4 Hrazdan river site located in the downstream from Bjni village 

5 Marmarik river downstream 

6 
Hrazdan river site located in the downstream from the confluence 

with the Marmarik river 

7 Hrazdan river site located in Getamej village 

8 Hrazdan river site located in Arzni village 

9 Hrazdan river downstream 

10 Arpa-Sevan tunnel outlet 

11 Yeghegis river midstream 

12 Vardenis river source 
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Water samples were taken from the 9 observation sites 

(Nos 1-9) in the Hrazdan river catchment basin in June, 2015. 

For model experiments, water samples collected from the 

Arpa-Sevan tunnel (No 10), the Yeghegis (No 11) and 

Vardenis (No 12) rivers, which had low water hardness, were 

considered (Table 1). 

2.2. Sample Preparation 

The hardness of the model water samples was increased by 

the following technique: 40 mg of each of Ca(NO3)2 and 

MgSO4, 25 mg of Ca(NO3)2, 50 mg of MgSO4 were added to 

each 100 ml of water sample Nos 10, 11 and 12 respectively 

in the first experiment, and 2 times more contents of the 

mentioned salts (80 mg, 50 mg and 100 mg) were added to 

each 100 ml of the corresponding water samples in the 

second experiment. 

2.3. Sample Analyses 

Water pH was measured by “pH-121” laboratory analyzer. 

The total hardness of water was determined by the 2 methods: 

well-known complexometric method and salt settling method 

recommended in our previous investigation [3, 10]. 

Permanganate oxidation (PO) value in water was determined 

by the Kubel method [1]. It was determined firstly in the 

freshly taken water samples, then, after the settling of salts, 

in 50 ml of upper liquid layer and 50 ml of lower liquid layer 

including settled salts. The reliability factor (F) of the study 

results was calculated according to the Plakhinski method 

[11]. 

3. Result 

The results of the pH, hardness and PO studies in the 

observation sites of the Hrazdan river catchment basin are 

given in Table 2. pH values in the waters mainly varied 

between 8.0 and 8.9. The only strong difference (pH = 7.5) 

were registered in the downstream of the Marmarik river 

(before its confluence with the Hrazdan river). As shown in 

Table 2, total hardness according to the Hrazdan river flow 

until its confluence with the Marmarik river (Nos 1-5) 

gradually decreased from 5.6 meq/l to 2.2 meq/l due to river 

self-purification and sedimentation processes, and then, after 

the confluence, increased, reaching 6.1 meq/l. The results of 

the PO study showed that PO values were always lower in the 

water samples after the settling of salts than in the water 

samples before the settling of salts. For each observation site, 

the observation of this PO value difference recalculated by 

percentage showed a highlited regularity: the higher the water 

hardness, the lower the PO values in the water samples after 

the settling of salts (Table 2). Such a relationship between 

these 2 parameters may also indicate about the following 

logical association: some part of organic matters in natural 

waters is bound to hardness salts, and in case of settling of 

salts, organic matters bound to them also settle [12]. 

Table 2. pH, hardness and PO values in the water samples taken from the Hrazdan river catchment basin. 

No pH 
Hardness 

(meq/l) 

PO value before salt 

settling (mgO/l) 

PO value after salt 

settling (mgO/l) 

PO value decrease level 

after salt settling (%) 
F* 

1 8.9 5.6 3.2 2.60 18.7 6.0 

2 8.8 5.3 4.0 3.12 22.0 8.8 

3 8.3 4.1 1.4 1.10 21.4 3.3 

4 8.0 4.1 2.2 1.86 15.4 3.4 

5 7.5 2.2 2.7 2.40 11.1 3.2 

6 8.0 3.0 2.7 2.38 11.9 3.0 

7 8.1 4.4 1.9 1.61 15.3 2.9 

8 8.5 5.5 1.6 1.20 25.0 4.0 

9 8.1 6.1 3.0 1.87 37.6 11.3 

*
reliability coefficient of difference of mean PO values before and after salt settling 

The results of the PO study in the natural water samples 

with artificially increased hardness are given in Table 3, 

which shows that an artificial increase (multiple times) in the 

hardness of the 3 natural water samples (Nos 10-12) didn’t 

significantly affect primary PO values, which was expectable. 

However, after adding 40 mg of each of Ca(NO3)2 and 

MgSO4 to the natural water sample No 10, the determination 

of PO value in the upper liquid layers after the settling of 

salts showed a decrease in PO value by about 39%, but the 

extra addition of of two times more quantities of the same 

hardness salts increased this parameter by only 2%, and it 

became 41%. 

Such a result was registered by adding only 25 mg and 50 

mg of Ca(NO3)2 to the natural water sample No 11. In the 

first and second cases, PO value in the upper liquid layers 

after the settling of salts was decreased by 33.3% and 34.2% 

respectively. 

Such dynamics was also registered in case of addition of 

only 50 mg and 100 mg of MgSO4 to the natural water 

sample No 12. PO value in the desalinated water sample, 

compared to that in the water sample before desalination, 

decreased by 29.4% and 32.4% in the first and second cases 

respectively (Table 3). 
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Table 3. Dynamics of changes in PO values in the natural water samples with artifically increased hardness. 

No Natural water sample 
Hardness 

(meq/l) 

PO value before salt 

settling (mgO/l) 

PO value after salt 

settling (mgO/l) 

PO value decrease level 

after salt settling (%) 

PO value in 

sediment 
F* 

10 

Without salt addition 0.9 2.05 1.92 6.3 2.20 2.8 

Addition of 40 mg of each of 

CaNO2 and MgSO4 

7.6 2.10 1.28 39.0 3.04 17.6 

Addition of 80 mg of each of 

CaNO2 and MgSO4 
15.1 2.20 1.30 41.0 3.10 18.0 

11 

Without salt addition 0.9 1.90 1.77 6.8 2.10 3.3 

Addition of 25 mg of Ca(NO3)2 5.1 2.10 1.40 33.3 2.70 13.0 

Addition of 50 mg of Ca(NO3)2 10.1 2.10 1.38 34.2 2.80 14.0 

12 

Without salt addition 1.0 1.76 1.64 6.8 1.90 2.6 

Addition of 50 mg of MgSO4 5.4 1.80 1.27 29.4 2.25 9.8 

Addition of 100 mg of MgSO4 10.6 1.85 1.25 32.4 2.50 12.5 

* reliability coefficient of difference of PO values in the upper liquid layers and sediment of natural water samples 

4. Discussion 

It’s very interesting and important that in all the 3 

experiments of this series, PO value in the upper liquid layers 

of the desalinated water samples, compared to that in the 

water sample before desalination, decreased almost as much 

as it in lower water layers including settled salts increased. 

The same experiments were conducted in distilled water to 

show precisely that an aforementioned decrease and increase 

in PO values weren’t conditioned by the oxidation of hardness 

salts, but were a result of changes in organic matter content in 

the mentioned volumes. The addition of salts to distilled water 

didn’t practically affect PO value. After the settling of salts, 

PO values in the upper water layers and the lower water layers 

including settled salts weren’t practically different. It’s 

possible to state that Ca
2+

 and Mg
2+

, which were applied, 

didn’t affect PO value even at high concentrations. 

Thus, the results of the study have shown that in parallel 

with an increase in the content of hardness salts in natural 

waters, a decrease in organic matter content in the upper 

liquid layers of water samples after the settling of salts is 

conditioned by the association of organic matters with these 

salts. As a result, PO value in the upper liquid layers of the 

desalinated water samples decreases as much as it in the 

lower liquid layers (associated with salts) increases. 

Moreօver, only some part of organic matters is bound to 

salts since increased salt concentration raises organic matter 

content associated with salts up to certain limit. If all the 

content of organic matters available for association is bound to 

salts, even multiple times increase in salt content will not 

practically lead to the association of rest organic matters, 

which is probably due to its specific and complex composition. 

Moreover, it became possible to associate salts and settle 

averagely around 34% of organic matter content by 

increasing the concentration of salts in the 3 natural water 

samples having low hardness (Table 3). 

For the experimental proving of this supposition, model 

experiments on the basis of 3 natural water samples having 

low hardness (≤1.0 meq/l) were run, during which, water 

hardness was artificially raised by applying the different 

combination of hardness salts. The obtained results showed 

that PO value in the 3 natural water samples after the settling 

of salts decreased by 6.3% in the sample No 10 and 6.8% in 

the sample Nos 11 and 12 (Table 2). In this case, if we 

consider that this small decrease was only conditioned by the 

settling of organic matters, then it can be thought that this 

decrease doesn’t have essential influence on total PO value, 

and in such cases, the investigation method recommended in 

the previously published article is justified [2]. Nevertheless, 

according to the experimental results, the method isn’t 

desirable to apply for water samples with high hardness, and 

especially if they also have high PO values. 

5. Conclusion 

1. The results of the study have shown a highlighted 

regularity: the higher the water hardness, the lower the 

PO value in a natural water sample after salt settling 

which may indicate that some part of organic matters in 

natural waters is associated with hardness salts, and in 

case of the settling of salts, organic matters associated 

with them also settles. This conclusion was 

experimentally proved by the example of 3 natural 

water samples having low hardness. 

2. By artificially increasing the hardness of the 3 natural 

water samples by multiple times, it became possible to 

associate organic matters with salts and settle 29-41% 

of its content. Organic matter content wasn’t fully 

settled which is probably conditioned by the specifics 

of organic matters. 

3. The results of the study have shown that it’s possible to 

reveal organic matter association with salts by 

measuring PO value by the hardness salt settling 

method recommended in our previous investigations. 
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