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Abstract: The current work represents the results of a monitoring executed on Nistru River waters between October 
2003 and September 2005. The water quality was evaluated on the basis of such kinetic indicators as redox state and 
capacity of inhibition. The obtained results shows that Nistru River water in the segment Naslavcea village – Dubasari 
barrage are continuously polluted with reducing substances that diminish the H2O2 content, that actually determines the 
redox state of natural waters and the content of free radicals  
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Introduction 

As a system of environmental supervision and control, monitoring is intended to perform a supervision, 
assessment of the practical environment and the forecasting of eventual changes. The main constituent part of 
monitoring is environmental assessment. 

Aimed at the assessment and control over content of substances in the aquatic medium the existing 
hydrochemical and hydrobiological methods of monitoring are built upon the principle of comparison of the values 
observed in the natural medium with the maximum permissible concentrations (MPC). It is not always that these 
measurements can reflect water quality by criteria that are adequate to its biological value. Therefore, in water quality 
assessment kinetic indicators and biotesting methods should be a priority, as being integral values that characterize the 
efficiency of self-purification processes [1]. The quality of environmental water should by stated not only by the content 
of certain substances in it, but by its biological value. In waters of adequate biological value there are normally carried 
processes of vital activity and reproduction of biological forms at different trophic levels in such a way that the cycle of 
chemical substances with the participation of all members of the ecosystem is closed..  

The kinetic surface water quality indicators characterize the content and the dynamics of the products of 
single-electron activation of molecular oxygen, among which there stand up particular redox agents of very high 
activity: hydroxide radical, singlet oxygen, superoxide anions and hydrogen peroxide. These values and the dynamics of 
these indicators enable the determination of the degree of quality of the water body, its biological value and self-
purification capacity. 

The content of hydrogen peroxide in natural waters is the result of the influence of a number of biotic and 
abiotic factors that define the dynamic water redox state. From the ecological point of view the water body quality is 
assessed based on the analysis of the redox state dynamics.  

The biologically valuable state of the natural waters is considered to be their oxidative state when hydrogen 
peroxide is present in concentrations physiologically favorable for aquatic forms, of the order of 10-6mol/l. 

The cycle of hydrogen peroxide in the natural aquatic medium is influenced by the human factor, which often 
leads to a decrease in the concentration of the substance. The decrease in concentration of hydrogen peroxide in water is 
caused not only by the discharge of biologically treated waste waters loaded with reductive substances that react with 
H2O2 but also by a boost of the green-blue algae that emit toxic reductive metabolites in the outer medium. The 
discharge of waters containing biogenic elements (N and P) and water course regulation are the main human factors 
stimulating the flourishing of the green-blue algae in the natural algae community [2]. 

The phenomenon of importance of the free radicals in natural waters has become a subject of discussion and 
study not so long ago. Among the products of monoelectric reduction of the molecular oxygen the OH radicals tend to 
have higher oxidative properties. According to the results of investigations from literature sources the permanent 
concentration of OH radicals, the strongest oxidant of the natural waters, is very low (≈ 10-15 – 10-17 M), that is why at 
the beginning there were doubts on whether they can have a significant role in the self-purification processes of natural 
waters. A parameter that characterizes the capacity of natural waters for inhibition of radical self-purification processes 
with the participation of OH radicals is the inhibition capacity (Σki[Si]) [2]. The value and physical sense of the 
inhibition capacity enable us to treat it as an effective interruption constant of the radical chain in the processes of 
oxidation in the natural waters. 

According to the capacity of inhibition of self-purification by radicals all natural waters can be classified in 
three categories: 

1) if Σ ki[Si] < 104s-1 – the water is considered pure 
2) if Σ ki[Si] ≈ 105s-1 – the natural water is in normal state 
3) Σ ki[Si]  > 106s-1

 – the water is highly polluted   
The monitoring of processes with the participation of free radicals in aquatic systems is necessary for both the 

evaluation of the self-purification capacity and prevention of the appearance of the phenomenon of toxicity for aquatic 
forms. From the point of view of efficiency of the self-purification processes with the participation of free radicals the 
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growth of permanent concentration of the OH radicals represents a positive factor. However, together with the growth 
of radical’s concentration there appears the threat of involvement in the radical processes not only of pollutants, but also 
of natural environmental components parts of the biological cycle of substances, as well as of interruption of 
biogeochemical cycle of manganese ions. The growth of the permanent concentration of the OH radicals may be a result 
of either the growth of the initiation rate, or of decrease of the OH radicals reaction constant through various “traps”. 
The radical initiation rate grows in polluted medium, especially with nitrates and nitrites (particularly during abundant 
precipitations) or as a result of radioactive pollution. 

 
Results 

The Nistru river represents an important aquatic arteria for the Republic of Moldova at the same time being a 
source of drinking water and fishery products and playing the role of a valuable recreation zone. Monitoring of the 
Nistru water quality has always been a priority in the investigations in the Republic of Moldova [3-5]. With the purpose 
of estimation of the human impact on the Nistru water quality using the classical indicators and the kinetic ones (the 
content of hydrogen peroxide, redox state, concentration of OH radicals, the inhibition capacity) many expeditions have 
been carried out. 

In the framework of an expedition along the segment between the Byk river and Dnestrovsk liman (1987), 
nearly all the samples of water did not show the presence of H2O2, but only of reductants in concentrations in the range 
of values (0.5-120)⋅10-7mol/l. Higher levels of concentrations were observed in points of waste water disposal: the Bic 
river firth (120⋅10-7 mol/l), the Olanesti tinned food factory (4⋅10-7 mol/l), the Belgorod-Dnestrovsk meet factory [3]. 

 
Naslavcea, 657.9km  

 
Mereseuca, 640km  

 
Cosauti, 571km  

 
 
 
 Bosernita, 430km 
 
 
 
 

Upstream the barrage, 350 km  
 
 Downstream the barrage, 350km 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1  
Sections of sample collection 

 

In the framework of another expedition along the Nistru in the segment between the Dubasari dam and the 
Ciobruciu village (2001) the quality of water was assessed by, alongside with the classical hydrochemical indicators, 
the rH indicator. For the whole of the river segment including also some of its effluents (Raut, Ichel, Bic, Botna) the rH 
values pointed at the domination of reductive processes over the oxidative ones, even in the daytime with a maximum 
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solar radiation. A deterioration of the state of waters along this segment was observed especially after the discharge of 
some quantity of water from the Dubasari water reservoir [4]. 

The results of the studies performed in the period of 1987 – 2001 characterize the redox state of the waters and 
the capacity of inhibition in the segment of the river situated downstream the Dubasari dam. That is why we propose to 
take as an aim the evaluation of the Nistru water state upstream the dam, especially as northward there is another dam, 
that of the Novodnestrovsc electric power station and the Naslavcea barrage. 

With this purpose in April-October 2003 and September-October 2005 there were carried out expeditions 
along the segment between the village of Naslavcea and the Dubasari barrage. The water samples were taken in the 
following sections (fig.1): Naslavcea village (200 m around the Naslavcea barrage), Mereşeuca village, Cosăuţi village, 
Boşerniţa village, the Dubasari water reservoir upstream the barrage, 100 m downstream the Dubasari barrage. 
Short characteristics of the sampling sites: 

1. v. Naslavcea – cca 50-100 m downstrean the barrage between Ukraine and Moldova. 
2. v. Meresheuca – small amounts of green algae, the water flow is considerable. 
3. v. Cosauti – on the Ukrainian side there is situated the Iampoli town, 2 ferries are in function there, there is a 
presence of green algae, the water flow is considerable circulă. 
4. v. Boshernitsa –situated 5-10 km upstream the towns of Rezina and Ribnitsa. From here starts the Dubasari 
water reservoir, there is a presence of considerable number of algae, the water course is smaller than in the first 3 
sampling points. 
4. Upstream the Dubasari barrage the sample is are collected directly from the barrage, a big number of algae, the 
water course very low. 
5. Downstream the Dubasari barrage the sample is collected about 50-100 m downstream the barrage, the water 
course varies, depends on the period of collection. 

The water samples were collected from the surface layer (h = 0.5 m). The collected samples were studied for 
kinetic parameters: the content of hydrofen peroxide and of reductive substances that are oxidized by H2O2, the 
dynamics of H2O2 content and the redox state of the natural waters, the content of free OH radicals and the self-
purification capacity of the water in the presence of free radicls (the inhibition capacity). The mentioned measurements 
were done following the methods described in [6]. Besides there were determined the following classical hydrochemical 
parameters: temperature, pH, Eh, rH, electrical conductivity, the main ions that define the mineralization of water, total 
hardness, the concentration of dissolved oxygen (DO), biochemical oxygen demand (BOD5), permanganate value 
(CCOMn), chemical oxygen demand (CCOCr), the concentration of nitrates, nitrites, ammonium nitrogen, phosphates, 
fluorine, iron, copper, phenols. The measurements were done using a field spectrometer HACH 4010. 

Recent data point at the fact that even now there is evidence of variation of the redox state of the Nistru water 
(tab. 1).  

Table 1. The content of hydrogen peroxide and of reductive substances ([H2O2]/[DH2]) 
in the Nistru water in May-September 2003 and August-December 2005 

[H2O2],M / [DH2],M Locality, km from the firth 

May 
2003 

July 
2003 

September 
2003 

September 
2005 

October 
2005 

November 
2005 

Naslavcea, 657,9 km 
7101.3

0.0
−⋅0.0

105.3 7−⋅

  
7101.4

0.0
−⋅

 7101.1
0.0

−⋅
 

0.0
102.1 6−⋅  0.0

102.3 7−⋅  

Meresheuca, 640 km  
7102.7

0.0
−⋅0.0

100.4 7−⋅

  
7106.3

0.0
−⋅

 
0.0

102.1 6−⋅  0.0
101.1 6−⋅  0.0

105.3 7−⋅  

Cosautsi, 571 km 
7102.6

0.0
−⋅0.0

101.3 7−⋅

  
7108.3

0.0
−⋅

 
0.0

108.1 6−⋅  0.0
109.1 6−⋅  0.0

100.7 7−⋅  

Boshernitsa, 430 km 
7108.3

0.0
−⋅0.0

105.4 7−⋅

  
7100.3

0.0
−⋅

 
0.0

104.1 6−⋅  0.0
0.0  0.0

0.0  

Upstream the Dubasari 
barrage, 350 km 

 
- 

 
- 0.0

102.3 7−⋅  0.0
105.9 6−⋅  0.0

105.1 6−⋅  0.0
103.3 7−⋅  

Downstrean the Dubasari 
barrage, 350 km 

 
- 7104.3

0.0
−⋅

 
7104.3

0.0
−⋅

 
0.0

105.8 6−⋅  0.0
0.0  0.0

102.4 7−⋅

 
 
Thus in May 2003 along the mentioned segment the state of waters was characterized as instable oxidative, the 

samples did not contain reductive substances of peroxide nature, whereas the content of H2O2 was lower than the 
physically required – (3.5-4.5)⋅10-7 mol/l. In July and September the same year the collected samples there was no 
hydrogen peroxide observed, but they showed a content of reductive substances (3⋅10-7 - 4⋅10-7mol/l) which take 
oxidation by H2O2 more effectively than by molecular oxygen the concentration of which remained within the 
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admissible limits. The results show that towards the end of July the water is in the reductive state, staying at the same 
level until September inclusively. Similar analysis, performed in the period of August-November 2005, showed that 
along almost the whole monitored segment, with some exceptions, the waters were in the oxidative state. In September 
the sample collected near the village of Naslavcea did not contain H2O2, with a concentration of reductants being of the 
order of 1,1⋅10-7 mol/l. The reductive state of the waters observed downstream the barrage of Naslavcea may be a result 
of disequilibrium in the water reservoir upstream the barrage caused by the penetration of big quantities of reductive 
substances of peroxidase nature. The negative impact of the disequilibrium kept abating along the analized segment 
because beginning with the collection section v. Meresheuca in the samples there was observed a presence of hydrogen 
peroxide in the range of values 1,2·10-6 – 8,5·10-6 mol/l. In October-November the analysis of samples collected near the 
location of Boshernitsa and downstrean the Dubasari barrage (October) points at the formation of an instable state 
which is characterized by the absence in the samples of either hydrogen peroxide or reductive substances of peroxidase 
nature. 

The evaluation of waters according to the capacity of inhibition indicator gave the results presented below. 
In October 2005 the inhibition capacity values in the Nistru waters pointed at a normal course of free radical 

self-purification processes (2,95·105 – 8,02·105s-1), with the exception of the Cosautsi collection site (1,31·106 s-1) and 
downstream the Dubasari barrage (2,31·106 s-1). In November there was evidence of the same unfavorable situation in 
self-purification in the region of the Cosautsi village (1,24·106 s-1) and downstream the Dubasari barrage (1,40·106 s-1), 
demonstrating a deviation from the normal course of radical self-purification processes, including the Naslavcea point 
(1,30·106 s-1). Through the obtained inhibition capacity values the waters can be characterized as being in a normal state 
in the studied segment (order of 105s-1) with the exception of the v. Naslavcea, v. Cosautsi points and downstream the 
Dubasari barrage (order of 106s-1). 

 
Conclusions 

The content of waters depends on both the natural climatic conditions and on the regime of operation of 
various hydrotechnical sites, and respectively on the volume and the composition of the incoming water and that going 
out downstream the barrage and hydro stations. The Nistru waters that find their way to the territory of Ukraine are 
polluted with organic substances that disturb the redox components’ equilibrium in the section of the village Naslavcea. 
The deterioration of the Nistru water quality is based on the degree of pollution of the effluents and waste waters 
discharged from the riverain localities. From the said above results the importance of continuous monitoring of the 
Nistru water quality, especially through integral kinetic indicators. 

The results showed that the Nistru waters remain to be polluted with reductive substances that reduce the 
content of hydrogen peroxide in the water body and inhibit the autopurification processes with free radicals 
participation, creating conditions for the formation of the reductive state in water ecosystems – an unfavorable state for 
aquatic forms.  

It is important that the analysis of kinetic parameters and the classical hydrochemical ones did not show any 
correlation between them. In case of the change of the redox state of the natural waters from oxidative to reductive as 
well as the identification of unsatisfactory capacity of inhibition, the hydrochemical indicators correspond to those in 
the normal state of the waters. This is why the concentration of hydrogen peroxide, redox state, the concentration of 
OH radicals and the capacity of inhibition have to be considered the fundamental indicators in the assessment of the 
quality of natural waters. 
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