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Abstract 

 

Decrease in the level of toxic and harmful substances in the surface waters is an 

actual approach today. To improve the quality of superficial waters it is necessary to develop 

optimal program of monitoring for the direct source of water supply. This work includes 

studying some of the contributors to the surface water pollution and the harmful substances 

within their waste waters. One aim of the work was to study integral parameters which can 

help to decrease the amount of analyses and to increase their accuracy. 

An integral nature of chemical oxygen demand index was demonstrated in this work. 

Dependences of BOC5, nitrite ions, phosphate ions, ammonium ions and lignin substances 

concentrations on chemical oxygen demand were obtained. Correlations obtained may be 

used to determine a value of BOC5 and level of concentrations of some substances in 

superficial waters. 

This work has shown the possibility of chemical oxygen demand index as an 

application for calculations of several parameters of surface water quality, which are 

oxidized during a chemical oxygen demand determination. 
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Introduction 

 

Quality parameters of freshwater sources of water supply can be divided on two 

groups.  

The first group is formed with parameters which are obligatory for any sources 

independently of its location and kind of industry developed in this area. These parameters 

are included in state standards on quality of water and their numerical value is strictly 

regulated. Methods of definition of such parameters are also strictly regulated by standards. 

To the second group specific quality parameters can be included. Addition of any 

parameter of this group in the water supply source monitoring program is caused basically 

by industrial development of the certain branch of a national economy, for Archangelsk 

region, for example, by development of a chemical and wood complex because 

predominating part in structure of production in Archangelsk region is the wood industry 

including timber cutting, pulp-and-paper, microbiological and timber-chemical productions 

[1, 2, 3].  

Waste waters of such industry are very specific and are characterized by complexity 

and variety of structure. For example, just bleaching of the cellulose is accompanied by 

formation of hundreds of chlororganic compounds with different chemical nature, physical 

and chemical properties and wide range of molecular weights [4, 5].  

It is necessary to study all the contributors to the surface water pollution and the 

harmful substances containing in their sewage to develop optimal program of monitoring for 

the direct source of water supply. This will help to decrease the level of toxic and harmful 

substances in the surface waters. 

The same time controlling the huge amount of parameters is very expensive and time 

demanding. So it is necessary to find some integral parameters which may include another 

parameters or be connected to them. 
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1 Chemical oxygen demand as an integral parameter 

 

1.1 Chemical oxygen demand determination 

 

Depending on the level of contamination water contains greater or smaller amounts of 

substances which can be oxidized with strong oxidant, for example permanganate, 

dichromate, etc. The amount of oxygen equivalent to an amount of a spent oxidizer refers to 

as oxidizability. Depending on the oxidizer applied oxidizability is distinguished as 

permanganate, dichromate etc.  

The results of determination of the oxidizability of the same water sample may differ 

if different oxidants are used due to different oxidizing ability of pollutants presented in 

water by singular oxidizers [6].  

From all oxidants offered at various times potassium dichromate dissolved in high 

concentrated sulfuric acid (diluted with distilled water 1:1) has appeared the most efficient 

and convenient in application.  

The theoretical value of Chemical Oxygen Demand (COD) or total oxygen demand 

(TOD) expresses the amount of oxygen (or an oxidant counted upon oxygen) in mg/l, 

necessary for the full oxidation of the organic substances containing in a water sample. If 

carbon, hydrogen, sulfur, phosphorus and other elements (excepting nitrogen) are present as 

organic substances, they are oxidized up to CO2, H2O, P2O5 and SO2. Nitrogen is converted 

to nitrates. Thus oxygen which is a part of oxidized organic substances participates in 

oxidation. COD is usually expressed in terms of the amount of oxygen spent for oxidation 

[7, 8].  

Methods practically applied for the definition of COD yield the results very close to 

TOD but can give small increase or reduction. 

The reaction occurring in the solution during the COD determination is the following: 

 

OHCreHOCr 2
32

72 72614 +=++ +−+−  
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So, potassium dichromate is reduced and organic water pollutants and also some 

inorganic reducers are oxidized. 

Oxidation of organic substances by potassium dichromate in solution of sulfuric acid 

can be accelerated. If silver sulphate is added as the catalyst into a reaction mixture, the 

majority of organic matters are destructed. For example ortho-methyl phenol is oxidized on 

95,8 % (without catalyst on 83,2 %), acetic acid is oxidized on 95,1 % (without catalyst only 

2,4 %). 

There are an insignificant number of chemical substances (benzene, toluene and some 

other aromatic hydrocarbons, pyridine etc.) which are not oxidized at all even at presence of 

the catalyst [6]. 

The system of ecological control of surface waters in Russia includes today too many 

parameters, which are necessary to determine. Their amount depends on the type of industry 

developed in the region and exceeds in some areas 30. In some literature [9 - 11] it is 

suggested to concentrate attention of the ecological control on the most toxic and dangerous 

substances which concentration exceed the permissible and to reduce the list of controllable 

indexes up to 5 - 6. It is also suggested to study some integral parameters which can include 

several others. 

The COD index is usually considered as an integral index describing a degree of 

water pollution by substances of the organic nature. Hence, the absolute value of this 

parameter should be used as a quantitative measure of all substances in the analyzed water 

sample potentially capable to oxidize.  

To prove such approach some experiments were carried out in the laboratory and 

dependences between the parameter of chemical oxygen demand and the concentrations of 

capable to acidify chemical substances were studied. 
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1.2 Experiments on analyzing water quality parameters 

 

During my practice work at the laboratory I�ve carried out several experiments on 

analyzing samples of surface water. Some data on superficial water quality were collected. 

In each sample of surface water nitrite ions, phosphate ions, ammonium ions concentrations, 

BOC5 and chemical oxygen demand indexes were measured. Methods used for analysis are 

described very detailed in literature sources [6 - 8], only basic principles of these methods 

are shown in this report. The samples of surface waters were taken from several Northern 

Dvina inflows during the period February � March when rivers were covered with ice. This 

approach was used to minimize the influence of climatic variations on water quality 

parameters concentrations. Low temperatures in this period are the reason for low and rather 

constant rate of bioproductivity in water bodies. Ice cover also minimizes the interaction of 

atmospheric air and superficial waters. So the dependences of water quality parameters on 

chemical oxygen demand may be considered more or less constant. 

With the use of the data obtained several plots of water quality parameters versus 

chemical oxygen demand were made. 

 

1.3 Biochemical oxygen consumption and chemical oxygen demand 

 

Biochemical oxygen consumption (BOC) is an amount of oxygen in milligrams 

demanded for oxidation of organic matters presented in a liter of water sample as a result of 

biological processes occurring in water in aerobic conditions. BOC is usually measured 

during 20 days (it is also called complete BOC) or 5 days (BOC5). BOC5 index shows the 

amount of different organic substances in the sample which can be rather easy oxidized 

during the aerobic biological process, while complete BOC shows the amount of difficultly 

oxidized organic matter. Easily oxidized substances, for example, are: formaldehyde, 

glucose, maltose, phenol, furfurol, some alcohols and many other chemical substances. 

Relation of BOC5 to chemical oxygen demand shows a content of easily oxidized substances 

in the organic part of water sample. 
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A plot of BOC5 versus chemical oxygen demand is shown on figure 1. This plot 

shows a good correlation of data, a correlation coefficient equals 87 %. Knowing a value of 

chemical oxygen demand with the use of this plot we can obtain a value of BOC5 without 

performing this analysis.  

Indexes BOC5 and chemical oxygen demand serve as indirect criteria for 

determination of water self-cleaning ability of the sewage receiver from the sum of easily 

and difficultly biologically oxidizable substances. Index BOC5 for sewage today plays an 

auxiliary role as the result of the analysis is obtained after the 5 day period and consequently 

there is no opportunity of the operative control of waste water purification process. It is 

necessary to pay attention first of all to those composite indexes which definition borrows 

minimum of time, and the analysis is characterized by high accuracy. Having obtained the 

result and entered the information in an automatic control system of technological process, it 

is possible to interfere operatively the process of waste water purification, changing the feed 

of oxygen, nutrients etc [12]. 

Special researches [12 - 14] have shown that chemical oxygen demand can be the 

basic regulated pollution index of organic matters in water, and there are correlation 

dependences between chemical oxygen demand and BOC5 using which it is possible to 

calculate BOC5 value by the results of definition chemical oxygen demand. 

Thus, the obtained correlation dependence between indexes chemical oxygen demand 

and BOC5 is proved also by other researches and BOC5 index can be fast and with rather 

small error calculated through the value of chemical oxygen demand which definition 

occupies not very much time. 
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Figure 1 � Dependence of BOC5 on chemical oxygen demand  

in surface water samples 
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Table 1 shows an average error calculation of biological oxygen consumption 

determination with the use of a plot and a known chemical oxygen demand value. The 

average error is determined as an average arithmetic value of the last column of the table and 

equals 6 per cent. This means that knowing the chemical oxygen demand index we can 

calculate biological oxygen consumption of the same superficial water sample with an 

average error of 6 %.  
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Table 1 - An average error calculation of biological oxygen consumption 

determination 

 

Chemical oxygen 
demand value,  

mg O2/l 

Measured value of 
BOC5,            
mg O2/l 

Value of BOC5 
calculated with the 

use of a plot, mg O2/l  

Error, 
% 

29,5 1,40 1,41 0,5 

24,2 1,25 1,30 4,0 

24,6 1,24 1,31 5,5 

24 1,15 1,30 12,7 

24 1,36 1,30 4,7 

27 1,36 1,36 0 

36 1,67 1,54 7,9 

39 1,83 1,60 12,6 

25 1,25 1,32 5,3 

21,1 1,30 1,24 4,8 

56,1 1,80 1,94 8,0 

 

An average error of nitrite - ion determination equals 7 %. 

 

1.4 Ammonium ion concentration and chemical oxygen demand 

 

Ammonium ion determination is based on the following reaction in an alkaline 

solution: 

 

OHI5HgINHOHNHHgI2 2323
2
4 ++→++ −−−  

 

Several yellow and brown colored products are formed as the result of this reaction, so 

the photometric determination is possible [6].  This method was used for the determination 

of ammonium concentration in surface water samples. 
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Ammonium ion present in the sample of superficial water may be oxidized by 

potassium dichromate during the analysis of chemical oxygen demand [6, 7]. So the 

concentration of ammonium is also a part of chemical oxygen demand index. It is also 

possible like in the situation with biochemical oxygen consumption to determine the 

concentration of ammonium when the chemical oxygen demand index of a superficial water 

sample is known. This approach is of course suitable for the situations when it is not 

necessary to obtain very accurate results but is necessary to know the preliminary 

concentration of ammonium and other parameters (biochemical oxygen consumption, 

phosphate, nitrite and other substances that can be oxidized) very quickly.  

Ammonium concentration dependence on chemical oxygen demand index is shown on 

figure 2. The plot is obtained from the experimental data of analyzing surface water samples. 

Correlation coefficient equals 76 %.  

 

Figure 2 � The ammonium ion concentration dependence on chemical oxygen 

demand value 
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Table 2 shows an average error calculation of ammonium determination with the use of 

a plot or developed equation and a known chemical oxygen demand value. The average error 

equals 26 per cent. This means that a correlation of these data is less than a correlation of 

chemical oxygen demand and biochemical oxygen consumption. The concentration of 

ammonium can be calculated less accurate than the first index though it is still suitable for 

approximate calculations.  

 

Table 2 - An average error calculation for the determination of the ammonium ion 

concentrations  

 

Chemical oxygen 
demand value,        

 mg O2/l 

Determined 
concentration of 
ammonium ions,  

mg/l 

Ammonium ion 
concentration derived 
by the use of a plot, 

mg/l  

Error,  
% 

24,2 0,70 0,67 4,9 

24,6 0,56 0,68 20,9 

39,6 1,03 1,10 6,9 

43,6 0,86 1,21 41,2 

56,3 1,02 1,57 54,3 

27,3 1,06 0,75 28,9 

24,0 0,74 0,66 10,8 

21,1 0,38 0,58 52,1 

20,2 0,46 0,55 20,1 

56,1 1,91 1,57 17,9 

45,1 1,87 1,26 32,8 

 
The average error of ammonium ion concentration equals 26 %. 
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1.5 Phosphate ion and nitrite ion concentration  

and chemical oxygen demand 

 

The same approach can be used for determination of all other substances presenting in 

superficial waters and capable to oxidize or somehow connected to chemical oxygen demand 

value. In the experiment similar dependences of substance concentrations on chemical 

oxygen demand index are obtained for the phosphate and nitrite ion. Dependences of the 

concentrations of these ions on chemical oxygen demand index are shown on figures 3 and 

4.  

For the phosphate ion concentrations in the superficial water samples photometric 

method was used. This method is based on the reaction of orthophosphate ions with 

molybdate in alkaline conditions. The product of reaction has yellow color and under the 

action of reductants turns into the intensive blue colored substance. The much stable 

substances are formed if the ascorbic acid is used as a reductant. Reduction by the ascorbic 

acid (a weak reductant) is carried out at high temperature, in this conditions polyphosphates 

and organic esters are hydrolyzed to form orthophosphorous acid, so the results of the 

analysis turn to be increased. The addition of antimony salt to the solution leads to the 

formation of complex substance, the reaction occurs at room temperature. Polyphosphates 

and organic esters don�t react, so the results show only orthophosphate content in surface 

water sample [6, 7]. 

Experience data on phosphate ion are enough for the plot so the correlation coefficient 

is rather great and equals 93 per cent. This plot can be also used for determination of the 

rough value of phosphate concentration in surface water; an average error is 30 %.  

Nitrite ion concentrations were determined with the use of photometric method with  

sulphanilic acid and α�naphthylamine. Method is based on a reaction of HNO2 with 

sulphanilic acid, the substance formed reacts then with α � naphthylamine to give red 

colored matter [6 - 8].  
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HO3S NH2
O N OH

HO3S N N OH

+

+ H2O

 
 

HO3S N N OH
NH2

HO3S N N

NH2

+

+ H2O

 
 

For the plot of the nitrite ion concentration versus chemical oxygen demand there is not 

enough data. Most of the water samples contained too small amounts of nitrite to be 

determined with the use of analytical methods. Because of small concentration of nitrite-ion 

in superficial water analyzed in the experience the plot shown on figure 3 has wide scatter of 

data along the plot line. For this plot to be used for rather accurate calculations it is 

necessary to obtain more experimental data with wide range of nitrite � ion concentrations in 

surface water samples.   
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Figure 3 � Nitrite � ion concentration dependence on chemical oxygen demand 
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Table 3 - An average error calculation for the determination of the nitrite ion 

concentrations  

 
Chemical oxygen 

demand value,        
 mg O2/l 

Determined 
concentration of 
nitrite ions, mg/l 

Nitrite concentration 
derived by the use of 

a plot, mg/l  

Error, 
% 

24,6 0,01 0,023 127 

34 0,015 0,037 145 

11,5 0,012 0,003 75 

45,1 0,072 0,053 26 

12 0,011 0,004 65 

56,1 0,072 0,070 3 

 

An average error of nitrite - ion determination equals 73 %. 
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Figure 4 � Phosphate ion concentration dependence on chemical oxygen demand 
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Table 4 - An average error calculation for the determination of the phosphate ion 

сoncentrations  

 

Chemical oxygen 
demand value,      

 mg O2/l 

Determined 
concentration of 

phosphate-ion, mg/l 

Phosphate concentration 
derived by the use of a 

plot, mg/l  

Error,  
% 

43,6 0,124 0,117 5,8 

56,3 0,149 0,160 7,4 

27,3 0,058 0,061 5,9 

24 0,065 0,050 22,8 

34 0,061 0,084 38,0 

21,1 0,021 0,040 92,1 

11,5 0,026 0,008 70,4 

24 0,037 0,050 35,7 

56,1 0,155 0,159 2,8 

45,1 0,166 0,122 26,5 
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Phosphorus in phosphate ion has an oxidation state + 5. It is the highest oxidation 

state for phosphorus, so it can not be oxidized by potassium dichromate in the experiment on 

chemical oxygen demand determination. The connection to chemical oxygen demand can be 

possibly explained in this case by the following. Phosphorous in phosphate ion and nitrogen 

in ammonium ion are the two main elements demanded by microorganisms presenting in 

surface water for their life and duplication. So, the presence of these two ions in surface 

waters leads to the increase of biomass in these waters. The biomass is an organic matter 

which can be oxidized in experimental conditions and increase the value of chemical oxygen 

consumption. Thus, phosphate ion concentration can be obliquely connected to the chemical 

oxygen demand value. Ammonium concentration can be also obliquely connected to the 

chemical oxygen demand value, but this ion can also be oxidized in the experiment 

conditions. Nitrogen in ammonium ion has an oxidation state � 3, which is the minimal 

oxidation state of this element. Thus, ammonium may be oxidized by potassium dichromate 

and to be a part of chemical oxygen demand value.  

Nitrite ions can be oxidized in reaction conditions to form nitrate ion, so it can also 

increase the chemical oxygen demand value. 

So, the correlations obtained are theoretically confirmed and may be used for 

preliminary determination of several substances� concentrations. 

To check the possibility of these correlations use several water samples were 

analyzed to determine chemical oxygen demand, BOC5, ammonia ion, phosphate ion and 

nitrite ion. Then the concentrations of substances listed above were calculated using the 

correlations obtained and chemical oxygen demand value. The data obtained are shown in 

table 5. 

Table shows rather accurate calculations of BOC5, the errors obtained don�t exceed 

15 %. For the ammonia-ion concentration calculations errors are larger and two times rather 

big errors (26 and 41 %) were obtained. The errors obtained for the calculations of 

phosphate-ion concentration are even higher. The largest errors are obtained for the 

calculations of nitrite-ion concentration, so this correlation has to be optimized by the further 

researches. 
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Table 5 � The summary table of surface water quality indexes calculation through the chemical oxygen demand value 

 

 
Value of BOC5, mgО2/l Ammonia-ion 

concentration, mg/l 
Phosphate-ion 

concentration, mg/l 
Nitrate-ion concentration, 

mg/l 
Chemical 
oxygen 
demand 
value,     

 mg O2/l 

measured calcu- 
lated 

error, 
% 

measured calcu- 
lated 

error, 
% 

measured calcu- 
lated 

error, 
% 

measured calcu- 
lated 

error, 
% 

56,1 1,80 1,94 8 1,91 1,57 18 0,155 0,159 3 0,072 0,070 3 

24 1,15 1,30 13 0,74 0,66 11 0,035 0,050 43 0,065 0,022 67 

43,5 1,48 1,69 14 0,86 1,21 41 0,124 0,117 6 0,016 0,051 219 

24,6 1,24 1,31 6 0,56 0,68 21 0,125 0,052 58 0,01 0,023 127 

24,2 1,4 1,30 7 0,7 0,67 5 0,089 0,051 43 - 0,022 - 

21,1 1,3 1,24 5 0,46 0,58 26 0,03 0,040 34 - 0,017 - 

 



2 The anthropogenic lignin substances  

 

2.1 Pollution of surface waters by pulp-and-paper industry  

 

The formation of superficial waters depends strongly on climatic features and the 

development of industry in the area where it is located. 

The Archangelsk region falls into to districts with strongly developed pulp-and-paper 

industry. Six pulp-and-paper plants operate in this area and deposit their waste waters in the 

Northern Dvina � the main river of the region.  The main pollutants of the delta site of the 

river (a place where the river flows into the sea) are two pulp-and-paper plants in 

Archangelsk and Novodvinsk which deposit their sewages here. These plants as three others 

use sulfate pulp process which is the most widely used pulp cooking process nowadays.  

Only one plant in Archangelsk region produce pulp by sulfite method. The main difference 

in these processes is the structure of the cooking liquor � chemicals used to dissolve lignin 

and obtain pulp fibers. In the sulfite pulp process an acidic liquor is used and in the sulfate 

pulp process the liquor is alkaline. Due to the difference in chemicals used for pulp 

production different components of wood dissolve in liquor and different pollutants contain 

in waste waters.  

This branch of industry requires huge amounts of water which is used to prepare 

chemicals for cooking and bleaching of cellulose, to wash it and so on.  Due to this pulp-

and-paper industry is one of the most water-consuming kinds of industry, hence the amounts 

of waste waters are also huge. 

Sewages of pulp-and-paper plants contain different complex organic substances, 

mostly derivatives of lignin and phenol, chlorine and chlororganic compounds, sulfur, 

formaldehyde and many others. 

As the river is a main source of drinking water for the most people inhabiting the area 

[2, 3] it is very necessary to control a concentration of harmful and toxic substances in its 

water.  
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2.2 The contribution of lignin substances of anthropogenic origin  

to the chemical demand value 

 

Several experiments were carried out to determine the contribution of anthropogenic 

lignin substances in the chemical demand value. Two substances were chosen for the 

experiment: sulfite lignin and sulfate lignin � the main pollutants of superficial waters in the 

region with developed pulp-and-paper industry. Lignin substances have a lot of functional 

groups capable for oxidation, so they may influence the value of chemical oxygen demand 

when present in the surface water.  

Sulfite lignin extracted from sewage of sulfite pulp-and-paper plant and sulfate lignin 

extracted from sewage of sulfate pulp-and-paper plant were used in the experiment. Known 

amounts of these substances were added to the surface water samples with known chemical 

oxygen demand value. The additions of lignin substances in both cases were from 1 mg/l 

(marginal concentration of sulfite lignin in superficial waters) to 20 mg/l.  The change in 

chemical oxygen demand due to the addition of lignin substance was measured. Data 

obtained are shown on figures 5 and 6.  
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Figure 5 � Contribution of sulfite lignin to the chemical oxygen demand value 
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Table 6 � Calculation of chemical  oxygen demand of superficial water increase due to 

sulfite lignin addition 

 
 Sulfite lignin 

addition,  
mg/l 

 

Chemical oxygen 
demand of sample 

with addition,  
mg O2/l 

Chemical oxygen 
demand of surface 

water sample,  
mg O2/l 

Chemical oxygen 
demand increase,  

mg O2/l 

0 39,2 39,2 0,0 

1 40,2 39,2 1,0 

3 42,1 39,2 2,9 

5 45,4 39,2 6,2 

10 46,9 39,2 7,7 

20 57,6 39,2 18,4 
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Figure 6 � Contribution of sulfate lignin to the chemical oxygen demand value 

 

y = 1,34x
R2 = 0,95

0

5

10

15

20

25

30

0 5 10 15 20 25
Sulfate lignin concentration, mg/l

C
he

m
ic

al
 o

xy
ge

n 
de

m
an

d 
in

cr
ea

se
, 

m
gO

2/
l

 
 

Table 7 � Calculation of chemical  oxygen demand of superficial water increase due to 

sulfate lignin addition 

 
 

 Sulfate lignin 
addition,  

mg/l 
 

Chemical oxygen 
demand of sample 

with addition,  
mg O2/l 

Chemical oxygen 
demand of surface 

water sample,  
mg O2/l 

Chemical oxygen 
demand increase,  

mg O2/l 

0 45,6 45,6 0,0 

1 48,8 45,6 3,2 

3 51,9 45,6 6,3 

5 54,5 45,6 8,9 

10 60,8 45,6 15,2 

20 70,5 45,6 24,9 
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Strong dependence of chemical oxygen demand increase on lignin substances 

concentration is obtained as the result in both experiments. Correlation coefficient for the 

first case (figure 5) is a little higher than for the second one (figure 6). The reason for this 

phenomenon is a good solubility of sulfite lignin in water and bad solubility of sulfate lignin. 

So, different errors were made while solutions were prepared in the experiment.  

These two plots show greater increase of chemical oxygen demand on unit of 

concentration of sulfate lignin, than on unit of concentration of sulfite lignin. Sulfate lignin 

has greater molecular weight, and, hence, and a lot of substituting groups, capable to 

oxidation, than sulfite lignin. Also a percentage of carbon in sulfate lignin is higher. It also 

explains greater oxygen requirement for oxidation. Thus, it is possible to make a conclusion 

that sulfate lignin renders greater harm to surface waters, than sulfite lignin as the oxidation 

of each molecule of the first requires more dissolved oxygen. Also it is possible to draw a 

conclusion on interrelation of chemical oxygen demand and concentration of lignin 

substances in natural waters.    
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3 Discussions 

 

During the work on analyzing water quality of Northern Dvina and its inflows some 

data on water quality parameters� concentrations were collected. These data were used to 

study correlations of some surface water components (nitrite ions, phosphate ions and 

ammonium ions) and integral indexes (Biological oxygen consumption and chemical oxygen 

demand). Analyses of data obtained in the experiment are shown in tables and plots. Plots 

showing the dependences of BOC5, ammonia ions, phosphate ions, nitrite ions 

concentrations versus chemical oxygen demand were obtained.  

A good correlation is obtained for the dependence of BOC5 and chemical oxygen 

demand (Figure 1). It is possible to calculate a value of BOC5 knowing chemical oxygen 

demand of surface water sample with the average absolute error of 7 %. This calculation 

permits to obtain the value of BOC5 directly after the analysis of chemical oxygen demand 

of water sample (which occupies several hours) without performing the analysis of BOC5 

which takes 5 days. This helps to save a lot of time and to obtain the information about 

superficial water quality very quickly. This approach may be used in the cases when it is 

necessary to obtain information about the quality of superficial water directly after the 

samples of water were collected. 

Correlations in the plots of ammonium and phosphate concentrations versus chemical 

oxygen demand are lower and the average error is higher, so the calculations of these ions 

concentration with the use of chemical oxygen demand value can not replace the analysis 

performing. This approach may be used then for the express determination of the level of 

these ions content in the surface water samples, which is sometimes necessary to know.  

The average error of calculation of nitrite ion concentration with the use of the plot is 

too high to use this correlation for determination of this ion concentration. This may be 

explained by the low concentrations of nitrite ions in the samples of surface water used for 

the plot. There is also very small amount of the data showing the concentration of nitrite ion 

in the surface water, because in the most samples of surface water the concentration of 

nitrite ions were less than the minimal value which can be determined by the method used in 

the experiment. It is necessary to collect more data of nitrite ion concentration and chemical 
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oxygen demand of surface water to obtain the plot which may be used for more accurate 

calculations. 

All these correlations show the integral nature of the chemical oxygen demand index 

and the possibility of its application for calculations of several parameters showing the 

surface water quality which can be oxidized during the experiment on chemical oxygen 

demand determination.  

As it was told above all the surface water samples were taken in a period of rather 

constant weather conditions. For the all water bodies in the region ice coverage was 

characteristic. Low temperatures of water are the reason for the low bioproductivity. All 

these features permitted to obtain rather good correlations of data and rather stable 

dependences of ion concentrations and BOC5 index on chemical demand value. These 

dependences may change with the weather change, increase of water temperature, solar 

radiation, interaction of superficial water with atmospheric air, change of atmospheric 

pressure and thus change of some substances solubility in superficial waters. To know the 

contribution of all these parameters it is necessary to proceed the same analysis during the 

year or more.  

The correlations may also be more accurate if they are obtained not for the group of 

inflows but for every independent water body.  

In this work the dependence of chemical oxygen demand of superficial water on 

concentration of lignin substances of anthropogenic origin was shown. Two substances � 

sulfate lignin and sulfite lignin were chosen for the analysis because these substances are the 

main superficial water pollutants in the Archangelsk region with well developed pulp-and-

paper industry.  

A strong dependence of chemical oxygen demand on these two substances 

concentrations is obtained in the experiment which shows that the increase of anthropogenic 

lignin concentrations leads to the increase in chemical oxygen demand value. This means  

that high concentrations of anthropogenic lignin substances in superficial waters leads to 

increased dissolved oxygen consumption and thus to the decreasing of superficial water 

quality.  
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There is no data proving that these lignin substances are oxidized to CO2 and H2O and 

no significant amounts of the lignin residues remain unoxidised during the chemical oxygen 

demand test. Lignin substances have a lot of groups, several double bonds capable for 

oxidation. They are also built from several blocks of different organic origin which have 

different chemical characteristics and reaction ability. So, several blocks may be oxidized, 

and some not. The increase in chemical oxygen demand of superficial water sample is 

proportional to the concentrations of identical lignin substances; this is shown on figures 5 

and 6. This may be explained by almost full oxidation of these substances or by the 

oxidation of the constant part of the molecule. In both cases chemical oxygen demand of 

superficial water sample may be the characteristic necessary to obtain the concentration of 

lignin substance in this sample. 

Sulfate lignin requires more oxygen for its oxidation because it has higher molecular 

weight than sulfite lignin [15, 16]. Sulfate lignin has also more functional groups capable for 

oxidation. That�s why sulfate lignin makes larger contribution to chemical oxygen demand 

of superficial water than sulfite lignin. This can be seen from the plots of sulfate lignin and 

sulfite lignin concentrations versus chemical oxygen demand on figures 5 and 6. 

These two plots show also the dependence of chemical oxygen demand on 

concentration of lignin substances and the possibility of chemical oxygen demand index 

application for determining of the concentrations of lignin substances of anthropogenic 

origin because these substances are capable for oxidation. 

 

 25



4 Conclusions 

 

1. During this work analysis of chemical oxygen demand, biological oxygen demand, 

nitrite ions, phosphate ions, ammonium ions concentrations were studied. 

2. Dependences of BOC5, nitrite ions, phosphate ions, ammonium ions concentrations 

on chemical oxygen demand were obtained. 

3. Correlation obtained for BOC5 and chemical oxygen demand indexes permits to 

calculate BOC5 with the use of the plot and known value of chemical oxygen demand with 

an average error of 7 % without performing the analysis which takes 5 days. 

4. Correlations obtained for phosphate ions and ammonium ions may be used to 

determine a level of concentrations of these ions in superficial waters. 

5. An integral nature of chemical oxygen demand index was proven. 

6. This work has shown the possibility of chemical oxygen demand index application 

for calculations of several parameters of surface water quality which can be oxidized during 

the experiment on chemical oxygen demand determination. 

7. A capability of lignin substances of anthropogenic origin for oxidation was shown. 

8. A strong dependence of chemical oxygen demand on lignin substances of 

anthropogenic origin concentration was shown 

9. The results of the experiments have shown the possibility of chemical oxygen 

demand index application for determining of the concentrations of lignin substances of 

anthropogenic origin in surface waters. 

 

 

 

 

 

 26



References 

 

1. K.G. Bogolicyn. Ecological risks. � Archangelsk: publishing house of ASTU, 2003. � 

269 p. 

2. V. S. Kuznetcov. Ecological monitoring and protection of the environment. � 

Moscow: publishing house MNEPU, 2001. � 335 p.  

3. U. A. Afanasiev. Monitoring and methods of environment control.  

4. ecological cite of the Archangelsk region http:// www.arkheco.ru 

5. S. I. Pukanov. State monitoring of surface water pollution in the Northern Dvina 

basin // Northern Dvina ecology. - Archangelsk: Publishing house «Elpa», 1999. �P. 

80-85. 

6. U. Lurie. Analytical chemistry of industrial waste waters. � Moscow: publishing 

house �Chemistry�, 1984. � 448 p. 

7. U. Lurie. Analytical methods of water analyses. � Moscow: publishing house 

�Chemistry�, 1971. � 375 p. 

8. B. Leite. Determination  of organic pollutants of potable, natural and waste waters. � 

Moscow: Publishing house �Chemistry�, 1975. � 198 p. 

9. V. S. Kuznetcov. About the ecological situation determination of the Northern Dvina 

// Ecology of the Northern Dvina. � Archangelsk, 1999. � P. 86 � 96.  

10. I. V. Miskevitch. Quality of waste and surface waters control optimization for the 

pulp-and-paper industry in the basin of Northern Dvina, 2003. - P. 29 - 32. 

11. T. F. Lichutina. Water quality parameters in the Archangelsk region for the pulp-and-

paper industry // Ecology of the Barents region. - Archangelsk, 2000. - С. 144. 

12. M. Henze, P. Harremoes, J. la Cour Jansen, Eric Arvin. Wastewater treatment. 

Biological and chemical processes, 2004 � 408 p. 

13. S. S. Timofeeva, A. M. Beim. Express determination of BOC5 in wastewaters of 

sulphate pulp industry // Paper industry. � 1991. - № 6�7. � P. 11 � 12. 

14. K. G. Bogolicyn. Integral parameter Chemical Oxygen Demand and its application in 

ecological and analytical control / K. G. Bogolicyn A. M. Aizenshtadt, M. V. 

Bogdanov // Materials of scientific conferention � Archangelsk, 2003. P. 44-45. 

 27

http://www.arkheco.ru/


15. K. V. Sarkanen. Lignins. Moscow: publishing house �Wood industry�, 1975. � 631 p. 

16. U. N. Nepenin. Cellulose technology. Т. 2. Sulfate cellulose production� Moscow: 

publishing house �Wood industry�, 1990. � 596 p. 

 

 

 

 
 

 
 
 

 

 

 28




