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Abstract 
In the article, the use of the drug, Etafos-f at concentrations of 10-4 , 10-5 , 10-6 , 10-7 g/dm3. as an activator of activity of 
the biocenosis of activated sludge in the purification of coolant-containing wastewater. The study found that the 
addition of the drug in a concentration of 10-4 g/dm3 reduces the content of petroleum products in the wastewater 7 
times compared with the initial sample (144.6 mg/dm3) and 3 times compared with the classical biological treatment. 
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Introduction 
The use of water-soluble cutting fluids (CF) is an integral part of the technological process of metal machining. Modern 
technological emulsions are toxic to representatives of the biocenosis of aquatic ecosystems in the concentration range 
of 3.0-0.015% [1]. In the process of metalworking fluids are microoperation and lose the complex technological and 
hygienic properties [2], resulting in frequent replacement of the CF and increase CF-containing wastewater.  
Wastewater engineering enterprises are multi-component and multiphase water systems. The composition of such 
effluents includes mineral oils, surfactants, bactericidal and anticorrosive additives, in many cases, heavy metals, as 
well as toxic products of destruction of CF components.  
During salvo discharges of CF-containing wastewater, concentrated waste water, which is an emulsion, enters the 
treatment facilities. As a result, the process of water purification is disrupted and it is not possible to achieve the 
required water quality in terms of "oil products". 
To date, one of the most effective methods of wastewater treatment is a biological method. Biological treatment is the 
decomposition of the alien natural environment components implemented by nonchemical means. In the process of 
biological purification specific biological communities are used - active sludge, which includes bacteria, actinomycetes, 
microalgae, lower crustaceans [3], nematodes. 
One of the ways to intensify the process of biodegradation of waste water components is the use of biologically active 
substances (BAS) as a stimulant of the process of biodegradation of pollution. 
It is known that the activity of microorganisms of activated sludge stimulates the introduction of acids of the Krebs 
cycle into the wastewater. A method of biochemical treatment of wastewater from organic compounds in which sludge 
is pretreated with an aqueous solution of maleic or succinic acid, preferably in an amount of 0.01 to 1.00 mmol per liter 
of sludge. As a result of such treatment, the degree of wastewater purification in terms of «chemical oxygen 
consumption» (COD) increased to 94% with a reduction in aeration time [4], [5]. 
It was found that the addition of aniline and hydrazine salts of bis (gidroksimetil) phosphine acid in concentrations of 
10-7 g/dm3 and 10-8 g/dm3, respectively, have an inhibitory effect on the microorganisms of activated sludge [6]. 
To date, there is experimental evidence of the effectiveness of the substance "Etafos-f", as an inhibitor or stimulator of 
growth in the number of destructors of water-miscible coolant brand "Incam-1" depending on the concentration of the 
substance [5].    
 
Methods 
In order to study the possibility of using this substance as an agent stimulating the process of purification of CF-
containing wastewater, two samples of CF-containing wastewater were selected at the engine plant of KAMAZ PTC, 
sent for treatment to the district treatment facilities. 
Before the study, the main parameters of the samples were determined: appearance and smell – organoleptic, pH - on 
the ANION 4100 device, corrosion aggressiveness – by the imprint method [7], the total number of microorganisms [8].  
The studies were carried out using activated sludge used at the district treatment facilities (DTF) in 
NaberezhnyeChelny. The index of activated sludge , determined before the study, was 60, which corresponds to the 
requirements of microbiocenosis of treatment facilities [8]. 
For the biological treatment of the samples, the CF-containing wastewater components used in the following ratio: 
activated sludge - 30% of waste water - 70% (without Etafos-f); activated sludge - 30% waste water + Etafos-f in 
concentrations 10-4 , 10-5 g/dm3.                  
The wastewater samples prepared for purification were aerated for 2 hours using the LAB–PU-02 device. PH, toxicity 
in dilutions were determined in the studied samples 1:10, 1:50, 1:100, the content of petroleum products [9]. 
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Determination of toxicity by mortality of the test object was carried out according to the requirements of «The 
methodology for determining the toxicity of aqueous extracts from soil, sewage sludge and waste, drinking, wastewater 
and natural water mortality test object Daphnia magna Straus» [10]. 
 
Results 
In the course of research it was determined that both samples are dirty-gray liquid with detached oil and a specific smell 
of hydrogen sulfide and petroleum products. The pH value of the first sample was 8.2; the second – 8.0. These values 
indicated the alkaline environment of the selected wastewater.  
In the process of determining the corrosion aggressiveness of the selected effluents by the method of prints, a strong 
degree of corrosion aggressiveness of both samples with respect to metal surfaces was revealed (table.1). 

Sample No. Point The corrosion The filter 
1 4 Severe corrosion Solidcorrosion 
2 4 Severe corrosion Continuous corrosion (one large spot with a diameter of 86 ÷ 86 mm.) 

Table 1: Corrosion Aggressiveness of Selected Samples of CF-Containing Wastewater 
A strong degree of corrosion aggressiveness is the result of microbial damage to the CF during operation. Confirmation 
of the above reason is the high degree of contamination of the samples (3x108, 5x108 cells/ml) and a decrease in pH 
from 10.00 to 8.00-8.02.  
The results are presented in tables 2, 3. 

Concentration of 
Etafos-f g/dm3, 
included in a 

sample in 
biological 
treatment 

 
 

Dilution 

 
Time from 

start of 
biotesting 

The number of surviving 
Daphnia (in three parallel 

definitions) 
The mortality rate 
of Daphnia in the 

experiment, in % of 
control 

Toxicity 

In control 
In experie-

nce 

 
10-4 

1:10 

after 48 hours 

 
 
 

30 

6 80 acute 

1:50 18 40 chronic 
1:100 18 30 chronic 

10-5 
1:10 6 80 acute 
1:50 6 80 acute 

1:100 18 40 chronic 
Сontinuation of table 2 – The Impact of low concentrations of the drug, Etafos-f on the toxicity of runoff at the 
biological purification of CF-containing wastewater (sample No. 1) 

Control 1 
1:10 

  

0 100 acute 
1:50 0 100 acute 

1:100 0 100 acute 

Control 2 
 

1:10 6 80 acute 
1:50 12 60 acute 

1:100 18 40 chronic 

Control 3 - 10 0 absents 

Table 2: The Impact of Low Concentrations of the Drug, Etafos-f on the Toxicity of Runoff at the Biological 
Purification of CF-Containing Wastewater (Sample No. 1) 

Concentration of 
Etafos-f g/dm3, 
included in a 

sample in 
biological 
treatment 

рН 
Time from 

start of 
biotesting 

The number of surviving 
Daphnia (in three parallel 

definitions) 

The mortality 
rate of 

Daphnia in the 
experiment, in 
% of control 

Toxicity 
In 

control 
In experience 

10-4 7.31  
 

after 48 hours 

 
 
 

30 

30 0 absents 
10-5 7.50 a litter30 0 absents 

Control 1* 8.0 0 100 acute 
Control 2** 7.8 15 50 chronic 

Control 3*** 7.1 30 0 absents 
Table 3: Influence of Low Concentrations of the Drug, Etafos-f Toxicity CF-Containing Wastewater (Sample No. 

2) After Biological Treatment 
Note: * - untreated CF-containing wastewater; ** - CF-containing wastewater treated with activated sludge; *** - 
cultivation water. 
According to the data obtained during the experiment and reflected in table 2, untreated  CF-containing wastewater 
exhibits acute toxicity. Daphnia mortality during the experiment was 100 % within 48 hours. After biological treatment, 
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adding a drug Etafos-f in concentrations 10-4, 10-5 g/dm3 and in control 2 at a dilution of 1:100 were identified as 
chronic. 
The data presented in table 3 indicate the presence of acute toxicity in untreated CF-containing wastewater. Mortality of 
Daphnia was 100 % within 48 hours. Carried out after biological treatment with the addition of Etafos-f as an activator 
of activity of the biocenosis of activated sludge in solutions with concentrations of 10-4 , 10-6, 10-7 g/dm3 and in controls 
2, 3 toxicity was absent. In the sample with a concentration of Etafos-f 10-5 g/dm3 revealed acute toxicity that may be 
indicative of incomplete purification of waste water. 
The results of the toxicity study allow to determine the hazard class of these effluents for the environment. The studies 
were carried out in accordance with the criteria described in the Order of the MNRE RF № 536 dated 04.12.2014 
"Criteria for classifying waste to I-V hazard classes according to the degree of negative impact on the environment" 
[11]. 
The definition of the hazard class of the sample No. 1. 

 
Fig. 1: The Death of Daphnia in the Sample No. 1 

 
  
  
 
 
 
LDR50-48 – the average lethal multiplicity of dilution of the sample, causing the death of 50 % of the test objects for 48-
hour exposure. 
HRD50-48 – harmless multiplicity of sample dilution, causing the death of no more than 10 % of test objects for 48-hour 
exposure. 
According to the results of the bioassay conducted on the basis of their calculations, the CF-containing waste water can 
be attributed to the 3 class of hazard – moderately hazardous, as harmless dilution ratio equal 391.55 (which is in the 
range from 101 to 1000). 
The definition of the hazard class of the sample No. 2. 

 
Fig. 2: The Death of Daphnia in the Sample No. 2 

 
 
 

13,31)164,1/)41,45((^10/1004850 LDR

55,391)164,1/)41,472,3((^10/1004810 HRD
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LDR50-48 – the average lethal multiplicity of dilution of the sample, causing the death of 50 % of the test objects for 48-
hour exposure. 
HRD50-48 – harmless multiplicity of sample dilution, causing the death of no more than 10 % of test objects for 48-hour 
exposure. 
According to the results of biotesting and the calculations based on them, the CF- containing wastewater in sample No. 
2 can be classified as hazard class 4 – low-hazard, since the harmless dilution ratio is 84.494 (which is in the range from 
10 to 100). 
The results of the study the cleaning efficiency of the CF-containing sewage water with active silt and drug Etafos-f 
presented in tables 4, 5. 
 

Sample number Concentration of Etafos-f, g/dm3 рН Oil content, mg/dm3 

1 10-4 7.3 21.75 

2 10-5 7.5 44.8 

3 Control 1* 8.2 144.6 

4 Control 2** 7.8 63.99 

Table 4: Influence of Low Concentrations of the Drug, Etafos-f on the Oil Content in the Biological Treatment of 
the CF-Containing Wastewater (Sample No. 1 (Without Dilution)) 

Note: * – untreated CF-containing wastewater without dilution; ** – treatment of CF-containing wastewater with active 
sludge. 
 
The data presented in table 4 show that the content of petroleum products is most effectively reduced (21.7 mg/dm3) in 
the treatment of CF-containing wastewater with the addition of Etafos-f  with a concentration of 10-4 g/dm3. the 
Addition of the above substance in this concentration allowed to reduce the content of petroleum products by 7 times 
compared to the initial sample (144.6 mg/dm3) and 3 times compared to the classical biological treatment of crude CF-
containing (63.9 mg/dm3) wastewater. 
 

Sample 
Number 

Concentration of Etafos-f (g/dm3), added to the sample in biological 
treatment 

Oilcontent, mg/dm3 

1 10-4 14 

2 10-5 24.84 

3 Control 1:  initial CF-containing waste water (рН=8.0) 78.72 

4. Control 2: CF-containing waste water with activated sludge   24.38 

Table 5: The Impact of Low Concentrations of the Drug, Etafos-f on the Oil Content in the Biological Treatment 
of the CF-Containing Waste Water (Sample No. 2 (Without Dilution)) 

 
According to table 5, the content of petroleum products is most effectively reduced (14.0 mg/dm3) in the treatment of 
CF-containing wastewater with the addition of Etafos-f in a concentration of 10-4 g/dm3. The addition of the substance 
in this concentration allowed to reduce the content of petroleum products 6 times compared to the initial sample (78.7 
mg/dm3) and 2 times compared to the classical biological treatment (24.3 mg/dm3).  In the samples with other 
concentrations of Etafos-f the oil content varied from 18.3 to 28.6 mg/dm3.  
 
Discussion 
Analysis of the data in tables 4, 5 and figure 3 leads to the conclusion that the use of the substance "Etafos-f" in the 
concentration of 10-4 g/dm3 in the biological treatment of CF-containing wastewater as a stimulator of activated sludge 
biocenosis, as well as to minimize the death of aerobic microorganisms involved in the biological treatment of industrial 
waste. 
 
Conclusions 
The results indicate the possibility of using the substance « Etafos-f » as an activator of activity of the biocenosis of 
activated sludge in the purification of CF-containing waste water from oil products. 
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