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HEAVY METALS AS A RISK FACTOR OF 
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Paper gives evaluation of technogenic pollution of the Desna river surface water with heavy 

metals according index of water pollution. Results on the effect of heavy metals in surface waters 
(cations- and anions-activators) on the strength of underwater structural metal on one of the most 
important indicators - low cycle fatigue are made. The possibility of using the developed syner-
gistic protective compositions for the protection of metal working in natural waters is proved. Key 
words: heavy metals, surface waters, technogenic pollution, underwater metal structures, protec-
tive composition 
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Wastes of industrial complexes of 
different scales are particularly danger 
to surface water. As a result of outdated 
technologies very large number of in-
dustrial pollution enters the surface wa-
ter bodies, including the toxic com-

pounds of heavy metals (lead, cadmium, 
manganese, cobalt, nickel, copper, iron, 
zinc, etc.). Specific hazards of heavy 
metals due to the fact that they are not 
typical biological degradation and in-



Pushkaryova I. POLLUTION OF SURFACE … 
 

 

20  
 

herent accumulation in the components 
of environment. 

Even today, when most industrial 
enterprises do not work water is heavily 
polluted by heavy metal ions from sed-
iments. Formation of ions complex of 
heavy metals in humus is the main way 
of pollution [1]. 

Considerable contribution into the 
anthropogenic pollution of surface wa-
ters is corrosion of engineering structures 
in industrial and natural environments. It 
leads to the occurrence of industrial ac-
cidents, downtime of industrial equip-
ment, line pipe break and hazard of not 
only loss of useful product, but also envi-
ronmental pollution with corrosion prod-
ucts, which is a source of heavy metals 
in the environment. 

Thus, compounds , V, W, Ni re-
duce the activity of hydrolytic enzymes 
of microorganisms that negatively af-
fects the self-cleaning of surface waters. 
Heavy metal compounds catalyze or-
ganic and inorganic reactions. So, the 
compounds of Co, Fe can form com-
plexes with oxygen, which then enter 
into various reactions of organic com-
pounds and break the enzymatic pro-
cesses. V compounds inhibit 13 enzyme 
systems, Ni causes cancer of lung, nose, 
throat, etc. As a result, we can expect 
unpredictable nature of environmental 
threat [2-4]. 

Environmental ingredient pollution 
includes cationic-, anionic-activators 
that accelerate not only the general cor-
rosion, but corrosion-mechanical frac-
ture of metal that is a major cause of in-
dustrial accidents. Corrosion and me-
chanical damage include one of the 
most dangerous of its types - low-cycle 
fatigue. This is an important criterion of 
efficiency of underwater engineering 
structures and communications. Thus, 

pollution of surface water by heavy 
metals significantly affects the re-
sistance of steel structures, which in-
creases the risk of industrial accidents 
and the resulting pollution of aquatic 
ecosystems [5, 6]. 

To provide technological safety of un-
derwater engineering structures, and con-
sequently protection of surface waters 
technological methods as the most effec-
tive are used [7, 8]. One of the efficient 
technical means of environment protection 
from the accumulation of corrosion prod-
ucts is a universal method of corrosion 
protection - inhibitory protection. The ag-
gressiveness of natural and technological 
environments on engineering structures 
competence can significantly reduce inhi-
bition, which provides surface modifica-
tion of the material of construction engi-
neering structures due to the formation on 
the metal surface resistant protective film 
with metalchelating complexes. Therefore, 
the development of new and improvement 
of existing inhibitory compositions for the 
protection of underwater steel structures, 
especially involving waste products in 
their line-up, is a strategic way of pre-
venting industrial accidents and ensure the 
safety of man-caused environmental sur-
face waters [8,9]. 

Results of previous research dedi-
cated to the development of synergistic 
protective compositions of secondary 
raw materials for the protection of steel 
structures working in technological en-
vironments environmentally hazardous 
activities were outlined in [6, 8, 9]. In 
these studies it was showed that the de-
veloped synergistic protective composi-
tions provided operational reliability 
and durability of steel structures, which 
greatly reduces the risk of technological 
accidents. However, considerable sci-
entific interest is the study of the devel-
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oped protective compositions applica-
bility for surface modification of hard-
ware items working in natural waters. 

Purpose of the work: To examine the 
possibility of applying the developed syn-
ergies protective compositions of second-
ary raw materials for the protection of un-
derwater steel structures, taking into ac-
count the degree of pollution of surface 
waters with heavy metals.  

Experimental studies were con-
ducted on carbon, alloy steels and Al-
alloys in surface waters (water of the 
river Desna, Chernihiv) of different 
contamination by standard methods of 
complex system [6,8-9]. The Desna riv-
er water was taken according [10] at 
two sampling points: above (1) and 
lower (2) discharge Chernihiv CHPP 
circulating water in the river of Desna.  

Degree of technogenic pollution of 
the Desna river surface waters with 
heavy metals at two sampling points 
was evaluated by water pollution index 
(WPI) [11]: 

 

WPI = 
n

MPC³Ci
n

i 1
/

        (1) 

 

where , MPC  is actual and maxi-
mum permissible concentration of pol-
lutants, mg/dm3; n – quantity of pollu-
tant types, n >6. 

 
The Desna-river water quality grade 

was determined according [12] based on 
the obtained MPC values: 

 – very clean (WPI < 0.3); 
 – clean (0.3 < WPI < 1); 
 – moderately polluted (1 < WPI < 

2.5); 
IV – polluted (2.5 < WPI < 4); 
V – dirty (4 < WPI < 6); 
VI – very dirty (6 < WPI < 10); 

VII – extremely dirty (WPI > 10). 
The results of calculations of the ra-

tio C  / MPC  and WPI of the Desna riv-
er water at two sampling points are giv-
en in Table 1. 

Table1. 
The results of calculations of the  
ratio C  / MPC  and WPI of the 

Desna river water / 
 Zn2+ Ni2+ Cr3+ Cr(VI) WPI 

1 0,65 0,77 0,281 8,8 1,98 

2 0,72 0,82 0,282 10,2 2,33 
/ In the calculation of WPI indicators 

2 sol. and biological oxygen demand 
(BOD5) are included as obligatory fol-

lowing the procedure 
 
Obtained WPI indicators indicate 

moderate pollution of the Desna river 
water in both sampling points (III 
grade). 

Corrosion activity of river water was 
determined by gravimetric method and 
test metal specimens (57 12 2.5mm) 
low-cycle fatigue in cycles (N) to the 
destruction in surface water, compared 
with the destruction of the samples in 
air. We calculated coefficients of the 
impact of polluted river water ß  on 
low-cycle fatigue: 

  ß = Nn/N               (2) 
where Nn, N  is a number of cycles 

to fracture specimens in air and river 
water. 

The results of coefficient calcula-
tions of the impact of environment ß  on 
low-cycle fatigue of specimens of steel 
20 and Al in two sampling points of the 
Desna river are presented in Table 2. 

The research results set out in Table. 
2 show that most corrosion activity of 
river water at sampling point (2) and 
lower on low-cycle fatigue are associ-
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ated with the presence of a high con-
centration of activator cation (Ni2+) and 
anion activators: Cr 4

2- ( =8,1). 
Table 2 

Coefficients of environment ß   
impact on low-cycle fatigue  

of specimens of steel 20 and Al 

Investigated 
materials 

Sampling 
points ß value 

Steel 20 
1 1.29 
2 1.70 

Al 
1 1.31 
2 1.82 

 
To determine the effect of technogenic 

water pollution of the Desna river on the 
effectiveness of surface metalchelating, it 
was studied synergistic protective compo-
sition [6, 8-9] of secondary raw materials 
(wastes of caprolactam - PJSC “Chernihiv 
Chemical Fibre”) with synergists - una-
vailable for the use of substandard phar-
maceuticals that act as polydentate ligands 
(with active reaction centers - amide, mul-
tiple bonds, endo- and ekzoatoms N, S, O, 
etc.) to protect metal structures in heavy 
metal contaminated natural waters. 

Synergic protective composition en-
sured decrease of ß :  

- for steel 20 - by 1.6 time in water 
(2), ß =1.06, and by 1.25 time in water 
(1), ß =1.03.  

- for Al samples we obtained ß  = 
1.21 (2) and 1.09 (1).  

It means that the protective syner-
gistic composition can be used as che-
lating agent to protect of steel structures 
in natural waters. 

Since the main method to protect 
underwater steel structures is the use of 
paint film and research actions devel-
oped synergistic protective composition 
as an inhibitor in the composition of the 
protective coating are promising. 

Conclusions. Evaluation of water 
pollution the Desna river by heavy met-
als following water pollution index 
showed that water belongs to the third 
grade quality - moderately polluted. 
Concentration of heavy metals founded 
in the waters of the Desna river signifi-
cantly affect the resistance of underwa-
ter metal constructions. As one of the 
most effective means of protection 
against the destruction underwater steel 
structures it was investigated inhibitory 
protection from the development of 
synergistic protective composition for 
secondary raw materials. Developed 
composition can be used to protect un-
derwater metal structures, which greatly 
reduce the risk of fracture, and conse-
quently prevent technological accidents 
and environmental disasters. 
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