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SOIL CONTAMINATION WITH HEAVY 
METALS AS DESTRUCTION PREREQUISITE 

OF UNDERGROUND METAL 
CONSTRUCTIONS AND WAYS OF ITS 

PREVENTION 
Ince I. 

State Ecological Academy of Postgraduate Education and Management 
35, Mitropolyt Vasyl Lypkivsky Str., Kiyv, Ukraine, 03035  
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This paper analyzes the danger of soil contamination with heavy metals. The paper shows a 
special danger of pollutants and their impact on the resistance of underground metal construc-
tions. Research was conducted on the example of contaminated soil of industrial eco-hazardous 
enterprises of Chernigov region. Pollution on the total index of soil pollution (Zc) was assessed. It 
was established that soil contamination of enterprises territories refers to the dangerous (soil cate-
gory III, Zc = 32 ... 128). It was shown that such degree of soil contamination with heavy metals 
reduces the resistance of metal constructions in it. Thus, the groups of steel 20 lasting quality are 
classified as "little lasting". In order to control soil pollution with heavy metals developed syner-
gistic protective composition of secondary raw materials is suggested. It contributes to soil clean-
ing by 31-37%, and thereby reduces the corrosion activity of soil. Keywords: heavy metals, soil, 
pollution, synergistic protective composition, metal constructions, destruction danger, 
environmental hazards. 
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Over the past centuries understand-
ing of the importance of environmental 
issues reached its highest point. Nature 
protection activity occupied an im-
portant place in the politics of many 
countries and become the realm of in-
ternational relations. As the process of 
migration caused by human industrial 
activity began in the biosphere, a third 
type of circulation of substances in na-
ture (except geological and biological) 
was formed, it is the technological. 
There is a need to study in detail, classi-
fy various man-made pollutions, predict 
them, be able to prevent them, reduce, 
neutralize, finally deal with the conse-
quences of various negative human in-
fluences on nature. However, the degra-
dation of the environment in the late 
XX century gained such proportions 
that efforts to eliminate the consequenc-
es of human activity are not sufficient. 

Today more than 7000 chemical 
compounds released during manufactur-
ing, many of which are toxic, mutagenic 
and carcinogenic pollute the environ-
ment. 

Heavy metals (HM) are among the 
widespread pollutants of the biosphere. 
Nowadays on the degree of danger they 
are in second place after pesticides and 
far ahead of such well-known pollutants 
as carbon dioxide and sulfur. Environ-
mental contamination with heavy met-
als due to their wide use in industry and 
in weaknesses of clearing systems, re-
sulting pollutants released to the envi-
ronment with dust and gas industrial 
emissions, transport, impurities fertiliz-

ers, pesticides etc. A significant contri-
bution to anthropogenic pollution with 
HM destruction of technical structures 
in technological and natural environ-
ments, that often accompanied by tech-
nological accidents and environmental 
disasters, with loss of flora and fauna 
bring [1-4]. 

Unlike many toxins, heavy metals 
are not peculiar self-purification pro-
cesses, inherent stability in the envi-
ronment as well as transformation be-
cause of the possible competing conju-
gated chemical equilibrium reactions: 
protolytic , , h), redox (Kredox),
complex (Kst), precipitation (Ks) and 
others. HM cations ((Cu2+, Ni2+ and 
others.) are activators of corrosion, HM 
anions (Cr2O7

2-, CrO4
2-) are depolarizers 

of cathodic corrosion reaction. 
Ukraine saturated with ground, un-

derground, underwater trunking oil-, 
gas-, products pipe lines (including Cl2,
NH3, etc.), whose total length is more 
than 40 thousand km. Most of them 
work with lifetime over 30 years. The 
analysis of oil and gas industrial pipe-
lines exploitation throughout Ukraine, 
Russia, Tatarstan showed that oil pipe-
lines breaching usually occur within 6 
... 12 months after putting into opera-
tion. It was established that in 70 ... 
80% of cases they are the result of cor-
rosion, fatigue phenomena, hydrogen 
sulphide cracking [5, 6]. 

Accident ranking, for their causes in 
trunking gas pipelines shows that a sig-
nificant contribution (up to 43%) is 
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provided by underground corrosion. 
Accidents on the trunking oil and gas 
pipelines cause the greatest damage to 
soil: with one burst of oil on average 
emitted 2 tons of oil that violates the 
state of 1000 m3 of soil. When accidents 
on gas condensate pipelines about 2 
million tons / year of oil products get on 
the surface of the soil. As a result soil 
saturation of so-called "oil metal" con-
tained in the oil: V, Ni, Cd, Cr, Cu, Pb, 
Zn, Fe and others is enhanced [6]. 

There are no universal means of 
controlling pollution with heavy metals, 
including soil. So to find ways to con-
trol pollution with heavy metals, espe-
cially soil, as the final storage of heavy 
metals is very important. Composition 
of comprehensive action to reduce 
heavy metals in the soil, which work at 
least locally, can be quite effective. 

Therefore, the aim of the paper was 
to develop a synergistic composition 
(synergistic protective composition 
(SPC)) of comprehensive action on re-
cycled resources with regional waste 
disposal, which provides reduction of 
corrosion active HM cations in the soil. 

The structure of developed protec-
tive composition comprises three com-
ponents [7] 

1. Waste of Public Limited Compa-
ny “Chernigov Khimvolokno” (CKV), 
mass fraction: - caprolactam 40, 
oligomers of caprolactam 45, inorganic 
compounds 4.5, water - the rest. Or 
waste of Public Limited Company 
“ zot” KUB mass fraction:  50, 
resinous substance 10-30, ash 8-10, 
water - the rest. 

2. The pharmaceutical industry 
waste is derived thiazole (2- [n- (o-
karboksibenzamido) benzolsulfamido] 
thiazol) is sulfanilamide antimicrobial 

agent (bactericide) as synergistic 
supplement (SS). 

3. Natural Zeolite is aluminosilicate, 
the general formula: 
M2/n

.Al2O3
.xSiO2

. H2O (M is alkaline, 
alkaline earth metal, n is its degree of 
oxidation).  

To study the operation of developed 
composition we were treated soil (1-3 g 
/ m2), contaminated with heavy metals, 
the proportion of components in the 
composition is 1: 2: 3 = 1: 0.1: 1. 

Eco-efficiency protective composi-
tion was assessed by calculation of the 
sum of soil contamination Zc [8], the 
underlying index Kp, which character-
izes the rate of metals corrosion (mm / 
year), using 10- point scale [9] by the 
formulas: 

Zc= -(n-1)                (1) 
=C /                 (2) 

n – HM number (n=5, Cu2+,  Ni2+,  Zn2+,
Cd2+,  Pb2+)

p=1.16. m (gravimetry)        (3) 
m=( m/S. ), /(m2.hour)       (4) 

m – weight loss (g) of sample 
(57×12×2.5 mm) made of steel 20, 45, 
S – area, m2,  – time, hour. The exper-
iment duration was 100 days. 

Efficiency indicators of sanitary 
protection zone (SPZ) – Zc and Kp 
were determined using soil samples 
selected by [10] on the territory of 
environmentally hazardous enterprises 
in Chernihiv city: PLC “Chernigov 
Khimvolokno” (CKV), PLC 
“Chernigov factory of radio devices” 
(CFRD), PLC “Chernihiv combined 
heat and power plant” (CCHPP) on the 
buffer zone (1) and at a distance of HM 
maximum concentration (2). 
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The obtained Zc data are presented 
in Table 1. They show that soil contam-
ination with HM refers to a dangerous 
(soil of category III, Zc = 32 ... 128). 

Soil treatment with SPC reduces soil 
HM contamination (Table. 1) at 31-
37%. As a result, the soil on the buffer 
zone goes to the category II of danger - 
moderately acceptable (Zc = 16 ... 32). 

Reduction of corrosive action of the 
soil, through its clearing from HM using 
SPS studied on steel 20 in terms of Kp, 
characterizing metal corrosion rate (mm 
/ year) and evaluated by the Kcm (ex-
pressed in points) - durability of struc-

tural metals indicator in polluted soil 
with HM that according to [9]. 

Table 1  
The total rate of soil  

contamination with HM – Zc 
Pollution 
bubble CCHPP CFRD CKV 

before soil treatment with SPC 
1 40 33 35 
2 57 45 50 
after soil treatment with SPC 
1 30 23 26 
2 39 28 33 

Table 2  
The metals corrosion rate in contaminated soil with HM - Kp (mm / year), 

and point their durability - Kcm (point) 

Indicator CCHPP CFRD CKV CCHPP CFRD CKV 
before soil treatment with SPC after soil treatment with SPC 

p 5.11 0.55 1.05 0.95 0.08 0.15 
cm 9 7 8 7 5 6 

Durability 
group

soft dura-
ble

reduced du-
rable

soft dura-
ble

reduced du-
rable durable reduced du-

rable 

The data in Table 2 show a decrease 
of soil pollution treatment with SPC at 
81-85% and, as a consequence, reduc-
tion of corrosive action of the soil. 

Table 2 shows that the soil treatment 
with SPC reduces corrosion activity by 
2 points, a group of steel 20 durability 
goes from " soft durable " in group " re-
duced durable" (9 point 7 point, 8 
point 6 point) and " reduced durable" 
(point 7) - in " durable" (point 5). 

The data presented in Table. 1-2 
were derived with SPC treatment - 1 g / 
m2. With increasing concentration to 3 g 
/ m2, Zc is reduced at 40-45%, and the 
corrosion activity - at 90-92% 

Some components of SPC (K, SA, 
zeolite) do not sufficiently protect steel 

20 from corrosion: Z = 43 ... 50%. The 
use of SPC (1-3 g / m2) causes compo-
nents synergistic effects: syn = 1.8 ... 
2.2. It is significant that this is happen-
ing as intramolecular and intermolecu-
lar synergy that promotes the transfer of 
mobile forms HM (free cations of HM) 
in a still from adsorption at active polar 
adsorbent - zeolite and protection tech-
nical structures from corrosion, the 
formation on the surface nanoscale met-
al resistant protective film (about 40 ... 
50 nm, which is confirmed by Auger 
spectroscopy). 

The mechanism of SPC action is 
associated with polydentate ligands 
(Fig. 1) [11]: 
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Fig. 1 – Electronic structure of synergistic additives 

Fig. 1 shows that the adsorption 
(reactionary) centers are N, S 
endoatoms, N, O ekzoatoms benzene 
(Ph) and thiazole (Tz) ring. 

Under the action of  as anion 
efficiency of protection correlates with 
the maximum electron density at 
oxygen atom–  (q = -.8350), and 
minimum ionization potential ( n=
5.96 ), which activates the formation 

- donor-acceptor links (L M ),
while it actions as Kat-active reaction 
centers are S atoms (qs=.4252), which 
causes the formation of -dative links, 
with   transition from metal to ligand: 

( L). In addition, the formation 
of - donor-acceptor links high  (12.35 

) prevents. Consequently, there is 
intramolecular synergistic effects of SA. 
Intermolecular synergies associated 
with the presence of active components 
in waste of , KUB of polyamide links 
(-NH-CO-), where  N, C, O atoms 
have sp2- hybridization and demonstrate 
negative inductive and mesomeric 
effects. As a result protonation reactions 
occurring in centers of adsorption of 

molecules, cations, anions in , KUB: 
, N, C atoms, with a predominance in 

oxygen, intensifies. This promotes the 
formation of insoluble metalohelatny 
complexes with HM (transfere of HM 
cations from moving in immoving 
form). Zeolite as polar adsorbent, con-
tributes adsorption of metalohelatny 
complexes with ligands containing dou-
ble links. In addition, it reduces the con-
tent of free cations by ion exchange. 
Reduction of corrosive action of steel 
20 is due metalohelatny resistant film 
on its surface, as evidenced by IR- and 
Auger spectra. 

Thus, known soil treatment with or-
ganic fertilizers, Ca, P-containing com-
pounds, turf as intended (is only used 
for binding HM in the soil), as and ac-
cording the composition is less efficient 
then developed SPC of complex action 
that lowers HM content, and, conse-
quently, increases the corrosion re-
sistance of the steel causes the metal to 
prevent damage and man-made disas-
ters, and the resulting environmental 
disasters.
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Conclusions 

- proposed SPC provides high pro-
tection performance against corrosion 
of carbon steels which are widely used 
as structural materials of pipelines, es-
pecially in the oil and gas sector (Z = 
80-97%); 

- production of SPC is based on 
available raw materials - large-tonnage 
chemical production waste. This reduc-
es the cost of production: cheap raw 
materials, industrial engineering on the 

location of primary sources, energy sav-
ings, improvement of the environment; 

- social and environmental efficien-
cy of use of K ( ),  as part of 
SPC helps to prevent industrial acci-
dents with potential environmental dis-
asters, improve soil quality, as it is evi-
denced by prognosis environmental as-
sessment of SPC by controlled sanitary 
and toxicological indicators that meet 
environmental safety (SPC relate to 4 
danger level – low dangerous substanc-
es).
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Environmental factors of natural productivity ponds North-Western the Black Sea.
Shekk P.V Formation biota and biological productivity of estuaries and lagoons of the Black Sea 
depends on their gidgologo-hydrochemical regime, the formation of which is mainly due to the 
influx of freshwater runoff and marine waters. Salinity reservoirs leads to a restructuring of 
ecological communities, biodiversity loss and reduced fish fauna fish productivity. Characterized 
by high productivity brackish ecosystem sustainable hydrological and hydrochemical regime, 
abundant food supply and the presence of self-reproducing populations of commercial fish. In this 
respect, the most favorable conditions estuaries have an open and closed water bodies with 
permanent freshwater runoff (Hadzibeevsky estuary). Semi-reservoirs are the most vulnerable, 
they are the production possibilities are almost totally dependent on the availability of 


