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ABSTRACT

In the paper research of environmental hazards based on the study of individual factors presented. The first stage
was the analysis of the state of environmental hazard of equipment and technological processes. A system of organi-
zational and technical measures and technological solutions was developed that will reduce the level of environmen-
tal risk. Soils was considered separately with the study of physical and chemical processes. Heavy metals that come
from electroplating and etching processes interact with the soil system, that is, with the components of the soil and
with each other, which leads to mutations in the physico-chemical system of soil. We identified two areas of possible
forms and consequences of combining heavy metals in soils — the formation of hard-to-dissolve compounds, and its
absorption by its components. Studies shown that the accumulation of heavy metals passing through the atmosphere
and soil, created in plants, and then with the help of the food chain gets into the human body.
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INTRODUCTION

The degree of environmental pollution, analysis
of the anthropogenic impact of the production com-
plex is determined by a detailed analysis and creation
of an information system that allows ensuring the
quality of the ecological system both in individual
territories around enterprises and within large areas
(Al Mamun, 2018). Assessment of man-made soil
contamination involves determining the concentra-
tion of individual chemical elements, the ratio of ele-
ments in plants and soils, or the action of the toxic
reaction mechanism (Biswas, 2015). Large chemical
industry enterprises, electroplating shops and board
manufacturing shops are the main stationary envi-
ronmental pollutants of heavy metals. Such heavy
metals are Zn, Pb, Cu, Co, Cr, Cd, Sr. Some of these
pollutants combine with heavy metal cations to form
poorly soluble compounds or sediments (Carfora,
2017). Soil is a system whose chemical components
are in constant interaction, which is influenced by
various factors of geochemical migration. This fact

is well covered in the relevant works (Cerri, 2018).
The interaction of elements in soils is considered by
the following systems: water— soil, soil-underground
water, soil-flora.The following factors influence the
peculiarities of heavy metal entry into plants: re-
dox conditions, ph, hydrolysis, and salt formation.
Chemical toxic analysis of heavy metals, including
heavy metals present in waste during the production
of boards, the activities of electroplating shops (PB,
Hg, Cd, Cu, Ni, Co, Zn) shows their high toxicity
and migration ability. Migration substances in the
soil occur mainly due to water, which is an integral
part of the soil and creates the water-soil system.

Behavior of toxicants in different
environments

The behavior of toxicant substances in
different environments depends on their bio-
geochemical properties, the characteristics of
which are presented in Table 1 (Chekima, 2016).
Copper has a fairly high biochemical property
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among heavy metals, and this highlights the im-
portance of reducing the amount of copper that
is discharged into the NPS, worsening its state
(Chen, 2016). Conducting monitoring studies of
soils at the production sites of boards and elec-
troplating shops provides information on the
state of soils for forecasting the ecological state
and further decision-making. Analysis of sludge
from electroplating production, DP production
and sludge from sludge accumulators showed a
high content of metals in them. Under the influ-
ence of precipitation, especially acid rain, there
is a gradual secondary pollution of the environ-
ment with this waste.

High water content of the territory, loose
water-permeable soils make it difficult to choose
industrial waste landfills and limit their area, cre-
ate conditions for heavy metal ions to pollute not
only the soil cover and surface water adjacent to
storage sites, but also Underground Water Hori-
zons. Today, many countries around the world
still use the method of neutralizing toxic waste
by burial in special landfills using protective fac-
ing materials made of clay, polyethylene, poly-
vinyl chloride and other relatively water-resistant
materials. An economical method of burying
sediments of many types is chemical fixation,
which is carried out by dosing special agents into
the sludge: sodium silicate, cement. As a result,
toxic substances are fixed in the solid mass, but
their leaching may occur over time (Choi, 2019).
Among liquid waste, there is a large group of
heavy metals that are widely used in various
industrial industries, and despite the treatment
methods used, heavy metal compounds penetrate
into industrial wastewater. A significant amount
of these compounds also enter the aquatic envi-
ronment through precipitation (Bittar, 2018).The
environmental danger of heavy metals is that they
are actively absorbed by phytoplankton, and then
enter the human food chain. Enterprises that use
printed circuit board manufacturing processes to

Table 1. Biogeochemical properties of heavy metals

ensure the operation of modern electronic equip-
ment contribute to the deterioration of the eco-
logical state of the environment. Such enterprises
include the production of: household; military;
automobile; space equipment; spacecraft equip-
ment, radio and television (Do Paco, 2019). Cop-
per is widely used in the production of DP, as an
active conductor. The main source of copper en-
tering the natural environment in such production
is waste water from copper etching operations to
ensure drawing, washing water, and sludge. For
the forecast calculation, the origin is chosen on
the Earth’s surface, the distance between the cal-
culated points Ax = 0.5 m, salinity Co = 0.2%, Cn
=40.0%, n=0.23, Dm = 1-10° m*day.

It is established that one year after the filling
of salts, the upper half-meter layer of the aeration
zone will pass into the category of weakly and
moderately saline. In the following years, the salt
content will increase with time and depth. After
10 years, the Salt profile will look as shown in
Figure 1 with such a salt content, the complete
absence of any living organisms and plants is
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Figure 1. Salt profile after 10 years of storage
etching salts of printed circuit boards

Properties Co Ni Cu Zn Cd Hg Pb
Toxicity M M M M H H H
Mobility L L M M H H H
Accumulation M M H H H H H
Complex formation L L H H M M L
Tendency to electrolysis L M H H M M M
Solubility L L H H H H H
Note: H — high, L — low, M — middle.
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guaranteed for many years and after the elimina-
tion of the sludge storage warehouse. The results
obtained show the harmfulness of sludge storage
on the territory of the enterprise and indicate the
direction of work for the development of tech-
nologies for processing and reuse of etching solu-
tions in the production of printed circuit boards.

Ecological danger of urban soils

The greatest damage and transformation is
experienced by urban soils, which are character-
ized by high absorption capacity. The difference
between urban and natural soils is over-compac-
tion, which is a consequence of construction, the
presence of transport flows and leads to changes
in agrochemical indicators (Follows, 2014).

As an example, consider the city of St. Peters-
burg, which is a typical administrative center. St.
Petersburg, covers an area of 215 km? and a popu-
lation of about 2271 thousand people. According
to socio-economic indicators, the city is typical
among the regional centers of Russia. The largest
share in the structure of industrial production in
the city is occupied by the machine-building (with
electroplating shops and PCB etching shops) and
food industries, as well as expanded construction
using the latest high-speed technologies. In gener-
al, man-made factors of the city of St. Petersburg
are formed as a result of the impact on the environ-
ment of transport, industrial enterprises and utili-
ties. The natural soils of the city of St. Petersburg
were formed mainly on carbonate Loess deposits,
the most common are forest-steppe podzolic soils.

The expansion of the city leads to a steady reduc-
tion in the area of land with natural soils. More
than half of the territory of St. Petersburg today is
occupied by anthropogenic deposits (bulk, includ-
ing the soil of bulk structures, artificial road sur-
faces, construction dumps, planar cultural layer,
deposits of artificial reservoirs) (Foukaras, 2014).

To assess the ecological state of the soils,
7 test areas were identified, where soil samples
were taken. Test areas were laid out on the terri-
tory of the city so that they included various types
of anthropogenic impact characteristic of medium
—sized cities: 1, 2 — industrial zones (influence of
industrial enterprises); 3, 4 — territories of water
protection zones of water bodies of the city; 5, 6,
7-the main highways of the city. The most com-
mon heavy metal in urban soils is lead. This metal
in the human body causes pathological changes
in the nervous system, hematopoietic organs,
digestive system, kidneys, affects the reproduc-
tive organs, blocks the work of enzyme systems
(Gongalves, 2016). As a result of the conducted
research (Table 2) it is established that the high-
est gross lead content is typical for the industrial
zone and highways. According to the table, it can
be concluded that the concentrations of gross lead
in samples of test areas of recreational areas and
water protection zones were 1.4-2.6 times less
than in industrial and transport areas.

The same trend is observed for the mobile
form of lead. In areas near industrial enterprises,
the lead content is the highest and is 2-3 times
higher than its concentration on the territory of
water protection zones of water bodies. Taking
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Figure 2. Diagram presents abiotic and biotic components of constructed Technosols and waste
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Table 2. Content of mobile and gross forms of lead in the soils of St. Petersburg, mg / kg

Area number 1 2 3 4 5 6 7
Gross lead content 34.2 40.1 22.3 14.3 33.8 349 35.6
Mobile lead content 8.1 12.9 4.9 3.3 2.6 4.9 9.8

into account the fact that the maximum permis-
sible concentration for a mobile form of lead is
2 mg/kg, most of the city’s territory is character-
ized by a significant excess of the maximum per-
missible concentration (from 1.3 to 6.45 times).
For highways and industrial zones, an excess of
the maximum permissible concentration for gross
form (30 mg/kg) was recorded (Grimmer, 2013).
So, the main contribution of lead to the urban eco-
system of St. Petersburg is associated with the ac-
tivities of industrial enterprises and motor trans-
port. Since the excess of the norm is significant in
certain areas, this creates a danger for the urban
ecosystem as a whole, because the soil is one of
the most important links in the cycle of elements
in ecosystems, through which heavy metals enter
living organisms.

Risk assessment from accidents during
storage of electroplating waste

High-risk objects are those where hazardous
substances or categories of substances are used,
manufactured, processed, stored or transformed
in an amount equal to or exceeding the norma-
tively established threshold masses, as well as
other objects that are a real threat to the occur-
rence of man-made and natural emergencies. En-
vironmentally hazardous activities and facilities
are important factors that require the develop-
ment of optimal measures to ensure environmen-
tal safety. These facilities include electroplating
shops and PCB manufacturing shops.

Problems with the accumulation and dispos-
al of solid industrial waste arise and need to be
solved in every civilized country. Russia is no ex-
ception. Inventory and statistical reporting over
the past 10 years shows that Russian enterpris-
es generate 1 1 billion annually. solid industrial
waste. Of these, 100 million tons are toxic, and
2-4 million tons are highly toxic, which according
to European standards belong to the first hazard
class. The number of enterprises that record toxic
waste exceeds 2,500. The total amount of toxic
waste accumulation is 4.5 billion tons, and the
current cost of their maintenance is annually more
than 25% of the cost of manufactured products.
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Toxic waste containing heavy metals (chro-
mium, nickel, lead, cadmium, mercury) dominates
in terms of formation volumes. These are mainly
waste from enterprises of ferrous and non-ferrous
metallurgy, mechanical engineering (electroplating
production), mining and chemical plants and others.
The need for research in the ecological direction,
the problems of protecting atmospheric air, soils,
and the aquatic environment, their state causes en-
vironmental degradation and harms the health of
the population, especially in industrial areas. The
practical and scientific significance of environmen-
tal problems is determined by the fact that air is
the source of human life, wildlife, and is the basis
of technological processes of existing enterprises.
The reasons for the appearance of environmental
risk are the occurrence of emergency situations
at the enterprise and an increase in emissions of
pollutants. The second reason may be the spread
of design parameters of emission sources— dis-
turbing factors. This probability characterizes the
environmental risk of human exposure to pollu-
tion. There is no single definition of the concept
of environmental risk, and there are no criteria
for its assessment. The main difficulties are that
new risk factors are constantly identified, sources
of pollution that have not yet been studied, and
therefore new knowledge of the mechanism of
their impact, which is confirmed by the authors
of the term “environmental risk (Huang, 2014).

Two examples of sludge from various Rus-
sian enterprises stored in factory territories are
presented (Table 3). Based on the results of the
study of the composition of electroplating sludge,
the qualitative composition and content of haz-
ardous substances were established. The name of
waste was electroplated sludge with precipitator,
alkali, soda (sludge of etching baths). Appear-
ance and consistency was pasty mass of brown
color. The material of waste was from the pro-
duction and etching shop of pipe products. Etch-
ing is carried out with solutions of sulfuric acid.
The sludge mainly contains iron compounds in
the form of iron sulfate particles and foreign in-
soluble impurities (Joshi, 2015). The sludge is
neutralized to pH 3—10 with solutions of soda ash
or sodium hydroxide. Qualitative composition of
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Figure 3. Source of heavy metals in soils

waste and the content of hazardous substances were
iron sulfate of 35-40 wt.%, and sulfate-ion-up to
10 wt.%. The active reaction of the waste solution
1s Ph 5.33. Therefore, since the hazard index HI>1,
this level of risk is unacceptable, and pollutants that
are contained in electroplating sludge and entered
environmental objects as a result of an emergency
will negatively affect human health. Consequently,
emergency situations that are accompanied by a
violation of the integrity of storage areas (contain-
ers, bags, etc.) and lead to the ingress of electroplat-
ing sludge into the environment increase the risk to
human health. The obtained levels of carcinogenic
risk and Hazard Index indicate the need to make a
set of decisions to prevent the occurrence of emer-
gencies, as well as minimize their consequences.
In this case, further research should be aimed at

finding alternatives to the storage of sludge on the
territories of enterprises, at waste processing with
the removal of valuable components and the re-
use of solutions in technological processes (Schle-
gelmilch, 1996). To solve this problem, it is neces-
sary to identify ways to solve it in order to create
environmentally friendly equipment.

CONCLUSION

It is established that there is no unified method-
ology for determining environmental risk in mod-
ern, even developed countries. The study of soil
contamination with lead in the territory of the city,
where industrial enterprises are located, showed an
increase in anthropogenic load (most of the city’s

Table 3. Concentration and toxicity class of the substance

Concentration, mg/kg (X), toxicity class of the substance

Form presence

Pb(1) Cd(l) Zn(1) Mn Cu(2) Cr(2) Ni(2)
Gross <0.5 <0.25 6.94 39.64 3.71 <0.1 27.87
Movable AT, t =25 °C <0.5 <0.25 2.39 39.62 0.74 <0.1 9.00
Water-soluble AT, t = 25 °C <0.5 <0.25 0.29 9.38 <0.35 <0.1 2.90
Solubility in the experiment (g/100 g) - — 4.1 23.2 Not soluble - Not soluble
Average amount in waste (kg/t) - - 0.007 0.04 0.004 - 0.03
MPC in the soil (mg/kg) — gross form 32.0 1.5 - 1500.0 - 80.0 -
MPC in the soil (mg/kg) - - 23.0 - 3.0 6.0 4.0
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territory) characterized by a significant excess of
the maximum permissible concentration (from 1.3
to 6.45 times) of the mobile form of lead.
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