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ABSTRACT. Relevance. The multifaceted intersectoral problem of human security in contact with mercury has gained global signifi-
cance in the twentieth century, it is relevant today. Considerable attention is paid to the environmental and hygienic aspects of mercury
hazards in the field related to the production and disposal of waste containing Hg.

The Aim of the Research. Analyze the data of own research on mercury content in the environment in connection with the management
of mercury-containing waste and justify a set of preventive environmental and hygienic, technological and organizational measures to
improve safety, public health and improve the environment in the region and the country in general.

Materials and Methods. Sampling, sample preparation and determination of mercury content in environmental facilities and bioassays
were performed according to M1 “Methodical instructions for the determination of mercury in biological material, air, drinking water,
Jood products and the environment.” The concentration of mercury was measured by the method of AAS “cold steam” on the upgraded
device “Yulia-2M”. The mercury content in soil and air at the spontaneous dump of mercury lamps in Odessa region, on the border of
the sanitary protection zone and in the air of the working zone of the enterprise for utilization of mercury lamps was studied. For sample
preparation, chemically pure nitric acid (56%) was used, to reduce mercury during the analysis of chemically pure tin (11) chloride.
Results and Conclusions. Mercury lamps have been shown to be hazardous to the environment and human health without proper dis-
posal. Mercury lamps should be collected and disposed of as hazardous waste not only in industrial facilities but also in the general pub-
lic. The formation of spontaneous unauthorized landfills of mercury lamps is unacceptable. The problem of environmental monitoring
needs to be addressed at the state level with the mandatory involvement of specialists in the field of hygiene, toxicology and analytical
chemistry of heavy metals in cases of violations to assess the level of danger and make informed decisions on approaches to elimination

of mercury sources.
Key Words: mercury, mercury lamps, ecology.

Introduction. Although the use of mercury
(Hg) by mankind has been going on for cen-
turies, fundamental and applied geochemical,
ecological, hygienic and toxicological studies
aimed at comprehensively studying and solving
the problem of human safety of one of the
most toxic chemical elements have been active
since the mid-20th century, including in
Ukraine [1—5].0On the one hand, this was due
to the growth of production and use of Hg in
various spheres of economy and life, on the
other hand, the growing number of acute,
chronic poisonings, mercury-dependent
pathological changes in the human body [6, 7].
Among these is the infamous Minamata dis-
ease, which arose after a long diet of one of the
regions of Japan contaminated with Hg
seafood [8, 9]. The multifaceted intersectoral
problem of human security in contact with
mercury has gained global significance, prima-
rily due to its anthropogenic component. The
prevalence of natural mercury on different
continents of the planet has become quite dan-
gerous for the environment. Anthropogenic
sources are characterized by a more local and
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concentrated nature of emissions (for exam-
ple, in China and India, the increase in emis-
sions is due to Hg emissions from coal-fired
power plants and small-scale gold mining)
[10—12]. Purposeful management actions
contribute the most to the reduction of this
negative phenomenon. The effectiveness of the
latter depends to a large extent on the develop-
ment of research and the updating of our
knowledge and capabilities for integrated
research related to Hg, risks to the environ-
ment and human health.

Among the fundamentally important
achievements of modern biogeochemistry of
Hg, which have global scientific and theoreti-
cal significance, should be highlighted accord-
ing to Blum JD et al., 2014; D. Obrist et al.
2018 [13, 14] such as:

1. Establishing the presence and functioning
of the planetary mercury cycle.

2. Development and application of the
method of stable isotopes for tracking
sources, biogeochemical cycle and reac-
tions involving Hg in the environment.

3. Substantiation of more informative and




adequate global and regional models that

reproduce the processes of accumulation,

distribution and transformation of Hg in the
environment.

4. A new concept of the contribution of flora
to the absorption and deposition of Hg is
proposed, which is estimated at 1020—
1230 Mg / year.

5. Significant progress has been made in the
fundamental problem of methylation and
demethylation of mercury by microorgan-
isms, which is a prerequisite for the forma-
tion and circulation of toxic forms of Hg in
the environment, transport and bioavail-
ability to biota and humans, as well as its
neurotoxic properties.

Successful development and numerous
examples of implementation of global prob-
lems of bioecological hygiene and geochem-
istry of Hg do not diminish the importance of
regional and local issues of mercury safety and
further search for effective demercurization
systems. Due to the complex of unique physi-
cal and chemical properties, Hg is a compo-
nent of many production processes, so it is
used in a large number of appliances and
devices. In some cases, its use greatly facilitates
or makes it cheaper to achieve appropriate
technical and technological results [15].
Therefore, it is no coincidence that there are
about 150 types of production, in the tech-
nologies of which Hg is used or emitted. More
than 80 occupations are associated with long-
term contact with Hg, which is confirmed by
field research in the workplace and the results
of job certification conducted by us. The latest
technologies for the production of chlorine
and caustic alkalis that do not use mercury are
four to six times more expensive than mercury-
cathode [1]. Mercury-containing power sup-
plies are not only cheaper, but also have better
voltammetric characteristics, greater capacity,
durability than their mercury-free counter-
parts. Therefore, despite measures to limit the
use of Hg, the list of hazardous industries due
to this chemical factor is quite large and diver-
sified, and the requirements for the complete
exclusion of mercury from human life by tech-
nologists and operators are considered prema-
ture [16].

And yet, a significant achievement of the
efforts of scientists, practitioners, international
organizations, the public was a significant
reduction in Hg concentrations in the produc-
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tion environment. Not only the sources of Hg
in the body, but also the current levels have
fundamentally changed [17, 2]. Today, most of
them are low-intensity factors. Accordingly,
the priorities of research, practice and efforts
of toxicologists and hygienists in the field of
mercury safety have changed, within which
works on the problems of micro- and ultrami-
cromercurialism dominate, that is, dangerous
effects on the body of small doses and concen-
trations of Hg, the study of the biological
effects of which still remains a topical problem
of modern toxicology and a topic of scientific
and public debate. At the same time, much
more attention is being paid to the environ-
mental and hygienic aspects of mercury haz-
ards in the field, related not only to the pro-
duction of mercury-containing products and
relevant technological schemes, but also to the
management of hazardous Hg waste.
Thorough research is being conducted in
various countries of the world, environmental-
ly friendly technologies are being developed,
regional, national and international programs
are being developed and successfully imple-
mented. Thus, the anthropogenic risk of mer-
cury loading of territories, reservoirs and food
pollution is significantly reduced. The problem
of demercurization of all spheres of human life
(in terms of limiting the levels of contamina-
tion to Clarke number and the maximum
allowable) has become potentially possible and
real, although there are significant difficulties
and obstacles along the way. Since the authors
of this work have been actively solving certain
scientific and practical aspects of this complex
problem (mainly at the regional level) for
many years, we considered it necessary to
dwell on them in more detail and outline ways
to solve them successfully. It should be empha-
sized that the prevention of the negative
impact of Hg on human health and the bios-
phere requires not only permanent environ-
mental and hygienic monitoring, but constant,
well-planned comprehensive work and joint
efforts of ecologists, hygienists, toxicologists,
technologists and production organizers with
the support of the authorities and the public.
The Purpose of the Study. Analyze the data
of own research on mercury content in the
environment in connection with the manage-
ment of mercury-containing waste and justify
a set of preventive environmental and hygien-
ic, technological and organizational measures
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to improve safety, public health and improve
the environment in the region and the country
in general.

Materials and Methods. Sampling, sample
preparation and determination of mercury
content in environmental facilities and bioas-
says were carried out in accordance with the
MI “Methodical instructions for the determi-
nation of mercury in biological material, air,
drinking water, food products and the environ-
ment.” [18]. The concentration of mercury
was measured by the method of AAS “cold
steam” on the upgraded device “Yulia-2M”.
The mercury content in soil and air at the
spontaneous dump of mercury lamps in
Odessa region, on the border of the sanitary
protection zone and in the air of the working
zone of the enterprise for utilization of mercu-
ry lamps was studied. For sample preparation
chemically pure nitric acid (56%) was used, to
reduce mercury during the analysis of chemi-
cally pure tin (II) chloride.

Results and Discussion. Over the past
20 years, our laboratory has been systematical-
ly measuring mercury content in the air of
Odessa, in the air of the working area of the
mercury lamp disposal company, near the ship
waste incinerator, soils of sanitary protection
zones of household waste dumps, in residential
buildings, educational and medical institutions
after emergencies related to the spill of metal-
lic mercury (Hg). In addition, we conduct
research on the content of Hg in the blood,
urine and hair of the population under the
direction of doctors suspected of mercury
intoxication. The obtained data indicate that
low-dose sources of Hg exposure predominate
in communal conditions. For the population,
these are most often broken mercury ther-
mometers and used fluorescent lamps.

All types of fluorescent lamps contain Hg
(from 2.3 to 70 mg per lamp). For all the eco-
nomic advantages of mercury fluorescent
lamps over incandescent lamps, their main dis-
advantage is that after the end of their service
life, they turn into hazardous waste contami-
nated with Hg, a toxic substance of hazard
class I. Therefore, according to the Resolution
of the Cabinet of Ministers of 13.07.2000
Ne 1120 “On approval of the Regulations on
control over transportation of hazardous waste
and their utilization”, Yellow and Green lists
of waste, all products of this category are clas-
sified as hazardous waste, subject to mandatory
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removal at the end of life service and special
disposal methods. As can be seen from the data
in Table 1, the mercury content, depending on
the model is from 0.01 to 0.03% of the total
mass of waste.

Table 1 also shows that used lamps also con-
tain other precious metals and renewable sec-
ondary materials that can be used in the same
way as for the disposal of batteries [20, 21].

This issue is addressed differently in differ-
ent countries. In Germany, for example, there
are 3,100 collection points for mercury-con-
taining lamps (1,715 in the utilities sector and
1,390 in retail outlets), as well as 400 large
points that serve facilities with a large volume
of such products (industrial and public build-
ings). The address of the nearest collection
point can be found on a special website. Lamps
are accepted in unlimited quantities and free of
charge. However, according to citizens, the
number of reception points is insufficient and
they are located outside the reach. According
to the German Institute of Urbanism, less than
40% of all gas-discharge lamps are properly
disposed of in this country. In Bulgaria,
importers and manufacturers are responsible
for collecting and disposing of mercury lamps.
Disposal is free for the population. In Belgium,
a specialized company, Recupel, became the
manufacturer and distributor of lamps in 2001.
The consumer pays a fee when buying a lamp
and at the end of'its service life hands it over to
the municipal storage point at the municipali-
ty. In Romania, the lamps are collected and
disposed of by the Recolamp Association,
founded by the lamp manufacturers Philips,
Osram, Narva and General Electric. The dis-
posal fee is charged to the consumer when pur-
chasing the lamp. In France, used fluorescent
lamps are collected by waste collectors (55%),
lamp distributors (23%), assembly organiza-
tions (15%), and municipalities (7% of all
lamps). The activities of collection points are
controlled directly by the state. In the Czech
Republic, used lighting equipment is collected
by the specialized public organization
Ekolamp, established in 2002. There are about
1,300 collection points throughout the coun-
try. You can also take them to the store when
buying a new product. In the United States,
the collection and disposal of lamps is subject
to an environmental tax (several cents per
lamp). Collection point networks are organ-
ized differently in each state — collection in
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Table 1
Waste composition of used mercury lamps [19]
Lamp type, material content,%
Material MBFU | MBFU | MBFU | MBFU | . | Tubular
125 250 700 1000 lamps*
Glass flasks 74,20 72,56 71,43 71,42 91,40 87
Glass burner 6,54 8,26 12,66 14,08 — —
Porcelain 5,10 0,45 491 3,93 — —
Mica — 0,77 0,50 0,50 — —
Mastic 2,42 1,82 1,01 1,04 3,0 —
Iron 0,24 0,3 0,25 0,19 0,07 —
Nickel 5,25 4,14 3,35 2,84 — —
Copper 0,17 0,8 0,41 0,19 0,30 —
Brass 4,125 8,08 4,58 3,95 0,68 —
Lead 0,94 0,65 0,25 0,22 0,29 2,55
Aluminum — — — — 2,90 5
Mercury 0,01 0,01 0,03 0,03 0,06 0,150
Tungsten 0,59 2,165 0,34 1,40 0,02 —
Getinax — — — — 0,31 —
*Note: According to GOST6825-74, GOST-1639-93
stores or collection programs sponsored by the installations of various manufacturers in

state or utilities. The program “Easy Pack” —
sale of the boxes adapted for storage of lamps
of various types turned out to be very success-
ful. The cost of transportation and disposal is
included in the price of the box.

In Russia, according to current legislation,
waste is the property of the person who pro-
duces it, so people and organizations are
obliged to pay for the disposal of fluorescent
lamps. In almost all regions, there are
extremely few waste collection points (for the
entire Ural Federal District — 11), only in
Moscow and the region there are enough of
them (approximately 1,200 points). Such a
developed network is the result of a targeted
order from the Moscow government in 2010.

Thus, waste disposal systems in different
countries in the European Union, the United
States and the world differ significantly and
depend on the attitude of society, location and
financial capabilities. The problem of mercury
lamp disposal in Ukraine also has a history.
Already in the last decade of the last century,
attempts were made to demercurize lamps at
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Donetsk, Kirovohrad and other regions.
Unfortunately, after some success, it has
become clear that there are many unresolved
issues, including the organization of the col-
lection, temporary storage and transportation
of this hazardous waste to recycling plants, as
well as the reimbursement of related costs.
This was clearly demonstrated by the example
of the organization of a collection point for
fluorescent lamps at  the Odessa
Biotechnological Institute of the Academy of
Agrarian Sciences of Ukraine [22].In a short
time of experimental work, more than 50,000
lamps, 200 kg of metallic mercury and several
tons of other mercury-containing industrial
and household waste were collected there. In
the future, it was planned to organize munici-
pal collection points, but the idea was not
implemented. For many years, there has been
a debate about the cost of disposal, which
should be included in the cost of goods and
received by the state in the form of environ-
mental tax from companies that produce or
import dangerous products. Unfortunately,
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Ukraine does not have sufficient infrastruc-
ture, there are no state hazardous waste collec-
tion points. The country does not have a full-
fledged system for receiving mercury-contain-
ing waste, nor is there an effective information
for individuals about the rules and places of
their utilization. If companies have the oppor-
tunity to enter into contracts for the disposal of
mercury waste, then there is only one way for
the population to dispose of it — to dispose of
it in household waste. The work of environ-
mental activists to set up free collection and
disposal of hazardous waste for the population
does not find support from local authorities,
even in large cities. What to say about small
settlements? How many citizens in Ukraine
know that lamps, thermometers, manometers
need to be recycled, and where to take them
to? Local governments have obviously ignored
important information availability to citizens.

An important, and perhaps the most impor-
tant, link in the process of disposing of lamps is
the consumers themselves. The success of all
measures to create a system for the disposal of
mercury lamps depends on their knowledge
and activity. Our compatriots need to know
how to handle modern mercury lamps, where
to carry them after the end of their service life
and what to do in case of mechanical damage
to the bulb. It is necessary to inform the popu-
lation through television, radio, Internet and
street advertising. The packaging of the lamps
should be accompanied by complete informa-
tion on its use and disposal (a memo for the
buyer) with information on where to hand over
the lamps, as well as the rules of conduct in
case the lamp breaks. Thus, establishing the
utilization of used fluorescent lamps in
Ukraine is a priority to prevent anthropogenic
mercury pollution.

At the end of 2019, our laboratory partici-
pated on a volunteer basis in the liquidation of
a spontaneous landfill of mercury lamps near
Odessa. In the sanitary protection zone of the
industrial district, unknown people threw
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3 trucks of mercury lamps into the open air. It
seemed that the lamps were collected and pre-
pared for disposal: most of the lamps were
wrapped in paper and folded in cardboard
boxes. On the part of the paper in which the
lamps were packed, there was a seal of the
south-western railway. The integrity of some
lamps was violated: phosphor powder with
mercury got into the soil, and the wind carried
it across the territory.

In fig. 1 — photos of a spontaneous dump of
spent mercury lamps, which were criminally
unloaded in the open air on the border of
Odessa, near the village of Krasnosilka.

We conducted sanitary and chemical studies
of environmental objects (air, soil) on the ter-
ritory of the landfill. Cold vapor measurements
showed that the mercury content near the
landfill was 23 times higher than the TLV for
ambient air (0.3 pg/m?), and the mercury con-
tent in the soil depended on the distance to the
landfill (Table 2).

Exceeding the TLV is observed only in sam-
ples taken directly under the pile of lamps and
next to them. Probably, the excess is due to the
phosphor, which was poured on the ground
from broken lamps. But with the destruction of
lamps and the spread of phosphors by wind,
the area of pollution may increase.
Substantially mercury-contaminated soil will
be a source of low-dose mercury for many
years to come. In addition, air sampling was
performed at a temperature of +7 ° C in wind-
less weather. It is known that with increasing
temperature, the evaporation of mercury
increases. In a landfill, whole lamps will soon-
er or later be destroyed and pollute the envi-
ronment. Moreover, the presence of such land-
fills, unfortunately, is evidence not only of the
low culture of our citizens, but also the negli-
gence of many officials.

The letter was sent by us to the Department
of Ecology and Natural Resources of the
Odessa Regional State Administration with the
location of the landfill and the results of meas-

Table 2

Mercury content in soil samples depending on the distance to the lamps

Ne sample Distance to lamps, M Hg content, mg / kg TVL for soils, mg / kg
1 0 56,8
2 1 2,11
3 3 0,214 21
4 5 0,072
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Fig. 1. Spontaneous dump of mercury-containing waste in the Odessa region.

urements, after which the landfill was liquidat-
ed by the Krasnosilsk village council. A photo
report (Fig. 2), a copy of the contract for the
disposal of lamps and a letter of reply were pro-
vided by us. From the photo report we saw that
the cleaning was carried out without the use of
PPE of the respiratory system, and the soil after
cleaning remained contaminated with a phos-
phor and crushed glass. Unfortunately, the
regional administration did not consider it nec-
essary to carry out additional measurements of
mercury content or to hold consultations on
further actions, taking into account the typical
nature of the recorded extreme situation.

Of course, such treatment of mercury-con-
taining waste, when it enters landfills, is unac-
ceptable and impossible in a civilized country.
How many more such landfills are there across
Ukraine? Unfortunately, such cases are not
isolated.

In October 2013, an unauthorized landfill
of fluorescent lamps was liquidated in the
Chernihiv region, which was discovered near
the village of Zmitniv, Sosnytsia district. In
2017, specialists of the State Ecological
Inspectorate in Vinnytsia region discovered a
landfill of used fluorescent lamps [23]. In
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November 2019, environmental inspectors
discovered an unauthorized landfill of used
fluorescent lamps near the village of Lipnyky
in the Pustomyty region [24]. Already in
February 2020, environmental inspectors dis-
covered an unauthorized landfill near the vil-
lage of Zymna Voda in the Lviv region. Upon
departure to the scene together with journalists
and representatives of Zymnovodivska UTC it
was established that between the country coop-
erative “Dary Pryrody” and the railway track
there were illegally unloaded used fluorescent
lamps in two areas of 4x5m (approximately
one truck) and 4x12m (approximately) [25]. In
April 2020, a pile of used fluorescent lamps was
found in a former limestone quarry near the
Gorodok district center [26]. This situation is
unacceptable and does not meet European
environmental safety standards and general
rules for waste management.

In Odessa, there is an enterprise that pro-
vides disposal of used mercury lamps. RPC
“Ukr Eko Prom” provides services for the
organization of disposal of fluorescent lamps,
works in the legal field. Since 2015, our labora-
tory has an agreement with the company on
analytical measurements of mercury content
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Fig. 2. Elimination of spontaneous landfill of mercury-containing waste in Odessa region.
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in the air of the working area, atmospheric air
and in the soil at the border of the sanitary pro-
tection zone. We can reasonably state that the
disposal is carried out in compliance with all
safety measures for the operator and the envi-
ronment. We can reasonably state that the dis-
posal is carried out in compliance with all safe-
ty measures for the operator and the environ-
ment. This is also confirmed by the results of
the operator’s urine tests taken by us during
the inspection. At a rate of up to 10 pg/l, the
mercury content in the urine was from 1.21 to
3.76 pg/l (tested 5 operators for 5 years). The
mercury content in the air of the working area
at the operator's workplace in the breathing
zone was within the TVL w.z. (0.004 =+
0.002 mg/m?®) (10 measurements over 5 years).
Operators use the recommended PPE. The
room with the installation for utilization of
mercury lamps is equipped with a powerful
system of supply and exhaust ventilation. On
the territory of the enterprise near the exhaust
ventilation pipe, the level of Hg was slightly
higher (0.006 £ 0.002 mg/m?), but also did not
exceed the TVL w.z. At the border of the sani-
tary protection zone, the level of Hg has always
been much lower than average daily TLV
(0.0003 mg/m?®). Mercury concentrations
ranged from 0.00004 mg/m? to 0.0001 mg/m?
(depending on wind direction and speed and
air temperature).

Thus, an enterprise that is able to recycle
mercury lamps without harming the environ-
ment and human health is working fruitfully in
Odessa. The user's task is to bring the used
lamp to the hazardous waste collection point,
and the state's task is to ensure the availability
of such points.

The draft Law of Ukraine “On Ratification
of the Minamata Convention on Mercury”
(March 29, 2018) was developed by the
Ministry of Ecology and Natural Resources of
Ukraine due to the urgent need to take meas-
ures and recognize serious consequences for
human health and the environment resulting
from pollution Hg, as well as the need to
ensure proper regulation of production activi-
ties using Hg. The need for legal regulation of
this issue, primarily due to the lack of regula-
tions in the legal system of Ukraine, which
would comprehensively regulate the treatment
of Hg, economic activities in which this toxi-
cant is used, contained provisions on the
restriction or withdrawal from circulation of

ECOTOCXICOLOGY

UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 2/2020

products containing Hg. The Resolution of the
Verkhovna Rada of Ukraine of January 14,
2020 Ne 457-IX approved the recommenda-
tions of the parliamentary hearings on the
topic: “Priorities of the environmental policy
of the Verkhovna Rada of Ukraine for the next
five years”. It states: “Many environmental
issues can be addressed through the introduc-
tion of strong and effective environmental
supervision based on state environmental
monitoring. At the same time, the solution to
pollution problems must take place in a con-
stant constructive dialogue between govern-
ment and business”. This document recom-
mends accelerating accession to the Minamata
Convention on Mercury.

We have focused in detail on one, unfortu-
nately, many, specific case of violation of the
rules of toxic (mercury-containing) waste to
illustrate the complexity of the problem, the
differences between the declarations on the
implementation of preventive environmental
measures and the realities on the ground. In
Ukraine, at the national level, as well as in
each region, excellent in terms of content
environmental policy documents are regularly
developed and adopted. Among them are
“Solid Waste Management Programs” for the
next 5 years, as is the case, for example, in the
Odessa region. Our institute has repeatedly
participated in the development of such pro-
grams in the 2000s [27—29]. A modern
methodological framework has been created,
pilot projects have been implemented, and a
number of proposals have been substantiated
to prevent the dangerous effects of heavy met-
als, primarily on the health of children in the
region. But the enthusiasm of those responsi-
ble quickly passed, the work of scientists was
postponed, the plans were not implemented.
Therefore, the new “Program” for 2018—2022
is practically not implemented. By certain
indications, this situation is typical for other
regions as well. Therefore, we illustrate this
crucial issue with a concrete example to
involve a wide range of scientists and practi-
tioners who are not indifferent to the problems
of environmental protection in our country, to
include all regions in this work, with further
unification at the national level. Think global-
ly, act locally — this is the motto of our daily
work, including in solving environmental
problems in the region.

We are convinced that the way to the safe
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use of mercury compounds lies not through the
ban on the use of mercury where it is econom-
ically and technologically necessary, but
through the state program of mercury-con-
taining waste management, which should
begin with environmental education and
upbringing of children and adults. Include
state control over the collection and disposal of
mercury-containing waste, at the state level to
ensure the operation of hazardous waste col-
lection points for the population. It is neces-
sary to develop and adopt acts that establish
penalties for improper handling of hazardous
waste. The state must find the means to carry
out proper environmental monitoring of Hg
content in the environment. After all, we must
always remember, “We did not inherit the earth
from our ancestors. We borrow it from our
descendants.”

ECOTOCXICOLOGY

Conclusions

1. Without proper disposal, mercury lamps
are hazardous to the environment and human
health.

2. Mercury lamps should be collected and
disposed of as hazardous waste not only in
industrial facilities but also in the general public.
The formation of spontaneous unauthorized
landfills of mercury lamps is unacceptable.

3. It is necessary to solve the problem of
environmental monitoring at the state level
with the obligatory involvement of specialists
in the field of hygiene, toxicology and analyti-
cal chemistry of heavy metals in cases of viola-
tions to assess the level of danger and make
balanced decisions on approaches to mercury
sources.

The autors declare that there are no conflicts of interest

1. Trakhtenberg IM, Korshun MN. Mercury and its com-
pounds in the environment: (Hygienic and environmental
aspects). Higher school, 1990.

2. Bolshoy DV. Hygienic significance of the features of toxi-
cokinetics, toxicodynamics and biotransformation of small
doses of mercury [Text]: dis .. Cand. biol. Sciences
14.02.01 Bolshoy Dmitry Valerievich; Ukrainian Research
Institute of Transport Medicine. O: 2007. 167 p.

3. Panait EV. Geochemistry of mercury of natural and man-made
origin in environmental objects: author’s ref. dis. Cand. geol.
Sciences: 04.00.02, Geochemistry. K: 2016. 20 p.

4. Bolshoy DV, Pykhticieva EG. Comparative evaluation of
metabolic disorders under the action of low doses of cad-
mium and mercury. Actual problems of transport medicine.
2006; 1 (3): 12-8.

5. Smolyar VI. Mercury in food and rations and its toxicity: a
scientific publication. Problems of nutrition: scientific and
practical journal. 2008; 3: 23-31.

6. Trdin A, Tratnik JS, Mazej D, Fajon V, Krsnik M, Osredkar
J et al. Mercury speciation in prenatal exposure in
Slovenian and Croatian population-PHIME study.
Environmental research. 2019; 177: 108-627.

7. Planchart A, Green A, Hoyo C, Mattingly CJ. Heavy metal
exposure and metabolic syndrome: evidence from human
and model system studies. Current environmental health
reports. 2018; 5(1): 110-24.

8. Yorifuji T. Lessons from an early-stage epidemiological
study on Minamata disease. Journal of epidemiology. 2019;
JE20190089.

9. Yorifuji T, Takaoka S, Grandjean P. Accelerated functional

losses in ageing congenital Minamata disease patients.

Neurotoxicology and teratology. 2018; 69: 49-53.

Olson C, Fakhraei H, Driscoll CT. Mercury Emissions,
Atmospheric Concentrations, and Wet Deposition across
the Conterminous United States: Changes over 20 Years of
Monitoring. Environmental Science & Technology Letters.
2020; 7(6): 376.

11. Martin LG, Labuschagne C, Brunke EG, Weigelt A,
Ebinghaus R, Slemr F. Trend of atmospheric mercury con-

10.

REFERENCES

UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 2/2020

centrations at Cape Point for 1995-2004 and since 2007.
Atmospheric Chemistry & Physics 2017; 17(3): 2393-99.
Streets DG, Horowitz HM, Jacob DJ, Lu Z, Levin L, Ter
Schure AF et al. Total mercury released to the environment
by human activities. Environmental Science & Technology.
2017; 51(11): 5969-717.

Blum JD, Sherman LS, Johnson MW. Mercury isotopes in
earth and environmental sciences. Annual Review of Earth
and Planetary Sciences. 2014; 42: 249-69.

Obrist D, Kirk JL, Zhang L, Sunderland EM, Jiskra M,
Selin NE. A review of global environmental mercury
processes in response to human and natural perturbations:
Changes of emissions, climate, and land use. Ambio. 2018;
47(2): 116-40.

Pacyna EG, Pacyna JM, Steenhuisen F, Wilson S. Global
anthropogenic mercury emission inventory for 2000.
Atmospheric environment. 2006; 40(22): 4048-63.
Sprovieri F, Pirrone N, Bencardino M, D’ Amore F, Carbone
F, Cinnirella S et al. Atmospheric mercury concentrations
observed at ground-based monitoring sites globally distrib-
uted in the framework of the GMOS network. Atmospheric
chemistry and physics. 2016; 16(18): 119-15.

Kwon SY, Blum JD, Yin R, Tsui MTK, Yang YH, Choi JW.
Mercury stable isotopes for monitoring the effectiveness of
the Minamata Convention on Mercury. Earth-Science
Reviews. 2020; 203: 103-11.

Determination of mercury content in production facilities,
environment and biological materials. MV 10.1115-2005.
K: 2005. 48 p.

Kuzmin RS. Component composition of waste. Part 1:
monograph. Kazan Printing House. 2007.

20. Bagotsky VS, Skundin AM, Volfkovich YM. Electrochemi-
cal power sources: batteries, fuel cells, and supercapaci-
tors. John Wiley & Sons. 2015.

Liang R, Wu ZY, Yang WM, Tang ZQ, Xiong GG, Cao YC
et al. A simple one-step molten salt method for synthesis of
micron-sized single primary particle LiNi 0.8 Co 0.1 Mn
0.1 O 2 cathode material for lithium-ion batteries. Ionics.
2020; 26(4): 1635-43.

12.

13.

14.

15.

16.

17.

18.

19.

21.




ECOTOCXICOLOGY

22. Shafran LM, Loeva ID, Zasypka LI, Shafran KL. (commentary on the regional program for the management
Toxicology and ecology of mercury (to the problem of of toxic waste in the Odessa region for 2002-2005). Black
environmental improvement in the region): Sat. scientific Sea Ecological Bulletin. 2002; 1(1): 42-9.
articles. Odessa: OSTNEI, 1999. 354-9. 28. Shafran LM, Bolshoy DV, Pykhtieieva EG, Timoficieva

23. https: //censor.net.ua/ua/p4519427 SV. The role of metallothioneins in the biomonitoring of

24. https: //varianty.lviv.ua/67502-na-pustomytishchyni-vyi- environmental pollution by heavy metals Sat.: “Hygiene of
avyly-nezakonne-zvalyshche-liuministsentnykh-lamp populated areas”. K: Issue. 2000; 37:190-3.

25. https: //varianty.lviv.ua/70095-poblyzu-lvova-vyiavyly-  29. Shafran LM, Timoshina DP, Pykhtieieva EG, Timofieieva
nezakonne-zvalyshche-liuministsentnykh-lamp SV. A study of the risk of urban environmental environmen-

26. https: //dilo.net.ua/kryminal-i-koruptsiya/bilya-gorodka- tal factors for public health. Ecological problems of cities,
znajshly-skopyshhe-vidpratsovanyh-rtutnyh-lamp/ recreational areas and conservation areas. Sat. scientific

27. Shafran LM, Skrinnik LA. Waste management is a priority articles. Odessa: OSTNEI.; 2000:337-40.
in the problem of sustainable development of the region

TOKCHKO-EKOQIOITYHHH AHAII3 ITOBOJIKEHHS 3 PTYThbBMICHUMM BIIXOJAMH B YKPAIHI
O.T. ITuxmeesa, /. B. boavwoii, JI. M. llagpan
JII Yxpaincokuii HAI meduyunu mpancnopmy, m. Odeca, Yxpaina

PE3IOME. Axmyaavnicmo. bacamoacnexmua mixceanysesa npobsema be3nexu A00cmea npu KOHMaKmi 3 pmymmio Habyaa 210-
banvroeo 3Hauenns y XX cmoaimmi, 60Ha € akmyanvhoio | Huwi. SHAUHY y8azy npueepmaromp eKoa020-2ieicHiuHi acnekmu pmymHoi
Hebe3nexu Ha Micysx, nog’a3ami 3 eupoOHUUMBEoM NPoOYKuii ma ymuaizauicto 8ioxodie 3 emicmom Hg.

Mema. IIpoananizyeamu 0ani 8aacHux 0ocaiodcens emicmy pmymi 8 00°€Kmax HABKOAUUHB0RO CepedosUwa Y 363Ky 3 HOBOONCEHHSIM
3 PMYMbBMICHUMU 8I0X00amMU Ma 00TPYHMYBAMU KOMNACKC NPOYINAKMUMHUX eKO0A020-2i2IEHIMHUX, MEXHOA0RIMHUX | OPeaHI3AUTIHUX
3ax00ie 0451 nidsuuierHs be3nexu, 0XOpoHU 300p08’s HaceaeHHs Ma NOKPAWeHHs CMAHY 006KIAAS 8 Pe2iOHI ma KPaiHi 8 yinomy.
Mamepiaiu ma memoou. Bio6ip npo6, npobonioeomosky i eusHaueHHs emicmy pmymi 6 00’ckmax dogkinas i 6ionpobax nposodunu
32i0H0 3 M B «Memoouuni éxazieku no eusnavennro pmymi é 6ionoeiuHomy mamepiani, ammocgepromy nogimpi, numHiii 600i, npooyK-
Max Xap4yeauus i 00 eKmax HagKoAUWHb020 cepedosuuia». Konyenmpauiio pmymi sumiprosanu memodom AAC «xon00H0i napu» Ha
Modeprizosanomy npunadi «FOnis-2M». Jocaioxcenuii émicm pmymi 8 rpyHmi ma ROGIMpPI HA CIMUXITHOMY 36aAUWI PRYMHUX AAMN 8
Odecvkiit obnacmi, Ha Mexci CGHIMAPHO-3aXUCHOT 30HU Ma 6 nosimpi podo4oi 30U nidnpuemcmea 3 ymuaizayii pmymuux aamn. Jns
npoBoni020MoBKU BUKOPUCMOBY8AAU X. 1. a30mHY Kucaomy (56 %), 0ns 6i0Ho8AeHHs pmymi nid uac anaaizy x.4. xaopud onoéa (11).
Pesyavmamu. Ilokaszano, wo 6e3 ymuaizayii HanejicHuM YUHOM PMYMHI AaMARu Hebe3neuHi 045 HABKOAUUHBO20 cepedosuua i 300-
06’5t arodeit. Pmymmui namnu nogunni 36upamucs i ymunizysamucs sx Hebesneuni 6i0Xo0u He MinbKu HA NPOMUCA0BUX 00 €Kmax, a
il y HacenenHs. YmeopeHHs CMUXiiiHuX HeCaHKYIOHOBAHUX 36aAUW, PMYMHUX Aamn Henpunycmume. Heo0xioHo Ha depycagHomy pigHi
supiwumu npobremy MOHIMOPUHEY 008KiNAS 3 0006’I3K08UM 3AAYHeHHAM (Paxieyie y eanysi 2ieicHu, MoKcuKooeii ma anarimuuHoi
Ximii axckux Memani y 6Unaokax suseAeHHs NOPYueHb 045 OUIHKU PI6HS Hebe3neKu i NPUUHAMMSA 38ANCeHUX PileHb w000 nioxo-
0dig 0o aikeidayii Oxcepen HAOX00NCeHHs pmymi.

Karonosi caosa: pmymo, pmymHi samnu, exo10@is.

TOKCHKO-3KOJIOTHYECKHH AHATH3 OFPAIIIEHHA C PTYTBCONEPXKAIIIUMH OTXONAMH B YKPAHHE
E.T. [Toixmeesa, JI.B. boavwoii, .M. lagpan
Il Ykpaunckuic HUU meduyunst mpancnopma, e. Odecca, Yxpauna

PE3IOME. Axmyaavnocms. Muozoacnekmuas mexcompaciesas npoosema 0e30nacHocmu 4eaoeevecmsa npu KoHmaxKme ¢ pmy-
mbto npuobpena 2nobanvHoe 3nauenue 6 XX éeke u ocmaemes aKkmyanshoil 8 Hacmosuiee epems. boavuioe snumanue npusaexarom
9K0A020-2UcUeHU eCKUe ACneKmbl PMYMHOL ONACHOCMU HA MeCMax, Ces3aHHble ¢ NPOU3B00CMBOM PHymbcodepycauieil npooyKyuu
u ymuausayueii cooepycauux Hg omxodos.
Iean. Ipoananusuposams danHble cOOCMBEHHBIX UCCACO0BAHUI COOEPICAHUS PMYMU 8 00BeKMax oKpyycaroueli cpedsl 8 Ces3U ¢
obpaweruem ¢ pmymosco0epucauumu omxo0amu u 060CHo8aMb KOMHACKC NPOPUAGKMUYECKUX IKON020-2UUEHUYECKUX U OP2aHU-
3QUUOHHBIX Mep N0 NOBblueHUI0 0e30naACHOCMU, 0XPaHbl 300p08bs HACEAeHUS U YAYHUEHUIO COCMOSHUS OKpYcaiouell cpedbl 6
DecUoHe U CmpaHe 8 Yeaom.
Mamepuaavt u memodst. Omoop npob, npodonod2omosKy u onpedenerue cooepicaniis pmymi 6 00seKmax oxpyycaroueli cpedst u
ouonpobax nposoduau 6 coomeemcmeuu ¢ MY «Memoduueckue ykazanusi no onpedesenuto pmymu 6 0U0A02U4eCKoM Mamepuane,
ammocghepHom 8030yxe, 800e, NPoOyKmax numanus u obsexmax oxpyscaroueil cpedsbs. KoHyenmpauuo pmymu uzmepan memo-
dom AAC «x0100H020 napa» na modeprusuposartom npubdope «HOaus-2M». Hecaedosanu codepicarnue pmymu 6 nouge u 03dyxe Ha
cmuxutinoii ceanke pmymHuix aamn 6 Odecckoli obaacmu, Ha 2PaAHULe CAHUMAPHO-3AUUMHOL 30HbL U 8 8030YXe pabouell 30Hbl npeo-
RPUAMUS RO YMUAUIAYUU PMYMHbIX Aamn. [lis npobono0eomosKu Ucnoav3oeanu X.4. azomuyio kucionty (56%), das eoccmarogie-
HUS pmymu npu avaause x.4. xaopuo onosa (11).
Pesyavmamot. [lokazaro, umo 6e3 ymuauzayuu 00ANCHbIM 00PA30M PMYMHbIe AAMNbL ONACHbL 0451 OKPYdcatoujeli cpedsl U 300p08bs
Atooell. PmymHbie aamnbl 00AXCHbE COOUPAMbCS U YMUAUZUPOBAMBCS KAK ONACHble 0MX00bl He MOAbKO HA NPOMbIUAEHHBIX 006~
exmax, Ho Uy nacenenus. 06pazoeanue CMUXUIHbIX HeCAHKYUOHUPOBAHHBIX CBAN0K PMYMHbIX AaMn Hedonycmumo. Heobxodumo na
20cydapcmeeHHOM YypoeHe peums npooaemy MOHUMOPUHea OKpYrcaiouell cpedsl ¢ 0053amenvHbiM npuaeueHuem CReyualiucmog 6
obaacmu eueueHsl, MOKCUKOA02UYU U AHAAUMUMECKOU XUMUU MSNCENbIX MEMAAN08 8 CAVHASX BbiAGACHUS HAPYUIeHULl 045 OUEHKU
YPOBHS ONACHOCMU U NPUHAMUSL 836eUleHHBIX PeleH Uil OMHOCUMEAbHO N00X0008 K AUKBUOAUUY UCHOYHUKO8 NOCIMYNACHUS PIMYMU.
Karouesnte caosa: pmymo, pmymHbie AAMNbL, IKOAOUS.
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