
he using of radiocarbon for envi-
ronmental research in Ukraine was
started by scientific team headed
by E.V. Sobotovich [1]. In 1989,
they drew attention to the excess of
radiocarbon in the 1986 tree rings
of pine tree, collected near the
Chornobyl NPP, as related to
nuclear accident. The main me -
thodical aspects of sample prepa-
ration for radiocarbon research in
environmental studies were assu -
med by Kovalukh and Skripkin [2].

The research results of the joint
team of Institute of Environmental
Geochemistry (IGNS) and the
Scientific Center for Radiation
Medicine (SCRM) showed signifi-
cant spatial contrast of the deter-
mined radiocarbon accidental
component [3] in the wood of 1986
annual tree rings, collected in dif-
ferent locations around Chornobyl
NPP. It allows to illustrate the
Chornobyl NPP’s significant acci-
dental gas emissions of 14C along
with operational releases, and also
gave an estimate of the maximum
concentration of 14C among sam-
ples of graphite of the destroyed
rector of the Chornobyl NPP by the
value of 2.5×107 Bq/kg. The article
also analyzes the possibility of

using the 1986 herbarium collec-
tion for retrospective studies of
radiocarbon, emphasizing that
these herbarium can have two
components of 14C pollution:
structural, due to the absorption
of CO2, and surface due to the
deposition of radioactive graphite
dust. At that time, according to
research of the SCRM team, a
hypothesis was proposed for the
possible correlation of Chornobyl
disaster radioactive components:
14C and 131I, and the idea of using
it to retrospectively determine the
spatial distribution of 131I in the air
and in the thyroid gland of resi-
dents [4], which were relevant at
the time. The ideas for the further
development of 14C studies in
Chоrnobyl NPP’s vicinity were
published in 1994 [5].

To estimate the 14C emissions
of the Zaporizhzhya NPP in the
form of CO2, corresponding
annual tree rings were sampled
along with one-off CO2 samples
from a gas-aerosol discharge in
ventilation pipe trapped in an
alkaline. The agreed results were
published in 1994 [6, 7] –showing
emissions rate up to 2.2 TBq per
year or totaled up to 12 TBq dur-
ing the observed period of 1985
to 1993. For those estimations
were used empirical modeling
approaches based on data pub-
lished by M. McCartney et al. [8].

At the 15th International Radio -
carbon Conference in 1994, cor-
responding scientific papers were
submitted by an international
team of authors, which included
SCRM and IGNS staff on the dis-
tribution of 14C in annual pine
wood in the impact zone during
the operation of the Tomsk spent
fuel processing plant and about
the evaluation of the relevant 14C
releases [9, 10]. According to the
estimates, the 14C emissions in
the form of CO2 was up to 30-45
TBq per year in 1985-1988 or up
to 450-620 TBq during the opera-
tion of the plant in 1959-1993.
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Estimates were based on
empirical model based on data
published by M. McCartney et
al. [8]. During the conference,
in particular Teflon vials were
presented, already developed
by Ukrainian researchers as a
part of instrumental develop-
ment for 14C measurement[10]. 

At the 16th International
Radiocarbon Conference in
1997, advanced research
results on the environmental
impact of the Chоrnobyl disas-
ter were presented in the form
of separate works by two teams
of the SCRM and IGNS staff
[11, 12]. The first team exam-
ined more than 60 trees in the
territory of the 30-km exclusive
zone of Chornobyl NPP, and
evaluated the integrated spatial
distribution of radiocarbon
excess by (fig. 1).The simula-
tion based on these data and
local weather condition data
allowed to estimate the total 14C
emission in CO2 frоm by
50 TBq, and the daily emis-
sions value of several initial
days of the active phase of the
accident (fig. 2) [11]. In this
paper, an estimate of the maxi-
mum dust-aerosol emission
component of 60 TBq was pre-
sented [11]. The other team
considered some aspects of
the environmental behavior of
corresponding manmade 14C
componentsin the forest
ecosystem [12]. Methodical
developments for the so-called
vacuum pyrolysis method along
with set of equipment were pre-
sented at the conference.
Technology approacheswere
described in the article by
Skripkin and Kovaliukh [13].
Nowadays much of modern
radiocarbon laboratories are

equipped with such equipment
and make extensive use of the
vacuum pyrolysis method men-
tioned above [1].

The results of subsequent
Chornobyl-related 14C studies
conducted by the SCRM team
were published in [15-17]. They
related to the estimation of the
CO2 operational emissions of
14C of Chornobyl NPP by the
content of 14C in the several
annual tree rings of two trees
from the Chornobyl suburbs
[15], where the estimated max-
imum value is 3.3 TBq per year,
or 20.8 TBq during of operation
until 1996. Features of radioac-
tive graphite dispersion in the
environment (forest litter and
soil, samples taken in 1996-
1997) were investigated later
during of 1998-2002 [16, 17].

The studies have already been
refined by the same staff mem-
ber in the SE «O.M. Marzieiev
Institute of Public Health» in
2018 [18].

A certain summation of radio-
ecological data related to 14C
carbon dioxide emissions of
different nuclear power facili-
ties at the former USSR under
different conditions: opera-
tional and accidental was pub-
lished in article in 2003 [19].

Environmental radiocarbon
researches conducted in
Ukraine during of 2013 con-
cerned the effect of contrast
changes in radiocarbon con-
tent in annual wood, which are
related to the impact of global
bomb effect or local impact of
nuclear technology facilities on
the secondary formation of
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Figure1 
Spatial Distribution of D 14C in Annual Wood Around

Chornobyl NPP (Bq/kg-1С)
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radiocarbon levels in annual
tree rings, which already previ-
ously formed, due to the «mov-
ing fraction» [20]. The results of
few yearly and several-year
section timber studies show
that the content of the 14C
«moving fraction» (volatile frac-
tion)release during of the
wooddestruction while sample
preparation, differs from the
coal component in anotherway,
depending on the tendency for
the 14C level to change in the
air. The contrast of their differ-
ences and the magnitude itself
depend on the quality (depth)
of the leaching of extractives
from wood using of solid to liq-
uid phase extraction (Soxhlet
apparatus).
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In 2014 have been published
the results of studies of 14C con-
tent in annual timber over a long
period of intense industrial
impact since the late 1950s.
Several number of wood samples
were investigated from the vicini-
ty of a heavysource of 14C indus-
trial release [21], this time for tree
located at a shorter distance
(5 km) and at a different azimuth
from the site. It is noteworthy that
the overall course of the change
over time is reminiscent of the
previous results, although more
contrasting, with an excess of 14C
in the annual tree averaging 2.3
(fig. 3). Some details of the dif-
ferences are supposed to be due
to the «wind rose» – fluctuations
in the wind direction near the site.

Investigated wood of the «back-
ground» tree showed acceptable
quality of pre-treatment of wood
for the interval of annual rings
corresponding to the «bomb
effect», i.e. after 1955.
Obviously, for pre-1955 annual
timber, a deeper pre-treatment is
required. Another paper pub-
lished in 2014 [22] outlined an
updated range of current appli-
cations of radiocarbon research
for environmental purposes,
such as the already known annu-
al wood, annual and crop pro-
duction studies, for assess-
ments of local pollution of urban
areas, estimates of renewable
fuel components.

Investigation of peculiarities of
formation of local anomalies of

different scale of CO2 distribu-
tion in the area of influence of
power plants and transport
based on fossil fuel combustion
are devoted to articles published
in 2015 (fig. 4) [23, 24].

Radioactivewaste manage-
ment problem includes issues of
their stabilization and transfor-
mation for long storage and dis-
posal. It is shown, that spent
Chernobyl radioactive graphite is
one of the objects which require
its proper conversion [25].

To estimate the CO2 emis-
sions balance into the atmos-
phere, a component that aris-
esdue to combustion of solid
recovered fuel generated from
household wastes, it is neces-

Figure 3
Excessive 14 C (Bq/kg) in annual wood of pinetree, 

collected around intensive industrial source 
(distances: 5 km upper and 10 km lower)

Figure 2 
Estimation of daily rate of 14C release (TBq) during 

initial phase of Chornobyl accident
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sary to determine the fraction
of modern Carbon material in
the average 14C samples.
Methodіc approach of such
analyses based on vacuum
pyrolysis [13] are well tested
and described in [26].
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а сучасним містобудівним
законодавством, заклади за -
гальної середньої освіти
(ЗЗСО) є об’єктами громадсь-
кого обслуговування населен-
ня сельбищної території, за
санітарним – об’єктами з ви -
соким ризиком санітарно-епі-
деміологічного неблагополуч-
чя та об’єктами підвищеного
епідемічного ризику [1-3]. 

Період життя, протягом
якого учень перебуває у при-
міщенні школи, є важливим
етапом біологічного та психо-
фізіологічного розвитку дитя -
чого організму. Ранній початок
систематичного навчання, но -
ві навчальні програми, пе -
дагогічні технології без гігіє-
нічного супроводу за відсутно-
сті медичного забезпечення є
випробовуванням для ди тя -
чого організму, його фізичної
та соціальної зрілості, особли-
во для дітей молодшого шкіль-
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ВПЛИВ ПРЯМИХ ТА ОПОСЕРЕДКОВАНИХ ІНДИКАТОРНИХ
ПОКАЗНИКІВ АРХІТЕКТУРНО-ПЛАНУВАЛЬНИХ РІШЕНЬ
ЗАКЛАДІВ ЗАГАЛЬНОЇ СЕРЕДНЬОЇ ОСВІТИ 
НА ПСИХОЕМОЦІЙНИЙ СТАН ТА ЗДОРОВ’Я УЧНІВ
МОЛОДШОГО ШКІЛЬНОГО ВІКУ
Павленко Н.П., Махнюк В.М., Волощук О.В. 
ДУ «Інститут громадського здоров’я ім. О.М. Марзєєва
НАМН України», м. Київ, Україна

Мета роботи. Удосконалення гігієнічних критеріїв забезпечення
оптимальних умов перебування, навчання та збереження здо-
ров’я школярів молодших класів, які є спільними для оцінки архі-
тектурно-планувальних рішень міських та сільських ЗЗСО відпо-
відно до сучасного містобудівного та санітарного законодавства.
Матеріали та методи. Бібліосемантичний, аналітичний,
санітарно-епідеміологічної експертизи проектів будівництва,
соціологічний, інструментальний та медико-статистичний 
з використанням пакетів прикладних програм StatSoft
STATISTICA (v.5.5), Excel.
Результати. Перевищення в 1,8-2,3 рази кількості фактичних
досліджень, що не відповідають нормативам щодо природного

УДК 371.61 : 727.1 : 613.95 https://doi.org/10.32402/
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