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POSSIBILITIES FOR IMPROVEMENT OF ENVIRONMENTAL MONITORING
OF PRECIPITATION IN THE CITY (A CASE OF LUTSK)

M. A. @edoniok, B. B. ®eooniok, B. B. Ieanyise. MOK/IUBOCTI B/JOCKOHA/IEHHA EKOJIOI'T9HOI'O MOHITOPHU-
HI'Y OIIAJIB Y MICTI (HA IIPHKJIA/II JIYIIBKA). Posenanymo moxcnusocmi yOOCKOHANEHHS CUCEMU eKON02TYHO20 MOHIMO-
puHzy ammocgheprux onadis y micmi 6 npoyeci CmeopeHHs HedepIHCAGHOT Mepedci NYHKIMIE CROCIEPEXNCeHH s 3a KINbKICHUMU Qi3uKo-
XIMIYHUMU ROKA3HUKAMU, WO XAPAKMEPUIYIOMb OUHAMIKY IX 6UNAOAHHS, CYMU, KUCTOMHICmb, MiHepanizayito. [Ipoananizosano cy-
YacHy opeanizayito cucmemu MOHIMopuHey ammocghepHux onadie ma ix ximiunozo cxkaady. Ilooano amanis mayxkosux nyonikayii,
NPUCBAYEHUX NUMAHHIO CNOCIMEPENCEHD 3d (DI3UKO-XIMIYHUMU Napamempamu onaoie 8 KOHMeKCcmi ix 6nausy Ha eKoI02IYHULl CMaH
HABKOIUUWIHBL020 Cepedosund.

Onucano pesynomamu 61ACHUX CNOCMEPedCcelb 3a MAKUMU NOKAZHUKAMU, K KUCTOMHICMb, Minepanisayis ma cymu onaoig y
micmi JIyyvky. Busisneno oxpemi npocmopogi ma ce30nmi 6i0MiHHOCHI pO3N00iny yux nokasnuxie. Brazani okpemi nedoniku icnyiouoi
cucmemu 0epiuCcagHo20 MOHIMOPUNZY, Wo 30IICHIOEMbCA 2i0pomMemeoponociunumy nioposoinamu, i GuUOiNeHo Kpumepii cmeopeHHs
VOOCKOHANEHOT cXxeMU I0KATbHO20 MOHITOPUHEY 00UJ0BUX BOO.

OOIpyHmMOo8YIOMbCst NPUHYUNU POSMIUJEHHSI ROCMIE CNOCMEPEINICEHb N0 GIOHOUWEHHIO 00 PALIOHIE HCUMLOB0IL I NPOMUCTIOB0T 3a-
6yoosu. Onucano ocooaugocmi npoepamu Mouimopuney noxkaznuxa pH onadig: 30xkpema, 6Kka3ano Ha HeOOXIOHICMb 8PAXY8AHHA PAOY
cynymHix ¢paxmopis (memnepamypu 0oujo60i ma manoi cHie080i 600u, 3aeanbHOI MiHepanizayii, mpusaiocmi 6unadants onaois).
Posenanymo nepcnexmusu i ModNCIUB0CMI 6npo8addICeHs NPONOHOBAHOI cucmemu Mowimopuney ma ii asmomamu3sayii. Ilpeocmas-
JleHi po3pobneHi agmopamu Kapmu po3nooiry KUCIOmHOCmI onaodig y micmi JIyyvbKy, Kapmocxemy J10KaIbHOI MOHIMOPUHE0801 Mepe-
oici. OYiHeHo MOACIUGICMb a8MOMAmMu3ayii NyHKMIe KOHMpPOo AmMMOCHEPHUX 0naois, OKPecieHo nepcnekmusu 6UKOPUCIAHHS 310~
panoi maxkum yuHom iHghopmayii 01 HAYKOBYI8, A MAKOHC Y NPAKMUYHIN chepi (MICbKI KOMYHATLHI CIyHcOU, MPAHCROPMHI CTIYHCOU,
PeMOHMHI niOpo30LIU N0 0OCIY208YBAHKIO €NIEKIMPOMEPEIHC).

3anpononosana cxema posmiwjenHs NOCMi6 eKol02iYH020 MOHIMOPUHEY KUCTOMHOCIT MA IHWUX CYNYMHIX NOKA3HUKIG, WO Xd-
paxmepuzyioms XiMiuHULL CK1A0 amMOC@hepHUX onaoie, Oyia po3pobiena i3 ypaxy8anHaM Nepesadcanyo20 HanpsamKy HaA0X0O0IHCeHH s
NOBIMPSHUX Mac, po3u GImpie, a Maxoxc cneyugpiku Micokoi 3a6y006u ma po3mMiujeHHs: NPOMUCIOBUX 30H Y 0OIACHOMY YeHmpPI.
Bcemanosnenns 6 mescax micma 8i0n06ioHO 0O1AOHAHUX NYHKMIE MePeXCi eKoNo2iuH020 MOHIMOPUHSY 0acmb 3M02Y ONEpamueHO
giocmesicygamu ma anaiizyeamu 6axiCIUSI NOKAZHUKU AKOCI 0mouyouo2o cepedoguwya. Lle cnpusmume, 6 momy uucai, i nokpaujeH-
HIO AKOCMI Jcummsi 1i00el, Wo npodNCUBAIoms 8 Micmi.

Knrwuoesi cnosa: onaou, ypboexocucmemu, npocmoposuil po3nooii, ekoio2iunull MOHIMopuHe, KUCIOMHICMb 0nadis, Minepai-
3ayis onadis, nynKm Koumpouio, JIlyyk.

H. A. ®eoonrwk, B. B. @eooniok, B. B. Heanyue. BOSMOKHOCTH YCOBEPIIEHCTBOBAHHUA 3KOJIOT H9ECKO-
I'O MOHUTOPHUHTA ATMOC®EPHBIX OCA/IKOB B I'OPOJAE (HA IIPUMEPE JIYIIKA). Paccmompensbl 603MO#CHOCHU
VCOBEPUIEHCTNBOBANUS IKONOSUUECKO2O MOHUMOPUHEA AMMOCPHEPHBIX 0CAOKO8 8 2opode 6 npoyecce CO30aHUsl He20CyoapCmeeHHO
cemu NYHKmMo8 HAONI00eHUs 30 KOTUYECMEEHHBIMU (DUSUKO-XUMUYECKUMU NOKAZAMENAMU, KOMOPble XAPAKMEPUIVIOM OUHAMUKY UX
8bINAOEHUS, CYMMbL, KUCTOMHOCMb, MUHeparuzayuto. IIpoananuzuposana co8peMeHHas Op2aHu3ayus cucmemsbl MOHUMOPUH2A am-
MOCPepHbIX 0CadKo8 U UX Xumuieckoeo cocmasa. Ilpedcmagien 0emanbHolll AHAU3 HAYYHBIX NYOIUKAYUL, NOCEAUWEHHBIX BONPOCY
Habn100enull 3a PUIUKO-XUMUYECKUMU NAPAMEMPAMU O0CAOKO8 8 KOHMEKCMe UX 6IUAHUSA HA IKOL02UHeCKOe COCMOsHIE OKPYIcaiouyell
cpeovl.

Onucansl pe3ynvmamul cOOCMEEHHbIX HAONIOOEHUL 3a MAKUMU NOKA3AMENAMU, KAK KUCTOMHOCMb, MUHEPATU3AYUA U CYMMbl
ocaoros 6 2opode Jlyyke. Bviasnenvi omoenvHvle npoCmpaHcmeentvle U Ce30HHble pa3iuius pacnpeoeieHus IMux noxkazamenei.
Vkazanvl omoenvhvie nedocmamxu cyuwecmsyloweli cucmemvl 20cy0apCmeeHno20 MOHUMOPUHEA, OCYUWECMEISLeM020 2UOPOMemeo-
ponozudeckumu noopasoeneHusMuU, U GbloeneHbl Kpumepuu Co30anus yCO8EPUIEHCINB08ANHOU CXeMbl JOKANbHO20 MOHUMOpUHEa
0001c0e8bIX 600.

0060CcHOBbIBAIOMCST NPUHYUNDBL PAZMEWEHUsI NOCMO8 HAOIIO0CHUN N0 OMHOUWEHUIO K PAUOHAM JICUNOU U NPOMBIULIEHHOU 3a-
cmpotixu. Onucansl 0cObEHHOCMU NPOSPAMMbL MOHUMOpUHea nokasamens pH ocaokos; ykazamna neobxooumocms yyema paoa co-
nYmMcmeylowux Gaxkmopos (memnepamypuvl 004cOesol U Maioll CHe2080l 800bl, 00Ul MUHEPATU3AYUL, NPOOOIICUMETLHOCIU Gbl-
naoenus ocaokos). Paccmompeno nepcnekmugul u 603MOICHOCMU 6HeOPEHUs NPeoaazaemMoll CUcmemMbl MOHUMOPUH2A U ee d8MmoMd-
muzayuu. IIlpedcmagnenvl paspabomannvle agmopami Kapmel pacnpeoeienus KUCIOMHOCMU 0caokog 6 copode Jlyyke, kapmocxema
JIOKANbHOU MOHUMOpUH206oll cemu. Ocyujecmenena OyeHKa 603MOICHOCMU AGMOMAMU3AYUY NYHKMOG KOHMPOJ amMOCHepHbIX
0CaoKos, onucanbl NepCcneKmusbl UCNONb308aAHUA COOPAHHOU MaKum obpasom ungopmayuu Oas HAYYHbIX pabOMHUKOS, A MaKdice 8
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NPAKMUYECKoU 0eamenbHOCU (20p0OCKUe KOMMYHANbHbIE CIYHCObl, MPAHCHOPMHbBIE CTIYHCObI, peMOHMHbIe NOOpa3deneHus, 00Cy-

aHcusaroujue 3/lekmpocemu) .

IIpeonodcena cxema pasmeujeHus NOCMO8 IKONO2UYECKO20 MOHUMOPUH2A KUCIOMHOCIU U OpYeUX CONYMCMBYIOWUX noKasame-
Jiell, Komopble XapaKmepu3yionm XUMUYeCcKUutl cocmas ammocghepHuix ocadkos. dma cxema Oviia paspabomana c yyemom npeobia-
oaiowe20 HanpagieHus YUpKYIAYuU 6030YUHbIX MACC, PO3bl 6eMPOS, 4 MAKJCe CheyupuKu 20pOOCKOll 3ACMPOKY U pa3MeujeHus
NPOMBIUUTIEHHBIX 30H 8 0ONACMHOM YeHnmpe. Ycmanoska 6 npedenax 20po0a cOOMEEmMcmeeHHo 060pyO08AHHbIX NYHKIMOE CEemu KO0~
2UYECKO20 MOHUMOPUHEA NO36ONUM ONEPAMUBHO OMCAEHCUBAMDb U AHATUIUPOBAMb BAJICHBIE NOKA3AMENU KAYeCmEd OKpPydcaouell
cpedul. Dmo bydem cnocobcmeosamy, 6 MOM YUCAe, U YIIVHUEHUIO KA4ecmBa AHCUSHU I00ell, NPOICUBAIOWUX 8 20POOE.

Kntoueswie cnosa: ocaoxu, yp6odsKocucmemvl, npocmpaHCmeeHHOe PAcnpeoeieHue, dKON02UHECKUl MOHUMOPUHE, KUCIOM-

HOCmMb OCCZaKOS, MUuHepanuzayusl ocadkos, NYHKM KOHKMPOIJIA, ﬂylﬂ(

Formulation of the problem. Atmospheric
precipitation, their, dynamics, physical and chemical
composition, the seasonal distribution is a signifi-
cant factor affecting a number of geochemical and
ecological processes in the lithosphere and hydro-
sphere. Global climatic changes observed over the
past decades have also affected the dynamics of
rainfall, their spatial-geographical and temporal dis-
tribution. Investigating of the nature and main trends
of such changes, their influence on transformations
occurring in landscape complexes is an important
task.

The dynamics of precipitation in urban ecosys-
tems, as a rule, has its own specifics. The city is an
"island of heat" and a dynamic obstacle to the air
masses, so urban areas are characterized by the fall-
out of higher rainfall than adjacent territories. The
variability of other meteorological phenomena in the
city, which are interrelated with precipitation (ter-
restrial hydrometeors, thunderstorms, etc.), is also
significantly increasing.

Rain water largely determines the ecological
state of the urban landscapes, architectural complex-
es, reservoirs, green areas, parks and squares,
household farms. Indirect rainfall can also affect the
quality of life and health of the urban population.

The peculiarities of the chemical composition
of atmospheric precipitation also depend to a large
extent on the features of the arrangement of cleaning
systems on the collectors of city sewage drainage.

Therefore, the monitoring of qualitative and
guantitative characteristics of atmospheric precipita-
tion and thawed waters is an important element in
the system of environmental monitoring. At the
same time, in cities such monitoring has its own pe-
culiarities - due to the occurrence of specific mete-
orological conditions, the presence of powerful
sources of atmospheric pollution, vulnerability of
components of the urban environment, etc.

Analysis of previous research (dealing with
this problem). One of the most important (though
the simplest measured) indicators of the chemical
composition of precipitation is the pH level, which
characterizes their acid-base properties. The in-
creased attention to the precipitation acidity was
formed in the 1960-1970s, when the link between
anthropogenic emissions of sulfur and nitrogen acid
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residues and acid rainfall was evident. Since then,
specialized networks of atmospheric air monitoring
were formed, which had to track the formation and
spread of such phenomena.

Lennart Granat in 1972 [1] analyzed over 2,000
rain samples from the countries of Northern and
Western Europe. As a result, the empirical depend-
ence of pH on the chemical composition of rainwa-
ter (based on the content of acids and bases) is es-
tablished. A model has been constructed that found
a reliable link between the sums of bases (alkalinity)
and the pH value in the range from 3.8 to 6.4 (from -
90-100 at pH 3.8-4.0 to +50 + 70 at pH 6.3-6.4). At
the same time, it was found that relatively small de-
viations from the natural values of the content of
sulfate or nitrate acid residues cause an imbalance of
the acid-base equilibrium. Important in this case
also has the content of bicarbonate (hydrocarbon-
calcium equilibrium).

J. Morgan (1982) described in detail the basic
chemical reactions that contribute to the formation
of precipitation acidity [2]. Among the main com-
ponents that influence the pH of rainwater, sulfate
and nitric acids with precursor oxides, as well as
NHs; and CaCOs are isolated, among the minor ones
are weak organic acids and weak bases based on the
oxides of the most common metals. The contribu-
tion of anthropogenic sulfur and nitrogen oxides to
acidification of rainwater is estimated at 0.5-1.5 in
relation to background values. In the paper [3] a de-
crease in pH was observed in co with the increase in
the CO; content in the atmosphere. It has been ar-
gued that over the past 200 years, the pH of rainwa-
ter has averaged from 5.68 to 5.62, and in 2100, at
700 ppmv COg, it may be 5.49. This, at first glance,
slight acidification will increase the solubility of
carbonates by 25-30%.

However, the analysis of rainwater monitoring
data in Europe over the past decade has shown a
tendency to increase the pH. The maximum acid
rain was observed in the 1970s and 1980s, and since
the mid-1990s their incidence rates, as well as aver-
age acidity, are constantly decreasing. This trend is
also fixed for Belarus [4, 5], and for Ukraine [6, 7],
and for individual stations in Poland [8]. The obvi-
ous reason for such tendencies is the structural
changes in the economy of the countries of both
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Western and Central and Eastern Europe, which led
to the closure or transfer of many large industrial
enterprises, reducing the share of heavy industry and
thermal energy, etc.

The spatial analysis of the chemical composi-
tion of atmospheric precipitation in the territory of
Ukraine is given in the works of the scientists of the
Kyiv National University. T. Shevchenko (V.
Peleshenko, M. Romas, V. Khilchevsky, O. Koso-
vets-Skavrovska) and others. In particular, it was
established that from 1963-2011's changes in miner-
alization were accompanied by a decrease in the
composition of atmospheric prec ipitation of ions of
anthropogenic origin and an increase in ions of
mainly natural origin [9, 10].

But the pH of urban rainfall and the resulting
storm water can often differ significantly from glob-
al and regional indicators. This is facilitated by, in
particular, the presence of various coatings of build-
ings and road pavement [11, 12] significant pollu-
tion of urban air [2], a combination of large-scale
and local meteorological factors [13]. Therefore, the
monitoring of atmospheric precipitation in the city
requires more detail in obtaining observational data
and their scientifically substantiated analysis.

Existing monitoring system. Monitoring of the
chemical composition of atmospheric precipitation
is carried out at special stations of the Hydromete-
orological Center of Ukraine and / or the Ministry of
Ecology and Natural Resources of Ukraine.

To obtain adequate results, individual monitor-
ing points should be merged into a single network
which would ensure the comparability of the data
received.

In Ukraine, according to the Central Geophysi-
cal Observatory, the measurement of precipitation
acidity is carried out at 40 stations [7], in recent
years their number varied within 37-46. In the Vol-
yn region, there are weather stations Svityaz, Vo-
lodymyr-Volynsky, Lyubeshiv, Manevichi, and
Lutsk, in the neighboring Rivne - weather station
Sarny and Rivne. In the Republic of Belarus there
are 22 monitoring points for the chemical composi-
tion of precipitation [5], in Poland, such a network
brings together 23 monitoring points. In addition,
observations on the acidity of precipitation are also
carried out at specialized stations of integrated envi-
ronmental monitoring and in some natural preserva-
tion sites.

The analysis of the location of the monitoring
points for the chemical composition of rainwater in
the border regions of Poland, Belarus and Ukraine
(according to [14] [5] [7]) shows a greater density of
the monitoring network in the Ukrainian territory.
But in reality, regular monitoring of the pH of pre-
cipitation is carried out only on a part of these sta-
tions. The most complete monitoring program at the

Svityaz meteorological station, which (with the
Rava-Ruska station in the Lviv region) is a trans-
boundary air mass transfer research station.

The state network of environmental monitoring
is characterized by a number of problems associated
with outdated methods of collecting and processing
information, inactivity in communicating this in-
formation to the end user, inadequate funding,
which complicates or prevents in to modernization.
Therefore, the need to create non-state monitoring
networks is brewing. In this study, an attempt was
made to substantiate the feasibility of developing
and implementing such a local network for monitor-
ing the environmental parameters of atmospheric
precipitation and thawed waters on an example of a
separate city - Lutsk.

The technology of carrying out such activities
on the example of specific settlements of Ukraine is
presented in the works of V.Yu. Mokin, S.M. Dzyu-
ba, N.V. Belyanin, M.N. Prokopenko, S.O. Sero-
vikov, M.A. Fedonyuk [15, 16, 4, 17] and other re-
searchers.

But there are almost no special studies on a
specialized network of local environmental monitor-
ing of atmospheric precipitation and thawed waters
in the city. This is an urgent task that requires de-
tailed scientific analysis.

The purpose of the research - based on the
analysis of literary sources and own monitoring re-
searches to identify the features of the organization
and implementation of environmental monitoring of
atmospheric precipitation in urban areas, with the
justification of the main parameters of observation
and spatial placement of points created network.

The results and the discussion. In the course
of the analysis of data from the observation posts of
the Hydrometeorological Center of Ukraine, it was
found that official statistical information is not
enough for a comprehensive assessment of atmos-
pheric pollution in cities. In Lutsk, for example,
there are 3 stationary monitoring points for chemical
pollution and one meteorological station, the loca-
tion of which does not provide a complete picture of
meteorological conditions and ecological status. The
Lutsk Meteorological Station is located outside the
town, on its southeastern edge, and the ecological
control posts are located on the northern and eastern
outskirts of the city and in the green park area of the
city center. The entire left bank part (along the Styr
River), the Southern industrial zone, and a number
of locations of intense pollution in the center, west-
ern and north-western outskirts of Lutsk are not
covered by monitoring.

For more complete and detailed information,
from 2014 we conduct our own monitoring surveys
of the environmental condition of the city. One of
the first such works was the implementation of li-
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chen indicatory research in all major quarters of
Lutsk. It is known that lichens are quite sensitive to
atmospheric pollution, in particular to a number of
acid oxides. Thus, the study of the species composi-
tion and the degree of coverage of the lichen trees
enables to indirectly evaluate the content of certain
pollutants and the precipitation acidity. The result of
our work was, in particular, the environmental map-
ping of the atmospheric air in Lutsk based on lichen
indicative studies [18].

To obtain more reliable quantitative indicators,
we conducted a sampling of rain and thawed waters
to determine their pH. Most measurements were
made initially at 2 points in the left bank of the city
(a distance of about 3.5 km), but on some days we
managed to organize simultaneous sampling at 5-7
points in different neighborhoods. Part of the meas-
urements was carried out directly at the monitoring
points by portable pH meter 009 (). Also, all sam-
ples were later analyzed by a professional pH meter
Al-123 in the laboratory of the ecology department
in the Lutsk NTU. It should be noted that, despite
the declared function of ATC, measurements of the
pH of cold rain water by a portable tester were
sometimes found to be overestimated by 0.1-0.3
units.

The analysis of the obtained results suggests
that precipitation in the studied period (end of 2015-
beginning 2018) in Lutsk was predominantly (56%
of samples) neutral or close to neutral (pH = 6-7), or

slightly acid (28%). In some cases (9.3%) a weakly
alkaline reaction (8.0-8.25) was observed, in indi-
vidual cases the pH was less than 5.0.

By comparing precipitation acidity among the
seasons of the year and in separate months, it can be
noted that periods with high pH are winter months,
and the warm period is characterized by a slightly
higher acidity of precipitation. During almost three
years of observations, the lowest levels of pH were
recorded during the summer-autumn of 2017 (an
average of 5.912, a minimum of 4.804).

The highest acidity (and hence the lowest pH)
in rainwater was noted mainly when the rain
dropped out after a long rainless period. Such rains
wash out of the air accumulated there contaminants,
including acid oxides of sulfur, carbon and nitrogen.

To assess the content of dissolved substances in
rainwater, the mineralization of the selected samples
was also measured (using calibrated tds-3 tester).
During the time of observations, the average value
of mineralization of rainwater was 14.5 ppm, the
minimum - 4 ppm, maximum - 108 ppm. A regulari-
ty was also confirmed in relation to increase of min-
eralization of precipitation with increasing duration
of the previous rainless period.

The expected reverse dependence between the
amount of precipitation and its mineralization (Fig-
ure 1) was revealed. The correlation coefficient be-
tween these indicators ranged from -0.52 to -0.83
(for different periods).

25

20

R?=0,7161

Ppm

Fig. 1. Dependence of mineralization of rainwater on the amount of precipitation
(average values or the period August-September 2018, Lutsk)

Our results of measurements (in terms of pH)
were compared with the official data of the Hydro-
meteorological Center and were comparable to
them. At the same time, the difference in the ob-
tained values at separate points in the city was every
time quite significant. For example, on 10.10.2015,
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the measured pH values ranged from 5.99 in the
western part of the city to 6.81 in the south (ampli-
tude 0.82), on November 23, 2015 - from 6.44 in the
park area in the flood plain of Styr River to 7.35 on
the southern outskirts near the sugar factory (ampli-
tude 0.91). The character of the distribution of indi-
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cators also significantly differed (Fig. 2). Note that
for the fresh snow, the amplitude of the pH indica-
tors at different points was significantly lower -

within the range of 0.15-0.25. Obviously that the
snow can not quickly dissolve and bring with it the
same impurities as rainwater.
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Fig. 2. Differences in the distribution of the pH of rainwater in Lutsk city under different conditions of pre-
cipitation (isolines built in GS Surfer according to data from 6 sampling points, October-November, 2015)

In these cases, a gradual increase in the pH of
precipitation from the northwest to the southeast
was observed more frequently (which coincides
with the direction of movement of prevailing rain air
masses). However, many times the distribution
within the city was uneven, with separate local max-
ima and minima.

The conducted studies allowed to reveal a
number of spatial patterns and to more clearly and
reasonably design a network for monitoring the pre-
cipitation acidity in the city.

Factors that are taken into account when plan-
ning a monitoring network. The practical experience
gained in determining the individual parameters of
precipitation in the city, combined with the analysis
of the relevant literary sources, allows us to distin-
guish a number of features necessary to be taken
into account when organizing such monitoring.

Time of sampling and averaging. Previously, at
state offices, the pH indicator was measured, aver-
aged from all samples taken for a week or a month.
Such practice is not suitable for detailed monitoring
in the city; measurement of the parameters of each
individual rain or snow is required. At the same time
for heavy precipitation it is expedient to select two
samples - initial and total. In most cases, the initial
test has considerably other, more aggressive indica-
tors [19], since it forms the so-called "firstflush"
from a contaminated, yet not sufficiently washed

atmosphere. In some cases, it is advisable to carry
out both direct measurements of pH at the place of
selection and later measurements in laboratory con-
ditions. Sometimes, for example, at high tempera-
tures, after a long storage of the sample, partial
evaporation and pH change within 2-10% may be
possible.

Related monitoring parameters. Significantly
facilitates further analysis and identification of
causal, fixing of additional parameters - rainwater
temperature (°C), its mineralization (TDS, mg / dm?3
or ppm), rainfall (in mm). Of course, a complete
chemical analysis allows for more detailed infor-
mation, but it is too costly for daily monitoring. And
the above parameters are easily measured by availa-
ble portable devices.

Note that the determination of the temperature
of rainwater is important for the correct setting of
the pH. Since pH reflects the chemical potential of
Hydrogen ions (in relation to the ions of the hy-
droxyl group OH), it can change significantly when
the temperature of the solution changes. Typically,
with decreasing temperature, the pH increases. As
rainwater temperature is almost always low, its pH
at the point of selection is higher than the index,
which is fixed at standard conditions (+18-20°C).
But it is important to evaluate both indicators. For
example, storm sewage receives rain water "as is,"
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and to filter or, if necessary, neutralize it in real
conditions, the ratio of temperature and acidity.

Meteorological conditions are one of the main
risk factors for the environmental safety of atmos-
pheric precipitation [20].

For a reasonable estimation and forecast of the
ecological characteristics of precipitation, it is im-
portant to simultaneously record a number of such
meteorological characteristics: the duration of the
previous rainless period, the air temperature, the
presence of temperature inversion, the direction and
velocity of air masses, and others like that.

One of the most important is the definition of
the type / class of weather and the direction of

movement of rain air masses. For example, in the
study P.Tanner (1999) found that the acidity of pre-
cipitation for 7 different types of weather may differ
even by an order of magnitude (by the content of
H +) [13].

For the studied territory, we have constructed
diagrams of repeatability of precipitation depending
on the direction of arrival of rain fronts and cloud
systems (Fig. 3). For this purpose, a number of me-
teorological online services (SAT-24, windy.com,
blitzortung.org) have been used, which allowed to
be quite confident in tracking the direction and ve-
locity of large air flows.

N N
30,00% 7
25,00% 6.5
NW 20 0% NE NW : NE
(1]
’ 6
5.00%
5,5
5
w 45 E
SW SE
s s
a) b)

Fig. 3 Chart of repeatability of rainfall (a) and their pH (b), depending on the direction passage
of atmospheric fronts and cloudy rain systems (for 2017)

The second figure shows the average pH for
rainfall in different directions of clouds.

Analysis of these data contributes to the possi-
bility of a partial forecast of the properties of the
rain and its changes during the period of rainfalls
crossing the city. Considering these diagrams is also
important when choosing a place to post control
over acidity and chemical composition of precipi-
tation.

Selection of locations for monitoring points.
The proposed scheme for posting of ecological
monitoring of acidity and other related indicators
characterizing the chemical composition of atmos-
pheric precipitation in Lutsk is developed taking
into account the prevailing direction of air masses
into our territory, "wind roses," as well as the specif-
ics of urban development and the location of indus-
trial zones in the regional center (Fig. 4).

Among the nine posts on which the regular
sampling of rainwater for analysis is scheduled to
take place, posts 1, 2, 3 can be attributed to the
background: they are located, respectively, in the
western, northwest and southwestern suburb of
Lutsk, in these directions there are over 60% of the
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trajectories of air masses and cloud systems with
precipitation.

Observation post Ne 6 will play the role of con-
trol, since it will be located on the opposite outskirts
of Lutsk.

Positions No. 5 and 9 are located practically in
the center of the city, one of them - in the residential
area of development, the other - in the park area
near the main Styr River. Which, in particular, will
allow control measurements of acidity and chemical
composition of rainfall that flow from the roofs of
buildings, for comparative analysis of their compo-
sition and properties with those rain and melt water
entering the soil and surface water without prior
contact with artificial surfaces and coatings.

Positions 3, 4, 7, 8 are located near the largest
industrial zones, major enterprises, transport inter-
changes, in areas that are regularly suffering from
traffic congestion due to excessive traffic load and
an outdated system of road communications.

At four points (No. 1, 3, 8, as well as in one
point outside the city, 4 km on the coast), we are
already monitoring the pH, mineralization and rain-
fall. In case of successful development of the net-
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Fig. 4. Project placing of monitoring points in Lutsk.

work, organization of such monitoring is expected
on the other mentioned posts.

Analysis of samples of rain and melt snow wa-
ters, selected at such points, will determine the pres-
ence or absence of anthropogenic impact on the
chemical composition of precipitation, parameters
of such impact, as well as develop a system of
measures to optimize the environmental situation.

Conclusions.

1. The existing state air monitoring system of-
ten does not reflect the spatial differentiation of en-
vironmental parameters of atmospheric precipitation
and needs to be improved. In addition, the creation
of additional non- state specialized networks of
monitoring of precipitation for the prompt informing
of the population and interested organizations is also
relevant.

2. Conducting own observations and measure-
ments of individual parameters of atmospheric pre-
cipitation in the city allowed to reveal the depend-
ence of the indexes of acidity and mineralization on
the amount of precipitation, air pollution, directions
of inflow of air masses, temperature, etc. The spatial
differentiation of these indicators in the city is sig-
nificant (the difference can reach up to 0.9 units of
pH and 15-17 ppm of mineralization) and is related,
first of all, to the distribution of anthropogenic emis-
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sions and microclimatic differences.

3. When forming the system of environmental
monitoring of precipitation in the city it is necessary
to focus on the definition of such basic parameters:
pH, total mineralization, amount of precipitation,
and also concomitant - water and air temperature,
direction of movement of air masses, carbon dioxide
concentration, duration of the previous rainless pe-
riod, etc. In the future, it is advisable to automate
the measurement of these indicators by compiling a
system for reading and rendering data from the cor-
responding sensors in real time.

4. When choosing sites for sampling or posi-
tioning of automatic control posts, it is necessary to
consider such parameters as the direction of prevail-
ing winds, the proximity of large stationary sources
of emissions, landscape and geomorphological fea-
tures, the nature of development, and the presence
of green zones. In this case, it is expedient to con-
sider the placement of such points on the near and
far vicinity of the city (in relation to the arrival of
prevailing air masses), on the leeward sides of large
industrial zones or transport interchanges, in the
largest green zone, near the main water reservoir, as
well as in 2-3 neighborhoods of residential devel-
opment.
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POSSIBILITIES FOR IMPROVEMENT OF ENVIRONMENTAL MONITORING OF PRECIPI-
TATION IN THE CITY (A CASE OF LUTSK)

Formulation of the problem. The environmental parameters of precipitation in the city often differ
from the background values and require the special observations program. The existing state monitoring sys-
tem does not reflect the spatial differentiation of such parameters in urban areas, so it needs to be improved.

The purpose of the article: to find out the features of organization and implementation of rainfall envi-
ronmental monitoring in urban areas, with the justification of the main parameters of observation and spatial
placement of network points.

Methods. The main results are based on the authors' experience in own observations on the amount,
acidity and mineralization of precipitation in several quarters of Lutsk during 2015-2018.

Results. Own observations and mapping of individual parameters of atmospheric precipitation in the
city allowed to reveal the dependence of the indexes of acidity and mineralization on the amount of precipi-
tation, air pollution, directions of air inflow, temperature, etc. The spatial differentiation of these indicators in
the city is significant (the amplitude can reach up to 0.9 units of pH and 15-17 ppm of tds) and is related to
the distribution of anthropogenic emissions and some microclimatic differences.

Therefore, by organization the system of ecological monitoring of precipitation in the city it is necessary
to focus on the definition of such basic parameters: pH, total mineralization, amount of precipitation, and
also concomitant: water and air temperature, direction of airflows, carbon dioxide concentration, duration of
the previous rainless period, etc.

To select the representative locations for the control of precipitation in the city, it is necessary to analyze
the following indicators: direction of prevailing winds, landscape and geomorphological features, the prox-
imity of the most sources of anthropogenic contamination, building types etc. In this case, the minimum
monitoring scheme should include such control points: the near and far outskirts (in relation to the arrival of
prevailing air masses), the leeward sides of large industrial zones or transport interchanges, the largest green
zone, area near the city water body, and several points (1-3) in residential areas.

Scientific novelty and practical significance. The main parameters and principles of the spatial organ-
ization of environmental monitoring of rainwater in the city are identified. The algorithm for creation such
network has been tested in Lutsk and can be used for realization in other cities. Automation of similar meas-
urements based on microcontrollers will to create quality non-state monitoring networks with the display of
data in real time.

Keywords: precipitation, urban ecosystems, spatial distribution, environmental monitoring, precipita-
tion acidity, precipitation mineralization, monitoring station, Lutsk.
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