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Introduction

Topicality of the problem

The most important part of the transport sectoLithuania is the roads.
Currently, the total length of Lithuanian road netkvis more than 21 thousand
kilometers. Under the Law on Roads, the roads iziéed into the roads of State
and Local importance. According to the data of Auday 2010, the length of the
roads of State importance in Lithuania, with a cafeyravel, is 7604 km.

The greatest negative impact on the environmaiffictsafety and quality of life
has gravel roads because of the dust and distribotiparticulate matter on the roads
and roadside areas. Dust forms on gravel road®odhe wear of gravel cover, under
the influence of climatic factors and transport.iitMgoal and objective for the dust
reduction on gravel roads are to prevent the feomaif a cloud of dust from the
small particles resulting from the gravel in theercand the wearing process of cover.

When reducing road dust on gravel roads, during sin@mer season,
chemical material in the form of solution is spfetk and sprayed which first
enters onto the driveway of the road and roadsiddsdirectly pollutes the land
of the protection area nearby the road. Indiregirenmental pollution is also
possible when atmospheric precipitation washescttf@mical material out of
the land of the road protection area into the serfand ground water nearby the
road, and when chemical material from the soilaater gets into the plants.

Undesirable effects of impact of chemical matedal the environment:
roadside vegetation and the soil are damaged; ceudad ground waters are
polluted, which results in negative impact on wiland humans.

In summary, the biggest problem of dustiness caasdtie gravel roads is
the pollution of environmental components (bothaaid water) by particulate
matter, which has direct (get into the airway ofing organisms, stop the
growth of flora) and indirect (mainly through threghic chain and water flow)
impact on living nature via polluted environmertamponents.

Currently, there are still a lot of unpaved rodgffective and inexpensive
chemical and technical measures to ensure théctssfety and comfort during
the summer and would not have a negative impath®@m®nvironment have not
been found or developed yet. The gravel roads msgi is one of the main
causes of ambient air pollution with particulatettera hence there is a need for
the search of measures to reduce the spread dtyparé matter. In most
studies on material to reduce the dustiness, it vi@sed on their
effectiveness, and there is no information aboeit thnvironmental impact.

Object of the work -gravel road dust suppressants interaction withejrav
roads.



Aim and tasks of the workAim is to analyze the effectiveness of materials
(molasses based and its mixtures with technicglussd to reduce the dustiness on
gravel roads and to find efficient concentratiorsalition mixture used during the
investigation, which would be less detrimentahe énvironment of gravel road.

To reach the aim set in the thesis, it is necegedagckle the followingasks

1. To analyze the impact of chemical material usedtlfier reduction of
dustiness on gravel roads on the environment aadstess the advantages
and disadvantages of various measures used cyrf@nthe maintenance
of roads during the summer to reduce environmeuothition.

2. To carry out the investigation of gravel roads ohests through the
treatment of gravel roads with the molasses basatkrial and its
mixture with technical salt and without their tneant, carrying out the
investigations of dustiness in the laboratory andnatural (field)
conditions.

3. To determine the optimal concentration of molassesed material and
its mixture with technical salt to reduce the dussis which would be
less detrimental to the environmental vegetatiothefroads.

4. To carry out the modeling of particulate mattertzawithin the
environment of gravel roads by determining the ficehts of
particulate matter emission under certain enviramaleconditions
according to the solution used for dustiness réduoct

Methodology of researchincludes particulate matter concentration
measurement using mass and optical methods, chsoddncentration in soil
measurement using titrimetric chemical analyze oettAnd growth of grass
vegetation in polluted soil method.

Scientific novelty

Complex work on the reduction of dustiness on dnanaals, without environ-
mental hazard, through the application of molabsegd material and its mixture
with technical salt to reduce the dustiness oneajresads which is previously
unused in Lithuania, and the modeling results skeallised for the prognostication
of the particulate matter scatter within the pridecarea of the road.

During the preparation of the thesis, the followingsults new for

environmental engineering science were obtained:

1. Complex studies of selected mixtures were carrigdroorder to find
out the effectiveness of the proposed mixturesetluce the dustiness
on gravel roads, the impact of herbaceous plantd emoride
concentration in the gravel road cover and the evadgronment.

2. Mixture for reduction of dustiness on gravel roa@s improved.



Practical value.The obtained research results can be applietidareduction
of dustiness on gravel roads under Lithuanian andas climatic conditions, and
the modeling results on the scatter of particuteter within the road environment
will help to protect the road protection area amel greenery in its area from the
spread of particulate matter.

Defended propositions

1. The concentration of particulate matter (PM) in @&anbair of gravel
roads is reducing by using molasses based ma{@i@M) on the
gravel road cover.

2. Molasses based material (MBM) can be adapted éougk of the dustiness
reduction on gravel roads under Lithuanian andairdimatic conditions.

3. The length of above-ground part of herbaceous plast directly
proportional to the content of molasses based iab#1BM) in the soil.

The scope of the scientific worlkihe scientific work consists of introduction,
6 chapters, conclusions, list of references, litaathor's publications and
addendum. The total scope of the dissertation éspHgjes, 69 pictures, 19 tables
and 1 addendum.

1. Gravel roads dustiness and dust suppressants

The chapter analyzes the origin of dust particgstematic information
about the material normally used for dustiness ¢taly, its use, recommended
amounts, as well as general principles on appdinadf material and its effect has
been described here. Efficiency and environmentpbct of material is analyzed.
The investigations related to the reduction of idess have been described; the
models of scatter of particulate matter commongdusave been given.

After the literary review, it was found that dushission on gravel roads
depends on the cars speed, wheels number, traffiove, material cover of gravel
road, surface moisture of gravel road and climainditions. All the investigations
on the dustiness analyzed showed that after chetreeding of gravel roads, PM
emission decreases from 30 to B0 Water is the most secure material for the
environment to reduce the dustiness, and oil-bgeediucts are the major
environmental hazard. Environment impact of mostipets (e. g., molasses, sugar
beet extract, tall oil derivatives, vegetable ailsy additives) has not been studied
so far. Effectiveness of molasses based materiBMMfor the reduction of the
dustiness on gravel roads has not been studiedttinahia yet. Therefore, it is
necessary to carry out the investigations on tfieiexfcy of this material and its
environmental impact.



2. Laboratory investigation of reduction of particulate matter emission
when using different solutions

Molasses based material (MBM) has been selectedhforexperimental
laboratory investigations. Material is of an orgaorigin; therefore this product
belongs to the category of oil-free product of aigamaterial. Molasses is a
secondary agricultural product derivable from indalswaste of sugar. It is dark
brown in color, odorless, liquid material which da® mixed with all the chlorides
and their solutions, but is rarely used alone. MB& very good anticorrosive
properties, is environmentally friendly and decosgso biologically. Calcium
chloride (CaQ) is also used in investigations.

The experiments described in this chapter werdechiwut by means of
determination of concentrations of particulate sraly mass method.

The aim of these investigations — is to determirsevej fraction using the
solution of 36.5 % Caglfor its treatment which is the most suitable fortHer
laboratory experiments, and to carry out the ingabns on concentration of
particulate matter (PM) after the experiment withtreating the samples by
dustiness reducing material (control) and usingdilginess reduction measures —
MBM and its mixtures with Cagl
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According to methodological guidelines on the réidncof the dustiness on the
roads with gravel cover, concentration of 35.6 %k aolution was selected. Gravel
was taken from the gravel surface, where theifislelstigation was carried out later.

The experiment was conducted under the laboratorglitons by carrying out
the experiment in PM concentration measuring chamtiter the experiment and
evaluation of the correlation coefficient of theulks obtained, 0.0-0.4 mm fraction
was selected for further studies. The aim of furtbeidies is to determine
effectiveness of solutions without evaluating astiheating possible transport load
using mixtures of different MBM concentrations @) 20 % and 30 %) and their
mixtures with 35.6 % Caghbolution for the treating of gravel samples. Tégults
obtained are presented in Figure 1. Using mixtafe8/BM with CaCh, PM
concentration is 1.5 to 4.3 times lower than ushegMBM only (evaluating—not
evaluating possible transport load).

Concentrations of particulate matter (PM) in theamber for PM
concentration measurement directly depend on tmpeeature: the higher air
temperature, the higher PM concentration is. Utalsoratory conditions, using
mixtures of MBM and CagG| their effectiveness reaches 100 % immediately
after the treating both without evaluating andreating possible transport load.

3. Investigation of particulate matter emission in exgrimental road section
environment

The experiments described in this chapter werdethout by measuring
the concentration of particulate matter under @ptimethod (using a PM
concentration analyzer MicroDusto).

The aim of these investigations is to determine tlependence of
concentration of particulate matter on vehicle speed distance from the
roadway by using the same solutions for the dussimeduction as during the
investigations on reduction of the emission of ipathte matter (Section 2):
10 %, 20 % and 30 % MBM and solution mixtures v#ithé % CaGl

Also, the studies described in this section wengiedh out by means of
titrimetric chemical analysis on chloride concetitnias in soil.

The aim of this investigation is to evaluate thHfuance of MBM and calcium
chloride mixture on the distribution of chloride noentrations in horizontal
transverse profiles of the gravel road environm8imce MBM and CaGlmixture
was used in the three experimental sections forgtiaction of dustiness on the
gravel road, it was decided to check what concéorraf chloride ions was left in
the gravel road cover and how the following corniain distributed within the
transverse profile of the road. The samples faestigating chloride concentrations
were taken during the performance of experimerqioratory sectors.



PM concentrations were measured at 0 m, 1 m, 2 dn3am distance
downwind from the gravel road so that the higher &wicentration would be
registered. The car drove at 30 km/h, 40 km/h @hlrb/h speed.

Before starting to measure, the wind direction, dvepeed, ambient air
temperature, moisture and pressure are determirexdperature, moisture and
wind speed are measured with the device TESTO-ABAospheric pressure is
measured with the barometer. Wind direction is reiteed visually. The
investigations were conducted in summer of 200pdBrmental sections treated
with MBM) and in summer of 2008 (experimental seasi treated with mixtures
with MBM and CadCJ). During the experiments (in 2007 and 2008), the
parameter values of average prevailing environnh@@ather conditions were as
follows: temperature of 26.5°C and 21.65 °C, pressure 101.03 kPa and 100.64
kPa, moisture 59.11 % and 47.63 %, wind speed s&nd 1.7 m/s

PM concentration, mg/m3

50 km/h

40 km/h
30kmh  carspeed, km/h

th 20 mixture
) % 20 with 30
used solution % %
MBM  \iam o
MBM

Fig. 2. Decrease of PM concentration for the results etatliby accordance with the
concentration of used solution and car speed

After the experimental measurements, the resultairal were evaluated
according to the concentration of solution usedcanagpeed (Fig. 2) and the distance
from the roadway (Fig. 3) and both (without resfutisn control section) (Fig. 4).

After treating the sections with solutions containiCaC), the content of
dustiness is apparently less, even when solutiotaics only 10 % of MBM, and the
vehicle goes 50 km/h (Fig. 2). The results obtaiaedeven 3.3 times lower than
compared with the control samples.

10



N

e

PM concentration, mg/m3
AN
V.7
00 4\
AR S
e
IRy Q) e o

distance, m

20 %

o 10%
solution
MBM \1Bm

with 10 . mixture
d soluti W't; 20 \ith 30
used solution b %
MBM em

MBM
Fig. 3. Decrease of PM concentration for the results etatliby accordance with the
concentration of used solution and distance froartiad

PM concentration, mg/m 8

50 km/h

40 km/h

0.0 39kmn  car speed, kmh
—r

distance, n 2 3
Fig. 4. Decrease of PM concentration for results evalubteaccordance with the
distance from the road and car speed

At all distances from the road each summer, ardedi PM (Fig. 3) in air
concentrations was determined depending on solummtentration and vehicle
speed.
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Having evaluated the distance from the roadway wM&M was used to
reduce the dustiness (Fig. 4), and the vehicledspg not exceed 30 km/h,
permissible rate of PM (HN 35:2007) was not excdedely two times (the
distance from the road 2 and 3 meters at a spe8@ &fM/h), whereas using the
mixture of MBM with CaCJ— it exceeded only 2 times (next to the road a¢dpe
of 40 and 50 km/h). After statistical analysis dvt Eoncentrations and parameter of
environmental conditions, it was found that theorsgest correlation link
(correlation coefficient 0.9) was obtained betweBM concentration and
temperature, PM concentration link with moisturel avind speed varied from
weak to strong and showed up either on the roadsideceding from the road, i.e.
the same trend to decrease or increase was novethse

212c
3100
80
60
40
20

0

80.39 91.59

Control 10 % 20 % 30 %
MBM+ MBM+ MBM+
CaCl, CaC), CaCb

used solution

Fig. 5. Chlorides concentration in cover of gravel road

chlorides

concentration, m

During the studies on chloride concentrations witthie road environment,
the average chloride concentration of control sess equal to 41.11 mg/kg.
This value has been adopted as a background chloddcentration. Chloride
concentration is higher in the places that aradreaith the mixtures of higher
concentrations of MBM at the same concentratiorCatCh (36.5 %): when
MBM concentration in the mixture is 10 % — 50.12/kggof chlorides; 20 % —
80.39 mg/kg; 30 % — 91.59 mg/kg (Fig. 5). It candssumed that MBM traps
chloride concentration and increases it in the gjragver.

4. Laboratory investigation of growth of grass veggtion in polluted soil

The investigations described in this chapter warded out by means of the
method on the growth of grass vegetation in thearomated soil. The aim of
these investigations is to determine the impaahaterial for the dustiness reduction
on the viability of herbaceous vegetation andehgth of above-ground part.

Three herbaceous plant species have been selestdtief investigations:
timothy-grass (L.Phleum pratenge white clover (L. Trifolium trepeny and

12



crimson clover (L. Trifolium incarnatun). These species often grow on the

roadsides of gravel roads and are used for theltigation of nearby pastures.
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Fig. 6. Viability of timothy-grass, white and crimson ckrg in soil
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Fig. 7. Length variation of above-ground part of timothags (picture a) and crimson
clover (picture b)

The soil was contaminated with the same solutionslwwere used for the
studies of PM concentration (chapters 2 and 3)bilifia of selected herbaceous
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plants in the soil after six weeks of the studstiswn in Figure 6. Only the crimson
clover germinated in soil contaminated with 10 %MBM and CaCl mixture
when the soil polluted with MBM and CaQhixture was used for the studies.

After the investigations, it was determined thag Hest initial (first week)
viability of plants was when using the highest MBbhcentration in the soil.

Experimental investigations have shown that chanfésngth variation of
above-ground part depended on change of temperétige 7). Changes of
length variation of above-ground part for both spe®f clover were similar:
the most significant change was observed whenetmpérature was higher for
two weeks.

5. Modeling of particulate matter scatter in road eéwvironmental

10,L,,L,,L |
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0
Gravel road, car drives————p
o
3.3
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D 2.8 -
£ 25 : -
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Fig. 8. Comparison of simulation and investigation resintead section, treated with
20 % MBM, car speed 40 km/h, wind direction nogjsimulation results;
b) disagreement
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The aim of modeling is to get the concentratiorugalof particulate matter
at the far distance from the road than it was meakduring the study (chapter
3) by using the program ADMS 4.2, i.e. more thaim3onward from the
roadside, and to compare the model results derivid the investigation
results. To obtain the most accurate results of afiiog, the coefficients of
emission content is recalculated in accordance \wigh PM concentration
received during the studies on the roadside. Mnodetliesults obtained are
compared with the investigation results.

PM concentration results presented by the modetirmgram and their
comparison with the investigation results are shawRigures 8 and 9 (the most
variable (Fig. 8) and coincide (Fig. 9) resultstaf model and investigations).
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Fig. 9. Comparison of simulation and investigation resutsad section, treated with
mixture of 10 % MBM and 35.6 % CaCkar speed 40 km/h, wind direction North
West: a) simulation results; b) disagreement
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The modeling showed that having chosen the dinecté the wind
perpendicular to the road, higher PM concentratibase been calculated
according to the model receding from the road.rtfento get the values closer
to real conditions, the direction of the wind pergieular to the road should not
be chosen during the modeling.

6. The developed methodology and suggested enviroantal consideration

This chapter presents the calculation on concéotrmbf pollutants in the
soil (gravel cover) which is based on the calcataiand accomplished study
results proposed by various authors.

The aim of these calculations suggested is to #iynhle calculations on
amount of possible pollutants (chloride) in thd.soi

Also, on the grounds of the material presented his tchapter, an
application to obtain the Lithuanian patent hasnhgrepared for the Lithuanian
Patent Office.

The advantage of the new mixture for the reductébrthe dustiness on
gravel roads proposed is that after insertion ofasses based material into the
calcium chloride, not only the dustiness on grawelds is reduced, but there is
also less damage to the roadside vegetation. Thepaaents of proposed
material are as follows: calcium chloride, molasBased material and water.
The aim of the invention is the development of matemixture for the
reduction of the dustiness on the gravel roads lwhiould be the less
detrimental to the roadside vegetation.

General conclusions

1. The analysis of the literature showed that the rredteommonly used
for the dustiness reduction on gravel roads arefulito components
of the environment of gravel roads (soil, vegetgtioUp to now,
Lithuania does not have any means for effectivaicedn of the dust
which would have a minimal impact on the environimen

2. Experimental investigations have shown that sugtalmaterial for
dustiness reduction on gravel roads is the molabsssd material
(MBM) but it is efficient most when first appliechd during non-rainy
days. It was found that 10 % of MBM reduces thecemtration of
particulate matter about two times under laboratagnditions
immediately after the application; and under tleddficonditions — even
about three times when the car was going 50 kmAhemverage.
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. Experimental investigations have shown that MBM exdixwith
calcium chloride when first applied; PM concentatis 0 mg/m.
After the evaluation of the distance from the roagwhen MBM and
CaClb mixture was used to reduce the dustiness, the rmaxi
allowable onetime concentration of particulate ewaitt living ambient
air under HN 35:2007 was exceeded only on the idad® m), when
the average vehicle speed was 40-50 km/h.

. During experimental investigations, when solution$ different
concentration were used for dustiness reductiomgranel roads, the
strongest correlation was found between PM conatatr and air
temperature (correlation coefficient 0.9). Statetly significant
relationship between PM concentrations and air m@sand PM
concentration and wind speed has not been establish

. Experimental investigations have shown that usirgMMand CaC}
solution mixtures for the dustiness reduction oe tjravel roads,
chloride concentration was higher (till 2 times)thin the places of
gravel road cover which were treated with mixtwéscreased MBM
concentration (the same calcium chloride concentrat 35.6 %). It
can be assumed that MBM keeps chloride concentratithin the
cover, but the studies should be carried out toerdehe the
distribution of chloride concentrations in the dee(20-40 cm) layers
of the soail.

. Experimental investigations have shown that higlenount of
molasses based material (MBM) in the soil affelseslength of above-
ground part of selected species of grass plantsotiiy-grass, white
clover and crimson clover). Increasing trend of begth of above-
ground part of plants has been established when MBientration in
the soil was increasing, too, but the length ofvabground part of the
plants in the soil contaminated with 10 % of MBM sv&.28 times
lower, 20 % of MBM — 1.07 times lower, 30 % of MBM1.04 times
lower than the plants grown in the soil unpollutgth MBM.

. Experimental investigations have shown that crimstover is the
most resistant to the impact of Ca@lecause it was the only one
which germinated in the soil polluted with 10 % MBWd 35.6 % of
CaCl, mixture.

. It was determined that when using the program ADMS the best
coincidence of PM concentration results of expenitakinvestigations
and modeling (difference was 1.1-2.8 times at 3istadce from the
gravel road) was when the wind direction was nopgedicular £90°;
27@) to the road and this is the best case for theifaoits modeling.
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Recommendations

1. In order not to exceed the maximum allowable onetaancentration
of particulate matter in living ambient air, it iscommended to use
molasses based material of concentration of 30 4He dustiness
reduction on the gravel roads for a short period, far a longer period
— the solution of calcium chloride of 36.5 % ane tholasses based
material of 10 %.

2. It is appropriate to sow the meadows and pastwragby gravel roads
with crimson clover.
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ZVYRKELI U DULK ETUM A MAZINAN CIU MEDZIAG U
EFEKTYVUMO TYRIMAI IR VERTINIMAS KELIO
APLINKOJE

Mokslo problemos aktualumas

Svarbi transporto infrastruktos dalis Lietuvoje yra automohilikeliai.
Siuo metu bendras Lietuvos keliinklo ilgis siekia daugiau kaip 2Tikstant
kilometry. Pagal keli istatymy keliai skirstomi i valstybires ir vietires
reikSmes kelius. 2010 m. sausio 1 d. duomenimis Vals@bireikSnés keliy,
kuriy danga yra zvyras, ilgis Lietuvoje yra 7604 km.

Pakankamai didel neigiamy itaka aplinkai, eismo saugumui ir Zmani
gyvenimo kokybei daro zvyrkeliaiétlju dulkéjimo ir kietyjy daleliy sklaidos
keliuose bei pakes zonose. Zvyrkeliuose duk susidaro @ zvyro dangos
dévéjimosi, veikiant klimato veiksniams ir transportiragrindinis zvyrkelj
dulkéjimo mazinimo uzdavinys ir tikslas yra neleisti slasyti dulkiu debesiui
iS Zvyro dangoje esdy ir dangos dvéjimo procese atsirandain smulkiyju
daleliy.

Dulkétumg jtakojantys veiksniai: automohili greitis, automobili raty
skakius, eismo intensyvumas, 2zvyrkelio dangos pavissiamedZiaga,
pavirSiaus drgme, klimatas.

Mazinant keliy dulkétuma Zvyrkeliuose vasaros sezono metu barstoma ir
purSkiama chemin medziaga, kuri pirmiausiai patenka ant vaziuojao®s
kelio dalies bei jos kelkr&g, ir tiesiogiai terSia Salia kelio esag kelio
apsaugos zonos zemGalima ir netiesiogié aplinkos tarSa, kai atmosferos
krituliai chemire medziag iSplauna i$ kelio apsaugis zonos Zegs | netoliese
kelio esatiius pavirSinius ir gruntinius vandenis bei kai climinmedziaga i$
dirvoZemio ir vandens patenkaugalus.

Saugaus ir komfortiSko eismo kaina — Zenkliai pé&disi automobiliy
metaliny daliy, gelzbetonini konstrukciji korozija, digdjanti neigiamajtaka
aplinkai. llgalaikis chemini medZziag, skirty dulkétumo maZzinimui, poveikis
itakoja transporto priemowpkorozija.

Pakilusios dulks gali ti neSiojamos iki Simto mair atstumu,
prasiskverbti gyvenamuosius namus, padengtiglias, cl to ju augimas gali
suktéti. Nusedusios smulkios zvyro dakd didina vandemdrumstum. Dulkés
yra viena i$ alergij priezasiy bei gali pernesti ligas. Smulkios zvyro datel
gali bati abrazyvios ir todl pagreitja judariy autotransporto priemanidaliy
nusictvéjimas. Smulkios dalés pakylaj ora ir nupwiamos, todl prarandama
Zvyrkelio dangos medziaga. Dékk mazina matomumir kelia pavoy eismo
saugumuli.
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Be to, zvyrkelio dangos medziaga galitibnusviedziama nuo kelio
pavirSiaus. Kai tai nutinka, kelias pradeda irti formuojasi nelygumai,
skatinantys brangtaisyns.

Nepageidaujamos chemini medziag poveikio pasekis aplinkai:
kenkiama pakeli augmenijai, dirvoZzemiui, uzterSiami pavirSiniaigruntiniai
vandenys, o d to atsiranda neigiamas poveikis gyw§jai ir Zmorems.

Apibendrinant galima teigti, kad didZziausia 2vyikeke sukelto
dulkétumo problema yra aplinkos komponer(tiek oro, tiek vandens) tarSa
kietosiomis dal@mis, kurios per uZterStus aplinkos komponentusiotigasi
(patenkaj gyvuju organizny kvépavimo takus, stabdo floros augimir
netiesiogiai (daugiausiai per mitybos grandines \@midens nuékj) kenkia
gyvajai gamtai.

Siuo metu yra vis dar daug neasfaltudeliy. Iki Siol néra surasta ar
sukurta toki efektyviy ir nebrangi cheminiy ar technini priemoniy, kurios
uztikrinty eismo saugum ir komforta vasag bei kartu netutty neigiamo
poveikio aplinkai. Zvyrkeli dulkéjimas yra pagrindié kelio aplinkos oro
tarSos kietosiomis dakghis priezastis, tad biatina ieSkoti priemoni,
mazinardiy kietyjuy daleliy sklidima. Atliekant daugura dulkétuma mazinagiy
medziag tyrimy susitelkta tiesy efektyvumu, o informacijos api& jpoveik
aplinkai rera.

Tyrimy objektas —zvyrkeliy dulkétuma mazinakiy medziag saveika su
Zvyrkeliais.

Darbo tikslas ir uzdaviniai.Tikslas — iStirti Zvyrkeliy dulkétumui mazinti
naudojanmy medziag (melasos pagrindu ir jos miSinisu technine druska)
efektyvumy ir surasti efektyvi tyrimy metu naudojam tirpaly miSinio
koncentraci, kuo maziau kenkiasiy Zvyrkelio aplinkai.

Darbo tikslui pasiekti darbe reikia ggti Siuosuzdavinius:

1. ISanalizuoti Zvyrkeli dulkétumo mazinimui naudojam cheminiy
medziag poveik aplinkai beiijvertinti Siuo metu keli prieziirai
vasaros metu naudojamivairiy priemoniy privalumus ir tikumus,
siekiant sumazinti aplinkos tars

2. Atlikti zvyrkeliy dulkétumo tyrimus, apdorojant zvyrkelius medziaga
melasos pagrindu bei jos miSiniu su technine drirskaapdorojanty,
dulkétumo tyrimus atliekant laboratoéimis ir nafiraliomis (lauko)
salygomis.

3. Nustatyti optimak dulkétumui mazinti medziagos melasos pagrindu ir
jos miSinio su technine druska koncentrgckuo maziau kenkiaia
keliy aplinkos augalijai.
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4. Atlikti kietyju dalely sklaidos Zzvyrkeli aplinkoje modeliavirg,
nustatant kiefjy daleliy emisijos koeficientus tam tikromis aplinkos
salygomis pagal dulitumui mazinti naudojamus tirpalus.

Tyrimy metodikaapima kietjy daleliy koncentracijos svorinio ir optinio
nustatymo metodus, chlorickoncentracijos dirvoZzemyje titrimetiithemires
analizs metod bei Zoliniy augal; augimo uZterStame dirvoZzemyje metod

Mokslinis naujumas

Si disertacija yra kompleksinis darbas, kuriamentyamos Zvyrkel
dulkétumo mazinimo galimyés, kartu nekeliant pavojaus aplinkai, taikant iki
Siol Zvyrkeliy dulkétumui mazinti nenaudetmedziag melasos pagrindu ir jos
miSinius su technine druska, o modeliavimo rezutapanaudojant kieity
daleliy sklaidosi kelio apsaugos zarprognozavimui.

Rengiant disertacij buvo gauti Sie aplinkos inZinerijos ir kraStotvask

mokslui nauji rezultatai:

1. Atlikti pasirinkty miSiniy kompleksiniai tyrimai, norint suzinoti
sialomy miSiniy efektyvuma, mazZinant 2vyrkeii dulkétuma, poveik
Zoliniams augalams ir chlonidkoncentrach Zvyrkelio dangoje bei
kelio aplinkoje.

2. Patobulintas miSinys Zvyrkelidulkétumui mazinti.

Praktiné reikSme. Darbo rezultatai galiiii pritaikyti Lietuvos bei panasi
klimato silygu Saliy Zvyrkeliy dulkétumo mazinimui, o kietjy daleliy sklaidos
kelio aplinkoje modeliavimo rezultatai padgeriau apsaugoti kelio apsaugos
zom ir joje esaniius Zeldinius nuo kiefuy daleliy sklidimo.

Ginamieji teiginiai

1. Laistant Zvyrkelius medzZiaga melasos pagrindu naadan kietjy
daleliy koncentracija zvyrkeli aplinkos ore.

2. MedZiaga melasos pagrindu galitbpritaikyta naudoti Lietuvos ir
panasi klimato slygy Saliy Zvyrkeliy dulkétumui mazinti.

3. Zoliniy augal; antZzemigs dalies aukstis tiesiogiai proporcingas
medziagos melasos pagrindu kiekiui dirvoZzemyje.

Darbo apimtis.Darks sudarojvadas, 6 skyriai, iSvados, litefiabs srasas,
publikaciju saraSas ir priedas. Bendra disertacijos apimtis — d&&lapiai, 69
iliustracijos, 19 lentelj ir 1 priedas.

Pirmasis skyrius skirtas litefmbs 3Saltinip analizei. Jame analizuojama
informacija apie dulkj dalely atsiradima ir dinamika, dulkétuma maZinadias
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medZziagas,y naudojina, bendruosius taikymo principus ir veikifmaudojamus
kiekius, efektyvum bei poveik aplinkai, pasaulio Salyse naudojamas medziagas,
kietyjy dalely sklaidos modeliavim Skyriaus pabaigoje formuluojamos iSvados
ir tikslinami disertacijos uzdaviniai. Antrajameysiije pateikiama kiejju daleliy
emisijos maZinimo laboratoripityrimy metodikos, rezultatanaliz bei iSvados.
Tregiajame skyriuje pateikiamos eksperimentinio kelimzo aplinkoje tyrim
metodikos, rezultat analiz bei iSvados. Ketvirtajame skyriuje pateikiamos
Zoliniy augal augimo uzterStame dirvoZzemyje tytimmetodikos, gautrezultaty
analiz, gaut; tyrimy rezultaty iSvados. Penktajame skyriuje pateikiama
modeliavimo metodika bei gautmodeliavimo rezultat palyginimas su tyrim
metu gautais rezultatais bei pateikiamos iSvadestafame skyriuje aprasomas
aplinkosauginis sprendimas.

Bendrosios iSvados

1. ISanalizavus literara nustatyta, kad Zvyrkeji dulkétumo mazinimui
dazniausiai naudojamos medZiagos kenkia Zvyykeéplinkos
komponentams (dirvozemiui, augalijai). lki Siol tusoje rera
efektyviai dulkétumg sumazina&ios ir pasizymigios minimaliu
poveikiu aplinkai medziagos.

2. Eksperimentini tyrimy metu nustatyta, kad 2zvyrkelidulkétumui
mazinti tinkama medziaga melasos pagrindu (MMPJ}iata jos
efektyvumas didZiausias taikymo pradzioje ir neligbmis dienomis.
Nustatyta, kad 10 % MMP iSkart po taikymo kiet daleliy
koncentracy laboratorigmis silygomis sumazina iki 2 kart o lauko
— net iki 3 kant, kai automobilis vaziavo vidutiniu 50 km/h gtiei.

3. Eksperimentini tyrimy metu nustatyta, kad MMP maiSant kartu su
kalcio chloridu taikymo pradzioje kigty daleliy (KD) koncentracija
lygi O mg/n?. [vertinus atstum nuo vaZiuojamosios kelio dalies, kai
dulkétumui mazinti naudotas MMP ir CaClmiSinys, didZiausia
leidZiama vienkartié kietyju dalely koncentracija gyvenamosios
aplinkos ore pagal HN 35:2007 virSyta tik kelkrggtfO m), kai
automobilio vidutinis greitis buvo 40-50 km/h.

4. Eksperimentini tyrimy metu, 2vyrkeli dulkétumui mazinti naudojant
jvairios  koncentracijos tirpalus, stipriausias k@ahis rysSys
nustatytas tarp KD koncentracijos ir oro tempmag (koreliacijos
koeficientas 0,9). KD koncentracijos ir oro égmés bei KD
koncentracijos ir o grekio statistiSkai patikimas rySys nenustatytas.

5. Eksperimentini tyrimy metu nustatyta, kad Zvyrkeli dulkétumui
mazinti naudojant MMP ir Cagtirpaly miSinius, chlorid koncentracija
buvo didesa (iki 2 karty) tose Zvyrkelio dangos vietose, kurios buvo
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padengtos miSiniais su didesne nei 10 % MMP konaeija (kalcio
chlorido koncentracija vienoda — 35,6 %). Galimaytagrielaicy, kad

MMP sulaiko chloridus kelio dangos pavirSiuje iteidZia jiems sklisti

kelio aplinky. T&giau reikety atlikti papildomus chlorid koncentracijos
pasiskirstymo gilesniuose (20-40 cm) grunto slualsse tyrimus.

6. Eksperimentinj tyrimy metu nustatyta, kad didesnis medziagos melasos
pagrindu (MMP) kiekis dirvoZzemyjégtakoja pasirinki Zoliniy augai
raSiy (paSarinio motiejuko, baltojo ir purpurinio daBil antzemigs
dalies auk3t Nustatyta augal antzemigs dalies auk3o didéjimo
tendencija digjant MMP koncentracijai dirvozemyje,dau 10 % MMP
uzterStame dirvoZzemyje augabntZzemigs dalies aukStis buvo 1,28
karto maZesnis, 20 % MMP — 1,07 karto maZesni3dMP — 1,04
karto mazesnis nei augahugint; neuztersStame MMP dirvozemyije.

7. Eksperimentini tyrimy metu nustatyta, kad CaClpoveikiui
atspariausias purpurinis dobilas, kadangi jis vitglis sudygo
dirvoZemyje, uzterStame 10 % MMP ir 35,6 % Ga@iSiniu.

8. Modeliavimui naudojant progragmADMS 4.2 nustatyta, kad geriausiai
eksperimentinj tyrimy ir modeliavimo rezultatai sutampa (skirtumas
1,1-2,8 karto 3 m atstume), kaij@ bei kelio kryptys yra ne vienodos
ir tarpusavyje sudaro kampnelyg; 9¢° (270) ir tokiu atveju geriausia
taikyti modeliavimo program

Rekomendacijos

1. Siekiant nevirdyti didZiausios leidZiamos vienkadi kietju dalely
koncentracijos gyvenamosios aplinkos ore, rekormmacha Zzvyrkeli
dulkétumui mazinti naudoti tokius tirpalus: trumpam @idepiui 30 %
koncentracijos medziagmelasos pagrindu, o ilgesniam laikui — 36,5 %
kalcio chlorido ir 10 % koncentracijos medzZiagodases pagrindu midin

2. Greta Zzvyrkelip esagias pievas ir ganyklas tikslinga afis
purpuriniais dobilais.
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