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Abstract: This study reports the results of field reseamfo ivariability of the scavenging coefficient)(of
suspended dust comprising particles with aerodyoati@meters less than 10 mm. Registration ofiPdwer

7 years in conditions of the occurrence of rainfedinvective light showers, large-scale precipitat@nd storms)
was undertaken in an undeveloped rural area. Theysis involved 806 observations taken at constan
intervals of 0.5 hour. The measurements of the eamation of PMy were performed by means of a reference
method accompanied by concurrent registration sfchaeteorological parameters. It was found that Pivi,

the scavenging efficiency is considerably influehby rainfall intensity R and the type of precigita. In the
case of convective precipitation, data.fmre only partially related to “classical approadfirain scavenging.
Within the range of comparable values of rainfalensity, the type of wet deposition (except forsts) does not
influence the effectiveness of scavengingPWbm the ground-level zone. The large number ofeolztions
conducted in real-time conditions yielded a propagaimple regression model, which can be deem#iztsle
for the description of variabilit (Dpm10), but only to a limited extent for large-scale gpéation. The collected
results can be applied in air pollution dispersimodels and deposition and were found to be gemerall
representative for areas with similar climatic clwaeristics.
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Introduction

The scavenging of particles of atmospheric aerakslng the phenomenon when
particles collide and merge with rain drops invaelvboth in-cloud and below-cloud
processes [1, 2]. Scavenging constitutes a progkh leads to the removal of pollutants
from the atmosphere and plays a principal rolehim transmission of pollution from the
atmosphere to the ground [3]ence, it is one of the most important processasahsure
that a balance is maintained between the sourckswtfiow of aerosol particles [4].

Wet below-cloud scavenging involves all the phenoenby means of which particles
are removed from the air through a number of varigpes of precipitation: rain, snow, fog
and ice. According to [5], from the point of vievi louman health and the quality of the
atmosphere, below-cloud scavenging seems to be igrertant due to the fact that
particles of all types and sizes are deposed amdrritted to the ground-level zone in this
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process. This statement is supported by the fattttie PMs which form an immediate
hazard to human health are usually deposed asult oébelow-cloud scavenging and the
principal mechanism involves the collision of sqidrticles with rain droplets [6].

The process of wet aerosol scavenging is verycatti since it is affected by a number
of external factors, which include: size of dropledistribution of particle size, chemical
composition of water, rainfall intensity, temperatwf environment and even chemical and
physical properties of droplets and aerosol andatea in which collision between aerosol
and droplets occurs [7]. The process of understagndiet particulate matter scavenging is
at a stage when more insight is being gained tratep by step. The application of schemes
of wet deposition plays an important role in thedelting of long-range transport of air
pollution as well as in modelling the transporth&mical compounds.

Below-cloud scavenging of aerosol particles is lUigudescribed on the basis of the
concept of collisions between rain droplets andtipaate matter. Nevertheless, the
mechanisms of below-cloud scavenging, includingetffiect of inertia, Brownian diffusion,
thermophoresis, diffusiophoresis and electro-sogiven have been thoroughly recognized
and described [2, 4, 8-14Dne paper [15]n particular contains formulae that enable the
researcher to assess the effectiveness of thecydartimechanisms in the processes of
below-cloud scavenging of aerosols.

The actual effects of washout of particles accutedlan the troposphere during
episodes of precipitation are usually determinedr@ans of the scavenging coefficient
[s~] [16], which is considered to be the most impadrtparameter characterizing below-
cloud scavenging [17, 18]. For a particle with @egi size, the scavenging coefficient is the
function of the boundary velocity of drops and é&fiiectiveness of the collision between the
droplets and particles of the atmospheric aer@&jolHowever, it was noted that due to the
large number of parameters which play a role in libbow-cloud scavenging processes
(such as the above: effectiveness of the collisiorigcal droplet velocity and distribution
of rain droplets and aerosol particle sizes), ttevenging coefficient has a large degree of
variability [19]. Therefore, the correct paramedtinn of its properties plays a relevant role
in both climate models and models concerning th&idution of pollution [20].

The effectiveness of wet deposition in removingpael particles from the troposphere,
which is expressed in terms of the scavenging mefit, has been the subject of numerous
research papers, in particular theoretical oegsj2, 7-9, 13, 21-26]. The experimental
research into below-cloud scavenging is realizedavinumber of different aspects. These
processes are dealt with both in a complex manriéin @& distinction between the
effectiveness of scavenging of solid particles egponding to the specific types of
precipitation, and in a detailed manner, when ffectveness of the scavenging of specific
particles is investigated in regard to the type poécipitation which carries them.
Experimental research often focuses on measuremientghe direct vicinity of
anthropogenic sources of emissions, urban areasvedls as remote ones (marine).
Consequently, some of the results pertain to loocatlitions while, on the other hand, local
emission of pollutants and the structure of clobdse a considerable effect on the wet
deposition [3]. Besides, the changes in the comatoh of aerosols in the troposphere after
the occurrence of precipitation resulting from &ensive effect of horizontal air masses,
could also occur in areas both in the vicinity nflalistant from the source of pollution [8].
With small exceptions [27, 28], experimental resbais limited to continuous, yet
short-term observations [29-31] or regards seviestances with a small span in time and
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pertains to one type of precipitation [32-34]. Wiitie exception of [30, 31, 34], authors do
not consider the case of coarse mode of fdavenging.

This paper reports the results of research into wagability of the scavenging
coefficient for PM, in the ground-level zone in the atmospheric comialt that lead to the
development of rainfall. The principal objectivetims work is associated with analysis of
the variability of the scavenging coefficient degieg on: type of precipitation, rainfall
intensity and the conditions such as movementrahaisses, corresponding to the instances
of various types of precipitation. The paper urales to verify hypothesis that the weather
conditions during liquid hydrometeor type depositim specific conditions do not have
an effect on the variability of concentration oftaulate matter.

Materials and methods

The testing was performed over a period of 7 sugeeyears (2007-2013). In order to
minimize the effect of anthropogenic sources, thecentration of Plyp was measured in
an undeveloped areée in the vicinity of a village (Kotorz Maly, Poland0°43'37"N;
18°03'22"E, 1,025 inhabitants). The measuremenntp@ias located in an open, yet
shielded meadow area protected by the surroundiogdw 9 km from the border of
a provincial town (Opole, 122,000 inhabitants) dndl km from the nearest compact rural
building development. The measurement campaign Iiedo the observation of the
concentration of PM occurring as a result of incidents of three typégrecipitation
(convective light showers without thunder, stormd &arge-scale precipitation).

Meteorological parameters and PM, sampling procedure

A portable weather station was used to determirsthvee conditions. Portable stations
are used for registration of weather conditionstésts on the effect of rainfall on
aerosanitary conditions [35]. This weather stati@s installed 12 m from the PM aspirator.
The sensors, which determined relative humidi®H), temperature T), atmospheric
pressure Ap), wind speed WWs), wind direction YMd) and rainfall R), were installed at
a height of 2 m above the ground. The standard unea®nt uncertainty was equal to:
0.5% forRH, 0.5°C forT, 0.06 hPa folAp, 0.06 m §' for Ws and 1° fonWd. The weather
station is equipped with a bucket rain gauge withitéd capacity of water (2 ctn Within
a short period of observation, the rain detectarossensitive to precipitation of very low
intensity. Consequently, the results do not inclddéa on precipitation with the intensity
below 0.2 [mm H.

The procedure by which the measurement of the etrat®n of PMy was performed
conformed with the European standard [36]. Theregiee method, which is often relied on
[1, 4], was also applied in this case. The aspinatif the PMyin the air was carried out by
a MicroPNS HVS16 sequential dust sampler. Similaolythe case of the sensors in the
weather station, the aspiration header was indt@len above ground level. The flow rate
was 68 m h. The PM separators applied Whatman GF/A fibregkissfilters with
a diameter of 150 mm. Prior to and after aspiratiba filters were seasoned over 24 hours
in conditions of constant temperature and humidityl subsequently their weight was
determined by a differential scale (RADWAG XA 522X The aspiration at
a constant time interval of 0.5 h was conductedatlly before and during the occurrence of
precipitation. The expanded concentration measurempcertainty (J) did not exceed
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3.2%. The time interval guaranteed the PM collectio a degree that was sufficient to
determine the mass of the captured particulate ematven in conditions when its
concentration in the air was low [37] and ensufet the effect of synoptic processes and
activity of the sources of PM emission on the \aihity of aerosols was limited [38]. The
initial testing o = 25, time interval of registration - 10 secontilee of a single registration

- 1800 seconds) using DustTrak 8520 Aerosol Monitd6I®, was conducted in variable
weather conditions; however, with the exceptionraih, it did not yield considerable
differences in the results of BMconcentration over 10 and 1800 seconds in the
investigated area.

Scavenging coefficient calculation

The scavenging coefficient of the particles withigen diameteD, can be expressed
with the relation [11, 39]:
dny, (D)
Tp = _A(Dp)mM (Dp) 1)

whereA(Dy) is the coefficient of scavenging particles witardeterD,,.

Hence,4(D,) denotes the relative change of the aerosol mass dpecific time for
particles with diameteD,, resulting from the below-cloud scavenging withe thain
droplets. Consequently, using the relation in {8, scavenging coefficient can be derived
on the basis of measurements, knowing the initiahcentrationc, at time t, and
concentratiore, at timet; (t;—t, determines the duration of the precipitation) [40]:

1 [a®,)
(os)- tl—to'”{co(DZ)} @

The scavenging coefficient is relative to the agnaanic diameter of the PMD();
however, due to the applied measurement methodotbgyentire fraction of PM with the
diameter below 1um was identified. In addition, it was assumed tha&t scavenging as
a result of rainfall forms a mechanism of suspenglaticle removal from the ground-level
zone [27, 41]. Concern assumptioray seentontroversial, since thiormula (2) can be
applied only if rain scavenging is the only sinkanspatially homogeneous system [27].
Such conditions are not certainly during convectrainfall. However, the assumption
allows the comparison of the effectiveness of #maaval of aerosols during rainfall events
of different origin, as well as an estimate of thke of convection, advection and turbulence
in the dust removing process.

Statistical analyses

An initial analysis with the application of the Kabgorov-Smirnov test indicates that
the registered values of the specific meteoroldgiesameters (with the exception BH
and T for storms) and the calculated values of the suging coefficient are not
characterized with the normal distribution. Consadly, statistical analyses which verify
the initial hypotheses were limited to the applmatof non-parametrical tests. The analysis
applied all instances which are characterized biedavalues in terms of the concentration
of PMy as well as the type and intensity of the rainfall.

All statistical operations were undertaken by megfrthe STATISTICA 12® program.
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Results and discussion
Characteristics of meteorological conditions

Table 1 presents descriptive statistics of the aretegical parameters which describe
the conditions in which the experiment was undemalk he measurement campaign lasting
for over 7 years yielded the results of 806 instangccompanied by the potential changes
in the PM, concentration. Thus, this study contains a sigaift basis for further
consideration.

The mean annual concentration of BM the examined area was equal to 26.3 g m
The majority,ie around 77%, of the observations involved frontacpitation. Almost
20% of the measurements yielded the results oft$biom convective precipitation with
various intensities. The study was complemente@%wbservations involving changes in
PM,q concentration during storms. Convective light semaand showers without electrical
charges reaching the earth were principally en@yedt during the summer season
(corresponding to the period of higher emissiommfroatural sources), while large-scale
showers took place over the entire year and wewnallysassociated with the transition of
weather to cold fronts (in 76% of cases).

Table 1
Meteorological parameters characterizing the camtitduring the observations
Type of No of 0.5 |Descriptive T RH R Ws PMioco | PMyoCa
precipitation |hour observ, statistics | [°C] %] |[[mmhY| msY |[pgm? | [ugmI
Convective 161 avg 19.0 80.7 1.60 3.1 169 1319

med 18.9 84.0 0.80 2.30 16.2 13.4

SB) 3.62 12.0 1.71 291 7.80 6.60]

min 3.63 62.0 0.20 0.00 5.40 2.7Q

max 28.9 94.0 7.40 16.3 42.0 38.(

Cv [%] 19.1 15.2 109.6 93.0 46.0 47.7

Convective - 25 avg 19.7 80.0 9.40 5.60 27.0 10.4
thunderstorm med 19.7 81.0 6.40 4.80 29.0 9.2(
D 3.15 0.11 8.29 4.12 5.80 4.80

min 14.6 51.0 1.60 0.00 10.0 2.0Q

max 24.3 95.0 37.0 16.8 36.0 18.4

Cv [%] 16.0 13.9 87.8 74.0 215 46.1

Frontal (large 620 avg 9.30 87.9 0.90 5.00 16.4 14.5
scale or stratiform)) med 9.10 90.0 0.50 2.70 16.0 14.(
SB) 4.17 0.08 0.98 6.30 8.10 7.40

min 0.00 68.0 0.20 0.00 4.80 1.10

max 27.2 99.0 13.0 58.8 59.0 49.(

Cv[%] 45.1 9.48 112.1 125.5 49.5 51.4

Obviously, with regard to a single occurrence, fabiprecipitation was characterized
by a considerably longer duration than the remgitypes of rainfall. Consequently, this is
reflected in the considerable difference in the benmof observations taken every half an
hour. In accordance with the classification thatcemmonly applied [42], the largest
number of registered cases (48%) corresponds b $ilgowers with precipitation in the
rangeR < 0.5 mm h". Light showers were not noted during storm ocawes. For
large-scale and convective showers not accompanyethunder, the proportion of light
rainfall was equal to 52 and 40%, respectivelyedmediate rainfallie, in the range from
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0.6 to 2 mm R for frontal rain, was registered 247 times, whie convective rainfall the
figures were 58 times and 5 times for storms. lditégh, 76 instances of precipitation with
rainfall levels from 2.1 to 5 mm ~h were registered. For the case of large-scale
precipitation, their proportion was equal to 7%.,leffstorms and convective precipitation
were registered in 16 and 17% of cases, respegtiMelavy rainfall (> 5 mm™H) was most
often encountered during storms (64% of cases)iacidentally during convective light
and large-scale precipitation, with the proportiohg and 0.6%, respectively.

During the experiments, the relative humidity verieut was at a comparable level for
all types of precipitation. With respect to bothpeg of the observed convective
precipitation, the variability in the air tempenauvas also small. The largest variation in
this parameter is noted for frontal precipitationridg the whole season. Beside the
intensity of hydrometeors, the velocities of theribantal air masses are also highly
variable. However, 18% of all instances were fountd to be accompanied by wind.
Horizontal movement of air masses was displacedn ftbe north (45%) and south
directions (33%),ie from areas with considerable environmental quadityd low air
pollution [43, 44]. In merely 13% of noted instaad@ the case of air movement from the
west and north-west), the influx of air masses indtpd from areas with high pollution,
ie from the area of Opole with a considerable le¥détld pollution.

Scavenging coefficient. Variability analysis

Figure 1 contains a collective interpretation wiah illustration of the values of
A calculated for the specific types of precipitation

The variability in the concentration of aerosolseioWwo successive time intervals in
actual conditions is related to a number of fagtegsturbulence in the boundary layer,
chemical processes in the liquid phase, as welpasntial emission and transport of
pollution from remote areas [27]. These procesgesraflected in both positive and
negative values of the scavenging coefficient. Qliercourse of the studies, the occurrence
of negative values off was incidentally noted for light rains, which cionfs the
observations made by Laakso et al [27]. Detailedlysis of the cases reported there
indicates that light rains accompanied the colds@eawhere horizontal air masses were
displaced from the NW and W directions {rom areas with high pollution). Consequently,
one is right to note that in the conditions of #w¢ual field measurements it is impossible to
totally isolate the test spots from all factors ethi influence (even to
a very small degree) the relative variable.

The intensity of atmospheric aerosol displacememhast often derived as a mean on
the basis of the measurement data. One can ndtewitl the exception of storms, the
values of4 are similar for convective and large-scale preatfwnh. Nevertheless, the
analysis conducted by means of the Kruskal-Wall&lQVA) test rejects this claim
completely p-value = 0.0023). One can risk a statement that the higdlein the PMq
concentration in the ground-level zone after cotivecprecipitation (with a median of
A = 8.06E-05 ) than after large-scale precipitation (medianiof 5.61-10°s™) results
not only from the effect of the precipitation arnsl intensity, but also from the transport of
aerosol with the upwelling filaments. The most @éiht scavenging is specific to the
precipitation that accompanies storms, where th&ueveof the calculated median
4 =5.33-10"s™ is nearly an order of magnitude higher than ftyeotypes of precipitation.
This situation can, however, be explained by meainshe difference in the rainfall,
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although a number of researchers, such as Nicasah[45] and Chate and Pranesha [33],
do not report this kind of relation. The considédyabhigher value of

A during thunderstorms is undoubtedly associatel thi¢ ionization of the air and particle
charging [13], as well as the effect of phoreticcé&s [33], which are considered as
processes which aid in the scavenging processarit e state, that especially during
convective rainfall, the aerosol concentration gfendue to external factors can dominate
the effects caused by the interaction with hydremie.
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Fig. 1. Range of the calculated scavenging coeffici (leo)[s‘l] for all types of precipitation

Table 2 summarizes the effects of the Spearmarelation between the registered
parameters which characterize the weather conditimmd the calculated value of the
scavenging coefficient PMfor the investigated types of precipitation.

Table 2
Results of Spearman correlation betwgleand others parameters for different types of pitation
Type of precipitation Temp. [°C] RH [%] R [mm h™Y Ws[m h™j
convective 0.081 —0.055 0.922* —0.278**
thunderstorm -0.169 0.373* 0.998* 0.026
frontal 0.191* —0.030 0.718* —0.156
*significant atp < 0.001; **significant ap < 0.01

By reference to the results to the Guilford scdlg][ one can see that the wind speed,
relative humidity and tropospheric air temperattioenot affect the value of the scavenging
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coefficient derived for Ph. Despite statistically relevant correlations fouretween the
values ofRH and/ for the case of storms, as well as Ws drfdr convective precipitation,
nevertheless, the relations which were establisttedow and characterized by low values
of the coefficient. The initial results indicate the higapendence between the scavenging
coefficient and rainfall intensity (for large-scadeecipitation) and the very high relation for
convective precipitation.

Figure 2 presents collective graphical interpretaif the relations betweehandR.
The detailed data (for rainfall intensity in thenga from 0.2 to 2.0 mm™ for the
examined types of precipitation are presented@irEi3.
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Fig. 2. Collective results of = f(R) for various precipitation type and for all rangésainfall intensity

By comparing convective precipitation with frontadinfall, one can see the
considerable scatter of for the specific ranges of rainfall intensity ftine case of
large-scale precipitation. For rainfall intensity the range from 0.2 to 0.5 mnith
considerable divergences were noted in the valubekcavenging coefficient. While the
values of4 for frontal and convective rains are comparaltie,doefficient of variabilityC,
for large-scale precipitation is almost two timeghier. The results of basic statistical
treatment of the comparative analysis for rainfatnsities of 0.2, 0.3, 0.4 and 0.5 mm h
indicate that in all cases the value of the valighdf coefficient4 assumes considerably
higher values for large-scale precipitation, equal99.9-41.3, 44.7-16.0, 69.0-36.6 and
72.3-35.9%, respectively. Concurrently, for fronpaécipitation, the medians df assume
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15-20% higher values than the results obtainedndudonvective rainfall. The wide
divergences in the scavenging coefficient for fabmtinfall are difficult to explain. One
might assume that the methodology of the conducésgarch is responsible for such
conclusions. Around 75% of the registered variaion PM concentrations noted in the
intervals of 30 minutes coincide with episodes ohtiuous precipitation, sometimes
exceeding 6 hours in duratioeg(12 independent observations during a single iostaf
rainfall).
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Fig. 3. Graphical interpretation of = f(R) for three types of precipitation. Graph farfrom 0.2 to
2.0 mm k' only

The long-term precipitation and lack of other ptisdrsources of PM emission in the
immediate surroundings result in the effective so@ing process, which leads to the
minimum differences in the registered concentratiohC, andC;, which has an obvious
effect on the decrease in the valuetdfiowever, an analysis of the singular observatafns
instances of large-scale precipitation< 93), lasting only 30 minutes, also indicates the
considerably higher value &, than for convective precipitation. The principabson for
this could be associated with the variable strgcnfrthe precipitation [4, 25]. As far as
large-scale precipitation is concerned, in the stigated range of the intensity of wet
deposition, one could distinguish drizzle (smalénsely packed droplets) as well as
deposition of denser, yet more lightly falling, méiops. The results for light rain seem to
confirm the statement by Zhang et al [25] that deesely deposed rainfall with the fine
droplet structure tends to wash out particulateendtom the atmosphere better due to the
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droplets’ larger developed surface. Another factould be associated with the effect of
processes of atmospheric dispersion and the transpBM a result of the movement of air
masses. The smaller valuestofor PM;o were noted as accompanying the increase of wind
speed, in particular from the west and north-wesfrom areas with the intensive effect of
anthropogenic emission sources).

Analysis of the scavenging coefficient performedhwhe use of the Mann-Whitney
test for specific rainfall intensities changing Bv8.1 mm h' indicates that for convective
precipitation it is necessary to reject the statdntteat there are no differences between the
values of4 (p-value < 0.001). For the case of frontal precipitatidre hypothesis regarding
the equality of thet median is valid only for the ranges Rf 0.3 and 0.5, 0.4 and 0.5 as
well as 0.5 and 0.6 mm h(p-value 0.59, 0.42 and 0.30, respectively). The same test
performed for the ranges corresponding to the stahdlassification of rainfall intensity
(light, intermediate, heavy) indicates that for theestigated types of precipitation we can
find relevant differences in thévalue when they are considered individually.

The effect of this 7-year campaign took the formnm#an, minimum and maximum
values of the scavenging coefficient for each tgpd range of rainfall intensity. Table 3
contains the collective results of the study.

Table 3
Scavenging coefficient [s™] for three types of tested precipitation and farges of rainfall intensity
Precipitation type | Convective | Frontal | Thunderstorm
R< 0.5 mm h!
avg 4.65-10 7.32.10° no data
min —~1.19-10° —7.76-10° no data
max 8.22.10 1.72.10° no data
sd 2.04-10 2.79-10° no data
R=0.6-2.0 mm it
avg 8.70.10 8.69-10° 1.47-10*
min 2.33-10° 9.97-10° 2.22.10%
max 1.89-1¢ 3.37-10* 2.72-10*
sd 5.70.10 3.20-10° 7.70-10°
R=2.1-5.0 mmH
avg 1.05-10 2.09-10° 2.40-10%
min 8.56-10° 6.70-10° 2.99-10*
max 3.27.1¢ 4.38-10% 3.99.10%
sd 6.13-10 5.80-10° 6.50-10°
R>5.0 mm Rt
avg 1.94.10 6.19-10* 7.69-10*
min 3.31.10° 2.99.10° 4.68-10%
max 4.83-10" 7.37-10" 1.49.10°
sd 6.78-10 1.82-10° 2.55.10%

The conclusion from the research, confirmed byrtsailts of Spearman’s correlation,
indicates that the scavenging coefficighfor large particles is considerably related to the
intensity and type of precipitation. Similar resuere found in the research reported by
Gonzalez and Aristizabal [47]. The relatively highlues of Standard Deviation (a@),
namely for convective rainfall and thunderstorm régeshown in Table 3, indicate that
aerosol concentration changes accompanied by as l@anges often dominate over the
effects of the interaction with hydrometeors. Thisnfirms the important role of the
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convective movements of the air, vertical diffusiamd turbulence, which are very strong
close to the Earth surface.

Similarly effective scavenging was found to be #pedo the examined ranges of
rainfall intensity: convective precipitation withouthunder and stratiform rainfall.
Presenting the results in a more friendly form, aaa see that for the results taken at
intervals of 30 minutes and rainf&l< 0.5 mm K", the total concentration of Pdin the
ground-level zone decreases by 8%. These values Wy times higher for rainfall
intensity in the range 0.6-2.0 mm‘hHeavy rains lasting 30 minutes result in the dase
of aerosol levels by 51 and 59% for convective Emde-scale precipitation respectively.
For the case of thunderstorms, the decrease qf BMconsiderably greater. For rainfall
intensity from 0.6-2.0 mmTit is equal to 17%, while in the range 2.1-5.0 mrh the
results are as much as 46%, and over 73% for haaviall.

Table 4 presents the results of the Mann-Whitney ded illustrates the results of the
calculated values of scavenging coefficient depgmnain the rainfall intensity and type (at
the level of test relevanee= 0.05). The results strongly confirm the obsdoret made in
this study.

Table 4
The results of Mann-Whitney test.dfcomparisonp-value for three types of precipitation
Rain rate [mm H] <05 0.6-2.0
Convective Frontal Storms
Convective 0.25 0.0002
Large scale 0.73 0.0002
Storms no data to compare no data to comparg
Rain rate [mm H 2.1-5.0 > 50
Convective Frontal Storms
Convective 0.21 < 0.0001
Frontal 0.77 0.03
Storms 0.003 0.01
Bold values showed realization of Mann-Whitney .tésfics fonts showed test results
for 0.6-2.0 and > 5.0 mnTh

Linear regression model

The high values of Spearman’s correlation coefficid, R) were found for all types of
precipitation. However, analysis aimed at the dmwelent of regression model was
conducted only for large-scale rainfall. From cdeséd,it is unique type of precipitation
that meets the criterion occurrence of spatiallynbgeneous system in which external
influences are small in comparison to the intecachetween aerosol and hydrometeor.

Classical analysis was undertaken, under the gmmmmof the most important
foundations, including:

- adoption of stability of the function between theamined phenomena in the model,
- linear characteristics of the model in respeqiamameters of expression:

Y= X+po+y )
wherep; andp, are the structural parameters of the model,
- residual value which is the random variable withhmal distribution N (&7?).

For the case of large-scale precipitation, degpitestability of the function between
the examined phenomena, it was impossible to ifyeatiregression model for the entire
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range of the measurement data. The analysis afuasiindicated that the condition of the
normality distribution was not fulfilled. Nevertlesls, for windless weather and intensity of
the frontal precipitation in the range 0.2-2.0 mm hll of these conditions were fulfilled.
The results of the analysis of 45 instances offallicorresponding to the above criteria
lead to the conclusion that the regression modeVviges an explanation of 98% of the
variations in the variablgd. The mean difference between the actual valuéiseofiependent
variable and the values predicted by the model evasl to 8-10 s (which is equal to
8.8% of the mean for the dependent variable (withean of 9.1- 18)). The high value of
the statistical F (above 2.5 @nd the level of probabilitg (p < 107 corresponding to it
confirm the statistical relevance of the linear mlod he value of statistical t (51) used to
assess the relevance of thecoefficient and the level of probabiliy< 107 corresponding
to it confirm that this parameter is consideraliffedent from zero. Increase in the intensity
of large-scale precipitation by 1 mm*hesults in an increase of the scavenging coefficie
by 1.17-10" s™. One can see at this point that the model presdtsaelevance only on
condition that the large-sale precipitation maimgaits intensity range and the weather is
windless.

0.00026

0.00024
0.00022
0.00020
0.00018
0.00016

= 0.00014

A2A

< 0.00012
0.00010
0.00008

0.00006

0.00004

0.00002 |-~

0.00000
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 20

R [mm h]
Fig. 4. Large-scale precipitation. Relatior f(R). Only forR: 0.2-2.0 mm Ft and no-wind conditions

Figure 4 contains the chart for stratiform preadn which illustrates the dependence
betweend and R derived by means of the experiment and descrilyethé linear model
(r = 0.9919). Additionally, the boundary of the amith 95% confidence in relation to the
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regression line was marked. The chart in Figurenfions the adequacy of the linear model
for describing the relations betwednandR. The graphical illustration confirms the data
from the actual experiment. The applicability ostimodel is further proved by the test of
residuals normality distribution. For the adoptedel of relevance = 0.05, thep-value for
the Kolmogorov-Smirnov test with L Lilliefors cowon was equal to > 0.2 (value for
Shapiro-Wilk test 0.18). The observed linear relatibetween the theoretical and
experimental quantiles confirms the normal distiilu of the random component.
The results of regression analysis for large-spedeipitation:

A= PR+ fo
where:$; = 1.2:10% SE;; = 0.2:10° fi, = 1.3-10°, SE4 = 0.2-10° r? = 0.98, estimation
error: 1-10°, t = 51 forp < 1-10°.

Considering the large number of tests and the tesdlstatistical analysis, one may
assume that, in respect to the scavenging of,Ptfle results in the form of equation of
simple regression can offer an explanation for 3% of cases of the variability in the
value of 4. Such a high proportion leads to the conclusicat $uch relations are not
coincidental and remain relevant also in the gdnezpulation.

Conclusions

Knowledge of the concentration of RMoffers a foundation for the air quality
assessment performed by institutions which real@etinuous monitoring of atmosphere.
The presented research and analysis of the rdsilts not only practical application. The
results of PMy concentration measurements taken continuously dndomstant time
resolutions and additionally supplemented withrsults of continuous registration of the
characteristics of wet deposition, offer additiomadight into the processes of particulate
matter washout from the atmosphere. The fulfillmehtthe condition of constant time
intervals of the measurements enables adequateurgtomp for dynamic processes of
particulate matter concentration, relations betwekh, concentration and type, and rainfall
intensity and processes of below-cloud scavenging.

As the conclusion from this research, the followétgtements can be made:

- data onA are only partially related to classical rain secayrg. In the case of
convective precipitation (mainly during thunderstsr episodes), the aerosol
concentration changes due to external factors Zbotal mass changes, convection,
vertical diffusion, turbulence) can dominate théees caused by the interaction with
hydrometeors,

- the structure of the precipitation plays an intaot role in the effectiveness of
scavenging,

- within the range of comparable values of rainfalensity, the type of wet deposition
(except for storms) does not influence the effestess of scavenging RMrom the
ground-level zone,

- the results of experimental observations, whiah be more useful in describing the
variability of particulate matter pollution in th@tmosphere than laboratory
measurements, can be applied in models of dispessid deposition of pollutants,

- the results gained from this analysis seem todpeesentative of areas with similar
climate characteristics.
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ZMIANY ST EZENIA PM ;0 W WARUNKACH WYST EPOWANIA
OPADOW CIEKLYCH

Katedra Techniki Cieplnej i Aparatury Przemystowplitechnika Opolska

Abstrakt: W pracy przedstawiono wyniki polowych badaad zmienngcia wspétczynnika wymywania pytu
zawieszonego o aerodynamicziegdnicy castek poniej 10 um. Siedmioletnie rejestracje zmiagrshia PMg

w warunkach wyspowania trzech typéw opaddéw ciektych (konwekcyjnychielkoskalowych i burz)
przeprowadzono na obszarze niezurbanizowanym. ZAealpoddano 806 przypadkéw obserwacji o statej
rozdzielczéci czasowej 0,5 h. Pomiary ¢genia PMo prowadzono z iyciem metody referencyjnej przy
jednoczesnej rejestracji podstawowych parametroveonelogicznych. Wykazanae dla PMo efektywnaé
wymywania jest silnie zal@a od intensywn@i opadu R oraz od typu opadu. W przypadku opadéw
konwekcyjnych dane dotygee wartdci 4 s tylko cz$ciowo zwigzane z klasycznym podajiem” wymywania
czstek przez deszcz. W zakresie poréwnywalnych \éeirtintensywnéci opadu typ mokrej depozycji
(z wyjatkiem burz) nie wplywa na efektywkb oczyszczania troposfery przyziemnej z 8MZnaczna ilé¢
prowadzonych w warunkach rzeczywistych obserwagfddw wielkoskalowych pozwolita na zaproponowanie
prostego modelu regresji, ktéry z wysokim prawdagmehstwem, ale w ograniczonym zakresie, zaa@osté
uznany za odpowiedni do opisu zmiegeiod (Dpmig). Uzyskane wyniki badamog znalegé¢ zastosowanie
w modelach dyspersji i depozycji zanieczys#czes reprezentatywne dla obszaréw o podobnej charatjery
klimatu.

Stowa kluczowe:aerozol, mokra depozycja, wymywanie podchmurowszar niezurbanizowany



