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VARIATION IN TIME, AND SPATIAL DISTRIBUTION
OF AIR POLLUTANTS AND DUST FALL IN THE VICINITY
OF POTABLE WATER RESERVOIR IN DOBCZYCE

ABSTRACT: The dependence of the concentration of finc dust and of sulphur dioxide on
the variation of meteorological parameters, terrain configuration, vegetation coverage and land
use, was studied in the surroundings of drinking water reservoir in Dobczyce. The studies show,
that at night and in winter, the concentrations were threc-fold higher than in the afternoon and
in summer. The highest concentrations occurred during anticyclonic conditions with the air
advection from the east and south east. The average and minimal air tempcralures, as well as
wind velocity, showed the best, among metcorological parameters, relationships with the
concentration of the pollutants measured. Forest causes a decrease in the concentration of
pollutants in 10 to 50%.
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1. INTRODUCTION

Concentrations of air pollutants and their variations at the ground level depend
on the size of emission, and various factors among which, the diurnal and annual
variations of meteorological parameters, as well as variations in the terrain
configuration, its coverage and land use, play an cssential role (Barratt 1989,
Giovanni 1989, Klaic 1988).

In this paper, an attempt was made to determine the effect of these factors on
the level of air pollutants deposition in the vicinity of the drinking water reservoir in
Dobczyce. '

[307]



2. METHODS

Two methods were used in the study. Mean  diurnal — concentrations  of  [ine
dust and sulphur dioxide, and those¢ mcasurcd in three hours intervals, were
determined with the aspiration method using the AKZA~1 apparatus (Polska
Norma 1976). Concentration l::vclh‘ were caleulated in pg m73‘ of :l‘ir. Dust
dcposition was mcasured iq t km™ by a weighing method using plastic scdimentary
chambers with a 1660 cm” calching area cach. All measurements were done 2m
above ground levcl.

In order to find variations in the diurnal concentration of finc dust and sulphur
dioxide in the period 4-9 May 1987, conlinuous measurcments ol the air pollution
were donc with the aspiration method in three measuring points (Fig. 1). One of them
(F) was situated at the reservoir, another (H) over the slope above, and the third one
(K) at 90 m height above the reservoir level. Readings ol thc mecasurcments were
done cvery three hours during day and night. Mecasuring slations were located in the

y DOBCZYCE
A

Fig. 1. Location of sampling stations in the vicinity of Dobcayce waler reservoir

oxporimental small watershed of the Ratanica stream (lowing into the potable water
roRorvoir,

Similar measurements for determination of the changes in diurnal concentrations
ol fino dust and sulphur dioxide over the entire period of 1987, were performed at
Iwo stations. One (D) was located in the village Gaik-Brzezowa in the river Raba
villoy, 3 km south-west from Dobczyce; another one (Z) was situted on the dam in
Dohezyce (Fig. 1).

In order to determine the amount of dust sedimentation in the ncighbourhood of
drinking waler rescervoir, 22 sedimentation containers were installed over an arca of
on. 25 km? depending on the terrain configuration, vegetation coverage and land use.
They were located in the town of Dobcezyce; in villages; close to more important
rondn; over slopes used for farming and those covered with forests; upon deforested
wrens, and in the closest vicinity of the reservoir (points A to Z; Fig. 1). The
sodimentation containers were exposed during the entire year of 1987. Dry weight
of the sedimented dust was determined following vaporization cach time after the
monthly exposurc of the sedimentation containers.

3. RESULTS

3.1. DIURNAL AND NIGHT DYNAMICS OF THE AIR POLLUTANTS

Investigations included the end of anticyclonic (high pressure) weather lasting
from the end of April till the first days of May; they were carricd on during the
hoginning ol a cyclonic weather (low pressurc) period formed as a result of a cold
nir inflow from north-west. The anticyclonic weather continued through the 4th and
5th of May until the evening hours of May 6th. From the evening of May 6th there
win i period of cyclonic weather until the cnd of the month. Generally good weather
with a small cloud cover of the cumulus type, and a maximal temperature of 20° C
wore observed during the anticyclonic period. During the cyclonic weather, cold and
tniny, the maximal temperature did not cxcced 12° C. The choice of the study period
al the break of two weather types, allowed us to estimate the effect of change of the
wynoptic conditions on the level of air pollution. A change of an anticyclonic into a
cyclonic weather, and a resulting inflow of fresh air from north-west had decreased
the concentration of fine dust twice, or three times depending on the sampling station.

In the upper part of the valley at the station K, the air during the anticyclonic
situation was ncarly twice more polluted with fine dust, than at the station F, at the
renervoir. The increased dust concentration in the air occurring in the upper parts of
the valley suggest, that they were incoming [rom other, outside areas. The effect of
the presence of forest at the station H, can be estimated as generally causing several
o more than the 10% decrease of fine dust in the air (Table 1).

A distinct 24 hours rythm in the concentration of fine dust was observed during
the anticyclonic weather period. The highest concentrations of fine dust were noted



during night hours with a maximum of 11.2 pg m at 2:00 a.m., and a minimum of
4.2 ug m™ in the afternoon, at  17:00. In the cyclonic situation the diurnal — rythm
was less pronounced. However, it can be assumed, that in the period studied, the
concentration of fine dust was twice higher at night than during the afternodif
(Table 2). y
1

Table 1. Concentration of fine dust (ug m™3) in the walershed of the Ratanica sircam

(Fig. 1, stations K, II, IF)

)
7l

—
Station

il

Sampling dat
PANE Cale forest centre of

ridge (K) watershed (IT) strecam outflow (I”)"
5, 6 May 1987 high pressure 10.1 6.4 6.3
7, 8 May 1987 low pressure 23 38 42
Average for the period 5-8 May 6.2 54 12

Table 2. Average diurnal rythm of dust concentration in the watershed of the Ratanica stream
(Fig. 1, average values from stations K, 11, IYy depending on the baric situation (pg m™3)

<t
Hour
Baric situation -
2 S 8 11 14 17 20 23
High pressure 11.2 10.6 110 83 4.9 42 6.7 4.1
Low pressure 26 2.0 29 22 28 39 7.1 43
Average 6.9 6.3 6.9 52 38 49 6.9 4.2

The influcnce of analogical factors on the concentration of sulphur dioxide wi
different. During the anticyclonic weather, the largest concentration of sulphu
dioxide occurred at station K, in the upper parts of the Ratanica valley (Table 3).
change from high to low air pressure had caused a gencral 2-3 fold decrease in th
SO; concentration in the air. Greatest diflerences occurred at the station K, situato
on an steep slope, where the concentration of sulphur dioxide decreased nearly thro
times. In the forest at the station H, the air was relatively Iess polluted. On May 71
especially in the afllernoon, during the inflow of [resh air masses rom north-west, h
SO7 concentration was at the limits of detection.

Diurnal cycle of the SOz concentration was most pronounced during the higl
pressure period. Highest concentrations occurred at night, and lowest in the altcrnoon
The aftcrnoon SO7 concentrations are 1/3 of those at night (Table 4).

Tible 3. Sulphur dioxide concentration in the Rutanica stream watershed
(Fig. 1, stations K, 11, F; pug m)

Station

Nampling date )
forest centre of

ridge (K) watershed (H) siream outllow

A B May 1087 high pressure 4.1 1.2 34

50 May 1OR7 low pressure 1.5 1.7 2.4

AVBEe for the period 5-8 May 28 1.5 2,9
alie A, Avorage daily rythm of the SO2 concentration in the Ratanica watershed (Fig. 1, avera,

values (rom stations K, H, I') depending on the baric situation (ng m™3)
Warlo wituation Ul

2 5 8 11 14 17 20 23
High prewsure 22 37 38 1.8 2.6 4.0 25 23
Law pressuro 05 15 12 0.5 0.9 0.9 5.4 4.0
Avirgo 15 2.6 25 1.1 1.8 24 39 32

3.2. ANNUAL DYNAMICS OF AIR POLLUTION

Meteorological conditions in the vicinity of the reservoir in Dobezyce
#hiictorized on the basis of meteorology data obtained by the mcasuring station
the Climatology Department in the village Gaik Brzczowa. Monthly meteorologis
talw of the IMGW Institute were also uscd. Meteorological data from 1987 w
tompied with annual averages for the 20 years period between 1951 and 19
(C'hamicz 1977). It was also found, that January 1987 belonged to the colde
Mimthn in this century, while March was one of the coldest in the last 20 years, T
Avetage monthly wind velocitics in the study period were usually slightly lower th
wurnl It s thus probable, that the pollution measurements may have values high
thin they are in reality, especially during January and March.

3.2.1. Concentration of fine dust

An estimate of the mean monthly concentrations shows to the distinet annu
fythm, Highest concentrations of fine dust were observed during the winter montt
Al tho lowest during summer (Table 5). Highest mean monthly values were records
I January, and they were 68.4 ng m~at the station D in the village Gaik Brzezow



Table 5. Average monthly concentrations of finc dust in 1987 (ug m)

Sampling station  Jan. Febr. March Apr. May June July Aug. Sept. Oct. Nov. Deg

Gaik-Brzezowa (D} 68.4 457 478 204 94 98 69 50 116 152 29.0 320

Dam (7) 647 568 459 204 133 99 92 40 158 S44 423 300

and 64.7 pg m™ at the sation Z localed over the dam. The lowest meii

concentrations of dust were noted in August, at the stations D (5.0 ug m_g) and Z
(4.0 ug m—s). The measured concentrations of fine dust were also related lo.lho
synoplic situations. It was found, that during anticyclonic weather, the concentrations
of fine dust were about 30% higher than during cyclonic conditions.

3.2.2. Concentration of SOz

Mecan concentration of SO2 showed a characteristic annual rythm. The highest
mcan monthly averages were observed in winter, and the lowest in  summer

(Table 6). January was the month with the highest average conccnt_l;ations of SIOQ
78.7 pg m™ at the station D in Gaik -Brzezowa, and with 62.5 uyg m™ at the sun_lgmn
Z over the dam. In July, SOz concentrations were at the lowest level (3.4 pg m™ a
station D; 4.6 pg m™ at the station Z). During the anticyclonic weather situations,
SO2 concentrations at both measuring stations were about 40% higher than durin

cyclonic weather.

Tablc 6. Average monthly concentrations of SOz in 1987 (pg m™)

Sampling station  Jan. Febr. March Apr. May June July Aug. Sept. Oct. Nov. Dec,
Gaik-Brzezowa (D) 787 347 338 91 55 42 34 111 81 92 115 321
Dam (7) 625 450 228 126 73 6.6 46 137 185 112 143 287

3.2.3. Influence of synoptic conditions on the concentrations of fine dust and
sulphur dioxide

21 types of the air circulation distinguished (NicdZwicdZ 1988) have been
related o the average diurnal concentrations of air pollution. The highes
concentrations of dust and of SOp, both, at the station D in Gaik-Brzezowi
(46 ng m™ for dust, 48 ug m™> for S03), and at the station Z located ove
the dam (58 pg m™> dust; 41 ug m> S0z), occurred during an anticyclonic silua-ho
Ea+ SEa with an air advection from the cast and south cast. High concentration

) TOC

-

Himventrntions of these pollutants were also found for a central anticycl
Miwation Cy and K, without advection, at the centre of high pressure above soutl
Palund, aw well as during an anticyclonic wedge and ridges of high pressure (sta
W Onlk-Brzezowa: 40 pg m™ dust concentration; 32 pg m™ S02, dam station: 55
M7 dunt concentration; 32 pg m™ SO3).

High concentrations of pollutants are significantly related to high press
A¥hoptic conditions. Descending currents help in the concentration of polluta
Which are carried with the air from the upper to ncar ground layers. St
#uilibrium which is characteristic of anticyclonic situations, provides conditions
e high concentration of pollutants.

Il I to be expecled, that the highest concentrations of fine dust and SOz at
Mation D in Gaik-Brzezowa, will occur during days with minus air temperat
mimtly bolow —5° C, at the time of no wind, or mild winds.

3.2.4. Statistical correlations between concentration of pollutants
and meltcorological factors

Cileulations were done in order to delermine a relationship  between
fllutints measured and the values of meteorological parameters. The best equat,
Wiih thosen by the method of stepwise regression (Draper and Smith 1973), 1
Wvernge diurnal concentrations of fine dust and of SO3 have been chosen as |
(Iepiendent variables for both measuring stations, in Gaik-Brzczowa and over the da
(W the basis of the carlier investigations of this type carricd on by the autl
(Miczyfiski 1989), the mecan diurnal values of meteorological parameters wi
fedived to seven independent variables. They were: average diurnal air temperitu
iinimnl temperature, minimal temperature at the ground level, wind vceloci
Clindiness, visibility and relative air humidity, The following is an cxample ol
Iltiple regression equation for the situation E, + SE,, station in Gaik-Brzezowa:

I'or dust concentration Y = 30.0148 — 2.8775 Toing R® = 62%; F
lor SO concentration Y = =191.2169 — 4.4630 T + 2.74891; R® =
F = 20.94

42.84
67%;

u

whure: Yois the average diurnal concentration of the pollutants measured (1
) I is the average diurnal air temperature; Tmin minimal air temperature (€
I the relative humidity (%).

lfor data at the Gaik-Brzezowa station, a number of cquations  were obtain
with a high determination coefficient R* above 50%. Much lower valucs were foul
fit the station on the dam in Dobczyce. In the course of the year one should expe
high concentrations of air pollutants in winter, especially  during  anticyclon
vonditions, with the air advection from the cast and south cast. The same can |
eNpocted during central anticyclonic situation without advection, and with a hig
Memiure centre located above southern Poland.



314 Janusz Miczyiiski, Tadeusz Zawora

Significant statistical correlations between meteorological parameters and i
pollution enable their prognosis. Our calculations show, that the best correlations il
between air pollutants values and such faclors, as the average daily air temperaiili
the minimal temperature, and wind velocity. v

3.3. DUST FALL IN THE SURROUNDINGS OF THE DRINKING WATH
RESERVOIR IN DOBCZYCE ‘

The highest dust fall of 56 t km™ yr r! occurred in dense populated  #ri
(Dobczyce and Myslenice, Osicczany, Brzaczowice) . The characteristic phcnom w
in these areas, is the highcr dust concentration in the air (5.0 t km™ month™ ) duli
the wmler months between November and April, than during summer (4.3 t K
month™ ) This shows a large contribution of combustion products to the gonui
balance of dust pollution in the city, and an arca of compact housing. A high d
fall of 47 t km™ yr ~! was recorded in the arcas in smaller villages and close (o (i
more important roads (Fig. 2). The pollutants emitted by vehicles having combustii
molors, and also by secondary dust pollution (rom road surlaces, specially from I
sides play an important role in dust pollution balance. 3

Over the deforested slopes mkmg the largest arcas of the terrain studied, I
recorded dust fall was 44 { km™ yr. Deforested slopes uscd as farm ficlds i
meadows are characterized by a small coarsness of surfaces, which docs not affee
high dispersion of pollutants. A smaller dust fall in the winter, and higher during _{'
months when the soil is not entirely covered with vegetation, gives an evidenca (i
in the general balance of dust pollution, a certain role is being played by (he
surface, as the secondary source of dust.

Ridges and slopes covcrcd wnlh forests were characterized by some of the o
dust pollution (37 t km™ yro ) This is causcd by the specific l(,rmodylmm
conditions of the forest, as well as by the cumulation of dust pollutants at the o
of the forest, and lhc flltmuon elfect of the trees. The lowest dust deposition of (I
order of 30 ( km™ yr was noled in the belt surrounding the reservoir, a resull
the absence of local pollution sources in the vicinity.

4. CONCLUSIONS

(1) Maximal concentrations of the pollutants mecasured occurred at night, whi
the lowest values, onc third of those at night, were noted in the afternoon, (
Compared with the open siles, the forest caused a >10% decrease in the concentrill
of dust, and nearly 50% decrease in the valuc of SOz. (3) Twice lower concentiall
of the pollutants mecasured occurred during a change of anticyclonic into cyelonl
conditions, at the inflow of fresh air from north-west. (4) The average Wi

nnnmanntentinnn AF flan Aust siinen Alawaiflancilo Kickao thaa e niiccacsie el tha calass
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Fig 2 Variation in the spatial distribution of dust fall in the surroundings of the water reservoir
in Dobezyce (t km™2 yr-l)

Ll concentrations of SOz compared o the summer valucs were in proportion of
1 () Concentrations of the air pollutants varied depending on the synoplic
militions. ‘The highest concentrations of dust and sulphur dioxide occurred for the
Wtioms B+ SE,, thus during an anticyclonic weather with the air advection from
e vant nnd south-cast. (7) Among the meteorological parameters, the minimal
Wmperature, average diurnal air temperature, and wind velocity show the closest
fulitlonahip with the concentrations of pollutants. (8) The calculated cquations
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(9) Statistically significant corrclation was found between the dust fall and (h
configuration of the studicd silcs, vegetation type and its coverage and the typo Of
land use. (10) The highest dust fall was found in an area of dense populated aronl
(towns) and the lowest close to the reservoir. |

|
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6. SUMMARY

Investigations of the dynamics of atmospheric air pollution with dust and sulphur dioxide, Wl"‘
carried out in 1987 in the surroundings of drinking waler reservoir in Dobezyce. The average 3=holiy
and diurnal concentrations of fine dust and sulphur dioxide were determined with the asplrilon
method using the AKZA~1 apparatus. Scdimenting dust was mcasured using plastic containers Wil
the surface catching arca of 1660 em? (Fig. 1). : |

A distinct diurnal rythm in the concentration of the pollutants measured was found, particularly
during anticyclonic weather conditions, when_ the concentration of fine dust in the afternoon houm
reached values of the order of 4-5 pg m, comparcd to the night values of 11 pg m, 'ﬂs
concentration of sulphur dioxide was recorded as 2 pg m™ in the afternoon, and almost 4 pg M
during the night and in the morning (Tables 2, 4). A change of synoptic conditions from anticyclonli
into cyclonic was accompanicd, in a period of two consccutive days, by a 2-3 fold decreaso In i
concentrations of finc dust and sulphur dioxide. The forests contribuled to a 10-20% decrease (n (e
concentration of dust, and 50% decrease in the amounts of SOz (Tables 1, 2). The highest values
the pollutants occurred in winter_time, especially in January, with the fine dust value of >60 pg my
and sulphur dioxide 70 wg m™. The lowest concentrations were recorded in summer, mainly I
August, with the values being 5 pg m™ for dust, and 4 pg m™ for SOz. (Tablcs 5, 6). The Inrggonl
concentrations of fine dust and SOz occur during an anticyclonic weather with the air advection [rom
the east and south east.

The finding of significant statistical correlalions between the values of melcorological clomonia
and the pollution, allows us to prognosticale these parameters. The results of stepwise multipld
regression show, that concentrations of pollutants arc mostly dependent on the average air temporaliiff
the minimal temperature, and wind velocity.

The measurements of sedimenting dust in the surroundings of drinking water reservolr [if
Dobczyce showed, that the highest dust fall (56 t km™ yr") occurred in the town, and in lnrged
villages. Dust gollution of 47 t km™ yr™' was recorded for the arcas with smaller villages; tho vali
was 44 t km™ yr’1 for deforested slopes; and 37 t km2 yr'1 for ridges and slopes coverod Wil
forests. The lowest dust fall of the order of 30 t km™ yr' was observed in the nearshore belt of (I
water reservoir (Fig. 2).

7. POLISH SUMMARY

W roku 1987 w oloczeniu zbiornika wody pitnej w Dobczycach przeprowadzono  badiiilg
dynamiki zanieczyszczenia powiclrza atmosferycznego przcz pyt i dwutlenck siarki. Srednic stgAonls

trzygodzinne i dobowe pylu drobnego i dwullenku siarki okreslono za pomocy melody aspirnuyjm‘
e . . . . A N REE ST S < =y ~al el

Air pollutants, dust Lull near Dobezyce reservoir A

Funacza siy wyrazny rytm dobowy sigzenin micrzonych zanicczyszezen, zwlaszezn wosytua|

Goyklonalnej, kiedy to stezenic pylu drobnego w godzinach poludniowych osiagalo warloser 1z
X s R g

oo me s, podezas pdy wogodzinach nocnych okolo 11 pg m ~. Stgzenie dwutlenku siarki wynosib

feoviednio 2 pg mT wopoludnic i prawie 4 pg m Y w godzinach nocnych i porannych (tab, 2, )
aaicdmeh dniach przy zmianic syluacji synoplycsnej 7 antycyklonalnej na cyklonalng stgzenic pyl

zylo sig 2-3-krotnic. Las powodowal zmnigjszenie stgzenin pyl

fw 1 dwuotlenku siarki zmnicj
Wanaioie procent, a dwutlenku siarki prawie dwukrotnie (tab. 1, 3).

Hajwyssze warlosei micrzonych  zanieezyszezei wystgpowaly w okresic zimowym, zwlaszcrz
oo, kiedy o stgzenie pylu drobnego &:’)’nosiln powyiej 60 pg m 7, najmnicjsze zas wolecic
Ceopolme wosicrpniu regdu 5 pg m . Odpowiednic wartodei dla stgzen dwutlenku sinrk

fy 0 pg m 35 .4 pg m™ (tab. 5, 6). Najwicksze stgzenic pylu drobnego i dwutlenku siark
wympy prey pogodzic antycyklonalnej przy adwekeji powictrza ze wschodu i poludnioweyy
(i
anienie statystycznych  zwiagzkéw — pomigdzy warlo$ciami - clementow  metcorologicznych
s zanivezyszezen poszwala na ich prognozg. 7. przeprowadzonych obliczen metody regres

\ ) wiclokrolnej wynika, Z¢ stgzenia zanicezyszezen zaleza n.‘n_ilmrd/.ic_j od Srednicj temperatur

i predkosci wialru,
y w oloczeniu zhiornika wody pilnej w Dabezycach wykazaly, 7

S, lemperalury minimalne

amary pylu sedymentuji

wyslgpowal w micscic i terenach o zwarlej zabudowice wicjskic
: 2o ;

aly si¢ zapylenicm 47 t kim “ r ), sloki wylesione A4

Najnizszy opad pylu rzedu 30t km * o«

by opad pylu 56 t km™r

oo buzney zabudowie wiegjskicj odznac
v wierechowiny iostoki zalesione 37 ¢ K= i
el woprzybrzeznym pasic zbiornika wodnego (rys. 25
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