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Abstract

The article presents results of a study condulsetdieen 1985- 1996 concerning the deposition
of sulphur dioxide, nitrogen oxides, fluorine cormapds and dust in the forest in the Weki
National Park (WNP) area. Applying standards eighbtl by the Forestry Research Institute,
Warsaw, potential hazards from particular pollusamére evaluated as medium, high and in some
instances - extremely high. Statistical analysigedationships of monthly depositions of SO
NO,, H,F, and dust fall-out and certain climatological pastens (air temperature, wind speed
and direction, amount of precipitation, air humjglitcarried out also by statistical methods, indi-
cated that NQ and dust deposition represented ecological hazardee tree stand of WNP.
Extremely high deposition values of both parameteese observed with air masses from the
south. This observation coincides with the extertéetinical modernisation of the chemical plant
JPolice” (situated close to Szczecin), including thange of raw material in the WNP production
of phosphoric acid. The study confirmed the faett tthe greatest threat to WNP forest comes
from the nearby pollution sources, mainly Né@nd dust emitters, especially the heating and
power plant of the Szczecin agglomeration and tiveep plant ,Dolna Odra”, near Gryfino.

INTRODUCTION

Pollution of the atmosphere, spreading globallyates a great threat to forest
stands (Amayat al. 1983, Cosbt al. 1985). Sulphur dioxide, fluorine derivatives
(most frequently k), oxidants (in this category: nitrogen oxides azdne) and
dust play a particularly harmful role in this respeA highly destructive effect of
these pollutants is observed either in solutiofter(@issolving in rain), in the form
of acid rain (Dotreppe-Grissard 1972, Dunikowskial. 1987, Falkengren-Grerup
1987, Gadcia 1983, Grenfelet al. 1994), or in the form of dry gaseous deposits
destroying living tissues of plants (Gruniki et al. 1991 a & b).



The forest area of the Watiki National Park was included, since 1985, in
the national network of forest monitoring. This qoised the determination of SO
NO,, F, and dust fall-out and was carried out by the RoyeResearch Institute
(Lewicki et al. 1992, Liwihska & Wawrzoniak 1991, 1992, 1993, Meiwetsal.
1986, and many others). Between 1992-1995 WNP waducting these studies
within its own framework (Wawrzonia&t al. 1988, Wawrzonialet al. 1991) and
the results of studies in 1985-1991 were publisice@/Vawrzoniaket al. 1988a
& b).

STUDY AREA AND EXPERIMENTAL METHODS

The dry deposition of sulphur dioxide, nitrogend®es and hydrogen fluoride were
determined by the sedimentation method (Wawrzoetiak 1988a) using so-called
contact candles. The candles were posted in 6 marasat points in the forest area
of WNP (Fig.1). Dust fall-out was also measuredhsy sedimentation method. The
applied methods although producing strongly appnexéd results (Wawrzoniak
al. 1988b, Wawrzoniak & Matachowska 1989) and withsiderable possibility of
analytical error due to the deflection of aerosotl alust particles, were thought
adequate to monitor sulphur dioxide, nitrogen ogided hydrogen fluoride deposi-
tion from the air into the forests (Narfigk et al. 1995, Nellemann & Frogner
1994, Poleszczuk & Jakuczun 1996, Sadowska-Jari&?, Bteinnegt al. 1993,
Tamm & Hallbacken 1988, Viollet 1975).

A contact candle and sedimentation tank were dld@el month (Fig. 2).
The absorbed amounts of SOIC, H.F, were determined in a chemical laboratory
of the Forest Management and Geodesy Office inedieek, and since 1992 in the
WNP laboratory. Dust was determined by weight. limter, the measurements
were carried out from 15 October to 15 April (6 rifoy expositions). The remain-
ing part of the year was taken as summer. Montbults were averaged from 6
measurement points. These generalised data weserpeel in publications of the
Forest Research Institute (IBL) (Lewickt al. 1992, Liwhska & Wawrzoniak
1991, 1992, 1993, Nantieik et al. 1995, Poleszczuk & Jakuczun 1996, Sadowska-
Janusz 1983). Subsequent studies, in the years11¥®®, were carried out accord-
ing to procedures used by the IBL.

The potential threat to the tree stand was evadluasing a scale applied by
IBL (Tab. I), ((Lewickiet al. 1992, Liwihska & Wawrzoniak 1991, 1992, 1993).

Meteorological data presented in this paper wegistered at WNP mete-
orological station in Warnow near Mizyzdroje.

Table |
The scale of pollution hazard to forests
Pollutant Potential hazard
low medium high extremely high

SO, (mg SQ/mPday) 0-10 10-30 30-50 >50
NO, (mg NQ/m?day) 0-0.2 0.2-0.5 0.5-1.0 >1.0
F (mg F/niday) 0-0.3 0.03-0.06 0.06-0.10 >-0.10
Dust fall-out (mg/rAimonth) 0-1 1-3 3-8 >8
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RESULTS

The results of the study on the potential thredhéotree stand of Walski National
Park forest from the dry deposition of sulphur digx nitrogen oxides, hydrogen
fluoride and dust fall-out conducted between 1989€lare shown in figures 3-6.

Taking into account dry deposition of $&nhd NQ, the threat to the WNP
forest is considered at a low level in summer amrdiom level in winter. It has to
be mentioned that in winter extremely high montimgan dry deposition values of
SO, and NQ were recorded, exceeding deposition values cdedifgrom the emis-
sion balance for Poland (C = 21.918 mg,®@/day) and in Poland and neighbour-
ing countries (C = 24.794 mg $®?day), the data from 1982 (Amaghaal. 1983).

The results give evidence of particularly hazasdsituations and threat to
the WNP forest from high emission from sources tiedan the vicinity of WNP,
e.g. a chemical plant in Police and ,Dolna Odratvpo plant in Gryfino, but also
from emission from very distant sources - in theecaf SQ from the middle of
Europe (Wawrzoniakt al. 1989). Particularly hazardous situations appeareter
unfavourable meteorological conditions - wind franrsouthern direction, lack of
precipitation and specific air humidity.

To find support for the above conclusions, linearrelation coefficients
were calculated between monthly deposition valdfeS@®, NO, and dust fall-out
and selected meteorological parameters such asthiyamean air temperature -
which adequately characterises seasonality of #aifg period in the Polish mu-
nicipal heating system ,(10°C); amount of wet precipitation i) - this, for-
mally, is a factor decreasing the amount o£,900, and dust deposited from the
atmosphere, similarly to air humidity, though highmidity facilitates the forma-
tion of fogs which might migrate with wind and ads@n contact candles; and
finally - wind direction, expressed by the ,meamaimodulus” =| a - 180 . The
mean wind modulus can be applied as an approximatesure of wind frequency;
it classifies wind directions into the followingategories: winds from WSS, S and
SSO are characterised by’ Owind direction modulus< 45°, winds from WN,
WNN, N and NNO - 8< wind direction modulus: 18C. The correlation coeffi-
cient was also calculated for the wind speed, #latof responsible for the intensity
of gaseous phase penetration into blotting papakezbin KCGO; inside the contact
candle. An additional parameter was introduced,sthvealled directional modulus
of ventilation intensity, calculated as a produtwind speed modulus and wind
speed (Table 2).

The calculated values of correlation coefficieats presented in Table 3.
A negative correlation was obtained between 8€position and NOdeposition,
and a positive one between Nénd dust fall-out. Similarly, a negative corredati
was found between S@eposition and wind speed, and a positive onedmivthis
deposition and wet precipitation, which indicatiee tlecisive effect of acidic fogs
and rains on Sgdeposition. Dust fall-out is negatively correlateith wind speed,
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this finding was expected. A strong negative catieh appeared between wind direc-
tion modulus and dust fall-out. It is worth notigihere that the greatest ddial-out
was measured under clearly southern winds, thistipgi out to a point source of
dust pollution to WNP forest. Power Plant ,Dolnar@dand heating plants of
Szczecin agglomeration are situated directly sottWNP. Because the data set for
statistical analysis was rather limited (11 monthigan values), the conclusions
drawn from correlation coefficient values betweeeasurement results and envi-
ronmental parameters have to be considered aspaoxapation.

CONCLUSIONS

e The negative effects of dry deposition of S®O, and dust fall-out on the
forest of Wolihski National Park were measured, by the technidueontact
candles, in 1985-1994. The potential threat wasssesl at low level in sum-
mer and medium in winter. Incidentally, high valudspotential hazard were
recorded, especially in winter.

¢ Dust fall-out values were evaluated as moderatety laghly hazardous to the
WNP forest. In winter extreme values of dust falt-evere registered (usually
between January and April).

¢ From 1987 to 1990 a constant increase of hazaods fluorine was observed,
increasing up to the high level. Since 1990 thikugion element disappeared,
due to the change in production technology of gttosphoric acid at the
chemical plant ,Police”. The plant switched prodostfrom fluorine contain-
ing apatites [CAPO,).Cak,] to fluorine-free phosphorites.

* The greatest potential threat to WNP forest from, ld€position and dust fall-
out was registered under southern winds and wedk pnexipitation. This
strong relationship between N@nd dust fall-out and southern wind gives
strong evidence for the dominating effects from s=ioin sources, i.e. from
heating and power plants of the Szczecin agglomerand the power plant
»Dolna Odra” which are situated directly south obMiski National Park.

« As regards dry deposition of sulphur dioxide, theel of this deposition de-
pends mainly on the continental (European) airupiolh with SQ, and the
measurements carried out in the vicinity of manveters surrounding Wolin
Island might be very erroneous due to sulphateodtftl with aerosols and
fogs.
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