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Abstract

The study of the chemical composition of precipitatvas carried out from November 2002
till October 2003, in the urbanized area of the fGafl Gdaisk. About 88% of the collected
samples showed acid value, and the average pH \iids Bhe highest acid values were found in
summer when sulfates were the dominant ions. Tgleest concentrations of nitrates were noted
between autumn and spring, and the precipitationvakl less acidic than in summer. The coastal
station at the Gulf of Gdak was characterized by more effective neutrabzatf precipitation
in the heating season as compared to the othernizdgh areas. It was found that the
neutralization process in the coastal zone was nmcfe intense due to the sea salt particle
presence in aerosols rather than in gaseous amm®h& most intensive neutralization of
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precipitation was observed between late autumn gprihg. In May, when offshore winds
dominated, the values of neutralization coeffici@NF) for N& and NH* were 1.3 and 0.2,

respectively. It was evidenced that the specifienioimation of meteorological parameters
(velocity and direction of wind, humidity and tenngtire of air) had a significant influence on
the chemical composition of precipitation.

INTRODUCTION

Precipitation can be defined as a heterogeneougtiaul It includes
inorganic and organic chemical compounds of natmdl anthropogenic origin.
The chemical composition of precipitation providermation on the sources
and reactions of gases and aerosols in the atma@spBeme substances
dissolved in precipitation, especially anthropogemines, could be good
indicators of atmospheric pollution. Although raemer is the most effective
scavenging factor in the atmosphere, it causestrg-ef chemical compounds
(by their deposition at soil or water surface) be tcycle of elements in an
ecosystem (Richter and Lindberg 1988). The loadutifstances introduced to
the ground with precipitation depends primarily dheir atmospheric
concentrations, the presence of substances afjgatiysicochemical conditions
and meteorological conditions, such as precipitat&vel, air temperature and
relative humidity, atmospheric pressure, wind dicgcand velocity.

Sulfur and nitrogen oxides and also sulfate ionsildcoreact with
atmospheric water drops, which results in the preseof strong sulfuric and
nitric acids followed by the formation of acid asots. Acid precipitation has
adverse effects on land and water ecosystems. Thbgical disturbance
includes chemical degradation of soils, surface gmodnd waters together with
the loss of their buffering properties, damage eatd of great areas of
agriculture and forest, corrosion of metal constams and buildings (Kvaalen
et al. 2002). Due to atmospheric GQeven in "clear air" precipitation pH is
acidic, and the mean pH of unpolluted precipitatisrta. 5.6 (Seinfeld and
Pandis 1998). In an atmosphere contaminated withogan and sulfur
compounds, the acidity level depends on the preseoic neutralizing
substances, such as NiEaCQ and hydroxide (Fluest al. 2002).

The coastal zone of the Gulf of Ga& is affected by anthropopression.
The degree of atmospheric pollution could be inflzeel by local and dispersed
emission sources situated in the Tri-City agglotiena (traffic arteries,
petroleum refining industry, shipyards and harbpuegriculture) and
transfrontier atmospheric pollution. Although agdecipitation has affected
Baltic countries for decades (EMEP 2004), there any a few studies
considering the complex chemical analysis of atrhesp precipitation in the
coastal zone of the southern Baltic, especialihenGulf of Gdask. Therefore,
a long-term scientific project was undertaken in020at the Institute of
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Oceanography, University of Gdansk. It is aimedtlet characterization of
chemical composition of atmospheric precipitation she determination of its
causes and effects observed in the coastal zoneevdrad and sea conditions
could influence physicochemical processes thatrdocilne atmosphere.

The paper presents the results of a one-year stadied out in Gdynia,
1km away from the shoreline of the Gulf of Gdlk The precipitation was
analyzed for the presence of NOSQ?Z, CI, NH," and N4 ions and their
changes in winter and vegetation seasons when ribepjation level and
chemical composition could affect the rate and eapigeutrophication process.

MATERIAL AND METHODS

The investigations into the chemical composition poécipitation were
carried out on the roof of the building of the Hagof Biology, Geography and
Oceanology (University of Gdak) in Gdynia (Fig. 1). The measuring set was
positioned 20 m above the ground, over the treemanThe sampling period
ranged from November 2002 till October 2003, aretipitation types (rainfall,
snowfall or snowfall with rainfall) were determinetihe basic meteorological
data used here were precipitation level, wind vigloand direction, air
humidity and temperature, and atmospheric presdure. period of collector
exposure depended on precipitation time and a mimmvolume of
precipitation sufficient for chemical analyses.

Precipitation samples were collected in a polyathglbottle (1 df) and a
funnel (20 cm in diameter) made of the same madidgiath elements were
connected with a Teflon ring.
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Fig. 1. Location of the sampling station and the sampling set used for precipitation
collection.
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The collecting bottle and the funnel surface wdréirat etched with 1M
HCI, then washed frequently with deionized millivater and dried at 80°C.
The analyses were carried out following the proceslurecommended by
HELCOM (Granatet al. 1992). In accordance with Gorden al (1995), the
samples were not filtered as pH and conductivityasneements were made
immediately after sampling. The samples were imatetii weighed for
volume determination and precipitation level wasnested. Snowfall samples
were melted thoroughly at room temperature. Thevplies were measured
with a glass electrode (ERH-11 type). The pH mé®mTwW) was calibrated
before with two standard solutions of 7.00 and 48Dvalues. Conductivity
was measured with a salinometer (inoLab Cond L&yat 20°C.

The sample aliquots for chemical analysis were kepblyethylene bottles
at 4°C in the refrigerator to preserve them fromlight and retard the rate of
microbial growth and biochemical processes. Thepdsgnwere stored not
longer than two weeks.

The concentrations of NQ SQ?, CI and NH" ions were determined by
colorimetric methods, and N#ons by atomic absorption spectrometry (Analyst
300, Perkin Elmer). Chloride ions were determinethie reaction, which yields
a yellow complex (Fe[CSN] in the presence of perchloric acid (EMEP 1977).
Ammonia was determined by the indophenol methoedas the formation of
an indophenol blue pigment in the reaction of phemal hypochlorite in the
presence of ammonia in an alkaline medium (pH &1(Lewandowska and
Falkowska 2004). Nitrates were reduced in the preseof hydrazine in an
alkaline medium followed by the formation of a amed diazo compound with
sulfanilic acid and N-(1-naphtyl)-ethylenediamingydirochloride (PN 1992a).
Sulfates were precipitated from a barium perchéosatution in the presence of
ethanol, and the excess of barium ions yieldedllawecomplex with thorin
(PN 1992).

Sample dilution was taken into account while caltinf ion concentrations
in precipitation. The relative standard deviatiohosv (high) ion concentrations
were: N&: 0.16 (11.03%); C1 0.69 (9.69%); N@: 0.77 (13.93%); S 0.26
(5.29%) and NH: 0.37 (6.08%). Detection limits (LOD = 3SD) foreth
reference sample were: N®.003 mgT; CI: 0.132 mgT; NO;: 0.168 mg T,
SO 0.867 mg T and NH": 0.132 pmol T. Volume-weighted mean
concentrations of ions in precipitation in severanths were expressed as peq
I, according to the equation:

TP.C
T v

where:
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P;: the precipitation amount collected at each samygbieriod (mm)
Ci: the corresponding concentration
P.C;: the total collected amount per unit area and mont

The values of chemical compound fluxes (md) mwashed by precipitation
were estimated every month from the equation:

_ov

F
S

(2)

where:

C: ion concentration (mg%
V: sample volume (df

S collector area ()

45 rainwater samples were analysed in the studywublivariate statistical
technique,i.e. PCA with normalized varimax rotation was appligd the
results of all measurements. Neutralization fac{blss) were derived from a
formula by Possanzini (1988):

NF(X)(ueq M=X/(SO,*+NO; (3)

where:
X: NH," or N& concentrations.

The concentrations of non-sea-salt sulfate ions3@8) were calculated
according to Sieveringt al (1990):

nssSQ@* (mg M= SQ*-(Na* 0,059) (4)

RESULTSAND DISCUSSION

Chemical characterization of precipitation samples

Among anions, nitrate, sulfate and chloride showdw greatest
concentrations (Table 1). Nitrate dominated in tloéd period whereas high
concentrations of sulfate and chloride were notedughout the whole year.
However, higher concentrations of both ions werseoked in the vegetation
season as compared to the other periods. Sodiurmammadonium ions were
most abundant in winter. Their concentrations weegeral times lower as
compared to those of the N@nd S& ions.

In summer, the contribution of non-sea-salt sulfagsSG") dissolved in
rainwater remained at a level of 85%. The main @®wf those ions in the
atmosphere is the oxidation of anthropogeni¢ 8@ DMS from natural land
origin (big forest complexes-Seaside Landscape)Rar#t from the sea surface



Table 1

Monthly averages of physical and chemical parameters in precipitation samples collected over Gdynia between November 2002 and
October 2003 (normal font — average values and summary H, italic font - minimum and maximum values)

T B - - 2=
u R NH, | NO; | Cl | Na | SO, Vit T Rh
Month-year/n pH o o
(mm) (uS em™) (peq I (ms™) (°C) (%)
X102 851 531 - 21 21 283 157 155 221 452 -
(0.59-7.92) (5.23-5.38) - (18-51) (20-22) (134-294) (30-167) (154-172) (1.87-6.10) (3.57-(-5.47)) -
12,43 533 83.20 57 24 114 143 185 1.79 2.69 -
X11-02/3 (0.79-6.49) (5.11-5.59) (76.60-89.80) (24-82) (23-33) (92-260) (79-160) (140-207) (1.46-6.30) -3.09-(-2.28)) -
32,45 530 39.58 31 210 90 83 212 221 -
1-03/4 (3.30-17.57) (5.05-6.45) (19.40-53.20) (16-47) (13-415) (62-182) (58-153) (16-290) (1.98-6.90) - -
1.14 5.00 137.60 189 413 169 212 184 1.58 1.84 81.04
11-03/2 (0.36-0.78) (5.00-5.00) (112.40-162.80)|  (168-210) (324-454) (145-181) (13-304) (166-193) (1.47-8.20) (-2.93-(-0.70)) (77.36-100)
7.70 5.15 6230 18 313 150 137 135 245 3.96 7138
1m-03/3 (2.08-5.61) (4.80-5.50) (52.20-72.40) (8-46) (270-428) (125-160) (126-141) (90-152) (2.19-9.00) (2.61-5.49) (36.74-100)
19.97 523 2620 34 46 177 49 382 2.63 733 7221
1V-03/4 (3.01-11.45) (5.12-5.58) (11.50-40.90) (30-49) (32-100) (73-180) (40-84) (185-434) (1,.63-10.70) (-0.08-12.68) (68.63-100)
51.10 5.59 34.10 19 52 313 167 83 1.82 13.98 72.06
V-03/3 (24.88-26.21) (4.96-6.21) - (16-21) (23-83) (285-341) (129-203) (71-161) (1.63-7.00) (12.45-15.51) (66.10-100)
63.11 558 2288 7 63 121 10 117 226 16.64 63.07
VI-03/5 (3.95-34.41) (4.52-6.62) (12.10-40.20) (3-10) (31-95) (97-189) (7-19) (12-181) (1.49-6.30) (15.19-20.19) (60.79-100)
67.36 4.92 11.18 9 55 173 45 186 1.89 18.83 80.48
VII-03/5 (0.85-27.72) (4.70-5.78) (9.10-23.50) (4-19) (45-84) (151-355) (1-149) (114-262) (1.63-5.50) (16.87-21.20) (74.16-100)
4838 485 26.58 20 138 247 39 183 1.92 18.29 75.03
VIII-03/4 (3.41-32.97) (4.80-5.00) (20.40-76.30) (7-26) (38-173) (173-291) (8-92) (58-208) (1.85-6.20) (13.27-18.82) (74.19-100)
737 487 51.55 10 142 165 54 208 1.81 15.79 76.44
1X-03/4 (0.33-5.43) (4.80-4.88) (26.80-70.10) (3-46) (139-182) (111-189) (37-109) (81-272) (1.25-7.70) (12.39-18.01) (69.56-100)
50.20 5.00 2374 31 86 193 56 93 2.00 744 75.40
X-03/6 (0.70-19.35) (4.80-5.25) (4.80-26.00) (2-89) (83-166) (165-250) (9-169) (25-189) (1.43-6.30) (2.06-11.20) (61.28-100)
Average 9.14 5.14 35.19 37 131 183 9 170 2.04 9.30 74.68
S.D. 9.24 0.48 29.28 50 123 68 64 90 0.30 7.85 4.26

n - number of samples, H- total amount of precipitation, k - conductivity, Vw- wind velocity (* - was measured for 30 min., at 10 s intervals), T- air temperature, Rh-
air humidity, S.D.- standard deviation
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(Falkowska and Lewandowska 2004). In the Tri-Citg &s suburbs, there are
many anthropogenic stationary and mobile sourcashmmit a great amount
of pollutants,e.g Sulfur Reloading Plant "Sulfur-Harbour" (yearBloading of
ca. 2 million tons of sulfur), Gdesk Refinery, agriculture and industry plants,
harbours, shipbuilding industry, thermal-electrayvgr stations, adjacent boiler
plants and communication arteries. Aerosols formasda result of DMS
conversion are the second potentially importante®wof rainwater sulfate. In
the vegetation periods of 1997 and 2000, the psocesld produce 75-100% of
nssSQ@” in aerosols over the Gulf of Gigk (Lewandowskat al 2004). Lee et
al. (2000) also reported a high contribution of imarsource to the formation of
nssSQ@ fraction in total sulfate mass at the Sochong tabasation situated on
the eastern coast of the Korean Peninsula. Thesaificiency depended on
phytoplankton vital functions. As a result, DMS wasleased into the
atmosphere whereas wind direction and velocity techits drift to the land.

Variation of pH - acidification or neutralization

The collected precipitation samples showed acidices, 4.52-6.62 (Fig.
2). According to commonly accepted classificatitire pH of naturally acidic
precipitation is above 5.6. The value is a hydrogsmexponent equilibrated
with atmospheric C&(350 ppm) (Seinfeld and Pandis 1998). In summsee,td
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Fig. 2. Histograms of precipitation pH values determined in Gdynia (2002/2003).

high photosynthesis intensity, G@oncentration is slightly lower. In winter,
however, it increases proportionally to the ratebaimass remineralization
(Gratani and Varone 2005). It could be presumed tdhigside the vegetation
season a twofold increase in £€bncentration in relation to the global level
will result in a decrease in acidic precipitatiod py 0.15, and the pH will
attain a value of 5.45. In summer, on the othedha twofold decrease in GO
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concentration will produce an increase in pH vatub.75. However, the above
difference is of minor importance on a yearly schlespective of the accepted
classification, only 5 precipitation samples weetunally acidic (Fig. 2). The
rest of them (88%) contained acid-forming compoufrdsn anthropogenic
sources. Similar results were reported from thedieidoast of the Baltic Sea
(Leba - 4.5) (Przybylska 1997), in the Czech Reipubl5.0 (Bridgeset al.
2002) and Scandinavia (pH below 5.0) (Vuorenmaa200
The annual mean pH of precipitation in Gdynia waksi5Monthly mean

pH values were always lower than 5.6. Deviatiomfrannual mean pH (Fig. 3)
indicates that:

- positive values were noted between late autunth @amrmmer when the

concentrations of NI and sea salts were relatively high,

- negative values observed between July and Oct@b6B point to

an
increase in precipitation acidity.
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Fig. 3. Temporal variation of precipitation pH (%) against annual mean pH (the mean

value, 5.14, was accepted as 0%) and neutralization factors for NH." and Na* ions,
calculated from equation (3).

In autumn, winter and spring, elevated values dicipitation pH as
compared to the annual mean were not typical foyniad However, pH of
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precipitation events in other urbanized aremg, Colmar or Strasburg, was
significantly lower in the heating season (Sanesi al 1996). Other
investigations have led to similar findings. Balgstet al. (2000) and Okat
al. (2002) noted that precipitation in Italy and Teylkwas strongly acidic in the
cold half year. The situation in Gdynia was fouade different. Although the
results of atmospheric monitoring in the Tri-CIRMAAG 2004) indicated a
marked increase in SONO, and dust emissions in the cold season, a decrease
in acidic precipitation pH was not observed. Suckeeceptional situation could
be attributed to the presence of precipitation radiaers. It is highly probable
that the process is much more intensive on coaraesalt particles than on
gaseous ammonia (Fig. 3). In winter, when stornd@iare common in the surf
zone (Table 1), the air is saturated with seatbalt plays a crucial role as a
neutralization factor. This was confirmed by NF {Nwalues, 0.9 and 0.6 in
November and December 2002, respectively.

Within the unusual period observed from autumn tonmmer, a typical
situation was noted only in February. At that tintespite relatively high
neutralization factors (0.3 for NHand 0.2 for N§, precipitation was acidic.
Such a situation was found at the lowest amourtiotal precipitation (1.14
mm) and highest precipitation conductivity (Table Wnder such conditions
strongly acidic precipitation resulting from the ntér emissions of
anthropogenically derived pollutants and low ndiziea concentrations could
be expected. The data obtained here confirm a temg-trend observed in
Gdynia by Owczarek (2000). In next months (Marchd &pril 2003), despite
the high concentrations of nitrate, sulfate andigtié ions, precipitation was
heavier and less acidic than in February.

The pH value of spring precipitation (May and J20€3) was close to the
limit value, 5.6. In May, the total precipitatioevel came up to 51.10 mm, and
it was even higher in June (68.11 mm). In additleeavy rain of 33.4 mm was
noted in June. Although in both months the standbrdations from annual
mean pH were positive and the highest, they resddittan different reasons. In
May, the neutralization factor for @Ma” was the highest, indicating that
neutralization was much more related to sea sait tb NH. In June, however,
the observed phenomenon was a consequence of ltii®rdieffect,i.e. low
nitrate and sulfate concentrations in a high volafgrecipitation.

In summer and early autumn, an increased aciditpretipitation was
observed though the concentrations of nitrate arfite ions were lower as
compared to the other seasons. At that period,usecaf low NH and sea salt
concentrations, neutralization of precipitation wax effective. The monthly
mean values of neutralization factors calculatedtdy, August and September
2003 (NF for NH'= 0.00, 0.01, 0.01, and NF for Na0.2, 0.2, 0.4) were
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higher than the annual means (NF for f440.10, and NF for Na=0.51).

The location of the sampling station in an urbagaafGdynia) and in the
vicinity of the surface zone resulted in the influe of both sea and land
sources on the basic composition of precipitatibhe annual magnitude of
ionic species concentration in the precipitatiorcrdased according to: Cl
>S0,*>NO;>Na">NH," (Table 1). Precipitation monitoring over big inthie
and urban cities, such as Seul (leteal 2000), Santiago City (Rubiet al.
2002) and Strasbourg (Sanusi al 1996) indicated the dominance of an
anthropogenic source for the ions SENH,">NO;>CI>Na’. Contrary to this,
Al-Momani et al (1995) found high concentrations of sodium andrite ions
at the coastal station in Antalya (Turkey). The amtrations of the
precipitation main chemical components were a®¥oINa>CI>SO>>NO;
>NH,". The stations in Gdynia and Antalya are locatedhensea coast and in
urban areas. However, ions of marine origin doneidadt the Antalya station
surrounded on three sides by the Mediterranearwbeae salinity is several
times higher than that of the Gulf of Gd&. Moreover, onshore winds were
less frequent in Gdynia. However, during eastemgutation in May 2003,
when the onshore wind contribution was 24%," Nans were of great
importance in the neutralization of precipitatiandity in Gdynia.

Statistical analysis

In order to identify the influence of the examinfdtors on precipitation
acidity, a multivariate statistical technique wagpleed. The principal
components analysis (PCA) indicates that 65.27%hef total variance is
explained by the first three components denoted, FRE12 and PC3 with
eigenvalues greater than unity (Table 2).

Higher score values for the first factor (above)(dr8licate an inverse
proportion between both inorganic nitrogen formsd asodium ions in
precipitation and air temperature. At the same tiandirect proportion between
the above ions and conductivity was noted. Sinceania ions occurred at low
concentrations, their relationship to sulfate wasignificant, which indicated
that NH; played an inconsiderable role in$0, neutralization. The decrease in
NH," concentration with temperature increase couldits#iyf associated with
ammonium nitrate dissociation, and secondly, withsepus ammonia
evaporation. Both processes were favoured for nobsthe year when air
humidity was lower than 87% (Dought al 1996). It is also most probable that
nitrate ions entered into reaction with marigenadism (r=0.89, *P<0.05,
n=38), and then were washed out by precipitatidrer&fore, the first factor
may be attributed to the neutralization of sulfua@d by sea salt and gaseous
ammonia.
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Table 2

Principal component analysis of main chemical species concentration and
meteorological parameters over Gdynia

Variable PQl . P.C 2 . . PC?’ .
Neutralization Local circulation Regional circulation

Total precipitation level (mm) -0.39 0.64 -0.15
Atmospheric pressure (hPa) 0.50 -0.25 0.57
Wind direction* 0.15 -0.42 0.58
Wind velocity (m g -0.14 -0.65 -0.37
Temperature (°C) -0.87 0.03 0.24
Relative humidity (%) 0.02 0.87 -0.10
Conductivity (S crf) 0.86 -0.04 0.09

pH -0.12 -0.64 -0.01
NH," (ueq1h 0.86 0.14 0.18
NOs (ueq 1) 0.94 0.04 -0.10

Cl (ueq P -0.17 0.00 0.75

Na' (ueq M 0.84 0.03 0.40
SO (ueq 1) 0.07 0.25 0.47
Eigenvalue 4.34 2.33 1.88
Total variance [%] 34.7 18.1 14.7

*- predominant wind direction calculated from Rudtigjn formula (Kostin and Porkowska 1957)

The second factor describes an inversely propaticgiationship between
pH, air humidity and precipitation level. It coute assumed that precipitation
acidity decreased with an increase in air humiditg precipitation level. Such
a situation was frequently observed at the coastdion in Gdynia, between
May and September 2003, when high air humidity a@sompanied by a high
volume of weakly acidic precipitation (Table 1). dddition, the precipitation
level over Gdynia depended on wind velocity. Thghlr the wind velocity, the
lower the volume of precipitation. Thus, the secéandor is correlated with air
circulation.

The third factor points at a strong influence ofmavidirection on the
chemical composition of precipitation. The resutts principal component
analysis showed that the concentration of chlorides was directly
proportional to atmospheric pressure and wind toec As the sampling
station was located in the surface zone and urbdnerea, chloride ions
probably originated both from marine and land sesiravhich resulted in high
CI concentration:

- in spring and summer (May, June and July 2008)veeds dominated and
CI" occurred as NaCl. At that time, the molai/lI&" ratio (1.18) was close to
that in sea water, and the correlation betweenethoss was statistically
significant (r=0.80, *P<0.05, n=13),

- in winter (November and December 2002), when aadtsouth-east winds
prevailed, chloride ions in the precipitation coblkl brought from the Gulf of
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Gdansk as well as from outside the gulf with temigamaterial. The second
source appears to be of greater importance beadubke lack of correlation
between Cland Na and very strong winds at that time of the year.

Wet deposition

Acid precipitation over Gdynia was observed all ffgar round. Nitrate,
chloride and sulfate showed the highest fluxedhandoastal zone, irrespective
of the season. As a result of every precipitatioeng the average amounts of
SO, NO;y and Cl per 1n3 of the coastal zone were 71.24 mg; 53.82 mg and

58.14 mg, respectively. Lower loadings were foumdNH," (2.63 mg rif) and
Na' (13.46 mg rif) (Table 3). High deviations from the mean valueeveoted

Table 3
Monthly values of ion deposition in wet precipitation over Gdynia, between November

2002 and October 2003 (normal type-summary value, italic type-minimum and
maximum values)

Month NH," NOs Cr Na SO>
(mg n?)
.02 32 11.0 86.6 313 643
: (052.7)  (0.8-10.2) (2.9-83.8) (0.4-30.8) (5.0-59.4)
X102 74 185 51.0 414 111.9
: (1.2-40) (1.61-9.09)  (7.4-26.3) (1.5-23.9) (5.4-64.5)
103 17.8 4282 104.6 62.7 334.7
: (1.9-95) (51-2951)  (10.2-48.3)  (9.2-23.9)  (5.4-248.3)
.03 23 295 6.9 56 10.2
: (1.1-1.3)  (1.6:9.1) (1.9-5.1) (0.1-5.5) (2.9-7.3)
103 24 1515 41.7 246 50.6
: (0.8-17)  (7.4-22.1) (9.4-32.2) (6.1-18.5) (9.2-41.5)
V.03 74 421 106.7 165 270.8
: (2.4-51) (56.2-95.4)  (14.3-747)  (5.9-10.7)  (27.1-243.6)
V03 18 373 3214 124.2 1221
: (0.4-14) (18.8-23.3) (54.08-267.32) (19.34-78.37) (32.00-90.14)
V103 13.7 2933 296.4 165 386.3
: (0.4-6.1) (45-79.28) (23.8-116.8)  (0.9-8.8) (7.8-295.2)
ViLo3 243 234.1 4202 70.8 610.7
: (0.4-16.7)  (4.5-79.3) (6.3-150.9)  (0.6-45.0)  (4.7-215.3)
Villo3 104 4213 430.6 435 430.8
: (1.0-3.4) (18.33-357.8) (1.3-292.8)  (0.6-21.2)  (10.5-324.8)
03 42 65.9 43.8 94 746
: (05-2.1) (18.3-47.6)  (2.3-35.2) (0.6-4.7) (1.3-52.0)
%03 8.0 312.6 4155 65.0 2279
: (0.3-2.8) (7.3-100.6)  (4.2-167.5)  (2.7-37.9)  (1.1-121.2)
Weighted average 2.63 53.82 58.14 13.46 71.24
aAt”g?g'rﬁumm 103 2045 2326 511 2778
Annual flux after
g?éﬁgltt';’t’: ofr?rl evel 165 3272 3722 818 4445
h=600 mm
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at the end of August 2003. At that time, the valoksitrate and sulfate fluxes
(NO; - 357.80 mg ii; SQ” - 324.78 mg M) were exceptionally high. The
fluxes of the above ions always showed higher waldgring the vegetation
season compared to the other periods. The incieasitrate fluxes within the
period of biggest requirements for nutrients in (Gelf of Gdask could
intensify the eutrophication process. The resuft®uwr experiment indicated
that in the hydrological year 2002/2068 62% of total precipitation occurring
over the coastal zone of the Gulf of Gdansk wasecwd. On applying a
correction for precipitation level, the annual flok ion inflow increased and
reached the following values: $O 4445 mg nif; CI - 3722 mg rif; NO; -
3272 mg nif; Na'- 818 mg nif; NH," - 103 mg rif.

CONCLUSIONS

1. The measurements carried out in Gdynia for a 1-gedod showed that all
precipitation events were acidic. 88% of the prigaijpn had a pH of less
than 5.6, the value of unpolluted water equilibdatgéth atmospheric CO

2. Inthe coastal zone of the Gulf of Gd#, the degree of precipitation acidity
was influenced mainly by the dynamics of the preessthat occur in the
sea and atmosphere and generate a specific paftevimd velocity, total
amount of precipitation and relative air humidity.

3. The situation observed in Gdynia was found to béemint compared to
other urbanized areas with typically acidic preeifidn during the heating
season. This points at an exceptional role of dastal zone being a source
of sea salt, which is much more effective than ammoin the
neutralization of acidic precipitation.

4. The highest fluxes of acid-forming compounds wastetdby precipitation
were noted in the vegetation season. In particaara result of nitrate
deposition in wet precipitation, the eutrophicatipmcess in the Gulf of
Gdaisk might be intensified.
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