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Abstract
This paper presents the results of determination of concentrations of chloride, sulfate, phosphate, ammonium, sodium, potassium, calcium and magnesium ions along with total nitrogen, pH and electrolytic
conductivity for precipitation collected in nonindustrialized regions near Gdansk (Poland).
A station used for the collection of samples of precipitation consisted of two substations, one of which was
located in a deforested area (clearing), while the second was situated in a spruce forest. The samples were
collected over a period of one year, from March 2, 1996 to February 1, 1997.
Concentrations of chloride, sulfate, phosphate, nitrate and ammonium ions and of total nitrogen were
determined spectrophotometrically . Sodium, potassium and calcium ions were determined using flame photometry while magnesium ions were determined by atomic absorption spectroscopy. pH and electrolytic conductivity of the samples were also measured.
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Introduction
Air, water and soil are elements of the environment that
are interrelated and strongly interact among each other.
Chemical compounds emitted into the atmosphere combine
with rain or snow, fall to the earth and become pollutants
of water and soil. On the other hand, volatile chemical
compounds that entered lakes and rivers and became their
pollutants may become atmospheric pollutants if they evaporate.
Recently, in many countries more and more attention is
being paid to the control of quality of the environment.
This is associated with an increase in environmental pollution not only on a local scale but also on an international
scale. In 1995, precipitation in Poland was examined in
Cracow and the Cracow district, Turzanski et al. [1], and in
the Karkonosze Mountains, Twarowski [2].
* Corresponding author

Air pollution results from relatively high levels of
emission of dusts and gases from industrial sources and
transportation in Poland as well as from the inflow of pollutants from abroad. The pollutants emitted to the atmosphere in the Gdansk district are mostly associated with the
power industry. Vehicle exhaust is also a significant source
of air pollution. The location of industrial plants in the
Tricity area (Gdansk, Sopot, Gdynia) also contributes to
this problem.
The ions most commonly determined in precipitation
(also in throughfall) include chloride, nitrate, sulphate, ammonium, calcium, magnesium, sodium and potassium. Ion
chromatography (1C), Udisti et al. [3], Lacaux et al. [4],
Hansen et al. [5], Asbury et al. [6], Decet [7], Oikawa et al.
[8], Doscher et al. [9], Li et al. [10], Tartari et al. [11],
Marchetto et al. [12], Sanusi et al. [13], Avila et al. [14],
Balestrini et al. [15] or spectrophotometry Hansen et al.
[5], Marchetto et al. [12], and Amezaga et al. [16] are
typically used for their determination. The cations, except
for ammonium, can be determined by atomic absorption
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spectroscopy Udisti et al. [3], Lacaux et al. [4], Hansen et
al. [5], Decet [7], Asbury et al. [6], Oikawa et al. [8], Li et
al. [10], Sanusi et al. [13], Avila et al. [14]. Flow injection
analysis (FIA) has also found use in the determination of
concentrations of chloride, nitrate, sulphate and ammonium
ions, Lovblad et al. [17]. If the detection limit of a given
method is insufficient for these determinations, a preconcentration step has to be included in the analytical procedure, Namiesnik et al. [18].
Table 1 presents a comparison of selected ion levels
found in this study with literature data for various regions
of the world.
This paper presents the study of determination of concentration and deposition of pollutants in precipitation
(throughfall) over nonindustrialized regions in the vicinity
of Gdansk.

Experimental
Climate in the Sampling Zone
Gdansk voivodeship lies in north central Poland in temperate climatic zone. Air masses circulate along meridian
direction: the inflow of Arctic air masses causes cooling in
spring and summer. The annual precipitation totals range
from 550 to 600 mm.
Sample Collection
The sampling station was located in the Stara Pila forest
district in Rumia. It consisted of two substations: PL 10
and PL 11. The exact location of the station is shown in
Figure 1.
Samples were collected manually, once a month, over
a period of one year from March 2, 1996 to February 1,
1997.

Substation PL 10
Substation PL 10 was located in a clearing. The samples
collected there were used to determine wet deposition, i.e.
pollutants washed by rain from the atmosphere. The station
Table 1. Levels of selected ions in throughfall.
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Table 1. Continuation

contained a sampler consisting of a 5 1 polyethylene bottle
and a funnel 20.3 cm in diameter. Inside the funnel was
a smaller funnel covered with polyethylene gauze (mesh
size 2 mm x 2 mm) to prevent larger solid contaminants
from entering the bottle. In winter the mesh size was larger
(4 mm x 4 mm) while in summer it was smaller. During
periods of heavy snowfall, the bottle and the funnel were
replaced with a 5 1 polyethylene bucket 21 cm in diameter.
The sampler was placed on a stand 1.5 m above ground.
The summer sampler was used during the period March 30,
1996 - November 2, 1996, while the winter sampler was
used from March 2, 1996 to March 29, 1996, and from
November 3, 1996 to February 1, 1997. Samples from substation PL 10 were taken directly to the laboratory, where
their volume was measured, followed by preparation and
analysis.
Substation PL 11
Substation PL 11 was located in the 60-year-old spruce
forest. Such a location allowed us to collect so-called
throughfall, i.e. deposition washing off the pollutants accumulated in tree crowns. This is the sum of wet and dry
deposition, Westling et al. [24]. The station contained 10
samplers placed in a 30 x 30 m square. The samplers consisted of a 2 1 polyethylene bottle and a funnel 15.5 cm in
diameter. Plastic gauze (mesh size 2 mm x 2 mm) was
placed at the end of the funnel stem to prevent solid contaminants from entering the bottle. The samplers were
placed on a stand 50 cm above ground. Winter samplers
consisted of 5 1 polyethylene buckets 21 cm in diameter.
The samplers were placed 65 cm above ground. Summer
samplers were used from March 30, 1996 to November 2,
1996, while winter samplers were used from March 2, 1996
to March 29, 1996 and from November 3, 1996 to February
1, 1997. Samples from substation PL 11 were transferred to
a 20 1 polyethylene bucket and their volume measured.
Next, a 2 1 representative sample was collected. If a funnel
was contaminated with bird faeces, the sample was rejected.
In both cases the samplers were additionally equipped
with polyethylene sacks of 2 1 and 8 1 capacity. As a result,
bottles did not have to be rinsed with distilled water after
each sample collection. The bottles were wrapped in aluminum foil, which prevented evaporation of water during collection of precipitation. Shielding from solar radiation also
inhibited algae growth. Samplers of similarly simple designs were used by Reimann et al. in 1994 in Russia, Finland and Norway [25], by Niirnberg et al. in the years
1980-1982 in Germany [26] and by Asman et al. in 1980 in
Holland [27].
The samples were then transported to the laboratory,
filtered through a medium qualitative filter paper (format
450 x 560 mm, PPH "POCh" S.A. Gliwice, Poland) using
polyethylene funnels and stored in polyethylene containers
in a refrigerator at about 4°C.
Apparatus
Concentrations of chloride, sulphate, phosphate, amonium ions and of total nitrogen were determined spectrophotometrically using a Merck model SQ-118 photometer
(Germany). This device has already been widely used for
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the monitoring of quality of potable and surface waters,
Polkowska et al. [28], Namiesnik et al. [29].
Sodium, potassium, and calcium ions were determined
using a Carl Zeiss model Flapho-4 flame photometer (Germany). Magnesium ions were determined by AAS using
a Carl Zeiss model IN spectrophotometer (Germany).
pH measurements were carried out using an Elmetron
model CX-315 computer-controlled pH meter (Poland).
Conductivity was measured using a Radelkis model
OK-102/1 conductometer (Hungary).

Results and Discussion
The investigations provided information on the quantity
of precipitation over a 12-month period (Table 2). The
results of determinations of individual components (SO42-, Cl, NO3-, NH4+, PO43- Ntot, Mg2+, K+, Na+ Ca2+, pH, electrolytic
conductivity) were tabulated. Table 3 refers to substation
PL 10, and Table 4 - to substation PL 11. Electrolytic
conductivity was measured to estimate the content of
inorganic ions. Table 5 lists limits of detection of individual components.
Table 2. Volume of precipitation [dm3] collected at individual
substations.

On the basis of experimental results deposition could be
calculated using the following relations:
- precipitation per unit area was found from the following equation:

where:
v - volume of collected precipitation [dm 3 ]
n - number of funnels
r - radius of a funnel or a bucket [cm]
P — precipitation volume per unit area [mm]
- deposition of individual ions was calculated from the
following equation:

where:
c - concentration [mg/dm 3 ]
D - deposition [mg/m 3 ]
Periods of sample collection were 28 or 35 days. In
order to compare data for different months, Figures 2-6
show the results in terms of 30-day deposition calculated
from the following equation:

where:
P - precipitation collected over a period of n d days [mm]
n d - number of days of sample collection [days]
P 30 - 30-day precipitation [mm/30 days]

where:
D 30 - 30-day deposition [mg/(m x 30 days)]
D - deposition over a period of n,i days [mg/m].

Table 3. Concentrations of sulfates, chlorides, nitrates, ammonium, phosphates ion, total nitrogen, magnesium, potassium, sodium, calcium
ions in [mg/dm], pH and electrolytic conductivity (cond.) in ^S/cm] in samples of precipitation collected at substation PL 10.
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Table 4. Concentrations of sulfates, chlorides, nitrates, ammonium, phosphates ion, total nitrogen, magnesium, potassium, sodium, calcium ions
in [mg/dm3], pH and electrolytic conductivity (cond.) in µS/cm] in samples of precipitation collected at substation PL 11.

Table 5. Limits of detection of individual components [mg/dm3].

Fig. 2. Amount of precipitation [mm/30 days] in the clearing (substation PL 10) and in the forested area (substation PL 11) from
March 2, 1996 to February 1, 1997.

The above calculations provided information on the
amount of pollutants falling per unit area over a period of
30 days. The D30 values can be compared because they all
refer to the same time period.
Extended studies aimed at the determination of sulphates, nitrates, ammonia, phosphates, total nitrogen, magnesium, potassium, sodium, calcium, acidity, electrolytic
conductivity and other characteristics in collected samples
of precipitation were carried out during the period from

March 2, 1996 to February 1, 1997. The following conclusions can be drawn on their basis:
a) precipitation volume - higher precipitation was obser
ved for substation PL 10, located in the clearing; the largest
value was obtained in September and the smallest in Febru
ary;
b) sulphates - the highest concentrations were observed
in the forested area (substation PL 11) from January to
June, i.e. in winter and spring (5.26 - 15.20 mg/dm3),
(Spain 4.50 - 4.56 mg/dm3 [16, 14], Israel 7.15 - 27.02
mg/dm3 [19], Lithuania 5.16 - 9.87 mg/dm3 [23]);
c) chlorides - higher concentrations were observed in
the forested area (substation PL 11), and the highest con
centrations were found in March and April (spring) and in
late autumn and winter (November, December and January
- 8.00 - 20.9 mg/dm3), (Puerto Rico 17.68 mg/dm3 [6],
Spain 6.77 mg/dm3 [16]);
d) nitrates - higher concentrations were observed in the
forested area (substation PL 11), the largest values being
obtained in winter, spring and fall - 5.53 - 19.97 mg/dm3),
(Germany 2.17 - 2.98 mg/dm3 [22], Italy 7.96 - 14.0
mg/dm3 [15], Lithuania 2.17 - 3.19 mg/dm3 [23]);
e) ammonium ions - comparable values were observed
at both substations: PL 10 and PL 11, the largest values
being obtained in winter and spring (1.18 - 8.16 mg/dm3),
(USA, North Carolina 0.20 - 4.39 mg/dm3 [21], Lithuania
1.00- 2.02 mg/dm3 [23]);
f) pH values - larger values were observed for water
samples collected in the clearing; the highest pH 6.80 was
found on April 27, 1996, and the lowest pH 4.58 was found
on June 29, 1996; the pH values for water samples col
lected in the forested area ranged from 3.40 to 5.40;
g) phosphates - comparable values were observed at
both substations: PL 10 and PL 11, the largest values being
obtained in January, March and April 0.52 - 1.38 mg/dm3;
h) total nitrogen - comparable values were observed at
both substations: PL 10 and PL 11, the largest values being
obtained in December, January and March, April 9.80
- 26.0 mg/dm3;
i) magnesium - the highest concentrations were observed in the forested area (substation PL 11) in March and
November 2.25 - 2.50 mg/dm3 (The Netherlands 4.4
mg/dm3 [5], Puerto Rico 1.31 mg/dm3 [6]);
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Fig. 3. Phosphate deposition [mg PCVCm3 x 30 days)], ammonium
ion deposition [mg N/(m3 x 30 days)], nitrate deposition [mg
N/(m3 x 30 days)], chloride deposition [mg Cl/(m3 x 30 days)],
sulphate deposition [mg S/(m3 x 30 days)], in the clearing (substation PL 10) from March 2, 1996 to February 1, 1997.

Fig. 5. Phosphate deposition [mg PO4/ (m3 x 30 days)], ammonium
ion deposition [mg N/(m3 x 30 days)], nitrate deposition [mg
N/(m3 x 30 days)], chloride deposition [mg Cl/(m3 x 30 days)],
sulphate deposition [mg S/(m3 x 30 days)], in the forested area
(substation PL 11) from March 2, 1996 to February 1, 1997.

Fig. 4. Calcium ion deposition [mg Ca/(m3 x 30 days)], sodium ion
deposition [mg Na/(m3 x 30 days)], potassium ion deposition [mg
K/(m3 x 30 days)], magnesium ion deposition [mg Mg/(m3 x 30
days)], total nitrogen deposition in [mg N/(m3 x 30 days)] in the
clearing (substation PL 10) from March 2, 1996 to February 1,
1997.

Fig. 6. Calcium ion deposition [mg Ca/(m3 x 30 days)], sodium ion
deposition [mg Na/(m3 x 30 days)], potassium ion deposition [mg
K/(m3 x 30 days)], magnesium ion deposition [mg Mg/(m3 x 30
days)], total nitrogen deposition [mg N/(m3 x 30 days)] in the
forested area (substation PL 11) from March 2, 1996 to February
1, 1997.

j) potassium - the highest concentrations were observed
in the forested area (substation PL 11), the largest values
being obtained in January and March 7.50 - 7.75 mg/dm3
(Denmark 17.0 mg/dm3, The Netherlands 20.0 mg/dm3
[5]);
k) sodium - comparable values were observed at both
substations: PL 10 and PL 11, the largest values being
obtained in March at substation PL 10 2.26 mg/dm3 (Spain
1.37 mg/dm3 [14] and 5.15 mg/dm3 [16]);
1) calcium - the highest concentrations were found in
autumn at substation PL 11 in March 7.12 mg/dm3 (Spain
6.06 mg/dm3 [14], The Netherlands 9.0 mg/dm3 [5]);
m) electrolytic conductivity was considerably higher for
water samples collected in the forested area (substation PL
11) from February to April, the largest value (110 µS)
being obtained on March 30, 1996.
The largest spread of concentrations was observed for
chlorides, sulphates, phosphates, potassium and magnesium
ions in water samples collected at substation PL 11. In
water samples collected at substation PL 10 the largest
concentration spread was found for total nitrogen, nitrates,
and ammonium, sodium and calcium ions.

Conclusions
In summary, we conclude that:
- The content of various inorganic ions in precipitation
varies with the season of the year.
- The highest contents of inorganic pollutants were de
tected in water samples collected at the substation located
in the forested area (PL 11) in spring and late autumn or
winter. This may result from the elution from tree crowns
of pollutants deposited there in winter and summer. During
spring and autumn raining is heavier and pollutants are
washed down from tree crowns.
- The results of selected pollutants determination show
a good correlation with results of analysis of the same ions
(present in precipitation water sampled from similar areas)
obtained by other scientific centres all over the world.
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