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Abstract

The concentrations of total iron were determined in the 30 rainwater samples collected at Gdynia station, lo-
cated in the coastal zone of Gulf of Gdansk. The samples were assembled from December 2002 to November 2003.
Total iron concentrations were measured using a colorimetric method with bathophenanthroline. The concentrations
of major rain components (Na*, NO,>, CI, SO,*) were also determined. Concentrations of Fe , ranged from 0.26
pg-dm?to 0.51-10° ug-dm™. The total annual flux of Fe  was 11.22 mg'm~?yr', which suggests that wet deposition
can be one iron source for phytoplankton in the Southern Baltic. Iron in rain came from both terrestrial areas and

seawater. Particularly at E&SE winds the swash zone saturated with marigenic aerosols was a significant source of

iron. In these causes an anthropogenic influence on rain acidification was found to be minimal.
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Introduction

Iron is an element essential for the biochemical and physi-
ological activity of marine phytoplankton due to its role in
many metabolic processes, i.c. photosynthesis, nitrate reduc-
tion, nitrogen assimilation, N, fixation and oxidation reactions
[1-3]. Iron presents often at low ambient concentrations in sea-
water (0.05-2 nM), therefore it can limit primary production
and regulate ecosystem structure in large areas of the ocean
[1, 2]. The atmosphere is a source of particulate and dissolved
iron for HNLC regions (High Nutrients, Low Chlorophyll)
and coastal surface seawaters [1, 4]. Iron removed from the
atmosphere by wet or dry deposition stimulates growth of
phytoplankton and increases a flux of organic matter from
the euphotic layer to the deep ocean [1, 2, 4]. The washed-out
aerosols are considered to be the major iron source in oceans
and apparently account for ~80% or more of the total atmo-
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spheric deposition [4, 7]. Photochemical processes and the
contact of iron with acidic aerosols during material transport
in the atmosphere can transform mineral iron into dissolved
Fe(IIl) and Fe(II) [7]. Therefore, most often rain consists of
dissolved iron, inorganic and organic forms, and addition-
ally of colloidal and particulate iron [7]. Only Fe(II) species
play an important role in phytoplankton growth. Due to the
rapid changes of pH, ionic strength and solubility of aerosols
occurred in the atmosphere-seawater boundary layer the dis-
solved Fe(Il) undergoes again transformation into colloidal
and particulate Fe(III). If atmospheric iron deposited to iron-
limited surface seawaters became bioavailable, then rain could
stimulate the growth of phytoplankton [1, 2, 3].

Until 1900 the Baltic Sea was considered to be a me-
sotrophic reservoir. At present the Baltic is an eutrophic
sea because of a four-fold increase in N input and an
eight-fold increase in P input from outside sources. It is
possible that eutrophication to some extent depends on
iron input. The assessments show that an annual input by
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geological processes and river outflows were 25,000 t-yr!
in the beginning of the 1990s, whereas anthropogenic out-
flows, mines and industries introduced 319,000 t-yr! into
the Baltic [8]. Until now determinations of iron concen-
trations are limited to Baltic sediments and seawater [9,
10]. Papers about atmospheric deposition have not been
found. The main aim of this work was to recognize pre-
liminary total iron concentrations in rain and to estimate
the iron flux from the atmosphere.

Materials and Methods
Sampling

The 30 rain samples were collected at a routine mea-
surement station located at a land-based station in Gdynia
(9= 54°31°N, A= 18°48.86’E, Fig. 1). The station was situ-
ated at the edge of the roof of the Institute of Oceanography
of Gdansk University, above the tree crowns at a height of
c. 20 m a.s.l.. The building is about 1 km away from the
coastal line of the Gulf of Gdansk. Gdynia, with a popula-
tion of 250,000 citizens, is located close to agricultural and
industrial centers (shipyards, port facilities, food-process-
ing and chemical plants). Near Gdynia are two other size-
able cities - Gdansk and Sopot. Together with Gdynia, they
make up the so-called ‘Tri-city’ area.

The collections of samples were carried out during
December 2002 - November 2003. Usually the intervals
between rainfall events varied from 4 days to 2 weeks.
Meteorological parameters, such as the type of wet depo-
sition, rainfall amount, wind direction, wind speed, rela-
tive air humidity and air temperature were measured.

Procedures

The rain sample collector consisted of a 1 dm? poly-
ethylene bottle with small vent and teflon funnel of pre-
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Fig. 1. The geographical location of the Gdynia sampling station
and the wind rose (2002-03).

cipitation area equal to 31.4 cm? The bottle was tightly
joined with the funnel and sealed by a teflon-ring. Before
sampling each bottle was treated by 1.0 M hydrochloric
acid during 24 hours, then rinsed 3 times with distillated
and de-ionized water and dried at 80°C. Both rain pH and
conductivity were measured directly after sample col-
lection. The pH measurement was conducted by a glass
electrode and two standard solutions of pH 4.0 and 7.0.
The conductivity of rain samples was measured using an
InoLab Cond Level 1 conductmeter at 20°C. In the case
of snow or sleet depositions, the samples were melted in
a tightly closed bottle at room temperature. All samples
were kept in the dark in polyethylene bottles at 4°C until
analyzed but not longer than two weeks.

Analytical Methods

Total iron concentrations were determined spectro-
photometrically using bathophenanthroline (4,7-Diphe-
nyl-1,10-phenanthroline) in acetone solution [11-13], 10%
hydroxylamine hydrochloride solution and acetate buffer
solution. Before analysis acetate buffer and hydroxylamine
hydrochloride solution were extracted by shaking vigorous-
ly with adequate chemicals [13]. Polyethylene vials were
treated by 4.0 M hydrochloric acid to prevent the adhering
of iron to bottle wall. The measurement of Fe(Ill) relied
on its reduction to Fe(II) by a hydroxylamine hydrochlo-
ride solution. The absorbance of bright red complex Fe(II)
with bathophenanthroline was measured on Cadas Spectro-
photometer using a 50-mm cell at 533 nm. According to
Falkowska et al. [13] water samples cannot be preserved by
their acidification, therefore the iron concentrations were
determined in un-acidified and unfiltered rain samples. The
pH of sample during reaction should be mildly acidic. The
limit of detection using this method was 0.11 pg Fe dm?,
estimated as three times the standard deviation of repeated
measurements on samples. Major components of atmo-
spheric deposition such as sodium, nitrate, chloride and
sulphate ions were also determined in rain samples. The
measurement of sodium ion concentrations was performed
by Atomic Absorption Spectrophotometry (ASA) using an
Analyst 300 (Perkin Elmer spectrophotometer). The limit
of detection was 3.0 pg-dm. Standard deviations (SD) for
the lowest and highest sodium concentrations were 61.0
pg-dm=and 0.69 mg-dm?, respectively. All other ion con-
centrations were measured by a colorimetric method us-
ing a spectrophotometer. The determination of chlorides
consisted of the formation of color Fe[CSN], complex in
perchloric acid presence [14]. The limit of detection for
chloride determination was 0.13 mg-dm. The SD values
for lowest and highest concentrations were 44.0 pg-dm?
and 0.18 mg-dm?, respectively. Nitrate analyses were per-
formed by reduction in the presence of hydrazine and reac-
tion of the reduced compound with sulfanilic acid and N-
(-1-Naphthyl)-ethylenediamine dihydrochloride [15]. The
detection limit for this method was 51.0 nmol-dm™, and
the SD for lowest concentrations was 56.0 ug-dm, 0.32
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mg-dm? for highest concentrations. Sulphates were precip-
itated by a barium perchloride solution in the presence of
ethanol, then complexed with an excess of barium ions and
thorin [16]. The limit of detection for sulphates using this
method was 0.86 mg-dm™. All methods used in this study
are applied in the Baltic monitoring and recommended by
HELCOM'.

Results and Discussion
Ton Concentrations in Rain

Among 30 collected samples, three of them consisted
of sleet; one occurred in winter, and two samples in early
spring. The amount of precipitation varied from 0.3 mm
to 33.8 mm per sampling period. The lowest wet depo-
sition occurred in February and confirmed the long-term
weather trend for the Gdynia area [17]. Relatively short
intervals of droughts going on 4-14 days were also ob-
served in March, April, May and August 2003. The pH of
rain samples varied between 4.5-6.6. Average wind speed
varied from 1.2 up to 10.7 m-s!. Relative air humidity av-
eraged about 75%. The greatest average temperature was
18.8°C in summer and 6.8°C in autumn. In winter average
air temperature did not fall below -4°C.

The concentrations of total iron varied from 0.26
pg-dm3to 0.51 mg-dm™ annually, but such extreme values
appeared only once in winter. Minimum iron concentra-
tion was observed in summer. The median total iron con-
centration was 19.40 pg-dm?. The low and high quintiles
of iron distribution were 5.25 pg-dm and 36.88 pg-dm,
respectively (Fig. 2). Concentrations of major ions were
generally 4 orders of magnitude higher than concentra-
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tions of iron and changed within a wide range during the
year. The median concentration of sulphates was 7.31
mg-dm?3, and lower median concentration had nitrates
(4.85 mg-dm™). Among major rain components the con-
centration of chloride and sodium ions characterized the
lowest variability of statistical parameters. The median
concentrations of these ions were 5.82 mg-dm™ and 1.80
mg-dm?, respectively (Fig. 2).

Total iron concentrations varied from 17.70 pg-dm?
to 0.51 mg-dm in winter. The greatest concentration, 0.51
mg-dm?, was determined for a sample containing sleet.
This sample occurred only once in that season and was col-
lected after the 9th day of a drought. Such great iron con-
centration resulted from short shower rain events, where
the sum of precipitation amount in all was 1.14 mm during
25 days of February. In winter it was noticed that after long
and intensive rainfall the next sample had very low iron
concentrations despite large volume of collected rain. This
indicates that previous rainfalls were more effective with
the washout of acrosols from the atmosphere. The same
phenomena were also marked in the other seasons.

The ion concentrations measured in the coastal station
of the Gulf of Gdansk are presented in Table 1. The great-
est seasonal weighted average concentrations of total iron
were detected in winter 2002 (107.13 pg-dm™) and spring
2003 (32.97 ug-dm) (Table 1). The major components of
wet deposition were nitrates and sulphates, but their great-
est concentrations were in winter.

Statistical Analyses

The factor analyses were carried out in order to better
characterize our variables. For annual data, the first factor
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Fig. 2. Statistical characteristic of ion concentrations in rain from Gdynia coastal station (2002-2003).

"Helsinki Commission, Baltic Marine Environment Protection Commission.
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Table 1. Seasonal characteristic of ion concentrations in rain samples.

Season Date Date Sample *H Mean Fe SD* NOy | cr | Na’ | SO,”
start stop amount [mm] pH [pgdm?] | [pg-dm™] [mg-dm?]

Winter | 17.12.02 | 14.03.03 5 38.7 5.4 107.10° | 215.31 9.65 3.01 2.14 9.54

Spring 24.03. 23.06. 10 101.4 5.5 32.97 30.82 3.21 5.98 1.47 4.14

Summer | 23.06. 24.09. 10 121.5 4.9 19.46 19.71 3.08 5.63 1.01 6.44

Autumn | 01.10. 27.10. 5 52.6 5.1 10.74 10.58 5.98 6.94 2.23 5.30

2 SD=92.08 pg-dm for annual data, but without the sample with greatest iron concentration in winter SD=22.75 pg-dm.
" Calculating the seasonal weighted average concentration of Fe  the sample containing sleet was neglected. At the time an weighted
average of Fe  concentration was 25.18 ug dm at SD=13.85 pg dm".

Table 2. Loadings of the normalized Varimax rotation of chemical components and physical air parameters.

Annual Cold season Warm season
Parameters

Factor 1 | Factor 2 | Factor 3 | Factor 4 | Factor 1 | Factor 2 | Factor 3 | Factor 1 | Factor 2 | Factor 3

Pressure [hPa] 0.293 0.687 0.408 0.015 0.872 | -0.068 | -0.387 | 0.762 | -0.415 | 0.156
Wind speed [m s™] 0.288 0.250 0.775 0.003 0.987 | -0.010 | -0.094 | 0.225 0.269 | -0.749
Temperature [°C] -0.902 | 0.120 | -0.113 | -0.041 | -0.446 | 0.093 0.855 | 0.209 | -0.405 | -0.544

Relative humidity [%] 0.102 | -0.798 | 0.025 0.158 | -0.060 | 0.945 0.202 | -0.914 | -0.244 | 0.088

Conductivity [uS cm™] 0.564 0.159 0.100 | -0.728 | 0.100 | 0.144 | -0.962 | 0.451 0.851 0.156
pH -0.224 | 0.808 | -0.141 | 0.095 | -0.134 | -0.911 | 0.284 | 0.757 | -0.167 | -0.014

H [mm] -0.318 | -0.760 | -0.241 | 0.030 | -0.787 | 0.098 0.170 | -0.877 | 0.029 | -0.075

Fe  [mg dm”] 0.094 | -0.053 | -0.105 | -0.681 | 0.245 0477 | -0.784 | 0.029 0.825 | 0.185
NO, [mg dm™] 0.707 | -0.095 | 0.447 | -0.409 | 0.361 0212 | -0.896 | -0.269 | 0.787 | -0.192

Cl [mg dm?] 0.239 0.055 | -0.898 | 0.015 | -0.545 | 0.224 0.762 0.165 0.208 0.811

Na' [mg dm?] 0.845 0.191 | -0.261 | 0.041 0.750 | 0.291 | -0.244 | 0.242 | -0.042 | 0.910

SO,* [mg dm™] 0.200 0.083 | -0.107 | 0.578 0.111 | -0.770 | 0.303 | -0.425 | 0.369 0.487

Eigenvector 3.726 2.391 1.724 1.659 6.754 | 3.097 1.578 3.994 3.089 2.367

% total Variance 28.67 18.39 13.26 12.77 51.96 23.82 12.14 30.72 | 23.76 18.21

was attributed to chemical composition of wet deposition
created by anthropogenic (nitrates) and marigenic sources
(sodium ions) (Table 2). The second was ascribed to the
dynamics of atmospheric processes, and the third pre-
sented at the influence of the Gulf of Gdansk on chemical
compositions of rain. High loadings of concentration of
chlorides (-0.898) and wind speed (0.775) pointed at ma-
rine source of aerosols. In cold and warm seasons there
occurred the same relationships. In cold season the natural
source of marine salts and its role in rain neutralization
were more important than in the other season, where the
marine source was also, but the anthropogenic and terri-
genic sources had greater importance in the formation of
chemical compositions of rain.

Coecfficients of statistical linear correlation for these
same seasons confirmed relationships showed by the fac-
tor analysis. In cold season the significant statistical linear
correlations between iron concentration and both wind di-
rection (r=0.97%), and nitrate concentrations (r=0.85) were
noticed. On the one hand these relationships unambigu-
ously indicated the role of closely situated marine source,
and on the other hand showed the terrestrial source. In
the second season Fe  concentration correlated only with
conductivity (r=0.74), which in connection with pH and
amount of rain suggested high efficiency of the iron wash-
out.

The marine source of iron ions was occurred in both
seasons. This fact was confirmed by the coexistence of

“For all presented in this paper statistical linear coefficients the significance (p) level was below 0.05.
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Table 3. Loadings of the normalized Varimax rotation of rain components and physical air parameters for different ranges of pH.
pH
Parameters 4.6-5.1° 5.1-5.6" 5.6-6.1
Factor 1 Factor2 | Factor3 | Factor 1 Factor2 | Factor3 | Factorl | Factor?2
Pressure [hpa] 0.507 -0.710 0.343 0.817 0.344 0.071 -0.606 -0.579
Wind speed [m s7'] 0.125 -0.961 0.259 0.978 -0.045 0.077 0.131 0.991
Temperature [°C] -0.930 -0.020 0.223 -0.672 0.303 0.658 -0.926 -0.376
Relative humidity [%] 0.289 0.345 -0.897 0.001 0.427 0.707 0.072 -0.997
Conductivity [uS cm™] 0.889 0.005 0.140 -0.005 0.211 -0.967 0.052 0.843
H [mm] -0.719 0.876 -0.084 -0.739 -0.055 0.188 0.640 0.295
Fe, [mg dm?] 0.644 0.609 0.657 0.304 0.877 0.372 -0.968 0.220
NO; [mg dm?] 0.840 -0.425 -0.146 0.587 0.075 -0.694 0.511 0.462
Cl [mg dm™] -0.075 -0.150 -0.489 -0.631 0.526 0.112 -0.307 0.653
Na* [mg dm~] 0.905 0.842 -0.223 0.215 0.866 -0.236 0.637 0.027
SO [mg dm7] 0.005 0.148 0.331 0.201 -0.790 0.293 0.695 -0.279
Eigenvector 5.705 3.276 1.906 4.853 3.759 2.278 5.481 4.349
% total Variance 43.88 25.20 14.66 37.91 28.91 17.52 42.16 33.45

“The Jansen classification (1988), "The modification of the Jansen classification; the upper value of pH is 5.6 and means the carbonate

balance HCO,* — CO,* in water, when CO,__is 350 ppm.

2atm

sodium and chloride ions (Table 2) and significant statisti-
cal correlation between them (r=0.78). The molar ratio of
Cl:Na in rain samples from cold season was similar to that
in the Baltic seawater of 1.18.

After splitting the annual data set into the pH-depen-
dent subgroups, factor analysis showed strong correlation
between iron concentration and such parameters as precipi-
tation amount, air temperature, nitrate and sodium concen-
trations (Table 3). The ranges of pH were established by
classification of Jansen [ 18], who divided precipitation into
classes of acidity. We separated additionally two ranges of
pH from 5.1 to 5.6 and from 5.6 to 6.1. The pH value of 5.6
characterizes the carbonate balance (HCO,> — CO,*) in
water, when CO, is 350 ppm. Thus pH=5.6 was threshold
value pointing out the natural rain acidification.

In range of low pH (4.6-5.1) acid rainfalls were a re-
sult of anthropogenic and marigenic ion occurrence. The
second factor for this pH range reflected the iron marine
source. The third was attributed to an effective washout
of iron compounds from the atmosphere. According to
Millero et al. [19] mineral iron undergoes the process of
transformation into ionic form at low pH.

In pH range of 5.1-5.6 the first factor showed impor-
tant role of air circulation, and the second indicated the
common origin of iron and sodium, different than sul-
phates origin. The role of neutralization by marine salts
pointed out the third subgroup of pH. Factor 1 and 2 let
us see terrigenic and anthropogenic sources of rain com-
pounds remote off the Gulf of Gdansk.

Origin of Iron Aerosols

Southeastern winds predominate over the Gdynia area
in winter and spring. This direction provided a higher
concentration of ions in rain presumably from the Gulf of
Gdansk and the “Tri-city’ area compared to the northwest-
ern winds. This fact was confirmed by the factor analysis
(Table 2). Correlations between Fe  concentration and
wind speed were found in pH-dependence subgroups (Ta-
ble 3). Because the rain from cold season was collected
at E&SE winds and had higher pH than these from the
W&NW, it can be concluded that seawater was the impor-
tant source of sea salt (NaCl) and iron. Especially signifi-
cant were the swash zone where aerosols are generated.
This zone of the Gulf of Gdansk is under strong influence
of the Vistula River, providing water abundant with iron
[20]. Terrigenic sources supporting iron from remote ar-
eas were also important, but less effective than local ones.
Terrigenic and anthropogenic aerosols were brought by
westerly winds from land, which prevailed in summer and
autumn (Table 1).

It is worth stressing that pH of rainwater at wind
from the Gulf of Gdansk was not as acidic as at winds
from the land in summer. This fact was verified by
the factor analysis for two sectors of wind directions
(Table 4). The first factor for E&SE winds suggested
the concern of anthropogenic and terrigenic aerosols
washed-out by rain. Although anthropogenic nitrates
were responsible for rain acidification, marine salts
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Table 4. Loadings of the normalized Varimax rotation of chemical rain components and physical air parameters for eastern and western winds.

E & SE W & NW
Mean Vw=1.98 m-s! Mean Vw=2.37 m's™'
H=13.7 mm H=11.0 mm
Parameters [Fe]=3.58-97.6 ug-dm™ [Fe]=0.26 - 97.7 pg dm?
pH=5.1-5.6 pH=5.1-5.6 pH =4.6-5.1
Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2
Pressure [hPa] -0.614 0.053 0.995 0.104 0.754 0.016
Wind speed [m s™'] 0.365 -0.899 0.988 0.153 0.522 -0.139
Temperature [°C] 0.772 0.523 -0.577 0.817 -0.903 0.144
Relative humidity [%] -0.472 -0.065 -0.209 0.978 0.210 -0.394
Conductivity [uS cm™] -0.037 0.224 -0.120 -0.993 0.710 0.156
H [mm] 0.308 0.237 -0.645 0.191 -0.753 0.180
Fe,  [mg dm7] 0.734 -0.296 0.501 0.865 0.589 -0.093
NO; [mg dm7] 0.801 -0.313 0.494 -0.869 0.814 0.114
Cl [mg dm] 0.057 0.908 -0.870 0.494 -0.349 -0.655
Na* [mg dm?] 0.156 0.919 0.998 -0.062 0.798 -0.516
SO [mg dm7] -0.370 -0.543 0.986 -0.169 -0.022 -0.713
Eigenvector 4.717 3.300 8.253 4.746 5.355 2.364
% total Variance 36.28 25.38 63.48 36.51 41.19 18.18

were strong parameter neutralizing wet deposition and
they stopped decreasing of pH to too low values. At
winds from this sector pH in rain samples did not have
less than 5.1. Probably marine salts raised pH to 5.6,
i.e. the value revealed the carbonate balance especially
in winter and spring seasons. East winds were char-
acterized by lower speed (average V =1.98 m's™), an
average rainfall amount of 13.7 mm, and iron concen-
trations varied from 3.58 t0 9.76 pg-dm=.

In the sector of W&NW winds the factors indicated
on anthropogenic and terrigenic origin of ions washed-
out by rain, while the dynamics of the atmosphere
highlighted itself strongly when pH was above 5.1 than
below this value (Table 4). Therefore, local anthropo-
genic source will generate the strongest acidificator
of rain (chloride, sulphate and nitrate aerosols). More
effective washout of terrigenic iron appeared during
short rainfall of small volume when air temperature and
relative air humidity were high. An average west wind
speed was 2.37 m's!, average rainfall amount was 11.0
mm and iron concentrations varied from 0.26 ug-dm
t0 97.7 pg-dm?.

Atmospheric Iron Fluxes —
Influence on Phytoplankton Growth

Iron limits primary production in the Baltic during
the vegetation season. As Sunda and Huntsman [21]

have pointed out, oceanic diatoms were able to grow
at Fe concentration of 168 pg dm? while the coastal
Thalassiosira psuedonana and T. weissflogii needed Fe
concentrations of 2.24 and 6.72 ng dm?, respectively,
to achieve the same iron-limited growth rate. A second
acceleration in iron uptake rates of 7. pseudonana was at
total iron concentrations above 56 pg-dm and no other
species showed any acceleration of iron uptake [21]. The
concentration of bioavailable iron in the Baltic of >20
pug-dm— [22] was high enough to allow species such a
Nodularia spumigena and other diazotrophic cyanobac-
teria like Aphanizomenon sp. to bloom, in spite of their
high iron demands. The experiments carried out in the
coastal zone of the Southern Baltic demonstrated that
during the vegetation season the deficiencies of phos-
phorus, nitrogen and iron compounds were observed
[10, 23, 24]. In spring Sikorowicz et al. [10] detected
24-h cyclic decreases in iron concentrations below 5.60
pg-dm? in open water of the Basin of Gdansk. Accord-
ing to Pohl et al. [25] Fe(IIl) concentrations in the sur-
face seawater of the Gulf of Gdansk varied from below
the limit of detection to 35.11 pg-dm™. In this region the
average iron concentration estimated by Pempkowiak
et al. [9] was 0.10 pg-dm™. It is likely that iron limits
the growth of primary producers, particularly in open
seawaters of the Basin of Gdansk. In situations where
river waters supplied large loadings of iron to the coastal
zone, the atmosphere could enrich terrestrial input and
simultaneously sustain the primary production in marine
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Fig. 3. Statistical characteristic of total iron flux in wet deposi-
tion in the coastal zone of the Gulf of Gdansk (single and maxi-
mum value of Fe flux in winter was excluded).

areas remote from the coastal zone. The latest bibliogra-
phy [1-7] indicates the atmosphere as the most important
source of iron in open secawaters.

The total annual flux of Fe  was 11.22 mg'm?yr,
but wet deposition supplied the most sulphates (2.11 g'm-
2yr') and chlorides (1.95 grm?yr') in the coastal zone of
the Gulf of Gdansk. The total annual flux of nitrates was
1.62 g'm?yr! and sodium 510.06 mg'm2yr'. Seasonally
the median values of Fe  fluxes were relatively greater
in winter (0.23 mg'm?yr') and spring (0.16 mg-m?yr?')
compared to fluxes in summer (0.11 mg'm2yr"), and au-
tumn (47.0 pg'm?2yr') (Fig. 3).

In spring and summer seasons of the iron requirement
the atmosphere can sustain primary production and ipso
facto contribution to the intensification of eutrophication.
Frequently rainfall, characterizing itself by high flux of
iron, occurred in spring and summer.

For local eastern circulation the atmosphere supplied
the median iron flux of 207.17 pg'm in rain, whereas at
W&NW wind direction iron flux was 93.87 ug Fe m? (Fig.
4). The sample of the greatest iron flux occurred only once
in the sampling period and was excluded from data. Then
iron flux at east wind direction was 168.73 ug m2.

We collected 314.17 mm of rainfall amount and es-
timated the total flux of iron on 11.22 mg'm?yr!in the
coastal zone of the Gulf of Gdansk. In hydrological year
2002/03 the amount of rain was 600 mm, which means
52.4% of rainfall amount was collected. Because iron
ions play an important role in the limiting of primary
production [1-3, 6, 21, 22], authors willing to estimate
more precisely an magnitude of the atmospheric input
of that element, the correction of value of wet deposi-
tion was made. After correction an annual iron flux in
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Fig. 4. The mean iron fluxes from East and West wind sectors
(the sample of the greatest iron flux occurred only once in the
sampling period was excluded from data set).

rainfall was 21.43 mg'm?yr'. The same order of mag-
nitude of iron flux was estimated in Wilmington station
in USA (25.2 mg'm?yr') [26] and in the Inter-tropi-
cal Convergence Zone (ITCZ) (76.3 mgm? yr') [27].
In central Barents region Chekushin and coworkers
[28] estimated annual iron flux from 8.13 mg'm?yr! to
3.52 g'm?yrl,

Conclusions

The coastal zone of the Gulf of Gdansk was char-
acterized by low total iron concentrations in wet depo-
sition (0.26 pg'dm>— 0.51 mg-dm?). It decided about
relatively small flux of iron from the atmosphere in com-
parison to the others regions. A wide range changeability
of Fe , concentrations in rain over the Gulf of Gdafisk
indicated the complicated physical processes determin-
ing the wash-out of aerosols by rain. The effectiveness
of iron wash-out from the atmosphere increased with
decreasing pH and amount of precipitation. The total
annual iron flux was 11.22 mg'm?yr! at 314.17 mm of
rainfall amount. Iron level in rain was not significant in
the coastal zone, but wet deposition could be an impor-
tant source of iron in open part of the Gulf of Gdansk,
where riverine waters did not reach. Therefore, iron de-
posited during rainout events had a significant impact
on primary production in remote areas of the Gulf of
Gdansk.

Iron aerosols were terrigenic and anthropogenic in ori-
gin, but in many cases the swash zone saturated by mari-
genic aerosols may have a great meaning as a source of
this metal in air over the coastal zone.
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