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Abstract

Sandy sediments coming from three beaches of the southern Baltic Sea were collected and analyzed.
Investigated beaches were divided according to strength of anthropogenic impact and degree of shel-
tering. The first beach was situated in Ustka on the eastern side of the mouth of the Stupia River, se-
cond in Czolpino and the last one in Puck. Core sediment samples were collected seasonally, depend-
ing on the influence of the sea water on the examined sediments. At each station, surface sediments
(0-5 cm) were collected as well as sediments at the depth of 10-15 cm. The general content of organic
matter, proteins, lipids, carbohydrates, organic carbon and total bacterial number were determined.
The results of the conducted tests reveal, that anthropopressure, degree of sheltering, the depth where
the collected sediments were taken and the direct influence of the sea water on the sediments have
impact on the chemical composition of organic matter and bacterial number in beach sediments.
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INTRODUCTION

Sandy beaches are important and widespread marine coastal ecosystems character-
ized by uncontrollable dynamic nature whose structure is determined by wind, sand
and water in a state of constant motion (Schoeman et al. 2000, Mudryk and
Podgorska 2006). They are contact zones between the land and the sea or ocean.
One of the few possible types of coasts are beaches, which are the most common
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form of littoral accumulation. The beach sediment may be supplied by rivers or by
the erosion of highlands adjacent to the coast, and the sea may also contribute to the
sediment supply through input of biogenic structures (animal skeletons, coral and
shell fragments) (McLachlan and Brown 2006, Maria et al. 2016). Sandy beaches
are characterized by a wide spectrum of sizes, morphologies and ranges of exposure
to oceanographic conditions and they constitute a buffer zone between the land and
the sea (Novitsky and MacSween 1989, Rodil and Lastra 2004, Mudryk et al. 2011).
Those environments are complex systems affected by the interaction of geological,
hydrological, physicochemical and biological factors (McLachlan et al. 1996,
Schoeman et al. 2000, Rodriguez et al. 2003, Rodil and Lastra 2004, Misic and
Fabiano 2005). Very often they are subjected to considerable anthropopressure due
to their recreation function. It can be concluded that beaches are squeezed between
rising sea level on the marine side and expanding human population and develop-
ment on the landward side (Schlacher et al. 2008).

In coastal ecosystems, sandy beaches play an important role in energy flow and or-
ganic matter turnover. They can be considered as the huge filters through which
large amount (10-70 m’-m™-d™") of water is filtered (Nair and Bharathi 1980, Brown
and McLachlan 1990, Heymans and McLachlan 1996). The passage of water
through a sandy beach, i.e. the degree of drainage, depends on porosity, permeabil-
ity, compactness and capillarity. During water permeation great amounts of organic
matter are adsorbed on the sand grain surfaces in the form of particulate (POM) and
dissolved (DOM) organic matter, respectively (Mudryk and Podgérska 2006). The
sand of beaches acts as a passive element of cumulative pollution accumulating fecal
bacteria from point sources such as municipal wastewater effluents, and non-point
sources such as recreational users, fecal droppings from wild animals (mainly birds),
agricultural run-off, storm drain and mats of green algae (Craig et al. 2002, Sato et
al. 2005, Edge and Hill 2007, Skorczewski et al. 2012). In ordinary ecological con-
ditions, this process leads to the accumulation of matter and energy in the splash and
spray zones of sandy beaches and is the reason of development there of a great va-
riety and number of interstitial organisms (Zaitsev 2012).

Bacteria play a key role in the processes of decomposition and transformation of or-
ganic matter accumulated in marine beaches (Jedrzejczak 1999) and are considered
to be an important component of the sand beach community. Heterotrophic bacteria
inhabiting water ecosystems are not a homogeneous group of organisms. They are
a population of various physiological groups, which are characterized by the ability
to carry out the processes of depolymerization of a very wide spectrum of macromo-
lecular compounds (Krstulovi¢ and Soli¢ 1988, Mudryk et al. 1999, Mudryk et al.
2011). Degraer et al. (2003) showed that abundance and species composition along
the shore decreased with increasing beach slope and grain size, and with decreasing
beach width and relative tidal range. According to Koop and Griffiths (1982) and
Phillips et al. (2011) bacteria can mineralize about 70% of the organic matter reach-
ing sea beaches, however productivity of the sand beach is ultimately limited by nu-
trient input (Khiyama and Makemson 1973).

In the sandy sediments of marine beaches subjected to extreme activity of waves and
wind, over 90% of bacteria in fixed to the surface of the sand grains (Meyer-Reil et
al. 1978, Mudryk and Podgorska 2006). Sand grain is a well defined habitat for var-
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ious species of microorganisms (Meadows and Anderson 1968, Nair and Bharathi
1980) including bacteria. Weise and Rheinheimer (1978) and Yamamoto and Lopez
(1985) draw attention to the fact that the surface area does not limit the sand grain
colonization by bacteria, but their individual topography and shape does. Signifi-
cantly more bacteria occur on the grains with diverse topography characterized by
high degree of irregularity than on grains with smooth surfaces (Mudryk and
Podgorska 20006).
According to Martinez et al. (1996) and Unanue et al. (1999) many heterotrophic
bacteria are characterized by the ability to carry out the processes of
depolymerization of macromolecular compounds to mono- or oligomers. The inten-
sity of decomposition of organic macromolecules in water basins is usually deter-
mined not only by the number of bacteria capable of carrying out those processes,
but also by the level of activity of their extracellular hydrolytic enzymes
Sandy beaches usually receive large input of organic matter which may constitute an
important source of nutrients for offshore production (Brown and McLachlan 1990,
Jedrzejczak 1999). Biochemical composition of organic matter (OM) in water basins
results from the dynamic equilibrium between external inputs, autochthonous pro-
duction, and heterotrophic utilization (Incera et al. 2003b). The composition of OM
is certainly heterogeneous; it is a mixture of thousands organic molecules of low and
high molecular weight (Farrington 1992).
Most of OM in marine ecosystems consists of compounds of a high molecular
weight and polymeric structure, mainly proteins, starch, lipids, pectin, cellulose, chi-
tin, nucleic acids, or lignin (Poremba 1995, Arnosti 1998, Unanue et al. 1999). For
heterotrophic bacteria, high molecular weight biopolymers constitute an important
source of carbon, nitrogen, and energy used for biosynthesis or respiration.
Organic matter (OM) in the marine environment is composed of labile and refracto-
ry compounds (Daumas et al. 1983, Fichez 1991, Danovaro et al. 1993, Rowe and
Deming 1985, Fabiano et al. 1995). The labile portion mainly consists of simple
sugars, fatty acids and proteins that are rapidly mineralised. Conversely, the refracto-
ry portion of OM, which is largely composed of complex macromolecules, requires
a much longer time to be degraded and, if buried, might be easily lost by the benthic
food web (Fabiano and Danovaro 1994, Danovaro et al. 1999a).
Labile OM plays a role in environmental dynamics and cycling of nutrients, as well
as toxicity and fate of pharmaceutical, chemical (e.g., residues from herbicides and
insecticides), metal, and organic pollutants in soil, sediments, water, and air. Con-
versely, the refractory portion of OM, which is largely composed of complex mac-
romolecules like humic and fulvic acids or complex carbohydrates, is characterized
by lower degradation rates (Handa et al. 1972, Robinson et al. 1982, Sargent et al.
1983, Wilson et al. 1986, Buscail et al. 1990, Biddanda and Riemann 1992), requires
a much longer time to be degraded and, if buried, might be easily lost by the benthic
food web (Fabiano and Danovaro 1994, Danovaro et al. 1999b). This is why the pre-
sented work aimed at:
(1) to investigate the biochemical composition and total bacterial number in three
Polish beaches subjected to a different degree of exposure and anthropopression,
(2) obtaining information about the temporal changes in quantity of organic matter
composition and total bacterial number in sheltered and exposed beaches,
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(3) assessment of variation of above mentioned parameters in horizontal transects
and vertical depths.

MATERIALS AND METHODS

The study was carried out on three sandy beaches in Poland (Fig. 1).

Bajric Sea
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Fig. 1. Location of sampling sites and presentation of the horizontal and vertical profiles of
one of the beaches

Samples were collected in the belt of Polish coast in Ustka (54°34'N/16°51'E) on the
eastern side of the mouth of the Stupia River, in Czolpino (54°43'N/17°14'E) and in
Puck (54°44'N/18°24'E). The most important difference among studied beaches is
human impact on the ecosystem and characteristic of an individual beach according to
its ecological state and degree of sheltering. The beach in Czolpino is a natural beach
and is located in the Stowinski National Park. Ustka and Czotpino beaches, particular-
ly in autumn and winter, is exposed to strong winds that generate high waves, which
cause strong erosion onshore. As a result the seashore along the Ustka beach is heavily
destroyed and the coastline retreats on average 0.08 m every year (Zawadzka-Kahlau
1999). Therefore, in the classification of Brown and McLachlan (1990) they are at-
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tributed to exposed beaches. The Puck beach is located above Puck Bay, where the
wave energy is much smaller, and hence it is attributed to sheltered one.
Core sediment samples were collected seasonally (winter, spring, summer and au-
tumn) in 2010 and 2013. A transect was marked along a profile formed perpendicu-
larly to the shoreline. Four in Ustka and Czotpino and three in Puck sampling sites
(Fig. 1) were located as follows:
+ Site 1 (S1) in the sea, approximately 1.5 to 3 m from the waterline into the water
(about 1 m of the water depth),
» Site 2 (S2) at the waterline,
+ Site 3 (S3) on the beach, at a 30 m distance from the waterline,
+ Site 4 (S4) in the dune, about 60 m away from the waterline.
Cores were taken with a 30 X 15 cm core Morduchaj-Bolkowski sampler, divided into
two sections: 0-5 cm (surface layer) and 10-15 cm (subsurface layer), and placed in
sterile polyethylene boxes. The samples were placed on ice and transported to the la-
boratory as soon as possible. Since accomplishment of full microbiological analysis
was not possible in relatively short period of time samples were frozen to -60°C, how-
ever just before analysis the batch of samples subjected for treatment were defrosted.
Several microbiological and chemical parameters were determined in sand sedi-
ments: total bacteria number (TBN), lipids (LIP), proteins (PRT), carbohydrates
(CHO), organic matter (OM) and total organic carbon (TOC). Prior chemical analy-
sis sand samples were only mixed, while prior microbiological one they were ten-
fold diluted in a sterile water buffer (pH = 7.2) and sonicated (Rheinheimer 1977,
Ellery and Schleyer 1984) to separate bacteria from sediment. Sonication was done
using ultrasonic sonicator Bandelin SONOPLUS HD 2070 (Bandelin, Germany) in
time of one minute and frequency of 20 kHz. Measurements of absorption for LIP,
PRT and CHO were accomplished using Hitachi U-5100 (Hitachi, Japan) according
to deionized water produced by HLP 10 (Hydrolab, Poland) while TBN using
epifluorescence microscope Olympus BX41 equipped with excitation-barrier cube
UV-2A (excitation A = 365 nm, emission A = 420 nm). TBN was established with
the acridine orange direct method (DAPI) according to Porter and Feig (1980). OM
was determined gravimetrically as the loss during calcination. It was estimated by
delimitation of the difference between the mass of the sample dried earlier, and the
mass of the sample calcinated in a muffle furnace (in the temperature of 450-
500°C) to the solid mass. The sample was previously flooded with 10% chloride
acid in order to remove carbonates (Januszkiewicz 1978). TOC was measured by
Tiurin’s method (Myslinska 2001), PRT according to the method described
by Markwell et al. (1978), while CHO were analysed by DuBois et al. (1956)
method. Finally, LIP were determined according to method described by Zollner
and Kirsch (1962).

RESULTS

The highest concentration of PRT was determined in core sediments collected in
Ustka (379.62 pg - g'), while the lowest in samples taken from Czolpino
(290.31 pg'g™) (Table 1).
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Table 1
Organic matter and its labile forms abundance in worldwide beach sediments
Location oM oc CHO PRT LIP Reference
[mgg-] | [mgeg']l | [nge'] | [nee']l | [nee']
Ustka 60.31- 44.80- 15.26-
(Poland) 4.53-33.45 | 3.06-20.46 2985.13 | 046.61 1745.44
Czotpino 53.28- 79.33- 6.21-
(Poland) 3.33-21.06 | 0.92-19.68 797.19 152438 | 735.05 | current study
Puck 4.74- 1.76- 127.95- 55.70- 38.17-
(Poland) 267.08 160.00 1864.17 | 3861.52 | 1427.93
Sopot 0.90-13.00 ; ; ; -
(Poland) Trojanowski
i et al. 2007
Czolpino 0.40-10.40 ; ; ; -
(Poland)
Ligurian Sea .

di 7.20- 5.00- 3.20- Fabiano et al.
(Mediterranean ) ) 283.10 | 287.20 | 366.10 2004
Sea)

Iberian Peninsula i ) 4.00- 37.00- 1.00- Incera et al.
(Spain) 1783.00 | 4160.00 190.00 2003a
Ionian and

Aegean Sea ) 0.40-8.70 1230.00- | 72.00- 58.00- Danovaro et
(Mediterranean ' ' 2510.00 165.00 196.00 al. 1993
Sea)

Marseille 870.00- | 480.00- 10.00- .

(France) ; 1-84-1580 1 412000 | 2620.00 | 660.00 | Fichez 1991

Note: (-) - not measured

Seasonal analysis presented in Fig. 2a revealed that the highest concentration of PRT
in Ustka was determined in autumn, while the lowest in spring. In case of core sed-
iment samples collected in Czolpino the highest concentration of PRT was also de-
termined in autumn, while the lowest in winter. Core sediment samples collected in
Puck in spring were characterized by the lowest protein content, while those collect-
ed in summer were of the highest abundance of PRT. Concentration of PRT was dif-
ferent both in vertical cores (Fig. 2b) as well as horizontal transects (Fig. 2¢) of the
studied beaches. The highest mean concentration of proteins was found in subsur-
face layer (10-15 cm) in Puck and Czotpino indicating and ability of vertical infiltra-
tion. In Ustka the highest concentration of PRT was found in surface layer. Accord-
ing to horizontal transects the highest PRT concentration was found in S4 in autumn
and winter, while in S3 in spring and summer. In Czolpino cores taken from S4 in
autumn and winter, S1 in spring and S2 in summer were the most abundant with
PRT. In Puck the highest concentration of PRT was found in spring an autumn in
sediments in S2, while in S1 and S3 the maximal values were found in summer, and
winter, respectively.
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Fig. 2. The content of proteins determined in core sediments according to seasonality, vertical
depth and horizontal transects

The comparable mean concentration of LIP was determined in sediment samples
collected in Puck (265.01 pg-g™") and Ustka (262.04 pg'g"), although in Puck the
content of LIP varied in the range between 38.17 pgg'l and 1428 ug-g'l, while in
Ustka between 15.26 ugg'l and 1745 ug~g'l. This is why the highest concentration
of LIP was measured in Ustka, while the lowest in Czotpino, where the concentra-
tion range varied between 6.21 pg-g'l do 735.05 pg-g'1 (Table 1). Seasonal analysis
of LIP concentration (Fig. 3a) revealed that the highest concentration was found in
Ustka during spring (473.27 pg~g'1),while in the rest of seasons it was significantly
lower (around 200.00 pg'g'). Huge seasonal variation of LIP concentration was
found in Puck (the highest concentration was determined in winter, while the lowest in
autumn). It was also found that LIP concentration in winter and spring was two times



162 Katarzyna Bigus, Aleksander Astel, Marcin Stec, Paulina Piskuta

higher than in summer and autumn showing descending trend from the beginning of
the year till the end. In core sediments collected in Czotpino the highest concentration
of LIP was determined in winter, spring and summer (around 220.00 ug- g'l), while the
lowest in autumn (65.56 pg-g”). In the vertical profile (Fig. 3b) of core sediments
collected in each of the beaches lipid infiltration along into the profiles is noted. As
a result higher mean concentration in subsurface layer (10-15 c¢m) than in surface
layer (0-5 cm) occurs. Despite of this the highest difference in LIP abundance be-
tween individual layer was found in samples collected in Puck, while the lowest in
those from Czolpino. On the beaches studied concentration of lipids was changeable
also along horizontal transects (Fig. 3c). Surprisingly, in dredged material collected
in Ustka the highest LIP concentration was determined in S3 (298.90 pg-g"), while
the lowest in S2 (224.12 pg-g™).
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Fig. 3. The content of lipids determined in core sediments according to seasonality, vertical
depth and horizontal transects
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Both in Czolpino and Puck LIP concentration was decreasing as it moved away from
the shoreline. In Czotpino the highest mean lipids concentration was determined in
S1, while in remaining points of the horizontal transect it was on similar level
(160.00 pg'g™). In Puck LIP concentration determined in core sediment collected in
the sea was higher by around 100 pg-g” than in the middle of the beach
(222.98 pg-g™).

In core sediments dredged in Puck mean concentration of CHO was almost two-fold
higher than in Czotpino (310.84 ug-g'l) (Table 1). Seasonal assessment of CHO’s
concentration (Fig. 4a) revealed increasing trend from winter season till autumn in
Ustka and Puck, however minimal concentration in Ustka was determined during
summer. Similar characteristic was observed in Czotpino, where maximal concentra-
tion of sugars was determined in winter, while minimal one in spring.
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Fig. 4. The content of carbohydrates determined in core sediments according to seasonality,
vertical depth and horizontal transects
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It is also worth to mention that seasonal differences concerning CHO’s concentra-
tion in dredged material collected in Czolpino were far smaller than in Ustka and
Puck, especially during spring, summer and autumn. In case of vertical profile sub-
stantial CHO’s infiltration was found in Ustka and Puck, since in subsurface layer
sugars’ concentration was higher than in surface one. Core sediments collected in
Puck in subsurface layer were more abundant with CHO than in Ustka (Fig. 4b).
None of vertical infiltration was observed in Czolpino, where in surface layer con-
centration of CHO was higher than in subsurface one. Generally, in all locations
CHO’s concentration decreased together with an increase of distance from the wa-
terline (Fig. 4c). As an example determined concentration of sugars in Puck in S1
was 689.00 pg'g” while in the middle of the beach it was only 450.95 pg-g”. Ob-
tained results confirm significant impact of the sea on accumulation of carbohy-
drates in beach sediments as dominant source of this type of organic matter in
coastal regions.

In collected dredged material variation of mean concentration of OM according to
beach location (Table 1) and seasonality (Fig. 5a) was observed. The highest OM
concentration was determined in core sediments collected in Puck (42.95 pgg’)
while the lowest in these, collected in Czolpino (9.12 ug~g'l), indicating substantial
anthropogenic impact. In all locations minimal concentrations were determined in
winter or spring, while the highest during the peak of touristic season: 18.23 pg'g’,
10.50 ug: g'l, 50.41ug - g'1 in Ustka, Czolpino and Puck, respectively. In case of ver-
tical profile infiltration deep into the beach sediments was observed only in Puck. As
a result OM concentration in subsurface layer was almost two times higher than in
layer between 0 and 5 cm depth. In Ustka and Czolpino the content of OM in both
layers was comparable (Fig. 5b). Horizontal assessment of OM variability (Fig. 5¢)
revealed that in Puck its concentration decreases together with increase of distance
from the waterline. On S1 mean OM concentration was equal 70.43 pg-g” while in
the middle of the beach (S3) it was 12.76 ug~g'l. The opposite characteristic was
found for core sediments dredged in Ustka, where OM concentration increases to-
gether with increase of distance from the waterline. As a consequence the lowest
concentration was determined in S1 and S2 (15.31 ug~g'1), while higher in S4
(17.31 ug-g'l). In Czolpino spatial distribution of OM in horizontal transect was
unified. It suggests that major inflow of OM in Puck comes from the sea, in Ustka
from the land while in Czotpino both inflows are balanced.
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Fig. 5. The content of organic matter determined in core sediments according to seasonality,
vertical depth and horizontal transects

The lowest TOC concentration values were determined in winter in Czolpino and
Puck, and in spring in Ustka. In the vertical profile (Fig. 6b), the beach sediments of
Ustka and Czolpino were characterized by similar content of TOC, with slight in-
crease in surface layer. An opposite characteristic was found in Ustka, where lower
deposited sediments were more abundant with TOC. Horizontal assessment of TOC
abundance in investigated core sediments revealed analogical variability as de-
scribed above for OM (Fig. 6¢).
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Fig. 6. The content of total organic carbon determined in core sediments according to season-
ality, vertical depth and horizontal transects

Within the framework of microbiological tests TBN, as a measure of sanitary pollu-
tion of the region, was determined. Obtained results revealed significant differences
of TBN according to seasonality, location as well as vertical depth. In core sedi-
ments collected in Puck TBN varied in the range between 2.90-10° cells~g'1 and
1.61-10° cells'g”, in Czolpino between 1.91-10° cells-g™ and 1.42:10° cells'g™ while
in Ustka between 1.51-10° cells~g'l do 1.20-10° cells-g'l.

Seasonal analysis of TBN (Fig. 7a) indicated that in Ustka and Puck the highest
number of cells was determined during winter, while in Czotpino during summer.
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Fig. 7. Total bacteria number determined in core sediments according to seasonality, vertical
depth and horizontal profile

In all locations extreme values of TBN were determined in dredged material collect-
ed in S3, however in Ustka and Puck higher abundance was observed in surface lay-
er, while in Czotpino in subsurface layer (Fig. 7b).

DISCUSSION

Sandy beaches are dominant type of coasts in Europe. They are a dynamic ecosys-
tem characterized by mutual interactions of lithosphere, hydrosphere, atmosphere as
well as humans. As an element of coasts they are subjected both for land originated
and marine originated impacts, and this is why variety of pollutants can be delivered
to the beach from the land and from the sea (Huettel et al. 2003, Tylkowski and
Samotyk 2011). According to intensity and energy of wave motion as well as water
level during storms sea water can reach distant locations. Withdrawing water flows
through sandy sediments causing its filtration since beach acts as a form of natural
filter protecting terrestrial ecosystems against sea originated pollutants (Huettel et
al. 2003, Podgorska and Mudryk 2003, Trojanowski et al. 2014). As a consequence
organic matter as well as various forms of toxic substances accumulate in beach sed-
iments (Meyer-Reil 1991). According to Podgorska et al. (2008) beaches are able to
filtrate 10-91 m’m™-d” of sea water per day, however real quantity depends on
some crucial physical characteristics of sediments, namely permeability and porosity
which limit penetration ability of sea water deep into the beach sediments (McLach-
lan and Brown 2006).

Chemical composition of beach sediments uncovers the role of sandy coasts in sea
water filtration and immobilization of variety of substances. In available references
many papers concern organic matter abundance and its labile forms around the
world. In Table 1 above results obtained in this study were set up with other results
concerning organic matter abundance and its labile forms determined in sandy
dredged material collected around the world. As ensues from Table 1 dredge materi-
al collected in belt of Polish coast in Ustka and Puck is characterized by much lower
concentration of LIP and TOC as those collected in Mediterranean Sea coast
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(Fichez 1991, Danovaro et al. 1993, Fabiano et al. 2004) and Atlantic Ocean (Incera
et al. 2003a). Wide range in concentration of analytes from different parts of the
world result from climate, hydrographic and anthropogenic differences (Danovaro et
al. 1993, Trojanowski et al. 2014). According to Trojanowski et al. (2007) in dredge
material collected in beaches attractive tourist is characterized by much higher con-
centration of organic matter as those natural beaches. The obtained data confirm this
dependence. The beaches of Ustka and Puck are characterized by high levels of
anthropopression, while the beach in Czotpino is located in the Stowinski National
Park and its tourist activity is limited.

Despite filtration, sandy sediments participate in regeneration and recycling of bio-
genic elements in marine ecosystems (Meyer-Reil 1986) since organic matter deliv-
ered in dissolved as well as molecular form reach in macromolecules as proteins, li-
pids and carbohydrates (Mudryk and Skérczewski 2004, Mudryk and Podgoérska
2006) undergoes to mineralization and transformation processes.

Heterotrophic bacteria play substantial role in organic matter transformation. In fa-
vorable conditions they are able to total mineralization of OM to simple inorganic
compounds as ammonia, nitrates and phosphates (McLachlan 1983). OM transport-
ed by sea water during tides and wave motions can be infiltrated deep into the beach
sediments being food source for microorganisms (Mann 2000, Trojanowski et al.
2007). Its decomposition takes place due to ability of microorganisms to enzymatic
synthesis as a result of their adaptation to abundance of appropriate substrates
(i.e. proteins, carbohydrates) or environmental factors (i.e. temperature, oxygena-
tion, insolation) (Paluch 1973, McLachlan and Brown 2006). As result bacterial
microflora present in sandy sediments play an important role in self-purification of
beaches as well as energy and matter flow in marine ecosystems (OIiff et al. 1970,
Podgorska and Mudryk 2003, Podgodrska et al. 2008).

An assessment of microbiological processes taking place in sandy beaches ecosys-
tem is complemented by total bacteria number. TBN can be used to monitoring pur-
poses since microorganisms violently and rapidly react on every disturbances of
regular environmental conditions (Danovaro and Fabiano 1995, Fabiano et al. 2004).
One of the most important factors having an effect on TBN is sampling depth. Ob-
served drop of TBN in core sediments collected in S3 from subsurface layer was
probably caused by less favorable conditions in comparison to surface layer (higher
temperature and insolation as well as better oxygenation) (Fabiano et al. 2003, Rush
et al. 2003). Discovered phenomenon fits to results presented before by Fabiano et
al. (2004) who determined higher total bacteria number in surface layer on the
Ligurian Sea coast.

The TBN can be also limited by seasonality as was observed in dredged material
collected on Polish coast. In general TBN increases during seasons of low external
temperature: mainly winter in Puck and Ustka, or early spring in Czotpino and
Ustka, however according to Danovaro and Fabiano (1995) temperature does not
promote bacterial expansion, solely supporting their growth. Results observed in our
study are different than presented by Danovaro and Fabiano (1995) who reported
decrease of TBN during winter, and increase in summer. Simultaneously Danovaro
and Fabiano (1995) emphasized that the more adequate factor to assess annual vari-
ability of TBN is quality of organic matter, mutual abundance of proteins, carbon
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and nitrogen, in particular. Seasonality could be recognized as another important
factor determining the concentration of OM and its labile forms in sandy sediments
in coastline. In the current study the highest content of OM was generally deter-
mined at the turn of spring and summer. Occasionally, maximal concentration was
determined in samples taken during winter campaigns. Similar phenomenon was ob-
served on the coast of the Ligurian Sea where the highest concentration of PRT and
CHO was determined in spring, LIP in autumn, while maximal abundance of OM
was present in winter (Fabiano et al. 1995).

Results obtained in current study revealed some variation in concentration of organic
matter and its labile forms according horizontal transect along the beach. In dredged
material collected in the most anthropogenically impacted beach in Puck the highest
abundance of OM was determined in S1 and S2, which had a direct contact with sea
water. Similar phenomenon was observed in Czotpino, however in this case the
highest concentration of PRT was determined in the most remote location (S4). Con-
trarily, in core sediments collected in Ustka the highest concentration values were
determined within locations separated from the waterline. The only exception was
LIP with the highest concentration value determined in sample taken from S1. Cur-
rent results generally fit to results presented by others, in particular Incera et al.
(2003a) and Rodil et al. (2007) who confirmed the highest abundance of PRT, LIP
and CHO in sandy sediments collected in Spain from locations possessing direct
contact with the sea. Similarly as them also Cividanes et al. (2002) found the highest
abundance of proteins, lipids and carbohydrates in the vicinity of waterline in Gali-
cia. Described above dependencies were confirmed before by Trojanowski et al.
(2007) who observed decrease of organic matter abundance accompanying with in-
crease of distance from the waterline in Sopot and Czotpino.

Degree of sheltering impacts on abundance of OM and accompanying substances
(PRT, CHO and LIP) in sediments deposited on Polish beaches. According to
Covazzi Harriague et al. (2006) in Liguria coast and Incera et al. (2003b) in north-
western part of Iberian Peninsula sediments collected in sheltered beaches were at
least four to five times more abundant with PRT, CHO and LIP in exposed beaches.
Incera et al. (2003b) in exposed beaches indicate results PRT 37.4-801 pgg’,
CHO 5.7-266.5 pgg' and LIP 0.6-56.3 pgg"', while in sheltered beaches
PRT 3.8-4,165 pg'g”', CHO 3.6-1,783 pgg' and LIP 3.8-189.9 pg g'. Covazzi
Harriague et al. (2006) indicate results for OM in exposed beaches — 53.9 gC-m™,
and in sheltered beaches — 1,174.3 gC~m'2.

Results obtained in the current study fully confirm validity of these comparisons. We
observed far much higher concentration of OM and TOC in dredged material col-
lected from sheltered beach in Puck in comparison with samples taken in Ustka or
Czolpino. The beach in Puck is sheltered against the influence of the open sea by the
Hel Peninsula, which separates it from an open Baltic Sea and almost precludes the
exchange of water (Incera et al. 2003b).

In order to increase the esthetical characteristic of the beaches and to protect them
against erosion and destructive storms, they are subjected to hydrotechnical treat-
ments such as infilling. Infilling is a type of hydrotechnical treatment carried out to
protect beach against substantial abrasion of the coast by the use of sand mined from
main harbor canal. According to Pusceddu et al. (1999 and 2000) in case of stable
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beaches together with increasing of distance from waterline concentration of PRT, LIP,
CHO and TOC decreases. This is why infilling processes impact on organic matter and
its labile forms abundance as well as other chemical compounds content in sandy sed-
iments. Infilling processes introduce variety of allochthonous bacteria displacing au-
tochthonous organisms. Among set of studied beaches infilling campaigns take place
in Ustka and Puck increasing overall anthropogenic impact caused by developed urban
infrastructure, sea harbors and touristic activities (Trojanowski et al. 2007, Bigus and
Trojanowski 2011). In the contrary the beach in Czolpino is located on the area of full
ecological protection, almost free from any anthropogenic activities.

CONCLUSIONS

Marine beaches are a dynamic ecosystem characterized by diversity of inhabiting
organisms (birds, fish, invertebrates), climatic conditions, sea pressure as well as ge-
ological processes (abrasion, sedimentation, sediments accumulation, etc.). Its prop-
er functioning would not have been possible without psammons and protozoa in-
volved in mineralization and transformation of organic matter to ammonium, nitrate
and phosphate ions. Factors such as anthropogenic pressure and degree of beach
sheltering limit intensity of microbiological and chemical processes taking place in
beach sediments.

Beaches in Ustka and Puck are impacted by strong anthropogenic pressure due to
vicinity of cities and harbors, while beach in Czolpino is located on the area of
Stowinski National Park which is ecologically protected area, free from human im-
pact.

The organic matter load is higher on the sheltered beach than on exposed ones.
However, excessive accumulation of OM contributes to the inhibition of mineraliza-
tion and transformation due to deficiency of oxygen which is essential to OM con-
version. To maintain optimal mineralization and transformation sunlight and temper-
ature should also be appropriate. Both factors most affect the surface layer of beach
sediments, and hence the lower concentration of OM is observed in that zone. It was
clearly observed in Puck indicating OM infiltration deep into the beach sediments.
Factors influencing mineralization and transformation of OM also determine an
abundance of microorganisms as well as the rate of microbiological processes the
run. The higher human pressure the higher OM concentration, and hence the higher
abundance of microorganisms. This is why in the case of Puck and Ustka sediments
the higher general abundance of bacteria was observed in comparison to sedi-
ments collected in Czolpino.

As heat and light play an important role in mentioned above processes higher con-
centration of labile forms of OM should be expected in warm parts of the calendar
year. This was generally confirmed for PRT, LIP, CHO and OC. For these forms of
OM the highest concentrations were observed in spring and summer. Exceptions
were LIP in dredged material from Puck and CHO in samples from Czolpino where
the highest concentrations were recorded in winter. All above mentioned phenomena
could be unsettled by infiltration of beaches threatened with destruction due to im-
pact of waves.



Spatiotemporal variation of biochemical composition of organic matter... 171

REFERENCES

Arnosti C., 1998. Rapid potential rates of extracellular enzymatic hydrolysis in Arctic sedi-
ments. Limnol. Oceanogr., 43 (2), 315-324.

Biddanda B., Riemann F., 1992. Detrital carbon and nitrogen relations, examined with de-
grading cellulose. Mar. Ecol., 13 (3), 271-283.

Bigus K., Trojanowski J., 2011. Ocena stopnia infiltracji materii organicznej i wybranych
jonow na terenie plaz o zréznicowanej antropopresji. (Assess the degree of infiltration of
organic matter and selected ions in the beaches of various anthropogenic impact).
Chromatogr. Jonowa, 2011, (in Polish).

Brown A.C., McLachlan A., 1990. Ecology of sandy shores. Elsevier, Amsterdam.

Buscail R., Pocklington R., Daumas R., Guidi L., 1990. Fluxes and budget of organic matter
in the benthic boundary layer over the northwestern Mediterranean margin. Cont. Shelf
Res., 10, 1089-1122.

Cividanes S., Incera M., Lopez J., 2002. Temporal variability in the biochemical composition
of sedimentary organic matter in an intertidal flat of the Galician coast (NW Spain).
Oceanol. Acta, 25, 1-12.

Covazzi Harriague A.C., Gaozza L., Montella A., Misic C., 2006. Benthic communities on
a Ligurian beach (NW Mediterranean). Hydrobiol., 571, 383-394.

Craig D., Fallowfield J., Cromar N., 2002. Enumeration of faecal coliforms from recreation-
al coastal sites: evaluation of techniques for the separation of bacteria from sediments.
J. Appl. Microbiol., 93, 557-565.

Danovaro R., Dinet A., Duineveld G., Tselepides A., 1999b. Benthic response to particulate
fluxes in different trophic environments: a comparison between the Gulf of Lions — Cata-
lan sea (W Mediterranean) and the Cretan Sea (E-Mediterranean). Prog. Oceanogr., 44
(1),287-312.

Danovaro R., Fabiano M., 1995. Sesonal and inter-annual variation of bacteria in seagrass
bed of the Mediterranean Sea: relationship with labil organic compounds and other envi-
ronmental factors. Aquatic Microbial Ecol., 9 (1), 17-26.

Danovaro R., Fabiano M., della Croce N., 1993. Labile organic matter and microbial bio-
masses in deep-sea sediments (Eastern Mediterranean Sea). Deep Sea Res., 40, 953-965.

Daumas R., Sautriot D., Calmet D., 1983. Evolution de constituants labiles de la matiére
organique dans les sediments profonds de diverses marges continentales. In: Géochimie
organique des sédiments marins. D’Orgon a Misedor. (Evolution of labile constituents of
organic matter in deep sediments of various continental margins. From Orgon
to Misedor). (Ed.) C.N.R.S., Paris, 99-150, (in French).

Degraer S., Volckaert A., Vincx M., 2003. Macrobenthic zonation patterns along
a morphodynamical continuum of macrotidal, low tide bar/rip and ultra-dissipative sandy
beaches. Estuar. Coast. Shelf Sci. 56, 459-468.

DuBois M., Gilles K.A., Hamilton J.K., Rebers P.A., Smith F., 1956. Colorimetric method for
determination of sugars and related substances. Anal. Biochem., 28 (3), 350-356.

Edge T.A., Hill S., 2007. Multiple lines of evidence to identify the source of fecal pollution at
a freshwater beach in Hamilton Harbour, Lake Ontario. Water Res., 41, 3585-3594.

Ellery W.N., Schleyer M.H., 1984. Comparison of homogenization and ultrasonication as tech-
niques in extracting attached sedimentary bacteria. Mar. Ecol. Prog. Ser., 15, 247-250.

Fabiano M., Danovaro R., 1994. Composition of organic matter in sediments facing a river
estuary (Tyrrhenian Sea): relationships with bacteria and microphytobenthic biomass.
Hydrobiol., 277, 71-84.

Fabiano M., Donovaro R., Fraschetti S., 1995. A three-year time series of elemental and bio-
chemical composition of organic matter in subtidal sandy sediments of the Ligurian Sea
(Northwestern Mediterracan). Cont. Shelf Res., 15 (11/12), 1453-1469.



172 Katarzyna Bigus, Aleksander Astel, Marcin Stec, Paulina Piskuta

Fabiano M., Manale D., Misic C., 2003. Bacteria and organic matter Turing a bioremediation
treatment of organic — rich harbor sediments. Mar. Poll. Bull., 46 (9), 1164-1173.

Fabiano M., Marin V., Misic C., Moreno M.P., Salvo V.S., Vezzulli L., 2004. Sedimentary or-
ganic matter and bacterial community in microtidal mixed beaches of the Ligurian Sea
(Northwestern Mediterracan). Chem. and ecol., 20, 423-435.

Farrington J.W., 1992. Marine Organic Geochemistry: Review and Challenges for the Future.
Mar. Chem., 39 (1-3), 1-244.

Fichez R., 1991. Composition and fate of organic-matter in submarine cave sediments — im-
plications for the biogeochemical cycle of organic-carbon. Oceanol. Acta, 14 (4),
369-377.

Handa N., Yanagi K., Matsunaga K., 1972. Distribution of detrital material in the Western
Ocean and their biochemical nature. Memorie dell’Istituto Italiano di Idrobiologia, 29,
53-71.

Heymans J.J., McLachlan A., 1996. Carbon budget and network analysis of a high-energy
beach/surf-zone ecosystem. Estuar. Coast. Shelf, S. 43 (4), 485-505.

Huettel M., Weslawski J.M., Massel S., Middelburg J., van Beusekom J., Glud R., Jaszewski
J., Kellermann A., 2003. Coastal sands as biocatalytical filters (COSA). Coastline, 12 (1),
8-12.

Incera M., Cividanes S.P., Lastra M., Lopez J., 2003a. Temporal and spatial variability of sed-
imentary organic matter in sandy beaches on the northwest coast of Iberian Peninsula.
Estuar. Coast. Shelf Sci., 585, 55-61.

Incera M., Cividanes S.P., Lastra M., Lopez J., 2003b. Role of hydrodynamic conditions on
quantity and biochemical composition of sediment organic matter in sandy intertidal sed-
iments (NW Atlantic coast, Iberian Peninsula). Hydrobiol., 497, 39-51.

Januszkiewicz T., 1978. Studia nad metodami analizy chemicznej sktadu wspotczesnych
osadow dennych jezior. (Study on methods of chemical analyses of the composition of
contemporary bottom sediments in lakes). Zesz. Nauk. ART, Olsztyn 8, 3-30, (in Polish).

Jedrzejczak MLF., 1999. The degradation of stranded carrion on a Baltic Sea sandy beach.
Oceanol. Stud., 28 (3-4), 109-141.

Khiyama H.M., Makemson J.C., 1973. Sand beach bacteria: enumeration and characteriza-
tion. Appl. Microbiol., 26 (3),293-297.

Koop K., Griffiths C.L., 1982. The relative significance of bacteria, meio- and macrofauna on
an exposed sandy beach. Mar. Biol., 66 (3), 295-300.

Krstulovi¢ N., Soli¢ M., 1988. Distribution of proteolytic, amylolytic and lipolytic bacteria in
the Kastela Bay. Acta Adriatica, 29, 75-82.

Mann K.H., 2000. Ecology of coastal waters. Blackwell Science Inc., London.

Maria T.F., Vanaverbeke J., Vanreusel A., Esteves A.M., 2016. Sandy Beaches: state of the art
of nematode ecology. An Acad Brans Cienc., 88 (3), 1678-2690.

Markwell M.A K., Hass S.M., Bieber L.L., Tolbert M.E., 1978. A modification of the Lowry
procedure to simplify protein determination in membrane and lipoprotein samples. Anal.
Biochem., 87 (1), 206-210.

Martinez J., Smith D.C., Steward D.F., Azam F., 1996. Variability in ectohydrolytic enzyme
actives of pelagic marine bacteria and its significance for substrate processing in the sea.
Aqua. Microbial Ecol., 10, 223-230.

McLachlan A., 1983. Water filtration by dissiptive beaches. Limnol. and Oceanogr., 34 (4),
774-780.

McLachlan A., Brown A., 2006. The ecology of sandy shores. Elsevier, South Africa.

McLachlan A., De Ruyck A., Hacking N., 1996. Community structure on sandy beaches: pat-
terns of richness and zonation in relation to tide range and latitude. Revista Chilena de
Historia Natural, 69, 451-467.



Spatiotemporal variation of biochemical composition of organic matter... 173

Meadows P.S., Anderson J.G., 1968. Microorganisms attache to marine sand grains. J. mar.
biol. Ass. UK., 48, 161-175.

Meyer-Reil L.A., 1986. Measurement of hydrologic activity and incorporation of dissolved
organic substrates by microorganisms in marine sediments. Mar. Ecol. Progr. Ser., 31,
143-149.

Meyer-Reil L.A., 1991. Ecological aspect of enzymatic activity in marine sediments. In: Mi-
crobial Enzymes in Aquatic Environments. (Ed.) R.J. Chrost, Springer-Verlag, New York,
84-95.

Meyer-Reil L., Dawson R., Liebezeit G., Tiedge H., 1978. Fluctuation interactions of bacteri-
al activity in sandy beach sediments and overlying waters. Mar. Biol., 48 (2), 161-171.
Misic C., Fabiano M., 2005. Enzymatic activity on sandy beaches of the Ligurian Sea (NW

Mediterranean). Microb. Ecol., 49 (4), 513-522.

Mudryk Z., Donderski W., Skorczewski P., Walczak M., 1999. Neustonic and planktonic bac-
teria isolated from a brackish lake Gardno. Pol. Arch. Hydrobiol., 46, 121-129.

Mudryk Z., Podgoérska B., 2006. Enzymatic Activity of Bacterial Strains Isolated from Ma-
rine Beach Sediments. Polish J. Environ. Stud., 15, 441-448.

Mudryk Z., Skorczewski P., 2004. Extracellular enzyme activity at the air — water inference
of an estuarine lake. Estuar. Coast. Shelf Sci., 59, 59-67.

Mudryk Z., Skoérczewski P., Perlinski P., Wielgat M., 2011. Studies concerning heterotrophic
bacteria decomposing macromolecular compounds at two marine beaches. Oceanol.
Hydrobiol. Stud., 40, 74-83.

Myslifiska E., 2001. Laboratoryjne badania gruntow. (Laboratory studies of soils). PWN,
Warsaw, (in Polish).

Nair S., Bharathi P.A., 1980. Heterotrophic bacterial population in tropical sandy beaches.
Mahasagar — Bull Nat. Inst. Oceanogr., 13 (3), 261-267.

Novitsky J.A., MacSween M.C., 1989. Microbiology of a high energy beach sediment: evi-
dence for an active and growing community. Mar. Ecol. Prog. Ser., 52, 71-75.

Oliff W.D., Gardner B., Turner W.D., Sharp J.B., 1970. The chemistry of the interstitial wa-
ters as a measure of conditions in a sandy beach. Water Res., 4, 179-188.

Paluch J., 1973. Mikrobiologia wdd. (Microbiology of waters). PWN, Warszawa, (in Polish).

Phillips M.C., Solo-Gabriele H.M., Reniers A.J.H.M., Wang J.D., Kiger R.T., Abdel-Mottaleb
N., 2011. Pore water transport of enterococci out of beach sediments. Mar. Pollut. Bull.,
62 (11),2293-2298.

Podgorska B., Mudryk Z., 2003. Distribution and enzymatic activity of heterotrophic bacteria
decomposing selected macromolecular compounds in a Baltic Sea sandy beach. Estuar.
Coast. Shelf Sci., 56, 539-546.

Podgorska B., Mudryk Z., Skorczewski P., 2008. Abudance and production of bacteria in
Marine Beach (Southern Baltic Sea). Polish J. Ecol., 56, 405-414.

Poremba K., 1995. Hydrolytic enzymatic activity in deep-sea sediments. Microbiol. Ecol., 16
(3),213-222.

Porter K.G, Feig Y.S., 1980. The use of DAPI for identifying and counting aquatic
microflora. Limnol. Oceanogr., 25 (5), 943-948.

Pusceddu A., dell’Anno A., Fabiano M., 2000. Organic matter composition in coastal sedi-
ments at Terra Nova Bay (Ross Sea) during summer 1995. Polar Biol., 23, 288-293.

Pusceddu A., Sara G, Armeni M., Fabiano M., Mazzola A., 1999. Seasonal and spatial
changes in the sediment organic matter of a semi-enclosed marine system (West Mediter-
ranean Sea). Hydrobiol., 397, 59-70.

Rheinheimer G, 1977. Sewage levels and bacterial distribution in the west Baltic. Acta
Hydrochim. Hydrobiol., 5, 473-480.

Robinson J.D., Mann K.H., Novitsky J.A., 1982. Conversion of the particulate fraction of
seaweed detritus to bacterial biomass. Limnol. Oceanogr., 27 (6), 1072-1079.



174 Katarzyna Bigus, Aleksander Astel, Marcin Stec, Paulina Piskuta

Rodil LF.,, Lastra M., Lopez J., 2007. Macroinfauna community structure and biochemical
composition of sedimentary organic matter along a gradient of wave exposure in sandy
beaches (NW Spain). Hydrobiol., 579, 301-316.

Rodil LF., Lastra M., 2004. Environmental factors affecting benthic macrofauna along a gra-
dient of intermediate sandy beaches in northern Spain. Estuar. Coast. Shelf Sci., 61(1),
37-44.

Rodriguez J.G.,, Lastra M., Lopez J., 2003. Meiofauna distribution along a gradient of sandy
beaches in northern Spain. Estuar. Coast. Shelf Sci., 58, 63-69.

Rowe G.T., Deming J., 1985. The role of bacteria in the turnover of organic carbon in deep-
sea sediments. J. Mar. Res., 43(4), 925-950.

Rush A., Heuttel M., Reimers C.E., Taghon GL., Fuller Ch.M., 2003. Activity and distribu-
tion of bacterial populations in Middle Atlantic Bight shelf sand. FEMS Microbiol. Ecol.,
44, 89-100.

Sargent J.R., Hopkins C.C.E., Seiring J.V., Youngson A., 1983. Partial characterization of or-
ganic material in surface sediments from Balsfjorden, northern Norway, in relation to its
origin and nutritional value for sediment-ingesting animals. Mar. Biol., 76 (1), 87-94.

Sato M.I., Bari M.D., Lamparelli C., Truzzi A.C., Coelho M.C., Hachich E.M., 2005. Sani-
tary quality of sands from marine recreational beaches of Sdo Paulo Brazil. Braz.
J. Microbiol., 23, 321-326.

Schlacher T.A., Schoeman D., Dugan J., Lastra M., Jones A., Scapini F., McLachlan A.,
2008. Sandy beach ecosystems: key features, sampling issues, management challenges
and climate changes impacts. Mar. Ecol., 29 (S), 70-89.

Schoeman D.S., McLachlan A., Dugan J.E., 2000. Lessons from disturbance experiment in
the intertidal zone of an expose sandy beach. Estuar. Coast. Shelf Sci., 50 (6), 869-884.
Skorczewski P., Mudryk Z., Gackowska J., Perlinski P., 2012. Abundance and distribution of
fecal indicator bacteria in recreational beach sand in the southern Baltic Sea. Rev. de Biol.

Mar. y Oceanogr., 47 (3), 503-512.

Trojanowski J., Bigus K., Antonowicz J., 2014. The influence of anthropogenic factors on
organic matter content changes in chosen beach ecosystems. Desalin. Water Treat., 52,
19-21.

Trojanowski J., Mudryk Z., Trojanowska C., Mtynarkiewicz E., 2007. Zréznicowanie para-
metrow chemicznych w plazach o odmiennej antropopresji. (Differentiation of chemical
parameters in beaches with different anthropopression). Geol. i geomorfol., 7,
211-228, (in Polish).

Tylkowski J., Samolyk M., 2011. Zmienno$¢ przestrzenna powierzchniowych osadéw
plazowych brzegu morskiego wyspy Wolin. (Spatial variability of surface sediments of
the beaches of the sea coast of Wolin Island). Bad. Fizjogr., 62, 151-163, (in Polish).

Unanue M., Ayo B., Agis M., Slezak D., Herndl GJ., Iriberri J., 1999. Ectoenzymatic activity
and uptake of monomers in marine bacterioplankton described by a biphasic kinetic mod-
el. Microbial Ecol., 37, 36-48.

Weise W., Rheinheimer G., 1978. Scanning electron microscopy and epifluorescence investi-
gation of bacterial colonization of marine sand sediments. Microbial. Ecol., 4, 175-188.
Wilson J.O., Buchsbaum R., Valiela 1., Swain T., 1986. Decomposition in salt marsh ecosys-
tems: phenolic dynamics during decay of litter of Spartina alterniflora. Mar. Ecol. Progr.

Ser., 29 (2), 177-187.

Yamamoto N., Lopez G., 1985. Bacterial abundance in relation to surface area and organic
content of marine sediments. J. Exp. Mar. Biol. Ecol., 90, 209-220.

Zaitsev Y., 2012. A key role of sandy beaches in the marine environment. J. Black
Sea/Mediterranean Environ., 18 (2), 114-127.



Spatiotemporal variation of biochemical composition of organic matter... 175

Zawadzka-Kahlau E., 1999. Tendencje rozwojowe polskich brzegow Battyku Potudniowego.
(Development trends of the Polish shores of the South Baltic). IBW PAN, Gdansk, (in
Polish).

Zdllner K., Kirsch A., 1962. Uber die quantitative bestimmung von lipoiden (mikromethode)
mittels der vielen naturlichen lipoiden (allen bekannten plasmalipoiden) gemeinsamen
sulfophosphovanillin-reaktion. (The quantitative determination of lipids (micromethod)
by means of the sulfophospho-vanilin reaction common to many natural lipids (all plasma
lipids). Zeitschrift fiir die Gesamte Experimentelle Medizin, 135, 545-561, (in German).

CZASOWA I PRZESTRZENNA ZMIENNOSC BIOCHEMICZNEGO SKEADU
MATERII ORGANICZNEJ I LICZBY BAKTERII W OSADACH WYBRANYCH
PLAZ POLUDNIOWEGO MORZA BALTYCKIEGO

Streszczenie

Pobierano i analizowano piaszczyste osady pochodzace z trzech plaz potudniowego
Battyku, ktore zostaty podzielone na podstawie wptywu antropopresji i stopnia ostonigcia plazy.
Pierwsza plaza potozona byla w Ustce we wschodniej czgéci ujscia rzeki Stupi, druga
w Czolpinie, a ostatnia w Pucku. Probki osadow plazowych zbierano sezonowo, w zaleznosci
od wplywu wody morskiej na badane osady. Na kazdym stanowisku pobierano osady
powierzchniowe (0-5 cm), a takze osady na glebokosci 10-15 cm. Okreslono zawarto$¢ materii
organicznej, biatek, lipidow, weglowodanow, wegla organicznego i catkowitej liczby bakterii.
Wyniki przeprowadzonych badan wykazaly, Zze antropopresja, stopien oslonigcia plazy,
glebokos¢ pobieranych osadéw i bezposredni wptyw wody morskiej na osady oddziatuja na
sktad chemiczny materii organicznej i liczbg bakterii w osadach plazowych.






