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Abstract

The Baltic Sea isone of the world’ s largest brackish water areas and an ecol ogically unigque ecosystem.
The Port of Gdyniaisa universal modern port specializing in handling of general cargo, mainly unitized
cargo transported in containers and in a ro-ro system. Ships traffic in the Port of Gdynia has increased
in recent years. Many of shipscarry cargo that could severally impact coastal ecosystemsif accidentally
released. The sea water is influenced by heavy metals and their compounds that originate from both
natural and anthropogenic origins. This paper discusses the concentration of heavy metals and their
compoundsin the Gdynia Port waters. It isbased on data collected during the period from 2000 to 2019.
The samples were tested and analyzed to find concentration of cadmium, lead and zinc. The level of
contamination is lower than the Polish standards. Samples taken from the port area water are non-
polluted, and the analysis shows that all metals are within the limits.

1. Introduction depending on the quality of rivers, treated and un-
treated municipal loads and treated and untreated

The impacts of human activity on the aquatic sys-
tems have been reported for over 200 years.
However, coupled with fast population growth,
industrialization, as well as some agricultural ac-
tivities, the risks of pollution in natura environ-
ments like river, sea and ocean increased in the
last 150 years (Santoyo et al., 2000).

Chemical pollution is one of the most critica
threats to human populations and aquatic ecosys-
tems. Many substances from industrial activities
are released into natural waters without
knowledge of the potential environmental risk.
Water is the vital resource, necessary for al as-
pects of human and ecosystem survival and
health. The quality of sea water can vary widely

industrial loads. Pollutants are being added to the
seawater through human and natural processes.
Problems of contamination with toxic metals
started in the Middle Age, with the mining activi-
ties, but were accelerated in the beginning of the
nineteenth century with the processing of metals
in chemical and foundry plants (Souza et 4d.,
2015).

Many metalurgic, chemical and petrochemical
industries are located in theriver banks and on the
sea coasts. In addition, other sources of pollution
as residential sewage waters, storm water, and
leachate from illegal solid waste dumps also con-
tribute to pollution of waters (Magdaleno et al.,
2014).
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Heavy metals and their compounds are toxic ele-
ments released by some types of industrial efflu-
ents (Tarley & Arruda, 2003). Many metals form
stable complexes with biomolecules, and their
presence, even at low quantities, can be harmful
to plants and animals. The free metal ion is the
most toxic form to aquatic life (Florence & Bat-
ley, 1980).

A lot of studies are abounding in literature on
heavy metal contamination of sea water (Bastami
et a., 2015). Such works include evauation of
water quality pollution indices for heavy metal
contamination monitoring and its impact on the
receiving environment (Zohra & Habit, 2016).
All these researchers concluded that there is need
to monitor seawater quality on aregular basis.
The Baltic SeaAreaishighly sensitivedueto lim-
itsin thewater exchange, whichisvery slow. Wa
ter remainsin the Baltic Seafor about 30 years.
Expanding urban populations, traditional and de-
veloping technologies, and intensive agricultural
production have greatly increased the amount
waste water generated. Levels of contaminants
have also grown: these contaminants include both
organic (e.g. pesticides, petroleum hydrocarbons)
and inorganic (e.g. metals) chemicals. Heavy
metal pollution is a worldwide environmental
problem. Heavy metals and their compounds de-
posited into sea water by human activities are not
only toxic to animals and plants, but can aso af-
fect human health as they are broken down and
may travel up the food chain.

Thus, the accumulation of heavy metals and their
compounds will affect the quality of aquatic eco-
systems, and the ecological risk of heavy metals
and their compounds in sea water should be as-
sessed to effectively manage these ecosystems.
Batic Sea has received considerable loads of
heavy metals due to industrialization in Eastern
Europe. Concern for the Baltic’ s ecological health
eventually led to the legidation and voluntary
measuresto limit pollution during the last decades
of the 20" century (Vallius, 2014). Currently, al-
most all heavy metal species have declined to lev-
els approaching the safe limitsfor humans and en-
vironment.

The data suggest that the Szczecin Lagoon appear
to be the most polluted with heavy metas and
their compounds within the Polish Exclusive Eco-
nomic Zone (EEZ) of the Baltic Sea.

The Gulf of Gdansk is relatively shallow with in-
tensively populated costal area. The renewal of its

306

watersisvery slow. Thesefactors adversely affect
the aguatic environment. The discharge of fresh-
water into Gulf of Gdansk is dominated by the
VistulaRiver.

In order to evaluate the quality of Port Gdyniawa-
ter, systematic monitoring of the presence of
heavy metals and their compounds in surface wa
ter is carried out.

The concentration of three heavy metals and their
compounds (Cd, Zn and Pb) in surface water be-
tween 2011-2020 were measured to assess the po-
tential contamination level.

The chapter is organized into 4 parts, this Intro-
duction as Section 1, Sections 2-3 and Conclu-
sions as Section 4. Section 2 is devoted to Baltic
Sea pollution problems, source of water contami-
nation by heavy metals and their compounds and
consequences for ecosystem. In Section 3, the
concentration of heavy metals and their com-
pounds in the Gdynia Port is discussed. It is based
on data collected during the period from 2000 to
2019. Finaly, the evaluation of results is dis-
cussed. The level of contamination is compared
with Polish standards. As conclusion, it can be
said that samples taken from port area water are
non-polluted, and the analysis shows that all met-
als arewithin the limits.

2. Gulf of Gdansk water s pollution
2.1. Source of contamination

The Baltic Sea is an inland sea with an area of
374,000 km?, the drainage for which is about four
times greater. The Baltic Seaisamost totally sur-
rounded by land and therefore more endangered
by pollution than other marine areas.

It is one of the largest brackish water bodies
worldwide and surrounded by nine countries, with
85 million inhabitants living in the drainage basin
(Hasdler et a., 2020). Limited water exchange
take place with the North Sea (HELCOM, 2010).
The special hydrological and geographical condi-
tions of the Baltic Sea make it very sensitive to
adverse impact from anthropogenic inputs
(Szlinder-Richert et a., 2009). As one the most
sensitive marine ecosystems, the Baltic Sea has
been classified as Particularly Sensitive Sea Area
by the Marine Environment Protection Committee
of the International Maritime Organization.
Vistula River supplies about 7% of fresh water to
the Baltic Sea. The source of the VistulaRiver is
in Silesiain Poland. These areas form part of so-
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called black triangle of Poland, Czech Republic
and Germany. The main industries in this region
are coal mining, metal mining and metal smelting.
Industrial activity hasresulted in heavy metal pol-
lution and the concentration of these metals in
VistulaRiver isvery high (Glasby et a., 2004).
The Vistula River was very polluted in the past,
and although some improvements have been ob-
served in the last decade, it remains heavily pol-
luted especially in its upper course. This pollution
has entered to reservoir and part of it has settled,
in the form of toxic sediments (Mg ewski, 2013).
The general sources of heavy metals and their
compounds deposits are well recognised. Usually,
their presence in a fluvial environment is linked
with mining activitieswithin theriver basin (Mar-
tin, 2015), the highly industrialization (Santos
Bermgjo et. a., 2003), intensive agriculture (Mar-
tin, 2004) the functioning of urban agglomera-
tions and remobilisation of older, strongly pol-
luted deposits (Katmykow-Piwinska & Falkow-
ska, 2020).

In the fluvial environment, the transportation vol-
ume of heavy metals and their compounds de-
pends on their physicochemical properties and on
the dynamics and chemical properties of the river
water environment (Miller, 1997). These metals
are transported in a dissolved form as aggregates
precipitated from solution and bound with mineral
and organic components and more than 90% of
the transported elements are bounded to particles
that are less than 0.063 mm in size (Horowitz,
1991).

Heavy metals and their compoundsin surface wa-
ter have traditionally been subdivided into two
fractions: dissolved and particulate according to
an operationally defined limit — usually 0.45 mm.
Knowledge of the chemical forms of metalsises
sential to understand their interaction with living
organisms, as a metal speciation controls its mo-
bility, bioavailability and toxicity (Guéguen &
Dominik, 2003). Thus, determining the total con-
centration of aheavy meta in awater sample pro-
vides relative information about its toxicity (Ev-
ans, 1989). Contaminating metals are present in
various forms: as free metals, complex ions, met-
as bound to a variety of ligands, forming mole-
cules of various dimensions and chemical charac-
teristics, which may further be bound to larger en-
tities of colloidal size, both organic and inorganic.
Cadmium is primarily sourced from anthropo-
genic activities (e.g. phosphate fertilizers) and

partially from lithogenic components. The lead
concentration could be influenced by different
source due to increasing human activities, eco-
nomic and social development (e.g. mining, coal
burning), use (batteries, pigments, plastics), recy-
cling and disposal of compounds containing lead,
and use of minera fertilizers (Zaborska, 2014).
Lead isone of the most important metal sinfluenc-
ing the Baltic Sea Environment.

Zinc is predominantly sourced from lithogenic
components (Xu &t. a., 2016).

The more recent municipal, industrial and agricul-
tural activities in the Pomerania Region resulted
inahigh level of contamination by metals and or-
ganic compounds in coastal area for the past 50
years (Nikulina & Dullo, 2009).

The Port of Gdyniaisthe third largest port in Po-
land and consist of the West Port (inner port) and
the East Port (outer port). The port is protected
year-round by a 2.5 km breakwater and never
freezes over during winter. The value of water sa-
linity ranges from 7.94 to 8.12 PSU, while pH
ranges from 7.48 to 8.35 (Radke et al., 2013).
Although the Port of Gdynia is protected year-
round by the outer breakwater, which prevents
mixing form currents or high waves in the port,
during strong easterly winds it can decrease by as
much as 0.6 m and during sustained strong west-
erly winds the water level can rise by up to 0.6m.
This phenomenon may cause intensive movement
of water and lead to direct and consistent distribu-
tion of water toward individual docks. The indi-
vidual docks of the Port of Gdynia provide easy
accessto the water mass from the sea. Taking into
account this fact it may be assumed that storms
and winds may play natura role in the transport
of water mass in the port channels (Radke et al.,
2012).

The source of Port Gdynia contaminants derives
from both natural (physical and chemical weath-
ering of parent rocks) and anthropogenic sources.
Wastewater discharge, harbour activities, urban
effluent and fertilizer application constitute the
major anthropogenic inputs (Gao & Chen, 2012).

2.2. Consequence of ecosystem contamination
by heavy metals and their compounds

Heavy meta pollution is one of the most im-
portant issues due to the harmful effect on the hu-
man body. When present in aguatic system, heavy
metals and their compounds are athreat to human
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health dueto their impact on the quality of thewa-
ter, food and ecosystems.

Lead at concentration above the maximum al-
lowed is considered as neurotoxicant, causing
damage to the central nervous system. Zinc can
cause irritation and corrosion of the intestina
tract. Exposure to cadmium causes symptoms
similar to food poisoning. High concentration ac-
cumulated in organisms destroys the testicular tis-
sue and red blood cells and can lead to mutagenic
and teratogenic effects (Almeidaet a., 2011).
Ingestion of significant amounts of drinking water
containing metals will harm human health, result-
ing in several typesof cancers (Yu at al., 2010).
Harmful substances like heavy metals and their
compounds released by anthropogenic activities
will be accumulated in marine organisms through
the food chain; as aresult, human health can be at
risk because of consumption of fish contaminated
by the toxic chemicals (Copat et al., 2012). The
pollution of seafood with heavy metals and their
compounds is a problem from both hygienic and
ecotoxicological points of view. Fish absorb
heavy metals and their compounds from the sea
water depending on avariety of factorssuch asthe
characteristics of the species under consideration,
the exposure period, concentration of the ele-
ments, as well as abiotic factors such as tempera-
ture, salinity, pH and seasonal changes (Ginsberg
& Toal, 2009).

Prior to the mind-1960s, metal contamination of
the aguatic environment could not be addressed as
analyses, and the toxicity and fate of metalsin the
aguatic environment were poorly understood
(Meybeck, 2013). In addition, contamination was
not routinely assessed for the lack of analytical
techniques and survey methodol ogies.

Currently, it is well known that to register any
changes undergoing in environment it is neces-
sary to monitor specific elements corresponding
to the anthropogenic pressure. Implementation of
legal acts on the international scale is one of the
main drivers leading to the improvement of the
environmental status.

The HELCOM Baltic SeaAction Plan isan exam-
ple of voluntary initiative of countries wishing to
have a healthy sea back (Zalewska et. al., 2015).
To reduce pollution and improve the situation in
the Baltic Sea, surrounding countries organized
the Convention on the Protection of the Marine
Environment of the Baltic Sea Area, known as
Helsinki Convention, which come into force in

308

1980. The Helsinki Commission (HELCOM)
founded in 1974 acts as coordinator and is respon-
sible for the enforcement of the Baltic monitoring
program and international research project.

In Europe, there are recent examples of even
wider and more restrictive legal acts like: Water
Framework Directive (WFD), amgor field of wa-
ter policy. And the Marine Strategy Framework
Directive (MSFD) — establishing a framework for
community action in field of marine environmen-
tal policy (Zalewska & Danowska, 2017).
Increasing public awareness of environmental
pollution influences search and development of
technologies that help in cleanup of contaminants
such as heavy metals. Heavy metal contamination
of ecosystem isamajor environmental concern. In
order to reduce the level of metal contamination,
severa remediation technologies have been im-
plemented. These techniques include immobiliza-
tion methods with the help of low-cost absorbent,
application of some chelating agent and biology-
based technique, i.e., phytoremediation

The heavy metal from agueous solution can bere-
moved by passive binding with non-living bio-
mass through biosorption process. The technique
of using microorganism to reduce level of metal
contamination is better than conventional separa-
tion techniques. The biosorption processis a new
technology, which can easily use as a refining
treatment in shallow bodies of water.

3. Experimental
3.1. Location of water sampling points

Samples of water were collected in 2011-2019
from the selected locations of the Port of Gdynia.
Table 1 and Figure 1lpresent the sampling points
of surface waters for the testing. Two locations
were designated for each of the docks.

Table 1. Location of sampling points in the port of
Gdynia

Sample number Location
1,2 South Channel
3,4 Dock | — Presidental Dock
56 Dock 1l —Wendy Dock
7,8 Dock I11 — Coal Dock
9,10 Outer harbour
11, 12 Dock IV —Marshal Pilsudski Dock
13,14 Dock V —Minister Kwiatkowski Dock
15, 16 Dock VI
17,18 Dock VII
19, 20 Harbour Channel
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s

Port Gdynia

Figure 1. Port Gdynia— sampling points.

The samples were collected in the spring—summer
and autumn—winter seasons.

3.2. Methods

Samples of surface water for the study of thelevel
of contamination with heavy metas and ther
compounds were obtained in accordance with the
standard PN-1SO 5667-9:2005.

The heavy meta contamination level was meas-
ured using the methods presented in Table 2.

Table 2. Methods of used in the research

Number Parameter Method

Mass spectroscopy method
(ICP-MS), standard PN-EN 1SO
17294-2:2016

M ass spectroscopy method
(ICP-MS), standard PN-EN 1SO
17294-2:2016

The method of atomic emission
spectroscopy, standard PN-EN
1SO 11885:2009

1 Pb

2 Cd

3 Zn

The total content of metals was measured by
means of atomic absorption spectroscopy (AAYS).
The investigation and analysis of Pb, Cd and Zn,
was performed by atomic emission spectrometry

with excitation in inductively coupled plasma
ICP-OES) according PN-EN 1SO 11885:20009:
Water quality — Determination of selected ele-
ments by optical emission spectrometry with in-
ductively coupled plasma using the spectrometer
Optima 2000DV, PERKIN-ELMER. The lower
limit of quantification of the analyzed elements
(ICP-OEYS) was.

Pb—0.005 mg - dm,

Cd-0.0005 mg - dm?,

Zn—0.022 mg - dm3/0.001 mg - dm,
After the change in the regulations on limit values
in surface waters, the method of mass spectrome-
try with inductively coupled plasma (ICP-MS) —
NexION 350D spectrometer by PERKIN-
ELMER was used to determine metals in waters
taken from port canals.
The lower limit of quantification for the analyzed
elements (ICP-MS method) is:

Pb—0.01 pg - dm3,

Cd-0.01 pg - dm3,

Zn—1.0pg - dm3,

3.3. Resultsand discussion

The concentrations of heavy metals and their
compounds detected in the seawater at all twenty
sampling locations during 2010 to 2019 are sum-
marized in Tables 3-8.
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Table 3. Zinc concentration in the study areas (spring—summer seasons)

Concentration of Zn

Sample [mg Zn/dm?]
number year
2011 2012 2013 2014 2015 2016 2017 2018 2019
1 BDL BDL 0.023+0.003 BDL BDL BDL BDL BDL BDL
2 BDL BDL BDL BDL BDL BDL BDL BDL BDL
3 BDL BDL BDL BDL BDL BDL BDL BDL BDL
4 BDL BDL BDL BDL BDL BDL BDL BDL BDL
5 BDL BDL BDL 0.023:£0.003 BDL BDL BDL BDL BDL
6 BDL BDL BDL BDL BDL BDL BDL BDL BDL
7 BDL BDL BDL BDL BDL 0.091+0.014 BDL BDL BDL
8 BDL BDL BDL BDL BDL BDL BDL BDL BDL
9 BDL BDL BDL BDL BDL BDL BDL BDL BDL
10 BDL BDL BDL BDL BDL BDL BDL BDL BDL
11 BDL BDL BDL BDL BDL 0.066x0.01 BDL BDL BDL
12 BDL BDL BDL BDL BDL BDL BDL BDL BDL
13 BDL BDL BDL 0.023:£0.003 BDL 0.027£0.004 BDL BDL BDL
14 BDL BDL BDL BDL BDL 0.062+0.009 BDL BDL BDL
15 BDL BDL BDL BDL BDL BDL BDL BDL BDL
15 BDL BDL BDL BDL BDL BDL BDL BDL BDL
17 BDL BDL BDL BDL BDL BDL BDL BDL BDL
18 BDL BDL BDL BDL BDL BDL BDL BDL BDL
19 BDL BDL BDL BDL BDL BDL BDL BDL BDL
20 BDL BDL BDL BDL BDL BDL BDL BDL BDL
BDL — below detection limit.
Table 4. Zinc concentration in the study areas (autumn—winter seasons)
Concentration of Zn
Sample [mg Zn/dm?]
number year
2011 2012 2013 2014 2015 2016 2017 2018 2019
1 BDL BDL BDL BDL BDL BDL BDL BDL BDL
2 BDL BDL BDL BDL BDL BDL BDL BDL BDL
3 BDL BDL BDL BDL BDL BDL BDL BDL BDL
4 BDL BDL BDL BDL BDL BDL BDL BDL BDL
5 BDL BDL 0.024+0.004 BDL BDL BDL BDL BDL BDL
6 BDL BDL 0.035£0.005 0.03+0.004 BDL BDL BDL BDL BDL
7 BDL BDL BDL 0.041+0.006 BDL BDL BDL BDL BDL
8 BDL BDL BDL 0.042+0.006 BDL BDL BDL BDL BDL
9 BDL BDL BDL BDL BDL BDL BDL BDL BDL
10 BDL BDL BDL BDL BDL BDL BDL BDL BDL
11 BDL BDL BDL BDL BDL BDL BDL BDL BDL
12 BDL BDL BDL BDL BDL BDL BDL BDL BDL
13 BDL BDL BDL BDL BDL BDL BDL BDL BDL
14 BDL BDL BDL BDL BDL BDL BDL BDL BDL
15 BDL BDL BDL BDL BDL BDL BDL BDL BDL
16 BDL BDL BDL 0.023+0.004 BDL BDL BDL BDL BDL
17 BDL BDL BDL BDL BDL BDL BDL BDL BDL
18 BDL BDL BDL BDL BDL BDL BDL BDL BDL
19 BDL BDL BDL BDL BDL BDL BDL BDL BDL
20 BDL BDL BDL BDL BDL BDL BDL BDL BDL

BDL — below detection limit.
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Table5. Lead concentration in the study areas (spring—summer seasons)

Concentration of Pb

Sample [ng Pb/dm?]
number year
2011 2012 2013 2014 2015 2016 2017 2018 2019
1 BDL BDL BDL BDL BDL BDL 0.318+0.064 0.423+0.85 BDL
2 BDL BDL BDL BDL BDL BDL BDL 0.293+0.059 0.010+0.002
3 BDL BDL BDL BDL BDL BDL 0.085+0.017 0.317+0.063 0.010+0.002
4 BDL BDL BDL BDL BDL BDL BDL 0.71+0.14 0.03+0.01
5 BDL BDL BDL BDL BDL BDL BDL 0.360+0.072 0.010+0.002
6 BDL BDL BDL BDL BDL BDL 4.6+1.0 0.48+0.01 BDL
7 BDL BDL BDL BDL BDL BDL 0.162+0.032 0.51+0.01 BDL
8 BDL BDL BDL BDL BDL BDL 0.204+0.041 0.428+0.086 BDL
9 BDL BDL BDL BDL BDL BDL BDL 0.458+0.092 0.010+0.002
10 BDL BDL BDL BDL BDL BDL 0.241+0.048 0.71+£0.14 BDL
11 BDL BDL BDL BDL BDL BDL 0.014+0.003 0.57+0.11 BDL
12 BDL BDL BDL BDL BDL BDL BDL 0.7+0.14 BDL
13 BDL BDL BDL BDL BDL BDL 0.267+0.053 0.54+0.11 0.010+0.002
14 BDL BDL BDL BDL BDL BDL 0.2+0.04 0.85+17 0.010+0.002
15 BDL BDL BDL BDL BDL BDL 0.055+0.011 1.17+0.23  0.010+0.002
16 BDL BDL BDL BDL BDL BDL 0.204+0.041 0.66+0.13  0.010+0.002
17 BDL BDL BDL BDL BDL BDL  0.116+0.00.023 1.19+0.24  0.010+0.002
18 BDL BDL BDL BDL BDL BDL 1.37£0.3 1.03+0.21  0.010+0.002
19 BDL BDL BDL BDL BDL BDL 1.26+0.28 1.03+0.23  0.010+0.002
20 BDL BDL BDL BDL BDL BDL 0.441+0.088 1.27+0.28  0.010+0.002
BDL — below detection limit.
Table. 6. Lead concentration in the study areas (autumn—winter seasons)
Concentration of Pb
Sample [ug Po/dm?]
number year
2011 2012 2013 2014 2015 2016 2017 2018 2019

1 BDL BDL BDL BDL BDL  0.093+0.019 0.98+0.20 BDL BDL
2 BDL BDL BDL BDL BDL 0.43+0.086 1.06+£0.21 BDL 0.1+0.02
3 BDL BDL BDL BDL BDL 0.101+0.02 0.241+0.048 BDL BDL
4 BDL BDL BDL BDL BDL 0.318+0.064 0.188+0.038 BDL 0.01+0.002
5 BDL BDL BDL BDL BDL  0.055+0.011 0.218+0.44 BDL BDL
6 BDL BDL BDL BDL BDL 0.076x0.015  0.244+0.049 BDL BDL
7 BDL BDL BDL BDL BDL  0.033+0.007 0.159+0.3 BDL 0.24+0.04
8 BDL BDL BDL BDL BDL  0.139+0.028  0.187+0.039 BDL BDL
9 BDL BDL BDL BDL BDL 0.048+0.01 0.135+0.027 BDL 0.85+0.15
10 BDL BDL BDL BDL BDL 0.127+0.025 0.184+0.037 BDL BDL
11 BDL BDL BDL BDL BDL 0.051+0.01 0.285+0.057 BDL BDL
12 BDL BDL BDL BDL BDL  0.022+0.004 0.61+0.12 BDL 0.51+0.09
13 BDL BDL BDL BDL BDL  0.111+0.022 0.149+0.03 BDL BDL
14 BDL BDL BDL BDL BDL BDL 0.151+0.03 BDL 0.19+0.03
15 BDL BDL BDL BDL BDL  0.134+0.027 0.32+0.064 BDL BDL
16 BDL BDL BDL BDL BDL  0.0.99+0.02  0.329+0.066 BDL BDL
17 BDL BDL BDL BDL BDL  0.033x0.007  0.290+0.058 BDL BDL
18 BDL BDL BDL BDL BDL 0.086x0.017  0.237+0.047 BDL 0.09+0.02
19 BDL BDL BDL BDL BDL 0.101+0.02 0.185+0.037 BDL 0.03+0.05
20 BDL BDL BDL BDL BDL 0.58+0.012 0.289+0.059 BDL BDL

BDL — below detection limit.
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Table 7. Cadmium concentration in the study areas (Spring—summer seasons)

Concentration of Cd

Sample [ng Cd/dm?]
number year
2011 2012 2013 2014 2015 2016 2017 2018 2019
1 BDL BDL BDL BDL BDL BDL 0.043+0.009 BDL 0.010+0.002
2 BDL BDL BDL BDL BDL BDL 0.035x£0.008 BDL 0.010+0.002
3 BDL BDL BDL BDL BDL BDL BDL BDL 0.010+0.002
4 BDL BDL BDL BDL BDL BDL BDL BDL 0.010+0.002
5 BDL BDL BDL BDL BDL 0,9+0,2  0.03+0.007 BDL 0.03+0.01
6 BDL BDL BDL BDL BDL BDL 0.064+0.014 BDL 0.010+0.002
7 BDL BDL BDL BDL BDL BDL 0.023+0.005 BDL 0.010+0.002
8 BDL BDL BDL BDL BDL BDL BDL BDL 0.010+0.002
9 BDL BDL BDL BDL BDL BDL BDL BDL 0.010+0.002
10 BDL BDL BDL BDL BDL BDL 0.034+0.007 BDL 0.010+0.002
11 BDL BDL BDL BDL BDL BDL 0.025x0.005 BDL 0.010+0.002
12 BDL BDL BDL BDL BDL BDL 0.033+0.007 BDL 0.010+0.002
13 BDL BDL BDL BDL BDL BDL 0.031+0.007 BDL 0.010+0.002
14 BDL BDL BDL BDL BDL BDL 0.003+0.007 BDL 0.010+0.002
15 BDL BDL BDL BDL BDL BDL 0.036+0.008 BDL 0.010+0.002
16 BDL BDL BDL BDL BDL BDL 0.035x£0.008 BDL 0.010+0.002
17 BDL BDL BDL BDL BDL BDL 0.02 BDL 0.010+0.002
18 BDL BDL BDL BDL BDL BDL 0.027+0.006 BDL 0.010+0.002
19 BDL BDL BDL BDL BDL BDL 0.036x0.008 BDL 0.010+0.002
20 BDL BDL BDL BDL BDL BDL 0.038+0.008 BDL 0.010+0.002
BDL — below detection limit.
Table. 8. Cadmium concentration in the study areas (autumn—winter seasons)
Sample Concentration of Cd
number [ug Cd/dm?]
year
2011 2012 2013 2014 2015 2016 2017 2018 2019
1 BDL BDL BDL BDL BDL BDL BDL BDL BDL
2 BDL BDL BDL BDL BDL BDL 0.394+0.087 BDL BDL
3 BDL BDL BDL BDL BDL BDL BDL BDL BDL
4 BDL BDL BDL BDL BDL BDL 0.111+0.024 BDL BDL
5 BDL BDL BDL BDL BDL BDL BDL BDL BDL
6 BDL BDL BDL BDL BDL BDL BDL BDL BDL
7 BDL BDL BDL BDL BDL BDL BDL BDL BDL
8 BDL BDL BDL BDL BDL BDL BDL BDL BDL
9 BDL BDL BDL BDL BDL BDL BDL BDL 0.03+0.03
10 BDL BDL BDL BDL BDL BDL BDL BDL BDL
11 BDL BDL BDL BDL BDL BDL BDL BDL BDL
12 BDL BDL BDL BDL BDL BDL BDL BDL BDL
13 BDL BDL BDL BDL BDL BDL BDL BDL BDL
14 BDL BDL BDL BDL BDL BDL 0.091+0.020 BDL BDL
15 BDL BDL BDL BDL BDL BDL BDL BDL BDL
16 BDL BDL BDL BDL BDL BDL BDL BDL BDL
17 BDL BDL BDL BDL BDL BDL BDL BDL 0.06+0.01
18 BDL BDL BDL BDL BDL BDL BDL BDL BDL
19 BDL BDL BDL BDL BDL BDL BDL BDL BDL
20 BDL BDL BDL BDL BDL BDL BDL BDL BDL

BDL — below detection limit.
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The metal concentrations in the water were com-
pared with the limit values presented in Table 9.

Table. 9. The concentration limits of heavy metals
and their compounds

Time Class

period of Zn Cd Pb
3
o] weter [MYAT] [ugdm]  [ugidn]
111 <1 <0.45-1.5 7.2
2012—- limits not maximum  maximum
2014 |11~V . alowable dlowable
determined . .
concentration concentration
111 <1 <15 14
2015- limits not maximum  maximum
2019  |lI-v ) alowable  alowable
determined

concentration concentration
Source: Regulation ME 2016.

Physicochemical parameters of surface waters in
the Port of Gdyniafall within the values specified
for class 1 of the quality of surface water bodies.
The concentration of zinc in the tested waters of
the port basins of the Port of Gdyniawasin almost
al cases below the limit of quantification of the
analytical method used (< 0.022 mg/dm?d).

At severa points (between 2013 and 2016), the
concentration exceeded the limit of quantification
and ranged from 0.023 mg/dm? to 0.091 mg/dm?®.
These values are lower than the limit val ues spec-
ified in the Polish Regulation of the Minister of
the Environment.

Between 2011 and 2016, the concentration of |ead
in the tested waters of the port basins of the Port
of Gdyniawasin all cases below thelimit of quan-
tification of the analytical method used.

Between 2016 (autumn—winter season) and 2019
the concentration of this metal was in aimost all
case points exceeding the limit of quantification
and ranged from 0.03 pg/dm® to 0.58 pg/dm?d.
These values are lower than the limit values spec-
ified in the Regulation of the Minister of the En-
vironment.

The concentrations of cadmium are in most cases
lower than the limit of quantification of the ana-
lytical method used. In 2017, the metal concentra-
tion exceeded the limit of quantification in almost
al measuring points and ranged from
0,023 ng/dmd to 0.394 ng/dmd. These values are
lower than the limit values specified in the Regu-
lation of the Minister of the Environment.

The concentration of the mean metal concentra-
tion on significant differences between 2011 and
2019 showed that only lead concentration had
changed. Zinc and cadmium did not show any
changes through time.

Port of Gdyniahasavariety of industrial and com-
mercial activities, its primary source of contami-
nation derives from urban and harbor activities. It
is a reason why the heavy metals concentration
does not increase at the sametime at the samerate.
The largest contamination by lead was found in
samples collected from West port (docks VI and
V). There aretwo large shipyardsin the vicinity
of the West Port where vessels are built and un-
dergo renovation. In this area, one of the largest
shipping terminals in the Baltic Sea — the Baltic
Container Termina —is located.

4. Conclusion

In recent years more attention has been devoted to
pollution in the environment dueto increasein an-
thropogenic contribution by heavy metals and
their compounds. Although some natural dis-
charges of metal occur, pollution and the conse-
quential environmental and ecological degrada
tion are predominantly anthropogenic. The source
of marine pollution is municipal and industrial
waste directly into the sea or viarivers.

The investigation of Port of Gdynia surface water
indicates that the concentrations of heavy metals
and their compounds are lower than the maximum
allowed values established by national legidlation.
Many years of research suggest that the concen-
tration of cadmium and lead and their compounds
in water Gdynia Port isin aimost al cases below
the detection limit.

The concentrations of zinc, which is an indicator
of water quality from the group of substances
harmful to the natural environment, in the waters
of the port of Gdynia are below the limit values
for surface waters.

These results indicate that the heavy metal con-
centration in surface water of Port Gdynia gener-
ally meet the Polish Standards criteriaand suggest
that the overall water quality has not been signifi-
cantly impacted by heavy metal pollution. The re-
sult of this study will be useful for marine envi-
ronment managers for the remediation of pollu-
tion source.

Greater attention should be paid to anthropogenic
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sources of heavy metals and their compounds be-
cause of further industriaization and economic
development in the northern part of Poland.
Heavy metals and their compounds may be non-
uniformly distributed in ports water. Zones char-
acterized by industrial activity are directly subject
to sources of anthropogenic pollution. Because of
the variability of the concentration of heavy met-
asin the various port section, it is imperative to
make a differentiated assessment of the polluted
water. Dueto thefact that, that the largest contam-
ination load was found in samples collected from
West Port, it may be said that isarea of potentially
high concentration of pollution. Water sampling
from selected points and testing should be more
frequent.
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