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I ntroduction

For the total surface of the Earth, 71% it is cedeby water and only 2,75 % from
this percentage is represented by freshwater. Wagsh is essential for human life and also
for many natural systems that support human wetigheExpanding human activity such as
industry, agriculture, tourism, recreation, hasasgively altered the planet’s freshwaters, with
modifications impacting the physical, chemical &mlogical features of aquatic systems.

Durowskie lake is a postglacial lake elongatedhapg and is located in Chodzieskie
lake region, in WYgrowiec (Central Poland). The lake covers an afdal® ha and represents
an important part of Wagrowiec landscape (Tabldt1$.a local ecosystem which is used for
fishing, recreation, tourism, education and redea8truga Golaniecka River flows through
the lake, supplying it with nutrients from the dateent areas. The lake catchment area is
typically agricultural and it's covered by foresthe water quality suffers because of
anthropic activities in and around the lake suchnasient inputs from the surrounding
agricultural areas, inflow from the upstream lakes.

Most of lakes around the world are destroyed byophication. Durowskie lake is
degraded too. Assessment of water quality can bengplex process undertaking multiple
parameters. This report shows present trophy efdeke by trophic state index (TSI). TSl is
the most popular index based of physico-chemiceadrpaters.

Therefore, the objectives of this study are to:
* Investigate the current physic-chemical conditibrake;
» Show trends in water quality over time;
» Ascertain nutrients loads coming in and out of lake

Surface 143.7 ha

Volume 11.322.900 m?
Maximum depth 14.6 m

Average depth 79 m

Main tributary Struga Golaniecka

Surface of the entire sampling area | 236.1 km?
Surface of the direct catchment area | 1.581 ha

Share of agricultural area 58.26 %
Share of forests 33.52%
Urban area 8.25 %

Table
1- Main characteristics of Lake Durowskie



2. Methods

2.1 Field work

The anthropic activity in Durowskie Lake has a leiglevel, so the ecosystem and the water
quality it's damaged. To see the level of the watgrients we have been collected samples
each day, for a week of July 2013 (01.07 - 06.83nfeight measurements points: Aerator 1,
Aerator 2, Beach 1, Beach 2, Middle 1 and Middl©gtflow lake and Inflow lake and from
different depths, every one meter from the surfadée bottom of the lake (Fig. 1).

In the field, we performed measurements of pH, &napire, TDS, conductivity, velocity and
Oxygen concentration.
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Fig.Points of measurement

The basic physic-chemical parameters of the watengderature, conductivity, concentration
of oxygen, turbidity, flow velocity and chlorophydl as well as pH) were measured at eight
lake stations and two river stations (the inflovd @ne outflow of the lake) using WTW Multi



Parameter Meters for one week. Water samples wke taken for the analyses of
ammonium nitrogen, nitrite nitrogen, orthophospkated total phosphorus.

Flow velocity measur ement

The discharge and the flow velocity (m/s) were mead in the inflow of the lake at defined
cross sections (m?2) (Fig. 2) . The cross sectiotn@flake was divided into different transects
at each point of measurement as shown in the fipetew the flow velocity were also
measured at different water depth (0.5, 1.0, 1.6, 2.5, 3.0) depending on the depth as
shown in the figure below, since the velocity vangth transects and depth (Fig. 3).

Fig. 2 — Field mesurement of flow velocity
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Fig. 3 Distribution of flow velocity in a river ces section (Shaw, 1989)
The characteristics of the river bed (rocky, heger®ous, sandy, homogeneous etc.) were all
taken into consideration when dividing the trans€Etg. 4)
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Fig. 4 Subsections of a river cross section tordate flow velocities for each section

Physic- chemical parameters

Water parameters such as pH, conductivity, oxygemtemt, turbidity (Secchi disc
depth) were measured at the various sampling pav&ter samples were also taken with the
water sampler at depth 0, 1 and 2 meters respgcawveund aerator 1 for chlorophyll a and
nutrient loads (Total Phosphorus, Orthophosphafemmonium Nitrogen and Nitrite
Nitrogen) measurements.

Turbidity

Turbidity refers to how clear the water is. Theajee the amount of total suspended solids
(TSS) in the water, the murkier it appears andhigier the measured turbidity. Turbidity

indicates the amount of light penetration and piesian indirect measure of the amount of



suspended materials in the lake which in many cgses an indication of the quantity of

algae in the water. Turbidity was determined wité Secchi disc (Fig. 5).

Fig. 5: Turbidity measurement with Secchi disk (SD)

Chlorophyll a and the nutrient contents:

Replicate samples were taken at each samplingmistaivo of which were collected at depth 1

and 2 meters and the last at the (Om) surfacewiter samples were filtered and stored in

the fridge for further laboratory analysis (Fig. 6)
e (e s "".;.’ .

Fig. 6: Water sampler being used to collect waaenes at various depths for chloropreyll
measurement



pH, Electrical conductivity, Oxygen concentration, Temper atur e measur ements:
WTW Multi Parameter Meters was used to measureityréne parameters above (Fig. 7).
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Fig. 7 pH, Electrical conductivity, Oxygen concextion, Temperature measurements with
WTW Multi Parameter Meters

2.2 Laboratory analysis

In the laboratory, Chlorophylh samples were processed according to the UWT Qbihgitb
Procedure (Strickland and Parsons, 1972) (Fig. 8)

The filters (made by fiber glass), were placed isg¢parated centrifuge tubes with 10 ml of
ethanol for 1-2 minutes. After the filters were miated, the tubes were covered and stored in
a dark refrigerator for 18-24 hours (during thiedithe extraction occurred).

After the extraction period, the samples were deiged at 5000 rpm for 15 minutes to
separate the chlorophyll a/EtOH solution and thesglfibers. Afterwards the filters were
removed and centrifuged again at 2500 rpm for Sutes About 10 ml of the supernatant
were transferred to the spectrophotometer cuvettietlze transmittance was read at different
bands (665 nm, 750 nm - correction for turbidity).

The content of chlorophyll a is calculated with themula below:

Chla pg/l = 29.6[(Bsss— E’750) — (Ese5— E*s0)] * ev/(V x P)

E? = absorbance, acidified

E® = absorbance, base

ev = volume of alcohol used in the extraction, in m

V = volume of filtered sample, in liters

P = path length (Note that this test assumes uaelafm path length).
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Fig. 8 — Laboratory analysis of the samples
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2.3 Digital analysis

All the graphs and figures were made in the Ex6a&l02from the Open Office package.
The trophic state index (TSI) was used to defirettbphic status of the lake. The Trophic
State Index (TSI) is a classification system desipio "rate” individual lakes based on the
amount of biological productivity occurring in theter. Using the index, one can gain a
quick idea about how productive a lake is by is@sed TSI number.

The calculation of the trophic state index (TSIsvproduced with the following formulas
which were assessed by Carlson’s Trophic StatexI(ifigl) equations (CARLSON, 1996).

TSI for Secchi depth:  T&Jpy= 10 (6 -)
TSI for chlorophyll a: TS}chy= 10 (6 -)

The quantities of nitrogen, phosphorus and othelogically useful nutrients are the primary
determinants of a lake’s trophic state index (TSWtrients such as nitrogen and phosphorus
turns to be limiting resources in standing watedibs. Increasing concentration tend to result
in increased plant growth, followed by corollarycieases in subsequent trophic levels.
Consequently, a lake’s trophic index may sometibesised to make a rough estimate of its
biological condition.

3. Results
Results of chlorophyll a

Chlorophylla is an indicator of phytoplankton abundance and b&srnin lake waters. It can
be an effective proxy of trophic status and is memnly used measure of water quality. High
levels often indicate pure water quality and lowels often suggest good conditions.

From the graphic below we observed that the higbestentration of chlorophylh was at
the inflow (15ug/L) and the lowest is at the middle 1u@/L) (Fig. 9).
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Fig. 9 — Concentration of Chlorophwyl

The lowest value of transparency was recorded at the lake close to the Inflow (Struga
Gotaniecka) which was 1.0 m. The highest, the best transparency was 2.5 m located
near the Beach 2 (Fig. 10). Average water transparency of Lake Durowskie is 1.68 m
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Fig. 10 — Transparency level



The water temperature is between 24.5°C and 6 Ib°@ifferent sampling points temperature
varies slightly, from 4 to 6 meters we can obsertkermoclingfrom 20° to 10°C) (Fig. 11).
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Fig. 11 — Temperature variation

The pH - value varied between 8.57 and 7.18. ThelipHhot vary so much between different
stations and it's negatively correlated with thethgFig 12).
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Fig. 12 — pH values in different sites

The conductivity values ranged between @87tm and 43us/cm in the different sites. The
conductivity decreased with the depth. (Fig. 13)
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Fig. 13 — Conductivity levels



The dissolved oxygen (DO) value is between 80 rmigd 11.3 mg/l. From the graphic below
we observed that the highest value it's on thewmfat the depth of 1 m and the lowest one on
the beach 2 at 4 m depth.
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Fig. 14 Dissolved Oxygen concentration

TDS value was positively correlated with the depthh an average value of 467.31 mg/I
(Fig. 15)
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Fig. 15 TDS values

Nitrogen is one of the primary nutrients that icessive amounts can pollute a lake, and it is
also essential to the production of plant and ahtiesue. As observed in Fig 16, the quantity
of Nitrogen in the inflow is higher than in the Botv. This suggests that a large quantity of
nutrients is entering the lake.
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Fig. 16 — Total load of Nitrogen

he graphic below (Fig. 20) illustrated the factttiihe concentration of chlorophyA,
compared with 2012 increased dramatically in atishs, and compared to 2011 is slightly
reduced at all measurement points. Only the Inflsvan exception, where chlorophwl
concentration increased slightly as compared tarékalts obtained two years ago. Average
concentration of chlorophyll a in Durowskie Lakesa® 45 g/l (Fig 16).
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Fig. 20 — Chlorophyla concentration from the last three years

Chlorophylla and transparency (Secchi Depth) can be used a=ias of trophic state of

the lake which is assessed by Carlson’s TrophiteStadex (TSI) equations (Carlson and
Simpson 1996).

The charts below present the values of TSI forrr(feg. 17) and lake (Fig. 18 and Fig. 19).
TSI counted from Chlorophyll a method showed th@idition of lake is worse this year in



comparison with 2012 but is better than 2011. T&twated using Secchi Disk method
showed an improvement from 2012 but the conditemeswvorse than 2011.
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Fig. 18 — TSI values for lake (Chlmethod) in the last 3 years
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Fig. 19 — TSI values for lake (SD method) in th&t [years

4. Discussions
4.1. How do the parameter sinteract with each other and what isthewater quality

accordingtothe Water Framework Directive?

Almost in all the days during the measuring petioel weather was good, with sunshine, with
only a few clouds and rain. With the sun, the terapee of the lakes surface water is over
20°C. The sampling points show no significant aoig because they all get the same
amount of sun during the morning. With increasiegtt, the temperature is decreasing. First
it decreases slightly and then very fast from 4rérto This temperature change indicates the
different zones in a lake (epilimnion, metalimnitwyperlimnion). At the surface there is the

epilimnion with relatively high and constant temgteres and then there is the metalimnion
with a fast decrease in temperature. In the hyperbn (7m to bottom) there is almost no

change in temperature anymore (WALTER 2002).

With the increase of depth it is not only gettingder, but also the amount of dissolved
oxygen, the pH-value and electrical conductivitg decreasing. Dissolved oxygen is higher
at the surface out of different reasons. First litei® possible to increase the DO by weather
changes, e.g.: wind, waves, rain etc. and thenepitin is affected by turbulences of for
example boats. Second, the epilimnion is where ralgste grow. Algae need light, nutrients



and a warm temperature (SEIP 1990). Dissolved axyg@ecessary for good water quality.
Oxygen is a necessary element to all forms of MNetural stream purification processes
require adequate oxygen levels in order to profedeerobe life forms. As dissolved oxygen

levels in water drop below 5,0 mg/l, aquatic I$egut under stress.

Our results can be different from the ones obtaindtie past years because of the change of
methodology and devices. The presence of algdeeinipper parts of a lake is one reason for
the increased pH values near to the water surtdseally a water body is more acid because
of the carbondioxid in the water. Algae use thisboadioxid for their metabolism and
therefore the pH is getting more basic.

Following table determines the classes after thetewd#&ramework Directive (values
especially for Poland). For Secchi depth, dissol@&din hypolimnion and el. Conductivity

there is no specification in classes, but in “goadt “bad”.

Tabel 1. Classes of Water Framework Directive

Ecological state of | water Good Bad
Parameter Class of water 1 1l 1] \Y) Y
Chlorophyll a (ng/L) <7,0 7,0-13.0 | 13,0-21,0 21,0-33,0 >33
Secchi (m) >1,7 <1,7
Dissolved O, (mg/L) >4 <4
Conductivity (uS/cm) <600 >600

In Lake Duroskie we found the following classes:

Tabel. 2 Evaluation of Lake Durovskie

Chlorophylla ~ 8.45 pg/L Good (Il class)
Oxygen concentration ~5.47 mg/L Good
Conductivity ~525.8 uS/cm Good

Secchi disc ~1.68 m Bad

According to Water Framework Directive, chlorophglizalue of 8,4ng/L is normal and in
class Il. The transparency with a value of 1,68smevaluated as “bad” but it is near the
normal value, also the DO is bad. The conductivitigh an average value of 535,73 is rated
like “good”.



4.2. What isthetrophic state of the lake according to the trophic stateindex (TSI)?

The TSI average value according with Secchi Disk5806 and the average TSI for
chlorophylla is 50.22. These values are at the line betweewnthrephic and euthrophic lake.

Table 3. — TSI index

Trophic state | Oligotrophic | Mesotrophic W Hypertrophic | Durowskie
Lake

TSI SD=
53.06

TSI Value <40 40-50 50-70 >70 TSI Chl
a=50.22

4.3. How did thelake develop in thelast year ?

In the figures above (Fig. 18 & Fig. 19) we canare the changes of TSI values in the last
three years. TSI measured with Chloroplaylinethod shows that condition of lake is worse
this year in comparison with 2012 but is bettemt2811. TSI calculated using Secchi Disk

method shows an improvement from 2012 but the ¢omdi are worse than 2011. According

with Chlorophylla method we can say that Durowskie Lake is euthmpiut the TSI value

is very close to the limit of mesothrophic lakes.

4.4. What ar e possible management improvementsfor the lake?

The management of the lake Durowskie is a diffitagk and there is no guideline to manage
the lake in the right way. According to our workdaresearch results, the problem with the
water quality it's not only from the inside, butofin the lakes above. One of our
recommendations is that the local authority shdale® action on how to prevent pollution
from the northern lakes. There are several houdshehich are still not connected to waste

water plants. Improving the ability to have acceswater plants could therefore improve the



lakes quality in a long term sight. Another problesnthe too high anthropogenic pressure; the
managers should reduce the activities on the layer¢ biking, motor boats etc.) and manage
the gaps created by fishermen (they are destralimgnacrophytes belt).

5. Conclusion
This research work concludes tliat water quality of Lake Durowskie does not satisfy all the

demands of the Water Framework Directive.

The classification of the water class is based lorophyll a measurements and gives a
classification of 1l. However, chlorophydl can fluctuate rapidly and shows only the current
state of the water and no long term developmentte quality of the lake according to
dissolved @ must be evaluated as “good”.

Although the Secchi disk measurement is classdidbad” the value (1.68m) is very close
to the limit between “good” and “bad” (1.7m). Thencluctivity is evaluated as “good”.

The north part of the lake is in relatively worsmndition; also the beaches from the southern
part are in much bad condition than the center gfatie lake. Although the general condition
of the lake is similar like two years ago, we cay that Duroskie still to be in eutrophic
state.

In summarizing it can be stated that Lake Durowgkien a good way, but still needs further
improvements and a longer time period in order itotlfe European water framework

directive.
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