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SUMMARY


The bathing-and-recreation centre Aquacity is situated 3 km away from the centre of Varaždin. It was formed as a result of gravel exploitation over a number of years. The lake occupies an area of 0.4 sq.km  and its depth is up to  4 m.


The centre is visited throughout the year because of the sporting programmes it offers, and in summer about 6,000 bathers come daily.


The aim of this study was to find out to what extent this great number of bathers impact the water quality of the lake called the “Sea of Varaždin”. The investigations have been carried out for three years (the data collected 2000 – 2002 were used). In 2001the claim was initiated for Aquacity to be awarded the European Blue Flag – the sign of a safe and pleasant environment intended for relaxation, fun and recreation .


Meeting the rigorous criteria of the quality of the water for bathing and the cleanness of the environment encouraged us to work with added intensity. The measurements were taken before, during and after the bathing season. The pH, temperature, electric conductivity, nitrites, nitrates, ammonia, odour, detergents, mineral oils were determined using the methods from the GLOBE –Protocol.


The results obtained were compared with the results of the measurements taken by Zavod za javno zdravstvo (Institute for Public Health), which also carries out bacteriological tests. 


All the results obtained are within the allowed limits, which means that bathing does not essentially affect the quality of the water, providing all other ecological conditions are met.


The mute swan (Cygnus olor) and even the crayfish (Astacus astacus) have returned and remained here as a living evidence of water purity.


On 9th June 2002, 999999992002 the Blue Flag, awarded to Aquacity as the only beach not lying on the sea-cost, was raised.

HYPOTHESIS

Lakes are comparatively closed areas i.e. a body of water, fed by precipitation and underground water, and emptied through evaporation as well as outlets of surface and underground water. The hypothesis is that water quantity is constant  whereas some of the components may change. Many external factors may affect water quality of a lake: sewage, draining water from farming areas, suspended particles, heavy metals, waste water, unsufficient circulation and so on. The majority of the factors quated is, owing to  extraordinary care, under control. We were interested in how bathing season can affect the water quality. Can 6,000 bathers with different patterns of behaviour disturb the balance?



Finding answers to these questions we considered important because bathing water, too, when not meeting certain conditions, can jeopardize our health, and the life in it is also questionable.

RESEARCH METHODS

The research was started in 2000, when the site of water sample taking was determined, the basic classification made and investigations for which we  were adequately equipped done. 



Owing to additional equipment acquired, we started to apply new methods so our work has been going on for already three years.

In 2000 

· water temperature was measured;

· pH of the water was determined by indicator paper  in the field;

· odour of the water was determined in the school laboratory on brought and correctly marked sample (date and time of sample taking).

In 2001 and 2002

· additional equipment was acquired and the number of research methods increased;

· pH was determined by indicator in the field;

· water temperature was measured at the same site and a sample for further work was taken;

· the pH-meter as a more accurate method is used in the laboratory after the sample has taken on room temperature ( and after gauging using buffer dilution) because changes of pH values are possible, due to the changes of temperature.

Determining the evaporation residuum

100 ml water is poured into a weighed porcelain dish and heated in water bath till dry. Then the porcelain dish is put into the drier and dried at 105(C to the constant mass. The difference between masses is the evaporation residuum expressed in mg/l. 


The sample is used to measure electric conductivity by conductometer and for some other  parameters:

· Ammonia
-
Nessler(s reagent = 0

· Nitrite ion
-
Merck test strip   = 0

· Nitrate ion
-
Merck test strip  = 0

· 5 ml water is mixed with 0.05 ml of diluted chloride acid, the solution is carefully added along the wall of the test tube to 50 ml of diphenylamine using a pipette – on the area of contact no blue layer appeared = 0.

-   Odour

-
a bit stronger in warm water, and especially

after rain – smell of soil

-
when shaken – smell of mineral oils = 0                          

-    Detergents
-
no foam after shaking = 0

Our results were compared with those of the Institute for Public Health (the chemistry laboratory) und it was found that following the Globe Protocol a high accuracy can be achieved, and  more precise methods  would provide more complete answers to our questions.


Curiosity and persistence are essential for the work.

 Table 1. CLASSIFICATION OF THE LAKE WHERE THE SAMPLES WERE TAKEN
	TYPE OF WATER

	fresh 

	AREA
 
	0,4 sq.km

	STAGNANT WATER
	lake

	LOCATION OF THE SAMPLE
	cove

	TURBIDITY

	transparent

	MATERIAL
	gravel

	SHORE
	sandy soil

gravel


Table 2.
pH and TEMPERATURE
	DATE
	pH
	TEMPERATURE º C

	16.5.2000.
	7,7
	21

	30.5.2000.
	7,84
	21

	10.6.2000.
	8,0
	21

	24.6.2000.
	8,1
	22

	6.7.2000.
	7,9
	23

	19.8.2000.
	8,0
	23

	29.8.2000.
	7,6
	23

	18.9.2000.
	7,9
	21

	3.5.2001.
	7,5
	20

	31.5.2001.
	8,0
	22

	15.6.2001.
	7,6
	23

	3.7.2001.
	8,1
	24

	30.7.2001.
	7,7
	23

	20.8.2001.
	7,8
	23

	20.10.2001.
	7,2
	16

	29.6.2002.
	7,7
	20,5

	10.7.2002.
	7,9
	23

	29.7.2002.
	7,6
	23

	13.8.2002.
	7,5
	21,5

	1.9.2002.
	8,0
	22

	20.9.2002.
	7,9
	21

	15.10.2002.
	7,85
	14,5


pH of natural water =(  4.5 – 8.5

Graph 1. WATER TEMPERATURE AND pH IN THE PERIOD 16.05.2000 - 15.10.2002
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Table 3.  ELECTRIC CONDUCTIVITY AND EVAPORATION RESIDUUM 

	DATE
	ELECTRIC
CONDUCTIVITY

µS / cm
	EVAPORATION RESIDUUM

mg / l

	3.5.2001.
	315
	228

	31.5.2001.
	322
	233

	15.6.2001.
	318
	230

	3.7.2001.
	323
	-

	30.7.2001.
	320
	-

	20.8.2001.
	318
	-

	20.10.2001.
	330
	239

	29.6.2002.
	305
	221

	10.7.2002.
	325
	-

	29.7.2002.
	320
	-

	13.8.2002.
	313
	-

	1.9.2002.
	320
	232

	20.9.2002.
	319
	231

	15.10.2002.
	301
	218


electric conductivity of fresh water =( 30 – 2000 (S / c



(S / cm = microsimens / centimeter

Graph 2. 
ELECTRIC CONDUCTIVITY AND EVAPORATION RESIDUUM
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Table 4.  NITRITES, NITRATES, AMMONIA
	METHODS
	NITRITES
	NITRATES
	NH4+

	MERCK

TEST STRIP
	_
	_
	_

	SPECIFIC 

REAGENTS
	BROWN RING
-
	DIPHENYLAMIN
-
	NESSLER

-

	INSTITUTE

FOR PUBLIC 

HEALTH
	 < 0,001-0,012
	0,084-0,241
	0,025-0,065


Table 5.  OTHER PARAMETERS
	
	Cold water  – 0

	ODOUR
	Warm water – of  soil (especially  after rain)

	DETERGENTS
	No foam ( 0

	MINERAL
	0

	OILS
	INSTITUTE FOR PUBLIC HEALTH > 0,025 mg/l


ANALYSIS

The pH of natural water ranges from 4.5 to 8.5 depending on CO2 , CO32- and the presence of humus-substance.


The pH values of our measurements range from 7.2 to 8.1.


The electric conductivity of fresh water is 30 to 2000 (S/cm. Our results are from 305 to 330 (S/cm. The total concentration of all water ions affects the conductivity, which is visible in the data of evaporation residuum.

It may be stated that all the results obtained are within allowed limits. The range of values is constant, which indicates that the analysed water meets the criteria for type I and II of waters according to article 4 of the “Regulations Over Water Classification” (Official Gazette of the Republic of Croatia Nr. 77/98).

CONCLUSION


This study gave answers to our questions. The water is pure partly because the gravel soil makes the continuous flow of fresh and clean underground water possible, but an essential factor is a responsible behaviour of people to their environment, which is shown by numerous awards and recognitions Aquacity won:


( 1994 THE BRONZE MARTEN for ecology of Croatian Chamber of Commerce.


(1997/1998 THE FLOWER FOR THE MOST BEAUTIFUL WORLD, an award for the tidiest public place in the County of Varaždin granted by the weekly “Varaždinske vijesti”.


(1998 the award granted by the Government administration for nature and environment protection in the field of tourism .


( 2002 the EUROPEAN BLUE FLAG as the only non-coastal beach in Croatia.

We are going to carry on our research applying some new methods and since the Blue Flag is awarded for only one season, great efforts should be made to keep it so the claim should be renewed.

Special thanks to the bathing and recreation centre Aquacity, the Institute for Public Health of the County of Varaždin – the chemistry laboratory, whose invaluable help made this research possible.
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