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Abstract

Kournas Lake is the only natural freshwater lake in Crete, Greece. In this study data are 

presented for the limnological characteristics of Kournas Lake and the spatial and 

temporal-variations are interpreted. Water samples from five sites in Kournas Lake were 

collected at a twenty-day interval from December 2001 until March 2002. Ammonium 

ions, nitrate ions, chloride ions, phosphate, Chemical Oxygen Demand (COD), 

Biochemical Oxygen Demand (BOD) and coliform populations were measured. The 

lowest concentrations were found for ammonium, and nitrate ions, phosphate, BOD and in 

Faecal coliforms. Chloride ions, COD and Total coliforms exceeded the EU directives 

(98/83). The chloride ions concentration was prominent and showed that during dry 

months it increased due to intrusion of seawater whereas during winter months chloride 

decreased as a result of dilution. COD was high probably because of the organic and 

inorganic compounds that were not degradable. BOD20 was higher during the wet months. 

In general high numbers of coliforms were found and there is a high probability that other 

pathogenic bacteria or organisms might have been present. This study should be 

extended to cover the tourist season as well. Only then it will be possible to have a 

complete view of the temporal changes in water quality in Kournas Lake. 

Keywords: Kournas Lake, water quality, limnological characteristics, monitoring, EU 
directives, Crete, Greece. 
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1.1.5 ,

.

-

.

,

. ,

.

 1000 mm .

, . ,

,  0-145 m ,

 470 m. 

 1.1.  140 

 2 km
2
.  50 m 

.

,

 [5]. 
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 1.1: 
 [5]. 

1.2

.

, , , , ,

, , , ,

, ,

, . , ,

 [3]. 

1.2.1

,
.

1. . .

.

.

.

. .

(m) (km
2
) (km

2
) (×10

6
 m

3
) Z (m) 

 Y 
(m)  ( )

1  15 97 250 2868 29 57 9,4 

11  16 14 177 62 4,4 35  

12  14 13 246 53 3,9 9  

14  23 11  59 1,6 2  

16  5 10  16 1,8 2,5  

3  523 59 1853 800 20 70 9,5 

4  853 49 260 320 6,7 7,7 3,4 

7 849 40    53  

8  629 30 304 120 4 8,5 2,3 

9  470 22 330 120 5,5 11 0,8 

15  593 11 229 15 1 2,5  

17  560 8 114 3,7 1 3  

21    602 2  3,4 1,5 3  

2  37 68 1247 940 13,5 22,3  

5    75 46 350 175 3,8 9,5  

6  05 45 3200 140 2,5 3,5 2,8 

10   145 15 420 110 5,5 10,4  

20  2 2,1  2,7 0,5   

13   80 12 344 720 28,8 38,5  

18    4 68     

  600 3,8 153 5 1,3 2,3  
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.

[8].

2.2.2

, .
, .

, ,
.

.

. ,

.

.

 2.1. 

.

 [8]. 

 2.1:  [8]. 

 ( ,
, )

 (10±10%). 
.

 (0-100%) 
 (100-250%)   

.

,
,

.

,
,

, ,

.

.
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 2.1 :  [2]. 
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 2.2: . [7] 

 P (
mg/l)

  Chl-a (
mg/l)

 Chl-1 (
mg/l)

  (  m 
 Secchi) 

  (  m 
 Secchi) 

-  <4.0 <1.0 <2.5 >12.0 >6.0 

 <10.0 <2.5 <8.0 >6.0 >3.0 

 10-35 2.5-8 8-25 6-3 3-15 

 35-100 8-25 25-75 3-1.5 1.5-0.7 

 >100 >25 <75 <1.5 <0.7 
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 3

 (pH), 
, ,

( ), .
 BOD 

(Biochemical Oxygen Demand)  COD (chemical Oxygen Demand) 
 fecal  total coliform. 

,

.

 3.1:
.  46399/1352/86 (

438/ . /3.7.86). 

1 G 1 I 

1 pH 6,5-8,5  0,1 0,2 

2  10 20( ) 10% 20% 

3  25  5% 10% 

4  22 25( ) 0,5 1 

5  1000  5% 10% 

6  3    

7  25 50( ) 10% 20% 

8  0,7-1 1,5 10% 20% 

9

10  0,1 0,3 10% 20% 

11  0,05  10% 20% 

12  0,02 0,05( ) 10% 20% 

13  0,5 3 10% 20% 

14  1  10% 20% 

19  0,01 0,05 20% 20% 

20  0,001 0,005 30% 30% 

21   0,5 20% 30% 

22   0,5 20% 30% 

23   0,01   

24  0,0005 0,001 30% 30% 

25   0,1 15% 30% 

26   0,05 20% 30% 

27  150 250 10% 10% 

28  200  10% 10% 
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29  (

)

0,2

30  0,4  10% 20% 

31  0,0005 0,001 30% 50% 

32
 (mg /l ) 

0,01
0,04
(
3
)

 20% 30% 

35     20% 20% 

36 >70 10% 10% 

37  <3  1,5 2 

38  Kjeldahl 1  0,5 0,5 

39  0,05  0,03 

10%

0,03

20%

40 0,1    

41      

42     

43   50  +  

44  20    

45  20    

46
 5000 
ml

   

 3.2:
.  46399/1352/ 86  (  438/ . /3.7.86). 

pH 6-9 5% — — 

     

 >2m 10% >2m 10% 

500/100ml 20% 10000/100ml 5% 

100/100ml 20% 2000/100ml 5% 

100/100ml 10% — — 
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3.1

.

.

 [9]. 
 80 – 95% 

. .
.  10% 

 5 – 6%. 
 20%. 

.

.  ntu (nephelometric turbidity units) 
 5 ntu’s .

 (TSS-Total Suspended Solids) 
.

, ,
 [9,7]. 

, .

.

 [9]. 
.

,

.
,

. ’

.

. ,
.

 [7]. 

. , ,
:

i.
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ii.

iii. 
 – .

iv.

.

 ( , , ). ,

.
.

 ( ),
( )

.

, 7 ,
.

.

[9].

 3.1. .

.
. .

, , . .

.
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3.2

(oC). ,

. , ,
. ,

 1 oC. ,
.  80cal  1 gr 

.  (539 cal) 
.

, :  4 C.
’

.

 [7,3]. 
,

.

.
, ,

,
.

, , :
 ( ) .

 ( ) .
.

.
.

.
.

 10 C.
.

.

.

 [3].

.
,

,  « » .
.

,  pH, ,
, .
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, ,
,

.

,
(25-40 C)  [3].

3.3  (pH) 

 pH 
 (-log[H+])

.  pH 
 0 - 14.  7 

.  7 
,  pH  7 

 ( )
 [9]. 

 pH 
.

 pH   6  9.  pH  
 CO2 .

.
 pH 

 SO2.

 SO2

( . )  ( .
)

 pH 
.  pH, 

 /  pH.
 pH 

.

 Ph [9]. 
 pH  6,7  8,6 

 7,5  8,5.  pH 

.
pH .

 pH 5,5 - 9,4,  pH 4,5 - 10,8. 
 5 - 9. 

 pH  7 - 8,5 
.

 pH 
 pH 

.  pH  10 
.  pH 

.
 pH 
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,
.  pH 

, .

3.4  (EC) 

 R (L=1/R) 

.
,

.

 ( ) mhos/cm
mS/cm,  1 S/cm = 1 mhos/cm.

. ,
,

-
 [9]. 

.

 55 mhos/cm 
.

,
 [3].

.
.

,
,  (CaCO3)

.
 250 S/cm.

.
 20-50 mhos/cm. 

 500 mhos/cm, . . -
.

( ).

3.5  (C.O.D.) 

 (Chemical Oxygen Demand – C.O.D.) 
 – 

 – 
. ,

 [7].
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 CxH2yOz

 CO2  H2O :
CxH2yOz + [x + (y – z)/2] O2  xCO2 + yH2O

(y – z)/2. 
C.O.D. .

To K2Cr2O7 :
Cr2O7

2- + 14H+ + 6e-  2 Cr3+ + 7H2O

 90% .
 [7]. 

 C.O.D. 
:

-      ,
- ,  (

), 
-  (  C.O.D.  1,1 mg O2/mg 

NO2),
-
- .

 C.O.D. 
 7 , '

2SO4 (p <2).  
 C.O.D. . .D.

.
 C.O.D . .D. 

,
,

. .D. 
 C.O.D. ,

,
.

, ,  90-100 % 
, ,  C.O.D. 

. ,
C.O.D./B.O.D.  2,5/L  3,0/L 

,  B.O.D.  C.O.D. [7]. 
 C.O.D.  B.O.D. 

 : 
- ,

.
-

, ,
, , , , . .

 C.O.D.  C.O.D. 
.

-  B.O.D. 

-
, . . ,  .

 Ag2SO4.
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-  C.O.D. 
.

, .

3.6  (B.O.D.) 

' ,

.
, '

.
,

.

3
-, CO2, SO3

2-, SO4
2-, H2O

2S, NH3, CH4, ,
. '

 [7].

 (Biochemical Oxygen Demand). 

.
. . .D.

.
, ,

, ,
, ,

.
, . .D.
.

 - 
 [7]. 

. .D. 20mg/L  20mg 
 5  20 C.  5 

 70 - 80%  5 .
. .D.

 2 mg/L  5 mg/L 
.

 (
),

, :

,
.

,
.
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.

.

 + O2 +  CO2 + H2O +  + 

 NH3  N 2
-  N 3

- ( )

, , .

.

  [2]. 

:

 ( . .
), . .D.  5 

,
, . .D.

 C.O.D. (
).

, :
•
•
•
• , , . .

 BOD5
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.  BOD5 100-
400 ppm  100-10.000 ppm 

.

 ( . . , , )  ( . . -
, , )

.

.

.
.

. . . , ,
.

. .D.
,

 " "

.
 (  3.5)  

.

 3.1: 
[7].

 ( )
,  ( ) .

 (  ) 
 B.O.D. .

 (  B.O.D. 
),

. ,
,
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,  (PH3).
, .

3.7

.

:
( ) 2 . .

 15-20 mL 2 .
.

( ) -
. . , , , .

( ) , 02
-. 2 .

( ) , +
4 4 .

 ( ) , 03
-.

O ,
, .

.

 3.2:

 [3]. 
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 Bantam 
. :  13% 

,  33%,  3% 
 (  1 cm) 51%. 

 [3]. 
, ,  0,1-1,0 g 

/m2/ .

,  [9]. 
,

, .

,
.

.
 ( . . , Anabaenaazollae) 

.

.
.

'  ( . .
Azotobacter Clostridium) .

 3.1.

 [3]. 

 (
)

 ( )

,
, . -

,

.
'
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 [9]. 

. ,
.

,  " "
.

 10 cm  5-20 kg 
. ' ,

.

3.7.1

3
-. 3

-

,
. 3

-

3
-.

, ,
, ,

.

3
-  40 

.
 [7,9]. 

 ( 3
-)

( 2
-) 2

-

.
 Chlostridium botulinum, 

. 3
-

2
-

2. ,
.

3
- .

 NaN03  NH4 3

.  9 g '
. 3

-
2
-

.
 [7,9]. 

 (b1ue - baby syndrome) 
.

,  p  (5-7) 
, 2

-

,  02

 " "  (blue baby). 
" "

.
.

 ( 2
-)

[3].
.

,  1950, 
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. .

.

 ( ).

 (0 – 18 mg/L) 
,

 [3].

 mg/L. 

.
 0.2 

– 1.3 mg/L. 
 ( 2 )

,

 . 

3.7.2

( 4
+)  ( 3),  p ,

:

3 + 2 4
+ + -

 0,5 mg/L. ,
,

 1-3 mg/L. ,
 50 mg/L.

.
. ,

.
 [3,7]. 

 (  0,5 mg/L) .
. ,

.
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.
.

, ,
 0,50 mg/L, 

,  0,025 mg/L. 

 15 mg/L. 

3.8

,
,  ( 2 4

-, 4
2-, 4

3-)
 ( . . Na3(PO3)6) ,

 [3,7]. 
,

.
 ( . . ).

, .
,

.

 3.3.  [3]. 

, ,
:
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,
.

, .

,

.

,
.

.

,
, , .

.

 3.1. .  2002. 

. ,
 ( .3.1),

, ,
.

3.9  (Total  Fecal Coliforms)

.  0.5-5 m
.

p .
.
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 [7].

.

,

 ( ).

 3.4:  [7]

 - 
 (

).
, .  – 

 (  )  : 

.

.

.

.

.

.

 . 

.

.

.

.
.

 Gramm, ,

 48  35 C.

 (total coliforms) 
(fecal coliforms). 

 Escherichia 
coli,

.
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 (total coliforms) 
 Gramm-

 35oC  48 .
E.coli, citrobacter, Klebsiella, 

Enterobacter.
,  ( ),

,
,

.

,

.

,  [7].
 (fecal coliforms)

.
, ,

, .
 Enterobacteriacae Escherichia coli.

,

.

.
,

Salmonella typhosa,
Vibrio comma, Entamoeda histolytica .

,
. . ,  [7]. 

3.10

 0,05 % 
.

.
.

,
. ,

,  [7,9]. 

.
.

 (Cl-)
.
.

 2 – 5 g.

.  250-500 mg/L 
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 1500 mg/L .

.
,

 ( ).
 ( , ,

. .) , ,
 [7,9]. 

,
,

.
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  4 

4.1

,
.  40 

 560km2.  0.5% 
.  4.1 

.  45km3/s.
 18% .

,
.

,
,

 [13].

.
 ( ), 

. ,
,

, .
, ,

.

, ,
, . ,

(  Ramsar). 

,

 [13]. 

,
,

 ( . . .), ,

 [13]. 

4.2  – 

 4.2 

.
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, ,

.

 4.1: : , , , ,

, , , , , , ,

, , , , , , ,

, , , , , , , ,

, , , , , .  [13]

,

, , , .

. , ,
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 3-5 .

.
,

,
.

,
. ,

.
/ , , ,

.
, ,

 [13]. 
 pH  7.8  8.6  10.6 

 Secchi 
.  pH 

.
,  Vollenweider (1975), 

.

 4.2: .
 [14]. 

 1.4  5.6 mval/l. 
 (1.4-2.6 mval/l) .

 (3.2-3.7 mval/l) , ,
,  (4.7-7.3 mval/l) 

. ,
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.  247-1200 S/cm
 1100 S/cm, ’

. ,
.
,

.
.

,
.

,

,
[13].

. ,
,

, .
.

.
, , , ,

. ,
 20 g/l .

,
0.5mg N/l .

. ,
.

,
.

/ ,  12, 
. ,  OECD 

(1983),
. , /

 7, .
 4.1 

.
 5g/cm3. ,

 20, , .
, ,

.

:
o : Hg>Cu>Zn>Ni>Pb>Cd>As>Cr 
o : Hg>Cu> Pb>Ni 

, ,
, , , , .

. ,
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,

.

 [11].

,

, , ,

. ,

. ,

.

[13]

,

. ,

.

,

. , ,

 [13].

 4.1:

 ppb [13].

Pb Zn Cu Ni Co Cr Cd Hg As 

  47.8 18.9      2.1 

  5.9 4.8      30.2 

 24.2 92.0  15.2    1.4 0.08

 1.2  16.3  0.7  8.2   0.5    

 23.6 14.4       

0.2 1.2  0.4  2.5    0.1   2.0

  115.5 3.7      53.7 

 36.8 121.0 21.8   15.3 1.8  0.46

 58.4 83.7  43.2  4.0  38.9 5.0 0.16  

  32.8 6.6      1.1 

 31.1 81.2  19.4    0.7  0.25

  33.1 5.2      1.9 

  40.0 9.6      43.3 

 22.3 62.5  12.4    1.6  0.04

  22.8 9.7      2.2 

  112.0 39.3      3.0 
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 4.2  ( / ) .
 (*)  [13]. 

 T
a

(
o
C)

C
b

( S/cm) 
pH Secchi 

(m)
Total 

Alcalinity 
(mval/l) 

SO4

(mval/l) 
Cl

(,val/l) 
D.O.

d

(mg/L) 
Chl-a

e

(mg/m) 
T.P.

f

( g/L) 
P-PO4

( g/L) 
N-NO2

( g/L) 
N-NO3

( g/L) 
N-NH3

( g/L) 

 15 247 8.1 8.5 2.6 0.48 0.51 9 2.3 17 3 1.33 41 20 

 30 380 8.7 13 3 1.68 0.75 11 4.3  14 3.24 147 136 

 6.8 980 7.9 0.7 4.7 0.48 3.36 8 10* 30  0 0 10 

 29 1320 9.3 2 5.4 0.5 3.93 13 30   57 190 240 

 18 517 8.2 3.3 3.5 0.68 0.87 8.4 0* 24 165 72 1090 326 

 26 1012 9 5.5 4 1.58 2.43 15.5 15  1222 888 2270 2995 

 21 266 8.3 1 2.5 0.12 0.21 7  28 276 8.9  109 

 28 520 8.8 1.6 3 0.16 1.14 8.5   844 20.6  288 

  1170 8.1  7.3 1.24 4.38   42     

  1660 9  8.8 1.7 5.07        

 4* 1200 7.8 0.2 2.6 2.3 9.72 0* 0* 42 36 0 0 0 

 28 11000 9.2 1 3.6 9.6 10.8 17 197  104 120 780 1325 

 16 219 8.3 6 2.1 0.1 0.18 7.5  6.4 142 4.2  39 

 22 260 8.9 7 2.3 0.16 0.66 8.5   755 29.1  265 

 15 239 8.2 1.2 2.8 0.13 0.36 8.2 27 39.4 31  75 35 

 22 310 9.5 2.3 3 0.2 1.2 14.2 280  460  1066 364 

 17 308 8.4  2.4 0.32 1.35 6  38  4 226 192 

 28 560 9.8  3.1 0.72 6.75 14    20 499 942 

  408 8.1  3.7 0.56 0.42   26     

  630 9.3  4.6 0.66 0.66        

 9.2* 550 8.3  2 7.4 1.44  1* 37 5*  65 5 

 26 1100 8.9  2.6 13 2.25  9  50  630 140 

  343 8.1  3.4 1.54 0.66   23     

  460 8.7  4.1 1.62 1.11        

  368 8.2   0.46 0.36   23 67 2.4 2.27 9 

  577 8.8   0.80 1.41    566 4.5 5.22 48 

 22 480 8.1 3.2 3.2 0.80 0.6 7   498  195 514 

 29 910 10.5 3.6 3.6 2.4 0.9 11   1671  338 1455 

 21 685 8.5 2.1 2.1 2.74 0.99 11   2257 54 336 1641 

 30 1430 9.3 5.8 5.8 3.2 1.29 18   4305 95 536 2420 

 17 427 8.2   0.5 1.02   18 17 5 114  

 23 1093 9.2   1.88 1.47    33 57 341  

 23 370 8.6 0.7 1.4 0.2 0.29 11   524 12.4 109 303 

 28 520 10.6 1.6 2.1 0.4 1.42 17   1670 33.6 372 615 
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 – 

 5.1: .  2005. 

5.1

« , ,

».
.

 200m  43 km .

.
.

.
, .

, ,
.

: « ».
.

,
 « ».

. ,
.

 ‘ ’  ( ),
’ .

.  « » . ,
 « ». .

,  « » .
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5.2

 «  – »
.

.  40 km 
 11 km .  Life / 

 «  – »
,

, ,
 [1]. 

 – :

: 434380000 
: 240 16’ 26’’
: 350 21’ 50’’

: 60 
:

 – 
 ICBP – 

IWRB, CORINE Biotopes. 

 5.2: .

5.3

.
.
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.  100m 
 4% .

, .
 5 m ,

.
 . 

,
.

. .
, .

 5.3: .

 ( ).
.

 – , ’
,

.
,  ‘ ’

.
, .

 – ,
.

 33.000.000 m3  [1]. 

5.4

,
 .  : 
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,
.

 5.1:  [1].

( )  24m. 
 35  20’  24  17’ 

1964. ,
.

 50m  24  9’  35  25’ 
 1978 [1]. 

5.5

 30  (1964 – 1994). 
 (mm) 

5.1
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, ,
.

 5.1:    1964 – 1994 

 (mm) 

 212,65 

 167,71 

 100,54 

 49,98 

 17,79 

 9,28 

 1,94 

 13,56 

 47,1 

 112,55 

 149,12 

 150,82 

 1033,04 
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-0
2

-0
2

-0
2

-0
2

-0
3

-0
3

-0
3

-0
3

-0
3

M

 (
m

m
)

 5.2:  2001-2003 

 2001 
2003  5.2 

,  [1]. 
 5.4, 5.5  5.6 

 2002.  2002 

 2001 –  2002 
 5.2. ,

 2002 
,

 (   5.2).
,

 (   5.2). 
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 5.4        13-3-2002 

 5.5       15-11-2002 

 5.6       18-12-2002 

 5.4 – 5.6:

 2002. 

5.6

, ,

,  6.2. 

 13 ,  1978  1990 [1]. 
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 5.2:  [1]. 

-5

0

5

10

15

20

25

30

35

40

45

  5.3: .
 1978  1990 [1]. 

 o :

 10,4 OC
 15,2 OC

 23,7 OC
23,7 OC

,
, .

 [1]. 

O
C

    O
C

 9,8 -1,8 23,3 25,1 

 10,8 -1,2 24,8 26 

 11,9 -0,2 25,8 26 

 15 1,8 29,5 27,7 

 18,7 3,9 32,1 28,2 

  23 8,6 37,4 28,8 

  24,4 10,3 38,2 27,9 

  23,8 9,5 36,9 27,4 

 20,9 7,1 35,1 28 

 17,4 5 30,5 25,5 

  13,8 1,9 27 25,1 

 11,2 0,1 25,2 25,1 

 16,7 3,5 30,5 26,7 
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5.7

 67% .
 6.3 .

 5.3:  [1]. 

,
.  58 – 60% 

 [1]. 

5.8
,

. ,
,

.
 ( )  ( )

 ( )

.

.

 [1]. 

0

50

100

150

200

250

300

350

  ( )

  5.4:  [1].

 5.4  / 

.
.

73,8 72 70 66,9 62,6 58,7 58,3 60 66 71,4 73,6 73 67 
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 5.4: 

5.9

.
. :

: 2500m 
: 2300m 

 – :1080m
 – : 880m 

 ( ): 22.5m 
 ( ): 579 
: 16.5m 

 ( ): 7.484736m3

 ( ): 19m
: +3.5m 

: 15 – 20m 

   

 5.5:  [1]. 

 3,5m 
.
, ,

.
.

.

.  ( ) 100 89 150 156 236 300 317 285 236 166 199 155  
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.

. – . ,
, .

,
 –  ‘ ’

. .
.

,

.

.
 21.40  15.00  [1]. 

 5.6:  [1]. 

5.10

.
’

,
. ’ .

, .
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 – 
. ,

,
.

,
(  5.7-5.10). 

,

 [1]. 

5.11

. . . ,
.

.

,
, .

:

 69x106 m3

 129x106 m3

 41x106 m3

: 5.7- 5.10 : .
 2002 
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.
( .5.11).

 +15 
 +15 ,

 1,1 m3/sec,  41x106

m3  [1]. 

5.12

.

.
.

. ,
,

.

 7. .  2005. 

: 5.11 :  ( ).

,

( .5.12).  
.

,
, .

 [1].
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5.13  – 

,

.

.

,

.

.

.

.

.

 [1].

 5.12: .
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 6 

,
,

,
,

.

.
 [1]. 

6.1

 1990 . 1512/1985 
. 1337/1983  ( ),

 1923 
 – , , , ,

,  ( . )  ( . ).
 1 – 4, 

, , .
 1  2 [1]. 

A.  1 
1.

2.

 – 

 1992  1650/1986 

 – .

.
.

, , ,
, , ,

 7km 

.
.
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.
:

:

:
1. ,

2.

3.
4. , ,  ( 

)
5. ,

, ,

6. , ,

7.
8.
9. ,

10.
11.  
12.
13.

14.
15.
16.

17. , , ,
18. ,

19.
20.

:
1.
2.

3.
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4.

5.

6.

7.

8.

, , .
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 7 

7.1

 05/04/2002 
 4/08/2004 ,

.

 (  7.1). 
 1 m.

 7.1: 

.

 Secchi (  7.2), 
.

500 mL 
.

 ( . 7.3) :
( ),  ( ),
( ),  ( ),

 ( ) .

,
,

,
,

.
: pH, , COD (

), BOD ( ),
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, , ,

  .

 7.2:  secchi 

.

 7.3:  [1]. 
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7.2

 Secchi (  7.2). 

, .
 Secchi  30 cm, 

. ,
. ,

.
.

-
. ,

. ,

.

.

 7.4 :  Secchi 
.
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7.3

.

.

 7.5: 

 .

7.4  pH. 

 pH ,
.  pH  ( .7.6).

 ([ +]).
 pH  1  10 ,

,
,

.

 7.6:  pH- CH sension 156
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 pH. 
 pH-  CONSORT (multi-parameter analyzer, C532) 

 HACH (sension 156) (  5.1)  pH. 
,  pH 

.
.

 pH .

7.5 .

 : 
 Wheastone. 
, .

 CONSORT (multi-parameter analyzer, C532) 
 HACH (sension 156) ( .7.6).

 pH 
.

,
.

.
.

7.6  (Chemical Oxygen 
Demand, C.O.D.) 

 : 
.

. H 
Cr2O7

2- .
T  (C.O.D.) 

 ( 2Cr2 7),
 1 L .

1 mole 2Cr2 7  1 mole O2.  mg/L C.O.D. (= 
mg/L O2).

 C.O.D. 
 kit. 

C.O.D. Cell Test MERCK 14560  C.O.D. Cell Test MERCK 14540. 
 test kit.

7.6.1  C.O.D. Cell Test MERCK 14540  C.O.D. Cell Test MERCK 
14560

 C.O.D. .
 3 mL ,

.
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.
 7.7:  C.O.D. 

.
 test  148 oC  120 min, 

 ( .7.8) .

 7.8: 

 10 min ,
 (

30 min). 
.

 (MERCK Spectroquant® NOVA 60)( .7.9), 
.  (self-

check)
Concentration ( ).  “insert Cell or start 
measurement”.

.  ( )
.  “measuring” 

( ) .
.

 Cl->2000 mg/L 
 C.O.D. ,

.
.
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 7.9 :  MERCK Spectroquant® NOVA 60. 

 test C.O.D. Cell Test MERCK 14540  10 - 150 mg/L C.O.D. 
 test 

80 mg/L C.O.D (Spectroquant Combicheck 10) 
 (  test, ,

)
.

 test C.O.D. Cell Test MERCK 14560  4 - 40 mg/L C.O.D. 

7.7  (Biochemical 
Oxygen Demand B.O.D.) 

 B.O.D. (Lovibond). 
:  – 
 B.O.D. (Lovibond) 

( .7.10).
,

.

 (KOH) .
,

 mg/L 
B.O.D.

 B.O.D. 
.

 B.O.D. 

.

.
.

,
.

.
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 20 C.

.
 B.O.D. 

 20 C.
 20 C .

 1-1,5 C  B.O.D.  5-10%.
:

B.O.D.
 (Lovibond),  428 mL, 
,

 20 C (Lovibond). 

 7.10 : B.O.D.  (1),                  

-  (2),  (3),
 428 ml (4)  (5). 

:  pH 
 6,5-7,5  pH  test  B.O.D.  pH 

,
B.O.D.  pH 

. ,
 pH  H2SO4 0,1 .  pH 

a H 0,1 .

 B.O.D. 
.

 ( ) .
 0-40 mg/L B.O.D. 

.  0-40 mg/L 
 10 .

,  2  45%  4 
a H

.
 (

, , )
, ,
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.
,

.
.

,
.

.
 B.O.D:  B.O.D. 

(Lovibond) .
.

 S ,
 00. .  S 

 B.O.D. .
 20 C

.

 7.11 :   B.O.D .

:  B.O.D. 
 24  5 .

.
.

 5 .
 S :

 S: 

 S: 
 (1) 

 S , ,

:

1.  B.O.D. 

2.  B.O.D. 
.
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3.
 B.O.D.  B.O.D. 

.
4.  B.O.D. 

.

 7.12 :  B.O.D. 

7.8

 kit  Merck .
 2  test,  Nitrate Cell Test MERCK 14563 

Nitrate Reagent Test MERCK 09713. 
 (N 3-N).

: ,
 2,6-  4- -2,6-

, .

7.8.1 Nitrate Cell Test MERC  14563 

,  1 mL  1,0 mL 
 test 

.  1,0 mL 

3-1 . .
 (Minishaker MS2, 

IKA WORKS). .
 10 min. 

.
 (MERCK Spectroquant® NOVA 60)( .7.9), 

.  (self-
check)
Concentration ( ).  “insert Cell or start 
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measurement”.
.  ( )

.
“measuring” ( ) .

.
 Cl->1000 mg/L .

, .
.

 test  0,5 – 25,0 mg/L NO3-N.
 test 

 9 mg/L NO3-N (Spectroquant Combicheck 20) 
 (  test, 

, )
.

7.8.2 Nitrate Reagent Test MERCK 09713 

,
,  4,0 mL 

3-1, .
 0,5 mL ,

.  0,5 mL 3-2,
.

.  (Minishaker MS2, IKA 
WORKS).  10 min. 

 10 mm 
.

.
 (MERCK Spectroquant® NOVA 60) ( .7.9),

.  (self-
check)
Concentration ( ).  “insert Cell or start 
measurement”.  (autoselector) 

.
 test .  ( )

autoselector .
.

 “measuring” ( )
.

.
, .  Cl-

>1000 mg/L .
 test  1,0 – 25,0 mg/L NO3-N. 

7.9

 kit  Merck 
.  2  test,  Ammonium Cell Test MERCK 
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14739,  Ammonium Cell Test MERCK 14752. 
 (NH4-N).

:
.

,  pH. 

4- ,
.
,

.
 pH  13 (  NH4–1B) 

 (  NH4–2B) 
, ,

, , ,
(  NH4 – 3B). 

 pH, 
 13±0,1%.

 NH4–1B  pH 
.

.  NH4–2B,
,  pH 

,  5 
:

NH3 + NaClO  NH2Cl + NaOH 

.
,

,
.

 NH4 – 3B,  ( )  (2-
-5- ) - -2- -5-

.

,

, .
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.

7.9.1 Ammonium Cell Test MERCK 14739 

 Ammonium Cell Test MERCK 14739, 
.

4-1 .
 5,0 mL  test (

 test), 
(Minishaker MS2, IKA WORKS).  1 4-1

. .

 15 min. 
 (MERCK Spectroquant® NOVA 60) ( .7.9),

.  (self-
check)
Concentration ( ).  “insert cell or start 
measurement”.

 ( ) .
( ) .

 “measuring” ( )
.

.
, .

.
 test  0,01 – 2,00 mg/L N 4-N.

 test 
 1,00 mg/L 4-  (Spectroquant Combicheck 50) 

 (   test), 
, )

.

7.9.2 Ammonium Reagent Test MERCK 14752 

 Ammonium reagent test  MERCK 14752, 
 5,0 mL 

.  0,6 mL 

4-1
 (Minishaker MS2, IKA WORKS). 

4-2
.  5 min.  4 

 ( ) 4-3 .
 5 min. 

 (MERCK Spectroquant® NOVA 60) ( .7.9),
.  (self-

check)
Concentration ( ).  “insert Cell or start 
measurement”.  (autoselector) 

.
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 test .  ( )
autoselector .

 10 mm, 
.

 “measuring” ( )
.

.
, .

.
 test  0,05 – 3,00 mg/L NH4-N.

7.10

 kit  Merck 
.  2  test,  Phosphate Cell Test MERCK 

14543  Phosphate Reagent Test MERCK 14848.
: ,

o
. -

 (PMB) 
.

7.10.1 Phosphate Cell Test MERCK 14543 

,
-1 -3 .

-1
-3 .  5,0 mL 

 test .  1 
-1 .  5 

-2 ,
 (Minishaker MS2, IKA WORKS). 

.  1 
-3 .  5 

min.
 (MERCK Spectroquant® NOVA 60)( .7.9),

.  (self-
check)
Concentration ( ).  “insert Cell or start 
measurement”.

.  ( )
.  “measuring” ( )

.
.

, .
pH  0 – 10. , ,

.
.
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 test  0,05 – 5,00 mg/L PO4-P.
 test 

 0,80 mg/L 4 -  (Spectroquant Combicheck 10) 
 (  test, 

, )
.

7.10.2 Phosphate Reagent Test MERCK 14848 

,  5 -1

(Minishaker MS2, IKA WORKS).  1 -
2 .

.  5 min.
, .

 (self-check) 
 Concentration ( ).

 “insert Cell or start measurement”. 
(autoselector) .

 test .
 ( )  autoselector 
.

 10 mm, 
.  “measuring” ( )

.
.

, .  Cl-

>1000 mg/L .
 test  0.05 – 5.00 mg/L PO4-P.

 test 
 0.80 mg/L 4 -  (Spectroquant Combicheck 10) 

 (  test, 
, )

.

7.11

: ,
 Endo 

 22 – 24 .
:

 (Buchi Vac® V-500)( .7.13),  47 mm – 0,45 m  (Pall 
GN-6 mertical® Grid),  300 mL (Pall), 

,  1-10mL, ,
 (G® -Cell 075)  (Heraeus kentro UB6) 

 44,5 oC  35 oC .
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 7.13 :  (Buchi Vac® V-500) .

 Petri 50 mm 
 47 mm, 

 MF-Endo Broth (Gelman Laboratory PN 68105)  M-FC Broth with Rosolic 
acid (Gelman Laboratory PN 4302),  0,45 

m .
-

:

 500 mL .
.

:
 1:2 (10 mL  + 10 mL ).

.
 200 mL .

 :

 50mm  2 
mL .

 MF-
Endo Broth (Gelman Laboratory PN 68105). 

M-FC Broth with Rosolic acid (Gelman Laboratory PN 4302). 
 : .

,
.  (Pall 

GN-6 mertical® Grid) 
 (Pall) .

 (Buchi Vac® V-500) 
 (30mL), 

.
 (

)
.

.
.

 20 mL  1:1 (10 mL 
10 mL ).  200 mL 

.
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 20-30mL 
.

 :

 (Heraeus entro UB6)   35 C  22-24 
  (G® -Cell 075) 

  44,5 C 22-24 .
::

.
.

,
, .

 20  80. 

,
.

 : /100 mL 
:

ml
100

100/

7.12

 : 
 (  Mohr). ,

.
 (pH 8,3) 

:
g+ + CI  AgCI ( )

2 g+ + CrO2-
4 g2CrO4  ( )

,
 (AgNO3)  (AgCI) 

.  AgCl 
( g2CrO4)  AgNO3.

 AgCl. 
:

 10 mL  1 mL,  250 mL  25 mL.  
:

:
,  ( L)
 0,01 .  1,659 g g 3  500 mL 

,
.

, .
 2%.  2,000 g 2CrO4  50 mL 

,  100 mL 
. , .
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, CaCO3. 0,5 gr CaCO3  1  105 oC
.

:  10 mL 
 25 mL  1 mL .
 0,5 g  CaCO3

.  AgNO3

, .
 mL  AgNO3 .

 AgNO3  ( ).
 10 mL  25 mL 

, 25 mL  1 mL .
 AgNO3 ,

.  mL  AgNO3

.
:

mg / L Cl- =  (A – B) x N x 35.450 / C 
:

A =  mL g 3

 =  mL g 3

 = g 3

C = ,  mL  
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 8 

8.1

 Secchi 
 8.1  6  18 

 6  14 
.
 ( )

.

SECCHI (m)

0

2

4
6

8

10

12

14
16

18

20

5/
4/

20
02

5/
5/

20
02

5/
6/

20
02

5/
7/

20
02

5/
8/

20
02

5/
9/

20
02

5/
10

/2
002

5/
11

/2
002

5/
12

/2
002

5/
1/

20
03

5/
2/

20
03

5/
3/

20
03

5/
4/

20
03

5/
5/

20
03

5/
6/

20
03

5/
7/

20
03

 8.1:  2002 – 2003 

8.2

 (  8.2) 

.

 (m)

0

5

10

15

20

25

30

5/
4/

02

5/
5/

02

5/
6/

02

5/
7/

02

5/
8/

02

5/
9/

02

5/
10

/0
2

5/
11

/0
2

5/
12

/0
2

5/
1/

03

5/
2/

03

5/
3/

03

5/
4/

03

5/
5/

03

5/
6/

03

5/
7/

03

 8.2:  2002 – 2003
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 3-5 C  (  8.3). 

 (
o
C)

10

15

20

25

30

35

5/4
/2

00
2

5/
5/2

00
2

5/6
/2

00
2

5/7
/2

00
2

5/
8/

200
2

5/
9/2

00
2

5/
10

/2
002

5/
11/

20
02

5/
12

/2
002

5/1
/2

00
3

5/2
/2

00
3

5/3
/2

00
3

5/4
/2

00
3

5/5
/2

00
3

5/6
/2

00
3

5/
7/2

00
3

 8.3: 

8.3  pH 
  pH 

. ,
 7.9, 

 8.0,  8.1 
 (8.4). 

 0,2. 
,  0,1 

,
 (0,5 

 1 ) .  2003 
 1  (7,5) 

(8.5) (  8.4).

8.4     

 8.5 ,
 2002 

.
, , ,

. ,  1.6 mS/cm, 
 0.25 mS/cm 

 0,9 mS/cm 
 0.2 mS/cm. 

,
0,3  2002.
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,
.

8.5    C.O.D

 8.6   C.O.D. 
 2003 , , ,

, .  10mg/l.

 (9 mg/l). 
,

 18/2/2004 
.

8.6  BOD5

 8.7  BOD5

.

 BOD5, (5mg/l)  21/08/2003 
 7mg/l, 

 1 mg/l.  
 BOD20.

(  8.8)

8.7

 8.9 

, , .
 2004, 

. ,
 2003 

,  0.7 – 1,20 
mg/l.

 0.5 mg/l 
 0.2 mg/l.

8.8

 8.10 
,  0,05 mg/l ,

.
 , 

 2002  0,08 mg/l, 
 (0,02 – 0,06 mg/l).
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8.9

,
 kit  (0.05 mg/l) 

 (0.01 mg/l)
 2004 

. ,  2004 
 1,6 mg/l .

 2004, 
(0.7 mg/l), (1,2 mg/l) (1,1 mg/l). (  8.11).

8.10

’

.

 5 .
,  2004 

 10 ,
 2003  22 

 (  8.12). 

8.11

 8.13 

.
 2002 
 150  ,

2003,
100  140 

 150 .

8.12

 8.14 ,
 2002 

.
, , ,

,  200 mg/l ,   220 
mg/l ,  250 mg/l  280 mg/l .

 50 
mg/l  –  (324 mg/l). 

  2003 
.

150 mg/l  70 mg/l. 
 (190 mg/l). 

.     
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3

 8
.4

.
 p

,
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 .

 1.

46399/1352/86.
.

1.

O

p  6,5-8,5 

S/cm 1000 

   mg/l    Cl 200  

 mg/l P2O5 0,4

COD mg/l 2 < 10  

BOD mg/l 2 < 3  

  mg/l   N 4 0,05  

O

/100 ml 

50

/100ml 

20

 2.

 46399/1352/86. 
.

 . 

pH 6-9 — 

>2m >2m 

500/100ml 10000/100ml 

100/100ml 2000/100ml 
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