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1. CHECK MONITORING (10)

2. AUDIT MONITORING:

• Microbiological parameters - PART A (2)

• Chemical parameters - PART B (26)

• Indicator Parameters - PART C (19)

• Radioactivity           (2)





Parameter Parametric value

(number/100 mL)

Escherichia coli (Ε. coli) 0

Enterococci 0 

2. AUDIT MONITORING

PART A

Microbiological parameters

98/83/EC



Parameter Parametric value

80/778 - 98/83

Unit

Acrylamide 0,1 μg/L

Antimony (10) 5 μg/L

Arsenic (50) 10 μg/L

Benzene 1 μg/L

Benzo(a)pyrene 0,01 μg/L

Boron 1 mg/L

Bromate 10 μg/L

Cadmium 5 μg/L

Chromium 50 μg/L

Copper 2 mg/L

Cyanide 50 μg/L

1,2-dichloroethane 3 μg/L

Epichloridrine 0,1 μg/L

PART B

Chemical parameters

98/83/EC

new



Parameter Parametric value

80/778 - 98/83

Unit

Fluoride 1,5 mg/L

Lead (50) 10 μg/L

Mercury 1 μg/L

Nickel (50) 20 μg/L

Nitrate 50 mg/L

Nitrite (0,1) 0,5 mg/L

Pesticides 0,1 μg/L

Pesticides total 0,5 μg/L

Polycyclic aromatic H/C (0,2) 0,1 μg/L

Selenium 10 μg/L

Tetra & trichloroethene 10 μg/L

Trialomethanes - total 100 μg/L

Vinyl chloride 0,5 μg/L

98/83/EC



Parameter Parametric value

80/778 - 98/83

Unit

Aluminum 200 μg/L

Ammonium 0,5 mg/L

Chloride (200) 250 mg/L

Color, Odour, Taste,

Turbidity

Acceptable to

consumers

-----

Conductivity 2500 μS/cm

Hydrogen ion conc. 6,5-9,5 pH

Iron 200 μg/L

Manganese 50 μg/L

Oxidisability 5 mg/L O2

Sulfate 250 mg/L

Sodium (250) 200 mg/L

Coliform bacteria 0 No./100ml

PART C

Indicator Parameters

98/83/EC



Parameter Parametric value Unit

Tritium 100 Becquerel/L

Total indicative dose 0,1 mSv/year

Radioactivity

98/83/EC



Parameter Parametric value Unit

PCBs- PCTs  total

each

0,5

0,1

μg/L
μg/L

Silver 10 μg/L

Phosphorus  P2O5 5 mg/L

Dry residue 1500 mg/L

Potassium K 12 mg/L

H2S Undetectable 
organoleptically

-----

Optional Monitoring

98/83/EC



Temperature, Potassium K, Silica SiO2, 

Calcium Ca, Total Hardness, Dry residue, 

Dissolve O2, Free CO2, Oxidizability of KMnO4, 

H2S, Phenols, Phosphorus P205, Cobalt Co, 

Barium Ba, Berilium Be, Cyanide CN….

98/83/EC
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Laboratory of Instrumental Analysis
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ΣΥΝΟΛΟ ΜΑΧ Μ.ΟΡΟΣ

ΟΡΓΑΝΟΛΗΠΤΙΚΕΣ ΠΑΡΑΜΕΤΡΟΙ

 Οσμή Απ/τή Απ/τή Απ/τή Απ/τή Απ/τή Απ/τή Αποδεκτή

 Χρώμα Απ/τό Απ/τό Απ/τό Απ/τό Απ/τό Απ/τό Αποδεκτό

 Γεύση Απ/τή Απ/τή Απ/τή Απ/τή Απ/τή Απ/τή Αποδεκτή

 Θολότητα Απ/τή Απ/τή Απ/τή Απ/τή Απ/τή Απ/τή Αποδεκτή

ΦΥΣΙΚΟΧΗΜΙΚΕΣ ΠΑΡΑΜΕΤΡΟΙ

 Αγωγιμότητα           20°C 1055 1040 1022 1020 1006 1006 0 2500 μS/cm

 Συγκέντρωση ιόντων υδρογόνου  25°C 8,15 8,12 8,25 8,02 8,3 8,3 0 6,5-9,5

 Αμμώνιο                   ΝΗ4 0 0 0 0 0 0 0,5 mg/l

 Υπολειμματικό χλώριο 0,11 0,1 0,07 0,03 0 0,1 0 0,1-0,3 mg/l

 Νιτρικά                     NO3 36 20 16 0 50 mg/l

 Σίδηρος                    Fe 0 0,05 0 0,01 0 0 0,2 mg/l

MIKΡΟΒΙΟΛΟΓΙΚΕΣ  ΠΑΡΑΜΕΤΡΟΙ

 Ολικά  κολοβακτηριοειδή  37°C-24h 0 0 0 0 0 0 0 0

 Escherichia coli (E.Coli)  37°C-24h 0 0 0 0 0 0 0 0

Ο ΥΠΕΥΘΥΝΟΣ
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UV-VIS: spectrophotometer



GC: Gas chromatography



GC-MS: Gas chromatography-
Mass Spectrometry



ICP-MS: Inductively Coupled 
Plasma - Mass Spectrometry .







LA-ICP-MS: Laser Ablation -
Inductively Coupled Plasma -
Mass Spectrometry
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CA is used to group objects based on their features. 
Essentially, CA classifies objects characterized by a set of 
variables so that each object is very close to each other 
in the same cluster.

PCA is widely used as a dimension reduction, modeling 
and display method in its two-way or multi-way mode
(new factors).

Multiple regression on principal components (source 
apportioning) is a very important environmetric approach 
which makes it possible to apportion the contribution of 
each latent factor (emission source) identified by PCA on 
the data set to the total mass (concentration) of a certain 
chemical variable. In this way it is possible to determine 
the impact of different factors, (both anthropogenic and 
natural), on the groundwater quality.



Cluster Analysis in parameters: 2 clusters
hardness, mineral components

Fig. 2



Fig. 3

CA in sampling locations: 3 clusters
K1 costal=7, K2 lowland=21, k3 semi mountainous=21

Fig. 3K3

K1

K2



Significant differences for the 3 clusters

Averages for chemical parameters in each cluster of sampling locations

Clus

ter pH

(units)

EC

(μS/cm)

NO3

(mg/L)

Cl

(mg/L)

Νa

(mg/L)

Κ

(mg/L)

TA

(mg/L)

TH

(mg/L)

HCO3

(mg/L)

Ca

(mg/L)

K1
8.09 936.01 5.21 97.01 184.52 6.09 317.09 8.02 390.85 8.78

K2
7.76 365.52 7.34 4.14 5.66 1.08 170.10 18.20 203.99 45.73

K3
7.55 554.78 17.19 15.94 18.00 1.84 243.60 24.02 299.72 48.70

Table 1



Principal Components Analysis
using Varimax rotation mode

Table 2. Factor loadings

Variable
PC1 PC2

pH 0.16 -0.80

EC 0.96 -0.06

NO3 0.05 0.66

Cl 0.79 -0.27

Na 0.78 -0.59

K 0.61 -0.21

TA 0.90 0.03

TH -0.10 0.94

HCO3 0.91 0.02

Ca -0.23 0.81

Expl. variance % 43.1 31.2

PC1 – “mineral content” factor;  

PC2 – “water hardness” factor;

statistically significant loadings 

are marked in bold.

over 70%

are responsible for the data structure



Principal Components Regretion
source apportionment in %

Table 3

Variable Intercept PC1 

(mineral)

PC2 (water 

hardness)

R2

pH 12.6 22.8 64.6 0.64

EC 8.6 91.4 - 0.85

NO3 12.5 8.2 79.3 0.72

Cl 13.5 72.7 13.8 0.81

Na 8.1 77.7 14.2 0.79

K 12.1 71.5 16.4 0.77

TA 11.1 88.9 - 0.85

TH 5.6 - 94.4 0.84

HCO3 8.1 81.2 10.7 0.81

Ca 8.1 12.3 79.6 0.82

Estimate the source emissions without direct measurement.

Large contribution % of PC1 and PC2 to the parameters concentration.
R2 close to 1 indicates good model validity. 



The geological map of the investigated region in Northern Greece



Conclusion
By the use of multivariate statistical approaches like cluster 

analysis, principal component analysis, source 

apportionment by multiple linear regression on absolute 

principal component scores for interpretation of the complex 

water databases, it is possible to gain a better 

understanding of groundwater quality in the study region 

and the extraction of hidden information from the data set 

about the probable influences of the environment on the 

water quality.

This study leads to significant additional information about 

the water sources in Kavala area Greece and can assist in 

important scientific or political decisions for water quality 

management.
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