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The main objectives of the project were:


•	 To determine the current state of environmental pollution in 
the greater Lavrion area, focusing mainly on soil 
contamination, with respect to lead and other toxic 
elements. 

•	 To define the main sources of contamination.


•	 To select and apply methods, which will hinder the further 
contamination of soil by applying preventive measures at 
the contamination sources. 

•	 To select and apply remedial measures for the 
rehabilitation or neutralisation of contaminated land, and 

•	 To develop an integrated environmental management 

scheme for the greater Lavrion urban area. 



HISTORY


• 
processing of argentiferous galena. 

• 7th to 4th century B.C. mining peak 

3500 B.C. (?) – Earliest record of mining and ore 

• 3rd to 1st century B.C. waning down of mining with the 
opening of Au mines in Macedonia and Thrace, and 
final closure. By the 1st century A.D. Lavrion is 
completely forgotten. 

•	 1864 to 1977 A.D. Closure of mines


•	 1989 A.D. Closure of ore beneficiation and 
metallurgical plant 



The Golden Age of 
Athens in the 5th 

century B.C. 
depended on the 

revenues from the 
Lavrion Ag-Pb mines 
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Recent exploitation/Wastes & Installations of French Co. 











The result of this intense mining and 

metallurgical activity is


soil contamination


Over the whole Lavreotiki peninsula 

(130 out of 170 sq. km. investigated), 


with the greater intensity in the 

Lavrion urban area of 7 sq. km.




In the EU the LIFE project the Institute of Geology 
and Mineral Exploration was responsible for: 

•	 Geochemical mapping of soil (overburden), 
house dust, parent rocks and mining wastes; 

•	 Groundwater geochemistry; 
•	 Mapping of wastes & contaminated overburden;

•	 Mapping of parent rocks (lithology); 
•	 Logging of drill holes; 
•	 Land use mapping; 
•	 Property mapping; 
•	 Risk assessment and management; 
•	 Environmental planning (in collaboration with NTUA);

•	 Processing of all data by G.I.S., and 
•	 Report presentation 



The National Technical University of Athens was 
responsible for:


•	 Chemical characterisation of mining wastes;

•	 Testing of different rehabilitation technologies 

in the laboratory; 
•	 Drilling operations for assessing the depth of 

pollution; 
•	 Demonstration scale application of 

rehabilitation technologies; 
•	 Monitoring of demonstration scale 

rehabilitation technologies; 
•	 Environmental planning (in collaboration with IGME);




The Institute of Geology and Mineral Exploration 
also investigated the whole Lavreotiki peninsula 
with financial support from the EU Structural 
Funds programme and the Hellenic Ministry of 
Finance. 

Attiki Region project No:  202.088.00




-2000 0 2000 4000 6000 8000 10000

-10000

-8000

-6000

-4000

-2000

0

2000

4000

6000

Pe
rc

en
til

es

-100
3
21
30
40
93
211
466
909
1265
7066

0m 2000m

Arsenic
As

mg/kg

0
5

10
15
25
50
75
90
95

97.5
100

<3
10

European baseline
As levels in soil

0.3-23 mg/kg

Median =
7 mg/kg

15
Lavrion

Passalimani
Cape Sounion

Legraena

Thimari

P. Fokaea

Anavissos
Kamariza

Thorikon

Plaka

Olympos

Keratea

Avlaki



-2000 0 2000 4000 6000 8000 10000

-10000

-8000

-6000

-4000

-2000

0

2000

4000

6000

Pe
rc

en
til

es

-100
3
7
30
97
185
233
650

0m 2000m

0

25

50

75

90

95

97.5

100

Antimony
Sb

mg/kg

<3
European baseline

Sb levels in soil

0.02-1.9 mg/kg

Median =
0.6 mg/kg

5

27
Lavrion

Passalimani
Cape Sounion

Legraena

Thimari

P. Fokaea

Anavissos
Kamariza

Thorikon

Plaka

Olympos

Keratea

Avlaki



-2000m 0m 2000m 4000m 6000m 8000m 10000m

-10000

-8000

-6000

-4000

-2000

0

2000

4000

6000

Pe
rc

en
til

es

-500
87
110
150
201
306
692
2232
7633
14114
21550
70032

0m 2000m

0
2.5

5
10
15
25
50
75
90
95

97.5
100

Lead
Pb

mg/kg

24

100

500

European baseline
Pb levels in soil

5-51 mg/kg

Median =
22.6 mg/kg

Lavrion

Passalimani
Cape Sounion

Legraena

Thimari

P. Fokaea

Anavissos
Kamariza

Thorikon

Plaka

Olympos

Keratea

Avlaki



-2000 0 2000 4000 6000 8000 10000

-10000

-8000

-6000

-4000

-2000

0

2000

4000

6000

Pe
rc

en
til

es
0m 2000m

-100.0
-4.1
-3.4
-2.0
-1.1
0.6
7.2
30.2
92.5
149.6
184.6
846.6

-5.8

024.8%

0
2.5

5
10
15
25
50
75
90
95

97.5
100

Contamination 
index (C.I.) for
urban areas

C.I. = (As/10 +
Cd/3 + Cr/600 +
Cu/150 + Ni/210 +
Pb/500 + Sb/27 +
Zn/720) - 8

Lavrion

Passalimani
Cape Sounion

Legraena

Thimari

P. Fokaea

Anavissos
Kamariza

Thorikon

Plaka

Olympos

Keratea

Avlaki

C.I.





4.38

0m 500m 

1.6989699602127 

1.9804569482803 

2.3010289669037 

2.5797829627991 

2.7634270191193 

2.8892920017242 

3.1105890274048 

3.3482999801636 

3.7781510353088 

4.0413918495178 

4.1461281776428 

0210876464824000 
14000 
11000 
6000 
2230 
1290 
775 
580 
380 
200 
96 
50 

100 
97.5 

95 
90 
75 
50 
25 
15 
10 
5 

2.5 
0 

%  As 
(mg/kg) 

Total arsenic (As)
in overburden 

Lavrion urban area 

Guideline value 
for urban areas = 

10 mg As/kg 

7000 8000 

-5000 

-4000 

-3000 

-2000 



0.53147900104523 

0.53148001432419 

1.004320025444 

1.4456000328064 

1.5185099840164 

1.8000299930573 

2.0807099342346 

2.3138699531555 

2.5072000026703 

2.6063799858093 

2.7168400287628 

2.7535800933838567 
521 
404 
322 
206 
121 
63 
33 
28 
10 
3 
3 

100 
97.5 

95 
90 
75 
50 
25 
15 
10 
5 

2.5 
0 

%  Sb 
(mg/kg) 

Total antimony (Sb)
in overburden 

Lavrion urban area 

Guideline value 
for urban areas = 

24 mg Sb/kg 

Lavrion 
harbour 

0m 500m 

7000 8000 

-5000 

-4000 

-3000 

-2000 



0m 500m 

Lavrion 
harbour 

2265 
1777 
810 

4216 
2909 
2594 

21615 
13256 
7305 

151579 
52737 
33856 

5.0 
2.5 
0.0 

25.0 
15.0 
10.0 

90.0 
75.0 
50.0 

100.0 
97.5 
95.0 

% Pb
 (mg/kg) 

Distribution of total lead 
in overburden 

Guideline value 
for urban areas = 

500 mg Pb/kg 



Lavrion 
harbour 

0m 500m 

25.0 
15.0 
10.0 

90.0 
75.0 
50.0 

100.0 
97.5 
95.0 

% Lead
 (mg/kg) 

5 
4 
1 

12 
8 
7 

135 
54 
22 

1850 
730 
240 

Distribution of total lead (Pb)
in rock samples

Lavrion urban area 

Gulf of Thorikon 

N 

5.0 
2.5 
0.0 



7000 8000

-5000

-4000

-3000

-2000

1.2558410167694

1.5237699747086

1.6209900379181

1.7668800354004

1.9350500106812

2.0448598861694

2.2652399539948

2.5477900505066

2.9021699428558

3.0847899913788

3.2900700569153

3.45967960357672882
1950
1216
798
353
184
111
86
58
42
33
18

100
97.5

95
90
75
50
25
15
10
5

2.5
0

%       C.I.

C.I.=[As/10+Ba/600+Be/0.14+
Cd/3+Cr/100+Cu/130+Ni/70+
Pb/500+V/470+Zn/300]-10

0m 500m

Contamination Index (C.I.)
(As+Ba+Be+Cd+Cr+

Cu+Ni+Pb+V+Zn)
in overburden using

statutory levels



1758.7Vines 

3865.6Olive trees 

in leavesin 
produce/fruit 

Plant type 

0.30.1EU Directive 

Lead (mg/kg) Lead (mg/kg) 



Primary

Distribution of lead (Pb)
in child blood 

0m 

Lavrion 

5.0 
2.5 
0.0 

25.0 
15.0 
10.0 

90.0 
75.0 
50.0 

100.0 
97.5 
95.0 

13.74 
11.77 
10.58 

31.12 
22.73 
17.83 

60.49 
40.68 
37.77 

% 

i i imum 
admissible value for children 

Smel / 

Gulf of Thorikon 

Smokeduct 

N 

to 60.5
 10  to  22.73
 5.98 toSmokeduct 

0 

/l 

g
M /l) 

il ion 

i  l l 

3rd Primary
school 

1st Primary
school 

2nd & 4th 

schools 

500m 

harbour 

9.00 
7.75 
5.98 

Lead
            in blood
         (ì g/100 ml) 

It is noted that 10 ì g lead/100 ml blood 
s cons dered to be the max

ters
beneficiation plants 

ì g Pb/100 ml blood
   22.73

10 

Battery factory 

100 

200 

300 

400 

500 

90% 50% 10%  5% 

>100 

µg Pb

Micro rams of Lead per litre of blood 
λύβδ (µg Pb

Ch d proport

100 µg Pb/l in blood is the maximum 
adm ssible eve

>180 

>310 

>380 



Eight factors and two constraints are considered in a 
multi-criteria Exposure Assessment Model, including Pb 
concentrations in overburden/soil, i.e., 

(a) Factors: 
(1) Lead (Pb) concentration in overburden/soil;
(2) Degree of dustiness of the metallurgical waste;
(3) Proximity to metallurgical wastes; 
(4) Proximity to current or previous stacks; 
(5) Proximity to roads;
(6) Proximity to rivers; 
(7) Proximity to Pb-industry;
(8) Degree of exposure.

(b) Constraints:
(9) Area with metal-related industry, and
(10) Area over Quaternary deposits.
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Seven factors and two constraints are considered in this 
multi-criteria Risk Assessment Model, including Pb 
concentrations in overburden/soil, i.e., 

(a) Factors: 
(1) Lead (Pb) concentration in overburden/soil;
(2) Degree of dustiness of the metallurgical waste;
(3) Proximity to metallurgical wastes; 
(4) Proximity to current or previous stacks; 
(5) Proximity to roads;
(6) Proximity to rivers; 
(7) Proximity to Pb-industry.

(b) Constraints:
(8) Area with metal-related industry, and
(9) Area over Quaternary deposits. 
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REHABILITATION TECHNIQUES FOR 
SULPHIDIC WASTES 
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Having as aim the quality of life of the inhabitants 
and especially children, the results of this study 
should be used for: 

•	 taking protective measures (short term aim);


•	 the rational land use management (medium 
term aim), and 

•	 improvement of living conditions (long term 
aim, provided if this action is possible). 

Otherwise other solutions should be found, 

including the resettlement of all inhabitants.




All agricultural and animal rearing activities must stopped (short 
term aim) 



The inhabitants must be 
informed immediately in 
order to change their way 
of life (short term aim) 



Children must not 
play with beach 
sand and with soil 
(short term aim) 



QUALITY OF LIFE


It is indeed reasonable to ask the 
question: 

Can quality of life exist in such a 
highly contaminated environment? 



For geochemical baseline data in Europe 
lock in to: http://www.gtk.fi/publ/foregsatlas/ 





Thank you for your attention 



For more information contact:


Alecos Demetriades – E-mail:  ademetriades@igme.gr


Nymfodora Papassiopi – E-mail:  papasiop@metal.ntua.gr
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