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The páper reports the results of analyses for sulphur, lead, cadmium and 
cobalt on needles collected from stone pines (20 sites) in Greece. The 
sulphur and lead concentrations are hlgher in Plraeus-Athens area than in 
the Greek rural area, probably reflecting similar regional differences in 
the atmospheric fallout. The mean sulphur and trace metal content glves 
the sequence Stot > Pb > Co > Cd. The results suggest that stone pine need
les are suitable for monitoring atmospheric pollution in the rural and urban 
landscape.

Variety is characteristic of the Greek geographical landscape. Vegetation 
and climate conform with the variations in the landscape. The trees are of 
medium height and vary from pine, oak.and olive trees to fruit and palm 
trees. A result of the country’s geographical location is also seen in its c'li- 

.matíc range with mild winters and subtropically warm summers cooled by 
a systém of seasonal breezes popularly called „meltemia“. An outstanding 
feature of the Greek climate is its ample sunshine. It is no exaggeration to 
state the sun shines in Greece for 3000 hours per year. The man’s influence 
úpon this Greek landscape element is seen very frequently. Smog hangs often 
over many industrial citles and landscape. Several recent studies in Finland 
háve suggested that needles of conifers may be applicable to regional moni
toring of air pollutants fallout, e. g. the investigations by Laamanen et al. 
(1969), Turunen et al. (1972), Laaksovirta et al. (1975), Pakarinen et al. 
(1976), Lehtlo (1981), Soikkeli (1981) and Jokinen et al. (1983).

The alm of this study was to determine the regional variation of sulphur 
and trace metals in 1 to 3-year-old needles of 30—50-year-old stone pines 
(Pinus pinea) collected from sites in eastern Peloponnese and Piraeus-Athens 
area in Greece. Attention was also paid to the proportion of air pollutants 
In the stone pines of the Greek landscape.

1 Prof. Dr. E. Jauhiainen, University of Joensuu, Department of Geography, P. O. Box 
111, SF—80101 Joensuu 10, Finland.
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MATERIÁL AND METHODS

Needle samples were collected from twenty sites In March in the year 1981. 
The number of needle samples is presented from north to south (see Fig. 1) 
for sites 1—8. The sites 9—20 are from Piraeus to northeastern part of Athens. 
The collection sites are named 1. Delphi, 2. Ossios Loukas monastery, 3. Ko-

Fig. 1. Location of the study sites in Greece. Sites 1—8 are in the rural area and sites 
9—20 in Piraeus—Athens area.
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rinthos, 4. Mycenae, 5. Nauplla, 6. Epidaurus, 7. Aegina, 8. Aphaia, 9. Piraeus, 
10. Petralona, 11. Pnyx, 12. Acropolis, 13. Athens Stadium, 14. Agii Asomati, 
15. Pl. Eleftherias, 16. Akadimias, 17. Kolonaki, 18. Lycabettus, 19. Iraklio and 
20. Kifissia.

The needles were sampled from different sides of each tree at a height of 
about 2—3 m and stored in plastic bags. Each sample was dried and homo- 
genized. Sulphur, lead, cadmium and cobalt were determined by standard 
methods at Viljavuuspalvelu Oy in Helsinki.

RESULTS

The total sulphur content of the needles seems to vary noticeably. The ave
rage sulphur concentration in the Greek rural districts materiál of the needles 
(0.95 mg/g) is about half as much as the mean for Piraeus-Athens collections 
(1.99 mg/g). The sulphur concentrations vary considerably between samples 
in the rural districts (Fig. 2). The maximum value of sulphur (1.8 mg/g) was 
found in site 5, which is located ca. 3 km from the smáli town Nauplia. The 
minimum value of sulphur (0.2 mg/g) was in site, 4, which is an open plače 
near Mycenae. The regional patterns of the sulphur concentrations in Plraeus- 
-Athens area are shown in more detail in Fig. 3. The sulphur content varied 
between 0.5 and 4.3 mg/g. High values were found in Piraeus (maximum of 
4.3 mg/g in site 9) and in the center of Athens. Low concentrations were 
found in Acropolis and in the northeastern part of Athens.

The mean lead content of the stone pine needles is almost 5 times higher 
In Piraeus-Athens area than in the Greek rural disticts (Table 1). In Piraeus- 
-Athens area the lead content varied between 5.9 and 40.0 mg/kg. The maxi
mum value of Pb was* found in site 13, which lies near the Athens Stadium 
and the minimum va^e in site 19 in the northeastern part of Athens. The va
riation of the lead content is considerable. The maximum value of Pb in the 
Greek rural districts was found in site 5 (11.8 mg/kg), which lies near the 
smáli town Nauplia. The variation of the lead content is smáli and the mini
mum value was in sites 2, 3, 4 and 6.

The values of the cadmium content are in this materiál sraall. They varied 
between 0.030 and 0.063 mg/kg in the rural area and between 0.018 and 0.100 
mg/kg in the urban area (Figs. 2—3).

The distribution pattern of cobalt is complicated (Figs. 2—3). The mean 
cobalt concentration of the stone plne needles is higher in Piraeus-Athens 
area than in the rural area. The inner variation in both groups is considerable. 
Low concentrations were commonly found in the rural area, but there is the 
smáli difference between rural and urban samples.

DISCUSSION

The results are compared with some literatuře data. In generál, the obser- 
ved sulphur and trace metal concentrations are similar to oř somewhat higher 
than the results of the few earller analyses for needles (e. g. Pakarinen et al. 
1976, Takala et al. 1981, Jokinen et al. 1983). The sulphur and lead concen- 
írations are higher in Piraeus-Athens area than in the Greek rural area. This
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difference may reflect the majority of the population and the industrial acti- 
vity. Piraeus-Athens area lies in the valley and the flow of air is small. Some 
of the measured trace element content in needles probably represents surface 
contamination by dust. The mean sulphus and trace metal content glves the
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Fig. 2. Sulphur, lead, cadmium and cobalt 
concentrations in the Greek rural 
materiál.

214



sequence > Pb > Co > Cd in the present materiál. The study shows that 
the sulphur and trace metal content of stone pine needles can be used to 
assess the extent of air pollution in the rural and urban landscape.
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Taple 1. The mean sulphur and trace metal content in needles of stone pine In Greece. 
Mean + S. D., n.

Stot

0.95 
(n ^

- 0.81 
8)

2.00 + 1.27 
(n = 12)

Pb

3.64 ± 1.86
(n = 8)

17.60 + 10.84 
(n = 12)

Cd

0.05
(n

0.01
8)

0.06 + 0.03 
(n = 12)

Co

0.12 + 0.04 
(n = 8)

0.17 + 0.09 
(n = 12)

REFERENCES

1. JOKINEN, J. et al.: Effects of air pollution on Scots pine needles. Slíva Fennica, 
17, 279—287, 1983. — 2. LAAKSQVIRTA, K. et al.: Effect of air pollution by copper, 
sulphuric acid and fertillzer factories on plants at Harjavalta, W. Finland. Ann. Bot. 
Fenn., 12, 81—88, 1975. — 3. LAAMANEN, A. et al.: Observations on the sulphur content 
oí pine needles from the environment of point and area sources. Work, Environment, 
Health, 6, 41—43, 1969. — 4. LEHTIO, H.: Effect of air pollution on the volatile oil in 
needles of Scots pine (Pinus sylvestrls L.). Silva Fennica, 15, 122—129, 1981. — 5. PA- 
KARINEN, P. et al.: Suosammalet, —jäkälät ja männyn neulaset raskasmetallien ke- 
rääjinä. Suo, 27, 77—83, 1976. — 6. SOIKKELI, S.: Comparison of cytologlcal injuries 
in conifer needles from several polluted Industrlal envlronments in Finland. Ann. Bot. 
Fenn., 18, 47—61, 1981. — 7. TAKALA, K. et al.: Lead content of an epiphytic liichen 
in the urban area of Kuopio, east centra! Finland. Ann. Bot. Fenn., 18, 85—89, 1981. — 
8. TURUNEN, J. et al.: Sulphur in pine needles and birch leaves. Páperi ja Puu, 54, 
59—67, 1972. •

Erkki Jauhiainen

REGIONÁLNE PREMENY SULFURU A STOPOVÝCH PRVKOV V KRAJINĚ 
S BOROVICOU ALEBSKOU V GRÉCKU

Článok predkladá výsledky analýz síry, olova, kadmia a kobaltu v ihliciach nazbie
raných z borovice alebskej (20 stanovišť) v Grécku. Koncentrácie síry a olova sú vyššie 
v oblasti Atény—Píraeus ako vo vidieckych gréckych oblastiach. Odzrkadľuje to prav
depodobne regionálne rozdiely v atmosférickom odpade. Priemerný obsah síry a sto
pových prvkov dáva sekvencie Stot > Pb > Co > Cd. Podľa výsledkov možno usudzo
vať, že Ihlice borovice alebskej sú vhodné na monitorovanie atmosférického znečistenia 
vo vidieckej a mestskej krajine.

Obr. 1. Lokalizácia skúmaných stanovišť v Grécku. Sťanovištia 1—8 sú vo vidiecke] 
oblasťi, stanovišťia 9—20 sú v oblasti Atény—Piraeus.

Obr. 2. Koncentrácia síry, olova, kadmia a kobaltu v gréckom rurálnom materiáli.

Obr. 3. Koncentrácia síry, olova, kadmia a kobaltu v oblasti Atény—Piraeus (pozri text).

Tab. 1. Stredný obsah síry a 
Priemer + S. D., n.
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stopových prvkov v ihliciach borovice alebskej v Grécku.



SpKKH HyXHaHHeH

PErHOHAJIbHblE PASJIH^lHK B HAJIHHHH CEPbl H BKPAnJIEHHHX 3JIEMEHT0B 
B JIAHfllUAOTE C COCHOH AJIEnCKOH B EPEIÍHH

B CTaTbe flOKaaÄMBaroxca peayjibTaTBi anaJinaoB cepbi, cBHHpa, KaaMHa h Ko6ajibTa b xBoe, 
co6paHHoň c 20 Mecx npoHBpacxaHHH cochbi aJienCKoä (Pitius halepensis) b EpeuHH. KoH4eHxpa- 
UHH cepbi H CBHHpa HBJíaexca nOBbímeHHOH b paiíoHe A^hhbi — riapeň no cpasHenHio c cejib- 
CKHMH paňonaMH EpepiiH. 3xo oxpaataex, no Bceň Bepoaxnocxn, pernoHajibHbie pasjíHins b bbi- 
naacHnn otxojiob h3 axMOCi^epbi. Cpejniee coacpacanne cepbi h BKpanjieHHBix ajieMenxoB aaex 
ceKBeHnna; Stot > Pb > Co > Cd. Ilo noayaeHHBíM pesyabxaxaM mtokho caeaaxB BbiBoa, nxo XBoa 
COCHBI aaencKOH noaxoanx aaa MOHHxopHHra sarpasHeHna aXMOcfepBi b ceabCKOň h ropoaCKoři 
MeCTHOCXH.

Phc. 1. PaBMemeHHe nayaaeMBix Mecx npoHspacxaHHa cocchbi aaencKOH b EpennH. Mecxa 1—8 
Haxoaaxca b ceabCKoň MecxHoqxn, Mecxa 9 — 20 pacnoaoateHbí b paňone AijiHHbí
— IlHpeH.

Phc, 2. KoHpeHxpanHa cepBi, CBHHna, KaaMHa h KoSaabxa b ceabCKoň MecxHocxn b PpenHH.

Phc. 3. KoHneHxpanna cepbi, cBHHpa, KaaMHa h KoSaabxa b paňoHe A(J)HHbi — IlHpeH. Iloapob- 
Hee CM. b xeKCxe.

Ta6a. 1. Cpeanee coaepataHHe cepbi h BKpanaeHHBix BjieMeHxoB b xBoe cochbi aaencKoň b EpenHH. 
Cpeanee =t S. D., n.

IlepeBoa: JI. ripaBaoBa
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