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Greek coasts 

Summary. In the frame of  a project financed by the 
General  Secretariat of  Research and Technology, the 
Institute of  Botany has undertaken to measure the de- 
gree of  pollution in the marine area by means of  physi- 
cochemical and biotic parameters. Bioaccumulation of  
heavy metals in the macrophyceae has also been exam- 
ined. Since the latter are immobile, they form strong in- 
dicators of  pollution for the respective biotopes. Com- 
paring the measurements carried out in marine macro- 
phyceae obtained from the Gul f  of  Kavala and Pylos, 
we have made the following conclusions. Seasonal var- 
iations were detected in the Cd and Zn content of  nine 
marine macrophyceae species which had already been 
investigated. Cadmium, one of  the toxic metals, was, in 
certain cases, present in a large number  of  species. 
Fluctuations in the quantities were seasonally detected, 
but more obvious differences were those between spe- 
cies from different classes of  macrophyceae.  In con- 
trast, the amount  of  Zn was generally lower. When we 
compared the values of  Zn to those of  Cd in the same 
algal species, we detected an antagonism between them 
(i.e. higher values for Cd were accompanied by lower 
values for Zn). Finally, on comparing the biotopes, we 
found there was slightly more Cd in Pylos than in Kav- 
ala. In the harbour  of  Kavala, in particular, where there 
is strong evidence of  domestic sewage, the amount  of  
Cd is very low. It is well known that Cd is derived 
mostly from industrial waste waters; in the city of  Kav- 
ala, the domestic waste does not include high quantities 
of  heavy toxic metals. 

Key words: Marine pollution - Cd - Zn - Macrophy- 
ceae 

Introduction 

In the frame of  a general project, the Institute of  Bo- 
tany in Thessaloniki has untertaken to study the level of  
pollution in the marine area by means of  different pa- 
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rameters (biotic and others). Special interest has been 
paid to the amount  of  heavy metals in the macrophy- 
ceae because this is a strong indicator of  pollution for 
the actual biotopes. 

Until now, very little has been known about the ac- 
cumulation of  heavy metals in macrophyceae from 
Greek marine biotopes (Haritonidis et al. 1983 ; Sawidis 
and Voulgaropoulos 1986; Hartitonidis and Nikolaidis 
1988; Sawidis et al. 1988). Certainly the bioaccumula- 
tion of heavy metals in marine algae depends on the 
species, the biotope, the season, parts of  the thalli, etc. 
(Babich and Stotzky 1978). 

In this paper, measurement of the accumulation of  
Cd and Zn in different macrophyceae is described. The 
problem is compared with pollution indices and has fo- 
cused on different biotopes (polluted and non-poi- 
luted). The sampling stations compared were Kavala 
harbour and Kavala-Palio (Aegean Sea) and Pylos on 
the Ionion Sea, Greece. 

Slightly more Cd seems to be found in macrophy- 
ceae from Pylos than from Kavala. In contrast, the 
amount  of  Zn was generally low. There is an antagon- 
ism between these two metals (i.e. higher values for Cd 
were accompanied by lower values for Zn). 

Materials and methods 

All sample collections were conducted in Kavala and Pylos bio- 
topes, covering a period of two years and at a depth of 1-2 m (Fig. 
1). The plant material was washed, dried (80 ° C) and was finally 
digested according to Sperling et al. (1988) and Sperling and Babr 
(1980). 

Thalli of macrophyceae were measured using a Perkin-Elmer 
atomic absorption spectrometer with a graphite tube atomizer, 
HGA 72 (Sterrit and Lester 1980). 

Results 

From the material collected from the coasts of  Pylos, 
the most abundant  species were Cystoseira squarrosa 
(Phaeophyta),  Jania rubens, Pterocladia capillacea 
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Fig. 1. Map of Greece. The examined biotopes, Pylos (0)  and 
Kavala (O) are indicated 

(Rhodophyta)  and the carpet-like Cladophora albida 
(Chlorophyta).  The absence of  Chlorophyta  and some 
of  the other species indicating pollution was obvious in 
Palio (Kavala)  and Pylos (Fig. 1; Haritonidis et al. 
1986). From the harbour  of  Kavala  we chose two differ- 
ent sites with very specific marine flora and vegetation. 
The first was near  the harbour  of  the city with a charac- 
teristic flora of  about  95% of  the well known Chloro-  
phytes, such as for example  Enteromorpha linza. The 
second biotope was situated 3 - 4 k m  west of  Kavala  
(Pal+o, Fig. 1). This coast was also very rich in marine  
plant  f lora with a composi t ion typical of  rocky and ex- 
posed waters (Haritonidis et al. 1986). The amount  of  
Phaeophyta  and Rhodophy ta  was very characteristics 
with Cytoseira fimbriata and Halopteris scoparia and 
the calcareous Rhodophyte  Jania rubens. 

The results for uptake of  Cd and Zn by these ma- 
croalgae are given in Table 1 and Figs. 2 and 3. Mean  
values for each of  the four seasons of the year  
(W = winter, Sp = spring, S = summer,  A = autumn) are 

given in Table 1 while further details are illustrated in 
Figs. 2 and 3. 

Discussion 

The seasonal variat ion of  Cd and Zn uptake by the in- 
vestigated macrophyceae  is represented in Table 1 and 
Figs. 2 and 3. The variations are accounted for by the 
favourable or unfavourable  season during which each 
alga is developed (Cook 1977; Zavodnik  1977). Figure 
2A shows clearly the differences in the bioaccumula-  
tion of  Cd by two Phaeophyta  which belong to the 
same genus (C. squarrosa and C. fimbriata). Both bio- 
topes (Pylos and Kavala-Palio,  Fig. 1) are regarded as 
clean, therefore their values could be indicative of  the 
different capacity each plant  has to bioaccumulate.  The 
same algal species was obviously antagonistic to Zn 
(Fig. 3A) compared  with the corresponding values for 
Cd (Fig. 2A). These results were in accordance with 
other similar research (see Hari tonidis  et al. 1983 and 
the literature cited therein). In Figs. 2B and 3B the 
Rhodophy ta  f rom Pylos (Fig. 1) represented a remarka-  
ble differentiation in the accumulat ion of  Cd. The high 
values in the accumulat ion of  Cd during summer  (Fig. 
2B) are probably  the effect of  m a x i m u m  plant  growth. 
On the other hand, in Fig. 3B the amount  of  Zn in 
plants very clearly indicated an antagonistic effect 
also. 

Jania rubens displayed in both biotopes interesting 
differences in the bioaccumulat ion of  Cd and Zn (Figs. 
2C and 3C) by macrophyta .  The kind of  substrate and 
other parameters  observed among the stations are re- 
sponsible for these differences. Our results are in agree- 
ment  with Haritonidis and Tsekos (1975, 1976), Hari- 
ton+dis et al. (1986) and Tsekos and Haritonidis 
(1977). 

Figures 2D and 3D indicate that uptake of  Cd and 
Zn in two Chlorophyta  which are pollution indices and 
the distinction of  biotopes in polluted and non-polluted 
areas. The amount  of  Zn and its toxicity were lower in 
both  algal species. The corresponding values for Cd 

Table 1. Cd and Zn, uptake from macroalgae 

Algae species Biotope Cd (nmol/g dry mass) in 

W Sp 

Zn (nmol/g dry mass) in 

S A W Sp S A 

1. Cystoseira squarrosa Pylos 8.5 +3 10 +3 
2. Cystoseira fimbriata Palaio- 

Kavala 24 -t- 3 38 + 6 
3. Jania rubens Pylos 9.25 + 1 4.25 + 0.5 
4. Pterocladia capillaeea Pylos 1.25+0.5 1.30+0.25 
5. Corallina officinalis Pylos 7.25 -I- 0.25 7.50 + 0.1 
6. Jania rubens Palaio- 

Kavala 4.25+0.75 1.10+0.25 
7. Cladophora albida Pylos 1.5 -+0.25 0.60+0.1 
8. Enteromorpha l inza  Kavala 

harbour 1.9 -t- 0.4 2.0 + 0.4 

33 -+__6 45 +6 340__+40 540+60 130+40 190+45 

3 +1 22 +6 190+40 120+32 130+40 25+ 5 
38 -+3 10 +1.2 380+60 520+40 370+35 120+20 
36.5 +1 2.0 +0.25 30-+12 180+45 140+20 110+10 

1.45+0.2 1.45+0.2 75 -+12  90+15 145+15 120+10 

5.0 _+0.2 4.30+0.50 355__+20 260+30 215+15 30+ 2 
9.80+0.2 15 +0.75 280+45 200+10 120+25 130+30 

4.0 +0.5 8.9 +0.5 130+25 220+45 250+30 150+30 

Every value is the mean value of three measurements. 
W = winter, Sp = spring, S = summer, A = autumn 
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Fig. 2 A - D .  Seasona l  f luc tua t ions  o f  Cd  in 
d i f ferent  ma r ine  m a c r o p h y t a .  (A) l = Cystoseira 
squarrosa, 2 = C. f imbriata; (B) 1 = Jania rubens, 
2 = Pterocladia capillacea, 3 = Corallina officinalis; 
(C) 1 = Jania rubens at Pylos,  2 = J. rubens at 
Kava la ;  (D)  I = Cladophora albida, 
2 = Enterornorpha linza 
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Fig, 3. Zn  up t ake  in s o m e  mar ine  mac rophy ta .  (A) 
l = Cystoseira squarrosa, 2 = C. f imbriata; (B) 
1 =Jania rubens, 2 = Pterocladia capillacea, 
3 = Corallina officinalis; (C) ] = Jania rubens at 
Pylos, 2= , / .  rubens at Kava l a ;  (D)  1 = Cladophora 
albida, 2 = Enteromorpha linza 
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were  also very  low,  excep t  in a u t u m n  (Fig.  2D). I t  is 
thus  ev iden t  tha t  the  above  a reas  suffer  m o r e  f rom 
d o m e s t i c  t han  f rom indus t r i a l  was te  waters  ( C o o k  
1977; H a r i t o n i d i s  1978; Sterr i t  a n d  Les te r  1980). 

Based  on  the  m e a s u r e m e n t s  ca r r i ed  ou t  so far ,  we 
c o n c l u d e  tha t  some  m a c r o p h y t a  a c c u m u l a t e  qu i te  h igh  
quan t i t i e s  o f  h e a v y  meta l s  f rom sea wa te r  ( C o o k  1977; 
Z a v o d n i k  1977). Some  o f  t h e m  can  a lso  be  u sed  as po l -  
lu t ion  ind ices  for  b o t h  d o m e s t i c  a n d  indus t r i a l  wastes .  
There  was a s e a s o n a l  va r i a t i on  in the  b i o a c c u m u l a t i o n  
o f  C d  a n d  Zn  in a lgal  spec ies  w h i c h  was  a t t r i bu t ed  b o t h  
to the  spec ia l  g rowth  o p t i m u m  of  each  a lga  a n d  to  the  
changes  in the  d i f fe ren t  p a r a m e t e r s  (Tab le  1). 

A c c u m u l a t i o n  is s imi la r  in m a c r o p h y t a  f rom b o t h  
b io topes .  The  h ighe r  C d  c o m p a r e d  to  tha t  o f  Z n  was 
ind ica t ive  o f  the  c lea r  a n t a g o n i s m  b e t w e e n  these  two.  
A l t h o u g h  the  va lues  o f  C d  were  qui te  h igh,  t hey  were  
far  f rom the  p o i n t  to cause  a l a r m  for  the  a b o v e  b io-  
topes .  
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