
Concentration of elements 
in some seaweeds from Coastal 
region of the Southern Baltic 
and in the Żarnowiec Lake

O C E A N O L O G IA , 25, 1988 
P L  IS S N  0078-3234

Seaw eeds 
C on cen tration  m etals 

Ż arnow iec Lake 
B altic Sea

P io t r  S z e f e r

D epartm ent o f  A nalytical C hem istry,
M edical A cadem y,
G dańsk

B o g d a n  S k w a r z e c

Institute o f  O cean o logy ,
P olish  A cadem y o f  Sciences,
S opot

M anuscript received June 6, 1986, in final form  Septem ber 8, 1987.

Abstract
C on ten ts o f  the fo llow in g  elem ents: F e, M n, Pb, N i, Cu, C o , Z n , Cd, Ti, Al, C a, M g, K , and N a  
were determ ined in sam ples o f  som e seaw eeds from  the coasta l region o f  the southern  B altic and 
in the Ż arnow iec Lake. T h e levels o f  m etals found in the sam ples w ere essentia lly  sim ilar to  
th ose  reported by other authors for seaw eeds from  various areas o f  the w orld . T he Baltic  
seaw eeds conta ined  sign ificantly larger am oun ts o f  K , Al, Fe, and Zn, and sim ilar levels o f  M n  
com pared  w ith  plants taken from the Ż arnow iec Lake. M ean con cen tration , selectivity, and  
enrichm ent factors for analysed  m etals w ere calcu lated . C on cetration  factors are arranged in the  
fo llow in g  order: A l >  Fe >  Pb >  M n >  C o  >  N i >  Zn >  C d >  Cu >  K >  C a >  M g >  
N a . T h e correlation  coeffic ients for all pairs o f  m etals were a lso  calcu lated

1. Introduction

W orld literature on the occurrence of metals in m arine plants is ab u n 
dant. It follows from these papers th a t som e of the plants absorb  m etals from 
w ater especially actively, thus reflecting their levels in the surrounding  
environm ent. Such plants can play a role of so-called bioindicators in the 
evaluation of a degree of pollu tion of coastal regions. A content of trace 
metals depends not only on particu lar system atic groups the plants belong to  
and current physiologic condition ; o f great influence are also environm ental 
conditions (Bojanowski, 1973). The m ajority  of papers pertaining to  this 
topic have dealt w ith the concentration  of elem ents in brow n algae which are



particularly  capable of accum ulation of trace m etals from the surrounding 
w ater (Agadi et al, 1978; B ryan, 1983; Fuge, Jam es, 1973, 1974; H aug et al, 
1974; Lunde, 1970). Also o ther plants are characterized by sim ilar ability to  
accum ulate m etals; these include red seaweeds (P reston  et al, 1972), green 
algae (Seeliger, Edw ards, 1977; Shiber, W ashburn , 1978), and  flower plants 
(Brix et al, 1983; Lyngby, Brix, 1983).

2. Materials and methods

The plants were collected at the coast of the G u lf of G dańsk , open Baltic 
Sea, and in the Żarnow iec Lake (Fig. 1) in July 1978 and 1979. T he plants 
were draw n b y ^a  scuba diver and after delivery to  the labora to ry  were

F ig. 1. P lant sam plings sites

separated  into individual species. T he plants were cleaned of foreign m atter, 
w ashed with distilled w ater and subsequently dried at 110°C. F rom  tw enty 
to  one hundred  gram s of dry m atter was taken  for the analysis. Depending 
on the am ount of plants, one or tw o parallel sam ples were prepared. The 
plants were com busted  in a muffle furnace at 500°C for 48 hours after 
rem oval of the m ajority  of volatile com ponents by heating on a gas burner. 
The resulting ash was dissolved in concentrated  H N 0 3 and the solution was 
evaporated  to  m oist residue which was subsequently  dissolved in redistilled 
w ater and filtered. T he precipitate on the filter was ignited and  the ash was 
heated in a m ixture of concentrated  H F  and H C 104 . After evolving white 
fumes of H C 104, the residue was dissolved in 4 M solution of H N 0 3 and



added to  the filtrate. O ne fifth of this solution was taken  for the d eterm ina
tion of a content of Fe, Ti, Al, Ca, Mg, K, and Na. The rem aining so lution  
was evaporated  to  dryness and the residue was converted into n itrates by 
repeated evaporation  w ith concentrated  H N 0 3. F u rth er ion-exchange proce
dure was described in the previous paper (Szefer, Falandysz, 1983).

The content of A1 and Ti was determ ined spectrophotom etrically  using 8- 
hydroxyquinoline ( /  =  410 nm) and chrom otrop ic  acid (À = 460 nm), respec
tively (Skwarzec et al, 1984). T he conten t of the rem aining m etals was 
determ ined by atom ic abso rp tion  spectrophotom etry .

3. Results and discussion

3.1. Iron and manganese

If follows from a com parison of the d a ta  listed in Tables 1 and 2 th a t the 
Baltic seaweeds contain  on average m uch m ore iron  and sim ilar levels of 
m anganese com paring to  the plants from Żarnow iec Lake. The content of 
iron and m anganese in Baltic seaweeds ranged from  0.4 to  5 and from  0.1 to 
3.5 mg/g of dry weight, respectively. Sim ilar levels of concen tration  were 
found by Bojanowski (1973) for the Baltic seaweeds (0.11—3.91 mg Fe/g of 
dry weight, 0.05 — 5.23 mg M n/g of dry weight) and by Agadi et a i  (1978) for 
seaweeds com ing from  the coast of Ind ia (0.128 —1.796 mg Fe/g of dry 
weight, 0.025 — 3.421 mg M n/g of dry weight). A lthough insufficient num ber of 
sam ples does not allow to  trea t the observed local re lationships as functional 
dependences, still a tenfold higher content of m anganese in Cladophora 
rupestris from the Puck Bay com pared to  the conten t in specimens collected 
at the coast of open Baltic sea is w orth  noticing. T he occurrence of such a 
trend can be explained by the V istula River run-off of suspended m atter 
enriched in m anganese to  the estuarine waters of the G u lf of G dańsk.

Larger th an  unity values of the selectivity coefficients (Table 3) indicate 
tha t the Baltic seaweeds are characterized by the highest ability to  accum ula
te iron from w ater com pared to  the rem aining metals.

3.2. Zinc

Large variations in the content of zinc, viz 17 to  256 ng/g of dry weight 
(Table 1), are observed in the Baltic seaweeds, whereas fresh-w ater plants 
revealed sm aller fluctuations falling w ithin the range from  9 to  31 (ig/g of dry 
weight (Table 2). Sim ilar variability for seaweeds was found by o ther au thors 
(HSgerhall, 1973, Lande, 1977; P atin  et al, 1980).

O n the basis of d a ta  listed in T able 3 it can be though t tha t Baltic plants
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Table 2. C on ten ts o f  N a , K , C a, M g, A l, F e, and  M n [m g /g  o f  dry w eigh t], N i, Pb, C u, C o , Z n  
and C d [ |ig /g  o f  dry w eig h t], as w ell as con ten t o f  w ater and ash  [ ° / 0]  in  p lants from  Ż arnow iec  
Lake

Species
H u m i

dity
A sh N a K C a M g Al Fe M n N i Pb C u C o Z n Cd

P otam o-
geton 92 19.7 7.7 15.6 36.3 8.5 0.2 0.4 1.4 5.2 18 2.4 0 .7 . 22 0.35
pectin a tu s

M y rio -
phyllum 1.2 2.6 3.0 0.1 0.2 1.4 2.4 44 0.4 0.3 9 0.04
spicatum

E ntero-
m orpha 93 18.7 25.6 3.4 5.4 1.8 0.5 0.7 1.5 5.3 18 5.6 0.7 31 0.10
sp.

C hara
vulgaris 90 48.4 3.0 3.5 17.6 2.2 0.8 1.0 3.2 3.6 40 2.4 1.0 19 0.95

Table 3. Selectiv ity  factors SF*  for in d iv id u al pairs o f  elem ents in  seaw eeds o f  the southern  
B altic

M ,
M 2-------------------------------------------------------------------------------

C o Cd Cu N i Pb Z n M n Fe C a M g N a

C o 1
Cd 3.7 1
Cu 9.3 2.7 1
N i 1.2 0.36 0.14 1
Pb 0.05 0.01 0.006 0.04 1
Z n 1.6 0.46 0.18 1.3 32.1 1

M n 0.09 0.03 0.01 0.07 18.2 0.06 1
F e 0.04 0.01 0.004 0.03 0.7 0.02 0.42 1
C a 41 11.8 4.4 33 820 25.6 460 1000 1
M g 250 74 27 210 5100 160 2900 10000 6.2 1
N a 2100 610 230 1700 42200 1300 23900 57300 52 8.3 1
K 31 9 3.4 25 630 20 360 850

O
O

O

0.12 0.02

* S F  values w ere calcu lated  accord ing to  a form ula:

(Cm/C m2)s
w here (C Mj/C M2)r and (C Ml/C M2)s are the  ratios o f  m ean co n ten ts o f  com pared  m etals M , and  
M 2 in  p lants and B altic  water, respectively.

reveal lower affinity to  zinc th an  to  such m etals as iron, lead, and m angane
se, and th a t they absorb  zinc together with cadm ium , cobalt, and  nickel in 
p roportions approxim ately  equal to  those occurring in the Baltic water.



3.3. Cadmium

O f all the analysed m etals, cadm ium  occurs at the lowest concentrations, 
viz from  0.18 to  0.83 ng/g of dry weight in Baltic seaweeds and from  0.04 to 
0.95 ng/g of dry weight in fresh-w ater plants (Tables 1 and 2). These values 
are com parable with those ob tained  for seaweeds from  the coast of Tow nsvil
le, A ustralia (0 .2 -1 .4  |ig/g of dry weight), Jap an  Sea (0.04—1.18 jag/g of dry 
weight), Trondheim sfjord, N orw ay ( <  0 .7—1.0 |ig/g of dry weight) and the 
A driatic (1.04 |_ig/g of dry weight) (H aug et al, 1974; P atin  et al, 1980; 
B urdon-Jones et al, 1982; K osta  et al, 1978).

It follows from  Table 3 th a t the Baltic p lants reveal lower selectivity 
tow ards cadm ium  than  tow ards cobalt, nickel, m anganese, lead, and iron.

3.4. Copper

The levels of copper in Baltic plants vary from  1.6 to  15.2 |ig/g of dry 
weight, whereas the lake plants con tain  from 0.2 to  2.8 |ig C u/g of dry weight 
(Tables 1 and 2). A sim ilar range of content was found for p lants from  the 
Japan  Sea (0.9 —7.6 ng/g of dry weight) and from the Townsville coast (2.0
— 11.1 |og/g of dry weight) (Saenko et al, 1976; B urdon-Jones et al, 1982).

.M ean selectivity coefficients for copper (Table 3) are surprisingly low, 
similarly to  the values of concentration  factors. It is difficult to  substan tiate  
such a low affinity of copper tow ards the plant m aterial tak ing  in to  acount a 
strong tendency of this m etal to  form  stable com plexes with organic com 
pounds. It can be assum ed th a t availability of copper for p lants is limited by 
com petitive processes of com plexing this m etal by organic substances dissol
ved in w ater which results in a decrease of the effective concen tration  of 
copper (Bojanowski, 1973).

3.5. Lead

Baltic plants contained from  8 to  34 |ig Pb/g  of dry w eight; such concen
tra tio n s are higher th an  those found for seaweeds from  the Jap an  Sea (0.76
— 10.7 jag/g of dry weight), Townsville ( <  0.3 — 10.2 jag/g of dry weight) and 
Anglesey, W ales (2.2 —3.2 |ag/g of dry weight) (Foster, 1976; P atin  et al, 1980; 
B urdon-Jones et al, 1982). Substantially  higher levels of this element were 
found in specimens of Zostera  sp. originating from  the sou thern  coast of 
Spain (1800 ng/g of dry weight) (Stenner, Nickless, 1975).

It follows from  Table 3 th a t seaweeds reveal higher affinity tow ards lead 
th an  tow ards the rem aining m etals except iron.



3.6. Nickel and cobalt

Nickel occurs in the Baltic plants in am ounts ranging from 1.1 to  
7.9 jig/g of dry weight, while the conten t of cobalt falls w ithin the range from 
0.5 to  2.0 ng/g of dry weight (Table 1). The results are com parable with those 
ob tained  by B urdon-Jones for the Townsville coast plants (B urdon-Jones et 
al, 1982).

The m ean ra tio  of N i/C o concen tration  for the Baltic plants is very 
sim ilar to  the ra tio  calculated for sea water which results in the N i/C o 
selectivity coefficient being ~  1 (Table 3). This m eans tha t the plants do not 
reveal a significant selectivity tow ards either of these metals.

3.7. Aluminium and titanium

Baltic seaweeds are characterized by m uch higher conten t of alum inium  
com pared to  the Ż arnow iec Lake plants (Tables 1 and 2). Levels of titan ium  
in the Baltic plants varied from 22 to  141 jag/g of dry weight. A ccording to 
Y am agata (1976) as well as K oriakova and  Saenko (1981) the Jap an  Sea 
seaweeds contain  from 0.94 to  2.95 mg Al/g of dry weight and from 0.1 to 
67.0 jig Ti/g of dry weight.

3.8. Calcium and magnesium

In con trast to  m agnesium  the d istribu tion  of calcium  in the Baltic 
seaweeds is characterized by large variability. Lim iting levels of calcium  and 
m agnesium  fell w ithin the ranges of 0 .4 9 -2 9 .8  and 2.2 — 25.8 mg/g of dry 
weight, respectively.

Some of the sam ples contained high levels of calcium  which can be 
a trribu ted  to  the presence of sm all fragm ents of m ollusc shells in the 
analysed plant m aterial.

The m ean values of C a/M g ra tio  of concen tration  for the individual 
classes of plants ranged from 1.2 to  2.0 and were consistent w ith the values 
obtained  for seaweeds from  the coast of Jap an  (Y am agata 1977).

3.9. Sodium and potassium

Baltic seaweeds contained on average m ore potassium  (2.4 — 56.1 mg/g of 
dry weight) th an  sodium  (1.5—16.1 m g/g of dry weight) —Table 1. T oo large 
negative deviations of individual levels from  the m ean values can be related 
to  the loss of a certain  am ount of cell electrolytes during preconditioning of 
the investigated m aterial.



The m ean K /N a  ra tio  of concentrations calculated for the analysed 
seaweeds is g reater th an  unity, while for the fresh-w ater plants it does not 
exceed a unity. A ccording to  B ojanowski (1973) the value of this quotien t for 
the Baltic seaweeds ranges from  1.44 to  2.65.

3.10. Concentration factors (CF)

In order to  determ ine quan tita tive p roportions in which a given element 
occurs in a plant and in sea w ater concen tration  factors were calculated 
according to  the following form ula:

CR
CF =

where CR and Cs are the contents of a given elem ent in a plant and in sea 
water, respectively. The values of CF  (Table 4) can be arranged  in the 
following order:
A1 >  Fe >  Pb  >  M n >  C o >  Ni >  Z n  >  Cd >  C u >  K  >  C a >  M g >  
Na.

Table 4. M ean con cen tration  factors C F  and enrichm ent factors EF™ for in d ividual elem ents in  
southern  B altic  plants

M etal CF* £F a,**

Fe 21200 2
M n 8800 75
Pb 15600 110
N i 630 3.3
C u 90 5.3
C o 710 1.9
Z n 490 95
Cd 230 150
T i*** — 0.8
A1 35600 —

Ca 19 24
M g 3 23
K 25 58
N a 0.5 -

* C alcu lated  on  a w et w eight basis. T he d ata  concern ing the  con ten t o f  m etals in B altic  
w ater were taken  after B ojan ow sk i (1973), Brtigm ann (1982), and  K rem ling, P eterson  (1984).

** C alcu lated  o n  a dry w eight basis.
*** C orrection  for a fraction  o f  T i o f  m arine origin  in the  analysed  sam ples w as n ot taken  

in to  account due to  lack o f  d ata  o n  the con ten t o f  th is e lem ent in B altic  w ater



3.11. Enrichment factors, (EF)

In order to  determ ine a biological affinity of individual m etals to  the 
Baltic seaweeds the m ean enrichm ent factors were calculated according to  a 
form ula:

( ^ m / Q  e ) f

where (CM/C Fc)R and (C M/C Fe)£ are the ra tios of content of a m etal M to the 
content of iron in plants and in ea rth ’s crust or in soil particles, respectively. 
A lum inium  was used for calculations, and thorium  and  iron  were used for 
com parison as standarizing elem ents of terrigenous origin keeping in mind 
Li’s report (1981) tha t E F \f ~  1 and  EF™ ~  1. It m eans tha t E F ™j ~  E™ 
~  £ j h. The share of com ponents of m arine origin present bo th  in p lants and 
in the ea rth ’s crust (a standard) was elim inated from  the calculations 
assum ing that sodium  is a typical elem ent of m arine origin. In such a case 
the share of a m etal of m arine origin in a sam ple equals (Li, 1981):

^Na ( ^ m/^*Nu)s ’

where CNa denotes the content of sodium  in a sam ple and (CM/C N.,)S is a 
m ean ra tio  of concentrations of a given m etal and sodium  in the Baltic 
water.

Accordingly, EF  values greater th an  unity m ean th a t ea rth ’s crust, soil 
particles and sea salts cannot be prim ary sources of a given element in 
plants. It follows from  T able 4 th a t Pb, Cd, Zn, M n, K, Ca, and  M g are 
typical biophilic elem ents (EF > 10). Ti, Al, Fe, and C o belong to  elem ents of 
low biologic affinity (EF  ~  1); terrigenous m aterial or sea salts can be 
sources of their occurrence in plants. T he rem aining elem ents, viz Cu and 
probably  Ni (2 <  EF < 10), derive prim arily from  o ther sources th an  earth 's 
crust and  sea salts and their biological activity is lower th an  tha t of typical 
biophilic elements.

3.12. Correlations

In order to  find any correlation  between the individual elem ents, linear 
correlation  coefficients were calculated (Table 5). Statistically significant 
correlations (p <  0.01) were found for the following m etal pairs: C o - N i ,  Cu 
- F e ,  N i - C a ,  P b - M n ,  Z n - A l ,  Fe —Al, and C a - A l .  W eaker correlation  (p 
< 0 .05) was found for C o —Cd, Fe —Cd, Al —Cd, Fe —Ni, Zn —M n, Zn —Fe, 
and Pb —M g pairs.



Table 5. Linear correlation  coeffic ients for ind iv id u al m etal pairs in the  analysed  plants calcu lated  
o n  a dry w eight basis

C o Cd C u N i Pb Z n M n Fe C a M g N a K

C o 1
Cd 0.48** 1
C u 0.24 0.03 1
N i 0.67* - 0 . 3 6 - 0 .0 4 1
Pb - 0 . 0 2 0.34 0.00 - 0 .1 3 1
Z n 0.02 0.13 0.40 0.08 - 0 . 3 6 1
M n 0.40 - 0 . 0 2 - 0 .0 2 0.14 0.54* 0.52** 1
Fe 0.61* 0.42** 0.36 0.45** 0.11 0.51** 0.08 1
C a 0.23 0.35 0.30 0.58* - 0 .1 3 0.24 - 0 .2 2 0.25 1
M g - 0 .0 2 - 0 .1 5 0.03 - 0 . 2 0 - 0 .4 7 * * 0.19 - 0 .3 5 - 0 . 1 2 - 0 .2 9 1
N a - 0 .0 4 0.33 0.18 0.22 - 0 . 2 6 0.04 - 0 .0 9 - 0 .1 3 - 0 . 2 6 - 0 . 2 0 1
K 0.16 0.01 - 0 .0 2 0.02 0.10 - 0 .1 5 0.36 0.07 0.28 - 0 .0 8 0.20 1
Al 0.36 0.44** 0.06 - 0 .4 1 - 0 .2 9 0.64* - 0 .1 0 0.73* 0.68* - 0 .1 0 - 0 .0 3 - 0 . 1 0

* Significance level p  <  0.01. 
** Significance level p  <  0.05

4. Summary

(i). Individual variations in concentration , even am ong specimens of the 
sam e species, are so significant for som e elem ents th a t they practically 
preclude detailed in terp re ta tion  of d a ta  in term s of interspecies and in terre
gional variability due to  relatively small num ber of samples. It should be 
pointed ou t th a t part of the biological m aterial (eg Cladophora, Enteromor- 
pha, Potamogeton) contained m ineral particles (carbonate incrustations, frag
m ents of tiny shells of mussels, d iatom s or sand grains) which were incom ple
tely rem oved despite repeated washing. D ue to  all these facts d istribu tion  of 
m etals in plants cannot be readily assessed; the results, however, throw  some 
light on a degree o f concen tration  of elem ents and their biological affinity to  
the Baltic seaweeds.

(ii). It follows from  the calculated values of selectivity and concentration  
factors that the analysed Baltic seaweeds are characterized by the highest 
affinity to  iron, alum inium , and lead, and the lowest affinity to  copper.

(iii). Three groups of elem ents of different biological activity were d istin
guished on the basis of the values of enrichm ent factors, v iz :

-  biophilic m etals (EF  > 10): Pb, Cd, Zn, Mn, K, Ca, and  Mg,
-  metals of low biological affinity (EF ~  1): Ti, Al, Co, and Fe,
-  m etals of m edium  biological affinity (2 <  E F  < 1 0 ): Cu and Ni.
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