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Abstract-There are 9 mineral hot springs with a surface 
temperature of 20-60 °C in the southern and southeastern slopes 
of Ramsar. Thermophilic cyanobacteria grow in sediments and 
biomass in environmental conditions of mineral hot springs. The 
aim of the present study is to measure concentrations of heavy 
metals in water and biomass and to assess the ability of biomass 
to remove heavy metals. The order of heavy metals absorption by 
biomass was as follows: Zn<Pb<Cd<Co<Li<Ni<As.  
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1. Introduction  
The presence of heavy metals in water resources has become a 
major problem because of their critical impacts on recipient 
fauna and flora [9]. One of the most fundamental problems 
associated with heavy metals is that such elements are not 
metabolized in the body. In fact, heavy metals are not removed 
after entering the body, but precipitate and accumulate in tissues 
such as fat, muscle, bones and joints. This can cause disease and 
numerous complications in the body [11]. 
The level of environmental pollution can be measured by 
physical, chemical and biological methods. In recent years, the 
use of biomarkers to control hazardous toxic heavy metals has 
increased. The basic principle for the use of biological markers is 
measuring concentration of heavy metals in an organism and 
comparing them with metal concentrations in the environment 
[7]. Biomarkers that absorb large amounts of contaminants are 
used to define and measure the presence and effects of heavy 
metals in aquatic environments. Biological markers are mainly 
used instead of measuring metals concentrations in water and 
sediments. Various organisms in aquatic ecosystems have the 
potential to be used as biological markers for heavy metals 
contaminants (such as fish, shellfish, mollusks, crabs, aquatic 
animals, aquatic plants and algae) [15]. According to Fioreh et al. 
(1994), among phototrophs, cyanobacteria are relatively more 
tolerant to heavy metals [6]. Nowadays, cyanobacteria are 
considered as the most important and most widely used micro-
algae in biotechnology [2, 3]. Cyanobacteria are able to remove 
metal ions from the surrounding environment through 
physicochemical mechanisms [5, 8, 17]. They are well tolerant to 
heavy metals such as copper, zinc, nickel, cobalt, lead and 
cadmium [2]. 
 
 
 
 
 
 
 
 
 

 
 
 
2. Materials and Methods  
Hot springs are located in Ramsar in northern Iran. Ramsar is 
located in 50° 38’ and 50° 44’ east longitude, 36° 49’ and 36° 
57’ north latitude at a height of 20 m above sea level. The hot 
springs have been created by many thrust faults. The spring water 
is mainly classified as sodium and potassium facies as well as 
calcium and magnesium facies [1]. 
Elements and minerals dissolved in the water include sulfur, 
arsenic, carbon and carbonates, alkali cations and rare elements. 
Thermophilic cyanobacteria grow in sediments and biomass in 
environmental conditions of mineral hot springs. Cyanobacteria 
grow in the presence of oxygen and light. Among 9 mineral hot 
springs, only the Old Hotel Spring meets this requirement. 
According to Mohammadi Ably (2012), cyanobacteria in Ramsar 
mineral hot springs are of Oscillatoriales type [12]. 
Water samples collected from 9 mineral hot springs. The samples 
were filtered with Whatman filter paper 42 and stored in 
disposable polyethylene containers. The pH of water samples 
was adjusted at pH=2 using nitric acid 64% (this is required to 
prevent precipitation of metals and to minimize adsorption by 
walls of container). Temperature, pH and electrical conductivity 
(EC) were measured to determine the physical and chemical 
parameters of waters. Water samples were transferred to the 
laboratory and assessed by ICP instrument in ACME Lab, 
Canada [3]. 
 

Table 1: Geographical locationandphysical and 
chemicalparameters ofthe hot springs 

code Hotspring x Y Temp. 
°C 

PH EC 
(µs/cm) 

H1 Madare shah 36º 
54'08"  

50º 39' 
21"  

48 6 38800 

H2 Hotelghadim 36º 
54'09"  

50º 
39'27"  

65 6 40000 

H3 Hoteljadid 36º 
54'7.8"  

50º 39' 
26.7"  

49 6 40500 

H4 Zirpol 36º 
54'05"  

50º 39' 
41.3"  

42 6 39900 

H5 Safarud 36º 
53'14.5"  

50º 34' 
24.4"  

19 5.5 4590 

H6 Absiah 36º 
53'55"  

50º 
39'57.2"  

30 6 148300 

H7 Sadatmahaleh 36º 
52'52.3"  

50º 
41'22"  

40 6 23300 

H8 Kash 36º 
52'24.7"  

50º 
41'25"  

47 5.5 19600 

H9 Sangboneh 36º 
52'24.7"  

50º 
41'25"  

45 5.95 18190 
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Thermophilic cyanobacteria biomasses in mineral hot springs 
behind the Old Hotel are located in various positions from the 
fountain including biomass aggregates in bed with a bright color 
(B1), biomass in bed with a dark color (B3), biomass on the 
surface (B4) and supported biomass (B5). The cyanobacteria 
biomass samples were randomly collected from Old Hotel Spring 
(three samples were collected from different types of biomass. 
Then the samples were mixed thoroughly by hand). Samples 
were washed with spring water to remove impurities. The 
purified samples were labeled and placed in plastic containers. 
Then the samples were transferred to the laboratory and dried for 
24 h in an oven at a temperature of 320 ºC to reach a constant 
weight. The dried samples were turned into ash for 4 h in an oven 
at a temperature of 1050 ºC. The ash sample was digested with 
nitric acid and the volume was brought to 1%. Metal 
concentrations were determined by ICP [10]. 
Statistical analysis was performed with the help of SPSS16. The 
normality of data was examined by one-way ANOVA using 
Kolmogorov-Smirnov method. Following ensuring data 
normality, cluster analysis was used to examine the relationship 
between the elements in the water and cyanobacteria biomass as 
well as to determine similarities between different samples. 
 
 
3. Results 
The concentrations of heavy metals measured in water samples 
were as follows: Co: (0.0003- 0.0033) with a mean concentration 

of 0.0008 ppb, Cd (0.00005-0.005) with a mean concentration of 
0.0009 ppb, Pb (0.001-0.01 ppb) with a mean concentration of 
0.0024 ppb, Ni (0.0002-0.02 ppb) with a mean concentration of 
0.003 ppb, Zn (0.005-0.05 ppb) with a mean concentration of 
0.02 ppb, As (0.03-0.3 ppb) with a mean concentration of 0.09 
ppb and Li (0.07-1.7 ppb) with a mean concentration of 0.5 ppb. 
The distribution of elements in water samples was as following 
order: Co<Cd<Pb<Ni<Zn<As<Li. The highest concentrations 
were observed for As and Li in Ab-Siah Spring H6 (Table 2). 
The concentrations of heavy metals in biomass samples were as 
follows: Zn (12-30) with an mean concentration of 21 ppm, Pb 
(20-45) with a mean concentration of 31 ppm, Cd (13-45 ppm) 
with a mean concentration of 28.6 ppm, Co (15-50 ppm) with a 
mean concentration of 31 ppm, Li (15-50) with a mean 
concentration of 30 ppm, Ni (20-90) with a mean concentration 
of 51 ppm and As (35-90 ppm) with a mean concentration of 55 
ppm. The highest concentration absorbed by biomass was found 
for As (Table 3). 
A significant positive correlation was found between elements 
dissolved in the hot water springs of Ramsar, except for zinc (a 
correlation coefficient of 0.831 to 1). This indicates the same 
origin of elements in mineral hot springs. A significant positive 
correlation was found between Cd and Pb in biomass (a 
correlation coefficient of 0.976). A significant negative 
correlation was observed between Li and Zn in biomass (a 
correlation coefficient of -0.985). This suggests selective 
adsorption of various elements by biomass (Tables 4, 5). 

  
Table2: Concentrations of heavymetalsin water(inppb) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Table3: Concentrations of heavy metalsincyanobacteriabiomass(measured inppm) 

As Ni Li Co Cd Pb Zn  

90 65 30 35 13 20 20 BIO1 

55 20 15 15 45 45 30 BIO2 

35 90 20 30 25 30 25 BIO3 

40 45 35 40 25 25 18 BIO4 

55 35 50 35 35 35 12 BIO5 

55 48.33 30.83 30.16 29.66 28.33 19.16 Average 

 
 

Table4: Relationship Betweenelementsdissolved in the hot water springs of Ramsar 

Li As Zn Ni Pb Cd Co  

0.36 0.06 0.01 0.002 0.002 0.0005 0.0004 H1 

0.3750.065 0.005 0.002 0.001 0.0005 0.0003 H2 

0.3850.08 0.005 0.002 0.002 0.0005 0.0007 H3 

0.3760.07 0.005 0.002 0.001 0.0005 0.0006 H4 

0.07 0.1 0.006 0.0002 0.001 0.00005 0.0007 H5 

1.8 0.3 0.05 0.02 0.01 0.005 0.003 H6 

0.4 0.03 0.02 0.002 0.0025 0.0005 0.0003 H7 

0.5 0.07 0.015 0.002 0.001 0.0005 0.0004 H8 

0.4 0.04 0.05 0.002 0.0014 0.0005 0.0003 H9 

0.5 0.09 0.02 0.004 0.002 0.00095 0.0008 Average 
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 Co Cd Pb Ni Zn As Li 

Co 1       

Cd .971 1      

Pb .962 .982 1     

Ni .971 1.000 .982 1    

Zn .543 .647 .641 .647 1   

As .963 .890 .837 .890 .429 1  

Li .935 .990 .964 .990 .666 .831 1 

 
 

Table5: Relationship Betweenabsorbedelementsofcyanobacteriabiomass 

 Zn Pb Cd Co Li Ni As 

Zn 1       

Pb .436 1      

Cd .309 .976 1     

Co -.515 -.824 -.709 1    

Li -.985 -.285 -.152 .712 1   

Ni .033 -.625 -.723 .337 -.184 1  

As -.119 -.332 -.406 .030 .106 -.85 1 

 
 
 
The cluster analysis of water samples shows that most springs, even 
Safarood Spring H5 (fresh water), are located in Category A while 
Ab-Siah Spring H6 is located in Category B. The concentrations of 
heavy metals in Ab-Siah Spring are very higher than other springs. 
The lower concentrations in other springs could be due to dilution 
of warm water by surface groundwater (Figure 1). 
According to cluster analysis dendrogram of cyanobacteria 
biomass, the samples B4 and B5 are located in Category A1 and  
 
 

 
 
 
sample B2 is located in another category. The lowest adsorption 
was observed in these samples compared to other biomass samples. 
Sample B1 (biomass in bed with a bright color) is located in 
Category A2 indicating higher adsorption of elements by B1 
compared to Category A1. Finally, the sample B3 (the biomass on 
the surface) is located in Category B similar to the Old Hotel Spring 
sample indicating highest adsorption of heavy metals compared 
with other biomass samples (Figure 2). 
 
 

 
Figure1:Dendrogramcluster analysisofhotspring waters 
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Figure2: Dendrogramof clusteranalysison the biomassofcyanobacteria 

 
 
To determine distribution and enrichment of elements in aquatic 
environment and cyanobacteria biomass, concentrations of elements 
in that region can be normalized to a certain standard concentration. 
Accordingly, the concentrations of elements in the Old Hotel hot 
spring biomass were normalized to the mean concentrations of 
elements in the Earth's crust. It can be concluded that biomasses 
have been able to adsorb high levels of arsenic, cobalt, cadmium 
and lead. The levels of arsenic, cadmium and lead adsorbed by 
biomass were respectively 3-7, 1.5-2.5, 140-150 and 1.5-2 times the 
corresponding mean concentrations in Earth’s crust (Figure 1) [16]. 
According to the results, biomasses are able to adsorb high levels of 
heavy metals in the hot spring waters with above environmental 
conditions. This will highlight the role of biomass in biological 
adsorption of heavy metals in such environmental conditions. 
The mean normalized concentrations of elements in hot waters and 
biomass were compared with mean concentrations in Earth’s crust 
(Figure 3). The results showed that the adsorption of heavy metals 
by biomass follows the changes in  
 
concentrations of metals in water. As seen in Figure 4, the changes 
in adsorption by biomass is similar to the changes in concentrations 
of metals in hot springs. To confirm this, the relative changes in 
normalized concentrations of elements in hot waters and biomasses 
were compared with mean concentrations in Earth’s crust. 
Accordingly, the variation of n (Co/Cd) in biomass and aquatic 
environment was 8.89 and 3.81, respectively. The variation of n (Pb 
/Ni) in biomass and aquatic environment was 2.4 and 3.0, 
respectively. This indicates a similarity between the ratios of 
elements normalized to the mean earth's crust. 
 

Figure 3: Comparison of changesinbiomassconcentrationof heavy 
metalsinthe worldwide standardshelloutheavy elementschanges 
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Figure 4: Comparison ofheavy metal concentrationsin 
waterandhotwater springs of 

Ramsarbiomassconcentrationinthe earth's crust 
 

 
4. Conclusions  
The statistical analysis and geochemical behavior of elements in 
mineral hot springs in Ramsar showed that the highest and lowest 
mean levels and distribution of elements was as follows: 
Co<Cd<Pb<Ni<Zn<As<Li. Moreover, the springs Old Hotel, Ab-
Siah, Madar Shah, Zir-e Pol, Sadat Mahalleh, Kash and Bone Sang 
with same origin are strongly correlated.  
The statistical analysis and geochemical behavior of elements 
adsorbed by biomass showed that the highest and lowest mean 
levels and distribution of elements in cyanobacteria biomass was as 
follows: Zn<Pb<Cd<Co<Li<Ni<As. 
According to cluster analysis of cyanobacteria biomass in hot 
springs, the sample B3 in Old Hotel Spring showed the highest 
level of adsorption compared to other biomass samples. The 
concentrations of elements in the Old Hotel Spring biomass were 
normalized to mean concentration of elements in the Earth's crust. It 
can be concluded that biomass has been able to adsorb high levels 
of arsenic, cobalt, cadmium. The levels of arsenic, cadmium and 
lead adsorbed by biomass were respectively 3-7, 1.5-2.5, 140-150 
and 1.5-2 times the corresponding mean concentrations in Earth’s 
crust. 
Given the relative changes in the normalized concentrations of 
elements in hot waters and biomass, the biomass has been able to 
adsorb most elements up to several folds. According to the results, 
biomasses are able to adsorb high levels of heavy metals in hot 
springs. This will highlight the role of biomass in biological 
adsorption of heavy metals in such environmental conditions. 
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