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ABSTRACT 

 

 This study aims to provide information about the form of metal oxides identified in post-

mining underwater waters with different ages and explain their relationship to the diversity of 

acidophilic bacteria in acid mine waters. Analysis of metal oxides was carried out using X-Ray 

Fluorescence (XRF). The sixteen oxide forms of heavy metals identified show the highest 

concentrations of Iron (III) Oxide or Fe2O3, Tantalum (V) Oxide or Ta2O5, Tin (IV) Oxide or SnO2, 

Manganese (II) Oxide or MnO is also found in high concentrations in all spheres of different ages. 

The form of metal oxides can represent the metal content contained in these waters. The metal 

oxide also explains that the pattern of metal oxide concentration decreases with the duration of the 

underwater chronoseconds such as As2O3, Cr2O3, CuO, NiO, PbO, and ZnO, although not all 

metals experience a pattern of decreasing concentration over the duration of chronosequences in 

these waters like Ga2O3, HfO2, MnO, TeO2, and ThO2. The implications of the presence of metals 

and their oxides can affect the acidity (pH) and indirectly have an impact on the diversity of 

microbes, especially bacteria that affect the environment and aquaculture commodities. 

 

Keywords: Element Oxides, Pits, Tim Mining, X-Ray Fluorescence, Bacterial, Aquaculture. 

 

INTRODUCTION 

A number of metals have been identified in aquatic ecosystems, especially in artificial lakes 

(pit) after tin mining activities. These metals become components of ecosystem pollutants (Dinis & 

Fiuza 2011; Guan et al 2014; Kurniawan 2016) including those classified as heavy metals such as 

Pb, Zn, Mn, Fe, Cr, Cu, Ni, Cd, Sn, and As (Ashraf et al 2011a; Henny 2011; Ashraf et al 2012a; 

Rosidah & Henny 2012; Daniel et al 2014). 

The use of the general term heavy metal refers to a group of metals and semi-metals 

(metalloids) associated with contamination, having a density > 5 g.cm-3 or in other studies 

explained above 3.5-7.0 g.cm-3, atomic weights between 63.546 (≈ 63.6) - 200.590 (≈ 200.6), and 

specific gravity > 4.0 or 5.0 (Duffus 2002; Srivastava & Majumder 2008; Aslam et al 2011). 



 

Heavy metals are not always described as dangerous metals (toxic metals), but their 

chemical structure determines the biological properties and toxicity of these elements (Templeton 

2015). Some metals in certain structures are needed by the body as essential micromineral (trace 

element), but in other structures it is dangerous (Kurniawan & Mustikasari 2019). Elements such 

as chromium in the form of Cr(III) are important trace elements, but Cr(VI) can cause cancer 

(Govind & Madhuri 2014), Hg(II) is more toxic than Hg(0) (Azimi & Moghaddam 2013); anorganic 

Mn(III) is more toxic than oxidation forms such as Mn(II)Cl2 and Mn(IV)O2; As(III) is more toxic than 

As(V); element V(V) is more toxic than V(IV) (Templeton 2015), and Fe(II) is more and significantly 

absorbed by cells than Fe(III) (He et al 2008). The chemical structure is confirmed in the ionization 

that occurs and gives an idea of the toxicity of an element (element) is. Ionization of heavy metals 

can potentially be disruptive and dangerous to health and can even damage the vitality of the body' 

systems (Abdi & Kazemi 2015). 

Microecosystem changes can be indicated by the diversity of microorganisms in an 

ecosystem because it can be related to variations in water characteristics (Ashraf et al 2011b) 

which are determined through weather, geomorphology, and geochemical conditions  (Ashraf et al 

2012b). Studies on the relationship between bacterial diversity and its role in the biogeochemical 

cycle and the interaction of microorganisms with their environment have been widely conveyed 

(Bhowal & Chakraborty 2015; Fashola et al 2015) including Methane-Oxidizing Bacteria (MOB), 

Ammonia-Oxidizing Bacteria (AOB) (Sow et al 2014a; Sow et al 2014b), and Arsenic-Resistant 

Bacteria (ARB) (Jareonmit et al 2010; Valverde et al 2011) found in post-mining ecosystems. The 

study of the diversity of microorganisms and their activities as ecological bioindicatory agents is an 

important step to predict ecosystem conditions and environmental changes (Niemi & McDonald 

2004; Moscatelli et al 2005), including tin mining. This is because microorganisms have the 

capacity to respond to changes that occur in the environment quickly, including in soil and aquatic 

ecosystems (Paerl et al 2003; Lau & Lennon 2012).  

This short communication aimed to provide information related to the form of metal oxides, 

especially the heavy metals identified in post pit mining waters with different ages 

(chronosequences) and to explain their relationship to the diversity of acidophilic bacteria in acid 

mine waters and the potential of the waters for aquaculture.   

 

EXPERIMENTAL SECTION 

The study was conducted by testing the metal content in water taken from under the tin 

mining post with different ages, namely < 1 year, 5-10 years, and > 15 years. Water sampling was 

carried out in the pit located in Bangka Regency, Bangka Belitung Islands Province. The research 

stations were coded Station A for under the age of < 1 year, Station B for under the age of 5-10 

years, and Station C for under the age of > 15 years. The coordinates of the research station were 



 

Station A at 01°59' S and 106°06' E; Station B at 01°59' S and 106°06' E; and Station C at 01° 55' 

S and 106°06' E (Figure 1) (Kurniawan 2019; Kurniawan et al 2019). 

 

Fig. 1.  Map of the research station, which is the ex- tin mining pit in Bangka Regency,            

Bangka Belitung Islands Province. 

 

Analysis of the metal content or elements was carried out using X-Ray Fluorescence (XRF) 

instruments (Kodom et al 2012) Rigaku NEX CG with cross-section specifications of three 

refracting metals, namely copper (Cu), molybdenum (Mo), and aluminum (Al). Data analysis was 

performed descriptively to explain the concentration of metal oxides identified in the sample.  

 

RESULTS AND DISCUSSION 

The results of the heavy metals analysis identified in previous studies, namely As, Co, Cr, 

Cu, Fe, Ga, Hf, Mn, Ni, Pb, Sn, Ta, Te, Th, V, and Zn (Ashraf et al 2011b; Ashraf et al 2012b). The 

sixteenth metal shows oxidation as shown in Table 1.  

Table 1. Concentrations of metal oxides in post pit mining waters 

Metals Form 
Metals Oxide 

Form 
Name of Oxide 

Form 

Average of Metals Oxide Concentration 
at the Research Station (ppm) 

A B C 

As As2O3  5.70 8.49 3.04 
Co Co2O3  14.20 ND 9.34 
Cr Cr2O3  13.80 14.50 1.96 
Cu  CuO  7.03 7.83 6.91 
Fe  Fe2O3  1424.3 2307.67 1571.93 
Ga  Ga2O3  11.50 12,00 12.65 
Hf  HfO2  7.74 8.76 11.07 
Mn MnO  33.70 35.10 39.05 
Ni NiO  10.40 7.32 4.64 
Pb  PbO  14.50 13,00 9.40 



 

Sn  SnO2  89.73 64.77 74.53 
Ta Ta2O5  987.33 1373.33 888.73 
Te TeO2  13,00 9.48 14.50 
Th ThO2  10.50 9.97 15.75 
V V2O5  3,00 ND 2.38 
Zn ZnO  3.00 ND ND 

Noted: ND (not detected). 

 

The highest concentration was Fe2O3 or Iron(III) Oxide. Other formations were Ta2O5 or 

Tantalum(V) Oxide, SnO2 or Tin(IV) Oxide, and MnO or Manganese(II) Oxides were also found to 

be highly concentrated in all pits of different ages. The form of metal oxides can indicated or 

represented the metal content contained in these waters. The content of Fe2O3 has the highest 

value under the age of 5-10 years compared to under the age of < 1 year and > 15 years which 

indicated that the highest Fe metal was also found under the age of 5-10 years. Fe metals were 

also highest in all voids compared to other metals.  

The highest MnO found in under the age of > 15 years indicated that the potential for heavy 

metal contamination was still very large under the old age. This indicator explained that not all 

metals experience a pattern of decreasing concentrations as the length of chronosequences in 

these waters. This condition were also seen in metals or oxides from Gallium (Ga) as Ga2O3, 

Hafnium (Hf) as HfO2, Manganese (Mn) as MnO, Tellurium (Te) as TeO2, and Thorium (Th) as 

ThO2. The decreasing pattern of metal or its oxide concentration with the duration of 

chronosequence were shown in Arsenic (As) as As2O3, Chrome (Cr) as Cr2O3, Copper (Cu) as 

CuO, Nickel (Ni) as NiO, Lead (Pb) as PbO, and Zinc (Zn) as ZnO. 

 

DISCUSSION 

A number of metals and their oxides contributed to water quality parameters such as pH. It 

was seen that under the age of <15 years showed a low pH value or acidic (pH = 3), while the 

under the age of> 15 years had a neutral pH value (pH = 7) (Kurniawan 2019; Kurniawan et al 

2019). A number of metals indicated by the formation of the oxide, namely Fe2O3, As2O3, Cr2O3, 

CuO, NiO, PbO, and ZnO were found high under <15 years old which has an acidic pH or under a 

15 year old which has a neutral pH. 

A number of minerals undergo chemical reactions that form acidic pH are categorized as 

Potentially Acid Forming (PAF) such as Cu, Fe, Pb, Zn (Celebi & Oncel 2016), Al, As, Cd, Co, Cr, 

and Mn which are formed from leaching of mined minerals (Campaner et al 2014). Oxidation and 

hydrolysis reactions in elements such as S, Fe, Cu, Zn, Ni, Cr, and Pb cause it to change to form 

cations of Cu2+, Zn2+, Ni2+, Cr3+, and Pb2+. The increasing in proton H+ contributes to the increase 

in acidity. An increasing number of H+ ions can cause pH conditions in these environments to 

become more acidic (Gaikwad & Gupta 2008; Hatar et al 2013). The existence of these metals can 

directly or indirectly affect the pH value (De Saedeleer et al 2010; Zhao et al 2010; Fernandes et 



 

al 2011; Strom et al 2011; Huang et al 2012; Sadeghi et al 2012; Zhang et al 2014) and form acidity 

in mining waters known as Acid Mine Drainage (AMD) or Air Asam Tambang (Ashraf et al 2011b; 

Kurniawan 2019; Kolmert & Johnson 2001; Bigham & Nordstrom 2000; Tan et al 2007). The 

consequences of the acidity of waters can cause not all organisms to be able to live optimally at 

the pH conditions. Organisms at the microscopic level such as bacteria and archaea that are 

acidophilic (acidophile) have the ability to survive and live optimally in extreme acidic conditions as 

in acid mine waters (Navarro et al 2013). Acidophilic groups have the capacity to modify the 

physical and chemical conditions of waters by detoxifying or exploiting their metabolism [48] and 

play an important role in the biogeochemical cycles of iron and sulfur (Fashola et al 2015).  

Acidophilic is grouped into two, namely true achidophile (extreme acidophiles) can live at 

pH 2.7 and even some can live at pH < 1.0 with optimum growth pH < 3.0 and moderate acidophile 

that can live in the pH range 3.0 -7.2 with optimum growth pH of 3.0-5.0 (Johnson & Hallberg 2008; 

Mendez et al 2008; Oren 2010). Various studies explain that a number of groups of bacteria that 

are found in mining areas are derived from Phyla Proteobacteria, Acidobacteria, Chloroflexi, 

Cyanobacteria, Actinobacteria, Nitrospirae, Firmicutes, Planctomycetes, Bacteroidetes, and 

Chlorobi (Gupta 2000; Lefebvre et al 2010; Hua et al 2015; Mesa et al 2017;Teng et al 2017; 

Fernandes et al 2018).  

The optimum growth of acidophilic bacteria takes place between pH 1.0 and pH 5.0. This 

distinguishes it from neutrophilic that lives tolerant in the pH range of 5.0-9.0 with the optimum pH 

of 7.0 and alkaliphilic which is tolerant of life at pH 6.0-12.0 with an optimum pH above 9.0 or often 

between pH 10.0 and pH 12.0 (Gupta et al 2014; Horikoshi 2016). Acidophilic bacterial groups 

have the ability to reduce and oxidize metals such as iron, sulfur and other minerals (Islam et al 

2004; Hallberg 2010; Harahuc et al 2000; Yli-Hemminki et al 2014), help the carbon cycle flow 

(Wegner & Liesack 2017; Hausmann et al 2018; Sun et al 2018), nitrogen retarders (Gargaud et 

al 2011; Sun et al 2015), and play a role decomposing organic matter (Khare & Arora 2015). This 

capability is generally used in the process of detoxification of contaminated waters (Davis-Belmar 

& Norris 2009; Johnson et al 2009; Murali et al 2014; Shivlata & Satyanarayana 2015; Hu et al 

2018) both inorganic and organic. 

The presence and biological activity of microbial groups in environments containing sulfide 

minerals can accelerate the formation of acidic conditions in the environment (Rawlings 2005). 

Acidic pH conditions involve oxidation processes and complex chemical reactions to produce H+ 

ions, sulfates (SO4
2-), Mn3+, and other ions. More and more of these ions that form in an 

environment causes acidity to increase and pH to be low (Gaikwad & Gupta 2008; Hatar et al 2013; 

Nurofiq et al 2016). The acceleration of the formation of acidic conditions can involve biological 

interactions such as microbial metabolic activity (Violante et al 2010). 

The oxidation process of sulfide elements such as iron and sulfur in acidic waters produces 

an energy reaction which is used by acidophilic microbes for growth and metabolic functions. Sulfur 



 

oxidizing microbes utilize the iron cycle under acidic pH conditions to use ferrous iron ions (Fe2+) 

as electron donors and ferric iron (Fe3+) as electron acceptors (Lei et al 2016). The oxidation 

process involving acidophilic bacteria is due to the ability of metabolism such as enzymes. Sulfur 

metabolic enzymes work to oxidize the element sulfur with sulfur dioxygenase, sulfur oxygenase 

reductase, and Hdr-like complex; thiosulfate oxidizing enzymes such as sulfuroxidizing enzyme 

and thiosulfate dehydrogenase; sulfide oxidizing enzymes such as sulfide:quinone oxidoreductase 

(Wang et al 2019) and iron oxidizing enzymes (Li et al 2017). 

The presence and use of acidophilic bacteria in acid mine waters can be optimized by 

studying their biochemical characteristics. Individuals who have the potential to be bioremediators 

can be explored to tackle environmental pollution in acidic waters. This contributes as an effort to 

improve the condition of the aquatic environment so that it can be utilized by humans and 

comfortable habitats for aquatic organisms in aquaculture. 

 

CONCLUSION 

The presence of a number of metals and their oxides in ex-tin mining or abandoned pits 

waters has shown an association with the formation of pH conditions in the environment. The 

implication of the change in pH, especially on acidic pH causes a number of acidophilic groups to 

appear. Acidophilic groups have the ability to live in these extreme environments and then move 

biogeochemically. The potential ability of these acidophilic bacteria can be utilized to carry out a 

detoxification process for inorganic and organic contamination found in underwater waters. 

Optimizing the role of acidophilic bacteria is expected to be beneficial for environmental 

improvement so that it becomes better and beneficial to humans and is suitable for the life of 

aquatic organisms.  
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Abstract. This study aimed to provide information about the form of metal oxides identified in 
abandoned tin mining pit waters with different ages and explain their relationship to the diversity of 
acidophilic bacteria in acid mine waters. The analysis of metal oxides was carried out using X-Ray 
Fluorescence (XRF). The 16 oxide forms of heavy metals identified showed that iron (III) oxide (Fe2O3), 
tantalum (V) oxide (Ta2O5), tin (IV) oxide (SnO2), manganese (II) oxide (MnO) were found in high 
concentrations in all mine waters of different ages. The form of metal oxides can represent the metal 
content contained in these waters. The pattern of metal oxide concentration decreases with the duration 
of the pit waters chronosequences, such as As2O3, Cr2O3, CuO, NiO, PbO, and ZnO, although not all 
metals experience a pattern of decreasing concentration over the duration of chronosequences in these 
waters, exceptions being Ga2O3, HfO2, MnO, TeO2, and ThO2. The implications of the presence of metals 
and their oxides can affect the acidity (pH) and indirectly impact the diversity of microbes, especially 
bacteria that affect the environment and aquaculture commodities. 
Key Words:  

 

Introduction. A number of metals have been identified in aquatic ecosystems, especially 

in artificial lakes (pits) after tin mining activities. These metals become components of 
ecosystem pollutants (Dinis & Fiuza 2011; Guan et al 2014; Kurniawan 2016), including 

as heavy metals such as Pb, Zn, Mn, Fe, Cr, Cu, Ni, Cd, Sn, and As (Ashraf et al 2011a; 
Henny 2011; Ashraf et al 2012a; Rosidah & Henny 2012; Daniel et al 2014). The use of 

the general term “heavy metal” refers to a group of metals and semi-metals (metalloids) 

associated with contamination, with a density higher than 3.5-5 g cm-3, atomic weights 

between 63.546 (≈63.6) and 200.59 (≈200.6), and specific gravity higher than 4 (Duffus 

2002; Srivastava & Majumder 2008; Aslam et al 2011). 
Heavy metals are not always described as dangerous metals (toxic metals), but 

their chemical structure determines the biological properties and toxicity of these 
elements (Templeton 2015). Some metals in certain structures are needed by the body 

as essential microminerals (trace elements), but in other structures are dangerous 

(Kurniawan & Mustikasari 2019). Elements such as chromium in the form of Cr (III) are 

important trace elements, but Cr (VI) can cause cancer (Govind & Madhuri 2014), Hg (II) 

is more toxic than Hg (0) (Azimi & Moghaddam 2013), anorganic Mn (III) is more toxic 
than oxidation forms such as Mn (II) Cl2 and Mn (IV) O2; As (III) is more toxic than As 

(V); element V (V) is more toxic than V (IV) (Templeton 2015), and Fe (II) is more and 
significantly absorbed by cells than Fe (III) (He et al 2008). The chemical structure is 

confirmed by ionization. Ionization of heavy metals can potentially be disruptive and 

dangerous to health and can even damage the vitality of the systems in a body (Abdi & 

Kazemi 2015). 

Microecosystem changes can be indicated by the diversity of microorganisms 
system because it can be related to variations in water characteristics (Ashraf et al 

2011b), which can be determined through weather, geomorphologic, and geochemical 

conditions (Ashraf et al 2012b). Studies on the relationship between bacterial diversity 

and its role in the biogeochemical cycle and the interaction of microorganisms with their 
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environment have been widely conveyed (Bhowal & Chakraborty 2015; Fashola et al 

2015), including methane-oxidizing bacteria, ammonia-oxidizing bacteria (Sow et al 

2014a; Sow et al 2014b), and arsenic-resistant bacteria (Jareonmit et al 2010; Valverde 

et al 2011). The study of the diversity of microorganisms and their activities as ecological 

bioindicatory agents is an important step to predict ecosystem conditions and 

environmental changes (Niemi & McDonald 2004; Moscatelli et al 2005). This is because 

microorganisms have the capacity to respond to changes that occur in the environment 

quickly, including in soil and aquatic ecosystems (Paerl et al 2003; Lau & Lennon 2012).  

This short communication aimed to provide information related to the form of 

metal oxides, especially the heavy metals identified in post pit mining waters with 

different ages (chronosequences). Furthermore, it shortly reviews some relationships 

between metals and the diversity of acidophilic bacteria in acid mine waters and the 

potential of the waters for aquaculture.    
  

Material and Method. The study was conducted by testing the metal content in water 
collected from under the tin mining post with different ages, namely less than 1 year 

(Station A), 5-10 years (Station B), and more than 15 years (Station C). Water sampling 

was carried out in pits located in Bangka Regency, Bangka Belitung Islands Province, 

Indonesia. The coordinates of the research station were: Station A - 01°59'S, 106°06' E; 

Station B - 01°59'S, 106°06'E; Station C - 01°55'S, 106°06'E (Figure 1) (Kurniawan 

2019; Kurniawan et al 2019). 

 

 
 

Figure 1. Research stations in ex-tin mining pits in Bangka Regency, Bangka Belitung 

Archipelago Province, Indonesia. 

 
Analysis of the metal content was carried out using X-Ray Fluorescence (XRF) 

instruments Rigaku NEX CG (Kodom et al 2012)  with cross-section specifications of 3 

refracting metals, namely copper (Cu), molybdenum (Mo), and aluminum (Al). Data 

analysis was performed descriptively to explain the concentration of metal oxides 

identified in the samples.  

 
Results and Discussion. The results of the heavy metal analysis identified in previous 

studies the next metals: As, Co, Cr, Cu, Fe, Ga, Hf, Mn, Ni, Pb, Sn, Ta, Te, Th, V, and Zn 

(Kurniawan 2019; Kurniawan et al 2019) are presented in Table 1. 
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Table 1 

Concentrations of metal oxides in post pit mining waters 

 

Metal 
form* 

Metal oxide 
form 

Name of oxide 
form 

Average metal oxide concentration at the each 

station (ppm) 

A B C 

As As2O3  5.70 8.49 3.04 

Co Co2O3  14.20 ND 9.34 

Cr Cr2O3  13.80 14.50 1.96 

Cu CuO  7.03 7.83 6.91 

Fe Fe2O3  1424.3 2307.67 1571.93 

Ga Ga2O3  11.50 12,00 12.65 

Hf HfO2  7.74 8.76 11.07 

Mn MnO  33.70 35.10 39.05 

Ni NiO  10.40 7.32 4.64 

Pb PbO  14.50 13,00 9.40 

Sn SnO2  89.73 64.77 74.53 

Ta Ta2O5  987.33 1373.33 888.73 

Te TeO2  13,00 9.48 14.50 

Th ThO2  10.50 9.97 15.75 

V V2O5  3,00 ND 2.38 

Zn ZnO  3.00 ND ND 
Note: * - sources: Kurniawan (2019); Kurniawan et al (2019); ND - not detected. 

 

The highest concentration was in the case of Fe2O3. Ta2O5, SnO2, MnO were also 

concentrated in stations. The form of metal oxides can indicate or represent the metal 

content in these waters. The content of Fe2O3 has the highest value in waters under the 

age of 5-10 years. Fe metals were also highest in all voids compared to other metals.  

The highest MnO found in waters under the age of 15 years indicated that the 

potential for heavy metal contamination was still high. According to the values, not all 

metals experience a pattern of decreasing concentrations as the length of 

chronosequences in these waters. This condition was also observed in metals or oxides of 

gallium (Ga) as Ga2O3, hafnium (Hf) as HfO2, manganese (Mn) as MnO, tellurium (Te) as 

TeO2, and thorium (Th) as ThO2. The decreasing pattern of metals or their oxide 

concentrations with the duration of chronosequence were observable for arsenic (As) as 

As2O3, chromium (Cr) as Cr2O3, copper (Cu) as CuO, nickel (Ni) as NiO, lead (Pb) as PbO, 

and zinc (Zn) as ZnO. 

 A number of metals and their oxides contribute to water quality parameters, such 

as pH. In water under the age of 15 years, a low pH value (pH=3) occured, while water 

with age higher than 15 years had a neutral pH value (pH=7) (Kurniawan 2019; 

Kurniawan et al 2019). A number of metals indicated by the formation of the oxides, 

namely Fe2O3, As2O3, Cr2O3, CuO, NiO, PbO, and ZnO were found in high concentrations 

in waters less than 15 years old with acidic pH. 

A number of minerals undergo chemical reactions that form acidic pH are 

categorized as potentially acid forming: Cu, Fe, Pb, Zn (Celebi & Oncel 2016). Al, As, Cd, 

Co, Cr, and Mn are formed from leaching of mined minerals (Campaner et al 2014). 

Oxidation and hydrolysis reactions of elements such as S, Fe, Cu, Zn, Ni, Cr, and Pb 

cause cation formations of Cu2+, Zn2+, Ni2+, Cr3+, and Pb2+. The increase in proton H+ 

contributes to the increase in acidity. An increasing number of H+ ions can cause more 

acidic pH conditions in these environments (Gaikwad & Gupta 2008; Hatar et al 2013). 

The existence of these metals can directly or indirectly affect the pH value (De Saedeleer 

et al 2010; Zhao et al 2010; Fernandes et al 2011; Strom et al 2011; Huang et al 2012; 

Sadeghi et al 2012; Zhang et al 2014) and form acidity in mining waters known as acid 

mine drainage (Ashraf et al 2011b; Kurniawan 2019; Kolmert & Johnson 2001; Bigham & 

Nordstrom 2000; Tan et al 2007). The consequences of the acidity of waters include the 

disruption of the life of some organisms. Organisms at a microscopic level such as 

bacteria and archaea that are acidophilic have the ability to survive and live optimally in 
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extreme acidic conditions as in acid mine waters (Navarro et al 2013). Acidophilic groups 

have the capacity to modify the physical and chemical conditions of waters by detoxifying 

or exploiting their metabolism [48] and play an important role in the biogeochemical 

cycles of iron and sulfur (Fashola et al 2015).  

Acidophilic bacteria can be true acidophil (extreme acidophiles), which live at pH 

lower than 2.7, even lower than 1, with optimum growth under a pH of 3, and moderate 

acidophil that live in the pH range of 3-7.2, with optimum growth in pH of 3-5 (Johnson & 

Hallberg 2008; Mendez et al 2008; Oren 2010). Various studies explain that some 

bacteria found in mining areas are derived from the following phyla: Proteobacteria, 

Acidobacteria, Chloroflexi, Cyanobacteria, Actinobacteria, Nitrospirae, Firmicutes, 

Planctomycetes, Bacteroidetes, and Chlorobi (Gupta 2000; Lefebvre et al 2010; Hua et al 

2015; Mesa et al 2017; Teng et al 2017; Cesario Fernandes et al 2018).  

The optimum growth of acidophilic bacteria takes place between pH 1.0 and pH 

5.0. This distinguishes it from neutrophilic bacteria that tolerates a pH range of 5-9, with 

the optimum pH of 7, and alkaliphilic bacteria, tolerant of 6-12 pH, with an optimum 
above 9, or often between 10 and pH 12 (Gupta et al 2014; Horikoshi 2016). Acidophilic 

bacterial groups have the ability to reduce and oxidize metals, sulfur and other minerals 

(Islam et al 2004; Hallberg 2010; Harahuc et al 2000; Yli-Hemminki et al 2014). They 

also help the carbon cycle flow (Wegner & Liesack 2017; Hausmann et al 2018; Sun et al 

2018), are nitrogen retarders (Gargaud et al 2011; Sun et al 2015), and play a role in 

decomposing organic matter (Khare & Arora 2015). This capability is generally used in 

the process of detoxification of contaminated waters (Davis-Belmar & Norris 2009; 
Johnson et al 2009; Murali et al 2014; Shivlata & Satyanarayana 2015; Hu et al 2018). 

The presence and biological activity of microbial groups in environments 

containing sulfide minerals can accelerate the formation of acidic conditions in the 

environment (Rawlings 2005). Acidic pH conditions involve oxidation processes and 

complex chemical reactions to produce H+ ions, sulfates (SO4
2-), Mn3+, and other ions. 

More and more of these ions that form in an environment cause an increase in acidity  

(Gaikwad & Gupta 2008; Hatar et al 2013; Nurofiq et al 2016). The acceleration of the 
formation of acidic conditions can involve biological interactions such as microbial 

metabolic activity (Violante et al 2010). 

The oxidation process of iron and sulfur in acidic waters produces an energy 

reaction which is used by acidophilic microbes for growth and metabolic functions. Sulfur 

oxidizing microbes utilize the iron cycle under acidic pH conditions for ferrous iron ions 

(Fe2+) as electron donors and ferric iron ions (Fe3+) as electron acceptors (Lei et al 

2016). The oxidation process involving acidophilic bacteria occurs due to the ability of 
metabolism such as enzymes. Sulfur metabolic enzymes work to oxidize the element 

sulfur with sulfur dioxygenase, sulfur oxygenase reductase, and Hdr-like complex; 

thiosulfate oxidizing enzymes such as sulfuroxidizing enzyme and thiosulfate 

dehydrogenase; sulfide oxidizing enzymes such as sulfide:quinone oxidoreductase (Wang 

et al 2019) and iron oxidizing enzymes (Li et al 2017). 

The presence and use of acidophilic bacteria in acid mine waters can be optimized 

by studying their biochemical characteristics. Individuals who have the potential to be 
bioremediators can be explored to tackle environmental pollution in acidic waters. This 

contributes as an effort to improve the condition of the aquatic environment so that it 

can be utilized for aquatic organisms in aquaculture.  

 

Conclusions. The presence of a number of metals and their oxides in ex-tin mining or 

abandoned pit waters showed an association with the formation of pH conditions in the 

environment. The change in pH, especially acidic pH, causes a number of acidophilic 

groups to appear. Acidophilic groups have the ability to live in these extreme 
environments and then move biogeochemically. The potential ability of these acidophilic 

bacteria can be utilized to carry out detoxification processes for inorganic and organic 

contamination found in some waters. Optimizing the role of acidophilic bacteria is 

expected to be beneficial for environmental improvement, and even suitable for 

aquaculture. 
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Abstract. This study aimed to provide information about the form of metal oxides of heavy metals that 
identified in abandoned tin mining pit waters with different ages and explain their relationship to the 
diversity of acidophilic bacteria and the prensence of fish in acid mine waters in Bangka Regency, 
Indonesia. The analysis of metal oxides was measured by X-Ray Fluorescence (XRF) and the bacterial 
was identified by Next Generation Sequencing (NGS). The sixteen oxide forms of heavy metals identified 
showed that Iron(III) Oxide (Fe2O3), Tantalum(V) Oxide (Ta2O5), Tin(IV) Oxide (SnO2), and 
Manganese(II) Oxide (MnO) were found in high concentrations in all mine waters of different ages. The 
presence of heavy metals and their oxide affected the water quality, especially pH value and they made 
the acidic condition by oxidation process. This conditions contributed to the presence of acidophilic 
bacterial group such as Phylum Proteobacteria, Bacteriodetes, Planctomycetes, Actinobacteria, 
Chloroflexi, Firmicutes, Chlorobi, Acidobacteria, Cyanobacteria, etc. They play the important role in 
biogeochemical process and made a changes in this environment. The consequence of changes among 
chronosequence in this ecosystem can supported the life of organisms such as fish of Aplocheilus sp., 

Rasbora sp., Betta sp., Puntius sp., Channa sp., Oreochromis sp., Belontia sp., Anabas sp., and 
Trichopodus sp. Further, the presence of fish can produced organic material as product of their 
metabolism. The organic material was decomposed by bacterial to be anion and functional group which 
can reacted to proton and then caused neutralization of pH conditions.  
Key Words:acidophilic bacterial, chronosequence, fish, heavy metals, interaction 

 

Introduction. A number of metals have been identified in aquatic ecosystems, especially 

in artificial lakes (pits) after tin mining activities. These metals become components of 

ecosystem pollutants (Dinis & Fiuza 2011; Guan et al 2014; Kurniawan 2016), including 

as heavy metals such as Pb, Zn, Mn, Fe, Cr, Cu, Ni, Cd, Sn, and As (Ashraf et al 2011a; 

Henny 2011; Ashraf et al 2012a; Rosidah & Henny 2012; Daniel et al 2014). The use of 

the general term “heavy metal” refers to a group of metals and semi-metals (metalloids) 

associated with contamination, with a density higher than 3.5-5 g cm-3, atomic weights 

between 63.546 (≈63.6) and 200.59 (≈200.6), and specific gravity higher than 4 (Duffus 

2002; Srivastava & Majumder 2008; Aslam et al 2011). 

Heavy metals are not always described as dangerous metals (toxic metals), but 

their chemical structure determines the biological properties and toxicity of these 

elements (Templeton 2015). Some metals in certain structures are needed by the 

organisms’s body as essential microminerals (trace elements), but in other structures are 

dangerous (Kurniawan & Mustikasari 2019). Elements such as chromium in the form of 

Cr (III) are important trace elements, but Cr (VI) can cause cancer (Govind & Madhuri 

2014), Hg (II) is more toxic than Hg (0) (Azimi & Moghaddam 2013), anorganic Mn (III) 

is more toxic than oxidation forms such as Mn (II) Cl2 and Mn (IV) O2; As (III) is more 

toxic than As (V); element V (V) is more toxic than V (IV) (Templeton 2015), and Fe (II) 

is more and significantly absorbed by cells than Fe (III) (He et al 2008). The chemical 

structure is confirmed by ionization. Ionization of heavy metals can potentially be 

disruptive and dangerous to health and can even damage the vitality of the systems in a 

body (Abdi & Kazemi 2015). 
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Microecosystem changes can be indicated by the diversity of microorganisms 

system because it can be related to variations in water characteristics (Ashraf et al 

2011b), which can be determined through weather, geomorphologic, and geochemical 

conditions (Ashraf et al 2012b). Studies on the relationship between bacterial diversity 

and its role in the biogeochemical cycle and the interaction of microorganisms with their 

environment have been widely conveyed (Bhowal & Chakraborty 2015; Fashola et al 

2015), including methane-oxidizing bacteria, ammonia-oxidizing bacteria (Sow et al 

2014a; Sow et al 2014b), and arsenic-resistant bacteria (Jareonmit et al 2010; Valverde 

et al 2011). The study of the diversity of microorganisms and their activities as ecological 

bioindicatory agents is an important step to predict ecosystem conditions and 

environmental changes (Niemi & McDonald 2004; Moscatelli et al 2005). This is because 

microorganisms have the capacity to respond to changes that occur in the environment 

quickly, including in soil and aquatic ecosystems (Paerl et al 2003; Lau & Lennon 2012).  

This short communication aimed to provide information related to the form of 

metal oxides, especially the heavy metals identified in post pit mining waters with 

different ages (chronosequences). Furthermore, it shortly reviews some relationships 

between metals and the diversity of acidophilic bacteria in acid mine waters and the 

potential of the waters for aquaculture.    
  

Material and Method. The study was conducted by testing the metal content in water 

collected from under the tin mining post with different ages, namely Station A (age of pit 

< 1 year), Station B (age of pit between 5-10 years), and Station C (age of pit >15 

years). The coordinates of the research station were Station A - 01°59'S, 106°06' E; 

Station B - 01°59'S, 106°06'E; Station C - 01°55'S, 106°06'E (Figure 1). Water sampling 

was carried out in these pits which located in Bangka Regency, Bangka Belitung Islands 

Province, Indonesia in 2017-2018.  

There were four water samples as much as 1.5 L were collected from < 4 m and > 

4 m in depth with five sampling points for repetitions from each stations. The collected 

water samples were put into sample bottle, transported by cold box container, and then 

analyzed ex situ in laboratory. Analysis of the metal content was carried out using X-Ray 

Fluorescence (XRF) instruments Rigaku NEX CG (Kodom et al 2012)  with cross-section 

specifications of 3 refracting metals, namely copper (Cu), molybdenum (Mo), and 

aluminum (Al). While, the presence of bacterials was identified with Next Generation 

Sequencing (NGS). Then, data analysis was performed descriptively by Excel 2010 

Program and Origin 8 Program to explain the concentration of metal oxides identified in 

the samples and their pattern in the research location.  

 

 
 

Figure 1. Research stations in ex-tin mining pits in Bangka Regency, Bangka Belitung 

Archipelago Province, Indonesia. 
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Results and Discussion. This reseach have identified some heavy metals from 

abandoned tin mining pits. There were sixteen heavy metals were identified, namely As, 

Co, Cr, Cu, Fe, Ga, Hf, Mn, Ni, Pb, Sn, Ta, Te, Th, V, and Zn. These heavy metals showed 

oxide form by XRF analysis as presented in Table 1. Metal oxide’s functional properties 

are strongly dependent on oxide’s crystal structure, composition, native defects, doping, 

etc., which govern their optical, electrical, chemical and mechanical characteristics (Grilli 

2020).  

  

Table 1 

Concentrations of metal oxides in abandoned tin mining pits waters 

 

Metal 

form 

Metal oxide 

form 
Name of oxide form 

Average metal oxide concentration in 

the each station (ppm) 

A B C 

As As2O3 Arsenic(III) Oxide 5.70 8.49 3.04 

Co Co2O3 Cobalt(III)) Oxide 14.20 ND 9.34 

Cr Cr2O3 Chromium(III) Oxide 13.80 14.50 1.96 

Cu CuO Cupric(II) Oxide 7.03 7.83 6.91 

Fe Fe2O3 Iron(III) Oxide 1424.3 2307.67 1571.93 

Ga Ga2O3 Gallium(III) Oxide 11.50 12,00 12.65 

Hf HfO2 Hafnium(IV) Oxide 7.74 8.76 11.07 

Mn MnO Manganese(II) Oxide 33.70 35.10 39.05 

Ni NiO Nickel(II) Oxide 10.40 7.32 4.64 

Pb PbO Lead(II) Oxide 14.50 13,00 9.40 

Sn SnO2 Tin(IV) Oxide 89.73 64.77 74.53 

Ta Ta2O5 Tantalum(V) Oxide 987.33 1373.33 888.73 

Te TeO2 Tellurium(II) Oxide 13,00 9.48 14.50 

Th ThO2 Thorium(II) Oxide 10.50 9.97 15.75 

V V2O5 Vanadium(V) Oxide 3,00 ND 2.38 

Zn ZnO Zinc Oxide 3.00 ND ND 
Note: ND - not detected; Station A (age of pit < 1 year), Station B (age of pit between 5-10 years), and Station 
C (age of pit >15 years). 

 

The oxide form and their concentrations (Tabel 1) indicated that there were 

potential of contamination of heavy metals in abandoned tin mining pit waters. The 

highest concentration found was Fe2O3 which identified at Station B with age of pit 

between 5-10 years and this oxide form was also found as the highest concentrations in 

all abandoned tin mining pit. The oxide form such as Ta2O5, SnO2, MnO were also 

concentrated at all stations with high value, while the others showed low value. 

The form of Fe2O3, Ta2O5, SnO2, MnO also showed their distribution patterns in the 

waters. The Fe2O3 and Ta2O5 had increasing pattern of concentration in abandoned tin 

mining pit with age between 5-10 years compared age < 1 year and then the value were 

decrease in pit with age > 15 years. The SnO2 had decreasing pattern of concentration in 

abandoned tin mining pit with age between 5-10 years compared age < 1 year and then 

the value were increase in pit with age > 15 years. While, the MnO showed the increasing 

pattern of concentration among the chronosequence of abandoned tin mining pit waters. 

The presence of these oxide indicated the potential for heavy metal contamination were 

still high, although the chronosequence of abandoned tin mining pits were more than 15 

years. In additions of MnO, the other heavy metals also had high value in pit with age > 

15 years, namely Ga2O3, HfO2, TeO2, and ThO2. While, the other pattern of the oxide 

form was decreasing pattern that was shown by As2O3, Cr2O3, CuO, NiO, PbO, and ZnO. 

The value indicted concentration decreasing during chronosequence for more than 15 

years.  

The presence of heavy metals correlated with pH conditions. According to 

Kurniawan et al (2019) in the previous study in this reseach location, a number of metals 

and their oxides contribute to water quality parameters such as pH. In water under the 

age of 15 years, a low pH value (pH=3) occured, while water with age higher than 15 
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years had a neutral pH value (pH=7). A number of minerals undergo chemical reactions 

that form acidic pH are categorized as potentially acid forming: Cu, Fe, Pb, and Zn 

(Celebi & Oncel 2016). The acidic condition also can be fomed by association of Al, As, 

Cd, Co, Cr, and Mn with environment material (Campaner et al 2014). Oxidation and 

hydrolysis reactions of elements such as S, Fe, Cu, Zn, Ni, Cr, and Pb cause cation 

formations of Cu2+, Zn2+, Ni2+, Cr3+, and Pb2+. The increase in proton H+ contributes to 

the increase in acidity. An increasing number of H+ ions can cause more acidic pH 

conditions in these environments (Gaikwad & Gupta 2008; Hatar et al 2013). The 

existence of these metals can directly or indirectly affect the pH value (De Saedeleer et al 

2010; Zhao et al 2010; Fernandes et al 2011; Strom et al 2011; Huang et al 2012; 

Sadeghi et al 2012; Zhang et al 2014) and form acidity in mining waters known as acid 

mine drainage (Ashraf et al 2011b; Kurniawan 2019; Kolmert & Johnson 2001; Bigham & 

Nordstrom 2000; Tan et al 2007).  

The consequences of the acidity of waters include the disruption of the life of some 

organisms. Organisms at a microscopic level such as bacteria and archaea that are 

acidophilic have the ability to survive and live optimally in extreme acidic conditions as in 

acid mine waters (Navarro et al 2013). Acidophilic groups have the capacity to modify the 

physical and chemical conditions of waters by detoxifying or exploiting their metabolism 

and play an important role in the biogeochemical cycles of iron and sulfur (Fashola et al 

2015). Acidophilic bacteria can be the true acidophil (extreme acidophiles), which live at 

pH lower than 2.7, even lower than 1, with optimum growth under a pH of 3, and the 

moderate acidophil that live in the pH range of 3-7.2, with optimum growth in pH of 3-5 

(Johnson & Hallberg 2008; Mendez et al 2008; Oren 2010). Various studies explain that 

some bacteria found in mining areas are derived from the following phyla: 

Proteobacteria, Acidobacteria, Chloroflexi, Cyanobacteria, Actinobacteria, Nitrospirae, 

Firmicutes, Planctomycetes, Bacteroidetes, and Chlorobi (Gupta 2000; Lefebvre et al 

2010; Hua et al 2015; Mesa et al 2017; Teng et al 2017; Fernandes et al 2018).  In 

these research locations, the presence of bacterial was identified and was shown in Table 

2. 

Some species of these phylum can be grouped as acidophilic bacterial and they 

have the ability to reduce and oxidize metals, sulfur and other minerals (Islam et al 

2004; Hallberg 2010; Harahuc et al 2000; Yli-Hemminki et al 2014). They also help the 

carbon cycle flow (Wegner & Liesack 2017; Hausmann et al 2018; Sun et al 2018), are 

nitrogen retarders (Gargaud et al 2011; Sun et al 2015), and play a role in decomposing 

organic matter (Khare & Arora 2015). This capability is generally used in the process of 

detoxification of contaminated waters (Davis-Belmar & Norris 2009; Johnson et al 2009; 

Murali et al 2014; Shivlata & Satyanarayana 2015; Hu et al 2018). 

The presence and biological activity of microbial groups in environments 

containing sulfide minerals can accelerate the formation of acidic conditions in the 

environment (Rawlings 2005). Acidic pH conditions involve oxidation processes and 

complex chemical reactions to produce H+ ions, sulfates (SO4
2-), Mn3+, and other ions. 

More and more of these ions that form in an environment cause an increase in acidity 

(Gaikwad & Gupta 2008; Hatar et al 2013; Nurofiq et al 2016). The acceleration of the 

formation of acidic conditions can involve biological interactions such as microbial 

metabolic activity (Violante et al 2010). 

The oxidation process of iron and sulfur in acidic waters produces an energy 

reaction which is used by acidophilic microbes for growth and metabolic functions. The 

acidophilic bacterial use sulfur metabolic enzymes to oxidize the element sulfur with 

sulfur dioxygenase, sulfur oxygenase reductase, and Hdr-like complex; thiosulfate 

oxidizing enzymes such as sulfuroxidizing enzyme and thiosulfate dehydrogenase; sulfide 

oxidizing enzymes such as sulfide:quinone oxidoreductase (Wang et al 2019) and iron 

oxidizing enzymes (Li et al 2017) to utilize the iron cycle under acidic pH conditions for 

ferrous iron ions (Fe2+) as electron donors and ferric iron ions (Fe3+) as electron 

acceptors (Lei et al 2016).  

The presence of acidophilic bacterial in low pH value due to its capability to 

survive and use sulfide minerals such as sulfur and iron as their energy source for growth 

by oxidation process (Korehi et al 2013) such as S0 + O2 + H2O → SO4
2− + 2H+ or Fe2+ + 
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O2 + 2H+ → Fe3+ + H2O (Rawlings 2005). The relative abundance of them in long 

chronosequence can also contribute to decompose organic material such as water plants, 

metabolism products of water organisms, and the dead organisms. The decomposting 

process can affect to CO2 increasing and then interact to H2O to form carbonic acid 

(H2CO3) by reaction CO2 + H2O → H2CO3 → H+ + HCO3
− (Loerting & Bernard 2010; 

Ghoshal & Hazra 2015). Dissociation of H2CO3 to ion carbonate (HCO3
-) can neutralize ion 

hydrogen (H+) so it can increase the pH value to neutral condition (Andersen 2010). The 

decomposition product of organic acid from organic materials have functional group R-

COOH as dissociated organic anion and it can use cation H+ so it can make the 

concentration of ion H+ decrease in environment and pH reach neutral condition 

(Rukshana et al 2010). 

 

Table 2 

The presence of bacterial in abandoned tin mining pits 

 

No Phylum 
The presence of phylum 

Station A Station B Station C 

1 Proteobacteria + + + 

2 Actinobacteria + + + 

3 Chloroflexi + + + 

4 Firmicutes + + + 

5 Acidobacteria + + + 

6 Planctomycetes + + + 

7 Bacteroidetes + + + 

8 Chlorobi + + + 

9 Cyanobacteria + + + 

10 Gemmatimonadetes + + + 

11 OD1 (candidate of Phylum 

Parcubacteria) 
+ + + 

12 Spirochaetes + + + 

13 Thermi - + + 

14 Nitrospirae + + + 

15 Verrucomicrobia + + + 

16 Armatimonadetes + - + 

17 Chlamydiae + + + 

18 Elusimicrobia + - + 

19 Caldiserica - - + 

20 Chaldithrix - - + 

21 Lentisphaerae - - + 

22 Fibrobacteres - - + 

 

The presence of heavy metals and their oxide and also the pH change in 

environment can impact to life of macroorganism such as fish. There were some fishes 

found in the abandoned tin mining pit (Table 3). The presence of fish in abandoned tin 

mining pit indicated some species of fish can survive in the environment. It also can 

explained that the species can be introduced as aquaculture organisms in an extreme 

habitat such as abandoned mining waters. The capability of the species can be used to 

help the succession in the habitat by producing organic substance from their metabolism. 

Their metabolism product were used by decompose bacterial such as Phylum 

Bacteriodetes to produce CO2 and carboxylate functional group (COOH-) for recovery pH 

value to neutral condition (Andersen 2010; Loerting & Bernard 2010; Rukshana et al 

2010; Ghoshal & Hazra 2015).  

In addition, the presence of CO2 in water can be changed into complex organic 

molecule and oxygen (O2) in aerobic photosynthesis by reaction H2O + CO2 → CH2O + O2 

(Johnson, 2016). The presence of organic molecule can be used as nutrition for 

organism’s life and the optimum O2 also can supported their life. The CO2 also can be 

used as carbon source for some bacterials for anaerobic photosynthesis such as Green 
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Sulfur Bacteria (GSB) like Chlorobium, Green Non-Sulfur Bacteria (GNSB) like 

Chloroflexus, Purple Sulfur Bacteria (PSB) like Thiospirillum, and Purple Non-Sulfur 

Bacteria (PNSB) like Rhodobacter. The anorganic photosynthesis use H2S, H2, and S as 

electron donor by reaction 6CO2 + 12H2S → C6H12O6 + 6H2O + 12S0 (Nisbet et al 2003). 

The organic materials as product of this reaction was used as nutrition in an environment 

and can recovered the water quality. 

 

Table 3 

The presence of fish in abandoned tin mining pits 

 

No Genus 
The presence of fish 

Station A Station B Station C 

1 Aplocheilus sp. - - + 

2 Rasbora sp. + + + 

3 Betta sp. + + + 

4 Puntius sp. + + - 

5 Channa sp. + + + 

6 Oreochromis sp. - + - 

7 Belontia sp. + + + 

8 Anabas sp. + + - 

9 Trichopodus sp. + + + 

 
The information of environment condition form abandoned tin mining pits showed 

there was an interaction between the presence heavy metals and their oxide, pH value, 

acidophilic bacterial and fish’s life. The capability of acidophilic bacterial and some fish in 

acid mine waters can be optimized by studying of their biochemical characteristics as an 

effort to improve the condition of the aquatic environment.  

 

Conclusions. The presence of a number of metals and their oxides in ex-tin mining or 

abandoned tin mining pit waters showed an association with the formation of pH 

conditions in the environment. The change in pH, especially acidic pH causes the 

presence a number of acidophilic groups. Acidophilic groups have the ability to live in this 

extreme environment and then move biogeochemically. The potential ability of these 

acidophilic bacterial can be utilized to carry out detoxification processes for inorganic and 

organic contamination found in some waters. The changes of environment quality can 

impacted to the other organism’s life such as fish. Further, the presence fish can 

produced organic materials as product of their metabolism and it can supported 

biogeochemical process for chronosequence in this environment. 
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Abstract. This study aimed to provide information about the form of metal oxides of heavy metals 
identified in abandoned tin mining pit waters with different ages and explain their relationship to the 
diversity of acidophilic bacteria and the presence of fish in acid mine waters in Bangka Regency, 
Indonesia. The analysis of metal oxides was carried out using X-Ray Fluorescence (XRF). The 16 oxide 
forms of heavy metals identified showed that iron (III) oxide (Fe2O3), tantalum (V) oxide (Ta2O5), tin (IV) 
oxide (SnO2), manganese (II) oxide (MnO) were found in high concentrations in all mine waters of 
different ages. The presence of heavy metals and their oxides affected the water quality, especially the 
pH value, decreasing it by oxidation processes. This condition contributed to the presence of acidophilic 
bacterial groups such as phyla Proteobacteria, Bacteriodetes, Planctomycetes, Actinobacteria, Chloroflexi, 
Firmicutes, Chlorobi, Acidobacteria, Cyanobacteria, etc. They play the important role in biogeochemical 
processes, changing the environment. The changes of chronosequences in the ecosystem can support the 
life of organisms such as fish (Aplocheilus sp., Rasbora sp., Betta sp., Puntius sp., Channa sp., 
Oreochromis sp., Belontia sp., Anabas sp., and Trichopodus sp.). Furthermore, the fish produce organic 
material. The organic material was decomposed by bacteria in anions and functional groups, which react 
to protons and cause the neutralization pH.  

Key Words: acidophilic bacteria, chronosequence, fish, heavy metals, interaction. 

 

 

Introduction. A number of metals have been identified in aquatic ecosystems, especially 

in artificial lakes (pits) after tin mining activities. These metals become components of 

ecosystem pollutants (Dinis & Fiuza 2011; Guan et al 2014; Kurniawan 2016), including 

heavy metals such as Pb, Zn, Mn, Fe, Cr, Cu, Ni, Cd, Sn, and As (Ashraf et al 2011a; 

Henny 2011; Ashraf et al 2012a; Rosidah & Henny 2012; Daniel et al 2014). The general 

term “heavy metal” refers to a group of metals and semi-metals (metalloids) associated 

with contamination, with a density higher than 3.5-5 g cm-3, with atomic weights 

between 63.546 (≈63.6) and 200.59 (≈200.6), and specific gravity higher than 4 (Duffus 

2002; Srivastava & Majumder 2008; Aslam et al 2011). 

Heavy metals are not always described as dangerous metals (toxic metals), but 

their chemical structure determines the biological properties and toxicity of these 

elements (Templeton 2015). Some metals in certain structures are needed by the body 

of an organism as essential microminerals (trace elements), but can be dangerous in 

other structures (Kurniawan & Mustikasari 2019). Elements such as chromium in the 

form of Cr (III) are important trace elements, but Cr (VI) can cause cancer (Govind & 

Madhuri 2014). Hg (II) is more toxic than Hg (0) (Azimi & Moghaddam 2013), inorganic 

Mn (III) is more toxic than oxidation forms such as Mn (II) Cl2 and Mn (IV) O2; As (III) is 

more toxic than As (V); element V (V) is more toxic than V (IV) (Templeton 2015), and 

Fe (II) is more significantly absorbed by cells than Fe (III) (He et al 2008). The chemical 

structure is confirmed by ionization. Ionization of heavy metals can potentially be 

disruptive and dangerous to health and can even damage the vitality of the systems in a 

body (Abdi & Kazemi 2015). 

Microecosystem changes can be indicated by the diversity of microorganisms 

system because it can be related to variations in water characteristics (Ashraf et al 

2011b), which can be determined through weather, geomorphologic, and geochemical 
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conditions (Ashraf et al 2012b). Studies on the relationship between bacterial diversity 

and its role in the biogeochemical cycle and the interaction of microorganisms with their 

environment have been widely conveyed (Bhowal & Chakraborty 2015; Fashola et al 

2015), including methane-oxidizing bacteria, ammonia-oxidizing bacteria (Sow et al 

2014a; Sow et al 2014b), and arsenic-resistant bacteria (Jareonmit et al 2010; Valverde 

et al 2011). The study of the diversity of microorganisms and their activities as ecological 

bioindicators is an important step in predicting ecosystem conditions and environmental 

changes (Niemi & McDonald 2004; Moscatelli et al 2005). This is because microorganisms 

have the capacity to respond to changes that occur in the environment quickly, including 

in soil and aquatic ecosystems (Paerl et al 2003; Lau & Lennon 2012).  

This short communication aimed to provide information related to the form of 

metal oxides, especially the heavy metals identified in post mining pit waters with 

different ages (chronosequences). Furthermore, it shortly reviews some relationships 

between metals and the diversity of acidophilic bacteria in acid mine waters and the 

potential of the waters for aquaculture.    
  

Material and Method. The study was conducted by testing the metal content in water 

collected from under the tin mining post with different ages, namely less than 1 year 

(Station A), 5-10 years (Station B), and more than 15 years (Station C). The coordinates 

of the research station were: Station A - 01°59'S, 106°06' E; Station B - 01°59'S, 

106°06'E; Station C - 01°55'S, 106°06'E (Figure 1) (Kurniawan 2019; Kurniawan et al 

2019). Water sampling was carried out in these pits located in Bangka Regency, Bangka 

Belitung Islands Province, Indonesia, in 2017-2018.  

There were 4 water samples, 1.5 L each, collected from depths lower than 4 m 

and higher than 4 m, with five sampling points for repetitions in each station. The 

collected water samples were placed into sample containers, transported in a cool box, 

and analyzed in a laboratory. Analysis of the metal content was carried out using X-Ray 

Fluorescence (XRF) instruments Rigaku NEX CG (Kodom et al 2012), with cross-section 

specifications of 3 refracting metals, namely copper (Cu), molybdenum (Mo), and 

aluminum (Al). The presence of bacteria was identified with Next Generation Sequencing 

(NGS). Data analysis was performed descriptively with Microsoft Excel 2010 and Origin 8 

to explain the concentration of metal oxides identified in the samples and their pattern in 

the research location.  

 

 
 

Figure 1. Research stations in ex-tin mining pits in Bangka Regency, Bangka Belitung 

Archipelago Province, Indonesia. 



AACL Bioflux, 201X, Volume X, Issue X. 

http://www.bioflux.com.ro/aacl 1092 

Results and Discussion. This reseach has identified some heavy metals from 

abandoned tin mining pits. There were 16 heavy metals were identified: As, Co, Cr, Cu, 

Fe, Ga, Hf, Mn, Ni, Pb, Sn, Ta, Te, Th, V, and Zn. These heavy metals showed oxide 

forms by XRF analysis (Table 1). The functional properties of metal oxides are strongly 

dependent on the crystal structure of the oxide, composition, native defects, doping, etc., 

which govern their optical, electrical, chemical and mechanical characteristics (Grilli 

2020).  

  

Table 1 

Concentrations of metal oxides in abandoned tin mining pit waters 

 

Metal 

form 

Metal oxide 

form 
Name of oxide form 

Average metal oxide concentration in the 

each station (ppm) 

A B C 

As As2O3 Arsenic (III) oxide 5.7 8.49 3.04 

Co Co2O3 Cobalt (III)) oxide 14.2 ND 9.34 

Cr Cr2O3 Chromium (III) oxide 13.8 14.5 1.96 

Cu CuO Cupric (II) oxide 7.03 7.83 6.91 

Fe Fe2O3 Iron (III) oxide 1424.3 2307.67 1571.93 

Ga Ga2O3 Gallium (III) oxide 11.5 12 12.65 

Hf HfO2 Hafnium (IV) oxide 7.74 8.76 11.07 

Mn MnO Manganese (II) oxide 33.7 35.1 39.05 

Ni NiO Nickel (II) oxide 10.4 7.32 4.64 

Pb PbO Lead (II) oxide 14.5 13 9.4 

Sn SnO2 Tin (IV) oxide 89.73 64.77 74.53 

Ta Ta2O5 Tantalum (V) oxide 987.33 1373.33 888.73 

Te TeO2 Tellurium (II) oxide 13 9.48 14.5 

Th ThO2 Thorium (II) oxide 10.5 9.97 15.75 

V V2O5 Vanadium (V) oxide 3 ND 2.38 

Zn ZnO Zinc oxide 3 ND ND 
Note: ND - not detected; Station A (age of pit < 1 year), Station B (age of pit between 5-10 years), and Station 
C (age of pit > 15 years). 

 

The form of oxides and their concentrations (Table 1) indicated that there was potential 

of contamination with heavy metals in abandoned tin mining pit waters. The highest 

concentration found was Fe2O3, which was identified at Station B. This oxide form was 

also found with the highest concentration in all abandoned tin mining pits. Other oxide 

forms such as Ta2O5, SnO2, and MnO also presented high concentrations in all stations, 

while others had low values. 

Fe2O3, Ta2O5, SnO2, MnO also showed their distribution patterns in the waters. 

Fe2O3 and Ta2O5 had increasing patterns of concentration in abandoned tin mining pit 

waters with age between 5-10 years compared those with age less than 1 year. The 

values decreased in pits with ages above 15 years. SnO2 had a decreasing pattern of 

concentration in abandoned tin mining pit waters with age between 5-10 years compared 

to those with ages less than 1 year, and the values increased in pits with ages above 15 

years. MnO showed an increasing pattern of concentration among the chronosequence of 

abandoned tin mining pit waters. The presence of these oxides indicates a high potential 

for heavy metal contamination, although the chronosequences of abandoned tin mining 

pits were more than 15 years. In addition, other heavy metals also had high values in 

pits with ages above 15 years, namely Ga2O3, HfO2, TeO2, and ThO2. As2O3, Cr2O3, CuO, 

NiO, PbO, and ZnO had decreasing concentration patterns. The values indicate that the 

concentrations decrease during chronosequences above 15 years.  

The presence of heavy metals is correlated with pH conditions. According to 

Kurniawan et al (2019) in a previous study in this research location, a number of metals 

and their oxides contribute to water quality parameters such as pH. In water with an age 

below 15 years, a low pH value (3) occurred, while water with an age above 15 years had 

a neutral pH value (7). A number of minerals undergoing chemical reactions that form 
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acidic pH are categorized as potentially acid forming: Cu, Fe, Pb, and Zn (Celebi & Oncel 

2016). The acidic condition also can be formed by associations of Al, As, Cd, Co, Cr, and 

Mn with environment material (Campaner et al 2014). Oxidation and hydrolysis reactions 

of elements such as S, Fe, Cu, Zn, Ni, Cr, and Pb cause cation formations of Cu2+, Zn2+, 

Ni2+, Cr3+, and Pb2+. The increase in proton H+ contributes to the increase in acidity. An 

increasing number of H+ ions can cause more acidic pH conditions in these environments 

(Gaikwad & Gupta 2008; Hatar et al 2013). The existence of these metals can directly or 

indirectly affect the pH value (De Saedeleer et al 2010; Zhao et al 2010; Fernandes et al 

2011; Strom et al 2011; Huang et al 2012; Sadeghi et al 2012; Zhang et al 2014) and 

form acidity in mining waters known as acid mine drainage (Bigham & Nordstrom 2000; 

Kolmert & Johnson 2001; Tan et al 2007; Ashraf et al 2011b; Kurniawan 2019).  

The consequences of the acidity of waters include the disruption of the life of some 

organisms. Organisms at a microscopic level such as bacteria and archaea that are 

acidophilic have the ability to survive and live optimally in extreme acidic conditions, 

including in acid mine waters (Navarro et al 2013). Acidophilic groups have the capacity 

to modify the physical and chemical conditions of waters by detoxifying or exploiting their 

metabolism and play an important role in the biogeochemical cycles of iron and sulfur 

(Fashola et al 2015). Acidophilic bacteria can be true acidophil (extreme acidophiles), 

which live at pH lower than 2.7, even lower than 1, with optimum growth under a pH of 

3, and moderate acidophil that live in a pH range of 3-7.2, with optimum growth in pH of 

3-5 (Johnson & Hallberg 2008; Mendez et al 2008; Oren 2010). Various studies explain 

that some bacteria found in mining areas are derived from the following phyla: 

Proteobacteria, Acidobacteria, Chloroflexi, Cyanobacteria, Actinobacteria, Nitrospirae, 

Firmicutes, Planctomycetes, Bacteroidetes, and Chlorobi (Gupta 2000; Lefebvre et al 

2010; Hua et al 2015; Mesa et al 2017; Teng et al 2017; Cesario Fernandes et al 2018).  

In these research locations, the presence of bacteria was identified and presented in 

Table 2. 

Some species of these phylum can be grouped as acidophilic bacteria and they 

have the ability to reduce and oxidize metals, sulfur and other minerals (Islam et al 

2004; Hallberg 2010; Harahuc et al 2000; Yli-Hemminki et al 2014). They also help the 

carbon cycle flow (Wegner & Liesack 2017; Hausmann et al 2018; Sun et al 2018), are 

nitrogen retarders (Gargaud et al 2011; Sun et al 2015), and play a role in decomposing 

organic matter (Khare & Arora 2015). This capability is generally used in the process of 

detoxification of contaminated waters (Davis-Belmar & Norris 2009; Johnson et al 2009; 

Murali et al 2014; Shivlata & Satyanarayana 2015; Hu et al 2018). 

The presence and biological activity of microbial groups in environments 

containing sulfide minerals can accelerate the formation of acidic conditions in the 

environment (Rawlings 2005). Acidic pH conditions involve oxidation processes and 

complex chemical reactions to produce H+ ions, sulfates (SO4
2-), Mn3+, and other ions. 

More and more of these ions that form in an environment cause an increase in acidity 

(Gaikwad & Gupta 2008; Hatar et al 2013; Nurofiq et al 2016). The acceleration of the 

formation of acidic conditions can involve biological interactions such as microbial 

metabolic activity (Violante et al 2010). 

The oxidation processes of iron and sulfur in acidic waters produce an energy 

reaction used by acidophilic microbes for growth and metabolic functions. The acidophilic 

bacteria use sulfur metabolic enzymes to oxidize sulfur (sulfur dioxygenase, sulfur 

oxygenase reductase, and Hdr-like complex). They also use thiosulfate oxidizing enzymes 

such as sulfuroxidizing enzyme and thiosulfate dehydrogenase, sulfide oxidizing enzymes 

such as sulfide quinone oxidoreductase (Wang et al 2019). They present iron oxidizing 

enzymes (Li et al 2017) to utilize the iron cycle under acidic pH conditions for ferrous iron 

ions (Fe2+) as electron donors and ferric iron ions (Fe3+) as electron acceptors (Lei et al 

2016).  

The presence of acidophilic bacteria in low pH values occurs due to its capability to 

survive and use sulfide minerals such as sulfur and iron as their energy source for growth 

by oxidation processes (Korehi et al 2013). Some examples are S0 + O2 + H2O → SO4
2− 

+ 2H+ or Fe2+ + O2 + 2H+ → Fe3+ + H2O (Rawlings 2005). The relative abundance of 

acidophilic bacteria in long chronosequences can contribute to the decomposition of 
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organic material such as water plants, metabolism products of water organisms, and 

dead organisms. The decomposing processes can increase CO2 levels, which can interact 

with H2O to form carbonic acid (H2CO3) by the following reaction CO2 + H2O → H2CO3 → 

H+ + HCO3
− (Loerting & Bernard 2010; Ghoshal & Hazra 2015). The dissociation of H2CO3 

to ion carbonate (HCO3
-) can neutralize ion hydrogens (H+) so it can increase the pH 

value to neutral (Andersen 2002). The decomposition product of organic acid from 

organic materials has the functional group R-COOH as dissociated organic anion and it 

can use H+ cations to make the concentration of H+ ions decrease in environment, and 

the pH to reach neutral condition (Rukshana et al 2010). 

 

Table 2 

The presence of bacteria in abandoned tin mining pits 

 

No Phylum 
The presence of phylum 

Station A Station B Station C 

1 Proteobacteria + + + 

2 Actinobacteria + + + 

3 Chloroflexi + + + 

4 Firmicutes + + + 

5 Acidobacteria + + + 

6 Planctomycetes + + + 

7 Bacteroidetes + + + 

8 Chlorobi + + + 

9 Cyanobacteria + + + 

10 Gemmatimonadetes + + + 

11 
OD1 (candidate of Phylum 

Parcubacteria) 
+ + + 

12 Spirochaetes + + + 

13 Thermi - + + 

14 Nitrospirae + + + 

15 Verrucomicrobia + + + 

16 Armatimonadetes + - + 

17 Chlamydiae + + + 

18 Elusimicrobia + - + 

19 Caldiserica - - + 

20 Chaldithrix - - + 

21 Lentisphaerae - - + 

22 Fibrobacteres - - + 

 

The presence of heavy metals and their oxide, and the pH change in environment can 

impact to life of macroorganisms such as fish. There were some fish found in the 

abandoned tin mining pits (Table 3). The presence of fish in abandoned tin mining pits 

indicated that some species of fish can survive in the environment. Their metabolism 

products are decomposed by Bacteriodetes to produce CO2 and carboxylate functional 

groups (COOH-), bringing the pH values to neutral (Andersen 2002; Loerting & Bernard 

2010; Rukshana et al 2010; Ghoshal & Hazra 2015).  

In addition, the presence of CO2 in the water can be changed into complex organic 

molecules and oxygen (O2) in aerobic photosynthesis by the following reaction H2O + CO2 

→ CH2O + O2 (Johnson 2016). The organic molecules can be feed for organisms and the 

optimum O2 also can supported their life. The CO2 can also be used as a carbon source 

for some bacteria in anaerobic photosynthesis, such as Green Sulfur Bacteria like 

Chlorobium, Green Non-Sulfur Bacteria like Chloroflexus, Purple Sulfur Bacteria like 

Thiospirillum, and Purple Non-Sulfur Bacteria like Rhodobacter. The anorganic 

photosynthesis uses H2S, H2, and S as electron donors with the following reaction: 6CO2 

+ 12H2S → C6H12O6 + 6H2O + 12S (Nisbet & Fowler 2003). The organic materials 

resulting from this reaction are used as nutrients in an environment and can improve 

water quality. 
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Table 3 

The presence of fish in abandoned tin mining pits 

 

No Genus 
The presence of fish 

Station A Station B Station C 

1 Aplocheilus sp. - - + 

2 Rasbora sp. + + + 

3 Betta sp. + + + 

4 Puntius sp. + + - 

5 Channa sp. + + + 

6 Oreochromis sp. - + - 

7 Belontia sp. + + + 

8 Anabas sp. + + - 

9 Trichopodus sp. + + + 

 
The information about the environmental conditions from abandoned tin mining pits 

showed there was an interaction between the presence heavy metals and their oxides, 

pH values, acidophilic bacteria and fish life. The capability of acidophilic bacteria and 

some fish in acid mine waters can be optimized by studying their biochemical 

characteristics as an effort to improve the condition of the aquatic environment.  

 

Conclusions. The presence of a number of metals and their oxides in ex-tin mining or 

abandoned tin mining pit waters showed an association with the pH in the environment. 

The change in pH, especially acidic pH causes the presence of a number of acidophilic 

groups. Acidophilic groups have the ability to live in this extreme environment and then 

move biogeochemically. The potential ability of these acidophilic bacteria can be utilized 

to carry out detoxification processes for inorganic and organic contamination found in 

some waters. The changes of environment quality can impact organism life such as fish. 

Furthermore, the presence of fish can produce organic materials as a product of their 

metabolism and it can support biogeochemical processes for chronosequences in this 

environment. 

 

Acknowledgements. I would like to thank University of Bangka Belitung, Indonesia for 

funding this publication. 

 

References 

 

Abdi O., Kazemi M., 2015 A review study of biosorption of heavy metals and comparison 

between different biosorbents. Journal of Materials and Environmental Science 

6(5):1386-1399. 

Andersen C. B., 2002 Understanding carbonate equilibria by measuring alkalinity in 

experimental and natural systems. Journal of Geoscience Education 50(4):389-403.  

Ashraf M. A., Maah M. J., Yusoff I., 2011a Heavy metals accumulation in plants growing 

in ex tin mining catchment. International Journal of Environmental Science & 

Technology 8:401-416. 

Ashraf M. A., Maah M. J., Yusoff I., 2011b Analysis of physio-chemical parameters and 

distribution of heavy metals in soil and water of ex-mining area of Bestari Jaya, 

Peninsular Malaysia. Asian Journal of Chemistry 23(8):3493-3499. 

Ashraf M. A., Maah M. J., Yusoff I., 2012a Speciation of heavy metals in the sediments of 

former tin mining catchment. Iranian Journal of Science & Technology 36(A2):163-

180. 

Ashraf M. A., Maah M. J., Yusoff I., 2012b Morphology, geology and water quality 

assessment of former tin mining catchment. The Scientific World Journal 

2012:369206, 15 p. 

Aslam B., Javed I., Khan F. H., Rahman Z. U., 2011 Uptake of heavy metal residues from 

sewerage sludge in the milk of goat and cattle during summer season. Pakistan 

Veterinary Journal 31(1):75-77.  

https://www.jmaterenvironsci.com/


AACL Bioflux, 201X, Volume X, Issue X. 

http://www.bioflux.com.ro/aacl 1096 

Azimi S., Moghaddam M. S., 2013 Effect of mercury pollution on the urban environment 

and human health. Environment and Ecology Research 1(1):12-20. 

Bhowal S. S., Chakraborty R., 2015 Microbial diversity of acidophilic heterotrophic 

bacteria: an overview. In: Biodiversity, Conservation and Sustainable Development.  

Jha P. (ed), New Academic Publishers, New Delhi, pp. 157-174. 

Bigham J. M., Nordstrom D. K., 2000 Iron and aluminum hydroxysulfates from acid 

sulfate waters. Reviews in Mineralogy & Geochemistry 40(1):351-403. 

Campaner V. P., Luiz-Silva W., Machado W., 2014 Geochemistry of acid mine drainage 

from a coal mining area and processes controlling metal attenuation in stream 

waters, southern Brazil. Anais da Academia Brasileira de Ciências 86(2):539-554. 

Celebi E. E., Oncel M. S., 2016 Determination of acid forming potential of massive sulfide 

minerals and the tailings situated in lead/zinc mining district of Balya (NW Turkey). 

Journal of African Earth Sciences 124:487-496. 

Cesario Fernandes C., Kishi L. T., Mendes Lopes E., Omori W. P., Marcondes de Souza J. 

A., Carareto Alves L. M., Gertrudes de Macedo Lemos E., 2018 Bacterial 

communities in mining soils and surrounding areas under regeneration process in a 

former ore mine. Brazilian Journal of Microbiology 49(3):489-502. 

Daniel V. N., Chudusu E. S., Chup J. A., Pius N. D., 2014 Variations of heavy metals in 

agricultural soils irrigated with tin water in Heipang District of Barkin Ladi, Plateau 

State, Nigeria. International Journal of Science and Technology 3(5):255-263. 

Davis-Belmar C. S., Norris P. R., 2009 Ferrous iron and pyrite oxidation by 

“Acidithiomicrobium” species. Advanced Materials Research 71-73:271-274. 

De Saedeleer V., Cappuyns V, De Cooman W., Swennen R., 2010 Influence of major 

elements on heavy metal composition of river sediments. Geologica Belgica 

13(3):257-268. 

Dinis M. D. L., Fiuza A., 2011 Exposure assessment to heavy metals in the environment: 

measures to eliminate or reduce the exposure to critical receptors. In: 

Environmental Heavy Metal Pollution and Effects on Child Mental Development. 

Simeonov L., Kochubovski M., Simeonova B. (eds), NATO Science for Peace and 

Security Series C: Environmental Security, Springer, Dordrecht, pp. 27-50. 

Duffus J. H., 2002 “Heavy metals” - a meaningless term? Pure and Applied Chemistry 

74(5):793-807. 

Fashola M. O., Ngole-Jeme V. M., Babalola O. O., 2015 Diversity of acidophilic bacteria 

and archaea and their roles in bioremediation of acid mine drainage. British 

Microbiology Research Journal 8(3):443-456.  

Fernandes L., Nayak G. N., Ilangovan D., Borole D. V., 2011 Accumulation of sediment, 

organic matter and trace metals with space and time, in a creek along Mumbai 

coast, India. Estuarine, Coastal and Shelf Science 91(3): 388-399. 

Gaikwad R. W., Gupta D. V., 2008 Review on removal of heavy metals from acid mine 

drainage. Applied Ecology and Environmental Research 6(3):81-98. 

Gargaud M., Amils R., Quintanilla J. C., Cleaves H. J., Irvine W. M., Pinti D. L., Viso M., 

2011 Encyclopedia of astrobiology. Springer Science & Business Media, 1853 p. 

Ghoshal S., Hazra M. K., 2015 H2CO3 → CO2 + H2O decomposition in the presence of H2O, 

HCOOH, CH3COOH, H2SO4 and HO2 radical: Instability of the gas-phase H2CO3 

molecule in the troposphere and lower stratosphere. RSC Advances 5(23):17623-

17635.  

Govind P., Madhuri S., 2014 Heavy metals causing toxicity in animals and fishes. 

Research Journal of Animal, Veterinary and Fishery Sciences 2(2):17-23. 

Grilli M. L., 2020 Metal oxides. Metals 10:820, 3 p. 

Guan Y., Shao C., Ju M., 2014 Heavy metal contamination assessment and partition for 

industrial and mining gathering areas. International Journal of Environmental 

Research and Public Health 11(7):7286-7303. 

Gupta R. S., 2000 The phylogeny of proteobacteria: relationships to other eubacterial 

phyla and eukaryotes. FEMS Microbiology Reviews 24(4):367-402. 

Hallberg K. B., 2010 New perspectives in acid mine drainage microbiology. 

Hydrometallurgy 104(3-4):448-453. 



AACL Bioflux, 201X, Volume X, Issue X. 

http://www.bioflux.com.ro/aacl 1097 

Harahuc L., Lizama H. M., Suzuki I., 2000 Selective inhibition of the oxidation of ferrous 

iron or sulfur in Thiobacillus ferrooxidans. Applied and Environmental Microbiology 

66(3):1031-1037.  

Hatar H., Rahim S. A., Razi W. M., Sahrani F. K., 2013 Heavy metals content in acid mine 

drainage at abandoned and active mining area. AIP Conference Proceedings 1571, 

pp. 641-646. 

Hausmann B., Pelikan C., Herbold C. W., Kostlbacher S., Albertsen M., Eichorst S. A., Del 

Rio T. G., Huemer M., Nielsen P. H., Rattei T., Stingl U., Tringe S. G., Trojan D., 

Wentrup C., Woebken D., Pester M., Loy A., 2018 Peatland Acidobacteria with a 

dissimilatory sulfur metabolism. The ISME Journal 12:1729-1742. 

He W., Feng Y., Li X., Wei Y., Yang X., 2008 Availability and toxicity of Fe(II) and Fe(III) 

in Caco-2 cells. Journal of Zhejiang University SCIENCE B 9(9):707-712. 

Henny C., 2011 [Bioaccumulation of several metals in fish under the former tin mine on 

Bangka Island]. Limnotek 18(1):83-95. [In Indonesian]. 

Hu D., Cha G., Gao B., 2018 A phylogenomic and molecular markers based analysis of 

the class Acidimicrobiia. Frontiers in Microbiology 9:987, 12 p. 

Hua Z., Han Y., Chen L., Liu J., Hu M., Li S., Kuang J., Chain P. S. G., Huang L., Shu W., 

2015 Ecological roles of dominant and rare prokaryotes in acid mine drainage 

revealed by metagenomics and metatranscriptomics. The ISME Journal 9:1280-

1294. 

Huang J. Z., Ge X., Wang D., 2012 Distribution of heavy metals in the water column, 

suspended particulate matters and the sediment under hydrodynamic conditions 

using an annular flume. Journal Environmental Science 24(12):2051-2019. 

Islam F. S., Gault A. G., Boothman C., Polya D. A., Charnock J. M., Chatterjee D., Lloyd 

J. R., 2004 Role of metal-reducing bacteria in arsenic release from Bengal Delta 

sediments. Nature 430:68-71. 

Jareonmit P., Sajjaphan K., Sadowsky M. J., 2010 Structure and diversity of arsenic-

resistant bacteria in an old tin mine area of Thailand. Journal of Microbiology and 

Biotechnology 20(1):169-178.  

Johnson D. B., Bacelar-Nicolau P., Okibe N., Thomas A., Hallberg K. B., 2009 

Ferrimicrobium acidiphilum gen. nov., sp. nov. and Ferrithrix thermotolerans gen. 

nov., sp. nov.: heterotrophic, iron-oxidizing, extremely acidophilic actinobacteria. 

International Journal of Systematic and Evolutionary Microbiology 59:1082-1089. 

Johnson D. B., Hallberg K. B., 2008 Carbon, iron and sulfur metabolism in acidophilic 

micro-organisms. Advances in Microbial Physiology 54:201-255. 

Johnson M. P., 2016 Photosynthesis. Essays in Biochemistry 2016(60):255-273.  

Khare E., Arora N. K., 2015 Effects of soil environment on field efficacy of microbial 

inoculants. In: Plant microbes symbiosis: applied facets. Springer, New Delhi, pp. 

353-381. 

Kodom K., Preko K., Boamah D., 2012 X-ray fluorescence (XRF) analysis of soil heavy 

metal pollution from an industrial area in Kumasi, Ghana. Soil and Sediment 

Contamination 21(8):1006-1021. 

Kolmert A., Johnson D. B., 2001 Remediation of acidic waste waters using immobilised, 

acidophilic sulfate-reducing bacteria. Chemical Technology and Biotechnology 

76(8):836-843. 

Korehi H., Blothe M., Sitnikova M. A., Dold B., Schippers A., 2013 Metal mobilization by 

iron-and sulfur-oxidizing bacteria in a multiple extreme mine tailings in the Atacama 

Desert, Chile. Environmental Science & Technology 47(5):2189-2196. 

Kurniawan A., 2016 Microorganism communities response of ecological changes in post 

tin mining ponds. Journal of Microbiology and Virology 6(1):17-26. 

Kurniawan A., 2019 [Bacterial metagenome diversity in post-tin mining lakes with 

different ages]. Dissertation, Faculty of Biology, Jenderal Soedirman University, 103 

p. [In Indonesian]. 

Kurniawan A., Mustikasari D., 2019 [Review: the mechanism of heavy metal 

accumulation in the post-tin mining ecosystem]. Jurnal Ilmu Lingkungan 17(3):408-

415. [In Indonesian]. 



AACL Bioflux, 201X, Volume X, Issue X. 

http://www.bioflux.com.ro/aacl 1098 

Kurniawan A., Oedjijono, Tamad, Sulaeman U., 2019 The pattern of heavy metals 

distribution in time chronosequence of ex-tin mining ponds in Bangka Regency, 

Indonesia. Indonesian Journal of Chemistry 19(1):254-261. 

Lau J. A., Lennon J. T., 2012 Rapid responses of soil microorganisms improve plant 

fitness in novel environments. Proceedings of the National Academy of Sciences of 

the United States of America 109(35):14058-14062.  

Lefebvre O., Ha Nguyen T. T., Al‐Mamun A., Chang I. S., Ng H. Y., 2010 T‐RFLP reveals 

high β‐Proteobacteria diversity in microbial fuel cells enriched with domestic 

wastewater. Journal of Applied Microbiology 109(3):839-850. 

Lei Y., Zhang G., Ai C., Zhuang S., 2016 Bioleaching of sphalerite by the native 

mesophilic iron-oxidizing bacteria from a lead-zinc tailing. Procedia Environmental 

Sciences 31:554-559.  

Li X., Kappler U., Jiang G., Bond P. L., 2017 The ecology of acidophilic microorganisms in 

the corroding concrete sewer environment. Frontiers in Microbiology 8:683, 16 p.  

Loerting T., Bernard J., 2010 Aqueous carbonic acid (H2CO3). ChemPhysChem 

11(11):2305-2309.  

Mendez M. O., Neilson J. W., Maier R. M., 2008 Characterization of a bacterial community 

in an abandoned semiarid lead-zinc mine tailing site. Applied and Environmental 

Microbiology 74(12):3899-3907. 

Mesa V., Gallego J. L. R., Gonzalez-Gil R., Lauga B., Sanchez J., Mendez-Garcia C., 

Pelaez A. I., 2017 Bacterial, archaeal, and eukaryotic diversity across distinct 

microhabitats in an acid mine drainage. Frontiers in Microbiology 8:1756, 17 p. 

Moscatelli M. C., Lagomarsino A., Marinari S., De Angelis P., Grego S., 2005 Soil 

microbial indices as bioindicators of environmental changes in a poplar plantation. 

Ecological Indicators 5(3):171-179.  

Murali O., Reddy C. S., Kumar P. V., Raju M. A., Mehar K. S., 2014 Efficient 

bioremediation of aluminium by using ecofriendly cyanobacteria from heavy metal 

contaminated water. International Journal of Advanced Research 2(10):144-149. 

Navarro C. A., Bernath D. V., Jerez C. A., 2013 Heavy metal resistance strategies of 

acidophilic bacteria and their acquisition: importance for biomining and 

bioremediation. Biological Research 46(4):363-371. 

Niemi G. J., McDonald M. E., 2004 Application of ecological indicators. Annual Review of 

Ecology, Evolution, and Systematics 35:89-111.  

Nisbet E. G., Fowler C. M. R., 2003 The early history of life. In: Treatise on 

Geochemistry. Schlesinger W. H. (ed), Elsevier, pp. 1-39. 

Nurofiq H. F., Bisri M., Soemarno A. M., Rubiantoro P., Fajar M. H. M., 2016 The effect of 

acid mine water on ground water hydro-chemical, in Mantewe, Tanah Bumbu 

Regency, South Kalimantan, Indonesia. International Journal of Applied Chemistry 

12(3):293-308. 

Oren A., 2010 Acidophiles - version 2.0. In: Encyclopedia of Life Sciences (ELS). John 

Wiley & Sons, Chichester, 14 p.  

Paerl H. W., Dyble J., Moisander P. H., Noble R. T., Piehler M. F., Pinckney J. L., Steppe 

T. F., Twomey L., Valdes L. M., 2003 Microbial indicators of aquatic ecosystem 

change: current applications to eutrophication studies. FEMS Microbiology Ecology 

46(3):233-246.  

Rawlings D. E., 2005 Characteristics and adaptability of iron- and sulfur-oxidizing 

microorganisms used for the recovery of metals from minerals and their 

concentrates. Microbial Cell Factories 4(1):13, 15 p. 

Rosidah, Henny C., 2012 [Study of Fe, Al, Cu and Zn metals in waters under post tin 

mining on Bangka Island]. Prosiding Seminar Nasional Limnologi 6, pp. 611-619. 

[In Indonesian]. 

Rukshana F., Butterly C. R., Baldock J. A., Tang C., 2010 Model organic compounds differ 

in their effects on pH changes of two soils differing in initial pH. Biology and Fertility 

of Soils 47:51-62.  

Sadeghi S. H. R., Harchegani M., Younesi H. A., 2012 Suspended sediment concentration 

and particle size distribution, and their relationship with heavy metal content. 

Journal of Earth System Science 121(1):63-71. 



AACL Bioflux, 201X, Volume X, Issue X. 

http://www.bioflux.com.ro/aacl 1099 

Shivlata L., Satyanarayana T., 2015 Thermophilic and alkaliphilic Actinobacteria: biology 

and potential applications. Frontiers in Microbiology 6:1014, 29 p. 

Sow S. L. S., Khoo G., Chong L. K., Smith T. J., Harrison P. L., Ong H. K. A., 2014a 

Molecular diversity of the methanotrophic bacteria communities associated with 

disused tin-mining ponds in Kampar, Perak, Malaysia. World Journal of Microbiology 

and Biotechnology 30(10):2645-2653.  

Sow S. L. S., Khoo G., Chong L. K., Smith T. J., Harrison P. L., Ong H. K. A., 2014b 

Molecular diversity of the ammonia-oxidizing bacteria community in disused tin-

mining ponds located within Kampar, Perak, Malaysia. World Journal of Microbiology 

and Biotechnology 30(2):757-766.  

Srivastava N. K., Majumder C. B., 2008 Novel biofiltration methods for the treatment of 

heavy metals from industrial wastewater. Journal of Hazardous Materials 151(1):1-

8. 

Strom D., Simpson S. L., Batley G. E., Jolley D. F., 2011 The influence of sediment 

particle size and organic carbon on toxicity of copper to benthic invertebrates in 

oxic/suboxic surface sediments. Environmental Toxicology and Chemistry 

30(7):1599-1610. 

Sun M., Xiao T., Ning Z., Xiao E., Sun W., 2015 Microbial community analysis in rice 

paddy soils irrigated by acid mine drainage contaminated water. Applied 

Microbiology and Biotechnology 99(6):2911-2922. 

Sun W., Xiao E., Pu Z., Krumins V., Dong Y., Li B., Hu M., 2018 Paddy soil microbial 

communities driven by environment-and microbe-microbe interactions: a case 

study of elevation-resolved microbial communities in a rice terrace. Science of the 

Total Environment 612:884-893. 

Tan G., Shu W., Hallberg K. B., Li F., Lan C., Huang L., 2007 Cultivation-dependent and 

cultivation-independent characterization of the microbial community inacid mine 

drainage associated with acidic Pb/Zn mine tailings at Lechang, Guangdong, China. 

FEMS Microbiology Ecology 59(1):118-126. 

Templeton D. M., 2015 Speciation in metal toxicity and metal-based therapeutics. Toxics 

2015(3):170-186. 

Teng W., Kuang J., Luo Z., Shu W., 2017 Microbial diversity and community assembly 

across environmental gradients in acid mine drainage. Minerals 7(6):106-116. 

Valverde A., Gonzalez-Tirante M., Medina-Sierra M., Santa-Regina I., Garcia-Sanchez A., 

Igual J. M., 2011 Diversity and community structure of culturable arsenic-resistant 

bacteria across a soil arsenic gradient at an abandoned tungsten-tin mining area. 

Chemosphere 85(1):129-134.  

Violante A., Cozzolino V., Perelomov L., Caporale A. G., Pigna M., 2010 Mobility and 

bioavailability of heavy metals and metalloids in soil environments. Journal of Soil 

Science and Plant Nutrition 10(3):268-292.  

Wang R., Lin J. Q., Liu X. M., Pang X., Zhang C. J., Yang C. L., Gao X. Y., Lin C. M., Li Y. 

Q., Li Y., Lin J. Q., Chen L. X., 2019 Sulfur oxidation in the acidophilic autotrophic 

Acidithiobacillus spp. Frontiers in Microbiology 9:3290, 20 p.  

Wegner C. E., Liesack W., 2017 Unexpected dominance of elusive Acidobacteria in early 

industrial soft coal slags. Frontiers in Microbiology 8:1023, 13 p. 

Yli-Hemminki P., Jorgensen K. S., Lehtoranta J., 2014 Iron–manganese concretions 

sustaining microbial life in the Baltic Sea: the structure of the bacterial community 

and enrichments in metal-oxidizing conditions. Geomicrobiology Journal 31(4):263-

275. 

Zhang C., Yu Z., Zeng G., Jiang M., Yang Z., Cui F., Zhu M., Shen L., Hu L., 2014 Effects 

of sediment geochemical properties on heavy metal bioavailability. Environment 

International 73:270-281. 

Zhao H., Li X., Wang X., Tian D., 2010 Grain size distribution of road-deposited sediment 

and its contribution to heavy metal pollution in urban runoff in Beijing, China. 

Journal of Hazardous Materials 183(1-3):203-210. 

 
 



AACL Bioflux, 201X, Volume X, Issue X. 

http://www.bioflux.com.ro/aacl 1100 

Received: 21 June 2020. Accepted: 04 August 2020. Published online: 30 October 2020. 
Authors: 
Andri Kurniawan, Department of Aquaculture, Faculty of Agricultural, Fishery, and Biology, University of Bangka 
Belitung, 33172 Bangka, Bangka Belitung Archipelago Province, Indonesia, e-mail: andri_pangkal@yahoo.co.id 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 

Kurniawan A., 2020 The metal oxides of abandoned tin mining pit waters as an indicator for bacterial diversity. 
AACL Bioflux 13(5):xxx-xxx. 

 


