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1Diah Mustikasari, 2Agus Nuryanto, 2Suhestri Suryaningsih 

  
1 Doctoral Student of Doctoral Program, Faculty of Biology, University of Jenderal 

Soedirman, Purwokerto, Indonesia; 2 Faculty of Biology, University of Jenderal 

Soedirman. Corresponding author: A. Nuryanto, agus.nuryanto@unsoed.ac.id 

 

 
Abstract. The characteristics of abandoned tin mining pits are an interesting environment for study, 
being quite extreme, with acidic pH indicators, and heavy metals. This research aimed to elaborate on 
blue panchax (Aplocheilus panchax) in waters of abandoned tin mining pits of different ages and 
contaminated with heavy metals, located in Bangka Island, Indonesia. The results showed that the A. 
panchax was found in pits with ages between 1 and 5 years, which had a pH value of 3.81-3.84, and 
dissolved oxygen (DO) ranging from 5.33 up to 5.63. A. panchax was also found in pits with ages 
between 5 and 15 years (pH of 3.86-3.91 and DO of 5.63-5.97), in pits with ages between 15 and 25 
years (pH of 7.25-7.46 and DO of 6.3-7.07), and pits with ages between 25 and 50 years. A. panchax 
was not found in pits with ages between 50 and 100 years (pH of 6.88 and DO of 7.20) and pits with 
ages >100 years (pH of 5.45-5.67 and DO of 6.33-6.43). Ecosystems of abandoned tin mining pits where 
A. panchax was found were generally polluted by heavy metals such as Sn, Fe, Hf, and Cu. The heavy 
metal concentrations found in the pits tend to decrease over time, reaching a minimum in the pits with 
an age between 25 and 50 years although the heavy metal contamination trend reverses, showing a 
growth pattern in the pits with an age >50 years, higher than in the pits with an age between 15 and 50 
years. PCA analysis described that A. panchax abundance in the abandoned tin mining pits was positively 
correlated with the pH. Moreover, the pH itself was strongly correlated with the DO and the presence of 
Cl, Mg, Al and mineral elements, such as Si, S, Ca and P. 
Key Words: killifish, chronosequences, conductivity, minerals, contamination. 

 

 

Introduction. Bangka Island is one of the islands in Indonesia located in Southeast Asia 

of the tin belt (Sudiyani et al 2011), known as a tin producer. It makes Indonesia the 

second-largest tin producer in the world after China (Syarbaini et al 2014). Tin mining 

carried out since 1668 (Irawan et al 2014) has the consequence of the formation of dug 

basins in the form of lakes or ponds (Kurniawan & Kurniawan 2012; Kurniawan et al 

2018). The post-mining ecosystem condition has high acidity characteristics, low oxygen 

value, and heavy metal contamination (Kurniawan et al 2019). The tin mining process 

does not use hazardous chemicals. Still, elements found in nature can undergo oxidation 

and other chemical reactions due to land opening or the presence of standing water. The 

chemical reaction exposes heavy metals, causing water quality changes and potential 

contamination residues (Kurniawan & Mustikasari 2019). Many contaminants that have 

been identified in land and post-mining waters, including As, Co, Cu, Cr, Fe, Ga, Hf, Sn, 

Ta, Te, Th, Mn, Ni, Pb, Zn, and V (Gyang & Ashano 2010; Ashraf et al 2011a; Ashraf et al 

2012; Rosidah & Henny 2012; Kurniawan 2017; Kurniawan et al 2019). 

The presence of heavy metals in ex-tin mining pits waters can affect aquatic 

organisms such as fish. Some fish are unable to live in these extreme conditions, and 

some others are considered as pioneer fish that occupy pits waters at the when pits are 

left behind the mining activities. Blue panchax (Aplocheilus panchax) was found to live 

under the conditions of ex-tin mining waters (Kurniawan 2019). The research has not yet 

explained the post tin mining consequences on the A. panchax life, in particular the 
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heavy metals impact. Therefore, this study aimed to elaborate descriptively the presence 

of the A. panchax found in abandoned tin mining pits with different ages In Bangka 

Island, which were contaminated with heavy metals.  

 

Material and Method 

 

Description of the study sites. The research station was conducted in Pangkalpinang 

City and Bangka Regency, Bangka Belitung Archipelago Province, Indonesia. The 

research took place in abandoned tin mining pits located at six clusters with 

chronosequences. The coordinates and maps of the research stations were presented in 

Table 1 and Figure 1. 

 

Table 1 

The coordinate of research stations 

 

Research stations Coordinates 

Station A 1°58'8.80"S 106°6'24.10"T 

Station B 1°58'12.27"S 106°6'24.97"T 

Station C 1°53'54.70"S 106°3'15.13"T 

Station D 1°53'51.80"S 106°3'12.42"T 

Station E 2°0'46.62"S 106°9'0.96"T 

Station F 2°0'36.91"S 106°8'53.61"T 

Station G 1°55'58.68"S 106°9'22.86"T 

Station H 2°9'36.17"S 106°9'33.33"T 

Station I 1°39'34.51"S 105°48'28.70"T 

Station J 1°44'7.39"S 105°48'8.80"T 

 

 

Figure 1. Map of research stations in abandoned tin mining pit with different ages in 

Bangka Island, Indonesia. Station A and Station B were <5 years, Station C and Station 

D were between 5 and 15 years, Station E and Station F were between 15 and 25 years, 

Station G was between 25 and 50 years, Station H was between 50 and 100 years, and 

Station I and Station J were >100 years. 

 

Instrumentations. The analyzed parameters of pits water quality were the pH value 

measured by the pH meter (PH-009 (I)-A Sun Care) and the dissolved oxygen (DO) 

measured with the DO meter Lutron DO-5510. The Lutron WA-2017SD device was used 

to measure the temperature, oxidation-reduction potential (ORP) or Eh, total dissolved 
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solids (TDS), and conductivity. The speciation and concentration of elements in the form 

of heavy metals and non-heavy metals were measured by X-Ray fluorescence (Rigaku), 

which has three light spreader metals, namely copper (Cu), molybdenum (Mo), and 

aluminum (Al). Data on the presence of A. panchax and on the water quality in the pit 

were analyzed descriptively. The analysis was performed in an excel program. 

Correspondence between the presence of A. panchax and the condition of the abandoned 

tin mining pits waters was analyzed through PCA (principal component analysis) using 

the program of Statistica 6.0. 

 

Results 

 

The power of hydrogen (pH) and electrical potential (Eh). The measured water 

quality parameters under the post-mining tin were pH and Eh values. The pH and Eh 

values obtained under tin mining pits with different ages are shown in Figure 2. 

 

 

Figure 2. Value of pH (left) and Eh (right) in abandoned tin mining pit with different ages 

in Bangka Island, Indonesia. Station A and Station B were <5 years, Station C and 

Station D were between 5 and 15 years, Station E and Station F were between 15 and 25 

years, Station G was between 25 and 50 years, Station H was between 50 and 100 

years, and Station I and Station J were >100 years. 

 

The pH value indicates that acidic water conditions at age <15 years, with pH values 

ranging from 3.81 to 3.91, and does not change significantly. The changes in pH value 

occurred in pits with age between 15 and 50 years, which results in water with neutral 

pH. Anomalous pH values occurred in pits with age >50 years, which indicated a 

tendency to be still acidic. Water acidity conditions can also be observed from the Eh 

value, which showed oxidation process at a high Eh value and reduction process at a low 

Eh value. The Eh in pits with age <15 years showed the highest value, describing 

oxidative activity and higher acidity conditions. The pits with age >15-50 years showed a 

process of metal reduction at increased pH values, although pits with age > 50 years 

showed a higher Eh those of an age between e15 and 50 years.  

 

Water temperature and dissolved oxygen (DO). The pits water temperature 

measured at the time of the study were around 31oC. Oxygen solubility in the pits tended 

to be low in the age <15 years, namely 5.33-3.97, compared to the age >15 years, at 

6.33-7.20. The values indicated that the DO values tended to increase with the age of 

abandoned tin mining pits. The highest DO rate was recorded in a pit with the age 

between 50 and 100 years, and the lowest was in pits with the age between 1 and 5 

years. Higher temperature values contributed to the increase of DO value and conversely, 

lower temperature lowered the DO value (Figure 3). 
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Figure 3. Water temperature (left) and DO (right) in abandoned tin mining pits with 

different ages, located in Bangka Island, Indonesia. Station A and Station B were <5 

years, Station C and Station D were between 5 and 15 years, Station E and Station F 

were between 15 and 25 years, Station G was between 25 and 50 years, Station H was 

between 50 and 100 years, and Station I and Station J were >100 years. 

 

Total dissolved solid (TDS) and conductivity. Other water quality parameters 

measured were the TDS value and conductivity. The total dissolved solids and 

conductivity found in abandoned tin mining pits with different ages fluctuated and did not 

show a pattern related to the pits chronosequence. TDS and conductivity values showed 

the same pattern: the lower the TDS value, the lower the conductivity. The highest TDS 

and conductivity values were found in pits with an age between 15 and 25 years, and the 

lowest value was found in pits with an age between 5 and 15 years (Figure 4). 

 

 

Figure 4. Value of TDS (left) and conductivity (right) in abandoned tin mining pit with 

different ages in Bangka Island, Indonesia. Station A and Station B were <5 years, 

Station C and Station D were between 5 and 15 years, Station E and Station F were 

between 15 and 25 years, Station G was between 25 and 50 years, Station H was 

between 50 and 100 years, and Station I and Station J were >100 years. 

 
Trace elements. Many trace elements were found during the study in abandoned tin pits 

mining. The elements were classified into two different groups: heavy metals and non-

heavy metals. The XRF analysis showed that four type heavy metals were dominant (>1 

ppm): Sn, Fe, Hf and Cu, which were found in all pits, no matter the age (Figure 5). 

Accumulations of higher heavy metal residues were found in pits with an age between 1 

and 5 years, compared to pits of another age. The concentration of Sn tended to 

decrease from pits with an age between 1 and 5 years to pits with an age between 25 

and 50 years. However, the Sn's concentrations were quite high in the pits with an age 

>50 years. The values indicated that the concentration of metals, mainly Sn, was 

influenced by not only the pits chronosequence, but also the reservoir of Sn in the pit. 
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Figure 5. Heavy metals distributions in abandoned tin mining pits in Bangka Island, 

Indonesia: Sn (orange), Fe (red), Hf (light blue), and Cu (dark blue). Station A and 

Station B were <5 years, Station C and Station D were between 5 and 15 years, Station 

E and Station F were between 15 and 25 years, Station G was between 25 and 50 years, 

Station H was between 50 and 100 years, and Station I and Station J were >100 years. 

 

Non-heavy metals elements were also identified in abandoned tin mining pits, namely 

Mg, Al, Si, Cl, S, Ca, P, Ta, and Ti (Table 2). These elements can be attributed to water 

quality changes in abandoned tin mining pits, with a particular time sequence. Many 

elements in the form of non-heavy metals found in pits with different ages showed a 

pattern of increasing concentration value in pits with age <5 years and in pits with an 

age between 5 and 25 years. Concentrations of non-heavy metal in pits with age >50 

years were found to show lower values than pits with an age between 25 and 50 years. 

 

Table 2 

Non-heavy metals distribution in abandoned tin mining pits 

 

Non-heavy metals
 
Research stations and concentration of elements (ppm) 

A B C D E F G H I J 

Mg 731 795 815 856 932 919 936 868 858 857 

Al 291 285 174 215 489 422 849 643 256 242 

Si 174 148 148 156 445 321 589 419 216 321 

Cl 21.2 15.7 20.5 22.4 57.5 60.03 68.9 56.6 27.89 28.8 

S 6.03 8.55 14.5 21.6 28.8 32.3 51.2 14.5 18.5 14.5 

Ca 13.1 9.99 11.7 13.3 20.5 20.4 45.3 28.7 37.8 35.9 

P 8.42 9.43 9.93 8.95 11.7 11.7 10.1 8.72 7.29 12.9 

Ta 6.07 4.73 5.44 6.08 5.73 6.04 5.43 5.84 4.05 3.69 

Ti 5.25 3.21 3.17 2.88 3.1 3.31 4.25 3.25 3.24 5.29 
Station A and Station B were <5 years, Station C and Station D were between 5 and 15 years, Station E and 

Station F were between 15 and 25 years, Station G was between 25 and 50 years, Station H was between 50 

and 100 years, and Station I and Station J were >100 years.  
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The presence of A. panchax. A. panchax was one of the fish species found in 

abandoned tin mining pits. Remarkably, it was able to live in pits with an age <1 year, 

but also in some of the older pits, suggesting that A. panchax presence could be 

considered as a bioindicator for the quality of the waters. Its early presence (in pits with 

age <1 year) justifies considering it as a pioneering fish, although its presence was still 

influenced by water quality. The morphology of A. panchax was shown in Figure 6, and 

its presence in the abandoned tin mining pits with different ages was presented in Table 3. 

 

   

Figure 6. Morphology of Aplocheilus panchax with a silver dot (red circle) (original). 

 

Table 3 

The presence and abundance of Aplocheilus panchax in abandoned tin mining pits 

 

Presence and abundance of Aplocheilus panchax (Research stations) (ind m-2) 

A B C D E F G H I J 

+ + + + + + + - - - 

3 5 26 13 23 28 31 0 0 0 
Station A and Station B were <5 years, Station C and Station D were between 5 and 15 years, Station E and 
Station F were between 15 and 25 years, Station G was between 25 and 50 years, Station H was between 

50 and 100 years, and Station I and Station J were >100 years. (+) = available, (-) = not available. 

 

 

Figure 7. Characteristics of abandoned tin mining pits with Aplocheilus panchax. Station A 

and Station B were <5 years, Station C and Station D were between 5 and 15 years, 

Station E and Station F were between 15 and 25 years, Station G was between 25 and 50 

years, Station H was between 50 and 100 years, Station I and Station J were >100 years 

(original). 

(a)     (b) 

(c)     (d) 
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A. panchax was also found in the pit with an age between 25 and 50 years, although in 

the pit with an age >50, which had better water quality than the pits of an age <15 

years, it could not be found alive. The data proved that A. panchax could live in a wide 

range of water quality, but other factors can still determine its presence, such as: 

medium density grasses and wood or dead and weathered plants sheltering fish activities 

and foraging groups (Figures 7a, 7b). In pits with an age between 50 and 100 years, no 

aquatic plants were found (Figure 7c), while in pits with an age >100-year water, plants 

were found, but of a high density, probably not suitable for A. panchax (Figure 7d). 

 

Relationship between A. panchax's presence and environmental conditions. The 

results of the PCA analysis provided information related to the relationship between A. 

panchax’s presence and the status of its ecosystem (Figure 8). The correlation values of 

the research parameters (Table 4) showed the strength of the relationship between these 

parameters. 

 

Table 4 

A correlation value of PCA analysis 

 

 
pH Temp. TDS Cond. DO Eh Abund. Sn Fe Hf 

pH 1.0 0.8 0.3 0.3 0.9 -1.0 0.4 -0.7 -0.9 -0.5 
Temp. 0.8 1.0 0.0 0.0 0.9 -0.8 0.3 -0.8 -0.9 -0.8 
TDS 0.3 0.0 1.0 1.0 0.1 -0.1 0.3 0.2 0.0 0.3 

Cond. 0.3 0.0 1.0 1.0 0.1 -0.1 0.3 0.2 0.0 0.3 
DO 0.9 0.9 0.1 0.1 1.0 -0.9 0.3 -0.7 -1.0 -0.5 
Eh -1.0 -0.8 -0.1 -0.1 -0.9 1.0 -0.3 0.7 0.9 0.5 

Abund. 0.4 0.3 0.3 0.3 0.3 -0.3 1.0 -0.6 -0.2 -0.2 
Sn -0.7 -0.8 0.2 0.2 -0.7 0.7 -0.6 1.0 0.8 0.7 
Fe -0.9 -0.9 0.0 0.0 -1.0 0.9 -0.2 0.8 1.0 0.7 
Hf -0.5 -0.8 0.3 0.3 -0.5 0.5 -0.2 0.7 0.7 1.0 

Cu -0.7 -0.8 0.1 0.1 -0.6 0.6 -0.6 0.9 0.7 0.8 
Mg 0.9 0.9 0.1 0.1 0.8 -0.9 0.6 -0.9 -0.9 -0.7 
Al 0.8 0.7 0.4 0.4 0.8 -0.7 0.4 -0.5 -0.7 -0.3 
Si 0.9 0.7 0.3 0.3 0.9 -0.8 0.4 -0.6 -0.8 -0.3 
Cl 1.0 0.8 0.4 0.4 0.9 -0.9 0.5 -0.7 -0.8 -0.4 

S 0.8 0.7 0.2 0.2 0.6 -0.7 0.7 -0.8 -0.7 -0.5 

Ca 0.7 0.6 -0.2 -0.2 0.7 -0.8 0.0 -0.5 -0.8 -0.3 
P 0.4 0.1 0.3 0.3 0.3 -0.4 0.4 -0.3 -0.2 0.0 
Ta 0.1 0.1 0.4 0.4 0.0 0.2 0.5 -0.2 0.1 0.0 
Ti -0.1 -0.5 0.1 0.1 -0.2 0.0 -0.3 0.3 0.3 0.7 

 
Cu Mg Al Si Cl S Ca P Ta Ti 

pH -0.7 0.9 0.8 0.9 1.0 0.8 0.7 0.4 0.1 -0.1 
Temp. -0.8 0.9 0.7 0.7 0.8 0.7 0.6 0.1 0.1 -0.5 
TDS 0.1 0.1 0.4 0.3 0.4 0.2 -0.2 0.3 0.4 0.1 

Cond. 0.1 0.1 0.4 0.3 0.4 0.2 -0.2 0.3 0.4 0.1 
DO -0.6 0.8 0.8 0.9 0.9 0.6 0.7 0.3 0.0 -0.2 
Eh 0.6 -0.9 -0.7 -0.8 -0.9 -0.7 -0.8 -0.4 0.2 0.0 

Abund. -0.6 0.6 0.4 0.4 0.5 0.7 0.0 0.4 0.5 -0.3 
Sn 0.9 -0.9 -0.5 -0.6 -0.7 -0.8 -0.5 -0.3 -0.2 0.3 
Fe 0.7 -0.9 -0.7 -0.8 -0.8 -0.7 -0.8 -0.2 0.1 0.3 
Hf 0.8 -0.7 -0.3 -0.3 -0.4 -0.5 -0.3 0.0 0.0 0.7 
Cu 1.0 -0.8 -0.6 -0.6 -0.8 -0.8 -0.3 -0.2 -0.4 0.4 

Mg -0.8 1.0 0.6 0.8 0.8 0.8 0.6 0.5 0.0 -0.3 
Al -0.6 0.6 1.0 0.9 0.9 0.7 0.6 0.1 0.3 0.0 

Si -0.6 0.8 0.9 1.0 0.9 0.8 0.7 0.4 0.1 0.1 
Cl -0.8 0.8 0.9 0.9 1.0 0.8 0.5 0.3 0.3 -0.1 
S -0.8 0.8 0.7 0.8 0.8 1.0 0.6 0.3 0.2 -0.1 
Ca -0.3 0.6 0.6 0.7 0.5 0.6 1.0 0.1 -0.5 0.3 
P -0.2 0.5 0.1 0.4 0.3 0.3 0.1 1.0 -0.1 0.3 
Ta -0.4 0.0 0.3 0.1 0.3 0.2 -0.5 -0.1 1.0 -0.3 
Ti 0.4 -0.3 0.0 0.1 -0.1 -0.1 0.3 0.3 -0.3 1.0 

Temp.-temperature; Cond.-conductivity; Abund.-abundance. 
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Figure 8. PCA analysis between the abundance of Aplocheilus panchax and the ecosystem 

parameters. 

 

The correlation analysis showed that A. panchax’s presence was more strongly correlated 

with the pH value factor. The analysis also showed that pH value was strongly associated 

with the presence of elements such as Al, Si, Cl, S, Ca, and P. Those elements are trace-

minerals essential for the growth of phytoplankton. In turn, phytoplankton abundance 

affects organic materials cycle in the pits. Therefore, up to certain level, pH values 

contributed to water fertility. As consequences, those processes affect A. panchax’s 

presence in abandoned tin mining pits waters. Therefore, it was shown in Figure 8 and 

Table 4 that pH value is the principal ecological component which determines the 

presence of A. panchax. 
 

Discussion. The vital indicator in post-mining ecosystems is the pH value. The main 

characteristic of a post-mining location is low (acidic) pH conditions. Acidic mine drainage 

(AMD) waters are highly acid with a pH value of less than 4 (Kolmert & Johnson 2001; 

Ashraf et al 2011b). Low pH value in pit mining is a result of the oxidation process of 

sulfide minerals (Tan et al 2007), which are categorized as potentially acidic forming 

(PAF) or materials that can cause acid pH conditions (Celebi & Oncel 2016). These 

materials undergo oxidation and hydrolysis processes that occur with elements such as S, 

Fe, Cu, Zn, Ni, Cr, and Pb into cations such as Cu2+, Zn2+, Ni2+, Cr3+, Pb2+, and other 

elements increasing the amount of H+ ions which contribute to the increase of the 

environmental acidity. H+ ions present in an ecosystem can cause acidic pH conditions 

(Gonzalez-Toril et al 2006; Gaikwad & Gupta 2008; Mejia et al 2009; Heidel & 

Tichomirowa 2011; Dopson & Johnson 2012; Hatar et al 2013). 

Acid mine drainage can also be affected by metals such as Al, As, Cd, Co, Cr, Mn, 

Pb, and Zn, which are formed from mining activity waste associated with soil or rock 

layers and with weather conditions (Campaner et al 2014). The presence of these 

elements 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). This acidic condition is seen in abandoned tin mining pits with an age 

between 1 and 5 years and between 5 and 15 years (Figure 2). 

Acidic conditions that occur under tin mining post are supported by metals such as 

Sn, Fe, and Cu, which are heavy metals found mostly in pits with an age between 1 and 

5 years and between 5 and 15 years (Figure 5). As the chronosequence was found in pits 

with an age between 15 and 25 years and between 25 and 50 years, the heavy metal 

concentrations tend to decrease or lower with a pH increase to neutral. The 

chronosequence data in tin post-mining waters shows that a decrease in the level of 
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heavy metals acts as PAF and indirectly causes an increase of the pH values (Kurniawan 

et al 2019). 

The oxidation process of the elements contained in the pits can also be indicated 

that pits with the acidic pH had a higher Eh value than the neutral pits (Figure 2). The Eh 

value indicated a reduction-oxidation potential based on the standard hydrogen potential 

and the pH value, which shows the activity of hydrogen ions (H+) or protons (Huang 

2016). A high Eh value indicates an oxidation activity or condition, while a low Eh value 

represents a reduction condition (Naudet et al 2004). 

The high Eh value in the pits with age >50years, compared to the pits with the 

age between 25 and 50 years, showed that the chronosequence in a relatively long time 

did not always correlate linearly with the pH increase from acid to neutral values. Acidic 

conditions in the environment can be influenced by several factors, including the high 

availability of oxidative minerals, the fertility of the waters, the substrate or other 

conditions that occur in the ecosystem, such as Eh, DO, BOD, COD, TSS, TDS, nitrogen, 

and phosphate (Kurniawan 2019). Changes in pH can also be influenced by non-heavy 

minerals such as Mg and Ca. The presence of these elements and their associations form 

carbonation minerals such as MgHCO3, CaOH, and CaCO3, which cause pH values to 

increase from acidic conditions to neutral (Bruni et al 2002; Sanderman 2012). 

Changing the pH to neutral conditions can stimulate the presence of aquatic 

organisms. Some organisms can live optimally at neutral pH but do not survive at acidic 

pH. Neutral pH value can cause higher oxygen solubility than acidic pH. In that case, 

neutral pH is triggered by aquatic organisms that live optimally and carry out aerobic 
photosynthesis that produces oxygen through the reaction of H2O + CO2 → CH2O + O2 

(Johnson 2016). The presence of organisms can also cause more and more organic 

matter to be present in these waters. The organic matter can produce CO2 and water and 

also organic carbon (Gibert et al 2002; Khatoon et al 2017). The CO2 is reused for 

photosynthesis that produces O2. 

The decomposition of organic material in a long time sequence can cause an 

increase in CO2. Increased CO2 that interacts with H2O can also form carbonic acid 

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

Ghoshal & Hazra 2015). H2CO3 dissociates into carbonate ions (HCO3
-), which can bind 

and neutralize hydrogen ions (H+), causing the decrease of the H+ ions concentration in 

water and pH to become neutral (Andersen 2002). Organic acids, formed from the 

decomposition of organic materials that have the functional group R-COOH as organic 

anions, dissociate and use H+ cations so that the concentration of H+ in the environment 

decreases, causing the pH to rise towards neutral (Rukshana et al 2011). 

The presence of heavy metals, the pH, Eh, and many other variables are 

interrelated in the environment. An ecological approach can be carried out to modify the 

quality of the waters under the post-mining tin. Changes occur also naturally, through a 

process of succession, lasting for an extended period. The presence of aquatic organisms 

can also speed up restoring water quality, and one of them is A. panchax. A. panchax 

found in acidic conditions in pits with an age between 1 and 5 years and between 5 and 

15 years indicated that these fish could live in extreme conditions such as acidic pH. 

A. panchax is part of the killifishes group, which has an annual life cycle and can 

live in marginal aquatic environments. The fish can adapt to seasonal ephemeral waters, 

and are often found on the edge of open (flowing) or stagnant (closed) freshwaters and 

in surrounding areas (Furness 2015). Fish from the Aplocheilidae family can live in 

aquatic environments with neutral pH conditions, from very low to very high DO content, 

as well as in a wide range of water hardness conductivity, as shown in Table 5 (Prasad et 

al 2009; Raja et al 2015; Karuppaiah & Ramesh 2016). 
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Table 5 

Characteristics of water for the Aplocheiloidei family 

 

Characteristics of 
waters 

Value 

(a) (b) (c) (d) (e) (f) (g) 

Temperature (oC) 21-25 25-28 26-30 28-30 25-32 30-32 19-32 
pH 6.8-7.5 7.1-7.8 7.5-7.9 7.3-7.9 7.3-8.1 7.5-8.1 7.0-9.23 

DO (mg L-1) 4.8-11.6 4.1-6.4 3.0-3.8 2.0-3.8 0.2-0.3 0.2-0.3 0.02-14.4 

COD (mg L-1) 9-13 12-62 110-150 100-150 160-250 173-299 12.6-71.2 
BOD (mg L-1) 3.5-12.2 9.5-16.8 96-338 110-338 53-300 45-300 0.01-10.16 

Hardness (mg L-1) 33-98 - - - - - 34-356 
Alkalinity (mg L-1) 18-77 - - - - - 120-360 

Conductivity 
(mhos cm-1) 

42-88 108-270 250-329 280-2,000 850-2,900 950-2,900 240-1,560 

Turbidity (NTU) - 14-22 16-25 21-30 26-32 29-32 - 

TDS (ppm) - - - - - - 135-1,451.6 

 (a) Reservoir Bhavanisagar, Tamil Nadu, India (Raja et al 2015); (b) Dam Viagai, (c) Anaipatti River, (d) 
Solavandhan River, (e) Arapalaiyam River, (f) Anna Nagar River, India (Karuppaiah & Ramesh 2016); (g) 
Mysore Wet land, India (Prasad et al 2009). 

 

The species of the Cyprinodontiformes order generally can live in intertidal areas (waters 

affected by water flow or tides) or ephemeral habitat (waters that appear as influenced 

by rain or have seasonal fluctuations of volume) (Turko & Wright 2015). Ephemeral 

waters periodically or regularly experience drought. Ephemeral environments are usually 

found as water reservoirs or isolated inundations in savannahs or grasslands. They are 

formed during the rainy season, either around small and temporary streams in forest 

areas, swamps or stagnant ponds, or around puddle adjacent to permanent water bodies. 

Those ecosystems recede during the dry season (Furness 2015). 

 

Conclusions. This study has successfully documented the presence of A. panchax in 

abandoned tin mining pits, especially in pits with age <1 year, which suggests that A. 

panchax could be used as a pioneering fish in the ecosystem. A. panchax can survive 

conditions of acidic waters, low DO and high exposure to many heavy metals, such as: 

Sn, Fe, Hf, and Cu. A. panchax’s presence was also supported by the presence of aquatic 

plants that had not a high density and wood or dead plants, which became the substrate 

for the life of this species of fish, favoring in particular their protection, activities, groups 

forming and foraging. 
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ryas rlor fqrd in Frs *iol .res berrresr 50 dnr, 10O yairs (plt d 6.8 atn OO d 7.m) .lrd dts liifr
.ges >100 F.re (p+l o,5.{5-5,67 .nd OO of 6,33-6.43), EcoststerE d .badtoned th ntrtnO pttc where
A" paochax qa* as d *.lE gao.rally Flltled tly heavy metds srrch as Sl!, fe, t r and Cu, the lreavy
,Etal concntratims forrd ir lhe pts terd to daarease orer Eme, rtarllng a ntrim,nn in the pls ,ritr
afl age b6waen 25 -rd 50 yeaB aklro(4h the heBry a etal cdrtaninatioo trErd r€v6ses, sholdt 9 a
grD,.,rfi p.cem in ttE pits rrilh dr a9. >50 ye-s, llgher $ar in dra dts wirh an age Lretkcn 15 ard 50
yaalt, PCA anall6B desarbed UBt/d ,anolax abuldane in t re dbandor!.d fn nirtng Ats ras politivdy
torrEl.ted iiot tha ptl, ,lorEoryrr, rrta ptl ltlelt s,a5 *rDngly aorrElded liith the Eo ital tlE pr€e?c d
Cl, ia9, Al and n rEral demeds, 4uah as 9, t Ca and P,
Xay f odr; lilifish, clyoooesreflces, aonduatiyit, mnelal3, cmtar naton,

lntrodlrctiq!. Bangka Island is one of the islands in Indonesia loGted in Southeast Asia
of th€ tin belt (Sudiyana et al 2011), known as a tln producer. It makes Indonesia the
secoM-lar9e6t tin producer in the worjd after China (Syarbaioi et al 2014). Ttn mining
canied out rior€ 1668 (Iralyan et al 2014) has the cons€quence of the formation of dug
basins in the form of lakeE or pords (Kumialran & Kurniarran 2012; Kumiawan et al
2Of8). The post-minlng ecoEystem condition has high acidty characteristlcs, low orygen
value, and heavy metal crntamination (Kurnlafian et ai 2019). The tin mining procers
doef not use hazardous chemicals. Still, elernents found in nature can undergo oxidation
and other chemlcal reactions due to laDd opening or the presence of standlng r|ater. The
chemical reattion exposes heayy rnetals, causlng water quallty changes and potential
ctntamination residues (Kumia an & Mustika6arj 2019). Many contaminants that have
been identified in land and post-mining y,/aters, including As, Co, C!, Cr, Fe, Ga, Hf, Sn,
Ta, Te, Th, Mn, Ni, Pb, Zn, and V (Gyang & Ashano 2010; Ashraf et al 2Ol la; Ashraf et al
2012; Rosidah & Henny 2012; Kumiawan 2017; Kurnialyan et al 2019).

The presence of heavy metals ln ex-tln minhg pits t aters can affect aquatic
organisms such as flsh. Some fish ar€ unable to live ln the6e extreme condltions, and
sonE others are consldered a5 ploneer ffsh that o.cupy ptts waters at the lvhen pit! are
left behind the minlng actlvlties. Blue panchax (Aploche us paorhax) was tound to llve
urEer the condltlons of ex-Un mlnlng l|aters (Kurniawan 2019). The research has not yet
explained the post tin mining @nseq uence€ on the A. panclrax life, in particular the

lAtL €ioll,r, 2010, VolrE rJ, I$@ 5.
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heayy metals impact- Therefore, this dudy almed to elaborate defcriptiyely th. presence
ol lhe A. panchax found in abandoned tin mining pits roith different ages In Bangka
lsland, which wer3 contaminated yeith heavy metals.

I'laterlal .nd Mathod

Oetcr,,pttoa ol tt e dt dl sltag. The research station was conducted in Pangkalpinang
City and Bangka R"egency, Bangka Belitung Archipelago Province, Indonesia" The
research took place in abandoned tin mining pits located at six clusters r{ith
chronoseq uences. The coordinates and nraps of the research stations lrere presented in
Table l and FigurE 1.

T!ble 1

The coordinate of research statrons

Coordlnates
Station A
Staton B
Station C
Station D
Station E

Station F

Statlon G
Station H

Station I
Stat,on .l

1058',8.80"5
10sgt2.2r"s
lo53'54.70"S
ro53'51.80"S
200'46.62"5
200'36.91"5
1055'58.68'S
209',X6.17"5
1039'34.51"S
1044'7.39"S

10606'24.10'T
109o6'24.97'1
10603'15.13',T
10603',12.42"7
10609'0.96'T

10608'53.61"7
t0609'22.&''t
10609'33"33"7

lo504a'2a.70"7
1050448.m'T

*

Map lnsel

Figure 1. trlap of research statlons ln abandofled tin mining pit rMth dlfierent ages in
Bangka Island, Indonesla. Station A and Statlon B were <5 yearr, Statlon C ard Statlon
D were bet*een 5 and 15 yearE, Station E and Station F were between 15 and 25 years,
Statlon G was behreen 25 and 50 years, Statlon H r{as betleeen 50 and IOO years, and

Station I and Station I i{ere > 100 years.

lnsirurnanta oos" The analyzed parameters of pits 'Aater quallty yrere the pH value
measured by the pH rneter (PH-om (D-A Sun Care) and the dissolyed oxygen (DO)
mealured $ith the m meter Lutron DO-5510. The Lutron WA-2017SD dev,ce Has uled
to rneasure the temperaturei oxidatioo-reduction potential (ORP) or Eh, totnl dissolved

A CLBiltur, 2!20, Volri. 13, lse 9.
i@://'in.l'ioltsr-(oln.o/..c| :5-19
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solids (TOS), and coftductrvlty. The speclation and concentration ot elements in the form
of healy m€tals and non-heavy metnls rere measured by X-Ray fluor€scence (Rigaku),
erhich har three light rpreader metals, namely copper (Cu), molybdenum (Mo), and
aluminum (Al). Data on the presence ol A. panchax and on the water quality in the pit
riere analyzed descrip vely. The analysls was performed ln an excel p.ogram.
Correspondence betw€en the presence of ,. paochax and the condltion of the abandoned
tin mining plts waters was analyzed through PCA (prlncjpal component analysis) uslng
the program of Statistica 6.0.

Re3u lt3

It e power of nydrotao {fi,) aod alactTtczl potaottal {f,t). The measured water
quality pardmete.s under the post-miniog tin were pH and Eh yalues. The pH ard Eh
vaiues obtained under tin mining pits with different ages are shown in Figure 2.

Figure 2. Value of pH (lelt) aod Eh (nght) in abandoned tin mining pit Hith ditferent ages
in Bangka Island, Indonesia. Statjon A and Station B we.e <5 years, Station C and

Stalion D l{ere betw€an 5 and 15 years, Station E and Station F H€re betlreen LS and 25
years, Station G was between 25 and 50 years, Station H v,as b€trreen 50 and lm

years, and Station I and Station .l were >1OO yea.s.

The pH vaiue tndrcates that acrdic water conditions at age <15 years, wjth pH values
ranglng from 3-81 to 3.91, and dtrs not change signiflcantly. The changes in pH value
occuned in pits with age betvreen 15 and 50 years, whlch results in water with neutral
pH. Anomalous pH values occurred in pts with age >50 years, whtch lndicated a
tendency to be still acidlc. Water acjdity conditions can also be observed frorn the Eh
value, vrhich showed oxrdation prc€6s at a high Eh value and reduction process at a lovr
Eh value- The Eh ln plts nith age <15 year6 shol,ed the highest value, describlng
oxldative actrvity and higher acidlty conditions. The pit6 wlth age >15-5{) years showed a
proaess of metal reduction at increased pH values, although pits with age > 50 years
sholyed a hlgher Eh thos€ of an age betvreen e15 and 50 years.

Watcr t€'rrFrafltrc aad d$otyd ory,an (fi). The pits water temperature
measured at the time of the study were around 3loc. Oxygen solubility In the pits tended
to be lo!,r in the age <15 years, narDely 5,33-3.97, compard to the age >15 yeaE, at
6.3?-7.20. The yalues indicated that the DO yaiues tended to incrEase wlth the age of
abandoned tjn minlng pits. The highest OO rata was recorded in a pit with the age
between 50 and 100 years, and the lowest vras in pits rrith the age between 1 and 5
years. Higher temperature yalues contibuted to the increase of OO value and conyersely,
Ioner temperature lowered th€ DO value (Figure 3).
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ngurE 3, Water temperature (left) and DO (rlght) ln abandoned tln mining plts with

djfierent ages, located in BarEka Isiand, Indonesia. Station A and Strtbn B were <5
years, Station C and Statlon D lrere betr|een 5 and 15 years, Statlon E and Station F

r4ere betr|een 15 and 25 years, Statlon G wa6 between 25 and 50 years, Statlon H wai
bdldeen 50 and 100 years, and Statlon I and Station J nere >10O years.

lobl .lE ory.<l edld (IDS) ard @o&tctivw. Other water guallty parameters
measured were the TOS value and conductlvity- The total dlssohred solids and
conductivity found h abandoned tin mining pits wlth dlfferent ag€s fluctuated and did not
show a pattern related to the pits chronosequence. TDS and conductivity yalues shsred
the same pattem: the lower the TDS value, the lorer the conductivity. The hlghest TDS
and conductivity yalues l|ere found in pits t{ith an age between 15 and 25 yea6, and the
lmest value nas found in plts with an age between 5 and 15 years (Figure 4).

Flgure 4. Value oi TDg (left) and conductivity (ngm) in abarEoned tin mlolng plt with
different ages in Bangka lsland, lndofle6ia. Station A and Station B were <5 years,
Statlon C and Station D xere betw€an 5 and 15 yearr, Station E and station F werE
beh|een 15 and 25 yearc, Station G was between 25 and 50 years, Station H was

betrryeen 50 and 1O0 years, aftd Station l and Station I rlere >1OO years.

freca elernerrls. Many traae elements were lound during the study in abandoned tjn pits
mlning. The elements irere classified into two different groups: heayy metals and non-
heavy metals. The XRF analysis showed that four type heavy metals tyere dominant (>1
ppm): Sn, Fe, Hf and Cu, yvhjch nere found io all pitr, no matter the age (Figure 5),
A@Jmulations gf hlgher hearry metal reslduef Here iound in pits l{ith an age betyreeft I
and 5 years, compared to pits of anoth€r age. The concentration of Sn tended to
d€srease from pits rryith an age between I and 5 years to pits with an age betlreen 25
and 50 years. Horever, the Sn's concentrations t'rere quite high in the plts t{ith an age
>SA y@rc. The yalues rrdicated that the concentration of metals, mainly Sn, tlas
Influenced by not only the pits chrono6equence, but also the rerervoir of Sn ln the plt-
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Figure 5. Heavy metals distributions in abandoned tln mining pits in Bangka lsland,
Indonesia: Sn (orange), Fe (red), Hf (light blue), and Cu (dark blue). Station A and

Station B nere <5 yearsi Statlon C and Station D were betweea 5 and 15 years, Station
E and Station F were between 15 and 25 years, Station G was between 25 and 50 years,
Station H yras between 50 and 100 years, and Station I and Station I were > 100 years-

llon-heavy metals elernenG $rere also idefltified in abandoned tln mlning pits, nafiEly
M9, Al, Sj, Cl, S, Ca, P, Ta, and Ti (Table 2). These e{ements can be attributed to iyrter
quality changes in abandoned tin miniog pits, yvith a particular tirne seguence. Many
elements in the form of non-tEayy metals found in plts with ditrerent ages showed n
pattern of increasing conceritration value in pits with age <5 years and in pits rrith an
age between 5 a.d 25 years. Concentrations of non-heavy metal in plts with age >g)
years wer€ found to shoiN lo$rer values than plts wlth an age bet{een 25 and 50 years.

taDte 2
Non-heavy metals distnbution in abandoned tin mining piG

lloa-heavy metals
Rf5e6rch statlo,ts and conceqtratlst ol elsnelrts {ppn)

ABCDEFGHI]

E

!

tt
I
,
E

!

t

ioliiiiriiiliulltiirrlil

illiiiiiiiii

IACL ll-1t,, 2O2D, Vobfr 13, Is4 5"
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Mg 731 795 815 856 932 gtg 936 868 858 AS?
N 291 2aS 174 215 489 422 M9 643 256 242
sl t"t4 14a 14a 15,6 445 321 589 419 216 321
ct 21.2 ls.7 20.s 22.4 5?.5 60.03 68.9 fi.6 27 -89 2A.A
s 6.03 a.ss t4.s 21.6 2a.a 32.3 57.2 r4.5 18.5 14.5
Ca r3.1 9.99 11.7 13.3 2O.5 2O.4 453 2A.7 37-A 3S-9
P 4.42 9.43 9.93 4.95 71.7 11.7 tO.7 4.72 1.29 12.9
Ta 6.07 4.13 5.rr4 6.08 5.73 6.04 s.43 5.U 4.05 3.69
11 5-29 3-21 3.17 z.a8 3-r 3.31 4.25 3.25 3.24 9.29

staum A and stalifir B lirra <9 yeas, staaiori c a,rl st..im D falt batyyeen 5 and 15 ylrlst sta6o.r E ar6
Staoon f tr€rE b€E e€n rS .od 29 y!c.l, Station G ya3 bdran 2t and !O ye-$ Saatim tl fra b.t{f€rt :,O
arr, l0O yeoB, ant Staum Iad sta$n -1ryere >ltx) yeaB,



Tha p.r5aflqr gl A. F,cl'ax. A. panchax lvas one of the flsh spedes found in
abandoned tin mining pits. Remarkably, it nas able to live in pits with an age <1 year,
but also in some of the older pits, suggesting lhal A- paochax presence could be
considered as a bidndicator for the quality of the waters- lts early presence (in pits with
age <l year) Justlfles considerlng it as a pioneerlnq flsh, although lts presence was stlll
influen(ed by water quallty. The morphoiogy of A- paflchax wat shouo ln Flgure 6, and
its presence In tlre abandoned tin mining pits $lth dlfierent ages nas presented In Table 3.

Figure 6. Morphology ol Aplocheftus panchax ith a silver dot (red circle) (original),

Table 3
The prerence and abundarce d &lochefh6 panchax in abaMoned tin mlning pits

Pr5ence and abuodaoce of Aplocheilus panchax (Research stations) {!nd m2)
B C D E F G H I

+ t +
26

+ +
23

-f +
U3 5 13 28 31 0 0

:rtaloi A dld StaEm A wt! <5 yais, Stattoal C and Staum D everE lEtween 5 and 15 yeG, StaEon E .nd
statroo f rJlf! b€irern 15 ard 25 yrars, Sttion G lras bet em 25 and 50 y!ir3, Sta0oo H *ar betBlrn
50 ind 1m ytrg, nnd Station I ard Stadon I reye >1@ yearg. (+) - aviil6He, (-) - nG ay.il&le,

Figure 7- Char.cte{istiG of abandoned tin minlng plts wjth Ado66eflus pancr}ax- Station A
and Station B lyere <5 years, Station C ard Station D were betseen 5 and 15 years,

Station E and Statlon F Y,ere between 15 and 25 years, Station G war between 25 ard 50
years, Station H nas betlreen 50 and IOO years, Station I and Station J w€re >1m yeac

(original).
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A. panchax was also found in the pit nith an age bety/een 25 and 50 years, although in
the pit with an age >S0, whlch had better *ater quality than the pits oi an age <15
years, it rould npt be iouM aliye. The data proyed lhal A. paochax r.uld live in a wide
range of vrater guality, but other factors can 6till determine iG presence, such as:
medium denslty grasses and rrood or dead and lreathercd plants sheltering ish actlgtes
and foraglng groups (Flgurer 7a, 7b). 1n pits wjth an age bdifleen 50 and 100 years, no
aquatlc plants lrere found (FigurE 7c), fihile ln prts with an age >loo-year yrater, plants
Nere found, but of a high den6ity, probably nct suitable for4. panchax (Figve 7d).

Adat garhrp betweea A. ganchax's ptzsence aod envtrgorn€rrta, condrt ons. The
results of the FCA analysis proyided information related to the relationship betwean 4.
paflcha/s presenre arE the status of jts ecosystem (Rgure 8). The correlation yalues of
the research parameters (Table 4) Ehowed the strength of the relationshlp between these
pa ra rTlelers.

Table 4
A correlatioo !alue of rcA analysis

ot1 |e$rp. 7OS Cond- DO fh Abund. Stl Fe Hf
pH

T€rnp.
TDS

Cood.
DO
Eh

Abrrnd

Fe
Hf
01
tiig
AI
si
o
5

Ca
P

Ta
ri

1.0
0.8
0.3
o.3
0.9
-1.0
0.4
-o.7
-o.9
-0.5
-o-7
0.9
0,8
0.9
1.0
0.8
0.7
0.4
0.1
-0.1

o.8
1.O
o.o
o.o
0.9
-0.4
0.3
-0.8
-0,9
-0.8
-0.8

0.3
o.0
1.0

0.3
0.o
1.0
1.O
0.1.
-o.1
OJ
02
0,0
0.3
0.1
0.1
0.4
03
AA
o2
-o.2
03
0.4
0.1

0.9
0.9
0.1
0.1

-r.a
-o.8
-0.1
-0.1
-0.9
1.0
-0.3
0.7
0,9
0.5

0.4
03
0.3
0.3
0.3
-o.3
1.0
-o.6
-o.2
-4.2
-0.5
o.6
o,4
o.4
0.5
0.7
0.0
4.4
0.5
-0,f

-o.7
-o.s
o.2
o.2
-o.7
o.7
-o.6

-0.9
-o.9
0.0
0.0
-1.0
o.9
-o.2
0.8
1.0
o.7
o.7
-o.9
-o.7
-o.8
-o.8
-o.7
-o.a
-o.2
o.1
0,3

-0.5
-o.8
0.3
0.3
-o.5

1.0
o.1
-o.1
0.3
o.2
0.0
0.f
0.1
0.1
o,4
0.3
D.4
o.2
-D.2
o.3
o.4
o,1

1.0
-0.9
o.3
-o.7
-1.0
-0.5
-o.6
0.8
0,8
0.9
0.9
0.5
o.7
0.3
0,0
-o.2

0.5
-o.2

1.0
o,8
o.7

o.7
o.7
1.0

0.9
o,7
0.7
0.8
0.7
0.6
0.1

0.5
-0.9
-o.?
-0.8
-0.9
-o.7
-0.8
-0.4
4.2
0.0

o.9
-0.9
-0.5
-0.6
-o.7
-o.8
-o.5

4.2
0.f

0.8
-0.7
-0.f
-0.3
-o.4
-0.5
-0.3
0.0

0.1
-0.5

0.0
4.7

Cu l4g Al si CI 5 Ca Ta Ti
p+l

Ternp.
TD5

Cond.
DO
Eh

tbrr,td
Sn

Hf
Ot
I

AT

st
(t

Ca
P

Ta
Tt

-4.7
-0.8
0.1
0.1
-0.6
0.6
-0.6
0.9
4.7
0.8
1.0
-0.8
-0.6
-0.6
-o.8
-o.8
-o.3
4-2
4,4
0.4

0,9
0.9
0.1
0.1

o.8
o.7
o.4
0.4
0.8
-0.7
0.4
-0.5
-4.7
-0.3
-0.6
0.6

0.9
o.7
0.3
0.3
0.9
-0.8
0.4
-0.6
'o.8
-o.3
-0.6
0.8
0.9
1.0
0.9
o.8
o.7
o.4
0.1
o.1

1,0
0.8
0,4
0.4
0.9
-o.9
0.5
-D.7
-0.8
-o.4
-0.8

0.8
4.7
0.2

a.7
0,6
-0.2
-4.2
0.7
.o.8
0.0
-o.5
-o.8
-0.3
-o.3
o.5
0.6
o,7

o.6
1.0
o.1
-0.5
o.3

0,4
0,1
0.3
0.3
0.3
-o.4
0.4
-0.3
-o-2
0.0
-o-2
o.5
0.1
0.4
0.3
0.3
0.1
1.0
-0.1
0.3

0.1
0.1
0,4
0.4
0.0
0.2

-D.2
o.1
o.0
-o.4

-0.1
-0.5
0.1
0.1

0.8
-0.9
0.6
-0.9
-0.9
-0.7
-0.8
1.0
0.6
0.8
0.8
0.8
0.6
0.5
0.0
-o.3

1.0
0.9
0.9
D.?
0.6
0.1
0.1
0.0

0.4
0.9
0.9
1.0
0.8
0.5
0.3
0.3
-0.1

0.6

0.7
-0.8
-o-7
-o-5
-0.8
0.8
0.1
0.8
0.8
1.0
0.5
0.3
4.2
-o.1

0.0
0.3
0.1
0.3
0.2

-0.2
0.0
-o.3
o.3
o.3
o.7
o.4
-o.3
0.0
0.1
-0.1
4.1
0.3
0.3
-0.3
1.0

'0.1
1.0
-0.3

Ternp,-tfrnperabrrei Cond,-roruructvity; Ab!rur,-&undancE
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FI9UE 8. PCA aoalysls b€tne€n the abundarEe df Aploche us panchax ad the ecosystem
parameters.

Th€ corelatron analysis showed lhal A panchax's presence tras more Srongly correlated
nith the pH value factor. The analyris aiso rhowed that pH value was strongly associated
uith the prerence of elementr suci as Al, Si, Cl, 5, Ca, and P. Tho6e elemerts are trace-
minerals essential for the gronth of phytoplankton" In turn, phytoplanKon abundance
affects o.ganic materials cycle ln the pits. The.eforg up to ceftain level, pH vaiues
contributed to water feftrllty. A5 consequences, those processes atreft A panchax's
presence in abandoned tin mining pits yraters. Therefore, it was sho+rrn in Figure 8 aDd
Table 4 that pH value is ttle pnncipal e@logrcal component which determines the
prcsence ol A gaochax,

D[ra{celon. The vital indi(ator in post-mining e(osystems is the pH value. The main
charactenrtic of a post-miniog lo(ation is lo!, (acidic) pH condltions. A€idic mine drainage
(AMD) waters are highly acid t{ith a pH value of leEs than 4 (KolrDeft & lohnson 2OO1;
Ashraf et al 2011b)- Lolt pH value in pit mining 

's 
a rrsult of the oxidation process oi

sulride mjnerals (Tan et al 2007), which are categorized aE potentiaily acrdic forming
(PAF) or materials that can cause aod pH conditions (Celebi & Oncel 2016). These
materials undergo oxidation and hydrolysis processes that occrrrr{jth elemeflG such as 5,
Fe, Cu, zn, t{i, Cr, and pb into cations such aE cuz', zn2', Ntrt, cy'*, Pb'?*, and other
elements inseasing the amount of H+ ions $/hich contribute to the increase of the
envrronmental acidlty. H' ionr present in an ecosystem can cause acldic pH conditions
(Gonzalez-Tonl el a\ 2ao6i Gaiktrad & GuFtn 2004; Mejia et al 2oo9; Heidel &
Tichomirowa 2011; Dopson & lohnson 2012i Hatar et al 2013).

Acid mlne drainage (an al6o be affected by m€tals such as Al, As, Cd, Co, Cr, Mn,
?b, atld Zn, fihidr are formed frpm mining astivity sraste associated l.9ith soil or rgck
layers and rrrlth weather conditions (Campaner et al 2014). The prEseoce of these
elements can dir€dly or indirectly affect the pH value (De Saedeleer et al 2010; Zhao et
al 2010; Fernandes et al 2011; Strom et al 2011; Huanq et al 2012; Sadeghl et al 2012;
Zhang et al 2014)- This acidic condition rs seen ln abandoned tln minlng pits uith an age
between 1 and 5 years and betweeo 5 and 15 years (Flgure 2)-

Acrdic conditions that (cur under trn mining post are supportd by metals such as
Sn, Fe, and Cu, whlch are heavy metals iound mostly in pits wlth an age between I and
5 years and betseen 5 and 15 years (Figurr 5). As the chronosequence was found in plts

'Aith an age betlteen 15 and 25 years and betireen 25 and 50 years, the heavy metal
concentrations tend to decrease or lotryer with a pH increase to neutral. The
chronosequence data in tin post-mining $rate.s sho/rs that a dec.ease in the le{,rel of
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heavy metals acts as PAF and indlrectly causes an lncrease of the pH values (Kumiarrran
et al 2019).

The oxidation prccess of the eiements crntained in the pit! can also be iMicated
that pits with the acidic pH had a higher Eh value than the neutral pits (Figure 2). The Eh
value lndlcated a reduc on-oxldatlon potentlal based on the standard hydrogen potentlal
and the pH yalue, ,nhich shows the actiyity of hydrogen ions (Ht) or protons (Huang
2016). A hlgh Eh yalue Indlcates an oxidation actJvrty or condllion, while a lon Eh lalue
represfnts a reduction conditlon (Naudet et al 2oo4).

The high Eh yalue in the pits r,rith age >5oyears, compared to the pits yiith the
age betl{een 25 and SA years, shoNi,.ed that the chmnoseguence in a relatiyely long time
did not ahrays corl.elate linea.ly with the pH lncrease from acid to neutral yalues. Acidic
cooditions in the enlironment can be influenced by several factgrs, includlng the high
ayailabllity of oxldatve manerals, the ferttlaty oi the Haters, the substrate or other
coMitions that occur in the ecosystem, iuch as Eh, DO, BOD, COD, TSS, TDs, nitrcgen,
and phosphate (Klrniavran 2019), Changes in pH can also be influenced by non-heavy
minerals such as Mq and Ca. The prcsence oi these elements and their associatrons form
.arbonation minerals such as MgHCO3, CaOH, and CaCO3, hich cause pH ralues to
infiease from acidic conditions to neutral (Bruni et al 2002; Sanderrnan 2012).

Changang the pH to neufial conditlons can stimulate the presence d aquatic
organ'sms. Some orqanism6 can llve optimally at neutral pH but do not survive at aodic
pH- Neufial pH yalue can cause higher oxygen solubilty than acrdlc pFl. In that case,
neutral pl-l is riggered by aquatic organisms that llve optimally aftd carry out aerobjc
photosyothesis that produres oxyqen throuqh the reaction of HrO + COr .- CHrO + O,
(lohnson 2016), The presence of organisms can also cause more and more organtc
matter to be presert in these rraters" The organic matter can produce CO, and water and
also organic carbon (Grbert el al 2oo2l Khatoon et al 2877). The Cq ls reused for
photorynthesis that produces 02-

The decomposrtlon oi organic materlal ln a long time seguence can cause an
increase in CO2. lnoeased CO2 that int€racts with H2O can also lorm carbonic acid
( FlJcq) in a reaction ot CO, + H,O - ll2coa - H* + HCO,- (Loerting & Bernard 2O1O;
Ghoshal & Aazra 2Ol5). HfOr dissociates into cartlonate ions (HCO3-), whlch can bind
and neutraiize hydrogen ion$ (H|), caosing the decrease ofthe H* ions concEntration in
l{ater and pH to become neutral (Andersen 2002). Organic acids, formed from the
decomposition of organic matenals that have the functronal group R-COOH as organic
anions. dissociate and use H+ cations so that the conc€ntration of H' in the envirEnrrent
decreases. causing the pH to rise to'fiards neutral (Rukshana et al 2011)^

The presence of heavy metals, the pH, Eh, and many other variables are
interrelated io the enMmnment. An ecglggical apprqach can be car.ied out to modify the
guality of the waters under the post-mlning tln. Changes occur also naturally, thrsugh a
process of succession, lasting for an extended perlod. The p.esence oi aguatic organisms
can also speed up resto.ing water guElity, and one of them is A. panchax. L panchax
found in acidic condltlons in pits with an age bebreen 1 and 5 years and betlreen 5 and
15 years indicated that these iish could live in extreme conditions such as acldic pH.

A. panchax 15 part of the krlliirshes group, v/hich has an annual lrfe cycle and can
liye in marginal aquatic enyirgnmenG, The fi5h can adapt to seasonal ephemeral waters,
and alE often iound on the edge oi open (flB,.in9) or stagnant (closed) freshFaters and
in surroundlng a€as (Furness 2015). Fish from the Aplocheilidae lamlly can live in
aguatic enyironment€ vith neutral pH conditions, irom yery lod to yery high DO content,
as viell as in a wide range of water hardness conduc(ivity, as rhown in Table 5 (Prasad et
al 2009; Raja et al 2O15; Karuppaiah & Ramesh 2O16).
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Table 5
Characteristics of water for the Aplocheiloidei family

ChaacteristLs ol
rateas

T*mp€ritteltt {q)
27-25

6.4-7.5
4.4-71.6

9-13
3.5-12.2

33-98
1A-7?

{b)
25-24

?.1-7.8
4,1-6,4
12-82

9.5-16.8

(c)
26-30

1.0-3.4
110-150
9&3f8

{0
30.32
7,98,7
0.2-o.3
!73-299
4t300

(s)
79-32

7.&9.23
4.02-L4.4
12.6-71.2

o.01-10.16
34-355

120-350

pH
DO (ms 1-'1)

COO {rts L-1}
BoD (nE Ll,

Hardms6 {.ng L.l}
kalinity {rnq L{)
Coodr.rttuity
{mtos E n')

Turbtrrlry ( TU)
T!6 (Dom)

42.44 708-270 250-329

74-22 16-25

280-2,000

21-30

850-2,900 9s0-2,900

26-32 2*32
240-7,560

135-7,451.6
(al Rl5erYoir Ealay.rlsagarr _Tarrrl adu, hdi. (Rara * al 2015)j (b) odm vinrai! (rl An.ipiti Rjver, (dl

Solav$dhan Riyer, (e) lr+.laiy.m Rirr, {D Aftla l.l.9.r Riyer, trrdi. ((duFpai.h & RinEsh 2016)j (g)
lrr5fre wet l.tuli lndia (fYis6d et al 2oo9),

The specles of the Cyprinodontiformes order generally can llye in lntertidal areas (waters
affected by rEter flgllr or tides) or ephemeral habltat (!,!aters that appear as jnfluenced
by rain or have seasonal fluctuations of yolume) (Turko & Wright 2015). Ephemeral
vraters pe.iodically or regularly experience drought. Epherneral environments are usually
found a5 water reseryolrs or lsolated inundations in sayannahs or grasslands" They are
iormed during the rajny season. erther around $mall and temparary streams in iorest
areas, Frr/amps or €tagnant ponds, or around puddle adjacent to permanent v/ater bodies.
Those eco€ystems rec€de dunng the dry season (Furness 2015).

Co ckrEiofis. Thjs study ha6 Euccessfully docummted the presence ol A. gafichax ln
abandoned tln minrng plG, especjally in pits with age <1 year, whjch suggests that 4.
paochax cavld be used as a pioneerjng fish in the eco6ystem. A. paachax (an sunrive
conditionr of acidic waters, io!4 DO and hlgh exposure to many heayy metalr, such as:
Sn, Fe, Hf, and Cu, A, paachax's prerence }yas also supponed by the presence of aquatic
plants that had not a high denslty and $rood or dead plants, Bhich bef,arne the slbstrate
for the liie of this species of frsh, favoring in particular their protection, activlties, groups
forming and foraging.

Acknoryl8dgsn$ta. The authorc vrould like to thank the t{inistry of Educertron and
Culture, Republrc of lndonesia, and the Uoiye.sity of lenderal Soedirman, which have
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