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RINGKASAN 

Aktivitas penambangan timah merupakan salah satu penyebab kerusakan 

ekosistem di Pulau Bangka. Kerusakan yang ditimbulkannya antara lain deforestasi, 

ketidakseimbangan ekologis yang didukung oleh adanya perubahan makroekosistem, 

akumulasi cemaran logam yang dapat berdampak negatif bagi kesehatan manusia, 

kehilangan nutrisi tanah, dan terbentuknya danau-danau buatan pascatambang timah. 

Berbagai upaya terus dilakukan untuk mengembalikan fungsi ekologis lingkungan 

seperti reboisasi dan konservasi tumbuhan di lahan pascatambang timah hingga 

pemanfaatan danau yang terbentuk dari kegiatan penambangan tersebut sebagai 

sumber air untuk aktivitas primer maupun sekunder.  

Danau-danau pascatambang timah yang selama ini dimanfaatkan merupakan 

danau yang telah sangat lama ditinggalkan pascaaktivitas penambangan atau berumur 

tua. Hal ini dipengaruhi kondisi perairan danau berumur tua yang tampak lebih baik 

dibandingkan danau yang baru terbentuk. Asumsi yang muncul adalah sekuen waktu 

yang terjadi di danau pascatambang timah telah menyebabkan suatu perubahan 

faktor fisika dan kimia di lingkungan tersebut. Konsekuensi logis dari perubahan 

variabel tersebut menyebabkan perubahan faktor biologinya. Hipotesis tersebut harus 

diungkap melalui analisis korelasi yang menjelaskan keterkaitan setiap perubahan 

faktor fisika, kimia, dan biologi di danau pascatambang timah dalam sekuen waktu 

tertentu. 

Diversitas mikroorganisme asidofilik adalah salah satu bioindikator yang dapat 

digunakan di dalam kajian terkait perubahan mikroekologi di perairan asam (acid 

mine drainage). Mikroba asidofilik memiliki kemampuan bertahan hidup (survive) 

pada suatu perairan ekstrem yang bersifat asam. Studi diversitas mikroba asidofilik 

ini mengantarkan pada suatu pengetahuan tentang perubahan kualitas perairan danau 

pascatambang timah dalam kurun waktu berbeda serta pengelolaan air danau agar 

lebih layak (habitable) khususnya bagi organisme perairan.  

Penelitian diversitas metagenom bakteri di danau pascatambang timah dengan 

umur berbeda bertujuan untuk mengetahui (1) kualitas air di danau pascatambang 

timah berumur kurang dari 1 tahun, antara 5-10 tahun, dan lebih dari 15 tahun; (2) 

diversitas metagenom bakteri dari danau pascatambang timah dengan umur berbeda; 

dan (3) korelasi antara diversitas bakteri dan perubahan lingkungan perairan selama 

kurun waktu tertentu di danau pascatambang timah. 

Instrumen dan metode analisis yang digunakan di dalam penelitian adalah 

termometer untuk suhu udara serta pH-Moisture meter untuk pH tanah dan 

kelembaban tanah; tekstur atau fraksi tanah dianalisis menggunakan metode 

hydrometer; pH meter untuk nilai pH air; termometer untuk suhu air; metode 

gravimetri untuk Dissolved Oxygen (DO), Biological Oxygen Demand (BOD), dan 

Total Suspended Solid (TSS); TDS meter untuk Total Dissolved Solid (TDS); metode 

destilasi Kjeldal secara titrasi untuk total nitrogen; sension meter electrode 5192000 

untuk nitrat; ORP meter untuk potensial reduksi oksidasi (redoks/Eh); metode 

Walkey & Black untuk C-organik (karbon organik); dan X-Ray Fluorescence (XRF) 

untuk mengukur kandungan unsur-unsur (elements). Beberapa variabel lainnya 

diukur menggunakan spektrofotometer seperti Chemical Oxygen Demand (COD); 

total fosfat; nitrit; dan total amonia. Analisis metagenom mikroba dilakukan dengan 

metode Next Generation Sequencing (NGS) menggunakan Illumina MiSeq System 

yang menargetkan V3 dan V4 region dari gen 16S rRNA. 
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Hasil penelitian menunjukkan rerata nilai pengukuran di Stasiun A (danau 

berumur kurang dari 1 tahun), yaitu suhu air (30,8-30,9
o
C), pH air (2,7-2,9), pH 

tanah (5,1), TDS (160,6-166,3 ppm), TSS (7,5-109,5 ppm), nitrat (0,31-0,81 ppm), 

nitrit (0,02 ppm), total amonia (0,08-0,11 ppm), total nitrogen (0,59-0,69 ppm), total 

fosfat (0,055-0,056 ppm), DO (4,05 ppm), BOD (2,21 ppm), COD (8,04 ppm), C-

organik (161 ppm), dan potensial reduksi oksidasi (Eh) (0,72-0,76 V).  

Hasil pengukuran di Stasiun B (danau berumur antara 5-10 tahun) 

menunjukkan rerata suhu air (29,6-30,6
o
C), pH air (2,7-3,1), pH tanah (pH 4,8), TDS 

(122,3-124,5 ppm), TSS (12,0-173,0 ppm), nitrat (0,38-0,82 ppm), nitrit (0,02 ppm), 

total amonia (0,13-0,15 ppm), total nitrogen (0,78-0,92 ppm), total fosfat (0,058-

0,060 ppm), DO (5,80 ppm), BOD (2,96 ppm), COD (11,40 ppm), C-organik (364 

ppm), dan Eh (0,57-0,69 V). 

Hasil pengukuran di Stasiun C (danau berumur lebih dari 15 tahun) 

menunjukkan rerata suhu air (30,7-31,9
o
C), pH air (7,2), pH tanah (pH 6,8), TDS 

(139,5-139,8 ppm), TSS (7,5-27,1 ppm), nitrat (0,29-0,39 ppm), nitrit (0,03 ppm), 

total amonia (0,10-0,14 ppm), total nitrogen (0,40-0,69 ppm), total fosfat (0,064 

ppm), DO (6,16 ppm), BOD (2,61 ppm), COD (10,65 ppm), C-organik (219 ppm), 

dan Eh (0,24-0,35 V). 

Hasil analisis faktor fisika dan kimia lingkungan menunjukkan bahwa Stasiun 

A dan Stasiun B (danau pascatambang timah berumur kurang dari 10 tahun) 

memiliki karakteristik yang relatif sama, yaitu pH rendah atau bersifat asam serta 

nilai DO, total fosfat, dan nitrit yang rendah, namun nilai Eh, total nitrogen, nitrat, 

BOD, dan TSS tinggi. Karakteristik yang berbeda ditemukan di Stasiun C (danau 

pascatambang timah berumur lebih dari 15 tahun) yang pH netral serta nilai DO, 

total fosfat, dan nitrit yang tinggi, namun nilai Eh, total nitrogen, nitrat, BOD, dan 

TSS rendah. 

Analisis terhadap unsur-unsur (elements) menunjukkan bahwa di ketiga stasiun 

penelitian terdapat 28 jenis unsur. Distribusi unsur-unsur (elements) lebih banyak 

ditemukan di Stasiun C dibandingkan danau berumur kurang dari 10 tahun (Stasiun 

A dan Stasiun B). Unsur Al, Br, Ca, Cl, P, Rb, Ti, Y, As, Co, Cu, Ga, Mn, Ni, Pb, 

Th, dan Zn merupakan 17 unsur yang ditemukan dalam konsentrasi tertinggi di 

Stasiun C dibandingkan di Stasiun A dan Stasiun B. Sebelas unsur-unsur (elements) 

lainnya ditemukan di Stasiun A ataupun Stasiun B memiliki konsentrasi lebih tinggi 

dibandingkan Stasiun C, yaitu Cr, Fe, Hf, Sn, Ta, Te, V, K, Mg, S, dan Si. Analisis 

unsur-unsur (elements) menunjukkan tiga pola distribusi unsur-unsur (elements) di 

danau pascatambang timah, yaitu (1) pola korelasi positif atau penurunan; (2) pola 

korelasi negatif atau peningkatan; serta (3) pola dinamis (peningkatan atau 

penurunan) seiring lamanya umur danau pascatambang timah. 

Analisis diversitas mikroba menunjukkan diversitas mikroba teridentifikasi 

terdiri atas 22 filum dari Kingdom Bakteri dan 3 filum dari Kingdom Archaea. 

Diversitas mikroorganisme di Stasiun A didominasi Kingdom Bakteri yang memiliki 

kelimpahan relatif sebesar 92,68% dan Archaea sebesar 7,2%. Kingdom Bakteri 

didominasi oleh sejumlah filum, yaitu Proteobacteria (30%), Actinobacteria (22%), 

Chloroflexi (18%), Firmicutes (9%), Acidobacteria (5%), Planctomycetes (5%), dan 

Bacteroidetes (1%) serta Kingdom Archaea didominasi Euryarchaeota (6,2%) dan 

Crenarchaeota (1%).  

Diversitas mikroorganisme di Stasiun B didominasi Kingdom Bakteri yang 

memiliki kelimpahan relatif sebesar 99,49% dan Archaea sebesar < 1%. Kingdom 

Bakteri didominasi oleh sejumlah filum, yaitu Bacteroidetes (44%), Proteobacteria 

(24%), Chloroflexi (8%), Firmicutes (7%), Planctomycetes (6%), Acidobacteria 
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(4%), dan Actinobacteria (1%) serta Kingdom Archaea didominasi Crenarchaeota         

(< 1%). Kandidat Filum Parcubacteria (OD1) juga ditemukan tertinggi di Stasiun B 

(3%), sedangkan di Stasiun A dan Stasiun C ditemukan dengan jumlah < 1%. 

Diversitas mikroorganisme di Stasiun C didominasi Kingdom Bakteri yang 

memiliki kelimpahan relatif sebesar 99,37% dan Archaea sebesar < 1%. Kingdom 

Bakteri didominasi oleh sejumlah filum, yaitu Planctomycetes (38%), Proteobacteria 

(37%), Bacteroidetes (4,2%), Chloroflexi (4%), Chlorobi (3%), Cyanobacteria (3%), 

Acidobacteria (2%), Firmicutes (2%), Spirochaetes (1%), dan Thermi (1%) serta 

Kingdom Archaea didominasi Euryarchaeota (< 1%). 

Analisis korelasi menunjukkan bahwa perubahan faktor fisika dan kimia 

lingkungan di danau pascatambang timah memiliki korelasi dengan diversitas 

mikroba di ekosistem tersebut. Korelasi ini terlihat pada klasterisasi mikroba di 

danau yang berumur kurang dari 1 tahun dan berumur antara 5-10 tahun memiliki 

hubungan lebih dekat dibandingkan dengan danau berumur lebih dari 15 tahun. Hal 

ini juga relevan dengan karakteristik perairan di danau pascatambang timah berumur 

kurang dari 10 tahun dibandingkan danau berumur lebih dari 15 tahun.  

 

Kata kunci: danau pascatambang timah, perbedaan umur danau, faktor lingkungan, 

diversitas bakteri, next generation sequencing 
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SUMMARY 

Tin mining activity is one of ecosystem degradation sources in Bangka Island. 

The ecosystem degradations include deforestation, ecological imbalance supported 

by macroecosystem changes, accumulation of metal contamination which can have a 

negative impact on human health, loss of soil nutrients, and the formation of post-tin 

mining lakes. Some efforts have been carrying out to restore the functions of 

environmental ecological such as reforestation and conservation of plants on post-tin 

mining land until the utilization of post-tin mining lakes as a source of water for 

primary and secondary activities. 

The post-tin mining lakes which have been utilized are lakes that have been 

abandoned for a long time after mining activities or old age. This is influenced by the 

condition of the old-aged lakes that better than the newly formed lakes. The existing 

assumption is the time sequence that occured in the post-tin mining lakes have 

caused a change in physical and chemical factors of the environment. The logical 

consequence of these variables changes causes also changes in their biological 

factors. The hypothesis must be revealed through a correlation analysis which 

explains the relationship between changes in physical, chemical, and biological 

factors in post-tin mining lakes in a particular sequence of times or chronosequence. 

Diversity of acidophilic microorganisms is one of the bioindicators that can be 

used in studies related to microecological changes in acid mine drainage. Acidophilic 

microbes have the ability to survive in extreme acidic waters. The study of 

acidophilic microbial diversity leads to a knowledge of changes in the water quality 

of post-tin mining lakes in different periods and the management of lake water to be 

more habitable, especially for aquatic organisms. 

The research on the metagenomes diversity of bacteria in post-tin mining lakes 

with a different age to know (1) the water quality in post-tin mining lakes less than 1 

year, between 5-10 years, and more than 15 years in age; (2) bacterial metagenomes 

diversity of post-tin mining with a different age; and (3) the correlation between 

bacterial diversity and environmental changes in certain time sequences in post-tin 

mining lakes. 

The instruments and analytical methods in the study were thermometer for air 

temperature and pH-Moisture meter for soil pH and soil moisture; texture or soil 

fraction was analyzed by the hydrometer method; pH meter for pH value of water; 

thermometer for water temperature; gravimetric method for Dissolved Oxygen (DO), 

Biological Oxygen Demand (BOD), and Total Suspended Solid (TSS); TDS meter 

for Total Dissolved Solid (TDS); Kjeldal distillation method in titration for total 

nitrogen; sension meter electrode 5192000 for nitrate; ORP meters for redox 

potential (Eh); Walkey & Black method for C-organic (organic carbon); and X-Ray 

Fluorescence (XRF) to measure the content of elements. The other variables were 

measured by a spectrophotometer such as Chemical Oxygen Demand (COD); total 

phosphate; nitrite; and total ammonia. Analysis of microbial metagenom was carried 

out by the Next Generation Sequencing (NGS) method using Illumina MiSeq System 

which targeted the V3 and V4 regions of the 16S rRNA gene. 

The results showed a mean value of measurements at Station A (lake less than 

1 year), namely water temperature (30.8-30.9
o
C), water pH (2.7-2.9), soil pH (5.1), 

TDS (160.6- 166.3 ppm), TSS (7.5-109.5 ppm), nitrate (0.31-0.81 ppm), nitrite (0.02 

ppm), total ammonia (0.08-0.11 ppm), total nitrogen (0.59-0.69 ppm), total 
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phosphate (0.055-0.056 ppm), DO (4.05 ppm), BOD (2.21 ppm), COD (8.04 ppm), 

C-organic (161 ppm), and reduction oxidation potential (redox/Eh) (0.72-0.76 V). 

The measurement results at Station B (lake with age 5-10 years) showed the 

average water temperature (29.6-30.6
o
C), water pH (2.7-3.1), soil pH (pH 4.8), TDS 

(122.3-124.5 ppm), TSS (12.0-173.0 ppm), nitrate (0.38-0.82 ppm), nitrite (0.02 

ppm), total ammonia (0.13-0.15 ppm), total nitrogen (0.78-0.92 ppm), total 

phosphate (0.058-0.060 ppm), DO ( 5.80 ppm), BOD (2.96 ppm), COD (11.40 ppm), 

C-organic (364 ppm), and Eh (0.57-0.69 V). 

The measurement results at Station C (lake more than 15 years) showed the 

average water temperature (30.7-31.9
o
C), water pH (7.2), soil pH (pH 6.8), TDS 

(139.5-139.8 ppm), TSS (7.5-27.1 ppm), nitrate (0.29-0.39 ppm), nitrite (0.03 ppm), 

total ammonia (0.10-0.14 ppm), total nitrogen (0.40-0.69 ppm), total phosphate 

(0,064 ppm), DO (6.16 ppm), BOD (2.61 ppm), COD (10.65 ppm), C-organic (219 

ppm), and Eh (0.24-0.35 V). 

The analysis results of physical and environmental chemical factors showed 

that Station A and Station B (post-tin mining lake less than 10 years) had relatively 

the same characteristics, namely low pH or acidic, low DO, total phosphate, and 

nitrite values, otherwise Eh value, total nitrogen, nitrate, BOD, and TSS were high 

value. The different characteristics were found at Station C (post-tin mining lakes 

more than 15 years) that had a neutral pH, high DO, total phosphate, and nitrit 

values, while Eh value, total nitrogen, TSS, nitrate, BOD, and TSS were low value. 

Analysis of the elements showed that in the three research stations there were 

28 elements. The distribution of elements were more found at Station C than lakes 

aged less than 10 years (Station A and Station B). Elements of Al, Br, Ca, Cl, P, Rb, 

Ti, Y, As, Co, Cu, Ga, Mn, Ni, Pb, Th, and Zn were 17 metal elements found in the 

highest concentration at Station C than Station A and Station B. Eleven other 

elements at Station A or Station B were higher concentrations than at Station C, 

namely Cr, Fe, Hf, Sn, Ta, Te, V, K, Mg, S, and Si. Elements analysis showed three 

patterns of elements distribution in the post-tin mining lakes, namely (1) a positive 

correlation pattern or decreasing in concentration; (2) a negative correlation pattern 

or an increasing in concentration; and (3) a dynamic pattern (increasing or 

decreasing) over the age of post-tin mining lakes.  

The microbial diversity analysis showed diversity of microbes identified 

consist of 22 phylum from Kingdom Bacteria and 3 phylum Kingdom Archaea. 

Microorganism diversity in Station A was dominated Kingdom Bacterial (92.68%) 

and Archaea (7.2%). Kingdom Bacterial was dominated phylum such as 

Proteobacteria (30%), Actinobacteria (22%), Chloroflexi (18%), Firmicutes (9%), 

Acidobacteria (5%), Planctomycetes (5%), and Bacteroidetes (1%), while Kingdom 

Archaea was dominated Euryarcheota (6.2%) and Crenarchaeota (1%).  

Microorganism diversity in Station B was dominated Kingdom Bacterial 

(99.49%) and Archaea (< 1%). Kingdom Bacterial was dominated phylum such as 

Bacteroidetes (44%), Proteobacteria (24%), Chloroflexi (8%), Firmicutes (7%), 

Planctomycetes (6%), Acidobacteria (4%), and Actinobacteria (1%), while Kingdom 

Archaea was dominated Crenarchaeota (< 1%). Candidatus Phylum Parcubacteria 

(OD1) was found highest in the Stasion B (3%), while in Station A and Station B 

was found in relative abundance < 1%.  

Microorganism diversity in Station C was dominated Kingdom Bacterial 

(99.37%) and Archaea (< 1%). Kingdom Bacterial was dominated phylum such as 

Planctomycetes (38%), Proteobacteria (37%), Bacteroidetes (4.2%), Chloroflexi 

(4%), Chlorobi (3%), Cyanobacteria (3%), Acidobacteria (2%), Firmicutes (2%), 
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Spirochaetes (1%), and Thermi (1%), while Kingdom Archaea was dominated 

Euryarchaeota (< 1%). 

The correlation analysis showed that changes in physical and chemical factors 

of the environment in post-tin mining lakes had a correlation with the diversity of 

microbes in the ecosystem. This correlation was shown in the microbial clustering in 

lakes that were less than 1 year and between 5-10 years which have a closer 

relationship compared to lake that was more than 15 years. This was also relevant to 

the characteristics of waters in post-mining lakes that were less than 10 years 

compared to lake more than 15 years.  

 

Keywords: post-tin mining lake, age difference, environmental factors, bacterial 

diversity, next generation sequencing 
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