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Lampiran  1. Perhitungan  

A. Perhitungan Debit  

Diketahui :  

Jumlah Tempat Tidur   = 200 bed (Data Rumah Sakit, 2023)  

Asumsi kebutuhan air tiap bed    = 450 liter/bed/hari (Permenkes Nomor 7 Tahun 

2019)  

Bed of Ratio (BOR)  = 54% (Data Rumah Sakit, 2023) 

Asumsi air limbah   = 80% (Tchobanoglous et al, 2003) 

Jumlah pegawai    = 815 orang (Data Rumah Sakit, 2023) 

Asumsi kebutuhan air pegawai    = 50 liter/karyawan/hari (Tchobanoglous et al, 

2003) 

Perhitungan :  

Total Kebutuhan air    = (𝑗𝑢𝑚𝑙𝑎ℎ 𝑡𝑒𝑚𝑝𝑎𝑡 𝑡𝑖𝑑𝑢𝑟 ×

𝑎𝑠𝑢𝑚𝑠𝑖 𝑘𝑒𝑏𝑢𝑡𝑢ℎ𝑎𝑛 𝑎𝑖𝑟 × 𝐵𝑂𝑅) +

(𝑗𝑢𝑚𝑙𝑎ℎ 𝑝𝑒𝑔𝑎𝑤𝑎𝑖 ×

 𝑎𝑠𝑢𝑚𝑠𝑖 𝑘𝑒𝑏𝑢𝑡𝑢ℎ𝑎𝑛 𝑎𝑖𝑟) 

 = (200 𝑏𝑒𝑑 × 450 𝐿/𝑏𝑒𝑑/ℎ𝑎𝑟𝑖 × 54%) +

(815 𝑜𝑟𝑎𝑛𝑔 ×  50 𝐿/𝑘𝑎𝑟𝑦𝑎𝑤𝑎𝑛/ℎ𝑎𝑟𝑖) 

 = 89350 liter/hari  

Debit air limbah   = 𝑡𝑜𝑡𝑎𝑙 𝑘𝑒𝑏𝑢𝑡𝑢ℎ𝑎𝑛 𝑎𝑖𝑟 × 𝑎𝑠𝑢𝑚𝑠𝑖 𝑎𝑖𝑟 𝑙𝑖𝑚𝑏𝑎ℎ  

 = 89350 𝐿/ℎ𝑎𝑟𝑖 × 80% 

 = 71480 liter/hari  

 = 71,48 m3/hari  

 = 2,98 m3/ jam  

B. Perhitungan Mass Balance  

Karakteristik Awal Air Limbah 

• BOD  

Q    = 114,12 m3/hari  

Konsentrasi BOD   = 64,73 mg/L  

 = 0,065 kg/ m3 

M BOD    = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝐵𝑂𝐷  

 = 114,12 m3/hari × 0,065 kg/ m3 
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 = 7,39 kg/hari  

 

• COD  

Q    = 114,12 m3/hari  

Konsentrasi COD   = 182,41 mg/L  

 = 0,182 kg/ m3 

M COD    = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝐶𝑂𝐷  

 = 114,12 m3/hari × 0,182 kg/ m3 

 = 20,82 kg/hari  

• TSS 

Q    = 114,12 m3/hari  

Konsentrasi TSS    = 50 mg/L  

= 0,050 kg/ m3 

M TSS    = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑇𝑆𝑆  

 = 114,12 m3/hari × 0,050 kg/ m3 

 = 5,71 kg/hari  

• Minyak Lemak  

Q    = 114,12 m3/hari  

Konsentrasi Minyak Lemak = 6,97 mg/L  

 = 0,007 kg/ m3 

M Minyak Lemak   = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑀𝑖𝑛𝑦𝑎𝑘 𝐿𝑒𝑚𝑎𝑘  

 = 114,12 m3/hari × 0,007 kg/ m3 

 = 0,79 kg/hari  

• Total Coliform 

Q    = 114,12 m3/hari  

Konsentrasi Total Coliform = 111270000 MPN/100 mL  

 = 111270 kg/ m3 

M Total Coliform   = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑙𝑖𝑓𝑜𝑟𝑚 

 = 114,12 m3/hari × 111270 kg/ m3 

 = 12698132,40 kg/hari  

• Amonia 

Q    = 114,12 m3/hari  
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Konsentrasi Amonia  = 74,11 mg/L  

 = 0,074 kg/ m3 

M Amonia    = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝐴𝑚𝑜𝑛𝑖𝑎  

 = 114,12 m3/hari × 0,074 kg/ m3 

 = 8,46 kg/hari  

• Fosfat 

Q    = 114,12 m3/hari  

Konsentrasi Fosfat  = 6,06 mg/L  

 = 0,006 kg/ m3 

M Fosfat    = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝐹𝑜𝑠𝑓𝑎𝑡  

 = 114,12 m3/hari × 0,006 kg/ m3 

= 0,69 kg/hari  

• Besi 

Q    = 114,12 m3/hari  

Konsentrasi Besi    = 39,78 mg/L  

 = 0,040 kg/ m3 

M Besi   = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝐵𝑒𝑠𝑖  

 = 114,12 m3/hari × 0,040 kg/ m3 

 = 4,54 kg/hari  

• Tembaga 

Q    = 114,12 m3/hari  

Konsentrasi Tembaga = 32,59 mg/L  

 = 0,033 kg/ m3 

M Tembaga    = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑇𝑒𝑚𝑏𝑎𝑔𝑎  

 = 114,12 m3/hari × 0,033 kg/ m3 

 = 3,72 kg/hari  

• Seng 

Q    = 114,12 m3/hari  

Konsentrasi Seng   = 4,73 mg/L  

 = 0,005 kg/ m3 

M Seng   = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑆𝑒𝑛𝑔  

 = 114,12 m3/hari × 0,005 kg/ m3 
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 = 0,54 kg/hari  

 

• Kromium   

Q    = 114,12 m3/hari  

Konsentrasi Kromium = 9,30 mg/L  

 = 0,009 kg/ m3 

M Kromium   = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝐾𝑟𝑜𝑚𝑖𝑢𝑚  

 = 114,12 m3/hari × 0,009 kg/ m3 

 = 1,06 kg/hari  

• Kadmium 

Q    = 114,12 m3/hari  

Konsentrasi Kadmium  = 1,20 mg/L  

 = 0,001 kg/ m3 

M Kadmium    = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝐾𝑎𝑑𝑚𝑖𝑢𝑚  

 = 114,12 m3/hari × 0,001 kg/ m3 

 = 0,14 kg/hari  

• Timbal 

Q    = 114,12 m3/hari  

Konsentrasi Timbal   = 0,01 mg/L  

 = 0,00001 kg/ m3 

M Timbal    = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑇𝑖𝑚𝑏𝑎𝑙  

 = 114,12 m3/hari × 0,00001 kg/ m3 

 = 0,001 kg/hari  

• Nikel 

Q    = 114,12 m3/hari  

Konsentrasi Nikel   = 0,01 mg/L  

 = 0,00001 kg/ m3 

M Nikel    = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑁𝑖𝑘𝑒𝑙 

 = 114,12 m3/hari × 0,00001 kg/ m3 

 = 0,001 kg/hari   

• Cobalt  

Q    = 114,12 m3/hari  
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Konsentrasi Cobalt   = 20,92 mg/L  

 = 0,021 kg/ m3 

M Cobalt    = 𝑄 × 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝐶𝑜𝑏𝑎𝑙𝑡  

 = 114,12 m3/hari × 0,021 kg/ m3 

 = 2,39 kg/hari  

Mass Balance Bak Sedimentasi  

• BOD  

Q    = 114,12 m3/hari  

Influen 

M BOD     = 7,39 kg/ hari 

Removal 

M BOD    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑘𝑜𝑛𝑠. 𝐵𝑂𝐷 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 44% × 7,39 kg/hari 

 = 3,27 kg/hari  

Effluen 

M BOD    = 𝑀 𝐵𝑂𝐷 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝐵𝑂𝐷 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 7,39 kg/hari - 3,27 kg/hari 

 = 4,11 kg/hari  

• COD  

Q    = 114,12 m3/hari  

 

Influen 

M COD     = 20,82 kg/ hari 

Removal 

M COD    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐶𝑂𝐷 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 49% × 20,82 kg/hari 

 = 10,30 kg/hari  

Effluen 

M COD    = 𝑀 𝐶𝑂𝐷 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝐶𝑂𝐷 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 20,82 kg/hari - 10,30 kg/hari 

= 10,51 kg/hari  

• TSS  
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Q    = 114,12 m3/hari  

 

Influen 

M TSS     = 5,71 kg/ hari 

Removal 

M TSS    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑇𝑆𝑆 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 30% × 5,71 kg/hari 

 = 1,71 kg/hari  

Effluen 

M TSS    = 𝑀 𝑇𝑆𝑆 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝑇𝑆𝑆 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

= 5,71 kg/hari - 1,71 kg/hari 

= 3,99 kg/hari   

• Minyak Lemak  

Q    = 114,12 m3/hari  

Influen 

M Minyak Lemak   = 0,79 kg/ hari 

Removal 

M Minyak Lemak   = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑚𝑖𝑛𝑦𝑎𝑘 𝑙𝑒𝑚𝑎𝑘 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 36% × 0,79 kg/hari 

 = 0,28 kg/hari  

Effluen 

M Minyak Lemak   = 𝑀 𝑀𝑖𝑛𝑦𝑎𝑘 𝑙𝑒𝑚𝑎𝑘 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 −

𝑀 𝑀𝑖𝑛𝑦𝑎𝑘 𝑙𝑒𝑚𝑎𝑘 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,79 kg/hari - 0,28 kg/hari 

 = 0,51 kg/hari  

• Total Coliform 

Q    = 114,12 m3/hari  

Influen 

M Total Coliform   = 12698132,40 kg/ hari 

Removal 

M Total Coliform   = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑙𝑖𝑓𝑜𝑟𝑚 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 99% × 12698132,40 kg/hari 
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 = 12609398,39 kg/hari  

 

Effluen 

M Total Coliform   = 𝑀 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑙𝑖𝑓𝑜𝑟𝑚 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 −

𝑀 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑙𝑖𝑓𝑜𝑟𝑚 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 12698132,40 kg/hari - 12609398,39 kg/hari 

 = 10,51 kg/hari 

• Amonia  

Q    = 114,12 m3/hari  

Influen 

M Amonia     = 8,46 kg/ hari 

Removal 

M Amonia    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐴𝑚𝑜𝑛𝑖𝑎 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 42% × 8,46 kg/hari 

 = 3,52 kg/hari  

Effluen 

M Amonia   = 𝑀 𝐴𝑚𝑜𝑛𝑖𝑎 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝐴𝑚𝑜𝑛𝑖𝑎 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 8,46 kg/hari – 3,52 kg/hari 

 = 4,94 kg/hari  

• Fosfat 

Q    = 114,12 m3/hari  

Influen 

M Fosfat     = 0,69 kg/ hari 

 

Removal 

M Fosfat    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐹𝑜𝑠𝑓𝑎𝑡 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 16% × 0,69 kg/hari 

= 0,11 kg/hari  

Effluen 

M Fosfat   = 𝑀 𝐹𝑜𝑠𝑓𝑎𝑡 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝐹𝑜𝑠𝑓𝑎𝑡 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,69 kg/hari – 0,11 kg/hari 

 = 0,58 kg/hari  
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• Besi 

Q    = 114,12 m3/hari  

Influen 

M Besi     = 4,54 kg/ hari 

Removal 

M Besi    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐵𝑒𝑠𝑖 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 36% × 4,54 kg/hari 

 = 1,64 kg/hari  

Effluen 

M Besi   = 𝑀 𝐵𝑒𝑠𝑖 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝐵𝑒𝑠𝑖 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 4,54 kg/hari – 1,64 kg/hari 

 = 2,90 kg/hari 

• Tembaga 

Q    = 114,12 m3/hari  

Influen 

M Tembaga     = 3,72 kg/ hari 

Removal 

M Tembaga    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑇𝑒𝑚𝑏𝑎𝑔𝑎 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 10% × 3,72 kg/hari 

 = 0,36 kg/hari  

Effluen 

M Tembaga   = 𝑀 𝑇𝑒𝑚𝑏𝑎𝑔𝑎 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 −

𝑀 𝑇𝑒𝑚𝑏𝑎𝑔𝑎 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 3,72 kg/hari – 0,36 kg/hari 

 = 3,36 kg/hari 

• Seng 

Q    = 114,12 m3/hari  

Influen 

M Seng     = 0,54 kg/ hari 

Removal 

M Seng   = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑆𝑒𝑛𝑔 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 37% × 0,54 kg/hari 
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 = 0,20 kg/hari  

 

Effluen 

M Seng   = 𝑀 𝑆𝑒𝑛𝑔 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝑆𝑒𝑛𝑔 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,54 kg/hari – 0,20 kg/hari 

 = 0,34 kg/hari 

• Kromium 

Q    = 114,12 m3/hari  

Influen 

M Kromium    = 1,06 kg/ hari 

Removal 

M Kromium    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐾𝑟𝑜𝑚𝑖𝑢𝑚 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 5% × 1,06 kg/hari 

 = 0,06 kg/hari  

Effluen 

M Kromium   = 𝑀 𝐾𝑟𝑜𝑚𝑖𝑢𝑚 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 −

𝑀 𝐾𝑟𝑜𝑚𝑖𝑢𝑚 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 1,06 kg/hari – 0,06 kg/hari 

 = 1 kg/hari 

 

• Kadmium 

Q    = 114,12 m3/hari  

Influen 

M Kadmium    = 0,14 kg/ hari 

Removal 

M Kadmium    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐾𝑎𝑑𝑚𝑖𝑢𝑚 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 40% × 0,14 kg/hari 

 = 0,05 kg/hari  

Effluen 

M Kadmium   = 𝑀 𝐾𝑎𝑑𝑚𝑖𝑢𝑚 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 −

𝑀 𝐾𝑎𝑑𝑚𝑖𝑢𝑚 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,69 kg/hari – 0,11 kg/hari 
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 = 0,08 kg/hari 

 

• Timbal 

Q    = 114,12 m3/hari  

Influen 

M Timbal     = 0,00001 kg/ hari 

Removal 

M Timbal    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑇𝑖𝑚𝑏𝑎𝑙 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 0% × 0,00001 kg/hari 

 = 0 kg/hari  

Effluen 

M Timbal  = 𝑀 𝑇𝑖𝑚𝑏𝑎𝑙 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝑇𝑖𝑚𝑏𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,00001 kg/hari – 0 kg/hari 

 = 0,00001 kg/hari 

• Nikel 

Q    = 114,12 m3/hari  

Influen 

M Nikel    = 0,00001 kg/ hari 

 

Removal 

M Nikel   = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑁𝑖𝑘𝑒𝑙 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 0% × 0,00001 kg/hari 

 = 0 kg/hari  

Effluen 

M Nikel    = 𝑀 𝑁𝑖𝑘𝑒𝑙 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝑁𝑖𝑘𝑒𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

= 0,00001 kg/hari – 0 kg/hari 

= 0,00001 kg/hari 

• Cobalt 

Q    = 114,12 m3/hari  

Influen 

M Cobalt     = 2,39 kg/ hari 

Removal 
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M Cobalt    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐶𝑜𝑏𝑎𝑙𝑡 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 70% × 2,39 kg/hari 

 = 1,68 kg/hari  

Effluen 

M Cobalt   = 𝑀 𝐶𝑜𝑏𝑎𝑙𝑡 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝐶𝑜𝑏𝑎𝑙𝑡 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 2,39 kg/hari – 1,68 kg/hari 

 = 0,71 kg/hari 

Mass Balance Biofilter Anaerob-Aerob 

• BOD  

Q    = 114,12 m3/hari  

Influen 

M BOD     = 4,11 kg/ hari 

Removal 

M BOD    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑘𝑜𝑛𝑠. 𝐵𝑂𝐷 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 64% × 4,11 kg/hari 

 = 2,62 kg/hari  

Effluen 

M BOD    = 𝑀 𝐵𝑂𝐷 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝐵𝑂𝐷 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 4,11 kg/hari – 2,62 kg/hari 

 = 1,50 kg/hari  

• COD  

Q    = 114,12 m3/hari  

Influen 

M COD     = 10,51 kg/ hari 

Removal 

M COD    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐶𝑂𝐷 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

= 77% × 10,51 kg/hari 

= 8,07 kg/hari  

Effluen 

M COD    = 𝑀 𝐶𝑂𝐷 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝐶𝑂𝐷 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 10,51 kg/hari – 8,07 kg/hari 

 = 2,45 kg/hari  
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• TSS  

Q    = 114,12 m3/hari  

Influen 

M TSS     = 3,99 kg/ hari 

Removal 

M TSS    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑇𝑆𝑆 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 94% × 3,99 kg/hari 

 = 3,77 kg/hari  

Effluen 

M TSS    = 𝑀 𝑇𝑆𝑆 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝑇𝑆𝑆 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 3,99 kg/hari – 3,77 kg/hari 

 = 0,23 kg/hari   

• Minyak Lemak  

Q    = 114,12 m3/hari  

Influen 

M Minyak Lemak   = 0,51 kg/ hari 

 

Removal 

M Minyak Lemak   = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑚𝑖𝑛𝑦𝑎𝑘 𝑙𝑒𝑚𝑎𝑘 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 30% × 0,51 kg/hari 

 = 0,15 kg/hari  

Effluen 

M Minyak Lemak   = 𝑀 𝑀𝑖𝑛𝑦𝑎𝑘 𝑙𝑒𝑚𝑎𝑘 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 −

𝑀 𝑀𝑖𝑛𝑦𝑎𝑘 𝑙𝑒𝑚𝑎𝑘 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,51 kg/hari - 0,15 kg/hari 

 = 0,36 kg/hari  

• Total Coliform 

Q    = 114,12 m3/hari  

Influen 

M Total Coliform   = 88734,01 MPN/100 mL 

Removal 

M Total Coliform   = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑙𝑖𝑓𝑜𝑟𝑚 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  
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 = 99% × 88734,01 MPN/100 mL 

 = 87432,81 MPN/100 mL  

Effluen 

M Total Coliform   = 𝑀 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑙𝑖𝑓𝑜𝑟𝑚 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 −

𝑀 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑙𝑖𝑓𝑜𝑟𝑚 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 88734,01 MPN/100 mL - 88734,01 MPN/100 

mL 

 = 1301,20 MPN/100 ML 

• Amonia  

Q    = 114,12 m3/hari  

Influen 

M Amonia     = 4,94 kg/ hari 

Removal 

M Amonia    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐴𝑚𝑜𝑛𝑖𝑎 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

= 88% × 4,94 kg/hari 

= 4,34 kg/hari  

Effluen 

M Amonia   = 𝑀 𝐴𝑚𝑜𝑛𝑖𝑎 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝐴𝑚𝑜𝑛𝑖𝑎 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

= 4,94 kg/hari – 4,34 kg/hari 

= 0,60 kg/hari  

• Fosfat 

Q    = 114,12 m3/hari  

Influen 

M Fosfat     = 0,58 kg/ hari 

Removal 

M Fosfat    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐹𝑜𝑠𝑓𝑎𝑡 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 7% × 0,58 kg/hari 

 = 0,04 kg/hari  

Effluen 

M Fosfat  M Fosfat   = 𝑀 𝐹𝑜𝑠𝑓𝑎𝑡 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝐹𝑜𝑠𝑓𝑎𝑡 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,58 kg/hari – 0,04 kg/hari 

 = 0,54 kg/hari  
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• Besi 

Q    = 114,12 m3/hari  

Influen 

M Besi     = 2,90 kg/ hari 

Removal 

M Besi    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐵𝑒𝑠𝑖 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 100% × 2,90 kg/hari 

 = 2,89 kg/hari  

Effluen 

M Besi   = 𝑀 𝐵𝑒𝑠𝑖 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝐵𝑒𝑠𝑖 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 2,90 kg/hari – 2,89 kg/hari 

= 0,01 kg/hari 

• Tembaga 

Q    = 114,12 m3/hari  

Influen 

M Tembaga     = 3,36 kg/ hari 

Removal 

M Tembaga    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑇𝑒𝑚𝑏𝑎𝑔𝑎 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 100% × 3,36 kg/hari 

 = 3,36 kg/hari  

Effluen 

M Tembaga   = 𝑀 𝑇𝑒𝑚𝑏𝑎𝑔𝑎 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 −

𝑀 𝑇𝑒𝑚𝑏𝑎𝑔𝑎 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 3,36 kg/hari – 3,36 kg/hari 

 = 0,0001 kg/hari 

• Seng 

Q    = 114,12 m3/hari  

Influen 

M Seng     = 0,34 kg/ hari 

Removal 

M Seng   = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑆𝑒𝑛𝑔 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 99% × 0,34 kg/hari 



117 

 

 

 = 0,33 kg/hari  

 

Effluen 

M Seng   = 𝑀 𝑆𝑒𝑛𝑔 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝑆𝑒𝑛𝑔 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,34 kg/hari – 0,33 kg/hari 

 = 0,004 kg/hari 

• Kromium 

Q    = 114,12 m3/hari  

Influen 

M Kromium    = 1 kg/ hari 

Removal 

M Kromium    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐾𝑟𝑜𝑚𝑖𝑢𝑚 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 100% × 1 kg/hari 

 = 1 kg/hari  

Effluen 

M Kromium   = 𝑀 𝐾𝑟𝑜𝑚𝑖𝑢𝑚 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 −

𝑀 𝐾𝑟𝑜𝑚𝑖𝑢𝑚 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 1 kg/hari – 1 kg/hari 

 = 0,001 kg/hari 

• Kadmium 

Q    = 114,12 m3/hari  

Influen 

M Kadmium    = 0,08 kg/ hari 

Removal 

M Kadmium    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐾𝑎𝑑𝑚𝑖𝑢𝑚 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 100% × 0,08 kg/hari 

 = 0,08 kg/hari 

Effluen 

M Kadmium   = 𝑀 𝐾𝑎𝑑𝑚𝑖𝑢𝑚 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 −

𝑀 𝐾𝑎𝑑𝑚𝑖𝑢𝑚 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,08 kg/hari – 0,08 kg/hari 

 = 0,000001 kg/hari 
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• Timbal 

Q    = 114,12 m3/hari  

Influen 

M Timbal     = 0 kg/ hari 

Removal 

M Timbal    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑇𝑖𝑚𝑏𝑎𝑙 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 0% × 0 kg/hari 

 = 0 kg/hari  

Effluen 

M Timbal  = 𝑀 𝑇𝑖𝑚𝑏𝑎𝑙 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝑇𝑖𝑚𝑏𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0 kg/hari – 0 kg/hari 

 = 0,001 kg/hari 

• Nikel 

Q    = 114,12 m3/hari  

Influen 

M Nikel    = 0 kg/ hari 

Removal 

M Nikel   = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝑁𝑖𝑘𝑒𝑙 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 0% × 0 kg/hari 

 = 0,001 kg/hari  

Effluen 

M Nikel    = 𝑀 𝑁𝑖𝑘𝑒𝑙 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝑁𝑖𝑘𝑒𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,00001 kg/hari – 0 kg/hari 

 = 0,00001 kg/hari 

• Cobalt 

Q    = 114,12 m3/hari  

Influen 

M Cobalt     = 0,71 kg/ hari 

Removal 

M Cobalt    = % 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 × 𝑀 𝐶𝑜𝑏𝑎𝑙𝑡 𝑖𝑛𝑓𝑙𝑢𝑒𝑛  

 = 100% × 0,71 kg/hari 

 = 0,71 kg/hari  
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Effluen 

M Cobalt   = 𝑀 𝐶𝑜𝑏𝑎𝑙𝑡 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 − 𝑀 𝐶𝑜𝑏𝑎𝑙𝑡 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

= 0,71 kg/hari – 0,71 kg/hari 

= 0,0001 kg/hari 

Cek Mass Balance  

• BOD  

M BOD Masuk   = 7,39 kg/hari  

M BOD Keluar   = 𝑀 𝐵𝑂𝐷 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 7,39 kg/hari x 79,73%  

 = 5,89 kg/hari 

Cek BOD Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

    = 3,27 kg/hari + 2,62 kg/hari  

 = 5,89 kg/hari 

• COD  

M COD Masuk   = 20,82 kg/hari  

M COD Keluar   = 𝑀 𝐶𝑂𝐷 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 20,82 kg/hari x 88,24%  

 = 18,37 kg/hari 

Cek COD Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

    = 10,30 kg/hari + 8,07 kg/hari  

 = 18,37 kg/hari 

• TSS  

M TSS Masuk   = 5,71 kg/hari  

M TSS Keluar   = 𝑀 𝑇𝑆𝑆 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 5,71 kg/hari x 96%  

 = 5,48 kg/hari 

Cek TSS Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

    = 1,71 kg/hari + 3,77 kg/hari  

 = 5,48 kg/hari 
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• Minyak Lemak  

M Minyak Lemak Masuk  = 0,79 kg/hari  

M Minyak Lemak Keluar   = 𝑀 𝑀𝑖𝑛𝑦𝑎𝑘 𝐿𝑒𝑚𝑎𝑘  𝑚𝑎𝑠𝑢𝑘 ×

% 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,79 kg/hari x 54,85% 

 = 0,44 kg/hari 

Cek Minyak Lemak Keluar  = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

 = 0,28 kg/hari + 0,15 kg/hari  

 = 0,44 kg/hari 

• Total Coliform  

M Total Coliform Masuk  = 12698132,40 MPN/100 mL 

M Total Coliform Keluar  = 𝑀 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑙𝑖𝑓𝑜𝑟𝑚 𝑚𝑎𝑠𝑢𝑘 ×

% 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 12698132,40 MPN/100 mL x 99,99% 

 = 12696831,20 MPN/100 mL 

Cek Total Coliform Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

 = 12609398,39 MPN/100 mL + 87432,81 

MPN/100 mL 

 = 12696831,20 MPN/100 mL 

• Amonia  

M Amonia Masuk   = 8,46 kg/hari  

M Amonia Keluar   = 𝑀 𝐴𝑚𝑜𝑛𝑖𝑎 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 8,46 kg/hari x 92,88% 

 = 7,86 kg/hari 

Cek Amonia Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

 = 3,52 kg/hari + 4,34 kg/hari  

 = 7,86 kg/hari 

• Fosfat  

M Fosfat Masuk   = 0,69 kg/hari  
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M Fosfat Keluar   = 𝑀 𝐹𝑜𝑠𝑓𝑎𝑡 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

= 0,69 kg/hari x 21,97% 

= 0,15 kg/hari 

Cek Fosfat Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

    = 0,11 kg/hari + 0,04 kg/hari  

= 0,15 kg/hari 

• Besi  

M Besi Masuk   = 4,54 kg/hari  

M Besi Keluar   = 𝑀 𝐵𝑒𝑠𝑖 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 4,54 kg/hari x 99,73% 

 = 4,53 kg/hari 

Cek Besi Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

    = 1,64 kg/hari + 2,89 kg/hari  

 = 4,53 kg/hari 

• Tembaga  

M Tembaga Masuk   = 3,72 kg/hari  

M Tembaga Keluar   = 𝑀 𝑇𝑒𝑚𝑏𝑎𝑔𝑎 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 3,72 kg/hari x 100%  

 = 3,72 kg/hari 

Cek Tembaga Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

    = 0,36 kg/hari + 3,36 kg/hari  

 = 3,72 kg/hari 

• Seng  

M Seng Masuk   = 0,54 kg/hari  

M Seng Keluar   = 𝑀 𝑆𝑒𝑛𝑔 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,54 kg/hari x 99,20% 

 = 0,54 kg/hari 

Cek Seng Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  
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    = 0,20 kg/hari + 0,33 kg/hari  

 = 0,54 kg/hari 

• Kromium  

M Kromium Masuk   = 1,06 kg/hari 

M Kromium Keluar   = 𝑀 𝐾𝑟𝑜𝑚𝑖𝑢𝑚 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 1,06 kg/hari x 99,89% 

 = 1,06 kg/hari 

Cek Kromium Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

    = 0,06 kg/hari + 1 kg/hari  

 = 1,06 kg/hari 

• Kadmium  

M Kadmium Masuk   = 0,14 kg/hari  

M Kadmium Keluar   = 𝑀 𝐾𝑎𝑑𝑚𝑖𝑢𝑚 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,14 kg/hari x 100%  

 = 0,14 kg/hari 

Cek Kadmium Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

    = 0,05 kg/hari + 0,08 kg/hari  

 = 0,14 kg/hari 

• Timbal  

M Timbal Masuk   = 0,001 kg/hari  

M Timbal Keluar   = 𝑀 𝑡𝑖𝑚𝑏𝑎𝑙 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 0,001 kg/hari x 0% 

 = 0 kg/hari 

Cek Timbal Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

    = 0 kg/hari + 0 kg/hari  

 = 0 kg/hari 

• Nikel  

M Nikel Masuk   = 0,001 kg/hari  

M Nikel Keluar   = 𝑀 𝑁𝑖𝑘𝑒𝑙 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  
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 = 0,001 kg/hari x 0%  

 = 0 kg/hari 

Cek Nikel Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

 = 0 kg/hari + 0 kg/hari  

 = 0 kg/hari 

• Cobalt  

M Cobalt Masuk   = 2,39 kg/hari 

M Cobalt Keluar   = 𝑀 𝐶𝑜𝑏𝑎𝑙𝑡 𝑚𝑎𝑠𝑢𝑘 × % 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  

 = 2,39 kg/hari x 100% 

 = 2,39 kg/hari 

Cek Cobalt Keluar   = 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑠𝑖 +

 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑢𝑡𝑙𝑒𝑡  

 = 1,68 kg/hari + 0,71 kg/hari  

 = 2,39 kg/hari 

C. Perhitungan Bak Sedimentasi  

Diketahui :  

Debit (Q)     =114,12 m3/hari = 4,76 m3/jam 

Panjang bak (P)   = 7,34 meter  

Lebar Bak (L)  = 3,47 meter  

Tinggi Bak (H)  = 3,14 meter  

Volume Bak    = 79,98 m3 

Perhitungan :  

A surface  = 𝑝 × 𝑙 

= 7,34 𝑚 × 3,47 𝑚  

= 25,47 𝑚2 

Hydraulic Loading Rate (HLR) = 
𝑄

𝐴 𝑆𝑢𝑟𝑓𝑎𝑐𝑒
 

= 
114,12 𝑚3/ℎ𝑎𝑟𝑖 

25,47 𝑚2  

= 4,48 m3/m2.hari  

Cek Overflow Rate (Vo)  = 
𝑄

𝐴 𝑠𝑢𝑟𝑓𝑎𝑐𝑒
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= 
114,12 𝑚3/ℎ𝑎𝑟𝑖

25,47 𝑚2  

= 4,48 m3/m2.hari  

Cek Waktu Detensi (HRT)  = 
𝑉

𝑄
 

= 
79,98 𝑚3

 4,76 𝑚3/𝑗𝑎𝑚
 

= 16,82 jam  

Kontrol Reynold Number    

Kecepatan Horizontal (Vh)   = 
𝑄

𝑝 𝑥 ℎ
 

= 
0,0013 𝑚3/𝑑𝑒𝑡𝑖𝑘

7,34 𝑚 𝑥 3,14 𝑚 
 

= 0,000057 m/detik  

Jari-jari hidrolis (R)  = 
(𝑙×ℎ)

(𝑙+2ℎ)
 

= 
(3,47 𝑚 ×3,14 𝑚 )

(3,47 𝑚 +2 × 3,14 𝑚 )
 

= 1,12 m  

Reynold Number (Nre)  = 
𝑉ℎ ×𝑅

𝜈
 

= 
0,000057 𝑚/𝑑𝑒𝑡𝑖𝑘 ×1,12 𝑚

0,000000893 𝑚/𝑑𝑒𝑡𝑖𝑘 
 

= 71,72 (Aliran laminar)  

Kontrol Froude Number  = 
𝑉ℎ2

(𝑔 𝑥 𝑅)
 

= 
(0,000057 𝑚/𝑑𝑒𝑡𝑖𝑘)2

(0,000000893 𝑥 1,12 𝑚 )
 

= 0,0000000003  

Perhitungan efisiensi unit  

Efisiensi penyisihan BOD  = (
𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 – 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡

 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 
) × 100%  

= (
64,73 𝑚𝑔/𝑙 – 36,06 𝑚𝑔/𝑙 

64,73 𝑚𝑔/𝑙 
) × 100% 

= 44 %  

Efisiensi penyisihan TSS = (
𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 – 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡

 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 
) × 100%  

= (
50 𝑚𝑔/𝑙 – 35 𝑚𝑔/𝑙 

50 𝑚𝑔/𝑙 
) × 100% 

= 30 %  

D. Perhitungan Biofilter Anaerob-Aerob  

Diketahui :  
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Debit (Q)     =114,12 m3/hari = 4,76 m3/jam 

Panjang bak    = 6,1 meter  

Lebar Bak   = 3,8 meter  

Tinggi Bak   = 2,1 meter  

Volume Bak    = 48,68 m3 

Perhitungan :  

Rasio BOD/COD   = 
𝐵𝑂𝐷 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 

𝐶𝑂𝐷 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 
 

  = 
36,06 𝑚𝑔/𝐿 

92,13 𝑚𝑔/𝐿 
 

   = 0,39 (memenuhi)  

Organic Loading Rate (OLR)   = 
𝑄 𝑥 𝐵𝑂𝐷 𝑖𝑛 

𝑣𝑜𝑙 𝑏𝑎𝑘 
 

 = 
114,12  𝑚3/ℎ𝑎𝑟𝑖  𝑥 0,06 𝑘𝑔/𝑚3 

48,68 𝑚3  

 =  0,15 kg/m3.hari  

Hydraulic Loading Rate   = 
𝑄

𝐴
 

   = 
114,12 𝑚3/ℎ𝑎𝑟𝑖 

23,18 𝑚2  

   = 4,48 m3/m2.hari  

Waktu detensi   = 
𝑉

𝑄
 

 = 
48,68 𝑚3

114,12 𝑚3/ℎ𝑎𝑟𝑖 
 

 = 0,43 hari  

 = 10,24 jam  

Kebutuhan Oksigen  

Diketahui :  

Faktor keamanan   = 2  

Berat udara   = 1,1725 kg/m3 

Efisiensi diffuser   = 2,5% = 0,025 

Jumlah oksigen dalam udara   = 0,232 g O2/g Udara  

Perhitungan :  

Kebutuhan teoritis   = jumlah BOD yang dihilangkan  

 = 2,62 kg/hari  

Jumlah kebutuhan udara teoritis  = 
𝐹𝑎𝑘𝑡𝑜𝑟 𝑘𝑒𝑎𝑚𝑎𝑛𝑎𝑛 ×𝑘𝑒𝑏𝑢𝑡𝑢ℎ𝑎𝑛 𝑡𝑒𝑜𝑟𝑖𝑡𝑖𝑠 

𝑏𝑒𝑟𝑎𝑡 𝑢𝑑𝑎𝑟𝑎 ×𝑗𝑢𝑚𝑙𝑎ℎ 𝑜𝑘𝑠𝑖𝑔𝑒𝑛 𝑑𝑎𝑙𝑎𝑚 𝑢𝑑𝑎𝑟𝑎 
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 = 
2 ×2,62 𝑘𝑔/ℎ𝑎𝑟𝑖

1,1725 𝑘𝑔/𝑚3×0,232 𝑔 𝑂2/𝑔𝑈𝑑𝑎𝑟𝑎
 

= 19,24 m3/hari  

Kebutuhan udara aktual   = 
𝑘𝑒𝑏𝑢𝑡𝑢ℎ𝑎𝑛 𝑢𝑑𝑎𝑟𝑎 𝑡𝑒𝑜𝑟𝑖𝑡𝑖𝑠 

𝑒𝑓𝑖𝑠𝑖𝑒𝑛𝑠𝑖 𝑑𝑖𝑓𝑓𝑢𝑠𝑒𝑟 
 

= 
19,244 𝑚3/ℎ𝑎𝑟𝑖  

0,025
 

= 769,75 m3/hari 

Perhitungan efisiensi unit  

Efisiensi penyisihan BOD   = (
𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 – 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡

 𝑘𝑜𝑛𝑠𝑒𝑛𝑡𝑟𝑎𝑠𝑖 𝑖𝑛𝑓𝑙𝑢𝑒𝑛 
) ×

100%  

= (
36,06  𝑚𝑔/𝑙 –  13,12 𝑚𝑔/𝑙 

36,06 𝑚𝑔/𝑙 
) × 100% 

= 64 %  

E. Perhitungan Unit Disinfeksi  

Diketahui :  

Debit (Q)  = 114,12 m3/hari = 1,32 liter/ detik  

Kadar klor dalam kaporit (C)  = 70%  

DPC  = 2,5 mg/l  

Sisa klor    = 0,5 mg/l  

Densitas Kaporit    = 860 kg/m3 

Perhitungan :  

Dosis klor yang dibutuhkan  = 𝐷𝑃𝐶 +  𝑠𝑖𝑠𝑎 𝑘𝑙𝑜𝑟  

  = 2,5
𝑚𝑔

𝑙
+ 0,5𝑚𝑔/𝑙 

  = 3 mg/l  

Kebutuhan kaporit  = 𝑄 × 𝐶 × 𝑑𝑜𝑠𝑖𝑠 𝑘𝑙𝑜𝑟  

= 1,32 𝑙𝑖𝑡𝑒𝑟/𝑑𝑒𝑡𝑖𝑘 × 70% × 3 𝑚𝑔/𝑙 

= 5,66 mg/detik  

= 0,49 kg/hari  

Volume kaporit  = 
𝑑𝑜𝑠𝑖𝑠 𝑘𝑙𝑜𝑟

𝑑𝑒𝑛𝑠𝑖𝑡𝑎𝑠 𝑘𝑎𝑝𝑜𝑟𝑖𝑡 
 

= 
3 𝑚𝑔/𝑙

860 𝑘𝑔/𝑚3 
 

= 0,0035 m3/hari  
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Volume larutan  = 
(100 × 𝑣𝑜𝑙 𝑘𝑎𝑝𝑜𝑟𝑖𝑡)

5
 

= 
(100 × 0,0035 𝑚3/ℎ𝑎𝑟𝑖)

5
 

= 0,07 m3/hari  

= 69,77 liter/hari  

Volume pelarut  = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑙𝑎𝑟𝑢𝑡𝑎𝑛 − 𝑣𝑜𝑙𝑢𝑚𝑒 𝑘𝑎𝑝𝑜𝑟𝑖𝑡  

= 0,07 𝑚3/ℎ𝑎𝑟𝑖 − 0,0035 𝑚3/ℎ𝑎𝑟𝑖   

= 0,07 m3/hari 

Debit pembubuhan  = 
𝑣𝑜𝑙 𝑙𝑎𝑟𝑢𝑡𝑎𝑛 ×1000

86400
 

= 
𝑣𝑜𝑙 𝑙𝑎𝑟𝑢𝑡𝑎𝑛 ×1000

86400
 

= 0,81 ml/detik  

= 2,91 liter/jam  

Perhitungan stroke pompa dosing  

Diketahui :  

Q pembubuhan  = 2,91 liter/jam  

Q maksimum pompa saat 100% = 15 liter/jam  

Perhitungan :  

Stroke pompa  = 
𝑄 𝑝𝑒𝑚𝑏𝑢𝑏𝑢ℎ𝑎𝑛 

𝑄 𝑚𝑎𝑘𝑠𝑖𝑚𝑢𝑚 𝑝𝑜𝑚𝑝𝑎 
× 100%  

 = 
2,91 𝑙𝑖𝑡𝑒𝑟/𝑗𝑎𝑚  

15 𝑙𝑖𝑡𝑒𝑟/𝑗𝑎𝑚 
× 100% 

 = 19%  
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Lampiran  2. Dokumentasi  
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Lampiran  3. Surat Hasil Pengujian  
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Lampiran  4. Baku Mutu Acuan  
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