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ABSTRAK

Pencemaran lingkungan akibat pembuangan air limbah industri batik di
Sokaraja semakin mengkhawatirkan. Penggunaan air untuk proses produksi dalam
volume yang besar. Sekitar 80% volume air tersebut akan menjadi limbah.
Sumber limbah batik berasal dari proses pewarnaan, pelorodan, dan pencucian.
Limbah biasanya langsung dibuang ke sungai. Sampai saat ini, belum ada satupun
industri batik yang memiliki instalasi pengolahan air limbah. Akibat pembuangan
limbah sembarangan, maka terjadi pencemaran sungai, tanah, dan air tanah.
Limbah batik memiliki karakteristik : warna gelap, pekat, dan berbau.

Penelitian ini bertujuan untuk memberikan solusi terhadap pencemaran
limbah batik tersebut, yaitu dengan model bioremediasi. Bakteri yang berhasil
diisolasi pada media agar, selanjutnya diidentifikasi secara morfologi dan
biokimia. Karakteristik yang muncul dicocokan dengan Bergey’s Manual of
Determinative Bacteriology 9". Tumbuhan yang digunakan untuk bioremediasi
yaitu konsorsium Eichhornia crassipes, Pistia stratiotes, dan Hydrilla verticillata.
Penggunaan tumbuhan secara tunggal dan kombinasi. Parameter yang dianalisis
adalah BOD, COD, Cr®", ammonia, dan warna.

Hasil penelitian menunjukkan karakteristik bakteri indigenous adalah :
bentuk bacil dan cocci, sifat gram negatif, mampu mendegradasi karbohidrat dan
lemak yaitu Methylococcus, Neisseria, Deinococcus, Sporosarcina, Bacillus,
Mesophylobacter, Agrobacterium, dan Xanthobacter. Model bioremediasi yang
paling efektif adalah penggunaan konsorsium tumbuhan Eichhornia crassipes,
Pistia stratiotes, Hydrilla verticillata dan bakteri indigenous. Penurunan bahan
pencemar yang paling efektif adalah pada model 5, dengan efisiensi BOD 57,2%,
COD 64,7%, Cr®* 51,7%, ammonia 51,2%, warna 66,5%, dan waktu penyisihan
BOD 13,9 hari, COD 12,29 hari, Cr®* 15,42 hari, ammonia 15,48 hari, warna
13,50 hari. Efektivitas penurunan parameter ini berkaitan dengan interaksi antara
bakteri indigenous dan tumbuhan. Persepsi masyarakat dalam pengelolaan limbah
batik tidak dipengaruhi oleh tingkat pendidikan.
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ABSTRACT

Environmental pollution due to the disposal of wastewater from the batik
industry in Sokaraja is increasingly worrying. About 80% of the large volumes of
water required for dyeing, wax releasing, and washing during the batik production
process becomes waste, which is commonly discharged into rivers. Batik waste is
dark, thick, and smelly and there are no wastewater treatment plants in batik
industry areas, so rivers, soil, and groundwater are often polluted.

This study aims to provide a solution to the pollution of batik waste,
namely a bioremediation model. The presence of indigenous bacteria was
identified morphologycally, and biochemically. The identification results were
matched with Bergey’s Manual of Determinative Bacteriology 9™ ed. The plants
used alone or combined for bioremediation were Eichhornia crassipes, Pistia
stratiotes, and Hydrilla verticillata. The parameters analysed were BOD, COD,
Cr®*, ammonia, and colour.

The indigenous bacteria were bacilli or cocci in shape, gram-negative, and
capable of degrading carbohydrates and fats. Based on Bergey’s Manual of
Determinative Bacteriology 9™ ed., the indigenous bacteria were identified as
Methylococcus, Neisseria, Deinococcus, Sporosarcina, Bacillus,
Mesophylobacter, Agrobacterium, and Xanthobacter.

The most effective bioremediation model is model 5, with an efficiency of
57.2% BOD, 64.7% COD, 51.7% Cr®", 51.2% ammonia, 66.5% color, and a BOD
removal time of 13.9 days , COD 12.29 days, Cr®* 15.42 days, ammonia 15.48
days, color 13.50 days. The effectiveness is improved by a mutual interaction
between indigenous bacteria and plants. This bioremediation model is expected to
be a solution for the small-scale batik industry in overcoming wastewater
pollution. Public perception of batik waste management is not influenced by
education level.
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RINGKASAN

Air sungai berwarna di Sokaraja menjadi pemandangan yang sudah biasa
terjadi. Penyebabnya adalah akibat buangan industri batik. Di Sokaraja terdapat
18 Usaha Kecil Menengah (UKM) batik. Letak UKM ini berada di tengah-tengah
permukiman padat penduduk, yang pada akhirnya menimbulkan permasalahan.
Hal ini menjadi tantangan tersendiri. Kenyamanan bekerja di rumah sambil
mengurus keluarga menjadi pilihan utama. Pembuangan air limbah dalam volume
yang besar menjadi masalah yang signifikan. Setiap potong kain membutuhkan air
bersih secara ekstensif sejumlah 61,9 liter (Nindita, 2015), dan 80% akan menjadi
limbah. Setiap tahapan proses, kain batik harus dicuci, sehingga menghasilkan air
limbah dengan volume yang sangat besar. Semakin banyak warna-warni batik,
maka air limbah yang dihasilkan semakin besar. Setiap industri memproduksi 50 —
200 potong kain, maka air limbah yang akan dibuang ke sungai sekitar 55 — 300
m® per hari. Beban pencemaran sungai di Sokaraja membutuhkan solusi yang
tepat. Para pemilik industri batik tidak mampu membangun instalasi pengolahan
air limbah, karena biaya konstruksi dan operasional yang sangat tinggi, serta
kurangnya penguasaan teknologi pengolahan limbah. Lahan untuk membuat
bangunan pengolah limbah, juga terbatas. Oleh karena itu perlu solusi untuk
menangani pencemaran air limbah batik.

Penelitian dilakukan dengan membuat model bioremediasi. Alam memiliki
potensi yang sangat besar dalam mereduksi berbagai pencemar yang masuk ke

lingkungan. Beberapa jenis tumbuhan toleran terhadap berbagai pencemar.
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Bakteri indigenous juga dilibatkan pada proses ini. Identifikasi dan karakterisasi
bakteri indigenous secara morfologi dan biokimia, selanjutnya dicocokan dengan
Bergey’s Manual of Determinative Bacteriology 9". Tumbuhan yang digunakan
adalah tumbuhan Eichhornia crassipes, Pistia stratiotes, dan Hydrilla verticillata,
serta bakteri indigenous. Parameter yang diamati pada proses bioremediasi adalah
BOD, COD, Cr®*, ammonia, dan warna.

Hasil penelitian terhadap model bioremediasi untuk mengolah air limbah
batik sebagai berikut :

1. Bakteri indigenous yang teridentifikasi memiliki karakteristik : bentuk tidak
beraturan, tepi undulate, elavasi pulvinate, permukaan wrinkled, warna
translucent, ukuran besar, bentuk basil dan cocci, gram negatif dan
menghasilkan  endospore. Secara biokimia : sitrat positif, mampu
memfermentasi glukosa (glukosa, sukrosa, laktosa), indol dan MR positif, VP
dan TSIA negatif. Berdasarkan identifikasi dan karakterisasi bakteri tersebut
adalah genus : Mesophilobacter, Methylococcus, Agrobacterium, Neisseria,
Xanthobacter, Deinococcus, Sporosarcina, dan Bacillus.

2. Penelitian bioremediasi dalam 5 model, yaitu model 1 menggunakan E.
crassipes, model 2 menggunakan P. srtatiotes, model 3 menggunakan H.
verticillata, model 4 menggunakan konsorsium E. crassipes, P. srtatiotes, dan
H. verticillata. Dan model 5 menggunakan konsorsium bakteri indigenous, E.
crassipes, P. srtatiotes, dan H. verticillata.

3. Penurunan bahan pencemar yang paling efektif adalah pada model 5, dengan

efisiensi penurunan BOD 57,2%, COD 64,7%, cré* 51,7%, ammonia 51,2%,
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warna 66,5%, dan waktu penyisihan BOD 13,9 hari, COD 12,29 hari, Cr®*
15,42 hari, ammonia 15,48 hari, warna 13,50 hari

. Persepsi masyarakat terhadap perubahan lingkungan, kondisi lingkungan yang
tercemar, penanganan permasalahan pencemaran, slogan penanganan
lingkungan tercemar, sampel air tercemar, indikator pencemaran lingkungan,
peralatan pengolahan limbah, dan kelayakan air selokan berdasarkan indikator
warna, kesua indikator tersebut berdasarkan hasil analisis statistik dinyatakan

tidak ada hubungan dengan tingkat pendidikan.
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SUMMARY

Coloured river water in Sokaraja is a common sight caused by waste from
the local batik industry. In Sokaraja there are 18 Small and Medium Enterprises
(SMEs) of batik, with most located in the middle of a densely populated
settlement. This is a major challenge when considering how to manage waste and
river pollution because of the practicality of working at home while taking care of
the family. However, the disposal of large volumes of wastewater is a significant
problem. At each stage of the batik production process, batik cloth must be
washed and each piece of cloth requires an extensive 61.9 L of clean water
(Nindita, 2015), of which 80% will become waste. The more colourful batik, the
greater the wastewater produced. An SME can produce 50-200 pieces of cloth
and discharges around 55-300 m® of wastewater into rivers each day. The river
pollution problem caused by the batik industry in Sokaraja requires a solution.
Batik industry owners cannot likely afford to build wastewater treatment plants
due to very high construction and operational costs and a lack of mastery of waste
treatment technology. Land for constructing waste processing units is also limited.
This research set out to explore a possible solution to the batik wastewater
pollution problem in Sokaraja.

This research was based on the bioremediation model. Natural remedies
have enormous potential in reducing various pollutants that enter the environment.
Some plant species are tolerant to various contaminants and indigenous bacteria

are also involved in the process. The identification and characterization of
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indigenous bacteria morphologycally, and biochemically, allowed them to be

matched with Bergey's Manual of Determinative Bacteriology, 9" ed. The plants

used alone or combined were Eichhornia crassipes, Pistia stratiotes, Hydrilla
verticillata, as well as indigenous bacteria. The parameters analysed in the
bioremediation process were BOD, COD, Cr®*, ammonia, and colour.

The outcomes of the bioremediation model for treating batik wastewater
are as follows.

1. The identified indigenous bacteria had the following characteristics : irregular
shape, undulated edges, pulvinate elevation, wrinkled surface, translucent
colour, large size, a bacilli or cocci form, gram-negative, and endospore-
producing. Biochemical test: positive for citrate, indole, and MR, negative for
VP and TSIA, able to ferment carbohydrates (glucose, sucrose, lactose). Based
on the identification and characterization of these bacteria, they matched with
the genera Mesophilobacter, Methylococcus, Agrobacterium, Neisseria,
Xanthobacter, Deinococcus, Sporosarcina, and Bacillus.

2. Bioremediation research in 5 models, namely model 1 using E. crassipes,
model 2 using P. srtatiotes, model 3 using H. verticillata, model 4 using a
consortium of E. crassipes, P. srtatiotes, and H. verticillata. And model 5 uses
a consortium of indigenous bacteria, E. crassipes, P. srtatiotes, and H.
verticillata.

3. The most effective bioremediation model for treating batik wastewater is

model 5, with an efficiency of 57.2% BOD, 64.7% COD, 51.7% Cr®, 51.2%
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ammonia, 66.5% color, and a BOD removal time of 13.9 days , COD 12.29
days, Cr®* 15.42 days, ammonia 15.48 days, color 13.50 days

The public's perception of batik waste management of environmental changes,
polluted environmental conditions, handling of pollution problems, slogans for
handling polluted environments, polluted water samples, indicators of
environmental pollution, waste treatment equipment, and feasibility of sewer
water based on color indicators, the two indicators based on the results of

statistical analysis are stated to have nothing to do with by education level
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