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Introduction
Among the di�erent contaminants, heavy metals have received 

special attention due to their strength and persistence in accumulating 
in ecosystems, where they cause damage by moving up the food chain 
to �nally accrue in human beings, who are at the top of the chain food. 
�e toxic potential of heavy metals with regards to the human body is 
diverse and, because of their toxicity and persistence in nature, the levels 
of heavy metals in the environment need to be controlled by mandating 
waste treatment at the sources of pollution. �e development of new 
treatment technologies is required at these sources; however, even 
though there is awareness of this problem, sustainable solutions are not 
easily accessible. In general, the conventional treatment methods used 
to remove metals from wastewater are ine�cient and cost-prohibitive 
[1]. Sludge waste of paper industries as toxic and hazardous material 
from speci�c source containing Pb, Zn, and Cu metal from waste soluble 
ink. According to regulation of Ministry of Environmental no.33/2009 
that all the industries are mandatory to clean up contaminated soil from 
hazardous waste [2].

�e use of microbial metabolic ability or their enzymes for 
degradation/removal of environmental pollutants provides an economic 
and safe alternative compared to other physicochemical methodologies. 
Biosurfactants are a structurally diverse group of surface-active 
substances produced by microorganisms. All biosurfactants are 
amphiphiles, they consist of two parts-a polar (hydrophilic) moiety and 
non polar (hydrophobic) group. A hydrophilic group consists of mono-
, oligo- or polysaccharides, peptides or proteins and a hydrophobic 
moiety usually contains saturated, unsaturated and hydroxylated fatty 
acids or fatty alcohols [3].

Biosurfactant activities depend on the concentration of the surface-
active compounds until the critical micelle concentration (CMC) is 
obtained. At concentrations above the CMC, biosurfactant molecules 
associate to form micelles, bilayers and vesicles [4]. 

Biosurfactants produced by microorganisms show promise for 
enhancing organic compound biodegradation in the presence of 
metals. Application of biosurfactants or microorganism produced 
biosurfactants in in situ co-contaminated sites bioremediation seems to 
be more environmentally compatible and more economical than using 
modi�ed clay complexes or metal chelators [5].

Material and Methods

Bacterial isolates

A Biosurfactant-producing bacterium used in this study was 
isolated from oil contaminated soil in PERTAMINA storage-Tanjung 
Perak Surabaya. �e isolated bacteria were storaged in Microbiologi 
Laboratory, Biology Departemen Airlangga University Surabaya. �e 
bacterium was maintained on nutrient agar (NA) and was incubated at 
28°C for 24 hours.

Bacterial culture 

Synthetic mineral salt medium with adding molasses 2% (v/v) 
was used as growth substrate. Mineral salts medium developed by 
Pruthi and Comeotra [6] used in this study contained per liter distilled 
water, KH2PO4, 5.0g; K2HPO4, 2.0g; FeSO4.7H2O, 0.0006g; (NH4)2SO4, 
3.0g; NaCl, 10g; MgSO4. 7H2O, 0.2g; CaCl2, 0.01g;MnSO4. H2O, 
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Abstract

�,�Q�F�U�H�D�V�L�Q�J���S�X�E�O�L�F���D�Z�D�U�H�Q�H�V�V���R�I���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���S�R�O�O�X�W�L�R�Q���L�Q�À�X�H�Q�F�H�V���W�K�H���V�H�D�U�F�K���D�Q�G���G�H�Y�H�O�R�S�P�H�Q�W���R�I���W�H�F�K�Q�R�O�R�J�L�H�V��
that help in cleanup of organic and inorganic contaminants such as metals. Sludge waste of paper industries as toxic 
�D�Q�G���K�D�]�D�U�G�R�X�V���P�D�W�H�U�L�D�O���I�U�R�P���V�S�H�F�L�¿�F���V�R�X�U�F�H���F�R�Q�W�D�L�Q�L�Q�J���3�E�����=�Q�����D�Q�G���&�X���P�H�W�D�O���I�U�R�P���Z�D�V�W�H���V�R�O�X�E�O�H���L�Q�N�����$�Q���D�O�W�H�U�Q�D�W�L�Y�H��
and eco-friendly method of remediation technology is the use of biosurfactants and biosurfactant-producing 
microorganisms. Soil washing is among the methods available to remove heavy metal from sediments. The purpose of 
this research is to study effectiveness of biosurfactant with concentration=CMC for the removal of heavy metals, lead, 
zinc and copper in batch washing test under four different biosurfactant production by microbial origin; Pseudomonas 
putida T1(8), Bacillus subtilis 3K, Acinetobacter sp, and Actinobacillus sp was grown on mineral salt medium that had 
been already added with 2% concentration of molasses that it is a low cost application. The samples were kept in 
a shaker 120 rpm at room temperature for 3 days. Supernatants and sediments of sludge were separated by using 
a centifuge and samples from supernatants were measured by Atomic Absorption Spectrophotometer. The highest 
removal of Pb was up to 14.04% by Acinetobacter sp. Biosurfactant of Pseudomonas putida T1(8) have the highest 
removal for Zn and Cu was up to 6.5% and 2.01% respectively. Biosurfactant have a role for removal process of the 
metals, including wetting, contact of biosurfactant to the surface of the sediments and detachment of the metals from 
the sediment. Biosurfactant has proven its ability as a washing agent in heavy metals removal from sediments, but 
more research is needed to optimize the process of removal heavy metals.
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