International Journal of

maderge Microbiology and Current Research

PUBLISHERS

Interconnecting Scientific World

Research Article

Open Access

Metal Leachate from Alkaline Battery Litters: A threat
to Aquatic Organisms

Sagar Grover and Sibi G*

Department of Biotechnology, Indian Academy Degree College-Autonomous, Bengaluru, India

Article Info

*Corresponding author:

Sibi G

Head

Department of Biotechnology
Indian Academy Degree College-
Autonomous

Bengaluru

India

E-mail: gsibii@gmail.com

Received: March 26, 2019
Accepted: April 1,2019
Published: April 8, 2019

Citation: Grover S, Sibi G. Metal Leachate
from Alkaline Battery Litters: A threat to
Aquatic Organisms. Int J Microbiol Curr
Res. 2019; 1(1): 26-28.

doi: 10.18689/ijmr-1000105

Copyright: © 2019 The Author(s). This work
is licensed under a Creative Commons
Attribution 4.0 International License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the
original work is properly cited.

Published by Madridge Publishers

Abstract

Disposal of spent alkaline batteries into the environment is a major concern as the
metal leachate enters into aquatic environments. Microalgae are widely used in metal
toxicity assay since they are sensitive organisms with a high capacity of bioaccumulation
due to their high surface of contact. In this study, zinc and manganese were recovered
from spent batteries through acid treatment and the leachate was tested on Chlorella
vulgaris for adverse effects. Three acids namely, sulphuric, phosphoric and hydrochloric
acid were used as leaching solution to recover the metals from alkaline batteries. Microalgal
cells were exposed to the metal leachate and the adverse effects by means of morphological
changes were observed. All the tested metal leachates have produced detrimental changes
within three minutes of exposure. The results revealed the possible toxicity of metal
leachate from battery litters into the environment and its detrimental effect on microalgae.
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Introduction

Alkaline batteries that contain zinc and manganese dioxide due to their easy use
and low cost are widely used. The chemically active components are high purity zinc
powder for the anode, electrolytically produced manganese dioxide for the cathode and
concentrated potassium hydroxide solution for the electrolyte. The management of
spent batteries has been an issue of environmental concern. Batteries represent a large
volume of toxic and hazardous materials [1]. Urban battery litter contains mainly AA and
AAA size batteries accounted for more than 90% of the total [2]. Pollution caused by the
alkaline batteries was less than that of zinc carbon because the former contain less lead
(Pb) and cadmium (Cd) than the latter [3]. The zinc anode of dry cells contains low
percentages of Cd and Pb for improvement in strength and ductility. Among the battery
types used for various purposes, majority are single use batteries that find their way to
landfills or incinerators.

The designs, manufacture, recycle and disposal of batteries all necessitates some form
of hazardous waste management [1]. Basically battery is disposed by four methods:
composting, incineration, land filling and recycling. Land filling was the most frequently
used; and recycling was the most preferred by industry and environmentalists [4]. With
any battery disposal method, the potential exists to release heavy metals into the
environment through landfill leachate or incineration stack gases. The disposal of batteries
into the environment leads to leaching of heavy metals from landfills into ground water,
or volatilize into the atmosphere during combustion at open dumpsites [5].

Microalgae are widely used in metal toxicity assay since they are sensitive organisms
with a high capacity of bioaccumulation due to their high surface of contact [6]. In this
study, Chlorella vulgaris was used as model organism to evaluate the detrimental effect of
zinc and manganese recovered from spent alkaline batteries through acid treatment. The
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cell morphology of microalgae exposed at various time intervals
to metal solution from battery powder was considered as a
parameter of metal toxicity.

Materials and Methods

Organism and growth conditions

Monoalgal, axenic culture of Chlorella vulgaris was used
in this study. The algae were grown in Bold's basal media with
continuous illumination (white fluorescent light, 132 mmol
photons m= sec™).

Battery dismantling and leaching process

Spent alkaline batteries of AA size were manually
dismantled using a hammer mill. The other components of
battery such as plastic films, ferrous scraps and paper pieces
were scrapped. The black powder obtained containing zinc
and manganese was used for the experiments.

Leaching

0.1 g of the dry black powder obtained was transferred to
beakers containing 10 ml of leaching solution (Sulphuric acid,
hydrochloric acid, phosphoric acid). A magnetic mixer with
heating system was used to provide good contact between
the powder and leaching solution. After the leaching period,
the mixture was filtered and the filtrate was used for the
experiments.

Effect of battery leachate on microalgae

The effect of zinc and manganese obtained from spent
battery (leachate) was evaluated on the morphological
changes of C. vulgaris. 0.1 ml of microalgal culture was added
with 0.9 ml of leaching solution and the mixture was allowed
to stand for 5 minutes. 2-3 drops of the treated microalgal
cells were taken at every minute and observed under a
microscope for morphological changes. Acid alone was used
as control.

Results

The batteries used in this work were a common brand, AA
size spent batteries. Acidic and alkaline solutions were tried to
dissolve the battery powder along with distilled water. Among
the solutions tested, acidic solution involving H,SO, was
dissolving the battery powder completely resulted in a black
solution. Concentrated sulphuric acid, hydrochloric acid and
phosphoric acid were used to recover zinc and manganese
from the spent batteries. The recovery of both Zn and Mn
from batteries treated with H,SO, can be written according to
following equations.

ZnO+H,SO, —> ZnSO,+H,0
Mn,0,+H,SO0, —>  MnSO,+MnO,+H,0

The effect of zinc and manganese recovered from battery
powder through acid treatment was evaluated by microalgal
exposure time. The detrimental effect of heavy metals from

spent batteries was higher with increasing time of exposure
to C. wulgaris (Figures 1-3). Among the acids tested,

hydrochloric acid had more impact on the morphological
changes than the sulphuric and phosphoric acid. The
microalgal cells were treated with battery leachate prepared
by various acid treatments and observed under a microscope
for morphological changes for a period of three minutes.
Above this period, most of the cells were disappeared thus
indicating the lethal effect of battery leachate. In general, all
the three acids were produced detrimental effect on C
vulgaris revealing the metal toxicity from spent batteries.

3 minutes

1 minute 2 minutes

Figure 1. Cells of C. vulgaris exposed to battery leachate from H,SO,
treatment.

Figure 2. Cells of C. vulgaris exposed to battery leachate from
H,PO, treatment.
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Figure 3. Cells of C. vulgaris exposed to battery leachate from HCI
treatment.
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